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Introduction
Bacteria found everywhere on earth, including all water bodies, 

all landforms, soil, and plant and animal tissues. They are vital to 
the preservation of our living environment. Only a small percentage 
of bacteria on this planet cause infection . Some bacteria survive as 
infectious agents for multicellular animals, while phagocytosis was 
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negative bacterium endotoxin, is a potent activator of macrophages, 
dendritic cells, and endothelial cells. Exotoxins are cytotoxic 
in many cases, and others induce disease through a variety of 
mechanisms. Diphtheria toxin, for example, inhibits protein synthesis 
in infected cells, cholera toxin disrupts ion and water transport, tetanus 
toxin suppresses neuromuscular transmission, and anthrax toxin 
disrupts multiple important biochemical signaling pathways. Other 
exotoxins interfere with normal cellular functions without killing 
cells, and yet other exotoxins stimulate the production of cytokines that 
cause infections. Immunity against intracellular bacteria encompasses a 
wide range of effector mechanisms derived from cellular and humoral 
activities of the host against the invading microorganism. In order to 
prosper and continuous their lifecycles, the intracellular pathogens 
must invade the host cells. However, this event triggers several alarms 
able to recognize not only the microbial components but also the host-
derived damage-associated molecular patterns (DAMPs) released from 
infected tissues. Among these signal alarms, are the innate receptors 
represented by the membrane-associated toll-like receptors (TLR) and 
the cytosolic nucleotide binding and oligomerization domain (nod) 
like receptors (NLRs) which are determinant to the inflammatory 
responses against the pathogens and the outcome of infection. 
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allows antibodies in vaccinated animals to kill bacteria without the aid 
of immune cells. Complement is now known to be important not just 
for killing Gram-negative bacteria directly, but also for triggering a 
variety of additional innate processes such as the generation of chemo 
attractants, the marking of bacteria for phagocytosis, and intracellular 
killing by professional phagocytes. In most cases, proteolytic cleavage 
activates complement components, resulting in two fragments denoted 
by the letters “a” (small fragment) and “b” (the larger fragment, 

which usually acquires enzymatic activity).Complement activation 
can be initiated in three pathways.The alternative and lectin pathways 
are part of the innate immunity, whereas the classical pathway, that is 
evolutionarily more recent, requires in most cases a previous specific 
antibody response. All three activation pathways lead to a final lytic 
pathway. Spontaneous hydrolysis of complement component C3 leads 
to the formation of the bimolecular complex C3iB and the subsequent 
cleavage of factor B by factor D yields the complex C3iBb. C3iBb is a 

Figure 1: Immunity to intracellular bacteria.

Figure 2:  Immune responses are mediated by a variety of cells and by the soluble molecules these cells secrete.

Figure 3: Host defenses can be divided into innate and adaptive immunity.
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on the sort of specific response. Specific immunity, on the other hand, 
makes use of innate immunity’s effector systems, such as complement 
and macrophages. The antibody response, which includes B-cell 
maturation and antibody production, is co-ordinated by activated TH 
cells and B cells. Furthermore, through cooperating with cytotoxic T 
lymphocytes (CTLs) and producing macrophage-activating cytokines, 
activated TH cells are required for cell-mediated immunity.

T helper antigen recognition

Recognition of pathogens by receptors of APCs is followed by a 
number of events such as phagocytosis, expression of costimulatory 
molecules, upregulation of MHC-II molecules, and cytokine secretion. 
The exogenous pathway processes bacterial proteins that have been 
synthesized outside of APCs and ingested by pinocytosis or obtained 
from phagocytosed bacteria: protein antigens are degraded by lysosome 
proteases, and some of the resulting peptides form MHC-IIpeptide 
complexes that are presented to T CD4+ (TH) cells. Contacts between 
T CD4+ cells and APCs are made possible by CD4 affinity for the non 
polymorphic portion of MHC-II. The T-cell receptor (TCR) recognizes 
the bacterial peptide and polymorphic component of MHC-II, which 
triggers T cell activation. In the area of contact between the two 
cells (the “immunological synapse”) other signals are generated which 
complete the activation process: for example, co stimulatory molecules 
CD80 and CD86 bind the T-cell surface ligand CD28. Activation of 
naïve T CD4+ cells (TH0) culminates in their differentiation into 
either TH1 or TH2 cells. TH1 cells produce IL-2, IFN-γ, and TNF-β, 
whereas TH2 cells produce IL-4, IL-5, IL-10, and IL-13(Collin and 
Kauffmann, 2002). Since IL-2 is required for CTL activation and 
IFN-γ is critical in the activation of macrophages to increase 
their microbicidal potential, the TH1 response is considered central 
in the control of infection by intracellular pathogens. IL-4 and IL-5 
production, in turn, stimulates the differentiation of activated B 
cells into antibody-producing plasma cells, resulting in an antibody 
response that is effective in controlling pathogens in the extracellular 
environment. Several factors influence the development of these 
T-cell subsets, including antigen dose, MHC-II and peptide density, 
levels and types of co stimulatory molecules expressed, state of APC 
activation, and local microenvironment; but the most important 
determining factor is the cytokine present at the time of TH0 activation 
The generation of TH1 is promoted by IL-12, IL-18, and INF-α, whereas 
IL-4 and IL- 10 induce TH2 cells.

Results and Discussion
Antibody response

The B cell receptor (BCR), which comprises a membrane 
immunoglobulin, allows B cells to connect directly with native antigens 
(mIg). Antigens are endocytosed and processed once bound to the mIg: 
the B cell operates as an APC, presenting MHC-II-peptide complexes 
to a previously activated TH cell. On the surface of both B and TH cells, 
a number of receptors and ligands are involved in the creation of 
costimulatory signals, which are required to complete B cell activation 
and cause immunoglobulin isotype switching. The main reaction 
begins with IgM class antibodies, which are gradually replaced 
by IgG isotype antibodies. Once the immunological memory has 
been established, successive responses to the same antigen are fast and 
powerful, and antibodies are of higher affinity than those formed in 
the primary response. The immunoglobulin isotype switching depends 
on the cytokine profile of the involved TH cell: for example, IL-4 and 
IL-5 act on B cells promoting the production IgG1, IgA, and Ig. The 
different immunoglobulin isotypes possess distinct properties, and 

therefore protect against bacteria in different ways. High-affinity IgG 
and IgA antibodies that are specific for the receptor-binding portion 
of a bacterial toxin are able to prevent the binding of toxin to 
the surface of target host cells. Similarly, high-affinity antibodies that 
recognize adhesins in the bacterial surface block the ability of bacteria 
to attach and invade host cells. Alternatively, IgG- coated bacteria bind 
to FcγRs in the surface of phagocytes, facilitating their uptake (specific 
opsonization). Immuno complexes formed by antigen molecules and 
specific IgM, IgG1, IgG2, and IgG3 antibodies initiate the classical 
pathway of complement activation with the consequences already 
mentioned: generation of inflammatory mediators and formation of 
the MAC. In many instances, the first step of infection is colonization 
and invasion of a mucosal surface. The mucosa associated lymphoid 
tissue (MALT) is responsible for specific immunity through mucosal 
surfaces. Antigens that translocate a mucosal barrier are captured by 
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Conclusion
The development of an infectious disease involves complex 

interactions between the pathogen and the host. The key events 
during infection include the entry of the infectious agent, invasion 
and colonization of tissues. Overall the control of infectious pathogens 
requires different specialized immune responses, depending on the 
host tissue they replicate and its size. During the development of 
host protective immunity, the innate and adaptive immune systems 
cooperate in order to efficiently eliminate the infectious agent. The 
first line of defense of our body against infectious agents consists of 
mechanisms that exist before infection, which are capable of rapid 
responses to microbes and reacting in essentially the same way to 
repeated infections. This line of defense is made by physical and 
chemical barriers, such as epithelia and antimicrobial substances 
produced in the epithelial surfaces. In addition to these barriers, the 
body has other mechanisms which hinder the entry of the infectious 
agent, and proliferation within the tissues, such as the production of 
various antimicrobial agents. Extracellular Bacteria are spread by the 
blood and lymphatic systems, and intracellular pathogens multiply by 
cell-cell interaction, or by direct transmission from a cell to another or 
for the release of extracellular fluid. Extracellular bacteria are normally 
susceptible to phagocytosis and some of them develop resistance. 
Encapsulated gram-positive bacteria growing in the extracellular 
space and resistant to phagocytosis by the presence of a polysaccharide 
capsule. Inside the host tissues, the innate response will continuously 
fight against the pathogen through the action of phagocytic cells 

and natural killer cells, blood proteins including members of the 
complement system and other mediators of inflammation, and proteins 
called cytokines that regulate and coordinate many of the activities of 
innate immunity cells. 
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