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ABSTRACT ‘

Introduction: Chronic granulomatous disease (CGD) is
characterized by a defective microbicidal capacity of phagocytic
cells (monocytes and neutrophils) with high mortality if not early
diagnosed. Patients have recurrent or severe infections and
are susceptible to granulomas in visceral organs, autoimmune
diseases, and inflammatory bowel diseases. Objective and
Method: To report the clinical features and treatment of 5 patients
with CGD. Results: Five patients, 3 boys, with median ages
at symptom onset and diagnosis of 8 months and 48 months,
respectively, were followed for 10 years. Pneumonia (5/5) and
mycobacterial disease (3/5) were the most common initial
manifestations. Pulmonary changes were observed in all cases.
Mutations in the CYBB and NCF1 genes were identified in 3
cases. All patients received antibiotic prophylaxis. Three patients
underwent a hematopoietic stem cell transplant (HSCT) at 7, 18,
and 19 years, with current survival of 4 to 5 years. Conclusion:
Careful monitoring for severe infection with prompt treatment was
crucial for survival. Even though HSCT was performed in late
adolescence, it promoted the cure of CGD in 3 patients.

Keywords: Chronic granulomatous disease, phagocyte, NADPH
oxidases, bone marrow transplantation.

‘ RESUMO

Introducao: A doenca granulomatosa crénica (DGC) é carac-
terizada por um defeito na capacidade microbicida das células
fagociticas (mondcitos e neutrofilos), com alta mortalidade se
ndo diagnosticada precocemente. Os pacientes apresentam
infeccdes recorrentes ou graves, suscetibilidade a granulomas
em o6rgaos profundos, doengas autoimunes e doenga inflama-
téria intestinal. Objetivo e Método: Relato de aspectos clinicos
e do tratamento de cinco pacientes com doenga granulomatosa
cronica. Resultados: Cinco pacientes, trés meninos, medianas
de idade no inicio dos sintomas e diagnéstico de 8 meses e 48
meses, respectivamente, foram estudados por um periodo de
10 anos. Pneumonia (5/5) e doenga micobacteriana (3/5) foram
as manifestagdes iniciais mais comuns. Alteragbes pulmonares
foram observadas em todos os casos. Mutagoes nos genes CYBB
e NCF1 foram identificadas em trés casos. Antibioticoprofilaxia
foi instituida em todos os pacientes e trés foram submetidos ao
transplante de células tronco-hematopoiéticas (TCH), aos 7, 18
e 19 anos e com sobrevida atual entre 4 a 5 anos. Conclusao:
O monitoramento cuidadoso de infecgdes graves com tratamento
imediato foi crucial para a sobrevivéncia. O TCH, mesmo ao final
da adolescéncia, promoveu a cura da DGC em trés pacientes.

Descritores: Doenga granulomatosa crénica, fagécitos, NADPH
oxidases, transplante de medula éssea
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Introduction

Chronic granulomatous disease (CGD) is a severe
primary immunodeficiency or inborn error of immunity
characterized by defective microbicidal function in
phagocytic cells (neutrophils and monocytes).!2 CGD
has an estimated incidence of 1 in 200,000 live births.2
Symptom onset occurs in the first years of life, with
severe infections in the skin, respiratory tract, lymph
nodes, liver, and bones, in addition autoimmune
diseases and susceptibility to granuloma formation
in many organs.24

CGD is caused by mutations in a gene that encodes
proteins of the nicotinamide adenine dinucleotide
oxidase enzyme complex in phagocytic cells. The
CYBB gene, which encodes the gp91phox protein,
causes X-linked CGD, and approximately 70% of
CGD cases are X-linked."2 There are also autosomal
recessive forms resulting from mutations in the NCF1,
NCF2, CYBA, NCF4, and CYBC1 genes."3

Diagnosis is based on: (I) clinical criteria,
including severe bacterial and/or fungal infection
(abscesses, osteomyelitis, lymphadenitis), recurrent
pneumonia, lymphadenopathy and/or hepatomegaly
and/or splenomegaly, obstructive/diffuse granulomas
(gastrointestinal or urogenital tract), and chronic
inflammatory manifestations (colitis, liver abscess,
and fistula formation)*; and (Il) laboratory criteria,
including phagocyte function according to the nitro
blue tetrazolium test (optical microscopy) or a flow
cytometry assay using dihydrorhodamine,24 or
identifying mutation in a gene associated with CGD.-3.
or a definitive diagnosis, at least 1 clinical and 1
laboratory criterion are necessary.*

Conventional treatment for CGD is prophylaxis
with trimethoprim-sulfamethoxazole (5 mg/kg/day
of trimethoprim) and itraconazole 100 mg daily
for patients < 13 years old or < 50 kg; 200 mg
daily for those > 13 years or > 50 kg.23 However,
the only curative treatment is hematopoietic cell
transplantation (HCT).23 In Brazil, data on HCT in
CGD are scarce.>® In this study, we describe 10-year
clinical follow-up in 5 pediatric cases, highlighting
successful HCT in 3 patients.

Description

Five patients with CGD were followed up in the
immunology service of a tertiary pediatric hospital in
the Federal District. Data were collected from patient
records between 2011 and 2021. The confirmatory

tests were performed in cooperation with the
University of Brasilia’s cellularimmunology laboratory
for the nitro blue tetrazolium test and the University
of Sdo Paulo’s human immunology laboratory for
the dihydrorhodamine tests and genetic analysis.
This study was approved by the Plataforma Brasil
Research Ethics Committee.

Clinical features

Three of the 5 patients were boys (60%); the
median age at symptom onset and diagnosis was 8
and 48 months, respectively. Severe pneumonia was
the main initial clinical manifestation of the disease,
being observed in all cases. One child (P-1) had a
history of early deaths in the family due to pneumonia
(2 maternal uncles, 5 maternal cousins, and 1
brother) (Table 1). One patient (P-3) was referred
from the onco-hematology service due to autoimmune
hemolytic anemia associated with severe pneumonia.
Prior to diagnosis, all patients required hospitalization
due to infection; all are currently alive.

Complementary laboratory tests

In the initial immune system assessment,
hypergammaglobulinemia” was observed in 4 of the
5 patients. CD3+ T lymphocytes were elevated in 2
patients (P-1 and P-3), and the absolute number of
natural killer cells® was low in all 5 (Table 1). Tests
to assess the microbicidal capacity of neutrophils
(nitro blue tetrazolium or dihydrorhodamine) and/
or genetic sequencing were performed to confirm
diagnosis in all patients (Table 1). Two patients
presented the following mutations in the CYBB gene:
c.951T>A, in exon 8 (P-1) and c271¢c>T in exon 3
(P-4), confirming the diagnosis of X-linked CGD.
One patient (P-3) presented the autosomal recessive
form, with a ¢.75_76delGT mutation in exon 2 of the
NCF1 gene.

Complementary radiological exams

In all patients, pulmonary sequelae were assessed
with chest computed tomography at diagnosis and
every 2 years thereafter. All patients had abnormal
results on examination, and 3 have had them since
diagnosis (atelectasis [P-1] and pneumonia [P-2 and
P-3]). The most recent radiological findings included:
bronchiolitis obliterans (P-1 and P-5), bronchiectasis
(P-2 and P-3), ground glass opacity (P-1, P-3 and
P-4), and pulmonary nodules (P-1 and P-4).
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Table 1
Clinical and laboratory characteristics of patients with chronic granulomatous disease treated at a pediatric hospital in the Federal
District of Brazil

Patient P-1 P-2 P-3 P-4 P-5
Sex M F F M M
Current age (years) 22 21 11 23 21
Consanguinity No No Yes No No
Family history Yes No No No No
Onset of symptoms 18 months 8 months 23 dias 4 dias 12 months
Age at diagnosis 48 months 96 months 36 months 9 months 228 months
Initial clinical picture PNM PNM, TB, UTI, Reaction to PNM,
sepsis, fungal PNM+DP BCG vaccine, intestinal
meningitis AHA UTI, PNM B
Clinical picture TB, abscess, Osteomyelitis PNM +DP Skin abscess Oral thrush
at follow-up esophageal Skin PNM BOOP
granuloma, abscess Pulmonary
fungal PNM Fungal PNM granuloma
Microorganism Gram positive C. albicans S. epidermidis, Enterobacter NI
Neisseria spp. Zigomiceto B. cepacea S. aureus
Aspergillus sp. E.coli
C. albicans
Leukocyte /pL 18,200 5500 10,400 6300 9500
Lymphocyte /uL 6734 1300 1 6400 2268 2565
Neutrophil/pL 10,010 3600 2500 3213 5510
1gG (mg/dL) 1020 2290 T 1510 T 1043 T 1640 T
IgM (mg/dL) 161 7T 286 T 286 T 82 146
IgA (mg/dL) 3327 3577 2777 226 641 7T
IgE (mg/dL) 3.7 2240 T 26.3 410 274
CD3+/pL 2217 1 1009 1 2849 1083 1 ND
CD4+/pL 966 5120 1406 560 494
CD8+/pL 1209 T 560 1226 464 2271
CD19+/puL 179 161 188 1 260 | 1211
CD56+/puL 1311 48 1 140 1250 28
Functional test NBT + DHR NBT + DHR NBT + DHR NBT DHR
Mutated gene CYBB - NCF1 CYBB -

AHA = autoimmune hemolytic anemia, BOOP = bronchiolitis obliterans organizing pneumonia, DHR = dihydrorhodamine oxidation test, NBT = nitro blue
tetrazolium, NI = not isolated, PD = pleural effusion, PNM = pneumonia, TB = tuberculosis, UTI = urinary tract infection; T and | = values above or below the
reference standard for the Brazilian population.”:8
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Follow-up and therapy

In all patients, prophylaxis with trimethoprim-
sulfamethoxazole and antifungals was applied
according to recommendations.2 ltraconazole was the
antifungal of choice. Ketoconazole and fluconazole
were initially used in two patients (P-1 and P-2) and
were later replaced with itraconazole. Liposomal
amphotericin B and voriconazole were prescribed
as specific treatments for disseminated fungemia
and fungal pneumonia in 2 patients (P-1 and P-2)
(Table 1). Interferon-gamma was used in 2 patients
(P-1 and P-4). All patients had infectious conditions

Table 2

during follow-up that required short-term therapeutic
intervention.

Three of the patients had a confirmed genetic
defect and a more severe clinical condition (P-1, P-3
and P-4; aged between 7 and 19 years) and underwent
HCT at the Federal University of Parana University
Hospital (Table 2). Their current post-HCT survival is
4 years and 4 months (P-1), 4 years and 11 months
(P-3), and 5 years (P-4). In all cases, the graft was
accepted without immunosuppressive treatment. One
patient had a late rejection episode and underwent a
successful second transplant. All patients had normal
dihydrorhodamine test results after HCT.

Patients with chronic granulomatous disease (CGD) who underwent hematopoietic cell transplantation

Patient P-1 P-3 P-4
Sex M F M
HCT age (years) 19 7 18
Donor type Haploidentical, Unrelated, Unrelated,

and compatibility

Cell source

Conditioning

GVHD prophylaxis

Post-HCT
complications

Post-HCT time

Current situation

compatible 5/10

PBSC

BU+FLU+ATG+TBI 200 rads

CY-p6s+SIR+MMF

Acute GVHD in skin
and liver (grade Il)

4y 4m

Alive; 100% donor cells,
clinically stable,
no immunosuppressants,
asthma

compatible 10/10

BM

BU+FLU+ATG

CSP +MTX

Acute skin GVHD,
CMV reactivation, SAH

4y 11m

Alive; 100% donor cells,
no immunosuppressants,
bronchiolitis obliterans,
asymptomatic AHA
pre-BMT

compatible 10/10

BM

BU+FLU+ATG

CSP+MTX

Graft failure/
retransplantation

Sy

Alive, 100% donor cells,
clinically asymptomatic,
no immunosuppressants

AHA = autoimmune hemolytic anemia, BMT = bone marrow transplant, BU = busulfan, CMV = cytomegalovirus, CSP = cyclosporine, CTSP PBSC = peripheral
blood stem cell, CY =cyclophosphamide, FLU =fludarabine, GVHD = graft-versus-host disease, HCT= hematopoietic cell transplantation, MMF = mycophenolate
mofetil, BM = bone marrow, MTX = methotrexate, SAH = systemic arterial hypertension, SIR = sirolimus, TBI = total body irradiation.
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Discussion

Although the prevalence of CGD has been
estimated at 1 in 200,000 in the United States and
Europe?3, it is still unknown in Brazil. In a series
of 71 CGD cases in Latin America (39% Brazilian),
Oliveira-Junior et al.? reported a lower rate based on
Brazil’s population size and international statistics.
The present study included 5 patients with CGD,
most of them male, with symptom onset in the first
year of life but diagnosis around 4 years of age. This
is relevant, since CGD leads to serious (and often
fatal) infections and/or sequelae in various organs,
especially the lungs, early in life. The diagnostic delay
may be due to the fact that patients have difficulty
accessing professionals who are knowledgeable about
the clinical manifestations of inborn errors of immunity,
as observed by Dantas et al. when they interviewed
physicians about the relevant warning signs.12

All patients had respiratory tract infections, some of
them with serious clinical manifestations, such as the
pleural effusion and fungal pneumonia. The spread of
fungal infection to other organs, mainly by Aspergillus
spp., has a high mortality rate and is common in
patients with CGD.210 In this study, however, C.
albicans was the most common species, which may be
related to patient characteristics or technical difficulties
in isolating other fungi. There were no cases of liver
abscess, which are commonly described in patients
with CGD.23 However, E. coli and Enterobacter spp.
were observed, which are uncommon in CGD.

Mycobacterial infection, either by M. tuberculosis,
which causes tuberculosis, or by M. bovis, which
can be introduced through the BCG vaccine, is part
of the clinical spectrum of CGD in countries where
tuberculosis is endemic, as was observed in this
study.®'" A severe adverse reaction to the BCG
vaccine is also an early clinical manifestation of other
inborn errors of immunity, such as severe combined
immunodeficiency.?13 In countries where the vaccine
is mandatory, such as Brazil, it has a major impact
on patient survival. Thus, there have been proposals
to postpone applying the vaccine in children until
immune disorders have been ruled out.?:':13 The lung
abnormalities observed in chest computed tomography
generally result from pneumonia cases occurring prior
to diagnosis, in addition to a chronic inflammatory
process, and can influence patient survival and quality
of life.23 Gastrointestinal manifestations, such as
esophageal granuloma, are common, although, unlike
other studies, we found no cases of colitis.2:3:10

All patients received prophylaxis with trimethoprim-
sulfamethoxazole associated with antifungals, and
there were no relevant adverse effects. Prophylaxis
with trimethoprim-sulfamethoxazole has been an
established practice for more than 40 years and is
effective in reducing infections.?® Since the 1990s,
antifungals, especially itraconazole, have been part
of the therapeutic arsenal for CGD, considerably
reducing deaths due to fungal pneumonia.214

Three patients underwent HCT. Brazilian studies on
HCT for CGD are still scarce.>¢ HCT is indicated for all
patients with poorly controlled CGD and for those with
significant morbidity, such as recurrent life-threatening
infections or progressive lung disease.’ Among
patients with CGD, survival after HCT has increased
due to several factors, such as reduced-toxicity
conditioning, better cell sources and donor selection,
advances in antimicrobial therapy, and younger
age at HCT.61415 However, the procedure is still
considered high-risk and is associated with significant
morbidity and mortality, especially for patients under
14 years of age.'*'®> Two of the transplant patients
were teenagers with several comorbidities and a
high risk of both short- and long-term complications.
They received reduced-toxicity conditioning and the
graft was successful. Two had mild graft-versus-host
disease, which was controlled with corticosteroids,
and they are not immunosuppressed. The other
patient developed secondary graft failure, which was
successfully resolved with a second transplant. This
patient is also alive and has been clinically stable for
more than 4 years since transplantation.

Conclusion

Since CGD is a serious disease with onset of
symptom in childhood, diagnostic suspicion and
early therapeutic intervention can increase survival.
Careful monitoring for serious infections and prompt
treatment are crucial for long-term survival. Periodic
evaluation of pulmonary changes is suggested for
all patients. In Brazil, HCT can be considered a
viable treatment for patients with CGD, even in late
adolescence.
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