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Abstract

The immune system acts to protect the host from infectious agents that exist in the environment and from other noxious

insults. It is constantly active, acting to discriminate ‘‘nonself’’ from ‘‘self.’’ The immune system has 2 functional divisions:

the innate and the acquired. Both involve various blood-borne factors and cells. A number of methodologies exist to assess

aspects of immune function; many of these rely on studying cells in culture ex vivo. There are large interindividual

variations in many immune functions even among the healthy. Many factors, including genetics, gender, age, nutrient

status, and gut flora, contribute to the observed variation. Individuals with immune responses significantly below

‘‘normal’’ are more susceptible to infectious agents and exhibit increased infectious morbidity and mortality. However, it is

not clear how the variation in immune function among healthy individuals relates to variation in susceptibility to infec-

tion. J. Nutr. 137: 773S–780S, 2007.

The immune system

Components of the immune system. The immune system
acts to protect the host from infectious agents that exist in the
environment (bacteria, viruses, fungi, parasites) and from other
noxious insults. It serves to distinguish ‘‘nonself’’ from ‘‘self.’’ In
addition, the immune system plays an important role in the
identification and elimination of tumor cells and in the response
to injury and trauma. Thus, an effective and efficient immune
system is central to host defense against infectious diseases and
cancer. The immune system responds to challenge (e.g., a bac-
terial infection) with an increase in the activity of certain com-
ponents that act in a coordinated fashion to eliminate the source
of that challenge. The human immune system has the capacity to
respond to millions of antigens (the precise peptide components
that are recognized as ‘‘nonself’’ by the immune system and that
trigger an immune response). The immune system has 2 func-
tional divisions: the innate (or natural) and the acquired (also
termed specific or adaptive). Both components of immunity
involve various blood-borne factors and cells (Table 1). All cells

of the immune system originate in bone marrow. They are found
circulating in the bloodstream, organized into lymphoid organs
such as the thymus, spleen, lymph nodes, and gut-associated
lymphoid tissue, or dispersed in other locations around the body.
The immune response to infection will include both innate and
acquired actions that will involve a variety of cell types, media-
tors, and chemical agents. The exact nature of the response will
depend on the origin and nature of the antigen (and so the origin
and nature of the challenge). It is known that individuals with
defective immune responses are more susceptible to infections
and are more likely to suffer from infectious morbidity and
mortality. Furthermore, it is known that improvements in the
immune responses of such individuals can decrease susceptibility
to infections and decrease infectious morbidity and mortality.

Innate immunity. Innate immunity is the first line of defense
against infectious agents. It is present before exposure to patho-
gens and is concerned with preventing the entry of infectious
agents into the body and, if they do enter, with their rapid eli-
mination. The innate immune system includes physical barriers,
soluble factors, and phagocytic cells (Table 1). Innate immunity
has no memory and is therefore not influenced by prior exposure
to an organism. Phagocytic cells express surface receptors speci-
fic for bacteria or their components (e.g., lipopolysaccharide),
such as toll-like receptors. Binding of ligand to the receptors
triggers phagocytosis and subsequent destruction of the patho-
genic microorganism by complement or by toxic chemicals, such
as superoxide radicals and hydrogen peroxide. Natural killer
cells also possess surface receptors and destroy pathogens by
release of cytotoxic proteins. In this way, innate immunity pro-
vides a first line of defense against invading pathogens. However,
an immune response often requires the coordinated actions of
both innate immunity and the more powerful and flexible
acquired immunity (Fig. 1).
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Acquired immunity. The acquired immune response involves
lymphocytes. It is highly specific because each lymphocyte carries
surface receptors for a single antigen. The acquired immune
response becomes effective over several days after the initial ac-
tivation, but it also persists for some time after the removal of
the initiating antigen. This persistence gives rise to immunolog-
ical memory, which is the basis for a stronger, more effective
immune response on reexposure to an antigen (i.e., reinfection
with the same pathogen).

B lymphocytes are characterized by their ability to produce
antibodies [immunoglobulins (Ig)],3 which are specific for an
individual antigen. Antibodies work in several ways to combat
invading pathogens. They can ‘‘neutralize’’ microorganisms by
binding to them and preventing their attachment to host cells,
and they can activate complement proteins in plasma, which in
turn promote the destruction of bacteria by phagocytes. Immu-
nity involving antibodies (humoral immunity) deals with extra-
cellular pathogens. However, some pathogens, particularly
viruses but some bacteria as well, infect individuals by entering
cells. These pathogens will escape humoral immunity and are
instead dealt with by cell-mediated immunity, which is conferred
by T lymphocytes. T lymphocytes express antigen-specific T-cell
receptors on their surface. However, unlike B lymphocytes, they
are able to recognize only those antigens that are ‘‘presented’’ to
them on a cell surface (by antigen-presenting cells); this is the
distinguishing feature between humoral and cell-mediated im-
munity. Therefore, infection of a cell by an intracellular patho-
gen is signaled to T lymphocytes by cell surface expression of
peptide fragments derived from the pathogen. These fragments
are transported to the surface of the infected cell and expressed
there in conjunction with proteins termed the major histo-
compatibility complex (MHC); in humans the MHC is termed
human leukocyte antigen (HLA). It is the combination of the
pathogen-derived peptide fragment bound to MHC that is re-
cognized by T lymphocytes. Intracellular pathogens stimulate
cytotoxic T lymphocytes to destroy the infected cell, whereas
extracellular pathogens stimulate a Th-mediated response. In
delayed-type hypersensitivity (DTH), antigen-activated CD41 T
lymphocytes (Th cells) secrete cytokines, which have several
effects, including recruitment of neutrophils and monocytes
from the blood to the site of antigen challenge and activation of
monocytes to effect elimination of the antigen.

Communication within the immune system. Communica-
tion within the acquired immune system and between the innate
and acquired systems is brought about by direct cell-to-cell
contact involving cell surface proteins (e.g., adhesion molecules)
and by the production of chemical messengers, which send sig-
nals from 1 cell to another (Fig. 1). Chief among these chemical
messengers are proteins called cytokines, which can act to
regulate the activity of the cell that produced the cytokine or of
other cells. Each cytokine can have multiple activities on differ-
ent cell types. Cytokines act by binding to specific receptors on
the cell surface and thereby induce changes in growth, develop-
ment, or activity of the target cell. Tumor necrosis factor (TNF)-a,
interleukin (IL)-1 and IL-6 are among the most important
cytokines produced by monocytes and macrophages. These cy-
tokines activate neutrophils, monocytes, and macrophages to
initiate bacterial and tumor cell killing, increase adhesion mole-
cule expression on the surface of neutrophils and endothelial
cells, stimulate T- and B-lymphocyte proliferation, and initiate
the production of other proinflammatory cytokines. Thus, TNF,
IL-1, and IL-6 are mediators of both natural and acquired
immunity and are an important link between them (Fig. 1). In
addition, these cytokines mediate the systemic effects of inflam-
mation such as fever, weight loss, and acute-phase protein syn-
thesis in the liver. Inflammation is the body’s immediate response
to infection or injury and is an integral part of the innate immune
response. Thus, production of appropriate amounts of TNF,
IL-1, and IL-6 is important in response to infection. However,
inappropriate production or overproduction can be dangerous,
and these cytokines, particularly TNF, are implicated in causing
some of the pathological responses that occur in acute and
chronic inflammatory conditions.

One useful paradigm to describe the regulation of the im-
mune response is the Th1-Th2 paradigm (1). This describes the
differentiation of the Th cell, defined by the appearance of the
protein CD4 on its surface, along 1 of 2 phenotypic pathways
(Fig. 2). The pathway followed depends on the nature of the
antigen being presented to the undifferentiated Th cell, and the
cytokines present. An intracellular antigen, which will result
from the phagocytic uptake of a bacterium, and the presence of
IL-12, produced by the antigen-presenting cell, will promote
differentiation along the Th1 pathway (Fig. 2). The Th1 cells
thus produced will generate IL-2 and interferon (IFN)-g. IL-2
will promote the proliferation of antigen-specific T lymphocytes,
and IFN-g will activate the cells involved in elimination of
bacteria, viruses, fungi, and tumor cells (e.g., monocytes, macro-
phages, cytotoxic T lymphocytes, natural killer cells) and will
promote the generation of antigen-specific IgG2 by B lympho-
cytes. Such antibodies can coat pathogens to facilitate their
recognition and uptake by phagocytes. Extracellular antigens
produced in response to, for example, infection with helminthic
worms, and the presence of IL-4 will promote differentiation
along the Th2 pathway (Fig. 2). The Th2 cells thus produced will
generate IL-4, IL-5, and IL-13 (among other cytokines). IL-4 will
promote the generation of antigen-specific IgE by B lympho-
cytes. The IgE will bind to and cross-link IgE receptors on the
surface of mast cells and induce the extracellular release of the
contents of mast cell granules. IL-5 promotes the activation of
eosinophils. Mast cells and eosinophils are the mediators of host
defense against extracellular parasites. Thus, Th1 and Th2 cells
are involved in promoting an appropriate immune response to
different types of infectious organisms. The final element of the
Th1, Th2 paradigm is cross-regulation: IFN-g inhibits the
differentiation and activity of Th2 cells, whereas IL-4 inhibits
the differentiation and activity of Th1 cells (Fig. 2). Clearly this

3 Abbreviations used: DTH, delayed-type hypersensitivity; HLA, human leuko-

cyte antogen; IFN, interferon; Ig, immunoglobulin; IL, interleukin; MHC, major

histocompatibility complex; Th, helper T lymphocyte.

TABLE 1 Components of the innate and acquired

immune systems

Innate immunity Acquired immunity

Physicochemical

barriers

Skin Cutaneous and mucosal immune

systems

Mucosal membranes Antibodies in mucosal secretions

Lysozyme

Stomach acid

Commensal bacteria in gut

Circulating

molecules

Complement Antibodies

Cells Granulocytes B lymphocytes

Monocytes/macrophages T lymphocytes

Natural killer cells

Soluble mediators Macrophage-derived cytokines Lymphocyte-derived cytokines
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serves to cause a transient ‘‘skewing’’ of the immune response
while an infectious agent is present. However, once the source of
the infection is eliminated, the system will return to the basal
state in preparation for any subsequent infections.

The immune system in disease. Although the capacity to
mount vigorous Th1- or Th2-type responses is central to ef-
fective host defense against the range of possible infectious
organisms, a number of human diseases are associated with in-

appropriate activation or activity of the immune response. These
diseases appear to be associated with an inherent, inappropriate
‘‘skewing’’ toward either a Th1- or Th2-type response. There is a
genetic predisposition toward such skewing, with susceptibility
genes frequently being associated with antigen presentation (2).
It is likely that the combination of genetic predisposition and
certain environmental and/or lifestyle factors allows the disease
to manifest itself. In some individuals the immune system
responds to presentation of a host antigen (or a normally benign

Figure 1 A general overview of the immune

system.

Figure 2 The Th1-Th2 paradigm. IFN, interferon;

IL, interleukin; Th, helper T lymphocyte; . indicates

produces;–/ indicates acts on.
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foreign one) rather than a foreign antigen; this triggers a Th1-
type response with the destructive actions of the immune system
targeted at those body sites where the antigen (or a similar one)
is expressed. An example of such a disease is rheumatoid
arthritis. In rheumatoid arthritis susceptibility genes map to
antigen presentation proteins, and this somehow results in host
antigen being presented to T cells, which differentiate along the
Th1 path. The Th1-type cytokines promote the activity of ma-
crophages and the generation of autoantibodies by B lympho-
cytes (Fig. 3). The Th1-type cytokines also suppress the Th2-type
response and so skew the system toward the Th1 phenotype (3).
The host’s synovial joints become infiltrated by activated T cells,
macrophages, and B cells. The macrophages produce a range of
cytokines including TNF-a, IL-1, and IL-6 (4). Although these
cytokines have a physiological role in innate immunity, in
activating cellular immune responses, and in coordinating the
whole-body response to infection and injury, in excess they are
involved in causing a range of local and systemic responses that
are detrimental to the host. Macrophages will also produce the
matrix metalloproteases that degrade the cartilage and bone of
the host. Other diseases in which an inappropriate Th1-type
response appears to be involved include Crohn’s disease, mul-
tiple sclerosis, and atherosclerosis. Together theyes are termed
chronic inflammatory diseases.

An inappropriate predisposition to skewing toward a Th2
response also occurs. Here the antigens involved are frequently
normally benign foreign antigens, such as those present in cow’s
milk, egg, house dust mite, or tree or grass pollen and are re-
ferred to as allergens because they can trigger allergy in sen-
sitized individuals (5). The Th2 response results in production of
allergen-specific IgE, which, when and where allergen is present,
will induce mast cell degranulation, and in activation of eosino-
phils (Fig. 4). This process can be termed allergic inflammation.

Biomarkers of immune function

General comments. There is a wide range of methodologies
available with which to assess the status and functional capacity
of the immune system, but there is no single marker of either its
status or functional capacity. The activity of many of the
separate components of the immune system can be measured,
most frequently by studying that component under controlled ex
vivo (i.e., outside of the body) conditions. It is also possible to
study a coordinated immune response in vivo, usually to a

controlled challenge (e.g., vaccination, intradermal application
of an antigen). Animal studies can investigate the functional
responses of immune cells isolated from the blood, thymus,
spleen, lymph nodes, gut-associated lymphoid tissue, peritoneal
cavity, and, in some cases, from the bone marrow, lungs, and
liver. Human studies are often limited by the ability to sample
only blood and external secretions such as saliva, although in
some experimental settings it is possible to take biopsies of the
gut, which may include immune tissue, or to collect broncho-
alveolar lavage fluid. In most human settings, circulating cell
numbers, their activation state, and their responses to ex vivo
challenge can be measured. However, it must be remembered
that the majority of immune cells are not in the bloodstream; for
example, only 2% of total lymphocytes are circulating at any
given time. Normal ranges have been established for circulating
immune cell numbers and circulating Ig concentrations, but
there are no normal ranges for immune cell functional responses.

Assessment of immune status. Assessments of immune
status most frequently involve the measurement of various leu-
kocyte numbers in the bloodstream (and the size and cellularity
of lymphoid organs, where accessible). The total number of
leukocytes and of the subclasses of white cells (e.g., neutrophils,
monocytes, lymphocytes, T lymphocytes, B lymphocytes, CD41

cells, CD81 cells, natural killer cells) in the circulation can be
determined using immunological staining procedures and asso-
ciated analytical techniques such as flow cytometry (6–9). Be-
cause ‘‘white cell counts’’ are used clinically, normal ranges have
been identified (10). In addition to total cell numbers, the
percentage contribution of each class to the total is sometimes
used (11–13). By combining antibody ‘‘stains’’ it is possible to
obtain great detail about the subtypes of cells present (8,9,11–13).
The ratio of CD41 to CD81 cells is often reported as a measure
of the relative numbers of Th and T-suppressor/cytotoxic cells,
but the true meaning of this ratio is unclear. The ratio of memory
to naive cells (CD45RO:CD45RA) can be determined; this is an
indicator of long-term activation of the immune system.

In animal studies the thymus, spleen, and lymph nodes can be
removed and weighed. In human studies thymus size can be
estimated by imaging techniques. This approach has been used
to identify differences among infants on different feeding
regimens (14) and to show an increase in malnourished children
given oral zinc (15).

Figure 3 A generalized view of Th1-mediated

disease processes. Self antigen is processed and

presented to autoreactive T cells, which then differ-

entiate toward a Th1-type phenotype. Th1-type cyto-

kines promote production of self antigen-specific IgG

and production of inflammatory cytokines by macro-

phages. IFN, interferon; IL, interleukin; MHCII, major

histocompatibility complex II; Th, helper T lympho-

cyte; Y, immunoglobulins.
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Assessment of the functional activity and capacity of the

immune response. Assessments of the functional capacity of
the immune response can be made by measuring specific cell
functions ex vivo (i.e., of the cells isolated and studied in short-
or long-term culture), measuring in vivo responses to challenge
(e.g., by measuring the changes in the concentrations of anti-
bodies in the bloodstream or saliva or by measuring the physical
response to administration of antigen), or measuring the inci-
dence and severity of infections. In animal studies, resistance to
challenge with live pathogens can be used; the outcome is usually
survival, and this can be coupled with some of the above in vivo
and ex vivo measures and with measures of the numbers of
pathogens that are found in various organs (e.g., spleen, lymph
nodes, liver). Human studies are largely restricted to naturally
occurring infectious episodes, particularly in settings where
these are likely to occur at a high rate (16,17).

When measures are made of immune function (either in vivo
or ex vivo), it must be remembered that the responses being
measured are dynamic in nature. Thus, the absolute response
measured may be different at different time points. Furthermore,
different responses may follow different time courses. Immune
responses are related to the concentration of the stimulant used
to trigger those responses in a dose-dependent fashion. Thus, the
absolute response and the timing of that response will depend on
the concentration of the stimulus used.

Ex vivo measures. Ex vivo measures allow the functional
responses of specific immune cell types (e.g., neutrophils, mono-
cytes, T lymphocytes, B lymphocytes, natural killer cells) to be
determined. The following ex vivo measurements are possible:

Phagocytosis by neutrophils and monocytes. Substrates
for phagocytosis include bacteria, sheep red blood cells, and
yeast particles; these can be studied in the opsonized (i.e.,
complement- or antibody-coated) and unopsonized states. Some
techniques (e.g., flow cytometry) allow identification of both the
number of cells participating in phagocytosis and the phagocytic
activity per cell (9,18–22). Measures of phagocytosis can be
coupled to measures of oxidative burst (9,20–22); bacterial
phagocytosis measurements can be coupled to measures of
bacterial killing.

Oxidative (respiratory) burst (superoxide generation)

by neutrophils and monocytes. Stimuli to induce respiratory
burst include bacteria and protein kinase C activators such as

phorbol esters (e.g., phorbol myristyl acetate). Some techniques
(e.g., flow cytometry) allow identification of both the number of
cells participating in oxidative burst and the activity per cell
(9,20–22). Oxidative burst measurements can be coupled with
measures of bacterial killing. Production of other reactive
species such as hydrogen peroxide can also be made (23).

Chemotactic response of neutrophils or monocytes.

This is the movement of these cells toward particular stimuli;
stimuli used include leukotriene B4, bacterial cell wall peptides
such as formyl-methionyl-leucyl-phenylalanine, IL-8, and au-
tologous serum (23–25).

Natural killer cell activity. This is measured as killing of
tumor cells known to be specific targets for natural killer cells
(e.g., K562 cells) (8,19,26–30). Killing can be expressed in var-
ious ways, such as percentage target cells killed or ‘‘lytic ratio,’’
which is the ratio of killer to target cells required to kill a
particular percentage (e.g., 25% or 50%) of target cells.

Cytotoxic T lymphocyte activity. This is measured as
killing of virally infected cells known to be specific targets for
cytotoxic T cells (e.g., P815 cells).

Lymphocyte proliferation. This is the increase in number of
lymphocytes in response to a stimulus. Most often this is measured
as the incorporation of radioactively labeled thymidine into the
DNA of the dividing lymphocytes (6,7,11,12,20,21,27,28,31,32),
although a number of other measures, not involving the use of
radioactivity, are available. For example, it is possible to measure
the incorporation of bromodeoxyuridine into DNA of proliferat-
ing cells. Agents used to stimulate lymphocyte proliferation in-
clude concanavalin A, phytohemagglutinin, and anti-CD3, which
stimulate T lymphocytes; pokeweed mitogen, which stimulates a
mixture of Tand B lymphocytes; and bacterial lipopolysaccharide,
which stimulates B lymphocytes. These agents are all known as
mitogens, and the process as mitogen-stimulated lymphocyte
proliferation. Most often, T-cell mitogens are used. If the in-
dividual has been sensitized to an antigen (or allergen), then the
antigen (or allergen) can be used to stimulate lymphocyte pro-
liferation (33). The proliferative response to mitogens or anti-
bodies is much greater than that to an antigen or allergen (33).
This is because mitogenic stimulation is nonspecific and will target
a large proportion, perhaps all, of the T or B cells in a cell prep-
aration. In contrast, antigenic stimulation is highly specific and
targets those few cells that will recognize the antigen. Vaccines can
also be used to stimulate ex vivo lymphocyte proliferation (34,35).

Figure 4 A generalized view of Th2-mediated

disease processes. Allergen is processed and

presented to T cells, which then differentiate

toward a Th2-type phenotype. Th2-type cytokines

(especially IL-4) promote production of allergen-

specific IgE, which binds to and cross-links IgE

receptors on mast cells, resulting in release of

inflammatory mediators. Th2-type cytokines (espe-

cially IL-5) promote eosinophil activation. IFN,

interferon; IL, interleukin; MHCII, major histocom-

patibility complex II; Th, helper T lymphocyte; Y,

immunoglobulins.
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Production of cytokines by lymphocytes and mono-

cytes. This usually requires the cells to be stimulated. For
lymphocytes, mitogens (or antigens, if the individual has been
sensitized to them) are used, whereas for monocytes, bacterial
lipopolysaccharide is most often used. Cytokine protein con-
centrations in the cell culture medium are most frequently
measured by ELISA (7,9,11,12,20–22,27,28,30,32,36,37), al-
though flow cytometry–based techniques have now become
available that allow multiple cytokines to be measured simul-
taneously (13). However, cellular mRNA levels can also be
measured (38). Flow cytometry can also be used to measure the
intracellular concentration of cytokine protein (39). This tech-
nique also allows the relative number of cytokine-producing
cells to be identified and, if combined with other immunological
stains, the type of cells producing the cytokine (39). The
production of Th1- and Th2-type cytokines by isolated lym-
phocytes can be used to indicate the balance between the 2 types
of response. IFN-g is frequently used as a marker for the Th1-
type response. IL-4 has sometimes been used as a marker for the
Th2-type response, but IL-4 is often produced in low amounts
and only after prolonged periods in culture. IL-5 is an alternative
to IL-4.

Production of Ig by lymphocytes. This involves measure-
ment of total or antigen-specific immunoglobulins by ELISA
following stimulation with antigens and reflects B-cell activity.

Cell surface expression of molecules involved in bac-

terial recognition (e.g., toll-like recptors), antigen presen-

tation (e.g., HLA subtypes) (40), and in cellular activation

(e.g., cytokine receptors, CD69) (13) after stimulation.

Stimulants used can include mitogens or antigens. Cell surface
expression is most frequently determined by flow cytometry
after immunological staining (13,40). The percentage of cells
expressing the molecule and the average level of expression per
cell can both be determined (40). If combined with other im-
munological stains, the type of cell expressing the molecule can
be identified (13).

By definition, ex vivo measures require that cell functions be
studied outside of the environment in which they normally
occur, i.e., within the body. Ex vivo cell responses may not be the
same as those observed in the more complex in vivo situation.
This effect may be exaggerated by studying cells in increasingly
purified states. Thus, measurements of cell function made in
whole blood may be more similar to those seen in vivo than
functions measured using purified cell preparations. Whole-
blood systems retain all blood components (including plasma),
and they are kept at the same ratios at which they exist in vivo;
by definition cell purification removes many blood components.
However, 1 advantage of using purified cells for measuring some
ex vivo functional responses (e.g., lymphocyte proliferation,
cytokine production, antibody production) is that the number of
cells cultured can be carefully controlled; this may not be the
case where whole blood is cultured.

In vivo measures. The following in vivo measurements are
possible:

Circulating concentrations of total Ig and of the Ig

subclasses. Measurements are made by ELISA or a similar
method (21,41). In the absence of an ‘‘immune challenge’’ these
measurements are probably not very useful.

Circulating concentrations of Ig specific for antigens

after an antigen challenge of some sort (e.g., inoculation

with a vaccine such as those to hepatitis B, influenza, or

Pneumococcus). Vaccination responses are very useful because
they represent a coordinated, integrated immune response to a

relevant challenge. Polysaccharide vaccines such as Pneumo-
coccus initiate T-cell-independent B-cell responses, whereas
hepatitis B elicits T-cell-dependent responses. Depending on
prior vaccination, primary and secondary antibody responses
can be followed (32,34,35,42,43). The time course of the
antibody response varies according the vaccine used.

Concentration of secretory IgA in saliva and tears. Total
and antigen-specific secretory IgA can be measured (41). This
can be a useful measure of mucosal immune responses.

Circulating concentrations of cytokines or of soluble

cytokine receptors. Measurements are made with ELISA
(often requiring highly sensitive assays) (44,45). The source of
the cytokines measured is not known, and this limits the
usefulness of these measurements.

DTH response to intradermal application of an antigen

to which the individual has already been exposed; this

measures the cell-mediated immune response and is

often, inappropriately, referred to as a ‘‘skin test.’’ The
response is measured as the size of the reaction (termed indu-
ration) around the area of application at a period (usually 48 h)
after the application (20,21,42). This measurement is useful
because it represents a coordinated, integrated cell-mediated
immune response to a relevant challenge. However, the test
cannot be repeated on the same area of skin, and recent vaccina-
tion may interfere with the outcome.

There is wide variation in immune responses among

individuals. Even when highly standardized experimental
conditions are used, there are wide variations among individuals
in all in vivo and ex vivo measurements of immune responses
(46–48). Some of this variation is likely caused by factors such as
age, gender, smoking status, obesity, dietary habits, acute and
chronic effects of exercise, acute and chronic consumption of
alcohol, pregnancy, etc. (47,49,50). Nevertheless, even when as
many of these factors as possible are standardized, significant
variation remains (46–50). Genetic polymorphisms, early life
events, hormone status, and gut flora may be additional factors
contributing to such variation (2,47,49,50).

What is the biological significance of differences in

immune function?

It is known that individuals with defective immune responses are
more susceptible to infections and are more likely to suffer from
infectious morbidity and mortality. Furthermore, it is known
that improvements in the immune responses of such individuals
can decrease susceptibility to infections and decrease infectious
morbidity and mortality. However, individuals with truly defec-
tive immune responses represent an extreme, and it is not clear
to what extent variations in immune responses among appar-
ently healthy individuals contribute to variations in susceptibility
to infectious agents. Indeed, relatively small differences, de-
creases or increases, in indicators of immune function may not
be relevant to host defense. There are 2 main reasons for this.
First, there is significant redundancy in the immune system, such
that a change in the functional capacity of 1 component of the
immune response may be compensated for by a change in the
functional capacity of another component. Second, there may be
‘‘excess’’ capacity in some immune functional responses, partic-
ularly those that are measured ex vivo by challenging the cells
with a high concentration of stimulant. Thus, individuals with
immune functions in the ‘‘normal’’ range may not benefit from
increased immune function. In other words, increasing the
activity of 1 or more components of the immune system may not
necessarily be of any benefit to the individual, just as decreasing
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the activity of 1 or more components of the immune system may
not necessarily be detrimental to the individual. However, a
sufficiently large variation or change in some immune functions
has been related to improved host defense. For example, in-
dividuals with low natural killer cell activity have increased risk
of cancer (51) and of mortality (52). Likewise, a poor DTH
response is associated with increased mortality in surgery pa-
tients (53–55) and in cancer patients (56), with progression to
AIDS in HIV-infected individuals (57), with increased risk of
upper respiratory tract infections (58,59), and with progression
of diarrhea in Bangladeshi children (60). These observations
suggest that improvements in some immune responses might be
associated with improved clinical outcome and better health.
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