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Table 164.1 | Patterns of Infections and Other Conditions in Primary Immunodeficiency

ILLNESSES

DISORDER TYPE OF INFECTION OTHER CONDITIONS
Antibody defects Sinopulmonary infections (Streptococcus pneumoniae,  Autoimmune disease (thrombocytopenia, hemolytic

Haemophilus influenzae, or Mycoplasma sp.) anemia, neutropenia)

Gastrointestinal (enteroviruses, Salmonella, Inflammatory bowel disease
Campylobacter, Giardia, norovirus) Lymphadenopathy, splenomegaly
Otitis, mastoiditis
Cell-mediated immunity Pneumonia (Pneumocystis jirovecii), Mycobacterium Failure to thrive
defects avium-intracellulare Splenomegaly, lymphadenopathy

Severe Epstein-Barr infection
Gastrointestinal disease (viruses, cytomegalovirus)
Fungi of the skin, nails, mucous membranes

Defects of phagocytosis Skin, liver, lymph nodes, abscesses

Inflammatory bowel disease

(Staphylococcus, gram-negative bacteria, fungi) Granulomatous infiltrations

Defects of complement Sepsis and other blood-borne encapsulated bacteria; Autoimmune disease (systemic lupus erythematosus,
meningitis, (Streptococcus, Pneumococcus, Neisseria) ANA+, glomerulonephritis)

AMA, Antinuclear antibodies
Frem Leung DYM, Akdis CA, Bacharier LB, et al.,

eds. Pediatric Al

lergy Princip.

les and Practice. 4th ed. Philadelphia: Elsevier; 2021, Table 4.1, p. 32.
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Table 171.1 | Diagnostic Approach for Patients with Leukopenia

EVALUATION ASSOCIATED CLINICAL DIAGNOSES
INITIAL EVALUATION
History of acute or chronic leukopenia

General medical history including prior serious, recurrent or
unusual infections and malignancy

Congenital syndromes (severe congenital neutropenia, cyclic neutropenia,
Shwachman-Diamond, Wiskott-Aldrich, Fanconi anemia, dyskeratosis
congenita, glycogen storage disease type Ib, disorders of vesicular

Physical examination: stomatitis, gingivitis, dental defects, warts, transport, GATAZ haploinsufficiency, and primary immunodeficiencies)

lymphedema, congenital anomalies

Spleen size Hypersplenism
History of drug exposure Drug-associated neutropenia
Complete blood count with differential and reticulocyte counts Neutropenia, aplastic anemia, autoimmune cytopenias
IF ANC <1,000/puL
Evaluation of Acute-Onset Neutropenia
Repeat blood counts in 3-4wk Transient myelosuppression (e.g., viral)

Serology and cultures for infectious agents Active or chronic infection with viruses (e.g., EBV, CMV), bacteria,

mycobacteria, rickettsia
Discontinue drug(s) associated with neutropenia Drug-associated neutropenia
Test for antineutrophil antibodies Autoimmune neutropenia

Measure quantitative immunoglobulins (IgG, IgA, IgM, IgE),
lymphocyte subsets

IF ANC <500/uL ON THREE SEPARATE TESTS

Neutropenia associated with disorders of immune function

Bone marrow aspiration and biopsy, with cytogenetics Severe congenital neutropenia, cyclic neutropenia, Shwachman-Diamond

syndrome, myelokathexis; chronic benign or idiopathic neutropenia;
reticular dysgenesis

Glucocorticoid stimulation test

Serial CBCs (3/wk for 6wk)

Chronic benign or idiopathic neutropenia, some autoimmune neutropenias
Cyclic neutropenia

Exocrine pancreatic function Shwachman-Diamond syndrome
Skeletal radiographs

IF ALC <1,000/pL

Shwachman-Diamond syndrome, cartilage-hair hypoplasia, Fanconi anemia

Repeat blood counts in 3-4 wk
IF ALC <1,000/uL THREE SEPARATE TESTS
HIV antibody or RNA test

Transient leukopenia (e.g., viral)

HIV infection, AIDS

Quantitative immunoglobulins (IgG, IgA, IgM, IgE), vaccine titers, Congenital or acquired disorders of immune function
lymphocyte subsets; qualitative lymphocyte proliferation to
mitogens/antigens

IF THERE 1S PANCYTOPENIA

Bone marrow aspiration and biopsy

Bone marrow cytogenetics and flow cytometry

Copper, vitamin B12 and folate levels

Bone marrow replacement by malignancy, fibrosis, granulomata, storage
cells; aplastic anemia

Myelodysplasia, leukemia

Vitamin deficiencies

ALC, Absoclute lymphocyte count; ANC, absolute neutrophil count; CBC, complete blood count; CMV, cytomegalovirus; EBY, Epstein-Barr virus
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Table 171.2 | Causes of Neutropenia Extrinsic to Marrow Myeloid Cells

CAUSE ETIOLOGIC FACTORS/AGENTS ASSOCIATED FINDINGS

Viruses, bacteria, protozoa, rickettsia,
fungi

Infection Clinical features and laboratory findings of the infectious agent

Phenothiazines, sulfonamides,
anticonvulsants, penicillins,
aminopyrine

Drug induced Usually none; occasional hypersensitivity reaction (fever,
lymphadenopathy, rash, hepatitis, nephritis, pneumonitis,

aplastic anemia) or antineutrophil antibody

Immune neutropenia Alloimmune, autoimmune Myeloid hyperplasia with left shift in bone marrow (may appear

to be “arrested” at metamyelocyte or band stage)

Reticuloendothelial sequestration Hypersplenism Anemia, thrombocytopenia

Bone marrow replacement Myelofibrosis, malignancy (leukemia,

lymphoma, metastatic solid tumor, etc.)

Anemia, thrombocytopenia, marrow fibrosis, malignant cells in
bone marrow sites of extramedullary hematopoiesis

Cancer chemotherapy or radiation Suppression of myeloid cell production  Anemia, thrombocytopenia, bone marrow hypoplasia

therapy
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Table 171.3 | Acquired Disorders of Myeloid Cells

CAUSE
Aplastic anemia

Vitamin By,, copper, or folate deficiency

Acute leukemia, chronic myelogenous
leukemia

Myelodysplasia

Prematurity with birthweight <2kg

Chronic idiopathic neutropenia

Paroxysmal nocturnal hemoglobinuria

ETIOLOGIC FACTORS/AGENTS
Stem cell destruction and depletion

Malnutrition; congenital deficiency of By
absorption, transport, and storage; vitamin
avoidance

Bone marrow replacement with malignant cells
Dysplastic maturation of stem cells

Impaired regulation of myeloid proliferation and
reduced size of postmitotic pool

Impaired myeloid proliferation and/or maturation

Acquired stem cell defect secondary to PIGA gene
variant

ASSOCIATED FINDINGS
Pancytopenia

Megaloblastic anemia, hyper-segmented
neutrophils

Pancytopenia, leukocytosis

Bone marrow hypoplasia with megaloblastoid
red cell precursors, thrombocytopenia

Maternal preeclampsia

None

Pancytopenia, thrombosis (hepatic vein
thrombosis)
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Table 178.1 | Indications for Autologous Hematopoietic

Stem Cell Transplantation for Pediatric
Diseases

* Relapsed Hodgkin or non-Hodgkin lymphoma
e Stage IV or relapsed neuroblastoma

* High-risk, relapsed, or resistant brain tumors
e Stage IV Ewing sarcoma

e Life-threatening autoimmune diseases resistant to conventional
treatments
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Fig. 180.1 Phases of opportunistic infections among allogeneic HSCT recipients. (From Centers for Disease Control and Prevention;
Infectious Disease Society of America; American Society of Blood and Marrow Transplantation. Guidelines for preventing
opportunistic infections among he matopoietic stem cell transplant recipients [published correction appears in MMWR Recomm Rep.
2004 May 14;53(19):396]. MMWR Recomm Rep. 2000;49(RR-10):1-CE7.)
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Table 181.1

EXPOSURE

HSCT experience in general

LATE EFFECT*

Dental abnormalities

Renal toxicity

Hepatic toxicity

Low BMD

Avascular necrosis

Increased risk of second cancers

Adverse psychosocial/quality-of-
life effects

Mental health disorders, risk
behaviors

Psychosocial disability caused by
pain or fatigue

TRANSPLANTATION CONDITIONING

Alkylating agent

Epipodophyllotoxin®

DNA intersecting and cross linking
agents (i.e., platinum, heavy
metal)

TBI*

Cataract (busulfan)
Pulmonary fibrosis (busulfan)
Renal toxicity

Urinary tract toxicity
Gonadal dysfunction
Therapy-related AML/MDS
Bladder cancer

Therapy-related AML/MDS
Ototoxicity

Renal toxicity

Gonadal toxicity

Neurocognitive deficits
Leukoencephalopathy

Cataract

Dental abnormalities

GH deficiency

Hypothyroidism, thyroid nodule
Pulmonary toxicity

Breast tissue hypoplasia
Cardiac toxicity

Renal toxicity

Gonadal dysfunction

Uterine vascular insufficiency
Diabetes

Dyslipidemia

Musculoskeletal growth problems
Second cancers

PRETRANSPLANTATION EXPOSURES (NOT LISTED ABOVE)

Anthracycline/anthraguinone

Cardiac toxicity
Therapy-related AML/MDS
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EXPOSURE
Bleomycin

Cytarabine

Methotrexate

Corticosteroid

Cranial radiation®

Spinal radiation (in addition to
cranial dose)

LATE EFFECT*
Pulmonary toxicity

Neurocognitive deficits
Leukoencephalopathy

Neurocognitive deficits
Leukoencephalopathy
Renal toxicity

Low BMD

Cataract
Low BMD
Avascular necrosis

Neurocognitive deficits

Leukoencephalopathy

Cerebrovascular disease

Cataract

Craniofacial abnormalities

Dental abnormalities,
xerostomia

GH deficiency

Hypothyroidism thyroid nodule

Increased obesity

Precocious puberty

Brain tumor

Cardiac toxicity
Scoliosis/kyphosis,
musculoskeletal problems

AFTER TRANSPLANTATION (NOT LISTED ABOVE)

Chronic GVHD

Tyrosine kinase inhibitor

OTHER EXPOSURES
Blood transfusions

Xerophthalmia

Xerostomia, dental
abnormalities

Pulmonary toxicity

Gastrointestinal strictures

Genitourinary strictures

Skin and joint changes

Immunodeficiency

Second cancers, especially skin,
oral, cervical, lymphoma

Acute cardiac toxicity reported,
but not known to cause late
cardiotoxicity

Hepatitis C, HIV

*Focused on those late effects that can develop or persist even after cessation of therapy.

fincludes etoposide, teniposide.

*At given total dose, risks greater for single-fraction vs fractionated total body irradiation (TBI); single-fraction myeloablative TBI (>500 cGy) now rarely used
SEffects listed are those more likely to be associated with doses used in HSCT survivors (e.g., those given for leukemia treatment, <25 Gy); late effects are more likely if TBI also given.
AML/MDS, Acute myeloid leukemia/myelodysplastic syndrome; BMD, bone mineral density; GH, growth hormone; GVHD, graft-versus-host disease; HSCT, hematopoietic stem cell

transplantation

From Chow EJ, Anderson L, Baker KS, et al. Late Effects Surveillance Recommendations among Survivors of Childhood Hematopoietic Cell Transplantation: A Children’s Oncology
Group Report. Biol Blood Marrow Transplant. 2016;22(5):782-795.

ot S 9ol ol 1

el wy Pzl T as e iy S )3 HSCT cow sl 5l b l5ass S
el 38 156wy M 0 555,65 L 5ley 5 (peye GVHD pizean

(B9 pad Slxio peiins s ()

2ol oo GH (ol el oS 5dgm — wga¥lgd j9ma (59, S (Y

\v#



