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Cell-mediated immunity in infectious diseases
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Cell-mediated immunity is a rather simple label for a broad
and complex set of mechanisms that require T-cell activ-
ity. Effector T-cells are induced against pathogens in re-
sponse to primary infection or vaccination; some activated
cells eventually differentiate into memory T-cells that can
expand and exert antimicrobial activity very rapidly in
the event of secondary exposure.1 Cytotoxic T-lympho-
cytes (CTLs), which express CD8 protein on their sur-
face, have an important role against a wide range of in-
tracellular pathogens.2,3 These lymphocytes are
programmed to kill infected cells when their T-cell re-
ceptors (TCRs) recognize pathogen-derived peptides that
have been processed and displayed on major
histocompatability complex (MHC) class I molecules via
the endogenous pathway.4,5 The endogenous pathway is
most efficient at processing and presenting peptides which
are synthesized in the cytoplasm of the infected cell. In
contrast, the exogenous antigen-presenting pathway is
most efficient at processing and presenting peptides that
are outside of the cell and are internalized by phagocyto-
sis or pinocytosis. Peptides processed by the exogenous
pathway are presented on MHC class II molecules recog-
nized by CD4+ helper T-cells.5 Helper T-cells coordinate
the overall adaptive immune response by modulating the
activities of many other immune cells, both through di-
rect cell-cell contact and secretion of cytokines.6,7

Cytokines can be categorized by the many different func-
tional activities they mediate, and any cytokine may have
multiple effects.7,8 Some cytokines activate innate immune
cells such as phagocytes and natural killer cells and stimu-
late their participation in inflammatory processes, whereas
others suppress or resolve inflammation. Several cytokines
promote the activation of and antibody production by B-
cells, as well as antibody class switching of B-cells. Cer-
tain cytokines have effects further upstream in the ontog-
eny of cells, in that they direct the maturation and
mobilization of distinct classes of cells. Chemokines con-
trol immune cell traffic in at least two ways: They attract
the specific sets of cells that bear corresponding recep-
tors and activate the integrin molecules that mediate leu-
kocyte adhesion to vascular endothelium around the site
of an infection.9

In recent years, the balance of immune regulation has been
one of the foremost topics in immunology.8 Successful
defense against the majority of infections requires an early

T helper (Th) 1 cell-mediated inflammatory response
(Type 1 response). Interferon-α, interleukin-2 (IL-2), and
lymphotoxin-α are particularly important Type 1
cytokines. Type 2 responses (i.e., those mediated by Th-2
cells) are generally characterized by high antibody pro-
duction and often by recruitment of eosinophil and mast
cell activity. Of the Type 2 cytokines, IL-4, IL-10, and
IL-13 are among the most dominant and best character-
ized. One purpose for Type 2 responses appears to be
mediation of immunity against helminth infections. Also,
a transition to predominantly Type 2 responses appears
to be important for resolving inflammation after other
kinds of infection. However, when Th-2 cell-driven
mechanisms dominate early in infection, microbial repli-
cation may proceed unchecked. This, as well as antibody-
mediated hypersensitivity, can enhance the severity of
disease. Importantly, cytokines from Type 1 responses tend
to suppress Type 2 responses, and vice versa, so that one
or the other response predominates. Given the divergent
properties of helper T-cell subsets, the Type 1 versus Type
2 theory has been used to explain striking divergences
between protection and disease development in response
to certain infections in humans and rodent species, such
as leprosy and leishmaniasis.

Measurement of cytokine activity and T helper subsets
has been and promises to be a useful measure of vaccine
efficacy against infectious agents of animals. Much of
the research that has shaped the Type 1 versus Type 2
theory has involved studies of mice. Human helper T-cell
responses also polarize toward Type 1 or Type 2 profiles,
though the definitions seem to be less rigid.8 There is con-
siderable evidence to support this paradigm in numerous
domestic animal species, as well.10–13 However, it is im-
portant to be aware that the effects exerted by a cytokine
in 1 species may not be identical to those exerted by its
homologue in another species.10

Gamma delta (γδ) T-cells are the other major T-cell sub-
set.14 The TCR for this subset of T-cells is a heterodimer
comprised of a γ chain and a δ chain, which are structur-
ally distinct from the α and β‚ chains that form the TCRs
of CD4+ and CD8+ T-cells. Antigen recognition by γδ T-
cells is not usually MHC-restricted. Certain host cell
markers, such as stress-induced heat-shock proteins, can
activate  γδ T-cells. The functions of γδ T-cells in response
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to pathogens are not well understood, but their prominent
distribution in mucosal surfaces is consistent with a role
in surveillance and rapid response to invaders. There is
also evidence that γδ T-cells modulate inflammatory re-
sponses and promote tissue repair.15

Past efforts to evaluate immune responses in domestic
animals typically focused on humoral immunity. One rea-
son for this is the relative ease with which serum anti-
body responses can be monitored, by use of ELISAs and
virus neutralization and hemagglutination assays. Immu-
nological studies in recent years have highlighted the sub-
stantial roles of cell-mediated immunity (CMI) in defense
against human and animal infections. This has accentu-
ated the importance of examining CMI as part of any thor-
ough effort to characterize an immune response to infec-
tion or vaccination.

When evaluating vaccines used in veterinary medicine,
serum antibody titer is often cited as an important mea-
sure of vaccine efficacy. Yet, in a variety of situations,
these data are insufficient to predict a positive or nega-
tive outcome for the vaccinated animal regarding devel-
opment of disease:

• Specific antibodies to some infectious agents do not
adequately protect the host from infection and
disease.16

• Antibodies to certain infectious agents enhance dis-
ease. One mechanism for this is antibody-dependent
enhancement17, in which immunoglobulin-bound
pathogens rely on Fc receptor-mediated phagocyto-
sis for entry to host cells. Immune complexes can also
contribute to the pathogenesis of infectious diseases
by triggering complement activation and inducing a
Type III hypersensitivity response.18

• Antibodies may not always be detectable following
an adaptive immune response. With regard to several
viral agents, adaptive CMI responses can be mounted
in the presence of passively transferred maternal an-
tibody, even while humoral responses are sup-
pressed.19,20 Thus, animals with no detectable anti-
body titers can be fully resistant to challenge.

Thorough evaluation of vaccine efficacy requires the
evaluation of T-cell responses to vaccination in popula-
tions of animals over time. This requires assays that can
be performed on large numbers of outbred animals. Some
assays are very cumbersome to use for this purpose (e.g.,
CTL assays). Other CMI assays are inherently more prac-
tical for this research aim (e.g.,, in vitro tests for antigen-
specific lymphocyte activation and proliferation, or
cytokine production).

Lymphocyte responses to antigens are detectable in vitro
by flow cytometric analysis of activation-induced cell
surface markers. Fluorescent antibodies can be used to

label these molecules. Activation markers that have been
used for the purpose of detecting recall responses include
CD25 (IL-2 receptor α subunit), CD69, and MHC class
II.21–24 The expression of such markers can be analyzed in
parallel with T-lymphocyte subset markers to assess the
level of responses by distinct T-cell populations having
CD4, CD8, and/or γδ TCR on their surface. Levels of
activation marker expression in a cell population can be
measured in terms of two values: The percentage of cells
that express the marker and the mean fluorescence inten-
sity of staining for the marker. Monoclonal antibodies
against porcine lymphocyte subset markers and activa-
tion markers are commercially available.

Cytokine-producing activity can be measured in distinct
T-cell subsets by use of intracellular cytokine staining
techniques and multiparameter flow cytometry.25,26. Two
key requirements for the success of this approach are that
cells retain the cytokine molecules they produce and that
cells are permeable to antibody during the staining steps.
The first requirement is met by treating cells with an in-
hibitor of the Golgi complex, such as brefeldin A, during
culture. The second requirement is met by fixing cells
and making their membranes permeable with a detergent
solution before labeling. All of the reagents necessary for
blocking secretion, fixation, and permeabilization can be
purchased together in a kit. Data are acquired and ana-
lyzed by much the same approach as the aforementioned
flow cytometric assays for T-cell activation. The main
advantage of intracellular staining is its powerful capac-
ity to trace cytokine production to specific populations of
effector lymphocytes. However, the assay is complicated
by the special requirements for inhibition of protein se-
cretion and treatment of cells to induce membrane per-
meability. Altered cellular activity may distort normal
antigen-driven processes, and cell-labeling procedures
inevitably allow some leakage of cytokines. In addition,
the technique is more time-consuming than flow
cytometric assays for T-cell activation markers.

There are some important considerations regarding the
interpretation of data from assays of lymphocyte activa-
tion and cytokine secretion. The demonstration of either
type of response following exposure to antigen does not
prove any particular effector function. If one subset of
lymphocytes is better adapted to survive and proliferate
in vitro, then the relative levels of antigen-driven prolif-
eration or activation across subsets may be skewed in fa-
vor of that subset. In addition, it is possible that antigen-
specific cytokine production by one T-cell population in
an in vitro system might promote non-specific bystander
responses by other T-cells. Ordinarily, the activation of a
T-cell depends on antigen recognition by the T-cell re-
ceptor, and further stimulation by cytokines amplifies that
antigen-specific response. However, memory T-cells can
be sensitive to stimulation by certain cytokines in the ab-
sence of antigen.27 Thus, it is plausible that an antigen-
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specific T-cell response in vitro might lead to the activa-
tion of accompanying memory T-cells that do not share
the same specificity. It has not been proven conclusively
whether this causes measurements of antigen-specific T-
cell activity to be overestimated. Of course, even bystander
T-cell activation presumably depends on antigen-specific
cells having made a recall response in the first place.

It is important to bear in mind that the results of any given
assay must be interpreted cautiously, whether the assay
evaluates antibody production or cellular activity; there
is artificiality and variability in any in vitro test. Careful
study is required to determine how well the readout from
an assay correlates with immunity against the pathogen
in question. 
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