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Case Report: Pitfalls in CF
screening — targeted variant
analysis can cause misleading
results and therapy
recommendations
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Background: Cystic Fibrosis (CF) is primarily diagnosed in Germany through
newborn screening (NS) using immunoreactive trypsinogen (IRT)/Pancreatitis-
Associated Protein (PAP) measurements and genetic testing for common CFTR
gene variants. While this method is effective in identifying the most frequent
mutations, it may overlook complex alleles, which can impact phenotype and
treatment efficacy.

Case Presentation: We report the case of a five-year-old girl diagnosed with CF
through NS, initially identified as homozygous for the F508del variant. Despite
early Orkambi therapy, her response was suboptimal, with high sweat chloride
levels and recurrent respiratory infections. Re-sequencing with a next-generation
sequencing (NGS) panel revealed an additional undetected heterozygous
pathogenic variant. Upon switching to elexacaftor/tezacaftor/ivacaftor (ETI),
sweat chloride levels significantly improved.

Conclusion: Standard genetic screening methods may fail to detect complex
alleles, leading to misinterpretation of genotype and suboptimal treatment
choices. This case highlights the necessity of comprehensive genetic analysis
in patients with unexpected therapy responses. When CFTR modulator therapy
does not yield the expected improvements, re-sequencing should be considered
to optimize precision medicine approaches for CF.

complex allele, newborn screening, next-generation sequencing, CFTR modulators,
cystic fibrosis transmembrane regulator (CFTR)

Introduction

In Germany, Cystic Fibrosis (CF) is diagnosed by Newborn Screening (NS) comprising
immunoreactive trypsinogen (IRT)/Pancreatitis-Associated Protein (PAP) measurements,
followed by targeted genetic testing for the most common CFTR variants (Heinemann et al.,
2016). Nowadays, the majority of patients are diagnosed via NS within the first month of
their lives (Nahrlich et al., 2023).

CF has a strong genotype-phenotype correlation, with variants sorted into seven
different classes depending on their pathomechanism (Boeck and Amaral, 2016).
Therapy of CF was revolutionised with the implementation of CFTR modulators by
directly addressing these molecular defects, showing particular efficacy for class II
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(misfolding) and III (chloride channel gating) variants (Ensinck and
Carlon, 2022). Precise genotyping is therefore essential for selecting
the most effective modulator therapy. When identifying the most
common variant F508del in a homozygous state, the combination of
lumacaftor and ivacaftor (trade name: Orkambi) is a possible option
for treatment starting from 1 year of age. Another therapeutic option
consisting of the three compounds elexacaftor (E), tezacaftor (T)
and ivacaftor (I) (ETI, trade name: Kaftrio/Trikafta) is approved for
people with CF (pwCF) 2 years and older carrying at least one
F508del variant.

A complex allele arises when multiple variants are located in cis
on the same CFTR allele. For CFTR, the presence of a second variant
additionally to the in-cis-variant can have impact on the clinical
phenotype (El-Seedy and Ladeveze, 2024). However, little is known
about the general epidemiology and functional relevance of complex
alleles. A systematic evaluation from Russia identified 8,2% of pwCF
with the complex allele [L467F; F508del] in F508del homozygous
patients (Kondratyeva et al., 2022), characterised by an additional
missense substitution [p. (Leu467Phe)] in-cis to F508del. This
complex allele in homozygous state showed reduced response to
ETI in intestinal organoids (Efremova et al., 2024).

Using standard genetic screening methods, complex alleles such
as [L467F; F508del] would be missed completely. Therefore, testing
for only the most common variants can lead to false results followed
by ineffective therapeutic recommendations.

Here we present a case of now five-year-old girl, initially
diagnosed with CF by NS and DNA testing, identifying
homozygosity for the most common F508del variant in CFTR,
with no other variant detected. Using our previously described
next-generation (NGS) sequencing panel for identification of
variants in the entire CFTR locus (Ahting et al, 2024), we
subsequently identified another heterozygous pathogenic variant

4

initial
diagnosis
16.01.2020
sweat chloride
102mmol/I

60,0

50,0

40,0

Percentiles in %

30,0

10,0

0,0

Q12020 Q22020 Q22020 Q32020 Q12021 Q12022 Q32022 Q22023 Q42023

=== Percentiles Weight

FIGURE 1

10.3389/fgene.2025.1693573

that was previously missed (Paolis et al., 2023; Chevalier and
Hinzpeter, 2020).

Clinical presentation

The girl was born in 2020 after uneventful pregnancy (born
38+2 weeks, weight: 3,34 + 0,07 kg, height: 49 £ 0.93 c¢m, head
circumference: 33,5 + 0,7 cm). CF diagnosis was drawn at postnatal
day 12, positive IRT-PAP-DNA
homozygous, Figure 1A) and confirmation by sweat chloride

after screening  (F508del
testing (102 mmol/L). Pancreatic elastase was below 50 pg/g
faeces, so pancreatic insufficiency was diagnosed and treatment
with enzyme substitution was started immediately. Treatment
with Orkambi was initiated in July 2022. While she developed
normally (Figure 1), sweat chloride levels were only reduced to
94 mmol/L, still in the highly pathological range. The patient
suffered of recurrent airway infections. In 2024 at the age of
four, modulator therapy was switched to ETI due to its approval.
Weight and height development was still normal, while sweat
chloride levels reduced to 40 mmol/L. Pancreatic insufficiency
persisted in the presence of modulator therapy so far. Her FEV,
was measured at 122%, an

indicating above-average

pulmonary function.

Genetic testing results

For diagnosis of CF, genetic testing was performed at the age of
19 days via CF Strip Assay” (ViennaLab, Vienna, Austria), according
to manufacturer’s instructions. We identified the homozygous
NM_000492.4: ¢.1521_1523delCTT,

pathogenic  variant
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FIGURE 2

(A) CF Elucigene assay, 31 most common variants in CFTR were tested, detected F508del homozygous (blue peak, upper panel), green peaks indicate
absence of a variant; (B) IGV trace of F508del variant homozygous and Sanger sequencing results; (C) IGV trace of variant (C) 1742dup, p. (Leu581Phefs*8)
and according Sanger sequencing results.

Frontiers in Genetics 03 frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2025.1693573

Karnstedt et al.

p- (Phe508del) (legacy name F508del) and confirmed it using the
Elucigene CF kit for the detection of the 31 most frequent variants
in the European population (Elucigene®, Delta Diagnostics, Manchester,
United Kingdom, according to manufacturer’s instructions) (Figure 2A,
upper panel). The modulator Orkambi was prescribed to the individual
on the assumption of the homozygous state of the F508del variant.
Within a research project investigating frequency and relevance of
complex alleles, we were looking into pwCF responding well to ETI
treatment therapy and not carrying a complex allele (responder positive
controls). When resequencing the individual using our NGS custom
panel (Ahting et al, 2024), we detected an additional heterozygous
variant NM_000492.4:c.1742dup, p. (Leu581Phefs*8) in exon 13 of
CFTR (Figure 2B). To confirm these findings, Sanger sequencing was
conducted (Figure 2C). The complex allele carrying the two variants
[p. (Phe508del); p. (Leu581Phefs*8)] will most likely be degraded via
nonsense-mediated mRNA decay (NMD), due to the introduction of a
premature stop codon, resulting in a class I variant. This type of variants
cause the assembly of the CFTR protein to be stopped prematurely, so
that no CFTR channel can be formed at all (Bell et al., 2020). Variants
were classified according to the latest criteria of the American College of
Medical Genetics and Genomics (Richards et al., 2015), as well as ACGS
Best Practice Guidelines for Variant Classification 2024 (Durkie et al.,
2025) using Varvis software (Limbus, Rostock, Germany).

Conclusion

Through the pathomechanism of the complex allele, the therapy
with Orkambi led to fewer improvements as expected at the
beginning of treatment. Screening for the most common variants
is cost-effective and provides results within a few days. However,
since this approach does not detect all variants, it may miss complex
alleles, and ultimately result in ineffective therapy. Whenever
patients do not respond to modulators as expected, a re-
sequencing should be considered. Furthermore, discontinuation
of modulator therapy should be discussed and standard CF
therapy should be continued. Newborn genomic screening
(NBGS) offers a promising expansion of conventional programs
by enabling broader detection of pathogenic variants and
accelerating diagnosis. While current NBGS technologies cannot
yet fully replace traditional methods, integrating both approaches
can substantially improve screening accuracy, efficiency, and equity
across populations. Recent advances in cystic fibrosis screening
illustrate this progress, as expanded CFTR variant panels and
next-generation sequencing now support more inclusive and
timely detection, moving toward primary genetic screening (Men
et al,, 2025; Tariq et al., 2025; Farrell, 2025).
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