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Abstract

Background Chronic Granulomatous Disease (CGD) is a rare immunodeficiency disorder characterized by impaired phago-
cytic function, leading to recurrent infections and granuloma formation. Genetic mutations in NADPH oxidase complex
components, such as CYBB, NCF1, NCF2, and CYBA genes, contribute to the pathogenesis. This case report explores the
possible ocular and hematologic complications associated with CGD.

Case Presentation A 6-year-old girl with a history of vitrectomy, membranotomy, and laser therapy due to congenital blind-
ness (diagnosed with chorioretinopathy) was referred to the hospital with generalized ecchymosis and thrombocytopenia.
Diagnostic workup initially suggested chronic immune thrombocytopenic purpura (ITP). Subsequent admissions revealed
necrotic wounds, urinary tract infections, and recurrent thrombocytopenia. Suspecting immunodeficiency, tests for CGD,
Nitroblue tetrazolium (NBT) and dihydrorhodamine (DHR) were performed. She had a low DHR (6.7), and her NBT test
was negative (0.0%). Her whole exome sequencing results confirmed autosomal recessive CGD with a homozygous NCF'/
mutation.

Conclusion This case underscores the diverse clinical manifestations of CGD, including recurrent thrombocytopenia and
possible early-onset ocular involvement. The diagnostic challenges highlight the importance of a multidisciplinary approach
involving hematologists, immunologists, and ophthalmologists for accurate diagnosis and management. The rare coexis-
tence of ITP in CGD emphasizes the intricate link between immunodeficiency and autoimmunity, requiring tailored thera-
peutic strategies.
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Background

Chronic Granulomatous Disease (CGD) is a rare inher-
ited immunodeficiency disorder characterized by impaired
phagocytic function, rendering affected individuals suscep-
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tible to recurrent and severe bacterial and fungal infections
and granuloma formation. The global prevalence of CGD
is estimated to be around 1 in 200,000 to 1 in 250,000 live
births, underscoring its rarity in the spectrum of genetic
disorders [1]. CGD is typically inherited in an X-linked or
autosomal recessive manner and results from mutations in
genes encoding components of the phagocytic nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase enzyme
complex. The most prevalent genetic mutations involve
the CYBB gene (X-linked) and the autosomal genes NCF1,
NCF2, and CYBA [2].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10875-024-01731-8&domain=pdf&date_stamp=2024-5-9

125 Page2of5

Journal of Clinical Immunology (2024) 44:125

The pathophysiology of CGD revolves around the
impaired function of the phagocytic NADPH oxidase
enzyme complex, resulting in the inability of phagocytes,
such as neutrophils, monocytes, and macrophages, to gener-
ate reactive oxygen species essential for microbial killing.
This defective immune response predisposes individuals
with CGD to persistent infections and dysregulated inflam-
matory responses, contributing to the diverse clinical spec-
trum observed in affected patients [2, 3].

Most patients typically encounter their initial CGD
symptoms within the first year of life. In CGD patients, the
most affected sites include the lung, lymph nodes, liver, and
skin [4]. However, other complications, such as urinary tract
infections, immune thrombocytopenia, juvenile idiopathic
arthritis, photosensitivity, gingivitis, etc., have also been
present in CGD patients [2, 3, 5, 6]. Ocular manifestations,
such as chorioretinal lesions, uveitis, keratitis, and optic
nerve disease, which are not common, were also reported in
some CGD cases [7].

Here, we report a case that presented with thrombocyto-
penia and had an early-onset ocular involvement that could
be possibly associated with CGD, highlighting the impor-
tance of a multidisciplinary approach to this disease.

Case Presentation

A 6-year-old girl, born to a consanguineous family, with a
history of recent vitrectomy, membranotomy, and laser ther-
apy due to rhegmatogenous retinal detachment (RRD) and
chorioretinopathy (presented with congenital left eye blind-
ness and severe vision loss in her right eye) was referred to
the Children Medical Center Hospital, Tehran, Iran, in 2016.
The patient’s chief complaint was generalized ecchymosis,
and she was admitted to the hospital due to thrombocyto-
penia (platelet: 6000/uL). There was no history of similar
ocular and hematologic manifestations in her parents and
siblings (2 brothers and 1 sister). To determine the cause
of her thrombocytopenia, she underwent diagnostic testing
for potential diseases that could be causing this condition.
Her laboratory workup for systemic lupus erythematosus,
including C3, C4, CH50, anti-double-stranded DNA (anti-
dsDNA) antibody, antinuclear antibody (ANA), perinuclear
anti-neutrophil cytoplasmic antibodies (p-ANCA), and
cytoplasmic ANCA (c-ANCA) was normal. The results of
her flow cytometry on bone marrow aspiration/biopsy sam-
ple (conducted to rule out hematologic malignancies) and
abdominal ultrasound were normal. In eye examination, ret-
inal and optic nerve atrophy was detected in both eyes. Her
TORCH test by Real-time polymerase chain reaction (PCR),
blood culture, and urine culture were negative. During hos-
pitalization, she received intravenous immunoglobulin
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(IVIG) and was discharged from the hospital with a platelet
number of 159,000/uL. Based on her frequent hospitaliza-
tions for thrombocytopenia, she was diagnosed with chronic
immune thrombocytopenic purpura (ITP) and received cor-
ticosteroids intermittently.

At the age of 9, she was admitted to the hospital because
of a necrotic wound on the posterior side of her right thigh,
which first appeared as cellulitis two months ago and did not
respond to oral antibiotic therapy. Her soft tissue ultrasonog-
raphy showed two sites with no vascularity (size: 8%20 mm
and 5*19 mm) and localized hyperemia under her wound
on the posterior side of her right thigh. During her hospital-
ization, the size of the wound decreased with intravenous
antibiotic therapy. Her Tuberculin Skin Test and interferon-
gamma release assays (IGRA) were also negative. At the
age of 10, she was admitted to the hospital due to a urinary
tract infection and a high serum creatinine (2.4 mg/dL). Her
kidney, urinary tract, and bladder ultrasounds were normal.
After hydration and intravenous antibiotic therapy (ceftri-
axone) for two days, she was discharged from the hospital
with a serum creatinine of 0.7 mg/dL. She experienced a
urinary tract infection (Escherichia coli) 3 months later and
was treated with oral antibiotic therapy. Her further screen-
ing for metabolic diseases was also negative.

At the age of 13, she was hospitalized due to thrombocy-
topenia (platelet: 11,000/pL), presenting with an ecchymosis
with a size of 2*4 cm. Due to the history of recurrent infec-
tions, the patient was suspected of immunodeficiency dis-
orders. Nitroblue tetrazolium (NBT) and dihydrorhodamine
(DHR) tests were performed to assess whether the patient
had CGD. She had a low DHR (6.7), and her NBT test was
negative (0.0%) (Fig. 1). Bone marrow biopsy and aspira-
tion were repeated, which was normal for the second time.
Whole Exome Sequencing (WES) was performed, showing
a homozygous genotype for mutated Neutrophil Cytosolic
Factor 1 (NCFI) ENST00000289473.4 (NM_000265):
c.73_74delGT, p.Y26Hfs*26. Other possible assessed
candidates, including COL241, TCF4, ACO2, and LRIT3,
could not explain the clinical history of the patient (Table 1).
Based on the results of the aforementioned tests, our patient
was diagnosed with autosomal recessive CGD. She was
given Romiplostim for six weeks, but her platelet count did
not increase. Consequently, IVIG was administered, raising
her platelet count to 80,000. After being discharged, she was
referred for a bone marrow transplantation.

Discussion

This case report details the complex medical history of a
girl with congenital left eye blindness and severe vision loss
in her right eye, who subsequently presented with recurrent



Journal of Clinical Immunology (2024) 44:125 Page3of 5 125

4| Events All Events
5o N o =2 b= |
& ] 9 = ] E
] RE 1 E
i zgl $& £
&7 38 g EEE
& S » (S
g = 2] 2
] & ] 2]
& E = 3
] & ki &
A 5 E fawe b B i
B TR e e e LA P L LR L L T L L P B AR P AL P
50 100 150 200 250 10 10 10 10 50 100 150 200 250 10 ) 10* 10
FSC-A 1.000) DHR FITC-A FSC-A 1,000) DHR+PMA FITC-A
. All Events P1 All Events P1
z 7] 27 z ]
2] 3 o]
&7 E =]
b & ]
<g PO p ]
&9 £ 3 5"
8 ] SHE a8 8
2] ] &
4 & ]
& o] &
< S = e —— P P
102 102 10* 108 50 100 150 200 250 10 10 10
50 100 FSO-LSO 200 250 FITCA FSC-4 (41.000) FITC-4
(1,000)
Histogram [ ID #Events | $Parent | Mean Median
A Case, unstimulatead 7,031 70.3 606 582
B Case, stimulated 7,731 773 707 656
[} Control, unstimulated [ 2,369 23.7 1,075 1,038
D Control, stimulated 24116 272 57,404 | 55,083

Fig. 1 DHR histogram. The histograms above show neutrophil NADPH oxidase activity of the case and a healthy control in both an unstimulated
sample and a sample stimulated with phorbol myristate (PMA). The result is consistent with CGD

Table 1 Whole exome sequencing result

Gene/ Variant Variant Chromosome Zygosity' Related Phenotypes =~ OMIM  Inheritance Variant
Transcript* Location Position number? Pattern® Clas-

(GRCh37) sifica-

tion
NCF1 Exon 2 ¢.73_74delGT Chr7: Hom Autosomal recessive 233,700 AR Patho-
ENST00000289473.4 p-Y26Hfs*26  7,4191,613- chronic granuloma- genic
NM_000265 74,191,614 tous disease-1
COL241 Exon 23 c.1453G>A Chrl2: Het Vitreoretinopathy with 619,248  AD vuUs*
ENST00000380518.3 p-A485T 48,380,193 phalangeal epiphyseal
dysplasia
TCF4 Exon 10 c.872C>G Chrl8: Het Fuchs endothelial 613,267 AD VusS
ENST00000398339.1 p-A291G 52,946,871 corneal dystrophy-3
NM_001243226 Pitt-Hopkins 610,954
syndrome

ACO2 Exon 16 c.1981G>A Chr22: Het Optic atrophy-9 616,289 AD/AR VUS
ENST00000216254.4 p-G661R 41,923,319 Infantile cerebellar- 614,559 AR
NM 001098 retinal degeneration
LRIT3 Exon 4 c.1151C>G Chr4: Het Autosomal-recessive 615,058 AR Patho-
ENST00000594814.1 p-S384* 110,791,056 complete congeni- genic
NM_198506 tal stationary night

blindness-1 F
* Ensemble Transcript ID starts with ENST, RefSeq (NCBI) Transcript ID starts with NM.
Het: Heterozygous, Hom: Homozygous, Hemi: Hemizygous

2OMIM number: Six -digit number assigned to each phenotype in Online Mendelian Inheritance in Man (OMIM) database
SAR: Autosomal recessive, AD: Autosomal dominant

*Variant of Uncertain Significance
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thrombocytopenia and skin and urinary tract infections. The
initial diagnosis of chronic ITP was made based on her fre-
quent hospitalizations for thrombocytopenia. However, her
other clinical manifestations raised concerns about the pos-
sibility of an underlying immunodeficiency disorder. The
suspicion of immunodeficiency disorders was confirmed
through specific tests for CGD. The patient’s low DHR test
result and a negative NBT test, along with a homozygous
genotype for mutated NCF'] identified through WES, estab-
lished the diagnosis of autosomal recessive CGD.

CGD originates from mutations that lead to the loss or
functional inactivation of subunits within the NADPH oxi-
dase complex. The NADPH oxidase complex comprises
five main components, and mutations in genes encoding
gp91phox, p22phox, p47phox, p67phox, or p40phox con-
tribute to the formation of the NADPH oxidase complex,
playing a significant role in various CGD phenotypes. Also,
mutations in CYBCI (EROS), the stabilizer of the NADPH
oxidase complex, can lead to CGDS5 [8]. The majority of
CGD mutations follow an autosomal recessive inheritance
pattern; however, the CYBB variant is distinctive in being
inherited as X-linked recessive [3, 9]. Neutrophilic granu-
locytes are commonly employed to assess the activation of
NADPH oxidase in these cells. NADPH oxidase assays,
such as the cytochrome c reduction assay and the NBT slide
assay, measure superoxide production. Hydrogen peroxide
levels can be determined by the Amplex Red assay, and the
DHR assay can be used to assess NADPH oxidase activ-
ity. While the patient’s clinical history may offer insights
into the genetic inheritance pattern, genetic testing remains
instrumental in identifying specific genetic mutations asso-
ciated with CGD [10].

There is a possibility that the ocular manifestation of our
patient is associated with CGD. The initial recognition of
ocular manifestations in CGD dates back to 1965, with cho-
rioretinitis being the first documented presentation. Subse-
quently, numerous authors have documented a spectrum of
ocular signs associated with the disease, with the most prev-
alent including chorioretinal lesions, uveitis, keratitis, con-
junctivitis, corneal ulcers, and optic nerve atrophy [11-14].
Histopathological reports of ocular lesions related to CGD
are scarce and have not shown evidence of local infectious
processes [12, 14]. Chorioretinal lesions are thought to be
secondary to granuloma development or sterile inflamma-
tion due to activated abnormal phagocytic cells [15]. The
formation of granulomas could be attributed to the abnor-
mal functions of phagocytic cells in the retinal pigment epi-
thelium [12].

Various hypotheses can be posited regarding the origin
of these lesions. The pigment epithelium, whose properties
can be likened to those of macrophages, may contribute
to the formation of these scars. Pigment epithelium cells,
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through NADPH oxidase, generate oxygen derivatives that,
in cases of CGD, might induce granuloma development due
to an impaired ability to digest cellular debris from cones
and rods, thereby initiating an inflammatory cascade [16].
According to Valluri et al. [11], endocular granulomas could
arise in the presence of a sufficient quantity of bacterial or
fungal antigens. These sterile abscesses result from an inap-
propriate inflammatory response, persisting long after the
infectious process has been sterilized. The disposition and
morphology of these lesions resemble “septic metastases,”
yet no microorganisms are identified within them [16].

While immunodeficiency and autoimmunity are often
perceived as opposing facets of the immune response,
they are intricately linked. ITP in CGD represents a unique
and challenging aspect of the disease’s clinical spectrum.
This rare coexistence of ITP and CGD has been previously
reported in several case reports [17, 18]. Abnormalities in
T-cell function and cytokine production have been reported
in CGD, and these immune dysregulations may contribute
to the development of autoimmune complications. Also,
cross-reactive auto-antibodies that are produced during
impaired phagocytosis could also explain autoimmune dis-
orders in CGD patients [17, 18]. Rituximab and cyclospo-
rine have shown promising results in treating ITP in CGD
cases [17]. There is a report of a case of autosomal recessive
CGD (NCF1 mutation) with IgA deficiency and refractory
autoimmune thrombocytopenia that showed an excellent
response to Rituximab [19].

Based on the clinical manifestations of our case, a holistic
approach, considering the immunodeficiency, genetic factors,
and potential interactions with other CGD-related manifesta-
tions, is essential for effective diagnosis and management.
Collaborative efforts between hematologists, immunologists,
and infectious disease specialists are crucial in providing
comprehensive care for individuals with CGD. The article
also emphasizes the role of ophthalmologists in the multi-
disciplinary management of CGD, underscoring the need for
early identification and intervention for possible ocular com-
plications in these patients. It should be noted that further
research is required to confirm that the ocular complications
mentioned in this case report were purely due to CGD.
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