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Interstitial Lung Disease in Children: Rare Genetic
Variants Beyond Surfactant Dysfunction
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ABSTRACT

Background: Advances in genetic analysis techniques and strategies have enabled the identification of rare novel genetic
entities in children's interstitial lung disease (chILD).

Aims: To describe an extensive array of demographic, clinical, radiological, and laboratory data from a national registry of
children with diffuse lung disease caused by rare and novel genetic variants.

Study Design: Retrospective cohort study.

Methods: This study used data from the chILD Tiirkiye (chILD-TR) registry to analyze rare genetic chILD subtypes, excluding
surfactant protein gene variants, ABCA3, and NKX2-1, between November 2021 and January 2024. Of 671 patients in chILD-TR,
182 underwent genetic analysis excluding surfactant protein-related variants, resulting in 37 patients identified with rare
genetic variants included in the study.

Results: Among the 37 patients with rare genetic variants, 19 (51.4%) were male, and the median age at diagnosis was
40.5 months (IQR 15.5-115.5). Genetic analysis conducted on 15 patients identified COPA, STAT3, STING1, ADA, ZNFX1,
PIK3CD, PLCG2, OAS1, CCR2, RNF168 and ATM gene variants, which are associated with immunodeficiency/dysregulation
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and autoinflammation; 15 NPC1, SMPDI1, GBA1, SLC7A7, MARS1, FARSB, and PEPD genes, variants linked to inherent
metabolic errors. Seven patients were found with TBX4, SLC34A2, PLG, and SMAD4 gene variants. All patients were born at
term, and five (13.5%) of them were small for gestational age. Two patients (5.4%) had previously been on a mechanical

ventilator in the neonatal intensive care unit, 25(67.6%) had familial consanguinity, and 23 (62.1%) had comorbid systemic

disease. Thirteen patients (35.1%) required oxygen support. All patients underwent chest computed tomography scans at initial

assessment, showing ground-glass opacities in 29 (78.3%), infiltrations in 27 (72.9%), and interlobular septal thickening in
20 (54%). Eight patients (21.6%) received oral steroids, and six (16.2%) received pulse steroids in addition to their primary

treatments for systemic diseases.

Conclusions: Interstitial lung disease rarely occurs in children, but increased awareness and genetic testing may enable earlier

diagnosis. Recognizing that diffuse parenchymal lung disease can occur in rare systemic diseases may improve diagnoses and

treatment.

1 | Introduction

Children's interstitial lung disease (chILD) refers to diffuse
parenchymal lung disease in children involving the inter-
stitium, alveoli, distal small airways, and/or terminal bronchi-
oles [1]. Initially identified in pediatric patients with surfactant
protein metabolism disorders, this rare disease has since been
reportedly associated with systemic conditions such as immu-
nodeficiency, immune dysregulation, autoinflammation, and
inherent metabolic errors and is classified into various classi-
fications [2, 3]. Advances in sequencing and genotyping have
led to a rapid increase in genetic discoveries, which have sig-
nificantly expanded the number of distinct chILDs [4].

Genetic advances, including next-generation sequencing and
whole-exome sequencing (WES), have replaced single-gene
approaches with panel-based analysis [5]. Numerous new
monogenic syndromes have been identified, often with clini-
cally diverse and extreme phenotypes resulting from single-gene
mutations. Furthermore, seemingly unrelated clinical presen-
tations have been interconnected through shared gene muta-
tions or pathway-related variants, leading to the identification
of new genetic entities in chILD, including rare genetic variants
with low prevalence [4-6].

We analyzed data from patients with chILD with genetic var-
iants, excluding surfactant protein gene variants, ABCA3, and
NKX2-1 as listed in the chILD Tiirkiye registry (chILD-TR) to
highlight this subgroup. We aim to present clinical and demo-
graphic features of these rare diseases, as current literature is
largely limited to case reports.

2 | Materials and Methods

2.1 | Study Design

This retrospective cohort study used a data entry software system
to extract information from the chILD-TR registry, established in
November 2021. Participating centers can access and update only
their own patients' data, including demographics, initial clinical
and laboratory findings, diagnostic and treatment details, and
annual follow-up information. Each patient is assigned a unique
code, and age-appropriate consent and written informed consent
from caregivers are obtained before data entry [1]. The national
registry and data input were approved by the Hacettepe

University Ethics Committee (reference numbers: GO 20/604), in
accordance with the 1964 Declaration of Helsinki and its later
amendments. The study focused on rare genetic chILD subtypes,
excluding NKX2-1, ABCA3, and surfactant protein genes SFTPB,
SFTPA, and SFTPC variants, using chILD-TR genetic examina-
tion data between November 2021 and January 2024. Patients
with variants in MARS, OAS1, COPA, STING1, TBX4, ZNFXI,
PIK3CD, SLC7A7, SMPD1, NPC1, GBA, STAT3, TERT, MUC5B,
SLC34A2, RNF168, CCR2, PLCG2, PEPD, and SMAD4 genes were
identified [4, 5, 7-9]. Genetic analysis methods for rare variants
included WES in 31 patients using various kits at different cen-
ters, Sanger sequencing for selected genes (GBAI, NPC1, STINGI,
ADA, TERT, and PEPD) in seven patients due to family history,
and whole-genome sequencing (WGS) for ATM, GBA1, SMADA4,
MARSI, and SMPDI in five patients. Although both TERT and
MUCS5B are implicated in ILD, the evidence supporting causality
differs. Heterozygous TERT variants link to adult pulmonary
fibrosis and telomere disorders, but in our cohort, TERT variants
were VUS with no supporting evidence for short telomere syn-
dromes, making diagnosis inconclusive [10]. MUC5B's genetic
link to ILD is genotype-dependent: rs35705950 is a known risk in
adults, while biallelic loss-of-function variants cause childhood
ILD [11, 12]. The MUC5B variants identified in our cohort were
neither the established promoter risk variant rs35705950 nor
biallelic loss-of-function variants previously associated with
pediatric disease. Instead, they were classified as VUS, and no
additional functional, segregation, or clinical evidence supporting
pathogenicity was available. Therefore, these findings were con-
sidered insufficient to establish a molecular diagnosis in the
context of our pediatric cohort, and these patients were excluded
(n=6). Genetic panel analysis did not detect chILD with rare
genetic variants in all study patients. The final diagnoses for all
patients were grouped based on Griese et al.s classification
(Figure 1) [3]. We analyzed age, sex, geographical regions where
patients were born and lived, birth weights, neonatal intensive
care unit (NICU) history, parental consanguinity status, symp-
toms (hemoptysis, dyspnea, cough, wheeze), weight, height, and
body mass index and Z-scores at the time of diagnosis and at the
current visit, hypoxia, tachycardia, tachypnea status, types of
respiratory support, chILD diagnoses, comorbidities, laboratory
findings (anemia, acidosis, hypercarbia, antinuclear antibody
[ANA]), antineutrophil cytoplasmic antibodies (ANCA), tissue
transglutaminase IgA-IgG, anti-endomysium IgA, pigeon precip-
itating antibody, serum IgG, IgA, IgM, IgE values by age, anti-
glomerular basement membrane antibody, thyroid-stimulating
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hormone, free-T4 (fT4), spirometry, diffusing capacity for carbon
monoxide (DLCO), and 6-min walk (6 MW) test results, chest
computed tomography (CT) findings (early-stage thickened
interlobular septa and fine reticulation, subsequently accompa-
nied by traction bronchiolectasis and a cluster of cysts within
extensively scarred pulmonary tissue in advanced stages, are
considered indicative of pulmonary fibrosis), treatments, and
genetic analysis findings.

2.2 | Molecular Analysis

Variants were interpreted and classified according to the
American College of Medical Genetics and Genomics and the
Association for Molecular Pathology (ACMG/AMP) guidelines
into five categories: pathogenic (P), likely pathogenic (LP), VUS,
likely benign (LB), and benign (B). Variant nomenclature fol-
lowed the Human Genome Variation Society's recommenda-
tions [13]. Population allele frequencies were evaluated using
publicly available databases, such as the Genome Aggregation
Database (gnomAD v4.1). In silico predictions were examined
using multiple computational tools, such as CADD, DANN,
REVEL, SIFT, PolyPhen-2, and SpliceAl

Some patients had two heterozygous variants in the same gene,
increasing the possibility of compound heterozygosity. However,
parental segregation analysis was not possible due to the lack of
parental DNA, preventing the determination of cis/trans con-
figuration phase. Therefore, segregation-based ACMG evidence
classification, such as PM3, could not be confidently applied in
Cases 3.12.,, 4.11., 4.13., and 3.15., and variant interpretation re-
lied on available genetic, computational, and clinical evidence.

A2: Diffuse
parenchymal

Cases 3.13.,
3.14., 5.1.
lung disease-
growth
abnormalities
deficient
alveolarization
B1: Diffuse
paranchimal

Cases 3.1.-12.,
3.15.,4.1-15.,
lung disease- 55,56.,5.7.
related to

systemic disease

processes
Bz: Diffuse

paranchimal

Cases 5.2., 5.3,
54.

lung disease

Percentage distribution of subgroup diagnoses of ultra-rare genetic variants of chILD in our registry. [Color figure can be viewed at

2.3 | Statistical Analysis

Statistical analysis was performed using the IBM SPSS 23.0.
Descriptive data were presented as number (n), percentage (%),
interquartile range (IQR), median, minimum, and maximum.

3 | Results

3.1 | Demographic, Clinical, Laboratory, and
Treatment Characteristics of Patients

Of the 671 patients in chILD-TR, 182 underwent genetic anal-
ysis. After excluding patients without variants (n=49), those
with surfactant protein gene variants (SFTPB (n=1), SFTPA
(n=1), and SFTPC (n=6), ABCA3 (n=28), NKX2-1 (n=3)),
non chILD-associated variants (n=27), incomplete analysis
results (n=28), insufficient data (n=16), and heterozygous
TERT and MUC5B VUS variants (n =6) (Supporting Informa-
tion S1: Table S3), 37 patients with rare child-related genetic
variants were included in the final analysis (Figure 2).

Patients were registered from across Tiirkiye, and all were alive
at the time of analysis. Birthplace and current residence showed
representation from seven geographical regions (Figure 3).

All patients were born at term, and 5 (13.5%) of them were
small for gestational age. Twenty-five (67.6%) of them had
familial consanguinity. Cases 5.2 and 5.3 (SLC34A2) and cases
4.7 and 4.8 (SMPD1) are siblings. Table 1 shows the compre-
hensive demographic and clinical characteristics of patients.

Eight (21.6%) patients underwent a sweat test for the differential
diagnosis of cystic fibrosis, and results were normal. All patients
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671 patients registered in the
chILD-TR system

182 patients who underwent genetic
analysis

/ Excluded (n: 139) \

e Genetic results associated with
surfactant metabolism disorders
(n:19)

e No variant was detected as a result
of genetic analysis (n:49), and
patients whose analysis was not
finalized (n:28)

e Genetic variants not associated with

Heterozygous TERT chILD (n:27)

and MUCSB variants — \ e Patients with missing data (n: 16) /

of uncertain
significance (n: 6)

37 patients with rare genetic
variants were included in the study
and their data were analyzed

FIGURE 2 | Flowchart of the study.
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FIGURE 3 | Tirkiye regions where patients with chILD are born (a) and live (b). [Color figure can be viewed at wileyonlinelibrary.com]
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were examined for immunodeficiency, and 12 (32.4%) of them with sting-associated vasculopathy (infantile-onset) (STINGI—
were diagnosed: three were identified with hypogammaglobuli- case 3.5. and 3.6.), one with severe combined immunodeficiency
nemia (CCR2—case 3.13, PEPD—case 4.15. and OASI—case  (T-cell-negative, B-cell-negative, NK-cell-negative) resulting from
3.12.), 2 with hyper IgE syndrome (STAT3—case 3.3. and 3.4.), 2 adenosine deaminase deficiency (ADA—case 3.7.), one with
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FIGURE 4 |

CXR and chest CT scans of a 21-month-old girl (Case 3.1.) who had pulmonary hemorrhage and was diagnosed with COPA

syndrome, both at diagnosis and after six doses of pulse steroid treatment. (a, b) Diffuse reticular appearance and GGO on CXR; (c, d) GGO, septal
thickening, and nodules on chest CT; (e, f) regression in diffuse reticular appearance on CXR; and (g, h) regression in GGO, septal thickening, and

nodules on chest CT posttreatment.

FIGURE 5 |
parenchymal cysts in both lungs on CXR, and (c, d) multiple parenchymal cysts and interlobular septal thickening in both lungs compatible with
interstitial fibrosis on chest CT.

immunodeficiency 91 and hyperinflammation (ZNFX1—case 3.8.),
one with immunodeficiency 14a featuring lymphoproliferation
(PIK3CD—case 3.9.), one with autoinflammation, antibody defi-
ciency, and immune dysregulation syndrome (PLCG2—case 3.10.),
and one with ataxia-telangiectasia syndrome (ATM—case 3.11.).

Spirometry could be performed in seven (18.9%) patients to
analyze pulmonary function: five patients exhibited normal spi-
rometry results, while one patient with plasminogen deficiency,
type 1 (PLG—case 5.5.) and another with sting-associated vas-
culopathy, infantile-onset (STINGI—case 3.6.) showed a restric-
tive pattern in their spirometry tests. The median DLCO was 97%
(IQR 52.5-109.7) among three patients (8.1%), and one patient
had low DLCO (COPA—case 3.2.). A total of 12 (32.4%) patients
underwent measurements of pulmonary artery pressure, five of

CXR (a, b) and chest CT (c, d) scans of a 1.5-year-old boy with CCR2 variant (Case 3.13.). (a, b) Reticular appearance and suspicious

them (COPA—case 3.2., STING1—case 3.6., ZNFXI1—case 3.8.,
MARSI—case 4.13., and FARSB—case 4.14.) had abnormal pul-
monary artery pressure (>20mmHg). A 6 MW test was con-
ducted in nine (24.3%) patients, yielding a median walking
distance of 465 (range: 330-566) m. One patient with Gaucher
disease (case 4.10.) and another patient with lysinuric protein
intolerance (case 4.11.) exhibited SPO, levels of <90% during
the test.

In the venous blood gas analysis of 33 (89.1%) children, only six
(16.2%) exhibited hypercarbia (pCO, above 50 mmHg) (SMPDI—
case 4.6., ZNFX1—case 3.8., GBAl—case 4.9., STING1—case 3.6.,
STAT3—case 3.3., and FARSB—case 4.14.). A patient with a COPA
variant (case 3.2.) tested positive for ANA, anti-dsDNA, and ANCA.
The positive tissue transglutaminase IgG was deemed not clinically
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FIGURE 6 |

septal thickening compatible with pulmonary alveolar microlithiasis.

significant. A patient with a STINGI variant tested positive for
ANA, ANCA, and anti-dsDNA. In the patient with the SLC34A2
variant, the pigeon precipitant antibody tested positive; however,
this finding was deemed clinically insignificant. Comprehensive
laboratory evaluations were performed to determine the differential
diagnosis of patients.

All patients underwent chest CT at their initial evaluation, and
12 (32.4%) underwent follow-up scans showing persistent
findings consistent with chILD. Analysis of chest CT findings
generally revealed regression of reticulonodular infiltration,
ground-glass opacities (GGOs), and interlobular/intralobular
septal thickening, whereas honeycombing and cystic lesions
increased posttreatment. Despite ongoing treatment during
follow-up, the patient with ZNFXI1 genetic variant developed
increased reticular infiltration and honeycombing. The patient
with STAT3 genetic variant developed cystic lesions, fibrosis,
and nodules emerged during follow-up despite treatment; one
patient with a COPA variant developed fibrosis developed
despite treatment, whereas another developed cystic lesions and
honeycombing (Supporting Information S1: Table S1).

A total of 23 (62.1%) patients underwent bronchoscopy. The
predominant macroscopic pathologies identified included air-
way malacia (10.8%) (three cases of bronchomalacia (SLC34A2,
SLC34A2, NPC), one tracheomalacia (CCR2), and increased
secretions (13.1%). In bronchoalveolar lavage fluid (BALF)
microbiological analysis, cultures from 20 patients were nega-
tive for pathogens. Among others, one patient tested positive for
Pseudomonas aeruginosa (STAT3—case 3.4), one for Haemo-
philus influenzae, and one for Streptococcus pneumoniae. One
patient (CCR2—case 3.13.) had 214,000 copies of CMV identi-
fied in the BALF sample. Seven (18.9%) patients underwent
lung biopsy, and cytopathologic findings are summarized in
Supporting Information S1: Table S2.

Thirteen patients (35.1%) had received only primary treatment for
their systemic diseases, without any targeted therapy for chILD.
Eight (21.6%) patients were on daily oral steroids, whereas six
(16.2%) patients received pulse steroid treatment as lung disease
targeted therapy. Alongside systemic steroid treatment, three chil-
dren were administered hydroxychloroquine (ZNFX1, FARSB,
DNAJB4), two azithromycin (COPA, CCR2), one azathioprine
(FARSB), four inhaled corticosteroids (STING1, GBAI, CCR2,

CXR (a, b) and chest CT (c, d) scans of a 12.5-year-old boy diagnosed with PAM (Case 5.3). (a, b) Sand-like scattered fine high-
density nodules over both lungs, suggestive of microlithiasis. (c, d) Many tiny dense nodules throughout both lung parenchyma with interlobular

CCR?2), one (CCR2) montelukast, one (COPA) cyclophosphamide,
one (COPA) tofacitinib, one (COPA) etanercept, and two (ZNFX1,
CCR2) mycophenolate mofetil. Four patients (STAT3, PLCG2,
NPC1, and SMPD1) received only inhaled corticosteroids, whereas
one (SLC34A2) was treated with etidronate for pulmonary alveolar
microlithiasis. Additionally, one patient (SLC7A7) underwent
whole lung lavage therapy for pulmonary alveolar proteinosis
(PAP); another patient (PLG) was administered endobronchial
fresh frozen plasma due to type 1 plasminogen deficiency. Patients
with chILD-TR presenting rare genetic variants were categorized
based on current literature analysis [4, 6, 14], and detailed infor-
mation about diseases and cases is presented in Tables 2—-4.

4 | Discussion

Diagnosing and treating chILD present significant challenges
due to their rarity within the pediatric population. With ad-
vances in genetic diagnostic techniques and their increasing
adoption, even less common conditions that may be associated
with systemic diseases are now being recognized. In this study,
we aimed to highlight rare diseases with uncommon genetic
variants using data from a national registry.

National and international registries play an important role in
improving the diagnosis and treatment of rare diseases.
Numerous national and international registries have provided
valuable data to improve understanding of interstitial lung
diseases in pediatric populations [3, 15, 16]. Despite being a
recent initiative, ChILD-TR includes a wide and varied patient
population. In this study, rare variants and their associated at-
tributes were identified within this comprehensive database,
which has been thoroughly described previously [1]. We an-
ticipate that it will significantly enhance the diagnosis and
treatment of these conditions.

ILDs can develop in specific conditions that result in immuno-
deficiency, immune dysregulation, autoinflammatory diseases,
and inherent metabolic errors [17, 18]. This study identified lung
involvement with interstitial changes in patients with either
immunodeficiency or autoinflammatory disease genetic variants,
excluding those with infectious pulmonary complications. In
patients with immunodeficiency, autoinflammatory disease, such
as those caused by STAT3, STING1 variants, and ADA deficiency,
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TABLE 1 | Demographical and clinical characteristics of patients.

Gender

Male, n (%) 19 (51.4)

Age at the onset of complaints, month, median (IQR) 15 (6-36.5)

Group 1: Birth onset 3(8.1)
(STING1, MARSI1, PLCG2)

Group 2: Onset 1 month to 24 months 21 (56.7)
(CCR2, TBX4, COPA, OAS1, NPC1, FARSB, SLC7A7, ADA, SMPD1, RNF168, ZNFX1, STAT3, MARSI,
ATM, PEPD)

Group 3: Onset after 24 months 13 (35.1)

(STAT3, SLC34A2, GBA1, SMPD1, PLG, SMAD4, STING1, PICK3CD, DNAJB4)

Age at diagnosis, month, median (IQR)
Current age, year, median (IQR)
Birth weight, n (%)
AGA
SGA
MV in NICU, n (%)
TBX4
PLCG2
Days median (IQR)
Accompanying systemic disease, n (%)
Cardiac disease
Neurologic disease
Gastrointestinal system disease
Immunodeficiency
Hematologic disease
Skeletal problems
Myopathy
Family consanguinity, n (%)
1st degree
2nd degree
3rd degree
Distant relationship
Chronic lung disease family history, n (%)
PAM in elder brother
FMF-ILD on father
Grandfather ILD
IPF in a cousin
Ataxia telangiectasia-ILD in sister
Oxygen requirement at first/last clinic visit, n (%)
Duration, month, median (IQR)
NIMV in first/last clinic visit (n:37), n (%)
BPAP-ST (DNAJB4/STAT3)
IMV (/DNAJB4)

40.5 (15.5-115.5)
8.7 (3.6-14)

32 (86.4)
5(13.5)
2(5.4)
1(2.7)
12.7)
3 (1-5)
23 (62.1)
6 (16.2)
4 (10.8)
5 (13.5)
3(8.1)
1(2.7)
3(8.1)
1(2.7)

25 (67.6)
18 (48.6)
2(5.4)
12.7)
4(10.8)

6 (16.2)
12.7)
1(2.7)
2(5.4)
1(2.7)
1(2.7)

13 (30.2)/13 (30.2)
15.4 (1.5-30.0)
1(2.7)/2 (5.4)
1(2.7)/1 (2.7)
0/1 (2.7)

Abbreviations: AGA, appropriate for gestational age; BPAP-ST, bilevel positive airway pressure spontaneous/timed; CPAP, continuous positive airway pressure; FMF,
familial Mediterranean fever; ILD, interstitial lung disease; IMV, intermittent mandatory ventilation; IPF, idiopathic pulmonary fibrosis; MV, mechanical ventilation;
NICU, newborn intensive care unit; NIMV, noninvasive mechanical ventilation; PAM, pulmonary alveolar microlithiasis; SGA, small for gestational age.

pulmonary symptoms may occur not only from recurrent lower
respiratory infections but also from interstitial lung disease. For
patients with genetic variants like COPA, ZNFXI1, PIK3CD,
PLCG2, and ATM, where manifestations are more pronounced in

other systems, a pediatric pulmonologist should be involved for
monitoring pulmonary health whenever possible. While poly-
cystic lung disease has mainly been associated with patients with
biallelic CCR2 gene variants in the existing literature, chILD
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symptoms and immunodeficiency can manifest even without
pulmonary cysts.

Variants in STINGI are associated with STING-associated vas-
culopathy with onset in infancy, a type I interferonopathy
characterized by systemic inflammation and ILD. Previous
studies have reported that patients with STING1 variants may
present with a wide spectrum of pulmonary manifestations,
including GGOs, interlobular septal thickening, cystic lung
changes, and progressive fibrosis [19]. In our cohort, clinical
characteristics of patients with STING1 variants are summarized
in Table 2. Consistent with previous reports, the heterozygous
patient presented mainly with recurrent lower respiratory tract
infections, whereas the homozygous patient exhibited a more
complex phenotype, such as arthritis, thrombophlebitis, and
cystic and interstitial changes on chest CT. These observations
support the expanding phenotypic spectrum of STINGI-
associated disease and indicate that clinical severity may vary
with the underlying genotype and allelic configuration.

OASI gene variants are associated with immunodeficiency 100,
which presents with pulmonary alveolar proteinosis and hy-
pogammaglobulinemia, and are inherited following an auto-
somal dominant pattern. Although OASI variants in Case 3.12
are classified as VUS, they could not be definitively interpreted
for compound heterozygosity due to the lack of segregation
analysis results. Nevertheless, the ¢.187T>C p. (Ser63Pro)
variant was considered a potential pathogenic variant, owing to
its rarity in population databases and the presence of thoracic
CT findings consistent with the condition.

Inborn metabolic errors are typically rare, and although the
lungs are not usually the primary site of involvement, some
cases can cause severe respiratory complications and or even
isolated pulmonary manifestations [20-23]. In this study, pa-
tients with genetic variants causing inborn errors of metabo-
lism, we observed that some developed PAP (MARSI) whereas
others exhibited milder respiratory symptoms such as chronic
cough, including interlobular septal thickening on chest CT.
Given these findings, interstitial lung disease can be a part of
rare systemic diseases (Gaucher disease, lysinuric protein
intolerance, Niemann-Pick type A, C) and may sometimes
occur as the only manifestation (Niemann-Pick type B) [24-26].

Symptoms in patients with genetic variants causing ILDs may
manifest at any stage, ranging from the neonatal period onward
to adulthood. Although surfactant protein metabolism disorders
associated with ILDs are the first thing that comes to mind in
newborns with respiratory distress, respiratory distress may also
occur in the neonatal period in patients with variants in
MARS1, STING1, and PLCG2 genes, which can cause multi-
systemic diseases with a severe clinical course, as in our cohort.

A primary goal of our study was to underscore the genetic
causes and clinical features of these rare diseases. chILD refers
to a group of diseases that remain difficult to diagnose and treat,
with new and unique traits being identified daily. Genetic
analyses of six patients with ILD included in the registry who
benefited from nonspecific drugs used across the general chILD
spectrum (such as systemic and inhaled corticosteroids, pirfe-
nidone in fibrotic lung disease, and immunosuppressive drugs)

revealed heterozygous variants and variants classified as VUS in
the MUC5B and TERT genes (Supporting Information S1:
Table S3). These variants do not fully account for the clinical
and radiological features of chILD in patients according to the
current literature; however, further genetic and functional
studies are ongoing at the centers caring for them [27-29].
Although studies reported that MUCS5B gene variants are
associated with ILD in adults, their relationship with chILD
remains an unresolved area of ongoing studies in the current
literature [28]. Studies examining the relationship between
MUCS5B genetic variants and postinfectious bronchiolitis ob-
literans, another ILD observed in children, are also available
[30]. Although TERT gene variants are linked to various dis-
eases associated with telomere shortening, recent studies report
that they may also be associated with interstitial fibrosis.
Therefore, these genes should be considered in patients with
chILD [29, 31].

Classifications and diagnostic algorithms rely on lung biopsies
for diagnosing chILD. However, due to the invasive nature of
biopsies and the considerable risk of complications in chil-
dren, researchers have sought less invasive diagnostic methods
[32]. Nowadays, chest CT is widely recognized as an important
diagnostic procedure after routine laboratory tests in the
diagnostic process of patients with suspected chILD in clinical
aspects, family history, and chest x-ray (CXR) [5, 33]. Certain
chILD entities may show characteristic imaging findings on
CT, which can lead to a diagnosis or help refine the differential
diagnosis [34]. For patients showing chILD findings on chest
CT, the next-step genetic tests help clinicians, thereby reduc-
ing the need for unnecessary biopsy procedures [5, 34, 35]. In
our study group, chest CT findings, such as interlobular septal
thickening, GGOs, parenchymal cysts, and mosaic attenua-
tion, were consistent with all chILD subtypes, leading to the
decision not to perform a biopsy in numerous patients. We
found rare variants in genes, including CCR2, MARS, and
OAS1, during genetic tests conducted with a prediagnosis of
chILD based on symptoms and radiologic results, and pre-
sented the characteristics of these patients. However, when
genetic testing is difficult to access and radiological findings
are inconclusive, biopsy remains crucial for confirming the
diagnosis [36].

In this chILD group with rare genetic variants, as found in other
subtypes, primary treatments included systemic corticosteroids,
antifibrotics, and immunomodulators alongside systemic dis-
ease treatment. We aimed to highlight that in chILD subtypes
with systemic diseases, medications controlling the primary
disease are also an essential part of chILD treatment. Addi-
tionally, whole lung lavage serves as an effective palliative
approach for managing patients with chILD types that lead
to PAP.

Posttreatment chest CT scans showed that chILD-related find-
ings generally improved, while honeycomb patterns and cystic
lesions significantly increased. This observation might be ex-
plained by the late diagnosis, progression of fibrosis, and
ineffectiveness of commonly used anti-inflammatory drugs after
fibrosis develops, which could be linked to this finding. In our
study cohort, genetic variants like CCR2 and OASI, which
impair lung tissue development and contribute to diffuse
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parenchymal lung disease, may also play a role in the lack of
treatment response observed. Furthermore, the limited number
of control chest CTs and the relatively higher incidence of
cellular nonspecific interstitial pneumonia in early-onset cases
of chILD may be other reasons for this result [37].

Analysis of ChILD-TR data from all seven geographical
regions of the country, although contributing centers and
patient numbers were inconsistent. Fewer patients with ultra-
rare genetic variants were observed in Southeastern and
Eastern Anatolia, whereas higher numbers were reported
in Central Anatolia, Marmara, and the Aegean, likely
reflecting the location of major referral centers. Additionally,
our study patients had approximately 2 years between symp-
tom onset and diagnosis, highlighting the need for improved
pediatric pulmonologists’ availability for early diagnosis and
treatment. Establishing more centers capable of advanced
genetic analyses and recognizing ultra-rare genetic variants
linked to systemic diseases, beyond surfactant metabolism
disorders usually seen in infancy, will facilitate earlier diag-
nosis. Furthermore, the prevalence of consanguinity was
notably high in our study population. The sustained high rate
of consanguineous marriages in our country, especially in
Southeastern and Eastern Anatolia, contributes significantly
to the high incidence of autosomal recessive disorders. Con-
sequently, delivering genetic counseling to families is criti-
cally important, particularly in societies with prevalent
consanguineous marriages.

In this context, rare genetic variants identified in this study will
positively impact the diagnoses and treatments for comparable
patients by increasing awareness through their incorporation
into the academic literature.

Our study has several limitations. Although most patients with
chILD can be diagnosed through genetic analysis in the litera-
ture, only 24% of patients in our study underwent genetic
analysis, which limits interpretation [3]. Another limitation was
missing data. In addition, the high rate of consanguineous
marriages in our society may increase the frequency of auto-
somal recessive variants among patients, thereby limiting data
generalizability. Along with these limitations, the study ana-
lyzed and presented data from many specialized centers, com-
prising a large number of patients nationwide.

5 | Conclusion

In conclusion, beyond surfactant protein disorders, ChILD has a
broad genetic spectrum, including conditions involving immu-
nodeficiency, immune dysregulation, autoinflammation, and
inherent metabolic errors, as well as rarer gene variants such as
CCR2. These diseases may lack typical radiological features, and
consanguineous marriages may contribute to their increased
prevalence. Some variants were classified as VUS under ACMG
criteria, but compatible clinical and radiological findings sug-
gest that some of these variants may represent potential disease-
associated variants. Further functional studies and additional
case reports are needed to clarify their roles. Ongoing updates in
definitions and treatment approaches remain essential in this
evolving field.
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