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Abstract: Rationale: Chronic Granulomatous Disease (CGD) is a rare primary immunodeficiency. Although
most mutations are linked to the X chromosome, therefore affecting males, there are autosomal recessive forms
that therefore affect both sexes. Clinically it is characterized by recurrent and severe bacterial and fungal
infections, with formation of granulomas, due to the inability of phagocytes to generate reactive oxygen
compounds, necessary for the intracellular death of phagocytosed microorganisms. Patient concerns: We
reported a 12-year-old boy with pneumonia with pneumatocele of possible staphylococcal etiology at one year
of age, bilateral orchitis secondary to Salmonella with hematogenous spread, osteomyelitis due to Salmonella,
gastroenteritis due to Salmonella enteritidis, liver abscesses due to Staphycococcus aureus and lymphomatoid
papulosis and pyodermititis. Diagnoses: In the biochemical diagnosis, the presence of yellow dye (NBT) and
absence of dark bluish black dye (formazan) was evidenced. Regarding the genetic diagnosis, the presence of
the mutation in exon 10 of CYBB (OMIM 306400) (Xp21.1) that encodes the gp91phox protein was
demonstrated. Interventions and outcomes: Treatment was started with trimethoprim/sulfamethoxazole
400/80 mg every 24 hours via oral, and antifungal prophylaxis with itraconazole 200 mg every 24 hours orally
is added, after which he does not present serious bacterial or fungal infections, not being able to administer
immunomodulatory treatment with recombinant human Interferon gamma-1b. Lessons: The clinical finding
of frequent severe infections associated with granulomas, CGD should be suspected. Treatment of this primary
immunodeficiency is trimethoprim/sulfamethoxazole and itraconazole. Importantly, it indicated that the
mutation in exon 10 of CYBB (Xp21.1) that encodes the gp91phox might influence the pathogenesis of CGD.

Keywords: chronic-granulomatous disease; NADPH oxidase; human neutrophils; superoxide; immune
deficiciency; recurrent infections

1. Introduction

The multi-subunit phagocyte NADPH oxidase generates reactive oxygen species and is crucial
for host defense [1]. Deficiencies in individual subunits (gp91phox, p22phox, p47phox, p67phox, and
p40phox) of phagocytic NADPH oxidase cause chronic granulomatous disease (CGD), a serious
inborn error of immunity characterized by severe infections with catalase-positive organisms. Life-
threatening infections with Staphylococcus, Salmonella, Burkholdheria, and nocardia are well
documented. Fungal infections due to species such as Aspergillus are also common and are
associated with severe morbidity. Although improved prophylaxis and antimicrobial treatment,
accompanied by the advent of bone marrow transplantation for CGD, have improved outcomes, it
remains a serious disease that requires rapid identification and treatment. We previously
demonstrated that EROS/CYBC1 is essential for the generation of reactive oxygen species because it
chaperones the membrane-bound gp91phox-p22phox heterodimer in both mice and humans [2—4].
Some authors have shown that mutations in EROS/CYBC1 can cause CGD5 [3,5]. The small number
of cases described so far appear to have some typical features of CGD, such as opportunistic infections
and inflammatory bowel disease, but also some features not normally associated with CGD,
including autoimmune hemolytic anemia, chronic glomerulonephritis and even some viral
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infections. So far, only three pathogenic mutations in EROS/CYBC1 have been identified. The case
we described in 2018 was a private mutation restricted to one family [3] (as a result of a
consanguineous marriage) and Arnadottir et al. described eight patients with a mutation that is
probably limited to the Icelandic population [5]. Very recently, a group from Rome described another
isolated case in which a homozygous mutation caused complete EROS deficiency. This was mainly
characterized by a sarcoid-like syndrome and also by probable infectious pneumonia. Interestingly,
the authors showed that the loss of gp91phox was not complete in all cell types [6]. This is consistent
with our previous studies in mice where there was minor preservation of the respiratory burst in
response to some stimuli in neutrophils, not macrophages [2]. Similarly, Arnadottir et al. showed
some residual gp91phox in neutrophils from a patient with EROS deficiency but absence of the
protein in monocytes [5].

CGD is a rare primary immunodeficiency, with an incidence of 1 in 200,000 to 250,000 live births
[7]. Although most mutations are linked to the X chromosome, therefore affecting males, there are
autosomal recessive forms that therefore affect both sexes, which occur more frequently in
communities with a greater number of consanguineous marriages [8]. Clinically it is characterized by
recurrent and severe bacterial and fungal infections, with formation of granulomas, due to the
inability of phagocytes to generate reactive oxygen compounds, necessary for the intracellular death
of phagocytosed microorganisms. Biochemically, it is characterized by mutations that generate loss
or functional inactivation of one of the subunits of the NADPH oxidase complex.

Belzer et al. [9] review psychosocial considerations in children with rare diseases. Rare diseases
affect children and their families infrequently, but with a significant high impact. The diagnostic
odyssey that is undertaken as part of having a child with a rare disease is immense and involves
practical, emotional, relational, and contextual issues that are not well understood. Children with
rare diseases have chronic and complex medical conditions that require a complicated environment
of care from numerous clinical caregivers. Both children and their families may feel isolated and
stigmatized in education, employment and the workplace, or lack social support or understanding
[9,10]. Different studies have analyzed the quality of life in primary immunodeficiencies such as
severe combined immunodeficiency due to RAG1 and RAG2 deficiency [10], common variable
immunodeficiency [11] or X-linked immunodeficiency (Bruton’s agammaglobulinemia) [12]. Among
the immunodeficiencies by default in phagocytosis is chronic granulomatous disease (CGD).
Pulvirenti et al. [13], Varni et al. [16] and Cole et al. [15] analyze the quality of life and emotional
health of children with CGD.

According to the classification of primary immunodeficiencies compiled by the Primary
Immunodeficiency Expert Committee (PID EC) of the International Union of Immunological Societies
(IUIS), the CGD is congenital defect of macrophage function [16]. More recently, X-linked CGD,
gp91phox, by falling superoxide production, is classified into defects of respiratory burst [17].

Interesting findings have been found in these authors that show that both the health-related
quality of life (HRQoL), as well as the emotional, social and cognitive aspects are affected in children
suffering from this pathology. Thus, Pulvirenti et al. [13] revealed that children with CGD showed
greater difficulties in the social and school area, having more difficulty relating to peers and
behavioral and emotional problems. Findings that are in line with the study by Varni et al. [14,18],
which reveals that in general psychosocial health and emotional functioning in children with chronic
pathologies, as well as in their parents, is lower compared to healthy children, affecting the HRQoL
of these children, patients and their parents. Cole et al. [15,18] evaluated the quality of life of children
with CGD who received a hematopoietic stem cell transplant (HSCT) and revealed that their HRQoL
is good after HSCT, resulting in better emotional, social and school functioning.

2. Clinical Case

Male patient first seen at age 12 years with pneumonia with pneumatocele of possible
staphylococcal etiology at one year of age, bilateral orchitis secondary to Salmonella with
hematogenous spread, osteomyelitis due to Salmonella, gastroenteritis due to Salmonella enteritidis,
liver abscesses due to Staphycococcus aureus and lymphomatoid papulosis and pyodermititis.
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Previously, between 3 and 10 years of life he developed multiple recurrent bacterial infections:
pneumonia, acute otitis media, sinusitis, and peritonsillar abscesses. At 5, 7, and 8 years of age, he
presented acute community pneumonia that required intensive therapy in the intensive care unit. In
the basicimmunological study, hypergammaglobulinemia and normal lymphocyte populations were
observed. The allergen-specific serum IgG values against fungi are: Alternaria alternata 27.10 mg/L
(normal range: 0-9.33 mg/L); Aspergillus fumigatus 64 mg/L (normal range: 0-37.86 mg/L);
Aspergillus flavus 49.50 mg/L (normal range: 2.02-20.78 mg/L); Cladosporium herbarum 43.20 mg/L
(normal range: 2.02-20.78 mg/L) and Candida albicans 106 mg/L (normal range: 1-29.14 mg/L).

In the biochemical diagnosis, the presence of yellow dye (NBT) and absence of dark bluish black
dye (formazan) was evidenced. Regarding the genetic diagnosis, the presence of the mutation in exon
10 of CYBB (OMIM 306400) (Xp21.1) that encodes the gp91phox protein was demonstrated. The
absence of male brothers together with the presence of a sister with no higher infections than those
of the general population, make us think of a type of inheritance linked to the X chromosome.

3. Discussion

3.1. Pathophysiology

The assembled NADPH (nicotinamide adenine dinucleotide phosphate) oxidase complex is
located in the cytoplasmic membrane of phagocytes, made up of membrane elements such as
flavocytochrome b558 [formed in turn by the proteins gp91phox (phagocyte oxidase) and p22phox
and rapla] and four cytosolic components, the proteins p40phox, p47phox, p67phox and Rac2 [16,17]
(Figure 1).

flavocitocromo b558:
= gp91rtex (phagocyte oxidase)
= pmm
* rapla

Componentes citosolicos:
= pagrhe
. p.g?pi-m
* pG7eha
* Rac2

NADPH NADPH+

Figure 1. Schematic representation of the assembly of the NADPH (nicotinamide adenine
dinucleotide phosphate) oxidase enzyme complex, which generates superoxide anion (0O2-),
hydrogen peroxide (H202), hypochlorous acid (HOCI).

3.2. Diagnostic

The presence of bacterial and fungal infections and granulomas are mainly characteristic of EGC
[18], with the response to viral infections being normal. Bacterial infections are usually symptomatic,
accompanied by fever and leukocytosis; while fungal infections present with less fever and less
leukocytosis. The microorganisms responsible for most infections are Staphylococcus aureus,
Burkholderia cepacia, Serratia marcescens, Nocardia, and Aspergillus [19,20].

Given the clinical finding of frequent severe infections associated with granulomas, CGD should
be suspected. There are two tests available that estimate the formation of reactive oxygen species
(respiratory burst) that assess the function of neutrophils [21,22]:
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¢ Nitrobluetetrazolium (NBT) test, which allows colorimetric evaluation of the ability of
leukocytes to reduce a yellow dye (NBT), where normal phagocytes transform it into formazan
(bluish-black pigment). EGC-carrying mothers would have a mixed population of NBT positive and
negative (+/-) cells.

¢ Test for conversion of dihydrorhodamine-123 (DTH) to rhodamine-123 measured by flow
cytometry, which uses the same principle as the NBT test, but with a different stain, which can also
detect X-carrier status.

Depending on the chromosomal abnormality, CGD can be classified as X-linked or autosomal
recessive. Of the five proteins that make up the enzyme complex, gp91phox is encoded by the CYBB
gene of the X chromosome (OMIM 306400), its mutation is responsible for 65% of CGDs, and
originates the X-linked form. More have been described of 300 mutations described in the CYBB gene
being registered in the XCGDbase (http://bioinf.uta.fi/CYBBbase), of which almost 200 are unique.
Most are distributed in the 13 exons and intron-exon junctions. RNA processing site mutations
represent about 10% of them [19,20].

The genes of the other components of the NADPH oxidase complex, p47, p40 and p67, are
encoded respectively by the genes NCF1 (7q11.23), NCF4 (22q13.1) and NCF2 (1g25), corresponding
to autosomal recessive forms, affecting both sexes [16,21]. The NCF1 gene mutation is responsible for
25% of all CGD, while the NCF4 and NCF2 mutations are responsible for the remaining 10% (5%
each) of all CGD.

3.3. Treatment

Treatment was started with trimethoprim/sulfamethoxazole 400/80 mg every 24 hours via oral,
and antifungal prophylaxis with itraconazole 200 mg every 24 hours orally is added, after which he
does not present serious bacterial or fungal infections, not being able to administer
immunomodulatory treatment with recombinant human Interferon gamma-1b.

Although immunity against viral infections is not affected, influenza vaccination is
recommended due to possible bacterial complications that may arise. Magorlis et al. [24]
demonstrated the effectiveness of itraconazole as antifungal prophylaxis. In the randomized study,
39 patients were assigned to receive placebo or itraconazole for one year. All patients received
antibacterial prophylaxis and most received interferon gamma (IFN-y) prophylaxis. In the placebo
group, 7 invasive fungal infections were reported compared to one case in the group that received
itraconazole 5 mg/kg orally once a day [25,26].

Recombinant human interferon gamma-1b (IFN-vy) is produced in an E. coli expression system.
Gatlin et al. [28] conducted a randomized multicenter study with IFN-y including 128 patients with
CGD, who received IFN-y 50 pg/m?2 or placebo subcutaneously three times a week for an average of
8.9 months. 46% of patients in the placebo group developed at least one serious infection, while only
30% of patients in the placebo group were free of serious infections. IFN-y was shown to reduce the
frequency of serious infections over the 12-month trial period by 77% in IFN-y-treated patients,
compared to 30% in the placebo-treated group (p=0.0006) twenty-one.

It has been pointed out that HSCT is the definitive cure for CGD, obtaining better results in
young patients and with fewer sequelae, although it is also effective in patients with recurrent serious
infections despite prophylaxis, difficult-to-treat infections, or inflammatory diseases [29-31]. Gene
therapy with retroviral and lentiviral vectors can reconstitute NADPH oxidase activity in deficient
cells.

Although studies on HRQoL are scarce in this field, the findings cited in this regard [13-15]
highlight that HRQoL is a variable to be taken into account in the clinical picture of CGD, which must
be evaluated and addressed in order to guide more effective treatments that can cover not only the
clinical picture but also the psychosocial picture, through a multidisciplinary approach, which allows
evaluating and treating these patients and their families, in an integral way, responding to the needs
that they present in all their areas and dimensions.

doi:10.20944/preprints202309.1668.v1
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4. Conclusion

In conclusion, the clinical finding of frequent severe infections associated with granulomas, CGD
should be  suspected. Treatment  of  this  primary  immunodeficiency  is
trimethoprim/sulfamethoxazole and itraconazole. Importantly, it indicated that the mutation in exon
10 of CYBB (Xp21.1) that encodes the gp91phox might influence the pathogenesis of CGD. In the
resolution of this clinical case, the importance of the multidisciplinary approach to
immunodeficiencies was discussed.

Abbreviations

HRQoL health-related quality of life

DTH dihydrorhodamine-123 (DTH)

CGD chronic granulomatous disease

IFN-v interferon gamma-1b

NADPH nicotinamide adenine dinucleotide phosphate
NBT nitrobluetetrazolium test

HSCT hematopoietic stem cell transplantation
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