Chapter 5
Neutropenia (In Infancy and Childhood)
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Abstract Neutropenia is defined as a decrease in the number of circulating neu-
trophils in the peripheral blood with absolute neutrophil count less than 1000-
1500/pL. Chronic neutropenia in pediatric patients is divided into three groups.
Extrinsic factors, such as antibodies, some drugs, and nutritional deficiencies,
lead to excessive destruction of neutrophils. Autoimmune neutropenia is a benign
form of neutropenia shown in infancy to early childhood. Spontaneous recovery
of neutropenia usually occurs within a few months to a few years. Acquired dis-
orders of myeloid and stem cells present hypoplasia of myeloid cells. Congenital
neutropenia is intrinsic defects in granulocytes or their progenitors and includes
a heterogenous group of disorders. More than ten responsible gene mutations
have been identified in congenital neutropenia. Most common congenital neutro-
penia is due to the gene mutation of neutrophil elastase. The hallmark of pro-
found neutropenia is increased susceptibility to bacterial infections, cutaneous
cellulitis, deep tissue abscesses, pneumonia, and septicemia. Almost patients
with congenital neutropenia have been responded to administration of
G-CSF. However, long-term use of G-CSF has the risk of the development of
MDS/AML, suggesting the necessity of the careful follow-up. Hematopoietic
stem cell transplantation should be considered for the curable treatment in severe
congenital neutropenia.

5.1 Definition and Classification

Neutropenia is defined as a decrease in the number of circulating neutrophils in the
peripheral blood. Normal neutrophil levels should be varied for age, race, and other
factors. Neutrophils predominate at birth, but gradually decrease in the first few
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days of life. During infancy, neutrophils constitute of 20-30% of circulating white
blood cells (WBC). Near same level of neutrophils and lymphocyte is found in the
peripheral blood at the age of 5-6 years. Approximately 60—70% of neutrophils are
observed in the circulating WBC during adolescent. The lower limit for normal
absolute neutrophil counts (ANC) is 1000/uL in infants between 2 weeks and 1 year
of age and that is 1500/uL for children older than 1 year of age. Neutropenia can be
transient or chronic that persists beyond 6 months.

Neutropenia in pediatric patients is classified into three causes, neutropenia
caused by extrinsic to marrow myeloid cells, acquired disorders of myeloid and
stem cells, and intrinsic disorders of proliferation and differentiation of myeloid and
stem cells. The former causes include infections; drug-induced, immune neutron,
and reticuloendothelial sequestration; bone marrow replacement; cancer chemo-
therapy; or radiation therapy to bone marrow.

The second causes consist of aplastic anemia, vitamin B12 or folate deficiency,
acute and chronic leukemia, myelodysplasia, paroxysmal nocturnal hemoglobin-
uria, and chronic idiopathic neutropenia. The third causes are intrinsic disorders
presented in Table 5.1 [1, 2].

Table 5.1 The classification of congenital neutropenias

Disease Mutated gene Inheritance | Associated features
1. Severe congenital
neutropenias
SCN1 ELANE AD Susceptibility to
(elastase deficiency) myelodysplastic syndrome/
acute myelogenous leukemia
SCN2 (GFI1 GFI11 B/T lymphopenia
deficiency)
SCN3 HAX1 AR Cognitive and neurological
(Kostmann disease) defects, susceptibility to
myelodysplastic syndrome/
acute myelogenous leukemia
SCN4 (G6PC3 G6PC3 AR Structural heart defects,
deficiency) urogenital abnormalities,
inner ear deafness, venous
angiectasis of trunks and
limbs
SCNS (VPS45 VPS45 AR Extramedullary
deficiency) hematopoiesis, bone marrow
fibrosis, nephromegaly
2. Glycogen storage G6PTI AR Fasting hypoglycemia, lactic
disease type 1b acidosis, hyperlipidemia,
hepatomegaly
3. Cyclic neutropenia ELANE AD Oscillations of other
leukocytes and platelets
4. X-linked neutropenia/ WAS XL, gain of | Monocytopenia
myelodysplasia function
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Table 5.1 (continued)

Disease Mutated gene Inheritance | Associated features
5. P14/LAMTOR2 ROBLD3/LAMTOR?2 | AR Hypogammaglobulinemia,
deficiency partial albinism, growth
failure
6. Barth syndrome Tafazzin (TAZ) XL Cardiomyopathy, myopathy,
growth retardation
7. Cohen syndrome COHI AR Retinopathy, developmental
delay, facial dysmorphisms
8. Clericuzio syndrome CI60ORF57 AR Poikiloderma,
poikiloderma with myelodysplastic syndrome
neutropnia
9. JAGNI deficiency JAGNI AR Some with a bone phenotype
10. 3-Methylglutaconic CLPB AR Microcephaly,
aciduria hypoglycemia, hypotonia,
ataxia, seizures, cataracts,
IUGR
11. G-CSF receptor CSFR3 AR Poor response to G-CSF
deficiency

5.2 Clinical Manifestations of Neutropenia

The hallmark of neutropenia is increased susceptibility to bacterial infections. The
most types of pyogenic infections observed in patients with neutropenia are cutane-
ous cellulitis, superficial or deep cutaneous abscesses, lymphadenopathy, upper
and/or lower respiratory tract infections, and septicemia. Stomatitis, gingivitis, and
periodontitis are often chronic problems, resulting in the loss of teeth. Perianal and
perirectal inflammation and otitis media occur as well. Susceptibility to bacterial
infection even in patients with severe neutropenia can be quite variable, depending
on the underlying pathophysiology.

The representative disorders presenting neutropenia in infancy and childhood are
described as follows.

5.3 Neutropenia Caused by Intrinsic Defects of Neutrophils
or Their Progenitors (Congenital Neutropenia)

The current classification of congenital neutropenia is listed in Table 5.1 with the
modification of the proposal of International Union of Immunological Societies
Expert Committee presented in 2015 [2]. Severe congenital neutropenia (SCN)
includes a heterogenous group of disorders with different responsible gene muta-
tions and is divided into five disorders, SCN1-5. SCN1 is autosomal dominant or
sporadic patterns of inheritance, and in this group of patients, most of them (60—
80%) have diverse mutations in the neutrophil elastase gene (ELANE) [3, 4]. SCN3
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is known as Kostmann disease following recessive pattern of inheritance. Its under-
lying genetic defect is due to homozygous or compound heterozygous mutations in
the HAX1 gene. HAX1 mutations may be associated with neurologic deficits [5, 6].
Most patients with SCN have experienced frequent episodes of bacterial infections.
Prior to the development of granulocyte colony-stimulating factor (G-CSF), patients
died of infections and/or their complications. The administration of G-CSF suc-
ceeds in the increase of ANC and the decrease of infectious episodes in more than
95% of SCN patients. However, patients with SCN requiring the long-term use of
high-dose G-CSF are at risk for developing myelodysplasia/acute myelogenous leu-
kemia [7]. Hematopoietic stem cell transplantation should be considered for the
curable treatment in SCN patients.

Cyclic neutropenia is a rare autosomal dominant disorder and presents in infancy
or childhood. The disorder is characterized by regular, periodic oscillation, with the
ANC ranging from normal to less than 200/uL, mirrored by reciprocal cycling of
monocytes. The mean oscillatory period of the cycle is 21 days. During the neutro-
penic period, almost all patients suffer from malaise, fever, stomatitis, gingivitis,
periodontitis, or pharyngitis, lymph node enlargement, and occasionally pneumo-
nia. Gene sequencing showed mutations in the gene for ELANE, similar to SCN1 [3,
4]. It has been speculated that neutropenia results from activation of apoptotic path-
way by mutant forms of ELANE. Approximately 5—10% of patients developed fatal
overwhelming infection before the availability of G-CSF.

5.4 Increased Destruction of Neutrophils
(Acquired Neutropenia)

Immune-mediated neutropenia is usually associated with the presence of antineu-
trophil antibodies, resulting in the excessive destruction of neutrophils.
Alloimmune neonatal neutropenia occurs after transplacental transfer of mater-
nal alloantibodies. Maternal antibodies are produced by the incompatibility of neu-
trophil antigens between mother and babies, similar mechanism of Rh hemolytic
disease. Infants may be asymptomatic or they may have infections, such as pyo-
derma, omphalitis, and pneumonia. Neutropenia usually resolves by 3 months of
age with the disappearance of circulating antibodies. Treatment consists of support-
ive care and the administration of appropriate antibiotics with or without G-CSF.
Primary autoimmune neutropenia (AIN) is a benign form of neutropenia shown
in infancy to early childhood. Patients usually have moderate to severe neutropenia
with ANC < 500/puL. The median age of presentation is 8 to 10 months ranging
3-30 months. Approximately 90% of children show benign infections, such as pyo-
derma, otitis media, lymphadenopathy, and upper and lower respiratory tract infec-
tions with no life-threatening and responsive-to-standard antibiotics. The ANC
varies from 0 to 500/pL, and monocytosis is common. The bone marrow picture
reveals the myeloid hyperplasia with marked reduction of segmented neutrons due
to their destruction by antibodies. Antineutrophil antibodies are often detected in
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serum by immunofluorescence test using flow cytometry [8]. However, the test
occasionally has false-negative or false-positive results. The careful diagnosis
should be necessary with seeing patients’ clinical course. Spontaneous recovery of
neutron usually occurs within a few months to a few years. The median age at recov-
ery is 30 months ranging 7-72 months. The specific treatment is not generally nec-
essary because severe infection is rare. The administration of appropriate antibiotics
with or without low-dose G-CSF is recommended in severe infections. Prophylactic
use of sulfamethoxazole-trimethoprim is useful for patients suffering from frequent
infections and/or recurrence of otitis media [9].
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