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To the Editors:

of the CYBB gene on the X chromosome encoding the 
gp91phox subunit. It usually affects males, yet heterozygous 
females may rarely manifest clinical signs of the disease 
due to skewed X chromosome inactivation in leukocytes [1]. 
Despite advances in gene therapy, hematopoietic stem cell 
transplantation (HSCT) remains the main definitive treat-
ment. Older patients, however, are at greater risk of HSCT-
related complications and mortality and may require a spe-
cific approach.

A 49-year-old woman was admitted to the Pneumonology 
Unit because of bilateral pneumonia. Her medical history 
was characterized by discoid lupus and Raynaud’s phenom-
enon, which had appeared 3 years before. She had no history 
of frequent, severe, or unusual infections. After unsuccess-
ful treatment with broad-spectrum antibiotics, analysis of 
bronchoalveolar lavage fluid demonstrated multi-sensitive 
Nocardia asteroides infection. Despite targeted antibiot-
ics (imipenem and co-trimoxazole), she developed acute 
respiratory distress syndrome and bilateral pneumothorax, 
requiring intensive care unit admission and extracorporeal 
membrane oxygenation. Blood tests showed normal immu-
noglobulins and lymphocytes subpopulations, yet a dihy-
drorhodamine-123 (DHR123) assay showed superoxide 
anion production only in 6.7% of neutrophils (Fig. 1A); fur-
thermore, the mean fluorescence intensity (MFI) in positive 
cells was lower than expected, suggesting a reduced superox-
ide anion production. Genetic analysis revealed a heterozy-
gous mutation on the CYBB gene (c.[1661_1662insT]:[=],p.
[Glu555*]), a nonsense mutation already classified as patho-
genic in the ClinVar database. The finding of an unbalanced 
X-chromosome inactivation pattern in leukocytes (97.8:2.2), 
together with DHR123 test results, was coherent with the 
hypothesis of inactivation of the wild-type CYBB gene in 
almost all cells, thus confirming a functional diagnosis of 
X-linked CGD. After 1 week of maximized antimicrobial 
and steroidal therapy, her condition did not improve, there-
fore subcutaneous interferon-γ (IFNγ) was started (120 μg/
m2 3 times a week). Notably, this treatment did not influ-
ence the overall percentage of functional neutrophils at the 

Chronic granulomatous disease (CGD) is a rare immu-
nodeficiency disorder characterized by a defective NADPH 
oxidase complex leading to an impaired respiratory burst 
and defective killing of pathogens by phagocytes. The most 
common type of CGD is caused by hemizygous mutations 
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DHR123 assay; however, positive cells showed a normali-
zation of the MFI (Fig. 1B and 1C). A significant improve-
ment of pneumonia was observed in the following days, 

allowing progressive reduction of respiratory support and 
ultimately discharge. Subcutaneous IFNγ was continued also 
thereafter, in association with antimicrobial prophylaxis. In 

Fig. 1   A Dihydrorhodamine 
assay (DHR). Histogram graphs 
in Panel A show a low superoxi-
dase production by the patient’s 
neutrophils rather than control 
after PMA treatment (blue line); 
red line represents the untreated 
samples. B Fluorescence inten-
sity (MFI) in dihydrorhodamine 
assay (DHR123) showing an 
increase in functional neutro-
phils after IFNγ administration 
without a rise in the percentage 
of DHR+ cells. C Change in 
MFI values in four-time points 
DHR assay and drugs adminis-
tered. Normalized MFI = MFI 
of PMA-treated samples - MFI 
of untreated samples

1397Journal of Clinical Immunology  (2022) 42:1396–1399

1 3
2



the following months, the patient developed granuloma-
tous colitis and recurrent lung infections (due to Nocardia 
asteroides, Klebsiella pneumoniae, and Pseudomonas aer-
uginosa), ultimately requiring partial right lung resection. 
HSCT was therefore recommended, due to her overall wors-
ening condition and recurrent infections. At the age of 51 
years, she was transferred to the National Institutes of Health 
(NIH) in Bethesda, Maryland, USA, where she received a 
matched (10/10) HSCT graft of PBSC (10 million CD34 per 
kg) from her healthy brother after non-myeloablative condi-
tioning with intravenous busulfan (3.2 mg/kg; AUC 30–40 
mg/L*h) and alemtuzumab. Post-transplant cyclophospha-
mide on days 3 and 4 and then sirolimus for 6 months were 
given for graft-versus-host disease (GVHD) prophylaxis. 
Neutrophil engraftment (>500/μL) occurred on day +23, 
and 99% of the early-appearing circulating neutrophils were 
functionally normal at the DHR123 assay. After transplanta-
tion, she developed grade I acute cutaneous GVHD, treated 
with topical steroids, and a self-limited asymptomatic reac-
tivation of Cytomegalovirus and Epstein-Barr virus. Ten 
months after transplantation, blood chimerism dropped to 
60% of donor neutrophils and remained stable thereafter. 
No severe infections nor discoid lupus flares occurred after 
HSCT. At the last follow-up visit, 3.5 years after HSCT, the 
patient maintained overall good health, with no infectious or 
inflammatory manifestations or HSCT complications.

This case highlights several peculiar aspects of the 
approach to late-onset X-linked CGD in female patients. 
First, it confirms the paradigm that even a single severe/unu-
sual infection in a previously healthy adult should raise the 
suspicion of primary immunodeficiency, even in presence 
of normal blood cell counts, serum immunoglobulins, and 
lymphocyte subsets, and without a significant previous his-
tory of infections. It is already known that female carriers 
who develop clinical CGD often present later in life due to a 
progressive skewing of X chromosome inactivation with age, 
which may result from the presence of deleterious damages on 
the other X chromosome. The risk of infection increases when 
DHR+ cells decrease under 20% [1]. Moreover, independently 
of %DHR+ cells, they can also present with autoimmune 
and inflammatory manifestations, including skin conditions 
(especially discoid lupus, as in our patient) and inflammatory 
bowel disease. Overall, these patients are usually managed 
with anti-inflammatory drugs and only a minority develop 
severe infections requiring antimicrobial prophylaxis. HSCT 
has been reported only in a few cases.

Current treatment of CGD is based on the prevention 
of severe infections, prompt and intensive anti-infectious 
therapy, and proper treatment of granulomas and inflamma-
tory complications. The role of IFNγ is still debated. IFNγ 
has been shown to enhance phagocyte activity in cells from 
healthy subjects and from CGD patients [2], yet its benefit 

in clinical practice is still not clearly defined; furthermore, 
treatment is associated with high cost and limited availabil-
ity. In our patient, a clinical improvement at the time of the 
first infection was noted soon after the introduction of IFNγ, 
together with an increased MFI at the DHR123 assay. Nota-
bly, our patient had a lower-than-expected baseline MFI in 
residual normal neutrophils, possibly due to immune paraly-
sis in sepsis. Nevertheless, it is not possible to demonstrate 
that IFNγ therapy was actually related to clinical improve-
ment, and long-term treatment with IFNγ did not prevent 
subsequent bacterial infections. No serious adverse events 
were observed.

HSCT remains the main definitive treatment for 
X-linked CGD, yet older patients are at greater risk of 
transplant-related complications and mortality [3]. Gene 
therapy is promising but still under development, and its 
availability is limited. Due to the presence of several risk 
factors in our patient (age, active infectious and inflam-
matory complications), a non-myeloablative conditioning 
regimen followed by a high-dose PBSC graft was used 
from matched brother. Reduced-intensity regimens with 
low-dose busulfan (AUC 45-65 mg/L*h) or treosulfan 
have been shown to be associated with a higher overall and 
event-free survival compared to myeloablative regimens, 
yet graft failure and chronic GVHD are major complica-
tions [3]. Although non-myeloablative conditioning can 
lead to mixed chimerism, in primary immunodeficiencies 
this is usually sufficient to overcome the immune defect. 
The NIH regimen for matched related donors incorporates 
low dose busulfan (30–40 mg/L*h) and alemtuzumab (1 
mg/kg), or even lower dose busulfan (median AUC of 
20–30 mg/L*h) combined with low dose total body irra-
diation and alemtuzumab for matched unrelated donors, 
followed by sirolimus as single-agent GvHD prophylaxis 
[4]. This patient, enrolled on a new protocol, also received 
post-transplant cyclophosphamide along with a high 
dose of unmanipulated PBSC (10 million CD34 per kg) 
to ensure better engraftment and prevent GVHD. Indeed, 
high-dose cyclophosphamide on days 3–4 after transplanta-
tion has been shown to be effective in preventing GVHD 
in patients receiving PBSC transplant from HLA-matched 
donors, mainly through the reduction of alloreactive effec-
tor T cell proliferation and expansion of T regulatory 
cells. Notably, the same regimen did not prove effective 
in patients with CGD receiving haploidentical HSCT [5]. 
Overall, stable donor chimerism with minimal morbidity 
was observed in our patient, with only mild GVHD. This 
suggests that matched HSCT with non-myeloablative con-
ditioning with low dose busulfan and alemtuzumab, com-
bined with an increased stem cell dose and post-transplant 
cyclophosphamide, may represent a curative option even 
in high-risk CGD patients at an advanced age.
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