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Leukocytes, the major cells comprising inflammatory and immune
responses, include neutrophils, T and B lymphocytes, natural killer
(NK) cells, monocytes, eosinophils, and basophils. These cells have
specific functions, such as antibody production by B lymphocytes
or destruction of bacteria by neutrophils, but in no single infectious
disease is the exact role of the cell types completely established. Thus,
whereas neutrophils are classically thought to be critical to host
defense against bacteria, they may also play important roles in defense
against viral infections.
The blood delivers leukocytes to the various tissues from the bone
marrow, where they are produced. Normal blood leukocyte counts are
4.3–10.8 × 109/L, with neutrophils representing 45–74% of the cells,
bands 0–4%, lymphocytes 16–45%, monocytes 4–10%, eosinophils
0–7%, and basophils 0–2%. Variation among individuals and among
different ethnic groups can be substantial, with lower leukocyte
numbers for certain African-American ethnic groups. The various
leukocytes are derived from a common stem cell in the bone marrow.
Three-fourths of the nucleated cells of bone marrow are committed to
the production of leukocytes. Leukocyte maturation in the marrow is
under the regulatory control of a number of different factors, known
as colony-stimulating factors (CSFs) and interleukins (ILs). Because
an alteration in the number and type of leukocytes is often associated
with disease processes, total white blood cell (WBC) count (cells per
μL) and differential counts are informative. This chapter focuses on
neutrophils, monocytes, and eosinophils. Lymphocytes and basophils
are discussed in Chaps. 372e and 376, respectively.
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In addition, patients who receive splenic irradiation for a neoplastic
or autoimmune disease are also functionally hyposplenic. The term
hyposplenism is preferred to asplenism in referring to the physiologic
consequences of splenectomy because asplenia is a rare, specific, and
fatal congenital abnormality in which there is a failure of the left side
of the coelomic cavity (which includes the splenic anlagen) to develop
normally. Infants with asplenia have no spleens, but that is the least of
their problems. The right side of the developing embryo is duplicated
on the left so there is liver where the spleen should be, there are two
right lungs, and the heart comprises two right atria and two right
ventricles.

CHAPTER 80

A common therapeutic indication for splenectomy is traumatic or
iatrogenic splenic rupture. In a fraction of patients with splenic rupture, peritoneal seeding of splenic fragments can lead to splenosis—the
presence of multiple rests of spleen tissue not connected to the portal
circulation. This ectopic spleen tissue may cause pain or gastrointestinal obstruction, as in endometriosis. A large number of hematologic,
immunologic, and congestive causes of splenomegaly can lead to
destruction of one or more cellular blood elements. In the majority
of such cases, splenectomy can correct the cytopenias, particularly
anemia and thrombocytopenia. In a large series of patients seen in two
tertiary care centers, the indication for splenectomy was diagnostic in
10% of patients, therapeutic in 44%, staging for Hodgkin’s disease in
20%, and incidental to another procedure in 26%. Perhaps the only
contraindication to splenectomy is the presence of marrow failure, in
which the enlarged spleen is the only source of hematopoietic tissue.
The absence of the spleen has minimal long-term effects on the
hematologic profile. In the immediate postsplenectomy period, leukocytosis (up to 25,000/μL) and thrombocytosis (up to 1 × 106/μL)
may develop, but within 2–3 weeks, blood cell counts and survival of
each cell lineage are usually normal. The chronic manifestations of
splenectomy are marked variation in size and shape of erythrocytes
(anisocytosis, poikilocytosis) and the presence of Howell-Jolly bodies
(nuclear remnants), Heinz bodies (denatured hemoglobin), basophilic
stippling, and an occasional nucleated erythrocyte in the peripheral
blood. When such erythrocyte abnormalities appear in a patient whose
spleen has not been removed, one should suspect splenic infiltration by
tumor that has interfered with its normal culling and pitting function.
The most serious consequence of splenectomy is increased susceptibility to bacterial infections, particularly those with capsules such as
Streptococcus pneumoniae, Haemophilus influenzae, and some gramnegative enteric organisms. Patients under age 20 years are particularly
susceptible to overwhelming sepsis with S. pneumoniae, and the overall
actuarial risk of sepsis in patients who have had their spleens removed is
about 7% in 10 years. The case–fatality rate for pneumococcal sepsis in
splenectomized patients is 50–80%. About 25% of patients without spleens
will develop a serious infection at some time in their life. The frequency is
highest within the first 3 years after splenectomy. About 15% of the infections are polymicrobial, and lung, skin, and blood are the most common
sites. No increased risk of viral infection has been noted in patients who
have no spleen. The susceptibility to bacterial infections relates to the
inability to remove opsonized bacteria from the bloodstream and a defect
in making antibodies to T cell–independent antigens such as the polysaccharide components of bacterial capsules. Pneumococcal vaccine should
be administered to all patients 2 weeks before elective splenectomy. The
Advisory Committee on Immunization Practices recommends that these
patients receive repeat vaccination 5 years after splenectomy. Efficacy has
not been proven for this group, and the recommendation discounts the
possibility that administration of the vaccine may actually lower the titer
of specific pneumococcal antibodies. A more effective pneumococcal
conjugate vaccine that involves T cells in the response is now available
(Prevenar, 7-valent). The vaccine to Neisseria meningitidis should also be
given to patients in whom elective splenectomy is planned. Although efficacy data for H. influenzae type b vaccine are not available for older children or adults, it may be given to patients who have had a splenectomy.
Splenectomized patients should be educated to consider any unexplained fever as a medical emergency. Prompt medical attention with
evaluation and treatment of suspected bacteremia may be life-saving.
Routine chemoprophylaxis with oral penicillin can result in the emergence of drug-resistant strains and is not recommended.
In addition to an increased susceptibility to bacterial infections,
splenectomized patients are also more susceptible to the parasitic disease babesiosis. The splenectomized patient should avoid areas where
the parasite Babesia is endemic (e.g., Cape Cod, MA).
Surgical removal of the spleen is an obvious cause of hyposplenism.
Patients with sickle cell disease often suffer from autosplenectomy as
a result of splenic destruction by the numerous infarcts associated
with sickle cell crises during childhood. Indeed, the presence of a
palpable spleen in a patient with sickle cell disease after age 5 suggests
a coexisting hemoglobinopathy, e.g., thalassemia or hemoglobin C.

NEUTROPHILS
MATURATION
Important events in neutrophil life are summarized in Fig. 80-1. In
normal humans, neutrophils are produced only in the bone marrow.
The minimum number of stem cells necessary to support hematopoiesis is estimated to be 400–500 at any one time. Human blood
monocytes, tissue macrophages, and stromal cells produce CSFs, hormones required for the growth of monocytes and neutrophils in the
bone marrow. The hematopoietic system not only produces enough
neutrophils (~1.3 × 1011 cells per 80-kg person per day) to carry out
physiologic functions but also has a large reserve stored in the marrow,
which can be mobilized in response to inflammation or infection. An
increase in the number of blood neutrophils is called neutrophilia, and
the presence of immature cells is termed a shift to the left. A decrease
in the number of blood neutrophils is called neutropenia.
Neutrophils and monocytes evolve from pluripotent stem cells
under the influence of cytokines and CSFs (Fig. 80-2). The proliferation phase through the metamyelocyte takes about 1 week, while the
maturation phase from metamyelocyte to mature neutrophil takes
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