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Host Defenses
Mary Jo C. Grant

ESSENTIAL EMBRYOLOGY

H

ost defenses are of considerable importance to the
pediatric critical care nurse because of the age and
vulnerability of the patient population and the complexities
of critical care illness and the critical care environment.
Host defenses may be altered because of developmental,
situational, or congenital stressors. Whatever the process or
mechanism of alteration, the outcome of altered host
defenses ranges from hyperactivity of the immune system, manifested clinically as hypersensitivity (allergies or
autoimmune disease), to hypoactivity of the immune
system, manifested as an increased susceptibility to infection. This chapter focuses on the most common alterations
in host defenses experienced by the pediatric critically ill
patient.
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SUPPORT OF IMMUNE FUNCTION

The fetus and neonate occupy a special niche in terms of
immunity and the external environment. The developing
immune system must learn to tolerate host constituents
while preparing to battle with external pathogens. The fetal
immune system is capable of significant immune reactivity
fairly early in life. Protective immune responses are present
in the human fetus as early as the seventh week of gestation,
shortly after recognizable T cells can be detected. Before
7 to 12 weeks of gestation, protection against infection must
be provided exclusively by the mother. Further protection
of the developing fetus is provided by transplacentally
acquired maternal immunoglobulin G (lgG). Beginning at
8 to 10 weeks and accelerating during the last trimester, this
placental transfer is active and specific for IgG. The
newborn is more susceptible to infection than the adult. The
development of normal immunity is a gradual process,
probably reflecting the effect of progressive and continuous
exposure to antigenic stimulation. The human immune
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Part III

Phenomena of Concern

system matures rapidly; in normal children, most immune
functions assume adult values at 2 to 3 years of age. I

MATURATIONAL ANATOMY
AND PHYSIOLOGY OF
THE IMMUNE SYSTEM
The most notable function of the immune system is host
defense, or the active protection of the host from invading
microorganisms. The other functions of the immune system
are related to host defense but serve in the role of proactive
maintenance. Homeostasis, the second function of the
immune system, is the process by which the immune system
maintains a balance between the old and new immune cells
as a part of normal physiologic functioning. Homeostasis is
the removal of old cells and debris resulting from normal
catabolism, growth, and injury. Homeostasis keeps the
body's internal environment clean and easy to survey. The
third function of the immune system, surveillance, is
the process in which the immune cells differentiate self from
mutated self cells (nonself).
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Human lymphocyte antigens (HLAs) are inherited
from parents: one set of HLAs is inherited from the mother, and the
second set is inherited from the falher. Each set of inherited
antigens is co-dominant (i.e., each set is co-expressed on the
surfaces of the pertinent body cells).
Fig. 15·1

Nonspecific Versus Specific Immunity
Every person, whether healthy or immunocompromised, is
in contact with millions of actual and potential microorganisms on a daily basis. The well-orchestrated, complex, and
efficient cadre of defenses provided through the immune
system is a barrier to these invaders. Host defenses can be
classified as nonspecific or specific. Nonspecific defenses
are generic host responses to a foreign agent. These responses are not tailored to an individual agent but are the
same responses to any agent at any time. Nonspecific host
defenses include first and second lines of defense, the natural barriers and the inflammatory responses, respectively. In
contrast, specific defenses depend on the exposure to a foreign agent, recognition of the agent as foreign, and the host's
individual reaction to that agent. The specific immune responses of the host are the third line of defense and include
humoral immunity (immunoglobulin) and cell-mediated
immunity.

Concept of Human Defense
Normal immune defense is maintained through the protection of self and the destruction of nonself. To perform host
defense, yet maintain the integrity of self, a genetic blueprint
(deoxyribonucleic acid [DNA] code) at the molecular level
assists the immune system in discriminating self from
nonself or altered self. Nonself is composed of foreign or
alien molecular structure and is referred to as antigenic, or
as an antigen.
The specific immune system discriminates between self
and nonself through the major histocompatibility complex
(MHC) molecules for each species. The MHC molecules
specific to the human species are human leukocyte antigens
(HLAs). HLAs are inherited according to mendelian laws,
with a genotype determined by one paternal and one
maternal haplotype. Close relatives share some of these

antigens, whereas identical twins share all of these antigens.
Fig. 15-1 reflects the diagrammatic representation of inheritance of the HLAs in a family.
Although first discovered on white blood cells and coined
"human leukocyte antigens," HLAs are actually located on
the surfaces of most nucleated cells in the body, as well as
platelets. HLAs of the MHC are divided into two classes
(class I and II) based on function, types of cell antigens
expressed on the cell membrane surfaces, and structure.
Class I includes HLAs A, B, and C antigens and is found on
all nucleated cell surfaces and platelets. Class II includes
HLAs D and DR antigens and is located nearly exclusively
on the surfaces of certain immune cells (macrophages and
B lymphocytes).
Once thought to be important only in the transplantation
process, HLAs are now known to playa comprehensive role
in determining self versus nonself and in autoimmune
disease processes. Class I antigens serve as identification
markers of self and assist in the elimination of cells infected
with intracellular microorganisms, mutated or malignant
cells, or rejection of tissue grafts. Class II antigens serve as
identification markers of exogenous antigens and assist in
the elimination of extracellular microorganisms.

The Lymphoid System
The lymphoid system is composed of tissues, organs, and
interconnecting vessels and is responsible for the production, maturation, storage, and activation of host defense
cells, particularly the lymphocytes. The lymphoid system is
divided into primary or secondary lymphoid tissues. Pri-
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mary (central) lymphoid tissue or organs are sites for
lymphopoiesis (development and maturation of B cells and
T cells), whereas secondary (peripheral) lymphoid tissues
and organs are the environment in which immune cells are
activated to conduct host defense.
Although traditionally primary and secondary lymphoid
tissue is categorized as two discrete groups, there are
exceptions to this approach. For instance, the bone marrow,
although thought of as a primary lymphoid organ, is also
considered a secondary lymphoid organ because it stores
lymphocytes. Conversely, the spleen and liver, usually
categorized as secondary organs, can serve as primary
organs. In the face of bone marrow failure, the spleen and
liver can become the centers of hematopoiesis?
Primary Lymphoid Tissue and Organs. The primary (central) lymphoid tissues include the thymus and the
bone marrow. The thymus gland is an encapsulated structure
located in the anterior mediastinum directly behind the
sternum. The thymus is very large relative to fetal body size
at birth (10 to 15 g), reaches peak mass at puberty (30 to
40 g), and then begins and continues to involute throughout
adult life. The primary function of the thymus is the
maturation and differentiation of T cells. In addition, the
production and secretion of thymosin and other thymic
hormones influence lymphopoiesis and the maturation and
differentiation of the various subsets of T cells.
The human bone marrow is the location for hematopoiesis, a series of events that begin with the pluripotent
stem cell and progress to the development of a full line
of functional blood cells. Through hematopoiesis, the
pluripotent stem cell is capable of creating all lines of
differentiated cells, including erythrocytes, granulocytes,
monocytes and macrophages, lymphocytes, and platelets.
In adults, hematopoiesis occurs in red bone marrow
contained primarily in the flat bones, such as the sternum,
ribs, skull, iliac crest, and proximal ends of long bones.
However, in infancy, hematopoiesis occurs in nearly all
bones. The bone marrow is also the location for B cell
maturation and differentiation.
The bone marrow and associated hematopoietic function
may be altered by many diseases and treatments. Malignancies can have a direct impact through bone marrow
infiltration by malignant cells or an indirect impact through
the side effects of cytotoxic agents. Other diseases affect
hematopoiesis through destruction of an indi vidual cell line,
such as that occurring in acquired immunodeficiency
syndrome (AIDS) (helper T cell) or all cell lines, such as
those in aplastic anemia (pluripotent stem cell). Bone
marrow aspiration and biopsy provide quantitative and
qualitative information regarding bone marrow function.
Secondary lymphoid Tissue and Organs. The
secondary organs include the lymph system, spleen, liver,
and the mucosa-associated lymphoid tissues (MALTs),
including the tonsils and Peyer's patches of the gut. The
secondary tissues and organs serve as the environment in
which the white blood cells (WBCs), specifically the
lymphocytes, travel to and enter any part of the body to
perform their host defense functions. Lymphocyte storage
and activation occur in the secondary lymphoid tissues.
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Bone marrow, in addition to being a primary lymphoid
organ, is also a secondary lymphoid organ.
Lymphatic System. The lymphatic system is composed of nodes, lymphatic fluid (lymph), and lymphatic
vessels and is an accessory route by which fluids can flow
from the interstitial spaces into the blood. The lymphatic
vessels parallel the venous system and drain into either the
thoracic duct or the right lymphatic duct and eventually into
the central venous circulation.
The amount of fluid or lymph collected and transported
through the lymphatic system is approximately 120 ml/hr. 3
As the lymph is transported through this network, it also
travels through lymph nodes. Lymph nodes are strategically
located at junctions of lymphatic vessels and are usually
kidney-shaped, bean-size organs. The lymph node serves as
a filtering station for the WBCs to identify, process, and
remove particulate matter or antigens. The lymph node also
adds lymphocytes to the lymph fluid to increase the numbers
of circulating lymphocytes. A lymph node biopsy and
lymphangiography reveal information on the function of the
lymphatic system.
Spleen. The spleen is the largest lymphoid organ and
lies in the upper left quadrant of the child's abdomen. It
comprises two types of tissue: red pulp and white pulp.
The red pulp, containing venous sinusoid areas, is primarily
involved with the destruction and removal of old or
damaged erythrocytes, whereas the white pulp contains
lymphoid tissue. The function of the spleen is to filter the
blood as it travels through the splenic tissue. Antigens are
trapped in the filtering mechanisms, where resident B cells
and T cells are activated and destroy the antigen.
After loss of the spleen (surgical splenectomy or
autosplenectomy resulting from sickle cell anemia), patients
experience an increased risk of overwhelming postsplenectomy infection (OPSI), predominantly from encapsulated
bacteria. In the asplenic pediatric patient, this risk is
exacerbated because of other immunologic deficits, such as
diminished phagocytic and complement function and reduced immunoglobulin levels. In the asplenic patient, the
Ii ver assumes the spleen's role in clearing mature and
damaged red blood cells (RBCS)2
Liver. Located in the upper right quadrant of the
abdomen, the liver serves as a filtering organ for the blood
returning from the gastrointestinal (GI) tract. Venous
sinusoids within the liver are lined with large, fixed
macrophages, referred to as Kupffer cells, which are highly
phagocytic. Because venous portal blood has drained from
the intestines, it usually contains considerable quantities of
particulate matter and bacteria. Kupffer cells are capable of
removing more than 99% of all particulate matter in the
portal venous blood before the blood completes its course
through the entire sinusoidal passages. 4
Laboratory tests, such as for hepatic enzymes and
bilirubin, can indicate the quality of liver function. A liver
biopsy or noninvasive procedures, such as computed tomography (CT) or magnetic resonance imaging (MRI), provide
information on the structure and function of the liver.
Mucosa-Associated Lymphoid Tissues. Throughout the body there are dispersed aggregates of nonencapsu-
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15-1 Normal White Blood Cell
(WBC) Values

TABLE

leu Type

Differential (%)

Absolute
Number (mm 3 )

100
9000-30,000
9400-34.000
5000-19,500
6000-17,500
5500-15,500
4500-11,000
5000-10,000

<I

3000-7000
2800-5600
150-600
50-400
25-100

2-8

100-800

60-70
56
3-6
2-5

20-40
60-88*
3-21 *
5-10*

1000-4000
600-2200
100-400
50-400

, ":'.odified from Tribelt D: Immune system function: implications for
i;4':ritical care nursing practice. Crit Care Nurs Cli" North Am 1:727,
:: 89; Behrman RE, Vaughn VC TIl, eds: Nelson/ex/book o/pediatrics.

.:. 13, Philadelphia. 1989. WB Saunders.
.Percentage of total lymphocyte count rather than percentage of lotal
~C count.

lated lymphoid tissues. These tissues, MALTs, are found in
a variety of places, especially in the submucosal areas of the
Gl (peyer's patches, tonsils), respiratory, and urogenital
tracts. s These tissues function like other secondary lymphoid tissues but are strategically placed close to potential
sites of invasion. Both macrophages and lymphocytes are
present to allow nonspecific and specific activity, respectively, to occur as needed.

Cells of Host Defense
White Blood Cells. WBCs, or leukocytes, are the
mobile units of the immune system and are colorless blood
cells that defend the body against infection. These cells are
categorized as granulocytes, monocytes and macrophages,
and lymphocytes. Granulocytes are critical in engulfing and
phagocytizing microorganisms and are nonspecific in nature. They are further categorized as neutrophils, eosinophils, and basophils. Monocytes and macrophages also
engulf microorganisms but more importantly are a link
between the nonspecific and specific immune responses.
Lymphocytes (B and T cells) are the key players in specific.
acquired response. Table 15-1 reviews the normal values for
each of the WBCs, and each is discussed separately.
Neutrophils develop and mature in the bone marrow for
approximately 10 days. They spend approximately 12 hours
in the circulation before migrating to the tissues, where they

live for only a few days. The primary function of neutrophils
is to move to the site of invasion and destroy microorganisms through the process of phagocytosis. Neutrophils are
the first WBCs to respond and the most numerous WBCs
found at the site of tissue injury.
A mature neutrophil is described as a polymorphonuclear
leukocyte (PMNL) or segmented neutrophil because of the
appearance of the nucleus. Normally, segmented neutrophils
or "segs" constitute the majority of circulating neutrophils.
Neutrophilia, an increased number of circulating neutrophils, is often accompanied by an increase in the number of
bands because the bone marrow releases a supply of neutrophils in response to the body's demands without regard to
the cell's maturity or readiness for release. Neutrophilia is
also observed in situations that stimulate secretion of epinephrine, adrenocorticotropic hormone (ACTH), or adrenal
corticosteroids and cause increases in cardiac output. Therefore neutrophilia is observed in patients experiencing infection; stress response from surgery, hemorrhage, or emotional
distress; and metabolic disorders, such as diabetes. The presence of greater than normal numbers of immature neutrophils in the circulation (neutrophilia) is clinically significant
because the immature neutrophil's ability to phagocytize is
less effective than that of a mature neutrophil and. more
importantly, may signify that a problem exists.
Neutropenia, a decreased number of circulating neutrophils, is often associated with a pathologic or malignant
condition. Conditions such as aplastic anemia or treatment
with cytotoxic agents result in neutropenia. Neutropenia is
technically defined as less than 3000 cells/mm 3 of absolute
neutrophils.
Eosinophils. Eosinophils account for approximately
2% to 5% of the circulating WBCs in healthy, nonallergic
individuals but up to 50% in patients with parasitic
infections or (less often) allergic conditions. 6 Following
maturation in the bone marrow, the eosinophil is released
into the circulation and remains there for a brief time before
migrating to the tissues. Unlike other cells, eosinophils can
recirculate back and forth from the circulation to the tissues.
Their time in the tissues is approximately 12 days. Although
eosinophils have the ability to phagocytize, the process is
less efficient than that of the neutrophil. The eosinophil's
role in host defense is not exactly known but is believed to
be involved in the "turning off" of the immune response
because it arrives last to the site of infection.
Eosinophils, like neutrophils, basophils, and mast cells,
can be triggered to degranulate. Degranulation is the process
in which intracellular granules fuse with the target cell's
plasma membrane and cellular contents are released to the
outside of the cell. If the target is too large to phagocytize,
the eosinophils can shower the target with toxins located in
their granules.
As previously mentioned, eosinophilia, an increased
number of circulating eosinophils, is observed in patients
with parasitic infection and allergic conditions. It is also
observed in patients with chronic skin infections, GI
conditions, such as ulcerative colitis and Crohn's disease,
and rare conditions such as hypereosinophilia. Eosinopenia,
a decreased number of circulating eosinophils. is observed
in pi atients with acute mononucleosis and other acute
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infections, as well as conditions or therapies stimulating
adrenal steroid production.
Basophils and Mast Cells. Basophils represent the
smallest proportion of granulocytes in the circulation,
usually less than I% of circulating WBCs. The basophil's
production, distribution, and lifespan are not thoroughly
understood. Basophils possess granules containing heparin,
histamine, and other mediators, which can degranulate with
the proper stimulus. Basophilia, an increased number of
circulating basophils, is seen in leukemia and is seen less
often with allergies and infectious diseases such as tuberculosis, influenza, and chickenpox. A decreased basophil
count is observed in patients with allergic reactions or in
those who are receiving prolonged steroid therapy.
The mast cell is often indistinguishable from the basophil,
but the two cells do differ. Mast cells do not circulate in the
bloodstream but instead are found throughout the body's
tissues, particularly the skin and mucosal linings of the
respiratory and GI tracts. Like the basophil, mast cells store
granules with histamine and other potent mediators that are
important in the inflammatory response and tissue repair.
When the mast cell or basophil is inappropriately activated,
these granules may lead to an allergic response. Because mast
cells do not cirCUlate, the suffixes "philia" and "penia" are
not usually used to refer to abnormal numbers of mast cells.
An abnormal accumulation of mast cells is termed mastocytosis and can range from benign skin lesions to organ
infiltration resulting in organ dysfunction and death.
Monocytes and Macrophages. Monocytes are
large, nongranular leukocytes with kidney-shaped nuclei
that make up 2% to 8% of total circulating WBCs. After
their release from the bone marrow, monocytes spend only
a brief time in the circulatory system (12 days) before they
migrate to their primary site of action, the tissues. Following
migration into the tissue, monocytes undergo differentiation
into macrophages. Like neutrophils, monocytes (in the
circulatory system) and macrophages (free and fixed, but
usually in various tissues) have the ability to phagocytize.
Because monocytes are circulating WBCs, they can be
quantified in the differential WBC count. Monocytosis, an
increase in the number of circulating monocytes, is observed
in patients with viral, parasitic, or rickettsial infections,
although this finding may indicate a recovery phase and may
be a favorable sign. A decrease in the circulating monocyte
count, monocytopenia, is not clinically significant but may
be observed in patients with human immunodeficiency virus
(HlV) infection or in patients receiving prednisone therapy.
The macrophage is capable of phagocytizing larger and
greater numbers of particles than the neutrophil. It has a
primary role in nonspecific defense through its phagocytic
activities but also in specific defense by its processing and
presentation of the antigen to the helper T cell. Thus the
macrophage serves as a link between the nonspecific and
specific host defenses. The macrophage is also involved in
the production and release of cytokines. It produces
interleukin-I (IL-I), a known pyrogen and mediator of the
inflammatory response. The macrophage also produces
interferon in the presence of viral invasion.
Lymphocytes. The lymphocyte is a small, mononuclear cell that makes up 20% to 40% of the circulating
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WBCs. The lymphocyte is produced in the bone marrow and
migrates to other parts of the body for differentiation and
maturation into several distinct subsets of lymphocytes.
Lymphocyte subsets include B cells. T cells, and natural
killer (NK) cells based on differences in their immune
function and surface molecules (phenotypic markers).
Although these cells are normally measured in the
periphery, lymphocytes circulate through a network of
interconnected passages referred to as the recirculating
pathway. In the recirculating pathway, lymphocytes survey
the body for invading organisms or antigens by traveling
among the blood, lymphatic vessels, lymphoid tissue, and
bone marrow and back to the blood. Lymphocytes can also
be found in specialized tissue collections, spleen, thymus,
mucosa of the GI tract, and many other body tissues.
Lymphocytosis, an increase in the number of circulating
lymphocytes, is seen in patients with viral infections, such
as infectious mononucleosis and infectious hepatitis, lymphocytic leukemia, and lymphoma. Lymphopenia, a decrease in the number of lymphocytes, is commonly seen in
patients with congenital immunodeficiencies, AIDS, uremia,
or Cushing's disease or after the administration of cortisol
or ACTH.
B Cells. B cells make up approximately 10% to 15% of
the total lymphocyte count, with alterations in the number
of B cells considered clinically significant (Table 15-2). The
B cell is primarily responsible for humoral immunity
through its transformation into a plasma cell that secretes
immunoglobulin. Humoral immunity primarily protects the
host from bacterial infection and viral invasion.
The term immunoglobulin refers to a group of serum
proteins that are composed of antibody molecules. Immunoglobulins are specialized molecules synthesized by
plasma cells serving as flexible adapters connecting immune
cells and antigens. Antibody is the term reserved for an
individual immunoglobulin molecule, one for which the
"destiny" antigen is known. The primary purpose of the
antibody is to bind to its destiny or predetermined antigen
and either neutralize it or enable the cells of the immune
system to destroy it.
Immunoglobulins are composed of polypeptides (chains
of amino acids) formed into a basic Y-shaped structure. The
basic immunoglobulin molecule consists of two identical
long (heavy) chains and two identical short (light) chains
held together by chemical bonds (Fig. 15-2). Both the heavy
and the light chains have a variable segment at one end of
the molecule and a constant segment at the other end of the
molecule. The variable segment binds to the antigen for
which it was made, and is referred to as the antigen-binding
fragment (Fab)7 Although the variable segment is unique,
the sequence of amino acids that creates the constant
segment of the immunoglobulin molecule remains identical
within each class of immunoglobulin and is thus referred to
as the constant fragment (Fc).
Human immunoglobulin molecules are divided into five
classes based on the structure of their constant segments:
IgG, IgA, IgM, IgE, and IgD. Phagocytes and other immune
cells have receptors on their surfaces into which the constant
Fc portion of the Ig molecule fits. This receptor is called an
Fc receptor. Table 15-3 is a review of the major classes of
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15·2

Lymphocytes: Laboratory Analysis and Clinical Significance of Alterations

!!.:teU
Type
--- ,!

it
cells
i!':i

Total Lymphocyte Count (%)

Absolute Count (per mm 3 )*

Clinical Significance of Alterations

60-88

600-2200

Decreased:
Malignant disease
AIDS
Postviral infection (temporary)
Severe combined immunodeficiency
DiGeorge syndrome
Nezelof syndrome
Increased:
Graves' disease

34-67

493- 1191

Decreased:
AIDS

10-49

182-785

Decreased:
Overall lymphopenia

3-21

100-400

Decreased:
X-linked hypogammaglobulinemia
Selective deficiency of IgG/IgNIgM
Lymphoma
Multiple myeloma
Nephrotic syndrome

5-10

50-400

i~

;$"''''

~J:

fiLl
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~:
~:E
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~~
[['

!~f

!!\'}Ielper T

!i.i'
f!.~:
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l\:ytotoxic-suppressor T
&~
n,

f;]j;B cells

Ij,
li~

~i;j

Increased:
Lymphocytic leukemia
Lupus erythematosus

IJl from Fischbach Ff: A manual of laboratory and diagnosis lesls, ed 4, Philadelphia, 1992, JB Lippincott; Tribett D; Immune system function:
~mplicalions for critical care nursing practice, Crit Care Nurs North Am 1:727, 1989.
~,: esc values most accurately reneci the older child or adolescent. Recent evidence reveals that absolute lymphocyte counts may be higher in the infant

,,_

~lind
~.

young child.

Antigen-binding site

••

Variable
region (Fab)

II Constant
region (Fc)

Fig, 1S-2 Structure of immunoglobulin molecule. Fab segment is
variable and attaches to its destiny or predetermined antigen. Fc
segment can attach to any cell that has an Fc receptor. (From
Schindler LW: The immune sysrem-how il IVorks. United States
Department of Health and Human Services, Bethesda, Md. NIH
publication number 92-3229, p. 6, 1992.)

human immunoglobulins with their respective serum levels,
mechanisms of action, and location.
T Cells. After production in the bone marrow, T
cells differentiate in the thymus and are rereleased into the
circulation, where they make up 80% of all lymphocytes. In
general, T cells are responsible for cell-mediated immunity,
which protects the host from infections with intracellular
organisms, such as viruses, fungi, protozoa, and helminth

parasites. T cells are also involved in the elimination of
mutant or tumor cells and are involved in the immune
response triggered during tissue graft or organ transplant
rejection.
During differentiation in the thymus, T cells develop
into one of four distinct subclasses: helper T cell, suppressor
T cell, cytotoxic T cell, or memory T cell. Helper T cells
have many functions, such as producing lymphokines,
which then stimulate the cloning and differentiation of
B cells. Helper T cells are also active in several nonspecific
host responses, such as attracting macrophages and neutrophi Is. Following helper T cell activation and the production
of Iymphokines, suppressor T cells are activated. Suppressor
T cells curb the immune response. Cytotoxic T cells (effector cells) are responsible for direct destruction of target cells
in the specific immune response. Memory cells are fonned
with the initial antigen contact and are involved in subsequent contacts with the antigen.
Because helper T cells orchestrate the entire immune
response, it is essential to have adequate numbers of these
cells. Nonnally, there are twice as many helper T cells as
there are cytotoxic and suppressor T cells. Although some
clinicians measure the ratio of helper T cells to cytotoxic and
suppressor T cells, this comparison is less clinically useful
than absolute numbers or percentages of the T cell subclasses. Alterations in the numbers of T cells and their subclasses are considered clinically significant (see Table 15-2).
Natural Killer Cells. NK cells make up approximately 5% to 10% of the total lymphocyte count. Many

Chapter 15

III

TABLE

15-3

Host Defenses

467

Human Immunoglobulins

% in Serum

Location

Activity and Function

75

Intravascular, extravascular

Opsonization
Neutralization
Complement fixation

15

Found in mucous membrane secretions,
intravascular

Neutralization
Prevention of surface attachment

10

Intravascular

Agglutination
Complement fixation

~~~gE

0.1

Bound to mast cells and basophils

Release of histamine and other mediators from
mast cells and basophils

O

<I

Located on surface of B cells

Function not yet defined
May be important to B cell differentiation

1:1

lig
Wi:U;)o

ifLt\dapted from Grady C: Host defense mechanisms: an overview, Semin Onco{ Nllrs 4:92. 1988.
,.,,:,

teons are used to describe the NK cell; it is often referred to
as "null," "blank," or "non-T non-B cell" because of the
lack of T or B cell identification markers. The NK cell is a
member of a group of large, granular lymphocytes (LGLs)
with nonspecific cytotoxic abilities that act through a
mechanism similar to that of cytotoxic T cells. The target cell
for the NK cell is the tumor cell or virally infected cell. The
NK cell's cytotoxic abilities are nonspecific in nature because
the cell can destroy its target without prior sensitization.
LGLs may be stimulated in the laboratory with
interleukin-2 to become lymphokine-activated killer (LAK)
cells. Although these cells remain nonspecific, they respond
to a greater diversity of targets than the NK cell. Protocols
employing LAK cells are undergoing clinical trials in the
treatment of many malignancies.

ASSESSMENT OF IMMUNE FUNCTION
In comprehensive assessments of the critically ill child, the
inclusion of an immunologic component is imperative.
Assessing tbe patient's host defenses begins with the
identification of risk factors. The critically ill child displays
many factors that are known to impair host defense or
immune function. These risk factors include young age;
presenting illness and associated interventions; poor nutritional status; and past medical history, including immunization, childhood diseases, and stress. Although these
factors and their associated effects are reviewed in other
sections of this chapter, they must be assessed as part of the
patient history and addressed in the patient's plan of care.
Assessment of childhood immunizations, in addition to
immunizations received for foreign travel, is included in the
patient's history. With the discovery and use of vaccinations,
the incidence of several childhood infectious diseases has
been greatly reduced and, in some cases, eradicated 8
Compliance with immunization schedules is credited to
many school systems, which mandate up-to-date immunization records for matriculated children. However, many
young children not yet enrolled in school may lack
immunizations.

The results of recent tuberculosis screening, either
through skin testing or chest radiographs, are included in the
patient's history. Blood component transfusion history
includes the patient's experience with and total number of
past transfusions, as well as the year in which these
transfusions occurred. These data help identify patients who
may have developed antibodies to cells or substances in
blood components and patients who are at risk for bloodborne infections, such as hepatitis B or C, cytomegalovirus
(CMV), and my.
Adolescents and young adults sbould also have a
sexual history completed because sexual activity is a risk
factor for impaired immune function. Unprotected sexual
intercourse increases the likelibood of exposure to and
acquisition of HIV infection and other sexually transmitted diseases. This risk is increased with intercourse involving multiple, homosexual, or intravenous drug-abusing
partners.
The child's past medical history should include details
of chronic or recurrent infections. A careful, detailed
history assists in separating the immunologically competent
child from the child with "too many infections." A healthy
young child may experience six to eight respiratory
infections per year and more than eight if the child is
exposed to siblings or other children in day-care settings. 9
Cues, such as repeated infections without a symptomfree interval, increased dependency on antibiotics, unexpected or severe complications to infection, or infection
with an unusual or opportunistic organism, are often a
significant part of the history of a child with primary
immunodeficiency.
Although a primary immunodeficiency may be suspected
in the young child who presents with a life-threatening
infection in the first year of life or with a history of chronic
or recurrent infections, it is also important to consider
nonimmunologic causes of "too many infections." In In
addition to exploring the medical history of the patient, a
comprehensive family history is helpful. Primary immunodeficiencies, in particular, may have a clear pattern of
inheritance. 9
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First Line of Defense
The most primitive defense mechanisms of any host, healthy
or compromised, are the natural barriers that provide
protection from the environment. The major components of
the first line of defense include the unique functions of each
of the following tissues and organ systems: integumentary,
respiratory, GI, genitourinary, and ophthalmologic. These
barriers include epithelial surfaces with their unique physical, chemical, and mechanical capacities that impede the
entrance of microorganisms. The structure and function of
each of these barriers vary; therefore each is discussed
separately, followed by the developmental alterations noted
in the infant and young child. Barriers and their unique
characteristics are summarized in Table 15-4. Any sign of a
disruption in host defense or an infectious process is noted,
documented, and addressed in the patient's plan of care.
Table 15-5 ret1ects physical assessment findings from the

TABLE 15-4 Barriers: The First Line
of Defense

Intact skin
Intact mucous membranes
Acidic pH
Bacterial interference
Sweat glands-lysozyme
Sebaceous glands-sebum/fatty acids
Intact mucous membranes
Aerodynamic filtration
Humidification
Mucociliary transport system
Bacterial interference
Alveolar macrophages
Lysozyme
Secretory IgA
Sneeze. cough, gag reflexes
Intact mucous membranes
Gastric acidity
Pancreatic and intestinal secretions
Intestinal motility
Bacterial interference
Secretory IgA
Phagocytic cells
Breast milk (lactating females)
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!E:~

it

~nitourinary

It

Flushing action of urination
Acidic pH of urine
Length of urethra (male)
Prostatic secretions (male)
Acidic pH of vagina (female)
Secretory IgA
Bacterial interference

Ii'IEye
;

Lysozyme

~~ ..

'

~~,i.

Ii
i,~"
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Flushing action of tearing
Secretory IgA
Blink reflex

')\dapted from Adams A: External barriers to infection, NuT.< CIi" North

!i'iAn' 20: 146, 1985.
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immunologic perspective. Pediatric critical care nurses can
easily incorporate an immunologic assessment into a routine
nursing assessment.
Laboratory assessment of the first line of defense
includes cultures of sputum, wound, stool, urine, and other
body t1uids. Bedside analysis of gastric and urinary pH
assists in determining the status of the child's chemical
barriers.
Colonization and Bacterial Interference. All
body tissue and organ systems exposed to the external
environment are composed of epithelial cell surfaces. These
epithelial surfaces are normally colonized by indigenous
bacterial flora that aid in the process of host defense and the
prevention of infection. Colonization, the residence of
microorganisms, is int1uenced by a variety of environmental
factors, including dietary intake, sanitary conditions, air
pollution, and hygienic habits. II Generally, two types of
t10ra are harbored by a host: normal resident (indigenous)
t10ra that, if disturbed, reestablishes residency easily, and
transient flora that may colonize the host for varying
periods, from hours to weeks, without taking up permanent
residence.
The presence of indigenous bacterial t10ra is thought to
prevent or retard colonization by other potentially harmful
organisms through a variety of mechanisms, but the exact
phenomenon of bacterial interference is not completely
understood. Known mechanisms of indigenous flora that
prevent or retard colonization by other organisms include

~

15~5 . Immunologic Physical
Assessment Findings

TABLE

~c

~rcategorylSystem

,1',"

~~~kin/hygiene

~:,

I

f:~i;.tobility/comfort

1.

1'

~'Respiratory

;Ie

t],;

~;:

Assessment Findings

Altered temperature, diminished turgor,
dehydration, signs of infection. oral
lesions, breaks in integrity, purpura.
palpable lymph nodes. rhinitis
dermatitis, urticaria, eczema
Decrease in level of activity, muscle
weakness, fever, chills, joint swelling
or tenderness
Altered rate/depth of respirations,
wheezing, crackles, bronchospasm,
cough, hypoxemia
.

iifCardiovascular
r~,:,

Vasculitis, pale skin and mucous membranes

iiJH!3astrointestinal

Altered bowel sounds, vomiting,
chronic diarrhea, hepatosplenomegaly, protuberant abdomen (not age
appropriate)

:~h;U'

I~

. I;;

eurologic

Altered level of consciousness, deficits
in sensory andlor motor function,
diminished cranial nerve function
(blink, lear, cough. swallow, and gag)

itodified from Rosenthal CH: Immunosuppression in the pediatric
ynticaJ care patient, Crit Care Nllrs Clin North Am 1:781, 1989.
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competition for the same nutrients, competition for the same
receptors on host cells, and production of products that are
toxic to other organisms. In addition, indigenous flora
provides continuous stimulation and keeps the immune
system alert to respond.
Although the newborn's skin is essentially sterile at
birth, 12 the acquisition and maintenance of normal epithelial
flora contribute to the newborn's development of the first
line defense. Within 48 hours, the newborn begins to colonize organisms that are easily obtained from the environment, nursery personnel, and family. Within approximately
6 weeks of age, the newborn's skin flora is quantitatively
comparable to that of older children and adults. 13
Integumentary: Skin and Mucous Membranes.
The intact skin is an effective physical barrier to the
penetration of microorganisms. Few organisms can directly
and effectively penetrate the skin; instead they must rely on
a vector (an organism that will transmit infection), a primary
lesion, or a (synthetic) device for entrance. II Few organisms
find the skin conducive for growth because the skin is a
generally dry, mildly acidic (pH 5 to 6) environment.
Besides containing secretory IgA, sweat also posses sufficient salt to create a high osmotic pressure. 14 In addition,
desquamation, or the natural sloughing. process, hampers
residence on epithelial surfaces.
The skin serves as a chemical and physical barrier for the
body's internal environment through the secretion of lysozyme and sebum. Secreted by the sweat gland, lysozyme can
attack and lyse the cell membranes of gram-positive and
gram-negative bacteria. Sebum, secreted by the sebaceous
glands, is an oily substance that has been postulated to have
antifungal and antibacterial properties, although none of
these claims have been substantiated.
The external epithelial surfaces are not the only ones with
these physical and chemical properties. Mucous membranes
and the internal epithelial surfaces are colonized with
numerous organisms that assist with the phenomenon of
bacterial interference. Virtually all secretions of mucous
membranes contain lysozyme, as well as IgA and IgG, and
significant amounts of iron-binding proteins, such as lactoferrin. Lactoferrin, among other iron-binding proteins,
maintains the level of free iron below the level in which
bacteria flourish.
The newborn's skin is about I mm thick at birth and
increases to approximately twice that thickness at maturity.
The newborn has scant amounts of stratum corneum, the
barrier component of the skin, resulting in increased skin
permeability.4 The stratum corneum develops quickly and is
considered an adequate barrier at 2 weeks of age. It is
similar to that of the adult by about 4 months of age.
The sebaceous glands at birth are well developed and are
active during the neonatal period under the influence of
maternal androgens acquired transplacentally.4 Following
the neonatal period, the sebaceous glands involute and
produce only small amounts of sebum until puberty.
The sweat glands are formed with associated patent ducts
by the end of the second trimester of gestation, 15 although
sweating has a delayed onset of several days in the newborn.
Sweating is noted first on the face, then on the palms of the
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hands and feet, and later on the remainder of the body. The
differences noted in sweating may be related to the
immaturity of autonomic (sympathetic) control of sweating
rather than the structural immaturity of the glands. Complete
neural control of sweat glands is noted between 2 and
3 years of age. Diminished sweat production may result in
lower quantities of bactericidal and fungicidal substances
and, in some, alteration in the physical barrier of the infant
or young child's skin.
Respiratory System. The respiratory tract has numerous nonspecific and specific defense mechanisms. The
nonspecific mechanisms are composed of the aerodynamic
filtration; the mucociliary transport system; sneeze, cough,
and gag mechanisms; and alveolar macrophages. Many
foreign particles come into contact with the mucous
membranes of the respiratory tract because of the turbulent
airflow that is characteristic of the upper airway and
tracheobronchial tree. Most particles escaping this filtration
system are eliminated by the mucociliary transport system,
by being entrapped in mucus and swept upward by the cilia
and then expectorated or swallowed. These mechanisms are
normally efficient and eliminate approximately 90% of
inhaled particles.
Another major function of the upper respiratory tract,
humidification, aids the filtration capacities of the lung.
Small hydroscopic organisms or particles absorb water from
the moist respiratory tract, enlarge in size, and are more
easily phagocytized. II The respiratory tract has detoxification defenses that include diluting substances with bronchial
secretions and alveolar fluids and phagocytizing substances
by the alveolar macrophages.
The small airways of the infant and young child make a
significantly greater contribution to airway resistance compared with those in the adult" This increase in resistance to
flow places the child at greater risk for airway occlusion
resulting from edema or inflammatory exudate. Normal
defense mechanisms of the respiratory tract may be disrupted by such narrowing or obstruction.
Gastrointestinal System. Defense mechanisms of
the GI tract include saliva; antibacterial effect of gastric
acid, digestive enzymes, pancreatic secretions, intestinal secretions, and bile; intestinal motility; and indigenous
f1ora.",16.17 Most organisms enter the GI tract through the
mouth and are readily destroyed either in the mouth by
saliva containing antimicrobial factors, such as lysozyme
and IgA, or in the stomach by the highly acidic (normal
gastric pH <4) environment. Organisms in partially digested
food particles encounter both a thick intestinal mucous layer
and an intact mucosal epithelium as deterrents to their viability. Pathogen attachment to mucosal epithelium is also
discouraged through peristalsis.
Secretory IgA, a component of the third line of defense
(specific immune response), is the predominant immunoglobulin on all mucosal surfaces. It assists in the prevention
of attachment and invasion of microorganisms and in the
limitation of the amount of food antigen that enters the
systemic circulation from the GI mucosa. 7
Secretory IgA is a form of antibody that is particularly
adapted to the unique needs of the GI tract. Its three unique
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features are that it is a double molecule, resists digestion,
and does not activate complement. The epithelial cells of the
GI tract provide secretory IgA with a molecule called the
"secretory piece." This secretory characteristic prevents
secretory IgA from being easily destroyed by the various
digestive secretions and enzymes. At birth, newborn saliva
contains no secretory IgA, although half of infants have
detectable secretory IgA levels by 28 days of age. 18
Mellander and co-workers 19 have found that levels of
secretory IgA can increase toward adult levels within a few
weeks of life if the host is subjected to intense exposure to
microbes. Secretory IgA concentrations rise more quickly
than serum IgA concentrations. Some evidence indicates
that there are only a few secretory IgA~producing cells in
the submucosa of the GI tract at birth and that breast-feeding
may be required to obtain optimal levels of secretory IgA in
that area,z°
Young children's serum level of IgA remains low for
months, and they are dependent on an exogenous source
of IgA. Breast milk provides this exogenous source of
IgA, as well as lactoferrin, lysozyme, and lymphocytes. 17
Breast milk can offer as much as 0.5 to I g of secretory
IgA antibodies to the fully breast-fed infant daiIy.21 This
amount of secretory IgA is equivalent to approximately
one-third that normally produced by an average adult for
defense.
Breast milk, with its many components, may aid the
infant's mucosal defenses, but the exact role that each of
these components plays is still undefined. It is generally
accepted that breast milk provides the GI tract some
protection from food allergies and microorganisms until the
infant's mucosal immune system matures. Colostral antibodies do not cross the newborn's gut after the first 24 hours
of life and do not have a role in the newborn's systemic
immunity.22
An additional chemical property of the Gl tract is the
acidity of the stomach. At birth, the gastric pH is approximately 6, but normally reaches a pH of 2 to 3 within the first
24 hours of life. Acidity of the stomach gradually increases
through childhood, and then it plateaus to adult levels at
10 years of age. Peristalsis propels the antigen through the
GI tract, decreasing the opportunity for the antigen to settle
and attach. The continual shedding of epithelial cells in the
intestinal tract also limits the efficacy of an infectious
process.
Peristaltic motion is intact at birth, with evidence that
even the newborn's peristaltic contractions occur at the
same frequency as the adult's,z' However, unlike the adult's,
the newbom's intestinal epithelium allows certain molecules
to pass into the systemic circulation. The maturation of the
intestinal epithelium is thought to occur in response to
hormones and a variety of growth factors.
Genitourinary Tract. Organisms in the lower urinary
tract are normally eliminated during urinary evacuation. In
addition, normally acidic urine maintains the sterility of
urine. In the male, the length of the urethra provides a
physical protective barrier to pathogens. Antimicrobial
substances, such as prostatic fluid secretions and secretory
IgA, also assist in urinary tract defenses.

The female's vagina supports a large amount of indigenous microorganisms, primarily lactobacilli. The epithelial
surfaces of the vagina contain increased amounts of glycogen, which is then metabolized into lactic acid by the bacterial flora. This creates an acidic and unfavorable environment for most potential pathogens.
Urine levels of secretory IgA may be an indication of the
degree of risk for urinary tract infection (UTI). Fliedner and
co-workers24 found that girls with a history of a UTI have
lower levels of secretory IgA in the urine during noninfected
periods than girls without previous UTIs.
Ophthalmologic Defenses. The eye is equipped
with eyelashes and the blink reflex to mechanically augment defenses. Tearing is the major external defense for the
eye. Tears drain through the lacrimal duct and deposit
organisms into the nasopharynx for the mucociliary transport system to eliminate. Tears contain high concentrations
of lysozyme. Tearing is present by approximately 6 weeks
of age, and lysozyme levels in the normal infant and the
adult are comparable.

Second Line of Defense
Penetration of microorganisms into the internal environment
signifies a breach of the first line of defense. Once the
internal environment is threatened through an extrinsic
insult (vascular access, Foley catheter, burn, trauma, etc.) or
an intrinsic insult (thrombosis, malignancy, etc.), the second
line of defense is triggered. These secondary defenses, like
first-line defenses, are nonspecific and occur immediately
and independently of the body, recognizing the specific
antigen. Preexisting cell types and chemical mediators form
the second line of defense, which consists of inflammation,
phagocytosis, and complement activation.
Inflammation. The goals of the inflammatory response are distinct and are consistently well described in the
literature; these goals are to localize, dilute, and destroy the
offending antigen (if present), to maintain vascular integrity
and minimize tissue damage, and to transport cells and
substances to the area requiring tissue repair. The inflammatory process is triggered by any cell or tissue injury. The
hallmark of the inflammatory response is the release of
chemical mediators, such as histamine, bradykinin (and
other kinins), serotonin, and prostaglandins. The process
generally begins as a localized response accompanied by
classic symptoms that include erythema, edema, warmth.
and pain. The systemic response marks the inability of the
local response to fulfill the goals of containment and is
manifested by leukocytosis, neutrophilia, fever, and others.
The mechanisms of the localized inflammatory response are
described first.
The immediate response to injury is vasoconstriction so
that the formation of the fibrin plug and margination of
leukocytes, erythrocytes, and platelets can begin. The brief
period of vasoconstriction is followed by a longer period of
vasodilation, manifested by redness, heat, and increased
capillary permeability. Increased capillary permeability
allows plasma and cells to leak out of the vascular space and
attend to the tissue injury. The result of this plasma and cell
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movement into the tissue is interstitial swelling (edema) and
the formation of an inflammatory exudate. Although the
development of swelling may be physically restricting in the
inflamed area, the inflammatory exudate ultimately assists in
accomplishing the previously stated goals of inflammation.
Pain of the inflammatory site is the result of various events,
but predominant it is the release of kinins and swelling or
restriction of the site.
In response to the inflammation, leukocytes are released
from the bone marrow and marginating pool into the
circulation. Leukocytosis is indicated by an increase in
WBC count from a normal count up to 30,000 cells/mm 3 .
The cells and bacteria at the site of cellular or tissue injury
release substances that attract neutrophils to the site within
minutes of the initial insult. The neutrophil response in
inflammation predominates for the initial 24 to 48 hours.
Monocytes are subsequently attracted to the site to augment
the neutrophil's phagocytic activity.
Once in the general area of the inflamed tissue, the neutrophil will line up against the blood vessel wall (pavement)
and migrate through the epithelial gaps of the vessel into the
interstitial space by a process called diapedesis. Once in
the injured tissue, the neutrophil and other phagocytes continue their purposeful movement, referred to as chemotaxis,
to the site of inflammation. Chemotactic substances are
chemical substances that attract or move phagocytes to
necessary sites.
Following the initial neutrophil response to inflammation, the monocyte and macrophage response predominates.
This phase of the inflammatory process varies, depending on
several factors. If a virus is present, the monocyte arrives
and produces a-interferon, which has antiviral properties.
The monocyte may also migrate into the tissue to further
differentiate into a macrophage and efficiently phagocytize
bacteria, cellular debris, and dead neutrophils. The acti vated
macrophage may then release the cytokine IL-l to act as an
endogenous pyrogen that causes fever and inhibits further
microorganism growth. The monocyte and macrophage
response is a vital link between the nonspecific and specific
immune responses. The response signifies the need for
specific cells to enter the inflammatory response.
If the amount or virulence of a microorganism is
overwhelming or the injury is extensive, signs of a systemic
inflammatory process can be seen (leukocytosis, neutrophilia, malaise, inability to gain weight or weight loss, and
fever). The American College of Chest Physicians (ACCP)
and the Society of Critical Care Medicine (SCCM) held a
consensus conference to provide a conceptual and practical
framework of various clinical syndromes (bacteremia,
sepsis, trauma, etc.) involving a systemic inflammatory
response 25 The proposed terminology recognizes that the
host is an active participant in the immune response to both
infectious and noninfectious insults. Although the details of
the proposed terminology can be found elsewhere,25 the
term systemic inflammatory response syndrome (SIRS) is
the most applicable to this chapter. SIRS is defined as a
systemic or nonlocalized response to a variety of infectious
but also noninfectious insults. 25 As previously mentioned,
the ACCP-SCCM consensus conference has proposed
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objective criteria characterizing the SIRS (see Chapter 27
for further information about SIRS).
The presence or absence of the inflammatory response is
directly assessed by the nurse, with phagocytosis and
complement activation indirectly demonstrated by pus
formation and fever. All disruptions in epithelial surfaces are
assessed for the cardinal signs and symptoms of the
inflammatory response. It is important to note those
situations in which the cardinal signs of the local inflammatory response (redness, inflammation, induration, and
drainage) may be diminished or absent in newborn infants,
neutropenic patients, or patients recei ving medications
suppressing the inflammatory response. In addition, the
newborn may have a delayed or limited ability to localize
infection. In these patients, the most reliable sign of local
inflammatory response is often pain at the site of infection.
In critical care patients, fever is the most reliable sign of
systemic inflammation. Fever is caused by pyrogens, exogenous or endogenous substances that cause the hypothalamus
to adjust the temperature set-point upward. Exogenous pyrogens are derived outside of the host and are commonly
microbial products, toxins, or the microbes themselves. The
lipopolysaccharide produced by gram-negative bacteria is
an example of an exogenous pyrogen and is commonly
called an endotoxin. Endogenous pyrogens are polypeptides
that are produced by host immune cells, most commonly
IL-l produced by the monocyte and macrophage. Numerous
other cytokines, including tumor necrosis factor (TNF),
a-interferon, and IL-6, are also pyrogenic.
Temperatures above 39° C can contribute to host defense
by augmenting T cell and B cell activity and leading to
cytotoxic T cell generation and immunoglobulin synthesis.
In addition, in vitro microbial growth is suppressed at
elevated temperatures. Despite these advantages in host
defense, fever is often treated with antipyretics and other
fever-reducing measures. This is especially true in the
critically ill child because fever increases the child's already
high metabolic rate. Whether reducing an elevated temperature adversely affects the outcome of patients with fever
is debated?6
Phagocytosis. The primary role of phagocytic cells is
to destroy foreign substances or microorganisms. Once
phagocytes are mobilized, the process of phagocytosis may
begin. Phagocytosis is multiphasic. Neutrophils (and other
white cells) recognize the target to be ingested, attach,
ingest, and finally digest the target through a variety of
intracellular antimicrobial mechanisms. Phagocytes ingest
organisms by nonspecific mechanisms; that is, they are not
specifically sensitized to the antigens of the particle they
ingest. Fig. 15-3 presents a schematic representation of
phagocytosis.
To function effectively, the neutrophil and other phagocytes must be able to migrate to the site of inflammation and
then ingest and kill the target cell through bactericidal
acti vity. An important note is that the contact between the
phagocyte and the target cell is mediated by opsonins, and
phagocytosis of these target cells may be diminished
because of the reduced quantities of circulating opsonins,
such as complement proteins or immunoglobulins. Although
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Schematic representation of phagocytosis
showing ingestion process and intracellular digestion.

Fig.15-3

bactericidal actIvlly of the newborn phagocyte has been
reported as normal or equal to adult bactericidal activity,
strong evidence has shown that bactericidal activity is
diminished in the presence of stress or secondary illness,
such as respiratory distress syndrome or sepsis.27.28
Although the quantity of peripherally circulating neutrophils is similar in the infant and the adult, the infant has
considerably smaller numbers of stored neutrophils per
kilogram of body weight than the adult. The infant's smaller
neutrophil storage pool results in less ability to repeatedly
replace the number of circulating neutrophils; therefore the
infant's neutrophils can easily be depleted in the face of an
infection, leading to neutropenia.
The storage pool of neutrophils also contains various
stages of developing neutrophils that are released at a time
of need. 29 The result may be the release of neutrophils that
are too immature to effectively function during times of
increased demand or diminished supply. Release of immature neutrophils can be observed in all patients, but animal
data suggest that it maybe exaggerated in the infant and
young child.
Another developmental difference noted in the inflammatory response is the movement and mobility of phagocytic cells, particularly the neutrophil. Data suggest that the
newborn's neutrophil chemotaxis is altered 30 This neutrophil chemotactic hypoactivity remains unchanged for the
first 24 months of life and may not reach adult activity until
approximately 16 years of age. 31 Monocyte chemotactic
activity in infants and children is less well understood. Klein
and co-workers 31 found that monocyte chemotaxis in the
infant and young child under the age of 6 years may be
extremely poor and significantly less than that of older
children and adults.
The available data suggest that the ability of the human
neonate to increase neutrophil production in response to
infection may be limited. 30 The infant's neutrophils have
less ability to aggregate and are less deformable than the
adult's.n The phagocyte's capacity for deformability is

essential for chemotaxis and for movement through small
intercellular spaces. The infant's neutrophil surface is more
rigid, which may impair the neutrophil's movements though
capillary walls and bone marrow sinusoids. This effect may
partially explain impaired chemotaxis and thus the inability
to localize infection.
Impaired phagocyte function increases the infant and
young child's risk of infection and impairs their ability to
localize infection. The clinical consequence is a higher
incidence of severe recurrent bacterial infections.
Complement System. The complement system is a
complex group of more than 20 interacting proteolytic
enzymes and regulating proteins that are found in plasma
and extracellular fluids. The complement system, like the
coagulation system, reacts sequentially in a series of
enzymatic reactions in a cascading manner (Fig. 15-4).
Complement may be activated by several factors, such as
the release of plasmin or protease from damaged cells or
microorganisms, the formation of antigen-antibody complexes, the presence of viruses or bacteria in the circulation,
the release of endotoxin by gram-negative bacteria, or the
aggregation of immunoglobulins or platelets. The complement system consists of two separate but interrelated
enzyme cascades: the classical pathway and the alternative
pathway. Both pathways lead to the generation of C3 and
C3b and a final common pathway. Activation of the classical
pathway is only initiated by antibody-antigen complexes,
whereas the alternative pathway does not have an absolute
requirement for antibody for activation 33 The importance of
the alternative pathway is that by not requiring specific
antibody, it provides an early protective mechanism that is
effective before the development of specific immunity.
Activation of either pathway of the complement cascade
leads to enhancement of inflammation, mediation in the
opsonization process, mediation of lytic destruction of cells,
and assistance in chemotaxis. 34
Complement proteins gradually increase to 60% to 80%
of normal adult levels at birth for the classical pathway and
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Classical pathway
Activated by:
Antigen-antibody complexes

Alternative pathway
Activated by:
Plasmin
Proteases
IgA complexes
Bacterial polysaccharides

C3 * C 3 b

Membrane attack
complex (MAC)
Fig. 15-4 Complement system consists of two separate but
interrelated enzyme cascades: classical and alternative pathways.
Each is activated by different stimuli, but the result is a final
common pathway leading to enhancement of inflammation,
assistance in chemotaxis, mediation of opsonization, and target
membrane rupture. (Adapted from Frank MM: Complement
and kinin. In Stites DP, Terr AI, Parslow TG, eds: Basic and
clinical immunology, ed 8, Norwalk, Conn, 1994, Appleton &
Lange, p. 125.)

lower percentages for the altemati ve pathway,30 but serum
complement levels are not within normal adult range until
about 3 to 6 months of age. Low complement levels at birth
may contribute to the newborn's afebrile and absent
leukocytic response to infection.

Third Line of Defense
If nonspecific defenses fail, a specific acquired response is
triggered. The specific immune response is complex and still
not fully understood. Specific immunity is composed of two
different mechanisms: humoral immunity (HI), primarily
involving the B cell, and cell-mediated immunity (CMI),
primarily involving the T cell. Each of these two forms of
immunity involves different cells, mediators, and means of
function, but significant interaction and interdependence
occurs between the two immunities.
The distinguishing features of an acquired immune response are specificity, heterogeneity, and memory. Specificity refers to the characteristic by which an individuallymphocyte responds to its destiny or predetermined antigen.
Specific immunity is also characterized by heterogeneity.
Heterogeneity is the involvement of a variety of different
cells and cell products that work together in diverse ways to
protect the host. Memory, an attribute acquired by lymphocytes while participating in a first immune response with an
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antigen, enables lymphocytes to recall subsequent exposures to their destiny antigen. This first encounter with an
antigen triggers a primary immune response. A second
or subsequent exposure to an antigen, occurring months
to years later, will stimulate an accelerated and augmented response because of the immunologic memory of
lymphocytes.
The third line of defense, specific immunity, is assessed
through a comprehensive examination of the patient's
history, clinical course, and data from laboratory testing.
Laboratory testing is used to reveal the immune system's
ability to recognize and process foreign antigens, recall
previous exposure to antigens, and produce normal amounts
of effector cells to the antigens. The laboratory tests also
evaluate the competence of these effector cells to antigens.
Testing is often categorized into those tests that measure
individual elements of the immune system (quantitative)
and those tests that measure the immune response to an
antigen (qualitative).
Acquisition of Specific Immunity. Specific immunity may be "acquired" either actively or passively. Specific
immunity is acquired actively when the body is exposed to
a particular antigen, mounts an immune response to that
antigen, and results in the formation of immunologic
effector and memory cells. Contracting mumps or receiving
a vaccine is an example of actively acquiring specific
immunity, Specific immunity also may be acquired passively through the transfer of sensitized cells or their
products (i.e., immunoglobulin) from one person to another.
Maternal transfer of antibody across the placenta to the fetus
is an example of passively acquiring specific immunity. The
characteristics of passive and active specific immunity are
contrasted in Table 15-6,
Components of Acquired Immunity. The specific
immune response (Fig. 15-5) is often divided into three
phases or limbs: afferent, central, and efferent. The afferent
limb involves the recognition and presentation of an antigen
to the B cell or T cell. The central limb involves the cloning
and differentiation of activated cells, as well as the production and release of cytokines. The efferent limb involves the
actual elimination of the target cell or antigen, Memory cells
are developed during the central and efferent limbs of the
specific immune response.
Recognition Phase (Afferent Limb). The first
phase of the specific immune response involves the recognition and processing of the antigen. Each lymphocyte
(B cell, helper T cell, and cytotoxic T cell) requires the
formation of a complex with the antigen-presenting cell and
antigen to recognize the antigen as foreign and begin the
activation process. The manner in which a B cell and a T cell
recognize an antigen is different.
The B cell recognizes its destiny antigen when the
antigen contacts the immunoglobulin projecting from the
B cell's surface. Although most B cell recognition of
antigens occurs with great assistance from the T cells,
certain antigens can trigger B cells with little T cell
assistance. This response is sometimes called "T cell
independent" activation and occurs most often with exposure to encapsulated bacteria, such as Haemophilus infiuenzae and Streptococcus pneumoniae. B cells activated in this
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Comparison of Passive and Active Immunity
Passive

Active

No participation of the host; a transfeT of
pTefomled substances OT sensitized
cells fTom an immunized host to a
nonimmune host

Active participation of host following
exposure to antigen eitheT naturally
(subclinical OT clinical disease) OT by
immunization (vaccination)

Cells and theiT pToducts (immunoglobulin
and cytokines)

EffectoT cells (helpeT T cells, cytotoxic
T cells, B cells) and memory cells and
theiT Tespective pToducts

Immediate

Delayed, following recognition and
pTepaTation phase of acquiTed immunity

§iDuration

Temporary

Long lived
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manneT do not form memory cells to protect against futuTe
exposuTe to the microbe; in addition, these B cells can only
produce the IgM class of antibody.
In contrast to the B cell, T cells recognize antigen only
when the antigen is combined with HLAs. Class II HLAs
are required for helper T cell activation, whereas class I
HLAs are required for cytotoxic T cell activation.
Helper T cell antigen recognition begins with a macrophage ingesting an antigen and converting (processing) the
antigen into a form that is easily recognized by the helper T
cell. The macrophage reexpresses the antigen on its cell
membrane along with the class II HLA DR antigen. The
antigen-HLA complex is then presented to the unprimed
helper T cell and combines with the T cell destiny antigen
receptor. Helper T cell antigen recognition is also facilitated
by numerous cytokines, such as lL I, which is produced by
the macrophage during its processing of the antigen. Other
signals may be required for helper T cell activation and are
the focus of intense research.
Cytotoxic T cells require antigen to be combined with
class I HLAs. For example, a cell infected with a virus
projects viral antigens on its surface in combination with the
cell's class I HLAs. The antigen-HLA complex is then
presented to the appropriate, unprimed cytotoxic T cell and
combines with the T cell destiny antigen receptor. IL 2,
produced by the helper T cell, serves as a second signal for
the cytotoxic T cell.
In utero, maternal host defense mechanisms shield the
fetus from exposure to environmental antigens, and the
placenta provides a shield from maternal host defenses.
Although the infant is born with the capacity to perform
nonspecific host defenses, the product of immunologic
experience (specific host defense) is acquired. Before 7 to
12 weeks of gestation, exclusively the mother must provide
protection against infection. Further protection of the
developing fetus is provided by transplacentally acquired
maternal IgG. Beginning at 8 to 10 weeks and accelerating

during the last trimester, this placental transfer is active and
specific for IgG. By 14 weeks of gestation, the thymic cortex
and medulla are demarcated and B lymphocytes in blood
reach normal adult levels.
Preparation Phase (Central Limb). Once an antigen is presented to the unprimed lymphocyte, the second
phase of the specific immune response, the preparation
phase. begins. During this phase, lymphocytes undergo
activation, cloning. and differentiation to form effector cells
and memory cells. (The cloning of lymphocytes during the
preparation phase accounts for the lymphadenopathy that
accompanies infection. The lymph nodes are swollen
because of the extensive cloning of the activated Band
T cells.) Fig. 15-6 is a review of the primary and
secondary clonal expansion of lymphocytes in response to
an antigen.
Produced by activated lymphocytes, cytokines function
as regulators of the immune response. They serve as
intercellular signals to support the growth and differentiation of various immune cells, the cytotoxic mechanisms of
killer cells, and other effector cell functions.
In the past, certain cytokines were believed to be
produced only by the lymphocytes; these were referred to as
Iymphokines. Others were believed to be produced only by
monocytes or macrophages and were referred to as monokines. Lymphokines and monokines are now known to be
produced by many classes of cells; hence, the term cytokines
is the most accurate. However, the terms lymphokine and
monokine continue to be commonly used.
Effector cells are immune cells that produce the expected
result of antigen destruction. Effector cells include helper
T cells, which augment the entire immune response; B cells,
which indirectly attack the invader through the secretion of
antibody from plasma cells; and cytotoxic T cells. which
directly attack the invader. The preparation phase culminates with the creation of effector cells for effective and
efficient elimination of the target. Memory cells produced

Chapter 15

Host Defenses

475

Macrophage APC
(antigen presenting cell)

CD

Recognition phase:

Recognition & processing
of antigen

class II HLA
molecule

Macrophage ingestion &
presentation of antigen to
helper T-cell

CD4
viral epitopeT cell antigen receptor
TCR
@<

•

immunoglobulin

r/1

>'~~

(IL-2R) receptor- 'i..

--::.::/'
,~

®

Preparation phase:

Activation, cloning &
differentiation

viral
epitope -

Formation of effector &
memory cells

virus
(antigen)

~ _'. _ _
, cell . •
'infected ".

: with virus :

classl-' . . "
HLA molecule -. ... ,

IL2 receptor -

<v

IL2-R

®

Elimination phase:

Actual destruction
of target

®

Fig. 15-5 Grand scheme of specific, acquired immunity is made up of humoral (immunoglobulin)
immunity (HI), orchestrated by the B cell, and cell-mediated immunity (CMI), orchestrated by the T ceIL
Note the interdependence between the Band T cells. The three phases of specific immune response
are indicated by the numbers in the figure: (I) recognition phase, (2) preparation phase, and
(3) elimination phase. Activated helper T cell expresses IL-2 receptors and produces B cell growth
factor (BCGF) (IL-4) and B cell differentiation factor (BCDF) (IL-6). B cell activation usually requires
three signals: following the binding of the B cell with its destiny antigen (first signal), BCGF (second
signal) stimulates proliferation of the B cell. BCDF (third signal) induces differentiation. Two signals
are needed for cytotoxic T cell activation, binding of the cytotoxic T cell receptor with the class I
HLA-antigen complex and IL-2 production. The activated helper T cell expresses IL-2 receptors
and produces IL-2, which triggers cloning of helper T cells and production of cytokines, such as
BCDF (IL-4) and BCGF ([L-6). (Adapted from Goodman JW: The immune response. In Stites DP,
Terr AI, Parslow TG, eds: Basic and clinical immunology, ed 8, Norwalk, Conn, 1994, Appleton &
Lange, p. 43.)
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Fig. 15·6 T cells and B cells carrying specific antigen receptors are produced in the primary lymphoid
organs and from the unprimed lymphocyte pool. After activation by their destiny antigens, lymphocytes
clone and differentiate into either effector cells (e.g., cytotoxic T cells, helper T cells, or antibody-secreting
plasma cells) or memory cells. This cellular proliferation constitutes the primary response. When memory
cells are again stimulated by their destiny antigens, they will clone also (secondary response). Some of
these memory cells mature into effector cells, whereas other memory cells remain as memory cells, thus
increasing the size of both effector and memory cell pools. (From Davey B: Immunology: afoundation text,
Englewood Cliffs, NJ, 1990, Prentice Hall, p. 23.)

after activation circulate throughout the body to survey for
subsequent encounters with that antigen.
Activation of helper T cells occurs early in the immune
response because of their pivotal role in the orchestration of
many other immunologic events. For instance, activated
helper T cells secrete IL-2, which assists in the cloning and
differentiation of themselves, other helper T cells, and
cytotoxic T cells. Activated helper T cells also playa key
role in B cell activation through the secretion of B cell
growth factor (BCGF) and B cell differentiation factor
(BCDF) and other cytokines.
Two communication signals are required for activation of
the helper T cell. One signal is completed through the
binding of the helper T cell with the macrophage. The
second signal is obtained through the secretion of IL-l,
which is produced during macrophage processing of the

antigen. These two signals result in helper T cell expression
of IL-2 receptors on its surface membrane and the production of IL-2. The primary function of IL-2 is to amplify the
response initiated by the binding of the helper T cell and
macrophage and to amplify the growth of additional helper
T cells expressing IL-2 receptors.
Most often, activation of the B cell requires three signals:
one signal from the antigen and two (or more) signals from
the activated helper T cell. After the binding of the B cell
with its destiny antigen, BCGF (IL-4) stimulates proliferation of the B cell. BCDF (IL-6) induces the activated B cell
to differentiate into antibody-secreting plasma cells. A
number of B cells do not differentiate into plasma cells but
form a pool of memory cells. The speculation is that these
memory cells receive insufficient amounts of BCDF to
become antibody-secreting plasma cells.3 5
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Schematic representation of changes in weight and composition of the thymus gland with
maturation, showing involution of gland with age. (From Bellanti JA, Kadlec JV: General immunobiology.
In Bellanti J, ed: Immunology lll, Philadelphia, 1985, WB Saunders, p. 44.)

Fig. 15·7

Acti vation of the cytotoxic T cell, like that of the helper
T cell, requires two signals. The first signal is the binding of
the cytotoxic T cell receptor with the class I antigen
complex; the second signal results from the IL-2 produced
after helper T cell activation.
Developmental alterations of the central limb are primarily noted in the development of lymphoid cell lines and their
respective function. Cytokine production and release (lL-I,
IL-2, BCGF, and BCDF) necessary for activation, differentiation, and cloning of lymphocytes are intact and effective.
By the ninth gestational week, the thymus has begun to
develop and becomes populated with precursor T cells,
called thymocytes. Direct contact with the various regions
of the thymus epithelium is thought to be required for
development of mature T cells. The thymocytes mature as
they progress from the outer to inner regions of the thymus.
Within the thymus, there are three distinct stages of
thymocyte differentiation, described according to their
surface markers. 36 .37 The most immature thymocytes are
found in the periphery of the cortex. Mature thymocytes are
found in the thymic medulla and express either the CD4 or
the CD8 surface marker. These cells also express class I
HLAs. 36 -38 Fig. 15-7 shows a pictorial representation of
thymus gland changes with age.
The numbers of mature T cells gradually increase in the
fetal circulation with gestational age. However, the numbers
of T cells present at birth vary and may depend on the
method used for measurement. Sources reporting slightly
elevated levels, compared with that of an adult, state that
this finding is related to the increased numbers of suppressor
T ceLIs found in the newborn. 2o .39 Other sources report significantly lower percentages than those found in the adult. 4o
Alterations in T cell response can be illustrated by
delayed hypersensitivity skin testing in which the infant and

young child may not react to certain intradermal antigens.
Altered helper T cell response may also be illustrated
clinically by altered B cell production of immunoglobulin.
Because helper T cells play a key role in influencing the
class of immunoglobulin that is made, a deficiency in helper
T cells (number or function) can result in an alteration in the
type of immunoglobulin produced by B cells. A normal
mature response is the elicitation of an IgM antibody
response followed by an IgG antibody response within 6 to
7 days. In the newborn, the IgM response can last for 20 to
30 days with no subsequent IgG response. This diminished
reaction was previously thought to be solely the result of
lack of previous antigen exposure; however, the reduced
number and function of helper T cells also contribute.
B cell differentiation is a discontinuous process that
occurs in two distinct stages: antigen·independent and
antigen-dependent phases. The first stage, which is genetically predetermined, involves the differentiation of stem
cells into pre-B cells. Although the first stage of B cell
differentiation begins in the fetal liver, further B cell
differentiation occurs in the bone marrow when that location
becomes the primary site of hematopoiesis (at 20 weeks'
gestation).38 The earliest cells committed to antibody
production are termed pre-B cells, and they lack surface
immunoglobulins 41 B cells with surface immunoglobulin
are found in the fetal peripheral blood, bone marrow, and
spleen by the eleventh week of gestation but are generally
restricted to the IgM class. As development continues, the
remaining classes and subclasses of immunoglobulin appear
on the surface of the mature B cell clones.
The second stage of B cell differentiation is initiated by
the binding of an antigen to the unprimed, resting B cell.
After contact with antigen, activated B ceLIs clone and
differentiate into plasma cells to secrete antibody from a
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Fig.1S-8 Developmental stages of B cells. Diagram depicts discontinuous stages of development: antigen
independent and antigen dependent. Earliest cells are tenned pre-B cells and contain immunoglobulin M
(lgM) in their cytoplasm. Immature B cells contain IgM on their surface (slgM). As development
continues, remaining classes of immunoglobulin appear on the surface of mature B cell clones (also
depicted with an s before Ig). The antigen-dependent phase begins antigen binding to the unprimed mature
B cell, which then differentiates into plasma cells and memory cells (not depicted in figure). (Redrawn from
Lawton AR. In Twomey JJ, ed: The pathophysiology of human immunolo[?ic disorders. Baltimore, 1982,
Urban & Schwarzenberg.)
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Serum Immunoglobulins in the Fetus, at Birth, and Age With Mature I.evels
Synthesis by Fetus
(Gestation-Weeks)

10.5 weeks

% of Adult
Levels at Birth

Age at Which Adult Levels
Are Achieved

10%

1-2 years
I year

14 weeks

Small amount

12 weeks

IIO%t

4-10 years

30 weeks

Small amount or none

6-15 years

Small amount

6-15 years

10.5 weeks

i~rom Rosenthal CH: Immunosuppression in the pediatric critical care patient, Crit Care NUTS Cli" North Alii 1:775, 1989.
..··"Crosses pIacen t a.

~~...

l1~tGreater

.'r·

than or equal to maternal level.

single immunoglobulin class or into memory B cells. Fig.
15-8 presents B cell differentiation.
Despite early differentiation of the B cell population, the
infant's B cells are deficient in producing comparable adult
levels and subclasses of immunoglobulins. Serum Ig levels
and degree of synthesis at birth and the age in which the
levels are comparable to the adult are reflected in Table
15-7. Although the IgG level seems comparable in the newborn and adult, the level reflects the transplacental acquisition of maternal antibody during, primarily, the third trimester of gestation. The infant is lowest in immunoglobulin
concentrations at about 4 to 5 months of age when maternal
IgG begins to decrease through natural catabolism and when
infant synthesis of immunoglobulin is low. 3u This period is
referred to as one of physiologic hypogammaglobulinemia,
and during this time, the infant is most susceptible to infections caused by viruses, Candida, and acute inflammatory
bacteria (Staphylococcus aureus, S. haemolyticus, Streptococcus plleumoniae. H. infiuenzae type B, and Neisseria

meningitidis). This state can range in duration from patient
to patient and can be prolonged to such an extent that the
young child suffers from recurrent and severe infections.
Numerous explanations are given for minimal synthesis
of fetal and newborn immunoglobulin. The rare numbers of
plasma cells and small amount of immunoglobulin synthesized by the fetus are thought to reflect the normally sterile
intrauterine environment and lack of antigenic exposure in
utero 40 Maternal antibodies in the newborn's circulation
may exert a strong immunosuppressive effect on the infant's
ability to mount an independent immune response and to
subsequently produce antibodies. In addition, the dominance of newborn suppressor T cells 20 and bilirubin levels
higher than 15 mg/dl 42 have also been implicated in the
increased numbers of newborn immature B cells and
decreased Ig production.
As the infant's exposure to antigen increases, a repertoire
of antibodies to antigens is developed, and the memory
component to humoral immunity is heightened through the
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development of the various IgG subclasses. Intrauterine
infection may also accelerate the fetus's immunoglobulin
production dramatically. Following intrauterine infection
and the experience with such intense antigenic stimulation,
the infant may be born with adult levels of IgM and
increased levels of IgG and IgA. 38
Elimination Phase (Efferent Limb). The actual
elimination of the target cell or antigen occurs in the efferent
limb of the specific immune response. To ensure effective
destruction of the antigen, the efferent limb usually consists
of a dual response by circulating antibody (HI) and effector
T cells (CMI). Specific immunity elimination of the antigen
occurs through the mechanisms of immunoregulation,
cytotoxicity, and memory.
lmmunoregulation. Immunoregulation is not well understood but appears to be the fine balance and feedback that
occur between the helper T cells and suppressor T cells.
When properly balanced, there is just enough of an immune
response to eliminate the invading organism but not enough
to cause host injury.
Data on the immunoregulatory function of pediatric
T cells are complex. Investigators note that adult T cells are
better equipped than newborn T cells at helping B cells
synthesize immunoglobulin. 43 Newborn T cells exhibit
more suppressor activity compared with adults. Controversy
exists regarding the basis of these findings. These findings
may be partly related to newborn helper T cells being less
functional (see Cytotoxicity), whereas other investigators
suspect an intrinsically more functional suppressor T cell or
enhanced suppressor T cell function as a remnant of fetal
life. Altman, Handzel, and Levin 44 suggest that the fetus has
increased suppressor T cell activity to prevent maternal
rejection, but this increased suppressor activity remains
apparent after birth. In summary, this question remains: Is
increased newborn suppressor T cell acti vity (I) the result of
the immaturity of newborn helper T cells; (2) related to
newborn suppressor T cells being intrinsically more active
than those of adults; or (3) a remnant of fetal life to prevent
maternal rejection':!
Cytotoxicity. The actual killing of antigen is accomplished through cytotoxic T cell activity and is sometimes
called cell-mediated cytotoxicity. Cell-mediated cytotoxicity includes three basic yet distinct phases: (I) the effector
cell binds to the target or antigen; (2) it degranulates,
showering the target cell membrane with toxins that destroy
the antigen; and (3) certain cytokines are released by
activated cytotoxic T cells (i.e., TNF and y-interferon),
which can, by themselves, cause direct cytotoxic effects and
death of the targeted cel1. 45
Cytotoxicity is diminished in the newborn period,40
whether the elimination of the target is through the activity
of the cytotoxic T cell, NK cell, or antibody-dependent
cellular cytotoxicity (ADCC) (see Antibody-Antigen Interaction). The reason for this finding is unknown but may be
related to the newborn T cell's diminished ability to produce
cytokines, such as y-interferon and IL_4. 38 ,46 Reduced
y-interferon appears to be related to the reduced numbers of
memory T cells. As previously reviewed, once the macrophage presents the antigen to the helper T cell, the activated
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T cell secretes y-interferon and IL-2. y-Interferon subsequently activates the macrophages to ingest and kill the
invading intracellular pathogen. Macrophages that are not
y-interferon activated do not kill as efficiently. The clinical
consequence of this phenomenon is a diminution of
macrophage antiviral properties 39 ,47 and may contribute to
the severity of viral illness seen in many newborns.
Although NK cell activity is diminished, cytotoxic
activity from LAK cells is not diminished. The addition of
TL-2 in vitro to nonspecific lymphocytes results in the
recruitment of cells that display strong nonspecific cytotoxic
activity. Newborns have been found to have an equivalent,
if not a heightened, degree of LAK cell cytotoxic activity.4H
Antibody-Antigen Interaction. The six major antibody
antigen interactions are neutralization, agglutination, precipitation, opsonization, complement fixation, and lysis. When
antibody neutralizes a microorganism, it renders the microorganism ineffective or incapable of action. Thus when
enough antibody molecules bind to a microorganism, it may
no longer pose a risk to a host cell. Antibody may also bind
to toxins, thus preventing the toxin from attaching to and
poisoning a host cell. Antibody can also agglutinate or
precipitate an antigen, rendering it inactive by causing it to
fonn clumps or solidify, respectively.
Antibody greatly enhances nonspecific immune responses. For instance, opsonization, the process in which
antibody coats the antigen, greatly enhances the ability of
phagocytes to engulf the foreign particle. The binding of
antibody to antigen may also lead to activation of the
complement cascade. Certain complement components produced in this process are tremendously important in
enhancing phagocytosis through opsonization, attracting
phagocytes through chemotaxis, and lysing bacteria.
Antibody molecules can be instrumental in destroying an
antigen through ADCC. During this process, the variable
segment (Fab) of the antibody molecule attaches to an
antigen while the constant segment (Fc) fits into the Fc
receptor on a monocyte, neutrophil, eosinophil, NK cell, or
cytotoxic T cell. This antibody Fc receptor connection
stimulates the involved immune cell (monocyte, neutrophil,
eosinophil, NK cell, or cytotoxic Tcell) to release poisonous
chemicals to destroy the antigen by lysis.
As previously mentioned, ADCC depends on antibody
(immunoglobulin). The diminished ability of newborns to
destroy target cells via ADCC is related to reduced levels of
antibody or reduced B cell production of immunoglobulin.
Clinical ramifications of this finding include the increased
number of bacterial infections noted in infants.
MemO/y. Memory cells reside in the host to await
subsequent exposures to their destiny antigen. The memory
cell reacts in subsequent exposures to that antigen by
producing an augmented response, as compared with the
primary exposure.
The secondary response to an antigen characteristically
differs from the primary response in that there is a shorter
latent period, a more rapid rate of antibody synthesis, and a
higher peak titer of antibody that persists for a longer period.
In addition, the dose of the antigen required to elicit a
secondary response is nonnally much less than that required
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to initiate a primary response. These differences are directly
related to the number of antigen-sensitive cells, called
memory cells.
The infant and young child have fewer memory cells.
The reduced secondary immune response in these patients
may be the result of either the reduced numbers of memory
cells or a reduced effectiveness of these cells during
secondary immune response.

DIAGNOSING DYSFUNCTION
Laboratory Tests
White Blood Cell Count
Total wac Count. The normal total WBC count is
5000 to 10,000 cells/mm 3 and may vary, depending on the
time of day. However, total WBC count varies with the age
of the infant and young child. The WBC count only reflects
the circulating WBCs, not those WBCs marginated to vessel
walls, circulating in the lymphatic system, or sequestered in
body tissues. As a general screening test for immune
function, the total WBC count serves as an indicator of the
inflammatory response or disease states, presence of an
infection, and response to therapy.
Increases and decreases in the total WBC count from
normal levels are called leukocytosis and leukopenia,
respectively. Leukocytosis is usually the result of an
increase in one type of WBC rather than a proportional
increase in all types of WECs and commonly indicates the
presence of infection. Leukocytosis can result from release
of additional WBCs from the bone marrow in response to
infection, trauma, and physical or emotional stress, but it
also can be the result of increased production of abnormal
WBCs, as in leukemia. Any condition that increases blood
flow or cardiac output will result in the recruitment of
WBCs into the circulation from the marginating pool.
Leukopenia, on the other hand, is associated with conditions
that either depress the bone marrow's hematopoietic function or stress the bone marrow by exceeding bone marrow
supplies or ability to replenish supplies.
Differential wac Count. The differential WEC
count is a report of the five different types of WBCs
(neutrophils, basophils, eosinophils, monocytes, and lymphocytes) as a percentage of the total WEC count. The
reported percentage for each cell type determines the
number of mature circulating WBCs and the absolute
number of the various types of WBCs. The differential count
evaluates the bone marrow's ability to produce those
particular cells. The differential WBC count also reflects the
morphology of cells, such as the presence of abnormal
WBCs or atypical lymphocytes. Lymphocyte subclasses are
not a component of the differential WBC count and are not
routinely quantified because the process requires specialized
equipment. However, the AIDS epidemic has increased the
availability of lymphocyte subclass measurements because
these measurements are integral to treatment decisions in
these patients. Neutropenia, rather than neutrophilia, is a
common observation noted in septic newborns and young
infants. This finding is most likely the result of several

mechanisms, including depletion of a relatively small
neutrophil storage pool, a disturbed regulation of bone
marrow release, and an inability of the stem cells to
proliferate at a faster rate. 49
Under certain clinical conditions, the WBC differential
may reveal an excess of immature WBCs or an excess of
aged WBCs. These alterations are often referred to as
"shifts." The presence of an excess number of immature
cells (bands) is called a "shift to the left." It is usually
an indication of severe infection in which an increased
quantity of immature neutrophils is released from the bone
marrow. The more severe the infection, the greater the shift
to the left noted in the differential count. A "right shift"
usually refers to an increased number of circulating mature
neutrophils, which can be observed in patients experiencing
pernicious anemia, morphine addiction, or vitamin deficiency (folate or Bn>.
On the other hand, some clinicians use the term right shift
in a different context. Instead of viewing a shift as a
reflection of the developmental stage of neutrophils (immature versus mature), a shift is viewed as the type of cell
excessively prominent. In this context, a "right shift"
indicates lymphocytosis seen in viral infections. Considering the different meanings, it is important and accurate to
describe the laboratory observation rather than merely
stating "shift to the right" or "shift to the left."
Absolute Neutrophil Count. The absolute neutrophil count (ANe) quantifies the total number of circulating
neutrophils per cubic millimeter. The ANC includes mature
neutrophils ("polys" and "segs") and immature neutrophils
("bands"). The ANC serves as a reliable barometer of the
patient's degree of risk of infection in that the lower the cell
count and the longer the time the patient experiences
the neutropenic state, the higher the patient's risk of infection. In general, the risk of infection significantly increases
if the ANC falls to certain levels (slightly increased with
an ANC of 1500/mm3 , moderately increased with an ANC
of looo/mm 3 , and greatly increased with an ANC of
500/mm 3 ). However, the patient's primary disease process
also influences the risk of infection. Patients with a low
ANC are at high risk of infection from their own GI flora
in addition to exogenous gram-negative bacteria; grampositive bacteria, such as S. allrells and S. epidermitis; and
fungal infections, such as from Candida and Aspergillus. To
calculate an ANC, see Table 15-8. The absolute cell count
may be determined for any cell type using the same process
shown in Table 15-8.
Absolute Lymphocyte Count and Lymphocyte
Subsets. Although lymphocyte counts were once thought
to be comparable in patients of all ages, recent evidence
refutes this belief. This is exemplified in the change in
prophylaxis of Pnelllnocystis carinii pneumonia in infants
and children with HIV infection. Prophylaxis in young
children is no longer started at lymphocyte counts below
200 cells/mm 3 but rather at higher and more age-appropriate
levels. Apparently, although the total lymphocyte count and
lymphocyte subsets are an equivalent percentage of the total
WBC count in all ages of patients, the infant and young
child's higher WBC count yields greater absolute numbers
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15-8 Calculation of Absolute
Neutrophil Count (ANC)

TABLE

IN.

~tr:
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Obtain patient's total WBC
count.

;.1: Translate the total WBC

~if'

count into an absolute
~': number ("k" means
~ 1000 cells).
~~

I~'

Obtain WBC differential *

I; .~~I~~? ~~~,r::~~:~:~ of
1',

~ij;4. Translate the percentage of

It,:
~_.r. _.:
~

WBC=5 klmm'
5 x 1000 = 5000
Absolute WBC count =
5000!mm'
Polys = 60%
Bands = 10%
60% + 10% = 70%
70% + 100 = 0.7

"polys" plus "bands" into
an absolute number by
dividing by 100.

Multiply the absolute WBC
. ~;. count by the absolute "poly"
,\~.: plus "band" count.
!l!1'1"'5

5000 x 0.7 = 3500
ANC = 3500!mm'

enerally, the WEC differential count is based on a sample of 100
Is. In persons with severe leukopenia. the differential count may be
d on a sample of 50 cells. Conversely. in persons with leukocytosis,
differential count may be based on a sample of200 cells. Regardless
the number of cells used for the count. the individual cells will
resent an overall percentage of the total, and the same procedure
lined above is used to determine an ANC.
Ithough bands are immature neutrophils, they are included in Ihe
C because Ihey are relatively functional.

of lymphocytes and subsets of lymphocytes. Therefore age
is an important consideration in the interpretation of the total
lymphocyte count and subsets of lymphocytes, especially in
children with my infection. so .sl
Other Laboratory Tests

Erythrocyte Sedimentation Rate. The erythrocyte
sedimentation rate (ESR) is a laboratory test that is a
nonspecific indicator of systemic inflammation. In many
cases, the ESR is so nonspecific that it has little clinical use.
However, in the immunocompromised child, it may be one
of the few objective measurements of response to therapy or
relapse. The ESR is useful as a prognostic marker for
evaluating the resolution of certain infectious diseases
during therapy (e.g., osteomyelitis).
C-Reactive Protein. C-reactive protein (CRP) is normally present in low levels in serum; levels' increase several
hundred times within 6 to 8 hours after onset of infection or
injury. With successful antimicrobial treatment, CRP levels
fall rapidly. A normal CRP or ESR level does not exclude a
pathologic condition.
Complement System. The complement system is
sometimes evaluated because of the pivotal role these
proteins play in the inflammatory response and in humoral
immunity. The most common test of the function of the
entire complement cascade is the CHso , which measures the
function of the classical and terminal complement pathways.
When defects in the alternative pathway are being considered, an analogous test evaluating alternative-pathway
function is requested 34 Individual complement proteins,
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such as C3 and C4, can be quantified and the function of
certain complement components evaluated. C4 levels are
critical to the function of the classical pathway, with normal
serum levels ranging from 10 to 30 mg/dl. A reduction of
levels of individual complement proteins or CH so can be the
result of either underprodl.!.ction of complement or excess
complement activation or both. Therefore additional complement function testing may be necessary to identify the
exact nature of the presenting patient problem. Serum
. complement activity is reduced in preterm infants in
proportion to the magnitude of their immaturity. 52 In
contrast, complement levels in healthy full-term infants
range from 60% to 100% of those in healthy adults.
Total Immunoglobulin Levels. The total Ig level
and levels for the various classes and subclasses can be
determined. Normal Ig levels vary with age; therefore use of
age-adjusted values is emperative for all comparisons. Ig
levels can be diagnostic for congenital primary immunodeficiencies. However, if Ig levels are normal despite suspected immunodeficiency, an examination of the function
and effectiveness of the immunoglobulin to an antigen may
be indicated (qualitative testing).
Serologic Testing. Serologic testing for either antibodies or antigens can also be performed to detect current or
past infection (bacterial, viral, fungal, or parasitic). A
well-known example of serologic testing is the enzymelinked immunosorbent assay (ELISA) that is used to screen
blood products for and identify persons infected with HIY.
The presence of antigens of a particular organism is an
indication that the patient is currently infected with that
organism. For example, the presence of Clostridium difficile
toxin in the stool indicates the child is infected with
C. difficile.
The presence of antibodies to a microorganism indicates
an infection; the particular class of antibody can indicate if
the infection occurred in the past, is occurring acutely, or is
chronic. During an acute infection the initial manufactured
Ig is IgM. If the infection is particularly severe, the microorganism's antigens may overwhelm and exceed the neutralizing capacity of antibody, resulting in the presence of
measurable antigen in the serum. Later, the main Ig manufactured is IgG, and the antigen will no longer be measurable because the immune response successfully eradicated
the infection. A child with an acute CMV infection will have
anti-CMY IgM, whereas anti-CMY IgG would indicate past
CMY infection. During chronic infections, the serum may
contain both IgG and IgM antibodies to the microorganism,
as well as antigens of the microorganism.
Delayed Hypersensitivity Testing. Cell-mediated
immune function (T cell responsiveness) is evaluated by
using delayed hypersensitivity (DH) skin testing. Testing
involves the intradermal administration of antigens and is
reliable in children who are over I year of age. The premise
of DH skin testing is that if sensitized T cells to that antigen
are present, the injection will cause the body to mount an
inflammatory response. DH skin testing is performed by
using one or more of the following widely accepted antigens injected intradermally: intermediate-strength Candida,
Trichophyton, tetanus, streptococcal antigens, or mumps
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antigen. Because DH response depends on the T cell's prior
exposure to the specific antigen, as well as normal cellular
chemotaxis. remembering developmental differences in the
infant and young child is imperative. The demonstration of
intact DH skin testing confirms the presence of functional
CD4+ T cells and excludes most of the congenital defects in
cell-mediated immunity.53
In contrast to DH skin testing, immediate hypersensitivity testing determines a patient's sensitivity to allergens such
as dust, and animal hair. DH and immediate hypersensitivity
skin testing differ in purpose, immune cells involved,
antigens used, technique of administration, and the time that
the tests are read.
Chest Radiograph. The chest radiograph is a valuable tool for assessing the second line of defense. However,
just as other signs and symptoms of infection are masked
during neutropenia, the chest radiograph may be unreliable
in revealing pneumonia in the immunocompromised child.
particularly the child with neutropenia. The immune response in the neutropenic child may be so diminished that
even in a child with fulminant pneumonia, the chest film
may appear normal. In this patient population, once the
neutrophil count begins to increase to a near-normal level,
the chest x-ray film result may often worsen, revealing the
existing pneumonia.

SUPPORT OF IMMUNE FUNCTION
Support of the immune system includes maintaining external barriers, infection control procedures, and manipulation
or augmentation of the immune system. Maintenance of
these practices help to limit the incidence of nosocomial
infections that can result from impaired host defenses.

Maintain External Barriers
The incidence of nosocomial infection reflects the numerous
invasions of the child's natural barriers (first line of
defense). Intact skin and mucous membranes can be
preserved by maintaining adequate perfusion and oxygenation and accurate fluid intake (including modification for
fever and daily insensible water losses). The pediatric
intensive care unit (PICD) nurse most often performs a
complete assessment of the child's skin integrity during the
daily bath and associated activities. Any sign of redness or
disruption in the skin are monitored. Adding small measures
to routine nursing care can contribute significantly to host
defense. For example, using a nonacetone adhesive remover
when loosening tape or electrodes (ensuring that this
solution is removed) and skin preparation solutions before
applying dressings can preserve the outer layers of the
child's epidermis. Routine and careful mouth, eye, and
perineal care may protect the child's mucous membranes
and body orifices.
Endotracheal tube (ETT) intubation affects the first and
second lines of defense by directly bypassing the respiratory
tract's local host defenses, increasing the incidence of
bacterial colonization, and acting as a foreign object in the
airway. In bypassing the upper respiratory tract, the ETT

facilitates direct access of microorganisms to the lower
respiratory tract. The presence of the ETT decreases the
effectiveness of the cough reflex by interfering with glottic
closure. Local mucosal irritation and trauma and repeated
introduction of suction catheters impede the function of the
mucociliary transport. 54
Respiratory secretions and the ETT itself can act as
reservoirs for bacteria, specifically Pseudomonas aeruginosa. 55 - 57 Proliferation of bacteria occurs because the
ETT serves as a haven for bacteria growth and is sequestered from host defenses and antibiotics. 58 Colonization of
the child's airway occurs within 72 hours of intubation 59
Aspiration of bacteria from a previously colonized
oropharynx or tracheobronchial tree constitutes the cause of
the majority of nosocomial pneumonias. Despite inflation of
the cuff, aspiration around an ETT cuff can occur. 60 With the
use of uncuffed ETTs in the pediatric population, the
incidence of aspiration can be assumed to occur often. One
survey reports aspiration in up to 70% in intubated infants
and children. 61
The mere presence of the ETT can lead to increased
mucous secretion, stagnation of mucus, airway inflammation, and tracheal mucosal injury.60 As a reflex to any
foreign object in the airway, secretion of mucus is increased
and results in stagnation and pooling. The tracheal mucosa
may be traumatized by the pistonlike motion of the ETT tip
along the tract of tube insertion during breathing, as well as
by cuff injury (in the older child) to the tracheal wall. This
mechanical trauma evokes an inflammatory response and
bacterial colonization. 60 •62 Pistonlike motion may be increased in the younger critically ill child because of the
presence of an uncuffed ETT.
Promoting the evacuation and cleansing of organ systems
such as the respiratory, 01, and genitourinary tracts is vital.
Each of these epithelial-lined tracts is protected with a
combination of secretory IgA, lactoferrin, lysozyme, and
acidic lipid secretions that decrease pathogen takeover.
Recognizing the importance of pulmonary, gut. bowel, and
urinary evacuation in limiting the growth of enteric flora can
diminish the child's risk of infection. 63-65 Nursing interventions may include implementing pulmonary toilet, maintaining adequate hydration, monitoring bowel activity, establishing a bowel routine, and facilitating the patency and
functioning of the 01 or urinary drainage systems.
Narcotics, often used to facilitate artificial ventilation,
affect the function of cilia and pulmonary macrophages.
Lack of movement increases the risk for atelectasis and
subsequent superinfections. Antacids and H2 blockers alter
gastric acidity and thus alter the gastric fibra. Chest tubes
also contribute to poor clearance of respiratory secretions by
creating resistance to chest wall movement because of pain
and immobility.66 The result is poor clearance of respiratory
secretions, decreased compliance with pulmonary toilet
exercises, and thus increased incidence of pneumonias.
The presence and duration of use of intravascular lines
significantly increase the child's risk for bacteremia and,
subsequently, nosocomial infection. Infection rates are
highest when catheters are placed under emergency conditions. All catheters must pass through the first line of
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defense, the epithelial surface, either through direct percutaneous or surgical cutdown insertion. With the passage of
the catheter through the skin surface, the catheter has the
potential to become colonized with indigenous or hospitalacquired flora. In addition, a fibrin sheath soon forms around
the inserted catheter and provides an environment for
bacterial growth and migration down the catheter and
toward the bloodstream. These catheters may also become
contaminated through the infusing solution or entry sites,
such as stopcocks and injection ports, and by microorganisms from other infected sites in the bod y67.67a
The 1996 Centers for Disease Control and Prevention
(CDC) Guidelines for Prevention of Intravascular-DeviceRelated Infection suggest that intravenous tubing and
transducers of regular intravenous fluids be changed only
every 72 hours; lipids, blood, and blood products be
changed every 24 hours; and dressings be replaced only
when the dressings becomes damp, loosened, or soiled. The
guidelines make no recommendations for frequency of
catheter replacement except for pulmonary artery catheters,
which is 5 d ays 68
Many critically ill children require nasogastric (NG) tube
placement, and the result is essentially the same in all
patients, regardless of age. Tubes placed through the nose
place a patient at risk for obstruction of the ostia of the
sinuses and eustachian tubes. The presence of the tube is
thought to hinder the closure of the esophageal sphincter and
to promote the reflux of gastric contents, leading to a risk of
aspiration pneumonia. 59 Because 25% to 35% of children
younger than 6 months of age are thought to experience
some degree of reflux without the placement of a gastric
tube,61 the placement of a gastric tube significantly increases this risk.
A urinary catheter attached to a closed urinary drainage
system facilitates bacteremia in the host in a variety of ways.
During placement, the catheter will "push" or "drag"
urethral organisms into the bladder, and the indwelling
catheter enhances bladder colonization by serving as a
conduit for organism growth and movement. 69 Urine can no
longer flow through the urethra and flush microorganisms
from the body.
Diagnosis of a UTI may be challenging because the
infant or young child is often unable to communicate the
presence of symptoms. In addition, the child in the PICU
may often have multiple reasons for a fever or abdominal pain. 70 Children often have age-specific signs and
symptoms of UTIs 71 and experience more asymptomatic
bacteriuria than adults. 72 These findings pose an increased
risk of delayed recognition and treatment of UTI in
children. The diagnosis is established by urinalysis and
urine culture. Infection is defined as more than lOO,OOO
organisms per milliliter of voided urine, 1000 or more
organisms per milliliter from urine obtained by catheterization, or any organisms from urine obtained by bladder
aspiration.
The importance of handwashing cannot be overemphasized. Unfortunately, handwashing is often forgotten. Studies of intensive care units and outpatient facilities have
shown that physicians wash their hands less than 50% of the
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time before and after they examine a child. 73 Hands should
be washed before and after each patient contact.

Provide Nutritional Support
The link between nutritional status and immunocompetence
has been established 39 The PICU nurse has an active role in
determining the timing, route, and tolerance of nutritional
support. In the critically ill child, the GI tract is used to
provide nutritional support, if appropriate. The use of the GI
tract for enteral feeding, rather than parenteral nutrition, is
well documented as being advantageous because it decreases the incidence of bacterial translocation across the
gut lining. 74 In addition, infants with lactating mothers are
given breast milk as a component of their nutritional support
because of the many advantages of brea~t milk in mucosal
immunity.
If the child is able to take nutrition by mouth, encouragement of the child's food and fluid intake includes
consideration of the child's likes and dislikes, the manner in
which the child prefers food (fried versus boiled), and the
time at which the child is accustomed to eating. The PICU
nurse ensures that the child has a "safe time" to eat without
actual or perceived interruption, threat, or invasion. The
child's developmental needs are especially important to
consider in the promotion of nutritional intake.

Reduce Stress
Investigators of psychoneuroimmunology, the exploration
of the interactions between the brain and the immune system
and the influence on health, suggest that stress adversely
affects immune function. 75 .76 A growing body of evidence
has demonstrated an inverse relationship between stress and
immune function; the end result is an increased susceptibility to infection. 77 The immune system and nervous system
are interconnected by a complex system of chemical signals
in the form of cytokines and hormones. Through these
signals, each system communicates with and influences the
functioning of the other system. The immune system
communicates with the nervous system through cytokines
released by activated immune cells. The nervous system
influences immune system functioning through the action of
hormones such as ACTH released from the pituitary (under
the influence of the hypothalamus), norepinephrine released
from the sympathetic nerves, epinephrine released by the
adrenal medulla, and glucocorticoids released by the adrenal
cortex. 76 Data from animal studies suggest that stress,
unaccompanied by injury, depresses CMI. 78 The individual's cognitive, behavioral, and physical response to stress
may also modulate or amplify the effect of stress on the
immune system. In other words, stress alone may not be as
immunosuppressi ve as maladaptive coping to stress. 75 The
young child is particularly vulnerable to psychologic stress
because of limited or immature cognitive and developmental levels and lack of understanding of the critical care
environment and interventions 79
Reducing stress in the critically ill child can be a
challenge. Recognizing the child's cognitive and physical
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age and the associated developmental tasks and fears is the
first step in planning stress reduction for the child. A basic
stress-reducing intervention includes respecting the child
as an individual and respecting the right to privacy and
personal body space. Recognizing and accepting the child's
need for regression while providing as calm, caring, and
reassuring an environment as possible are vital to the coping
of the critically ill child and family. Reducing the stress
of parents and siblings has an indirect but beneficial effect
on the child and should be incorporated into the child's
plan of care.

Optimize Patient Comfort
Striving for and establishing comfort in the pediatric critical
care patient are important not only because of the bodymind link of psychoneuroimmunology but also in assisting
the child's relative degree of cooperation with the environment, staff, and nursing and medical regimens. Nurses often
play a pivotal role in determining the need for and the
adequacy of analgesics and sedative medication. Administration of analgesics, sedatives, and narcotics (opiates) aids
in comforting the child during physically and psychologically painful experiences. However, long-term use of these
medications may also alter immune function and host
defenses. The PICU nurse maintains the balance between
enhanced child comfort and overmedicating, which may
reduce immune function.

Prevent Infection
The Hospital Infections Program (HIP), a part of the CDC's
National Center for Infectious Diseases, has a major role in
providing information and guidance to hospital infection
control programs. Coordinated by the HIP, the National
Nosocomial Infection SurveiUance (NNIS) system collects
data on the incidence of nosocomial infections in more than
150 U.S. hospitals. The Hospital Infection Control Practices
Advisory Committee (HICPAC) was established in 199 I to
provide advice and guidance to the HIP and the CDC
regarding the practice of hospital infection control and
strategies for surveillance, prevention, and control. 80
Limit Exposure to Reservoirs. Prevention of infection can be facilitated by limiting the child's exposure to
reservoirs, which are environments in which organisms replicate and persist. The child's room and bedside area are
damp dusted64 and the floor mopped 12 every 24 hours and
monitored for standing collections of water or other liquids. 64 All containers of normal saline or sterile water for
irrigation purposes are labeled with date and time opened
and replaced every 24 hours. It is also important to avoid
contamination of these solutions during use. Humidity is
provided in the PICU environment for the benefit of the
infant and child's small airways and for reduction of organisms that thrive in dry environments. 64 Medical equipment
and supplies that must be kept sterile or aseptic include
medications, total parenteral and enteral nutrition, humidifiers, face masks, manual resuscitation bags, large-bore suction catheters, suction tubing, and canisters. 64 .6s Other po-

tential reservoirs include hand lotions,65 baby oil and bath
supplies, nonprescription ointments, and children's toys.
Proper handwashing decreases the transmission or reduces carriage of potential nosocomial pathogens by the
contaminated hands of healthcare workers. In general, hands
should be washed before and after patient contact; after
contact with body fluids and substances, mucous membranes, nonintact skin, and objects that are likely to be
contaminated; before performing invasive procedures; and
after removing gloves. 8o
In addition to the environment, supplies, and equipment,
healthcare workers, parents, siblings, and other visitors
within the critical care environment are potential exogenous
reservoirs. Some 15% to 20% of healthy individuals are
carriers of S. aureus in the nasal antrum and could
potentially shed these organisms into the environment. 6s
Healthcare workers and visitors may also be infectious with
other bacterial or viral organisms.
Visiting policies and traffic control measures must limit
unnecessary visitors and limit the PICU environment to
essential staff, patient family members, and significant
others. All persons entering the PICU (including pediatric
visitors) require compliance with strict hand washing procedures before and after patient visitation. SOa Thorough,
frequent handwashing remains the most important method
of preventing the transmission of pathogens between the
patient and healthcare team member or visitor. 12.64.65
Healthcare workers require protection from the significant infectious risks inherent in patient care; conversely,
patients and other heal thcare workers need to be protected
from exposure to healthcare workers with communicable
diseases. Integrating management and prevention strategies
to accomplish these two goals requires close collaboration
between hospital infection prevention and control programs
and occupational health departments.
A comprehensive employee health program does not
replace sound judgment in detennining exposure of infectious persons to critically ill infants and children. The nurse
has an active and vital role in patient advocacy and carefully
monitors self, team members, and visitors for evidence of an
infectious process. Patients with altered host defenses
should not be cared for or visited by infectious persons
without appropriate safety precautions. Guiding infectious
persons in delaying their visit or in handwashing and using
disposable masks in the child's room may lower the risk of
transmission. Unlike exogenous reservoirs, which are often
identified, disinfected, or eliminated, little can be done to
eradicate pathogens from the endogenous reservoir, the
patient 6S Many opportunistic organisms are present in a
patient's system and may cause infection in a patient in a
compromised state. 65 .81
Prevent Antigen Exposure. In addition to identifying the known allergies of the infant or young child,
recognition of the numerous substances that the child is
exposed to on a daily basis in the PICU and identification of
potential or actual antigens are critical. Most critical care
units minimize the presence of flowers, plants, and pets in
the unit and encourage other age-appropriate sources of
pleasure, such as mobiles, radios, and tape players. Flexi-

Chapter 15
bility and exceptions are common in the PICU environment
and are evident by the use of closed terrariums rather than
potted plants, changing water in flower vases every 8 hours,
or showing videotapes or photographs of pets in between the
planned visits by pets. Recognizing the presence of potential
antigens and vectors of infection is important. Awareness of
their impact on the child and other patients in the unit and
planning interventions accordingly are vital.
Consider the Cost/Benefit Ratio of Invasive
Techniques. Exposure to invasive medical devices or
procedures represents a significant risk for nosocomial
infection. Despite the risks, these devices and procedures
are an integral part of the pediatric critical care environment
and will continue to be in the future. Assisting in the careful
comparison of the benefits versus the risks of these invasive
techniques is important because most preventable infections
are related to the use of invasi ve devices or procedures.
Once the decision is made that the benefit outweighs the
risk, care is taken to follow institution-specific standards for
invasive techniques and procedures, as well as the care and
maintenance of the invasive devices.
Survey for and Identify Infection. Monitoring
fever patterns is essential to assist in the identification of the
cause of infection. With the exception of the newborn and
young infant, the body's ability to mount a febrile response
usually remains intact and therefore is the best indicator of
infection. 82 Gram-negative sepsis is often accompanied by a
pattern of intermittent fevers. whereas a slowly rising but
steady fever may indicate the presence of a fungal infection. 82 Fever may also be a manifestation of a reaction to
certain medications, such as antibiotics. In this situation,
fever closely follows the medication administration, and the
medication may temporarily be discontinued to evaluate
whether the fever resolves. Close attention to the proper use,
method. and care of the temperature-taking device is
prudent because treatment decisions are made with the data
obtained from temperature taking.
Identification of the source of infection becomes a
primary concern in the presence of the febrile patient.
Particular attention is targeted toward the lungs and the skin
(especially sites of intravenous insertion access, and perioral
and perirectal areas). All indwelling catheters, whether
suspected or not, are sampled for culture. In addition, two
peripheral blood samples are obtained from separate venipuncture sites. Other cultures the nurse may anticipate
include routine urinalysis and urine culture. a stool examination and culture (if diarrhea is present), and a chest
radiograph. In the febrile neutropenic patient, these cultures
and diagnostic tests are anticipated, despite the absence of
other clinical symptoms 83

Treat Infection
Antibiotic therapy is anticipated in a critically ill child with
signs and symptoms of infection. Recognition of the goal of
antibiotic therapy by all members of the healthcare team is
important. This includes knowledge of whether the drug is
empiric or definitive therapy for a suspected or an established infection. 84 The properties of an ideal antibiotic are
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demonstrated efficacy through controlled clinical trials,
nontoxic effects, no alteration in normal patient or environmental flora, facilitation of rapid discharge of the patient
from the hospital, and inexpensive cost.
Antimicrobial Therapeutics. Antibiotics are among
the most widely prescribed drugs in the acute care setting,
often accounting for 15% to 25% of inpatient pharmacy
budgets. The rational use of antibiotics in the ICU continues
to present a challenge to the healthare provider. Antibiotics
are typically used in three basic ways: (I) for treatment of
primary infections; (2) for treatment of secondary or
iatrogenic infections; and (3) for prophylaxis of potential or
anticipated infections. 85 Treatment rationales include prophylactic treatment, direct or therapeutic treatment, presumptive treatment, and empiric treatment.
Antibiotic selection is an ongoing process with continual
evaluation of the indications for antibiotic therapy, the
patient's response, and laboratory data. 84 During the course
of therapy, additional information is used to adjust the
antibiotic regimen to ensure coverage against all suspected
or identified microorganisms. The patient's response or lack
of response and side effects may lead to the adjustment of
the antibiotic regimen. This may result in an antibiotic that
has more or all the properties of an optimal antibiotic.
Broad-spectrum antibiotics are usually begun immediately after careful initial examination and collection of
specimens for culture and sensitivity testing. Selection of
broad-spectrum antibiotics is often based on organisms
typically found in a particular institution, whether the
patient is neutropenic and the duration of the neutropenia,
organisms associated with unique patient populations, and
the underlying pathophysiologic condition (e.g., renal failure). Broad-spectrum antibiotic therapy is never a substitute
for the careful evaluation of the suspected infection.
Pretreatment specimens are always desirable to determine
the infectious organism; therefore all desired cultures are
accurately obtained in a timely fashion. 52 Once the appropriate antibiotic regimen is chosen, the medication must be
administered as soon as possible. Regardless of the method
of antibiotic delivery (slow intravenous push, metered
chamber, or syringe pump), close attention to the rate of the
administration, location of administration. and the dead
space of the intravenous tubing ensures that the child
receives the drug completely and consistently.
Antibiotic serum drug concentrations (SDCs) are obtained, when appropriate. These are often ordered by the
practitioner as peak and trough drug levels. Results are used
to adjust drug doses to maximize therapeutic efficacy (to
ablate microorganism growth) while minimizing or avoiding toxicity. The determination of when a SDC is obtained
is based on the underlying condition of the patient and the
point at which the drug reaches a steady-state condition. In
the clinical setting, this is often defined according to a
specific drug regimen (e.g., following the third administered
dose of gentamicin). However, in the critically iII child or
the child with organ dysfunction resulting in altered
elimination of that drug, SDC may be obtained after the first
administered dose. To reach and maintain a therapeutic
SDC, it is imperative that all antibiotic doses be given on
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schedule, regardless of other scheduled diagnostic procedures or regimens.
SDC specimens are accurately collected and labeled to
ensure that the derived data are accurate. The actual time the
specimen was drawn, as well as the antibiotic infusion start
and completion times, should be noted directly on the
laboratory specimens. Administration techniques can produce misleading SDC results if the delivery time is
miscalculated86 The administration time, administration
method, infusion duration, specimen collection container,
collection time, and concomitant administered medications
influence the SDC obtained.
Trough levels are always obtained before administration
of an antibiotic dose. Peak levels vary depending on the
class of antibiotic; for example, aminoglycoside peak
concentrations are obtained from 30 to 60 minutes after a
30-minute infusion, whereas vancomycin peak concentrations are obtained 60 minutes after a 60-minute infusion. If
toxicity is suspected, SDCs may be obtained at any time in
the dosing schedule.
Many procedures are available for testing the susceptibility of various microorganisms to antiinfective drugs. The
greatest dilution of antibiotic associated with the inhibition
of bacterial growth is called the minimum inhibitory
concentration (MIC). If the sample can be diluted further
without a recurrence of bacterial growth, then this dilution
is also the minimum bactericidal concentration (MBC) for
the drug. MIC and MBC values provide some indication of
the potency of the antibiotic with regard to the infecting
pathogen.
Simultaneous use of two or more antimicrobials is
applied to achieve a broad spectrum of antimicrobial
activity when empirical therapy is initiated to minimize the
possibility that drug resistance might emerge to a single
antimicrobial agent and to exploit synergistic antimicrobial
properties.
Antimicrobial-Resistant
Microorganisms. The
rapid emergence of pathogens resistant to multiple anthnicrobial agents (e.g., vancomycin-resistant enterococci,
gram-negative bacteria producing extended-spectrum
/3-lactamases) and the widespread dissemination of these
resistant microorganisms constitute an unprecedented crisis
for hospitals worldwide. The mechanisms involved in the
emergence and spread of antimicrobial resistance are
complex but are facilitated undoubtedly by intense selection
pressure caused by overuse and misuse of antimicrobial
agents in hospitals, particularly newer broad-spectrum
agents. 86a Dissemination of resistant strains is facilitated by
poor compliance with handwashing and isolation precaution
procedures.
At least eight distinct mechanisms of antibiotic resistance
have been described in bacteria. Resistant enterococci to
vancomycin has been classified as A, B, or C based on levels
of resistance to vancomycin. One method of resistance is
enzymatic inhibition, which is due mainly to the production
of enzymes that inactivate antibiotics, cause alterations of
bacterial membranes (both outer and inner membranes), and
alter binding capacity of the antibiotic. Further resistance
has been demonstrated by enteric gram-negative organisms,

which have the capacity to actively efflux tetracycline back
across the cell membrane. Resistance to a wide variety of
antimicrobial agents, including tetracyclines, macrolides,
and aminoglycosides, may result from alteration of ribosomal binding sites. Failure of the antibiotics to bind to its
target site or sites on the ribosome disrupts its ability to
inhibit protein synthesis and cell growth. Large glycopeptide molecules prevent the incorporation of precursor
antibiotic targets, such as vancomycin in the cell wall.
/3-Lactam antibiotics inhibit bacteria by binding covalently
to penicillin-binding protein in the cytoplasmic membrane.
In gram-positive bacteria; resistance to /3-lactam antibiotics
may be associated either with a change in the affinity of
penicillin-binding protein for the antibiotic or with a change
in the amount of penicillin-binding protein produced by the
bacteri urn. 87
New drug discoveries have remained one step ahead
of the bacterial pathogens. Nonetheless, the rapid evolution of resistance has limited the duration of the effectiveness of specific agents against certain pathogens. The
best hope for the future is the development of a greater
understanding of how antimicrobial resistance spreads
and the implementation of effective infection control
strategies. New antimicrobial agents have had a substantial impact in decreasing human morbidity and mortality rates over the past half-century. Expanding surveillance
of antibiotic resistance determinants and exercising caution
in dispensing antibiotics to maximize their continued
efficacy are critical to the continued effectiveness of these
agents. S7
Antifungal Drugs. Amphotericin B is considered by
most to be the gold standard for systemic antifungal drugs.
It is the agent to which all new antifungal drugs must be
compared before clinical acceptance. Fluconazole is the first
in a series of new triazole antifungal agents providing an
effective and less toxic therapy than amphotericin B. Many
other antifungal agents are available, including f1ucytosine,
itraconazole, griseofulvin, synthetic imidazoles, and topical
nystatin.
Antiviral Drugs. Antiviral drugs such as acyclovir
and ganciclovir are effective in the treatment of localized
and disseminated herpes simplex virus infections. Amantadine and rimantadine have been used against influenza A
viruses. Considerable controversy surrounds the use and
true clinical effectiveness of ribavirin. Ribavirin may be of
clinical value in the treatment of severe lower respiratory
tract viral infections caused by influenza A and B viruses
and respiratory syncytial virus. Currently the American
Academy of Pediatrics suggests use in selected patient
population only (see Chapter 19).
Antiprotozoal Drugs. Pentamidine isethionate is
considered a second-line drug for the treatment of P. carillii
pneumonia in patients who fail to respond to co-trimoxazole
(trimethoprim-sulfamethoxazole) and used increasingly in
patients with AIDS.
Antimalarial Drugs. Chloroquine is used primarily for the treatment of malaria; however, today many
chloroquine-resistant and multi drug-resistant strains of malaria exist. Quinine is also indicated for malaria prophylaxis
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or in the treatment of the acute disease; however, the drug is
much less effective and more toxic than chloroquine. 88

Immunotherapy and Immunomodulation
Immunotherapy involves the use of immune factors, alone
or in combination, to enhance immunity or prevent unwanted physiologic responses and tissue destruction. These
factors include immunoglobulin (e.g., antitoxins, monoclonal antibodies), WBC transfusions, and cytokines. 8iotherapy is a broad term used to refer to various biologic
treatment modalities employed to augment, restore, or
modify the immune response or hematopoiesis. Through
advanced biotechnologic methods, such as recombinant
engineering techniques, many naturally occurring immunologic substances in the body are produced in sufficiently
large quantities for clinical trials and therapeutic application. 89 •9o Biotherapy may be used to augment or restore the
immune system in the treatment of cancer, immunodeficiencies, HIY disease, and septic shock. Biotherapy is also used
to suppress or restrict the immune response, such as in the
prevention, diagnosi s, or treatment of graft rejection and
graft versus host disease (GYHD) or in the treatment of
autoimmune disease. Biotherapy has also become a new tool
to reverse drug toxicity. Certain forms of biotherapy have
nonclinical applications; they are used in the laboratory to
diagnose diseases or infections, determine blood and tissue
types, and differentiate between B cells and T cells.
An important nursing consideration for the use of
biotherapy, because it is often investigational, is to ensure
that the informed consent process is complete. In addition to
the parents' or guardians' consent, it is important to obtain
the child's assent, when appropriate, to participate in the
research process and protocol.
Another significant nursing implication in caring for the
child receiving biotherapy is knowledge about the contraindications, complications, and side effects. In general, the
long-term effects of biotherapy are unknown; hence, this
therapy is used only when clearly indicated, part of a
research protocol, or for compassionate use. Complications
of therapy are variable and may be acute or chronic, nearly
universal, or rare. Each biotherapy agent has unique side
effects, but most agents are associated with a flulike syndrome of fever, chills, myalgia, headache, and fatigue.
Biotherapy generally involves the administration of one
form or a combination of the following: (I) immunoglobulins; (2) cytokines, such as colony-stimulating factors
(CSFs), interferons, or interleukins; (3) monoclonal antibodies (MoAbs); (4) genetically engineered enzymes; (5) autologous activated immune cells (tumor-infiltrating lymphocytes [TILs] and LAK cells); and (6) gene transfer therapy.
Each category of biotherapy is discussed individually, but as
with all other immunologic events, these substances do not
act independently or in isolation.
Immunoglobulin. Intravenous
immunoglobulin
(TYIg) is a solution of immunoglobulin contammg many
antibodies normally present in adult human blood. It is
obtained from plasma-pooled whole blood of thousands
of diverse adult donors, ensuring a broad spectrum of
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antibodies. Immune globulin therapy is rapidly shifting
from standard pooled preparations to specific immune
globulin preparations. High-titer specific immune globulin
preparations are prepared by screening or immunizing
donors. Examples include cytomegalovirus immune globulin (CMY-Ig), respiratory syncytial virus immune globulin
(RSV-Ig), and varicella-zoster immune globulin (YZIg).
Hepatitis B immune globulin (HBIg) is used to prevent
hepatitis B infection, and YZIg can prevent or modify the
course of chickenpox in immunocompromised patients.
Intravenous immunoglobulin. More than 90% of
IYIg solution consists of IgG. The manufacturing process
ensures that the levels of IgA and IgM are low to reduce the
rare incidence of anaphylaxis (predominantly resulting from
anti-IgA antibodies) and hemolytic transfusion reaction
(predominantly resulting from IgM antibodies of the ABO
and Rh blood system).
IYIg has many clinical applications, but the mechanism
of action may vary related to the disease state for which the
IYIg is given. Table 15-9 illustrates the various disease
states and clinical conditions for which IYIg has been
administered; however, the efficacy in many of these states
remains unclear. 91 It was initially developed to provide
passi ve immunity and prevent infections in persons with
primary immunodeficiencies who were unable to produce or
maintain adequate level s of IgG.
IYIg is used in many other clinical conditions because it
has immunomodulatory effects that are not well characterized but are the focus of intense research. Evidence of these
immunomodulatory effects has led to the use of IYIg in the
treatment of inflammatory or autoimmune conditions such
as Kawasaki syndrome or, rarely, idiopathic thrombocytopenic purpura (ITP).
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Several brands of IVIg are available in the United States;
all are purified and processed to remove or inactivate HIV,
hepatitis B virus, and other microorganisms. Dosages for
IVlg may vary tenfold depending on the disorder for which
it is being administered. IVIg is given by slow infusion
usually over several hours, with an initial infusion rate of 0.5
mI/kg/hr for 30 minutes, gradually increased at subsequent
15- to 3D-minute intervals to a maximum of 2 to 4 ml/kg/hr.
The patient should be observed for acute reactions; slowing
or stopping the infusion for 15 to 30 minutes usually
alleviates the reaction.
As the result of a significant number of adverse-event
reports of renal dysfunction and acute renal failure associated with the administration of IVIg, the U.S. Food and
Drug Administration recently published recommendations
for IVIg use. Preliminary evidence suggests that IVIg
products containing sucrose may pose a greater risk for this
complication. 92
Respiratory syncytial virus immune globulin.
RSV-Ig contains high titers of RSV immune globulin.
Concerns about the requirement of monthly administration
requiring intravenous cannulation and infusion over several
hours and the fluid volume and protein load have restricted
the use of RSV_Ig. 92a Efforts have been directed to the
development of a monoclonal IgG antibody and prophylaxis
against RSV. A randomized, multicenter, double-placebocontrolled trial involving 1502 premature infants with or
without chronic lung disease receiving palivizumab prophylaxis reduced the incidence of RSV hospitalizations by 55%
compared with placebo recipients (p <0.(01).93 Current
recommendations include considering palivizumab in neonates who meet predefined criteria. Palivizumab is not
indicated for infants with congenital heart disease and for
the treatment of RSV disease.
CMV-Ig. CMV-Ig ensures high titers of CMV-specific
antibody and is highly efficacious in the prevention and
treatment of CMV infections in kidney and bone marrow
transplant patients. 94 Several products with a high antibody
titer to a specific pathogen have been available for many
years to prevent, modify, or treat a variety of infections. 73
Cytokines. Cytokines are soluble substances produced
primarily by cells of the immune system that act as powerful
communication signals between cells. In this sense, cytokines function much like hormones or neurotransmitters.
Cytokines regulate or influence the immune response by
affecting a variety of cellular activities, especially in regard
to HI and CMI. Like antibodies, cytokines are generally
released in response to the presence of antigen 95 ; however, unlike antibodies, cytokines are not specific to a
particular antigen.
Cytokines can be categorized as CSFs, interferons, and
interleukins. Other cytokines, such as TNF-a, Iymphotoxin (TNF-~), and IL- I, have unique effects that defy
categorization.
Colony Stimulating Factors. CSFs are involved
principally in the production of neutrophils and monocytes. They were discovered because of their ability to
stimulate the formation of colonies of granulocytes, monocytes, and macrophages in cultured bone marrow cells and

were named according to the primary cell colony type that
they elicited.
CSFs are a group of glycoproteins that are extensively
involved in hematopoiesis, the process by which blood cells
proliferate, differentiate, and mature. 96 ,96a Each CSF binds
to and activates the corresponding receptors found on the
surface of its target cell (each CSF may have a variety of
target cells).96,96a Upon binding to its receptor membrane,
the CSF signals the target cell to initiate particular intracellular processes, such as protein synthesis and replication of
genetic material, which leads to differentiation, cloning,
maturation, and, in some cases, functional activation of that
target hematopoietic cell.96,900
Recombinant CSFs, produced by genetic engineering,
have three major therapeutic applications. Two applications
are to restore hematopoietic function by raising cell counts
from suppressed levels and to augment hoSi defense against
infection by enhancing the sensitivity and function of
immune cells. The third application is an indirect role in
containing or eliminating malignant cells. By far the most
common applications of CSFs are to reverse anemia,
thrombocytopenia, and neutropenia following cytotoxic and
radiation therapy during the treatment of cancer. Bone
marrow suppression, with its consequent risks of lifethreatening infection or bleeding, is the primary doselimiting factor of cytotoxic drugs for the treatment of cancer.
CSFs accelerate bone marrow recovery, which reduces the
period of severe neutropenia and thrombocytopenia, thereby
permitting higher doses of chemotherapy and possibly
higher rates of remission or cure. Research is ongoing in
using various CSFs for these multiple purposes.
Five major endogenous human CSFs are granulocyte
CSF (G-CSF), granulocyte macrophage CSF (GM-CSF),
macrophage CSF (M-CSF), interleukin-3 (IL-3), and erythropoietin, Table 15-10 reviews individual CSFs according to
their cellular source, action, and therapeutic application.
Interferons. Interferons are substances produced
by the immune cells primarily in response to viral infection.
All of the interferons are antiviral, antiproliferative (cloning), and immune modulating, but the different types of
interferons may vary in efficacy when exerting these effects.
Like other biologic response modifiers (BRMs), interferons
cause a flulike syndrome. 97 ,98 Table IS-II lists the various
interferons with their respective cellular sources, actions,
and therapeutic applications in pediatric critical care.
Interleukins are a form of BRMs that have received much
attention. More than 17 interleukins have been identified,
and their unique function and contribution to the immune
response are not completely understood. IL-2, the most
commonly administered interleukin, increases lymphocyte
proliferation (cloning) and NK cell activity.99.101
Lymphokines and Monokines. During infection,
genes for nearly all the cytokines are expressed. The
cytokine family, through a complex web of interactions,
functions to initiate and then regulate both proinflammatory
and antiinflammatory responses. 102 Considerable experimental and clinical interest has focused on the proinflammatory cytokines TNF-a and IL-I as important early
mediators in the pathogenesis of sepsis and meningococcal
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Selected Colony-Stimulating Factors (CSFs)
Cellular Source

Adion

Therapeutic Application

Renal cells

Stimulates production and speeds
maturation of erytbrocytes

Reverse anemia related to:
• Chronic renal failure
• HIY disease
• Zidovidine therapy for

T cells

Stimulates growth of precursors to
granulocytes, macrophages, RBCs,
platelets. and mast cells

Reverse thrombocytopenia related to:
• Cancer therapy

Monocytes
Macrophages
Endothelial cells
Fibroblasts

Stimulates growth and activation of
neutrophils

Reverse neutropenia related to:
• Cytotoxic therapy
• Radiation therapy
HIV disease
• Congenital neutropenia
• Cyclic neutropenia

Monocytes
Macrophages
Endothelial cells
Fibroblasts

Stimulates growth and activation of
monocytes

Expedite boile marrow recovery
following autologous bone marrow
transplant

T cells
Endothelial cells
Fibroblasts

Stimulates the growth and activation
of neutrophils, eosinophils, and
macrophages
Enhances ability of macrophages
and neutrophils to ingest bacteria
and kill antibody-coated tumor
cells

Expedite bone marrow recovery
following autologous bone
marrow transplant

my

- .: ta from Herberman RB, ed: Cetus immllllOprimer series. Part 3. Cytokines, Emoryville, Calif, 1989, Cetus Corporation.
::"Jt is relatively easy to transfuse RBCs to reverse anemia or platelets to reverse thrombocytopenia. In contrast, granulocyte transfusions to reverse

'. Ulropenia are logistically difficult to perform. In addition. their therapeutic efficacy has not been reliably established.
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Selected Interferons
Adion

T, B, NK cells
Macrophages

Enhance NK activity
Antiviral
Induces HLA-I antigen expression
Induces fever
Generates cytotoxic T-cells
Induces macrophage killing of tumor cells

Non-Hodgkin's lymphoma
Hepatitis B
HIV disease
Under investigation in:
Hepatitis B or C

Fibroblasts
Macrophages
Epithelial cells

See <x-interferon actions

Multiple sclerosis

T and NK cells

Antiviral
Induces HLA-I antigen expression
Induces microorganism and tumor cell killing
of macrophages
Regulates action of certain cytokines
Increases NK cell activity
Induces production of T cell suppressor
factor
Increases expression of Fc receptor

Chronic granulomatous disease
Under investigation in:
HIV disease
Rheumatoid arthritis
Chronic mycobacterial infections
(Mycobacterium avium)

Fibrobla~ts

Epithelial cells

...

Pediatric Critical Care
Therapeutic Application

Cellular Source

ata from Herberman RB, ed: Cetus immunoprimer series. Part 3. Cytokines, Emoryville, Calif, 1989, Cetus Corporation.
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disease, as demonstrated by a correlation between morbidity
and mortality and high serum levels of TNF-a and IL-l. 103
The basis for the potential therapeutic use of these two
cytokines in human disease states involves two clinically
distinct hypotheses: (I) excessive cytokine production
results in host immune injury leading to severe shock, and
(2) deficient cytokine production renders a host susceptible
to infection by invasive pathogens. Research and future
clinical trials will attempt to inhibit endotoxin release or
limit T F-o. and IL- I production and function. Current
clinical trials are also focusing on the TNF-o. and IL-l
synthesis with the administration of corticosteroids either
before or during antibiotic administration and the use of
pentoxifylline a methylxanthine derivative to block TNF-o.
transcription and production. 103
Monoclonal Antibodies. MoAbs are laboratoryproduced antibodies for a single destiny antigen. The
process in which MoAbs are produced in the laboratory is
reflected in Fig. 15-9. MoAbs are used to prevent, diagnose,
and treat graft rejection and GVHD; perform diagnostic
testing; treat disease (e.g., cancer, autoimmune disease); and

monitor response to treatment to eliminate toxins and
reverse drug toxicity. Each therapeutic application of
MoAbs is discussed separately.
The use of monoclonal antiendotoxin antibodies to
inhibit the binding of endotoxin to its target cell is
promising although more effective if given earlier during
sepsis syndrome. 104 Anti-T cell MoAbs, such as OKT3,
are effective agents widely used in heart, liver, pancreas, and bone marrow transplants to prevent, diagnose,
or treat graft rejection or GVHD. To prevent graft rejection,
OKT3 is administered to prevent the child's mature T cells
from rejecting the grafted or transplanted organ. To
prevent GVHD in bone marrow transplant patients, the
donor marrow is incubated with anti-T cell MoAbs
before the marrow is infused into the recipient to purge
the donor marrow of immunocompetent T cells. MoAbs
can also be used to monitor subsets of T cells at the site
of organ graft to assist in the diagnosis or monitoring of
graft rejectionl05.106
MoAbs may also be used on serum, urine, and stool
samples to diagnose infections with microorganisms such as

Cells fuse into
a hybridoma
U
Antibody-producing
plasma cell

"~l
'<;.
II

Cancerous
plasma cell

Monoclonal
antibodies

Fig. 15-9 Target antigen is injected into a mouse, stimulating the mouse plasma cells to produce
antibodies to that destiny antigen. Mouse plasma cells are then harvested and fused with inunortal
laboratory-grown plasma cell. These cells are then cloned and referred to as hybridornas. This hybridoma
will secrete the "made-to-order" antibody for an indefinite period. Through this process, research has
mimicked the immune system's humoral immuniry. (Adapted from Schindler LW: The immlllle
system-how it works. United States Department of Health and Human Services, Bethesda, Md. 1992, NIH
publication number 92-3229. p. 22.)
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herpes simplex virus, streptococci, and Chlamydia. In
addition, MoAbs assist in the identification of cells and
tissues (e.g., B cell and T cell differentiation or HLA or
blood typing).
MoAbs to various tumor antigens or tumor products can
be used to confirm the diagnosis of certain types of cancers
(glioma, cancer of the pancreas, lung, kidney, and others). A
radioactive tracer can be attached to MoAbs so that after the
MoAbs are administered, a body scan may reveal where the
cancer is located within the body.
Antitumor MoAbs can also be used therapeutically.
They attach to tumor cells, opsonizing these cells, and
enhancing the tumor cells' destruction. Antitumor antigen
MoAbs that are attached to toxins are called conjugated
MoAbs. Often these conjugated MoAbs are combined with
radioactive or other agents to assist in the treatment of
various cancers, such as acute lymphocytic leukemia. In
theory, these will attach solely to the tumor cells rather
than harming healthy cells. 107
More commonly in the PICU, MoAbs are used to reverse
drug toxicity or minimize toxic effects. For example, in a
child experiencing digoxin toxicity, the MoAb Digibind
"binds" to the excess digoxin, preventing it from exerting
its toxic effects. MoAbs to microbe toxins have been
developed against Escherichia coli and P. aeruginosa to
name a few. Murine MoAbs against TNF may improve
survival in certain patients; however, at this time, clinical
usefulness is limited. IDS
Integrins and Selectins. Neutrophil adherence to
and migration through the capillary endothelium is a critical
early event in the acute inflammatory response. The
adhesive interactions between leukocytes and endothelial
cell surfaces are regulated by two families of glycoproteins:
the integrins and the selectins. Monoclonal antibodies to
integrins and selectins are being tested in animal models. 103
Genetically Engineered Enzymes. Some diseases
affecting children occur as a consequence of genetic defects
that result in the lack of one or more key enzymes for cell
growth and metabolism. For such diseases, genetically
engineered enzyme replacement therapy may halt the
disease process. This involves administering the deficient
enzyme in adequate amounts. Because such endogenously
administered enzymes may last only a short time within the
body, molecules such as polyethylene glycol (PEG) can be
attached to the enzyme to prolong its half-life. 109
Autologous Activated Immune Cells. LAK cells
and TILs are forms of biotherapy that are undergoing
investigation as a treatment of cancer. In some clinical trials,
the cells have effectively produced tumor regression in
cancers that were unresponsive to conventional therapy.
Both forms of therapy involve removing lymphocytes from
a person with cancer, activating these cells with IL-2, and
then returning the activated cells to the patient. Theoretically, either type of activated cell would be expected to lyse
tumor cells while sparing normal cells.
In LAK cell therapy, the patient is first given IL-2 and
then undergoes pheresis in which lymphocytes are removed.
These lymphocytes are incubated with IL-2 and then
returned to the patient in the hope that these cells will attack
the tumor. TILs are normal lymphocytes that are harvested
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directly from the patient's malignant tumor. Thus in contrast
to LAK cells, TILs are theoretically "programmed" against
the tumor cells from which they are found. TILs are also
incubated with IL-2, stimulated to clone, harvested, and
reinfused into the patient. 110.111

ALTERATION IN IMMUNE FUNCTION
Transient Immune Dysfunction
Etiology. The critically ill child often experiences
iatrogenic interference to host defenses. Common PICU
diagnostic and therapeutic interventions interfering with
host defense and immunologic function include anesthesia
procedures 112.113; pharmacologic interventions such as neuromuscular blockers, narcotics, sedatives, and barbiturates;
immunosuppressive therapies such as chemotherapy, radiation, and corticosteroids; and extensive blood component
administration. 114 The child is also subjected to numerous
invasive procedures in the PICU, such as tracheal intubation, and catheterization or cannulation of body orifices and
cavities. Each of these stressors disrupts the child's physical,
mechanical, and chemical barriers and increases the risk of
nosocomial infection.
Transient immune dysfunction may result indirectly from
the cause for the child's admission to the PICU. Severe
musculoskeletal trauma, thermal injury, or major surgery
are examples of overwhelming tissue injuries that can produce transient immunocompromise. Regardless of the type
of tissue injury (trauma vs. thermal injury), the resultant
immunocompromise is similar and involves all components
of the immune system. Infection is the most frequent fatal
complication after major tissue injury78.115; the more severe
the injury, the greater the immune system dysfunction and
the higher the risk of sepsis and death. 78 Every investigated
component of the immune system has revealed an alteration
in function after major tissue injury.
Incidence. In addition to penetration of the natural
barriers as described earlier, the younger the child in the
PICU, the higher the risk for infection. Infants I month old
or younger have a 2 to 3 times higher risk for infection than
patients who were at least 2 years 01d. 116
Several studies of nosocomial infections in hospitalized
patients suggest that infection rates are actually lower in the
pediatric patient population compared with adults. II7- 120
The cumulative incidence of nosocomial infections (number
of nosocomial infections per 100 discharges) for pediatric
services and normal newborn nurseries is lower than for
most other services. Length of hospitalization is an important factor in assessing rates of nosocomial infection
because the cumulative probability that an indi vidual will
experience at least one nosocomial infection increases with
increasing exposure to the hospital. To minimize the effect
of differences in length of hospitalization, rates of nosocomial infection are expressed as an incidence density (the
number of nosocomial infections per 1000 patient days).121
The majority of nosocomial pneumonias are caused by
bacteria and are associated with mechanical ventilation. 12la
The rate of ventilator-associated pneumonia has been
reported at 6 per 1000 ventilator days,122 which includes
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viral causes of pneumonia. Mechanical ventilation is a
major risk factor not only for nosocomial pneumonia but
also for sinusitis and otitis media because the nasotracheal
tube interferes with normal drainage of the ostia of the
sinuses and the eustachian tube. 121 The majority of nosocomial pneumonias are polymicrobial and often include both
gram-positive and gram-negative bacteria. The pathogenesis
of ventilator-associated pneumonia is complex but can be
reduced to two general mechanisms: aspiration of microorganisms colonizing the stomach and oropharynx and inhalation of contaminated aerosols.
Rates of bloodstream infection associated with central
venous catheters in PICUs are reported to be 8 per 1000 central line days. This is higher than rates reported in adult
ICUS. 122 These data do not distinguish rates of infection
associated with specific catheter types, nor do these distinguish which catheter is the source of the infection in patients
with multiple catheters. A recent review suggests that rates
of bloodstream infection are lower in totally implanted (0.1
to 0.7 infections per 1000 catheter days) than tunneled (0.4
to 7.8 per 1000) catheters. 123 Arterial line-related septicemia ranges from 0% to 4%124.125 depending on populations,
definitions of infection, practices related to insertion, and
duration of use. 126 Current information is not sufficient to
state whether the site of insertion of central venous catheter
affects the risk of infection. Nearly a third of infections are
caused by coagulase-negative staphylococci. Other grampositive bacteria, including S. aureus and Enterococcus species, account for another third.
Patients undergoing surgical procedures are at risk for a
variety of nosocomial infections. A I-year study of more
than 600 pediatric patients undergoing surgical procedures
found that surgical-site infection was the most common
nosocomial infection after surgery, occurring in 3.5% of
patients. 127 A study of more than 300 children undergoing cardiovascular surgery found an infection rate of
7.1%.128 Infection rates were higher among patients in
whom the sternum was left open after surgery (27.6% in
patients with open sternums vs. 5% in patients with closed
sternums), although this occurrence may be related to
severity of illness.
UTls are not the most common nosocomial infection in
the pediatric population, as they are in the adult population,66.69 but are second to upper respiratory tract infections.
UTIs represent only 10% or less of all hospital-acquired
infections in children in the National Nosocomial Infections
Surveillance System report,122 although the incidence is
higher in the critically ill child.
Pathophysiology. The interference of the lines of
defense create an environment that facilitates the development of nosocomial infection. Malnutrition leads to a
mosaic of changes affecting both nonspecific and specific
host defenses.129.130 Factors that interfere with adequate
tissue perfusion and oxygen delivery, such as hypoxemia,
shock, and hypothermia, affect inflammatory response,
phagocytosis, and wound healing. The efficiency of neutrophils in killing bacteria is related to a level of oxygen in
the tissues not just in the circulation. For example, because an activated phagocyte's oxygen consumption increases 10 to 20 times over its resting metabolism,131 it must

have access to adequate oxygen to perform its phagocytic
functions.
All patients with chronic renal failure, regardless of age,
experience a high incidence of infection, with approximately 40% of patients dying of an infectious complication. 132 Although data are inconclusive and often contradictory, many factors in the patient with renal failure are
thought to contribute to altered host defenses and increased
susceptibility to infection.
The primary immune abnormality seen in patients with
both acute and chronic renal failure is lymphocytopenia and
a sequestration of lymphocytes to the bone marrow. 132
Apparently the uremic state and its effect on the blood sera
are responsible for the defects seen in cellular immunity.
Washed uremic lymphocytes incubated in normal blood sera
respond normally, as opposed to lymphocytes in uremic
blood sera. 132
Hypothermia and cardiopulmonary bypass are often
used during cardiac surgery. Induced hypothermia has also
been associated with an increased risk for bacterial infection. 78 • 133 Laboratory studies reveal that the increased
risk of infection may be a result of depressed neutrophil
migration in low-temperature states. 134
Gram-positive cocci account for approximately one half
of the isolates of surgical-site infections. 134a S. aureus is the
most common isolate, but coagulase-negative staphylococci
and Enterococcus species are also common. Cardiopulmonary bypass can be viewed as an iatrogenic cause of immune
dysfunction. The movement of the immune cells and
proteins through the heart-lung bypass machine causes
cellular destruction, complement activation, and other
changes that result in impaired immune function 78 It has
been reported in animals and adults that the rapid flow
through the bypass machine results in decreased complement levels, decreased immunoglobulin levels, increased
leukocyte adherence, depressed phagocytosis, and a transient neutropenia. 135 Similar findings are reported in children after cardiac surgery.136 Depressed complement levels
have been noted postoperatively in children and were still
observed 24 hours after surgery.136 This finding is in
contrast to the observation in adults of a return to
preoperative complement levels within 4 hours postoperatively.137 Other immunologic findings following pediatric
cardiac surgery include lymphopenia, decreased helper
T cells, and decreased levels of IgG and IgM. 136 Minimal
information is available on the effect of extracorporeal
membrane oxygenation (ECMO) or cardiac assist devices
on host defenses.137n.137b
Critical Care Management. Malone and Larson 138
demonstrated the introduction of the Occupational Safety
and Health Administration (OSHA) Blood-borne Pathogen Exposure Control Plan, and Body Substance Isolation and a barrier hand foam were associated with a
significant reduction in nosocomial infection rates. The CDC
has developed a comprehensive guideline for the prevention
of nosocomial pneumonia. 139 Empiric antimicrobial therapy
of nosocomial pneumonia in the patient supported on
mechanical ventilation should be guided by Gram stain of the
endotracheal aspirate. Treatment duration has not been
studied, and, generally, 10 days of therapy are given. 121
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Potential bloodstream infections are evaluated with at
least two blood cultures, including at least one blood culture
drawn by venipuncture before the institution of antibiotic
therapy. Empiric antimicrobial therapy for suspected bloodstream infection while awaiting culture results is based on
local knowledge of the relative frequency and susceptibility
patterns of nosocomial pathogens. Empiric treatment should
include an antibiotic effective against gram-positive bacteria
and most gram-negative bacteria.
The majority of critical care management focuses on
maintaining external barriers. Review the previous section
for specific interventions that protect and enhance the first
and second lines of defense.

Primary Alterations in Immune Function
Etiology and Incidence. More than 40 primary immune deficiency disorders are currently recognized by the
World Health Organization. Most are clinically heterogeneous and probably represent similar manifestations of separate defects in a particular cellular or molecular pathway.
The overall incidence of primary immune deficiency has
been estimated at approximately I case in 10,000 individuals in the population. Antibody deficits constitute approximately 50% of immune deficiencies; T cell defects are
next at 30% to 40%.'40 The relative distribution of immunodeficiencies is shown in Fig. 15-10. Primary immunodeficiencies are conventionally divided into disorders involving B cells, T cells, phagocytes, complement, or a
combination.
B Cell Disorders. B cell deficiency states are associated with quantitative or qualitative antibody deficit caused
by (1) lack of all immunoglobulin classes (e.g., aganunaglobulinemia), (2) lack of one immunoglobulin class (e.g.,
IgA deficiency), (3) lack of immunoglobulin subclass(es)
(e.g., IgG2 deficiency), or (4) lack of functional antibody.
B cell deficiencies are often intertwined with T cell

Cellular

Deficiencies

Antibody
Deficiencies

Relative distribution of primary immunodeficiencies.
(From S~iehm ER: Immunodeficiency disorders: general considerations. In Stiehm ER. ed: Imnlllllological disorders in infants and
children. ed 3, Philadelphia, 1989, WB Saunders, p. 158.)
Fig. 15-10
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dysfunction. Patients typically present with recurrent bacterial infections l41 Antibody deficiencies are the most common B cell disorders and are present in approximately one
half of the patients with primary immunodeficiency.9.142
Because patients with B cell disorders have a diminished
ability to form immunoglobulins, they are unable to
generate effective antibody-antigen interactions. 143
The pattern of infection associated with B cell disorders is characteristically recurrent sinopulmonary tract
infections with encapsulated bacteria and, less frequently,
gram-negative organisms. '43 Pyogenic bacteria, such as
pneumococci, meningococci, streptococci, H. influenzae,
and enteroviruses are common etiologic organisms. Patients
with antibody deficiency should not receive live virus
vaccines.
T Cell Disorders. T cell disorders are present in
approximately 40% of patients with primary immunodeficiencies 142; however, 75% of these cases are associated
concomitantly with antibody deficiencies. Patients with
T cell disorders have a limited ability to produce mature
T cells and therefore are unable to assist with the activation
of the immune response.
T cell defect may be due to a stem cell defect, a thymus
defect, an enzyme deficiency, or a postthymic defect. The
DiGeorge syndrome is an example of a T cell deficiency
secondary to a thymus defect. Patients with T cell deficiency
present primarily with opportunistic infections or autoimmune disease.
Phagocytic Disorders. Patients with phagocytic disorders have either an insufficient number or inadequate
function of neutrophils and monocytes or macrophages.
Impaired phagocytic function may be further classified as
chemotactic, opsonic, ingestion, or killing defects. Children
with neutrophil dysfunction experience recurrent infections
of the skin and soft tissue, abscesses, lung infections, and
periodontal disease. Patients with phagocytic disorders
involving inadequate functioning are considered at risk for
infection despite a "normal" WBC count. Infections should
be treated aggressively with prolonged use of systemic
antibiotics and surgical drainage of abscesses.
Complement Deficiencies. Deficiencies have been
described for each of the key components of complement;
however, an increase in the susceptibility to infection is
commonly noted for deficiencies in C2, C3, C5, C6, C7, and
CS?9 Infection patterns vary depending on which component of complement is deficient. For instance, infections in
a child with deficiencies of C2 and C3 are similar to those
in a child with a B cell disorder. The child with a
complement deficiency in terminal complement components
(C5 through CS) has infections from meningococcal or
gonococcal organisms. 39
Combined Immunodeficiencies. Several rare disorders are based on a combined immunodeficiency of both
HI and CM!. These disorders are the most severe of all the
immunodeficiencies because the child is unable to form
antibody and lacks T cells to orchestrate the immune
response and to destroy cells infected with intracellular
microorganisms. Persons with combined Band T cell
disorders suffer from multiple severe infections (bacterial,
fungal. viral, and protozoal), diarrhea, and muscle wasting.
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A well-known example of a combined Band T cell
disorder is severe combined immunodeficiency disease
(SCID). SCID is a rare inherited disorder occurring in only
I in I million live births in the United States. SCID may be
caused by several immunologic abnormalities, but all
result in the lack of development or function in B cells and
T cells.

Acquired Immunodeficiency
Human Immunodeficiency Virus
Etiology and Incidence. HIV disease is defined as
the spectrum from exposure to the virus until death. AIDS is
that part of the HIV disease spectrum during which
opportunistic illnesses have begun to develop until death.
Pediatric AIDS refers to those cases that have been reported
in children under 13 years of age. In 1981, 16 cases of AIDS
were first reported among children below the age of 13. 144
By June 1999, 8596 cases of pediatric AIDS had been
reported. 145
From 1982, when the first cases of AIDS in children were
reported, through June 1997,7902 cases of AIDS had been
reported in the United States. 146 Of these cases, the majority
were infected through mother-infant transmission, with a
smaller number infected through receipt of infected blood,
blood products, or tissue or through receipt of contaminated
blood products used for hemophilia treatment. The number
of children with perinatally acquired HIV disease has
steadily declined since 1993 from over 900 per year to
225 in 1998. From 1996 to 1997, the number of children
who were diagnosed with HIV declined 40%, principally
reflecting several factors: the continued success of efforts to
reduce perinatal transmission through promoting voluntary
HIV testing and zidovudine therapy for pregnant HIVinfected women and their infants 145 and increased use of
antiretroviral drugs to treat HIV infection in pregnant
women.
Worldwide, the HIV epidemic has left an estimated 8.2
million children orphaned and 1.1 million children living
with HIy' 147 Through December 1997, 641,086 persons
with AIDS had been reported to the CDC by state and local
health departments. Of these, 1.2% were children younger
than 13 years old.
By midyear 1999, 1803 children were reported to be
living with HIV and 3669 to be living with AIDS. A total of
4975 children with AIDS have died, the majority of whom
were African American, followed by Hispanics, making up
the second largest ethnic group.145 Of the 678 children
reported with AIDS in 1999, 91 % had a mother with or at
risk for HIV infection, 4% were infected through blood or
blood products, 3% were hemophiliacs or had a clotting
disorder, and 2% had other or no reported risks. 145
Adolescents tend to become infected by routes of transmission associated with risky behaviors. These include unprotected sexual intercourse with infected partners, intravenous
drug use, and contamination with infected blood. 148
Despite a decreased number of children diagnosed with
mv, more children affected by this disease are being
admitted to PICUs for intense medical and nursing manage-

ment because of multisystem organ involvement and
subsequent organ failure, The average length of hospital stay
in 1997 was 8.1 days. 145
Extraordinary progress has been made in developing
highly active antiretroviral therapies (HAARTs), as well as
continuing progress in preventing and treating opportunistic
infections (OIs). HAART has reduced the incidence of OIs
and extended lives substantially. In addition, prophylaxis
against specific OIs continues to provide survival benefits
even among persons who are receiving HAART. 149 However, in comparison with Caucasians, African Americans
received inferior care on six selected measures of service
and pharmaceutical use. 150 Compared with children who
died in 1990, HIV-infected children who died in 199'6 were
significantly older, more symptomatic, and more likely to
have a greater number of organ system involvement and to
have received antiviral therapy and 01 prophylaxis. 151
Pathophysiology and Transmission. A great deal
of information has been learned about the transmission of
HIV since it was first isolated in 1983. HIV is a very fragile
virus and cannot survive for long periods once it is outside
the body. The length of time it does survive depends on the
size of the droplet that the virus is in and the concentration
of HIV within that droplet. 152 The larger the droplet, the
longer the survival time of the virus. HIV is killed as the
droplet dries.
HIV has been isolated from all body fluids, including
blood, semen, vaginal fluid, tears, saliva, sweat, sputum,
urine, breast milk, and cerebrospinal fluid. It has also been
isolated from some body tissues, including bone marrow,
lymph nodes, and brain tissue. 153-155 Blood, semen, vaginal
fluid, and breast milk are the only fluids that have been
implicated in the transmission of HIy' 156
Body fluid exposure is dependent on two variables: the
amount of viral particles present within the fluid and the
ability of that fluid to reach the target T4 lymphocytes. For
HIV to produce an infection, it must be able to enter the
recipient's bloodstream and attach itself to the T4
lymphocyte.
There are three modes of transmission for HIy'155.157-160
The first is unsafe vaginal or anal sexual contact with an
infected individual. Direct inoculation with infected blood
or blood products is the second mode of transmission.
Mechanisms that allow this transmission to occur include
inoculation through transfusions, needles not cleansed
properly after intravenous drug use, inoculation with
infected blood through small cuts, and inoculation through
needlesticks or percutaneous exposure. The risk of transmission through blood transfusions has significantly decreased since 1985, when the ELISA was implemented into
the process of blood screening. Since 1985, all donated
blood has been screened for the presence of HIy' 161
The third mode is vertical transmission from mother to
fetus or during birth. Vertically infected children exhibit a
bimodal pattern disease of progression. '62 About 10% to
25% of infected children develop profound immunosuppression, Pneumocystis carinii pneumonia, severe encephalopathy, organomegaly, and mUltiple opportunistic infections in
the first few months of life; without treatment, few of these

Host Defenses

Chapter 15
children survive more than 2 years. 163 Most children have a
slower progression to AIDS with mean times to AIDS of 6 to
9 years. 162 Factors contributing to the variable rates of
disease progression include the route and timing of infection, the amount and phenotype of the virus, and host
immunogenetic factors. l64
Being an HIV-positive mother does not guarantee
that her baby will develop HIV disease. However, babies
born to infected women will test positive because of
maternal antibody transmission to the fetus during development. 165 ,166 Maternal antibodies remain in the baby's
system for up to 15 months l61 ; therefore it is not currently
possible to determine the true HIV status of a baby until the
effects of maternal antibodies have resolved. The widespread use of zidovudine has led to a decline in the number
of children becoming perinatally infected with HIV. The rate
of mother-infant transmission has declined by 50% or more
in many areas of the United States. 167 Because the number
of children born to HIV-infected women each year has
remained about the same in recent years, the declining
transmission rate has already contributed to fewer children
being reported with AIDS nationwide. Several maternal,
delivery, and newborn factors appear to be associated with
higher risk for mother-infant transmission. One of the
maternal risk factors most consistently found across studies
is the stage of the mother's HlV infection, as measured by
clinical, immunologic, or virologic markers. 167 Also, if a
woman has given birth to an HIV-positive baby in the past,
there is a 65% chance that the woman will give birth to
another HIV-positive baby.168
Zidovudine (AZT) has proved to be effective in the
prevention of perinatal transmission of HIV. 169 In a study of
364 HIV-positive women, AZT therapy was associated with
a 67.5% decrease in perinatal transmission. As a result of
this study, the Public Health Service recommends that
HlV-positive women be informed that AZT substantially
reduces the risk of HIV transmission to their unborn baby
but does not eliminate it. Also, because this study did not
examine teratogenicity, the recommendation is that AZT not
be started before the fourteenth week of gestation if it is
being given for the sole purpose of reducing perinatal
transmission. 169
Incubation Period. When HIV was first identified, the
belief was that individuals were diagnosed as being HlV
positive, developed AIDS, and then died within a very short
time. The pace of HlV disease progression in children is
accelerated compared with adults. This difference is presumably a consequence of the acquisition of infection at a
time of immunologic immaturity and the availability of
increased numbers of susceptible target cells. Children
infected through non vertical routes may have a course more
similar to that of adults, with longer median time to AIDS
diagnosis and death. l64 The mean age of AIDS diagnosis
is 12 months for children with disease acquired through
perinatal transmission and 24.4 months for children with
transfusion-acquired disease. 17o
Viral Replication. HlV is classified as a retrovirus. A
retrovirus must first translate, or convert, its RNA into DNA
to replicate. Once translation has taken place, the virus can
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then insert itself into host DNA, which allows the host cell
to produce more retroviral particles. 171 The translation from
RNA to DNA requires the presence of reverse transcriptase,
an enzyme that is present in retroviruses but not present in
normal host cells. 153 Some of the current therapies to slow
the progression of HIV disease are reverse transcriptase
inhibitors that prevent this translation from taking place.
Initially, HlV enters the bloodstream of the host and
attaches itself to the CD4 receptor, on the T4 helper
lymphocyte. Once this attachment has taken place, the virus
uncoats or sheds its outer envelope. The illV RNA is
transcribed into DNA via reverse transcriptase after the
virus is uncoated and inside the host cell. Once translation
is complete, the HIV replication process continues. Next,
the viral DNA is incorporated into the host DNA. At this
point, the virus can remain dormant for up to several years
or begin replication immediately.
At the end of a latent stage, the cell in which the virus is
located becomes activated by an antigen. It is uncertain what
antigen causes the cell to become acti vated. New virions are
formed and released into the bloodstream through a process
called budding. These new viral cells then attach to other
uninfected cells. The host cell ruptures, releasing many viral
particles at once and causing death to that cell. All the
particles released into the bloodstream can now continue the
cycle. This mechanism causes the immune system to be
gradually depleted of T4 cells, leaving the host open to
massive infections and malignancies, which eventually lead
to the individual's death.153.159,171,172
Fig. IS-II illustrates the process of viral replication.
There are two subsets of T cells: the T4 and T8 cells.
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Fig. 15-11 Replication cycle of human immunodeficiency virus.
The life cycle of HIV is shown with the point~ at which research
is ongoing for pharmacologic agents that may block viral
maturation, including points for inhibition of reverse transcriptase,
integrase, TAT transportation, and protease.
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T4 cells are also called inducer, or helper, cells and are
sometimes referred to as the conductor of the immune
system because of their immunomodulatory function. The
T4 cells release Iymphokines, which activate the other cells
of the immune system and signal warning that non host cells
are present. l72 The T4 cell is responsible directly or
indirectly for the induction of a wide array of functions of
multiple limbs of the immune response. as well as for
certain nonlymphoid cell functions. Decreased CD4 helperinducer cells with an expanded CD8 cell population result in
an inverted CD4/CD8 ratio, usually with a number much
less than I.
Classification. The CDC has developed a classification system to assist the healthcare provider in staging the
progression of HIV disease because of the huge spectrum
that exists. The system classifies infected children into
mutually exclusive categories according to infection status,
clinical status, and immunologic status. 173 This system is
outlined in Box 15-1.
Laboratory Diagnosis of HIV Infection. Polymerase chain reaction (PCR) is a procedure that examines an
individual's genes within the DNA strand to detect the
presence of HIY. HIV DNA PCR is the preferred virologic
method for diagnosing HIV infection during infancy. A
meta-analysis of published data from 271 infected children
indicated that HIV DNA PCR was sensitive for the
diagnosis of HIV infection during the neonatal period'74
HIV culture has sensitivity similar to that of DNA PCR for
the diagnosis of infection and is considered the gold
standard. 175 However, illV culture is more complex and
expensive to perform than is DNA PCR, and a definitive
result may not be available for 2 to 4 weeks.
The ELISA detects the presence of antibodies to the
whole virus. 176 Though the ELISA is sensitive and specific,
other antibodies within the patient's body can react with
the material used in the ELISA to produce a false-positive
result. 152 The Western blot test is designed to detect the
presence of anti-HIV-I antibodief. and antigens. The precise
criteria for what constitutes a positive Western blot test
remain controversial; however, it is used as a confirmatory
test for a positive ELISA.
Although use of standard and immune-complex dissociated p24 antigen tests are highly specific for HIV infection
and have been used to diagnose infection in children, the
sensitivity is less than that for the other HIV virologic tests.
This assay measures the amount of free viral protein (p24)
present in the plasma or tissue culture supernatant. p24
antigen testing alone is not currently recommended to
exclude infection or for the diagnosis of infection for infants
younger than I month because of a high frequency of
false-positive assays during this time. l77 Initial testing is
recommended by 48 hours of age because nearly 40% of
infected infants can be identified at this time. Infants
with positive virologic test results before age 48 hours
are considered to have early (i.e., intrauterine) infection,
whereas infants with negative virologic test results during
the first week of life and subsequent positive tests are
considered to have late (i.e., intrapartum) infection.
Because the routine tests are limited in infants, an
alternative approach is the repeated (longitudinal) collection

of serum samples and batch assay to establish a rising
anti-HIV antibody titer. The increasing titer is evidence of
HIV infection. Johnson and colleagues 178demonstrated that
up to 85% to 90% of infected infants will be detected by
6 months of age.
It is not uncommon for HIV antibody tests to be ordered
and performed in the PICV. Anxiety can develop in the
patient or parent because of a lack of understanding
concerning the meaning of the test or the possibility that the
test will be positive. Therefore pretest and posttest counseling is very important and required by law in many states.
PICU nurses must understand these tests, be able to explain
their meaning and purpose, and clarify the misconception
that a positive HIV test result equals AIDS. It is also
essential for nurses to be aware of local and national
resources of written literature to provide to the parents.
Evaluation of Immunologic Status. Human lymphocytes possess specific glycoproteins on their surface that
play an important role in cell activity and function. CD4+
lymphocytes are the primary targets of illV infection, and
the CD4 receptor is the primary binding site of HIV-l. The
loss of these cells is associated with development of the
characteristic DIs and malignancies of AIDS and an
important determinant of clinical staging. The numbers of
CD4 and CD8 cells are measured through the use of specific
monoclonal antibodies and flow cytometry.179
Clinicians interpreting CD4+ T lymphocyte number in
children must consider age as a variable. A pediatric clinical
and immunologic staging system for HIV infection has been
developed that includes age-related definitions of immune
suppression. Values should be obtained as soon as possible
after a child has a positive virologic test result for HIV and
every 3 months thereafter. 180
Viral burden in peripheral blood can be determined using
quantitative HIV RNA assays. Coincident with the body's
humoral and cell-mediated immune response, viral RNA
levels decline 6 to 12 months after acute infection, reflecting
the balance between ongoing viral production and immune
elimination. The HIV RNA pattern in perinatally infected
infants includes persistently high copy numbers for prolonged periods. 177 HIV RNA patterns may be correlated
with disease progression and mortality. However, the predictive value of specific HIV RNA levels for disease progression and death for an individual child is only moderate.
In addition, specimen storage, delay in specimen processing,
and different HIV RNA assays make direct extrapolation of
the predictive value of the HIV RNA levels difficult.
AIDS-Defining Illnesses. A wide range of manifestations of HIV infection are present in children. There
are generally two patterns of disease presentation: one that
is associated with a rapidly progressive disease with a
poorer prognosis and the other associated with a slower
process. However, regardless of the manifestation, once
a child develops an AIDS-defining illness. the prognosis
is poor.
AIDS-defining illness can be caused by viruses, fungi,
parasites, bacteria. or cancers. 181 One of these opportunistic
infections must be present for the diagnosis of AIDS to be
used. All of the organisms that cause these illnesses are
ubiquitous in nature.
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Box 15·1

Clinical Categories for Children With Human Immunodeficiency Virus (HIV) Infection

Category N: Not Symptomatic

Children who have no signs or symptoms considered to be the
result of HIV infection or who have only one of the conditions
listed in Category A.
•
Category: Mildly Symptomatic

Children with two or more of the conditions listed below but
none of the conditions listed in Categories Band C.
Lymphadenopathy (~0.5 cm at more than two sites;
bilateral = one site)
Hepatomegaly
Splenomegaly
Dermatitis
Parotitis
Recurrent or persistent upper respiratory infection, sinusitis,
or otitis media

•

Category B: Moderately Symptomatic

Children who have symptomatic conditions other than those
listed for Category A or C that are attributed to HIV infection.
Examples of conditions in clinical Category B include but are not
limited to:
Anemia «8 g/dl), neutropenia (<I000/mm'), or thrombocytopenia « IOO,OOO/mm') persisting 2:30 days
Bacterial meningitis, pneumonia, or sepsis (single episode)
Candidiasis, oropharyngeal (thrush), persisting (>2
months) in children >6 months of age
Cardiomyopathy
• Cytomegalovirus infection, with onset before I month of age
Diarrhea, recurrent or chronic
• Hepatitis
Herpes simplex virus (HSV) stomatitis, recurrent (more than
two episodes within I year)
HSV bronchitis, pneumonitis, or esophagitis with onset
before I month of age
Herpes zoster (shingles) involving at least two distinct
episodes or more than one dermatome
Leiomyosarcoma
Lymphoid interstitial pneumonia (LIP) or pulmonary
lymphoid hyperplasia complex
Nephropathy
Nocardiosis
• Persistent fever (lasting> I month)
Toxoplasmosis, onset before I month of age
Varicella, disseminated (complicated chickenpox)
Category C: Severely Symptomatic·

Children who have any condition listed in the 1987 surveillance
case definition for acquired immunodeficiency syndrome, with
the exception of LIP.
Serious bacterial infections, multiple or recnrrent (i.e., any
combination of at least two culture-confirmed infections
within a 2-year period), of the following types: septicemia,
pnenmonia, meningitis. bone or joint infection, or abscess
of an internal organ or body cavity (excluding otitis media,

•
•
•

superficial skin or mucosal abscesses, and indwelling
catheter-related infections)
Candidiasis. esophageal or pulmonary (bronchi, trachea.
lungs)
Coccidioidomycosis. disseminated (at site other than or in
addition to lungs or cervical or hilar lymph nodes)
Cryptococcosis. extrapulmonary
Cryptosporidiosis or isosporiasis with diarrhea persisting
>1 month
Cytomegalovirus disease with onset of symptoms at age
> I month (at a site other than liver. spleen, or lymph nodes)
Encephalopathy (at least one of the following progressive findings present for at least 2 months in the absence of
a concurrent illness other than mv infection that could
explain the findings): (a) failure to attain or loss of developmental milestones or loss of intellectual ability. verified by
standard developmental scale or neuropsychologic tests;
(b) impaired brain growth or acquired microcephaly demonstrated by head circumference measurements or brain
atrophy demonstrated by computed tomography or magnetic
resonance imaging (serial imaging is required for children
<2 years of age): (c) acquired symmetric motor deficit manifested by two or more of the following; paresis, pathologic
reflexes, ataxia or gait disturbance
HSV infection causing a mucocutaneous ulcer that persists
for> I month; or bronchitis. pneumonitis. or esophagitis for
any duration affecting a child> I month of age
Histoplasmosis, disseminated (at a site other than or in
addition to lungs or cervical or hilar lymph nodes)
Kaposi' s sarcoma
Lymphoma, primary, in brain
Lymphoma, small. noncleaved cell (Burkitt's), or immunoblastic or large cell lymphoma of B cell or unknown
immunologic phenotype
Mycobacterium tuberculosis, disseminated or extrapulmonary
Mycobacterium. other species or unidentified species,
disseminated (at a site other than or in addition to
lungs, skin, or cervical or hilar lymph nodes)
Myobaclerium aviwn complex or Mycobacrerium kansasii,
disseminated (at site other than or in addition to lungs, skin,
or cervical or hilar lymph nodes)
Pneumocystis carinii pneumonia
Progressive multi focal leukoencepha lopathy
Salmonella (nontyphoid) septicemia, recurrent
Toxoplasmosis of the brain with onset at > I month of age
Wasting syndrome in the absence of concurrent illness other
than HIV infection that could explain the following findings:
(a) persistent weight loss >10% of baseline OR (b) downward crossing of at least two of the following percentile
lines on the weight-for-age percentile chart (e.g., 95th, 75th.
50th, 25th, 5th) in a child 2:1 year of age OR (c) <5th
percentile on weight-for-height chart on two consecutive
measurements, 2:30 days apart PLUS (a) chronic diarrhea
(i.e., at least two loose stools per day for ~30 days) OR
(b) documented fever (for ~30 days. intermittent or constant)

*See Ihe 1987 AIDS surveillance case deflnilion for diagnosis crileria.
From Centers for Disease Control and Prevention: 1994 Revised classification system for human immunodeficiency virus infection in children less than IJ years of
age; Official authorized addenda: human immunodeficiency virus infection codes and offic.:ial guidelines for coding and reporting ICD-9-CM, MMWR 43:RR-12,
1994.

498

Part III

Phenomena of Concern

15·12 Clinical Manifestations
of Pediatric HIV Infection
TABLE

Infectious Complications
Pyogenic infections
Mycobacterial
Tuberculosis
Atypical*
Candidal infections
Tineal infections
Viral infections
Measles*
Cytomegalovirus*
Hepatitis A, B, C
Herpes zoster virus
Herpes simplex virus
Epstein-Barr virus
Pnewnocystis carinii*
Toxoplasma gondii*
Cryptosporidiosis
Cryptococcal infections*
Malignancies'
Lymphomas, particularly
non-Hodgkin's type

m Hoyt LG. OIeske 1M: The clinical spectrum of HIV infection in
ants and children: an overview. [n Yogev R. Connor E, eds:
gemelli of HlV illfeclioll ill illfallls and children, 51 Louis. 1992,
osby, pp 227-246.
Associated with a graver prognosis.

TABLE

Common clinical manifestations of HIV infection in
infants and children are listed in Table 15-12. The presenting
signs and symptoms are often nonspecific and may include
recurrent fevers, failure to thrive, diffuse lymphadenopathy,
hepatosplenomegaly, and anorexia. These may be caused by
chronic viral infection, malnutrition, and immunodeficiency.
The most common clinical manifestation early in the
disease process is lymphadenopathy. This condition is often
associated with hypergammaglobulinemia and splenomegaly. In addition, skin disorders, such as candidal dermatitis,
in particular, are common clinical manifestations.
Acute Respiratory Failure. Pulmonary complications leading to acute respiratory failure (ARF) are the most
common reason for admission of pediatric AIDS patients to
the PICU. Pulmonary diseases cause significant morbidity
and mortality in pediatric HIV patients. Table 15-13 outlines
the infectious and noninfectious pulmonary diseases that
can occur in HIV-infected children.
Pneumonias caused by Pneulllocystis carinii pneumonia
(PC), RSV, CMV, Mycobacterium avium-intracellulare,
P aeruginosa, Candida albicans, H. infit/enzae, S. aureus,
Klebsiella, and lymphoid interstitial pneumonitis (LIP) have
all been reported as reasons for ARF. Of these, PCP and LIP
are by far the most common.
Pneumocystis carinii Pneumonia. PCP remains the
most common opportunistic infection in children with HIV
infection. PCP was reported in 34% of U.S. children with
perinatally acquired AIDs through 1997. 146 PCP has been
shown to be an important cause of mortality among children
infected with HIY. In 1992 the estimated median survi val of
children after a diagnosis of PCP was 19 months. 182
PCP is considered either a protozoan parasite or a
fungus and exists as a cyst containing eight intracystic

15·13 Pulmonary Diseases in Children With AIDS'
Pneumocystis carinii, Toxoplasma gondi/, Strongyloides stercora/is

Viral

Respiratory viruses: respiratory syncytial virus. influenza virus, parainfluenza virus,
adenovirus
Measles
Opportunists: cytomegalovirus. herpes simplex. varicella zoster virus
Streptococcus pneumolliae, Haemophilus injlue1llae, Staphylococcus aureus
Nosocomial: enteric bacilli, Pseudomonas aeruginosa
Actinomycetes: Nocardia sp.
Mycobacterial: M. tuberculosis, M. aviwn-ill/racellulare

Fungal

r~%;::::di=~'

Cryptococcus neoformans, HislOplasma capsllialum, Coccidioides immitis, Candida sp.,
Aspergillus sp.

Pulmonary lymphoid hyperplasia
Lymphocytic interstitial pneumonia
Polyclonal polymorphic B cell Iymphoproliferative disorder

Bronchiectasis
Kaposi's sarcoma
liJirrom Berkowitz ill, Berkowitz FE. lohmon lP: The critically ill child and human immunodeficiency virus. In Rogers Me, ed: Textbook of pediatric
_.. ensive care, Baltimore. 1992, Williams & Wilkins.
~i::-
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bodies. 183 These bodies are released from the cysts and
form new cysts, which then attach to type I alveolar cells.
As a result, alveolitis and interstitial edema develop,
leading to ventilation perfusion mismatch, decreased pulmonary compliance, hypoxia, and an increased alveolararterial (A-a) gradient. 183
The clinical course of PCP is highly variable, ranging
from the acute onset of fever and marked respiratory distress
to a more insidious onset with a subacute course. The
presenting signs are often nonspecific and include fever,
cough, tachypnea, and hypoxemia. Chest auscultation may
be normal even with the presence of tachypnea and clinical
evidence of respiratory distress. Early in the course, the
chest radiograph may also be normal. As roentgenographic
findings develop, a diffuse bilateral interstitial pattern is
most often seen. Patients may rapidly progress to respiratory failure and death if the diagnosis of PCP is not made
early.
Guidelines exist for prophylaxis against pcp for children
infected with or perinatally exposed to HIv. I84 Prophylaxis
is determined by the child's CD4+ count, CD4+ percent, and
age. Trimethoprim-sulfamethoxazole (TMP-SMX) remains
the drug of choice for prophylaxis. Alternative regimens
include the use of dapsone or aerosolized pentamidine. 184
Because PCP is relatively safe, effective, and inexpensive
chemoprophylaxis is available, preventing PCP has been a
major priority in the care of children infected with HIV.
PCP may be diagnosed with noninvasive or invasive
techniques. Analysis of sputum, endotracheal secretions,
and gastric washings may show evidence of the organism
and is attempted first. Other methods may include bronchoalveolar lavage, transbronchial biopsy, or open lung biopsy. 175 Open lung biopsy is reserved for children in whom

TABLE
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other methods have not provided a diagnosis. The latter
three are the most reliable methods for diagnosis. J 85
Management of the child with PCP includes oxygen
therapy, antibiotic therapy, steroids, positive end-expiratory
pressure (PEEP) or continuous positive airway pressure
(CPAP), and mechanical ventilation. The standard antibiotic
therapy for PCP is the administration of TMP-SMX or
pentamidine isethionate. TMP-SMX is given orally or
intravenously at 20 mg/kg/day, with the initial administration being intravenous. Oral administration can begin once
improvement has taken place. Because many patients
become neutropenic when treated daily with TMP-SMX,
administration 3 times a week may be used; this approach
appears equally effective and causes less neutropenia. 186
Therapy is recommended to continue for 21 days.
Intravenous pentamidine is instituted when no response
to TMP-SMX is seen. Aerosolized pentamidine, although
effective in adults with less severe cases of PCP, is of limited
use in children because of uneven delivery of the drug to the
smaller airways. 187 The recommended dose is 4 mg/kg/day
given in a single dose for 14 to 21 days. The drug is administered by slow intravenous infusion because hypotension
may result if administered rapidly. Side effects that may
result with use of pentamidine are hypoglycemia, hyperglycemia, neutropenia, thrombocytopenia, and azotemia. Table
15-14 lists the dosage and side effects of these drugs.
Lymphoid Interstitial Pneumonitis. LIP is a common
symptom of pulmonary involvement in children with HIV
infection. 188 LIP is very common in pediatric HIY infection
and has been found in up to 30% to 40% of HIV-infected
infants and children with pulmonary disease. 18s
LIP involves the diffuse lymphoid infiltration of the lung
parenchyma; a related disorder, pulmonary lymphoid hyper-

Treatl1lentOptionsfor Moderate to. Severe Pneumocy$ti$ Carinii Pneum~nia

~rimethoprim

Dose(s), Route, Frequency

5ide Effect(s)

15 mg/kg (TMP), IV, divided every 6-8 hr*

Rash,t fever, NN, i liver function tests,
i K+, neutropenia

3-4 mglkg, IV, once daily

Nephrotoxicity, i K+, .l. Ca 2+/Mg2+,
i amylase, .l.i glucose:!:

45 mg/m 2 , IV, once daily, plus 20 mg/m 2,
PO, every 6 h ± 100 mg, PO, once daily

Neutropenia, thrombocytopenia, rash, fever,
i liver function tests, hemolytic anemia
(check G6PD level), methemoglobinemia;
limited experience with children

1800 mg, IV, divided every 6-8 hr plus
30 mg (base), PO, once daily

Rash, NN, diarrhea, hemolytic anemia
(check G6PD level), methemoglobinemia;
limited experience with children

': (TMP)-sulfamethoxazole
., (SMX)
. entamidine isethionate
ii,r'rimetrexate plus
::~ leucovorin ± dapsones§

: .. dapted from Stansell JD, Huang L: Pneumocystis carinii pneumonia. In Sande MA, Votberding PA, eds: The medical managemellt oj AIDS, ed 5,
. adelphia, 1997, WB Saunders, p 287.
~.TMP-SMX is dispensed as a fixed combination.
f-MiJd rash that does not cause bullous skin lesions and does not involve mucous membranes can often be treated with antihistamines first and should
:" t necessarily result in discontinuation of

drug.

!fAvoid other nephrotoxic agents (nonsteroidal antiinflammatory agents, aminoglycosides, foscarnet, amphotericin B). Risk of hypotension can be
.-··nimized if infusion is given over a 2-

10

3-hour period.

:§A study is in progress comparing TMP-SMX with trimetrexate-dapsone (plus leucovorin).
]V, Intravenous; PO. orally; NN. nausea and vomiting; G6PD, glucose-6-phosphate dehydrogenase; i = increased; .J. = decreased.
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plasia (PLH), involves hyperplasia of bronchus-associated
lymphoid tissue. In the 1994 CDC Revised Classification
System for Human Immunodeficiency Virus Infection in
Children, LIP is classified as a category B symptom, one
attributed to and indicative of an mV-related immunologic
deficit. 149
Clinical manifestations of LIP can range from asymptomatic disease with isolated radiographic abnormalities to
severe bullous lung disease with pulmonary insufficiency.
Children with symptomatic LIP often present during the
second or third year of life with the insidious onset of
dyspnea, fatigability, tachypnea, cough, and occasionally
fever associated with salivary gland enlargement and
lymphadenopathy.IR9
Clinical and radiographic findings may lead to a presumpti ve diagnosis. However, the definitive diagnosis is
made by lung biopsy. The specimen will show the typical
lymphocytic infiltrates. LIP responds to systemic corticosteroids, but no controlled studies have been performed to
assess the efficacy of steroids for LIP. 189 Treatment with
steroids is usually reserved for patients with significant
hypoxemia and symptoms of pulmonary insufficiency,
including tachypnea, dyspnea on exertion, and exercise
intolerance.
Tuberculosis. Tuberculosis is less common in children than adult patients with AIDS. The increase in cases of
tuberculosis reported to the CDC between 1986 and 1992
not only represented a 20% increase in total cases but also
a 33% increase in the number of cases reported in
children. 19o Children with tuberculosis are almost always
infected by an adult in their environment, usually a close
household contact. It is less common in the child with AIDS,
with little information available on the incidence and
clinical characteristics.
Tuberculosis may be caused by either Mycobacterium
tuberculosis or M. bovis, although disease with M. bOllis is
seen only in the rare circumstances of vaccine-associated
infection. M. tuberculosis is a small, weak gram-positive
rod, which is a slow-growing, obligate aerobe.
Nonimmunocompromised children who develop primary tuberculosis demonstrate lymph node enlargement in
the hilar, mediastinal, and cervical areas. Pulmonary
infiltrates with consolidation, atelectasis, pleural effusion,
and tuberculous meningitis can also be seen. 191 The clinical
manifestations in HIV-infected children are usually nonspecific and include fever, weight loss, and cough. On chest
radiograph, localized patchy infiltrates and hilar lymphadenopathy are seen. Because of the immunosuppression
that accompanies the disease, skin testing alone is not
conclusive for diagnosis of tuberculosis. Cerebrospinal
fluid and blood cultures, in addition to gastric and bronchial
washings, are necessary. Children tend to swallow their
sputum, so acid-fast stains of gastric washings are more
helpful than sputum stains in establishing the diagnosis.
Gastric washings are obtained very early in the morning
before the patient has any oral intake.
Isoniazid, rifampin, pyrazinamide, and ethambutol or
streptomycin are recommended for initial treatment while
awaiting susceptibility results. In the case of disseminated

disease, a bactericidal agent may be used. The duration of
therapy ranges from 6 to 9 months, determined by infection
site, response to therapy, and the sensitivity of the organism.
A 12-month duration of therapy is recommended for those
children with miliary tuberculosis, bone and joint tuberculosis, or tuberculous meningitis. 192
Infection control is a critical nursing concern in caring
for children with HIV infection and tuberculosis. Children
with cavitary lesions, endobronchial tuberculosis, or positi ve gastric washing or sputum cultures are placed on
respiratory isolation. 193 Family members should wear a
tuberculosis mask during visits, and careful monitoring of
the infection status of these children is necessary.
Cardiovascular Dysfunction. Cardiac disease in
children with HIV infection may be common, extensive,
and clinically significant. Some suggest that approximately 20% of HIV-infected children will have some
type of cardiac complication, the two most common being
cardiovascular failure secondary to septic shock and
cardiomyopathy. 194
Cardiomyopathy is the second most common cardiac
PICU presentation of children with AIDS, with 33% of the
deaths occurring in the setting of significant cardiovascular
disease. 195 Although the degree of cardiac dysfunction may
be difficult to determine because of multiorgan involvement,
autopsy findings of these children have shown biventricular
dilation, myocardial hypertrophy, interstitial fibrosis, myocardial necrosis, and endocardial thickening. 196 Conduction
disturbances secondary to vasculitis, myocarditis, or fibrosis
have also been described. 197
Left ventricular dysfunction, often a precursor to dilated
cardiomyopathy and congestive heart failure; is the most
common cardiac manifestation of mv infection among
children. Left ventricular dysfunction is often asymptomatic
and is diagnosed echocardiographicaJly.195
Cardiac dysrhythmias have been reported in HIVinfected children, although the occurrence is uncommon and
nonspecific. Isolated incidences of ventricular and atrial
ectopy have been reported. 19H
The cause of HIV-associated cardiomyopathy is unknown. Many factors may be involved, including HIV
infection, infection with other agents, an abnormal host
response, and drug toxicity. 199 Despite the autopsy findings,
the pathogenesis of this dilated cardiomyopathy has yet to
be fully explained. The virus itself may cause myocardial
damage by releasing mediator-infected monocytes, or the
host immune system may play a role by producing an
autoimmune response. 200
Congestive heart failure is the predominant clinical
manifestation of later-stage cardiac involvement, although it
may be difficult to diagnose in the HIV-infected child.
Tachypnea and rales may be secondary to pulmonary
disease or insufficiency, tachycardia may be due to fever or
anemia, and hepatosplenomegaly is typically present in
many children with HIV infection. Therefore these symptoms cannot be relied on as specific to congestive heart
failure. From the experience gained at several institutions,
the most reliable clinical indicators of congestive heart
failure in these children are the presence of a gallop rhythm
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associated with tachypnea and tachycardia and cardiomegaly on chest x-ray film.194.201
Septic shock may be the primary cardiovascular cause for
PICU admission of HI V-infected children. Serious bacterial
infections often occur in children with AIDS. Streptococcus
pneumoniae; Salmonella, Pseudomonas, and Enterobacter
species; H. injiuenzae; Enterococci; S. aureliS and S, epidermidis; and E. coli have all been identified as causative
pathogens.
Nursing care for the HIV-infected child is the same as for
any child exhibiting low cardiac output secondary to septic
shock or cardiomyopathy and includes inotropic support,
afterload reduction, and appropriate antimicrobial therapy,
Treatment of congestive heart failure secondary to cardiomyopathy includes preload reduction and the administration
of digoxin for diminished pump function.
Central Nervous System Dysfunction. illV-related
central nervous system (C S) abnormalities are a common
and important complication of HIV disease in children,
causing significant morbidity and mortality. Encephalopathy
has been reported to be the presenting manifestation of AIDs
in as many as 18% of children?02 CNS dysfunction in the
HIV-positive child may be caused by secondary infection by
usual or opportunistic pathogens, as well as by primary HIV
infection of the brain.
Children may develop bacterial meningitis associated
with usual pathogens such as H. influenzae, S. pnel/moniae,
and N. meningilidis, as well as various gram-negative
bacilli. Meningitis and encephalitis may also result from
infection by numerous viral pathogens. Other CNS infections include mycobacterial and fungal meningitis. 203
Primary CNS lymphomas are the most common intracranial mass lesions that develop in children with HIV,
although they are relatively rare. The symptoms usually
seen are seizure activity, mental status changes, and
neurologic deficits.
The primary neurologic manifestation of HIV infection
of the brain is HIY encephalopathy, and it is present in
more than 50% of HIV-infected children. 183 This manifestation can present as a rapid course of deterioration or
may be static.
Children can exhibit signs of static encephalopathy,
demonstrated by an inability to achieve developmental
milestones in some or all areas. 204 Also, progressive encephalopathy has been reported in children, This condition has
been described as either a loss of developmental milestones or intellectual deficits, associated with impaired
brain growth; weakness with bilateral pyramidal tract
signs, ataxia, and, less commonly, seizures; and coma,z°4.205
In a study performed by Epstein and co-workers,206 the
most common CT scan finding was cerebral atrophy, with
secondary enlargement of the subarachnoid spaces and
ventricles, The damage to the CNS may be caused by the
direct effect of the virus in the brain tissue. Progressive
encephalopathy develops and worsens proportionally to the
increasing immunodeficiency.207 The most common neurologic diagnoses that necessitate admission of the HIVinfected child to the PICU are CNS infection, lymphoma,
and strokes.
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Strokes are an infrequent but potentially devastating
complication of AIDS. They may result from the inflammation of the cerebral blood vessels, causing an ischemic
infarction, or they may result from cerebral hemorrhage.
HIV-associated progressive encephalopathy is the clinical
corollary of the direct and indirect effects of CNS or
syste!TIic HIV infection. The predominant clinical neurologic findings include impaired brain growth, progressive
motor dysfunction, and loss or plateauing of neurodevelopmental milestones, Treatment includes antiretroviral drugs,
rehabilitation, immunomodulatory therapy, and psychoactive medications.
Hematologic Dysfunction. Hematologic dysfunction related to HIY infection includes autoimmune thrombocytopenia, anemia, leukopenia, granulocytopenia, and
lymphomas. 186 Primary bone marrow failure also occurs in
some children 203
Thrombocytopenia may be an early manifestation of HIY
infection. B cell dysfunction is postulated to lead to the
production of autoantibodies and immune complexes, resulting in peripheral platelet destruction?08 Therapies to
treat thrombocytopenia in the HIV-infected child include
corticosteroids, splenectomy, danazol, vincristine, and intravenous IgG ,z08
Anemia is a prominent diagnosis of HIV disease.
Although the anemia is generally mild and nonprogressive,
in a child with multiple opportunistic infections, this may be
significant. Many factors may cause anemia, one being that
the virus may infect erythroid precursors in the bone
marrow, inhibit the production of red cells, and cause
sequestration of the red cells in the spleen and liver,z°~
Zidovudine (AZT) may also cause anemia.
Leukopenia commonly occurs in children with HIV
infection, often in combination with anemia, Granulocytopenia can also occur and is usually accompanied by a left
shift in the differential portion of the complete blood count.
The cause is probably multifactorial, including immune
dysfunction resulting in hypogammaglobulinemia and production of autoantibodies and immune complexes. Antibodies against granulocytes have also been observed.
Malignancies, such as non-Hodgkin's lymphoma, have
been reported in HIY-infected children. These tumors are
almost always of B cell origin. Also, primary CNS
lymphoma has been reported in children with perinatally
acquired infection.
HIV-infected patients with anemia who are symptomatic
are recommended to recei ve transfusion of irradiated packed
RBCs, Also, G-CSF with erythropoietin for children with
zidovudine toxicity has been found to be effective in
correcting anemia?08 Further information regarding RBC
and platelet disorders is found in Chapter 24.
The primary method of treatment of HIY-associated
leukopenia and granulocytopenia is the use of granulocyte growth factors. Both recombinant GM-CSF and
G-CSF have been found to be effective, Short-ternl chemotherapy is usually the treatment of choice in children
with malignancies because most of these children will
not tolerate the immunosuppressive effects of long-term
chemotherapy.208
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Other Organ Dysfunction. Abnonnalities of all
organ systems can be seen in HIV-infected children, whether
induced by the HIV infection itself or by opportunistic
infections. Hepatitis is commonly seen without an easily
documented infectious cause. Pancreatitis with elevated
serum amylase and lipase levels has also been seen in
HIV-infected children. HIV-associated renal disease with
azotemia and proteinuria has been described in children.2°9
As many as 30% of HIV-infected children may develop one
of several fonns of renal disease. 183
Critical Care Management of the Patient With
HIV. In 1999 the U.S. Public Health Service and Infectious
Diseases Society of America developed disease-specific
recommendations for prevention of Ols and an immunization schedule for HIV-infected children.2 10 Prophylaxis to prevent the first episode of 01 in infants and
children infected with HIV include TMP-SMX against
PCP, isoniazid against isoniazid-sensitive M. tuberculosis,
c1arithromycin against M. avium, VZIg, and influenza
vaccine. 210 PCP occurs most often between 3 and 6 months
of age in perinatally infected children, so PCP prophylaxis
is recommended to be initiated at 4 to 6 weeks of life for
all HIV-exposed infants and continued until 12 months
of age.
Antiretroviral Therapy. Ongoing viral replication is
the driving force behind immunologic destruction. The goal
of antiretroviral therapy in children is to suppress viral
replication to extremely low levels; if replication continues,
ongoing mutation will lead to drug resistance. 175
As of January 1998, II antiretroviral agents were
approved for use in HIV-infected adults and adolescents in
the United States; 6 of these have approved pediatric
indications. The agents available fall into three major
classes: (I) nucleoside analogue reverse transcriptase inhibitor (NRTI) agents, (2) nonnucleoside analogue reverse
transcriptase inhibitor (NNRTI) agents, and (3) protease
inhibitor (PI) agents. NRTI agents are potent inhibitors of
the HIV reverse transcriptase enzyme, which is responsible
for the reverse transcription of viral RNA into DNA; this
process occurs before integration of viral DNA into the
chromosomes of the host cell. This is the first class of
antiretroviral drugs available for the treatment of HIV
infection. NRTI agents require intracellular phosphorylation to their active fonn by cellular kinases. The phosphorylated drug acts to competitively inhibit viral reverse
transcriptase and to tenninate additional elongation of viral
DNA after its incorporation into the DNA chain. Because
these drugs act as a preintegration step in the viral life
cycle, they have little or no effect on chronically infected cells in which proviral DNA has already been
integrated into cellular chromosomes. Although resistance
eventually develops to these agents during the course of
long-tern1, single-drug therapy, combination therapy with
these drugs may prevent, delay, or reverse the development
of resistance. 177
NNRTI agents specifically inhibit reverse transcriptase
activity by binding directly to the active site of the enzyme
without previous activation. At this time, no NNRTI agents
are approved for pediatric use; however, phase I trials are

underway. PI agents inhibit the HIV protease enzyme that is
required to cleave viral polyprotein precursors and to
generate functional viral proteins. The protease enzyme is
crucial for the assembly stage of viral replication that occurs
after transcription of proviral DNA to viral RNA and
subsequent translation into viral proteins. Because PI agents
act at a postintegration step of the viral life cycle, they are
effective in inhibiting replication in both newly infected and
chronically infected cells. 177 By 1998,85% of patients with
CD4+ T cell counts below 500/mm 3 were being treated with
PI or NRTIs.
In addition to the drugs listed previously, new classes of
drugs are being developed that will work at different points
in the viral life cycle. Among these are drugs that block
binding of HIV to cells and integrate inhibitors and zinc
finger inhibitors (zinc fingers are parts of proteins that bind
to nucleic acids and are essential for the assembly of new
virus particles).
Combination antiretroviral therapy is recommended for
HIV-infected children with clinical symptoms of HIV
infection (i.e., clinical category A, B, or C) or evidence of
immune suppression. Ideally, antiretroviral therapy should
be initiated in all suspected HIV-infected infants. Issues
associated with adherence to treatment are especially
important in considering whether and when to initiate
therapy. Antiretroviral therapy is most effective in patients
who have never received therapy and who therefore are less
likely to have antiretroviral-resistant viral strains. Lack of
adherence to prescribed regimens and subtherapeutic levels
of antiretroviral medications, particularly PI agents, may
enhance the development of drug resistance. Participation
by caregivers and child in the decision-making process is
crucial, especially in situations for which definitive data
concerning efficacy are not available. 177
Nutrition. Appropriate nutrition is a fundamental and
necessary part of a child's medical therapy. Nutrition
affects the management of children with HIV infection by
affecting GI tract function, CNS development, immune
function, recovery from infection, bioavailability of therapeutic agents, growth, and quality of life. Growth delay
affecting both height and weight is one of the earliest effects
of HIV disease in infants and children. Management
includes longitudinal assessment of growth-estimating
energy requirements, and dietary assessment. The approach
to maximizing nutritional support and avoiding malnutrition
in children with HIV infection is accomplished by attention
to the following goals of nutritional management: (I) treat
underlying GI or infectious diseases that interfere with
nutrient intake and absorption or increase nutrient loss and
(2) provide sufficient nutrition for catch-up growth. Tube or
parenteral feedings may be required. 175
Psychosocial Issues. As previously stated, developmental delays are a common occurrence in the child
with HIV infection. Nursing care involves assessment of
the child's developmental level and gearing communication at that level. In addition, some children may display
depressive symptoms, such as apathy, social withdrawal,
or anorexia.2 11 These symptoms are often an indication
of other issues, and a psychotherapist should be con-
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suited. Nurses caring for the child may also need to
consider that the child may have lost a parent to the same
disease. Excellent communication skills and support are
necessary.
A diagnosis of HfY infection also has a major impact on
the family. Often, the child may be diagnosed before the
parent. The psychosocial stress that the diagnosis of HIV
places on the family is unique in that in most cases, the child
and parent are both ill 211 Problems that are faced include
(I) coping with the diagnosis of a potentially fatal illness;
(2) dealing with the healthcare of the child; (3) approaching
the emotional, financial, and time demanding aspects of a
sick child; and (4) facing potential ostracism from family
members and the community209
Working with these families often poses a major
challenge for the PICU nurse. The sight of the ICU to a
parent who is also infected may be overwhelming because
it may represent to the parent his or her future. 212 Parents
may blame themselves and have difficulty even visiting
their child.
Many parents are also dealing with the problem of
substance abuse. Working with these families may be especially difficult for the nursing staff. Open communication, establishment of a relationship, and referral to appropriate resources are critical to family-centered care of the
child.

Infectious Diseases Unique to Pediatrics
Toxic Shock Syndrome. Toxic shock syndrome
(TSS) was first described in 1978 as a disease characterized
by high temperature, hypotension, and diffuse macular
erythroderma with desquamation I to 2 weeks after onset
of illness. In 1980, a profound increase in disease incidence
was recognized to be associated almost exclusively with
the use of superabsorbent tampons in menstruating women.
The mean mortality rate is 3%,212U primarily related to
adult respiratory distress syndrome, heart block, and
dysrhythmias.
TSS is a clinical diagnosis supported by the isolation of
S. aureus from a focal or enclosed infection, and in some
cases, TSS toxin-I (TSST-I). TSST-I is a very potent
stimulus in vitro for the release of IL-I B, TNF-a, and IL-2.TSS will become a fulminate disease without proper early
intervention. Untreated TSS may evolve to include shock,
cardiomyopathy, pericarditis, hepatitis, acute respiratory
distress syndrome, renal failure, disseminated intravascular
coagulation, and encephalopathy.
After the initial evaluation, if the patient is demonstrating signs of poor perfusion, intravenous (IV) fluids are
initiated immediately. While IV fluids are being administered, possible foci of infection are identified, foreign
bodies including sutures are removed, and Gram stains and
cultures are obtained. The mainstay of therapy consists of
supportive care aimed at preservation of vital organ function. Rapid reversal of hypotension is imperative; infusion
of large volumes of fluid may be necessary to maintain
an adequate cardiac output, venous return, and blood
pressure?13
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Antistaphylococcal J3-lactamase-resistant antibiotics are
given IV in maximally recommended doses. Commercial
preparations of IVlgs contain high levels of antibody to
TSST-I and potentially to the staphylococcal enterotoxins?13 Administration of IVlg has been shown to be
beneficial in a rabbit model of TSS, although it has not yet
been systematically studied in humans. Ongoing research
includes investigations into the use of MoAbs to IL-I, TNF,
and TSST_1. 214
Infant Botulism. Infant botulism was first recognized as a distinct clinical entity in 1976. Of all forms
of human botulism (food borne, wound, and infant), infant
botulism is now the most common in the United States.
More than 90% of reported cases come from the United
States, and within the United States, more than half of the
cases come from California, Utah, and southeast Pennsylvania. This finding is likely a consequence of high
concentrations of Clostridium botulinum spores in the soil
of these regions. 215
C. botulinum is a ubiquitous gram-positive, sporeforming, obligate anaerobe with soil and dust as its natural
habitat. Infant botulism typically affects previously well
infants within the first 4 to 6 months of life (median
10 weeks) and is caused by ingestion of spores of
C. botulinum that germinate and produce toxin in the GI
tract. The toxin irreversibly blocks the peripheral cholinergic ·synapses throughout the body, most importantly at the
neuromuscular junction. The toxin does not cross the
blood-brain barrier?16
Constipation is characteristically an early sign, followed
by signs of listlessness and becoming progressively more
weak. Symmetric descending paralysis is the rule; the
cranial nerves are the first so be affected. The diagnosis is
confirmed by detection of the organism or its toxin in the
infant's stool.
Aggressive respiratory and nutritional care are the
mainstays of treatment. Many infants require intubation and
prolonged mechanical ventilation. Physical and occupational therapies are crucial in maintaining range of motion
and functional positioning of patients. Prognosis for complete recovery is excellent with meticulous, supportive care.
Infant botulism is a self-limited illness lasting a total of 2 to
6 weeks with progressive symptoms. It is universally
recommended that honey and corn syrup not be fed to
infants younger than I year of age to prevent the occurrence
of infant botulism. 217
Rocky Mountain Spotted Fever. Rocky Mountain
spotted fever (RMSF) caused by Rickettsia rickettsii is the
most prevalent rickettsial disease in the United States,
and more than two thirds of patients are under 15 years
of age.
After the bite of an infected tick, R. rickettsii multiply within the endothelial cells of the small blood
vessels and then become widely disseminated, resulting in
the pathologic lesion of widespread vasculitis and a
resulting petechial rash. Clinical manifestations include
fever, rash, headache, meningoencephalitis, inflammation
of the heart, pulmonary edema, and myalgias. Rash is
present in 78% of patients and may be very atypical.
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The typical rash involves the palms and soles and begins
on the wrists and ankles to spread rapidly in hours up the
extremities?13.118
Diagnosis of RMSF is made on clinical and epidemiologic grounds. Nonspecific laboratory abnormalities include
anemia (30%), thrombocytopenia, and hyponatremia (50%).
Treatment consists of supportive care and either chloramphenicol, doxycycline, or tetracycline. Doxycycline is
thought to be most favorable in children younger than
9 years of age because of its documented effectiveness,
broader margin of safety, and reduced risk of drug-related
adverse effects 219
Reye's Syndrome. As acute postinfectious encephalopathy with hepatic dysfunction, Reye's syndrome (RS)
was first described by Dr. Reye in 1963. The case fatality
rate was 4 I% during the 1973 to 1974 outbreak and 12% in
1980, probably reflecting an improvement in the level of
sophistication of pediatric critical care. In 1980 a statistically significant association was noted between RS and the
use of aspirin for the preceding viral illness. no Over the past
decade, the use of aspirin in young children for minor viral
illnesses has decreased significantly, as has the incidence of
RS from a peak of 555 cases in 1980 to no more than
36 cases per year since 1987. 213 .221 This may be a reflection
of better diagnostic techniques and criteria for inborn errors
of metabolism that mimicked RS, as most patients originally
diagnosed with RS are now known to have metabolic
disorders. 222
Criteria for diagnosis of RS include acute onset of
disturbance in consciousness, elevation of serum glutamicoxaloacetic transaminase (SGOT) and serum glutamicpyruvate transaminase (SGPT) to twice-normal concentrations, and histologic changes consistent with the syndrome
seen in biopsy specimens of liver or postmortem material.
Persistent vomiting is usually the first symptom; as the
vomiting begins to decrease, confusion appears. The complete neurologic sequence progresses from stage I, in which
the child is frightened and confused, to stage Y, with a loss
of brainstem reflexes.
No specific therapy is available; intensive supportive care
is critical with respect to airway maintenance, tissue
oxygenation, and control of cerebral edema. Because Reye's
syndrome is now very rare, any infant or child suspected of
having this disorder should undergo extensive investigation
to rule out the treatable inborn metabolic disorders that can
mimic Reye's syndrome?21

EXPERIMENTAL THERAPIES
Gene transfer therapy is a revolutionary means of actually
replacing defective genes within the body.2lD This highly
experimental procedure was first used in children with SCID
related to ADA deficiencl 23 and in familial hyperlipoproteinemia, a lipid disorder. Like the administration of LAK
cells and TILs, one method of gene transfer therapy is a
multistep treatment that requires the removal of specific
cells from the patient, modification of these cells in the
laboratory, and return of the modified cells to the patient. 224.225 Gene transfer therapy shows tremendous potential in the cure of other diseases that are the result of a
defective gene, such as cystic fibrosis. 226
Nitric oxide is a membrane-permeable gas that functions
in the regulation of vascular tone, the inhibition of platelet
aggregation, and leukocyte adhesion and has antitumor and
antimicrobial activity. Increased production of nitric oxide
observed during septic shock may be largely responsible for
sepsis-induced hypotension and myocardial depressions.
The use of nitric oxide synthase inhibitors may improve
survival in severe septic shock by increasing mean arterial
pressure and restoring vascular responsiveness to catecholamines. At this time, beneficial effects on clinical outcomes,
including survival, only are suggested in human clinical
trials. 227

SUMMARY
Knowledge of immunology is increasingly important
for the pediatric critical care nurse for two reasons. All
PICU patients experience altered host defenses; most
commonly, these are changes in the structure and function of the first line of defense. In addition, the pediatric critical care nurse's knowledge of the immune system is often limited. With increasing technology and
expanding knowledge of the intricacies of immunologic events, expertise in the field of immunology is
imperative.
Caring for the child with altered host defenses is a
challenge. Children in the PICU are at risk developmentally
and situationally for altered host defense. Recognition of
this fact provides the basis for a thorough immunologic
assessment, which will further identify the child at risk.
Many of the interventions, including medical efforts,
involve expert nursing care to promote the best possible
outcome for the child.
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