418

TABLE 80-1 Causes of Neutropenia

PART 2
Cardinal Manifestations and Presentation of Diseases

Decreased Production
Drug-induced—alkylating agents (nitrogen mustard, busulfan, chlorambucil, cyclophosphamide); antimetabolites (methotrexate, 6-mercaptopurine,
5-flucytosine); noncytotoxic agents (antibiotics [chloramphenicol, penicillins,
sulfonamides], phenothiazines, tranquilizers [meprobamate], anticonvulsants
[carbamazepine], antipsychotics [clozapine], certain diuretics, anti-inflammatory agents, antithyroid drugs, many others)
Hematologic diseases—idiopathic, cyclic neutropenia, Chédiak-Higashi syndrome, aplastic anemia, infantile genetic disorders (see text)
Tumor invasion, myelofibrosis
Nutritional deficiency—vitamin B12, folate (especially alcoholics)
Infection—tuberculosis, typhoid fever, brucellosis, tularemia, measles, infectious mononucleosis, malaria, viral hepatitis, leishmaniasis, AIDS
Peripheral Destruction
Antineutrophil antibodies and/or splenic or lung trapping
Autoimmune disorders—Felty’s syndrome, rheumatoid arthritis, lupus erythematosus
Drugs as haptens—aminopyrine, α-methyldopa, phenylbutazone, mercurial
diuretics, some phenothiazines
Granulomatosis with polyangiitis (Wegener’s)
Peripheral Pooling (Transient Neutropenia)
Overwhelming bacterial infection (acute endotoxemia)
Hemodialysis
Cardiopulmonary bypass

administration of the drug. Although any drug can cause this form of
neutropenia, the most frequent causes are commonly used antibiotics,
such as sulfa-containing compounds, penicillins, and cephalosporins.
Fever and eosinophilia may also be associated with drug reactions,
but often these signs are not present. Drug-induced neutropenia can
be severe, but discontinuation of the sensitizing drug is sufficient for
recovery, which is usually seen within 5–7 days and is complete by
10 days. Readministration of the sensitizing drug should be avoided,
because abrupt neutropenia will often result. For this reason, diagnostic challenge should be avoided.
Autoimmune neutropenias caused by circulating antineutrophil
antibodies are another form of acquired neutropenia that results in
increased destruction of neutrophils. Acquired neutropenia may also
be seen with viral infections, including infection with HIV. Acquired
neutropenia may be cyclic in nature, occurring at intervals of several
weeks. Acquired cyclic or stable neutropenia may be associated with an
expansion of large granular lymphocytes (LGLs), which may be T cells,
NK cells, or NK-like cells. Patients with large granular lymphocytosis
may have moderate blood and bone marrow lymphocytosis, neutropenia, polyclonal hypergammaglobulinemia, splenomegaly, rheumatoid
arthritis, and absence of lymphadenopathy. Such patients may have
a chronic and relatively stable course. Recurrent bacterial infections
are frequent. Benign and malignant forms of this syndrome occur. In
some patients, a spontaneous regression has occurred even after 11
years, suggesting an immunoregulatory defect as the basis for at least
one form of the disorder. Glucocorticoids, cyclosporine, and methotrexate are commonly used to manage these cytopenias.
Hereditary Neutropenias Hereditary neutropenias are rare and may
manifest in early childhood as a profound constant neutropenia or
agranulocytosis. Congenital forms of neutropenia include Kostmann’s
syndrome (neutrophil count <100/μL), which is often fatal and due
to mutations in the antiapoptosis gene HAX-1; severe chronic neutropenia (neutrophil count of 300–1500/μL) due to mutations in
neutrophil elastase (ELANE); hereditary cyclic neutropenia, or, more
appropriately, cyclic hematopoiesis, also due to mutations in neutrophil elastase (ELANE); the cartilage-hair hypoplasia syndrome due to
mutations in the mitochondrial RNA-processing endoribonuclease
RMRP; Shwachman-Diamond syndrome associated with pancreatic
insufficiency due to mutations in the Shwachman-Bodian-Diamond
syndrome gene SBDS; the WHIM (warts, hypogammaglobulinemia,
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infections, myelokathexis [retention of WBCs in the marrow]) syndrome, characterized by neutrophil hypersegmentation and bone
marrow myeloid arrest due to mutations in the chemokine receptor
CXCR4; and neutropenias associated with other immune defects, such
as X-linked agammaglobulinemia, Wiskott-Aldrich syndrome, and
CD40 ligand deficiency. Mutations in the G-CSF receptor can develop
in severe congenital neutropenia and are linked to leukemia. Absence
of both myeloid and lymphoid cells is seen in reticular dysgenesis, due
to mutations in the nuclear genome-encoded mitochondrial enzyme
adenylate kinase-2 (AK2).
Maternal factors can be associated with neutropenia in the newborn. Transplacental transfer of IgG directed against antigens on fetal
neutrophils can result in peripheral destruction. Drugs (e.g., thiazides)
ingested during pregnancy can cause neutropenia in the newborn by
either depressed production or peripheral destruction.
In Felty’s syndrome—the triad of rheumatoid arthritis, splenomegaly, and neutropenia (Chap. 380)—spleen-produced antibodies
can shorten neutrophil life span, while large granular lymphocytes can
attack marrow neutrophil precursors. Splenectomy may increase the
neutrophil count in Felty’s syndrome and lower serum neutrophilbinding IgG. Some Felty’s syndrome patients also have neutropenia
associated with an increased number of LGLs. Splenomegaly with
peripheral trapping and destruction of neutrophils is also seen in lysosomal storage diseases and in portal hypertension.
Neutrophilia Neutrophilia results from increased neutrophil production, increased marrow release, or defective margination (Table
80-2). The most important acute cause of neutrophilia is infection. Neutrophilia from acute infection represents both increased
production and increased marrow release. Increased production is
also associated with chronic inflammation and certain myeloproliferative diseases. Increased marrow release and mobilization of the
marginated leukocyte pool are induced by glucocorticoids. Release
of epinephrine, as with vigorous exercise, excitement, or stress, will
demarginate neutrophils in the spleen and lungs and double the
neutrophil count in minutes. Cigarette smoking can elevate neutrophil counts above the normal range. Leukocytosis with cell counts of
10,000–25,000/μL occurs in response to infection and other forms of
acute inflammation and results from both release of the marginated
pool and mobilization of marrow reserves. Persistent neutrophilia with
cell counts of ≥30,000–50,000/μL is called a leukemoid reaction, a term
TABLE 80-2 Causes of Neutrophilia
Increased Production
Idiopathic
Drug-induced—glucocorticoids, G-CSF
Infection—bacterial, fungal, sometimes viral
Inflammation—thermal injury, tissue necrosis, myocardial and pulmonary
infarction, hypersensitivity states, collagen vascular diseases
Myeloproliferative diseases—myelocytic leukemia, myeloid metaplasia, polycythemia vera
Increased Marrow Release
Glucocorticoids
Acute infection (endotoxin)
Inflammation—thermal injury
Decreased or Defective Margination
Drugs—epinephrine, glucocorticoids, nonsteroidal anti-inflammatory agents
Stress, excitement, vigorous exercise
Leukocyte adhesion deficiency type 1 (CD18); leukocyte adhesion deficiency type 2 (selectin ligand, CD15s); leukocyte adhesion deficiency type 3
(FERMT3)
Miscellaneous
Metabolic disorders—ketoacidosis, acute renal failure, eclampsia, acute poisoning
Drugs—lithium
Other—metastatic carcinoma, acute hemorrhage or hemolysis
Abbreviation: G-CSF, granulocyte colony-stimulating factor.
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