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Abstract

Chronic granulomatous disease (CGD) is an inherited immunodeficiency that typically presents in early childhood due to defects
in the nicotinamide adenine dinucleotide phosphate oxidase complex, impairing phagocytic cell function and predisposing
patients to recurrent bacterial and fungal infections. Imaging plays a critical role not only in diagnosing CGD but also in guiding
treatment interventions, such as image-guided drainage of abscesses and biopsy of infected sites. Common imaging findings
include lung consolidation, liver abscesses, lymphadenopathy, osteomyelitis, central nervous system, and gastrointestinal
involvement. With early diagnosis, lifelong prophylactic therapy, and advances in treatment, many patients with CGD now

survive well into adulthood.
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Case Summary

A young adult with a known history
of chronic granulomatous disease (CGD)
presented with cough and fever.

Imaging Findings

Initial chest CT (Figure 1) demonstra-
ted a cavitary pneumonia in the lateral
aspect of the left lower lobe. Due to
medication noncompliance, follow-up
CT of the chest, abdomen, and pelvis
performed 8 months later (Figure 2)
showed progression of the pulmonary
infection and a new lucent lesion within
the left iliac bone. Subsequent chest
MRI (Figure 3) confirmed the persis-
tent pulmonary infection and addition-
ally revealed osteomyelitis involving the
adjacent ribs. Bone biopsy and bronchoal-
veolar lavage confirmed a diagnosis of
trichosporon infection.

Diagnosis

Chronic granulomatous disease.

The differential diagnoses include cystic
fibrosis, glucose-6-phosphate dehydrogen-
ase deficiency, glutathione synthase
deficiency, Crohn disease, infectious lung
disease, hypersensitivity pneumonitis,
hot tub lung, berylliosis, granulomatosis
with polyangiitis, eosinophilic granulo-
matosis with polyangiitis, rheumatoid
nodules, talc granulomatosis, Langer-
hans cell histiocytosis, and bronchocen-
tric granulomatosis™?

Discussion

CGD is a rare, inherited immuno-
deficiency disorder that predisposes
individuals to recurrent bacterial and
fungal infections. It follows either
an X-linked or autosomal-recessive
inheritance pattern and arises from
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a defect in the nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase
complex. This defect impairs the ability
of phagocytic cells—including neutro-
phils, monocytes, and macrophages—

to generate oxygen radicals essential

for killing catalase-positive pathogens,
such as Staphylococcus, Pseudomonas, and
Aspergillus species. As a result, neutro-
phils can phagocytose but are unable to
effectively kill these microbes, lead-

ing to persistent infections and granu-
loma formation.?

Given its genetic basis and immune
dysfunction, CGD is typically diagnosed
in early childhood. The disease presents
within the first 1-3 years of life, with an
incidence of approximately 1 in 200,000
live births in the United States."* Each
year, about 20 children are born with
CGD.* Because 70% of cases result from
X-linked inheritance, males account for
most cases (80%). X-linked CGD tends
to present earlier and with more severe
symptoms than autosomal-recessive CGD,
though the underlying reason for this
difference remains unclear.!

CGD can affect nearly every organ
system, with unique manifestations
depending on the site of disease.
Pneumonia is the most common infection
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Figure 1. Initial chest CT showing a cavitary pneumonia (arrow) in the lateral aspect of the left

lower lobe.

in CGD, occurring in approximately 80%
of patients.’ Radiologic findings may
include septal thickening, consolidation,
nodules, ground-glass attenuation, and a
honeycomb appearance.®”
Lymphadenitis is another frequent

manifestation, most commonly affecting
the cervical lymph nodes. Suppurative
lymphadenitis occurs in approximately
60% of patients with CGD and appears
on contrast-enhanced CT as enlarged,
enhancing lymph nodes with a central
low-density necrotic core.’

Liver abscesses are a hallmark
complication, affecting 25-50% of patients
with CGD.* Among these, 60% develop
multiple concurrent abscesses. The
imaging appearance of liver abscesses
varies by size:

+ Small phlegmon (< 1 cm):
homogeneous enhancement.

+ Medium-sized abscesses (1-3 cm):
low central attenuation with
peripheral ring enhancement.

+ Large abscesses (>3 cm): loculated
with multiple small cavities.
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Musculoskeletal involvement is also
common, with osteomyelitis occurring
in approximately 25% of cases. The
extremities, skull, and chest wall are
the most frequently affected sites.’ On
imaging, osteomyelitis typically presents
as a lucent lesion.>®

Other less common manifestations
involve the central nervous system
(CNS) and gastrointestinal tract.” Notably,
gastrointestinal involvement may cause
thickening of the gastric antrum or mimic
Crohn disease when the intestinal tract
is involved.

The diagnosis of CGD is established
using the nitroblue tetrazolium test, which
detects the inability of phagocytes to
generate a normal respiratory burst. Flow
cytometry is also commonly used to
assess superoxide production, provid-
ing a functional evaluation of NADPH
oxidase activity.®

Imaging plays anincreasingly important
role in both the diagnosis and manage-
ment of CGD. It allows for accurate
identification of infections, assessment of

Figure 2. Follow-up CT of the chest, abdomen,
and pelvis performed 8 mo later, displayed
using (A) lung and (B) bone windows, showing
persistent and worsening left lower lobe
pneumonia (arrow) and new osteomyelitis
involving the left iliac bone (arrowhead).

granuloma progression, and evaluation of
lung disease severity. Beyond detecting
complications, imaging is also crucial
for guiding diagnostic and therapeutic
interventions. For example, image-gui-
ded aspiration of abscesses or biopsy

of osteomyelitis sites can aid in iso-
lating causative organisms.’ In large

or symptomatic abscesses, image-guided
drainage is often the primary therapeu-
tic option.
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Figure 3. (A) Axial T2-weighted and (B) axial
T1-weighted postcontrast MRI of the chest
demonstrating the left lower lobe pneumonia
(arrow) and osteomyelitis of the adjacent ribs
(dashed arrow). The affected ribs are T2
hyperintense and show mild enhancement.

Significant advancements in CGD
treatment have led to improved survival
rates since its discovery.! Early diagno-
sis is crucial to limit complications and
prevent organ damage. Hematopoietic
stem cell transplantation is the only
curative treatment, but it is not always
feasible due to donor availability and
transplant-associated risks.? As a result,
most patients rely on lifelong prophylac-
tic therapy and targeted treatment of
infections as they arise.’

Prophylactic antimicrobial therapy
remains the cornerstone of
CGD management. Trimethoprim-sulfa-
methoxazole (TMP/SMX) and itraconazole
are the primary agents used to prevent
bacterial and fungal infections.® In one
study, TMP/SMX prophylaxis extended the
infection-free interval from one infection
every 10 months to one infection every 40
months in patients with CGD.*

Interferon-gamma (IFN-y) therapy
serves as an additional immunomodula-
tory treatment for some patients with
CGD. While not universally adopted, IFN-y
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is used in select US centers but is less
common worldwide due to concerns
regarding cost, necessity, and physician
familiarity. The precise mechanism of
IFN-y remains unclear, but it is believed to
enhance neutrophil bactericidal activity,
promote nitric oxide production, and
increase class II major histocompat-
ibility complex antigen expression,
thereby improving antigen processing
and adaptive immune responses." Other
potential mechanisms include proteaso-
mal degradation and enhanced cell
adhesion.” A 2022 meta-analysis found
that IFN-y therapy reduced the risk of
serious infection by 449% (risk ratio: 0.56)."
However, the analysis also emphasized
thatlimited clinical data exists, and further
trials are needed to assess efficacy and
long-term safety."

Conclusion

CGD is an inherited immunodeficiency
that typically presents in early child-
hood due to defects in the NADPH
oxidase complex, impairing phagocytic
cell function and predisposing patients to
recurrent bacterial and fungal infections.
Imaging plays a critical role not only
in diagnosing CGD but also in guid-
ing treatment interventions, such as
image-guided drainage of abscesses and
biopsy of infected sites. Common imaging
findings include lung consolidation, liver
abscesses, lymphadenopathy, osteomyeli-
tis, CNS, and gastrointestinal involvement.
With early diagnosis, lifelong prophylac-
tic therapy, and advances in treatment,
many patients with CGD now survive well
into adulthood.
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