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Intellectual disability (ID) and multiple congenital anomalies (MCA) are major contributors to infant 
mortality, childhood morbidity, and long-term disability, with multifactorial aetiology including 
genetics. We aim to set a diagnostic approach for genetic evaluation of patients with ID and MCA, 
which can be applied efficiently with a good diagnostic rate in Indonesia or other low resources 
settings. Out of 131 ID cases, twenty-three individuals with ID/global developmental delay (GDD) 
and MCA were selected from two-steps of dysmorphology screening and evaluation. Genetic 
analysis included chromosomal microarray (CMA) analysis, targeted panel gene sequencing, 
and exome sequencing (ES). CMA revealed conclusive results for seven individuals. Meanwhile, 
two out of four cases were diagnosed by targeted gene sequencing. Five out of seven individuals 
were diagnosed using ES testing. Based on the experience, a novel and comprehensive flowchart 
combining thorough physical and dysmorphology evaluation, followed by suitable genetic tests is 
proposed as a diagnostic approach to elucidate the genetic factor(s) of ID/GDD and MCA in low 
resources settings such as Indonesia.

1. Introduction

Intellectual disability (ID) is defined in the latest DSM-
5 as a disorder with onset during a developmental period, 
that includes both intellectual and adaptive functioning 
deficits in conceptual, social, and practical domains 
(1). ID is considered a global lifelong health problem, 
which affects around 1–3% of the world's population. 
In Indonesia, the estimated proportion of children aged 
5 to 17 years with disability is 3.3 percent (2). Children 
with special needs, which includes those with ID are 
estimated at around 1.6 million, or 2% of all children 
in the population (3,4), but this number is likely to be 
higher because of the disparity on available data. Genetic 
ID comprises approximately 50–65% of moderate and 
severe ID, while only 20% of mild ID cases are of 
genetic predominant aetiology (5). Understanding the 
aetiology of ID, as well as multiple congenital anomalies 
(MCA) will help the parents, family, and health 
care providers to give more appropriate medical and 
supportive care.
 Genetic testing methods have improved significantly 
from conventional cytogenetic analysis to next-

generation sequencing (NGS), which can identify 
pathogenic variants from the whole human exome 
or genome (6). However, the availability of genetic 
testing varies across countries, and in Indonesia, it is 
only available in some research-based institutions. 
Other challenges include the lack of health professional 
and public awareness, medical genetic infrastructure 
including the recognition of its profession, law and 
regulation, limitation of national health insurance 
coverage, minimum government support, and lack 
of expertise and interests from researchers in genetic 
diseases (7,8). Availability of diagnosis will give better 
comprehension of genetic counselling and family 
understanding to facilitate autonomous decision making, 
avoid unnecessary testing or medical treatment, and 
eventually increase patient's quality of life (9,10).
 To evaluate and diagnose patients with MCA, global 
developmental delay (GDD), and ID, several strategies 
have been established. First-line genetic testing, such as 
routine karyotyping and/or chromosomal microarray, 
is generally applied for patients with noticeable 
dysmorphic features (11). When there is evidence for 
autistic features or a family history with ID, FMR1 gene 
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analysis is warranted to elucidate Fragile X syndrome 
(FXS). Then, second-tier testing is performed to find 
common monogenic disorders (12). Further analysis by 
next-generation sequencing (NGS), a high-throughput 
technology, is warranted for unexplained ID and MCA 
after conventional testing. Although still deemed costly, 
especially in developing countries, the use of exome 
sequencing (ES) and whole genome sequencing (WGS) 
increase the diagnostic yield of individuals with ID and 
MCA and may end a diagnostic odyssey (13-15). There 
are two approaches applied to discover pathogenic 
variants, which are the phenotype-first approach which 
investigates patients based on the clinical features, while 
the genotype-first approach offers unbiased examination 
to find causative genetic variants by simultaneously 
analyzing sequences of the patient's and the respective 
parents' DNA (trio approach) (16). These strategies are 
believed cost-effective in most countries, and therefore 
even some developed countries are implementing a 
genotype-first approach in genetic diagnosis (13,17). 
Still, it is not feasible to have this approach put into 
practice in Indonesia. In most developing countries 
where advanced molecular facilities are limited, a 
phenotype-first approach is more favorable. For example, 
in Morocco, genetic testing methods such as cytogenetic, 
molecular cytogenetic, and several molecular diagnostics 
are available for several conditions such as constitutional 
chromosomal  abnormal i t ies ,  inborn  e r ror  of 
metabolisms, chronic myeloid leukemia, and thalassemia 
(18). Similarly in Pakistan, the number of genetic 
diagnostic laboratories are limited, and no newborn 
screening program is conducted at the national level (19).
Meanwhile in Sri Lanka, aside from cytogenetics service, 
NGS is available for university-based cancer genetic 
diagnosis (20).
 We aim to set a systematic flowchart for the genetic 
evaluation of patients with ID and MCA, which can be 
applied efficiently in Indonesia or other low resources 
settings, while attempting to achieve a good diagnostic 
yield.

2. Materials and Methods

2.1. Patients

Our study population consisted of 155 individuals, of 
which 133 individuals were included from an institution 
for ID individuals, and 22 MCA patients with global 
developmental delay (GDD) were referred from clinicians 
to our laboratory of Center for Biomedical Research 
through Diponegoro National University Hospital, from 
2016 to 2018. We excluded 24 individuals with clinical 
features suggestive of Down syndrome (DS) for further 
analysis (21). Blood sampling from all individuals were 
performed for chromosomal and molecular analyses. We 
obtained blood from the index cases, and follow-up when 
necessary for trio blood collection. Patients with GDD 

and MCA with unexplained aetiology were referred by 
clinicians/pediatricians for genetic testing. All individuals 
were investigated through physical and dysmorphology 
examination, and the clinical data was recorded using a 
standardized form. Clinical photographs were taken from 
all examined individuals.
 All parents/legal guardians signed a consent form, 
including for publication of photographs prior to study. 
The study complied with the Declaration of Helsinki. 
Ethical clearance was obtained from Health Research 
Ethic Committee, Faculty of Medicine, Universitas 
Diponegoro, Semarang (No. 1.032/EC/FK-RSDK/
XII/2016). We applied the study procedure as followed.

2.2. Study procedure

Patient inclusion and procedure of this study are 
shown on Figure 1. Routine cytogenetic analysis using 
G-banding was performed on all individuals with ID/
DD and dysmorphic features (except one patient due to 
the patient's poor condition) to exclude the possibility 
of a chromosomal abnormality. Individuals with mild to 
moderate ID from institutions were screened for FXS, 
using FastFrax™ Identification, Sizing, and Methylation 
Status kits (The Biofactory Pte Ltd, Singapore) as 
previously described (22).
 We performed dysmorphology evaluation in two 
steps. The first step of screening aimed to identify 
individuals with syndromic ID/GDD, by evaluating 
facial dysmorphic features and existing comorbidities 
(e.g., congenital heart abnormalities). Clinical and 
dysmorphic features were analyzed using the London 
Dysmorphology Database which is available online 
from the Face2Gene system software (FDNA Inc, 
Boston, MA, USA). From this screening, we selected 
50 individuals for further evaluation. The second step 
of phenotypic evaluation was performed by researchers 
and experienced clinical geneticists (IvB and BvB), 
in order to determine accurate genetic testing for 
each individual based on its disease mechanism and 
mode of inheritance. From the comprehensive clinical 
screening, we selected 23 patients for further analysis, 
i.e., chromosomal microarray (CMA) for 13 individuals, 
targeted gene sequencing (panels) for 4 individuals and 
exome sequencing (ES) for 6 individuals. One individual 
was added to ES analysis as a follow-up of CMA 
examination.

2.3. Chromosomal microarray (CMA)

CMA was performed at the Division of Genome 
Diagnostics of the Radboud university medical center 
(Nijmegen, Netherlands) for 13 individuals using the 
CytoScan HD array platform (Thermo Fisher Scientific 
Inc., Life Technologies, Carlsbad, CA, USA) according 
to the manufacturer's instructions. Interpretation was 
made according to the following categories, based on 
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by Sanger sequencing. Primers for the amplification of 
the exons carrying variants were designed using Primer3. 
PCR reactions were performed on 50 ng of genomic 
DNA with Taq DNA polymerase (Invitrogen, Carlsbad, 
CA). PCR amplicons were purified with NucleoFast 
96 PCR plates (Clontech Lab, Mountain View, CA), 
according to the manufacturers protocol. ABI PRISM 
Big Dye Terminator Cycle Sequencing V3.1 Ready 
Reaction Kit and the ABI PRISM 3730 DNA Analyzer 
were used to perform sequencing (Applied Biosystems, 
Foster City, CA, USA) (25).
 Targeted gene sequencing was performed on DNA 
from four individuals with suggestive clinical features 
of syndromic ID. Targeted gene sequencing was done 
on BCOR and NAA11 genes for one individual and on 
the KMT2A gene on another. Panel sequencing was done 
on DNA from two patients for Stickler syndrome and 
Noonan syndrome, respectively. The Stickler syndrome 
panel consisted of COL11A1, COL11A2, COL2A1, 
COL9A1, COL9A2, COL9A3, SLC26A2, VCAN genes, 

the ACMG standards and guidelines for interpretation 
and reporting of postnatal constitutional copy number 
variants (23).

2.4. Next generation sequencing (NGS)

Exome sequencing (ES) was performed on DNA from 
seven individuals at the Division of Genome Diagnostics 
(Radboudumc, Netherlands). Exome capturing was 
carried out using Agilent SureSelect Target Enrichment 
V5 (Agilent Technologies, Santa Clara, CA, USA) 
as described previously (24). Next, sequencing was 
performed using the Illumina HiSeq 2000 platform 
(Illumina, Inc. San Diego, CA). Illumina base calling 
software v1.7 was performed using the Roche Newbler 
software (v2.3) using human genome build hg19/
GRCH37.
 Seven major steps were taken to select all high-
quality potentially pathogenic variants, as previously 
described. The exome sequencing results were confirmed 

Figure 1. Flowchart and patient selection for the research. Red boxes and arrows indicate excluded individuals, blue box and arrows indicate 
additional individual from a familial case (hereafter referred to as P6).
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and the Noonan syndrome panel included 17 genes 
(BRAF, CBL, HRAS, KRAS, LZTR1, MAP2K1, MAP2K2, 
NRAS, PPP1CB, PTPN11, RAF1, RIT1, RREB1, SHOC2, 
SOS1, SOS2, SPRED1).

3. Results

We examined individuals with ID/GDD and MCA 
by combining conventional analysis, stringent patient 
selection from two-steps evaluation, and advanced 
genetic testing. Out of 109 individuals from the 
institution who underwent FMR1 gene analysis, two 
individuals were found to have a full mutation of 
the FMR1 gene with a methylated repeat allele (22). 
Subsequently, based upon first dysmorphology evaluation 
using the dysmorphology database and facial analysis 
software of Face2Gene (Facial Dysmorphology Novel 
Analysis, FDNA), 27 (out of the 107) individuals with 
the most prominent dysmorphisms and/or congenital 
anomalies and comorbidities were selected for further 
genetic testing.
 The second group of samples came from referred 
patients (n = 22) with ID/GDD and MCA. All but one 
patient underwent routine cytogenetic analysis with no 
visible aberration. Finally, one individual was added 
from a cascade testing of a family with ID and MCA.
 Following two steps of dysmorphology evaluation, 
23 individuals were included to next step genetic 
analysis. The main clinical findings and the genetic test 
results are summarized in Table 1 (Online Data, http://
www.irdrjournal.com/action/getSupplementalData.

php?ID=145). The frontal facial photographs of each 
diagnosed individuals are shown in Figure 2.

3.1. Chromosomal microarray (CMA)

CMA was performed on DNA from 13 individuals 
(Table 1). Of these 13 cases, seven individuals received 
conclusive results, yielding a diagnostic rate of 54% in 
this selected group of patients.
 From thirteen cases who underwent microarray, P4, 
P5, and P6 were siblings with ID and similar dysmorphic 
features. Individuals P5 and P6 were twins, with P6 
having more severe clinical features compared to the twin 
sister. Subject P6 was included from the family cascade 
testing prior to further dysmorphology evaluation. Since 
no genomic aberrations were found, P6 was subjected 
to further analysis using exome sequencing to search for 
possible pathogenic variants (26).
 Subject P11 was included for array analysis due to 
the suggestive features of split hand foot malformation 
(SHFM). Routine cytogenetic analysis was not performed 
due to the patient's poor condition (i.e., insufficient blood 
collection) and high suspicion of this syndrome. Array 
analysis revealed a complete trisomy 18, as reported 
earlier (27).

3.2. Next generation sequencing (NGS)

Seven individuals were subjected to ES, while some 
other patients underwent targeted sequencing due to high 
suspicion of a specific syndrome diagnosis, as shown in 

Figure 2. Frontal documentation of diagnosed individuals with ID/GDD and MCA. Supplementary data on P16 is provided.

http://www.irdrjournal.com/action/getSupplementalData.php?ID=145
http://www.irdrjournal.com/action/getSupplementalData.php?ID=145


www.irdrjournal.com

Intractable & Rare Diseases Research. 2023; 12(2):104-113.108

Table 1.
 In this cohort, P13 and P14 were two sisters with 
developmental delay and similar clinical features, who 
were first suspected of having Angelman syndrome. 
The older sister (P13) was sent in for array analysis 
and P14 was subjected to exome sequencing. Both 
results showed an interstitial gain in band q31.3q41 of 
chromosome 1, as reported previously (28). Further 
analysis using exome sequencing on P6 detected a 
nonsense pathogenic variant in the NFIX gene, which 
was also found in the two other affected sisters. A 
clinical report of this family has been reported in detail 
elsewhere (26). Taken together, the diagnostic rate of 
ES was 71% (5 out of 7 individuals diagnosed) in this 
selected group of individuals. Meanwhile in targeted 
gene sequencing, 2 out of 4 cases were concluded, 
yielding a 50% diagnostic rate.

4. Discussion

Our study applied a stepwise phenotype-first approach 
to elucidate the aetiology of ID/GDD and MCA 
patients. The first step was performing thorough 
physical examination to identify dysmorphic features 
in each individual. The existing physical characteristic 
found was defined using standardized terms from The 
Elements of Morphology (29). Additionally, facial 
recognition software was utilized to aid phenotyping 
towards a presumptive syndrome diagnosis (30). 
The purpose of this step is to recognize syndromic 
ID. Meanwhile, the second step applied thorough 
evaluation and reassessment, which was conducted by 
experienced clinical geneticists, aimed to determine 
appropriate advanced genetic tests. Although genetic 
testing in recent years has rapidly advanced and 
genotype-first approach has progressed, dysmorphology 
examination still remains an important component 
to make a presumptive diagnosis (31). Evidently, 
the phenotype-first approach is still widely used and 
obligatory, especially in developing countries with 
limited access or resources to be able to perform next 
generation sequencing in individuals with ID/GDD 
and MCA (32). Many different diagnostic approaches 
on individuals with ID/GDD and MCA individuals 
have been established within different settings (32-
34). We described our experience in Indonesia, a low-
middle income country setting without the possibility to 
perform MCA and ES in all individuals with ID/GDD 
without performing patient selection. Hence, we propose 
a genetic diagnostic approach for individuals with ID/
GDD and MCA, which is applicable to developing 
countries setting as shown in Figure 3.
 In countries with limited resources setting such as 
Indonesia, cytogenetic analysis is still deemed useful in 
evaluating individuals with ID/GDD and MCA. Routine 
cytogenetic analysis with G-banded karyotyping has 
been applied for more than three decades in Indonesia. 

A study by Mundhofir et al. suggested that cytogenetic 
analysis could detect chromosomal aberrations in 
16.5% of ID population including 14% of trisomy 21. 
A similar study was done in a Rwandan ID/GDD and 
MCA population, resulting in a 39% diagnostic yield, 
including 30% of individuals with Down syndrome 
(35,36). However, due to the low sensitivity, most 
individuals with smaller chromosomal abnormalities 
or microdeletion/ monogenic disorders remain 
undiagnosed. Here, we were able to use CMA as the 
next approach for a selected group of individuals with a 
normal karyotype result.
 CMA analysis provided a diagnosis in seven 
out of 13 individuals. From seven individuals, there 
were two individuals with deletions, two cases with 
a copy number gain, two cases with large regions of 
homozygosity, and one trisomy 18 case in whom no 
karyotyping was done prior to array analysis because 
of his poor condition and unsuccessful karyotyping. 
Meanwhile, from the six undiagnosed cases, we found 
one case where the genome contained large homozygous 
regions, confirming parental consanguinity. Since 
2010, CMA has been recommended as the first-tier 
diagnostic test for individuals with ID/GDD and MCA, 
instead of G-banded karyotyping (11). CMA can detect 
copy number variations (CNVs), as well as regions of 
homozygosity if a SNP-based array platform is used 
to reveal conditions such as uniparental isodisomy 
(UPD) and parental consanguinity, as shown in our 
results. One of the limitations of CMA is the inability 
to detect balanced chromosomal rearrangements, which 
was apparent in case P9 with a 46,XY, (t1;2)(q43;q10) 
karyotype. No genomic imbalances were observed with 
CMA, even at the translocation breakpoints in the long 
arms of chromosomes 1 and 2, respectively.
 In the CMA study, we obtained a diagnosis in 4 out 
of 7 cases after finding relatively large chromosomal 
imbalances (ranging from 16.71 Mb–20.48 Mb), 
including two cases in whom the imbalance was not 
previously identified upon routine cytogenetic analysis. 
Several factors may have led to these missed diagnoses 
in the first-tier karyotype test. First, in these cases the 
resolution was low, the band size was approximately 
400–450 bands, and as a result, structural chromosomal 
abnormalities such as deletions or duplications of up to 
20 Mb were not resolvable. For postnatal indications 
karyotyping using a banding technique such as 
G-banding requires a minimum banding quality of 
550 bands per haploid set (37), but preferably the 
chromosome resolution is at or above the 650-band stage 
(resolution at the 850-band level may be necessary) for 
structural abnormalities (38). Second, initial clinical 
suspicion may hinder the unbiased decision to evaluate 
the karyotype or to enroll the patient in a specific 
diagnostic test. These potential pitfalls have been 
discussed in our previous reports (27,28).
 We performed ES and targeted sequencing as 
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the next approach in undiagnosed cases. From seven 
individuals who underwent ES, pathogenic variants 
were obtained in four cases, and one individual (P14) 
yielded a large CNV similar to the sister's (P13) CMA 
results. The availability of exome data in this familial 
case could further delineate possible breakpoints, 
whether it occurred in a functional gene region, and 
whether any pathogenic nucleotide variants were found 

in the patients. The use of ES is highly efficient, since 
it can detect both single nucleotide variants as well as 
CNVs at the sequence-level in the protein-coding exome 
and at the intron-exon boundaries (28,39,40).
 By utilizing ES, a diagnosis was finally established 
in a male baby (P6) after more than one year in which 
he underwent several evaluations and follow-ups 
with various differential diagnoses, from Robinow 

Figure 3. Proposed diagnostic approach for individuals with ID/GDD and MCA in Indonesia. Stepwise phenotype-first approach starts from 
identifying dysmorphic features, conducting routine cytogenetic analysis, and follow-up with CMA/ES according to possible clinical diagnosis.
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syndrome on the first examination to Antley-Bixler 
syndrome on the second evaluation, due to clinical 
characteristics and dysmorphic features alteration. 
When all genetic testing results came back with no 
pathogenic variant found, a trio ES was performed to 
elucidate the causative pathogenic variant in the patient, 
which revealed a de novo, pathogenic variant in the 
Filamin-A (FLNA) gene (NM_001456.3:c.3425A>T; 
p(Asp1142Val)). This variant has been described as 
a gain-of-function pathogenic variant, which causes 
frontometaphyseal dysplasia type 1 (FMD1, OMIM 
#305620), a spectrum of otopalatodigital syndrome 
(see Supplementary File, http://www.irdrjournal.com/
action/getSupplementalData.php?ID=146) (41). The 
accessibility and availability of a diagnosis in this patient 
has finally put an end to his diagnostic odyssey, which 
is described as a condition where a strong diagnostic 
hypothesis is absent even after clinical evaluation, or a 
negative diagnostic work-up including array analysis, 
FXS screening, and targeted testing for monogenic 
disorders (42). In a study from Brazil, ES identified 
underlying pathogenic variants in almost half (9 out 
of 19) of individuals with undiagnosed ID/GDD with 
MCA (43). ES is beneficial compared to conventional 
approaches in terms of diagnosing atypical forms of 
known syndromes, recently described genes and/or 
syndromes, and ultra-rare conditions (42). Moreover, 
although the utility of ES did not directly change the 
treatment, therapy or prognosis, the results are important 
to improve the family members' understanding of 
the psychological condition, especially because the 
diagnostic odyssey could be ended. In addition, genetic 
counselling can be done when the disease is inherited to 
improve the understanding of the disease, to identify the 
family member(s) who may be at risk to be a carrier or 
affected (adult onset disease), calculating the recurrence 
risk, and to provide continuing support to the family 
member who needs more information in the future 
(44,45). When the recurrence risk can be calculated, 
it helps the family, especially young couples, to plan 
future reproductive options or to consider invasive 
prenatal diagnosis or pre-implantation genetic testing 
(PGT) when available.
 By using targeted sequencing (single-gene 
sequencing and panel sequencing), we obtained a 
genetic diagnosis in 2 out of 4 individuals. Both 
solved cases were diagnosed with panel sequencing on 
specific syndromes, i.e., Stickler syndrome and Noonan 
syndrome, respectively. Meanwhile, in the other two 
individuals, we only attempted sequencing of one or 
two genes. It is important to notice that targeted Sanger 
sequencing will be most beneficial for individuals with 
recognizable syndromes (46).
 The detection rate of each genetic test in our study 
varied between 50% and 71%, with the highest rate 
using ES. Current evidence suggests that for ES, the 
diagnostic yield is around 34% for patients with ID/

GDD (14). The high detection rate in our relatively 
small cohort was due to selection bias, because 
stringent selection was made by experienced clinicians 
beforehand (32,47,48).
 There are some limitations to our study. Although 
the aetiology on half of the cases evaluated using 
exome sequencing have been found, some cases 
remained elusive, thus further follow-up is needed 
for possible retesting or reanalysis. This could be 
due to the unavailability of a trio de novo analysis. In 
addition, other genetic factors, such as methylation 
abnormalities, repeat expansion disorders or intronic 
variants are not possible to detect by ES. Finally, non-
genetic factors will not be detected using this diagnostic 
strategy. This study involved individuals from an 
institutionalized intellectually disabled population as 
well as referred patients from clinicians. Some clinical 
data was incomplete, for example on severe cases of 
MCA, information on clinical characteristics including 
dysmorphic features were limited at times, and patients 
had passed away after only a few hours or days of life, 
thus making diagnostic workups difficult. To deal with 
this issue, it is important for the referring clinicians to 
document comprehensive notes on patients, including 
good photographs, which include a frontal facial photo 
and detailed pictures of dysmorphic features.
 Although the advancement of ES technology is 
promising, there are some challenges in applying ES 
in a routine clinical setting. For instance, while ES can 
facilitate the diagnosis in atypical and heterogeneous 
cases, it should not replace the need for thorough clinical 
evaluation by the clinician to narrow down the clinical 
diagnosis and select the appropriate panel testing, if 
available (49). A good diagnostic approach includes 
awareness of positive signs during history taking, 
pedigree construction, physical and dysmorphology 
evaluations, which prompt further genetic testing, 
and performing comprehensive analysis based on 
suspected conditions or syndromes, starting from 
routine cytogenetic analysis to NGS. The presence of 
recognizable dysmorphic features, growth abnormalities 
or peculiar comorbidities should prompt clinicians on 
the possibility of a genetic origin. Additionally, parental 
reproductive issues and family history of ID/GDD and 
MCA are considered as a "warning sign" to initiate 
genetic evaluation.
 When no conclusive results are obtained in routine 
cytogenetic analysis, further genetic testing should be 
done together with parental samples, in order to do trio 
analysis. Conducting the flowchart does not warrant 
conclusive results in all patients. In patients with 
moderate to severe ID/GDD, accumulated diagnostic 
yield from cytogenetic analysis to whole genome 
sequencing can be achieved in mostly around 55–70% 
of all cases (50). Thus, pre-test and post-test genetic 
counselling is important and take a longer time in order 
to plan for follow-up or re-testing when more causative 

http://www.irdrjournal.com/action/getSupplementalData.php?ID=146


www.irdrjournal.com

Intractable & Rare Diseases Research. 2023; 12(2):104-113. 111

pathogenic variants are elucidated. Genetic counselling 
in most families has been done in the clinic or by 
conducting home visits. However, several others were 
done virtually by video call or phone call, since patients 
would have to come from various parts of Java Island, 
including remote areas. Virtual counselling may hinder 
full comprehension about the patient's condition and 
diagnosis, consequently, patients or family may decide 
for a less suitable option for (follow-up) testing.
 Recently, the Indonesia Health Ministry took a step 
forward by launching the Biomedical and Genome 
Science Initiative (BGSi), which is aimed to integrate 
genomics capacity into health services for rare diseases, 
metabolic syndrome, infectious diseases, cancer, and 
wellness (51). In the future, NGS will become widely 
available for genetic diagnosis services in Indonesia. 
However, considering the current policy national 
healthcare insurance, which does not cover genetic 
testing, a phenotype-first approach will remain more 
cost-effective compared to a genotype-first approach.
 In conclusion, our flowchart is applicable for the 
genetic diagnosis of ID/GDD and MCA in Indonesia 
and similar countries with limited resources available 
for genetic services. Here we established a diagnosis 
in 17 of 23 patients. By recognizing the phenotype and 
categorizing syndromic ID, followed by conducting 
appropriate genetic testing, most syndromes are 
explained, and diagnostic odysseys have been solved 
using this comprehensive approach. While some 
laboratory facilities such as array analysis and exome 
sequencing are not widely available in Indonesia, 
close collaboration between clinical and laboratory 
centers with a research institution, both nationwide 
and international, government, and stakeholders will 
improve the possibility of providing a genetic diagnosis 
for individuals with ID/GDD and MCA.
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