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How to make a successful
newborn screening for PID?
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8816 (anonymized) Saudi newborns collected original

Guthrie card samples
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EnLite™ Neonatal
TREC Kit

y

v

NORMAL (8278)
TREC> 36 copies /uL
Beta-actin e 56copies
JuL

l

Normal
(No further
testing)

v

ABNORMAL FOR
RETEST (457)

TREC <36 copies/uL
Beta-actin e 56copies /uL
(On 2 repeated samples)

(29)

}
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INCONCLUSIVE (81)
TREC <36 copies/uL
Beta-actin @ 56copies
/UL

(2 repeated samples)

l

Inconclusive
(No further
testing)

TARGETED NGS PID PANEL / CNV ANALYSIS / 22g11.2 COPY

DELETION SCREENING
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PREDICTED PATHOGENIC DNA VARIANTS |

CONFIRMATORY SANGER SEQUENCING
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(Zygosity) 4158V

Homozygous p-R175P NM_001625:ex0n6:¢c.524G>C AK2 .2 1

Compound heterozygous p-Y425X NM_000215:exon10:c.1275T>A JAK3 Ubpp02 2
p-R103H NM_000215:exon3:c.308G>A

Homozygous p-V802I NM_005956:exon24:¢c.2404G>A MTHFDI U2 3
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evere combined immunodeficiency

disease (SCID) is the most severe

form of primary immunodeficiency
disorders (PID) and is a genetically het-
erogeneous group of over 20 monogenic
inherited inborn errors of the immune. Af-
fected infants have severely impaired cel-
lular and humoral immunity and therefore
are highly susceptible to bacterial, viral,
fungal, and opportunistic infections poten-
tially resulting in death within the first two
years of life if untreated. SCID meets the
accepted criteria for newborn screening,
it is asymptomatic at birth, fatal without
treatment, effective treatment is available
and early intervention improves outcome.
Hematopoietic stem cell transplantation
(HSCT) is the most effective curative treat-
ment and the outcome is influenced by age
at diagnosis and clinical status of patients
at presentation. High (95%)overall survival
was observed among infants undergoing
transplantation in the first month of life
compared with only 70% for those treated

after 3 months of age.
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Excision and splicing of the DNA encod-
ing the T-cell antigen receptor (TCR) genes
are required during T cell development
and differentiation to produce T cells with
diverse antigen specificities. During T cell
receptor rearrangement, deleted DNA frag-
ments circulate and do not undergo further
replication in dividing cells and thus, T-cell
receptor excision circle (TRECs) are an ex-
cellent marker of recently formed T cells.
In 2005,Chan and Puck first described
the T-cell receptor excision circle (TREC)
assay as a tool for population based new-
born screening for SCID and other T cell
lymphopenias. TREC copy number can be
determined from Guthrie card dried blood
spots (DBS) using real time quantitative

polymerase chain reaction (RT-qPCR).

In 2008 the TREC assay based newborn
screening for SCID was first implemented
in Wisconsin, USA. Universal SCID new-
born screening was then recommended
in 2010 by the Advisory Committee on

Heritable Disorders in Newborns and

Children in the United States of America
(USA). Currently, most of USA states pro-
vide screening for SCID using the TREC
assay and several pilot studies are ongoing
in Europe and Asia. The results of screen-
ing three million newborns showed a SCID
frequency of 1/58,000 children and an
overall frequency of 1/7300 of clinically rel-
evant forms of T cell lymphopenia. SCID
incidence is expected to be higher in popu-

lations with a high rate of consanguinity.

SCID is more common in areas with high
rates of consanguineous marriages since
most have an autosomal recessive mode of
inheritance. Consanguineous marriages are
a common practice in Saudi Arabia with an
overall incidence of 60%. In this study, we
have conducted a pilot TREC-based new-
born screening to assess the incidence of
SCID among the Saudi population and
assess the feasibility of using targeted next
generation sequencing PID gene panel as a
confirmatory diagnostic tool for mutation

screening from Guthrie card dried blood

—
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Zygosity Protein effect = Mutation Gene Disease sample
Homozygous p-R175P NM_001625:ex0n6:¢c.524G>C AK2 Severe Combined 1
Immunodeficiency Disease
Compound p-Y425X NM_000215:exon10:c.1275T>A JAK3 Severe Combined 2
heterozygous p-R103H NM_000215:exon3:c.308G>A Immunodeficiency Disease
Homozygous p-V802I NM_005956:exon24:c.2404G>A MTHEFDI |Severe Combined 3
Immunodeficiency Disease
-

spots (DBS) with low TREC count.

Methods:

DBS specimens were obtained from Guth-
rie cards collected by the Newborn Screen-
ing & Biochemical Genetics Laboratory
at King Faisal Specialist Hospital and Re-
search Centre (KFSHRC) over a 12 month
period (November 2015-2016). After com-
pleting the routine newborn screening
tests, DBSs were anonymized, punched
and processed for the TREC assay. The En-
liteTM Neonatal TREC assay was used. The
clinical cutoff are as follows: TREC posi-
tive: > 36 /uL, TREC negative: K 36 copies/
uL, and Beta-actin copy of > 56 copies /uL.

Workflow of Experiment:

(See Figure)

Results:

All 16 samples with low TREC assay un-
derwent T-NGS PID panel. A homozygous

mutation in AK2, a compound heterozy-
gous mutation in JAK3, and a homozygous
mutation in MTHFD1 were identified in
three samples respectively and confirmed
by Sanger sequencing. Two samples with
22q11.2 deletion were suspected by qPCR.
(See table).

Discussion:

Consanguineous marriages are common
practice in the Middle East and North-
ern Africa (MENA) region with an over-
all incidence ranging between 20 to 50%
for multiple socio-cultural factors. This
has provided a background where autoso-
mal recessive diseases are abundant. This
study had provided the first population-
based incidence of SCID in Saudi Arabia
of 1 in 2906 births, higher (20X) than the
incidence reported from USA newborn
screening programs. This high incidence
is a critical driving force that would affect
the incremental cost effectiveness ratio of

implementing SCID newborn screening in

highly consanguineous populations. This is
possible in resource-rich MENA countries
provided that the health authorities recog-
nize the seriousness of such health problem

and provide all required resources.

Dried blood spots (DBS) are potential re-
sources for genetic and genomic analysis.
The use of next-generation sequencing has
the potential to be integrated in SCID new-
born screening (NBS) programs to facili-
tate and accelerate genetic testing and final
diagnosis of affected newborns. Introduc-
ing unbiased targeted next generation se-
quencing in the current newborn screening
program can provides significant opportu-
nities for rapid and early diagnosis of PIDs.
An ideal NBS NGS PID gene panel will in-
clude all known PID genes that can cause
low TREC. This list can be easily revised
on a regular basis to include newly discov-
ered genes. Therefore, we believe that the
current approach can be used as a first line
molecular genetic screen for diagnosis of

samples with low TREC assay.
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