



[image: image]







Pathology Illustrated


Seventh Edition



BSc MB ChB FRCPath, Robin Reid, Consultant Pathologist


BSc MD MRCPath, Fiona Roberts, Consultant Pathologist


Western Infirmary, Glasgow; Senior Lecturer, Glasgow University, Glasgow, UK





BSc MB ChB, Elaine MacDuff


Department of Pathology, Western Infirmary, Glasgow, UK





Churchill Livingstone










Front matter


PATHOLOGY ILLUSTRATED


Commissioning Editor: Jeremy Bowes


Development Editor: Carole McMurray


Project Manager: Cheryl Brant


Cover Designer: Charles Gray


Illustration Buyer: Merlyn Harvey


Illustrator: Graeme Chambers






PATHOLOGY ILLUSTRATED


Edited by


Robin Reid BSc MB ChB FRCPath


Consultant Pathologist


Western Infirmary


Glasgow; Senior Lecturer


Glasgow University, Glasgow, UK


Fiona Roberts BSc MD MRCPath


Consultant Pathologist


Western Infirmary


Glasgow; Senior Lecturer


Glasgow University, Glasgow, UK


Elaine MacDuff BSc MB ChB


Department of Pathology


Western Infirmary


Glasgow, UK


Original illustrations by


Robin Callander FFPH FMAA AIMI


Formerly Director, Medical Illustrations Unit, Glasgow University, Glasgow, UK


Additional illustrations by


Ian Ramsden


[image: image]













Copyright


© 2011, Elsevier Ltd. All rights reserved.


No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher. Details on how to seek permission, further information about the Publisherís permissions policies and our arrangements with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be found at our website: www.elsevier.com/permissions.


This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may be noted herein).


First edition 1981


Second edition 1986


Third edition 1991


Fourth edition 1995


Fifth edition 2000


Sixth edition 2005


Seventh edition 2011


ISBN 978 0 7020 3376 6


International ISBN – 978 0 7020 3375 9


British Library Cataloguing in Publication Data


A catalogue record for this book is available from the British Library


Library of Congress Cataloging in Publication Data


A catalog record for this book is available from the Library of Congress





Notices


Knowledge and best practice in this field are constantly changing. As new research and experience broaden our understanding, changes in research methods, professional practices, or medical treatment may become necessary.


Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any information, methods, compounds, or experiments described herein. In using such information or methods they should be mindful of their own safety and the safety of others, including parties for whom they have a professional responsibility.


With respect to any drug or pharmaceutical products identified, readers are advised to check the most current information provided (i) on procedures featured or (ii) by the manufacturer of each product to be administered, to verify the recommended dose or formula, the method and duration of administration, and contraindications. It is the responsibility of practitioners, relying on their own experience and knowledge of their patients, to make diagnoses, to determine dosages and the best treatment for each individual patient, and to take all appropriate safety precautions.


To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of any methods, products, instructions, or ideas contained in the material herein.











[image: image]




Printed in China










Preface




R. Reid, F. Roberts, E. MacDuff, Glasgow, December, 2010




‘We believe that communication by verbal and written methods is the fundamental basis for study and learning. Nevertheless, in the modern setting where knowledge is increasing so rapidly and in a subject where morphological changes are a major component, we consider that the visual image has an important facilitating role’.


Since these comments were written in the preface to the first edition of 1981, undergraduate medical education has evolved greatly, notably in the widespread adoption of topic- or problem-based curricula and the generally diminished allocation of time, at least in a formal sense, to pathology.


We do not believe, however, that there has been any reduction in the importance of pathology as one of the foundations of clinical medicine.


In this seventh edition, the general layout and style of the book and its division into general and systemic chapters have been retained. The volume aims to be simple yet comprehensive and provide relevant information that can be assimilated in a reasonable time scale. We have concentrated on ‘core’ topics and on what we regard as clinically important pathology, not solely in ‘Western’ countries. Whilst including significant developments in each area we have tried to avoid ‘information overload’ not least in the vast field of molecular and cell biology. We recognize that our attempts at simplification do not tell the whole story.


We are indebted to our predecessors, Alasdair Govan, Peter Macfarlane, Robin Callander and Ian Ramsden, whose vision inspired the original concept of Pathology Illustrated. Much of their work from earlier editions remains with, we hope, appropriate modification. The credit for the book remains due to them; the shortcomings of this revision are our responsibility.


The most recent illustrations are the work of Graeme Chambers, to whom we are grateful. Many thanks are also owed to Carole McMurray, Development Editor at Elsevier for her considerable efforts in bringing this project to completion.










Introduction


Pathology is the study of disease. It describes the effects, progress and consequences of the disease and attempts to determine the cause (aetiology) and underlying mechanisms (pathogenesis). It forms a bridge between basic science and clinical practice and has traditionally had the same role in linking pre-clinical and clinical study for medical students.


Disease occurs when there are variations of function or structure outside the normal range.
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The manifestations of the disease are the sum of the damage done by the precipitating cause and the body’s response (which may be helpful or unhelpful or both). The variations in these components account for the great diversity of disease, which can then be classified into four main groups:
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The relative importance of these groups varies with the age of the individual:
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Different diseases affect different age groups. Developmental disorders and degenerative diseases affect the opposite extremes of life while tumours, in general, affect an ageing population.


Physiological ageing itself implies a gradual loss of cellular and body vitality usually associated with atrophy of tissues and organs. This process is aggravated and mimicked by the degenerative diseases of old age so that the physiological and pathological states tend to merge. Nonetheless, the student should attempt to identify the distinctions between ageing and disease. Additionally, in old age multiple diseases often coexist and interact with one another, and drug induced disorders are also common in this age group.






Causes of Disease


The various factors involved are considered in two broad groups: 1) Environmental and 2) Genetic.



1. ENVIRONMENTAL FACTORS are numerous and can be classified under the following general headings:


Physical agents. Among these are trauma, radiation, both ionising and non-ionising, extremes of temperature, electrical power, i.e. the application to the body of excess (or insufficiency) of physical energy in any form.



Chemical poisons. Historically, these increased in importance with advances in industrial processing, but their effects have diminished by legislation to provoke safe working environments. Some, for example cyanide, are toxic to all tissues, while others target certain organs – paraquat affects the lungs and organic solvents damage especially the kidneys and liver. Others, for example strong acids and alkalis, act locally.

Iatrogenic diseases are an increasingly important subgroup as powerful drugs often have undesirable side effects, either predictably in a dose-dependent fashion or in an unpredictable idiosyncratic manner.





Nutritional deficiencies and excesses. These may arise from an inadequate supply, due to interference with absorption, inefficient transport within the body or defective utilisation. The effects may be general in distribution as in starvation or in severe hypoxia or they may damage specific tissues, e.g. vitamin deficiencies. Dietary excess plays an increasingly important role in Western countries, the rapidly increasing prevalence of diabetes mellitus being noteworthy.



Infections and infestations. Viruses, bacteria, fungi, protozoa and metazoa all cause disease. They may do so by destroying cells directly, for example in malaria. Infection with HIV destroys T cells resulting in severe immunodeficiency which renders the individual susceptible to many other infections, often due to organisms of low virulence (opportunistic infections). In other infections, the damage is done by toxins produced by the infecting agent such as tetanus, cholera and diphtheria; these may have a general or local effect.



Abnormal immune reactions. The normally protective immune system can in certain circumstances become deranged and damage the individual. Hypersensitivity to foreign substances can lead to anaphylactic shock or to more localised but nonetheless potentially lethal disorders such as asthma. If the process of ‘tolerance’ by which the immune system recognises the body’s own tissues as self breaks down, then autoimmune diseases such as thyroiditis and pernicious anaemia result.



Psychological factors. These cause and influence disease processes in several ways. Psychological stress may lead to mental illness, and may alter the individual’s symptoms and response to somatic diseases. They are important components of diseases caused by addiction such as alcohol, tobacco and drugs. Finally, it is thought that psychological factors may be causally related to diseases such as hypertension, coronary thrombosis and, perhaps because of its effects on the immune system, to ulcerative colitis. It is worth noting, however, that the importance ascribed to stress in the pathogenesis of duodenal ulcers became much less when the pathogenic effects of helicobacter pylori were discovered in the 1980’s.






2. GENETIC FACTORS are the results of actions of single genes or groups of genes.

Research, including the human genome product, has lead to a rapid expansion in our knowledge. Both variations in ‘normal’ genes and mutations which radically affect the function of ‘abnormal genes’ influence the development of disease.




Normal genes. There is considerable genetic variation among individuals, both within and between races and even within families. These genetic polymorphisms strongly influence SUSCEPTIBILTY and RESISTANCE to disease. For example:



a) The susceptibility of fair skin to damage by ultra-violet light and the development of skin cancer is well known and the mechanism – lack of the protective pigment melanin – is obvious and presumably determined on evolutionary grounds.



b) The human leucocyte antigen (HLA) system is a complex of genes on chromosome 6 in which there is great allelic variation. An individual’s HLA type strongly influences the development of many disorders, especially autoimmune diseases, and of course determines whether a transplanted organ from a potential donor will be rejected or not.


Abnormal genes. The mutations which give rise to disease vary from point mutations which affect a single base pair (e.g. sickle cell anaemia) through chromosomal translocations found in many tumour types such as Burkitt’s lymphoma to the presence of an entire extra chromosome (e.g. trisomy 21 – Down’s syndrome). Many mutations appear to arise spontaneously while others follow exposure to irradiation (in the survivors of Chernobyl and those who have received radiotherapy) or chemicals. Some mutations arise in the somatic tissues, whilst others are transmitted in the germline. These give rise to INHERITED diseases such as cystic fibrosis where the mutation directly determines the disease. In many other diseases, there is a genetic component, often contributed to by multiple genes, and an environmental contribution.


There is also variation in the rate at which mutations occur within individuals, often determined by variations in the genes responsible for DNA repair.









Methods in Pathology


The traditional methods of careful naked eye and light microscopic examination of organs at autopsy have been supplemented by the much wider use in clinical practice of biopsy and cytology where tissue or cells are removed during life for diagnosis.


Endoscopic and fine needle techniques allow biopsies to be obtained from most parts of the body. In addition, technological advances have allowed examination at more detailed levels:
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These increasingly sophisticated methods tend to influence the student to focus on detailed mechanisms at the molecular levels. It should not be forgotten that simple methods of gross examination and histological assessment are fundamental to the study of diseases. The following descriptions begin therefore with gross and microscopic pathology and proceed to the more detailed cellular changes when they are known. The student will find that such an approach is the basis of their learning in clinical practice.
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Cellular Physiology And Pathology


Understanding disease requires knowledge of cellular function and dysfunction.


Cellular physiology involves:



(a) Close relationships between cellular components and activities.



(b) Balancing control mechanisms to maintain constant conditions (homeostasis).



(c) Compensatory and repair mechanisms to minimise damage.






Plasma Membranes


Main functions.
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Membrane damage may lead to cellular dysfunction or death.


MITOCHONDRIA These are the main sites of ENERGY production.


Disorder of energy production affects all cellular functions.
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Nucleus


The nucleus controls all cellular activities through the action of at least 10 000 genes, each of which encodes a protein with structural, enzymatic or control functions.


Damage to DNA (e.g. by ionising radiation) is particularly likely in dividing cells. There are effective repair mechanisms but severe damage usually leads to cell death by apoptosis (see p.4).


Germ cell DNA damage (i.e. to spermatogonia or oocytes)
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Somatic Cell DNA Damage


This is acquired during life. Damage to stem cells is especially important.


The development of cancer (p.152) through activation of oncogenes or loss of tumour suppressor genes is the most important example.












Lysosomes












	These membrane bound organelles contain hydrolytic enzymes and are responsible for digestion and disposal of complex substances.

	→

	Disorder may lead to escape of enzymes or to accumulation of digestion products (e.g. storage disorders).

















Control of Cell Number


In adult life the CELL NUMBER is fairly constant. Complex control mechanisms evenly balance new cell production with cell loss.
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During SOMATIC GROWTH cell proliferation outweighs cell loss.
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In the ATROPHY of old age, cell loss outweighs cell proliferation.


In many diseases the balance is lost.









Cell Proliferation – the Cell Cycle


In adult life, cells can be classified into 3 groups according to their proliferation potential.









	 

	Proliferation potential

	Examples






	1. LABILE CELLS

	rapid proliferation and cell turnover

	gut-lining epithelial cells






	2. STABLE CELLS

	slow proliferation and cell turnover

	hepatocytes






	3. PERMANENT CELLS

	NOT able to proliferate

	neurones







In preparation for division, a cell passes through 4 consecutive phases (G1, S, G2, M) ending in Mitosis (M).
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A variety of growth promotors, inhibitors and drugs influence the cycle at various stages.


Knowledge of the cycle underlies the understanding of mechanisms involved in HEALING and REPAIR and in CARCINOGENESIS.















Apoptosis


A variety of noxious agents can damage cells. These include:



1. Reduced oxygen supply – respiratory disease, cardiovascular disease, anaemia



2. Physical agents – mechanical trauma, excessive heat or cold, radiation



3. Chemical agents




4. Toxins – bacteria, plants, animals (e.g. snakes)



5. Viruses




6. Abnormal immunological reaction – hypersensitivity states, glomerulonephritis



7. Nutritional deficiencies – vitamin deficiency and malabsorption syndromes



8. Genetic abnormalities – Down’s syndrome.


The severity of the injury determines the outcome:
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Apoptosis (programmed cell death) (Greek: apoptosis = falling off, like leaves from a tree) is an important process in health and disease by which, unlike necrosis (p. 5), abnormal or unwanted cells are eliminated. It involves activation of a programmed series of events co-ordinated by a dedicated set of gene products. It is an active process. A few examples are:
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Apoptosis in Health


In embryogenesis and development



(i) Metamorphosis of tadpole to frog.



(ii) Loss of autoreactive response of ‘T’ cells in the thymus preventing auto-immune attack.



(iii) In atrophy and involution, often on withdrawal of hormones, e.g. menstrual breakdown of endometrium.









Apoptosis in Disease






(i) Irradiation,



(ii) Virus infection,



(iii) Action of cytotoxic ‘T’ cells, e.g. in rejection of transplanted organs.



(iv) In tumours, apoptosis and proliferation rates together control the rate of tumour growth.


Apoptosis is a rapid process usually affecting SINGLE CELLS scattered in a population of healthy cells. It is considered in 2 stages:















Cell Damage


Stage 1: Cell death
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Stage 2: Cell elimination
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1. The surrounding cells move together to fill the vacant space, leaving virtually no evidence of the process.



2. The plasma membranes around the apoptotic bodies remain intact.



3. There is no inflammation.



4. Apoptosis is tightly regulated by many genes including ced and bcl-2. These co-ordinate cell death through the control and integration stage and final execution phase.






Necrosis


This term describes death of a cell or group of cells, typically following severe hypoxia, physical or chemical injury. Death of the cell is associated with rapid depletion of intracellular energy systems. Initially there are no morphological changes, but within a few hours the cell membrane and intracellular organelles are disrupted. Electron microscopy demonstrates these changes earlier than light microscopy.
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What we recognise as necrosis is due to denaturation and coagulation of protein and/or digestion of the cell by released enzymes. There are several naked eye appearances depending on which of these predominates.












Necrosis






Coagulative Necrosis


This type of necrosis is frequently caused by lack of blood supply, e.g. infarcts of the heart, spleen and kidney.
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The following changes are seen using the light microscope:



1. The nucleus shows one of three changes: (a) Karyolysis, (b) Karyorrhexis or (c) Pyknosis.



2. The cytoplasm becomes opaque and strongly eosinophilic (affinity for the red dye, eosin).
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At electron microscope (E.M.) level, in addition to the above nuclear changes, disorganisation and disintegration of the cytoplasmic organelles and severe damage to the plasma membrane are seen with the formation of surface blebs.









Colliquative Necrosis (Liquefactive Necrosis)


Death of cells in the brain result in liquefactive necrosis in which the dead cells are broken down to form a liquid mass. There is complete loss of structure (see p. 535).


An abscess (see p.39, 40) is another example of colliquative necrosis.









Gangrene


This is a complication of necrosis, which occurs when tissues are invaded by bacteria which release proteolytic enzymes. These enzymes degrade the necrotic tissue releasing foul-smelling gases. The tissue becomes green or black due to breakdown of haemoglobin. Obstruction of the blood supply to the bowel, for example, is almost inevitably followed by gangrene:
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A special type of gangrene follows infection with clostridial organisms (gas gangrene; see p.70).









Caseous Necrosis


This is commonly seen in tuberculosis (p. 72). The necrotic tissue has a cream-cheesy appearance.
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Fat Necrosis


This is a descriptive term for a form of fat destruction seen, for example, in trauma and pancreatitis. The appearances are due to the action of lipases on triglycerides as follows:
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Fibrinoid Necrosis


This is a descriptive term in which connective tissues and especially arterial walls are infiltrated by a strongly eosinophilic hyaline material which shows some of the characteristics of fibrin.












Necrosis – Autolysis






Sequels of Necrosis






1. When small numbers of cells are involved, the cellular debris is removed by phagocytosis (see p. 36).



2. With larger numbers of dead cells, there is an inflammatory response with organisation and fibrous repair (see p.40).



3. When the necrotic tissue cannot be completely removed or organised, deposition of calcium may be an additional feature, for example in tuberculous caseous necrosis. This feature is important in radiological diagnosis. It is known as ‘dystrophic calcification’ (p.25).









Autolysis


The process of ‘self-digestion’ begins after the death of the cell (as described above) and proceeds at a rate dependent on the local enzyme content. The term is hence more commonly applied to the changes which take place in tissues removed from the body and in the whole body after death.












Cell Damage – Hydropic Swelling


The various agents which can cause cell necrosis may also cause lesser cell damage which is reversible when the injurious agent is removed.


The appearances and effects are considered under these headings: 1. hydropic swelling, 2. fatty change, 3. radiation and 4. atrophy.






Hydropic Swelling


Under the light microscope: Electron microscopic (EM) appearances indicate the mechanisms:
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Naked eye: The damaged organs become swollen and are pale.












Cell Damage – Fatty Change






Fatty Change


This is accumulation of fat in non-fatty tissues, e.g. skeletal muscles and the heart.


These tissues cannot metabolise the amount of lipid presented to them, resulting in its accumulation within the cells. Examples include:
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Anoxia due to anaemia, cardiac failure, respiratory disease.



Diabetes mellitus, Chronic malnutrition.


In normal non-fatty tissues the intracellular fat is not visible by light microscopy using conventional fat stains.


In fatty change, the accumulated fat is visualised using frozen sections and fat-soluble dyes: e.g. Sudan, in routine paraffin sections the fat has been dissolved and is indicated by clear vacuoles.


For example, in the LIVER, the increase of deposited fat causes enlargement of the organ.
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Effects of Fatty Change


Impairment of cellular function is usually due to the pathological process causing the fatty change (e.g. anoxia in severe anaemia) and not to the physical presence of fat within the cell. In the liver, for example, very large accumulations of fat do not impair basic liver functions.


A possible exception is the myocardium in certain circumstances.
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Cell Damage – Free Radicals


The formation of free radicals is an important contributory factor in many disease processes.


Free radicals are molecules with a single unpaired electron in an outer orbital position: they react with and modify a wide range of molecules, particularly lipids (of cell membranes), DNA and proteins.


A dot above the chemical symbol indicates the presence of a free radical: e.g. OH• = hydroxyl radical, O2• = superoxide radical.
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Defence Mechanisms to Free Radicals


Some free radicals decay spontaneously (e.g. O2•) but they can also be removed by antioxidants (e.g. Vitamin E) and also by the action of enzymes such as superoxide dismutase and catalase.
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Cell Damage – Radiation


High energy (ionising) radiation, particularly in the form of gamma (γ) or X-rays can cause serious cellular and tissue damage. At cellular level there are 2 mechanisms involving:



1. The cell CYTOPLASM

A large dose of radiation hydrolyses water producing damaging free hydroxyl radicals: acute cell death follows
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2. The cell NUCLEUS

Lower doses damage DNA with 2 results:



(a) failure to replicate



(b) mutation with genetic abnormalities





These effects will be considered under 3 headings:



1. The localised effects complicating radiotherapy in the tissues adjacent to the therapeutic field.



There may be acute damage as well as later injury, following a latent period. This is caused by:
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Injury to organs which are difficult to shield is seen, for example, in skin, eyes, alimentary tract, bladder, lungs, gonads and spinal cord.


Wound healing is also seriously impaired.





2. Some of the mutations may lead to cancer, particularly leukaemias and lymphomas. (About 2% of all malignancies are associated with radiation.)

The mechanisms are described on page 149.





3. Whole body radiation may result from nuclear explosion. The acute effects which are related to large doses are summarised below.


Note: Total body irradiation is used in treatment of some leukaemias.
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Atrophy


This is a simple decrease in cell size or number, resulting in a shrinkage of affected tissues and organs. The most common example is atrophy of old age (see p.15).









Causes
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Atrophy is reversible provided the cause is eliminated or deficiencies restored.















Ageing


The distinction between ‘true’ ageing and ageing complicated by disease processes may be difficult; since therapy can be directed at the latter the distinction is important in clinical practice.


The changes associated with true ageing would be seen in a theoretical ‘ideal’ environment (minimal stress).


The following diagram is illustrative. The main controlling factors are intrinsic, i.e. genetic:



? associated with expression of ageing genes in mitochondria



? loss of cells’ ability to divide due to telomeric shortening (ends of chromosomes).
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In the real environment this theoretical concept of ageing is accelerated and aggravated by two groups of extrinsic factors:
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Note: Death is only very rarely, if ever, due to ‘pure’ ageing. It is the result of disease – either a single process or, with increasing age, more often several causes.









Heredity, Genes and Disease






Cell Nucleus and Chromosomes


The cell NUCLEUS contains chromosomes, which transmit hereditary traits from one generation to the next and also control the synthesis of all the proteins in the body.


The 46 chromosomes which most human nuclei contain are not identifiable in differentiated cells or cells in the non-proliferating phase of the cell cycle (G0).


The different morphological appearances of nuclei in histological sections indicate the amount of nuclear activity.
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Chromosomes


During mitosis the chromosomes condense into specific morphological forms which are identifiable by light microscopy: when colchicine is added to a cell culture, mitosis is arrested at the metaphase: chromosomes are then separable and can be studied.
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The following features are specific to each chromosome:



1. Overall length,



2. position of centromere (this dictates the length of each arm) and



3. the pattern of banding.
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Using these morphological criteria each chromosome is identified and numbered 1 to 22.


The sex chromosomes are labelled
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Note: This appearance represents a very condensed and coiled molecular arrangement, i.e. inactive.


A typical normal chromosome map (karyotype) shows 22 pairs of different but identifiable chromosomes……………………………………………… plus 2 sex chromosomes,
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Deoxyribonucleic Acid (DNA)


Since Watson and Crick defined the molecular structure of DNA in 1953, there has been a great increase in knowledge of the ‘genetic code’. Each chromosome is a very long single molecule of deoxyribonucleic acid (DNA), condensed during mitosis. It is extended to its characteristic structure when active:
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The DOUBLE HELIX
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2 long spirals of nucleotides (consisting of a deoxyribose (sugar) + phosphate) around a central axis, complementary but running in opposite directions.


The function is to initiate and control the synthesis of proteins from amino-acids. All types of protein (structural proteins, hormones, receptors, intra-cellular messengers, etc.) are encoded along the molecule.


A GENE is the unit of the chromosome responsible for the synthesis of a single specific protein. Genes vary in length but on average occupy about 20 000 base pairs of the molecule.


There are over 10 000 genes in all the human chromosomes, not all are active: some are repetitive: some form clusters subserving related activities (e.g. MHC (HLA) locus, see p.91).


There is a complex regulation of gene activity involving stop and start signals, promotor and enhancer functions all within the DNA structure. The entire human genome has now been sequenced.






Gene Expression and Protein Synthesis


A gene consists of coding regions (EXONS) interspersed with non-coding regions (INTRONS). In transcription the introns are eliminated and all the exons are transcribed to a ribonucleic acid form (mRNA) which is a copy of the DNA-code sequencing the amino-acids required for the production of a specific protein.
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Mitosis and Meiosis


MITOSIS is the process by which somatic cells proliferate ensuring exact replication of the daughter cells. Following the stimulus to proliferate, the chromosomes condense and replicate exactly.
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MEIOSIS is a complex process occurring during gametogenesis: it involves the reduction and division of chromosomes in such a way that: 1. a random mixture of both parental genes is present in the gamete and 2. the chances are equal for fertilisation to result in either sex. This simple diagram shows the important results of meiosis.


Primitive germ cell contains 46 chromosomes (i.e. 22 autosomes + XX or XY)
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1. During meosis the chromosomes come close together and random segments are exchanged
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2. During meosis the sex chromosomes are similarly distributed
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Note: In this simplified diagram a preliminary replication before meiosis and mitotic divisions after meiosis are omitted. The chances of error are greatly increased.









Genetic Abnormalities and Associated Disorders


It is not surprising that errors arise during these complex genetic activities. germ cells and proliferating somatic cells (including stem cells) are susceptible to such errors.


They may occur spontaneously or be the result of external influences.


It is important to distinguish between germ cell and somatic cell abnormalities.






Germ Cell Abnormalities


Errors which have arisen during germ cell development are transferred to the fertilised ovum and thence to all cells including the germ cells of the new individual.
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Abnormalities Arising in Somatic Cells


These tend to cause restricted effects: they are not transmitted to the next generation.
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Types of Genetic Abnormalities


They range from large, involving whole chromosomes, through parts of chromosomes, to gene clusters and single genes.









Chromosomal Abnormalities






1. Polyploidy – when the chromosomal numbers are increased by an exact multiple of the normal (23) e.g. 23 × 3 = 69 chromosomes. Such nuclei are seen in hypertrophied muscle cells and ageing liver cells (i.e. somatic cell polyploidy).

Such gross chromosomal abnormalities occurring during gametogenesis or at fertilisation are usually incompatible with life and are a common cause of spontaneous abortion.





2. Aneuploidy – where the number of chromosomes is increased usually by one (trisomy) or decreased by one (monosomy). Early spontaneous abortion is again common: survivors show mental retardation and varied physical abnormalities.

Down’s syndrome is a good example of AUTOSOMAL TRISOMY and is due to an extra chromosome (i.e. Trisomy 21 – karyotype 47XX + 21 or 47XY + 21).


The abnormality occurs in utero after fertilisation of the ovum and is therefore autosomal. Increasing maternal age is a potentiating factor in Down’s syndrome and many other genetic defects.





3. Structural abnormalities

Despite the existence of efficient repair mechanisms structural errors do arise when the long DNA molecules are accidentally broken during the physical changes occurring at replication. They include, for example, duplication and deletion of gene clusters and single genes: and translocation of fragments of DNA between chromosomes.











Single Gene Disorders


Factors regulating the production of the final specific protein are extremely complex.



1. 
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2. The corresponding genes on each parental chromosome exert important influences on each other. The inheritance of the Rhesus blood group D is a good example: there are two possibilities at the D locus on the chromosome – ‘D’ or ‘d’. The 3 possible combinations give rise to the actual blood group (phenotype) as follows:
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This concept is important in inherited single gene disorders.



1. In dominant inheritance any heterozygous offspring bearing the abnormal trait will be affected: mating with a normal partner statistically produces 50% of normal offspring and 50% affected.



2. In recessive inheritance only homozygotes for the trait are affected. Such cases usually arise from the mating of 2 heterozygous carriers who, by definition, are themselves unaffected.


The results of mating are as follows: (A = affected gene, N = normal gene)



NN = normal individual; NA = carrier; AA = affected individual.
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The concept of dominant and recessive traits is useful in genetic counselling. Long lists of dominant and recessive disorders are available: only a few important examples are given.



Autosomal dominant – neurofibromatosis, Huntington’s disease: polyposis coli: congenital spherocytosis.



Autosomal recessive – cystic fibrosis, congenital deafness, mucopolysaccharidoses.



Sex-linked disorders are usually recessive and are carried on the X-chromosome: males are affected and females are carriers. Important disorders are haemophilia and muscular dystrophy.









Metabolic Disorders (Inborn Errors of Metabolism)


These are inherited disorders of single genes which code for the enzymes concerned in many metabolic pathways. The clinical effects show considerable variation in severity.


Examples are: disorders of carbohydrate (including glycogen storage), lipid and amino-acid metabolism: lysosomal storage: and membrane transport (including cystic fibrosis).


Note: Not all single gene abnormalities cause, by themselves, significant pathological effects. As indicated above, the controlling factors are complex and include the important effects of ‘modifying genes’. It seems likely that abnormal recessive genes exist in the normal population but only present as clinical disorders in rare circumstances.









Multifactorial Disorders


Most human diseases have a genetic component but environmental factors usually play a very important part in the pathogenesis.
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Examples are: atopic (allergic) disorders: diabetes mellitus, hypertension, rheumatoid arthritis and various infections.









Somatic Cell Genetic Disorders


When mutation occurs after fertilisation of the ovum and at any stage throughout life the effects are limited to the disordered cell(s) and progeny. The clinical effects tend to be localised.


neoplasms and hamartomas are examples of somatic cell genetic disorders (see Carcinogenesis).


Note: In the systematic section of this book significant genetic contribution to the pathogenesis of diseases will be recorded.












Amyloid Deposition


Amyloid is a waxy substance deposited in the extracellular tissues, particularly around blood vessels and in basement membranes. Various forms of amyloid are seen and they have varying effects. Amyloid is resistant to degradation and its deposition tends to progress relentlessly.









Nature of Amyloid


Chemical: amyloid fibrils are made up of:



(i) A major variable component >90%.



(ii) A minor constant component, AMYLOID P PROTEIN – a glycoprotein normally found in serum.


Whatever its composition, amyloid fibrils are arranged in a β-pleated configuration: this accounts for its resistance to degradation and its staining properties.









Detection


To the naked eye, the affected organs are pale, enlarged and have a firm, waxy texture.
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On Light Microscopy






(a) 
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(b) IMMUNOSTAINING – for specific constituents (e.g. P protein).


On electronmicroscopy – closely packed interlacing fibrils 70–100 nm in diameter.









Pathological Effects
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Almost any tissue in the body may be affected by amyloid deposition, but the most important changes occur in the kidney, gastrointestinal tract and the heart. Other organs, such as the liver and spleen, may also be grossly affected without serious functional impairment.












Kidney


In severe cases the kidneys are pale, firm and waxy, and with the iodine test the glomeruli stand out as brown dots to the naked eye.
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Renal biopsy is useful in the diagnosis of amyloidosis.


Effects:
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Gastrointestinal Tract


Due to altered permeability of the capillaries, the patient suffers from diarrhoea and protein loss. There may also be malabsorption, nutritional deficiencies and electrolyte imbalance.
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Rectal biopsy is useful in the diagnosis of amyloidosis.









Heart


Amyloid deposition occurs around the cardiac muscle fibres and the capillary basement membranes. The heart is enlarged with thick walls. Much of the thickness is due to amyloid deposition.
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Effects: Cardiac failure develops mainly due to the mechanical effect of amyloid, making the heart muscle stiff and preventing cardiac filling (restrictive cardiomyopathy). The blood supply to the muscle fibres is also impaired.












Amyloid Classification






1. SYSTEMIC AMYLOIDOSIS
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2. LOCALISED AMYLOIDOSIS

In endocrine tumours – amyloid derived from polypeptide hormones, e.g. medullary carcinoma of thyroid – calcitonin derived amyloid.


In old age – the amyloidogenic protein is related to pre-albumin. Deposits of amyloid occur in the heart, brain and joints. In Alzheimer’s disease (p.544) local amyloid deposition in the brain is important.











Calcification


Abnormal deposits of calcium occur in 2 circumstances: dystrophic calcification and metastatic calcification.



1. DYSTROPHIC CALCIFICATION

Local deposits of calcium may occur in:



(a) Necrotic tissue - old caseous lesions of tuberculosis; old infarcts; collections of pus; in fat necrosis associated with pancreatitis.



(b) Tissues undergoing slow degeneration - hyaline areas in benign tumours (e.g. fibroids (p.501)); in arteries due to atheromatous degeneration or in old age; in old thrombi; diseased or abnormal heart valves.


The mechanism may be as follows:
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Note: Ca2+ is radio-opaque and therefore can be seen on X-rays where it is of diagnostic use, e.g. in old healed disease (e.g. tuberculosis) and also in some tumours, e.g. breast cancer where very small deposits of calcium may be present.





2. METASTATIC CALCIFICATION

In this case there is an increase in the calcium phosphate product in the blood (usually hypercalcaemia).
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Some malignant tumours, e.g. breast and lung, are associated with hypercalcaemia and metastatic calcification.


The mechanisms are: 1. secretion by the tumour of a protein (parathyroid hormone related peptide (PTHrP)) which mimics the action of parathormone and 2. the local release of bone resorbing cytokines by tumour metastases in bones.









Endogenous Pigmentation






Iron-Containing Pigment


Two main pigments are derived from the breakdown of red blood cells:


1. haemosiderin and 2. bilirubin.


The detailed mechanism is described on page 340 in relation to jaundice.









Haemosiderin


The iron derived from red cell breakdown is held in the spleen, liver and bone marrow, combined with apoferritin. In the plasma it is transported by transferrin. The two mechanisms maintain an equilibrium between the iron contents in these three sites. When the amount of iron within the cells becomes excessive and overloads the ferritin system, it is deposited in a brown granular form – haemosiderin. This occurs in 2 situations:



1. Local breakdown of red cells in tissues, e.g. in a bruise
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2. Iron overload in tissues


(a) Haemosiderosis

This is seen in the liver, spleen and sometimes the kidneys in cases of haemolytic anaemia, and in patients requiring repeated blood transfusion. The change is most dramatic in the liver, which becomes deep brown. Iron is found in the Kupffer cells first and, later, in liver cells. A Perl’s stain highlights the iron deposits, which are stained blue. Iron deposits per se very rarely cause organ damage.
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(b) Haemochromatosis (Bronzed diabetes)

The absorption of iron from the intestine is controlled by the ferritin-transferrin mechanism.
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The ferritin content of the intestinal epithelium, iron saturation of the plasma, stores of iron in the liver and spleen and the demand for iron by the bone marrow form a balancing mechanism preventing overloading of any part of the system.


In haemochromatosis there is an inherited defect on chromosome 6 resulting in uncontrolled absorption of iron. The system becomes overloaded and iron is deposited as haemosiderin in many sites, the main ones being:
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Haemosiderin may be found in almost any site in the body.






Haemoglobin


Intravascular haemolysis can result in haemoglobin appearing in the urine, giving it a dull red colour. In severe acute haemolysis (e.g. incompatible blood transfusion) acute renal tubular necrosis occurs. In chronic haemolysis (e.g. paroxysmal haemoglobinuria), some of the haemoglobin is reabsorbed and subsequently broken down so that iron, as haemosiderin, appears in the renal tubular epithelium.
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Haematin (Or Haemazoin)


This is a brown pigment produced by malarial parasites from haemoglobin. It is taken up by the monocytes in the blood and subsequently deposited in the liver and spleen.
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Lipofuscin


This is a yellowish brown pigment with a high lipid content, often found in the atrophied cells of old age – ‘wear and tear’ pigment. It is particularly common in the heart muscle, and the term ‘brown atrophy’ is often applied.





[image: image]




It is also found in liver cells, testes and nerve cells.















Exogenous Pigmentation – Degenerations






Exogenous Pigmentation


Pigments may be introduced by inhalation, ingestion or injection.






Inhalation


The commonest substances inhaled are coal dust (carbon) – black, and stone dust (silica) – grey.


The particles reach the alveoli especially if the bronchial ciliary action is disturbed by chronic bronchitis.
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The effects are described in detail under pneumoconiosis.









Ingestion


Pigmentation can be caused by chronic ingestion of metals such as silver or lead. In both, the skin has a metallic hue, and in the case of lead a blue line appears on the gums due to interaction between lead and hydrogen sulphide. Excessive intake of carrots can lead to yellowish red skin pigmentation caused by carotene.









Injection


Tattooing is the most striking example of pigmentation following injection.












Degenerations






1. Hyaline

This is a descriptive term meaning a glossy, refractile appearance, seen in sections stained with haematoxylin and eosin. It is most commonly encountered in the form of dense collagen, particularly in benign tumours such as leiomyomas where the collagen has replaced muscle fibres, and in blood vessels in arteriosclerosis.


The term ‘Mallory’s hyaline’ refers to an intracellular accumulation of cytoskeletal proteins, e.g. in alcoholic liver disease (p.348).





2. Mucoid

This is a common change in epithelial tumours which secrete mucin. In these cases the epithelial cells undergo degeneration and appear to dissolve in the mucin.


Connective tissue may also accumulate mucin. Spaces filled with mucopolysaccharides (e.g. hyaluronic acid) appear between the fibres. The change is common in some tumours and the term ‘myxomatous’ may be used.
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Inflammation


Inflammation is the dynamic process by which living tissues react to injury. They concern vascular and connective tissues particularly.


Causes:


Various agents may kill or damage cells:
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… and any other circumstance leading to tissue damage, e.g. vascular or hormonal disturbance.


The inflammatory reaction takes place in the surviving adjacent vascular and connective tissues; the specialised parenchymal cells do not directly participate.


The initial stages are known as the acute inflammatory reaction. Where the process is prolonged the inflammation may be subacute or chronic.






Acute Inflammation


The classical signs are:



REDNESS (rubor)



HEAT (calor)



SWELLING (tumour)



PAIN (dolor)



LOSS OF FUNCTION (functio laesa). 
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These gross signs are explained by changes occurring at microscopic level. Three essential features are:



1. HYPERAEMIA




2. EXUDATION OF FLUID




3. EMIGRATION OF LEUCOCYTES.













Acute Inflammation






Hyperaemia


The hyperaemia in inflammation is associated with the well known microvascular changes which occur in Lewis’ triple response – a FLUSH, a FLARE and a WEAL. It occurs when a blunt instrument is drawn firmly across the skin and illustrates the vascular changes occurring in acute inflammation.


The stroke is marked momentarily by a white line due to vasoconstriction.


The flush, a dull red line, immediately follows and is due to capillary dilatation.


The flare, a bright red irregular surrounding zone, is due to arteriolar dilatation.





[image: image]




hyperaemia explains the classical signs of redness and heat.









Exudation


Exudation is the increased passage of protein-rich fluid through the vessel wall into the interstitial tissue. It explains the weal in Lewis’ triple response.









	Advantageous results

	Contents of fluid






	Fluid increase

	(a) Globulins → protective antibodies






	↓

	(b) Fibrin deposition → Helps to limit spread of bacteria






	Dilution of toxins

	(c) Various factors promoting subsequent healing











Mechanism






1. Protein passage
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2. Fluid movement
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Emigration of Leucocytes


Neutrophils and mononuclears pass between the endothelial cell junctions by amoeboid movement through the venule wall into the tissue spaces. In this process both neutrophils and endothelial cells are activated and both express cell adhesion molecules, initially
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Chemotaxis


The initial margination of neutrophils and mononuclears is potentiated by slowing of blood flow and by increased ‘stickiness’ of the endothelial surface.


After penetration of the vessel wall, the subsequent movement of the leucocytes is controlled by chemotaxis. The cell moves in response to an increasing concentration gradient of the particular chemotactic agent, usually a protein or polypeptide.
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Important examples of chemotactic agents are:



Fractions of the complement system (esp. C3a)



Factors derived from arachidonic acid by the neutrophils – leukotrienes (e.g. LTB4)



Factors derived from pathogenic bacteria




Factors derived from sensitised lymphocytes – cytokines (e.g. IL-8).


The leucocytes move by extension of an anterior pseudopod with attachment to extracellular matrix molecules such as fibronectin using cell adhesion molecules. The cell body is then pulled forward by actin and myosin filaments.









Phagocytosis


This is the process by which neutrophils and macrophages clear the injurious agent. It is an important defence mechanism in bacterial infections particularly.
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There are 3 families of opsonin.



1. Immunoglobulin, especially IgG 


– recognized by Fc receptors on neutrophil surface.






2. Complement, especially C3b 


– recognized by C3b receptors on neutrophil surface.






3. Carbohydrate binding proteins, or lectins 


– bind sugar residues on bacterial cell walls.





The opsonic activity is enhanced when it is confined within a solid organ or rigid medium such as a fibrin network; where conditions are looser and more fluid, activity is diminished.









Chemical Mediators


Various chemical mediators have roles in the inflammatory process. They may be circulating in plasma and require activation or they may be secreted by inflammatory cells. Many of these mediators have overlapping actions.


Mediators dervived from:



1. Inflammatory cells 
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2. Plasma. These pathways are all interrelated. 
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Sequels of Acute Inflammation








[image: image]








Resolution


This means the complete restoration of normal conditions after the acute inflammation. The three main features which potentiate this sequel are:



1. minimal cell death and tissue damage



2. rapid elimination of the causal agent, e.g. bacteria



3. local conditions favouring removal of fluid and debris.


Resolution of lobar pneumonia (bacterial inflammation of lung alveoli) is a good example:
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Following bacterial kill the mechanism is as follows:



1. Solution of fibrin by enzyme action (polymorphs and fibrinolysin)



2. Removal of fluid by blood vessels and lymphatics



3. Removal of all debris by phagocytes to hilar lymph nodes



4. The capillary hyperaemia diminishes and restoration to normal is complete.









Suppuration


This means the formation of PUS; where pus accumulates an ABSCESS forms.


Infection by pyogenic (pus-forming) bacteria is the usual cause, e.g. staphylococcal abscess (or boil). The pus in this case is a thick, creamy yellow fluid which, on centrifugation, separates thus:
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Evolution of an Abscess


The usual evolution of an abscess is as follows:
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When the abscess is deep-seated, the process may be modified as follows:
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Organisation and Fibrosis


Organisation occurs when, during the acute inflammatory process, (a) there is excessive exudation or necrosis or (b) when local conditions are unfavourable for the removal of exudate and debris. The term also applies to the local reaction to the presence of thrombus and also the necrosis associated with infarction.


The changes are similar to those described in wound healing viz – the growth of new capillaries into the inert material (exudate or thrombus), the migration of macrophages and the proliferation of fibroblasts resulting in fibrosis.


A good example of organisation following acute inflammation is seen in the pleura overlying pneumonia. The inflammation of the lung tissue proper usually resolves completely (p.264); in contrast the pleural exudate is not easily removed and organisation takes place.
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Other good examples of organisation are seen after infarction (see p.166).












Chronic Inflammation


Chronic Inflammation may (a) follow acute inflammation if the causal agent is not removed: or (b) be ‘primary’, i.e. there is no pre-existing acute stage.


The essential changes are:



1. Absence of polymorphs (natural life span of 1–3 days); the appearance of lymphocytes and often plasma cells. Macrophages play an increasingly important role including removing dead polymorphs, presentation of antigenic material and granuloma formation.



2. Proliferation of vascular endothelium by ‘budding’ – formation of new capillaries (angiogenesis).



3. Proliferation of fibroblasts with collagen production leading to



4. Fibrosis.








[image: image]




Common causes of ‘primary’ chronic inflammation include:



(a) Persistent infections, e.g. tuberculosis, leprosy – where the organisms are resistant to neutrophil attack and bacteria survive within macrophages.



(b) Foreign material, e.g. silicates, including asbestos.



(c) Auto-immune diseases, e.g. auto-immune thyroiditis.



(d) Conditions of unknown aetiology, e.g. sarcoidosis: Crohn’s disease.









Cellular Interactions


The macrophage is the key cell that directs the various cells involved in chronic inflammation.
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Granulomatous Inflammation


This is the term given to forms of chronic inflammation in which modified macrophages (epithelioid cells) accumulate in small clusters surrounded by lymphocytes. The small clusters are called granulomas. The basic lesion in tuberculosis is a good example.
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Similar granulomas are seen in:



Sarcoidosis – a rare inflammatory disease of unknown aetiology affecting especially the lymph nodes and lungs, but also many other organs.



‘Talc’ granuloma – where particulate silicates introduced into the tissues evoke an inflammatory reaction after a latent period (usually years).



Crohn’s disease – a chronic inflammatory disease affecting the terminal ileum and colon (see p.309).



Lymph nodes draining ulcerated areas in which breakdown of lipid is occurring.


N.B. In all of these granulomatous diseases the basic lesion may be identical, but caseation only occurs in tuberculosis.


The epithelioid cells of the granulomas are modified macrophages, and giant cells are derived from macrophages usually by cell fusion but occasionally by nuclear division without cytoplasmic separation.


The Langhans’ giant cell – seen in chronic granulomata, e.g. tuberculosis and sarcoidosis.
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The foreign body giant cell – seen in association with particulate insoluble material.
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Mechanism of Granuloma Formation
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Ulceration – Benign


ULCERATION is a complication of many disease processes.


An ulcer is formed when the surface covering of an organ or tissue is lost due to necrosis and replaced by inflammatory tissue.


The most common sites are the alimentary tract and the skin.


Ulcers are divided into two main groups: 1. benign (inflammatory) and 2. malignant (cancerous).


The word ‘benign’ is used here in the limited sense of contrasting with ‘malignant’: ‘benign’ ulcers may have serious consequences.









Evolution of a Benign Ulcer
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Healing can occur at this stage with restoration to normal, but if irritation (e.g. bacterial action, slight trauma, digestive juices and acid) continues, a chronic ulcer forms.
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Healing of a chronic ulcer may be impeded by the secondary obliterative changes in the blood vessels due to the chronic inflammation, and it is inevitably associated with a variable amount of scarring.















Ulceration – Malignant









Evolution of a Malignant Ulcer (Ulcerated Tumour)


Such an ulcer is the result of the growth of a malignant tumour.
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The differences between benign and malignant ulcers are most prominent at the edges from which a diagnostic biopsy should be taken. It is worth remembering that cancers often ulcerate but benign ulcers rarely undergo malignant change.
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Inflammation – Anatomical Varieties






Sinus


A sinus is a tract lined usually by granulation tissue leading from a chronically inflamed cavity to a surface. In many cases the cause is the continuing presence of ‘foreign’ or necrotic material.


Examples include:



• Sinuses associated with osteomyelitis (inflammation of bone).

Where necrosis of bone occurs, chronic sinuses form over it.
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• Pilonidal sinus (pilonidal = nest of hairs).

Seen in the mid-line over the sacrum (natal cleft) where hairs which have penetrated deeply under the skin are associated with chronic relapsing inflammation.











Fistula


A fistula is a track open at both ends, through which abnormal communication between two surfaces is established.


There are two main types:



1. Congenital – due to developmental abnormality: any inflammation is superimposed, e.g. tracheoesophageal fistula which can lead to choking and coughing during feeding in a newborn.



2. Acquired – due to: 
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An EMPYEMA is a collection of pus in a body cavity or hollow organ. The term refers usually to the pleural cavity or the gall bladder.


CELLULITIS occurs when inflammation spreads in the connective tissue planes.
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Healing


Healing is the final stage of the response of tissue to injury.
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The capacity of a tissue for regeneration depends on its proliferative ability and on the type and severity of the damage. In particular, regeneration is not possible if the STEM CELLS are destroyed.


Three broad groups of cells are considered in the context of the cell cycle (p.3).
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REGENERATION involves TWO PROCESSES:



1. proliferation of surviving cells to replace lost tissue.



2. migration of surviving cells into the vacant space.


The FACTORS which CONTROL healing and repair are complex: they include the production of a large variety of growth factors.
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Wound Healing


Healing of a wound shows both epithelial regeneration (healing of the epidermis) and repair by scarring (healing of the dermis).


Two patterns are described depending on the amount of tissue damage. These are the same process varying only in amount.



1. Healing by first intention (primary union)

This occurs in clean, incised wounds with good apposition of the edges – particularly planned surgical incisions.
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2. Healing by second intention (secondary union)

This occurs in open wounds, particularly when there has been significant loss of tissue, necrosis or infection.
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Wound Contraction


Wound contraction, which is beneficial and begins early, is due mainly to the young, specialised ‘myofibroblasts’ in the granulation tissue exerting a traction effect at the wound edges. The exposed surface is reduced by gradual regeneration of the surface epithelium.


The remodelling of the collagen continues for many months.












Complications






1. Contracture

Later, contracture may cause serious cosmetic and functional disability, particularly in deep and extensive skin burns and around joints if muscles are badly damaged.
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2. Keloid

The formation of excess collagen in the form of thick interlacing bundles which causes marked swelling at the site of the wound is known as a KELOID. The essential cause is unknown. It is particularly common in black people.
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Healing – Fibrosis


FIBROSIS is the end result of wound healing, chronic inflammation and organisation.









Formation of Fibrous Tissue
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REMODELLING follows: Action of collagenase → scar tissue + secretion of collagen









Factors Delaying Healing






1. Local

infection, a poor blood supply, excessive movement and presence of foreign material delay healing.





2. General 








	
deficiency of vitamin c
deficiency of amino acids (in malnutrition)
deficiency of zinc
excess of adrenal glucocorticoids
debilitating chronic disease
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	Failure of proper collagen synthesis with delayed healing and weak scars.























Healing – Special Situations






Internal Surfaces


The epithelial lining of the gastrointestinal tract regenerates in a similar way to the skin.
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Solid Epithelial Organs






1. Following gross tissue damage – including supporting tissue (post-necrotic scarring) 
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2. Following cell damage with survival of the supporting (reticular) tissues 




[image: image]














Muscle


Muscle fibres of all 3 types – skeletal, cardiac and smooth – have only limited capacity to regenerate.


When a mass of muscle tissue is damaged, repair by scarring occurs. This is particularly important in the heart after infarction.


If the damage affects individual muscle fibres diffusely and with varying severity, then regeneration of the specialised fibres is possible (e.g. the myocardium may recover completely from the effects of diphtheria toxin and virus infection).









Nervous Tissue






Central Nervous System


Regeneration does not occur when a neurone is lost.


In cases of acute damage, the initial functional loss often exceeds the loss of actual nerve tissue because of the reactive changes in the surrounding tissue. As these changes diminish, some function may be restored.
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Scarring within the CNS is by proliferation of astrocytes and the production of fibrillary glial acidic protein – a process known as gliosis.









Peripheral Nerves


When a peripheral nerve is damaged, the axon and its myelin sheath rapidly degenerate distally. The supporting tissues of the nerve (Schwann cells) degenerate slowly.


Regeneration can occur because the central neurone of which the axon is a peripheral extension is remote from the site of damage.


A spinal motor nerve is taken as an example.









Peripheral Nerves
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Regeneration takes the form of a sprouting of the cut ends of the axons.
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The results depend on the apposition of the distal remnant with the sprouting axons.
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The best results are seen in crushing injuries where the sheaths remain in continuity.
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Fracture Healing






Bone – Fracture Healing






1. Immediate effects
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2. Early reaction-inflammatory First 4–5 days
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3. Formation of callus (early bone regeneration) – after 1 week.
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4. Mature callus – from 3 weeks onwards
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5. Remodelling of callus Definitive – weeks into months
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6. Final reconstruction Months later
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Complications






1. Fat embolism may occur in fracture of long bones due to entry of fat from the marrow cavity into the torn ends of veins. 
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2. Infection If the overlying skin is breached in any way, i.e. the fracture is ‘compound’, the risk of infection is greatly increased; this is an important adverse factor in the healing process. 
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Pathological Fracture


When the break occurs at the site of pre-existing disease of the bone, the term ‘pathological fracture’ is applied.
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Factors Influencing Healing of Fractures
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Infection


There are very many infections: the chapter will deal only with principles and a few examples.









	Type of Infecting Agent

	Example

	Example of Disease






	BACTERIA (a very wide range)

	STAPHYLOCOCCUS

	ABSCESS






	VIRUSES (a wide range)

	HERPES ZOSTER

	CHICKENPOX and SHINGLES






	FUNGI (a limited range)

	CANDIDA

	BUCCAL and VAGINAL THRUSH






	PROTOZOA

	PLASMODIUM

	MALARIA






	Infestation with PARASITES WORMS and FLUKES

	ECHINOCOCCUS GRANULOSIS

	HYDATID DISEASE











Colonisation and Commensal Growth


Vast number of bacteria normally colonise the external body surfaces (skin, alimentary and upper respiratory tracts). These commensal inhabitants usually do not harm the host. Organisms that injure the host are said to be pathogenic. If the host defences are damaged a commensal organism may cause an opportunistic infection.
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Infection and Infectious Disease


infection occurs when microorganisms invade the sterile internal body tissues. (Multiplication usually follows invasion.)


An infectious disease occurs when infection is associated with clinically manifest tissue damage.






Routes of Entry of Infecting Organisms






1. Through the skin or mucous membranes


(a) By direct close contact, e.g. venereal disease, HIV.



(b) By contamination of abrasions and wounds, e.g. wound infections, rabies.



(c) By inoculation, e.g. insect bite – yellow fever, syringe – hepatitis B and C, AIDS.






2. By ingestion

Contaminated food and water, e.g. enteric fever, hepatitis A, poliomyelitis, cholera.





3. By inhalation

Dust and droplets, e.g. influenza: tuberculosis.











Factors Influencing the Establishment of Infection






1. In the HOST

In addition to a good state of general health and nutrition, the following mechanisms operate in preventing and limiting infection.
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Chemical Action






(a) Acid secretion in stomach and urinary tract.



(b) Lysozymes – enzymes capable of dissolving bacterial capsules, e.g. in tears and saliva.



(c) Immunoglobulin A (IgA) – a specialised immunoglobulin (see p.97), – tears, intestinal secretions.



(d) Non-specific inhibitory substances – urine, sweat, sebum.









Innate Immune Response






(a) NK cells and macrophages.



(b) Plasma proteins including the complement system.



2. In the MICRO-ORGANISM

Factors potentiating invasive capacity include:



(a) Quantity of dose – the larger the dose the more likely that the defences are penetrated.



(b) Virulence – describes the degree of pathogenicity, includes:


(i) Capacity to resist phagocytosis and enzyme attack,



(ii) Adhesive properties,



(iii) Production of exoenzymes which act on host tissues, e.g. hyaluronidase (streptococci), coagulase (staphylococci) and of toxins, e.g. leucocidins, enterotoxins.















Factors Influencing the Course of Infection


Once infection has occurred, important defence mechanisms operate:



1. Inflammation in the acute local reaction (see p.33) tends to limit the spread of organisms. In some important diseases, there is no acute local inflammatory response at the site of entry, e.g. Brucellosis (undulant fever) and many virus infections. In the chronic inflammatory reaction (see p.41), the formation of fibrous tissue also helps to localise infection.



2. Phagocytosis (see p.36) Note: some organisms may survive or multiply within phagocytes – usually associated with chronic infection. Good examples are tuberculosis, brucellosis, leprosy.



3. The Immune Response


(a) Humoral antibody reactions, e.g. agglutination, opsonisation, lysis via complement – especially important in bacterial infections.



(b) Cellular immunity reactions, e.g. cytotoxic T cells, especially important in viral infections.






4. Cytokines – signalling molecules that regulate the immune response to pathogens.









Examples of Failure of Protective and Defence Mechanisms






1. In skin – direct breach by wounding and burns; softening of the surface by exposure to water and sweat or due to skin disorders.



2. In the respiratory tract – inhibition of ciliary movement by nicotine in smokers potentiates infection.



3. In the stomach – in achlorhydria (no hydrochloric acid) organisms flourish in the stomach.



4. When secretions are prevented from flowing freely by narrowing of natural passages, bacterial growth in the ‘stagnant’ fluid is potentiated (e.g. enlarged prostate urethral obstruction, urinary infection).



5. When commensal growth is impaired by antibiotic treatment, pathogenic bacteria may colonise the ‘vacant site’.



6. Deficiency of the immunological system:


(a) natural deficiency due to hereditary defect, e.g. X-linked agammaglobulinaemia



(b) acquired due to administration of drugs in treatment of disease, e.g. steroids, cytotoxic drugs; specific virus infection, e.g. Human Immunodeficiency Virus (HIV) causing Acquired Immune Deficiency Syndrome (AIDS).






7. Deficiency of phagocytosis – especially polymorphs (either low numbers or deficient function – see page 36).



8. In debilitating diseases such as diabetes, chronic failure and nutritional deficiency.



9. Genetic susceptibility – may be a factor in some infections.









Mechanisms by which Disease is Produced


The local reaction to infections is usually INFLAMMATORY and is evoked by cellular damage and death. The detailed mechanisms are different in bacteria and viruses.












Bacteria






1. Production of toxins (poisons)








	Exotoxins

	Endotoxins






	Secreted by living bacteria

	Integral part of bactrial cell wall
Release on death of organism (usually Gram-negative)






	Simple proteins

	Lipid-polysaccharide complexes






	Neutralised by specific antibody (antitoxin)

	Do not stimulate antibody production






	Many actions
– Enzymes, e.g. S. aureus protease
– Action on intracellular signalling, e.g. V. cholerae
– Neurotoxins, e.g. C. botulinum
– Superantigens, e.g. S. pyogenes


	Beneficialeffects:Inlowdosestimulatesprotectiveimmunity Harmful effects: In high dose ENDOTOXIC
SHOCK – due to massive release of cytokines with activation of coagulation,fibrinolytic and complement cascades
LPS binds cell surface receptor CD14 and is delivered to TLR4 that starts intracellular signalling cascade











2. Hypersensitivity reaction causing tissue injury

This is a form of the immune response in which reaction between the bacterial protein and sensitised lymphocytes initiates the inflammatory reaction (see p.101).





3. Tissue invasion: lymphatic spread and invasion of blood stream




[image: image]














Sepsis Syndrome


Sepsis is a very serious condition in which there is a whole-body inflammatory state (systemic inflammatory response syndrome (SIRS)) in the presence of infection.


Mortality is still between 20 and 50% even with modern medical treatment. It commonly occurs in response to lipopolysaccharide (LPS) in the wall of Gram negative bacteria.






Mechanisms


LPS triggers innate immunity via TLR4. With infection disseminated via the bloodstream there is widespread activation of phagocytes.





[image: image]




The initial stimulus triggers production of proinflammatory cytokines, and monocytes and neutrophils adhere to endothelium. Activated macrophages, neutrophils and endothelial cells release secondary inflammatory mediators. This release of proinflammatory cytokines is known as a cytokine storm. Procoagulants produced by endothelial cells may trigger microthrombosis and if widespread this is known as disseminated intravascular coagulation.












Bacteraemia






(a) Occurs commonly: usually of no serious significance



(b) An integral part of some infections, e.g. typhoid fever.









Important Special Cases
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Pyaemia


Pyaemia occurs when pathogenic organisms escape into the bloodstream in the form of small aggregates – micro-emboli. This results in either:
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Acute Bacterial Infection






Pyogenic Bacteria








[image: image]




Note: Rheumatic fever and acute glomerulonephritis are complications of streptococcal infection in which the heart and kidneys are damaged. This is caused by disturbance in the immune mechanisms (type III hypersensitivity reaction) and is not due to the actual presence of streptococci in the heart and kidneys.
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Gram-Negative Bacilli


These are usually commensals in the alimentary tract and include facultative and obligatory anaerobes.


‘Coliform’ organisms can cause local inflammation in the alimentary tract, the urinary tract and wound infections.


In addition, endotoxins liberated in the blood stream cause severe sepsis syndrome with SHOCK (p.174).
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Food Poisoning


E. Coli 0157 – a commensal in cattle is a human pathogen – production of a powerful virocytotoxin is associated with the haemolytic uraemic syndrome (see p.473) and may cause death in the very young and elderly.









Gangrene


Gangrene is a complication of necrosis in which bacterial infection is superimposed. There are three main types:



1. Dry gangrene

This occurs in the toes and feet of elderly people or diabetics suffering from gradual arterial occlusion. The putrefactive process spreads slowly until it reaches the part where the blood supply is adequate. Small numbers of organisms are present.





[image: image]








2. Wet gangrene

The tissues are moist at the start of the process due to venous congestion or oedema, e.g. strangulation of viscera. The disease spreads rapidly and may be associated with sepsis syndrome. Tissue discolouration occurs by the same mechanism as dry gangrene.





3. Gas gangrene

Dry and wet gangrene are associated with mixed bacterial infection. Gas gangrene is caused by exotoxin producing bacteria of the clostridia group – anaerobic sporulating Gram-positive bacilli (Cl. perfringens most common). These organisms, found in soil, can enter a wound and proliferate in necrotic tissue with formation of gas bubbles. Spread is rapid with sepsis syndrome. It is a serious complication of war wounds.








Special Types of Gangrene


Necrotizing fasciitis – this infection spreads along fascial planes within subcutaneous tissue. The infection may be polymicrobial or due to a single organism, commonly group A streptococcus or, in hospitals, MRSA.


Fournier’s gangrene – this is a form of necrotizing fasciitis affecting the male genitals particularly in diabetics.












Tetanus


This organism itself does not cause local tissue damage. The effects are due to a powerful endotoxin secreted by the organism. This is in contrast to the usual bacterial diseases where tissue damage is important and is due to the local bacterial action.


The infecting organism, Clostridium tetani, a strict anaerobe, is a Gram-positive rod. Often the presence of a terminal spore gives a characteristic drum-stick appearance. The highly resistant spores are widespread in the environment due to contamination by animal faeces.
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Method of Infection


Contamination of wounds in which there are anaerobic conditions, e.g. deep-penetrating wounds and wounds with severe soft tissue damage (road traffic accidents and battle casualties); only very occasionally trivial thorn punctures.


In developing communities the umbilical stump of the newborn may be infected by faecal material.









Effects


The exotoxin is highly potent and causes paroxysmal muscular spasm which becomes progressively more severe and was fatal in many cases: modern therapy including muscle relaxation and ventilation has improved the prognosis dramatically.









Course








[image: image]











Immunity






• Active immunisation by toxoid — prophylactic.



• Passive immunisation by antitoxin — therapeutic (only effective before toxin is fixed to nerve tissues).


Other important bacteria producing toxins are: Clostridium botulinum (botulism), Vibrio cholerae (cholera), Corynebacterium diphtheriae (diphtheria).















Chronic Bacterial Infection (Granulomas)


In these infections chronic inflammation is the basic mechanism (see p.42). The detailed evolution of the inflammatory reaction is modified by several factors of which the immune response of the host is important (see p.89).






Tuberculosis


Tuberculosis is caused by the Mycobacterium tuberculosis (tubercle bacillus: TB), an organism which has a resistant waxy component in its structure and is acid and alcohol-fast (i.e. resists bleaching with strong acid and alcohol after being stained red with fuchsin). The disease rapidly declined in Western Europe and North America after World War II due to (a) improved nutrition and hygiene, (b) BCG immunisation and (c) chemotherapy (note: drug resistance is becoming an increasing problem). Patients with AIDS are at particular risk: other ‘at risk’ groups are the elderly, the immunosuppressed and alcoholics. The disease remains prevalent in developing countries.






The Tuberculous Follicle (Tubercle)
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The evolution of the tuberculous follicle is a good example of the role of cellular immunity (p.92)





[image: image]




The caseation is the result of the combined effects of (a) the type IV hypersensitivity reaction, (b) bacterial activity and (c) ischaemia.












Other Mycobacterial Infections


Mycobacteria other than tubercle sometimes infect humans. They are commonly present in soil and water and are less virulent than M. tuberculosis. Most exposures do not produce disease unless there is a defect in local or systemic host defenses.


M. avium and M. intracellulare – these are closely related and are often grouped together as M. avium-intracellulare (MAI) – they may cause pneumonia, lymphadenitis or disseminated disease in immunosuppressed patients.


M. kansasii – this may cause a chronic cervical lymphadenitis with cutaneous fistulas and scarring in children.


M. marinum – this can cause a cutaneous granulomatous ulcerating lesion which can be contracted from contaminated swimming pools or from cleaning an aquarium (swimming pool granuloma).
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