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INTRODUCTION

Glycogen storage diseases (GSD) are a group of rare inherited 
disorders caused by different enzymatic defects in the glycogen 
metabolism. The severity of the disease is highly variable according 
to type and degree of the enzyme activity impairment. GSD type 1 
has a reported incidence of 1/100.000 live births(1), with two major 
subtypes: the most frequent is 1a, which corresponds to 80% of 
cases and is determined by mutations in the glucose-6 phosphatase 
gene(2), and GSD type 1b is the second most important and frequent 
subtype, and it is caused by mutations in the glucose-6 phosphatase 
translocase gene (SLC37A4 gene, also known as G6PT1 gene)(2). 
To this date, no Brazilian long term follow-up studies on GSD 1b 
have been published – there are, however, Brazilian studies on the 
molecular and clinical characterization of GSD 1a(3) and a cross-
sectional analysis on GSD types 1a and 1b(4).

In glycogen storage disease type 1b (GSD 1b), besides the 
clinical and laboratorial manifestations that are common to GSD 
type 1a (hepatomegaly, the characteristic “doll-like” face with “fat 
cheeks”, short stature, hypoglycemia, lactic acidosis, hypertriglic-
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eridemia, and hyperuricemia), patients also develop neutropenia 
and neutrophil dysfunction(5-9), leading to increased susceptibility 
to infections. The pathogenesis of neutropenia in GSD 1b remains 
poorly understood. Different mechanisms have been proposed: 
increased production of  reactive oxygen species(10), abnormal 
neutrophil differentiation(6-11), shorter neutrophil lifespan(6,12) and 
abnormal cytokine profiles(8,13). Furthermore, neutrophils from 
patients with GSD 1b present abnormal mobility, chemotaxis, 
calcium mobilization, respiratory burst and phagocyte activity(7,14).

Granulocyte colony-stimulating factor (G-CSF), a hematopoietic 
growth factor essential for the neutrophil differentiation and func-
tion, has been used for approximately 3 decades as pharmacological 
agent to increase neutrophil count, lifespan, and activation. Its ef-
ficacy and safety as a long term therapy for patients with GSD 1b was 
proven: it significantly reduces the rates of recurrent bacterial infec-
tions and enterocolitis in this particularly susceptible population(15). 

The aim of the present study was to report on the demograph-
ics, genotype, clinical presentation and management of pediatric 
patients presenting with GSD 1b, as well as to characterize com-
plications and clinical course on their follow-up.
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METHODS

A retrospective chart review of  all pediatric patients with 
GSD 1b, who were diagnosed and/or followed at the Clinics Hos-
pital, University of Campinas – São Paulo, Brazil, from July/2000 
to July/2016, was conducted. Subjects were identified from a patient 
registry kept by the senior author. The study was approved by the 
Research Ethics Committee of  University of  Campinas Clinics 
Hospital under Certificate number 61819516.8.00005404, approval 
number 1.846.888.

Two investigators (Takao MMV and Sandy NS) collected data 
from the medical records including: gender, date of birth, age and 
type of initial manifestations, genotype, laboratorial data (alanine 
aminotransferase, blood glucose, lactate, triglycerides, uric acid, and 
neutrophil count), number of infections requiring hospitalization, 
use of  G-CSF use of  antibiotic prophylaxis, and comorbidities. 
Summary statistics was used to describe the data. 

RESULTS

Seven patients were included in the study, five were male, and 
two patients were siblings. The median age at referral was eleven 
months. The diagnosis of  GSD 1b was based on clinical and 
laboratory findings, as well as liver biopsy, and later supported by 
next generation sequencing DNA analysis (confirmed by Sanger 
sequencing) in five cases. Genetic testing was not performed for all 

patients, since this is not routinely available in our public healthcare 
system – this type of request is reserved for selected/ atypical cases, 
upon clear justification of its need, and approval of the indication. 
Gender, age of  symptoms onset, age of  referral, symptoms of 
presentation and genotype (when available) data is summarized 
in TABLE 1. There was a delay between symptoms onset and 
referral. Hypoglycemia was universally reported at presentation, 
in association with seizures in five cases. 

During long term follow-up, there was significant variation in 
terms of metabolic control: hypoglycemia, hypertriglyceridemia, 
hyperlactatemia, hyperuricemia and elevated transaminases were 
often document. TABLE 2 summarizes the broad variation in the 
main laboratory test results – critically abnormal results can be 
noted. 

Persistent and severe neutropenia (defined as less than 500 
neutrophils per microliter in peripheral blood) was treated with 
G-CSF, specially Filgrastim, in all cases. The median age for initia-
tion of G-CSF was 5 years. None of the patients developed any 
serious adverse G-CSF side effect requiring discontinuation of 
this treatment: one patient developed splenomegaly as side effect, 
managed with reduction of  dosage. Four of  the seven patients 
also received prophylactic antibiotics. Despite those measures, 
hospitalizations due to recurrent infections were frequent. Worst 
documented neutropenia, age of  G-CSF initiation, number and 
causes of hospitalizations due to infections and use of antibiotic 
prophylaxis are summarized on TABLE 3. 

TABLE 1. Gender, age of symptoms onset, age of referral, symptoms of presentation and genotype.

Patient Gender Age of symptoms onset Age of referral Presentation Genetics – nucleotide change and exon

#1 Male 1 month 9 months Hepatomegaly and 
hyypoglycemia

c.[654G>A]: c.[654G>A]
Exon 4

#2 Female 6 months 11 months Increased abdominal girth, 
hypoglycemia and seizures

#3 Male 2 months 1 year 1 month Hypoglycemia and seizures
c.[1042_1043delCT]; 
c.[1042_1043delCT]

Exon 11

#4 Male 1 month 11 months Hepatomegaly, hyypoglycemia, 
seizures, recurrent infections

c.[899G>A]; c.[899G>A]
Exon 9

#5 * Female At birth 3 years 5 months
Increased abdominal girth, 
hypoglycemia and recurrent 

infections

c.[703_705delGTG];[1042_1043delCT]
Exons 7 and 11

#6 * Male 1 month 7 months Hepatomegaly, hypoglycemia, 
seizures, hypotonia

c.[703_705delGTG]; [1042_1043delCT]
Exons 7 and 11

#7 Male 4 months 7 months
Hepatomegaly, hyypoglycemia, 

seizures and developmental 
delay

* Patients #5 and #6 are siblings.

TABLE 2. Summary of the range of variation of the main metabolic laboratory results.

Patient Lactate  
(mg/dL)

Alanine 
Aminotransferase (U/L)

Uric acid  
(mg/dL)

Triglycerides  
(mg/dL)

Glycemia  
(mg/dL)

#1 1.2–5.3 2–68 3.7–15.3 57–1447 3–108

#2 1.9–48.2 14–81 5.6–9.6 120–600 56–112

#3 1.9–6.9 26–76 2.5–6.3 269–1192 3–181

#4 2.2–7.4 11–214 4.3–7.5 99–390 48–11

#5 3.3–9.3 29–113 6.2–8 185–562 22–142

#6 2.3–11.7 51–1556 5.5–10.4 71–1361 15–91

#7 1.2–14.9 7–92 5.9–14.1 91–666 38–150
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In our study population, compliance was sub-optimal follow-up 
appointments were frequently missed, medications were irregularly 
administered, poor compliance to starch and dietetic restrictions 
were documented. In most cases, socioeconomic vulnerability was 
an important aggravating factor related to poor compliance. Two pa-
tients developed Crohn-like Inflammatory Bowel Disease, confirmed 
by colonoscopy and were mainly managed with G-CSF, but also 
required intermittent use of systemic corticosteroids. Additionally, 
atopic manifestations were frequently noted: three patients developed 
allergic rhinitis and asthma, and one also presented atopic derma-
titis. All patients were monitored with annual ultrasounds as part 
of surveillance for hepatic adenoma, a well-known complication in 
GSD1(16): detected in one of our patients, who as asymptomatic and 
did not develop any complications. The tumor was better character-
ized with a computed tomography study: solid hyperdense lesion 
with arterial hypervascularization noted in the hepatic segment V, 
measuring 1.3 x 1.2 cm. This lesion has been monitored with ultra-
sound every six months and no significant growth was noted thus 

far. The first patient diagnosed at our Institution died at age 14 years 
and 9 months, due to sepsis of unknown origin. At the end of the 
study follow-up, six patients remained alive, with a median age of 
11 years. Compliance, associated conditions, and age at the end of 
follow-up period are summarized on TABLE 4. 

DISCUSSION

To this date, more than a hundred mutations in the SLC37A4 
determining GSD 1b have been described, according to The Hu-
man Gene Mutation Database®, and novel mutations continue to 
be reported. With a broader use of molecular techniques to support 
the diagnosis and management of  GSD, a genotype-phenotype 
correlation in regards to the severity of the neutropenia has been 
explored, but not well described so far(15,17). All mutations noted 
in our patients have been previously described, and no inference 
in terms genotype-phenotype correlation could be established in 
our case series. 

TABLE 3. Most severe neutropenia, age of G-CSF initiation, history of hospitalizations due to infections, use of antibiotic prophylaxis.

Patient Most severe neutropenia 
(cells/microliter)

Age of G-CSF  
initiation

Number of hospitalizations due to 
infections, and causes

Use of prophylactic 
antibiotics

#1 270 9 years 8 months Four: Gastroenteritis (2) and Sepsis of 
unknown source (2) No

#2 190 8 years 5 months One: Pneumonia
TMP-SMX (poor 

compliance)
Amoxicillin (current)

#3 110 7 years 2 months Three: Gastroenteritis (2) and Pneumonia No

#4 60 2 years 1 month Three: Gastroenteritis, Pneumonia, and 
Laryngitis/Tonsillitis

TMP-SMX (for 1 year 11 
months)

Amoxicillin (current)
#5 219 5 years Four: Gastroenteritis (2) and Pneumonia (2) Amoxicillin (current)

#6 220 1 years 11 months

Eleven: Bronchiolitis, Varicella, Pneumonia, 
Cellulitis, Laryngitis/Tonsillitis, pseudo 
membranous colitis, Dengue, Sepsis of 
unknown source (2), Gastroenteritis (2)

Azithromycin (poor 
compliance)

Amoxicillin (current)

#7 60 1 year 7 months Five: Gastroenteritis 2), Pneumonia (2),  
skin abscess TMP-SMX (current)

G-CSF: granulocyte colony-stimulating factor; TMP-SMX: trimethoprim-sulfamethoxazole.

TABLE 4. Compliance, associated conditions, and age at the end of follow-up period. 

Patient Description of compliance Associated conditions Age at the end of follow-up

#1 Poor: frequently missed follow-up visits, irregular use of 
G-CSF.

IBD
Cataract

Osteoporosis
Severe malnutrition

Died at 14 years 9 months

#2 Regular: missed some follow-up visits, irregular timing in 
the use of starch, poor compliance to some medications.

Asthma
Allergic rhinitis

Constipation
15 years

#3
Regular: periodically irregular routine with the use of 

starch and medications, but never missed follow-up visit; 
predominantly suboptimal metabolic control.

Asthma
Allergic rhinitis

Atopic dermatitis
13 years

#4 Regular: irregular use of G-CSF. IBD
Urticaria 10 years

#5 Poor: frequently missed follow-up visits, predominantly poor 
metabolic control. None 12 years

#6
Poor: frequently missed consultations; predominantly poor 

laboratory control; irregular compliance to starch and dietary 
recommendations; refusal to use prophylactic antibiotics.

Anemia 9 years

#7 Good Asthma
Allergic rhinitis 7 years

G-CSF: granulocyte colony-stimulating factor; IBD: inflammatory bowel disease.
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The primary treatment for GSD type 1 is diet therapy: fructose, 
lactose, and sucrose are avoided, while raw cornstarch is given 
enterally to prevent hypoglycemia. In GSD 1b, the abnormal 
neutrophil count and function adds another layer of complexity 
to the management of the disease: a variety of infectious compli-
cations are frequent in patients with GSD 1b, including infections 
affecting the upper and lower respiratory tracts, gastrointestinal 
and genitourinary tracts, skin and mucous membranes, deep ab-
scesses and sepsis of unknown origin. The main agents involved are 
staphylococci, streptococci and Escherichia coli(5,18). In the present 
study, the infections that most often required hospitalizations for 
treatment were pneumonia and gastroenteritis. 

Prophylactic antibiotics are often used in patients with recurrent 
infections and neutropenia. The benefits of such intervention have 
been broadly demonstrated outside of GSD 1b. It became an of-
ficial recommendation of the European 2002 Consensus Guideline 
for the management of GSD 1, even though it was recognized that 
these benefits were not specifically systematically studied in GSD(18). 
More recently published, the practice guideline of the American 
College of Medical Genetics and Genomics did not provide any 
recommendations in that specific subject(16). Cotrimoxazole or 
trimethoprim-sulfamethoxazole (TMP-SMX) is typically the anti-
biotic of choice(18). In the present case series, the use of TMP-SMX 
was initially used in three of the seven cases, however due to poor 
compliance and mainly complaints of gastrointestinal intolerance, 
it was changed to Amoxicillin in some cases. 

On a different note, there is a growing interest in the use of 
probiotics in GSD 1b, but the evidence remains anecdotal(19). More 
studies are needed to first more broadly the changes in the composi-
tion of the gut microbiota in GSD 1b, and later identify whether 
there will be any specific indications for probiotics in this group of 
patients. A national study has reported dysbiosis in GSD(20), and 
this finding was later corroborated in an Italian study(21). As the 
knowledge in this area is still evolving, probiotics may be costly 
and are not routinely available in our public health system in Brazil, 
none of the patients in the present cohort used probiotics.

Granulocyte colony-stimulating factor is one of  the corner-
stones in the management of GSD 1b. Its use not only has positive 
impact in the neutrophil count and severity of recurrent infections 
(particularly recurrent bacterial infections and enterocolitis)(15), 
but it also constitutes an important component in the treatment 
of the Inflammatory Bowel Disease in GSD 1b(8). In the present 
study, we observed laboratory and clinical response in all patients. 
In our cohort, the mean age of initiation of G-CSF was 5 years, in 
keeping with previous studies that reported development of severe 
neutropenia at the median age of 4.5 years(17). With prolonged use 
of G-CSF in neutropenic patients, the following complications have 
been reported: 1) hypersplenism, splenomegaly(18), and splenic rup-
ture(22,23) – probably resulting from extramedullary hematopoiesis; 
2) bone health related complications – transient or persistent bone 
pain, and osteopenia/osteoporosis(24,25), 3) transient hematologic 
complications – monocytosis, eosinophilia, reticulocytosis, and 
thrombocytopenia; 4) risk of neoplasms – prolonged stimulation 
of the bone marrow may predispose to leukemic transformation(26); 
5) loss of response to treatment; 6) and other less often reported 
complications – chronic urticaria, hepatic adenomas, polycystic 
ovaries, increased uric acid, leukocytoclastic vasculitis; blood-
proliferative glomerulonephritis. Thus, the use of this medication 
requires careful surveillance and constant re-evaluation of  the 
risks and benefits(27), and there is a growing interest in G-CSF 

sparing strategies. In this case series, as in other studies(17), no seri-
ous adverse events related to the use of G-CSF were observed, as 
recommended, all patients were regularly monitored by clinical 
and laboratory evaluations.

It has been suggested that vitamin E also has a role in improv-
ing neutrophil count and reducing the frequency and severity 
of  infections, and its effectiveness in reducing the frequency of 
infection and improving neutropenia has been reported in GSD 
1b patients(28). Although it is easy to argue that vitamin E supple-
mentation would have many advantages over the use of  G-CSF, 
in terms of  route of  administration (oral vs subcutaneous, respec-
tively) and safety/adverse effects, its use as a strategy to reduce or 
avoid G-CSF has not been systematically studied, and the current 
evidence is considered insufficient to recommend routine use of 
vitamin E supplementation alone as a G-CSF sparring strategy. In 
the GSD 1 practice guideline of  the American College of  Medi-
cal Genetics and Genomics vitamin E is mentioned under “other 
dietary considerations”, but it is not officially recommended. 
Considering the relative low cost and safety of  this intervention, 
all our patients have been on daily vitamin E (doses of  400 UI/
day), however in none of  the cases that intervention has clearly 
led to significant weaning of  G-CSF. Assessment of  vitamin E 
levels in our patients was not routinely done, as unfortunately 
this specific laboratory assessment is not customarily available in 
our public health system. Another therapy recently explored is 
the off-label use of  an SGLT2-inhibitor, empagliflozin, typically 
used to treat type 2 diabetes. It was reported to successfully treat 
neutropenia and neutrophil dysfunction in GSD 1b, allowing 
weaning and even discontinuation of  G-CSF(29). This therapy was 
not attempted in any of  our patients. 

Besides neutropenia and neutrophil dysfunction, patients with 
GSD 1b may experience lymphopenia, impaired regulatory T cell 
function ant autoimmunity. The exact mechanism for autoimmun-
ity in these patients is still not well described(30), but several studies 
have reported an increased risk for autoimmune disorders, including 
Inflammatory Bowel Disease (IBD), thyroid autoimmunity, and 
myasthenia gravis. Two of  our patients developed IBD (Crohn 
disease–like enterocolitis): one of  the patients presented with 
recurrent episodes of  vomiting and diarrhea at six years of  age, 
that later progressed to chronic diarrhea, while the second patient 
presented chronic diarrhea at 18 months. The association between 
GSD 1b and IBD has been reported since the late 1970s, and later 
a high prevalence of IBD was noted in GSD (up to 77%)(8). G-CSF 
is the mainstay therapy for IBD in GSD 1b, but not all patients 
respond to it(16). Other therapies, such as salicylates, mesalamine, 
sulfasalazine and prednisone may be necessary(15). In our two cases, 
steroids were temporarily used (prednisone up to 1mg/kg), with 
no associated complications/side effects with a short term course 
of this medication. No other autoimmune diseases were noted in 
our cohort of patients.

GSD 1b management requires frequent follow-up appoint-
ments, regular use of  medications and a restricted diet, with 
scheduled use of  cornstarch. Education about the disease has a 
fundamental role for treatment compliance. Outpatient visits in our 
institution are coordinated to include at least a dietician and the 
pediatric Immunology and Hepatology medical teams at each visit. 
Furthermore, a psychologist is available for patients and caregivers 
on demand or when recommended by the medical teams. Annual 
educational and social events for patients/caregivers have been or-
ganized. Despite all those measures, suboptimal compliance is the 
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reality in most of the cases. More than the well-known difficulties 
of caring for a chronic disease, the irregular supply of medications 
by our public health system, and unfavorable socioeconomic condi-
tions had a negative impact on treatment compliance.

Our study has the well-known limitations of retrospective de-
sign, and additionally our cohort encompasses almost two decades 
of care, when there were significant changes in the understanding 
and therefore in the management of  GSD 1b. Nonetheless, this 
is the first long term follow-up pediatric GSD 1b case series in 
Brazil, in which we report a wide spectrum of  disease severity, 
complications and associated conditions, as well as we discuss cur-
rent recommendations for GSD 1b treatment. Severe neutropenia 
was universally present, and all patients were treated with G-CSF, 
nevertheless, infectious diseases requiring hospitalizations were 
relatively common. The early recognition and medical management 
of  sepsis is fundamental in GSD 1b to avoid a potentially fatal 
outcome, as in these patients not only neutrophil count is affected, 
but also neutrophil function is impaired. In the present cohort of 
patients, managing GSD 1b was noted to be challenging not only 

for the chronic and multisystemic nature of this disease, requiring 
multiple medical and dietary interventions, but also complicated 
by non-medical risk factors, namely socioeconomic vulnerability. 
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RESUMO – Contexto – Glicogenose (GSD) tipo 1b é uma doença multissistêmica em que complicações imunológicas e infecciosas estão presentes, além 

das manifestações metabólicas bem conhecidas da GSD. O tratamento com fator estimulador de colônias de granulócitos (G-CSF) é frequentemente 
indicado no tratamento da neutropenia e doença inflamatória intestinal. Objetivo – Relatar sobre a dados demográficos, genótipo, apresentação clínica, 
manejo e complicações de pacientes pediátricos com GSD tipo 1b (GSD 1b), com atenção especial às complicações relacionadas ao sistema imuno-
lógico. Métodos – Série de casos retrospectiva de sete pacientes com GSD 1b diagnosticados e acompanhados em um hospital universitário terciário 
no Brasil, de julho/2000 a julho/2016. Resultados – A idade média no encaminhamento foi de 14 meses. O diagnóstico de GSD 1b foi baseado em 
achados clínicos e laboratoriais e apoiado por estudos genéticos em cinco casos. Todos os pacientes apresentaram neutropenia, tratada com G-CSF 
– especificamente Filgrastim. As hospitalizações por infecções foram frequentes. Dois pacientes desenvolveram doença inflamatória intestinal. Seis 
pacientes permanecem vivos, um morreu aos 14 anos e 9 meses de idade. A média de idade ao final do acompanhamento foi de 11,5 anos. A adesão 
ao tratamento foi sub-ótima: má adesão aos medicamentos, amido e manejo dietético de GSD foram documentados, e consultas ambulatoriais foram 
frequentemente perdidas. Conclusão – O manejo da GSD 1b é um desafio, não apenas pela natureza crônica e multissistêmica desta doença, mas tam-
bém pelas demandas adicionais relacionadas a restrições dietéticas, uso de múltiplos medicamentos e a necessidade de consultas de acompanhamento 
frequentes; no Brasil, isso ainda é dificultado em um cenário em que frequentemente atendemos pacientes com situação socioeconômica desfavorável 
e com oferta irregular de medicamentos no sistema público de saúde.

DESCITORES – Doença de depósito de glicogênio tipo I. Neutropenia. Doenças inflamatórias intestinais. Doenças do sistema imunitário. Fator estimu-
lador de colônias de granulócitos. Filgrastim. Pediatria. 
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