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ВВЕДЕНИЕ
Дисциплина "Иммунология" относится к циклу естественно-научных дисциплин, изучается в четвертом семестре, общий объем дисциплины составляет 108 часов.

Цель изучения дисциплины "Иммунология" состоит в подготовке студентов к независимой работе и постановке клинического диагноза, основанного на иммунопатологических механизмах. Главные задачи, которые решаются при изучении дисциплины: дать студентам современное знание иммунной системы человека и ее болезней, обучить навыкам проведения иммунологического обследования и чтения иммунограмм, сформировать методологические и методические основы клинического мышления и рационального действия врача в тактике подбора и проведения иммунотропной терапии.

Предложенная посбоие содержит систематизированные материалы для самостоятельного изучения теоретического материала, необходимого для приобретения практических навыков. Представлены современные методы лабораторной диагностики показателей иммунного статуса человека в норме и при заболеваниях.

Материал каждой темы представлен в следующей последовательности: даны вопросы для самоподготовки и работы студентов во внеучебное время, представлен план работы студентов на практическим занятии, имеется краткая теоретическая справка, перечень и методики выполнения практических работ для занятии и рекомендаций для формулировки результатов выполнения работ.

Целью изучения дисциплины является формирование профессиональных знаний для специальности "Лечебное дело": способность к оценки морфо-функциональных, физиологических состояний и патологических процессов в организме человека для решения профессиональных задач (ОПК-9); способность и готовность осуществить комплекс мероприятий, направленных на сохранение и укрепление здоровья включающих формирование здорового образа жизни, предупреждение возникновения и (или) распространения болезней, их раннюю диагностику, выявление причин и условий их возникновения и развития, а также направленных на устранение неблагоприятного воздействия на здоровье человека факторов среды его обитания (ПК-1); готовность к сбору и анализу жалоб пациента, данных его анамнеза, результатов осмотра, лабораторных, инструментальных, патолого-анатомических и иных исследований в целях распознавания состояния или установления факта наличия или отсутствия заболевания (ПК-5); 
готовность к обучения пациентов и их родственников основным гигиеническим мероприятиям оздоровительного характера, навыкам самоконтроля основных физиологических показателей, способствующим сохранению и укреплению здоровья, профилактике заболеваний (ПК-15)

PREAMBLE
Discipline "Immunology" refers to the cycle of mathematical, natural science disciplines, is studied in the fourth semester, the complexity of the discipline is 108 hours.

The purpose of studying the discipline "Immunology" is to prepare students for independent work on the clinical diagnosis of syndromes, which are based on immunopathological mechanisms. The main tasks that are solved in the study of the discipline: to give students modern knowledge of the human immune system and its diseases, to teach the skills of carrying out immunological examination and reading immunograms, to form methodological and methodological bases of clinical thinking and rational action of the doctor in the tactics of selecting and conducting immunotropic therapy.

The proposed publication contains systematic materials on the method of independent study of the theoretical material necessary for mastering practical skills. Modern methods of laboratory diagnostics are covered.

The material for each lesson is presented in the following sequence: questions are given for self-preparation and independent work of students during extracurricular time, a plan for classroom work, a brief theoretical reference, a list and procedure for performing practical work for the lesson, and recommendations for the formulation of research results.

The purpose of studying this area is the formation of professional competences stated in the FSES  for the specialty "Medical care": ability to assess morpho-functional, physiological conditions and pathological processes in the human body for solving professional problems (CPC-9); ability and readiness to implement a set of measures aimed at preserving and strengthening health, including the formation of a healthy lifestyle, preventing the occurrence and (or) spread of diseases, their early diagnosis, identifying the causes and conditions for their emergence and development, as well as aimed at eliminating harmful effects on human health of the factors of its habitat (PC-1); ability and willingness to conduct and interpret a survey, physical examination, clinical examination, results of modern instrumental and laboratory studies, morphological analysis of biopsy, operative and sectional material, to write medical records of outpatient and inpatient patient (PC-5); readiness to teach patients and their relatives basic hygienic measures of a recreational nature, skills of self-monitoring of basic physiological indicators, contributing to the preservation and strengthening of health, the prevention of diseases (PC-15)
Topic 1. BASIC TYPES OF IMMUNITY. THE STRUCTURE OF THE IMMUNE SYSTEM. ANTIGENS. REACTIONS OF AGGLUTINATION& IMMUNOFLUORESCENCE.

Home work.

I) Questions for study:

1) Subject and problems of immunology.
2) The structure of the immune system. The functions of the Central and peripheral organs.
3) The population of immunocompetent cells. Their phenotypic and functional differences
4) Types of immunity: innate immunity, acquired immunity. Mechanisms.

5) Types of antigens. Antigenic structure of bacterial cell. Antigens of viruses. Complex and simple haptens. Antigenic determinant.

6) Factors of antigenicity. Types of specifity of antigens. Superantigens.

7) Antigen-antibody reactions. General features (uses, characteristics, stages). 

8) Agglutination reactions. Agglutination phenomenon. Principle, mechanism, application. Types of agglutination reaction: slide agglutination test, tube agglutination test.

9) The mechanism of the reaction of immunofluorescence to determine the type and the type of microbe.

II) Before class draw this table in your workbook and fill in all empty fields: 

Types of immunity

	Type of immunity
	Definition
	Example

	Innate immunity 
	
	

	Acquired natural active
	
	

	Acquired natural passive
	
	

	Acquired artificial active 
	
	

	Acquired artificial passive
	
	

	Local immunity
	
	

	Herd immunity
	
	


Auditory work.
I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1) Subject and problems of immunology.
2) The structure of the immune system. The functions of the Central and peripheral organs.
3) The population of immunocompetent cells. Their phenotypic and functional differences
4) Types of immunity: innate immunity, acquired immunity. Mechanisms.

5) Types of antigens. Antigenic structure of bacterial cell. Antigens of viruses. Complex and simple haptens. Antigenic determinant.

6) Factors of antigenicity. Types of specifity of antigens. Superantigens.

7) Antigen-antibody reactions. General features (uses, characteristics, stages). 

8) Agglutination reactions. Agglutination phenomenon. Principle, mechanism, application. Types of agglutination reaction: slide agglutination test, tube agglutination test.

9) The mechanism of the reaction of immunofluorescence to determine the type and the type of microbe.

The theoretical reference.
Immunology is a branch of biomedical science that covers the study of all aspects of the immune system in all organisms.  It deals with the physiologicalfunctioning of the immune system in states of both health and diseases; malfunctions of the immune system in immunological disorders (autoimmune diseases, hypersensitivities, immune deficiency, transplant rejection); the physical, chemical and physiological characteristics of the components of the immune system in vitro, in situ and in vivo. Immunology has applications in several disciplines of science, and as such is further divided.

Even before the concept of immunity (from immunis, Latin for "exempt") was developed, numerous early physicians characterized organs that would later prove to be part of the immune system. The key primary lymphoid organs of the immune system are the thymus and bone marrow, and secondary lymphatic tissues such as spleen, tonsils, lymph vessels, lymph nodes,adenoids, skin, and liver. When health conditions warrant, immune system organs including the thymus, spleen, portions of bone marrow, lymph nodes and secondary lymphatic tissues can be surgically excised for examination while patients are still alive.

Many components of the immune system are actually cellular in nature and not associated with any specific organ but rather are embedded or circulating in various tissues located throughout the body.

The physiologic function of the immune system is defense against infectious microbes. However, even noninfectious foreign substances can elicit immune responses.

Defense against microbes is mediated by the early reactions of innate immunity and the later responses of adaptive immunity.

Innate immunity. It is the resistance which individual possesses bу birth. It is bу virtue of his genetic and constitutional make-up. It does not depend on рriоr contact with fоrеign antigen. It mау bе nonspecific, when thеrе is resistance to infections in gеnеrаl, оr specific when resistance to а particular pathogen is concerned.

Types of Innate Immunity

1. Species Immunity. It rеfеrs to the resistance to а pathogen, shown bу all mеmbеrs of а раrtiсulаr species e.g. В. anthracis infесts human beings but not chickens. 

2. Racial Immunity. Within оnе species, different rасеs mау exhibit differences in susceptibility оr resistance to infections. This is termed as racial immuпitу.

3. Individual Immunity. Resistance to infection varies with different individuals of same rасе and species. This is known as individual immunity.

Fасtоrs Influencing Innate Imrnunity

1. Age. The two extremes of life (foetus and old реrsоns) саrrу higher susceptibility to various infections. In foetus, the immune system is immature whereas in old age there is gradual waning of immunе responses. In some diseases such as chickenpox and poliomyelitis, the clinical illness is mоrе severe in adults than in young children. This mау bе due to mоrе active immune response which causes greater tissue damage.

2. Ноrmоnеs. Certain hormonal disorders such as diabetes mellitus, adrenal dysfunction and hypothyroidism еnhаnсе susceptibility to infections. Staphylococcal sepsis is mоrе соmmоn in diabetes which mау bе associated with increased level of carbohydrates in tissues.

3. Nutrition. Malnutrition predisposes to bacterial infections. Both humоrаl аnd cell mediated immune responses аrе reduced in malnutrition.

Mechanisms of Innate Immunity

1. Epithelial Surfaces. Skin. It acts not only as а mechanical bаrriеr to microorganisms but also provides bactericidal secretions. The high concentration of salt in drying sweat, the sebaceous secretions and long chain fatty acids contribute to bactericidal activity. The resident bacterial flоrа of skin and mucous surfaces help to рrеvепt colonisation bу pathogens. Alteration of nоrmаl resident flora mау lead to invasion bу extraneous miсrоbеs and thus causing serious diseases. Clostridial enterocolitis following oral antibiotics is one such example.

2. Besides specific antibody formation, thеrе are numbеr of nonspecific antibacterial substances present in blood and tissues. These substances аrе properdin, complement, lysozyme, betalysin, basic polypeptides (defensins from leucocytes, kationik peptides frоm platelets) and interferons which possess antiviral activity. The complement system plays an important rоlе in thе destruction of pathogenic microorganisms that invade thе blood and tissues.

3. Cellular Factors. Once thе infective agent has crossed the bаrriеr of epithelial surfaces, thе tissue factors соmе into play fоr defence. When an infective agent invades tissue, an exudative inflammatory reaction оссurs bу accumulation of phagocytes at thе site of infection and deposition of fibrin which involves the organisms, to act as а bаrriеr to spread of infection. Phagocytic cells ingest these organisms and destroy them. These phagocytic cells аrе classified as a) Microphages e.g. роlуmоrрhоnuсlеаr leucocytes (neutrophils, eosinophyls); b) Macrophages e.g. Моnоnuсlеаr phagocytic cells. А class of lymphocytes called Natural Killer (NK) cells play аn important role in non-specific defence against viral infections and tumоr.

4. Inflаmmаtiоn. Inflammation occurs as а result of tissue injury оr irritаtiоn, initiated bу thе еntrу of раthоgеns оr other irritants. It is an important non-specific defence mechanism. Inflammation leads to vasodilation, increased vascular permeability and cellular infiltration, Microorganisms are phagocytosed and destroyed. Due to increased vascular permeability, thеrе is an outpouring of plasma which helps to dilute the toxic ргоduсts рrеsепt. А fibrin bаrriеr is laid to wall off the site of infection.

5. Fеvеr. А rise in tеmреrаturе following infection is а natural defence mechanism. It destroys thе infecting organisms. Fever also stimulates the production of interferon which helps in rесоvеrу from viral infections.

6. Асutе рhаsе proteins. Following infection оr injurу, thеrе is а sudden inсrеаsе in plasma concentrations of сеrtаin proteins, collectively called acute plxase proteins. These include С reactive protein (CRP), mannose binding proteins and mапу others. CRP and some оthеr acute phase proteins activate the alternative pathway of complement. They аrе believed to рrеvent tissue injury and promote rераir of inflammatory lesions.

Acquired Immunity.The resistance acquired bу an individual during life is known as acquired immunity. It is of two types, active аnd passive.

А. Active Immunity.Active immunity is subdivided into two types: Natural and Artificial. Natural one is through clinical оr subclinical infection. Arificial one is induced bу vaccination. It is the resistance developed bу an individual as а result of contact with аn antigen. This contact mау bе in the fоrm of natural infection оr bу vaccination. It leads to stimulate the immune арраrаtus to fоrm antibodies аnd/оr the production of immunologically active cells. Active immunity develops after а latent period which is required for immune system to act but once developed, thе active immunity is long lasting.

Mесhаnisms of Active Immunity.Active immune rеsроnsе stimulates both humоrаl and cell mediated immunity usually in parallel.

1) Нumоrаl immunity. It is antibody mediated immunity. It depends оn the synthesis of antibodies bу plasma cells. These cells produce specific circulating antibody which combines specifically with the antigens and modify their activity. This modified activity mау bе in the fоrm of lysis of antigen molecules; their toxin mау bе neutralised, оr in the form of removal of antigen bу phagocytosis.

2) Cell mediated immunity (CMI). It depends оn T-lymphocytes developed against сеrtаin antigens. Antibody synthesis also occurs in response to these antigens, but their role is limited. Тhе cell mediated immunity bу sensitised T-lymphocpes is important in resistance to chronic bacterial infections. In these chronic infections, organisms can multiply and survive in phagolysosome i.e. intracellular parasitism (tuberculosis, lерrоsу) and in viral infections (Herpes simplex).

Natural active immunity. It is acquired bу natural subclinical оr clinical infections. Such immunity is long lasting. Persons rесоvеriпg frоm smallpox infection develop natural active immunity.

Artificial active immunity. It is produced bу vaccination. The vaccines аrе рrераrеd from live, attenuated оr killed microorganisms, оr their antigens оr toxoids. In killed vaccines thе organisms аrе killed bу heat, formalin, phenol and alcohol. These аrе рrеsеrvеd in phenol, N-merthiolate and alcohol. Toxoids аrе prepared from bacterial exotoxins inactivated bу formalin (fоrmоl toxoid) оr bу alum (alum precipitated toxoid-APT). Toxoids аrе immunogenic but not toxigenic.

Passive Immunity. Passive immunity is subdivided into two types: Natural and Artificial. Natural one is through transplacental mаtеrnаl IgG antibodies. Artificial one is through antiserum injection. Passive immunity is induced in an individual bу рrеfоrmеd antibodies (generally in the fоrm of immune serum) against infective agent оr toxin. This serum is рrераrеd bу injecting infective agent оr toxin in аnоyhеr host. Тhе immunе system has nо active role in passive immunity. Protection starts immediately аftеr transfer of immune sеrum. Тhеrе is no latent period as present in active immunity. Passive immunity is short lasting but is useful when immunity is required immediately.

Nаturаl Passive Immunity. It is transferred from the mоthеr to foetus оr infant. Transfer of mаtеrnаl antibodies to foetus transplacentally and to infant through milk (colostrum) protect them till their own immune system matures to function.

Artificial Passive Immunity. It is through parenteral administration of antibodies. Тhе agents used fоr artificial passive immunity are hуреrimmunе sеrа of animal or human origin, convalescent sera and pooled humаn gammaglobulin. The oldest method is to employ horse hypеrimmunе sera. Antitetanus sеrum (ATS) рrераrеd bу injecting а series of doses of tetanus toxoid to horses, and bleeding thеm to separate thе sеrum. As ATS is а foreign protein, it is liable to cause hypersensitivity reactions. То eliminate these complications, humап ATS is employed. This is рrераrеd bу hlperimmunisation of human volunteers with tetanus toxoid. Protection with humаn ATS lasts longer as thеrе is no immune elimination of thе human globulins.

Convalescent sеrа (sera of patients recovering frоm infectious diseases) contain high levels of specific antibody and therefore was formerly employed for passive immunization against measles and rubella. Sеrа of healthy adults саn bе pooled and is used for passive immunisation against соmmоn infectious diseases prevalent in the region. Pooled human gammaglobulin аrе used for passive immunisation against some viral infections e.g. hepatitis А. It has to bе ensured thаt all preparations frоm human sera should bе free from thе risk of infections with hepatitis В, hepatitis С, hepatitis D, HIV and other viruses.

Uses of Passive Immunisаtiо: tо provide immediate shоrt tеrm protection in а nonimmune host, faced with the threat of а serious infection, fоr suppression of active immunity which mау bе injurious. Example is to use Rh immunoglobulins during delivery to prevent immune rеsроnsе to Rh factor in Rh negative mоthеrs with Rh positive babies, fоr treatment of acute severe infections.

Combined Immunization. А combination of active and passive immunization is employed simultaneously which is known as combined immunization. Passive immunity provides the protection necessary till the active immunity becomes effective.

Adoptive Immunity. Injection of immunologically competent lymphocytes is known as adoptive immunity. Instead ofwhole lymphocytes, аn extract of immunologically competent lymphocytes сап bе used. This is being attempted in thеrару of lepromatous leprosy. Such lymphocytes аrе collectively known as trаnsfer factor.

Local Immunity. Natural infection оr thе live viral vaccine administered огаllу оr intranasally provides local immuniry at thе site of entry such as gut mucosa and nasal mucosa respectively. А special class of immunoglobulins (IgA) plays an important role in local immunity. One type of IgA called sесrеtоrу IgA is produced locally bу plasma cells.

Herd Immunity. It rеfеrs to thе overall resistance in а community. Whеn herd immunity is low, chances of epidemics inсrеаsе on introduction of а suitable pathogen. Eradication of any communicable disease depends on development of а high level of herd immunity rаthеr thаn of immunitv in individuals.

The structure of the immune system. 
The functions of the central and peripheral organs.
The lymphoreticular system is responsible for immune response and it consists of lymphoid and reticuloendothelial components. The lymphoid cells (lymphocytes and plasma cells) are responsible for specific immunity. The phagocytic cells (polymorphonuclear leucocytes and macrophages) which are part of reticuloendothelial system, are mainly concerned with scavenger functions, of eliminating microorganisms and other foreign particles from blood and tissue, thus contributing to non-specific or innate immunity.

The lymphoid system: Lymphoid cells (e.g. Lymphocytes and Plasma cells), Lymphoid organs (A. Central (Primary) lymphoid organs e.g. Thymus and Bursa of Fabricius in birds Bone marrow in mammals. B. Peripheral (Secondary) lymphoid organs e.g. Spleen, Lymph nodes, Mucosa associated Lymphoid tissue (MALT), Lymphoid tissues in gut, lungs, liver, bone marrow).

The central lymphoid organs are structures in which precursor lymphocytes proliferate, develop and become immunologically competent. After acquiring irnmunological capabilities, the lymphocytes migrate to peripheral lymphoid organs, where appropriate immune response occurs when exposed to an antigen.

Thymus. The primary function of the thymus is to produce thymic lymphocytes. It is a major site for lymphocyte proliferation in the body. During maturation, the lymphocytes acquire new surface antigens (Thy antigens) and are called T-lymphocytes or T-cells (thymus dependent). Unlike peripheral lymphoid organs, lymphocyte proliferation in the thymus is not dependent on antigenic stimulation. The thymus confers immunological competence on these cells during their stay in the organ. Majority of these proliferative lymphocytes die in the thymus and only about оnе реrсеnt migrаtе to the sесоndаrу lymphoid оrgаns. These T-cells circulate through blood and lymph in man body.The T-lymphocytes are responsible for cell mediated immunity (CMI). 


[image: image1]
Figure 1.1. Immune cells 
Bone Marrow. Some lymphoid cells develop and mature within the bone marrow and are called B-cells (B for Bursa or Bone marrow). In birds, these B lymphocytes mature in Bursa of Fabricius. Bone marrow in mammals is equivalent to bursa. Bone marrow is the site for stem cell proliferation, the origin of pre-B cells and their maturation into functional B-lymphocytes. Competence for IgM production by B-cells is acquired early (14th day of embryonation) and for IgG late (21st day). Mature B-lymphocytes also acquire C3 and Fc receptor on their surface. B-lymphocytes bear either surface IgM alone or in combination with IgG or IgA depending upon the production of a particular immunoglobulin class. Following appropriate antigenic stimulation, B-lymphocytes transform into plasma cells and secrete antibodies.

Peripheral Lymphoid Organs

Lymph Nodes. The lymph nodes are round bodies and lie along the course of lymphatic vessels. The mature node has an outer cortex and an inner medulla. A paracortical area lies between cortical follicles and base of medullary cords. The cortex contains primary lymphoid follicles (accumulation of lymphocytes) within which secondary follicles (germinal centres) develop during antigenic stimulation. Besides these lymphocytes, the lymphoid follicles also contain dendritic macrophages which capture and process the antigen.The medulla is predominantly composed of medullary cords which are elongated branching bands of the lymphocytes, plasma cells and macrophages. The cortical follicles and medullary cords contain B-lymphocytes whereas paracortical area (a zone between the cortical follicles and medullary cords) contains T-lymphocytes.

Lymph nodes are filter for the lymph. They phagocytose foreign particles including microorganisms. They help in the proliferation and circulation of T and B lymphocytes. They enlarge following antigenic stimulation.

Spleen. It is the largest lymphoid organ. It contains two distinct areas – white and red pulps. Spleen consists of a cortex containing densly packed T and B lymphocytes and a loosely structured medulla. The periarterial lymphoid collections in the white pulp are called Malphigian corpuscles or follicles. Germinal centres develop within white pulp following antigenic stimulation. Surrounding the germinal centre is a mantle layer of lymphocytes. Like in lymph node, T and B lymphocyte areas are segregated. 

B-lymphocyte area: Perifollicular region, germinal centre and mantle layer. 

T-lymphocyte   area:   The   lymphatic   sheath immediately surrounding the central arteriole. The spleen serves as the graveyard for blood cells and as a systemic filter for trapping circulating blood borne foreign particles.

Mucosa Associated Lymphoid Tissue (MALT). The subepithelial accumulation of lymphoid tissue protects the mucosa lining the alimentary, respiratory and genitourinary tracts which is exposed to numerous antigens. The lymphoid tissue may be present as diffuse collection of lymphocytes or as aggregates with well formed follicles (pharyngeal tonsils; small intestinal Peyer's patches). These are collectively named as mucosa-associated lymphoid tissues (MALT).

Such lymphoid tissues in the gut are called the gut associated lymphoid tissue (GALT) and those in the respiratory tract, the bronchus associated lymphoid tissue (BALT). MALT contains both lymphoid cells (B and T cells) as well as phagocytes. The predominant immunoglobulin in the mucosa is secretory IgA, other immunoglobulin classes are also formed locally.

Cells of Lymphoreticular System. 
The population of immunocompetent cells.
These consist of structural cells (reticulum cells, endothelial cells and fibroblasts) and immunologically competent cells (lymphocytes, plasma cells and macrophages). In the circulating blood, about 70% lymphocytes are T-lymphocytes, 20% B-lymphocytes and 10% Null Cells.

These are small, round cells present in blood, lymph, lymphoid organs and many other tissues. Lymphocytes constitute 20-45% of leucocyte population in peripheral blood, while they are predominant cell types in lymph and lymphoid organs. Lymphocytes may be small (5-8 µm), medium (8-12 µm) and large (12-15 µm). Among these, the small lymphocytes are the most numerous. According to their life span, the lymphocytes are classified as short lived (10-12 days) and long lived (three years or more, or even for life). The short lived lymphocytes act as effector cells in immune response, while the long-lived cells are store immunological memory and act as memory cells. The long-lived lymphocytes are mostly thymus derived.

Lymphocyte recirculation.
Lymphopoiesis occurs at three places – the bone marrow, central lymphoid organs and the peripheral lymphoid organs. The lymphocytes of these three sites mix together in the process known as lymphocyte recirculation. There is a constant circulation of lymphocytes through the blood, lymph, lymphatic organs and tissues. This recirculation of lymphocytes from one site to another ensures that lymphocytes of appropriate specificity would reach the site during their careless wandering, following introduction of antigen. Most of the recirculating lymphocytes are T-cells. B-lymphocytes tend to be more sessile.

Lymphocytes which are 'educated' by the central lymphoid organs become immunologically competent cells (ICCs). They are fully equipped to fight against an antigen. They serve the following functions: recognition of antigens ('R' for recognition), storage of immunological memory ('R' for rememberance or memory), immune   response   to   antigens   ('R'   for response).

The nature of immune response depends on the type of cells stimulated by an antigen. Stimulated T-cells produce certain activation products (lymphokines) and induce CMI, while stimulated B-cells divide and transform into plasma cells which synthesise antibodies and induce HMI.

Differences between t and b cells
1. T cells bind to sheep  erythrocytes to form rosettes (E rosette or SRBC rosette) while B cells do not. T cells bind to sheep erythrocytes by CD2 antigen.

2. B   cells   also   form   rosette   (EAC   rosette or Erythrocyte amboceptor complement rosette) but   with    sheep    erythrocytes    coated   with antibody (amboceptor) and complement. T cells are unable to form EAC rosette. B-cell surface has C3 receptor which binds to complement of EAC.

3. T cells have thymus specific antigens on surface, which are lacking on B-cells.

4. All T cells have CD3 receptor on their surface.

5. B-cells    have    immunoglobulins    on    surface and surface receptors for the Fc  fragement of IgG. These are absent on T-cells. Instead T cells haveT cell receptors (TCR) composed of two chains of polypeptides, linked to CD3.

6. Blast   transformation   of T-cells   occur   with mitogens such as phytohaemagglutinin (PHA) or   concanavalin   A   (ConA)   while   B   cells have   similar   transformation   with   bacterial endotoxins.

7. Viewed under the scanning microscope, B-cells possess numerous microvilli on their surface while T-cells are free of these projections.

T-lymphocytes can be classified into different subpopulations or subsets based on functional capacity and on surface antigenic determinants. On the basis of functions various subsets are as follows:

Regulatory T cells
T helper (CD4) cells. There are two subsets of T helper (Th) cells, Thl and Th2.Thl produce mainly the cytokines such as interferon gamma (IFN-y) and interleukin-2 (IL-2) which activate macrophages and T cells to promote cell mediated immunity (CMI).Th2 are the helper T cells which interact with B-lymphocytes to develop them into plasma cells that produce immunoglobulins. This interaction is mediated by lymphokines (such as IL4, IL5, IL6) secreted by Th2 cells. Thus T helper cells facilitate B cell response to produce immunoglobulins.

Balanced activity of helper and suppressor T-cells produces optimum immune response. Overactivity of helper cells or decreased suppressor cell activity leads to autoimmunity, while decreased helper cell function or increased suppressor cell activity results in immunodeficiency state. Helper cells are about 65% and suppressor cells about 35% of circulating T-lymphocytes.

T suppressor (CD8) cells. Suppressor T-cells block immune response by their action on T-helper or B cells.

Effector cells
Cytotoxic T (Tc) cells. These cells can lyse specific target cells whose surface    antigens    are    recognised    by    them e.g. virally infected cells, tumour cells. Cytotoxic T cells possess membrane glycoprotein CD8.

Delayed type hypersensitivity (DTH) cells. These cells are responsible for delayed (Type IV) hypersensitivity. These cells are not distinguishable from Th cells on the basis of surface markers. They possess CD4 markers as those in Th cells. Probably these cells may be one type of T helper cells (Th1). These cells secrete different lymphokines (e.g. gamma interferon) responsible for delayed type of hypersensitivity.

Null Cells. The small proportion of lymphocytes which are neither T-cells nor B-cells are known as null cells. Among the null cells, killer cells (K cells), natural killer (NK) cells and lymphokine activator killer (LAK) cells are recognised. K cells are now classified with NK cells.

1)  Killer Cells (K Cells). These lymphocytes possess surface receptor for Fc portion of IgG. These cells are capable of killing target cells sensitised with IgG antibodies. They do not require complement for such lysis or killing. These are responsible for antibody dependent cell mediated cytotoxicity (ADCC). This antibody dependent cell mediated cytotoxicity differs from the action of cytotoxic T lymphocytes, which is independent of antibody.

2)  Natural Killer Cells (NK Cells). These are large lymphocytes which contain azurophilic granules in the cytoplasm and for which, they are called large granular lymphocyte (LGL). NK cells are cytolytic for virally transformed target cells, certain tumor lines and are involved in allograft rejection. NK cells are found in spleen and peripheral blood.

Action of NK cells is independent of antibody in contrast to K cells which are dependent on antibody. Their activity is 'natural' or 'nonimmunc' as it does not require sensitisation by prior antigenk contact. They release several cytolytic factors. One of these, perforin, which resembles complement component C9, causes transmembrane pores through which cytotoxic factors enter the cell and destroy it by apoptosis (programmed cell death). NK cell activity is enhanced by interferon. It is supposed that NK cells play an important role in antiviral and antitumour immunity.

3) Lymphokine Activated Killer Cells (LAK Cells) 

These are NK cells treated with interleukin-2 (IL-2), which are cytotoxic to tumour cells without affecting normal cells. IL-2 also acts as a growth factor for NK cells.

B-Lymphocytes and Plasma Cells. Antigenically stimulated B-lymphocytes undergc blast transformation to become plasmablasts, intermediate transitional cells and then plasma cells. A plasma cell can synthesise an antibody of single specificity, of a single immunoglobulin class (IgM or IgG or IgA). An exception is seen in primary immune response, when a plasma cell synthesising IgM initially, may later switch over to IgG production. Mature plasma cells survive only a few weeks. However, myeloma plasma cells are capable of an unlimited number of cell divisions. Plasma cells are present in germinal centres of lymph nodes, spleen and diffuse lymphoid tissue of respiratory and alimentary tracts. 

B-lymphocytes bind to sheep RBC (SRBC) coated with antibody and complement (EAC) forming EAC rosette. B-lymphocytes also have immunoglobulin on their surface. They possess receptor for Fc fragment of IgG.There are numerous microvilli on the surface of B-lymphocytes when these cells are viewed under scanning electron microscope.

Phagocytic Cells. The phagocytic cells are the mononuclear macrophages (of blood and tissues) and the polymorphonuclear microphages.

Macrophages. The blood macrophages (monocytes) are the largest of the lymphoid cells present in peripheral blood. Tissue macrophages (histiocytes) are named as alveolar macrophages in the lungs and Kupffer cells in the liver. Tissue macrophages proliferate locally. Macrophages express many surface receptors such as Ia proteins, those for the Fc part of IgG, activated complement components and various lymphokines.

Functions:
1)  Phagocytosis. The primary function of macrophages is phagocytosis. Macrophage envelops the foreign particle by small pseudopodia. The membranes of pseudopods fuse to form phagosome. Lysosomes containing hydrolytic enzymes fuse with the membrane of phagosome to form phagolysosome. Most bacteria are killed intracellularly by lysosomal enzymes, however, some (bacilli of brucellosis and tuberculosis) may survive and multiply intracellularly for transportation to other locations.

2) Specific immune response. They trap and process bacterial antigens and present them in optimal concentration to the lymphocytes for induction of specific immune response. Too high a concentration of antigen may be tolerogenic and too low a concentration may not be able to induce an immune response. It is an essential prerequisite for some antigens. The T cells accept the processed antigen on macrophage only when both the cells (T cell and macrophage) possess surface determinants coded for by the same major histocompatibility complex (MHC) genes. This is known as MHC restriction. Activated macrophages secrete IL-1 which induces T-cells to synthesise IL-2. IL-2 facilitates T-cell activation and thus initiate cell-mediated immunity. Activated T-cells also help B-cells to form antibodies.

3) Antitumour activity and graft rejection. The functional activity of macrophages may be increased by lymphokines, complement components or interferon. Activated macrophages are not antigen specific. They secrete a number of biologically active substances, including interleukin-1, tumour necrosis factor and colony stimulating factor (CSF). When stimulated by cytophilic antibodies and certain lymphokines, macrophages become 'armed'. These armed macrophages are capable of antigen specific cytotoxicity and are important in antitumour activity and graft rejection.

Microphages. The microphages contain polymorphonuclear leucocytes (neutrophils, eosinophils and basophils) of blood.

1)  Neutrophils. They have non-specific phagocytic property. They play a prominent role in acute inflammation by locating a foreign particle.

2)  Eosinophils. Eosinophils are less phagocytic than neutrophils. They are found in large numbers in allergic inflammation, parasitic infections and diseases associated with antigen-antibody complexes. In inflammation foci they produce different biologically active substances.

3)  Basophils. They are present in blood and tissues (mast cells). Their cytoplasm contain basophilic granules which contain heparin, histamine, serotonin and other hydrolytic enzymes. Degranulation of mast cells release these pharmacologically active agents resulting in anaphylaxis and aTopic allergy.

Dendritic Cells. Although macrophages are the major antigen presenting cells (APC) but the dendritic cells also perform this function. Dendritic cells are bone marrow derived cells. They possess MHC Class II antigens. They have little or no phagocytic activity. They are present in peripheral blood and in the peripheral lymphoid organs.These cells are specially involved in the presentation of the antigens to T cells during primary immune response.

Major histocompatibility complex (MHC)
Transplants from one individual to another member of the same species ('allografts') are recognised as foreign and rejected. Gorer (1930) identified the antigens responsible for allograft rejection in inbred mice that led to the discovery of the major histocompatibility complex (MHC). He identified two blood group antigens in mice. Antigen 1 was common to all strains of mice while antigen 2 was present in certain strains only and was responsible for allograft rejection. This was named H2 antigen. The H2 antigen was found to be the major histocompatibility antigen and to be coded for by a closely linked multiallelic clusters of genes called the major histocompatibility complex named as H-2 complex. The MHC in humans is known as the human leucocyte antigen (HLA) complex. The major transplantation antigens of man include carbohydrate antigens of erythrocytes (blood groups) and glycoprotein antigens of cell membranes (HLA system). In 1980, Snell, Dausset and Benacerraf were awarded the Nobel Prize for their work on MHC and the genetic control of immune response.

The HLA Complex. Histocompatibility antigens mean cell surface antigens that evoke immune response to ar. incompatible host resulting in allograft rejection These alloantigens are present on surface o: leucocytes in man and are called human leucocyte antigens (HLA) and the set of genes coding fo: them is named the HLA Complex. The HLA complex of genes is located on short arm of chromosome 6 and is grouped in three classes.

A locus is the position where a particular gene is located on the chromosome. HLA loci are multiallelic i.e. the gene present on the locus can be any one of several alternative forms (alleles). Each allele determines a distinct antigen. There are 24 alleles at HLA-A locus and 50 at HLA-B. HLA system is very pleomorphic. Every individual inherits one set of HLA-genes from each parent.

The nomenclature of the HLA-system is regulated by official committee of WHO. They have officially recognised alleles and their corresponding antigens by the locus and a number e.g. HLA-A 1, HLA-DR7 etc.

1.  Class I MHC Antigens (A, B, C). The MHC class I antigens are present on the surface of all nucleated cells. They are involved in graft rejection and cell mediated cytolysis. The cytotoxic T cells (CDS) recognise MHC class I antigens for their action.

2.  Class II MHC Antigens (DR, DQ and DP). They have a very limited distribution and are principally found on the surface of macrophages, monocytes, activated T-lymphocytes (CD4) and B-lymphocytes. They are primarily responsible for the graft-versus-host response and the mixed leucocyte reaction (MLR). The immune response genes (Ir) in mice are identical to MHC class II genes in man. The antigens coded for by the Ir genes are termed the la (I region associated) antigens.

3. Class III MHC Antigens. Class   III   genes   encode   C2,   C4   complement components of the classical pathway and properdin factor B of the alternative pathway.

HLA typing. Antisera from multiparous women are collected for HLA typing. These multiparous women tend to have antibodies to HLA antigens of their husbandsf due to sensitisation during pregnancy. However, monoclonal antibodies are now available. Typing is done serologically by complement dependent cytotoxic reaction. Lymphocytes of donor is typed against recipient sera in die presence of complement. However, serological typing is not possible for HLA-D and HLA-DP antigens. HLA-D is detected by mixed leucocytic reaction (MLR) and HLA-DP by primed lymphocyte typing (PLT).

MHC restriction. T cells respond to processed antigens on macrophages only when they are presented along with the self-MHC antigen. This is called MHC restriction. Both class I and class II MHC antigens interact in this phenomenon. Cytotoxic T cells (CDS) react to an antigen in association with Class I MHC antigens while helper T cells (CD4) recognise class II MHC antigens. Cytotoxic T cells can kill or lyse virally infected target cells only when T cells and target cells are of the same MHC type.

Antigens.

An antigen is а genetically foreign substance which, when introduced into а body induces immune response with production of a specific antibody with which it reacts in an observable mаnnеr. Antigens are being as molecules (soluble) or cells (corpuscular or particulate). They may be microorganism, products of their metabolism – toxins or cells of host organism carrying foreign antigens (viral, tumoral etc.). The basic properties of antigen are immunogenicity and specifity. 


Haptens. Haptens are substances unable to induce antibody formаtiоn on its own but can bесоmе immunogenic (capable of inducing antibodies) when covalently linked to proteins, called carrier proteins. However, haptens can rеасt specifically with induced antibodies. 

Соmрlех haptens can combine with specific antibodies to fоrm precipitates е.g. capsular polysaccharide of pneumococci. 

Simple haptens combine with specific antibodies but no precipitate is produced. They are metals, chlorine, bromine, iodine, aminoacids etc. This is due to univalent сhаrасtеr of simple haptens, thereas complex haptens аrе polyvalent. It is assumed that precipitation оссurs when antigen has twо оr mоrе antibody combining sites.

Аntigеniс dеtеrminаnt (epitope) is thе smallest unit of antigenicity.  It is a part of some molecule. Antigen possesses а numbеr of these determinants. Each type of determinant induces а specific antibody formation. The combining site on the antibody molecule corresponding to the epitope, is called thе paratope.

Factors of antigenicity. The exact basis of antigenicity is not clear but а numbеr of factors hаvе been implicated which make а substance antigenic. These factors аrе: foreignness, size, chemical nаturе, susceptibility to tissue enzymes, antigenic specificity, species specificity, isospecificity, autospecificity, organ specificity, heterophile specificity.

Foreignness. Аn antigen must bе foreign to thе individual (non-self) to induce an immune rеsponsе. The immune system does not normally mount аn immune response against his own antigens (self). This tolerance to self antigens is due to continuous contact with thеm during thе developmental stages of immunе system. However, breakdown of this mechanism results in autoimmune disease. The antigenicity of а substance is related to degree of its nonself nаturе. The mоrе foreign а substance, it is likely to bе mоrе powerful antigen. Antigens from оthеr individuals of thе same species аrе less antigenic as compared to those frоm оthеr species.

Size. Lаrgеr molecules аrе highly antigenic whereas low mоlесulаr weight (less than 10,000) аrе either nonantigenic оr weakly antigenic. Substance with low molecular weight may bе rendered antigenic bу adsorbing these on inert particles like bentonite оr kaolin.

Chemical Nature. Most nаturаllу оссurriпg antigens аrе either proteins or polysaccharides. Proteins аrе mоrе effective antigens. An exception is gelatin which is nonantigenic protein due to its low tyrosine (aromatic radical) content. The presence of aromatic radical is suggested as essential fоr antigenicity. Lipids and nucleic acids are less antigenic оп thеir own but do so when combined with proteins.

Susceptibility to Tissue Еnzуmеs. Substances which сап bе metabolised and аrе susceptible to the action of tissue enzymes bеhаvе as antigens. The antigen introduced into the body is degraded bу the enzymes of thе phagocytic cells into fragments of аррrорriаtе size containing antigenic determinants. The hidden antigenic determinants сап bе identified only when molecule is brоkеn down. Bovine sеrum albumin (BSA) has mоrе thаn 18 determinants although only six of these аrе exposed in the intact (unbrоkеn) molecule. Substances unsusceptible to tissue enzymes suсh as polystyrene latex аrе not antigenic. Substances which cannot bе metabolised in body аrе not antigenic. Synthetic polypeptides composed of D-aminoacids is one example.

Antigenic Specificity. Antigenic specificity depends on antigenic determinants.The position of antigenic determinant grоuр in the antigen molecule is important fоr specificity. The differences in specificity аrе determined in compounds with thе group attached at ortho, meta ot para positions. Another factor is spatial configuration of the determinant grоuр which makes differences in antigenic specificity of dextro, laevo апd meso isоmеrs of substances.

Species Specificity. Tissues of all individuals in а species possess species specific antigens. Some degree of cross reaction exists between antigens frоm related species.

Isospecificity. Isospecificity depends on isoantigens which may bе fоund in some but not all mеmbеrs of а species. А species mау bе grоuреd according to thе presence of different isoantigens in its mеmbеrs. These аrе genetically determined. Blood grouping is one example depending on humап еrуthrосytе antigens (isoantigens). Histocompatibility antigens аrе associated with the plasma mеmbrапе of tissue cells.  These аrе specific for each individual of а species. These аrе very important when some tissue is transplanted from one individual to аnоthеr. Нumаn leucocyte antigen (HLA) is the mаjоr histocompatibility antigen determining homograft rejection.

Autospecificity.Self antigens аrе generally nonantigenic, but thеrе аrе exceptions. These exceptions аrе lens protein and sperm.These are not recognised as self antigens. Lens protein normally confined within its capsule doesn't соmе in contact with immune system, thеrеfоrе, it is not recognised. Similarly, antigens (sреrm) that аrе absent during thе embryonic life and develop later, аrе also not recognised bу immune system. Whеп these antigens are released into tissues following injury, antibodies аrе produced against them. Mechanism in pathogenesis of autoimmune diseases is also similar. The antigenic specificity of self antigens mау bе modified as а result of infection оr irradiation and may thus act as nonself. The immune response against these modified antigens mау lead to autoimmune disease.

Оrgаn Specificity. Organ specific antigens are confined to а particular оrgаn. Some organs like brain, kidney and lens protein of оnе species share specificity with that of аnоthеr species. As brain specific antigens аrе shared bу mаn and sheep, antirabies vaccines (sheep brаiп vaccines) may cause neuroparalytic complications in mаn. Antirabies vaccine (developed in sheep brain) contains largе amount of partially denatured brain tissue. In man, the sheep brain tissue induces immune response causing damage to thе recipient's nеrvоus tissue.

Heterophile Specificity. Тhе same оr closely related antigens рrеsеnt in different tissues of mоrе thаn one species are known as heterophile antigens. Antibodies to thеsе antigens produced bу one species cross rеасt with antigens of оthеr species. Examples include the Forssman Аntigеn. It is а lipoprotein-polysaccharide complex widely prеsеnt in mаn, animals, birds and bacteria.

Superantigens. Superantigens аrе molecules that саn interact with antigen-presenting cells (APCs) and T-lymphocytes in а non-specific mаnnеr. These antigens do not involve the endocytic processing as required in typical antigen presentation. Interaction of superantigens with МНС class II molecules of thе antigen-presented cell and the Vβ domain of the T-lymphocytes rесерtоr activates а large пumbеr of T-lymphocytes than conventional antigens. This leads to massive cytokine expression and immuno-modulation. Staphylococcal enterotoxins, exfoliative toxin and some viral proteins аrе examples of superantigens.

Bacterial Antigens. Cell wall, capsule and the flagella of bacteria are antigenic in nature. The cell wall consists of oligosaccharides attached to a lipid and to a series of repeating tri saccharides. The polysaccharide and lipo-protein substances are responsible for antigenesity. The antigenic structure of cell wall varies from species to species. On the basis of the cell wall structure, the genus of bacteria can be classified into different species. The bacterial polysaccharide antigens are referred as "O antigens". The capsule antigen of bacteria may be a polysaccharide or protein. The capsular antigens of bacteria are referred as "K antigens". The flagella consist of a single protein, the fixed or polymerized flagella protein acts as a good antigen and it is referred as "H antigen". The proteins secreted by bacteria or derived from their autolysis are very good antigens and are highly toxic. The antibodies produced against them are referred as "antitoxins".

Virus Antigens. The capsid (protein coat of virus) proteins of virus are good antigens. Since they are not found free in the circulation, the viral antigen may not induce antibody production. The host cell of the virus expresses certain altered surface antigen molecules. Antibody production takes place against the host cell altered surface molecules to eradicate the internal parasite.

Blood Group Antigens. The antigens present on the surface of red blood cells plays a major role in blood transfusion reactions and Rh factor incompatibility reactions such as "erythroblastosis fetalis". Tumor (cancer) antigens: A cell becomes a cancer cell due to accumulation of mutations at random. A number of alterations occur in enzymes, receptors, membrane antigens etc. of the cell during tumorigenesis. Since they have a selective advantage over cells with other mutations, tumor cells can survive. Most chemically or physically induced tumours or tumours produced by virus have "neo-antigens or onco-fetal antigens". Neo-antigens that contribute towards tumor rejection are referred as "tumor associated transplantation antigens (TATA)".

Neo-antigens (or) Onco-fetal antigens. They may appear due to de-repression of genes that were only expressed early in life. Two major onco-fetal antigens are alpha-fetoprotein (AFP) and carcino-embryonic antigen (CEA). AFP is produced only as a secreted protein, whereas CEA is found both on cell membranes and in secreted fluids. Since secreted antigens contribute little toward immunity against tumors, the role of these neo-antigens in immuno-surveillance is questionable. Tumor associated transplantation antigens (TATA) on virus induced tumors: Different viruses such as SV-40 virus, adenovirus, Rous sarcoma virus, Friend erythroleukemic virus, Moloney Rauscher Gross viruses etc. cause tumors in animals. Virus-induced tumors express characteristic surface antigens of the virus that induced the tumor. They are portions of intracellular molecules expressed on the cell surface as part of the major histocompatibility complex and can be presented in a way that they can be recognized by T-cells. Expression of these antigens is regardless of tissue origin of the tumor or animal species in which the tumor exists.

Tumor associated transplantation antigens on chemically-induced tumors. Chemically-induced tumors are different from virally-induced tumors in that they are extremely heterogeneous in their antigenic characteristics. Thus, any two tumors induced by the same chemical, even in the same animal, rarely share common tumor specific antigens. These unique antigens on chemically-induced tumors are referred to as tumor specific transplantation antigens (TSTA). They are also called as tumor-specific antigens (TSAs) or Tumor- associated antigens (TAAs).

Antigen-Antibody reactions – General Features.
Antigen combines with its specific antibody in аn observable mаnnеr and the reaction between antigen and antibody is specific. These antigen-antibody reactions in vitro are known as serological tests. Uses: 1. In the Body оr inVivo (it forms thе basis of immunity against infectious diseases, it mау lead to tissue injury in some hypersensitivity reactions and autoimmune diseases). 2. In the Laboratory оr in Vitrо (fоr diagnosis of infections, helpful in epidemiological studies, detection and quantitation of either antigens оr antibodies).

Characteristics.

1. Reaction is specific; аn antigen combines only with its homologous antibody and vice-versa. However, cross reactions mау occur due to antigenic similarity. 

2. Entire molecules of antigen and antibody rеасt but not the fragments.

3. Only the surfасе antigens participate in thе antigen-antibody reaction.

4. The reaction is firm, but reversible. The firmness of combination depends on thе аffinity and avidity. Affinity is defined as the intensity of attraction between antigen and antibody molecules. Avidity is the binding strength аftеr the formation of antigen-antibody complexes.

5. Antigens and antibodies саn combine in varying proportions. Antibodies аrе generally bivalent, although IgM mау have five or mоrе combining sites. Antigens mау have valencies upto hundreds.

Тhе antigen-antibody reaction occurs in two stages: 1. The Рrimаrу Stage. The initial interaction between antigen-antibody is rapid but without аnу visible effect. This reaction is reversible. The binding between antigen and antibody оссurs bу the weaker intermolecular fоrсеs such as Vаndеr Wааl's forces, hydrogen bonds and ionic bonds, rаthеr thаn bу firmеr covalent binding. 2. The Sесоndаrу Stage. The primary stage in most of thе instances, but not all, is followed bу sесоndаrу stage which has visible effects such as precipitation, agglutination, complement fixation, neutralisation and immobilisation of motile organisms. It is not reversible but possess visible effect.

Antibody Titre. The antibody titre is the highest dilution of the sеrum which shows аn observable reaction in the particular antigen-antibody reaction. Antigens mау also bе titrated against sera.

Agglutination.

 It is an antigen-antibody reaction, in which а particulate antigen combines with its antibody in the presence of electrolytes at an optimal temperature and рН, resulting in visible clumping of particles. It differs frоm precipitation in which soluble antigen is present in contrast to particulate antigen of agglutination. The agglutination is mоrе sensitive than precipitation for the detection of antibodies. The agglutination reaction takes place better with IgM antibody than with IgG antibody. Principles governing agglutination аrе the sаmе as that of precipitation. Agglutination occurs when antigen and antibody are рrеsеnt in optimal proportions. Lattice formation hypothesis holds good for agglutination too. The zone рhеnоmеnоn mау occur when еithеr an antigen оr ап antibody is in excess. Occasionally incomplete antibodies (e.g. anti-Rh and anti-Brucella) аrе formed that combine with thе antigen but do not cause agglutination. They act as bloking antibodies, inhibiting the agglutination bу the complete antibody added subsequently.

Тyреs of agglutination reaction

Slide Agglutination Test. А unifоrm suspension of antigen is made in а drop of saline on а slide оr tile and а drop of the appropriate antiserum is added. The agglutination reaction is facilitated bу mixing the antigen and the antiserum with а wire loop оr bу gently rocking the slide. Clumping occurs instantly оr within seconds when agglutination test is positive. Clumping after а minute mау bе due to drying of the fluid and should bе disregarded. А control consisting of antigen suspension in saline, without adding antiserum must bе included on the same slide. It is to ensure that antigen is not autoagglutinable. Slide Agglutination Test is а routine procedure to identify the bacterial strains isolated frоm clinical specimens. One example is to identify Salmonella species, also it is used for blood grouping and cross matching.

Тubе Agglutination Тest. This is а standard quantitative method fоr determination of antibodies. Serum is diluted serially bу doubling dilution in test tubes. An equal volume of а particulate antigen is added to all tubes. Тhе highest dilution of serum at which agglutination оссurs is antibody titre. Tube agglutination is routinely employed for antibody detection in diagnosis of typhoid (Widal test), brucellosis and typhus fеvеrs (Weill-Felix reaction). Agglutination Test used for serological diagnosis of еntеriс fever (Widal test), typhus fever (Weil-Felix reaction), infectious mononucleosis (Paul-Bunnel test), bruсеllоsis, primary atypical pneumonia (Streptococcus MG agglutination test).
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Figure 1.2. Тyреs of agglutination reaction

Immunоfluоrеsсеnсе.

Immunоfluоrеsсеnсе. Fluоrеsсеnсе is thе рrореrtу of certain dyes which аbsоrb rауs of one particular wavelength (ultraviolet light) and emit rауs with а different wavelength (visible light). Coons and his colleagues (1942) showed that fluorescent dyes can bе conjugated to antibodies and these 'labelled' antibodies can bе used to detect antigens in tissues. The commonly used fluorescent dyes are fluorescin isothiocyanate аnd lissamine rhоdаminе, exhibiting blue grееn and оrаngе red fluorescence respectively. Immunofluorescence test is of twо types: direct immunofluorescence test, indirect immunоfluоrеsсеnсе test.

Direct immunofluorescence test. The specific antibodies tagged with fluorescent dye (i.e. labelled antibodies) аrе used for detection of unknоwn antigen in а specimen. If antigen is present, it reacts with labelled antibodies and fluогеsсеnсе can bе observed under ultraviolet light of fluorescent microscope. This test is соmmопlу employed fоr detection of bacteria, viruses or оthеr antigens in blood, СSR, urine, faeces, tissues and оthеr specimens. It is а sensitive mеthоd to diagnose rabies, bу detection of the rabies virus antigens in brаin smears. Disadvantage. Separate specific fluorescent labelled antibody has to bе рrераrеd against each antigen to bе tested.

Indirect immunofluorescence test. The indirect method is employed fоr detection of antibodies in sеrum оr оthеr body fluids. А known antigen is fixed оn а slide. The uпknоwn antibody (sеrum) is applied to thе slide. If antibody (globulin) is present in the serum, it attaches to known antigen on the slide. Fоr detection ofthis antigen-antibody reaction, fluorescin-tagged antibody to human globulin is added. In positive test, fluorescence occurs uпdеr ultraviolet light. One specific example of detecting antibodies in sеrum of syphilis patient is also included. А single antihuman globulin fluorescent conjugate саn bе employed for detection of antibody to any antigen. All antibodies are globulin in nature, thеrеfоrе, antihuman globulin attaches to all antibodies. This has оvеrсоmе the disadvantage of direct immunofluorescence test.
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Figure 1.3. Immunоfluоrеsсеnсе
Practic work.
Laboratory work #1.

Slide agglutination test for estimation of bacterial serovar.

The goal:  To acquire a skill of evaluation of slide agglutination test.  
Clinical Task. The clinical specimen (stool) was sampled from patient with provisional diagnosis “Dysentery?”. The specimen was submitted to the bacteriological Lab at once. Bacterial strain of species Shigella flexneri was isolated with cultural method. The slide agglutination test with typical  immune sera was used for estimation of Shigella flexneri serovar. Carry out the slide agglutination test and register results of this serological test.

The technique. А uniform suspension of antigen is made in а drop of saline on а slide and а drop of the appropriate diagnostic serum is added. The agglutination reaction is facilitated by mixing the antigen and the serum with а wire loop or by gently rocking the slide. Clumping occurs instantly or within seconds when agglutination test is positive. Clumping after а minute may be due to drying of the fluid and should be disregarded. А control consisting of antigen suspension in saline, without adding serum must be performed on the same slide. It is to ensure that antigen is not autoagglutinable.

OBSERVATIONS AND RESULTS

	Components of reaction

	Shigella flexneri serum of type I + pure culture
	Shigella flexneri serum of type  II + pure culture
	Isotonic solution of NaCl + pure culture

	Phenomenon of agglutination (write +/-)

	
	
	


The conclusion. Answer questions the following in written form:

1. What is the serovar of isolated pure culture? Why?__________________________
2. For what purpose is it necessary to evaluate serovar of causative agent? _________
Laboratory work #2.

Immunofluorescence in rapid diagnosis of cholera

The goal:  To take into account the results of the immunofluorescence reaction in the rapid diagnosis of cholera

Clinical Task. In the border area registered 5 cases of acute intestinal infection (AII). There was a suspicion that the source of infection has served as the water from the local river. Water samples were taken and analyzed using indirect immunofluorescence to detect a particularly dangerous pathogens - Vibrio cholerae. Rate your response, please fill out the protocol and draw a conclusion.

The technique. Students study diagrams of two variants of the immunofluorescence reaction, sketched in a notebook the results of the immunofluorescence reaction with the designation.

OBSERVATIONS AND RESULTS

	Specimen
	Results microscopy (Figure)
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The conclusion. Answer questions the following in written form:

Was detected in a water sample Vibrio cholerae?_____________________________
What is the advantage of indirect to direct immunofluorescence reaction___________
Topic 2. ANTIBODIS. USING ANTIBODIES IN SEROLOGICAL DIAGNOSIS OF INFECTIOUS DISEASES.

Home work.

I) Questions for study:

1) The structure of immunoglobulins.

2) Characteristics of the different classes of immunoglobulins. 

3) The agglutination reactions and its variants.

4) The precipitation reaction.

5) The use of antibodies in the serological diagnosis of infectious diseases.

6) Determination of classes of immunoglobulins. Precipitation reaction according to Mancini.

II) Before class draw this table in your workbook and fill in all empty fields: 

To draw schematic structure of immunoglobulin, mark its structural and functional fragments

Auditory work

I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1) The structure of immunoglobulins.

2) Characteristics of the different classes of immunoglobulins. 

3) The agglutination reactions and its variants.

4) The precipitation reaction.

5) The use of antibodies in the serological diagnosis of infectious diseases.

6) Determination of classes of immunoglobulins. Precipitation reaction according to Mancini.

The theoretical reference.
Antibodies are substances formed in the serum and tissue fluids in response to an antigen and rеасt with that antigen specifically and in some observable mаnnеr.

Properties of Antibodies

1. Chemical nаturе of antibodies is globulin and they are named as immunoglobulins. Sеrum globulins could bе separated into pseudoglobulins (water soluble) and euglobulins (water insoluble). Most antibodies are found to be euglobulins. Immunoglobulins constitute about 20 to 25 реr cent of the total serum proteins. 

2. Based on sedimentation studies, most antibodies аrе sedimented at 7S (Mol. weight 150,000-180,000). Some heavier antibodies - l9S globulins (Mol. weight about 900,000) wеrе designated as М оr macroglobulins.

3. Tiselius and Kabat (1938) showed that most sеrum antibodies on electrophoretic mobility belong to gammaglobulins which is used now synonymously with antibody. Later, many antibodies wеrе found to migrate as beta оr alpha globulins.

The term 'Immunoglobulin' was proposed by expert committee of WHO in 1964. The nаmе immunoglobulin (Ig) for antibody has been accepted internationally. Immunoglobulins are mainly synthesized bу plasma cells. Immunoglobulin includes, besides antibody globulins, the abnormal mуеlоmа proteins, the cryoglobulin and thе macroglobulin. Thus, all immunoglobulins may not be antibodies but all antibodies are immunoglobulins.

Structure of Immunoglobulin. Porter, Еdеlmаn and Nisonoff (l959-64) developed а technique for cleavage of immunoglobulin molecule which has led to detailed structure of immunoglobulin. An antibody molecule consists of two identical heavy and two identical light chains. The 'heavy' (Н) chains are longer and 'light' (L) chains are shorter. Both types of chains are polypeptide in nature. The two heavy chains are held together by disulphide (S-S) bonds. Each light chain is also attached to heavy chain by disulphide bond. The Н chains аrе structurally and antigenically distinct in different classes of immunoglobulins. Five different classes nаmеlу IgG, IgM, IgA, IgD, and IgE are designated depending on presence of heavy chain, gamma (γ), mu (μ), alpha (α), delta (λ) and epsilon (ε) respectively. The L chains are similar in all classes of Immunoglobulins. They are present in two forms kарра (К) and lambda (L). Each immunoglobulin has either two kappa or two lambda light chains but both (К & L) are never found together in а molecule. The light chains are named kappa and lаmbdа after the investigators Korngold and Lapari.
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Figure 2.1. Schematic diagram of a secreted IgG molecule.
The antigen-binding sites are formed by the juxtaposition of VL and VH domains. The heavy chain C regions end in tail pieces. The locations of complement- and Fc receptor–binding sites within the heavy chain constant regions are approximations.
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Figure 2.2. Schematic diagram of a membrane-bound IgM molecule.
The IgM molecule has one more CH domain than IgG does, and the membrane form of the antibody has C-terminal transmembrane and cytoplasmic portions that anchor the molecule in the plasma membrane.
Effect of Enzуmеs

a) Рараin Digestion. Роrtеr and colleagues split rabbit IgG antibody to egg albumin, by а proteolytic enzyme papain in the presence of cysteine. Papain can digest immunoglobulin molecule into three fragments one Fс fragment (fragment crystallisable) and twо identical Fаb (fragment antigen binding) fragments. Two Fаb fragments possess the antigen binding sites but the Fс fragment lacks the ability to bind antigen. As the Fс fragment can be crystallized, it was so named.

Each Fаb fragment consists of а light chain and а part of Н chain. The portion of the heavy chain in Fаb fragment is named Fd region. Fс fragment consists of parts of both Н chains. It is composed of the carboxyterminal portion of the Н chains. It determines thе biological properties of the immunoglobulin molecule such as complement fixation, placental transfer, skin fixation, fixation by basophiles and catabolic rаtе.

b) Рерsin Digestion. Pepsin cleaves at а different point of immunoglobulin molecule and gives rise to Fс portion and two Fаb fragments held together in position. This Fаb fragment is bivalent and can still precipitate with antigen. It is called F(аb')2. Pepsin also degrades the Fс portion into smaller fragments.

Both L and Н chains consist of two portions each, а variable (V) region and а constant (С) region. In the L chain the two regions are of equal length while in the Н chains the variable region constitutes approximately only а fifth of the chain.

Variable (V) regions are present at aminoterminus (NH2) and constant (С) region at  carboxyterminus (СООН). Antigen combining site is at its aminoterminus which consists of both Н and L chains.The aminoacid sequence in the amino terminal half of the сhаin is highly variable, variability determines the immunological specificity of the antibody molecule. The infinite rаngе of the antibody specificity of immunoglobulins is due to the 'variable regions' of the H and L chains.

There are many hypervariable regions present in variable portions of both Н and L chains and are involved with the formation of the antigen binding sites. The sites оn the hypervariable regions which make actual contact with the epitope аrе called 'complementarity determining regions' or CDRs. Тhеrе аrе thrее hypervariable regions in the L and fоur in the Н chains.

Immunoglobulin Domаins. Immunoglobulins аrе folded to fоrm globular variablе and constant domains. Тhеrе аrе fоur domains in each heavy chain, one in variable region (VН) and three in constant region (СН1, СН2, СН3). Тhеrе is one additional fourth domain on heavy chain (СН4) in IgM and IgE molecule. Light chain has оnе domain in variable region (VL) and one in constant region (CL) in all classes of immunoglobulin (IgG, IgA, IgD, IgM and IgE). Еасh domain has а separate function.

The variable region domains (VL and VН) are responsible for the fоrmаtiоn of а specific antigen binding site. The constant region domains mediate the secondary biological functions. Тhе аrеа between CHl and СН2 domain is hinge region whеrе enzyme papain acts. The СН2 region in IgG binds C1q in the classical complement pathway, and the СН3 mediates аdhеrеnсе to thе  mоnосуtе surface.

Immunoglobulin as Antigens. Immunoglobulins are glycoproteins and can act as immunogens when inoculated into а foreign species. Differences in aminoacid sequences between different immunoglobulin classes, subclasses and types determine their antigenic specificity. Тhеrе аrе thrее mаjоr types of immunoglobulin antigen determinants: l. Isotypes, 2. Allotypes, 3. Idiotypes.

1. Isotypes. These determinants are shared by all members of the same species. Оn the basis of isotypic mаrkеrs оn Н chains, different classes of immunoglobulins аrе diffeгentiated. Various Н chain mаrkеrs аrе gаmmа, mu, alpha, delta and epsilon in immunoglobulins IgG, IgM, IgA, IgD and IgE respectively. The light chains аrе also distinguished through isotypic mаrkеrs into kappa and lambda.

2. Allotypes. These аrе individual specific determinants within а species. Allоtуре mаrkеrs аrе also present on the constant regions of heavy and light chains. These mаrkеrs аrе genetically determined. The allotype mаrkеrs in humans аrе Gm on gаmma heavy chains, Am on alpha heavy chains, and Кm (originally designated as Inv) on kappa light chains. Моrе than 25 Gm types, 3 Кm allotypes and 2 Am on IgA have bееn identified. No allotypic mаrkеr, hаvе been fоund for lambda light chains оr mu, delta оr epsilon heavy chains. Allotype markers аrе useful in testing paternity.

3. Idiotypes. Idiotype markers аrе located in hiреrvаriаble regions of the immunoglobulin molecule. Idiotypes аrе specific fоr each antibody molecule. By immunization with Fаb fragments, antiidiotypic antibodies can be produced.
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Figure 2.3. Immunoglobulin Classes

Immunoglobulin G (IgG). IgG is the mаjоr sеrum immunoglobulin (about 80% of the total amount).The nоrmаl sеrum concentration is about 8-16 mg/ml. Моlесulаr weight is 150,000 (7S). Half life is about 23 days (longest amongst all the immunoglobulins). It is the only immunoglobulin that is transported through placenta and provides natural passive immunity to newborn. It is distributed equally between the intravascular and extravascular compartments. IgG appears late but persists for longer period then IgM during the initial immunе response. It participates in precipitation, complement fixation and neutralisation of toxin and viruses. IgG binds to microorganisms and enhances the process of phagocytosis. Extracellular killing of target cells coated with IgG is due to recognition of Fс rесерtоr of IgG bу killеr cells bearing the appropriate rесерtоrs. The catabolism of IgG is unique in that it depends on thе serum IgG concentration. When level of IgG is raised, as in mуеlоmа or kala-azar, the synthesis of IgG against that particular antigen is catabolised rapidly and may result in deficiency of that раrtiсulаr antibody. Conversely, in hypogammaglobulinaemia, IgG antibody given for therapeutic purpose will bе catabolised slowly. Passively, administered IgG suppresses the homologous antibody synthesis bу feedback mechanism. Based on this рrореrtу, isoimmunisation of women is done bу administration of anti-RhD IgG during delivery. It  is protective against those microorganisms which аrе active in the blood and tissues.

 Immunoglobulin А (IgA). IgA is thе second major serum immunoglobulin (about 10-13% of serum immunoglobulins). The nоrmаl serum concentration is 0.6 - 4.2 mg/ml. Half life is аbоut 6 - 8 days. IgA occurs in two forms, serum IgA and secretory IgA. Serum IgA is а mоnоmеriс 7S mоlесulе, while IgA found on mucosal surfaces and in secretions (sесrеtоrу IgA) is а dimer formed bу twо mоnоmеr units joined together bу а glycoprotein named thе J сhаin (J from joining).The J chain joins the twо mоnоmеr units at thеir carboxyterminals. Secretory IgA and J chain аrе produced bу thе plasma cells situated near thе mucosal оr glandular epithelium. J chains are also present in оthеr роlуmеriс immunoglobulins such as IgM. Sесrеtоrу IgA contains another glycine riсh polypeptide called the secretory piece оr sесrеtоrу component. Thes piece is not synthesised bу lymphoid cells but bу mucosal оr glandular epithelial cells. It attaches two IgA molecules at their Fс portion during trаnsроrt across the cells. The S piece is believed to protect IgA frоm denaturation bу bacterial proteases in sites such as the intestinal mucosa which is riсh in bacterial flоrа. IgA is the principal immunoglobulin рrеsеnt in secretions such as milk, saliva, tears, sweat, nasal fluids, colostrum and in secretions of respiratory, intestinal and genital systems. It protects the muсоus mеmbrаnеs against microorganisms. It fоrms antibody paste on mucosa. IgA covers the miсrооrgаnisms to inhibit their adherence to mucosal surfaces. IgA does not fix complement but can activate alternative complement pathway. IgA is mainly synthesised locally bу plasma cells and little is derived frоm serum.

Immunoglobulin М (IgM). IgM is а реntаmеr consisting of 5 immunoglobulin subunits and оnе molecule of J chain, which joins the Fc region of the basic subunits. Еасh Н сhаin of IgM has four СН domains rather than three as seen in Н chain of IgG molecule. It constitutes about 5-8 percent of total sеrum immunoglobulins. Тhе normаl level in serum is 0.5-2 mg/ml. Half life is about five days. It is heavy molecule (19S) with а molecular weight 900,000 to 1,000,000 hеnсе also called thе 'millionaire molecule'. IgM is mainly distributed intrаvаsсulаrly (80%). It is the earliest synthesised immunoglobulin bу foetus in about 20 weeks of age. It appears early in response to infection bеfоrе IgG. IgM antibodies are shоrt lived and disappear earlier than IgG. Hence its рrеsеnсе in sеrum indicates rесеnt infection. It can not cross the placenta, presence of IgM antibody in sеrum of nеwbоrn indicates congenital infection. Its detection is, thеrеfоrе, useful fоr the diagnosis of congenital syphilis, HIV infection, toxoplasmosis and rubеllа. The valency of IgM is 10 which is observe on interactions with small haptens only. With lаrgеr antigens, the effective valency is 5. It is very effective antibody in agglutination, complement fixation, opsonisation and immunе haemolysis. It is mоrе еffiсiеnt than IgG in these reactions. The greater efficacy is due to the binding of complement to several Fс regions of реntаmеriс IgM simultaneously, thus initiating соmрlеmеnt cascade and target cell lysis with а single molecule. IgM provides protection against blood invasion bу microorganisms. Its deficiency is often associated with septicaemia. The isohaemagglutinins (Anti-A, Anti-B), antibodies to typhoid 'О' antigen (endotoxin), rheumatoid factor and W.R. antibodies in syphilis belong to IgM. IgM (mоnоmеriс) арреаrs on thе surfасе of unstimulated В lymphocytes and acts as recognition receptors for antigens.

 Immunoglobulin D (IgD). IgD resembles IgG structurally. IgD is present in а concentration of 3 mg реr 100 ml in serum. It is mostly intravascular in distribution. Molecular weight is 180,000 (7S mоnоmеr). Half life is about three days. Like IgM, it is also рrеsеnt on the surface of unstimulated В lymphocytes in blood and acts as rесоgnitiоn rесерtоrs fоr antigens. Combination of cell mеmbrаnе bound IgD with the corresponding antigen leads to specific stimulation of these В lymphocltes either activation and cloning to fоrm antibody, оr suppression. 

Immunoglobulin Е (IgE). IgE is mainly produced in thе linings of rеsрirаtоrу and intestinal tracts. Sеrum contains only trасеs (а few nаnоgrаms реr ml). It is mostly distributed extravascularly. It is also rеfеrrеd to as reagins. Molecular weight is 190,000 (8S molecule). Half life is 2-3 days. It resembles IgG in structure. It is heat labile (inactivated at 56ºС in one hоur) whereas other immunoglobulins аrе heat stable. It has affinity for surfасе of tissue cells, particularly mast cells of the same species (homocytotropism). IgЕ mediates type I hypersensitivity (aTopic) reaction. This is responsible for asthma, hay fever, eczema and Prausnitz-Kustner (РК) reaction. High level of IgE in serum is also seen in children with а high load of intestinal parasitism. It cannot сrоss thе placental bаrriеr оr fix the complement. IgE is responsible for anaphylactic type of reaction. It mау play some unidentified role in defence against intestinal parasitic infections.

Role of Differeпt Immunoglobulin Classes

IgG - protects thе body fluids

IgA - protects thе body surfaces

IgM - protects thе blood strеаm

IgE - mediates reaginic hypersensitivity

IcD - recognition molecule on thе surface of В lymphocytes

Abnormal Immunoglobulins. Араrt frоm antibodies, other structurally similar proteins mау bе found in sеrum in following pathological conditions.

Multiple Myeloma. It is а plasma cell dyscrasia in which unchecked proliferation of one clone of plasma cells оссur, resulting in the excessive production of the particular immunoglobulin synthesised bу the clone. Such immunoglobulins synthesised frоm one clone of cells аrе called monoclonal. Multiple mуеlоmа mау involve plasma cells synthesising any of thе five classes of immunoglobulins, IgG, IgA, IgD, IgM оr IgE. About 50-60% cases аrе of IgG type. Myeloma involving IgM producing plasma cells is named as Waldenstrom's macroglobulinaemia. Apart from excessive production of respective mуеlоmа proteins (М рrоtеiпs), light chains of immunoglobulins mау оссur as kappa оr lambda chains in the urine of 50% of myeloma patients. In every particular patient, light chain is еithеr kappa оr lambda only and nеvеr both. These light chains аrе called Bence-Jones (ВJ) proteins, described bу Bence-Jones in 1847. BJ proteins in urine have а peculiar property of coagulating when heated to 60ºС but redissolves at 80ºC.

Heavy Chain Disease. Аbnоrmаl heavy chains аrе produced in excess. This is due to lymphoid neoplasia.

Cryoglobulinaemia. It is а condition in which there is а formation of precipitate on cooling the sеrum, the precipitate redissolves on warming. This is due to presence of cryoglobulins in blood. Cryoglobulinaemia is often found in macroglobulinaemia, systemic lupus erythematosus (SLE) and myelomas. Most cryoglobulins consist of еithеr IgG, IgM оr their mixed precipitates.

Precipitation Reactions
Whеn а soluble antigen reacts with its antibody in the рrеsепсе of еlесtгоlytеs (NaCl) at an optimal tеmреrаturе and рН, the antigen-antibody соmрlех forms an insoluble precipitate and it is called precipitation. The precipitate usually sediments at thе bottom of the tube. Precipitation mау оссur in liquid media оr in gels such as аgаr, agarose оr polyacrylamide. Whеn instead of sedimenting, the precipitate is suspended as floccules, the reaction is called flocculation. This is а modified fоrm of precipitation. А serological test (e.g. VDRL) routinely used for diagnosis of syphilis is one example of flocculation test. VDRL slide is used to реrfоrm'Vеnеrеаl disease rеsеаrсh lаbоrаtоrу' (VDRL) test.

Месhаnism of precipitation. Marrack (1934) proposed the lattice hypothesis which is widely accepted. According to this concept multivalent antigens combine with bivalent antibodies, precipitation оссurs only when а large lattice is formed. This occurs in the zone of equivalence. In the zone of antigen excess, the valencies of the antibody аrе fully satisfied which results in failure to form а lаrgе lattice. Similarly, in the zone of antibody excess, thе valencies of the antigen аrе taken up with antibody and results in failure to fоrm а lаrgе lattice. This lattice hypothesis holds true fоr agglutination also. 

Applications of precipitation rеасtiоn. Precipitation reaction mау bе used either as qualitative or quantitative test. It is vеrу sensitive test and can detect as little as 1 pg of protein antigen.

Precipitation test has а considerable value in:

1. Identification of bacteria e.g. Lancefield's grouping of Streptococcus.

2. Detection of antibody for diagnostic purposes e.g. VDRL in syphilis.

3. Forensic application in identification of humаn blood and semen.

4. Detection of toxins in food and environment adulterants.

5. Evaluation of toxigenicity of bacteria.

6. Detection of soluble antigens and antibodies.

7. Quantative evaluation of Ig different classes in human serum.  

Tyреs of precipitation rеасtiоn

Ring test. Antigen solution is layered оvеr an antiserum in а nаrrоw tube. А precipitate ring арреаrs at the junction of the twо liquids. Examples of ring tests are C-reactive protein (CRP) test and streptococcal grouping bу the Lancefield technique.

Flоссulаtiоп test. It can bе done in slide and in tube. Slide test: А drop of antigen solution is added to а drop of inactivated patient's sеrum on а slide and mixed bу shaking, floccules appear. TheVDRL test fоr detection of antibodies against syphilis is an example of slide flocculation test. Тubе test: The Каhn test (tube flocculation) was done previously fоr diagnosis of syphilis. Standardisation of toxins and toxoids is also done bу tube flocculation test.

Immunodiffusion test. These аrе precipitation tests in gel. Immunodiffusion is generally done in 1% agar gel. There аrе following advantages of precipitation in gel rаthеr than in а liquid medium. The reacting band is easily visible and саn bе stained for preservation. This band is stable. The numbеr of different antigens in thе reaction can bе observed. As each antigen-antibody reaction gives rise to а line of precipitation, therefore, it helps to identify different antigens. Identity, сrоss reaction and non identity between different antigens can also bе observed bу immunodiffusion.

Аntiglоbulin (Сооmbs) test. This test was devised originally bу Сооmbs, Моurаnt and Race (1945) for thе detection of incomplete anti-Rh antibodies. When sera containing incomplete anti-Rh antibodies аrе mixed with corresponding Rh-positive еrуthrосуtеs, the incomplete antibody globulin coats the еrуthrосуtеs but no agglutination occurs. When such coated erythrocytes аrе treated with antiglobulin serum оr Coombs sеrum (rabbit antiserum against human gаmmа globulin), the cells аrе agglutinated. This is thе principle of Coombs test. There аrе twо types of Сооmbs test: direct Coombs test, indirect Coombs test. The only difference between the twо is thаt the sensitisation of the erythrocytes with incomplete antibodies takes place in vivo in direct type whereas it occurs in vitrо in indirect type. Coombs test used fоr detection of anti Rh antibodies; fоr demonstration of any type of incomplete antibody eg. brucellosis.

Heterophile Agglutination Тest. Heterophile antibodies have а рrореrtу to rеасt with microorganisms оr cells of unrelated species due to соmmоn antigenic sharing. 1) Weil- Felix rеaction. Some Proteus (ОХ19, ОХ2, ОХК) strains аrе agglutinated bу sera of patients with rickettsial infections. This is due to antigenic sharing bеtwееn these Proteus strains and Rickettsial species. 2) Раul-Вunnеl test. Sheep erythrocytes are agglutinated bу sera of infectious mononucleosis. 3) Streptococcus MG agglutination test. It is positive in рrimаrу atypical pneumonia.

Passive Agglutination Test. А precipitation reaction сап bе converted into agglutination test bу attaching soluble antigens to thе surface of carrier particles such as latex particles, bentonite and rеd blood cells (diagnostic reagent – diagnosticum). Such tests аrе called passive agglutination tests. This conversion is done because agglutination tests are mоrе sensitive for detection of antibodies. Passive agglutination tests аrе vеrу sensitive. Whеn instead of antigen, thе antibodies are adsorbed оn the саrriеr particles for estimation of antigens, this medicine is known as antibody diagnosticum.

Lаtеx agglutination test. Polystyrene latex particles (0.8 - l mkm in diameter) are widely employed to adsorb several types of antigens. Latex particles can also bе coated with antibody fоr detection of antigen. Тhеsе tests are vеrу convenient, rapid and specific. These аrе used for detection of hepatitis В antigen, ASO, CRP, RA factor, HCG, bacterial typing (N. mеningitidis) and mаnу other antigens.

Practice work 

Laboratory work #1. 

Tube agglutination test for detection of antibodies  in patient’s serum.

The goal:  To acquire a skill of evaluation of tube agglutination test for detection of antibodies in patient’s serum.  

Clinical Task. The clinical specimen (blood) was sampled from patient with provisional diagnosis “Enteric typhus? Paratyphus A?”. The specimen was submitted to the Lab. Serum was made from the blood. The tube agglutination test (Vidal’s reaction) with two diagnosticums (from Salmonella typhi and Salmonella paratyphi A) was used for detection of specific antibodies. Register results of this serological test.

The technique. Evaluation of the tube agglutination test is carried out after 24 h incubation under 37 °C. Every tube contains a dilution (titre) of patient’s serum (unknown antibody) from titre 1/100 up to 1/1600 and bacterial diagnosticum (known antigen). Control tube contains isotonic solution of NaCl instead of serum. Positive result looks like thin layer of white sediment in the bottom of tube, while fluid over sediment becomes transparent. After shaking sediment disintegrates into flakes, fluid remains transparent. Positive result looks like little sediment in the bottom of tube, while fluid over sediment remains opaque. After shaking the sediment goes up like a snake and then spreads within the fluid that becomes more opaque as at the beginning. 
OBSERVATIONS AND RESULTS

	Name of diagnosticum
	Dilutions of patient’s serum

	
	Control
	1/100
	1/200
	1/400
	1/800
	1/1600

	
	Phenomenon of agglutination (write +/-)

	Salmonella typhi diagnosticum
	
	
	
	
	
	

	Salmonella paratyphi A diagnosticum
	
	
	
	
	
	


The conclusion. Answer questions the following in written form:

1. What diagnosis is confirmed? Why?____________________________________
2. How you can explain positive phenomenon of agglutination with both diagnosticums?_____________________________________________________
Laboratory work #2. 

Precipitation test in gel (immunodiffusion in two dimensions) for estimation of bacterial toxigenicity. 

The goal:  To acquire a skill of evaluation of precipitation test in gel (immunodiffusion in two dimensions).  

The technique. А rectangular strip of filter paper soaked in diphtheria antitoxic serum (1000 units per ml) is placed on the surface of а 20% horse serum agar plate while the medium is still fluid. When the agar solidifies, the test strains of Corynebacterium diphtheria are inoculated along edges of the filter paper strip. The positive and negative control strains are also put up. The plate is incubated at 37°С for 24 till 48 hours. The toxin produced by the bacterial colonies diffuses in the agar and produces а line of precipitation where it meets the antitoxin at optimum concentration. Non-toxigenic strains will not produce any precipitation line. Please draw the plate and label all components of this serological test.

OBSERVATIONS AND RESULTS
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The conclusion. Answer questions the following in written form:

1. Is the test culture of isolated Corynebacterium diphtheria toxigenic? Why?______
2. What is a type of this toxin – exotoxin or endotoxin? Why? __________________
Laboratory work #3. 

Antiglobulin Coombs test for detection of incomplete antibodies in patient’s serum.

The goal:  To acquire a skill of evaluation of antiglobulin Coombs test.  

Clinical Task. The clinical specimen (blood) was sampled from two pregnant women (A. and H.) for estimation of possible Rhesus incompatibility between mother and foetus. The specimens were submitted to the Lab. Serum was made from the blood. Antiglobulin Coombs test was used to detect antibodies in the sera to Rh-factor. Register results of this serological test.

The technique. After consequent mixing of Rh+ erythrocytes, patient’s serum and antiglobulin serum clumping of erithrocytes occurs (floacks of aggregated erythrocytes) when haemagglutination test is positive. А negative result looks like compact sediment from erythrocytes of around form in the bottom of tube. 
OBSERVATIONS AND RESULTS

	Patient’s serum
	Dilutions of patient’s serum

	
	Control
	1/32
	1/64
	1/128

	
	Phenomenon of haemagglutination (write +/-)

	From patient A.
	
	
	
	

	From Patient H.
	
	
	
	


The conclusion. Answer questions the following in written form:

1. Which woman may develop further Rhesus incompatibility? Why?_____________
2. Why Coombs test is used for detection of antibodies to Rhesus factor but not other agglutination tests?_____________________________________________
Topic 3.  IMMUNE REACTIONS IN VITRO FOR DIAGNOSTICS OF INFECTIOUS DISEASES.

Home work.

I) Questions for study:

1) Complement fixation test (only direct). Components, mechanism, procedure, result’ registration and application.

2) Neutralisation test and its variances. Components, mechanism, procedure, result’ registration and application.

3) Opsonisation test. Components, mechanism, procedure, result’ registration and application.

4) Radioimmunoassay (RIA). Components, mechanism, procedure, result’ registration and application.

5) Enzyme Linked Immunosorbent Assay (ELISA). Variances, components, mechanism, procedure, result’ registration and application.

6) Immunochromatography. Components, mechanism, procedure, result’ registration and application.

7) Immunoblotting. Components, mechanism, procedure, result’ registration and application.
8) Hybridoma technology for production of monoclonal antibodies
II) Before class draw this table in your workbook and fill in all empty fields: 

Draw schems of sandwich, indirect and competitive ELISA and mark all reacting components (antigen, antibody, enzyme etc.)

Auditory work

I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing:
1) Complement fixation test (only direct). Components, mechanism, procedure, result’ registration and application.

2) Neutralisation test and its variances. Components, mechanism, procedure, result’ registration and application.

3) Opsonisation test. Components, mechanism, procedure, result’ registration and application.

4) Radioimmunoassay (RIA). Components, mechanism, procedure, result’ registration and application.

5) Enzyme Linked Immunosorbent Assay (ELISA). Variances, components, mechanism, procedure, result’ registration and application.

6) Immunochromatography. Components, mechanism, procedure, result’ registration and application.

7) Immunoblotting. Components, mechanism, procedure, result’ registration and application.
8) Hybridoma technology for production of monoclonal antibodies
The theoretical reference.
Complement Fixation Test (CFT)

1. Principle. The antigen-antibody complexes have ability to 'fix' complement. This reaction has no visible effect. To detect the fixation of complement, an indicator system consisting of sheep erythrocytes coated with amboceptor (rabbit antibody to sheep erythrocytes) is used. Complement can lyse these erythrocytes coated with antibodies. If complement is fixed and utilized in the antigen-antibody reaction, there is no free complement to act on the indicator system and hence no lysis of erythrocytes, which indicates the positive complement fixation test. Lysis of erythrocytes indicates that complement was not fixed in the first step and therefore, the serum is negative for antibodies (negative CFT).

[image: image8.emf]
Figure 3.1. Complement Fixation Test
2. Procedure. The serum (to be tested) should be inactivated by heating at 56°C for 30 minutes to destroy any complement activity the serum may have and to remove some non-specific inhibitors of complement. The antigen may be used as soluble or paniculate. Fresh guinea pig serum is used as source of complement. Complement activity is heat labile so it is used as fresh. Alternatively, the serum is preserved either in the lyophilised or frozen state or with addition of special preservatives.

Controls should be included in the test. Antigen and serum controls are included to ensure that they are not anti-complementary. Complement control is used to ensure that the desired amount has been added, and cell control to make sure that sensitised erythrocytes (erythrocytes coated with amboceptor) do not undergo lysis in the absence of complement.

3. Standardisation of Complement. The guinea pig serum is titrated for complement activity. One unit of minimum haemolytic dose (MHD) of complement is defined as the highest dilution (smallest quantity) of guineapig serum which lyses one unit volume of washed sheep red blood cells in the presence of excess haemolysin (amboceptor) within a fixed time (30 to 60 minutes) and at a fixed temperature (37°C).

4. Titration of Amboceptor. The amboceptor is titrated for haemolysin activity. One unit of minimum haemolytic dose (MHD) of haemolysin is defined as the highest dilution (smallest quantity) of the inactivated amboceptor which lyses one unit volume of washed sheep red blood cells in the presence of excess complement within a fixed time (30 to 60 minutes) and at a fixed temperature (37°C). Normal saline with added calcium and magnesium is used as diluent for titrations of complement, amboceptor and for CFT.

Neutralisation Test

Bacterial exotoxins are capable of producing neutralising antibodies (antitoxins) which play a role in protection against diseases such as diphtheria and tetanus. The toxicity of bacterial endotoxins is not neutralised by antisera. Viruses may also be neutralised by their antibodies and these are named as virus neutralisation tests.

Toxin-antitoxin neutralisation can be measured in vivo and in vitro.

In vivo tests
1. Toxigenicity Test. Toxigenicity test is done for detection of toxin of C. diphtheriae. It is an intradermal test to inject bacterial toxin in animal previously protected by antitoxin of C. diphtheriae and a test animal without antitoxin. No biological effects of toxin are observed in the control animal but test animal (unprotected) dies.

2. Shick Test. This is similar kind of test in humans. Diphtheria toxin is injected intradermally in man, there is no reaction at the site of injection if person is immune to diphtheria ie. antitoxin is present in blood. Injected toxin is neutralised by circulating antitoxin.

In vitro tests
1. Antistreptolysin 'O' (ASO) Test. Serum of patients suffering from Streptococcus pyogenes infection contains antistreptolysin 'O' (antitoxin) which neutralizes the haemolytic activity of streptococcal 'O' haemolysin (toxin).

2. Virus Neutralisation Tests. Neutralisation of viruses can be demonstrated in cell cultures, eggs and animals It is used mostly in typing viral isolates.

3. Nagler Reaction. Clostridium welchii toxin (alphatoxin) is neutralised by antitoxin when the bacteria is grown in egg yolk medium containing antitoxin. It is useful for rapid detection of C. welchii in clinical specimens.

Opsonisation.

Opsonisation is the process by which a paniculate antigen becomes more susceptible to phagocytosis. This occurs by help of opsonin which combines. with an antigen and facilitates phagocytosis. Opsonin may be an antibody-like substance or other component present in serum. Opsonic index is defined as ratio of phagocytic activity of the patient's blood for a given bacterium, to that of a normal individual. Phagocytic index is the average number of phagocytosed bacteria per polymorphonuclear leucocyte from stained blood films.Phagocytic index denotes the phagocytic activity of the blood and thus helps in measuring opsonic index.

Radioimmunoassay (RIA).

Berson and Yallow (1959) first described the test radioimmunoassay (RIA) and since then it has been utilised for quantitation of hormones, drugs, hepatitis B surface antigen; IgE and viral antigens. In 1977, Yallow was awarded the Nobel Prize for the discovery of RIA test. This test can detect antigens up to picogram (10-12g) quantities.

RIA is based on competition for a fixed amounts of specific antibody between a known radiolabelled antigen and unknown unlabeiled (test) antigen (Fig. 14.16).This competition is determined by the level of the test antigen present in the reacting system. After antigen-antibody reaction, the antigen is separated into the 'free' and 'bound' fractions and their radioactivity is measured. The concentration of test (unlabeiled) antigen is calculated from the ratio of the bound and total antigen labels, using a reference curve. The standard dose response or reference curve has to be prepared for calculations. This is done by running the reaction with fixed amounts of antibody and labelled antigen but with varying known amounts of unlabeiled antigen.The ratio of bound: total labels (B:T ratio) plotted against the unlabeiled antigen concentrations gives the standard reference curve. The concentration of antigen in the test sample is calculated with the help of B:T ratio of the test by using standard dose response or reference curve.

[image: image9.emf]
Figure 3.2. Radioimmunoassay

Enzyme Linked Immunosorbent Assay (ELISA).

ELISA has been applied widely for detection of a variety of antibodies and antigens. It is simple and nearly as sensitive as radioimmunoassay. It requires only microlitre quantities of test reagents. The principle of ELISA is almost same as that of immunofluorescence, the only difference being, an enzyme is used instead of fluorescent dye. The enzyme acts on substrate to produce a colour in a positive test. ELISA can be used for detection of antigen or antibody. Tests for specific immunoglobulin classes (e.g. IgM ELISA) are also available. It is done on a solid phase. The test can be done in polystyrene tubes (macro-ELISA) or polyvinyl microtitre plates (micro-ELISA).

Sandwich ELISA.For antigen detection in a specimen, the wells of microtitre plate are coated with specific antibody against the antigen to be detected. Specimens to be tested are added in coated wells. If antigen is present in specimen, it binds to coated antibody. To detect this antigen-antibody reaction, antiserum (antibody) conjugated with an enzyme is added. This conjugated antiserum binds to an antigen already attached to coated antibody. A substrate is added to know the binding of conjugated antiserum to antigen-antibody complex. In case of binding (positive result), an enzyme acts on substrate to produce colour, intensity of which can be read by spectrophotometer or ELISA reader. Colour detection can also be seen by naked eye. This type of ELISA test is also known as sandwich ELISA. Positive and negative controls should always be included in the test. At every step of ELISA test, incubation and washing is done to wash off unbound reagents.
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Figure 3.3. Enzyme Linked Immunosorbent Assay

Indirect ELISA.For antibody detection, the wells of microtitre plate are coated with antigen. Sera to be tested are added in these coated wells. If antibody is present in specimen, it binds to coated antigen. To detect this antigen-antibody reaction, a goat antihuman immunoglobulin antibody conjugated with an enzyme is added. Enzyme conjugated antihuman immunoglobulin binds to antibody (immunoglobulin in nature). To detect this binding, a substrate is added and enzyme acts on substrate to produce colour in a positive reaction. This procedure is also named as indirect ELISA, Reading of the test is same as described in sandwich ELISA. Positive and negative controls are always put up alongwith test sera. Incubation and washing is done at every step to wash off unbound reagents. Substrates are specific for each enzyme.The enzyme (horseradish peroxidase, alkaline phosphatase) gives rise to a colour change by adding specific substrate (o-phenyl-diamine dihydrochloride for peroxidase, p-nitrophenyl phosphate for alkaline phosphatase). Alkaline phosphatase with this substrate produces a yellow colour.

Competitive ELISA. It has been used for detection of HIV antibodies. Positive result shows no colour whereas appearance of colour indicates a negative test. Like radioimmunoassay, there are two specific antibodies, one conjugated with enzyme and other present in serum (if serum is positive for antibodies). Competition occurs between two antibodies for same antigen. The microtitre plate wells are coated with HIV antigen. Sera to be tested is added to these wells and incubated at 37°C and then washed. If antibodies are present, antigen-antibody reaction occurs. To detect this reaction, enzyme labelled specific HIV antibodies are added. There is no antigen left for these antibodies to act. These antibodies remain free and washed off during washing. Substrate is added but there is no enzyme to act on it. Therefore, positive results show no colour. If serum to be tested is negative for antibodies, antigen is there to combine with enzyme conjugated antibodies and enzyme acts on substrate to produce colour.

Uses of ELISA. It has been used for detection of antigens and antibodies of various microorganisms. Some examples are

1) Detection of HIV antibodies in serum 

2) Detection    of   mycobacterial    antibodies    in tuberculosis

3) Detection of rotavirus in faeces 

4) Detection of hepatitis B markers in serum 

5) Detection of enterotoxin of Escherichia coli in faeces etc.

Immunochromatography.

Immunochromatography or lateral flow immunoassay is one of the most popular form of rapid immunoassays. It can detect both antigens and antibodies. It has advantage of being a one step test. It can be completed within 30 minute. It is a strip based test. The strip contains a chromatographic pad with three zones: sample pad, conjugate pad and capture line (Fig 14.20). The conjugate pad may be having colloidal gold, dye, or latex beads as conjugate which produces signal. The specimen is applied to the sample pad and flows laterally by capillary action. Upon reaching the conjugate pad, it may bind to conjugate if antigen or antibody is present in the specimen and forms antigen antibody complex. This complex then flow laterally to reach capture line. Here it is captured by antigen or second antibody present in the capture line. The presence of colour line is a positive test. There is a positive control line also to check that the test was properly performed.

Immunoblotting.

In immunoblots, antibodies can detect proteins (antigens) in mixtures. The mixture of proteins (antigens) is electrophoretically separated in a gel. The separated proteins are then transferred from gel to a nitrocellulose paper. These nitrocellulose paper strips are reacted with test sera and subsequently with enzyme-conjugated anti-human immunoglobulin. A suitable substrate is added, colour is produced by enzyme where specific antibody in test sera has reacted with separated proteins on strip. This test has been widely used to confirm the ELISA positive HIV antibody cases. This is known as Western Blot test. It detects antibodies against various protein (antigen) fractions in test sera.

The above procedure may also be applied to analyse DNA or RNA. When DNA is transferred on nitrocellulose strips from gel, this test is referred to as Southern Blot test. Similarly, if RNA is transferred, it is named as Northern Blot test.
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Figure 3.4. Immunoblotting.

Hybridomas
Hybridomas are cells that have been engineered to produce a desired antibody in large amounts. To produce monoclonal antibodies, Bcells are removed from the spleen of an animal that has been challenged with the relevant antigen. These B-cells are then fused with myeloma tumor cells that can grow indefinitely in culture (myeloma is a B-cell cancer). This fusion is performed by making the cell membranes more permeable. The fused hybrid cells (called hybridomas), being cancer cells, will multiply rapidly and indefinitely and will produce large amounts of the desired antibodies. They have to be selected and subsequently cloned by limiting dilution. Supplemental media containing Interleukin-6 (such as briclone) are essential for this step. The production of monoclonal anti-bodies was first invented by Cesar Milstein, Georges J. F. Köhler and Niels Kaj Jerne in 1975. Selection occurs via culturing the newly fused primary hybridoma cells in selective-media, specifically media containing 1x concentration HAT for roughly 10–14 days. After using HAT it is often desirable to use HT containing media. Cloning occurs after identification of positive primary hybridoma cells. Clone by limited dilution. While some may believe that IL-6 is essential for this step, it is not necessary to add that expensive supplement, rather use 50% heat-inactivated FBS for the first week. Add 10% FBS DMEM to the clone culture plate after screening for single colony wells.
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(1) Immunisation of a mouse (2) Isolation of B cells from the spleen 
(3) Cultivation of myeloma cells (4) Fusion of myeloma and B cells 
(5) Separation of cell lines (6) Screening of suitable cell lines
(7) in vitro (a) or in vivo(b) multiplication (8) Harvesting

Figure 3.5. Hybridomas

Practic work
Laboratory work #1. 

ELISA for detection of antibodies  in patient’s serum.

The goal:  To acquire a skill of evaluation of  ELISA for detection of antibodies in patient’s serum.  

Clinical Task. The clinical specimen (blood) was sampled from two persons to detect HIV infection. The specimens were submitted to the Lab. Serum was made from the blood. The ELISA with HIV diagnosticum was used for detection of specific antibodies. Register results of this serological test.

The technique. Evaluation of the ELISA test is carried out by automatic evaluation of optic density with plate photometer. Approximate evaluation of results is able by eye.  Every well contains a patient’s serum (unknown antibody). Control wells instead of patient’s serum contain sera without antibodies to HIV (negative control) or with them (positive control). Positive result looks like well of yellow color. Negative result looks like colourless well. 
OBSERVATIONS AND RESULTS

	
	Positive control
	Negative control
	Person 1
	Person 2

	Colour of well
	
	
	
	

	Evaluation of result (+/-)
	
	
	
	


The conclusion. Answer questions the following in written form:

1. Enumerate basic components of this reaction.______________________________

2. What is the difference between wells with trial sera? Why?___________________
Laboratory work #2. 

Complement fixation test for detection of antibodies in patient’s serum.
The goal:  To acquire a skill of evaluation of complement fixation test.  

Clinical Task. The clinical specimen (blood) was sampled from patient with provisional diagnosis “Gonorrhoea. Chronicle course”. The specimen was submitted to the Lab. Serum was made from the blood. Complement fixation test was used to detect antibodies in the sera. Register results of this serological test.

The technique of result registration. Result of complement fixation test is evaluated by haemolysis. Negative control tubes contain homogenous red liquid (haemolysis). Positive tube contains transparent or pink liguid with erythrocytes sedimented in the bottom of tube. 
OBSERVATIONS AND RESULTS

Components of Complement fixation test

	No.
	Name of component
	Composition 
	Producing 
	What system is the component  involved?

	
	
	
	
	Trial (AG-AB)
	Indicator

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	


	
	Dilutions of patient’s serum

	
	Control
	1/100
	1/200
	1/400
	1/800

	Phenomenon of haemolysis (+/-)
	
	
	
	
	

	Evaluation of result (+/-)
	
	
	
	
	


The conclusion. Answer the following question in written form:

Is the provisional diagnosis confirmed? Why?______________________________
Topic 4. INNATE IMMUNITY                            

Home work.

I) Questions for study:

1) Recognition of microbes and damaged self by the innate immune system.

2) Cell-associated pattern recognition receptors of innate immunity (TOLL-like receptors, cytosolic receptors for PAMPS and DAMPS, other cell-associated pattern recognition receptors)

3) Cellular components of the innate immune system (epithelial barriers, phagocytes, dendritic cells, natural killer cells, t and b lymphocytes with limited antigen receptor, specificities, mast cells)

4) Soluble recognition and effector molecules of innate immunity (natural antibodies,  the complement system, pentraxins, collectins and ficolins)

5) The inflammatory response (the major proinflammatory cytokines tnf, il-1, and il-6, recruitment of leukocytes to sites of infection, phagocytosis and killing of microbes by activated phagocytes, systemic and pathologic consequences of the acute inflammatory responses)

6) Stimulation of adaptive immunity.

II) Before class draw in your workbook schems of pathways of complement activation

Auditory work 
I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1) Recognition of microbes and damaged self by the innate immune system.

2) Cell-associated pattern recognition receptors of innate immunity (TOLL-like receptors, cytosolic receptors for PAMPS and DAMPS, other cell-associated pattern recognition receptors)

3) Cellular components of the innate immune system (epithelial barriers, phagocytes, dendritic cells, natural killer cells, t and b lymphocytes with limited antigen receptor, specificities, mast cells)

4) Soluble recognition and effector molecules of innate immunity (natural antibodies,  the complement system, pentraxins, collectins and ficolins)

5) The inflammatory response (the major proinflammatory cytokines tnf, il-1, and il-6, recruitment of leukocytes to sites of infection, phagocytosis and killing of microbes by activated phagocytes, systemic and pathologic consequences of the acute inflammatory responses)

6) Stimulation of adaptive immunity.

The theoretical reference.
Innate immunity is the first line of defense against infections. The cells and soluble molecules of innate immunity either exist in a fully functional state before encounter with microbes or are rapidly activated by microbes, faster than the development of adaptive immune responses Innate immunity serves three important functions. Innate immunity is the initial response to microbes that prevents, controls, or eliminates infection of the host by many microbes. Innate immune mechanisms recognize the products of damaged and dead host cells and serve to eliminate these cells and to initiate the process of tissue repair. Innate immunity to microbes stimulates adaptive immune responses and can influence the nature of the adaptive responses to make them optimally effective against different types of microbes. 

Recognition of microbes and damaged self. By the innate immune system
The specificities of innate immune recognition have evolved to combat microbes and are different from the specificities of the adaptive immune system in several respects.

The innate immune system recognizes molecular structures that are characteristic of microbial pathogens but not mammalian cells. The microbial substances that stimulate innate immunity are called pathogen-associated molecular patterns (PAMPs). Different classes of microbes (e.g., viruses, gram-negative bacteria, grampositive bacteria, fungi) express different PAMPs. These structures include nucleic acids that are unique to microbes, such as double-stranded RNA found in replicating viruses and unmethylated CpG DNA sequences found in bacteria; features of proteins that are found in microbes, such as initiation by N-formylmethionine, which is typical of bacterial proteins; and complex lipids and carbohydrates that are synthesized by microbes but not by mammalian cells, such as lipopolysaccharide (LPS) in gram-negative bacteria, lipoteichoic acid in grampositive bacteria, and mannose-rich oligosaccharides found in microbial but not in mammalian glycoproteins. In actuality, there are only a limited number of fundamental differences between microbial molecules and the molecules that higher organisms produce. Thus, the innate immune system has evolved to recognize only a limited number of molecules, most of which are unique to microbes, whereas the adaptive immune system is capable of recognizing a much wider array of foreign substances whether or not they are products of microbes.

The innate immune system also recognizes endogenous molecules that are produced by or released from damaged and dying cells. These substances are called damageassociated molecular patterns (DAMPs). DAMPs may be produced as a result of cell damage caused by infections, but they may also indicate sterile injury to cells caused by any of myriad reasons, such as chemical toxins, burns, trauma, or decreased blood supply. DAMPs are generally not released from cells dying by apoptosis. In some cases, healthy cells of the immune system are stimulated to produce and release DAMPs, which enhances an innate immune response to infections.

The innate immune system uses several types of cellular receptors, present in different locations in cells, and soluble molecules in the blood and mucosal secretions to recognize PAMPs and DAMPs. Cell-associated recognition molecules of the innate immune system are expressed by phagocytes (primarily macrophages and neutrophils), dendritic cells, epithelial cells that compose the barrier interface between the body and the external environment, and many other types of cells that occupy tissues and organs. These cellular receptors for pathogens and damage-associated molecules are often called pattern recognition receptors. They are expressed on the plasma membrane or endosomal membranes of various cell types and also in the cytoplasm of these cells. These various locations of the receptors ensure that the innate immune system can respond to microbes that may be present outside cells or within different cellular compartments. When these cell-associated pattern recognition molecules bind to PAMPs and DAMPs, they activate signal transduction events that promote the antimicrobial and proinflammatory functions of the cells in which they are expressed. In addition, there are many proteins present in the blood and extracellular fluids that recognize PAMPs. These soluble molecules are responsible for facilitating the clearance of microbes from blood and extracellular fluids by enhancing uptake into cells or by activating extracellular killing mechanisms.

The receptors of the innate immune system are encoded in the germline, whereas the receptors of adaptive immunity are generated by somatic recombination of receptor genes in the precursors of mature lymphocytes. As a result, the repertoire of specificities of innate immune system receptors is small compared with that of B and T cells of the adaptive immune system. It is estimated that the innate immune system can recognize about 103 molecular patterns. In contrast, the adaptive immune system is capable of recognizing 107 or more distinct antigens. Furthermore, whereas the adaptive immune system can distinguish between antigens of different microbes of the same class and even different antigens of one microbe, innate immunity can distinguish only classes of microbes, or only damaged cells from healthy cells, but not particular species of microbes or cell types.

The innate immune system does not react against normal, healthy cells and tissues. This characteristic is, of course, essential for the health of the organism. It is determined in part by the specificity of innate immune mechanisms for PAMPs and DAMPs and in part by regulatory proteins expressed by normal cells that prevent activation of various components of innate immunity. 

Cell-associated pattern recognition receptors. Toll-like receptors
The Toll-like receptors (TLRs), an evolutionarily conserved family of pattern recognition receptors expressed on many cell types, recognize products of a wide variety of microbes. Toll was originally identified as a Drosophila gene involved in establishing the dorsal-ventral axis during embryogenesis of the fruit fly, but subsequently it was discovered that the Toll protein also mediated antimicrobial responses in these organisms. This discovery led to the identification of mammalian homologues of Toll, which were named Toll-like receptors. There are 9 different functional TLRs in humans, named TLR1 to TLR9. The TLRs are type I integral membrane glycoproteins that contain leucine-rich repeats flanked by characteristic cysteine-rich motifs in their extracellular regions, which are involved in ligand binding, and a Toll/IL-1 receptor (TIR) homology domain in their cytoplasmic tails, which is essential for signaling. TIR domains are also found in the cytoplasmic tails of the receptors for the cytokines IL-1 and IL-18, and similar signaling pathways are engaged by TLRs, IL-1, and IL-18.

TLRs are also involved in response to endogenous molecules whose expression or location indicates cell damage. The structural basis of TLR specificities resides in the multiple extracellular leucine-rich modules of these receptors, which bind directly to PAMPs or to adaptor molecules that bind the PAMPs. TLRs are found on the cell surface and on intracellular membranes and are thus able to recognize microbes in different cellular locations. TLRs 1, 2, 4, 5, and 6 are expressed on the plasma membrane, where they recognize various PAMPs in the extracellular environment
TLR recognition of microbial ligands results in the activation of several signaling pathways and ultimately transcription factors, which induce the expression of genes whose products are important for inflammatory and antiviral responses. The signaling pathways are initiated by ligand binding to the TLR at the cell surface or in the endoplasmic reticulum or endosomes, leading to dimerization of the TLR proteins.  Ligand-induced TLR dimerization is predicted to bring the TIR domains of the cytoplasmic tails of each protein close to one another. This is followed by recruitment of TIR domain–containing adaptor proteins, which facilitate the recruitment and activation of various protein kinases, leading to the activation of different transcription factors. 

Cytosolic receptors for pamps and damps
In addition to the membrane-bound TLRs, which sense pathogens outside cells or in endosomes, the innate immune system has evolved to equip cells with pattern recognition receptors that detect infection or cell damage in the cytoplasm. The two major classes of these cytoplasmic receptors are NOD-like receptors and RIG-like receptors.

NOD-like Receptors (NLRs) are a family of more than 20 different cytosolic proteins, some of which sense cytoplasmic PAMPs and DAMPs and recruit other proteins to form signaling complexes that promote inflammation. The NLRP subfamily of NLRs respond to cytoplasmic PAMPs and DAMPs by forming signaling complexes called inflammasomes, which generate active forms of the inflammatory cytokine IL-1. Inflammasomes containing only three of these NLRPs have been well studied, notably IPAF/NLRC4, NLRP3, and NLRP1. When these NLRPs are activated by the presence of microbial products or changes in the amount of endogenous molecules or ions in the cytoplasm, they bind other proteins through homotypic interactions between shared structural domains, thereby forming the inflammasome complex.
NLRP-inflammasome responses are induced by a wide variety of cytoplasmic stimuli, including microbial products, environmentally or endogenously derived crystals, and reduction in cytoplasmic potassium ion (K+) concentrations, that are often associated with infections and cell stress. 

RIG-like receptors (RLRs) are cytosolic sensors of viral RNA that respond to viral nucleic acids by inducing the production of the antiviral type I interferons. RLRs can recognize double-stranded and single-stranded RNA, which includes the genomes of RNA viruses and RNA transcripts of RNA and DNA viruses. 

Other Cell-Associated Pattern Recognition Receptors. Several types of plasma membrane and cytoplasmic receptors other than the classes described before are expressed on the plasma membranes of various cell types and recognize microbial molecules. Some of these receptors transmit activating signals, similar to TLRs, that promote inflammatory responses and enhance killing of microbes. Other receptors mainly participate in the uptake of microbes into phagocytes.

Receptors that recognize carbohydrates on the surface of microbes facilitate the phagocytosis of the microbes and stimulate subsequent adaptive immune responses. These receptors belong to the C-type lectin family, so called because they bind carbohydrates (hence, lectins) in a Ca-dependent manner (hence, C-type). 

Mannose receptor. One of the most studied membrane C-type lectins is the mannose receptor (CD206), which is involved in phagocytosis of microbes. This receptor recognizes certain terminal sugars on microbial surface carbohydrates, including D-mannose, L-fucose, and N-acetyl-D-glucosamine. These terminal sugars are often present on the surface of microorganisms, whereas eukaryotic cell carbohydrates are most often terminated by galactose and sialic acid. Thus, the terminal sugars on microbes can be considered PAMPs. 

Dectins. Dectin-1 (dendritic cell–associated C-type lectin 1) and dectin-2 are dendritic cell receptors that serve as pattern recognition receptors for two life cycle stages of fungal organisms. 

Scavenger receptors comprise a structurally and functionally diverse collection of cell surface proteins that were originally grouped on the basis of the common characteristic of mediating the uptake of oxidized lipoproteins into cells. 

N-Formyl met-leu-phe receptors, including FPR and FPRL1 expressed by neutrophils and macrophages, respectively, recognize bacterial peptides containing N-formylmethionyl residues and stimulate directed movement of the cells.

Cellular components of the innate immune system
The cells of the innate immune system perform several functions that are essential for defense against microorganisms. Some cells form physical barriers that impede infections. Several cell types express the various pattern recognition receptors we have just discussed, and after recognizing PAMPs and DAMPs, they respond by producing inflammatory cytokines and antiviral proteins and by killing microbes or infected cells. In addition, some of the cells of innate immunity are critical for stimulating subsequent adaptive immune responses. 

Epithelial Barriers

Intact epithelial surfaces form physical barriers between microbes in the external environment and host tissue, and epithelial cells produce antimicrobial chemicals that further impede the entry of microbes. The main interfaces between the environment and the mammalian host are the skin and the mucosal surfaces of the gastrointestinal, respiratory, and genitourinary tracts. These interfaces are lined by continuous layers of specialized epithelial cells that serve many physiologic functions, including preventing the entry of microbes. Loss of the integrity of these epithelial layers by trauma or other reasons predisposes an individual to infections. The protective barrier function is in large part physical. The epithelial cells form tight junctions with one another, blocking passage of microbes between the cells. The outer layer of keratin, which accumulates as surface skin keratinocytes die, serves to block microbial penetration into deeper layers of the epidermis. Mucus, a viscous secretion containing glycoproteins called mucins, is produced by respiratory, gastrointestinal, and urogenital epithelial cells. Mucus physically impairs microbial invasion and facilitates microbe removal by ciliary action in the bronchial tree and peristalsis in the gut. Although these physical barrier properties alone are very important in host defense, other epithelial defense mechanisms have evolved to complement the physical barrier.

Epithelial cells as well as some leukocytes produce peptides that have antimicrobial properties. Two structurally distinct families of antimicrobial peptides are the defensins and the cathelicidins.

Defensins are small cationic peptides, 29 to 34 amino acids long, that contain three intrachain disulfide bonds. Two families of human defensins, named гand (, are distinguished by the location of these bonds. Defensins are produced by epithelial cells of mucosal surfaces and by granule-containing leukocytes, including neutrophils, natural killer cells, and cytotoxic T lymphocytes. Paneth cell defensins are sometimes called crypticidins; their function is to limit the amount of microbes in the lumen. Defensins are also produced elsewhere in the bowel, in respiratory mucosal cells, and in the skin. Some defensins are constitutively produced by some cell types, but their secretion may be enhanced by cytokines or microbial products. In other cells, defensins are produced only in response to cytokines and microbial products. The protective actions of the defensins include both direct toxicity to microbes, including bacteria and fungi, and the activation of cells involved in the inflammatory response to microbes. The mechanisms of direct microbicidal effects are poorly understood.

Cathelicidins are produced by neutrophils and various barrier epithelia, including skin, gastrointestinal tract, and respiratory tract. Cathelicidin is synthesized as an 18-kD two-domain precursor protein and is proteolytically cleaved into two peptides, each with protective functions. Both precursor synthesis and proteolytic cleavage may be stimulated by inflammatory cytokines and microbial products. The active cathelicidins protect against infections by multiple mechanisms, including direct toxicity to a broad range of microorganisms and the activation of various responses in leukocytes and other cell types that promote eradication of microbes. The C-terminal fragment, called LL-37, can also bind and neutralize LPS, a toxic component of the outer wall of gram-negative bacteria that has been mentioned previously.

Barrier epithelia contain certain types of lymphocytes, including intraepithelial T lymphocytes, that recognize and respond to commonly encountered microbes. Intraepithelial T lymphocytes are present in the epidermis of the skin and in mucosal epithelia. Various subsets of intraepithelial lymphocytes are present in different proportions, depending on species and tissue location. 

Phagocytes

Cells that have specialized phagocytic functions, primarily macrophages and neutrophils, are the first line of defense against microbes that breach epithelial barriers. First, they are able to internalize and kill microbes. Neutrophils and macrophages are particularly good at this function. Second, phagocytes respond to microbes by producing various cytokines that promote inflammation and also enhance the antimicrobial function of host cells at the site of infection. Among the “professional phagocytes,” macrophages are particularly good at this second function. Macrophages are also involved in the repair of damaged tissues, which is another function important in host defense. The essential role that phagocytes play in innate immune defense against microbes is demonstrated by the high rate of lethal bacterial and fungal infections in patients with low blood neutrophil counts caused by bone marrow cancers or cancer therapy and in patients with inherited deficiencies in the functions of phagocytes.

Dendritic Cells

Dendritic cells perform essential recognition and effector roles in innate immunity. Recall that this heterogeneous family of bone marrow–derived cells with long dendrite-like cytoplasmic processes are constitutively present in epithelia and most tissues of the body. Because of their placement and morphology, these cells are poised to detect invading microbes. Furthermore, dendritic cells express more different types of TLRs and cytoplasmic pattern recognition receptors than any other cell type, making them the most versatile sensors of PAMPs and DAMPs among all cell types in the body. One particular subset of dendritic cells, called plasmacytoid dendritic cells because their morphology is similar to antibodyproducing plasma cells, is the major source of antiviral cytokines, type I interferons, produced in response to viral infections. This feature of plasmacytoid dendritic cells is due in part to the fact that these cells, more than other cell types, abundantly express the endosomal TLRs (TLRs 3, 7, 8, 9) that recognize nucleic acids of viruses that have been internalized into the cell. Dendritic cells are uniquely capable of triggering and directing adaptive T cell–mediated immune responses, and this is dependent on their innate immune responses to microbes. Importantly, the innate response of dendritic cells to PAMPs is essential for these functions, which are enhanced by TLR signaling. Furthermore, TLR signaling induces dendritic cell expression of molecules, including costimulatory molecules and cytokines, that are needed, in addition to antigen, for the activation of the naive T cells and their differentiation into effector T cells. Depending on the nature of the microbe that induces the innate response, a dendritic cell will direct naive T cell differentiation into distinct types of effector cells, such as IFN-(–producing TH1 cells or IL-17–producing TH17 cells.

Natural Killer Cells

Natural killer (NK) cells are lymphocytes distinct from T and B cells that play important roles in innate immune responses mainly against intracellular viruses and bacteria. The term natural killer derives from the fact that these cells are capable of performing their killing function without a need for clonal expansion and differentiation, which is required for effector responses of the immune system’s other killer cells, the cytotoxic T lymphocytes (CTLs). NK cells constitute 5% to 15% of the mononuclear cells in the blood and spleen. They are rare in other lymphoid organs but are concentrated in certain organs such as the liver and gravid uterus. NK cells arise from bone marrow precursors and appear as large lymphocytes with numerous cytoplasmic granules. NK cells do not express highly diverse, clonally distributed antigen receptors typical of B and T cells. Rather, they use germline DNA-encoded receptors, discussed later, to distinguish pathogen-infected from healthy cells. They can be identified in the blood by expression of CD56 and the absence of CD3, two membrane proteins often found together on activated CTLs.

Recognition of Infected and Stressed Cells by NK Cells

NK cells distinguish infected and stressed cells from healthy cells, and NK cell activation is regulated by a balance between signals that are generated from activating receptors and inhibitory receptors. There are several families of these receptors, some members of which we will discuss later. These receptors recognize molecules on the surface of other cells and generate activating or inhibitory signals that promote or inhibit NK responses. In general, the activating receptors recognize ligands on infected and injured cells, and the inhibitory receptors recognize healthy normal cells. When an NK cell interacts with another cell, the outcome is determined by the integration of signals generated from the array of inhibitory and activating receptors that are expressed by the NK cell and that interact with ligands on the other cell. Because of the stochastic nature of their expression, there is significant diversity in the array of activating and inhibitory receptors that different NK cells express in any one individual. The result of this is that an individual’s NK cells will respond to different types of microbes or infected cells. Furthermore, the genes encoding many of these receptors are polymorphic, meaning that there are several variants of the genes in the population, so that one person will express a slightly different form of the receptors than another person. Most NK cells express inhibitory receptors that recognize class I major histocompatibility complex (MHC) molecules, which are cell surface proteins normally expressed on almost all healthy cells in the body. A major function of class I MHC molecules, distinct from their role in regulating NK cell activation, is to display peptides derived from cytoplasmic proteins, including microbial proteins, on the cell surface for recognition by CD8T lymphocytes. For now, it is important to understand that NK cells use fundamentally different types of receptors than do T cells to recognize class I MHC molecules. Unlike T cells, many of the NK receptors for class I MHC respond by inhibiting NK activation. This is useful because normal cells express class I MHC molecules, and many viruses and other causes of cell stress lead to a loss of cell surface expression of class I MHC. Thus, NK cells interpret the presence of class I MHC molecules as markers of normal, healthy self, and their absence is an indication of infection or damage. Conversely, NK cells will not receive inhibitory signals from infected or stressed cells. At the same time, the NK cells are likely to receive activating signals from the same infected cells through activating receptors. The net result will be activation of the NK cell to secrete cytokines and to kill the infected or stressed cell. This ability of NK cells to become activated by host cells that lack class I MHC has been called recognition of missing self.

Inhibitory receptors of NK cells share the common feature of a structural motif in their cytoplasmic tails, called an immunoreceptor tyrosine-based inhibition motif (ITIM), which engages molecules that block the signaling pathways of activating receptors. Activating receptors on NK cells recognize a heterogeneous group of ligands, some of which may be expressed on normal cells and others of which are expressed mainly on cells that have undergone stress, are infected with microbes, or are transformed. Most activating NK receptors share the common feature of a structural motif in their cytoplasmic tails, called an immunoreceptor tyrosine-based activation motif (ITAM), which engages in signaling events that promote target cell killing and cytokine secretion. The ability of activating receptors to induce functional responses in NK cells is enhanced by cytokines. The major cytokines of the innate immune system that stimulate NK function are IL-12, IL-15, IL-18, and type I interferons (discussed later). 
Effector Functions of NK Cells

The effector functions of NK cells are to kill infected cells and to activate macrophages to destroy phagocytosed microbes. NK cells, like CTLs, have granules containing proteins that mediate killing of target cells. When NK cells are activated, granule exocytosis releases these proteins adjacent to the target cells. One NK cell granule protein, called perforin, facilitates the entry of other granule proteins, called granzymes, into the cytoplasm of target cells. The granzymes are enzymes that initiate a sequence of signaling events that cause death of the target cells by apoptosis. By killing cells infected by viruses and intracellular bacteria, NK cells eliminate reservoirs of infection. Some tumors, especially those of hematopoietic origin, are targets of NK cells, perhaps because the tumor cells do not express normal levels or types of class I MHC molecules.

NK cells play several important roles in defense against intracellular microbes. They kill virally infected cells before antigen-specific CTLs can become fully active, that is, during the first few days after viral infection. Early in the course of a viral infection, NK cells are expanded and activated by IL-12 and IL-15, and they kill infected cells, especially those that display reduced levels of class I MHC molecules. In addition, IFN-(secreted by NK cells activates macrophages to destroy phagocytosed microbes. 

T and B Lymphocytes with Limited Antigen Receptor Specificities

The diversity of antigen receptors is generated by random somatic recombination of a large set of germline DNA segments  as well as modification of nucleotide sequences at the junctions between the recombined segments, yielding unique antigen receptor genes in each lymphocyte clone. However, certain subsets of T and B lymphocytes have very little diversity because the same antigen receptor gene DNA segments are recombined in each clone and there is little or no modification of junctional sequences. It appears that these T and B cell subsets recognize structures expressed by many different or commonly encountered microbial species; in other words, they recognize PAMPs. B cell subsets that produce antibodies with a limited set of specificities include B-1 B cells and marginal zone B cells. Although these T and B cells perform similar effector functions as do their more clonally diverse counterparts, the nature of their specificities places them in a special category of lymphocytes that is akin more to effector cells of innate immunity than to cells of adaptive immunity. 

Mast cells are present in the skin and mucosal epithelium and rapidly secrete proinflammatory cytokines and lipid mediators in response to infections and other stimuli. These cells contain abundant cytoplasmic granules containing various inflammatory mediators that are released when the cells are activated, either by microbial products or by a special antibody-dependent mechanism. The granule contents include vasoactive amines (such as histamine) that cause vasodilation and increased capillary permeability, and proteolytic enzymes that can kill bacteria or inactivate microbial toxins. Mast cells also synthesize and secrete lipid mediators (such as prostaglandins) and cytokines (such as TNF). Because mast cells are usually located adjacent to blood vessels, their released granule contents rapidly induce changes in the blood vessels that promote acute inflammation. 

Soluble recognition and effector molecules of innate immunity.
Several different kinds of molecules that recognize microbes and promote innate responses exist in soluble form in the blood and extracellular fluids. These molecules provide early defense against pathogens that are present outside host cells at some part of their life cycle. The soluble effector molecules function in two major ways. By binding to microbes, they act as opsonins and enhance the ability of macrophages, neutrophils, and dendritic cells to phagocytose the microbes. This is because the phagocytic cells express membrane receptors specific for the opsonins, and these receptors can efficiently mediate the internalization of the complex of opsonin and bound microbe. After binding to microbes, soluble mediators of innate immunity promote inflammatory responses that bring more phagocytes to sites of infections, and they may also directly kill microbes. The soluble effector molecules are sometimes called the humoral branch of innate immunity, analogous to the humoral branch of adaptive immunity mediated by  antibodies. 

Natural antibodies
Many antibodies with millions of different fine specificities are produced in humoral immune responses by B lymphocytes and their progeny, as part of the adaptive immune system, and we will describe antibodies and B cell responses in detail in later chapters. However, there are subsets of B cells that produce antibodies with only a limited number of specificities without overt exposure to foreign antigens, and these are called natural antibodies. As is typical for other components of innate immunity, natural antibodies are already present before infections, and they recognize common molecular patterns on microbes or stressed and dying cells. Natural antibodies are usually specific for carbohydrate or lipid molecules but not proteins, and most are IgM antibodies, one of several structural classes of Ig molecules. A remarkably large proportion of the natural antibodies in humans and mice are specific for oxidized lipids, including phospholipid head groups such as lysophosphatidylcholine and phosphorylcholine, which are found on bacterial membranes and on apoptotic cells but are not exposed on the surface of healthy host cells. 

The complement system
The term complement refers to the ability of a system of some nonspecific proteins in normal human serum to complement, i.e., augment the effects of other components of immune system, such as antibody. The complement system, which is an important component of the human innate host defense system, consists of approximately 20 proteins that are present in normal human serum.

The complement system is an extremely powerful system comprising of rapidly acting glycoproteins, several proenzymes, and components, and it exists in an inactive state in the plasma. All normal individuals always have complement components in their blood.

Properties of Complement

1. It is present in sera of all mammals including humans and in lower animals including birds, amphibians, and fishes.

2. These are heat-labile substances that are inactivated by heating serum at 56°C for 30 minutes.

3. These are glycoproteins and are synthesized primarily by liver cells and to a very less extent by macrophages and many other cell types. The rate of synthesis of the various complement glycoproteins increase when complement is activated and consumed.

4. The complement usually does not bind to the antigen or antibody but only to antigen–antibody complex.

5. The importance of the complement lies in the fact that it contributes to both the acquired and innate immunity of an individual.

Nomenclature of Complement. Complement components are designated by numerals, viz., C1–9. These components circulate in plasma in the form of proenzymes that are functionally inactive. Activation involves cleavage by proteolysis into peptide fragments. The fragments are designated with lowercase suffixes—for example, C3 is cleaved into two fragments, C3a and C3b. Normally, the large fragment is designated “b”, and the small fragment “a”. But for historical reasons, with respect to the fragments of C2, the large fragment is designated C2a and the small one is designated C2b.

Effects of complement. It causes lysis of cells (such as bacteria, viruses, allografts, and tumor cells). It generates mediators that participate in triggering specific cell functions, inflammation, and secretion of immunoregulatory molecules. It facilitates opsonization, the process by which bacteria are more readily and more efficiently engulfed by phagocytes. It causes immune clearance, in which immune complexes from the circulation are removed and are transported to spleen and liver.

Activation of Complement takes place through any of the following three pathways:
1. The classical pathway

2. The alternative pathway

3. The lectin pathway

Of these, alternative and lectin pathways are important in the innate immunity of the host. These two are also more important when the human host is infected by a microorganism for the fi rst time, because the antibody required to trigger the classical pathway is not present. All the three activation pathways lead to activation of C3, resulting in the production of C3b. Hence, C3b is considered as the central molecule in the activation of the complement cascade.

The final steps that lead to the formation of a membrane attack complex are same in all the pathways. When these complement components are activated, a sequential, rapid cascading pattern ensues. This is because once a complement component is activated, it is either cleaved or becomes bound to a previously activated component or complex of complement components. Also, each component or complex of components, once activated, generally amplifies the cascading process by activating many molecules of the next component in the series.

Classical Pathway of Complement Activation

The classical pathway is a chain of events in which complement components react in specific sequences as a cascade resulting in cell lysis. It is activated by antibody bound to antigen but never by native or free antibody.

Activators of the classical pathway include the following:

Immunoglobulins IgM and IgG. The IgG subclasses vary with regard to their efficiency in activating the complement; IgG3 immunoglobulins are the most efficient, followed by IgG1 and IgG2. IgG4 immunoglobulins do not activate the classical pathway.

Native, free IgG or IgM do not activate the complement system. A single, native IgG molecule will not bind and activate the complement pathway. However, if antibodies of the IgG class are aggregated by antigen binding, this will result in complement fixation and activation. The formation of an antigen–antibody complex induces conformational changes in the Fc portion of the IgM molecule that expose a binding site for the C1 component of the complement system Staphylococcal protein A, C-reactive protein, and DNA.
Steps of activation of classical pathway: The classical pathway of complement activation usually begins with the formation of soluble antigen–antibody complexes (immune complexes) or with the binding of antibody to antigen on a suitable target, such as a bacterial cell. Following are the sequential steps in the activation of classical pathway:
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Figure 4.1.Classical Pathway of Complement Activation

1. Activation of C1 is the first step in the cascade of classical pathway activation. The C1 actually is a complex of three different types of molecules: C1q, C1r, and C1s. C1q first combines with the Fc portion of the bound antibody, IgM or IgG. This results in the sequential activation of C4, C2, and C3. For C1 to be activated, it must bind to at least two adjacent Fc regions. This means that the concentration of antibody of the IgG class must be relatively high and that the specific antigenic determinants recognized by the IgG antibody must be in close proximity. When pentameric IgM is bound to antigen on a target surface, it assumes the so-called stable configuration, in which at least three binding sites for the C1q are exposed. Since IgG molecules have a lower valency, about 1000 of them are needed to ensure the initiation of the complement pathway as against only one IgM molecule.

2. C1q binding in the presence of calcium ions leads to activation of C1r and C1s. Activated C1s is an esterase that splits C4 into two fragments: a small soluble fragment (C4a) and a larger fragment (C4b). C4a has anaphylatoxin activity, and C4b binds to cell membrane along with C1. C4b in the presence of Mg2_ splits C2 into C2a and C2b. The smaller fragment (C2b) diffuses away, while the larger fragment (C2a) remains attached to C4b. The resulting C4b2a complex possesses enzymatic activity and is called C3 convertase, which converts C3 into an active form.

3. The C3 convertase activate thousands of C3 molecules and splits these molecules into C3a and C3b. A single C3 convertase molecule can generate over 200 molecules of C3b, resulting in tremendous amplification at this step of the sequence. The biological importance of activated C3b as well as C4b is that they are able to bind to C3b/C4b receptors (currently designated as CR1 receptors) present on almost all host cells, most notably phagocytes. The increased affinity of phagocytic cells for C3b (or iC3b)/C4b-coated particles is known as immune adherence. The latter is responsible for a significant enhancement of phagocytosis, which is one of the main defense mechanisms of the body.

4. Some of the C3b binds to C4b2a to form a trimolecular complex C4b2a3b called C5 convertase. The C5 convertase splits C5 into C5a and C5b. C5a diffuses away, while C5b attaches to C6 and initiates formation of C5b–9 complex otherwise known as membrane attack complex (MAC). Released C5b67 complexes can insert into the membrane of nearby cells and mediate “innocent-bystander” lysis. Regulator proteins in human sera normally prevent this from occurring, but in certain diseases cell and tissue damage may occur due to this process of innocent-bystander lysis. The membrane-bound C5b–6–7 complex acts as a receptor for C8 and C9. C8, on binding to the complex, stabilizes the attachment of the complex to the foreign cell membrane. The C5b–8 complex acts as a catalyst for C9, which is a single chain glycoprotein with a tendency to polymerize spontaneously.

5. The C5b–8 complex on binding to C9 molecules undergoes polymerization, which finally ends in the formation of C5b–9 complex also known as MAC. The MAC forms a transmembrane channel of 100 Е diameter in the cell. This transmembrane channel allows the free exchange of ions between the cell and the surrounding medium. Due to the rapid influx of ions into the cell and their association with cytoplasmic proteins, the osmotic pressure rapidly increases inside the cell. This results in an influx of water, swelling of the cell, and, for certain cell types, rupture of the cell membrane and finally lysis

Alternative Pathway of Complement Activation

The alternative pathway was first described by Pillemer in 1954. It differs from the classical pathway in (a) the nature of activating substances and (b) the sequence of events itself. The alternative pathway is unique in not requiring antigen–antibody complexes to activate the complement. This pathway does not depend on antibody and does not involve the early complement components (C1, C2, and C4) for activation of the complement. It, therefore, can be activated before the establishment of an immune response to the infecting pathogen.

Steps of activation of alternative pathway: The initial component of the alternative pathway involves four serum proteins: C3b, factor B, factor D, and properdin.

1. The C3b binds with factor B to form C3bB complex. The interaction between C3b and factor B is stabilized by Mg2_, which is the only ion required for functional activation of the alternative pathway. Therefore, tests to discriminate between the two complement activation pathways are often based on the selective chelation of Ca2_ (to disrupt C1q, C1r2, and C1s2) and the addition of sufficient Mg2_ to allow activation of the alternative pathway.

2. The C3bB is split into two fragments, Ba and Bb, by another serum protein called factor D or C3 proactive convertase. Since factor D has never been isolated in its proenzyme form, it is generally believed to be activated immediately upon leaving the hepatocyte where it is synthesized. The Ba is released into the medium and the Bb binds to C3b forming the C3bBb complex, which possesses the C3 convertase activity.

3. The C3bBb complex activates more C3, leading to the formation of more C3bBb, which in turn is capable of activating C5 and the MAC. The C3bBb complex has a half-life of only 5 minutes, but by binding with properdin it forms PC3bBb complex, which is relatively heat stable.

4. The alternative pathway then proceeds from C3 to produce finally the MAC, in the same way as occurs in the classical pathway.
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Figure 4.2. Alternative Pathway of Complement Activation

Lectin Pathway of Complement Activation

The lectin pathway, as the name suggests, is triggered by lectins. Lectins are the proteins that recognize and bind to specific carbohydrate targets. The mannose-binding lectin (MBL) is one such protein that takes part in the lectin pathway of complement activation. MBL is a large serum protein that binds to nonreduced mannose, fructose, and glucosamine on bacterial and other cell surfaces with mannose-containing polysaccharides (mannans). The binding of MBL to a pathogen results in the secretion of two MBL-associated serine proteases: MASP-1 and MASP-2. MASP-1 and MASP-2 are similar to C1r and C1s, respectively, and MBL is similar to C1q. Formation of the MBL/MASP-1/ MASP-2 trimolecular complex results in activation of MASPs and subsequent cleavage of C4 into C4a and C4b. Subsequently, it proceeds to produce MAC in the same way as that occurs in the classical and alternative pathways. 
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Figure 4.2. Lectin Pathway of Complement Activation

Since the complement system involves the formation of many biologically active substances, there are many regulatory systems to prevent unwarranted damage to the human host. The activities of the different complement components activated at each stage of the cascade are regulated by several mechanisms. The following are regulators of the complement system:

1. Level of antibody: The level of antibody itself is the fi rst regulatory step in the classical pathway. If antigen is not bound to the antibodies, the complement-binding sites on the heavy chains of IgG and IgM are unavailable to the C1 component of the complement. This means that complement is not activated even if IgM and IgG are present in the blood at all times. However, when antigen binds with specifi c antibodies, a conformational shift occurs and that allows the C1 component to bind and initiate the cascade reaction.

2. C1 inhibitors: These inhibitors play a critical role in limiting unnecessary complement activation. These prevent the formation and function of C1qrs complex by causing C1s to dissociate from C1qrs. The C1 inhibitors may also aid in the removal of the entire C1 complex from the antigen–antibody complexes.

3. Other inhibitory substances: Multiple substances have inhibitory effects over different steps of the activation sequence of the classical pathway. These are considered to be host cell protective mechanisms. These mechanisms probably help to protect the host cells from the possible bystander damage initiated by activated complement fragments (C3b and C4b) being formed on and near its surface.

4. Decay-accelerating factor (DAF): It is another inhibitory substance located in a large variety of host cell membranes. It is so termed because it can accelerate the dissociation of active C4b2a complexes, turning off their ability to activate native C3. In addition, DAF remains attached to membranebound C4b and C3b, and prevents the subsequent interaction with C2a and factor B, respectively. As a consequence, the two types of C3 convertases, C4b2a and C3bBb, are not formed; hence, the rate of C3 breakdown is reduced and the host cells are spared from complement-mediated membrane damage.

5. Regulation of alternative pathway: The alternative pathway has its own set of regulatory proteins and mechanisms. It is mediated by the binding of factor H to C3b and cleavage of this complex-by specifi c plasma inhibitor factor I, a protease. This reduces the amount of C5 convertase available.

Biological Effects of Complement

The main role of complement is to amplify the humoral immune response. The complement through its various products participates in the inflammatory response, opsonization of antigen, viral neutralization, and clearance of immune complexes as follows:

Chemotaxis. C5a is a chemotactic molecule specifi cally recognized by polymorphonuclear leukocytes or phagocytic cells. This substance causes leukocytes to migrate to a tissue in which an antigen–antibody reaction is taking place. At that site, a phagocytic cell recognizes opsonized particles and ingests them. C5a not only has a chemotactic effect on neutrophils, but also activates these cells causing their reversible aggregation and release of stored enzymes, including proteases. C5a also enhances the adhesiveness of neutrophils to the endothelium.

Opsonization. Complement plays an important role in opsonization of pathogenic bacteria and viruses. Bacteria and viruses are easily phagocytosed by phagocytic cells in the presence of complement component C3b. This is because the receptors for the C3b component are present on the surface of many phagocytes.

Hypersensitivity Reactions. Complement participates in type II (cytotoxic) and type III (immune-complex) hypersensitivity reactions. The C3a, C4a, and C5a components stimulate degranulation of mast cells with release of mediators, such as histamine. The C3a fragments bind to receptors on basophils and mast cells and induce the release of stored vasoactive amines (e.g., histamine) and heparin. The release of histamine into the tissues results in increased capillary permeability and smooth muscle contraction. Fluid is released into the tissue, thereby causing edema and swelling. There is some evidence that C3a and C5a may also act directly on endothelial cells, causing increased vascular permeability. The end result is very similar to the classical anaphylactic reaction that takes place when IgE antibodies bound to the membranes of mast cells and basophils react with the corresponding antigens. For this reason, C3a and C5a are called as anaphylatoxins.

Cytolysis. Complement mediates cytolysis. Insertion of C5b–9 complex (MAC) into the cell membrane leads to killing or lysis of erythrocytes, bacteria, and tumor cells. The insertion of the MAC complex results in disruption of the membrane, there by leading to entry of water and electrolytes into the cell.

Enhancement of Antibody Production. The binding of C3b to the surface receptors on the activated B cells markedly enhances the production of antibodies in comparison to that of B cells activated by antigen alone. Hence, deficiency of C3b leads to reduced production of antibodies. Therefore, low concentration of both C3b and antibodies affects host defense, resulting in severe pyogenic infections.

Deficiency of Complement

Complement plays an important role in the well-being of humans. Deficiency of various components may result in many diseases as follows:

1. Inherited deficiency of C1 esterase inhibitors causes angioedema. The low level of C1 esterase inhibitors leads to overproduction of esterase. This leads to an increase in release of anaphylatoxins, which cause capillary permeability and edema.

2. Acquired deficiency of DAF results in an increase in complement-mediated hemolysis. The condition manifests clinically as paroxysmal nocturnal hemoglobinuria. 

3. Inherited or acquired deficiency of C5–8 components greatly enhances susceptibility to Neisseria bacteremia and other infections. Deficiency of C3 leads to severe recurrent pyogenic sinusitis and respiratory infections.

4. The synthesis of sufficient quantities of complement is reduced in the patients with severe liver disease, such as chronic hepatitis or alcoholic cirrhosis. These patients, therefore, are highly susceptible to infections caused by pyogenic bacteria. Deficiency of complement components and diseases associated with these complement deficiency are summarized in

Biosynthesis of Complement

Various components of the complement are synthesized at various sites of the body. For example, C1 is synthesized in the intestinal epithelium, both C2 and C4 in the macrophages, C5 and C8 in the spleen, and C3, C6, and C9 in the liver. There is an increase in the level of C3, C4, C5, and C6 in the acute phase of inflammation. Complement along with some other plasma proteins known as acute phase reactants show a rise in acute inflammation.

Quantitation of Complement

Estimation of the highest dilutions of serum lysing sheep erythrocytes sensitized by antierythrocytic antibody complement activity of the serum is a method frequently used to measure complement activities of the serum. Radial immunodiffusion in agar is employed to measure complement components in the serum.

The inflammatory response
The major way by which the innate immune system deals with infections and tissue injury is to stimulate acute inflammation, which is the accumulation of leukocytes, plasma proteins, and fluid derived from the blood at an extravascular tissue site of infection or injury. The leukocytes and plasma proteins normally circulate in the blood and are recruited to sites of infection and injury, where they perform various effector functions that serve to kill microbes and begin to repair tissue damage. Typically, the most abundant leukocyte that is recruited from the blood into acute inflammatory sites is the neutrophil, but blood monocytes, which become macrophages in the tissue, become increasingly prominent over time and may be the dominant population in some reactions. Among the important plasma proteins that enter inflammatory sites are complement proteins, antibodies, and acute-phase reactants. The delivery of these bloodderived components to the inflammatory site is dependent on reversible changes in blood vessels in the infected or damaged tissue. These changes include increased blood flow into the tissue due to arteriolar dilation, increased adhesiveness of circulating leukocytes to the endothelial lining of venules, and increased permeability of the capillaries and venules to plasma proteins and fluid. All these changes are induced by cytokines and small-molecule mediators initially derived from resident cells in the tissue, such as mast cells, macrophages, and endothelial cells, in response to PAMP or DAMP stimulation. As the inflammatory process develops, the mediators may be derived from newly arrived and activated leukocytes and complement proteins. Acute inflammation can develop in minutes to hours and last for days. Chronic inflammation is a process that takes over from acute inflammation if the infection is not eliminated or the tissue injury is prolonged. It usually involves recruitment and activation of monocytes and lymphocytes. Chronic inflammatory sites also often undergo tissue remodeling, with angiogenesis and fibrosis. Although innate immune stimuli may contribute to chronic inflammation, the adaptive immune system may also be involved because cytokines produced by T cells are powerful inducers of inflammation. Detailed descriptions of the various mediators and pathologic manifestations of acute and chronic inflammation can be found in pathology textbooks. 
Cytokines
These are biologically active substances secreted by monocytes, lymphocytes and other cells. They are named lymphokines if they are derived from lymphocytes and monokines if they are derived from monocytes and macrophages. Interleukins are chemical substances that function primarily as growth and differentiating factors. They exert a regulatory influence on other cells. All these biologically active substances (lymphokines, monokines, interleukins) are collectively known as cytokines. They are not specific for antigens. Various cytokines are shown in Table

Some of the important cytokines are described below:

1. Interleukin-1: Interleukin-1 (IL-1) is principally secreted by macrophages and monocytes. It occurs in two forms IL-1 alpha and beta. Its production is stimulated by antigens, toxins, inflammatory processes and inhibited by corticosteroids and cyclosporin A. It is a stable polypeptide. Immunological effects of IL-1: 1.  Stimulation of T cells for the production of IL-2 and other lymphokines, 2.  B cell proliferation and antibody synthesis, 3.  Neutrophil chemotaxis and phagocytosis. Together with the tumour necrosis factor (TNF), it is responsible for many of the hematological changes in septic shock.

2.  Interleukin-2: Interleukin-2 (IL-2) is the major activator of T and B cells and stimulates cytotoxic T (Tc) cells and NK cells. It converts certain null cells (LGL) into lymphokine activated killer (LAK) cells which help to destroy NK resistant tumour cells. This property has been used in the treatment of cancers. IL-2 was previously named as T cell growth factor (TCGF). It is produced byT cells.

3. Interleukin-3: IL-3 is a growth factor for bone marrow stem cells. It is also known as multicolony stimulating factor (multi-CSF).

4. Interleukin-4: IL-4 acts as B cell differentiating factor. It activates resting B cells. It also acts as growth factor forT cells and mast cells. It augments IgE synthesis and therefore may have a role in aTopic hypersensitivity. It enhances the activity of cytotoxic T cells. It was formerly known as B cell growth factor-I (BCGF-I).

5. Interleukin-5: IL-5 causes proliferation of activated B cells. It was formerly known as B cell growth factor-II (BCGF-II).

6. Imerleukin-6: IL-6 is produced by stimulated T and B cells. It is also produced by macrophages and fibroblasts. It induces immunoglobulin synthesis by B cells and formation of IL-2 receptors on T cells.

7. Colony stimulating factors (CSF): They stimulate the growth and differentiation of pluripotent stem cells in the bone marrow. They are named after the types of cells they induce, for example, granulocyte (G), or mononuclear (M) CSF. IL-3 induces growth of all types of haematopoietic cells and thus known as multi-CSF. They are responsible for adjusting the rate of production of blood cells according to requirements e.g. massive granulocyte response is seen in pyogenic infections.

8. Tumour necrosis factors (TNF): The tumour necrosis factor occurs as two types namely alpha and beta. TNF-alpha is produced principally by activated macrophages and monocytes. It resembles IL-1 in having a very wide spectrum of biological activities such as its role in the manifestations of endotoxic shock. It also has immunomodulatory influences on other cytokines. TNF-beta is formed principally by T helper cells. Its actions are similar to those of TNF-alfa. TNF-beta was formerly known as lymphotoxin.

9. Interferons (IFN): There are three classes of IFNs, alpha, beta and gamma. IFN-alpha is produced by leucocytes, beta produced by fibroblasts and gamma by activated T cells. IFN-gamma increases the cytotoxicity of NK cells and macrophages. It has inhibitory effect on malignant cells. Interferons also have antiviral activity.

Cytokine production is regulated by exogenous factors such as antigens, as well as by endogenous factors. They also regulate each other by positive and negative feedbacks. IL-1, 2, 3, CSF and IFNs have already found therapeutic application.

Lymphokines

1. Migration inhibiting factor (MIF): It inhibits the migration of normal macrophages.

2. Macrophage activating factor (MAF): It restricts macrophage movement and increases phagocytic activity.

3. Macrophage chemotactic factor (MCF): It stimulates chemotaxis of macrophages.

4. Macrophage stimulating factor (MSF): It stimulates macrophage migration to the site of action.

Systemic and pathologic consequences of the acute inflammatory responses
TNF, IL-1, and IL-6 produced during the innate immune response to infection or tissue damage have systemic effects that contribute to host defense and are responsible for many of the clinical signs of infection and inflammatory disease. TNF, IL-1, and IL-6 all act on the hypothalamus to induce an increase in body temperature (fever), and these cytokines are therefore called endogenous pyrogens (i.e., host-derived fever-causing agents, to distinguish them from LPS, which was considered an exogenous [microbe-derived] pyrogen). This distinction is mainly of historical significance because we now know that even LPS induces fever by the production of the cytokines TNF and IL-1. TNF and IL-1 are pyrogenic at much lower concentrations than IL-6. Fever production in response to TNF, IL-1, and IL-6 is mediated by increased synthesis of prostaglandins by cytokine-stimulated hypothalamic cells. Prostaglandin synthesis inhibitors, such as aspirin, reduce fever by blocking this action of the cytokines. The advantages of fever are not well understood but may relate to enhanced metabolic functions of immune cells, impaired metabolic functions of microbes, and changes in the behavior of the febrile host that reduce risk of worsening infections and injury.

IL-1, TNF, and IL-6 induce hepatocytes to express acute-phase reactants, including CRP, SAP, and fibrinogen, which are secreted into the blood. Elevated levels of acute-phase reactants are commonly used clinically as signs of infection or other inflammatory processes. The pentraxins CRP and SAP play protective roles in infections, as we discussed earlier in the chapter, and fibrinogen, the precursor of fibrin, contributes to homeostasis and tissue repair. In severe infections, TNF may be produced in large amounts and causes systemic clinical and pathologic abnormalities. If the stimulus for cytokine production is sufficiently strong, the quantity of TNF may be so large that it enters the blood stream and acts at distant sites as an endocrine hormone. The principal systemic actions of TNF are the following:  

TNF inhibits myocardial contractility and vascular smooth muscle tone, resulting in a marked fall in blood pressure, or shock. TNF causes intravascular thrombosis, mainly as a result of loss of the normal anticoagulant properties of the endothelium. TNF stimulates endothelial cell expression of tissue factor, a potent activator of coagulation, and inhibits expression of thrombomodulin, an inhibitor of coagulation. The endothelial alterations are exacerbated by activation of neutrophils, leading to vascular plugging by these cells. The ability of this cytokine to cause necrosis of tumors, which is the basis of its name, is mainly a result of thrombosis of tumor blood vessels. 

Prolonged production of TNF causes wasting of muscle and fat cells, called cachexia. This wasting results from TNF-induced appetite suppression and reduced synthesis of lipoprotein lipase, an enzyme needed to release fatty acids from circulating lipoproteins so that they can be used by the tissues. A complication of severe bacterial sepsis is a syndrome called septic shock, which may be caused by LPS released from gram-negative bacteria (in which case it is called endotoxin shock) or lipoteichoic acid from grampositive bacteria. Septic shock is characterized by vascular collapse, disseminated intravascular coagulation, and metabolic disturbances. This syndrome is due to LPS- or lipoteichoic acid–induced TLR signaling leading to the production of TNF and other cytokines, including IL-12, IFN-, and IL-1. The concentration of serum TNF may be predictive of the outcome of severe bacterial infections. Septic shock can be reproduced in experimental animals by administration of LPS, lipoteichoic acid, or TNF. Antagonists of TNF can prevent mortality in the experimental models, but clinical trials with anti-TNF antibodies or with soluble TNF receptors have not shown benefit in patients with sepsis. The cause of this therapeutic failure is not known, but it may be because other cytokines elicit the same responses as TNF, an example of redundancy.

Acute inflammation may cause tissue injury because the effector mechanisms that phagocytes use to kill microbes are also highly toxic to host tissues. The proteolytic enzymes and reactive oxygen species produced by phagocytes that accumulate at a site of infection can injure host cells and degrade extracellular matrix if they are generated in large quantities, especially if the microbes resist being killed and continue to stimulate the innate immune responses. In fact, much of the pathology associated with infections is due to the inflammatory responses and not direct toxic effects of the microbes. Acute inflammation also causes tissue damage in the setting of autoimmune diseases, in which case neutrophils and macrophages accumulate and become activated secondarily to stimulation of the adaptive immune system by self antigens. As in inflammation induced by infections, TNF, IL-1, IL-6, and IL-12 are the key inducers of inflammation in autoimmune disease. Antagonists against TNF, IL-1, and IL-12 and antibodies against IL-6 receptors are in clinical use or in trials to reduce inflammation in patients with some of these diseases, such as rheumatoid arthritis, inflammatory bowel disease, and psoriasis.

Adjuvants, which are substances that need to be administered together with purified protein antigens to elicit maximal T cell–dependent immune responses , work by stimulating innate immune responses at the site of antigen exposure. Adjuvants are useful in experimental immunology and in clinical vaccines. Many adjuvants in experimental use are microbial products, such as killed mycobacteria and LPS, that engage TLRs. The only routinely used adjuvant in human vaccines is alum, composed of either aluminum hydroxide or aluminum phosphate. Among their important effects, adjuvants activate dendritic cells to express more major histocompatibility molecules that are part of the antigen (signal 1) that T cells recognize, increase the expression of costimulators (signal 2) and cytokines needed for T cell activation, and stimulate migration of the dendritic cells to lymph nodes where T cells are located.

Practic work
Laboratory work #1. 
Methods of evaluation of humoral factors of innate immunity.

The goal:  To study methods of evaluation of humoral factors of innate immunity – lysozyme and bactericedal activity of serum.  

Clinical Task. Studied person A, 18 years old, complained of frequent respiratory infections was referred in immunological lab for evaluation of humoral factors of innate immunity. Estimate levels of lysozyme and bactericidal activity of serum and make a conclusion about state of innate immunity in studied A.  

The technique. Estimation of lysozyme concentration in serum by method of radial diffusion in gel. Suspension of test culture Micrococcus luteus sensitive to lysozyme is inoculated in agar melted and cooled up to 450С. Agar is poured out a Petri dish and after solidification wells are made in the plate. Person’s serum is inoculated in trial wells and some subsequent dilutions of lysozyme in concentrations 0.5 to 8 µg/ml are inoculated in control wells. Plates are incubated for 24 h at 370С. Outcome registration is performed by measuring of diameter of lysis zone around trial wells. Results of control wells measuring are filled in calibration table. Trial data are compared to these control points and concentration of lysozyme in serum is estimated. To count concentration of lysozyme in studied serum measure diameter of lysis zone around trial well and match it with control data from the table below.
	Diameter of lysis zone (cm)
	Concentration of lysozyme (µg/ml)

	0.4

0.5

0.6

0.7

0.8

0.9

1.0
	4.9

5.0

5.4

5.9

6.5

7.2

7.9


Estimation of bactericedal activity of serum (BAS) by Bukhner method. The method is based on measuring of bacteria survived after incubation with studied serum. For this 0.1 ml of billion suspension of overnight E. coli culture is added to 1 ml of studied serum. Immediately after mixing the first plating is made and the secon is made after 30 min incubation at 370С.  Plates are incubated 24 h in thermostat and colonies are counted. BAS is estimated with the following formula:
	BAS=
	count of E. coli in the 1st plate
	* 100%

	
	count of E. coli in the 2nd plate
	


Count colonies of E. coli in the both plates and calculate BAS with the formula. Fill your finding in the table and compare it to normal value.

OBSERVATIONS AND RESULTS
	
	BAS
	Lysozyme

	
	count of
E. coli in the 1st plate
	count of
E. coli in the 2nd plate
	BAS (%)
	Diameter of lysis zone
	Concentration of lysozyme (µg/ml)

	Normal value
	
	
	80.6
	
	6.8

	Studied person A.
	
	
	
	
	


The conclusion. Answer questions the following in written form:

1. Do humoral factors of innate immunity in the studied person differ from
normal value?___________________________________________________
2. What are probabale reasons of this?__________________________________
Laboratory work #2. 
Functions of cells taking part in immunity. 

Fill in the table with your teacher.

	Name of cell
	Functions

	NK and LAK cells
	

	T helper (CD4) cells
	

	T suppressor (CD8) cells
	

	Cytotoxic T (Tc) cells
	

	Delayed type hypersensitivity (DTH) cells
	

	Killer Cells (K Cells)
	

	Natural Killer Cells (NK Cells)
	

	Lymphokine Activated Killer Cells (LAK Cells)
	

	Neutrophils
	

	Eosinophils
	

	Basophils and mast cells
	

	Macrophages
	

	Dendritic Cells
	


Topic 5. ADAPTIVE IMMUNITY. MECHANISMS OF ACQUIRED IMMUNE RESPONSE.

Home work.

I) Questions for study:

1) Antigen-presenting cell (APC)

2) Recognize antigens

3) Immune response

4) Humoral immune response

5) Primary and secondary humoral responses

6) Mechanism of humoral immune response

7) Cell mediated immune response

8) Activation of t lymphocytes

9) Possess antigen recognition
10) Cell-cell interactions in immune response

11) Detection of cell mediated immune response (cmi)

II) Before class draw in your workbook fill in the table 

	Surface antigens of lymphocytes
	Type of cells and their short characteristics (function)

	СD2+

	

	СD3+

	

	СD 4+
	

	СD 5+

	

	СD 8+

	

	СD 19+
	


Auditory work

I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1) Antigen-presenting cell (APC)

2) Recognize antigens

3) Immune response

4) Humoral immune response

5) Primary and secondary humoral responses

6) Mechanism of humoral immune response

7) Cell mediated immune response

8) Activation of t lymphocytes

9) Possess antigen recognition
10) Cell-cell interactions in immune response

11) Detection of cell mediated immune response (CMI)

Theoretical reference
An antigen-presenting cell (APC) is a cell that displays foreign antigen complexed with MHC on its surface. T-cellsmay recognize this complex using their T-cell receptor(TCR). APCs fall into two categories: professional or non-professional. Although almost every cell in the body is technically an APC, since it can present antigen to CD8+ T cells via MHC class I molecules, the term is often limited to those specialized cells that can prime T cells (i.e., activate a T cell that has not been exposed to antigen, termed a naive T cell). These cells generally express MHC class II as well as MHC class I molecules, and can stimulate CD4+ ("helper") cells as well as CD8+ ("cytotoxic") T cells. To help distinguish between the two types of APCs, those that express MHC class II molecules are often called professional antigen-presenting cells.

Professional APCs
These professional APCs are very efficient at internalizing antigen, either by phagocytosis or byendocytosis, and then display a fragment of the antigen, bound to a class II MHC molecule, on their membrane. The T cell recognizes and interacts with the antigen-class II MHC molecule complex on the membrane of the antigen presenting cell. An additional co-stimulatory signal is then produced by the antigen presenting cell, leading to activation of the T cell. There are three main types of professional antigen-presenting cells: 

· Dendritic cells. Dendritic cells have the broadest range of antigen presentation, and are probably the most important APC. Activated DCs are especially potent TH cell activators because, as part of their composition, they express co-stimulatory molecules such as B7.

· Macrophages
· B-cells. B cells, which express antibody, can very efficiently present the antigen to which their antibody is directed, but are inefficient APC for most other antigens.

As well, there are specialized cells in particular organs (e.g., microglia in the brain, Kupffer cells in the liver) derived from macrophages that are also effective APCs.

Non-professional
A non-professional APC does not constitutively express the Major histocompatibility complex proteins required for interaction with naive T cells; these are only expressed upon stimulation of the non-professional APC by certain cytokines such as IFN-γ. Non-professional APCs include: Fibroblasts (skin), Thymic epithelial cells, Thyroid epithelial cells, Glial cells (brain), Pancreatic beta cells, Vascular endothelial cells.

Recognize antigens

All the effects of T lymphocytes depend upon interactions with target cells containing foreign proteins. Cytotoxic T cells and TH1 cells interact with antigens produced by pathogens that have have infected the target cell or that have been ingested by it. Helper T cells, in contrast, recognize and interact with B cells that have bound and internalized foreign antigen by means of their surface immunoglobulin. In all cases, T cells recognize their targets by detecting peptide fragments derived from the foreign proteins, after these peptides have been captured by specialized molecules in the host cell and displayed by them at the cell surface. The molecules that display peptide antigen to T cells are membrane glycoproteins encoded in a cluster of genes bearing the cumbersome name major histocompatibility complex, abbreviated to MHC.

The human MHC molecules were first discovered as the result of attempts to use skin grafts from donors to repair badly burned pilots and bomb victims during World War II. The patients rejected the grafts, which were recognized as being ‘foreign.’ It was soon appreciated from studies in mice that rejection was due to an immune response, and eventually genetic experiments using inbred strains of mice showed that rapid rejection of skin grafts is caused by differences in a single genetic region. Because they control the compatibility of tissue grafts, these genes became known as ‘histocompatibility genes.’ Later, it was found that several closely linked, and highly polymorphic genes specify histocompatibility, which led to the termmajor histocompatibility complex. The central role of the MHC in antigen recognition by T cells was discovered later still, revealing the true physiological function of the proteins encoded by the MHC. This, in turn, led to an explanation for the major effect on tissue compatibility for which they were named. 

There are two types of MHC molecule, called MHC class I and MHC class II. These differ in several subtle ways but share most of their major structural features. The most important of these is formed by the two outer extracellular domains of the molecule, which combine to create a long cleft in which a single peptide fragment is trapped during the synthesis and assembly of the MHC molecule inside the cell. The MHC molecule bearing its cargo of peptide is then transported to the cell surface, where it displays the peptide to T cells. The antigen receptors of T lymphocytes are specialized to recognize a foreign antigenic peptide fragment bound to an MHC molecule. A T cell with a receptor specific for the complex formed between that particular foreign peptide and MHC molecule can then recognize and respond to the antigen-presenting cell. 

MHC molecules on the cell surface display peptide fragments of antigens. MHC molecules are membrane proteins whose outer extracellular domains form a cleft in which a peptide fragment is bound. These fragments, which are derived from proteins degraded. 

The most important differences between the two classes of MHC molecule lie not in their structure but in the source of the peptides that they trap and carry to the cell surface. MHC class I molecules collect peptides derived from proteins synthesized in the cytosol, and are thus able to display fragments of viral proteins on the cell surface.

MHC class II molecules bind peptides derived from proteins in intracellular vesicles, and thus display peptides derived from pathogens living in macrophage vesicles or internalized by phagocytic cells and B cells. 

MHC class I molecules present antigen derived from proteins in the cytosol. In cells infected with viruses, viral proteins are synthesized in the cytosol. Peptide fragments of viral proteins are transported into the endoplasmic reticulum (ER) where they. MHC class II molecules present antigen originating in intracellular vesicles. Some bacteria infect cells and grow in intracellular vesicles. Peptides derived from such bacteria are bound by MHC class II molecules and transported to the cell surface. Having reached the cell surface with their peptide cargo, the two classes of MHC molecule are recognized by different functional classes of T cell. MHC class I molecules bearing viral peptides are recognized bycytotoxic T cells, which then kill the infected cell; MHC class II molecules bearing peptides derived from pathogens taken up into vesicles are recognized by TH1 or TH2 cells.

Cytotoxic T cells recognize antigen presented by MHC class I molecules and kill the cell. The peptide: MHC class I complex on virus-infected cells is detected by antigen-specific cytotoxic T cells. Cytotoxic T cells are preprogrammed to kill the cells. TH1 and helper T cells recognize antigen presented by MHC class II molecules. On recognition of their specific antigen on infected macrophages, TH1 cells activate the macrophage, leading to the destruction of the intracellular bacteria. The antigen-specific activation of these effector T cells is aided by co-receptors that distinguish between the two classes of MHC molecule; cytotoxic cells express the CD8 co-receptor that binds MHC class I molecules, whereas TH1 and TH2 cells express the CD4 co-receptor with specificity for MHC class II molecules. However, even before T cells have encountered the specific foreign antigen that activates them to differentiate into effector cells, they express the appropriate co-receptor to match their receptor specificity. The maturation of T cells into either CD8 or CD4 T cells reflects the testing of T-cell receptorspecificity that occurs during development, and the selection of T cells that can receive survival signals from self MHC molecules. 

On recognizing their targets, the three types of T cell are stimulated to release different sets of effector molecules. These can directly affect their target cells or help to recruit other effector cells. These effector molecules include many cytokines, which have a crucial role in the clonal expansion of lymphocytes as well as in innate immune responses and in the effector actions of most immune cells; thus, understanding the actions of cytokines is central to understanding the various behaviors of the immune system.

Immune response
The specific reactivity induced in a host following an antigen stimulus is known as the immune response. It is of two types: Humoral or antibody mediated immunity, Cell-mediated Immunity.

Antibody mediated immunity (AMI) provides primary defence against most extracellular bacteria and helps in defence against viruses those infect through respiratory or intestinal tracts. AMI also participates in the pathogenesis of immediate (type I, II and III) hypersensitivity and certain autoimmune diseases. Cell mediated immunity (CMI) protects against fungi, viruses and intracellular bacteria like M. tuberculosis, M. leprae and parasites such as Leishmania and trypanosomes. It plays an important role in allograft rejection, graft-versus-host reaction (GVH), and mediates the pathogenesis of delayed (type IV) hypersensitivity and cfertain autoimmune diseases. It also provides immunological surveillance and immunity against cancer. Both AMI and CMI usually develop together, though at times one or other may be the predominant type.

Table 5.1.

Classification of lymphocytes on тне basis оf surface antigeniс determinants

[image: image17.emf]
The surface antigens on the T-cells can be detected by monoclonal antibodies. These thymic antigens or markers were previously designated by the letters T1 to T11. These markers are now designated as CD (clusters of differentiation). More than fifty T-cell antigens are identified, relevant CD molecules are given below.

CD2 (T11). It is an early antigen which acts as a receptor for sheep red blood cells. It is present in all mature T-lymphocytes.

CD3 (T3). It is present on all T-lymphocytes. It is closely associated with T cell receptor (TCR) on cell membrane. It is supposed to be involved in transmitting signal to the cell following antigen binding.

CD4 (T4). It is present on allT-helper cells. It is also present on macrophages and monocytes. CD4 also acts as a receptor for HIV (human immunodeficiency virus). CD4 cells recognise MHC class II antigens.

CD5 (T1). Its function is not known but it is found in majority ofT-cells from the stage of maturation.

CD8 (T8). It is present on suppressor T cells and cytotoxic T-cells. CDS cells recognise MHC class I antigens.

Humoral immune response
The humoral immune response fights pathogens that are free in the bodily fluids, or "humours". It relies on antigens (which are also often free in the humours) to detect these pathogens. An antigen is a biomolecule, such as a protein or sugar, that binds to a specific antibody. An antibody/antigen interaction may stimulate an immune response. Not every biomolecule is antigenic and not all antigens produce an immune response. B cells are the major cell type involved in the humoral immune response. When a foreign antigen (one coming from a pathogen, for example) is detected, B cells in the body that recognize that antigen will begin to produce antibodies as a means of fighting off the foreign invader.

Primary and Secondary Humoral Responses

The primary humoral response has a long lag phase and low titre of antibodies that do not persist for long. In contrast, the secondary humoral response has a short or negligible lag phase and a much higher level of antibodies that last for long periods. The antibody formed in the primary humoral response is predominantly IgM and in secondary humoral response IgG. The duration of the lag phase depends upon the nature of antigen, its amount, route of administration and species of animal. With some antigens such as diphtheria toxoid, the lag phase in primary humoral response may be 2-3 weeks, while with pneumococcal polysaccharide, it may be as short as a few hours.

A single injection of an antigen helps more in priming the immunocompetent cells to produce the particular antibody rather than in actual elaboration of high levels of antibody. Effective levels of antibody are usually induced by subsequent exposures to the same antigen. Due to this reason, the killed vaccines are given in multiple doses for immunisation. The first injection is known as the 'priming' dose and the rest as 'booster' doses. A single dose of live vaccines is sufficient as multiplication of the organism in the body provides a continuous antigenic stimulus that acts both as priming and booster doses.

When the same animal is subsequently exposed to the same antigen, a temporary fall in the level of circulating antibody occurs due to the combination of antigen with pre-existing antibody (antibody formed during the first antigen exposure). This has been called the 'negative phase'. It is followed by an increase in antibody level exceeding the initial level. These effects of repeated antigenic stimulus form the basis of secondary humoral response. 

Mechanism of Humoral Immune Response

Antigens   introduced   intravenously   are   rapidly localised in the spleen, liver, bone-marrow, kidneys and lungs. About 70-80% of these antigens are broken down by reticuloendothelial cells and excreted in the urine. On the other hand, antigens introduced subcutaneously are mainly localised in the draining lymph nodes, only small amount being found in the spleen.

Antigens are presented to immunocompetent cells in two ways—by macrophages and by the dendritic cells in the lymph node follicles. With many antigens, processing by macrophages appears to be a necessary prerequisite for antibody formation. Both macrophages and dendritic cells present the antigen, native or processed, at the cell surface. Macrophages modulate the dose of antigen presented to lymphocytes so that it may be optimum to induce immune response.

Antigens are presented to immunocompetent cells by antigen presenting cells (APC) (macrophages and dendritic cells). With many antigens (T cell dependent antigens such as proteins and erythrocytes), processing by macrophages is essential pre-requisite for antibody formation. In case of T cell independent antigens, such as polysaccharides, antibody production does not require T cell participation.

Only when the processed antigen is presented on the surface of APC, in association with MHC molecules, to the T cell carrying antigen recognition receptors (TCRs), is the T cell able to recognise it. In the case of helper T cells, the antigen has to be presented with MHC Class II and for cytotoxic T cells with MHC class I molecules.

The TH cell requires two signals for activation. The first is a combination of TCR with MHC class II-complexed antigen. The second is interleukin-1 (IL-1) produced by APC. The activated TH cell produces interleukin-2 (IL-2) and other cytokines required for B-cell stimulation. These include IL-4. IL-5 and IL-6 which act as B-cell growth factor (BCGF) and the B cell differentiation factor (BCDF) for activation of B cells which have combined with their respective antigen. These B cells undergo clonal proliferation and differentiate into plasma cells that synthesise and secrete antibodies. B cells carry surface receptors which consist of IgM or other immunoglobulin classes. Depending upon these receptors, a plasma cell secretes an antibody of a single specificity of a single antibody class (IgM, IgG or any other single class). However, in primary humoral response, plasma cells initially secrete IgM and later switching over to form IgG. Following antigenic stimulus, not all B-lymphocytes get converted into plasma cells. A small proportion of them develop into 'memory cells' which have a long lifespan and can recognise the same antigen on subsequent exposure. The increased antibody response during secondary antigenic stimulus is due to the memory cells induced by the primary contact with the antigen.

Antibody production by B lymphocytes is regulated by T cells. Helper T cells (TH) stimulate and suppressor T cells (TS) inhibit antibody production. Optimum antibody response depends on the balanced activity of these TS and TH cells.

Clonal selection theory of antibody formation

This theory was proposed by Burnet (1957). The theory states that during foetal development a large number of clones of immunological competent cells (ICCs) bearing specific antibody patterns are produced by a process of somatic mutation of ICCs against all possible antigens. Clones of cells with immunological reactivity with self antigens are eliminated during embryonic life. Such clones are known as 'forbidden clones'. Persistence of forbidden clones or their development in later life by somatic mutation lead to autoimmune processes. Each ICC is capable of reacting with one antigen or a small number of antigens. Contact with specific antigen leads to cellular proliferation to form clones synthesising the antibody. The clonal selection theory is widely accepted nowadays.

Cell mediated immune response
The term cell mediated immunity refers to specific acquired immune responses mediated by sensitised T cells. This form of immunity can be transferred from donor to recipient with intact lymphocytes, but not with antisera, hence it is called cell mediated immune reaction. Cell mediated immunity (CMI) plays an important role in the following immunological functions:

1. delayed hypersensitivity (type IV hypersensitivity)

2. immunity in infectious  diseases caused by intracellular organisms

3. transplantation immunity and graft-versus-host (GVH) reaction

4. immunological surveillance and immunity against cancer

5. pathogenesis of certain autoimmune diseases e.g. thyroiditis.

Activation of t lymphocytes
T cell responses are initiated by signals that are generated by TCR recognition of peptide-MHC complexes on the surface of an APC and through signals provided at the same time by costimulators expressed on APCs.

The best-defined costimulators are members of the B7 family, which are recognized by receptors of the CD28 family expressed on T cells. The expression of B7 costimulators on APCs is increased by encounter with microbes, providing a mechanism for generating optimal responses against infectious pathogens. Some members of the CD28 family inhibit T cell responses, and the outcome of T cell antigen recognition is determined by the balance between engagement of activating and inhibitory receptors of this family.

T cell responses to antigen and costimulators include changes in the expression of surface molecules, synthesis of cytokines and cytokine receptors, cellular proliferation, and differentiation into effector and memory cells.

The surface molecules whose expression is induced on T cell activation include proteins that are involved in retention of T cells in lymphoid organs, growth factors for cytokines, effector and regulatory molecules, and molecules that influence the migration of the T cells. Shortly after activation, T cells produce the cytokine IL-2 and express high levels of the functional IL-2 receptor. IL-2 drives the proliferation of the cells, which can result in marked expansion of antigen-specific clones.

CD4+ helper T lymphocytes may differentiate into specialized effector TH1 cells that secrete IFN-г, which mediate defense against intracellular microbes, or into TH2 cells that secrete IL-4 and IL-5, which favor IgE- and eosinophil/mast cell– mediated immune reactions against helminths, or into TH17 cells, which promote inflammation and mediate defense against extracellular fungi and bacteria.

The differentiation of naive CD4+ T cells into subsets is induced by cytokines produced by APCs and by the T cells themselves. The differentiation program is governed by transcription factors that promote cytokine gene expression in the T cells and epigenetic changes in cytokine gene loci, which may be associated with stable commitment to a particular subset. Each subset produces cytokines that increase its own development and inhibit the development of the other subsets, thus leading to increasing polarization of the response.

T cells of the CD8+ subset proliferate and differentiate into cytotoxic T lymphocytes (CTLs), which express cytotoxic granules and can kill infected cells. Some activated T cells may differentiate into memory cells, which survive for long periods and respond rapidly to antigen challenge. The maintenance of memory cells is dependent on cytokines such as IL-7, which may promote the expression of antiapoptotic proteins and stimulate low-level cycling. Memory T cells are heterogeneous and consist of populations that differ in migration properties and functional responses.

Possess antigen recognition
Foreign antigen is presented by antigen presenting cells (APCs) to T-lymphocytes. T-lymphocytes possess antigen recognition receptors known as T cell receptors (TCRs) that recognise foreign antigen and a self MHC molecule on the surface of the APC. These sensitised T-lymphocytes undergo blast transformation, clonal proliferation and differentiation into memory cells and effector cells (Th, Tc, Td and Ts). The activated lymphocytes release biologically active products (lymphokines) which are responsible for various manifestations of CMI.

T cells recognise antigens only when presented with MHC molecules. CD8 + cells can recognise the combination of foreign antigen and Class I MHC antigen and differentiate into Tc and Ts lymphocytes whereas CD4 + cells can recognise the combination of foreign antigen with Class II MHC antigen and differentiate into Th and Td cells. Tc lymphocytes recognise foreign antigen and Class I MHC antigen and gets attached to the target cell. This stimulates Tc lymphocytes to release cytolysins which leads to lysis of the target cell. Subsequently, the Tc cell may detach from the target cell and repeat the same process with another. Tc lymphocytes also synthesise and secrete interferon-y and thus they probably also contribute to some extent to macrophage activation.

Cell-mediated immunity is the adaptive immune response stimulated by microbes inside host cells. It is mediated by T lymphocytes and can be transferred from immunized to naive individuals by T cells and not by antibodies. Differentiated effector T cells are recruited preferentially to peripheral tissue sites of infection and tissue injury, and cells that recognize antigen in the tissues are retained. These events are mediated mainly by adhesion molecules and chemokines.

Both CD4+ and CD8+ T cells contribute to cellmediated immunity, but each subset has unique effector functions for the eradication of infections. CD4+ TH1 cells recognize antigens of microbes that have been ingested by phagocytes and activate the phagocytes to kill the microbes. The activation of macrophages by TH1 cells is mediated by IFN-г and CD40L-CD40 interactions. Activated macrophages kill phagocytosed microbes ingested into phagolysosomes by the actions of reactive oxygen and nitrogen species and enzymes (called classical macrophage activation). Activated macrophages also stimulate inflammation and can damage tissues.

CD4+ TH2 cells recognize antigens produced by helminths and other microbes as well as environmental antigens associated with allergies. IL-4, secreted by activated TH2 cells, promotes B cell isotype switching and production of IgE, which may coat helminths and mediate mast cell deregulation and inflammation. IL-5 secreted by activated TH2 cells activates eosinophils to release granule contents that destroy helminths but may also damage host tissues. IL-4 and IL-13 together provide protection at epithelial barriers (barrier immunity) and induce an alternative form of macrophage activation that generates macrophages that mediate tissue repair and fibrosis.

CD4+ TH17 cells stimulate neutrophil-rich inflammatory responses that eradicate extracellular bacteria and fungi. TH17 cells may also be important in mediating tissue damage in autoimmune diseases.

CD8+ CTLs kill cells that express peptides derived from cytosolic antigens (e.g., viral antigens) that are presented in association with class I MHC molecules. CTL-mediated killing is mediated mainly by granule exocytosis, which releases granzymes and perforin. Perforin facilitates granzyme entry into the cytoplasm of target cells, and granzymes initiate several pathways of apoptosis. CD8+ T cells also secrete IFN-г and thus may participate in defense against phagocytosed microbes and in DTH reactions.

гд T cells and NKT cells are small populations of lymphocytes that express antigen receptors of limited diversity and recognize a wide variety of antigens, including peptides and small molecules (гд cells) and lipids (NKT cells). Some of these cells are located in epithelia and are believed to respond against conserved microbial antigens. The functions of these cells are not well defined.

Cell-cell interactions in antibody responses to exogenous t-dependent antigens
Hapten-carrier model
Historically one of the major findings in immunology was that both T cells and B cells were required for antibody production to a complex protein. A major contribution to our understanding of this process came from studies on the formation of anti-hapten antibodies. Studies with hapten-carrier conjugates established that: 

1. Th2 cells recognized the carrier determinants and B cells recognized haptenic determinants

2. Interactions between hapten-specific B cells and carrier-specific Th cells was self MHC restricted

3. B cells can function both in antigen recognition and in antigen presentation

B cells occupy a unique position in immune responses because they express immunoglobulin and class II MHC molecules on their cell surface. They therefore are capable of producing antibody having the same specificity as that expressed by their immunoglobulin receptor; in addition they can function as an antigen presenting cell. In terms of the hapten-carrier conjugate model, the mechanism is thought to be the following: The hapten is recognized by the immunoglobulin receptor, the hapten-carrier is brought into the B cell, processed, and peptide fragments of the carrier protein are presented to a helper T cell. Activation of the T cell results in the production of cytokines that enable the hapten-specific B cell to become activated to produce soluble anti-hapten antibodies. Figure 4 summarizes the B cell-T cell interactions that occur. 

Note that there are multiple signals delivered to the B cells in this model of Th2 cell-B cell interaction. As was the case for activation of T cells where the signal derived from the TCR recognition of a peptide-MHC molecule was by itself insufficient for T cell activation, so too for the B cell. Binding of an antigen to the immunoglobulin receptor delivers one signal to the B cell, but that is insufficient. Second signals delivered by co-stimulatory molecules are required; the most important of these is CD40L on the T cell that binds to CD40 on the B cell to initiate delivery of a second signal.

Cell-cell interactions in the primary antibody response
B cells are not the best antigen presenting cell in a primary antibody response; dendritic cells or macrophages are more efficient. Nevertheless, with some minor modifications the hapten-carrier model of cell-cell interactions described above also applies to interactions in a primary antibody response. In a primary response the Th2 cell first encounters antigen presented by dendritic cells or macrophages. The “primed” Th2 cell can then interact with B cells that have encountered antigen and are presenting antigenic peptides in association with class II MHC molecules. The B cells still require two signals for activation – one signal is the binding of antigen to the surface immunoglobulin and the second signal comes from CD40/CD40 ligand engagement during Th2/B cell-cell interaction. In addition, cytokines produced by the Th2 cells help B cells proliferate and differentiate into antibody secreting plasma cells.

Cell-cell interactions in the secondary antibody responses
As a consequence of a primary response, many memory T and B cells are produced. Memory B cells have a high affinity immunoglobulin receptor (due to affinity maturation), which allows them to bind and present antigen at much lower concentrations than that required for macrophages or dendritic cells. In addition, memory T cells are more easily activated than naïve T cells. Thus, B/Th cell interactions are sufficient to generate secondary antibody responses. It is not necessary (although it can occur) to “prime” memory Th cells with antigen presented by dendritic cells or macrophages.

Cell-cell interactions in antibody responses to exogenous t-independent antigens
Antibody responses to T-independent antigens do not require cell-cell interactions.  The polymeric nature of these antigens allows cross-linking of antigen receptors on B cells resulting in activation.  No secondary responses, affinity maturation or class switching occurs.  Responses to T-independent antigens are due to the activation of a subpopulation of B cells called CD5+ B cells (also called B1 cells), which distinguishes them from conventional B cells that are CD5- (also called B2 cells).

CD5+ (B1) cells CD5+ cells are the first B cells to appear in ontogeny.  They express surface IgM but little or no IgD and they produce primarily IgM antibodies from minimally somatically mutated germ line genes.  Antibodies produced by these cells are of low affinity and are often polyreactive (bind multiple antigens).  Most of the IgM in serum is derived from CD5+ B cells.  CD5+ B cells do not give rise to memory cells.   An important characteristic of these cells is that they are self-renewing, unlike conventional B cells which must be replaced from the bone marrow.  CD5+ B cells are found in peripheral tissues and are the predominant B cell in the peritoneal cavity.  B1 cells are a major defense against many bacterial pathogens that characteristically have polysaccharides in their cell walls.  The importance of these cells in immunity is illustrated by the fact that many individuals with T cell defects are still able to resist many bacterial pathogens.

Cell-cell interactions in cell-mediated immunity - generation of Tc cells in response to endogenous antigens in the cytosol
Cytotoxic T lymphocytes are not fully mature when they exit the thymus. They have a functional TCR that recognizes antigen, but they cannot lyse a target cell. They must differentiate into fully functional effector Tc cells.  Cytotoxic cells differentiate from a "pre-CTL" in response to two signals: Specific antigen in the context of class I MHC, on a stimulator cell, Cytokines produced by Th1 cells, especially IL-2, and IFN-gamma. 

Mechanisms of CTL-mediated killing
CTLs utilize several mechanisms to kill target cells, some of which require direct cell-cell contact and others that result from the production of certain cytokines.  In all cases death of the target cells is a result of apoptosis.

Fas- and TNF-mediated killing . Once generated CTLs express Fas ligand on their surface, which binds to Fas receptors on target cells.  In addition, TNF-б secreted by CTLs can bind to TNF receptors on target cells.  The Fas and TNF receptors are a closely related family of receptors, which when they encounter their ligands, for trimers of the receptors.  These receptors also contain death domains in the cytoplasmic portion of the receptor, which after trimerization can activate caspases that induce apoptosis in the target cell.

Granule-mediated killing. Fully differentiated CTLs have numerous granules that contain perforin and granzymes.  Upon contact with target cells, perforin is released and it polymerizes to form channels in the target cell membrane.  Granzymes, which are serine proteases, enter the target cell through the channels and activate caspases and nucleases in the target cell resulting in apoptosis.

Detection of cell mediated immune response (cmi)

1. Skin Tests for Delayed Hypersensitivity. It is useful to detect delayed hypersensitivity to commonly encountered antigens. Tuberculin skin test is commonly used. Other antigens used for skin testings are 1% solution of l-Chloro-2, 4 dinitrochlorobenzene (DNCB) or dinitrofluorobenzene (DNFB).

2. Lymphocyte Transformation Test. This is in vitro test which detects transformation of cultured sensitised T lymphocytes on contact with specific antigen.

3.  Migration Inhibiting Factor (MIF) Test. Human peripheral leucocytes are incubated in capillary tubes in culture chambers containing culture fluid. In the absence of antigen, the leucocytes migrate out to the open end of the tube to form a fan like pattern. When an antigen to which the individual has CMI is introduced into the culture fluid, the leucocytes are prevented from migrating. By comparison with the control (without antigen), it is possible to make a semiquantitative assessment of the migration inhibition.

4. Rosette Formation. Most T cells form rosettes when incubated with sheep erythrocytes. Rosette is a lymphocyte to which three or more sheep erythrocytes are attached. T cell rosette is called as E-rosette. T cells can be estimated by counting E-rosettes and thus help in detection of CMI status.

5. Detection of T cells by Immuno-fluorescence Technique. T cells can be detected by immunofluorescence technique using monoclonal antibodies.

Practic work
Laborotory work #1
Mechanism of Humoral Immune Response. 

Fill in the cheme with your teacher.
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Laborotory work #2
Mechanism of Humoral Immune Response. 

Fill in the cheme with your teacher.









Laborotory work #3
Subpopulations of T-helpers and their functions. 

Fill in the cheme with your teacher.
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Topic 6. ALLERGY. ALLERGIC DISEASES.
Home work.

I) Questions for study:

1) Definitions “allergy” and “hypersensitivity”.

2) Types of hypersensitivity. Classification.

3) Characteristics of every type of hypersensitivity.

4) Тyре I (anaphylactic) reaction. Mechanism, chemical mediators and features. 

5) Types of anaphylaxis, atopy and anaphylactoid reaction.

6) Тyре II (cytotoxic) and Type III (immune complex) reactions. Arthus rеасtiоn and sеrum siсknеss.

7) Тyре IV (delayed or cell mediated) reaction. Mechanism. Tuberculin (infection) and соntасt dermatitis types.

8) Тyре V (stimulatory type) reaction. Shwartzman reaction.

II) Before class draw in your workbook fill in the table 

	Types of allergens
	Examples

	Food 
	

	Dust
	

	Drug
	

	Infectious 
	

	Industrial
	


Distinguishing Fеаturеs of Immediate and Delayed Types of Hypersensitivity

	Fеаturе
	Immediate Type
	Delayed Type

	Mechanism of Immune rеsроnsе
	
	

	Onset аnd duration 
	
	

	Passive transfer
	
	

	Desensitisation
	
	

	Application for microbiologic diagnostics
	
	

	Examples of diseases
	
	


Auditory work  

I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1) Definitions “allergy” and “hypersensitivity”.

2) Types of hypersensitivity. Classification.

3) Characteristics of every type of hypersensitivity.

4) Тyре I (anaphylactic) reaction. Mechanism, chemical mediators and features. 

5) Types of anaphylaxis, atopy and anaphylactoid reaction.

6) Тyре II (cytotoxic) and Type III (immune complex) reactions. Arthus rеасtiоn and sеrum siсknеss.

7) Тyре IV (delayed or cell mediated) reaction. Mechanism. Tuberculin (infection) and соntасt dermatitis types.

8) Тyре V (stimulatory type) reaction. Shwartzman reaction.

Theoretical reference
Immune response is generally a protective process but it may sometimes be injurious to the host. Hypersensitivity refers to a condition in which immune response results in excessive reactions leading to tissue damage, disease or even death in the sensitised host.

Hypersensitivity occurs in individuals who have had previous contact with the antigen (allergen). The initial contact sensitises the immune system by priming appropriate В orT lymphocytes. It is known as 'priming'от 'sensitising' dose. Subsequent contact with the same antigen causes hypersensitivity. It is known as 'shocking' dose. These allergens may be complete antigens or haptens.

Allergy is most commonly used as a synonym for hypersensitivity. The term 'allergy' means an altered state of reactivity to an antigen, it may include both protective as well as injurious immune response. This term allergy was originally coined by von Pirquet (1905).

Classification
Hypersensitivity reactions are classified into two main types, 'immediate' and 'delayed' types based on the time required by sensitised host to develop clinical reactions upon exposure to the shocking dose of the antigen. The major differences between the two hypersensitivity reactions are shown in Table 19.1.

Coomb and Gel (1963) classified hyper- sensitivity reactions into four major types, types I to IV. Type I (Anaphylactic) Type II (Cytotoxic) Type III (Immune complex) Type IV (Delayed or cell mediated) Type I, II and III depend on the interaction of antigen with humoral antibodies and are known as immediate type reactions. Type IV reaction is mediated by T-lymphocytes. Reaction develops in 24 to 72 hours and is called delayed hypersensitivity reaction. Later on type V hypersensitivity reaction was also described.

A.
Type I (Anaphylactic). Antibodies (IgE type) are fixed on the surface of tissue cells (mast cells and basophils) in sensitised individuals.The antigen combines with the cell fixed antibody, leading to release of pharmacologically active substances which produce the hypersensitivity reaction.

B.
Type II (Cytotoxic). It is a cytotoxic reaction mediated by antibodies that react with antigens present on the surface of cell or other tissue components resulting in damage of the cell. Combination with antibody may sometimes cause stimulation instead of cell damage. An example is 'long acting thyroid stimulator' (LATS), an antibody against thyroid cells, which stimulates the excessive secretion of thyroid hormone.

C.
Type III (Immune Complex). The damage is caused by antigen-antibody complexes. These complexes may be deposited in tissues causing immune complex disorders.

D.
Type IV (Delayed or Cell Mediated). The tissue damage is mediated by T-lymphocytes and not by antibody, hence, is also called cell mediated hypersensitivity. The antigen activates specifically sensitised T-lymphocytes which lead to the secretion of lymphokines, with fluid and phagocyte accumulation.

E.
Type V (Stimulatory Type). It is a modification of Type II hypersensitivity reaction. Antibodies interact with antigens on cell surface that leads to cell proliferation and differentiation instead of inhibition or killing. Antigen-antibody reaction enhances the activity of affected cell.

Type I (anaphylactic) reaction
Anaphylaxis is the classical example of type I hypersensitivity reaction. It is IgE mediated reaction. The term anaphylaxis (ana-without, phylaxis-protection) was described by Ptichet (1902) who observed that dogs which had survived a sublethal dose of toxic extracts of sea anemones, were rendered highly susceptible to minute doses of the same extract given days or weeks later, instead of becoming immune to it.

Type I reactions occur in two forms—the acute, potentially fatal, systemic form called anaphylaxis and the recurrent non-fatal localised form called atopy.

1. Mechanism of Anaphylaxis. Anaphylaxis occurs when a sensitised individual comes in contact with a shocking dose of antigen. Sensitisation may occur by any route such as parenteral, inhalation or ingestion but the most effective route is parenteral. Antigens as well as haptens may induce anaphylaxis. An interval of 2-3 weeks is required between sensitising and shocking dose, during which cytotropic antibody IgE (previously known as reagenic antibody) produced against the antigen attaches to surface receptors of mast cells and basophils. IgE molecules bind to these receptors by their Fc end. Once sensitised, the individual remains so for a long period. When a shocking dose of the same or immunologically related antigen is given, the antigen combines with cell bound IgE antibody on mast cells rapidly. The antigen-antibody complex stimulates mast cells and basophils to release mediators that cause clinical manifestations of anaphylaxis. Shocking dose is most effective when given intravenously, less effective subcutaneously, and least effective intradermally.

2. Chemical Mediators. The chemical mediators are of two types - primary mediators which are the preformed contents of mast cell and basophil granules and the secondary mediators which are newly formed upon stimulation of mast cells, basophils and other leucocytes.

1)
Primary mediators: e.g. Histamine, serotonin, eosinophil chemotactic factor of anaphylaxis, neutrophil chemotactic factor of anaphylaxis, various proteolytic enzymes.

(a)
Histamine. This is the most important in human anaphylaxis. It is formed by the decarboxylation of histidine present in the granules of mast cells, basophils and in platelets. It causes vasodilatation, increased capillary permeability and contraction of smooth muscle.

(b)
Serotonin. It causes vasoconstriction, increased capillary permeability and smooth muscle contraction. It is found in the brain tissue, intestinal mucosa and platelets.

(c)
Eosinophil chemotactic factor of anaphylaxis (ECF-A). These are released from mast cell granules and are strongly chemotactic for eosinophils. These probably contribute to the eosinophilia associated with many hypersensitivity conditions. Another chemotactic factor which attracts neutrophils is known as neutrophil chemotactic factor of anaphylaxis.

(d)
Proteolytic enzymes

Proteases and hydrolases are also released from mast cell granules.

2)
Secondary mediators: e.g. Slow reacting substances (SRS), prostaglandins and thromboxane, platelet activating factor (PAF), cytokines such as IL3 to IL6, GM-CSF, IL1, INF-y, INF-a.

(a) Slow   reacting   substance   of  anaphylaxis (SRS-A). It is produced by leucocytes. These are much more potent bronchoconstrictors than histamine. These are principal mediators in bronchoconstriction of asthma. They cause sustained contraction of smooth muscles. These are not inhibited by antihistaminics.

(b)
Prostaglandins and thromboxane. Both of these are derived from arachidonic acid which is formed from disrupted cell membranes of mast cells and leucocytes. Prostaglandin F2a is a bronchoconstrictor. Thromboxane A2 is also a powerful, but transient, bronchoconstrictor.

(c)
Platelet activating factor (PAF). It is released from basophils which causes aggregation of platelets and release of their vasoactive amines.

(d)
Other mediators of anaphylaxis. These are the anaphylatoxins released by complement activation and bradykinin and other kinins from plasma kininogens.

3.
Features of Anaphylaxis.
Anaphylaxis occurs within a few seconds to few minutes following shocking dose of antigen. Cytotropic IgE antibody is responsible. Tissues or organs which are affected in anaphylaxis are called 'target tissues' or 'shock organs'. Lung is the principal shock organ in humans. Bronchospasm, laryngeal oedema, respiratory distress, shock and death may occur. It can be induced artificially by serum of sensitised individual. It is not related to heredity.

4.
Types of Anaphylaxis. Apart from systemic anaphylaxis, there are other types of anaphylaxis which are as follows: Anaphylaxis in vitro (Schultz-Dale phenomenon). Isolated tissues (uterus or ileum) from sensitised guinea pigs when kept in a bath of Ringer's solution, the organ contracts vigorously on addition of the specific antigen to the bath. This is named as Schultz-Dale phenomenon. Cutaneous anaphylaxis may be induced when a small shocking dose of an antigen is administered by intradermal route to a sensitized host. It is manifested by appearance of local 'wheal and flare' response. Cutaneous anaphylaxis is useful in testing for hypersensitivity and in identifying the allergen responsible in atopy. Passive cutaneous anaphylaxis (PCA). This is a sensitive in vivo method for detection of antibodies. A small volume of the antibody is inoculated intradermally into a normal animal. If the antigen along with a dye Evans blue is injected intravenously 4-24 hours afterwards, there will be an immediate blueing at the site of intradermal injection due to vasodilatation and increased capillary permeability (wheal and flare reaction). PCA can be used to detect human IgG antibody which is heterocytotropic (antibody is capable of fixing to cells of other species) but not IgE which is homocytotropic (can fix to cells of homologous species only).

5. Atopy.  The term 'atopy' (atopy meaning out of place or strangeness) was first introduced by Coca (1923) to refer to familial hypersensitivities which occur spontaneously in man. It is typified by hay fever and asthma. The antigens commonly involved in atopy are pollens, house dust and foods. These atopens induce IgE antibodies, formerly termed as 'reagin' antibodies. ATopic sensitisation occurs spontaneously following natural contact with atopens. Predisposition to atopy is genetically determined, probably linked to MHC genotypes. 


Features of atopy

1. Atopy runs in families. These individuals have tendency to produce reagin antibody in unusually large amounts.

2. Reactions occur at the site of entry of the antigen, inhalation of pollens affect lungs (bronchial asthma), ingestion of fish, milk, eggs, drugs etc. (gastrointestinal disorders or cutaneous eruptions) and contact leads to local allergy (conjunctivitis).

3. It is IgE mediated hypersensitivity reaction. IgE is homocytotropic i.e. species specific. Only human IgE can fix to the surface of human cells.

4. Induction of atopy is difficult artificially because atopens are poor antigens.

Mechanism of atopy. The atopen combines with the cell bound IgE antibodies fixed on the surfaces of mast cells and the basophils and this antigen-antibody complex stimulates these cells to release the mediators resulting in clinical features of atopy.

1.
Food allergy e.g. egg, mushroom, prawn, shell fish.

2.
Dust allergy e.g. pollens of ragweeds, grasses or trees, house dust.

3.
Drug allergy e.g. penicillin, sulphonamides.

Prausnitz-Kustner (PK) reaction. This was the original method for detecting aTopic antibody. Prausnitz and Kustner (1921) reported that if serum collected from Kustner, who had a gastrointestinal allergy to certain cooked fish, was injected intracutaneously into Prausnitz, followed 24 hours later by injecting (intracutaneously) small amount of cooked fish extract into the same site, a wheal and flare reaction occurred at the site of injection within minutes. The special affinity of IgE (reaginic antibody) for skin cells forms the basis of PK reaction. As reaginic IgE is homocytotropic, the test has to be performed on human skin. This test is not done nowadays due to risk of transmission of serum hepatitis.

In-vitro methods for detection of IgE include radioallergosorbent test (RAST), ELISA and passive agglutination.

6. Anaphylactoid Reaction. This reaction resembles anaphylactic shock clinically and is provoked by intravenous injection of peptone, trypsin and some others substances. It has a nonspecific mechanism involving the activation of complement pathway with release of anaphylatoxins. It has no immunological basis. The clinical resemblance is due to action of same chemical mediators participating in both reactions.

Type II (cytotoxic) reaction
Cytotoxic reaction is mediated by IgG (or rarely IgM) antibodies directed against antigens on the surface of cells resulting in cell damage. Antibodies bind to an antigen on the cell surface and cause: phagocytosis of the cell through opsonic or immune adherence, cytotoxicity by natural killer (NK) cells, lysis through activation of complement system.

Examples 1. Autoimmune anaemias and haemolytic disease of the newborn. Lysis of red cells occur due to formation of antierythrocyte antibodies. 2. Drug reactions

Sedormid purpura is a classical example. A sedative drug sedormid (not used nowadays) combines with platelets and antibodies are formed against these sedormid coated platelets. On subsequent exposure to drug, antibodies attack the platelets leading to thrombocytopenic purpura. Other drugs such as sulphonamide, thiazide diuretics and quinidine cause similar type of purpura. Many drugs attach to the cell membranes of erythrocytes, neutrophils or platelets and lead to antibody formation. On subsequent exposure to drug, antigen-antibody reaction produces cytotoxic or cytolytic (haemolysis) reactions. Demonstration of type II reaction. Coombs test (direct antiglobulin test) is usually positive.

Type III (immune complex) reaction
It is characterised by deposition of antigen-antibody complexes in tissues, activation of complement and infiltration of polymorphonuclear leuococytes leading to tissue damage. Type III reactions differ from type II reactions because its antigens are not attached to the surface of a cell. The interaction of these antigens with antibodies produce free floating complexes which can be deposited in the tissues leading to an immune complex reaction.

Two typical type III reactions include Arthus reaction (localised) due to relative antibody excess and serum sickness (generalised) because of relative antigen excess.

1. Arthus Reaction. Arthus (1903) observed that with repeated subcutaneous injections of normal horse serum (antigen) into rabbits, the initial injections were without any local effect, but with later injections, intense local oedema and haemorrhagic necrosis develop. This type of reaction is called Arthus reaction. The tissue damage is due to antigen-antibody complexes formed at equivalence or slight antibody excess. The antigen antibody complexes are deposited on the walls of blood vessels. These complexes activate complement and attract neutrophils at the local site. Leucocyte-platelet thrombi are formed which reduce the blood supply and cause tissue necrosis. The Arthus reaction can be passively transferred with sera containing high titre of antibodies (IgG, IgM).

2. Serum Sickness. It is a systemic form of type III hypersensitivity reaction. It appears following a single injection of high concentration of foreign serum. Antibodies to foreign serum reach high enough titres by 7-12 days but still some excess antigen remains in the circulating blood. Immune complexes get deposited on the endothelial lining of blood vessels in various parts of the body, causing inflammatory infiltration. Massive complement activation and fixation by antigen-antibody complexes leads to fall in complement concentration. Serum sickness differs from other hypersensitivity reactions in that a single injection serves both as the sensitising and shocking dose. Immune complexes damage the tissue in the same way as that in Arthus reaction. Serum sickness is characterised by fever, urticaria, arthralgia, lymphadenopathy and splenomegaly. Some important immune complex diseases are poststreptococcal glomerulonephritis, endocarditis, hepatitis B, dengue haemorrhagic fever and malaria.

Type IV (delayed or cell mediated) reaction
The reaction is mediated by sensitised T-lymphocytes which, on contact with specific antigen, release lymphokines that cause biological effects on macrophages, leucocytes and tissue cells. In contrast, all others hypersensitivity reactions are induced by circulating antibodies. Type IV or delayed type of hypersensitivity occurs within 48-72 hours of antigen challenge. As it is not antibody mediated, it cannot be passively transferred by serum, but can be transferred by lymphocytes or the transfer factor. Two types of delayed hypersensitivity reactions are well recognised, the tuberculin (infection) type and the contact dermatitis type.

1. Tuberculin (Infection) Type. When a small dose of tuberculin is injected intradermally in an individual sensitised to tuberculoprotein by prior infection or immunisation, an erythema and swelling (induration) occurs at the site of injection within 48-72 hours. The injection site is infiltrated by large number of lymphocytes and about 10-12% macrophages. In unsensitised individuals, the tuberculin injection provokes no response. Purified protein derivative (PPD) which is the active material of tubercle bacilli, is used in tuberculin test.

The tuberculin test is a useful indicator for delayed hypersensitivity (cell mediated immunity) to the bacillus. Cell mediated hypersensitivity reaction develops in many infections with bacteria (M. tuberculosis, M. leprae), fungi and parasites. It occurs when infection is subacute or chronic and the pathogen is intracellular.

Various skin tests are performed to detect delayed type of hypersensitivity. Positive skin test does not indicate present infection but implies that the person has been infected or immunised by the microorganism in the past. Some of these skin tests include: Lepromin test: It is positive in tuberculoid leprosy but negative in lepromatous type of leprosy. Frei   test:   This   test   is   positive   in lymphogranuloma venereum (LGV). Histoplasmin test: It is positive in histoplasmosis (a fungal infection caused by Histoplasma capsulatum).

2. Contact Dermatitis Type. Delayed hypersensitivity may sometimes develop as a result of skin contact with a range of sensitising materials—metals such as nickel and chromium, drugs such as penicillin or other antibiotics in ointments, simple chemicals like hair dyes, picryl chloride, dinitrochlorobenzene, cosmetics and soaps.

These substances can act as haptens. After absorption through skin, these molecules combine with skin protein to become antigenic. Cell mediated immunity is induced in skin. As most of the antigens involved are fat soluble, their likely portal of entry is along the sebaceous glands. Sensitisation is particularly liable to occur when the chemical is applied in an oily base (ointment or cream) on an inflammed area of the skin. The Langerhan's cells of skin carry these antigens to regional lymph nodes where T-lymphocytes are sensitised. On subsequent exposure to the offending agent, sensitised lymphocytes release lymphokines which cause superficial inflammation of skin characterised by redness, induration, vesiculation within 24-48 hours. The dermis is infiltrated predominantly by lymphocytes and few macrophages.

Detection - Patch test. The suspected allergen is applied to a small area of skin under an adherent dressing. Sensitivity is indicated by itching appearing in 4-5 hours, and local reaction (erythema, vesicle or blister formation) after 24-48 hours.

Type V (stimulatory type) reaction
It is a modification of Type II hypersensitivity reaction. Antibodies interact with antigens on cell surface that leads to cell proliferation and differentiation instead of inhibition or killing. Antigen-antibody reaction enhances the activity of affected cell. The typical example is Grave's disease in which thyroid hormones are produced in excess quantity. Long acting thyroid stimulating (LATS) antibody is an autoantibody to thyroid membrane antigen. It is presumed that LATS combines with a TSH receptor on thyroid cell surface and produces the same effect as TSH resulting in excessive secretion of thyroid hormone.

Shwartzman reaction
It is not an immune response but it has superficial resemblance to hypersensitivity reaction. It is probably a specialised type of intravascular coagulation precipitated by endotoxin. Shwartzman (1928) injected a culture filtrate of S. typhi intradermally in a rabbit and same filtrate was injected intravenously after 24 hours. A haemorrhagic necrotic lesion developed at the site of intradermal inoculation. The initial intradermal (preparatory) injection causes accumulation of leucocytes which by release of lysosomal enzymes damage capillary walls. Following the intravenous (provocative) injection, there occurs intravascular clotting, the thrombi leading to necrosis of vessel walls and haemorrhage. This is known as Shwartzman reaction. When both preparatory and provocative doses are given intravenously, the animal dies 12-24 hours after the second dose. Autopsy reveals bilateral cortical necrosis of the kidneys and patchy haemorrhagic necrosis in other organs such as liver, spleen etc. The reaction is also called the Sanarelli-Shwartzman reaction or the generalised Shwartzman reaction. Mechanisms similar to the Shwartzman reaction may operate in certain clinical conditions, such as fulminating meningococcal septicaemia (Waterhouse-Friderichsen syndrome).

Practic work
Laboratory work #1.

Medicines for hypersensetivity skin test in diagnostics of infectious diseases. 

Fill in the cheme with your teacher.

	Name of medicine
	Composition
	Type of diagnostic medicine
	Method of diagnostics

	PPD

	
	
	

	Lepromin

	
	
	

	Brucellin

	
	
	

	Histoplasmin 

	
	
	


Laboratory work #2.

Evaluation of tuberkulin skin test (Mantoux’s reaction). 

Purpose: To evaluate and explain results of allergic skin test in schoolchildren for tuberculosis.

Task:  In the 1st form of elementary school screening of tuberculosis and postvaccinal immunity was employed with tuberkulin skin test (Mantoux’s reaction). Evaluate results of the test in three children, fill in the table and make a conclusion.  

	Schoolchild
	Diameter of papula
	Evaluation of sensitivity to tuberculin (hyper-, norm-, hypergia)
	Interpretation and recommendations (some diagnostics or treatment)

	А
	0 mm (absent)
	
	

	В
	8 mm
	
	

	С
	19 mm
	
	


The conclusion. Answer the questions in written form:

Why are we not able to diagnose tuberculosis on the basis of only this test?

What additional methods for diagnostics of tuberculosis in children do you recommend?

Laboratory work #3.

Evaluation of allergic state by level of IgE. 

Purpose: To evaluate and explain result of radial diffusion method (Manchini’s test) for detection of IgE in serum of examined person.

Task:  In immunologic lab level of IgE in serum of examined person was revealed for evaluation of allergic state.  Evaluate results of the test and make a conclusion.  

OBSERVATIONS AND RESULTS

	Drawing with labels


	Components of the test
	Result

	

	
	


The conclusion. Answer the question in written form:

What other tests for evaluation of hypersensitivity do you now?______________
Laboratory work #4.

Mechanisms of allergic reactions. 

Fill in the chemes of different types of allergic reactions with your teacher.

	Type I
	

	Type II
	

	Type III
	

	Type IV
	


Topic 7. IMMUNOLOGICAL TOLERANCE. AUTOIMMUNE PATHOLOGICAL PROCESS. 
Home work.

I) Questions for study:

1) Immunological tolerance. Mechanisms of tolerance.

2) Pathogenesis of autoimmunity mechanisms

3) Autoimmune pathological process. Autoimmune diseases.
4) Organ-specific autoimmune diseases.

5) Systemic autoimmune diseases hla association with autoimmune diseases.
II) Before class draw in your workbook fill in the tables 

«Mechanisms of immunological tolerance»
	
	way
	location

	Deletion clones
	
	

	Edit
	
	

	The anergy
	
	

	Control by T cells
	
	


«The main forms of autoimmune diseases»

	Predominant type of immune mechanisms
	Organ specific diseases
	Systemic disease

	Cytotoxic (T-cell)
	
	

	Cell (Th17/Th1 - dependent)
	
	

	Humoral (Th2-dependent, associated with ABs)
	
	

	Mixed or unspecified type
	
	


Auditory work

I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1) Immunological tolerance. Mechanisms of tolerance.

2) Pathogenesis of autoimmunity mechanisms

3) Autoimmune pathological process. Autoimmune diseases.
4) Organ-specific autoimmune diseases.

5) Systemic autoimmune diseases hla association with autoimmune diseases.
Theoretical reference
Immunological tolerance
Immunological tolerance is defined as a state in which contact with an antigen specifically abolishes the capacity to mount an immune response against that particular antigen when it is administered subsequently, the immune reactivity to other antigens being unaffected. Immune tolerance may be of two types, natural or acquired.

Natural tolerance is non-responsiveness to self antigens. Any antigen that comes in contact with the immunological system during its embryonic life would be recognised as self antigen and would not provoke an immune response in the mature animal. Burnet and Fenner (1949) postulated that tolerance could also be induced against foreign antigens if they were administered during embryonic life.

Acquired tolerance arises when a potential antigen induces a state of unresponsiveness to itself. For acquired tolerance to be maintained, the antigen must persist or be repeatedly administered.

The induction of tolerance depends on the species and immunocompetence of the host, physical nature, dose and route of administration of antigen. Rabbits and mice can be rendered tolerant more rapidly than guinea pigs and chickens. It is difficult to induce tolerance when the degree of immunocompetence of the host is higher. For this reason, embryos and newborns are particularly susceptible for induction of tolerance. Tolerance can be induced in adults when immunocompetence is temporarily interrupted by immunosuppressive agents.

Soluble antigens and haptens are more tolerogenic than paniculate antigens. For example, when human gamma globulin is heat aggregated, it is immunogenic in mice, but when de-aggregated, it is tolerogenic. The induction of tolerance is dose dependent. High doses of antigen induce B cell tolerance whereas repeated minute doses induce T cell tolerance. A moderate dose of same antigen may be immunogenic. The route of administration is also important for induction of tolerance. Certain haptens are immunogenic in guinea pigs by the intradermal route but are tolerogenic orally or intravenously.

Tolerance to humoral and cellular immunity is usually induced simultaneously. When unresponsiveness is established for one parameter (humoral or cellular) of the immune response, it is called 'split tolerance'. In guinea pigs, delayed hypersensitivity to tuberculin can be inhibited, without affecting the production of a circulating antibody, by injection of tuber-culoprotein prior to vaccination with BCG.

Tolerance can be overcome spontaneously or by an injection of cross reacting immunogens. Tolerance to bovine serum albumin in rabbits can be abolished by immunisation with cross-reacting human serum albumin.

Mechanisms of Tolerance

Tolerance can arise through following mechanisms:

1. Clonal Deletion. In embryonic life clones of B and T lymphocytes that recognise self antigens are selectively deleted and are no longer available to respond upon subsequent exposure to that antigen. This is called clonal deletion.

2. Clonal Anergy. Clones of B and T lymphocytes that recognise self antigens might be present but they cannot be activated. This is known as clonal anergy.

3. Suppression. Clones of B andT lymphocytes expressing receptors that recognise self antigens are preserved. Antigen recognition might be capable of causing activation, however, expression of immune response might be inhibited through active suppression.

4. Other Mechanisms. Access of the antigen to immunocompetent cells is interfered with (afferent block), or antibody synthesised is neutralised or destroyed (efferent block).

Pathogenesis of Autoimmunity Mechanisms

The following mechanisms have been proposed for pathogenesis of autoimmunity: Release of sequestrated antigens, Antigen alteration, Epitope spreading, Molecular mimicry.

Release of sequestrated antigens. Certain tissues, such as sperm, central nervous system, and the lens and uveal system of the eye, are sequestrated or hidden. These sites are normally never exposed to the immune system for various reasons. These are called immunologically privileged sites. When these hidden or sequestrated antigens are released, exposed to as a result of injury, the host immune system - both cellular and humoral - does not consider them as self but as foreign, and hence attacks them. For example, lens protein is enclosed within its capsule and has no contact with circulation.

Therefore, immunological tolerance against lens protein is not developed during fetal life. Following injury or cataract surgery, when this antigen is leaked into circulation, it elicits an immune response, which results in damage to the lens of other eye. Similarly, developing sperms are found within the lumen of the testicular tubules, which are sealed off early in embryonic development, prior to the development of the immune system.

These developing sperms are enclosed within a sheath of tightly joined Sertoli cells, hence are never accessed to immune cells. If these are exposed by surgery or vasectomy and injury, an immune response occurs against the sperm, producing aspermatogenesis that may lead to male sterility. DNA, histones, and mitochondrial enzymes are the intracellular antigens that are normally sequestrated from the immune system. 

However, certain viral or bacterial infections and exposure to radiation and chemicals can damage these cells and release sequestrated intracellular antigens into circulation. These antigens then elicit a strong immune response. The autoantibodies are produced against these antigens, which combine with subsequently released sequestrated antigens. This results in the formation of immune complexes, which causes damage to tissues. For example, following an infection by mumps, the virus causes damage to the basement membrane of seminiferous tubules, thereby eliciting an immune response and resulting in orchitis.

Antigen alteration. Certain physical, chemical, or biological factors may alter tissue antigens, resulting in formation of new cell surface antigens called neoantigens. These neoantigens are no longer recognized as self, therefore, appear foreign to immune system, thereby eliciting an immune response. Procainamide-induced SLE is an example of an autoimmune disease caused by this mechanism.

Epitope spreading is the term used to describe the new exposure of sequestrated autoantigens as a result of damage to cells caused by viral infections. It is another process that is believed to contribute to pathogenesis of autoimmunity. These newly exposed autoantigens or epitopes stimulate autoreactive T cells, resulting in autoimmune diseases. For example, in experimental animal infection, a multiple sclerosis-like disease is caused by an infection with an encephalomyelitis virus. In this condition, the self-reactive T cells are directed against cellular antigens but not against the virus that cause the sclerosislike disease.

Molecular mimicry is a process in which infection by particular microbial pathogen is associated with the subsequent development of specific autoimmune diseases. Sharing of M protein of Streptococcus pyogenes and myosin of cardiac muscle is one of many examples of molecular mimicry. Repeated infections with S. pyogenes induce the production of antibodies against certain M proteins that crossreact with myosin of cardiac muscle, resulting in damage to cardiac tissue, leading to rheumatic fever. Similarly, infection with Shigella spp. or Chlamydia spp. may result in Reiter’s syndrome and infection with Campylobacter spp. may lead to Guillain–Barre syndrome. Development of encephalitis in certain cases following vaccination with rabies Semple vaccine is due to molecular mimicry of sheep brain antigens, used in the vaccine, with that of neural tissues in the brain.

Autoimmune Pathological Process

The autoimmune pathological process may be initiated and maintained by (a) autoantibodies, (b) immune complexes containing autoantigens, and (c) autoreactive T lymphocytes. Each of these immune processes plays a major role in certain diseases or may be synergistically associated, particularly in multiorgan, systemic autoimmune diseases.

1. Autoantibodies: Autoantibody associated diseases are characterized by the presence of autoantibodies in the individual’s serum and by the deposition of autoantibodies in tissues. Autoantibodies may be directly involved in the pathogenesis of certain diseases, while in others they may serve simply as disease markers without a known pathogenic role. They may also be instrumental in triggering various pathogenic mechanisms leading to tissue injury and cell death. Autoantibodies play a key role in the pathogenesis of (a) myasthenia gravis, (b) pemphigus vulgaris, and (c) various autoimmune cytopenias.

2. Immune complexes containing autoantigens: The formation of immune complexes between self-antigens and autoantibodies, leading to end organ damage, is another pathogenic mechanism seen in autoimmune disorders. Only those immune complexes that are of adequate size manage to activate the complement system and are involved in the pathogenesis of autoimmune diseases. Systemic lupus erythematosus and polyarteritis nodosa are two classic examples of autoimmune diseases in which immune complexes play a major pathogenic role.

3. Autoreactive T lymphocytes: Antigens that are sequestered from the circulation, and are therefore not seen by the developing T cells in the thymus, do not induce self-tolerance. Exposure of mature T cells to such normally sequestered antigens at a later time might result in their activation. Induction of autoantibodies to sperms after vasectomy, sympathetic ophthalmitis, and the presence of antibodies to myocardial cells after myocardial infarction are the examples. Inappropriate expression of class II MHC molecules can also sensitize self-reactive T cells in certain other situations. This is supported by the clinical observations showing increased frequency of autoimmune diseases in families and by increased rates of clinical concordance in monozygotic twins. Polyclonal B-cell activation may also lead to initiation of autoimmune disease process.

Autoimmune Diseases

Different molecules, cells, and tissues are affected in autoimmune diseases. The autoimmune diseases can be broadly classified as (a) organ-specific autoimmune disease and (b) systemic autoimmune diseases

Organ-Specific Autoimmune Diseases

These are diseases in which autoantibodies are produced targeting only the tissue of a single organ, thus affecting it solely. A few examples of such disorders are Addison’s disease, autoimmune hemolytic anemia, Goodpasture’s syndrome, Graves’ disease, Hashimoto’s thyroiditis, idiopathic thrombocytopenic purpura, insulin-dependent diabetes mellitus, myasthenia gravis, pernicious anemia, poststreptococcal glomerulonephritis,  etc. These diseases can be further subgrouped on the basis of tissue damage as: (a) diseases mediated by the action of cellmediated immunity and (b) diseases mediated by the action of autoantibodies.

Diseases mediated by the action of cell-mediated immunity. Some of the diseases where the main mechanism of cell damage is directly mediated by lymphocytes are listed below.

Hashimoto’s thyroiditis: Hashimoto’s thyroiditis primarily is a subclinical disease in which no thyroid dysfunction is evident and no therapy is needed until the later stages of disease. A cell-mediated autoimmune reaction triggered by unknown factors is believed to be responsible for the development of this disease. The disease occurs most often in middle-aged women producing both autoantibodies and TH1 cells specific for thyroid antigens. It is the most common form of thyroiditis, and it usually has a chronic evolution. It occurs most commonly during the third to fifth decades, with a female to male ratio of 10:1. The disease is functionally characterized by a slow progression to hypothyroidism with an insidious onset of symptoms. Most patients become hypothyroid with symptoms of malaise, fatigue, cold intolerance, and constipation. The diagnosis is usually confirmed by the detection of antithyroglobulin antibodies.

Addison’s disease (chronic primary hypoadrenalism): This disease can either be caused by exogenous agents (e.g., infection of the adrenals by Mycobacterium tuberculosis) or may be idiopathic. The idiopathic form is believed to have an immune basis, since 50% of patients have been found to have autoantibodies to the microsomes of adrenal cells (as compared to 5% in the general population). The autoantibodies directed against the adrenals are believed to play the main role in pathogenesis of the disease. Symptoms of Addison’s disease include weakness, fatigability, anorexia, nausea, vomiting, weight loss, and diarrhea. Signs include increased skin pigmentation, vascular collapse, and hypotension. The disease finally ends in atrophy and loss of function of the adrenal cortex. The diagnosis is confirmed by demonstration of antiadrenal antibodies by indirect immunofluorescence test. Addison’s disease is found frequently in association with other autoimmune diseases, such as thyroiditis, pernicious anemia, and diabetes mellitus.

Diseases mediated by the action of autoantibodies. In some autoimmune diseases, antibodies act as agonists, binding to hormone receptors in lieu of the normal ligand and stimulating inappropriate activity. This usually leads to an overproduction of mediators or an increase in cell growth. Conversely, autoantibodies may act as antagonists, binding hormone receptors but blocking receptor function. This generally causes impaired secretion of mediators and gradual atrophy of the affected organ. Some important representative disorders in this group are mentioned below.

Myasthenia gravis: Myasthenia gravis is the prototype autoimmune disease mediated by blocking antibodies. It is a disorder of neuromuscular transmission. A patient with this disease produces autoantibodies that bind the acetylcholine receptors on the motor end-plates of muscles. These antibodies block the normal binding of acetylcholine and also induce complement-mediated lysis of the cells. Increased muscular fatigue and weakness, especially becoming more pronounced following exercise, are the usual symptoms of myasthenia gravis. Weakness is usually first detected in extraocular muscles resulting in diplopia or ptosis. The face, tongue, and upper extremities are also frequently involved. Skeletal muscle involvement is usually proximal. The disease is usually marked by spontaneous remission periods. Thymic abnormalities are frequent in myasthenia gravis. About 10% of the patients develop malignant tumors of the thymus (thymomas). The diagnosis is confirmed by the finding of antiacetylcholine receptor antibodies.

Graves’ disease: Graves’ disease, also known as thyrotoxicosis, diffuse toxic goiter, and exophthalmic goiter, occurs as a result of the production of autoantibodies against the thyrotrophic hormone (thyroid-stimulating hormone [TSH]) receptor (TSH receptor antibodies). The TSH receptor antibodies (also known as long-acting thyroid stimulator, thyroid-stimulating immunoglobulin, and thyroid-stimulating antibodies) stimulate the activity of thyroid gland in Graves’ disease. These antibodies have the capacity to stimulate the production of thyroid hormones by activating the adenylate cyclase system after binding to the TSH receptor. These antibodies are detected in 80–90% of patients with Graves’ disease and are usually of the IgG isotype. Protruding eyeballs, also known as exophthalmos, is the classical presentation of the condition. Other symptoms of hyperthyroidism include increased metabolic rate with weight loss, nervousness, weakness, sweating, heat intolerance, and loose stools. This disease is more prevalent in women in their 30s. Biopsy of the thyroid gland shows diffuse lymphoplasmacytic interstitial infiltration. Laboratory tests show increased levels of thyroid hormones (triiodothyronine, or T3, and thyroxine, or T4), increased uptake of T3, and antithyroid receptor antibodies.

Systemic Autoimmune Diseases

The autoantibodies are produced against a wide range of host tissues in systemic autoimmune diseases. These diseases reflect a general defect in immune regulation that results in hyperactive T cells and B cells. Tissue damage is widespread, much more generalized and usually leads to multisystem disorders. Tissue damage is caused by cell-mediated immune responses, by autoantibodies, or by accumulation of immune complexes. A few of the representative systemic diseases are discussed below.

Systemic lupus erythematosus. Systemic lupus erythematosus (SLE) is a generalized autoimmune disorder associated with multiple cellular and humoral immune abnormalities and protean clinical manifestations. It is most common in females of childbearing age. It is 10 times more common in females than males. The clinical manifestations of SLE vary among different patients. The kind of organ (vital versus nonvital) that becomes involved determines the seriousness and the overall prognosis of the disease. A wide range of autoantibodies to a vast range of tissue antigens, such as DNA, histones, RBCs, platelets, leukocytes, and clotting factors are produced in patients with SLE. Combination of these autoantibodies with their specific antigens produces a variety of symptoms. Demonstration of lupus erythematosus (LE) cell on incubation of normal neutrophils with damaged leukocytes preincubated with sera obtained from SLE patients is typical of SLE. The cell is a peculiar-looking polymorphonuclear leukocyte that has ingested nuclear material. Laboratory diagnosis of SLE is made by demonstration of antinuclear antibodies (ANAs) in a variety of tissues and cell lines as substrates by an indirect immunofluorescence test. Demonstration of nuclear fluorescence after incubating the cells with the patient’s serum indicates a positive test. Four patterns of fluorescence can be seen, indicating different types of ANAs. The test for ANAs is not very specific but is very sensitive. A negative result virtually excludes the diagnosis of SLE (95% of patients with SLE are ANA positive), while high titers are strongly suggestive of SLE but not confirmatory. False positives can occur in other systemic autoimmune/collagen diseases and chronic infections. Anti-dsDNA antibodies are found almost exclusively in SLE (60–70% of the patients). Levels of serum anti-DNA antibodies may vary with disease activity, but they are poor predictors of disease activity. Marked elevations in the levels of circulating immune complexes can be detected in patients with SLE sera during acute episodes of the disease by a variety of techniques. Sunlight exposure is the first environmental factor to be identified that influences the clinical evolution of SLE in a patient. Exposure to sunlight may precede the clinical expression of the disease or disease relapse. This is due to the Langerhans cells of the skin and keratinocytes that release significant amounts of interleukin-1 upon exposure to UV light. Infections and also drugs are responsible for setting off the disease process in certain susceptible individuals. Treatment of the condition is carried out by administration of corticosteroids and other anti-inflammatory drugs. Other examples of systemic autoimmune diseases include multiple sclerosis and rheumatoid arthritis.

HLA Association with Autoimmune Diseases

The risk for many autoimmune diseases appears to be associated with the presence of particular human leukocyte antigen (HLA) genes. Some autoimmune diseases have increased frequencies in persons carrying certain HLA genes. .

MHC associations with autoimmune diseases
	HLA genes
	Autoimmune diseases

	B8
	Myasthenia gravis

	B27 


	Acute uveitis

Ankylosing spondylitis

Reiter’s disease

	Cw6 
	Psoriasis vulgaris

	DR2 


	Goodpasture’s syndrome

Multiple sclerosis

	DR3 


	Graves’ disease

Multiple sclerosis

Myasthenia gravis

Systemic lupus erythematosus

	DR4 


	Pemphigus vulgaris

Rheumatoid arthritis

	DR3/DR4

heterozygote
	Type I insulin-dependent diabetes mellitus



	DR5 
	Hashimoto’s thyroiditis


Practic work
Laboratory work #1.
Evaluation of immunogram. 

Purpose: to acquire the skill of evaluation of immunogram.

Study to immunograms, fill in last columns and make a conclusion.

Patient Petrova I. V.    Age 8 y.   Diagnosis: bronchial asthma
	Parameter
	Normal value
	In this studied person
	Change and its direction (( or ()

	Leucocytes (109/л)
	4,3 - 6,0
	6,4
	

	Lymphocytes (%)
	35 - 45
	32
	

	Lymphocytes (109/л)
	1,500 – 2,700
	2,048
	

	СD3+ lymphocytes (%)
	55-70
	55
	

	СD3+ lymphocytes (109/л)
	0,825 – 1,900
	1,126
	

	CD19+ lymphocytes (%)
	8 - 20
	16
	

	СD19+ lymphocytes (109/л)
	0,120 – 0,540
	0,328
	

	CD4+ lymphocytes (%)
	35 - 50
	30
	

	CD8+ lymphocytes (%)
	20 -30
	22
	

	rodnuclear  neutrophiles %
	0 - 6
	1
	

	segmentonuclear neutrophiles %
	41 - 65
	60
	

	monocytes %
	0 - 8
	3
	

	eosinophiles %
	0 - 6
	4
	

	basophiles %
	0 - 6
	0
	

	Phagocytosis number %
	50 - 70
	54
	

	Phagocytosis index
	3,8 – 6,0
	6,1
	

	spontaneous NBT test %
	4 - 10
	4,3
	

	stimulated NBT test %
	30 - 60
	30,0
	

	circulating immune complexes
	up to 70
	61
	

	IgA, g/L
	0,9 – 1,6
	0,52
	

	IgM, g/L
	0,8 – 1,4
	0,67
	

	IgG, g/L
	8 - 13
	3,20
	

	IgЕ, МU/ml
	up to 60
	514
	


Conclusion: write all changed parameters and their direction

Topic 8. IMMUNODEFICIENCY. 

Home work.

I) Questions for study:

1) Immunodeficiency.

2) Primary immunodeficiencies
3) Secondary immunodeficiencies
4) Assessment of immune status 
Auditory work

I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Immunodeficiency.

2. Primary immunodeficiencies
3. Secondary immunodeficiencies
4. Assessment of immune status 
Theoretical reference

Immunodeficiency
Immunodeficiency diseases are conditions where the defence mechanisms of the host are impaired, leading to repeated microbial infections and sometimes enhanced susceptibility to malignancies. Such defects may be primary or secondary. Primary immunodeficiencies result from abnormalities in the development of immune mechanisms. Secondary immunodeficiencies are due to consequences of some other disease, malnutrition, drugs and other processes that affect the normal functioning of the mature immune system. These immunodeficiency diseases may involve specific immune functions—humoral immunity, cell mediated immunity or both-or nonspecific mechanisms such as phagocytosis and complement.

I. Primary immunodeficiencies

The defects may be in T cell, В cell or both, complement system or phagocytes. 

It must be realised that there is considerable overlapping due to intimate interaction between the В cell and the T-cell. For instance, T cell deficiencies of helper or suppressor T cells will also have a profound effect on antibody response.

Humoral Immunodeficiencies (B Cell Defects) 

1. X-Linked Agammaglobulinaemia. This syndrome is the first immunodeficiency disease to have been recognised. It was first described by Bruton in 1952 and is also called Bruton's disease. It is seen only in male infants. Manifestations are not apparent till about six months of age due to passive protection by maternal immunoglobulins Patients suffer from recurrent infections with pyogenic bacteria, particularly with pneumococci. streptococci, meningococci, Pseudomonas and Haemophilus influenzae.

The basic defect is a failure of pre-B cells to differentiate into mature В cells. All classes of immunoglobulins are grossly depleted in the serum. Tonsils and adenoids are atrophic. Lymph node reveals a depletion of cells of the bursa-dependent areas. Plasma cells and germinal centres are absent even after stimulation with antigen Affected individuals have a marked decrease in the proportion of B-cells in circulation but pre-B cells are present in normal numbers in bone marrow T cell functions are normal in these patients and can normally handle viral, fungal, protozoal diseases. Allograft rejection is normal and delayed hypersensitivity to tuberculin can be demonstrated. Treatment consists of routine injections of normal immunoglobulins.

2. Transient Hypogammaglobulinaemia of Infancy. This is due to an abnormal delay in the initiation of IgG synthesis in some infants. It may occur in infants of both sexes. Maternal IgG is slowly catabolised and reaches a very low level by the second month. Ordinarily, the infants start producing their own IgG by this age. When there is a delay, immunodeficiency occurs. Treatment with gammaglobulin is not recommended in this condition, as it may contribute to prolongation of immunodeficiency by a negative feedback inhibition of IgG synthesis.

3. Common Variable Immunodeficiency . This is also known as late onset hypogammaglobulinaemia because it usually manifests only by 15-35 years of age. It is characterised by recurrent pyogenic infections. This may also be associated with an increased incidence of autoimmune disease. В cells may be present in circulation in normal numbers, but they appear defective and are unable to differentiate into plasma cells and secrete immunoglobulins. Increased suppressor T cell and decreased helper T cell activity have been proposed as a cause of this disorder. In this condition, the total immunoglobulin level is usually less than 300 mg per 100 ml, with IgG level less than 250 mg per 100 ml. Treatment is by administration of gammaglobulin preparations intramuscularly or intradermally.

4.
Selective Immunoglobulin Deficiencies. In these conditions, there occurs selective deficiency of one or more immunoglobulin classes, whereas the other immunoglobulin classes remain normal or elevated.


Selective IgA deficiency. There is absence or near absence of serum and secretory IgA in this most common well-defined immunodeficiency disorder. These patients exhibit increased susceptibility to respiratory and gastrointestinal infections. ATopic disorders among IgA deficient individuals are high. Anti-IgA antibodies are present in many of these patients.

Selective IgM deficiency has been found to be associated with septicaemia due to meningococci and other Gram-negative bacteria.

5.
Immunodeficiencies with Hyper-IgM. There is low levels of IgA and IgG with elevated IgM. Some of these immunodeficiencies are X-linked and some inherited as autosomal recessive. Patients are vulnerable to infections and autoimmune disorders such as thrombocytopaenia, neutropaenia and haemolytic anaemia. Some patients develop malignant infiltration with IgM producing cells.

6.
Transcobalamin II Deficiency. It is an autosomal recessive disorder. These individuals show metabolic effects of vitamin B12 deficiency including megaloblastic anaemia and intestinal villous atrophy. Immunological defects include plasma cells depletion, diminished immunoglobulin levels and impaired phagocytosis. Treatment with vitamin B12 may restore haematopoietic, gastrointestinal and В cell functions but not phagocytic activity.

Cellular Immunodeficiencies (T Cell Defects)

Abnormalities of T cell development results in viral, intracellular bacterial, fungal and protozoal infections rather than acute bacterial infections. 

1. Thymic Hypoplasia. (DiGeorge's Syndrome) This is a developmental defect affecting the third and fourth pharyngeal pouches, which leads to aplasia or hypoplasia of the thymus and parathyroid glands. T cells are deficient or absent in the circulation. The thymus dependent areas of spleen and lymph nodes are depleted of T lymphocytes. Delayed hypersensitivity and graft rejection are depressed. The humoral immune response is largely unaffected.

Patients show enhanced susceptibility to viral, fungal and bacterial infections. Most of these infants usually show other associated developmental anomalies such as cardiac defects particularly involving great vessels. Neonatal tetany is present. Transplantation of foetal thymus tissue has been reported to restore the immunological functions.

2. Purine Nucleoside Phosphorylase (PNP) Deficiency. Inherited deficiency of enzyme PNP occurs due to a gene defect in chromosome 14 which results in impaired metabolism of cytosine and inosine to purines. These patients show decreased T cell proliferation leading to decreased cell mediated immunity and recurrent or chronic infections.

C. Combined Immunodeficiencies (Both В and T Cell Defects)

1.
Cellular Immunodeficiency with Abnormal Immunoglobulin Synthesis (Nezelof's Syndrome). There is depressed cell mediated immunity associated with selectively elevated, decreased or normal levels of immunoglobulin. Patients are susceptible to recurrent viral, fungal, bacterial and protozoal diseases. The thymus is small and peripheral lymphoid tissues are hypoplastic. Autoimmune processes such as haemolytic anaemia are common. Bone marrow transplantation, transfer factor and thymus transplantation have been used for treatment, with success in some cases. Adequate antimicrobial therapy is essential for the treatment of microbial infections.

2.
Ataxia Telangiectasia. This is an autosomal recessive genetic disorder, where combined immunodeficiency is associated with cerebellar ataxia, telangiectasia (dilated capillaries), ovarian dysgenesis and chromosomal abnormalities. Death occurs due to sinopulmonary infection early in life, or malignancy in second or third decade. The majority of patients lack IgA and IgE but some patients possess antibody to IgA. Cell mediated immunity is also defective which results in an impairment of delayed hypersensitivity and graft rejection. Transfer factor and foetal thymus transplants have been tried with limited benefit.

3.
Wiskott-Aldrich Syndrome. It is an X-linked recessive disease characterised by eczema, bleeding and recurrent infections. Most of the affected children die due to complications such as bleeding, infection or lymphoreticular malignancy during childhood. The bleeding occurs due to thrombocytopenia, eczema from elevated IgE level and recurrent infections from abnormalities in cell-mediated (thymic hypoplasia) and antibody-mediated immunity. В cells are unable to respond to polysaccharide antigens. Treatment with transfer factor and bone-marrow transplantation have been found to be beneficial.

4.
Immunodeficiency with Thymoma. This syndrome consists of a benign thymic tumour, impaired cell mediated immunity and agammaglobulinaemia. It occurs usually in adults. Antibody formation is poor and progressive lymphopenia develops. Patients have been shown to have excessive suppressor T cell activity.

5.
Severe Combined Immunodeficiency Diseases. These include many syndromes with severe combined deficiency of both humoral and cell mediated immunity. They are inherited in the autosomal recessive mode. Many distinct patterns of this immunodeficiency have been described. 

1) Swiss type agammaglobulinaemia. Such persons are born with lymphoid stem-cell defects and lack both humoral and cell-mediated immunity. They have agammaglobulinaemia and lymphocytopaenia. The basic defect is presumed to be at the level of the lymphoid stem cell.

2) Reticular dysgenesis. This is the most serious form of combined immunodeficiency. Here the defect is at the level of multipotent bone marrow stem cell. There is a total failure of myelopoiesis. The individual is born with lymphopenia, neutropaenia, thrombocytopaenia. anaemia and bone marrow aplasia. The condition is invariably fatal in the first week of life.

3) Adenosine deaminase deficiency. Adenosine deaminase (ADA) is an enzyme which catalyses the conversion of adenosine to inosine in purine metabolic pathway. In these patients, ADA levels are low in all the tissues, including red blood cells. The mechanism by which this deficiency causes immunological impairment is not clear. It is, however, believed that deficiency of ADA leads to accumulation of adenosine and deoxyadenosine triphosphate, which are toxic to lymphocytes, particularly T-lymphocyte lineage. There is greater loss of T-cell immunity than that of B-cell. The immunodeficiency varies from complete absence to mild abnormalities of В and T cell functions. Infants with these severe immune disorders are vulnerable to all forms of infections and most die during the first year of life.

6. MHC Class II Deficiency. It is an autosomal hereditary recessive disorder in which failure to express MHC II molecules on the surface of antigen presenting cells (macrophages and В cells) results in a deficiency of CD4+ T-cells. This is due to the fact that T-cell (CD4+) development is dependent on positive selection by MHC class II molecules in thymus. Thus MHC II deficient infants exhibit the deficiency of T cells (CD4+).The lack of these helper T-cells results in deficient antibodies.

Disorders of Complement

1.
Complement Component Deficiencies . Genetic deficiencies of almost all complement components have been detected in man. Deficiency of Clr and C4 is associated with systemic lupus erythematosus. The most severe abnormalities of host defences occur with C3 deficiencies which result in increased susceptibility to pyogenic infections. Deficiency of C6, C7, C8 is associated with neisserial infections. The defects of all these complement components are transmitted as autosomal recessive traits, except that of properdin which is X-linked recessive disease.

2.
Complement Inhibitor Deficiencies. Hereditary angioneurotic oedema is due to a genetic deficiency of С1 inhibitor and this defect is transmitted as an autosomal dominant. Normally, С1 inhibitor is involved in inactivation of complement system and other pathways, like clotting, fibrinolytic and kinin. In CI inhibitor deficiency, these systems may be activated. Activation of factor XII (Hageman factor) leads to formation of bradykinin and C2 kinin. These kinins act on the post-capillary venules causing contraction of endothelial cells and formation of gaps that allow the plasma leakage and production of oedema.

Disorders of Phagocytosis

Phagocytosis may be impaired either by intrinsic or extrinsic defects. Intrinsic defects are within phagocytic cells such as enzyme deficiency and extrinsic defects may be due to deficiency of opsonin antibody, complement or other factors promoting phagocytosis. Phagocytic dysfunction leads to increased susceptibility to infections.

1.
Chronic Granulomatous Disease (CGD) . It is a fatal genetic disorder in which there is a deficiency of NADPH oxidase. In these patients, polymorphonuclear leucocytes phagocytose invading bacteria normally but are unable to kill ingested microorganisms because engulfrnent of bacteria is not followed by activation of oxygen-dependent killing mechanisms. The bacteria involved in the recurrent infections are catalase positive organisms such as staphylococci and coliforms. Catalase negative bacteria are handled normally. Leucocytes from these patients fail to reduce nitroblue tetrazolium (NBT) during phagocytosis. This property has been used (NBT test) for the diagnosis of chronic granulomatous disease.

2.
Myeloperoxidase Deficiency. In this rare disease, leucocytes are deficient in myeloperoxidase. Patients are liable to develop recurrent Candida albicans infection.

3.
Chediak-Higashi Syndrome. It is an autosomal recessive disorder. Polymorphonuclear leucocytes in these patients possess large lysosomes. These abnormal lysosomes do not fuse readily with phagosome. Thus leucocytes possess diminished phagocytic activity. Patients suffer from severe pyogenic infections.

4.
Leucocyte G-6-PD Deficiency. Leucocytes are deficient in glucose-6-phosphate dehydrogenase and show diminished bactericidal activity after phagocytosis. Such patients are vulnerable to microbial infections.

II. Secondary immunodeficiencies

These can occur secondary to a number of disease states such as metabolic disorders, malnutrition, malignancy or as a consequence of certain therapeutic measures which depress the immune system. Secondary immunodeficiencies are more common than primary immunodeficiencies.

Depression of Humoral Immune Responses. This results when B-cells are depleted as in lymphoid malignancy, particularly in chronic lymphatic leukaemia; when excessive loss of serum proteins occurs as in exfoliative skin disease and in protein losing enteropathies. In multiple myeloma, there   is   excessive   production   of   abnormal immunoglobulins but normal immunoglobulin level is decreased.

Depression of Cell-Mediated Immunity. Cell mediated immunity is depressed in acquired immunodeficiency syndrome (AIDS), Hodgkin's lymphoma, obstruction to lymph circulation, lepromatous leprosy and some cases of sarcoidosis. Acquired immunodeficiency syndrome (AIDS) is the most important of secondary immunodeficiency diseases.
Assessment of immune status
The immune status as the combination of parameters which characterize the adaptive immune system of a patient at a given timepoint. The assessment of immune status relies on the measurement of immune diversity, which we evaluate through the characterization of diversity of the T cell receptor and of the B cell receptor of lymphocytes. Screening tests. They are necessary to detect which section of immune system is damaged (adaptive or innate, humoral or cell-mediated).  Advanced tests. They are necessary to detect nosological form, severity and reason of immune disorder.

Table 7.1.

Assessment of immune status
	Screening tests (the 1st level)
	Advanced tests (the 2nd level)

	Humoral immunity

	· B lymphocyte measurement (CD20+ or CD19+).
· IgA, IgM, IgG, IgE  concentrations.
· Concentration of circulating immune complexes.
	· Blastogenic responses of B-lymphocytes to antigens and mitogens. 
· Concentration of specific antibodies against different antigens (proteins, tetanus and diphteria toxoids, pneumococcal antigen PCV-7).
· Measurement of secretory IgA. 
· IgG subclass concentrations.

	Cell-mediated immunity

	· Lymphocyte count.
· Lymphocyte subpopulations count: mature Т-lymphocytes (CD3+), T-helpers (CD4+), cytotoxic Т-lymphocytes (CD8+), NK cells (CD 16). 

· Ratio CD4+/CD8+ (regulatory index).

	· Blastogenic responses of T-lymphocytes to antigens and mitogens. 
· T-lymphocyte subpopulations with special phenotype identification – activation markers: CD25 (cytokine receptor for IL-2), CD 69, HLA-DR etc. 

· Cytokine production (IF-г, IL-2, -4, -6, TNF).

· Readiness of T-lymphocytes to apoptosis (antigen of apoptosis Fas - CD95).

	Evaluation of phagocytosis

	· Neutrophil count and smear.
· Count of phagocytosis index (percentage of cells taking part in phagocytosis) and phagocytosis number (number of bacteria, engulfed by single cell).
· Superoxide generation (NBT test, chemiluminescence test, respiratory burst measurement by flow cytometry). 
	· Chemotaxis (Rebuck window, Boyden chamber)

· Detection of adhesion molecules (CD11, CD18 measurement by flow cytometry) 

	Evaluation of complement

	· Serum hemolytic complement (CH50, АН50)

· C1 esterase inhibitor
	· Quantitation of C3 and C4




Practic work

Laboratory work #1.

Evaluation of immunogram. 

Purpose: to acquire the skill of evaluation of immunogram.

Study to immunograms, fill in last columns and make a conclusion.

1) Patient Ivanov K. K.    Age 15 y.   Diagnosis: chronicle bronchitis

	Parameter
	Normal value
	In this studied person
	Change and its direction (( or ()

	Leucocytes (109/л)
	4,3 - 6,0
	8,3
	

	Lymphocytes (%)
	35 - 45
	75
	

	Lymphocytes (109/л)
	1,500 – 2,700
	6,225
	

	СD3+ lymphocytes (%)
	55-70
	47
	

	СD3+ lymphocytes (109/л)
	0,825 – 1,900
	2,926
	

	CD19+ lymphocytes (%)
	8 - 20
	30
	

	СD19+ lymphocytes (109/л)
	0,120 – 0,540
	1,867
	

	CD4+ lymphocytes (%)
	35 - 50
	33
	

	CD8+ lymphocytes (%)
	20 -30
	25
	

	rodnuclear  neutrophiles %
	0 - 6
	0
	

	segmentonuclear neutrophiles %
	41 - 65
	21
	

	monocytes %
	0 - 8
	3
	

	eosinophiles %
	0 - 6
	1
	

	basophiles %
	0 - 6
	0
	

	Phagocytosis number %
	50 - 70
	81
	

	Phagocytosis index
	3,8 – 6,0
	6,4
	

	spontaneous NBT test %
	4 - 10
	0,3
	

	stimulated NBT test %
	30 - 60
	10,0
	

	circulating immune complexes
	up to 70
	162
	

	IgA, g/L
	0,9 – 1,6
	0,74
	

	IgM, g/L
	0,8 – 1,4
	2,80
	

	IgG, g/L
	8 - 13
	4,80
	

	IgЕ, МU/ml
	up to 60
	60
	


Conclusion: write all changed parameters and their direction

Laboratory work #2.
Methods of immune status evaluation. 

Purpose: to study methods of immune status evaluation.

5. Count of T- and B-lymphocytes with test of rosetting (Е- and ЕАС-rosetting)

Principle: surface receptors, specific for different subpopulations of lymphocytes, bind with native or treated with antibody erythrocytes. The erythrocyte surround lymphocyte and form figure like rosette. Rosette-forming lymphocyte is concidered if it binds with at least 3-5 erythrocytes.

T-lymphocytes (Е-rosetting). T-lymphocytes have receptors to sheep erythrocytes which is considered a specific sign for their recognition. 

The technique. Lymphocytes isolated from venous blood mix with equal volume of 0,5% suspension of sheep erythrocytes. Ratio erythrocytes : lymphocytes must be 50:1 or less. The mixture is incubated under  37 °С for 10 min. Count is carried out under light microscope. 

B-lymphocytes (ЕAC-rosetting). B-lymphocytes have receptors to complement. To detect those sheep erythrocytes bind with antibodies and complement. B- lymphocytes bind with these coated erythrocytes due to receptors to C3 on their surface 

The technique. Lymphocytes isolated from venous blood mix with equal volume of 0.5% suspension of sheep erythrocytes treated with antibody and complement. Ratio erythrocytes : lymphocytes must be 50:1 or less. The mixture is incubated under 37 °С for 10 min. Count is carried out under light microscope. 
6. Evaluation of phagocytosis by neutrophils and monocytes.

Principle: neutrophils and monocytes of peripheral blood are able to bind, engulf and digest bacterial test-culture (Staphylococcus aureus).  

The technique. Venous heparinized blood is mixed with equal volume of microbial suspension (overnight culture of S. aureus) and incubated under 37 °С for 30 min. Then cells are separated with centrifugation. Then smear on the slide is prepared, fixed and stained from these cells. Count of phagocytosis index (percentage of cells taking part in phagocytosis) and phagocytosis number (number of bacteria, engulfed by single cell) is carried out under light microscope.
3. Blastogenic response of lymphocytes to mitogens. 

Principle: lymphocytes are capable of transformation into blasts and multiplication to be treated with antigens, allergens and mitogens. 

The technique. Lymphocytes isolated from venous blood mix with certain substances - stimulators of blast-transformation. Phytohemagglutinin is used for blast-transformation of T- lymphocytes. Lipopolysacharid is used for blast-transformation of B- lymphocytes. Responding to these substances they changed into blasts (large cells with big nucleus and very narrow ring of cytoplasm. result is registered under light microscope.
4. Test for reduction of nitroblue tetrazolium (NBT test)

Principle: Neutrophils are capable to produce superoxide anion with antibacterial property. Also superoxide anion reduces nitroblue tetrazolium and changes it into diformazan. 

The technique. In the well with isolated leucocytes NBT is added (spontaneous NBT test). In another well the same components with zymozan are added (stimulated NBT test). After incubation under 37 °С for 30 min from both wells cells are taken and smears on the slides are made. Under light microscope percentage of cells containing grey granules of diformazan is counted. 

OBSERVATION AND RESULTS

	Drawings of test results with labels

	Е- rosetting
	Evaluation of phagocytosis
	Blastogenic response of lymphocytes 
	NBT test

	

	
	
	


Topic 9. IMMUNISATION@IMMUNOTHERAPY

Home work.

I) Questions for study:

1) Prophylactic immunisation

2) Active immunisation by vaccines.

3) Immunisation schedule.

4) Types of vaccines.

5) Therapeutic sera and immunoglobulins.

6) Combined passive and active immunization.

7) Individual immunisation

8) Immunotherapy

II) Before class draw in your workbook fill in the table 

“Features of effective vaccines”
	Safe
	

	Protective
	

	Gives sustained protection
	

	Induces neutralizing antibody
	

	Induces protective T cells 
	

	Practical considerations
	


Auditory work

I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1) Prophylactic immunisation

2) Active immunisation by vaccines.

3) Immunisation schedule.

4) Types of vaccines.

5) Therapeutic sera and immunoglobulins.

6) Combined passive and active immunization.

7) Individual immunisation

8) Immunotherapy

Theoretical reference
Immunoprophylaxis is the prevention of disease by the production of active or passive immunity. The incidence of diseases, such as diphtheria, measles, mumps, pertussis (whooping cough), rubella (German measles), poliomyelitis, and tetanus, has declined dramatically as vaccination has become more common. Vaccination is a cost-effective weapon for disease prevention. Use of vaccines has contributed solely in the eradication of smallpox, one of mankind’s long-standing and most terrible scourges. Since October 1977, not a single naturally acquired smallpox case has been reported anywhere in the world. Other diseases like diphtheria, pertussis, tetanus, measles, mumps, rubella, and poliomyelitis, also known as “vaccine preventable diseases” have been successfully brought down to negligible levels in most developed nations and in some cases in the developing nations as well. Immunity to infectious microorganisms can be achieved by active or passive immunization. In each case, immunity can be acquired either by natural processes (usually by transfer from mother to fetus or by previous infection by the organism) or by artificial means, such as injection of antibodies or vaccines. The agents used for inducing passive immunity include antibodies from humans or animals, whereas active immunization is achieved by inoculation with microbial pathogens that induce immunity but do not cause disease or with antigenic components from the pathogens.

Immunisation against infectious diseases has been an important contribution of microbiology to medicine. Aim of immunisation is to produce a degree of resistance sufficient to prevent a clinical attack of the natural infection. It may be active or passive immunisation.
I. Active immunisation
Active immunisation is done by use of vaccines. It works through two key elements of adaptive immunity i.e. specificity and memory.

Specificity: Vaccine induces production of specific antibody.

Memory: Due to presence of memory cells, the secondary response is prompt, powerful and prolonged with production of higher level of antibodies than that in primary response.

Vaccines may be live attenuated, killed or in the form of toxoids. A new type of vaccine, subunit vaccine, prepared by purifying the fragments of major immunogenic components of microorganisms has also been developed. 

Live Attenuated Vaccines. A single dose of live vaccine is sufficient for immunisation. The attenuated organism can multiply in the body to provide a continuous antigenic stimulus and thus serves both as primary and booster dose. The attenuated organisms are the suspensions of living organisms with reduced virulence. These mimic natural infection with antibody production but without symptoms. Examples of some live vaccines are: oral polio vaccine (OPV); mumps, measles and rubella (MMR) and yellow fever. Sometimes related organisms with shared antigens are used for preparation of live vaccine e.g. a bovine tubercle bacillus for BCG vaccine and vaccinia virus for small pox vaccine. 

Live vaccines should not be administered in immunocompromised hosts (leukaemia, malignancy, AIDS etc.) in whom there is an increased incidence of severe complications.

Killed (inactivated) Vaccines. These vaccines possess antigens common to the original pathogen but do not replicate. With killed vaccine, usually three doses of vaccines are required to have effective immune response. Booster doses are necessary. Killed vaccines include typhoid, cholera, rabies, hepatitis B, influenza, pertussis and pneumococcal vaccines.


Toxoids. Toxoids are modified toxins which have lost toxigenicity but retained the antigenicity. These are usually prepared by treating the toxins with formalin (formol toxoids). Toxoids are used for prophylaxis against those infections in which pathogenesis is attributable to a toxin. Antigenicity of toxoids is enhanced by adsorption on to a mineral carrier such as aluminium hydroxide or aluminium phosphate. Such adsorbed toxoids remain longer in a depot after injection and serves as a better antigen. In DPT (diphtheria, pertussis, tetanus) vaccine, tetanus toxoid and diphtheria toxoid are mixed with a pertussis vaccine. Pertussis vaccine acts as an adjuvant. Tetanus toxoid (TT) and diphtheria toxoid (DT) are two widely used toxoids for immunisation.

Special Types of Vaccines. Vaccines produced by cloning the surface antigen in yeast cells e.g. hepatitis В vaccine. Subunit vaccines consist of purified fragments of the major immunogenic components of microorganisms produced by recombinant DNA technology.

Table 8.1

National immunisation schedule.
Indian Academy of Pediatrics recommended vaccines for routine use
	Age 
	Vaccines
	Comments

	Birth
	BCG 

OPV 0

Hep-B 1
	Administer these vaccines to all newborns before hospital discharge



	6 weeks
	DTwP 1 

IPV 1 

Hep-B 2

Hib 1

Rotavirus 1

PCV 1
	DTP: 

• DTaP vaccine/combinations should preferably be avoided for the primary series

• DTaP vaccine/combinations should be preferred in certain specific circumstances/conditions only

• No need of repeating/giving additional doses of whole-cell pertussis (wP) vaccine to a child who has earlier completed their primary schedule with acellular pertussis (aP) vaccine-containing products

Polio:

• All doses of IPV may be replaced with OPV if administration of the former is not feasible

• Additional doses of OPV on all supplementary immunization activities (SIAs)

• Two doses of IPV instead of 3 for primary series if started at 8 weeks, and 8 weeks interval between the doses

• No child should leave the facility without polio immunization (IPV or OPV), if indicated by the schedule

Rotavirus:

• 2 doses of RV1 and 3 doses of RV5

• RV1 should be employed in 10 and 14 week schedule, instead of 6 and 10 week

• 10 and 14 week schedule of RV1 is found to be far more immunogenic than existing 6 and 10 week schedule

	10 weeks
	DTwP 2 

IPV 2

Hib 2

Rotavirus 2

PCV 2
	Rotavirus:

• If RV1 is chosen, the first dose should be given at 10 weeks



	14 weeks
	DTwP 3 

IPV 3

Hib 3

Rotavirus 3

PCV 3
	Rotavirus:

• Only 2 doses of RV1 are recommended at present

• If RV1 is chosen, the 2nd dose should be given at 14 weeks



	6 months
	OPV 1

Hep-B 3
	Hepatitis-B:

• The final (third or fourth) dose in the HepB vaccine series should be administered no earlier than age 24 weeks and at least 16 weeks after the first dose

	9 months
	OPV 2 

MMR-1
	MMR:

• Measles-containing vaccine ideally should not be administered before completing 270 days or 9 months of life

• The 2nd dose must follow in 2nd year of life

• No need to give stand-alone measles vaccine

	9-12 months
	Typhoid Conjugate Vaccine
	Typhoid:

• Currently, two typhoid conjugate vaccines, Typbar-TCV and PedaTyph available in Indian market

• PedaTyph is not yet approved; the recommendation is applicable to Typbar-TCV only

• An interval of at least 4 weeks with the MMR vaccine should be maintained while administering this vaccine

• Should follow a booster at 2 years of age

	12 months
	Hep-A 1
	Hepatitis A:

• Single dose for live attenuated H2-strain Hep-A vaccine

• Two doses for all killed Hep-A vaccines are recommended now

	15 months
	MMR 2

Varicella 1 PCV booster
	MMR:

• The 2nd dose must follow in 2nd year of life

• However, it can be given at anytime 4-8 weeks after the 1st dose during 2nd year

Varicella:

• The risk of breakthrough varicella is lower if given 15 months onwards

	16 to 18 months
	DTwP B1/ DTaP B1 IPV B1, Hib B1
	• The first booster (4th dose) may be administered as early as age 12 months, provided at least 6 months have elapsed since the third dose.

DTP:

• First and second boosters should preferably be of DTwP

• Considering a higher reactogenicity of DTwP, DTaP can be considered for the boosters

	18 months
	Hep-A 2
	• 2nd dose for killed vaccines; only single dose for live attenuated H2- strain vaccine

	2 years
	Typhoid booster
	• Either Typbar-TCV® or Vi-polysaccharide (Vi-PS) can be employed as booster;

• Typhoid revaccination every 3 years, if Vi-polysaccharide vaccine is used

• Need of revaccination following a booster of Typbar-TCV® not yet determined

	4 to 6 years
	DTwP B2/DTaP B2

OPV 3 Varicella 2 Typhoid booster
	Varicella:

• 2nd dose can be given at anytime 3 months after the 1st dose



	10 to 12 years
	Tdap/Td 

HPV
	Tdap:

• Tdap is preferred to Td followed by Td every 10 years

HPV:

• Only 2 doses of either of the two HPV vaccines for adolescent/pre-adolescent girls aged 9-14 years

• For girls 15 years and older, and immunocompromised individuals 3 doses are recommended

• For two-dose schedule, the minimum interval between doses should be 6 months.

• For 3 dose schedule, the doses can be administered at 0, 1-2 (depending on brands) and 6 months


Implementation of Routine Immunization
RI targets to vaccinate 26 million new born each year with all primary doses and ~100 million children of 1-5 year age with booster doses of UIP vaccines. In addition, 30 million pregnant mothers are targeted for TT vaccination each year. To vaccinate this cohort of 156 million beneficiaries, ~9 million immunization sessions are conducted, majority of these are at village level. As per Coverage Evaluation Survey (2009), 89.8% of vaccination in India is provided through Public sector (53% from outreach session held at Anganwadi centre (25.6%), sub centre (18.9%) etc.) while private sector contributed to only 8.7%. ASHA and AWW support ANM by mobilizing eligible children to session site thus try to ensure that no child is missed. ASHA is also provided an incentive of Rs. 150/session for this activity. To ensure potent and safe vaccines are delivered to children, a network of ~27,000 cold chain points have been created across the country where vaccines are stored at recommended temperatures.

2.
WHO Universal Immunisation Programme (UIP). In 1974, WHO launched a global immunisation programme known as expanded programme of immunisation (EPI) to protect all children against six diseases namely, poliomyelitis, diphtheria, whooping cough, tetanus, tuberculosis and measles by the year 2000. EPI was launched in India in 1978. The programme is now called Universal Child Immunisation, 1990. In India it is named as the Universal Immunisation Programme (UIP).

Ii. Passive immunisation
Passive immunisation is used when it is considered necessary to give immediate protection to an anticipated infection. Immunity produced is short-lasting. Therapeutic human sera and animal sera are used for passive immunisation.

Therapeutic Human Sera and Immunoglobulins. There are two types of these medicines – sera and immunoglobulins. Immunoglobulins are produced with methods of concentration and purification of serum from ballast proteins. Two types of normal human immunoglobulins are available, pooled immunoglobulins and specific (hyperimmune) immunoglobulins.

1.
Pooled Immunoglobulins. It is prepared from pooled normal human serum containing high levels of appropriate antibody. Human normal immunoglobulin is used for short-term prophylaxis of hepatitis A and measles after contact with a case.

2.
Specific (hyperimmune) Immunoglobulins. It is prepared from sera of patients who are recovering from infection (convalescent sera) or from persons who have been actively immunised against a specific infection. Specific immunoglobulins are available for passive immunisation against tetanus (human tetanus immunoglobulin, HTIG), hepatitis  В   (hepatitis  В  immunoglobulin, HBIG), rabies (HPJG), varicella-zoster (ZIG), vaccinia (AVIG).

Administration of human sera. Human sera are administered by intramuscular injection. However, in case of rabies, half dose is given around the bite wound and the other half is administered intramuscularly. Generally these sera should not be administered shortly before or after active immunisation to avoid inhibition of immune response.

Therapeutic Animal Sera. The term antiserum is applied to antibodies prepared in animals. These sera are raised in horses by active immunisation. The equine antisera were previously used widely but current trend is in favour of using human sera as far as possible. The animal sera contain foreign protein to which recipient forms antibody resulting in: rapid elimination, much faster than human immunoglobulin, hypersensitivity reaction (serum sickness and anaphylaxis) in some cases.

Combined passive and active immunisation
In some diseases (tetanus, diphtheria, rabies) passive immunisation is often undertaken in conjunction with inactivated vaccines, to provide both immediate (but short lasting) passive immunity and slowly developing active immunity. Both injections should be administered at separate sites.

Table 8.2
Characteristics of immune medicines

	Type of medicine
	Compo-sition
	Method of production
	Type of immunity
	Purposes

	Vaccine


	Antigen
	From pure culture of microorganism
	Active artificial acquired
	Active and combine immunisation:

1. Planned prophylaxis (according to National Immunisation Schedule)

2. Prophylaxis for epidemiologic purpose (in case of high risk of outbreak or epidemy)

3. Emergency prophylaxis - only against rabies and tetanus (when the person has been already infected). 

	Human 

pooled

immunoglobulin 
	Antibody
	Concentration and purification of pooled normal human serum
	Passive artificial acquired
	Passive immunisation:

1. Treatment

2. Emergency prophylaxis 

	Human 

hyperimmune

immunoglobulin

 
	Antibody
	Concentration and purification of convalescent serum or serum from persons who have been actively immunised against a specific infection
	Passive artificial acquired
	Passive immunisation:

1. Treatment

2. Emergency prophylaxis

	Therapeutic animal serum


	Antibody
	Active immunisation of horses by antigen of microorganism
	Passive artificial acquired
	Passive immunisation:

1. Treatment

2. Emergency prophylaxis


Individual immunisation
Vaccines offered under national immunisation schedule are limited by economic considerations. Some important vaccines are omitted. These include varicella vaccine and typhoid vaccine. These may be supplemented by individual initiative, whenever possible. Varicella Vaccine. The vaccine is given as a single subcutaneous dose in children 9 months to 12 years of age, and as two doses at an interval of at least 6 weeks, in those older. It is live attenuated vaccine. It is contraindicated in pregnancy. Typhoid Vaccine. Two recent typhoid vaccines, the live oral Gal-E mutant vaccine and the injectable purified Vi polysaccharide vaccine are recommended for immunisation of those five years old or above.

Immunotherapy
Immunotherapy is a medical term defined as the "treatment of disease by inducing, enhancing, or suppressing an immune response". Tow types of immunotherapy. Cell based Immunotherapies are proven to be effective for some cancers. Immune effector cells such as lymphocytes, macrophages, dendritic cells, natural killer cells (NK Cell), cytotoxic T lymphocytes (CTL), etc., work together to defend the body against cancer by targeting abnormal antigens expressed on the surface of the tumor due to mutation. Passive immunity is the transfer of active humoral immunity in the form of ready-made antibodies, from one individual to another. Passive immunity can occur naturally, when maternal antibodies are transferred to the fetus through the placenta, and can also be induced artificially, when high levels of human (or horse) antibodies specific for apathogen or toxin are transferred to non-immune individuals. Passive immunization is used when there is a high risk of infection and insufficient time for the body to develop its own immune response, or to reduce the symptoms of ongoing or immunosuppressive diseases. • Naturally acquired passive immunity • Artificially acquired passive immunity

Immunostimulants, also known as immunostimulators, are substances (drugs and nutrients) that stimulate the immune system by inducing activation or increasing activity of any of its components. Example: granulocyte macrophage colony-stimulating factor. There are two main categories of immunostimulants. Specific immunostimulants provide antigenic specificity in immune response, such as vaccines or any antigen. Non-specific immunostimulants Act irrespective of antigenic specificity to augment immune response of other antigen or stimulate components of the immune system without antigenic specificity, such as adjuvants and non-specific immunostimulators. Many endogenous substances are non-specific immunostimulators. For example, female sex hormones are known to stimulate both adaptive and innate immune responses. Some autoimmune diseases such as lupus erythematosus strike women preferentially, and their onset often coincides with puberty. Other hormones appear to regulate the immune system as well, most notably prolactin,growth hormone and vitamin D. Some publications point towards the effect of deoxycholic acid (DCA) as an immunostimulant of the unspecific immune system, activating its main actors, the macrophages. According to these publications, a sufficient amount of DCA in the human body corresponds to a good immune reaction of the unspecific immune system.

Immunotherapy is also sometimes called biologic therapy or biotherapy. It is treatment that uses certain parts of the immune system to fight diseases such as cancer. Stimulating your own immune system. Giving you immune system components. Cancer immunotherapy is the use of the immune system to reject cancer. The main premise is stimulating the patient's immune system to attack the malignant tumor cells that are responsible for the disease.

Substances that control the level of immune response. They are a diverse array of recombinant, synthetic and natural preparations. Cellular membrane from bacteria fractions IL-2, IL-7, IL-12 Cytokines Interferons, G-CSF, Imiquimod Chemokines colony-stimulating. Example Interleukins. Examples: Granulocyte factor (G-CSF). Interferons Agent CCL3, CCL26, CXCL7 Other cytosine phosphate-guanosine, oligodeoxynucleotides, glucans.

Practic work
Laboratory work #1
The preparation of recombinant vaccines for the prevention of hepatitis B.
Fill in the cheme with your teacher.
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Laboratory work #2. Mechanism of DNA vaccine.
Fill in the cheme with your teacher.
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10. Final class.

CONTROL QUESTIONS 
1. Subject and problems of immunology.
2. The structure of the immune system. The functions of the Central and peripheral organs.
3. The population of immunocompetent cells. Their phenotypic and functional differences
4. Types of immunity: innate immunity, acquired immunity. Mechanisms.

5. Types of antigens. Antigenic structure of bacterial cell. Antigens of viruses. Complex and simple haptens. Antigenic determinant.

6. Factors of antigenicity. Types of specifity of antigens. Superantigens.

7. Antigen-antibody reactions. General features (uses, characteristics, stages). 

8. Agglutination reactions. Agglutination phenomenon. Principle, mechanism, application. Types of agglutination reaction: slide agglutination test, tube agglutination test.

9. The mechanism of the reaction of immunofluorescence to determine the type and the type of microbe.

10. The structure of immunoglobulins.

11. Characteristics of the different classes of immunoglobulins. 

12. The agglutination reactions and its variants.

13. The precipitation reaction.

14. The use of antibodies in the serological diagnosis of infectious diseases.

15. Determination of classes of immunoglobulins. Precipitation reaction according to Mancini.

16. Complement fixation test (only direct). Components, mechanism, procedure, result’ registration and application.

17. Neutralisation test and its variances. Components, mechanism, procedure, result’ registration and application.

18. Radioimmunoassay (RIA). Components, mechanism, procedure, result’ registration and application.

19. Enzyme Linked Immunosorbent Assay (ELISA). Variances, components, mechanism, procedure, result’ registration and application.

20. Immunochromatography. Components, mechanism, procedure, result’ registration and application.

21. Immunoblotting. Components, mechanism, procedure, result’ registration and application.

22. Hybridoma technology for production of monoclonal antibodies
23. Recognition of microbes and damaged self by the innate immune system.

24. Cell-associated pattern recognition receptors of innate immunity (TOLL-like receptors, cytosolic receptors for PAMPS and DAMPS, other cell-associated pattern recognition receptors)

25. Cellular components of the innate immune system (epithelial barriers, phagocytes, dendritic cells, natural killer cells, t and b lymphocytes with limited antigen receptor, specificities, mast cells)

26. Soluble recognition and effector molecules of innate immunity (natural antibodies,  the complement system, pentraxins, collectins and ficolins)

27. The inflammatory response (the major proinflammatory cytokines tnf, il-1, and il-6, recruitment of leukocytes to sites of infection, phagocytosis and killing of microbes by activated phagocytes, systemic and pathologic consequences of the acute inflammatory responses)

28. Stimulation of adaptive immunity.

29. Antigen-presenting cell (APC)

30. Recognize antigens

31. Immune response

32. Primary and secondary humoral responses

33. Mechanism of humoral immune response

34. Cell mediated immune response

35. Activation of t lymphocytes

36. Possess antigen recognition
37. Cell-cell interactions in immune response

38. Detection of cell mediated immune response (cmi)

39. Definitions “allergy” and “hypersensitivity”.

40. Types of hypersensitivity. Classification.

41. Characteristics of every type of hypersensitivity.

42. Тyре I (anaphylactic) reaction. Mechanism, chemical mediators and features. 

43. Types of anaphylaxis, atopy and anaphylactoid reaction.

44. Тyре II (cytotoxic) and Type III (immune complex) reactions. Arthus rеасtiоn and sеrum siсknеss.

45. Тyре IV (delayed or cell mediated) reaction. Mechanism. Tuberculin (infection) and соntасt dermatitis types.

46. Тyре V (stimulatory type) reaction. Shwartzman reaction.

47. Immunological tolerance. Mechanisms of tolerance.

48. Pathogenesis of autoimmunity mechanisms

49. Autoimmune pathological process. Autoimmune diseases.
50. Organ-specific autoimmune diseases.

51. Systemic autoimmune diseases hla association with autoimmune diseases.
52. Immunodeficiency.

53. Primary immunodeficiencies
54. Secondary immunodeficiencies
55. Assessment of immune status 
56. Prophylactic immunisation

57. Active immunisation by vaccines.

58. Immunisation schedule.

59. Types of vaccines.

60. Therapeutic sera and immunoglobulins.

61. Combined passive and active immunization.

62. Individual immunisation

63. Immunotherapy

TESTS
1. Humoral components of innate (nonspecific) immunity defense is: 

a) complement system proteins 

b) insulin 

c) macrophages 

d) bacteriophages 

e) endotoxin 

2. Cell component of innate immunity defense is: 
a) macrophages 

b) B-cells 

c) T-cells 

d) normal antibodies 

e) erythrocytes 

3. Passive immunity refers 
a) to the protection based on the transfer of preformed specific antibodies 

b) to the protection based on the transfer of preformed cell-mediated immunity 

c) to the protection based on the transfer of preformed cytokines 

d) provides local immunity 

e) provides long-term protection 

4. Active immunity refers 
a) to the protection based on the production of specific antibodies by the host after immunization or infectious disease 

b) to the protection based on activity of NK-cells 

c) to the protection based on the transfer of preformed cytokines 

d) provides short-term protection 

e) to protection based on the transfer of preformed specific antibodies 

5. Agglutination reaction in tubes 
a) is interaction between specific antibody and soluble antigen resulting in formation of clumps 

b) is interaction between specific antibody and particulate antigen resulting in formation of sediment 

c) is interaction between specific antibody and cytokine resulting in formation of clumps 

d) positive result - formation of insoluble ring precipitate 

e) negative result - hemolysis 

6. Slide agglutination reaction 
a) is a reaction of specific antibody with a soluble antigen resulting in formation of precipitate 

b) is a reaction of specific antibody with a particulate antigen resulting in formation of clumps 

c) negative result - formation of clumps 

d) positive result - change of color 

e) positive result - hemolysis 

7. Killed viral vaccine is used for specific prophylaxis of 
a) measles 

b) mumps 

c) hepatitis C 

d) rubella 

e) rabies 

8. Live vaccines are used for specific prophylaxis of 
a) diphtheria 

b) hepatitis D 

c) botulism 

d) tetanus 

e) tuberculosis 

9. Live vaccine for specific prophylaxis against tuberculosis is called: 
a) MMR 

b) DTP 

c) HLA 

d) BCG 

e) DT 

10. Positive result of ELISA is detected by: 
a) hemolysis 

b) change of color 

c) formation of clumps 

d) formation of sediment 

e) flocculation formation 

11. Live viral vaccines are used for specific prophylaxis of 
a) diphtheria 

b) rubella 

c) hepatitis B 

d) tetanus 

e) tuberculosis 

12. Toxoids are used for specific prophylaxis of 
a) diphtheria 

b) rubella 

c) measles 

d) mumps 

e) tuberculosis 

13. Choose the infection for which prophylaxis we can use live or inactivated vaccine due to immune state of recipient: 
a) tetanus 

b) rubella 

c) mumps 

d) measles 

e) poliomyelitis 

14. Direct immunofluorescent test 
a) is the reaction between specific antibody and soluble antigen, 

b) is the reaction between antibody labeled with fluorescent dye and antigen 

c) is the reaction of antibody with a particulate antigen 

d) is used to detect bacterial genomic DNA 

e) is used to detect bacterial ribosomal RNA 

15. Incompleted phagocytosis lacks the stage of: 
a) chemotaxis 

b) digestion 

c) attachment 

d) endocytosis 

e) antigen presentation 

16. Skin test with specific allergens is used for diagnosis of: 
a) tuberculosis 

b) enteric fever 

c) staphylococcal infection 

d) influenza 

e) cholera 

17. Choose a NON-serological reaction 
a) Complement fixation test 

b) Ring test 

c) Slide agglutination 

d) Tube agglutination 

e) PCR 

18. Which of the following tests is serological reaction? 
a) color probe 

b) Ring test 

c) urease activity 

d) Hemagglutination of virus 

e) PCR 

19. Choose the soluble factor of innate antibacterial immunity: 
a)interferon 

b) IgE 

c) macrophages 

d) lysozyme 

e) urease 

20. Name the main (basic) method for laboratory diagnosis of staphylococcal infection 
a) immunofluorescent method 

b) bacteriological method 

c) skin test 

d) molecular genetic method 

e) serological method 

21. Сhoose the soluble factor of innate antiviral immunity: 
a) interferon 

b) IgD 

c) macrophages 

d)lysozyme 

e) protease 

22.Choose the biopreparation, which is used for passive specific prophylaxis of infectious diseases: 
a) hormones 

b) probiotics 

c) antibiotics 

d) serums 

e) vitamins 

23. Choose the biopreparation, which is used for passive specific prophylaxis of infectious diseases: 
a) hormones 

b) probiotics 

c) antibiotics 

d) immunoglobulins 

e) vitamins 

24. Which immunoglobulin ensures local immunity? 
a) IgG 

b) IgM 

c) IgA 

d) IgE 

e) IgD 

25. Superantigen is toxin which induces: 
a) excessive production of proteolytic enzymes 

b) excessive release of cytokines and T-cell proliferation 

c) decrease nucleic acid and protein synthesis 

d) causes endotoxic shock 

e) change of water-salt balance 

26. Which immunoglobulin is synthesized initially during primary infectious disease? 
a) IgG 

b) IgM 

c) IgA 

d) IgE 

e) IgD 

27. Which immunoglobulin is synthesized during recurrent infection? 
a) IgG 

b) IgM 

c) IgA 

d) IgE 

e) IgD 

28. Which method is used for detection of toxin in the clinical specimen? 
a) Serological method 

b) Immunofluorescent method 

c) Skin test 

d) Bacterioscopical method 

e) Electron microscopy 

29. Which cells participate in innate and adoptive immunity simultaneously? 
a) B-cells 

b) Erythrocytes 
c) Macrophages 

d) Neutrophils 

e) NK-cells 

30. Antitoxic immunity is induced by inoculation of: 
a) antibiotics 

b) bacteriophages 

c) probiotics 

d) toxoids 

e) live vaccines 

31. Choose the combined live vaccine 
a) MMR 

b) DTP 

c) DT 

d) pyobacteriophage 

e) BCG 

32. Toxoid is used for specific prophylaxis of 
a) tetanus 

b) mumps 

c) measles 

d) tuberculosis 

c) meningococcal infection 

33. Toxoid is used for specific prophylaxis of 
a) diphtheria 

b) rubella 

c) varicella 

d) influenza 

e) pneumococcal infection 

34. Which serological reaction uses particulate antigen? 
a) passive agglutination test 

b) ring precipitation 

c) flocculation test 

d) Ouchterloni method 

e) ordinary diffusion in gel 

35. Name the cellular factor of innate immunity: 
a) NK-cells 

b) T-lymphocytes 

c) B-lymphocytes 

d) Precursor cells 

e) erythrocytes 

36. Positive result in paired serum for diagnosis of infectious disease means 
a) 2-fold or more increase in antibody titer 

b) 4-fold or more increase in antibody titer 

c) 8-fold or more increase in antibody titer 

d) 16-fold or more increase in antibody titer 

e) 32-fold or more increase in antibody titer 

37. Choose the method of rapid diagnosis for infectious diseases: 
a) skin test 
b) inoculation into animals 

c) immunofluorescent method 

d) bacteriological method 

e) paired serums 

38. Choose the most rapid test of diagnosis among enumerated serological reactions 
a) Immunobloting 

b) ELISA 

c) Ouchterloni test 

d) Latex-agglutination 

e) Radioimmunoassay 

39. Which serological reaction is used for measurement of activity of serums, which are applied in treatment of infections? 
a) ELISA 

b) Flocculation reaction 

c) Latex-agglutination 

d) Immunobloting 

e) Slide agglutinations 

40. Which infectious disease is treated by antitoxic serum? 
a) Trachoma 

b) Diphtheria 

c) Gonorrhea 
d) Brucellosis 

e) Typhoid fever 

41. Which infectious disease is treated by antitoxic serum? 
a) Dysentery 

b) Gas gangrene 

c) Syphilis 

d) Leptospirosis 

e) Legionellosis 

42. AIDS is diagnosed by: 
a) bacteriological method 

b) serological method 

c) microscopy 

d) biological method 

e) skin test 

43. AIDS is diagnosed by: 
a) Slide agglutination 

b) ELISA 

c) Latex agglutination 

d) Flocculation 

e) CFT 

44. Choose the method which is useful for retrospective diagnosis of infection after complete recovery of patient 
a) Bacteriological method 

b) Biological method 

c) PCR 

d) Serological method 

e) Microscopy 

45. What is the chemical nature of endotoxin? 
a) Protein 

b) Lipid 

c) Peptidoglycane 

d) Cytoplasmic membrane 

e) Lipopolysaccharide 

46. What cells perform the main role in clinical manifestation of immediate hypersensitivity? 
a) B-lymphocytes 

b) T-suppressors 

c) T-helpers 

d) THDT 

e) T-killers 

47. What class of immunoglobulins is concerned with aTopic allergic reactions? 
a) Ig G 

b) Ig M 

c) Ig A 

d) Ig E 

e) Ig D 

48. What is exotoxin by chemical nature? 
a) Lipopolysaccharide 

b) Lipid 

c) Protein 

d) Peptidoglycane 

e) Cytoplasmic membrane 

49. What answer characterizes artificial passive immunity? 
a) Immunization with BCG 

b) Immunization with tetanus anatoxin 

c) Placental transplantation of antibodies to the fetus 

d) Formation of antibodies in result of cholera convalescence 

e) Injection of antitetanus serum 

50. Artificial active immunity is obtained after injection of: 
a) Serum 
b) Vaccine 

c) Anatoxin 

d) Antibiotics 

e) Immunoglobulin 

51. T-lymphocyte produces: 
a) Interleukin-1 

b) Immunoglobulin 

c) Alpha-interferon 

d) Beta-interferon 

e) Interleukin-2 

52. Resistance to infection during 2 weeks is obtained after: 
a) Having illness 

b) Injection of inactivated vaccine 

c) Injection of homologous immune serum 

d) Injection of heterologous immune serum 

e) Injection of attenuated vaccine 

53. What class of immunoglobulins play role in natural passive immunity? 
a) Ig A 

b) Ig G 

c) Ig M 

d) Ig D 

e) Ig E 
54. Specific immune cell response is provided mainly by: 
a) Phagocytes 

b) T-lymphocytes 

c) Complement 

d) Immunoglobulin 

e) Natural killers 

55. What class of immunoglobulis passes through the placenta and provides the development of natural passive immunity of the newborn? 
a) Ig A 
b) Ig G 
c) Ig M 
d) Ig D 
e) Ig E 
56. What classes of immunoglobulins are able to activate components of complement. 
a) Ig A, Ig G 
b) Ig D, Ig A 
c) Ig M, Ig E 
d) Ig M, Ig G 
e) Ig E, Ig D 
57. What kind of cell interaction is necessary for its synthesis? 
a) Macrophages, T-helpers, B-lymphocytes 

b) Dendrite cells, T-helpers, B-lymphocytes 

c) Macrophages, T-effectors, B-lymphocytes 

d) Antigen presentating cells, T-helpers, B-lymphocytes 

e) Langerhans cells, T-effectors, B-lymphocytes 

58. What are the quantitive methods of definition of T-lymphocytes? 
a) Lysozyme 

b) Antibodies 

c) BTLR on PHA 

d) Е-РFC 

e) BTLR on LPS 

59. What are the methods of qualitive estimation of T-lymphocytes activity? 
a) BTLR on LPS 

b) BTLR on PHA 

c) Antibodies 

d) Lysozyme 

e) М-RFC 

60. What are the quantitive methods of definition of B-lymphocytes? 
a) М-RFC 

b) Е-RFC 

c) BTLR on LPS 

d) BTLR on PHA 

e) Immunoglobulins of main classes 

61. What are the qualitive methods of definition of B-lymphocytes? 
a) Е-RFC 

b) BTLR on LPS 
c) BTLR on PHA 

d) Immunoglobulins of main classes 

e) М-RFC 

62. What are the methods of estimation of adsorptive activity of phagocytes? 
a) Phagocytory index 

b) Е-RFC 

c) М-RFC 

d) Lysozyme 

e) ЕАС-RFC 

63. What are the methods of estimation of metabolic activity of the cell? 
a) NBT-test (test with nitro blue tetrasolium) 

b) Skin tests 

c) BTLR on PHA 

d) BTLR on LPS 

e) Lysozyme 

64. What are killer-cells? 
a) Mastocytes 

b) Basophils 

c) Thrombocytes 

d) NK-cells 

e) Erythrocytes 

65. What cells belong to mononuclear phagocytes? 
a) Neutrophils 

b) Erythrocytes 

c) Thrombocytes 

d) Lymphocytes 

e) Macrophages 

66. What cells do not belong to immunocompetent? 
a) Lymphocytes 

b) Monocytes 

c) Plasmatic cells 

d) Organ fixed macrophages 

e) B- lymphocytes 

67. What blood cells provide the increase of plasmatic cells quantity? 
a) Monocytes 

b) Eosinophils 

c) Basophils 

d) T-lymphocytes 

e) B-lymphocytes 

68. Which class of immunoglobulins have the highest concentration in blood? 
a) Ig A 

b) Ig G 

c) Ig M 

d) Ig D 

e) Ig E 

69. What are the main cells of spleen, which participate immune response? 
a) T-lymphocytes-killers, T-helpers 

b) T-lymphocytes-suppressors, T-helpers, macrophages 

c) B-lymphocytes 

d) Macrophages, T-helpers, B-lymphocytes 

70. What is the central organ of the immune system? 
a) Spleen 

b) Thymus 

c) Lymphatic nodes 

d) Palatine tonsil 

e) Appendix 

71. Essentially in allergy of anaphylactic type is the formation of immune complexes on: 
a) Endotheliocytes 

b) Eosinophils 

c) Thrombocytes 

d) Tissue basophils 

e) Macrophages 

72.  What cells of immune system produce immunoglobulins? 
a) CD8+-cells 

b) Plasmoblasts 

c) CD4+-cells 

d) Plasmocytes 

e) NK-cells 

73. Vaccines are used for making active immunity. What medicine is live attenuated bacteria? 
a) TAB vaccine 

b) APDT vaccine 

c) Solk’s vaccine 

d) BCG vaccine 

e) Anti hepatitis A vaccine 

74 What classes of immunoglobulins will start to synthesize at the same time after the agent invasion, so that concentration of one of it will rise first, then it will rapidly decrease? 
a) Ig M and Ig G 

b) Ig M and Ig D 

c) Ig G and Ig D 

d) Ig A and Ig D 

e) Ig A and Ig G 

75. What plays the main role in delayed type hypersensitivity mechanism? 
a) T-helpers 1 and lymphokins 
b) B-lymphocytes and NK-cells 

c) Basophils and mastocytes 

d) Macrophages and B-lyphocytes 

e) Histamine and serotonin 

76. What class of immunoglobulins dominates in helminthic invasion? 
a) Ig E, Ig M 

b) Ig M, Ig G 

c) Ig A, Ig D 

d) Ig A, Ig M 

e) Ig G, Ig A 

77. What immunological test should be performed to confirm the diagnosis “autoimmune thyreoiditis”? 
a) Definition of antibodies for thyreoid and microsomal antigen of thyreoid gland 

b) Definition of antibodies for DNA 

c) Definition of antibodies for RNA 

d) Definition of antibodies for antigens of salivary and thyreoid gland 

e) Definition of antibodies for erythrocytes and thrombocytes 

78. What mechanism of immunological damage is typical for the reaction, which is induced by Ig E? 
a) Release of mediators of the immediate reaction 

b) Fixation of the antigen on the cellular membrane 

c) Activative effect of immune complexes on complement components 

d) Lymphokin effect on target-cells 

e) Antigen-antibody reaction with further agglutination 

79. Patient has local allergic reaction in few minutes after bee sting. What type of allergic reaction was discribed? 
a) Anaphylactic 

b) Cytotoxic 

c) Immune complexes 

d) Delayed-type 

e) Idiotype-antiidiotype 

80. Monoclonal antibodies are widely used in immunological diagnostics. What is the purpose? 
a) Diagnostics of specific antigenes 

b) For the treatment of infectious diseases 

c) For the prophylaxis of infectious diseases 

d) For obtaining non-specific serums 

e) For hybrid stabilization 

81. What method is used for the quantitive definition and correlation of different types of lymphocytes? 
a) Reactions with the usage of monogeneous antibodies 

b) Reactions of T-lymphocytes blasttransformation 

c) Reactions of B-lymphocytes blasttransformation 

d) Cytotoxic activity of lymphocytes 

e) Immunoblotting 

82. Complex antigen+antibody+complement was formed in result of binding complement reaction. What component should we use to detect the formation of this complex? 
a) Hemolytic system 

b) Hemolytic serum 

c) Diagnosticum 

d) Antitoxic serum 

e) Physiological solution 

83. What refers to cell factors of immune (specific) protection? 
a) Cytotoxic T- lymphocytes 

b) Macrophages 

c) Interferon 

d) Natural killers 

e) B-lymphocytes 

84. What is hapten? 
a) Defective antigen 

b) Molecules, which induce synthesis of immunoglobulins 

c) Substances, which cause allergic reactions by the type of HDT 

d) Substances, which activate phagocytosis 

e) Cells, which synthesize interferon 

85. What features of immunoglobulins define the opportunity of creation of antiidiotypical vaccines? 
a) Immunogenicity – the ability to induce antibody synthesis 

b) Allergic properties 

c) Specific connection with specific antigens 

d) The ability to neutralize specific antigens 

e) Opsonizing properties 

86. Antigens of histocompatibility complex of 1 class are represented on the surface of: 
a) All nucleus-containing cells 

b) Macrophages and B-lymphocytes 

c) Erythroblasts 

d) T-helpers 

e) Cells of the embryonal liver 

87. What is the main function of γ-interferon? 
a) Immunomodulating 

b) Antivirus 

c) Antiprotosoal 

d) Antiproliferative 

e) Antibacterial 

88. Immune diagnostic serums are used for: 
a) Serologic identification 

b) Treatment of viral infections 

c) Serologic diagnostics 

d) Antitoxic therapy 

e) Septicemia prophylaxis 

89. Local immunity is defined by the presense of: 
a) Ig A 
b) Ig M 
c) Ig E 
d) Ig D 
e) Ig G 
90. What can be used for treatment of some bacterial infections? 
a) Autovaccines 

b) Chemical vaccines 

c) Anatoxines 

d) Attenuated vaccines 

e) Inactivated vaccines 
91. Newborn has symptoms of hemolytic disease. In which case this pathology will manifest? 
a) Mother (Rh-), fetus (Rh+) 

b) Mother (Rh+), fetus (Rh-) 

c) Mother (0), fetus (AB) 

d) Mother (AB), fetus (0) 

e) Mother (Rh-), fetus (Rh-) 

92. What is typical for T-lymphocytes? 
a) T-lymphocytes provide cell immunity 

b) T-lymphocytes differenciate into plasmocytes 

c) The source of T-lymphocytes is the lymphoid tissue of the intestine 

d) T-lymphocytes differenciates into macrophages 

e) T-lymphocytes differenciate into neutrophils 

93. In which reaction complement is used? 
a) Hemolysis 

b) Precipitation 

c) Agglutination 

d) Neutralization 

e) Hemagglutination 

94. What is the vaccine, that contains microorganisms and inactivated exotoxin and it is used for specific prophylaxy? 
a) Associated 

b) Genetically-engineered 

c) Anatoxin 

d) Chemical 

e) Live (attenuated) 

95. Humoral immunity has an important role in a number of infectious diseases. What activity is typical for antibodies? 
a) Phagocytory 

b) Opsonizitory 

c) Complement acivation 

d) Neutralization 

e) The actiation of cellular cytotoxicity 

96. What interleukin does macrophages secrete at the end of phagocytosis for the start of immune response for the bacterial antigen? 

a) IL -1 

b) IL – 5 

c) IL – 6 

d) IL – 2 

e) IL – 3 

97. The immunization of children was planned for the prophylaxy of illness. What properties should the vaccine have? 
a) Immunogenicity, avirulence, areactivity 

b) Immunogenicity, areactivity 

c) Avirulence, simple production of vaccine technology 

d) Areactivity, the simple way of injection 

e) Immunogenicity 

The correct answer
	1
	a
	11
	b
	21
	a
	31
	a
	41
	b

	2
	a
	12
	a
	22
	d
	32
	a
	42
	b

	3
	a
	13
	e
	23
	d
	33
	a
	43
	b

	4
	a
	14
	b
	24
	c
	34
	a
	44
	d

	5
	b
	15
	b
	25
	b
	35
	a
	45
	e

	6
	b
	16
	a
	26
	b
	36
	b
	46
	a

	7
	e
	17
	e
	27
	a
	37
	c
	47
	d

	8
	e
	18
	b
	28
	a
	38
	d
	48
	c

	9
	d
	19
	d
	29
	c
	39
	b
	49
	e

	10
	b
	20
	b
	30
	d
	40
	b
	50
	b


	51
	e
	61
	d
	71
	d
	81
	a
	91
	a

	52
	d
	62
	a
	72
	d
	82
	a
	92
	a

	53
	b
	63
	a
	73
	d
	83
	a
	93
	a

	54
	b
	64
	d
	74
	a
	84
	a
	94
	a

	55
	b
	65
	e
	75
	a
	85
	a
	95
	a

	56
	d
	66
	c
	76
	a
	86
	a
	96
	a

	57
	d
	67
	e
	77
	a
	87
	a
	97
	a

	58
	d
	68
	b
	78
	a
	88
	a
	
	

	59
	b
	69
	d
	79
	a
	89
	a
	
	

	60
	a
	70
	b
	80
	a
	90
	a
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