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Abstract

diagnosis

Chronic granulomatous disease (CGD) is an inherited immunodeficiency characterized by impaired phagocytic
function due to defects in the NADPH oxidase complex. This enzymatic deficiency compromises the production

of reactive oxygen species required for microbial killing, predisposing affected individuals to recurrent and often
severe infections. Pulmonary involvement is particularly frequent. We describe a 10-year-old Chinese boy who
initially presented with persistent fever and failed to respond adequately to standard therapy, ultimately developing
rapidly progressive multi-organ failure. Genetic testing identified a hemizygous variant (c.252G > A) in exon 3

of the X-linked CYBB gene, which produces a splicing mutation(p.Ala84=). His mother was confirmed to be a
heterozygous carrier. This case underscores the value of molecular diagnostics in confirming X-linked CGD (X-CGD)
and highlights the importance of prenatal testing to prevent recurrence in high-risk families.
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Background

Chronic granulomatous disease (CGD) is a rare primary
immunodeficiency resulting from functional impairment
of phagocytes caused by mutations in components of the
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase complex. This defect reduces or abolishes reac-
tive oxygen species generation, a critical mechanism for
intracellular killing of microbes [1, 2]. Clinically, CGD
is marked by recurrent bacterial and fungal infections,
granulomatous inflammation, and increased risk of early
mortality. Approximately 65% of cases are X-linked and
stem from variants in CYBB, which encodes the gp91Ph°®
subunit, whereas the remaining cases follow patterns of
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autosomal recessive inheritance [3, 4]. Early molecular
diagnosis and family counseling can improve outcomes
by facilitating prompt treatment and informed reproduc-
tive decisions. We report a fatal pediatric case of X-CGD
and discuss the diagnostic and genetic findings.

Case presentation

A 10-year-old boy was admitted on October 7,2024 with
a 12-day history of intermittent fever reaching 40.3 °C,
accompanied by bilateral knee pain and right subcostal
discomfort. He denied cough, sputum production, head-
ache, or dizziness. Initial assessments at local facilities
revealed elevated C-reactive protein (26.1-62.3 mg/L).
Chest CT demonstrated a subpleural patchy opacity in
the right lower lobe suggestive of inflammation, scattered
micronodules in both lungs, and multiple calcified lymph
nodes in the mediastinum and left axilla. Empirical ther-
apy with azithromycin, ceftriaxone, and corticosteroids
yielded only transient improvement. The patient was
the second child of his family (G2P2), conceived via in
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vitro fertilization, delivered at term via vaginal birth, and
had normal growth and developmental milestones with
timely immunizations. Notably, his older brother died at
six years of age from an infection of unspecified etiology.

On admission, he appeared alert but fatigued. Vital
signs included a heart rate of 98 beats/min, temperature
of 39.2 °C, respiratory rate of 22 breaths/min, blood pres-
sure of 110/68 mmHg. Growth and nutrition were within
normal limits. Cardiac and abdominal examinations
were unremarkable, and neurologic reflexes were intact.
Pulmonary percussion was clear bilaterally, but coarse
breath sounds were heard on auscultation. No skeletal
abnormalities or lower-limb edema were detected.

Initial laboratory tests showed elevated liver enzymes:
alanine aminotransferase 69 U/L (reference 7-30 U/L)
and aspartate aminotransferase 68 U/L (14-44 U/L).
ESR was increased at 25.0 mm/h (<15 mm/h). Complete
blood count with inflammatory markers showed: leuko-
cytes 9.41 x 10°/L (4.3-11.3 x 10°/L), hemoglobin 136 g/L
(118-156 g/L), platelets 250x 10°/L (167-453 x 10°/L),
and C-reactive protein 48.97 mg/L (<10 mg/L). Chest CT
on October 7,2024 revealed signs consistent with bron-
chitis, multiple bilateral pulmonary nodules, and a patchy
opacity in the lower lobe of the right lung suggestive of
inflammation (Fig. 1A).

On admission, patient received comprehensive symp-
tomatic management consisting of piperacillin-tazo-
bactam, low-dose methylprednisolone, yanhuning,
peramivir, liver hydrolyzed peptide, and correction of
electrolyte abnormalities.An electronic bronchoscopy
performed on October 9 revealed diffuse tracheobron-
chial mucosal inflammation, and bronchoalveolar lavage
fluid was submitted for next-generation sequencing
(NGS). NGS of the lavage fluid identified Pseudomo-
nas aeruginosa and Mycoplasma pneumoniae.Despite
these measures, the child experienced intermittent fever,
increasing fatigue, and clinical deterioration character-
ized by dyspnea and orthopnea. Repeat chest CT on
October 12, 2024 revealed [1] progression of bronchitic
changes with multiple bilateral pulmonary nodules and a
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mass-like opacity in the right lower lobe compared with
the initial scan, and [2] persistent calcification of left
axillary lymph nodes (Fig. 1B). Abdominal ultrasound
indicates splenomegaly.A rapid cardiac enzyme panel
demonstrated an elevated B-type natriuretic peptide pre-
cursor (1,122 pg/mL). Comprehensive biochemical test-
ing showed marked liver injury (alanine aminotransferase
431 U/L, aspartate aminotransferase 698 U/L), urea 9.32
mmol/L, creatinine 110.4 pmol/L, leukocytes 0.96 x
10°/L, hemoglobin 113 g/L, platelets 71 x 10°/L, PT 23.7
s, APTT 46.0 s, D-dimer 21.21 pug/mL, fibrin degradation
products (FDP) 45.07 ug/mL, Fibrinogen 0.5 g/L, ferritin
> 2,000 ng/mL, and lactate 8.2 mmol/L (reference 0.5—
2.2 mmol/L). Echocardiography revealed left ventricu-
lar dilation with mild mitral and tricuspid regurgitation,
depressed left ventricular systolic function, and elevated
pulmonary artery pressure (38 mmHg). The results indi-
cated hemophagocytosis(According to the HLH-2004
diagnostic criteria®. The child was urgently transferred
to the PICU for further treatment where his condition
progressed to multiple organ failure and disseminated
intravascular coagulation.Aggressive resuscitation was
undertaken, but was unsuccessful.

Despite extensive treatment and rescue efforts, the
patient died after four days of hospitalization due to rap-
idly progressive organ failure. The family raised concerns
regarding the diagnostic and therapeutic course. With
family consent and approval by the Ethics Committee of
the Second Hospital of Lanzhou University, a postmor-
tem examination and genetic testing were performed.
Autopsy findings were consistent with hemophagocytic
syndrome, showing diffuse nodular necrosis and macro-
phage infiltration with active inflammation in the lungs;
splenomegaly with widespread macrophage proliferation;
hepatic enlargement with multifocal stem cell necro-
sis; cerebral edema; and systemic congestion of multiple
organs. Trio-based whole-exome sequencing (Trio-WES)
confirmed the presence of a variant in the CYBB gene
associated with X-linked chronic granulomatous disease
(Fig. 2). The variant was maternally inherited.

Fig. 1 A Chest CT on admission revealed signs consistent with bronchitis, multiple bilateral pulmonary nodules, and a patchy opacity in the lower lobe
of the right lung suggestive of inflammation. B Chest CT after four days revealed progression of bronchitic changes with multiple bilateral pulmonary
nodules and a mass-like opacity in the right lower lobe compared with the initial scan
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Fig. 2 The patient exhibited a hemizygous variant (c.252G> A) in exon 3 of the CYBB gene on the X chromosome. The patient’s mother harbored a het-

erozygous variant in exon 3 of the CYBB gene on the X chromosome

WES identified a hemizygous pathogenic variant in
CYBB (chrX:3764 - 2853); specifically a splicing mutation
in exon 3 (NM_000397.4: ¢.252G > A, p.Ala84=). Sanger
sequencing confirmed that the variant was inherited
from the proband’s mother. Following the guidelines of
the American College of Medical Genetics and Genom-
ics (ACMG), the variant was classified as “ pathogenic”
,and the ClinVar database describes its pathogenicity as
pathogenic, granulomatous disease, chronic, X-linked,
X-linked Mendelian susceptibility to mycobacterial dis-
eases due to CYBB deficiency.

Discussion

CGD is an uncommon hereditary disorder characterized
by impaired phagocytic function. Initially described by
Charles Janeway in 1954, its underlying defect in the oxi-
dative burst of phagocytes was elucidated in 1967. CGD
arises from mutations in genes encoding components

of the NADPH oxidase complex, leading to defective
production of superoxide radicals [5] and thereby pre-
disposing affected individuals to persistent infections
and inflammatory complications [6]. The NADPH oxi-
dase complex comprises five principal subunits desig-
nated gp91PhoX, p22Phox  pa7Phox he7Phox and pagPhox,
which are respectively encoded by CYBB, CYBA, NCFI,
NCF2, and NCF4 [7-9]. Variants in CYBB are inherited
in an X-linked manner, whereas defects in the other four
genes follow autosomal recessive inheritance [10]. More
recently, Chiriaco et al. identified an additional autoso-
mal recessive form linked to CYBC1/EROS mutations [6].
The prevalence of CGD in the United States is estimated
at approximately 1 in 200,000 live births [11, 12], while
the incidence in China remains unclear. Most diagnoses
are made in early childhood, typically between 1 and 3
years of age, although the age of onset may vary.
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X-CGD primarily affects males and frequently mani-
fests in infancy, though later onset into adolescence or
adulthood has been reported in European and North
American cohorts. This discrepancy may reflect differ-
ences in vaccination practices and early-life exposures.
Notably, in China, all newborns routinely receive Bacillus
Calmette-Guérin (BCG) immunization [13, 14]. Female
carriers are generally asymptomatic, but rare cases of
symptomatic heterozygotes have been documented due
to skewed X-chromosome inactivation. Recurrent infec-
tions, including febrile episodes and localized suppura-
tive inflammation, are the hallmark of CGD. Pulmonary
involvement is especially common, with Staphylococcus
aureus, Aspergillus species, and Mycobacterium tuber-
culosis among the most commonly identified pathogens
[15-17]. Radiologic findings often include multiple nod-
ules or mass-like opacities, reflecting chronic rather than
acute infection; classic features such as cavitation or halo
signs are less typical. Excessive inflammatory responses
can also produce granulomatous lesions in the skin, gas-
trointestinal tract, and urinary tract. These can mimic
other conditions, such as pyloric stenosis or food aller-
gies in the gastrointestinal tract, or glomerular diseases
such as acute nephritis or IgA nephropathy when involv-
ing the urinary system [18].

In the present case, the proband had a history of respi-
ratory tract infection (details unknown) before admis-
sion, presenting with fever, occasional cough, and right
subcostal pain but without distinctive clinical features.
Laboratory testing showed markedly elevated C-reactive
protein with only modest leukocytosis, suggesting an
atypical inflammatory response. Immunoglobulin con-
centrations were normal, which helped to exclude other
primary immunodeficiencies such as severe combined
immunodeficiency,  X-linked agammaglobulinemia,
hyper-IgM syndrome, and hyper-IgE syndrome.

For suspected CGD, screening tests such as the nitro-
blue tetrazolium (NBT) reduction assays or flow cyto-
metric respiratory burst evaluation can facilitate rapid
diagnosis. However, in this instance, the child’s hospital-
ization was brief and disease progression was fulminant,
so neither assay was performed prior to death. The pro-
band’s older brother died at age six from an unspecified
infection, raising the possibility of undiagnosed CGD
within the family. WES ultimately identified a hemizy-
gous CYBB variant (c.252G > A; p.Ala84=) in exon 3, with
the child’s mother confirmed as a carrier.

Management of CGD focuses primarily on prevent-
ing and controlling infections. Current recommenda-
tions include prophylactic use of recombinant human
interferon-y, trimethoprim—sulfamethoxazole, and itra-
conazole [19]. Corticosteroids may be administered in
cases of significant granulomatous inflammation [20].
Curative options center on immune reconstitution,
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namely hematopoietic stem cell transplantation or
emerging gene therapy approaches [21, 22]. Numerous
reports describe successful transplantation outcomes
worldwide [23]. For instance, one British cohort of 20
children transplanted between 1998 and 2007 reported
an approximately 90% survival rate with normal post-
transplant growth and development [24].

Conclusions

This case underscores the critical role of early recogni-
tion of CGD and timely molecular diagnosis. If the older
brother in this case had undergone genetic testing, it
could have guided prenatal diagnosis to either prevent
the birth of a child with the same condition or enable
early intervention after birth.The identification of specific
variants not only guides clinical management but also
enables prenatal testing for high-risk families, thereby
preventing recurrence of this severe disorder.

Abbreviations

CGD  Chronic Granulomatous Disease

NADPH Nicotinamide Adenine Dinucleotide Phosphate
G+GM Fungal Antigens

NGS Next-Generation Sequencing

PICU  Pediatric Intensive Care Unit

FDP Fibrin Degradation Products

CPAP  Continuous Positive Airway Pressure

BCG Bacillus Calmette-Guérin

NBT The Nitroblue Tetrazolium

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512887-026-06749-y.

Supplementary Material 1.
Supplementary Material 2.
Supplementary Material 3.

Supplementary Material 4.

Acknowledgements
The authors would like to thank all the reviewers who participated in the
review and the family of the patient for facilitating this work.

Authors’ contributions

HL collected the data, wrote the manuscript, analyzed the data, and
supervised the study. ZJ participated in the patient’s clinical care and collected
the data. YQ, GW, and YC participated in the patient’s clinical care and
collected the data. All authors contributed to the article and approved the
submitted version.

Funding
The authors declare that no funds grants.

Data availability

The raw sequence data reported in this paper have been deposited in the
Genome Sequence Archive (Genomics, Proteomics & Bioinformatics 2025)

in National Genomics Data Center (Nucleic Acids Res 2025), China National
Center for Bioinformation/Beijing Institute of Genomics, Chinese Academy of
Sciences (GSA-Human: HRA015837) that are publicly accessible at https://ngd
c.cneh.ac.cn/gsa-human.


https://doi.org/10.1186/s12887-026-06749-y
https://doi.org/10.1186/s12887-026-06749-y
https://ngdc.cncb.ac.cn/gsa-human
https://ngdc.cncb.ac.cn/gsa-human

Lv et al. BMC Pediatrics (2026) 26:379

Declarations

Ethics approval and consent to participate

The studies involving human participants were reviewed and approved by
Lanzhou University Second Hospital, adhered to the Declaration of Helsinki,
Written informed consent to participate in this study was provided by the
participants'legal guardian/next of kin.

Consent for publication

Written informed consent was obtained from the minor(s) legal guardian/next
of kin, allowing for the publication of this case report and any accompanying
images.

Competing interests
The authors declare no competing interests.

Received: 14 November 2025 / Accepted: 11 March 2026
Published online: 19 March 2026

References

1. Miladinovic M, Wittekindt B, Fischer S. et a1.Case Report: Symptomatic
Chronic Granulomatous Disease in the Newborn[J]. Front Immunol.
2021;12:663883.10.3389/ fimmu.2021.663883.

2. WangYaliS, Liye L, Zhenwei, et al. Diagnosis and treatment experience of
X-linked chronic granulomatous disease complicated with multiple concur-
rent infections and sepsis: A case report [J]. Chin J Experimental Diagnostics.
2024;28(12):1432-5. https://doi.org/10.3969/j.issn.1007-4287.2024.12.010.

3. Ochs HD, Smith CIE, Puck JM. Primary Immunodeficiency Diseases: A Molecu-
lar and Genetic Approach [M]. 2nd Edition. New York: Oxford University Press,
2007, 525-545. https://doi.org/10.1038/541586-020-2265-1.

4. LiS, Liping J. Analysis of CYBB gene mutations in X-linked chronic granulo-
matous disease and prenatal diagnosis [J]. J Clin Pediatr. 2017;35(4):300-3. htt
ps://doi.org/10.3969/.issn.1000-36062017.04.015.

5. Levine S, Smith VW, Malone M, Sebire NJ. Histopathological features of chronic
granulomatous disease (CGD) in childhood. Histopathology. 2005;47:508-16.
https://doi.org/10.1111/j.1365-2559.2005.02258 .

6.  Chiriaco M, De Matteis A, Cifaldi C. et a1.Characterization of AR—CGD female
patient with a novel homozygous deletion in CYBCI gene presenting with
unusual clinical phenotype[J]. Clin Immunol. 2023;251:109316. https://doi.or
9/10.1016/j.clim.2023.109316.

7. Segal BH, Leto TL, Gallin JI, Malech HL, Holland SM. Genetic, biochemical,
and clinical features of chronic granulomatous disease. Med (Baltimore).
2000;79:170-200. https://doi.org/10.1097/00005792-200005000-00004.

8. Matute JD, Arias AA, Dinauer MC, Patifio PJ. p40phox: the last NADPH oxidase
subunit. Blood Cells Mol Dis. 2005;35:291-302. 10.1016/ j.bcmd.2005.06.010.

9. Thomsen IP, Smith MA, Holland SM, et al. A comprehensive approach to the
management of children and adults with chronic granulomatous di-sease[J].
J Allergy Clin Immunol Pract. 2016;4(6):1082-8. https://doi.org/10.1016/j jaip.
2016.03.021.

10.  MiMR, Zhong XM, Zhu D et al. Clinical and genetic variation characteristics of
very early-onset inflammatory bowel disease caused by CYBB gene variation

Page 5 of 5

[J1. Journal of China Medical Frontiers, 2022, 14(5): 24-26. https://doi.org/10.1
2037/YXQY.2022.05-04.

11. Winkelstein JA, Marian MC, Johnston RB. et a1.Chronic granulomatous dis-
easeReport on a national registry of 368 patients.Medicine, 2000, 79:155-69.
https://doi.org/10.1097/00005792-200005000-00003.

12. Goldblatt D. Recent Advances in chronic granulomatous disease[J]. J Infect.
2014,69:532-5. https://doi.org/10.1016/}jinf2014.07.013.

13. Williams D, Kadaria D, Sodhi A et al. Chronic Granulomatous Disease Present-
ing as Aspergillus Fumigatus Pneumonia in a Previously Healthy Young
Woman([J]. Am J Case Rep, 2017(18): 351-4. https://doi.org/10.12659/ajcr.902
764.

14. Yulan P Jiali G, Yulei W et al. Analysis of clinical characteristics and prognosis
of chronic granulomatous disease [J]. Journal of Medical Information, 2020,
33(1): 190-192.10.3969/j.issn.1006-1959.2020.01.064.

15.  Mahdaviani SA, Mohaierani SA, Rezaei N, et al. Pulmonary manifestations of
chronic granulomatous disease [J]. Expert Rev Clin Immunol. 2013;9(2):153-
60. https://doi.org/10.1586/eci.12.98.

16.  Conti F, Lugo-Reyes SO, Blancas Galicia L, et al. Mycobacterial disease in
patients with chronic granulomatous disease:a retrospective analysis of 71
cases[J]. J Allergy Clin Immunol. 2016;138(1):241-8. https://doi.org/10.1016/j
aci2015.11.041.

17.  Albuquerque 17D, De Oliveira Junior JAT, Zurro EB. NB, A C126R denovo
mutation in CYBB leads to X-linked Chronic granulomatous disease with
recurrent pneumonia and BCGitis[J],Front Pediatr,2018,6:248. https://doi.org/
10.3389/fped.2018.00248.

18. LiS, Liping J, Wei L, et al. Clinical analysis of 12 cases of X-linked chronic
granulomatous disease [J]. J Clin Pediatr. 2011,29(1):46-50. https.//doi.org/10.
3969/j.issn.1000-3606.2011.01.012.

19. Dingle Y, Wenjian W, Yuejie Z, et al. Research progress of chronic granu-
lomatous disease in children[J]. ChineseJournalof Practical Pediatr.
2020;35(11):877-80. https://doi.org/10.3760/cma.j.cn101070-20190301-0014
7.

20. Kang HS, Hwang G, Shin KS. Long-t erm outcome of patients with p22(phox)-
deficient chronic granulomatous disease on Jeju Island. Korea [J] Korean J
Pediatr. 2015;58(4):129-35. https://doi.org/10.3345/kjp.2015.58.4.129.

21, Bianchi M, Hakkim A, Brinkmann V et al. Restoration of NET formation by
gene therapy in CGD controls aspergillosis[J1.Blood, 2009, 114(13):2619-22. h
ttps://doi.org/10.1182/blood-2009-05-221606.

22. Siler U, Paruzynski A, Holtgreve-Grez H, et al. Successful combination of
sequential gene therapy and rescue allo-HSCT in two children with X-CGD-
importance of timing[J]. Curr Gene Ther. 2015;15(4):416-27. https://doi.org/1
0.2174/1566523215666150515145255.

23. De Luca A Smeekens SP, Casagrande A, et al. IL-1 receptor blockade restores
autophagy and reduces inflammation in chronic granulomatous disease in
mice and in humans[J]. Proc Natl Acad Sci USA. 2014;111(9):3526-31. https://
doi.org/10.1073/pnas.1322831111.

24.  Gennery AR. Progress in treating chronic granulomatous disease[J]. Br J
Haematol. 2021;192(2):251-64. https://doi.org/10.1111/bjh.16939.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3969/j.issn.1007-4287.2024.12.010
https://doi.org/10.1038/s41586-020-2265-1
https://doi.org/10.3969/j.issn.1000-36062017.04.015
https://doi.org/10.3969/j.issn.1000-36062017.04.015
https://doi.org/10.1111/j.1365-2559.2005.02258.x
https://doi.org/10.1111/j.1365-2559.2005.02258.x
https://doi.org/10.1016/j.clim.2023.109316
https://doi.org/10.1016/j.clim.2023.109316
https://doi.org/10.1097/00005792-200005000-00004
https://doi.org/10.1016/j.jaip.2016.03.021
https://doi.org/10.1016/j.jaip.2016.03.021
https://doi.org/10.12037/YXQY.2022.05-04
https://doi.org/10.12037/YXQY.2022.05-04
https://doi.org/10.1097/00005792-200005000-00003
https://doi.org/10.1097/00005792-200005000-00003
https://doi.org/10.1016/j.jinf.2014.07.013
https://doi.org/10.12659/ajcr.902764
https://doi.org/10.12659/ajcr.902764
https://doi.org/10.1586/eci.12.98
https://doi.org/10.1016/j.jaci.2015.11.041
https://doi.org/10.1016/j.jaci.2015.11.041
https://doi.org/10.3389/fped.2018.00248
https://doi.org/10.3389/fped.2018.00248
https://doi.org/10.3969/j.issn.1000-3606.2011.01.012
https://doi.org/10.3969/j.issn.1000-3606.2011.01.012
https://doi.org/10.3760/cma.j.cn101070-20190301-00147
https://doi.org/10.3760/cma.j.cn101070-20190301-00147
https://doi.org/10.3345/kjp.2015.58.4.129
https://doi.org/10.1182/blood-2009-05-221606
https://doi.org/10.1182/blood-2009-05-221606
https://doi.org/10.2174/1566523215666150515145255
https://doi.org/10.2174/1566523215666150515145255
https://doi.org/10.1073/pnas.1322831111
https://doi.org/10.1073/pnas.1322831111
https://doi.org/10.1111/bjh.16939

	﻿Case report: a case of ﻿CYBB﻿ gene variant in X-linked chronic granulomatous disease
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Discussion
	﻿Conclusions
	﻿References


