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Albert Rovira, DVM, MS
University of Minnesota

Bacterial diseases are one of the main concerns for pig
health in modern production systems, and probably the
cause of most of the mortality. Bacterial infections can be
classified in those produced by intracellular and extracel-
lular bacteria. These two types of infection elicit differ-
ent immune responses. This paper reviews the immune
responses against extracellular bacteria. Different mecha-
nisms are presented and examples of bacteria-producing
important diseases of swine are provided.

Innate immune response

The innate immune response is responsible for the con-
trol of many commensal bacteria and the early response
against infection by pathogenic bacteria. The first line of
innate defense against pathogens is provided by physical
barriers, chemical factors, and the commensal flora.

Physical barriers
The skin and mucous membranes represent an impen-
etrable barrier to most bacteria. If the integrity of these
surfaces is damaged some bacteria are able to invade the
host. This is the case of Clostridium tetani, which spo-
radically infects young pigs via the umbilical cord or the
castration wound. Streptococcus suis infects humans
through skin cuts and this route may apply for infection
by this bacterium in pigs as well.

Chemical factors
Mucosal secretions contain antimicrobial substances.
Lysozyme is an enzyme present in most secretions that
degrades bacterial peptidoglican. Antibacterial peptides
in the intestine are toxic for important pathogens of swine
such as Escherichia coli and Salmonella.

Commensal flora
The presence of commensal organisms on mucous mem-
branes prevents the colonization by pathogenic bacteria
through different mechanisms: competition for nutrients
and receptors, production of toxic substances, generation
of cross-immunity and non-specific stimulation of the
immune system. Subclinical infection with a non-patho-
genic strain of Haemophilus parasuis protected pigs from
subsequent inoculation with a virulent strain. On the other
hand, the efficacy of exposure of weaned pigs to non-

toxigenic E. coli to reduce enteritis by pathogenic E. coli
has been demonstrated in field trials. However, the mecha-
nism responsible for protection in these two examples has
not been investigated.

Main components of the innate immune
response

The two main components of the innate immune response
are the complement and the phagocytosis.

Complement
Bacteria can activate complement via the alternative path-
way through capsular polysaccharides (Gram +) or the
lipopolisaccharide (Gram -). Complement activation re-
sults in a cascade of biochemical reactions that leads to:

• Opsonization: Some products of the complement re-
actions (C3b) opsonize bacteria enhancing their rec-
ognition by phagocytes.

• Lysis: The end product of complement activation is
the formation of the membrane attack complex, a
pore-like structure that lyses the cell. This killing
mechanism has been demonstrated against E. coli and
Neisseria species and it is thought to play a role
against gram-negative bacteria in general. However,
there is no information on antibody-independent
complement-mediated lysis of bacterial species iso-
lated from pigs .

• Inflammation: Some complement by-products (C3a,
C4a, C5a) are potent chemotactic factors that recruit
and activate leukocytes. 

Phagocytosis
Macrophages and polimorphonuclear neutrophils present
in the mucosal surfaces are able to recognize and phago-
cyte bacteria. Neutrophils are more efficient phagocytes
and can be massively recruited during inflammation. In
contrast, the importance of macrophages is that they pro-
cess the phagocyted bacteria and present protein antigens
to lymphocytes to develop a humoral response. The abil-
ity to engulf and kill bacteria is greatly enhanced by
opsonization with C3b or specific antibodies. This phe-
nomenon has been demonstrated for important swine
pathogens such as H. parasuis, Actinobacillus
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pleuropneumoniae, and certain strains of S. suis. Acti-
vated phagocytes secrete cytokines, which induce leuko-
cyte infiltration and synthesis of acute-phase proteins by
hepatocytes.

Adaptive immune response

The adaptive immune response develops later but is more
efficient and specific than the innate immune response.
The humoral response is the most important response
against extracellular bacteria. In humans, individuals af-
fected by conditions that cause agammaglobulinemia suf-
fer from recurrent extracellular bacterial infections. The
most frequent agents causing these infections are Strep-
tococcus pneumoniae and Haemophilus influenzae. In
contrast, their response to viral and fungal infections is
relatively unimpaired. Conversely, individuals affected by
Di George’s syndrome (absence of thymus), unable to
mount a T-cell response, are frequently affected by viral
and fungal infections and relatively resistant against bac-
terial infections.

Stimulated B-cells differentiate into plasma cells that pro-
duce specific antibodies against bacterial surface antigens
and toxins. These antibodies confer protection against
disease by different mechanisms:

• Neutralization of toxins: Attachment of the antibody
to functional epitopes in the toxin molecule. Neutral-
izing antibodies to beta toxin are protective against
Clostridium perfringens type C necrotizing enteritis.
Similarly, neutralizing antibodies to the Apx toxins
of A. pleuropneumoniae are essential for complete
protection against porcine pleuropneumonia. The
presence of toxoids in killed vaccines against infec-
tion of toxin-producing bacteria is highly
recommended.

• Opsonization: Coating of bacteria with specific anti-
bodies greatly increases phagocytosis and thus clear-
ance of the bacterium.

• Complement activation: Antigen-antibody complexes
can activate complement by the classical pathway.
Activation of complement results in opsonization and
lysis of bacteria and inflammatory stimulation, as
mentioned above. Antibody-dependent complement-
mediated lysis has been demonstrated for many gen-
era such as Bordetella, Haemophilus, Pasteurella, and
Escherichia.

• Mucosal protection: IgA and IgG on mucosal surfaces
prevent bacterial adherence to receptors of the host
cells. The immune response against E. coli infections
is basically humoral and includes antibodies that neu-
tralize the fimbrial antigens of the bacterium. Inter-
estingly, a proportion of the B-cells stimulated in the
gut return to the bloodstream and localize in other

mucous membranes, where they differentiate into
plasma cells and produce IgA. This mechanism ex-
plains the presence of IgA against A.
pleuropneumoniae in bronchoalveolar secretions, af-
ter oral exposure. According to a similar mechanism,
B-cells migrate from the digestive system to the mam-
mary gland before farrowing. There, they produce
high amounts of IgA against enteric pathogens that
will be secreted in colostrum and milk, and will pro-
tect piglets the first weeks of age.

The other important component of the adaptive immune
response is the CD4+ T-cell pool. Macrophages, B-cells
and dendritic cells present protein antigens to CD4+ T-
cells. In response, these cells produce cytokines that stimu-
late antibody production (IL-2, IL-4, IL-5), induce local
inflammation (TNF), and activate macrophages (IFN-().

Bacterial pathogens have developed mechanisms for evad-
ing the host immune response. The presence of an exter-
nal polysaccharide-rich capsule lends phagocytosis resis-
tance to some bacteria; this is the case of S. suis. Other
bacteria have surface molecules that inhibit complement
activation, and still others secrete proteases that cleave
IgA. Furthermore, some bacteria are able to modify their
surface antigens to escape recognition by specific
antibodies.

Immune response against intracellular bacteria includes
a number of components: the antibodies, the phagocyto-
sis, and the complement system. Information on the im-
portance of these components on diseases affecting swine
is still limited. However, available data should help un-
derstand the pathogenesis of these diseases and should
be considered to plan treatment or preventive
interventions.
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