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Objectives: To determine the incidence of newborn
screening (NBS) disorders and to study the key
performance indicators of the program.

Methods: This retrospective single-center study enrolled
all infants who underwent NBS from January 2012 to
December 2017 at Prince Sultan Military Medical City,
Riyadh, Saudi Arabia. We screened 17 NBS disorders.
Blood samples were collected 24 hours after birth. If the
initial result was positive, a second sample was collected.
True positive cases were immediately referred for medical
management. Data were extracted from laboratory
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computerized and non-computerized records using case
report forms.

Results: During the study period, 56632 infants
underwent NBS with a coverage rate of 100%. Thirty-
eight cases were confirmed. The incidence of congenital
hypothyroidism was 1:3775. The positive predictive
value for the detection of congenital hypothyroidism
was 11.8%. Propionic aciduria was the most common
metabolic disorder, with an incidence of 1:14158. Very
long-chain acyl CoA dehydrogenase deficiency and
glutaric aciduria type 1 had an incidence of 1:18877
each. Phenylketonuria, biotinidase deficiency, maple
syrup urine disease, and citrullinemia had an incidence
of 1:28316 each. However, galactosemia and 3-methyl
crotonyl carboxylase deficiency had the lowest incidence

of 1:56632.

Conclusion: The NBS coverage rate at our facility
was 100%. Congenital hypothyroidism was the most
frequently detected disorder with an incidence that
matches worldwide figures. The incidence of other
inherited disorders was consistent with regional figures.
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Newborn screening (NBS) is a search for diseases
in newborn infants before signs and symptoms
appear.! The aim of NBS is to identify affected babies
and intervene to prevent associated morbidity and
mortality. Implementing NBS program is subject
to local resources and healthcare infrastructure.
Worldwide, there are wide variations in the number
of screened disorders ranging from one in some
countries to 50 in other countries."> In China, NBS
began in 1981 with 2 disorders, which were congenital
hypothyroidism (CH) and phenylketonuria (PKU),
before it expanded.? In Canada, NBS for CH started
as a pilot project in 1974, and then it became universal,
including all newborns.>* The NBS Program in
Western Europe, North America, and Australia adopt
different strategies and screen for different disorders."?
Congenital hypothyroidism is one of the top causes of
mental retardation, and it is completely preventable.?
Congenital hypothyroidism can either be permanent in
the form of dysgenesis, agenesis, or dyshormonogenesis,
or it can be transient.>* Neonatal thyroid function can
also be transiently suppressed by the trans-placental
passage of maternal medications, maternal blocking
antibodies, or iodine deficiency or excess.” Until the
first half of pregnancy, the fetus is entirely dependent
on maternal thyroid hormones that are transported
through the placenta.® The fetus then begins to
function autonomously, starting at mid-gestation when
the hypothalamic-pituitary axis is activated. Affected
fetuses may appear normal at birth partly because of
maternal thyroid hormones and partly because the
brain converts T4 toT3, which confers protection.’ The
current recommendation is to start treatment for CH
within 2 weeks, making early screening of paramount
importance.>* A variety of inborn errors of metabolism
(IEM) fulfill the criteria for NBS and, therefore, were
included in most of the screening programs. These
include aminoacidopathies, organic aciduria, urea cycle
defect, and fatty acid oxidation disorders."** The choice
of the disorders to be screened follows the WHO Wilson
and Junger principles of screening and genetic testing.®
The NBS Program in the Kingdom of Saudi Arabia
(KSA) was launched in 2005 as a collaboration between
many Saudi health authorities, including King Faisal
Specialist Hospital and Research Center (KFSH-RC),
King Salman Center for Disability Research (KSCDR)
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and the Ministry of Health." The ultimate goal was to
achieve overall coverage of KSA within 10 years."”

Currently, over 200 hospitals that belong to different
health sectors are involved (Ministry of Health,
Ministry of National Guard, Ministry of Defense,
and KFSH-RC)."”  The Saudi national program
screens for 17 metabolic disorders. However, 3 more
disorders were proposed to be added in 2019, making
a total of 20 disorders."” The NBS program at Prince
Sultan Military Medical City (PSMMC), Riyadh, was
launched in November 2011 in collaboration with the
King Salman Disability Center."” There is a knowledge
gap regarding the key performance indicators in the
Saudi NBS program.” Moreover, the incidence of
CH reported from the national NBS program is not
consistent with the international nor with the regional
figures.”'* Therefore, reviewing the NBS data from our
center may add to the existing knowledge. The main
objective of this study was to determine the incidence
of all NBS disorders at PSMMC and to study the key
performance indicators of NBS, which are the coverage,
the turnaround time (TAT), and the sample rejection
rate.

Methods. This is a retrospective study of all infants
who underwent NBS from January 2012 to December
2017. A total of 56632 newborns were screened for 17
inborn errors of metabolism (Table 1) at PSMMC in
Riyadh, Saudi Arabia. Prince Sultan Military Medical
City is a tertiary military hospital that serves military
personnel and their families. The birth rate at our
facility is 10,000-12,000 per year. All newborn infants
who were born alive during the study period and have
gestation age above or equal to 23 weeks were included
in this study. Still birth, intrauterine fetal death and
infants born before 23 weeks of gestation were excluded.
Data were extracted from the laboratory computerized
and non-computerized records in addition to the NBS
database, which belongs to King Salman Disability
Center, where the tests were performed. Demographic
and clinical characteristics of confirmed patients were
extracted using case report forms.

Blood samples were obtained from newborns 24
hours after birth by a heel prick where dried blood spots
(DBS) are collected on a filter paper (Guthrie card).
The amino acids and acylcarnitines were extracted and
processed using a non-derivatized kit-based method
(NeoBase-Perkin Elmer, Finland). The extracted amino
acids and acylcarnitines were analyzed utilizing liquid
chromatography-tandem mass spectrometer (LC-MS/
MS) using (AB Sciex-API 3200, USA). Positive
mode electrospray ionization ion source (ESI) was
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used. Multiple reaction monitoring acquisition mode
(MRM) was employed to identify and quantify different
metabolites with the use of N2 as the collision gas.

A Genetic  Screening  Processor  (GSP),
Auto-DELFIA automatic immunoassay system, and
VICTOR2 D semi-automatic DELFIA system were
used to analyze thyroid-stimulating hormone (TSH),
17 hydroxyprogesterone (17-OHP), biotinidase and
galactose 1 phosphate uridyl transferase (GALT)
levels.™

Cut-off levels for each analyte were established
based on data that were obtained from the previous
studies.” The initial normal results were reported as
“not remarkable.” However, any initial abnormal result

Table 1 - The panel of screened disorders in Saudi Arabia.

was retested using the same DBS that was received. If
the result remains abnormal, a recall sample (namely,
a second sample) was requested. If the recall sample
was normal, then the case was reported as “now not
remarkable.” If the result remains abnormal, a final
abnormal screening report will be generated and sent
immediately to the medical team to start the medical
management plan. The diagnosis will be confirmed by
conducting additional biochemical testing such as serum
TSH, T4, plasma amino acid, and urine organic acids
analysis. The cut-off values of biomarkers are shown in
Table 1. All inherited disorders were confirmed by DNA
studies.

Disorder

Category

Cut-off level

Biomarker

Organic acid defects Glutaric aciduria type 1
Isovaleric aciduria (IVA)

Methylmalonic aciduria (MMA)

Propionic aciduria (PA)

3-Methylcrotonyl-CoA carboxylase deficiency

(3-MCC)
Beta-Ketothiolase deficiency (BKT)

HMG-CoA lyase deficiency

Inborn errors of amino acid
metabolism and
urea cycle defects

Phenylketonuria (PKU)

Maple syrup urine disease (MSUD)

Arginosuccinate lyase deficiency (ASL)

Citrullinemia (ASS)

Fatty acid oxidation defects Medium-chain acyl-CoA dehydrogenase

deficiency (MCAD)

Very long-chain acyl-CoA dehydrogenase

deficiency (VLCAD)

Inborn errors of Galactosemia

carbohydrates

Vitamin responsive disorders ~ Biotinidase deficiency
Endocrinopathies Congenital hypothyroidism (CH)
Congenital adrenal hyperplasia (CAH)

New additions in January
2019

Tyrosinemia-I

Homocystinuria: using

Primary carnitine deficiency

C5-carnitine

>1.53 pmol/L

C5-carnitine

>1.53 pmol/L

C3-carnitine >10 pmol/L
C3-/C2-carnitine ratio 20.4
C3- carnitine >10 pmol/L
C3-/C2-carnitine ratio 0.4
C5-OH-carnitine >0.8 pmol/L
C5-OH-carnitine >0.8 pmol/L
C5:1-carnitine >0.4 pmol/L
C5-OH-carnitine >0.8 pmol/L
C6DC-carnitine >0.4 pmol/L
Phenylalanine Phenylalanine/tyrosine >180 pmol/L,
Ratio 23.1

XLeu (leucine (+isoleucine))
XLeu (leucine (+isoleucine))/ alanine

>245 pmol/L

>1.28
Argininosuccinic acid (daughter of ASA/ ratio >0.05
daughter of C16-carnitine)
Citrulline >70 pmol/L

Co6-carnitine
C8-carnitine
(C8-/C2-carnitine
C8-/C10-carnitine

C14:1-carnitine, C14:1-/C16-carnitine

>0.35 pmol/L
>0.32 pmol/L
ratio 20.1
ratio >1.6

>0.75 pmol/L

ratio 20.30
GALT (galactose 1 phosphate uridyl <3.5 U/gHb
transferase) activity
Biotinidase activity <39.4U/dL
TSH (thyroid-stimulating hormone) 221 pU/mL
17-OHP (17 hydroxyprogesterone) >60 nmol/L
Succinylacetone 4.5 pmol/L
Methionine 75 pmol/L
Methionine/Phenylalanine Ratio 1
Free carnitine (CO) 8 pmol/L
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This study was approved by the Institutional Review
Board of PSMMC.

Statistical analysis. Statistical analysis was performed
using SPSS software, version 22.0, for Windows
(SPSS, Inc., Chicago, IL, USA). Categorical variables
were presented as frequencies and percentages, while
continuous variables were presented as the mean and
standard deviation. A p-value of <0.05 was regarded as
statistically significant.

Results. A total of 56632 newborn infants were
screened in this study. There were 38 truly positive
cases, resulting in an overall incidence of 1:1490 for
all screened disorders. Congenital hypothyroidism
emerged as the leading disorder with an incidence of
1:3775. The highest incidence of IEM was seen in
propionic aciduria, which had an incidence of 1:14158,
while classic galactosemia had an incidence of 1:56632
(Table 2).

Out of 127 initially abnormal results for CH, 15
were confirmed to be true cases, resulting in a positive
predictive value 0f 11.8% (Table 3). The TAT was studied
as a key performance indicator (KPI) and defined to be
the time between receiving the sample and reporting
its result. The TAT for confirmed CH was mean +SD:
2.5 + 1.168 days (Table 3).

Similarly, the average time between the first
abnormal result and CH confirmation was mean +
SD: 3.3 + 1.939 days (Table 4). The TAT for screened
disorders other than CH was approximately 1-8 days

Table 2 - Incidence of screened disorders.

Different disorders Number of Incidence

abnormal

disorders
Congenital hypothyroidism 15 1:3775
Phenylketonuria 2 1:28316
Biotinidase deficiency 2 1:28316
VLCAD 3 1:18877
citrullinemia 2 1:28316
Glutaric aciduria 3 1:18877
Propionic aciduria 4 1:14158
Methylmalonic aciduria 3 1:18877
Maple syrup urine discase 2 1:28316
3methyl crotonyl carboxylase deficiency 1 1:56632
Galactosemia 1 1:56632
Total 38 1:1490

VLCAD: very-long-chain acyl CoA dehydrogenase deficiency

(Table 5). Thyroid agenesis was found in 20% of
the cases, 13.3% had an ectopic gland, 13.4% had
thyroid hypoplasia, 6.7% thyroglossal cyst, while
dyshormonogenesis was found in 20%. These cases
were confirmed using isotope scan or thyroid US. The
mean cord TSH value was 516.125 (7-1159), and the
mean FT4 was 10.158 (2.4-24).

Table 3 - Confirmed congenital hypothyroidism compared to the initial
positive cases.

Year Number of babies  Initial positive Confirmed
screened cases with hypothyroidism
hypothyroidism
2012 9643 42 6 (14.3)
2013 9405 46 3 (6.5)
2014 9598 10 1(10.0)
2015 9152 11 2(18.2)
2016 8839 9 2 (22.2)
2017 9995 9 1(11.1)
Total 56632 127 15 (11.8)

Table 4 - Turnaround time of the initial positive and confirmed
congenital hypothyroidism (CH).

Period All suspected Confirmed
CH CH
(n=127) (n=15)

Sample receipt to the first report

Mean + SD (days) 3.02 + 1.305 2.50 + 1.168

Range (Minimum-Maximum) (1-7) (2-06)
First report to the second report

Mean + SD (days) 4.76 + 4.701 3.286 + 1.939

Range (Minimum-Maximum) (1-29) (1-8)
Repeat to confirmation

Mean + SD (days) - 1.66 + 3.5

(1-4)

Range (Minimum-Maximum)

Table 5 - Turnaround time for screened disorders other than congenital

hypothyroidism.
Period Screened disorders (N=23)
Mean + SD Range
(days) (Minimum-
Maximum)
Sample receipt to the first report 5.8 +3.46 2-19
The first report to the second repeat  2.95 + 1.75 1-8
Sample receipt to confirmation 2.17 £2.12 1-8
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Table 6 - Rejected dry blood spot samples in the 56632 screened

samples.

Total number of rejected samples 36

Rejection rate 1:1573

Year of birth Number of rejected samples
2011 3
2012 22
2013 3
2014 6
2016 2
2017 0

All babies born at our hospital during the current
study were screened, resulting in a coverage rate of
100%. Only 36 initial samples were not satisfactory for
testing, resulting in a rejection rate of 1:1573, with the
highest in 2012 (Table 6).

Discussion. In this single-center retrospective
study, we report the incidence of the 17 disorders
that are included in the Saudi national NBS program.
With an average rate of 10,000 deliveries per year,
our institute is considered to be one of the highest
birth rate facilities in Saudi Arabia. This allows a
proper assessment of the efficiency of NBS program
implementation. We found that the overall incidence
of the screened disorders at PSMMC was 1:1490. For
IEMs, propionic aciduria had the highest incidence
(1:14158), while galactosemia had the lowest incidence
(1:56632). These data were consistent with the national
Saudi NBS figures that were reported by Alfadel et al’
As documented in previous studies that were conducted
in Saudi Arabia, the incidence of IEM in the current
study is almost 4 to 5-fold higher than that reported
by western screening programs.”>* This could be
explained by the high incidence of consanguinity in the
Saudi community, which is as high as 56%.’ Similarly,
the incidence of IEM in regional countries such as
Qatar’® was reported to be 1:1327 and the United
Arab Emirates was 1:1047. Similar to the Saudi
community, other Arab countries share a high incidence
of consanguinity, and therefore, this predisposes the
people to a high incidence of mostly autosomal recessive
[EMs, 1314

The incidence of CH in this study was 1:3775, which
matches the worldwide incidence (1:3000 - 1:4000).
This is consistent with the report by Al-Jurayyan et al,*
which showed that the incidence of CH in Saudi Arabia
was 1:32924. However, Alfadhel et al' who included
139 hospitals across the KSA, showed an incidence of

1:7175 for CH. This low incidence does not match our
findings, and it is not consistent with the regional and
international figures.'>>!"> The low incidence of CH
reported by Alfadel et al° could be explained by the fact
that the national NBS program receives samples from
all over the KSA, which may lead to failure in securing
second recall samples. Difficulties in getting the families
back to the hospital after being discharged, especially
those families who live outside Riyadh, may contribute
to the low incidence of CH that was reported by the
national NBS.>" Additionally, some hospitals that are
participating in the national NBS may perform the
confirmatory testing onsite without adding the results
to the national registry.”'> However, the data generated
from the current study seem to be more accurate
because the possibility of missing recall samples from
a single center is less likely. Moreover, the incidence of
CH that we report in this study matches the regional
and international figures.?”®1¢13151¢ Therefore, the
incidence of CH in our study confirms the findings that
were reported by Aljurayan et al* who studied the first
million Saudi babies who were screened for CH, and
they showed an incidence of 1:3292.

The TAT is one of the main key performance
indicators of the NBS program. In this study, TAT,
which includes the time from the sample receipt to
generating the first and the final reports, matches
the figures that were published by different NBS
programs.'>%!>> Adhering to the recommended TAT
alleviates parental stress that is caused by false-positive
screening results, and it also accelerates the detecting of
affected infants who require urgent management.

The other key performance indicators in this
study, including the coverage and the sample rejection
rate, match the figures that were reported by other
international programs.>'?%!*1> Because this was a
single-center study, we were able to achieve these good
results, and the systematic follow-up process offered by
our facility contributed to this successful program.

Study limitations. This study is limited by being
conducted at a single center, which may reflect different
infrastructure and logistics compared to other institutes
in the country. Therefore, our results should be
interpreted with caution and may not be generalizable
to other medical facilities in Saudi Arabia.

In conclusion, we reported the incidence of NBS
disordersatour centerand showed that the CH incidence
was similar to the worldwide incidence. The incidence
of IEM was comparable to the regional figures, but it
was higher than the international incidence rates. The
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coverage rate of our screening program was 100%, and
the other key performance indicators were acceptable.
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