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Laboratory newborn screening

(NBS)




First screening program for neonates

* Dry blood spot testing

e Beta-2-thienylalanin - B.subtilis
growth inhibition Pediatrics 1963
« TPhe enables bacteria to growth

Prof. Robert Guthrie 1916-1995

http://pkuworld.org/home/docs/history/guthrie200.jpg



Principles of screening for diseases

PRINCIPLES AND PRACTICE = An important health problem
OF SCREENING FOR and there should be a
DISEASE recognisable latent stage
J. M. G. WILSON .
P Mtk O, Mt o s, = A suitable and acceptable test

to the population

G. JUNGNER

Chief, Clinical Chemistry Department, Sahlpren's Hospltal,
Gorkenburg, Sweden

= An accepted treatment and
and agreed policy on whom to
treat

" The cost of screening should
be economically balanced in
WORLD HEALTE GAGANBATION relation to expenditure on
—_— medical care




Quality assurance in screening programmes

J A Muir Gray and June Austoker
Institute of Health Sciences, Oxford, UK

All screening programmes do harm; some also do good. The responsibility of the
policy-maker is to decide which programmes do more good than harm at
reasonable cost and then introduce them, once they are confident that the
screening programme could and will reach the standard of quality required for
success. The ratio of benefit to harm is not, however, constant and this
relationship demonstrates a shifting balance.

British Medical Bulletin 1998;54 (No. 4); 983-992 © The British Council 1998



Newborn screening in Czechia

1975 Phenylketonuria (PKU/HPA)
1985 cong. hypothyreosis (CH)

2006 cong. adrenal hyperplasia (CAH)
2009 Cystic fibrosis (CF) + 9 IEM
2016 + 5 IEM

2024 + SMA, SCID



SMA AND SCID

SCID — Severe combined immunodeficiency) — maturation disorder a
or T cell function (1:58 000)

Absence TREC — T cell receptor excision circles
Absence KREC — k-deleting recombination excision circles

SMA - Spinal muscular atrophy — SMN1 gene
(1:6000-10 000)

Homozygous deletion of exon 7. SMN1

Nusinersen (Spinraza) or onasemnogen abeparvovec (Zolgensma)



Pilot study SMA a SCID

2022-2023
185,355 newborns

22 SMA
18 PID



Newborn screening (NBS) since 2024
n=20

ﬂndokrinopathies IMD (IEM) \
hypothyreosis PKU/HPA
cong. adrenal 4 aminoacidopathies

perpa 3 organic acidurias
Cystic fibrosis 6 faFty acid
SMA ox.disorders
biotinidase
SCID

k deficiency /




NBS blood sampling

A endocrinopathies

v CF genetics

‘ IEMetab (Inborn Errors of Metabolism)



1.53 milion newborns (2010-2023)

CH 1:2,800

PKU/HPA 1:4,856

elF 1:6,218 CSF-SPID 84
°10 1:9,905 Hydroxyprolinemia 4
FAOD 1:15,500 yaroxyp

Other IEM 1:77,500 Argininosucc.aciduria 4
SMA 1:6,800 Vit B12 deficiency 5
SCID 1:59,100

MTP deficiency 1

Neonatal prevalence 1:1072



Coverage of populations with NBS

Nhere are we now around the world with screening -
conditions and coverage?

Russian Federation
5 disoeders with regional variation
>90% up 1o 36
disorders
2- 40+ § e
disorders .

4 el N 4 disorders
85%-100% /\)‘ >90% up 10 50 China

bl  Province to province
variation

" North America"

35+26
disorders
near 100%

Disorders

<2%-30% \ . APAC Established

Projects APAC Emergmg AU, NZ, JP, KR, TW
<2% ¢ variable coverage

Latin America

2-20+
disorders :

10-80% ) @& Africa*
{ * Egypt CH, PKU 100%

disorders

near 100%

28 % of newborns born



Among-country variation of NBS

Number of conditions per country

2016, G.Loeber, ISNS




FUTURE OF THE NBS?

Artide

Newborn Screening by DNA-First: Systematic Evaluation of the
Eligibility of Inherited Metabolic Disorders Based

on Treatability

Abigail Veldman 13, Birgit Sikkema-Raddatz 2 Terry G. J. Derks U, Clara D. M. van Karnebeek 3,

M. B. Gea Kiewiet 1.2, Margaretha E Mulder 3, Marcel R. Nelen %, M. Estela Rubio-Gozalbo 3, Richard J. Sinke 2,
Monique G. de Sain-van der Velden 6 Gepke Visser 3 Maaike C. de Vries 7, Dineke Westra 40, Monique Williams 8
Ron A. Wevers *©, M. Rebecca Heiner-Fokkema * and Francjan J. van Spronsen *

Int. |. Neonatal Screen. 2025, 11, 1 https:/ / doi.org/ 10.33%0/ijns11010001

Abstract The biomarker-based Dutch Newborn Screening (NBS) panel (as of 2024) com-
prises 19 inherited metabolic disorders (IMDs). With the use of next-generation sequencing
(NGS5) as a first-tier screen, NB5 could expand to include IMDs that lack a reliable bio-
chemical footprint in dried blood spots, while also reducing secondary findings. To be
eligible for inclusion in NBS, an IMD needs to fulfill the Wilson and Jungner criteria, with
treatability being one of the most important criteria. In this study, we aimed to identify
IMD:s eligible for DNA-first NBS when considering only treatability in the context of NBS as
a prerequisite. First, three independent reviewers performed a systematic literature review
of the 1459 genotypic IMDs and their causative gene(s), as described in the International
Classification of Inherited Metabolic Disorders (dated 1 February 2021), applying 16 criteria
to exclude non-treatable disorders. Eligible disorders were then discussed in three online
meetings with a project group of clinical laboratory geneticists, medical laboratory special-
ists specialized in IMD, and pediatricians with expertise in IMDs. Based on treatability, we
identified 100 genes, causing 95 IMDs, as eligible for NBS, including 42 causal genes for
the IMDs in the current biomarker-based NBS. The other 58 genes are primarily associated
with treatable defects in amino acid metabolism and fatty acid oxidation. Other IMDs were
excluded, most often because of insufficient literature. As the evaluation of treatability was
not straightforward, we recommend the development of standardized treatability scores
for the inclusion of IMDs in NB5.



Screening in neonatology and

paediatrics



Screening — 1. trimestr

Euploidni_T21 T18 T13

e

NT mm 20 34 55 40
Fb hCG . T 4 i
PAPP-A - R

Abs.nosnikosti% 1,4 69 53 45

PAPP-A, AFP, bHCG

Screening — 2. trimestr

estriol/inhibin A

TAFP - VWV nekryté kizi
JAFP L UE3ThCG riziko T21

LAFP L uE3 | hCG riziko T18,T13



Screening in neonatology

Normal reflex » No action required

Red reflex absent » See your GP urgently

Red reflex abnormal » See your GP urgently

| (moorfields.nhs.uk)



https://www.moorfields.nhs.uk/news/checking-red-reflex

Screening in neonatology

Developmental Displasia of the hip — Frejka pillow
the ,triple sieve” method

Dislocation maneuver/provocative test Repositioning maneuver

/" Barlow - Ortolani
B~ | -
=) test .,c) test

ad
-

. Pavlik harness

CMMG 200 &

According to USG: (bony acetabulum, labrum, femoral epiphysis)
la, Ib — fyz.; lla+ — immature hip; lla-, Ilb — mild displasia;
llc — displasia; lid, llla, lllb, IV — decentration




Screening in pediatrics

Plusoptix Lea symbols Pfliger hooks Snellen optotype
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* (Otoacoustic emissions 7 yrs

* USG of the kidney

* hearing and sight examination in GP
* Evaluation of psychomotor dev., blood pressure in GP
* Lipidogram at 5yrs and 13yrs if pos. family history

* Screening for obesity



Modifikovany dotaznikovy test pro zachyt
poruchy autistického spektra u batolat

PreloZeno se souhlasem autora z anglického originalu:
Modified Checklist for Autism in Toddlers, Revised, with Follow-Up

(M-CHAT-RIF)™

Diana L. Robins, Ph.D.
Deborah Fein, Ph.D.
Marianne Barton, Ph.D.

0-2 points low risk of ASD
3-7 moderate risk of ASD
8-20 high risk of ASD

Please answer these questions about your child. Keep in mind how your child usually behaves. If you have seen
your child do the behavior a few times, but he or she does not usually do it, then please answer no. Please circle

M-CHAT-R™

yes or no for every question. Thank you very much.

1.

2.
3.

10.

1.
12.

13.

14.

15.

16.

17.

18.

19.

20.

If you point at something across the room, does your child look at it?

(FOR EXAMPLE, if you point at a toy or an animal, does your child look at the toy or animal?)

Have you ever wondered if your child might be deaf?

Does your child play pretend or make-believe? (FOR EXAMPLE, pretend to drink
from an empty cup, pretend to talk on a phone, or pretend to feed a doll or stuffed animal?)

Does your child like climbing on things? (FOR EXAMPLE, furniture, playground
equipment, or stairs)

Does your child make unusual finger movements near his or her eyes?

(FOor EXAMPLE, does your child wiggle his or her fingers close to his or her eyes?)
Does your child point with one finger to ask for something or to get help?

(FOR EXAMPLE, pointing to a snack or toy that is out of reach)

Does your child point with one finger to show you something interesting?

(FOR EXAMPLE, pointing to an airplane in the sky or a big truck in the road)

Is your child interested in other children? (FOR EXAMPLE, does your child watch
other children, smile at them, or go to them?)

Does your child show you things by bringing them to you or holding them up for you to
see — not to get help, but just to share? (FOR EXAMPLE, showing you a flower, a stuffed
animal, or a toy truck)

Does your child respond when you call his or her name? (FOR EXAMPLE, does he or she
look up, talk or babble, or stop what he or she is doing when you call his or her name?)

When you smile at your child, does he or she smile back at you?

Does your child get upset by everyday noises? (FOR EXAMPLE, does your

child scream or cry to noise such as a vacuum cleaner or loud music?)

Does your child walk?

Does your child look you in the eye when you are talking to him or her, playing with him
or her, or dressing him or her?

Does your child try to copy what you do? (FOR EXAMPLE, wave bye-bye, clap, or

make a funny noise when you do)

If you turn your head to look at something, does your child look around to see what you
are looking at?

Does your child try to get you to watch him or her? (FOR EXAMPLE, does your child
look at you for praise, or say “look” or “watch me"?)

Does your child understand when you tell him or her to do something?
(FOrR EXAMPLE, if you don't point, can your child understand “put the book
on the chair” or “bring me the blanket"?)

If something new happens, does your child look at your face to see how you feel about it?
(FOR EXAMPLE, if he or she hears a strange or funny noise, or sees a new toy, will
he or she look at your face?)

Does your child like movement activities?
(FOR EXAMPLE, being swung or bounced on your knee)

© 2009 Diana Robins, Deborah Fein, & Marianne Barton

Answer NO —risk of ASD
in2,5a12-YES risk of ASD
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