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Neutropenia in children
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Eun Sun Yoo, M.D.

Neutropenia is defined as an absolute neutrophil count (ANC) of <1,500/d, and the severity of neutropenia generally can be
graded as mild (1,000-1,500/d.), moderate (500-1,000/d.), or severe (<500/d.), This stratification aids in predicting the risk of
pyogenic infection because the susceptibility to life-threatening infections is significantly increased in patients with prolonged
episodes of severe neutropenia, Especially cancer-related neutropenia carry significant mortality. Neutropenia can develop under
various conditions such as decreased bone marrow production, the sequestering of neutrophils, and increased destruction of
neutrophils in the peripheral blood, Neutropenia is classified according to the etiology as congenital or acquired, with the latter
further defined according to the etiology or pathology. The clinical result is increased risk for infection, which is directly propor-
tional to the severity and duration of the neutropenia, The typical workup of neutropenia starts with a 6-week period in which
complete blood counts are measured twice weekly to document the persistence of the neutropenia and whether a cyclic pat-
tern is present, When persistent neutropenia is diagnosed and no spontaneous recovery occurs within 3 months, a more ex-
tensive evaluation is advised, Treatment is usually unnecessary for most patients with severe neutropenia, as the majority of
patients have a good prognosis, However, for patients who have severe and frequent infections, treatment with filgrastim may
prevent infectious complications and improve quality of life, (Korean J Pediatr 2009;52:633-643)
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Table 1. Relationship of Absolute Neutrophil Count to Risk
of Infection™”

Absolute

neutrophil count/uL Clinical significance & Risk management

>1,500 None
1,000-1,500 No significant risk of infection; fever can
be managed on an outpatient basis
Some risk of infection; fever can occasionally
be managed on an outpatient basis
<500 Significant risk of infection; fever should
always be managed on an inpatient basis
with parenteral antibiotics; few clinical
signs of infection
<200 Very significant risk of infection; fever should
always be managed on an inpatient basis
with parenteral antibiotics; few or no
clinical signs of infection

500-1,000




Table 2. Causes of Neutropenia®”

Neutropenia in children

Congenital Neutropenia

Acquired or Secondary Neutropenia

Kostmann'’s syndrome
Cyclic neutropenia
Shwachman-Diamond syndrome
Familial benign neutropenia
Bone marrow failure syndromes
Fanconi’s anemia”
Dyskeratosis congenita”
Bloom's syndrome”
Amegakaryocytic thrombocytopenia”
Blackfan-Diamond syndrome
Inborn errors of metabolism
Glycogen storage disease 1b
Pearson’s syndrome
Methylmalonic aciduria
Immunodeficiencies
Hyperimmune IgM syndrome
X linked agammaglobulinemia
WHIM syndrome with myelokathexis
Chediak-Higashi syndrome
Reticular dysgenesis
Myeloperoxidase deficiency (spurious)
Cartilage—hair hypoplasia
Barth’s syndrome
Griscelli syndrome
Schimke immuno-osseous dysplasia

Infection
Viral

. o
—Rubella, measles, varicella, parvovirus ,

CMV, EBV, HIV,

hepatitis A, hepatitis B, influenza, RSV

Bacterial

—Mycobacteria tuberculosis, typhoid, brucella, severe bacterial sepsis

Parasitic
Rickettsial

Drugs
Clozapine
Methimazole, propylthiouracil
Dipyrone, naproxen
Carbamazepine, valproic acid
Captopril

Immune-associated
Alloimmune neonatal neutropenia
Autoimmune

—chronic benign neutropenia of

infancy and childhood

Secondary autoimmune neutropenia associated with

systemic lupus erythematosus’,

rheumatoid arthritis

Chronic idiopathic neutropenia
Hypersplenism
Storage disease

Gaucher’s disease

Niemann-Pick disease
Nutritional deficiency

Alcoholism

Vitamin Bj2 or folate deficiency
Complement activation

Hemodialysis

Filtration leukapheresis

Acute respiratory distress syndrome
Malignancy

Myelodysplasia

Acute and chronic leukemia
Hematological disease

Aplastic anemia”

Fanconi anemia”

Hypogammaglobulinemias

Hemophagocytic syndrome”

T cell large granular lymphocytosis
Postchemotherapy

“These may also present with pancytopenia, or other isolated cytopenias.
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Table 3. Various Conditions Causing Neutropenia®®

Condition Inheritance Pathogenesis Occurrence Associated Findings
Acquired
Infection Viral marrow suppression or viral— Common EBV /parvovirus/HHV6/other
induced immune neutropenia
Bacterial sepsis—endotoxin suppression Less common  Severe infection
Drug-induced Direct marrow suppression Common Underlying condition
Immune destruction Less common
Idiosyncratic
Hypersensitivity
Autoimmune Primary (molecular mimicry) Common Monocytosis common
Secondary (SLE, Evans SD)
Newborn immune Alloimmune-maternal sensitization Rare Antigen difference in newborn
and mother
Due to maternal autoimmune neutropenia Maternal neutropenia
Chronic idiopathic Ineffective or decreased production Common Consider also familial benign
neutropenia
Often asymptomatic
Sequestration Hypersplenism Common if spleen Mild neutropenia
is enlarged Enlarged spleen-many causes
Nutritional Vitamin B12 or folic acid deficiency Rare in children = Marrow megaloblastic
Impaired DNA processing Hypersegmented neutrophils
Congenital
Cyclic AD ELA2 mutations 0.5 to 1/106 21-day cycle with fever and
mouth ulcers
Severe congenital AR HAX1 mutations Rare ANC <500/uL.
(Kostmann) Marrow arrest at the promyelocyte stage  (1/1 to 200,000) Leukemia risk of 15% to 20%
Shwachman-Diamond AR SDS gene conversion from the 1/50,000 Pancreatic exocrine
pseudogene, resulting in failure of insufficiency, short stature,
neutrophil production defect in RNA metaphyseal dysplasia,
processing marrow failure, and
Decreased CD34 cells leukemia risk (15%)
Familial benign AD Decreased marrow release Common Africans and Yemenite Jews
Periodontal disease
Fanconi AR Gene (FANC) defects in 1/106 Dysplastic thumbs,
DNA repair pancytopenia, other anomalies
Dyskeratosis congenita XR (also DKC1 (TERC or TERT in AD) mutations Abnormal skin pigmentation,
AR & AD) Telomerase defect, leukoplakia, dystrophic nails
Ribosomal dysfunction
Dysgammaglobulinemia XR CD40 ligand mutations Immune 1 IgG, |IgA, TIgM
or Hyper-IgM (also AR) neutropenia, but antineutrophil Ab (-) May have immune
thrombocytopenia and anemia
Neutropenia only seen in XR
Chediak-Higashi SD AR CHSI1 defect in lysosomal fission Rare | NK and T-cell function
Abnormal protein trafficking Albinism
Decreased neutrophil chemotaxis, Neurologic damage and giant
degranulation & Killing lysosomes
Reticular dysgenesis AR Stem cell failure in lymphoid and Rare Severe combined
myeloid development immunodeficiency with NP
Metabolic glycogen AR G6PT1 mutations 1/105 live births Hypoglycemia, dyslipidemia,

storage disease 1b

(glucose-6-phosphate translocase) in 1b

T uric acid, 1lactic acid, and
neutropenia in most patients

A7+ A
7173

- 636 -

SEhh BuEE A 37 Zael e, P
BEPHAZTS AT 5 Lo dnd A5,
Zolwolok gt

SFofofof s, TFF 7
glote] 44 AEE AA3]



SETHART Sl =4 7139
Shwachman-Diamond %9 715
I} =59 71¥e] b Dyskeratosis congenitag, <3
et 718o] 9JoW Blackfan-Diamond %9 7FsidS 1
HafoF gttt 1hu o7} ok AW 3524 (glycogen sto-
rage disease)9 7FsAd& Gl Folof st} olQo = AlAT
o] Fef7k A=A, W ZEF7] AES T J=A, HEE

Y7t QEAE Eelstelof g

JthH Fanconi HlEY
]

(e} =) 2~
< 1H3E F Uz

ox 30

3. T2{50{0F B ZAt

ool A AFE 3} Lol BFTHLFE] ATt SH B2
of BUPAR WAT MR g Assle] selsjolol B Ea
FrANA A EFFAAE BEAA ohlw Mot &
AggATE BEe] i AUAE Huimolol Fhk Mol
anazd FiEel ol FEPRATS ANRINY
o B AeATIE NP Lo 2SR oF 2
Qe omlaly] WEel WEAd sETRLFHE gel PR
of ghazIgtslojol shv] 25AA} Bash

BFPHARES AWEI9e DL AAEE Table 45 2

Table 4. Laboratory Evaluation of Patients with Neutropenia

Neutropenia in children
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Test Point to be investigated

Related conditions

CBC & differential count

Severity of ANC

Presence of anemia, thrombocytopenia

Are the neutrophil hypersegmented?
The presence of atypical lymphocyte
Are monocyte increased?

Is there a cyclic or chronic pattern?
Screen for immune mediated neutropenia

Anti-neutrophil Ab

Cooms test (Direct antiglobulin test) Detect Ab to RBC

Antinuclear antibody
Anti-DNA antibody
Complement

Immune globulins (IgA, IgG, IgM, IgE) Screen for underlying immunodeficiency

Cellular immunity (PPD skin test)
T-, B-cell, NK cells

Plasma and urine amino acid screening Screen for metabolic disease

Screen for nutritional deficiency

No maturation beyond promyelocytic stage
Myeloid hyperplasia with few band or neutrophil

Serum vitamin By, folic acid, copper
Marrow examination

Confirm decreased ANC
Morphologic abnormalities of neutrophil

Screen for systemic autoimmune disease

Indicated in all
Chediack-Higashi syndrome

Involvement of malignancy or
other hematologic disorder
Vitamin B12 deficiency
Infection

Cyclic neutropenia
Autoimmune neutropenia.
Evans syndrome

Systemic lupus erythematosus
Collagen vascular disease
Systemic lupus erythematosus

Dysgammaglobulinemia
T-lymphoproliferative disease
Inherited cause of immunodeficiency
Evidence of metabolic disease
Nutritional neutropenia

Severe congenital neutropenia
Immune neutropenia

Replaced by malignancy, myelodysplasia

Epinephrine stimulation tests
(0.1 mL 1:1000 epinephrine SC)
Cortisone stimulation tests
Typhoid stimulation tests

Estimate of marginating granulocyte reserve pool

Estimate of bone marrow granulocyte reserve pool
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Incidental finding on CBC
|

Neutropenia

False positive

Repeat CBC. with PB smear —l

I_ True Neutropenia ‘

If anemia I [ 1
and/or thrombocytopenia 4 .
ytop Well child with Sick child with recurrent
J mucocutaneous infection severe infection
+ Bone marrow examination
& cytogenetics Repeat CBC, 2-3 times/week .
) ) for 6-8 weeks + Bone marrow examination
for congenital disorder | M
for malignancy / | for malii;nancy
for aplastic anemia Resolve C 'clic Chronic . . )
(Faficon dneis) y persistant :or :piastli(Fancc?mL.ane;nla
for hemophagocytic disorder l for MEETSOP agocytic disorder
or

for MDS ‘
+ Serum folic acid & Vit, B12 Viral infection
for nutritional deficiency '

« Palpable spleen Cyclic neutropenia for low proliferation-to-maturing

(Hypersplenism)

Fig. 1. Algorithm for evaluation of neutropenia.

« Anti-neutrophil Ab
(for immune, SLE)
* BM examination

for GSD type 1b
» Immunoglobulin levels
for Ig deficiency
* T-cell & B-cell function
for reticular dysgenesis
+» Pancreatic function
(Shwachman-Diamond SD)

granulocyte cell ratio
(idiopathic neutropenia)

for maturation arrest
(cyclic neutropenia)

for megalobblastic cellularity
(Vit. B12, folic acid)

for absence of neutrophil
(immune neutropenia)

« Familial benign neutropenia
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Neutropenia in children
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