
IMMUNITY TO DIFFERENT ORGANISMS  

Immunity to bacteria: Extracellular bacteria may be killed directly through the alternative 

complement pathway or, after activation by antibody binding to the microbe, through the 

classical complement pathway. Antibodies and complement also act as opsonins facilitating 

engulfment and killing by phagocytes. For intracellular bacteria, e.g. TB bacilli, that evade the 

immune system by surviving in host cells such as monocytes and macrophages, a cell-mediated 

immune (CMI) response is required. This results in the release of cytokines such as IL-12 and 

IFNγ that enhance monocyte/macrophage killing of intracellular bacteria. 

A summary of the main effector defense mechanisms against extracellular bacteria is shown in 

Fig. 1. Bacteria that avoid destruction by the classical or alternative complement pathways may 

be opsonized by acute phase reactants or specific antibodies and engulfed by phagocytes 

expressing receptors for the Fc region of these antibodies. Both PMNs and macrophages express 

receptors for IgG as well as IgA. Inflammatory cytokines such as IFNγ  can dramatically 

upregulate expression of these receptors and the efficiency of killing by these effector cells. In 

addition, the innate pattern recognition receptors expressed by macrophages and dendritic cells 

are important in cytokine production and initiating responses against bacteria (and other 

microbes) by the adaptive immune system (Topic B3). 

 

Some bacteria invade host cells and survive in them, including TB bacilli, Listeria 

monocytogenes, Salmonella typhi and Brucella species. These intracellular bacteria evade the 

immune system’s surveillance by surviving in host cells such as monocytes and macrophages. 

The immune system counteracts them by mounting a cell-mediated immune (CMI) response to 

the infection. Cells involved in the CMI response include Th1 and Th2 CD4 cells, CD8 cells, 

monocytes/ macrophages and NK cells. Th1 cells release IFN-γ, which makes the 

monocytes/macrophages more potent at killing intracellular bacteria and also enhances their 



antigen-presenting capabilities (Fig. 2). This CMI response is important not only in the 

protection against diseases such as TB, but also some viral and fungal infections. 

 

Immunity to virus: The innate immune system inhibitors of viral infection are IFN α and β. 

However when viruses replicate in host cells, a CTL response is required for their eradication. 

After infection, viral-specific peptides become expressed on the cell surface in MHC molecules 

and become targets for CTLs. Antibodies can neutralize free virus (prevent its attachment to, and 

infection of, target cells) and enhance phagocytosis of the virus.   

Natural immunity to viral infections is associated with interferons (especially IFN-α and β) so 

called because of their interference with viral replication. IFN-γ is probably most effective in 

protecting against extracellular bacteria through its ability to enhance immune-mediated 

mechanisms. Since viruses require attachment to host cells before they can replicate and cause 

infection, antibodies to the virus that prevent attachment represent an important mechanism that 

protects against viral infection. These protective antibodies may be IgG or IgA as in the case of 

polio prevention. Since viruses replicate in cells where they are no longer exposed to circulating 

antibodies, their eradication depends upon killing the infected host cells. 

 

This of course would require a CTL response. As virally infected cells usually express viral 

peptides in MHC class I on their surface, they become targets for destruction by cytotoxic CD8 T 

cells. Cells infected by virus also become susceptible to killing by NK cells. In this way, viral 

replication is prevented and the viral infection eliminated (Fig. 3). 

 

 



 

 

Immunity to fungi: The immune response to fungal infections (mycoses) is poorly understood. 

While antibodies may have some role in their eradication, immunity principally involves T cells 

and macrophages.   

Fungal diseases (mycoses) are common but are most problematic when associated with 

immunocompromised individuals. Although the immune response to fungal infections is poorly 

understood, it is clear that neutrophils and other phagocytic cells are important in removing 

infections caused by some fungi and that antibodies may have some role in their eradication. It 

also seems clear that protective immunity is principally cellular, especially in those infections 

deep within the body. This is particularly evidenced by studies of acquired immune deficiency 

syndrome (AIDS) patients where low T cell counts are commonly associated with fungal 

infections. 



Immunity to protozoa: Protozoa infections such as malaria, trypanosomiasis, leishmaniasis and 

toxoplasmosis are a major threat to health in the tropics and in the developing world. Protozoa 

are difficult to immunize against and protection is thought to require both cellular and humoral 

immunity. 

Protozoa infections such as malaria, trypanosomiasis, toxoplasmosis, leishmaniasis and 

amoebiasis are a major threat to health in the tropics and in particular in the developing world. 

Protozoa are difficult to immunize against and protection is thought to require both cellular and 

humoral immunity, although the humoral response, and in particular the IgG response, may be 

the most important. In malaria, antibodies appear to protect against infection by preventing the 

merozoites (blood stage) from gaining entrance to red cells. However, there are several different 

strains of malaria and immunity to one strain or species may not be protective against others. 

Other innate or nonadaptive immune mechanisms may also be involved in protection against 

certain malaria infections. For example, individuals lacking the Duffy blood group antigen Fy (a-

b-) are immune to Plasmodium vivax infection. Also, the hemoglobin structure associated with 

sickle cell anemia appears to be inhibitory to the intracellular growth of P. falciparum. 

Trypanosomes continuously challenge the immune system by producing progeny with different 

antigens. Thus, as the immune system develops a response to antigens on these microbes, they 

change the structure of some of their surface proteins (switch antigenic coats) such that the 

antibodies produced in the initial response are no longer reactive or effective in mediating 

protection against this modified trypanosome. This leads to wave after wave of infection and 

response. Toxoplasma acquire protection from the immune system by coating themselves with 

laminin, an extracellular matrix protein, which prevents phagocytosis and oxidative damage. The 

cellular response to toxoplasma appears to be most effective in combating infection, since 

patients with low T cell counts, as in HIV infection, are more at risk from infection with 

toxoplasma. Other protozoan diseases such as leishmaniasis have a predilection for infecting 

macrophages and require a cellular response for eradication. Moreover, a Th1 response seems to 

be essential for protection, since IFN  appears to be the most important cytokine for parasite 

killing. 

Immunity to worms: Immune protection against helminths (worms) is difficult to achieve 

because of their size and complexity. The response mechanisms include the production of 

antibodies, especially IgE, and a cellular response including eosinophils, mast cells, 

macrophages and CD4 T cells. Degranulation of mast cells and eosinophils through IgE-antigen 

and IgA-antigen complexes results in acute inflammation and the release of cationic proteins and 

neurotoxins.  

An immune response to worms (helminths) is difficult to achieve and not very effective, 

probably as a result of the size and complexity of these microbes. Thus, diseases such as those 

caused by Schistosoma mansoni (schistosomiasis) and Wuchereria bancrofti (lymphatic 

filariasis, elephantiasis) represent major problems, especially in the developing world. Although 

PMNs, macrophages and NK cells may be involved, the main protective mechanism against 



helminths appears to be mediated by eosinophils and mast cells. While worms are too large to be 

phagocytosed, they can be coated with IgE, IgA and IgG antibodies. In the event that this 

happens, the major phagocytic cells as well as eosinophils and mast cells will bind to the 

parasite’s surface through their Fc receptors for these molecules and release their toxic cellular 

contents. Both mast cells and eosinophils degranulate in the presence of IgE–antigen complexes. 

When mast cells degranulate they release histamine, serotonin and leukotrienes. These 

vasoactive amines are neurotransmitters and cause neurovasculature as well as neuromuscular 

changes resulting in gut spasm diarrhea and the expulsion of material from the intestine. 

Eosinophils also have IgA receptors and have been shown to release their granule contents when 

these receptors are cross-linked. On degranulation, eosinophils release powerful antagonistic 

chemicals and proteins including cationic proteins, neurotoxins and hydrogen peroxide, which 

also probably contribute to a hostile environment for worm habitation. Helminth infections 

usually direct the immune system towards a Th2 response and the production of IgE, IgA and 

Th2 cytokines as well as the chemokine eotaxin. The Th2 cytokines IL-3, IL-4 and IL-5 as well 

as the chemokine eotaxin are chemotactic for eosinophils and mast cells. Fig. 4 summarizes the 

major immune mechanisms for removal of helminths. 

 

 

 

 

  



PATHOGEN DEFENSE STRATEGIES 

Immune defense against pathogens is dependent on first being able to recognize the intruder as a 

threat, and second being able to eliminate it. While the physical and mechanical barriers as well 

as the adaptive and nonadaptive immune systems are powerful in the prevention of infection, 

microbes have developed ways of both avoiding recognition and of inactivating components 

used for their elimination (Table 1). Some pathogens avoid immune recognition by intracellular 

habitat, mimicking of self-antigens, encapsulation or by changing their surface antigens 

(antigenic variation). Other pathogens compromise effector mechanisms of immunity by 

inhibiting complement activation, phagocytosis and/or cytokine production. They can release 

soluble neutralizing antigens, produce enzymes capable of destroying antibodies or complement, 

produce superantigens or induce overall immunosuppression. 

 

 



Avoidance of recognition 
 

Intracellular habitat 

 

Viruses, some bacteria (e.g. mycobacteria, listeria, Salmonella typhi and Brucella species) and 

certain protozoa (i.e., malaria-causing Plasmodium falciparum, P.  malariae, P. ovale and P. 

vivax) are obligate intracellular organisms, thus evading direct recognition by, and the effects of, 

the innate and adaptive immune  systems.   

 

Antigenic variation:  Alteration of cell surface antigens through mutation (antigenic drift) is  

achieved by some viruses, e.g. influenza. This makes it very difficult for the  immune system to 

keep up, as a continuous primary response would need to  be generated. The recombination of 

nucleic acids from human and animal  viruses can lead to major antigenic shifts, and is known 

to be responsible for  pandemics, e.g. influenza. Other organisms can produce continuous 

changes in  their antigenic coat distracting the immune system, e.g. trypanosomes, Borrelia  

recurrentis. In the case of trypanosoma, at least 100 different surface coats can be  expressed in 

sequence.   

 

Disguise: Some microbes use antigens common or cross-reactive with self to try to look like self 

antigens (molecular mimicry) so as to appear nonimmunogenic. For example, the hyaluronic 

acid capsule of some streptoccocal species is the same  as that of host connective tissue. While 

this seems an excellent strategy, it can  lead to the development of autoimmune disease (Topic 

L3). Schistosoma wears  the antigens of the host that it infects, again trying to look like self. In 

other cases, specific T cells and B cells can be ‘distracted’ through poly- or oligoclonal  

activation by microbial products. For example, an enterotoxin of Staphylococcus (a 

‘superantigen’), activates large numbers of T cells independent of their specificity.  Similarly, 

Epstein–Barr virus activates most B cells but they only produce low-affinity IgM antibodies and 

few are directed to the virus.     

 

Inactivation of immune effector mechanisms:  In this approach the microbe 

attempts to create at least a partial state of immunodeficiency or immunosuppression in the host 

in order to allow it to survive.   

 

Phagocytosis: Phagocytes play a critical role in the killing of extracellular microbes and do this 

primarily through phagocytosis. Microbes use different strategies to inhibit several of the stages 

of phagocytosis. Virulent strains of Pneumococcus, H. influenzae and E. coli are encapsulated 

making them difficult to phagocytose. Once engulfed, microbes are normally killed in 

phagolysosomes through oxygen-dependent and oxygen-independent mechanisms. Some 

microbes have developed enzymes that inhibit the oxygen burst, an essential event leading to 

killing. Certain strains of staphylococci have a protein coat (protein A) that can also inactivate 

IgG and IgA antibodies by binding to their  Fc fragment thereby preventing them from acting as 

opsonins. 

 

Inhibition of cytokines: Some viruses inhibit the production of IFN-γ by infected cells. This is 

seen in hepatitis B infection of hepatocytes.   

 



Antibodies:  Some organisms, e.g. treponemes, induce low-affinity antibodies, while others,  e.g. 

Streptococcus pneumoniae and Candida, release large amounts of soluble  antigens that bind to 

antibodies and block their binding to the microbe. In another strategy, microbes produce 

proteases that destroy antibodies. Bacteria associated with mucosal infections such as Neisseria 

gonorrhoeae and Pseudomonas species produce protease enzymes that can destroy IgA, the 

antibody associated with mucosal protection. Pseudomonas also produces an elastase that 

inactivates C3b and C5a inhibiting opsonization and chemotaxis. 

 

The complement system: Some organisms block complement activation and the lytic effects of 

complement. For example, HIV incorporates host complement regulatory proteins in its outer 

membranes to counteract the activation of complement.  

 

T cells: HIV targets CD4 T cells, infecting and destroying them, effectively disarming the 

immune system and leaving the host immunodeficient. Some viruses decrease the expression of 

MHC class I on infected cells thus making it difficult for cognate interactions and killing of the 

infected cell by CD8+ cytotoxic T cells. 

 

Antigen processing: Measles virus, as well as infecting human T cells, inhibits antigen 

processing required to generate an immune response against it. 

 

Regulatory mechanisms: Microbes such as S. typhi produce endotoxins that predispose the 

immune system to develop a Th2 response and thus primarily humoral immunity to the 

pathogen. However, eradication of these organisms requires a cellular response. 
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