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Abstract
Nephropathic cystinosis is a rare autosomal recessive lysosomal storage disorder, which causes loss of renal proximal
tubular function and progressive loss of glomerular function, finally leading to end stage renal failure at school age. In the
course of the disease most patients will need kidney transplantation if treatment has not been started before clinical
manifestation. With an effective treatment available, a newborn screening assay is highly demanded. Since newborns with
cystinosis usually do not show symptoms within the first months of life and no biochemical markers are easily detectable, a
DNA-based method seems to be an obvious tool for early diagnosis. Screening was performed using high-throughput nucleic
acid extraction followed by 384-well qPCR and melting analysis for the three most frequent variants (57 kb deletion
NC_000017.11:g.3600934_3658165del (GRCh38); c.18_21del GACT; c.926dupG) responsible for the defective lysosomal
membrane protein cystinosin (CTNS). To increase sensitivity, all heterozygous samples identified in qPCR assay were
verified and screened for additional variants by applying next generation sequencing. From January 2018 to July 2019 nearly
292,000 newborns were successfully screened. We identified two newborns with a homozygous 57 kb deletion and a second
one with heterozygous 57 kb deletion and a G>C substitution at position c.-512 on the second allele. Cystinosis is an
example for diseases caused by a limited number of high prevalence and a high number of low prevalence variants. We have
shown that qPCR combined with NGS can be used as a high throughput, cost effective tool in newborn screening for such
diseases.

Introduction

Newborn screening (NBS) is a successful public health
program preventing morbidity and mortality through early
diagnosis and management of conditions including rare
inborn errors of metabolism [1]. Mass screening of new-
borns with dried blood spots (DBS) started in the early
1960s based on a method established by Guthrie and Susi to
easily identify patients with phenylketonuria [2]. With the
introduction of tandem mass spectrometry (MS/MS) up to
49 metabolic inborn errors can be identified from a single
blot spot today [3]. The German newborn screening pro-
gram includes 14 main category disorders.

Nephropathic cystinosis is a rare autosomal recessive
lysosomal storage disorder, with an estimated frequency of
1:100,000–1:200,000. It is caused by missing or nonfunc-
tional cystinosin protein (CTNS, OMIM: 606272) leading to
the accumulation of free cystine in lysosomes of various
tissue types [4]. The major clinical symptoms are renal
failure, growth retardation, and rickets. The therapeutic
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approach is to deplete the lysosomal cystine by adminis-
tering aminothiol cysteamine, the only available drug to
date. Used as a target specific treatment, it leads to lyso-
somal depletion in all types of cells and tissues in the body
by a disulfide exchange reaction with cystine. If treatment is
started as soon as possible, best directly after birth [4, 5],
progression to end stage renal disease is dramatically
reduced or even prevented [6]. Although accumulation of
cystine already starts in utero, first symptoms usually do not
appear before the age of six months [6]. Due to the low
incidence of cystinosis, there is also the risk of it not being
recognized immediately.

Since, to our knowledge, no method for standard new-
born screening to identify cystinosis is available today, we
decided to develop the first DNA-based approach for early
diagnosis.

The CTNS gene is located on a 23Mb section of the short
arm of chromosome 17 consisting of two noncoding and ten
coding exons. In Northern Europe, the most common
pathologic variation is a 57 kb (originally denominated as
65 kb) deletion, OMIM # 606272.0005, removing the pro-
moter, exons 1–9, most of exon 10 [7], the sedoheptuloki-
nase (SHPK) gene, as well as leading to TRPV1 dysfunction
[8]. The deletion was putatively formed by nonhomologous
recombination [9] with characteristic deletion breakpoints—
most likely—identical for all patients and heterozygous
carriers. Haplotype analysis showed that this deletion ori-
ginates in Northern Europe sometime in the middle of the
first millennium [10], leading to a high prevalence espe-
cially in Germany, reaching up to 65%. More than 140
disease causing variants—homo or compound heterozygous
—have been reported in the human gene mutation database
(HGMD®), mostly randomly distributed all through the
genomic locus. Some variants affecting the function of
cystinosin are overrepresented in specific geographic
regions like c.18_21del GACT and c.926dupG in Germany
and Switzerland or c.681 G>A in Turkey [11, 12]. So far,
the use of DNA-based methods in NBS was mainly
restricted to confirmatory assays in second or third-tier
approaches, e.g., screening for Krabbe disease in New York
State, or cystic fibrosis screening in Germany [13, 14].
In recent years, several countries established a screening for
T-cell receptor excision circles (TREC) detection to identify
newborns with defective maturation of cell-mediated
immunity (severe combined immunodeficiency (SCID)).
Although TREC screening is DNA-based, it does not
include any personal sequence data. Therefore, it cannot be
regarded as classic genetic screening. Some pilot studies
used qPCR assays for the detection of a homozygous
deletion of the SMN1 gene to diagnose spinal muscular
atrophy (SMA; OMIM #: 253300) and deafness-related
variants of three genes responsible for congenital non-
syndromic hearing loss [15, 16]. A common aspect of

genetic NBS programs today is the focus on limited num-
bers of genetic modifications. For more complex genetic
disorders, alternative methods like next-generation sequen-
cing (NGS) have to be established.

NGS is a powerful diagnostic tool already used in several
clinical settings e.g., in pathology for tumor characterization
influencing therapeutic decisions or when using whole
genome sequencing to help with the diagnosis of unknown
conditions in newborns [17, 18]. But it is still con-
troversially discussed in the field of NBS, regarding ethical
concerns, costs, legal issues, and reporting [1, 3].

Here we present a novel NBS algorithm, which combines
qPCR including melting analysis with NGS. A high-
throughput screening for the three most common variants
of CTNS found in the German population followed by
sequencing of heterozygous samples was implemented and
tested with >290,000 samples. Including NGS as a second
tier test to detect compound heterozygous samples, we
increased sensitivity without significantly rising turnaround
time or screening costs. We identified two newborns with a
homozygous 57 kb deletion by qPCR only and a second one
with heterozygous 57 kb deletion and a G>C substitution at
position c.-512 on the second allele, using qPCR and NGS.

Material and methods

Sampling

Our study started in January of 2018, encompassing sam-
ples from children mostly born in Bavaria and partly from
other regions of Germany. According to German law, par-
ents were informed and had to decide if they wanted to
participate in the study (informed consent). The regional
ethical board approved the study (Ethical permit 16125;
Bayerische Landesärztekammer Munich). Blood samples
were taken from the same DBS cards collected for classical
NBS. No additional sampling was needed. 3.2 mm punches
were collected in 96-well PCR plates (4ti-0770/C, 4titude,
Surrey, UK) using an automated Panthera Puncher 9 System
(PerkinElmer, Waltham, MA, USA). Alternating distribu-
tion of negative controls within the 96-well plates assured
the unambiguous assignment of the plates.

Nucleic acid isolation from DBS cards

Briefly, DNA was extracted from single 3.2 mm punches of
the original DBS in a 96-well format. After an incubation
step with water, washing buffer was added. Following 10
min incubation, buffer was removed and the washing step
repeated two times, first with washing buffer and finally
with water. Elution was done with 50 µl CE-Elution buffer.
A detailed description of the procedure is published
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elsewhere [19]. For sequencing, a second DNA extraction
from two punches was performed following the same pro-
cedure in order to ensure a higher quantity of DNA.

MagNA Pure 96 nucleic acid isolation

Nucleic acid from EDTA-blood was isolated using
the MagNA Pure 96 system from Roche (Mannheim,
Germany). A total of 200 µl sample material was transferred
in 96-deepwell plate (Roche) by a primary sampling
handling unit (Roche). For nucleic acid isolation, the DNA/
Viral NA Small Volume 2.0 Kit following the Pathogen
Universal 200 4.0 protocol with 50 µl elution volume
was used.

qPCR screening assay

The 57 kb deletion (NC_000017.11:g.3600934_3658165del
(GRCh38)) is detected using forward primer 5′- CCggCA-
TAACCCACAATg located 327 bp downstream of
the published primer LD1 [20] and reverse primer 5′-
CCACCggCCATgTgAA moved 25 bp upstream from the
published primer, reducing the amplicon length from origin-
ally 1255 bp [9] or 423 bp [20] to 61 bp only. Detection of the
product is done with a LightCycler Red 610 labeled hydro-
lysis probe (ROX channel) (Fig S1). The second assay tar-
gets the c.18_21del GACT deletion located in exon
3 (rs786204501; reference sequence NM_001031681.2),
combining a hydrolysis probe with LightCycler Red 640
label with a deletion-specific FRET donor probe with the
sequence 5′-gATAAggAATTgg____CTATTTTTATCC
T-PH. The c.18_21del GACT variant is detected by running a
melting analysis, reporting a high melting temperature (Tm)
in case of the deletion and a lower Tm peak for the wild type,
or two peaks in case of a heterozygous deletion (Fig S1).

The exon 11 guanosine insertion (rs786204420; refer-
ence sequence NM_001031681.2) is detected from a 84 bp
long PCR fragment using a SimpleProbe oligomer specific
for the c.926dupG sequence TCACC_g_gggggCAgCTT-
CAgCCTC--PH, thus reporting the higher melting point for
the variant, a lower Tm peak for the wild type, and two
peaks in case of a heterozygous genotype (Fig S1).

qPCR

qPCR was performed on a 384-well LightCycler480II
(Roche) using Multiplex DNA Master (Roche) in 10 µl
reactions and the following PCR profile: 95 °C 10 min
denaturation; 45 × (95 °C 5 s; 60 °C 10 s [fluorescence
measurement]; 72 °C 15 s); Melting (95 °C 30 s; 40 °C
2 min; 85 °C continuous fluorescent measurement with a
ramping rate of 0.11 °C/s). Sample lists were generated
from punching log files and imported into the

LightCycler480II. For all samples showing a variant or
inconclusive result, the assay was repeated with two fresh
punches from the original DBS card.

NGS assay

NGS was done on an Illumina MiniSeq (Illumina GmbH,
Munich, Germany) using a midoutput cartridge and 2 × 151
bp read length. The TrueSeq Custom Amplicon Low Input
Assay covered the complete coding region of the CTNS gene,
including exon-intron boundaries as well as the 5′ and 3′
untranslated region. Library preparation was done according
to manufacturer’s instructions. In total, 29 amplicons were
sequenced per sample. Sequence analysis was performed with
the Integrative Genomics Viewer (IGV) 2.4 [21, 22] and
Illumina Variant Studio 3.0 (Illumina GmbH). Sequences
were submitted to SRA database (https://www.ncbi.nlm.nih.
gov/sra/ accession number: PRJNA564496).

Results

qPCR validation

Presence of the 57 kb deletion is detected through an ampli-
fication signal giving a crossing point around cq 27. As the
primer binding sites are close to the breakpoints of the dele-
tion a PCR product is only produced when the 57 kb deletion
is present (Fig. 1a). For differentiation between homozygous
or heterozygous state, a second channel is needed. Therefore
the region around the c.18_21del GACT is amplified, located
within the 57 kb deletion of the CTNS gene. Amplification of
this part allows not only the differentiation between hetero-
zygous and homozygous state of 57 kb deletion due to the
presence or absence of amplification (Fig. 1b). It also serves
as isolation and amplification control and therefore controlling
the PCR reaction. Amplification failure in the differentiation
channel without a positive signal for the 57 kb deletion would
invalidate the assay.

The presence of the c.18_21del GACT (rs786204501)
deletion is detected via melting point analysis. Wildtype—
deletion negative —samples show a melting peak around
46 °C, whereas in presence of the deletion a higher melting
peak is visible at 55 °C. Differentiation between homo- and
heterozygous states is demonstrated by one or two melting
peaks (Fig. 1c). Applying the same method, the insertion of a
single guanosine at position c.926 (rs786204420) is detected,
leading again to a shift in the melting peak from 65 to 72 °C
(Fig. 1d). All three variants are detected within one single
multiplex qPCR, still leaving two channels open for other
assays.

Twenty blood samples provided from patients suffering
from cystinosis were used for assay validation. DNA was
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isolated using the MagNA Pure 96 system. All samples had
previously been characterized by an independent laboratory
using MLPA or sequence analysis. Four samples showed a
clear amplification signal for the 57 kb deletion and an allelic
drop-out in the differentiation channel, pointing to a homo-
zygous deletion. Four other samples were homozygous for the
c.18_21del GACT deletion and one homozygous for
c.926dupG. From the remaining eleven samples, ten were
heterozygous for the 57 kb deletion—one compound hetero-
zygous for the c.18_21del GACT and one for the c.926dupG.
One sample had none of the three variants screened for. All
qPCR results were in concordance with the previous analysis
(Tab. 1)

qPCR robustness

The amount of samples to be repeated is an indication of the
qPCR robustness. The rate of invalid results due to qPCR

failure was below 0.01% (data not shown). A repetition of the
qPCR reaction was only necessary after technical failure, e.g.,
incomplete sealing of the qPCR plate.

PCR results

From January 2018 to end of July 2019 we screened 291,
905 newborns. For 291, 023 samples no deletion or inser-
tion could be detected in the qPCR screening and were
immediately reported as healthy.

Two samples were positive for the homozygous deletion of
the 57 kb region confirmed by an independent laboratory
using MLPA analysis (Bioscientia Institut für Medizinische
Diagnostik GmbH Zentrum für Humangenetik, Ingelheim,
Germany). The diagnosis cystinosis was confirmed by
increased free cystine in isolated leukocytes (2.82 nmol/mg
leukocyte protein [norm <0.2] for the first case, and in a
similar range for the second).

Fig. 1 Multiplex PCR for simultaneously detection of CTNS variants.
a Amplification signal for 57 kb deletion, detection filter 533-610,
three samples show an exponential amplification signal, demonstrating
the presence of the deletion. One sample was negative in this assay and
the last one represents the negative control, both without amplification
signal. No differentiation between homo- or heterozygous state is
possible. b Amplification of parts of exon 3 used for differentiation
between a homo- or heterozygous 57 kb deletion as well as amplifi-
cation control (Channel 533–610). One sample gives an exponential
amplification signal, indicating the presence of the wildtype region
used for differentiation, two samples were negative and one is the

negative control. c Detection of rs786204501 (c.18_21del GACT) via
melting analysis (Channel 498–640). The mutated allele gives a
melting peak of app. 55 °C, whereas the wildtype allele shows a peak
of app. 46 °C. One sample is heterozygous for this variant, and the two
other samples show the wildtype allele. d Detection of rs786204420
(c.926dupG) via melting analysis (Channel 465–510). Wildtype allele
gives a melting peak at app. 65 °C and the insertion at app. 72 °C. Two
samples are wildtype for the tested variant, with a melting point at 65 °
C, one sample is homozygous for the c.926dupG giving a melting peak
at 72 °C and one sample is heterozygous for this variant
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Six hundred and fifty-six samples were heterozygous
for the 57 kb deletion, 81 for the c.18_21del GACT
deletion, and 59 samples for the c.926dupG duplication.
Eighty four showed inconclusive results due to shifted
melting curves. For all these samples, the test was repe-
ated and the results confirmed (Fig. 2).

Sequencing validation

All twenty samples from qPCR validation were used for the
verification of the sequencing assay. The gene variations
identified in the qPCR assay were confirmed—indirectly for
the heterozygous 57 kb deletion, and directly for
rs786204501 and rs786204420. For the remaining eight
samples missing a second variant, heterozygous gene
modifications described as disease causing in the HGMD®
database were found by sequencing (Table 1). For one
sample having no disease-causing allele in the qPCR test, a
homozygous variant described as disease-causing in the
HGMD® database was identified (Table 1). All results were
in concordance with the previous analysis.

Sequencing results

The two homozygous, all heterozygous and samples
showing shifted melting peaks were prepared for sequen-
cing, which was done once a week in a batch of

10–20 samples. Sequencing confirmed the results from the
previous qPCR assay. The variations c.18_21del GACT and
c.926dupG were found in the respective samples. Even the
57 kb heterozygous deletion could be identified, as for
the deleted region no heterozygous variants were seen
giving a hint for an allelic depletion. One sample had a
second variant at position c.-512G>C (rs112140949) in
addition to the heterozygous deletion of the 57 kb region.
This genetic constellation was previously described as
disease-causing [23].

Beside the previously identified heterozygous modifica-
tion, two other putative variants described in the HGMD®
as affecting the function of cystinosin could be identified.
Both samples showed a shift in the melting analysis of the
qPCR assay (Fig. 3b, c). One sample was heterozygous for
the c.922G>A variant and the second one for c.29T>C. All
remaining samples had no clinically relevant variants
(Fig. 3a).

Discussion

Cystinosis was first described by Abderhalden in 1903 [4].
It is a disease partly covered by the Wilson and Jungner
criteria for NBS [24]. In 2008, Nesterova and Gahl pointed
out that for optimal cystinosis patient care, a team consist-
ing of nephrologists, metabolic disease, and other specialists

Fig. 2 Results after 19 months of CTNS screening. Within 19 months
of screening, 291, 905 samples were analyzed. 291,023 (99.7%) were
negative for any of the three variants in the qPCR assay and reported
immediately. 656 (0.22%) samples were positive for a heterozygous
57 kb deletion, 84 (0.028%) showed inconclusive results and were
further analyzed by sequencing. 81 (0.027%) and 59 (0.02%) samples

were heterozygous for c.18_21del GACT or c.926dupG and
sequenced as well. Three potential cystinosis patients could be iden-
tified. Two with a homozygous deletion of the 57 kb region, the other
sample compound heterozygous 57 kb del with a second variant,
previously described as disease causing. All others were reported
without pathological findings
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is necessary. In addition patients should be treated in spe-
cialized centers to improve their care and quality of life
[24]. These, as well as other authors also highlighted that
early diagnosis is particularly important for an effective
therapy. They therefore propose to develop a test for
NBS [4].

Biochemical diagnosis is usually done by determining
the concentration of free cystine in isolated leukocytes,
which is not possible from DBS. Genetic analysis of DNA
extracted from DBS is hampered by the relatively high
number of variants responsible for the disease. Analysis
could be performed by whole genome/exome (WGS/
WES) or amplicon based sequencing for a limited number
of genes. However, the first two methods are ethically
questionable, all are very expensive and have a long
turnaround time compared with tandem mass spectro-
metry [3, 18]. In addition they are not capable to handle
600–1,200 samples per day, leading to first results within
24 h. In the near future, turnaround time and costs will be
manageable with the development of alternative protocols
and the introduction of novel sequencing technologies.
Nevertheless, ethical and reporting issues remain. These
include the handling of incidental findings, storage time of
sequencing information, and the question of reanalysis of
older data after discovery of novel clinical variants
[1, 14]. The establishment of appropriate guidelines might
help to resolve these issues.

A recent publication describes the variant pattern of the
CTNS gene in Germany [11]. In combination with data of
80 cystinosis patients identified in Germany (Harms et al.,
unpublished), the allele frequencies of these variants were
calculated. The most common one is the homozygous
deletion of a 57 kb region, including most of the CTNS
gene with an allelic frequency of 57.5–65.7%. The second
most frequent variant leads to a frameshift (c.18_21del
GACT) and has a frequency of 8.6–15%. The third most
prominent gene variation is a duplication of a single
guanosine at position c.926, showing a frequency of
8–10%. Our results from the screening, regarding the
proportions of the three variations, fit the expected range,
i.e., 57 kb del (N= 656), c.18_21del GACT (N= 81), and
c.926dupG (N= 59).

A screening approach beginning with the identification
of the carriers of these three major variants in a first step
will also cover all compound heterozygotes by the sub-
sequent investigation using NGS and thus achieve a total
sensitivity of >90% of all cystinosis patients.

Based on the Hardy–Weinberg calculation, 69–74% of
the patients are homozygous or compound heterozygous for
one or two of these three variants. However, 26–31% of the
patients would have only one of these three gene mod-
ifications and a secondary different one. Therefore we
decided to sequence CTNS from all heterozygous samples
as second-tier approach to increase test sensitivity. Only

Table 1 Results of the patient
samples used for assay
validation

Sample PCR Result 1. Allele PCR Result 2. Allele Sequencing

1 57 kb del 57 kb del

2 c.[18_21del GACT] c.[18_21del GACT]

3 57 kb del 57 kb del

4 c.[926dupG] c.[926dupG]

5 57 kb del c.[18_21del GACT]

6 57 kb del 57 kb del

7 57 kb del c.[926dupG]

8 57 kb del Neg c.[696_697dupCG] hemizygous

9 57 kb del 57 kb del

10 57 kb del Neg c.790_791delCA hemizygous

11 57 kb del Neg c.1015G>A heterozygous

12 57 kb del Neg c.852G>T hemizygous

13 c.[18_21del GACT] c.[18_21del GACT]

14 57 kb del Neg c.923G>T hemizygous

15 57 kb del Neg c.790_791delCA hemizygous

16 57 kb del Neg c.295_310del16 hemizygous

17 c.[18_21del GACT] c.[18_21del GACT]

18 57 kb del Neg c.[696_697dupCG] hemizygous

19 neg Neg c.516dupC homozygous

20 c.[18_21del GACT] c.[18_21del GACT]

57 kb del refers to NC_000017.11:g.3600934_3658165del (GRCh38)
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previously described variants marked to be pathologic in the
HGMD® were included in the sequencing analysis (120
variations as by January 2018). Until January 2019 more
than 140 variants were described [25].

The goal of our DNA-based screening attempt was to
report first-tier results within the same time frame as for
conventional screening methods like MS/MS, thus deli-
vering same-day results. With a newly developed protocol

Fig. 4 Time frame of cystinosis screening. Up to 2,000 samples can be
processed with this approach, allowing reporting results for 99.7% of
all samples in one day. Homo- or compound heterozygous status for

the three variations screened for, are confirmed by retesting. Second-
tier diagnostic by next-generation sequencing (NGS) provides results
within six days for the oldest samples

Fig. 3 Shift of melting peaks. a Melting analysis to detect
rs786204501 (c.18_21del GACT) in the channel 498–640 with a
heterozygous sample showing a lowered melting peak (44 °C) next to
the wildtype peak (46 °C). Sequencing identified the c.12T>C variant,
described as non-pathogenic. The two other samples showed a wild-
type and a heterozygous melting peak. b Melting analysis to detect
rs786204420 (c.926dupG) in the channel 465–510 with a hetero-
zygous sample showing a lowered melting peak (62 °C) next to the
wildtype (65 °C). Sequencing identified the c.922G>A variant,
described as disease-causing in HGMD® database. One sample is

wildtype for the tested variant, with a melting point at 65 °C,
one sample is homozygous for the c.926dupG giving a melting peak at
72 °C and one sample is heterozygous for this variant. c Melting
analysis to detect rs786204501 (c.18_21del GACT) in the channel
498–640 with a heterozygous sample showing a lower and more wide
melting peak (45 °C) relative to the wildtype peak (46 °C). Sequencing
identified the c.29T>C variant, described as disease-causing in
HGMD® database. The two other samples showed a wildtype and a
heterozygous melting peak
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for nucleic acid isolation [19] followed by qPCR in 384-
well format, we were able to provide first-tier results within
7.5 h for up to 2,000 samples. Only 0.25% of these needed
to be sequenced in a second-tier analysis providing final
results within 145 h (Fig. 4).

Using NGS as a second-tier test does not increase overall
screening costs, since only small numbers of all samples
need to be sequenced. In contrast to WGS/WES approaches,
amplicon-based NGS of one gene, like CTNS, further
reduces costs and the results can be interpreted without the
need of complicated bioinformatics. To our knowledge,
there is no library preparation protocol for WGS/WES
available so far, leading to sequencing results within a
feasible timeframe for NBS.

Nevertheless, there might be alternative methods to
NGS, like Sanger sequencing or chip hybridization [26].
However, the amount of time and reagents required to
analyze 29 amplicons in two directions of 10–20 samples is
significantly higher using Sanger sequencing. Chip hybri-
dization on the other hand is not as flexible, since it cannot
be easily extended to other polymorphisms.

Our primary PCR screening depends on the presence of
one of the three main variants found in the German
population. The 57 kb deletion is the most prominent one,
found in ~75% of the known patients in Germany. Similar
to other genetic disorders with a founder effect in
Northern Europe, it shows a clear north–south gradient.
The deletion is only rarely found in southern Italy [27]
and not at all in Turkey, Africa, Asia, or the Middle East
[28]. Therefore the primary screening approach by qPCR
has to be adapted by changing PCR targets, regarding the
geographical region. Keeping the high Turkish population
in Germany in mind as well as the immigration during
recent years, the sensitivity of our PCR screen might be
limited. But, so far no further cases of cystinosis were
reported to us, nevertheless earliest symptoms were
usually diagnosed by the age of 8–12 month, and there-
fore it might be too early to determine the sensitivity of
the screening program.

We identified two newborns with a homozygous 57 kb
deletion and a second one with heterozygous 57 kb dele-
tion and a G>C substitution at position c.-512 on the
second allele, putatively leading to promoter dysfunction
[23]. This is in concordance with the expected prevalence
of 1:100,000 to 1:200,000. For the two cases having a
homozygous deletion cystinosis was confirmed by deter-
mination of free cystine concentration in leukocytes. For
the third newborn no increase of free cystine in leukocytes
was detectable so far. Phornphutkul et al. described a
patient with the same genetic constellation, showing
increased cystine concentrations as well as other distinct
clinical symptoms present in cystinosis patients. A sig-
nificant difference in both cases it the age of diagnosis.

The latter patient [23] was already several years old, and it
could be possible that the promoter variant c.-512G>C
leads to a delayed start of symptoms. Nevertheless, it
cannot be ruled out, that this modification does not affect
the function at all, and the authors missed a second
harmful gene modification. The newborn will be closely
monitored in the future to detect symptoms as early as
possible.

For the first time we have shown that a combination of
qPCR and NGS can be used in a routine setting for NBS.
Thus, we suggest that a fast, cost effective screening is
manageable for diseases caused by a limited number of high
and a higher number of low prevalence variants in such a
two-tiered approach.
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