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Chronic granulomatous disease (CGD) is a rare primary immune deficiency caused by 
mutations in genes coding for components of the nicotinamide adenine dinucleotide 
phosphate oxidase, characterized by severe and recurrent bacterial and fungal infections, 
together with inflammatory complications. Dysregulation of inflammatory responses are 
often present in this disease and may lead to granulomatous lesions, most often affect-
ing the gastrointestinal (GI) and urinary tracts. Treatment of inflammatory complications 
usually includes corticosteroids, whereas antimicrobial prophylaxis is used for infection 
prevention. Curative treatment of both infectious susceptibility and inflammatory disease 
can be achieved by hematopoietic stem cell transplantation. We report herein three 
patients with the same mutation of the CYBB gene who presented with very early-onset 
and severe GI manifestations of X-linked CGD. The most severely affected patient had 
evidence of antenatal inflammatory involvement of the GI and urinary tracts. Extreme 
hyperleukocytosis with eosinophilia and high inflammatory markers were observed in 
all three patients. A Mycobacterium avium lung infection and an unidentified fungal lung 
infection occurred in two patients both during their first year of life, which is indicative of 
the severity of the disease. All three patients underwent bone marrow transplantation and 
recovered fully from their initial symptoms. To our knowledge, these are the first reports 
of patients with such an early-onset and severe inflammatory manifestations of CGD.

Keywords: chronic granulomatous disease, X-linked, gastric outlet obstruction, colitis, eosinophilia, 
Mycobacterium avium, early-onset

INtRoDUCtIoN

Case 1
A 6-month-old French Canadian boy with a medical history of cow’s milk protein allergy was 
admitted to a community hospital for vomiting, feeding issues, and lethargy without fever. He had 
been on a hydrolyzed formula for cow’s milk protein allergy since the age of 4 months, following 
a history of feeding difficulties and associated rectal bleeding. Family history was unremarkable, 
except for infertility in the father. Both siblings (cases 1 and 2) were conceived from different 
sperm donors. The complete blood count revealed leukocytosis (WBC > 38.49 × 109/L; 26.2 × 109 

http://www.frontiersin.org/Immunology/
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2017.01167&domain=pdf&date_stamp=2017-09-26
http://www.frontiersin.org/Immunology/archive
http://www.frontiersin.org/Immunology/editorialboard
http://www.frontiersin.org/Immunology/editorialboard
https://doi.org/10.3389/fimmu.2017.01167
http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
https://creativecommons.org/licenses/by/4.0/
mailto:elie.haddad@umontreal.ca
https://doi.org/10.3389/fimmu.2017.01167
http://www.frontiersin.org/Journal/10.3389/fimmu.2017.01167/abstract
http://www.frontiersin.org/Journal/10.3389/fimmu.2017.01167/abstract
http://www.frontiersin.org/Journal/10.3389/fimmu.2017.01167/abstract
http://loop.frontiersin.org/people/455765
http://loop.frontiersin.org/people/468962
http://loop.frontiersin.org/people/458881
http://loop.frontiersin.org/people/433065
http://loop.frontiersin.org/people/283790
http://loop.frontiersin.org/people/175684


tabLe 1 | Range of sequential laboratory data pre and post-corticosteroids.

Case #1 Case #2 Case #3

pre on pre on pre on

WBC (×109/L) 26.97–44.14 14.23–16.91 30.61–107.8 3.77–29.23 11.87–19.55 7.28
ANC (×109/L) 14.8–26.7 1.2–5.3 10.47–63.6 2.9–16.4 5.9–6.7 2.0
ALC (×109/L) 5.9–10.5 7.4–11.4 6.12–19.4 4.9–14.6 4.8–8.9 3.7
AEC (×109/L) 1.3–6.8 0.4–1.0 2.45–12.9 0.1–1.4 0.5–0.9 0.1
CRP (mg/L) 47.7–147 – 51.3–89.4 0.2–29.3 10.9–28.7 4.4

WBC, white blood cells; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; AEC, absolute eosinophil count; CRP, C-reactive protein; Pre, pre-corticosteroids; On, 
per-corticosteroids.
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neutrophils/L; 3.1 × 109 eosinophils/L), an increased C-reactive 
protein (47 mg/L), and a normal sedimentation rate. The patient 
was referred to our center because of persistence of vomiting and 
leukocytosis (Table 1). The patient also presented with failure to 
thrive in the month preceding his admission, with a fall from 
the 50th percentile for weight down to the 15th percentile. An 
abdominal ultrasound (US) revealed major thickening of the 
pylorus up to the antrum and the gastric body. A barium meal 
showed delayed gastric emptying and luminal thinness of the 
antrum and pylorus (Figures 1A–D). Endoscopic biopsies of the 
esophagus and stomach revealed eosinophilic infiltration of the 
mucosa and submucosa. Bone marrow aspiration was normal. 
Whole-body positron emission tomography (PET) scan con-
firmed abnormal activity in the upper gastrointestinal (GI) tract. 
During his hospitalization, he developed a Staphylococcus aureus 
bacteremia 72 h following central line installation for parenteral 
feeding and was successfully treated with IV cloxacillin.

The diagnosis of chronic granulomatous disease (CGD) was 
confirmed by dihydrorhodamine (DHR) flow cytometry assay 
(Figure  2) and he was found to have a hemizygous nonsense 
mutation of the CYBB gene (c.469C>T mutation leading to a 
p.Arg157* protein variant) (Figure  3). DHR flow cytometry 
assay and genetic analysis on the mother confirmed her carrier 
status. Additional screening with thoraco-abdominal computer-
ized tomography (CT) scan did not show granulomas or deep 
abscesses, but did reveal pulmonary ground-glass opacities. 
A bronchoalveolar lavage was subsequently performed and 
Actinomyces was isolated on culture. Prednisone therapy was 
initiated for the gastric inflammation, along with prophylactic 
cotrimoxazole and itraconazole, and therapeutic amoxicillin 
for the Actimomyces. The leukocytosis progressively normalized 
with treatment and the feeding issues improved, allowing pro-
gressive discontinuation of nasogastric tube feeding. However, 
he remained corticosteroid-dependent (0.5–1  mg/kg/day), as 
attempts to wean him from prednisone resulted in recurrence of 
upper obstructive symptoms.

During follow-up, he developed pulmonary nodules found on 
survey CT scan (Figure 4A). Culture from an open lung biopsy 
revealed the presence of Mycobacterium avium (Figures 4B,C). 
A treatment combining ethambutol, rifabutin, and azithromycin 
was initiated with favorable outcome.

The patient underwent bone marrow transplantation (BMT) 
with a matched unrelated donor (MUD) at 16 months of age, with 
a reduced intensity conditioning regimen consisting of busulfan, 

fludarabine, and alemtuzumab serotherapy. Mycophenolate 
mofetil and cyclosporine were used for graft-versus-host disease 
(GvHD) prophylaxis (1). He is currently 6 months post-BMT, and 
his evolution has been favorable with 90% donor chimerism and 
complete resolution of his symptoms.

Case 2
The younger sibling of case 1, a male infant, was diagnosed with 
CGD at 48 h of life following a DHR flow cytometry assay that 
was performed given the positive family history (Figure 2). His 
older brother had been diagnosed 6 months earlier with CGD, 
and the mother who was already pregnant at the time of diagno-
sis, refused a prenatal diagnosis.

During the third trimester of pregnancy, antenatal US revealed 
polyhydramnios, bilateral hydronephrosis, a hyperechogenic gut, 
and ascites. He was born prematurely at 34 gestational weeks 
because of preterm labor, with a birth weight of 2,600  g (80th 
percentile). At birth, the child presented with a mild respiratory 
distress syndrome, necessitating less than 24  h of continuous 
positive airway pressure. Initial blood work showed major neu-
trophilia (37.18 × 109/L) and eosinophilia (8.00 × 109/L).

Post-natal renal US showed progressive resolution of the 
hydronephrosis during the first few weeks of life. He was however 
found to have unilateral grade V vesicourethral reflux, with evi-
dence of a trabeculated bladder on a voiding cystourethrogram 
and bladder thickening was seen on US. There was no sign of 
obstruction on MAG-lasix evaluation. The patient remained 
asymptomatic with regard to these urological issues.

However, with initiation of feedings, he developed progressive 
abdominal distension with nausea and severe gastroesophageal 
reflux disease. He received an amino acid-based formula because 
of a suspicion of cow’s milk protein allergy, with only transient 
benefit. At 1  month of age, abdominal US revealed a pyloric 
thickening in the context of clinical deterioration with persistent 
vomiting and impaired growth parameters. Shortly after, he 
developed profuse hematochezia, and prednisone was initiated 
at a dose of 0.5 mg/kg. A rectal biopsy was performed and was 
compatible with an eosinophilic colitis (Figure 5).

At 6 weeks of life, while on treatment with prednisone, he had 
an acute deterioration with severe abdominal distension and bil-
ious emesis, unresponsive to 1 mg/kg of IV methylprednisolone. 
An abdominal US showed diffuse thickening of the intestinal 
walls, predominantly at the antropyloric region, and a small 
bowel follow through showed parietal and mesenteric infiltration 
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FIGURe 1 | (a–D) Slowed gastric emptying and luminal thinness of antrum 
and pylorus on the barium meal (case 1). (e) Upper gastrointestinal (GI) series 
showing antropyloric stenosis with parietal and mesenteric infiltration of the 
duodenojejunal area (case 2). (F) Diffuse intestinal dilatation secondary to 
lower GI obstruction (case 2).
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of the duodenum and jejunum (Figures  1E,F). Inflammatory 
markers were high with a CRP at 89.4 mg/L, absolute neutrophil 
count at 63.58 × 109/L, and eosinophils at 15.74 × 109/L (Table 1). 
Immunophenotyping revealed a hyperlymphocytosis of T, B, and 
NK cells, without evidence of excess activated HLA DR + T cells. 
The criteria for a secondary HLH were not met. After carefully 
excluding infectious causes, methylprednisolone was further 
increased at 2 mg/kg. Progressive improvement was noted over 
the following weeks, with upper and lower endoscopies performed 
4 weeks later showing pyloric permeability and colonic mucosal 
improvement. The patient, however, presented with two further 
episodes of acute abdominal distension with intense discomfort 
and evidence of lower GI obstruction that were partially respon-
sive to rectal enemas and Botox injection. The exact etiology of 

these subsequent episodes remains unclear. Despite his improve-
ment with corticosteroids, the patient remained dependent on 
total parenteral nutrition (TPN) because of poor GI tolerance. 
Early impaired growth parameters improved after initiation of 
corticosteroids and resolved with transient TPN. He underwent 
BMT with a MUD at 5 months of age using the same conditioning 
regimen and GvHD prophylaxis as in case 1. TPN was weaned 
2  months post-BMT, with a favorable clinical and laboratory 
evolution at 6 months post-BMT, and a donor chimerism of 86%. 
He does however remain on nasogastric feeds due to impaired 
acquisition of drinking skills, but he is improving rapidly and is 
now eating solid foods.

Case 3
The third patient is a male infant who had an antenatal diagnosis 
of X-linked CGD, the mother being a known carrier. His CYBB 
mutation was identical to that of cases 1 and 2 (Figure 3), although 
his mother was from Polish origin. He was born at term with 
no complications. His DHR flow cytometry assay also showed a 
neutrophil stimulation index of 1 (Figure 2). Prophylaxis initially 
consisted of amoxicillin from birth followed by cotrimoxazole 
from 6 weeks, and itraconazole from 4 weeks. At 2 weeks of age, 
he presented with bloody diarrhea and abdominal discomfort. 
A cow’s milk protein allergy was then suspected, and because he 
refused hydrolyzed formula, breastfeeding was continued with 
exclusion of allergenic foods. Two weeks later, at 1  month of 
age, he was hospitalized for a recurrence of hematochezia and 
a cutaneous maculopapular rash. US and rectosigmoidoscopy 
findings were consistent with a recto-colitis, and biopsy revealed 
an inflammatory infiltrate of the recto-sigmoid with presence 
of many eosinophils. A mild hyperleukocytosis was noted with 
19.5 × 109/L leukocytes, and eosinophilia reaching 0.9 × 109/L. 
Inflammatory markers were also elevated with a sedimentation 
rate of 50 mm/h and a CRP of 28.7 mg/L. Fecal calprotectin was 
286 μg/g. Infectious causes for colitis were ruled out. Prednisolone 
1 mg/kg was then started with rapid weaning over 5 weeks, with 
complete resolution of the colitis, leucocytosis, and inflammatory 
markers. His colitis has since then recurred episodically, although 
he did not require additional systemic corticosteroid treatments. 
This patient has not developed any growth failure.

At 5 months, multiple diffuse pulmonary nodules were found 
both on CT scan and PET scan during his pre-BMT workup. An 
open lung biopsy showed hyphae with granulomas suggestive of 
mold infection including aspergillosis, although a fungal PCR 
and culture were negative for fungal infection. Itraconazole was 
then switched for voriconazole, and while his imaging did not 
improve after 5 months of treatment, he remained clinically sta-
ble. He recently underwent BMT with a MUD following the same 
conditioning regimen and GvHD prophylaxis as cases 1 and 2.

baCKGRoUND

Chronic granulomatous disease is a primary disease of phagocytic 
function caused by defects in subunits of the nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase, a membrane-bound 
enzyme that catalyzes the production of superoxide and promotes 
microbial killing (2, 3). Hemizygous mutations in the CYBB gene 
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FIGURe 3 | (a) Wild type CYBB sequence from a healthy donor. (b) Patients’ CYBB sequence featuring a c.496C>T point mutation leading to the p.Arg157* 
protein variant.

FIGURe 2 | Flow cytometric dihydrorhodamine (DHR) 123 assay. (a) Healthy control, neutrophil stimulation index (SI): 305 (normal laboratory value > 91). (b) Case 
1, SI: 1. (C) Case 2, SI: 1. (D) Case 3, SI: 1. (e) Mother of cases 1 and 2 with carrier status, SI: 1.6 for 86% of neutrophils, 391 for 14% of neutrophils. (F) Mother of 
case 3 with carrier status, SI: 2 for 80% of neutrophils, 252 for 20% of neutrophils.
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cause the X-linked form of CGD, which accounts for 2/3 of the 
cases of CGD, whereas biallelic pathogenic variants of either the 
CYBA, NCF1, NCF2, or NCF4 genes lead to the autosomal reces-
sive form of the disease (4).

Chronic granulomatous disease is characterized by variable 
degrees of immunodeficiency and dysregulation of inflammatory 
responses, leading to granulomas formation and inflammatory 
disease. Affected individuals present with recurrent and severe 
bacterial and fungal infections mostly involving the lungs, lymph 
nodes, liver, skin, and bones. The NADPH oxidase defect pre-
disposes patients to infections with catalase positive organisms. 
The most frequently isolated pathogens include S. aureus, Serratia 

marcescens, Burkholderia cepacia, Nocardia spp., and fungi of the 
Aspergillus species (3, 5, 6). Inflammatory disease can present 
as a Crohn-like colitis (7), heterogeneous lung involvement (8), 
inflammation of the urinary tract (9), with granulomas predomi-
nantly affecting these organs and which can cause obstructive 
lesions (10). Inflammatory involvement of the GI tract is especially 
frequent in these patients, with up to 40% of patients developing 
GI symptoms throughout the illness (11, 12). When inflammation 
and granulomas occur, it is crucial to first rule out an infectious 
etiology. Corticosteroids are often used as first-line treatment 
for inflammatory and granulomatous complications. Prevention 
of infections with antibiotic and antifungal prophylaxis has 
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FIGURe 5 | (a) Rectal and (b) colic biopsy revealing eosinophilic infiltration 
with H&E staining (case 2).

FIGURe 4 | (a) Pulmonary computerized tomography scanner showed a nodule of the lingula, biopsy revealed Mycobacterium avium (case 1). Pulmonary biposy 
with presence of (b) granulomas and (C) eosinophilic infiltration.
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significantly improved life expectancy (13). The only curative 
treatment to date is hematopoietic stem cell transplant, although 
gene therapy and gene editing are promising alternatives (14–17).

The X-linked form of CGD is considered to have a more severe 
clinical phenotype, which can be attributed to lower residual 
neutrophil-derived reactive oxygen intermediates production 
(18). In large series, the mean age at diagnosis was 3–5 years (5, 6). 
Although some very early-onset infectious manifestations have 
been described, inflammatory disease usually manifests later on. 
Here we report the unusual cases of severe gastric outlet obstruc-
tion (GOO) associated with eosinophilic colitis as a very early 
presentation of CGD in two male siblings, and a third unrelated 
patient with the same CYBB mutation presenting with eosino-
philic colitis within the first weeks of life. All three patients had 
significant unexplained peripheral neutrophilia and eosinophilia, 
and very high inflammatory markers.

DIsCUssIoN

Chronic granulomatous disease is a particular immunodeficiency 
in which patients are commonly diagnosed early on, typically 

within their first decade of life (5, 6). Neonatal presentations 
have occasionally been described, but these usually occur in the 
context of infectious complications (19–21). These three patients 
presented with a very early-onset inflammatory bowel disease 
(in addition to a presumed eosinophilic cystitis for case 2), with 
evidence of systemic inflammation and marked hyperleukocy-
tosis with peripheral eosinophilia. Moreover, the antenatal US 
findings for case 2 suggest that there might have been antenatal 
inflammatory obstructive lesions of the gut and bladder. To date, 
there has been only one report of CGD with antenatal manifes-
tations, which presented as pericardial effusion with secondary 
hydrops fetalis (22). In a recent paper (23), Kawai et al. describe 
a cohort of patients with very early-onset CGD-associated colitis 
in which the youngest patient was 9  months old at diagnosis. 
Agarwal et al. have also reported a case of splenic and hepatic 
lesions in a febrile 40-day-old male infant with CGD suggestive 
of granulomas or abscesses (24). Urological disease is usually 
only apparent after 2  years of age in these patients (9, 25). It 
is also uncommon for CGD patients to present with multiple 
site inflammatory involvement, in particular so early as for 
case 2 (10). To our knowledge, this is the first case of neonatal 
CGD with such early-onset and severe symptoms of the gut and 
bladder in association with high inflammatory markers. GI tract 
involvement is more common among patients with the X-linked 
form, especially in the case of GOO (6, 12). Several reports have 
described GOO in CGD, but only Dickerman et al. and Varma 
et al. reported GOO as initial presentation in 2 infants at 17 and 
20 months of age respectively (26, 27). To our knowledge, the 
patients we described are the youngest CGD patients reported 
who have had GOO occurring as the initial presentation. 
Altogether, the incidence of GOO as initial presentation remains 
unknown. In a limited cohort reported by Movahedi et al., 3.5% 
patients developed GOO during follow-up, but none presented 
it at diagnosis (11). This was similar to the results from the study 
by Cale et al. (28).
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The peripheral neutrophilia and eosinophilia found in our 
patients is also atypical, especially in the absence of an infectious 
trigger. In Marciano et al.’s cohort, 17% of 140 patients with GI 
involvement presented with abnormal white blood cell counts. 
However, their range of 2.2–19.8 × 103/μL white blood cells (WBC) 
is much lower than we observed in our cases (12). Eosinophilic 
inflammation has been reported in patients with CGD (25, 29, 
30), mainly affecting the bladder and GI tract. In a series of 8 
patients with CGD, colitis was characterized by eosinophilic crypt 
abscesses, pigmented macrophages, and a paucity of neutrophils 
(31). Recently, Nguyen et al. described the case of a 7-year-old boy 
with X-linked CGD that presented with a presumptive diagnosis of 
hypereosinophilic syndrome because of eosinophilic infiltration 
of the GI and genitourinary tracts with peripheral eosinophilia 
(32). Interestingly, similar to our patients, peripheral eosinophilia 
correlated with disease activity. The mechanism of inflammation 
and eosinophilia in CGD is poorly understood. Eosinophil major 
basic protein, the main constituent of the crystalloid core of the 
eosinophilic granule, has been shown to activate neutrophils by 
increasing NADPH oxidase activity (33). It has therefore been 
suggested that a deficient NADPH oxidase system could lead to 
an increased expression of the cytotoxic eosinophilic major basic 
protein via an unknown feedback mechanism that could lead to 
an eosinophilic inflammation seen in some CGD patients (29). 
However, this suggested mechanism does not account for the 
fact that only few CGD patients are described with eosinophilic 
inflammation or hypereosinophilia.

Lung infections are a common feature of CGD, arising in 
80% of patients (34). However, atypical Mycobacteria have only 
been found in 2% of patients with pulmonary infections, based 
on published data from the USA (8). In a more recent extensive 
review of 71 CGD patients with mycobacterial disease, none 
had infections caused by environmental mycobacteria (35). The 
only pediatric case reported is that of a 10-month-old male with 
pulmonary infection to M. avium at the onset of CGD (36). The 
pulmonary infection to M. avium as in case 1 is thus another 
uncommon feature, especially at such a young age. Susceptibility 
to mycobacterial disease can be due to specific mutations in 
CYBB that affect the respiratory burst in macrophages (8). Finally, 
despite being usually of low pathogenicity in immunocompetent 
hosts, symptomatic infections to catalase-negative Actinomyces 
species have been reported in CGD patients (37), which is why 
we opted to treat our patient.

It is very remarkable that all three patients had the same CYBB 
mutation and it is tempting to speculate that these very unusual, 
early-onset and severe manifestations of CGD are the result of this 
particular genetic mutation. In the first family, because siblings 
(case 1 and 2) have a different father, a second genetic disease 

explaining this atypical presentation is unlikely. Moreover, case 3, 
which is unrelated to the first kindred and is from a different eth-
nical background, presented with a milder but similar phenotype, 
including a very early-onset colitis, with peripheral eosinophilia 
and high acute phase reactants, and a fungal lung infection within 
the first year. This mutation, which introduces a premature stop 
codon in exon 5, has already been described as pathogenic in 
the literature in correlation with a X910 subtype, defined as an 
undetectable level of gp91-phox protein measured by immu-
noblot and/or spectral analysis. This subtype is predictive of a 
degree of severity (38, 39). Although no clear phenotype has been 
associated with this mutation, two other reported patients with 
this mutation were diagnosed by 5 months of age, thereby indicat-
ing early-onset manifestations of the disease (40). Nevertheless, 
many other nonsense mutations are associated with X910 subtype 
and are not specifically described in very early-onset forms of the 
disease, nor with eosinophilia and severe inflammation. The link 
between this mutation and the phenotype we describe here has 
still to be confirmed.

CoNCLUDING ReMaRKs

We report the cases of three patients with X-linked CGD that 
presented with very early-onset inflammatory disease involving 
both the GI and urinary tracts, in addition to some evidence of 
antenatal involvement in one patient as well as systemic inflam-
mation and extreme hyperleukocytosis with eosinophilia. To our 
knowledge, these exceptional cases are the first reported cases of 
CGD with such an early and severe presentation. This report also 
suggests that CGD diagnosis should be considered in patients 
with a persistent or chronic history of vomiting with features of 
GOO and/or evidence of eosinophilic inflammation.
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