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INTRODUCTION

The course “NSC211: Medical Microbiology and Pardsgy” you are
taking covers the study, classification, and charaation of micro-
organisms; characteristics of bacteria, fungi, g@oans, and viruses and
their role in diseases; medical helminthology; dssecausal relationships
between microorganisms, parasites and the host;tlaadcontrol of
microorganisms and parasites to achieve diseasergren and control.
The course also covers some aspects of immunitjh@ndimune system,
types of immune systems, cells responsible for hie$ense against
infection, antigens, antibodies and antigen-anybioteractions, factors
that influence host susceptibility and resistangeinfection, natural
resistance, vaccine and immunization, hyperseitsgitfatopy, allergy,
and anaphylaxis) reaction and its type as well akerdnce.

As nurses, you are expected to have a solid foiordah medical
microbiology and parasitology and this course isigieed to equip you
with the relevant knowledge that relates to therafies and their
important role in health and diseases and the @pipte control measures
that must be employed to prevent infection.

WHAT YOU WILL LEARN IN THISCOURSE

In this course, you will learn the general concep$ed in Medical
Microbiology and Parasitology as they relate tesing practice. You will
know microbial (bacterial, viral, fungal and patesi characterization
and classification, the concept of immunity, resise, antigens,
antibodies, hypersensitivity reactions, vaccinadod immunization.

COURSE AIM

This course aims to update your knowledge on th#erdnt
characteristics of microorganisms and their contmmasures, host
immunity and immune responses and the adverse immagponses that
you may likely encounter as health care deliveryspenel. Your
appreciation of the context of the microbial worildfection prevention
and control as well as host defenses should diove yrge for standard
practice and quality assurance for safe health@avegonment.
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COURSE OBJECTIVES

By the end of this course, you should be:

o knowledgeable in the different types of microorgams and their
characteristics

o knowledgeable in the different types of immune oeses and the
role they play in host defenses to infection

o knowledgeable in the different types of hypersensgjtreactions
and how they can be prevented

o apply the knowledge and skills you have acquireithig course in

achieving disease prevention and control in climcactice and in
providing safe and quality patient care

WORKING THROUGH THE COURSE

The course will be delivered by adopting the blehiéarning mode, with
70% of online but interactive sessions and 30%bbtatory sessions by
way of instructional videos. You are expected tgister for this course
online before you can have access to all the nagesind have access to
the class sessions online. You will have the hatsaft copies of course
materials, you will also have online interactivesens with instructors
and videos to watch for the laboratory practicakgens. The interactive
online activities will be available to you on theuecse link on the NOUN
Website. There are activities and assignments @mtinevery unit every
week. You must visit the course sites weekly anallassignments to
meet deadlines and contribute to the topical issii@swould be raised
for everyone’s contribution. You will be expectedread every module
along with all assigned readings to prepare yolhdwe meaningful
contributions to all sessions and to complete alivdies. You must
attempt all the Self-Assessment Exercises (SAE)eaend of every unit
to help your understanding of the contents anaktp you prepare for the
in-course tests and the final examination. You waifo be expected to
keep a portfolio where you keep all your compledssignments.

COURSE MATERIALS

Course Guide

Course Text in Study Units
Textbooks (Hard and electronic)
Book of Laboratory Practical
Assignment File/Portfolio
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STUDY UNITS

This course has 9 modules and 30 units. They aretsted as presented

Module 1

Unit 1
Unit 2
Unit 3
Unit 4
Module 2
Unit 1
Unit 2
Unit 3
Unit 4
Module 3

Unit 1
Unit 2

Unit 3
Module 4
Unit 1
Unit 2
Module 5
Unit 1
Unit 2
Module 6
Unit 1

Unit 2
Unit 3

History, Relevance and Scope of Microbiology and
Classification of Microorganisms

History of Microbiology

The Relevance and Scope of Microbiology
Composition of the Microbial World
Classification of Microorganisms

Study and General Characteristics of Microorganisms

General Characteristics of Bacteria
General Characteristics of Fungi
General Characteristics of Viruses
General Characteristics of Prions

Bacterial Nutrient, Growth and Control
Bacterial Nutrition and Growth

Classification and Mode of Action of Antianobial
Agents

Sterilization and Disinfection
Evolution of Parasitic Association

Association in organism’s classificationtb&é host
organism

Human helminths infections
Trematodes

Digenetic Trematodes

Classification of digenetic trematodes adany to their
habitat
Cestodes

Basic body plan of a cestode

Tapeworms and Examples
Tapeworms of man and other human’s cestode

Vi
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Module7 Nematodes

Unit 1 General features and life cycles of nemeasod
Unit 2 Solil transmitted helminths

Unit 3 Blood and Tissue nematodes

Unit 4- Air-borne nematode

Module8  Susceptibility and Resistanceto Infection

Unit 1
Unit 2
Unit 3
Unit 4

Resistance to infection

Natural and artificial resistance
Antigens and their characteristics
Antibodies and their characteristics

Module9 Thelmmune Systems

Unit 1
Unit 2
Unit 3
Unit 4

The Innate immunity

The adaptive (acquired) immunity
Hypersensitivity reactions
Vaccines and immunization
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ASSIGNMENT FILE

Every Unit has activity that must be done by youspslt out in your
course materials. In addition to this, specificigm®ient will also be
provided for each module by the facilitator. SpecifReading
Assignments will be provided by each module.

TUTOR-MARKED ASSIGNMENT

These are assignment that will be given to yoh@aend of each unit that
will be marked by the tutor.

FINAL EXAMINATION AND GRADING
The final written examination will come up at thedeof the semester
comprising essay and objective questions coverithgthe contents

covered in the course. The final examination witloaint to 60% of the
total grade for the course.

LEARNER-FACILITATOR EVALUATION OF THE
COURSE

This will be done through group review, a writtess@ssment of learning
(theory and laboratory practical) by you and thalitators.

GRADING

Grades will be based on the following percentages

Tutor marked individual assignment 10%
Computer marked assignment 10%
Group assignment 5%
Discussion group participation 5%
Laboratory practical 10%

Final examination 60%
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Grading Scale

= 70-100
= 60-69
= 50-59
= <49

PRESENTATION SCHEDULE

As a student, you are expected to have 95% atterdaimall interactive
sessions, submit your assignments within the deestliparticipate in all
CMA, attend all laboratory sessions and report yaboratory session
activities in the log book, submit all reports frath laboratory practical
sessions for assessment and attend the final cexasaination. You are
also expected to:

1 Be versatile in basic computer skills
2. Participate in all laboratory practical up @8 of the time
3 Submit personal reports from laboratory prattisessions on

schedule

4. Log in to the class online discussion boartkast once a week
and contribute to ongoing discussions.

5. Contribute actively to group seminar preseoteti

EQUIPMENT AND SOFTWARE REQUIREMENTS
You are expected to have the following tools toegsahis course:

1. A computer (laptop or desktop or a tablet)

2. Internet access, preferably broadband ratlzer dmal-up access

3 MS Office software — Word PROCESSOR, PowerRoint
Spreadsheet

4. Browser — Preferably Internet Explorer, MozHiaefox

5 Adobe Acrobat Reader

NUMBER AND PLACES OF MEETING (ONLINE, FACE-
TO-FACE AND VIRTUAL LABORATORY PRACTICAL
SESSIONS)

The details of these will be provided to you attilree of commencement
of this course.

DISCUSSION FORUM

There will be an online discussion forum and topasdiscussion will be
available for your contributions. You must partei@ in every discussion

X
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every week. You participation link you, your fageur ideas and views
to that of every member of the class and earnsgowe mark.

COURSE MARKING SCHEME

There are two forms of evaluation of the progrems gre making in this
course. The first are the series of activitiesigagsents and end of unit,
computer or tutor-marked assignments, and laborgi@ctical sessions
and report that constitute the continuous asseddimerall carry 40% of
the total mark. The second is a written examinatigh multiple choice,

short answers and essay questions that take 6% tiftal mark that you
will do on completion of the course.

STUDENTSEVALUATION

The students will be assessed and evaluated baseateofollowing
criteria

o In-Course Examination: In-course examination woliree up in the
middle of the semester. These would come in forr€amputer
Marked Assignment. This will be in addition to oo@mpulsory
Tutor-Marked Assignment (TMA'’s) and three Computearked
Assignment that comes after the modules.

o Laboratory practical: Attendance, record of pap@tion and other
assignments will be graded and added to the ottmes from
other forms of examinations.

COURSE OVERVIEW

Medical Microbiology and Parasitology is a counsattcovers the study
of characterisation and classification of micromigans, characteristics
of bacteria and other micro-organisms like fungil aruses; medical

helminthology; microbial growth, reproduction anohtrol. The course

also provides guides and practical experiencessteade diagnosis and
infection control as to assure prompt diagnosissaifdty of patients and
care providers in clinical settings.

HOW TO GET THE MOST FROM THIS COURSE

1. Read and understand the context of this coursedwimg through
the course guide and paying attention to detaitas Must know
the requirements to pass the course before youdwitell.

2. Develop a study plan for yourself that is mostalg for you.

3. Follow instructions about registration and mastgregtations in
terms of reading, participation in the discussiorim, end of unit

Xi
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10.

11.

and module assignments, laboratory practical aneratirectives
given by the course coordinator, facilitator(s) &mrs.

Read your course texts and other reference textbgioken to you
in the course web page.

Listen to audio files, watch the video clips anchsat websites
when given.

Participate actively in online discussion forum anake sure you
are in touch with your study group and your cowserdinator.
Submit your assignments as at when due.

Work ahead of the interactive sessions.

Work through your assignments when returned togmaido not
wait until when the examination is approaching befeesolving
any challenge you have with any unit or any topic.

Keep in touch with your study centre, the NOUN, &ullof Health
Sciences’ websites as information will be provideehtinuously
on these sites.

Be optimistic about doing well.

Xii
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MODULE 1 HISTORY, RELEVANCE AND SCOPE OF
MICROBIOLOGY AND CLASSIFICATION
OF MICROORGANISM S

UNIT 1 COMPOSITION OF THE MICROBIAL WORLD

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Microorganisms
3.2 Microorganisms are Cells
3.3 Classification Systems for Microorganisms
4.0 Conclusion
5.0 Summary
6.0 Tutor -Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Microorganisms are everywhere and it can be beaéfend also
harmful to human. For instancEscherichia coli that are found in the
lower alimentary canal are harmless at this siter@@l body flora) and
harmful at another site like vagina (causing intagt The field that
deals with the study of microorganisms is calledchdbiology.

Microorganisms are organisms that are too smalleéseen clearly by
the unaided eyes. They include bacteria, fungiaalgorotozoa and
entities at the borderline of life that are calltuses. The cell is the
fundamental unit of life. Most microorganisms arecellular, where all
the life processes are performed by a single e®lvever, some are
multicellular, having more than one cell. This umkamines the
definition of microbiology, types of microbial csllthe different groups
of microorganisms, and the domains in which they @aced and why
viruses are not placed in any of the domains.

20 OBJECTIVES
At the end of this unit, you should be able to:
o Define the term microbiology

o List the groups of organisms classified as micraargms
o Distinguish between prokaryotic and eukaryoticsell
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o Explain the distribution of microorganisms into dains
o State the characteristics of the microorganisnesach domain
o State the characteristics of viruses

3.0 MAINCONTENT

3.1 Microorganisms

Microorganisms are organisms too small to be sdearlg by the
unaided eyes. They are very small life forms solisthat individual
microorganisms cannot be seen without magnificatibimey include
fungi, bacteria, algae, protozoa and viruses. Sonmeroorganisms
however, like the eukaryotic microorganisms areibles without
magnification. Examples are bread moulds and filames algae.

3.2 Microorganismsare Cells

The cell is the fundamental unit of life; a singkdl is an entity isolated
from other cells. Two fundamental different typdscells exist among
microorganisms; which are prokaryotic and eukacyoti

o Prokaryotes: These microbial cells lack membramend nucleus
and organelles.
o Eukaryotes: Possess a membrane-bound nucleusgetkelles.

Table 1. Differences between prokaryotic and eubiycells

Properties Prokaryoatic cell Eukaryotic cell

Nuclear Absent Present

membrane

Chromosome Single, closed, circulaMultiple, linear, dsDNA
dsDNA

Ribosomes 70s (50s+30s) 80s (60s+40s)

Mitochondrion Absent Present

Examples Bacteria Fungi, plant cells, animal

cells, algae
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Prokaryotic Cell Structure

Cytoplasm

Flageilla
o

DNA Contained
On Chromasomes

Endoplasmic
Reticulum

Mitochondria ‘
ME}% ':ng%e Budcéug licrotubules
Vesicles

Figure 1: A prokaryotic (A) and eukaryotic cells (B).
Source: http://www.thepsimple-homeschool.com/imagefiles/labeled_cell.gif

3.3 Classification Systemsfor Microor ganisms
The Five Kingdom System of Classification Based oafl type and

mode of nutrition, there was an establishment @& fiwe kingdoms
system of classifying organisms in which we have:

I Monera
il Protista
iii. Fungi

(V2 Planta

V. Animalia
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Microorganisms except for viruses, which are atailand have their
own classification system, were placed in the tinste kingdoms.

The Three Domains System of Classification Pregenthrough

advances in cell biology, biochemistry and genetitisroorganisms are
now placed into three domains, each of which cosegriof various
kingdoms.

The domains are:

I Bacteria (prokaryotic — “true bacteria”)
. Archaea (prokaryotic — “ancient bacteria”)
iii. Eucarya (eukaryotic)

Domain Bacteria

I They are prokaryotic.

. They are single celled organisms.

ii.  They lack membrane bound nucleus and orgagell
\2 Most have cell wall that contains peptidoglyca

V. They are found in the soil, water and air amd ather living
organisms.
Vi. Some are harmful while others are benefi@atian.

Domain Archaea

I They were formerly known as archaeobacteria.

. They are prokaryotic.

iii.  They are single celled organisms.

V. They lack membrane bound nucleus and orgaselle

V. They lack peptidoglycan in their cell walls.

Vi. They have unique membrane lipids.

vii. ~ Some have unusual metabolic characterisicg, methanogens
which generate methane gas. viii. Many are foumdextreme
environments.

The major differences between domain archaea améiticdbacteria are:
I Differences in ribosomal RNA sequences.

. The absence of cell wall peptidoglycan.

iii.  The presence of unique membrane lipids.

Domain Eucarya

The major groups of microorganisms in this domaia grotists and

fungi.
Protists
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These groups of microorganisms consist of unicailalgae, protozoa,
slime moulds and water moulds.

Algae
I

i.

il.

They are simple organisms.
Mostly unicellular.
They are photosynthetic together with cyanctbaa.

\Y2 They produce about 75% of the plant’s oxygen.

V. Commonly found in aquatic environment.

Vi. They are primary producers in food chainsqgaatic habitat.
Protozoa

I They are unicellular.

. Eukaryotic organisms and animal like.

iii. They are usually motile.

\2 Some are free living while some are pathogenic

Slime Moulds

They are protists which have different forms atetént stages of their
life cycles. At a stage they are like protozoa ahdnother stage like

fungi.

Water Moulds

These are found on the surface of fresh water amdtrsoils. They feed
on decaying vegetation such as logs and muich.

Fungi

These are microorganisms that range from ulnileelforms like
yeasts to moulds and mushrooms which are muitiee!lwith
thread like structures called hyphae.

They absorb nutrients from their environments.

Many play beneficial roles while others caugiseases in plants,
animals and human.

Viruses

They are acellular entities (non-cellular).
They lack the fundamental structure of livingll but only carry
out functions of living organisms when in livinglts.
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iii. They are the smallest of all the microorgamss(10,000 smaller
than a typical bacterium).
V. They can only be seen by the electron micrpsco

V. They cause many diseases of plants, animal&iamens.

Vi. Entities are not placed in any of the domain &re classified on
a separate system.

vii.  They cause many diseases of plants, animmadshamans.

SELF-ASSESSED EXERCISE

I Give three examples of diseases caused by eadificiason of
microorganism
. Answer the following questions:

° Define the term, microorganism (LO1)

o Compare and contrast prokaryotic and eukaryotids cel
(LO3)

o List the three domains under which microorganismes a
classified (LO4)

o List three characteristics each of the followingraans:
. Bacteria
. Archaea
. Fungi (LO5).

o What are the differences between bacteria and ae¢he
(LOS).

o Why are viruses not placed in any of the domaih€¥6).

40 CONCLUSION

Microorganisms are life forms that cannot be sedih waked eyes.
They include bacteria, viruses, fungi and protosoataced in three
main domains namely Bacteria, Archaea and Eucarya.

50 SUMMARY

In this unit, you have learnt about microorganisthgir classification
systems and the three main domains where theylaced

6.0 TUTOR-MARKED ASSIGNMENT

With the aid of a well labelled diagram, distinduisetween a bacterial
cell and a eukaryotic cell.
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1.0 INTRODUCTION

The history of microbiology is the story of men am®men who
developed a technique, a tool or a concept thatgeasrally adopted in
the studying of microorganisms. It is also the dmgtof events and
metamorphosis of microbiology as a science. In tmg we will be
studying the stages in the development of the seief microbiology,
some early scientists and their contributions &field of microbiology.

20 OBJECTIVES

By the end of this unit, you will be able to:

o explain how microorganisms were discovered

) discuss the concept of spontaneous generation doed t
experiments that were performed to disprove theephn

o discuss Koch'’s postulate and how they are usedtabksh a link
between a suspected microorganisms and the disease

o explain development of microbiology in this century

o explain the era of molecular biology.
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3.0 MAINCONTENT

3.1 Discovery of Microorganisms

The advent of the microscope permitted the studginmicroorganisms.
The first microscopes were simple ground glasseeribat magnified
images of previously unseen microorganisms. Amohg first to
observe this previously unseen and invisible miaolvorld were
Robert Hooke and Anthony Van Leeuwenhoek.

1. Robert Hooke (1635-1703), an English mathenaaticand
natural historian.

He coined the term “cells” to describe the “@tboxes” he
observed in examining cork slices with a compound
microscope.

He was the first to make a known description of
microorganisms.

He made microscopic observation and the earliest
description of many fungi.

Various species of fungi were clearly identified his
drawing and recorded in his bobkcrographia.

Figure 2.1: Robert Hooke’s detailed diagram of fungde in 1667
SourceMicroorganismsin our World by Atlas R. M. (199b

2. Anthony Van Leeuwenhoek (1632-1723) lived infDé&lolland.

He is known as the father of bacteriology and filngt
person to publish extensive and accurate obsensif
microorganisms.

He was a draper and an amateur microscope builder
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° He learned lens grinding as a hobby and made b@er
simple microscopes each capable of magnifyingnaamge
about 300 times.

° By using simple microscopes, he observed micqmsco
organisms which he called ‘animalcules’.

) He discovered bacteria in 1676 while studying peep
water infusion and reported his observations sedes of
letters to Royal Society of London which publisiieém
in 1684 in English translation.

. He made sketches of the different shapes of ebact

(€)

Figure 2.2: (A) Anthony van Leeuwenhoek (1632-172B&C)
Leeuwenhoek’s microscopes.
SourceMicroorganismsin our World by Atlas R. M. (1995)

After Van Leeuwenhoek’s death, the study of micotdgy did not
develop rapidly because microscopes were rare amdrest in
microorganisms was not high. Scientists then wetgating the theory
of spontaneous generation.

3.2 The Spontaneous Generation Conflict

The concept spontaneous generation states thag limiganisms could
develop from non-living matter. The proponents bé tconcept of
spontaneous generation claim that living organismdd develop from
non living or decomposing matter.

1. Francesco Redi (1626-1697) challenged thisegngy showing
that maggots on decaying meat came from fly egg®sited on
the meat, and not from the meat itself.

° He carried out a series of experiments on degageat
and its ability to produce maggot spontaneously.

10
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° He placed meat in three different containers, was not
covered, and the second was covered with fine egamiz
exclude flies.

o Flies laid eggs on the uncovered meat and maggots
developed.

o The two other meats did not produce maggots.

o Spontaneously, flies were attracted to the gaozered

container and laid their eggs on the gauze, thatss
produced maggots.

o Hence, it become evident that the generation afguots
resulted from the presence of fly eggs and thatme(a
non-living matter) did not spontaneously generate
maggots as previously believed.

2. Louis Jablot (1670) conducted an experimemthich he divided
a hay infusion that had been boiled into two ciais: a heated
container that was closed to the air and a heeatethiner that
was freely open to the air. Only the open vessslebbped
microorganisms. This further helped to disproviegénesis.

3. John Needham (1713-1781) showed that muttoth yoiled in
flasks and then sealed could still develop miagaarsms, which
supported the theory of spontaneous generation.

4. Lazzaro Spallanzani (1729-1799) showed thakfissealed and
then boiled had no growth of microorganisms, aedploposed
that air carried germs to the culture medium. lde aommented
that external air might be needed to support thewth of
animals already in the medium. The latter coneegd appealing
to supporters of spontaneous generation.

5. Louis Pasteur (1822-1895) was a Professor an@itry. He
devised a series of swan necked flasks known a®uratasks,
filled the flasks with broth and heated the brathsterilisation.
After cooling, the flasks were opened to the airt, lbrends on the
neck of the flasks prevented microorganisms frolimtaon the
broth and contaminating it rather the microorgasigeil on the
neck of the bottle. Pasteur proved that no growticuoed
because dust and germs were trapped on the wéleofurved
necks. If the neck were broken, growth will occBy these
experiments he disproved and defeated the theospafitaneous
generation.

11
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Figure 2.3: Pasteur’s experiment with the Swan-Nddbottles that
defeated the spontaneous generation theory.

Source: Amoebamike, wordpress.c

Apart from the defeat of the concept of spontanegeseration
Pasteur’s contribution in microbiology included:

3.3

12

Pasteurization: an effective sterilization methekdich involve

holding juices and milk at 62.8°C (145°F) for 30noiies.

The discovery of the fact that, alcoholic fernadian was indeed
a process catalyzed by yeast cells.

The development of vaccines for the control otheax, fowl

cholera and rabies diseases between 1880 and 1890.

The establishment of Pasteur Institute in 1888Paris, in

recognition of his research on rabies by the Freymsternment. It
was originally established as a clinical centretfeating rabies,
but is now a major biomedical research centre fisarum and
vaccine production.

He postulated the Germ Theory of Disease whictiest that
microorganisms are the cause of infectious diseases

His work ushered in the Golden Age of Microbiojog

The Recognition of the Role of Microorganisms in
Disease

Joseph Lister (1872-1912) developed a systemswfery
designed to prevent microorganisms from enterimmginvds. He
implemented the use of sterile surgical instrumemd used
carbolic acid (phenol) during surgery and on wodreksings.

Robert Koch (1843-1910) was a German physidilawas the
first to directly prove the role of microorganisnts causing
diseases. He established the relationship betwBaaillus
anthracis and the disease it causes, anthrax.gUsiite as



NSC 211 MODULE 1

experimental animals, he demonstrated that whenadl amount
of blood from a diseased mouse was injected intbealthy
mouse, the healthy mouse quickly developed antti¥eom this
work he developed Koch’s postulates which stdtaet t

I The suspected disease-causing organism sheybldsent
inall cases of the disease and absent from Hyealt
animals.

. The suspected organism must be cultivated ipuae
culture away from the animal body.

iii.  The isolated organism must cause the diseafen
inoculated into a healthy susceptible animal. The
organism must be re- isolated from these expettiahe
animals and culture again in the laboratory after
which it should still be the same as the origimabanism.
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Figure 2.4: Diagrammatic illustration of Koch’'s Rdates

Using these principles, Koch discovered causatrgamisms of anthrax
(1876), tuberculosis (1882) and cholera (1883).

o He was the first to grow bacteria on solid cudtunedia to get
pure culture; hence he developed the pure cultoreept and
developed different solid media.

o Koch’s discovery of solid culture media and pouéture concept
supplied the most needed tools for the development
microbiology as a field of science.

13
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o For his contribution on tuberculosis, he was aedrthe 1905
Nobel Prize for Physiology or Medicine. Today, “Moular
Koch’s postulates” have been established in lgfhdvances in
the molecular biology of pathogenic microbes.

3. Edward Jenner (ca. 1798) used a vaccinatiotepoe to protect
individuals from smallpox. 4. Emil Von Behring B48-1917) and
Shibasaburo Kitasato (1852-1931) induced the foamaof
diphtheria tetanus antitoxins in rabbits which evaffectively
used to treat humans, thus demonstrating humoralnity.

3.4 TheDevelopment of Microbiology in this Century

Microbiology established a closer relationship wither disciplines
during the 1940s because of its association witmetjes and
biochemistry.

1. George W. Beadle and Edward L. Tatum (ca. 184ddied the
relationship between genes and enzymes usingréda bmould,
Neurospora.

2. Salvadore Lurai and Max Delbruck (ca. 1943) vetub that
mutations were pontaneous and not directed bgnkigonment.

3. Oswald T. Avery, Colin M. Mcleod, and Maclyn Marty (1944)
provided evidence that deoxyribonucleic acid (DNAas the
genetic material and carried genetic informatiomrirgy
transformation.

3.5 Eraof Molecular Microbiology

This Began in the 1970s with the following:

o Advancement in the knowledge of bacterial physyl
biochemistry and genetics.
o Genetic manipulation which involves the transféiDNA from

one organism into another or a bacterium and treeims
encoded by the DNA harvested led to the developroérihe
field of Biotechnology.

o DNA sequencing revealed the phylogenetic (evohary)
relationships among bacteria which led to revohdary new
concepts in microbial systematic.

o In 1990s, DNA sequencing gave birth to the figidenomics.

SELF-ASSESSMENT EXERCISE

Observe a decay meat under the microscope andsdigour findings in
the discussion forum.

14
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4.0 CONCLUSION

To conclude, the history of microbiology from™8entury to date has
been rich with contributions of many scientists wieveloped the field
to what it is today. It is imperative to you as sing students to know
these personalities and acknowledge their variouslividual
contributions towards the development of microkggio

5.0 SUMMARY

In this unit you have been exposed to the circuncgts that lead to the
discovery of microorganisms, the spontaneous g&oaraconflict,
recognize the role of microorganisms in diseasesa#n, the
development of microbiology in this century and #ra of molecular
microbiology.

6.0 TUTOR-MARKED ASSIGNMENT

1. Write short note on Robert Hooke and Anthony Van

Leeuwenhoek contribution to the discovery of micgamisms

(LO1)

State the concept of spontaneous generation (LO2)

Discuss the experiments that were performed torohspthe

concept of spontaneous generation (LO2).

4. Explain the steps involved in using Koch’s postltd establish
the link between a suspected microorganism andeade (LO3).

5. Explain development of microbiology in this centykyD4).

6 Explain the era of molecular biology (LO5).

W N
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1.0 INTRODUCTION

Modern microbiology is a large discipline with d@ifent specialized
areas. This is because the entire ecosystem depenitie activities of
microorganisms and microorganisms influence humaeciety in
countless ways. Microbiology has a great impact medicine,
agriculture, food science, ecology, genetics, leoaistry and other
fields. In this unit, we shall examine the differeaspects of
microbiology and their relevance to human life.

20 OBJECTIVES

By the end of this unit, you will be able to:

) explain the two branches of microbiology
o discuss the different areas of study in basic apglied
microbiology.

3.0 MAINCONTENT

The main branches of Microbiology are Basic and lApb Both
branches intertwine and are complementary to eter.o

3.1 TheBasic Aspectsof Microbiology

The basic branch of microbiology is concerned with study of the
biology of microorganisms. Fields of study herdune:

I Bacteriology: This is the study of bacteria.

17
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. Mycology: The study of fungi such as yeastsplas, and
mushrooms.

iii.  Algology: The study of algae.

V. Protozoology: The study of protozoa; a brawtprotozoology
called parasitology deals exclusively with the géeaor disease
producing protozoa and other parasitic micro andcrma
organisms.

V. Microbial Cytology: Studies the structures atrobial cells.

Vi. Microbial Physiology: Studies of the nutrientsthat
microorganisms require for metabolism and growtld dahe
products that they make from nutrients.

vii.  Microbial Genetics: Focuses on the naturgefetic information
In microorganisms in microorganisms and how it tatgs the
development and functions of cells and organisms.

viii.  Microbial Ecology: The study of microorgams in their natural
environment. It also studies the global and lo@aitebution to
nutrient cycling. In addition, it employs microorgams in
bioremediation to reduce pollution.

IX. Microbial Taxonomy: This is the study of théssification of
microorganisms or the grouping of microorganisms.

X. Biochemistry: This deals with the discovery aficrobial
enzymes and the chemical reactions they carry out.

3.2 TheApplied Aspects of Microbiology

The applied aspect of microbiology deal with preadtiapplication of
microorganisms to solve problems related to dissasater and waste
water treatment, food spoilage and food productidre various fields
of study in applied microbiology include:

I Medical Microbiology: Studies of the causativagents of
diseases, diagnostic procedures for identificatibthe causative
agents and preventive measures.

. Agricultural Microbiology: This is the study fomicrobial
processes in the soil to promote plant growth.nitolves the
study of soil microorganisms which has led to thecavery of
antibiotics and other important chemicals. It algals with the
methods of combating plant and animal diseasesedaly
microbes, methods of using microbes to increaddeility and
crop yields. Currently, much work is being done osing
bacterial and viral insect pathogens to substitakeemical
pesticides.

iii. Industrial Microbiology: This is the large ale growth of
microorganisms for the production of medicinal prod such as
antibiotics and vaccines; fermented beverages; sinidl

18
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chemicals; production of hormones and proteins égegcally
engineered microorganism.

V. Aquatic and Marine Microbiology: Aquatic and awvine
Microbiology deals with microbial processes in Iakavers, and
the oceans. It also examines issues that concerter wa
purification, microbiology examination and biologic
degradation of waste.

V. Public Health Microbiology: This is closely a¢¢éd to medical
microbiology. It deals with the identification arlde control of
the spread of communicable diseases. It involvesitoring of
community food establishments and waste suppliessso keep
them safe and free from infectious agents.

Vi. Immunology: Deals with how the immune systenotpcts the
body from pathogens and the response of infectagents. It
also involves practical health problem such as riature and
treatment of allergies auto-immune diseases likeumratoid
arthritis.

vii.  Food and Dairy Microbiology: Deals with theeiof microbes to
make foods such as cheese, yoghurt, wine and bhedso deals
with the methods of preventing microbial spoilagefand and
the transmission of food-borne diseases such aslifot and
Salmonellosis. Microorganisms are also used aslesimgll
protein, which is an important source of proteinnotrients to
livestock and humans.

viii. ~ Aeromicrobiology: Advances thought in thesdemination of
diseases in the air, contamination and spoilage.

IX. Exomicrobiology: Exploration for life in outespace.

X. Geochemical Microbiology: Coal, mineral and dgasmation;
prospecting for deposits of coal, oil and gas aacovery of
minerals from low-grade ores.

3.3 TheFuture of Microbiology

There are many promising areas of microbiologieslearch and their
potential practical impacts in the future. Theseaarinclude combating
new and re-emerging human diseases such as HIV/AIBSRS,
TUBERCULOSIS, POLIOMYELITIS, etc. For this combab tbe
effective there would be need for the productionneiv drugs and
vaccines. The use of molecular biology and recoartinDNA
technology will be applied to give solutions to ghe problems.
Microorganisms would be needed for environmentaldmediation of
pollutants which is on the increase globally. Mugbrk will also be
needed to be done on microorganisms living in ex¢reenvironments
such as to advance the development of new antibiareagents,
industrial processes and bioremediation. Analydegemome and its
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activities will advance the field of bioinformatiesid help to investigate
biological problems.
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SELF-ASSESSMENT EXERCISE

Discuss the relevance of microbiology to nursingcfice and list five
basic areas of research in microbiology and sti@t wach area entails.
Share your submission in you group forum.

40 CONCLUSION

In this unit, we discussed Modern microbiology atamge discipline
with many different specialised areas. It is sulsidid into two main
areas of research (basic and applied). The basi@ af research in
microbiology deals with the biology of microorgamis and includes
fields such as bacteriology, mycology, microbiablegy. The applied
aspect of microbiology deals with the practical laggpion of

microorganisms to solve various human problemstedlao diseases,
water and waste treatment, food production andiag®i etc. The field
of microbiology will be faced with many importaniitire challenges
such as finding new ways to new and reemergingades® reduced
environmental pollution and investigating biolodipeoblems.

50 SUMMARY

In this unit, you have learnt about the variousblees of Microbiology
such as Basic Microbiology, Applied Microbiologydathe Future of
Microbiology as a field of study.

6.0 TUTOR-MARKED ASSIGNMENT

1. List the fields of microbiology that deal wite following:
Metabolism (LO2)
Enzymology (LO2)
Nucleic Acid and Protein Synthesis (LO2)
Microorganisms in the Natural Environment (LO2)
Microbial Classification (LO2)
Microbial Cell Structure (LO2)
2. Explaln what the field of medical microbiologgtails (LO1)

a State the importance of microbiology in five drfnt

fields of human endeavours (LO1)

OIS N -
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1.0 INTRODUCTION

Microbiology is the study of organisms too small® seen distinctly
with the unaided eyes. The nature of this discglimakes the
microscope of crucial importance because the stidyicroorganisms
is impossible without the microscope. Microscopesovjle
magnification which enables us to see microorgasiamd study their
structures. The magnification attained by microesomnge from x100
to x400,000 in addition there are different typdsnocroscopes and
many techniques have been developed by which spesimof
microorganisms can be prepared for examinations Tmit examines
the different types of microscopes, how the micopes work and how
specimens are prepared for examination.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

Define the term microscope

State the categories of microscope

Describe the bright field microscope

Explain the term resolving power

Describe methods of preparing and staining spe@men

Describe the scanning electron microscope andrémsinission
electron microscope.
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3.0 MAINCONTENT

The Microscope: A microscope is an instrument fiadpcing enlarged
images of objects too small to be seen unaidedieTaee two types of
microscopes: Light (optical) and electron dependinghe principle on
which magnification is done.

3.1 TheLight Microscope

This is a type of microscope in which magnificatisnobtained by a
system of optical lenses using light waves. It udels Bright Field
Microscope, Dark Field Microscope, Fluorescence rivBcope and
Phase Contrast Microscope. Modern microscopes ammpaund
microscopes. That is, the magnified image formedheyobjective lens
is further enlarged by one or more additional lsnséost undergraduate
students of microbiology perform most of their exaations with the
bright field microscope which is the most widelyedsinstrument for
routine microscopic work and for disease diagnaosislinical settings.
The other types of microscope are used for specdigloses or research
investigation.

The Bright Field Microscope

The ordinary microscope is called a bright fieldcrascope because it
forms a dark image against a brighter backgrourtte Mmicroscope
consists of a sturdy metal body or stand made wphzfse and an arm to
which the remaining parts are attached. A lightseueither a mirror or
an electric illuminator, is located at the base.oTacusing knobs, the
fine and coarse adjustment knobs are located oartheand can move
either the stage or the nose piece to focus thgg@mdhe stage is
positioned about halfway up the arm and hold mioops slides by slide
clips or a mechanical stage clip. There is a sglestandenser mounted
within or beneath the stage which focuses a coriggbt on the slide.
The upper part of arm of the microscope holds théybassembly to
which a nose piece and one or more eyepieces darol@nses are
attached. Most advanced microscopes have eyedacbsth eyes and
are called binocular microscopes. The nose pieddshihree to five
objective lenses of different magnifying power asceasily rotated to
position any objective. The image you see when wigva specimen is
focused by the objective and ocular lenses workiiggther. Light from
the specimen which has been illuminated is focusgedhe objective
lens creating an enlarged image within the micrpscd@he ocular lens
further magnifies this primary image. The total m&igation is
calculated by multiplying the objective and eye cgiemagnification
together; e.qg. if a 45x objective is used with & &Qepiece, the overall
magnification of the specimen will be 450x.
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Figure 4.1: A typical compound microscope

The Dark-Field Microscope

The dark field microscope is used to observe livimgtained cells and
organisms as a result of change in the way theyilamainated. A

hollow core of light is focused on the specimensirch a way that
unreflected and unrefracted rays do not enter lijective only light that
has been reflected or refracted by the image famgnage. The field
surrounding the specimen appears black while thgcobhtself is

brightly illuminated. The dark field microscope useful in revealing
many internal structures in larger eukaryotic nacganisms. It is also
used in the examination of unstained microorganisuspended in
fluids, e.g. wet mount and hanging drop preparation

The Phase-Contrast Microscope

This type of microscope converts slight differenaesefractive index
and cell density into easily detected variationdight intensity and is
used to view living cells. The background formed thg undeviated
light is bright while the unstained objects appeark and well defined.
This microscope is very useful for studying micedbimotility,
determining the shape of living cells and detectsgme bacterial
components such as endospores and inclusion bddissalso used in
studying eukaryotes.
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The Fluor escent Microscope

This type of microscope exposes a specimen tovitled, violet or blue
light and forms an image of the object with resgtiluorescent light.
The most commonly used fluorescence microscope t ligh
epifluorescence microscope which is also calledider light or
reflected light microscope. Epifluoresence micops employs an
objective lens that also acts as a condenser. Aungevapor arc lamp or
other source produces an intense beam of lightghsses through an
exciter filler. The exciter filler transmits on tlesired wavelength of
excitation light. The excitation light is directedwn the microscope by
a speed minor called the dichromatic minor. Thisaonireflects light of
shorter wavelength but allows light of longer wargth to pass
through. The excitation light continues down thriouge objective lens
to specimen stained with spaced dye moleculesdcillerochromes.

Microscope Resolution

Resolution is the ability of a lens to separatedmtinguish between
small objects that are close together, i.e. theoseope must produce a
clear image and not just a magnified one. It i dtsown as the
resolving power. Resolution is described matheraliyiby an equation
in the 1870s by Ernest Abbe, a German physicise Ahbe equation
states that the minimal distance (d) between tweaotd that reveal them
as separate entities depends on the wavelengtiglf (\) used to
illuminate the specimen and on the numerical aperif the lens
(2nsina) which is the ability of the lens to gather light.

_ A
~ 2nsina

As d becomes smaller, the resolution increasesfiard details can be
discerned in a specimen; d becomes smaller as dével@ngth of light
used decreases and as the numerical aperture (lgAegises. Hence, the
greatest resolution is obtained using a lens wighlargest NA and light
with the shortest wavelength. The relationship leetvv NA and
resolution can be expressed as follows:

A

d=——
2NA

where d = resolution antl = wavelength of light. Using the values 1.3
for NA and 0.5 m, the wavelength of green light, fok,>¥esolution can
be calculated as
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055
T 2x1.30

=0.21

From these calculations, we may conclude that thallest details that
can be seen by the light microscope are those fpadimensions of
approximately 0.2m.

Preparation for Light-Microscope Examination

There are two general methods used for prepariegisens for light
microscope examination.

I The organisms are suspended in a liquid (themaunt or the
hanging drop technique), and

. The organism is dried fixed and stained befobserving under
the microscope.

The Wet Mount or Hanging Drop Technique

The technique permits examination of organisms inoamal living

condition. A wet mount is made by placing a dropfloid containing

the organisms on a glass slide and covering the dith a cover slip.
Petroleum jelly may be used to provide a seal betwde slide and
covers slip after which the slide is viewed under microscope. This
method is desirable because:

I It prevents distortion of the morphology of ispibacteria when
they are stained and dried.

. It reveals whether organisms are motile or. not

iii.  Some cell inclusion bodies are easily obsdrve

\Y2 Spore formation and germination may also bseoked in living
cells.

Fixed, Stained Smear s of Microor ganisms

These are frequently used for the observation ef rtiorphological
characteristics of bacteria. The procedure makesc#il more clearly
visible, and differences between cells of differgpécies and within the
same species can be demonstrated. The essenpslistéis procedure
are:

I Preparation of the film or smear

. Fixation and
lii.  Application of one or more staining solution.
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Fixation

Fixation is the process by which the internal artémal structures of
cells and microorganisms are preserved and fixedpasition. It

inactivates enzymes that might disrupt cell morpggland tough cell
structures so that they do not change during sigiand observation. A
microorganism usually is killed and attached firnbdythe microscope
slide during fixation. There are two fundamentadljferent types of
fixation.

I Heat Fixation: Is routinely used to observe Kamyotes.
Typically, a film of cells (a smear) is gently lec as a slide is
passed through a flame. Heat fixation preservegratv
morphology but not structures within cells.

. Chemical Fixation: Is used to protect finelakr sub-structure
and the morphology of larger, more delicate miorganisms.
Chemical fixatives penetrate cells and react wdéllular
components, usually proteins and lipids, to rertdem inactive,
insoluble, and immobile. Common fixative mixtu@mtain such
components as ethanol, acetic acid, mercuric icldpr
formaldehyde, and glutaraldehyde.

Staining of Specimens

Although living microorganisms can be directly exaed with the light
microscope, they often must be fixed and stainemh¢oease visibility,
accentuate specific morphological features, andgowe them for future
study.

Typesof Staining

o Simple staining: This is a kind of staining inialha single stain
or dye is used. Basic dyes such as crystal violethylene blue,
and carbol fuchsin are used in simple stainingdtemnine the
size, shape and arrangement of prokaryotic acids.

o Differential staining: These are staining progeduthat make
visible the differences between bacterial cells part of a
bacterial cell. It usually involves more than onge dused for
staining.

o Gram staining: The Gram stain was developed 8418y the
Danish physician Christian Gram. It is the most elydused
differential staining procedure. The steps involaeel as follows:
I The smear is stained with the crystal violehigh is the

primary stain).
I This followed by treatment with iodine functimg as a
mordant.
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i The smear is decolourised by washing with atitar acetone.
v The smear is counterstained with a simple é&feasin.

Bacteria stained by the Gram stain method fell into groups:

o Gram positive bacteria which retain the crysialet and appear
deep violet in colour and Gram negative bacterieckyHose the
crystal violet and are counterstained with safraappear red in
colour.

o Acid fast staining: This is another differentshining procedure
commonly used to identifyMycobacterium tuberculosis and
Mycobacterium leprae, the pathogens responsible for tuberculosis
and leprosy respectively. These bacteria haveaadls with high
lipid content in particular, mycolic acid which pents dye from
readily binding to the cells. In the acid fast stag procedure,
the red stain and carbol fuchsin is used as prinséain; next
acid-alcohol is used as a decolouriser. The acdral will
remove the red stain form bacteria suclessherichia coli which
the acid fast mycobacteria will remain red.

3.2 Electron Microscope

This type of microscope uses a beam of electrgrlaoe of light waves
to produce the image. There are two types:

) Scanning electron microscope
o Transmission electron microscope

The Transmission Electron Microscope

Electron microscopes use a beam of electrons umiilate and create
magnified images of specimens. Electrons replaght lias the

iluminating beam. They can be focused, much aktlig in a light

microscope, but their wavelength is around 0.005approximately

1000,000 times shorter than that of visible lighherefore, electron
microscopes have a practical resolution roughlYQ ,0mes better than
the light microscope, with many electron micros@peint closer than
0.5nm can be distinguished, and the useful magifin is well over

100,000x. In transmission electron microscope, électron beam is
transmitted through the specimen.

The Scanning Electron Microscope

The scanning electron microscope produces an infiage electron
released from atoms on an object’s surface. ltie@mn used to examine
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the surfaces of microorganisms in great detail. MI@EM has a
resolution of 7nm or less.
SELF-ASSESSMENT EXERCISE

Prepare two specimens for light microscope exanainat
40 CONCLUSION

In this unit, we learnt that Electron microscopesua beam of electron
in place of light waves to produce the image obhject. The ordinary
compound microscope is called the bright field wscope because if
forms a dark image against a bright backgroundthkn bright field
microscope which is a compound the primary imagéimed by an
objective lens and enlarged by the eye piece olaodens to form the
final image. We also discussed that Electron mawpss use a beam of
electrons to illuminate and create magnified imaafegpecimens.

50 SUMMARY
In this unit, you have learnt about the following:

I The Light Microscope
ii. Electron Microscope

6.0 TUTOR-MARKED ASSIGNMENT

=

Define microscope (LO1).

2. With the aid of a well label diagram describe agbrifield

microscope (LO3).

What is microscope resolution? (LO4).

List the stages involved in preparing a specimanofiservation
under the light microscope (LO5) v. What is theibakfference
between a transmission electron microscope and aansw

electron microscope? (LO2).

Define the resolving power (LO4).

List 5 parts of a light microscope and state thecfion of each
(LO3).

Hw

oo
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1.0 INTRODUCTION

Microorganisms occur in large numbers of most ratenvironments
and bring about many changes. Some are desiraldeotrers are
undesirable. Microorganisms affect the well beirigpeople in many
ways. Many are beneficial to man and can be cdfigehds’ while
some are harmful and can be regarded as ‘foes’ain. mhe beneficial
impact of microorganisms ranges from the producidngoods and
pharmaceutical products, to enhancement of sdiliferenvironmental
cleanup while their harmful effect can be seenhmrtability to cause
disease in man, animals and plants as well as tisaige in biological
warfare. However, there are more species of migamsms that
perform friendly and beneficial functions than thothat harm other
living organisms. This unit gives us a brief suragymicroorganisms as
friends and foes.

20 OBJECTIVES

By the end of this unit, you will be able to:

o explain the different ways in which microorganisoen act as
friends to man
o explain ways in which microorganisms can act as foeman.

3.0 MAINCONTENT

3.1 Microorganismsas Friends

Microorganisms have found application in varioupexss of life. They
are useful in food industries to produce many faadbstances, in
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medicine to produce vaccines and antibiotics, invirenmental
protection, and in agriculture to optimize yieldew of these various
aspects will be discussed in this material.

Microorganisms and Food Production

o Many microorganisms are used to produce mangefdods and
beverages we consume. Microbially-produced foodpects have
properties that are very different from those o€ thtarting
materials. Most of these food products are produdsd
fermentation.

o Fermentation is the chemical transformation ofgaoic
compounds carried out by microorganisms and thedymes. In
industrial fermentation, raw materials (substraded converted
by microorganisms in a controlled favourable enviment
(created in a fermentor) to form a desired end ycbdubstance.

o The accumulation of fermentation products suclethanol and
lactic acid produces characteristic flavours andeotdesirable
properties in food substances.

o Pickles and some sausages are also producedrimgrf@ation
processes.

o Microorganisms are used to produce fermentedydaioducts
such as cheese, yoghurt and acidophilus milk.

o They are also used to produce alcoholic beveragels as beer
by conversion of sugar to alcohol and carbon diexid

o Wine fermented from fruits using yeast straingcBaromyces
cerevisiae and bread is also produced by usings/eas

o Microorganisms can also be used as direct safré@od known

as single cell protein. Various species of yeadtgme are grown
as single cell protein and use as animal feedshblng to meet
the world food needs.

Production of Phar maceutical Products

Microorganisms are used to produce different phaeugacals such as
antibiotics, steroids vitamins, hormones, etc. Biotics are microbially
produced substances or substances syntheticallyedefrom natural
sources that inhibit or kill microorganisms, Steésoiregulate various
aspects of human metabolisms and are produced danisms such
Rhizopus nigricans. Vaccines are produced using microorganisms with
the antigenic properties to elicit a primary immuesponse; they are
used to prevent many once deadly diseases sucblias gmall pox,
tuberculosis, measles, diphtheria and whooping ltoug
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Vitamins

Vitamins are essential animal nutritional factosgme vitamins are
produced by microbial fermentation, e.g. Vitamin2Biy Streptomyces,
B12 by Pseudomonas denitrificans and Propionibacterium shermanni.
Riboflavin produced by various species ©fostridium and Ashbya
gossypii. Human insulin and human growth hormone are preduzy
genetically engineered bacteria.

Production of Organic Acids

Various organic acids are produced by microorgasisexamples
include:

I Gluconic acid: used as a pharmaceutical to lsuggdcium to the
body by several fungi includindPenicillium and Aspergillus
species. Citric acid produced Bgpergillus niger and used as a
food additive especially in the production of sarfinks.

. Lactic acid by different lactic acid bacteribor example,
Lactobacillus delbrueckii, lactic and is used in foods as
preservatives, in leather production for delimimdes and in the
textile industry for fabric treatment, plastics kimg in baking
powders.

Hygiene

I Hygiene is the avoidance of infection and foggbilage by
eliminating microorganisms from the surrounding.

. Our knowledge of how disease causing micronig/as spread
has permitted us to reduce the incidence of masgades. Also
improved sanitation practices have helped to redie incidence
of diseases.

iii. Microorganisms from the surroundings can b&lly removed by
methods such as sterilization or reduced to aabéptlevels
using methods such as disinfection and antisegsisfood
preparation, microbes are reduced to acceptahlelsleusing
methods such as pasteurization, addition of vine§#hile
complete sterility is achieved by autoclavingroadiation.

Useful in the Study of Science

Microbes are essential tools in biotechnology, bemistry, genetics
molecular biology and genomics. Examples are theastge
(Saccharomyces cerevisiae) and fission yeast Shizosaccharomyces

pombe) which are model organisms in science. They casilyede

grown rapidly in large quantities and are easilynipalated.
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Biotechnology uses genetic engineering which is theificial
manipulation of genes and gene products. Genesdronsource can be
manipulated and modified using microorganisms dr&ir tenzymes as
molecular tools, e.g. human insulin, a hormone Wwhg very low in
people with diabetes is produced by geneticallyirergyed bacteria into
which human genes have been inserted.

Microorganisms and the Environment

I Microorganisms can be used to clean up poltuttbpeated by
human activities in a process called bioremednatio

. Pollutants such as pesticides, spilled oilveats which could
pose human health hazard are degraded to nordolgtances by
microorganisms.

iii. Microorganisms are used to degrade wastespailidtants so as
to maintain and restore environmental quality.

3.2 Microorganisms as Foes

Microorganism can act as foes to man and othendivarganisms by
causing diseases and by their usage as biologeagbons.

Microor ganisms as Disease Agents

Microbial diseases are still the major cause otldeamany developing
countries. Microorganisms cause different diseasesan such as:

I AIDS (Acquired Immune Deficiency Syndrome) cadsby the
Human Immunodeficiency Virus (HIV).

. Tuberculosis caused by a bacteriumMycobacterium
tuberculosis.

iii. Cholera caused by a bacte¥idorio cholerae.

\2 Malaria caused by four species of the Protozcalled
Plasmodium transmitted by the female anopheles mosquito.

V. Other emerging diseases include: bird flu amiohs flu.

Microorganisms as Agentsof Warfareand Terrorism

Biological warfare is also known as germ warfareisl the use of
pathogens such as viruses, bacteria, or the t@tmduced by them as
biological weapons or agents of warfare. A biolafjiweapon may be
used to kill, incapacitate or seriously impair aso@, group of people or
even an entire population. It can be used as aamyilitechnique by
nations during wars. There are four kinds of biaabwarfare agents,
bacteria, viruses, fungi and rickettsiaes. Theyliareg organisms that
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reproduce with their host victims who then becoroatagious with a
deadly if weakening multiple effects.

Toxins on the other hand do not reproduce in tloinas but within a
short incubation period (usually with a few houd)the victims.

SELF-ASSESSMENT EXERCISE

Mention at least five microorganisms different froine ones discussed
in this text can cause diseases in man.

40 CONCLUSION

In this unit, we have discussed Microorganisms gtaills. Their
usefulness as well as their potential disadvantages also treated.

5.0 SUMMARY
In this unit, you have learnt about the following:

o Microorganisms as Friends.
o Microorganisms as Foes.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the role of microorganisms in food prodant(LO1).

2. Explain the role of microorganisms Production of
Pharmaceuticals (LO1).

3. Describe the various organic acids produced by aoiganisms
(LO1).

4. Outline the relevant of microorganism in hygien©().

5. Explain the usefulness of microorganisms in thelysiof science
(LO1).

6. What are the relevant of microorganisms to the remvhent
(LO1).

7. Explain two ways in microorganisms are harmful amniLO2).
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1.0 INTRODUCTION

Bacteria are characterised based on the cell seegeand structure, cell
arrangement, occurrence of special structures aadlobmental forms,
staining reactions, motility and presence or absdtagellum (plural-
flagella) and its location and arrangement. Theyadso characterised by
the cell wall component, Gram stain reaction, datluespiration and
mode of nutrition. This unit examines the generahracteristics of
bacteria, shapes and forms of bacteria, strucextesnal and internal in
bacteria among other things.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

o describe the basic general characteristics of sebam (plural-
bacteria)

identify and name the general shapes and formaatha
describe the external and internal structures ofeoea

explain the significance of the cell wall structared composition
explain the modes of nutrition and energy sourdaaicteria
explain the modes of cellular respiration in baeter

explain the modes of reproduction in bacteria.
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3.0 MAINCONTENT

3.1 General Characteristics of Bacteria
The general characteristics of bacteria are:

I They are prokaryotic

. They are simplest of all microbial cells

iii. Bacteria are single celled organisms

\2 They have distinctive cell wall which contgieptidoglycan

V. They are measured in unit called micrometer

Vi. Bacteria lack a true nucleus but have a regalted the nucleoid
region, i.e. DNA is free floating vii. They may Feawadditional
DNA called a plasmid

viii.  Their reproduction is by binary fission

IX. They are extremely diverse and numerous ils smid waters.

3.2 Size, Shapeand Arrangement of Bacterial Cell
Size

Bacteria are very small, 0.5 to i@l in diameter. Because of their small
size, they have high surface area/volume ratio lwhesults in a high
growth and metabolism rate. No circulatory mechanis needed for
nutrients taken in because the mass of cell substembe nourished is
very close to the surface. Examinations of a miedadell require the use
of a high power microscope usually of about 1,0@0neters.

_— capsule

cell
membrane

—nuclear _
material

ribosomes
cytToplasm

\'.F\l\::lge_llum

Figure 1.1: A basic bacterial cell
Source: Microorganisms in our World by Atlas (1995)

Shape and Arrangement

The shape of a bacterium is governed by its rigitlwall which gives it
a definite shape. Typical shapes of bacteria are:
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Cocci (Singular: Coccus), e.8aphylococcus spp,Streptococcus
Spp

Bacilli (rods) (Singular: rod, bacillus), e Bacillus subtilis
Vibrios (Singular: Vibrio)

Spirilla (Singular: Sprillum)

Spirochaetes (Singular: Spirochaete), &gponema pallidum
Some species of bacteria are pleomorphic, i.e; #re able to
change their forms especially when grown on aréfimedia.

Cocci: They are round, oval or spherical inndeder characteristic
arrangement when multiplying is based on arrangémkenells,
they are called:

. Diplococci: cocci in pairs, e.g. meningococci and
gonoCOCCi.

o Streptococci cocci in chains.

o Staphylococci: cocci in irregular clusters (liadbunch of
grapes).

o Tetracocci: cocci in a group of four cells.

o Sarcinae: cocci in regular clusters.

Bacilli (Rod): These are stick like bacteriathvrounded, square,
tapered or swollen ends. They measure dni length by 0.3-
1.Qum in width. Bacilli are not arranged in patterncamplex as
cocci. Most occur singly. Other arrangements are:

Diplobacilli: Rods in pairs.

° Streptobacilli: Rods in chains.

o Trichomes: Similar to chains but have larger acda
contact between adjacent cells. Mass together, e.g.
Mycobacterium leprae.

o Palisade arrangement cells are lined side by Blae

matchsticks and at angles to each other like €3an

lecters, e.g. Corynebacterium diptheriae.

Vibrios: These are small slightly curved rgolscomma shaped 3-
4um in length by 0.pm in width. Most are motile with a single
flagellum at one end, e.g. Vibrio cholerae.

Spirilla: These are helical bacteria, smatigularly coiled, rigid,
organisms measuring 3p#h in length. Each coil measures about
1um, e.g. Spirillum minus.

Spirochaetes: They are helical, (complete dwitxible, coiled
organisms, can twist and contort their shapes.oSipaeters are
divided into three main groups.
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o Treponemes. Tiny and delicate with regular tight coils,
measuring  6-18m by 0.2um in width, e.g.Treponema
pallidum and Treponema pertenue.

o Borreliae: Large spirochaetes with irregular open coils 10-
20um in length by 0.pbm in width, e.g.Borella., duttoni
andBorrelia vinceti.

o Leptospires. Tiny spirochaetes with many tightly packed
coils that are difficult to distinguish; 6-gt in length by
0.1uM in width and have hooked ends, d.gptospira
interrigans.

C O e
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.-S f{?
* 5 %W
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Flagsllated bacil

Figure 1.2: Common bacterial shapes
Source: Microorganisms in our World by Atlas (1995)

In addition to the common bacterial shapes, mahgretalso occur in
different shapes, which include:

o pear shaped cells, eRpsteuri

o lobed spheres, e.gulfolobus

o rods with squared ends, eBacillus anthracis

o disk arranged stacks of coins, eJgryophanon

o rods with helically sculptured surfaces, e.g.itf&la and many
others.

The shape of a cell affects its survival and atin the environment.
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3.3 Bacterial Structures

Examination of a bacterial cell will reveal seve@mponents and
structures. Some are external to the cell wall @vbthers are internal to
the cell wall.

A).  Structure External tothe Cell Wall

1 Flagella (Singular: Flagellum): These are hair-like, helical
appendages that protrude through the cell wall 6. 0.022m in
diameter and simple in structure. Based on tlu@iation on the
cell, flagella may be polar or lateral.

i Polar: At one or both ends of bacterium.

i Lateral: Along the sides of the bacterium.

A flagellum is composed of three parts:

I A basal body associated with the cytoplasmicnmene and cell
wall.

. A short hook and a helical filament which isually several
times as long as the cell.

iii. A flagellum grows at the tip rather than hetbase.

Typesof Flagella

) Monotrichous: A single polar flagellum. Many that appears and
functions as monopolar or bipolar flagella consisbundles of 2
to 50 single units (polytrichous). &fjorio cholerae

o Lophotrichous: A cluster of polar flagella or multiple polar fjalla
egBartonella baciliformis

) Amphitrichous: Flagella, either single or clusters at both peles
or single bipolar flagella e§pirillum serpens

o Peritrichous. Cell surrounded by lateral flagella or flagella

distributed over the entire cell &gcherichia coli.
Function of Flagella

Bacteria propel themselves by rotating their héfliegella.
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Monotrichous : — -
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Figure 1.3: Types of Flagella in bacterial orgarssm
source: https://www.bioweb.uwlax.edu

2. Pili (Singular: Pilus): They are also called fimbriae. They are
hollow, non-helical filamentous appendages that tmener,
shorter and more numerous than flagella: long,, tisimaight
threads 3-2pbm in diameter and 12n in length. They do not
function in motility since they are found on nonit@and motile
species. Several functions are associated witleréifit types of
pili. F pilus (Sex pilus) serves as the path ofremf genetic
material during bacterial mating. Some play mage in human
infection by allowing pathogenic bacteria to attéxkhe epithehal
cells lining the respiratory, intestinal or gentioary tracts, this
prevents the bacteria from being washed away byfltdve of
mucous or body fluids and permits infections teb®blished.

3. Capsules: This is a viscous substance forming a coveringriay
envelope around the cell wall of some bacteria. sGkgs are
known to confer resistance to phagocytosis becaaswlement
cannot penetrate it, hence protecting bacterianaghost defense
to invasion. Also protects the bacteria from destion. Capsules
are usually antigenic for identification. Capsulesn be
categorised into three based on their visualisatiyn light
microscope using special staining methods.

If the covering layer can be visualised by lightroscope using special
staining methods, it is termed capsule.

o Microcapsule: If the layer is too thin to be seen by light
microscope.
o Slime: If it is so abundant that many cells are embedided

common matrix. Most bacterial capsules consist of
polysaccharides which can be homopolysaccharides o
heteropolysaccharides.
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o Homopolysaccharides. Capsule made up of/composed of a
single kind of sugar usually synthesized outsible tell by
exocellular enzymes, e.g. glucan (a polymer ofcgbe) from
sucrose by S. mutans.

o Heter opolysaccharides: Composed of several kinds of sugars. A
few capsules are polypeptide, e.g. Bacillus awcthradhas a
capsule made up of a polymer of glutamic acid.

Functions

I They may provide protection against temporanmyirdy by
binding water molecules.

. They may block attachment of bacteriophages.

1 They may be antiphagocytuc, i.e. they mayibitthe engulfment
of pathogenic bacteria by white blood cells. Henogtribute to
invasive or infective ability (virulence).

V. Promote attachment of bacteria to surfacesantple of
capsulated bacteria includdeisseria gonorhoeae, Streptococcus
pneumonia, Hemophilus influenza.

4, Sheaths: Some bacterial species form chains or trichomes
enclosed by a hollow tube called sheaths. Thesatlst consist
of a heteropolysaccharides containing glucosegugtnic acid,
galactose and fucose.

Functions

I In a few bacteria, they facilitate moderaterap@of position.
. Sheaths enable individual cells to stay assted in cell colonies.

5. Prosthecae and Stalks

Prosthecae: They are semi-rigid extensions of the cell wafida
cytoplasmic membrane and have a diameter lessthanof the cell.
Found in some aerobic bacteria from fresh watemaadne environment.

Functions

I Increase surface area of the cell for nutradsgorption.
il Some have adhesive substances that aid atewhim surfaces.

Stalks: They are non-living ribbon-like or tubular appegés excreted
by some bacterial cells, e.g foundGallionella or Lanctomyces.
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Functions

They aid in attachment of the cells to surfacemé&bacteria possess oval
structures called endospores (these are not apgesidéormed within
certain bacteria specie that represent a dormage sh the growth cycle

of the organism. They are formed in response tatmutal deprivation
within the vegetative bacterial cell. Highly resist to injurious effects of
heat, drying, pressure, and many chemical disiafdgst Seen iBacillus
and Clostridium spp and can reverse to vegetative form when
environmental conditions become convenient.

6. Cell Wall: This provides structural rigidity and forms barrier
against the outside environment. Has a high tersitength
conferred on it by a layer composed of a substareléed
peptidoglycan (also known as murein or mucopeptiBagteria
are classified as Gram +ve or Gram —ve accorditiggio response
to Gram staining procedure i.e based on the prayesfgheir cell
wall to hold fast to the primary dye (crystal vipler otherwise
when exposed to a decolorizing agent such as azainr®5%
alcohol. It is the site of antigenic determinantttud cell surface.
Lipopolysaccharide component of the Gram -ve vgaiésponsible
for non specific endotoxin activity. The cell wallso Shows
differences in Gram reaction thereby gives basiscfassifying
bacteria.

Gram positive cell wall

About 80nm thick with several layers of peptidoglg¢40-80% dry
weight). Trapped within this peptidoglycan matrixe aa variety of
proteins, polysaccharides and unique moleculesdaiichoic acids
which stabilize the wall, chelate small ions neaeg$or cell function and
participate in cellular interaction and adhererenticosal surfaces and
are antigenic forming basis for antigenic groupingsome organisms.
The enzymatic biosynthesis of peptidoglycan formgea sites for
inhibition of cell wall synthesis by specific antkics. Inhibitors of cell
wall synthesis

I Beta lactams- they possess lactam rings. Tihelyde penicillins,
cephalosporins, monobactams and cabapenems.

. Vancomycin ........ Glycopeptides
iii.  Teicoplanin .......... Glycopeptides
V. Fosfomycin

V. Bacitracin

Vi. Cycloserine

Beta lactamase inhibitors - clavulinic acid, sutbat, tazobactam.
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Gram negative cell wall

It is thinner but highly complex and multilayered about 5-10nm
thickness Composed of:

I A peptidoglycan layer- relatively thinner thémat of Gram +ve
wall i.e about 2nm thick (5-10% of dry mass)

. Outer membrane - A bilayered structure, inned auter leaflets
are asymmetrical. Contains numerous proteins, 60% by mass.
Lipopolysaccharides is attached by a weak cohdsioes (ionic
and hydrophobic interractions) to the outer leaflet

Iii. Lipopolysaccharides (LPS) — attached to olgaflet of the outer
membrane. LPS is responsible for endotoxin agtidat GN
organisms in GN sepsis.

LPS has three components

a) Lipid A- much of endotoxin effect.

b) Core polysaccharide region.

C) O-specific  (somatic antigen) polysaccharide-r fanuch
identification.

1. Lipoprotein — cross-link outer membrane and tideglycan
layer. Function to stabilize outer membrane anchanit to the
peptidoglycan layer.

2. Periplasmic space — seen immediately outsi@e ciytplasmic
membrane. Contains peptidoglycan layer and geldigution of
proteins. Periplasmic proteins include substraiading proteins
(for sugars,amino acids, vitamins and ions); hiydi®enzymes;
detoxifying enzymes(e.¢g3-lactamase and aminoglycoside p
hosphorylase). Detoxifying enzymes cause antibiasistance.

Gram staining

This staining techniqgue makes use of propertiethéncell wall of the
bacteria l.e. the peptidoglycan content in the well. For gram positive
bacteria that has higher peptidoglycan contenty tietain the primary
stain(crystal violet) despite decolourisation bgtace thereby appearing
purple or blue but gram negative will quickly labe primary stain after
brief decolourisation due to reduced content otigeglycan in their cell
wall thereby taking the colour of the counterstag(tral red/safranin)
and appearing red. Stains in gram staining aret@lrysolet (primary
stain), lugol's iodine (mordant), acetone (decolkem, neutral
red/safranin (counterstain).
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B). Structuresinternal tothe Cell
1. Cytoplasmic Membrane

This lies immediately beneath the cell wall. Itaigproximately 7.pm
(0.0075um) thick and composed primarily of phospholipid® @ 30
percent) and protein (60 to 70 percent). It seages barrier to most water
soluble molecules and contains various enzymedvadan respiration,
and metabolism and in synthesis of capsular andw@l component.
Proteins are also synthesized in the cytoplasm.

2. Protoplast

A protoplast is the portion of a bacterial, all rmagh of the cytplasmic
membrane and the cell material bounded by it.

3. The Cytoplasm

This is the cell material bounded by the cytoplasmémbrane and it may
be divided into:

i The cytoplasmic area, granular in appearance raid in the
macromolecular RNA-protein bodies called Ribosomesvhich
proteins are synthesised.

I The chromatin area rich in DNA and

i The fluid portion with dissolved substances.

4. Nuclear Material

Unlike eucaryotic cells bacterial cells do not havdistinct membrane
enclosed nucleus but they have an area near thee ad@rthe cell that is
regarded as the nuclear structure, the DNA of #lkei€ confined to this
area. The DNA is circular and bears the geneseotii.

5. Sporesand Cysts

Certain bacteria produce spores either within tlés endospores) or
external to the cell (exospores). The spore is baditzally dormant form

which under appropriate condition can germinatéoton a vegetative
cell. Endospores are extremely resistant to desmga staining,

disinfecting chemicals, radiation and heat. Cystsadso dormant, thick-
walled desiccation resistant forms that can gertainalso under
favourable conditioning.
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3.4 Nutrition

The nutrition requirements of bacteria vary wid&gased on their source
of energy, they are classified as:

i Phototrophs: These are bacteria that use liglergy as their
energy sources.

I Chemotrophs: They obtain their energy by oxializinorganic or
organic — chemical compounds. Based on the safr@arbon
which is the major source of nutrient for all edblacteria can be c

lassified as:

o Heterotrophs: These are bacteria that deriveocaftom
preformed organic nutrients such as sugar or texbrate.

o Autotrophs: They derive carbon from inorganic rees

such as carbon dioxide.
Cellular Respiration
Based on whether they need oxygen to survive grbaateria may be:

I aerobic or strict aerobes: these require oxygen, e.g. Bacillus
cereus.

. anaerobic bacteria/strict anaerobes. they cannot tolerate
oxygen, e.g. Clostridium spp.

iii. facultative anaerobes. These are generally aerobes but have the
capacity to grow in the absence of oxygen, &gphylococcus

Spp.
3.5 Reproduction

Bacteria reproduce mainly by asexual method whiolstrof the time is

transverse binary fission. This is a process irctwhibacterial cell divides
to give two daughter cells after developing a tvanse septum (cross
wall).

SELF-ASSESSMENT EXERCISE
Mention at least five microorganisms different frtime ones discussed in
this text can cause diseases in man.

Differentiate the cell walls of Gram positive anda@ negative bacteria.
Also mention the stains in gram staining technique.
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40 CONCLUSION

In this unit, we have learnt that Bacteria are prghktic single celled
organisms that lack membrane-bound organelles. Bnewery small,
with sizes ranging from 0.5 to 1.0nm in diametelscAdiscussed were
structures external to bacterial cell wall suckflagella, pili, capsules,
sheaths, prosthecae and stalks. We also discusssdribl nutrition,

cellular respiration and reproduction.

50 SUMMARY

In this unit, you have learnt about the following:

° General characteristics of bacteria
o Size, shape and arrangement of bacterial cell
° Bacterial structures.

6.0 TUTOR MARKED ASSIGNMENT

Describe the general characteristics of basic baqteO1)

What are the general shapes and forms of bactedia)(

List four different structures external to the ogHll of bacteria
and state one function of each. (LO3)

Explain the term gram positive and gram negatiview! (LO4)
Describe the structures internal to bacteria ¢€3)

Explain the modes of nutrition and energy sourdgicteria (LO5)
Explain the modes of cellular respiration in baiet¢kO6)
Explain the modes of reproduction in bacteria (LO7)
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3.2  Distinguishing Characteristics of Fungi
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3.7 Importance of Fungi
4.0 Conclusion
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6.0 Tutor-Marked Assignment
7.0 References/Further Reading
1.0 INTRODUCTION

Fungi are eukaryotic spore bearing organisms #wkt thlorophyll and
generally reproduce both sexually and asexuallyeyThre of great
practical and scientific importance. One of thesoe for this is that
many fungi are of microscopic cellular dimensidasngi have a diversity
of morphological appearances depending on the epe€ungi comprise
the molds, mushrooms and yeasts. Molds are filamusntand
multicellular while yeasts are unicellular. Theg aridely distributed and
found wherever moisture is present. They are dditgreportance to man
in both beneficial and harmful ways. This unit exa@s the general
characteristics of fungi, the distribution, morpbgy, nutrition and
reproduction of fungi.

2.0

LEARNING OBJECTIVES

By the end of this unit, you will be able to:

50

define a fungus

state the general characteristics of fungi

describe the structure of a yeast

describe the structure of a mold

explain the mode of nutrition in fungi

explain the methods of asexual reproduction anduaex
reproduction in fungi.
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3.0 MAINCONTENT

3.1 Definition of Fungi

Fungi are eukaryotic spore bearing organisms #wt thlorophyll and
generally reproduce both sexually and asexually.

3.2 Distinguishing Characteristics of Fungi

They are large, diverse and widespread group arosgns, the molds,
mushrooms and yeasts.

I Fungi are Eucaryotic. They are members of tmain Eucarya.

. They contain a membrane-enclosed nucleus awéral other
organelles.

iii. They have no chlorophyll.

\2 They are chemo organotrophic organisms.

V. The body of the fungi is called thallus.

Vi. The thallus may consist of a single cell asnd in yeasts.

vii.  The thallus may consist of filaments, 5 tqui®across which are
commonly branched as found in molds.

viii. The yeast cell or mold filament is surrounidiey a true cell wall
(exception is the slime mould which have a thadlassisting of a
naked amoeboid mass of protoplasm).

IX. Some fungi are dimorphic, that is they existwo forms. Some
pathogenic fungi of humans and other animals l@auaicellular
and yeast like form in their host but when growsaprobically
in soil or on a laboratory medium they have anfiéamtous mold
form.

X. Habitat distribution of fungi is diverse. Soraee aquatic, living
primarily in fresh water and a few marine fungi eaeestrial. They
inhabit soil and dead plant. Some are parasiticakiting and
infecting living hosts either plants or animals. n&o form
beneficial relationships with other organisms asonshizae.

Xi. The study of fungi is known as mycology.

3.3 Structureand Forms of Fungi

The body or vegetative structure of a fungus itedah thallus (plural
thalli). It varies in complexity and size rangingorih the single cell
microscopic yeasts to multicellular moulds and mmasims. The fungal
cell is usually enclosed in a cell wall of chitin.

Yeasts

o They are unicellular fungi that have a singleleus.
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o They are commonly egg-shaped but some are eledtgand
some spherical. Yeasts have no flagella or othgarelles of
locomotion.

o They possess most of the other eukaryotic orgemel

) Yeast cells are larger than most bacteria. Yeasisy

considerably in size ranging from 1 tard in width and from 5
to 3Qum or more in length.

o They reproduce asexually by budding and travelisesion or
sexually through spore formation.

Nucleus

Mem brane% Cell
Wall

Lipid
ramule

Mitochondria <2

Bud
Scar

Phosphate
Grarnules

Figure 2.1: A typical yeast cell
ource: Wikimedia Commons by Frankie Robertson usikgcape (2009)

Molds

The thallus of a mold consists of long brancheeédtlike filaments of
cells called hyphae. These hyphae form a mycelidntiwis a tangled
mass or tissue like aggregation of hyphae.

Hyphae

I Each hypha is about 5 todfd wide. Hyphae are composed of an
outer tube like wall surrounding a cavity the Lumenhich is
filled or lined by protoplasm. Between the proegph and the
wall is the plasmalemma, a double layer membrarmctw
surrounds the protoplasm.

. The hyphal wall consists of microfibrils congex of
hemicelluloses or chitin. True cellulose occur$yan the walls
of lower fungi.
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iii.  Wall matrix material in which the microfibsl are embedded
consists of proteins, lipids and other substanGrewth of a
hypha is distal near the tip.

The Mycelium

I The mycelium is a complex of several filamen&dled hyphae
(singular, hypha). New hyphae generally arise feogerminated
spore. The germinated spore puts out a germ tuhées which
elongate to form hyphae. These hyphae form a ¢dnglass or
tissue like aggregation.

Sporangium

gerrminating

stolon

Q)
i,
\ :,_‘rﬂ zoids

Figure 2.2:Rhizopus stolonifer
Source: Retrieved form Backyard Nature Websitd &te#/G\Bread
mold fungusRhizopus stolonifer.htm

In some fungi, protoplasm streams through hyphagemupted by cross
walls, these hyphae are called coenocytic or aseplde hyphae of
others have cross-walls called septa (singulatus@pwith either single
pore or multiple pores that enables cytoplasmeastiing. These hyphae
are termed septate. Summarily, hyphae can besaattr in three forms:

Nonseptate or coenocytic; such hyphae haveeptas

. Septate with uninucleate cells.

iii. Septate with multinucleate cells. Each celishmore than one
nucleus in each compartment.
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3.4 Nutrition and M etabolism

Most fungi are saprobes, securing their nutriemtsnf dead organic
matters. They release hydrolytic exo-enzymes thgestl external
substrates and absorb the soluble products. They also
chemoorganoheterotrophs, i.e. they use organic cangs as a source of
carbon, electrons and energy. Fungi are usuallybéerhowever, some
yeasts are facultatively anaerobic and can obthmir tenergy by
fermentation. Obligately anaerobic fungi are founthe rumen of cattle.

3.5 Reproduction

Reproduction in fungi can either be asexual or akx#\sexual
Reproduction Asexual reproduction is a type of edpction involving
only one parent that produces genetically identiéespring by budding
or by the division of a single cell or the entimg@nism into two or more
parts. Asexual reproduction, also called somatic \w@getative
reproduction is accomplished in several ways aresdwt involve the
fusion/union of nuclei, sex cells or sex organsn#ty be accomplished

by:

° fission of somatic cells yielding two similar dguer cells

o budding each bud a small outgrowth of the pacetitdevelops
into a new individual

o fragmentation or disjointing of the hyphal cedlach fragment

becoming a new organism spore formation. Thereeweral types
of asexual spores each with a name.

I Sporangiospores: These are single-celled spfmesed
within sacs called sporangia (singular: sporangiumat
the end of special hyphae called sporangiospores)

. There are two types of sporangiospores: Aps@pooes
which are  non-motile and zoospores which are leoti
Motility is due to the presence of flagella.

iii. Condiospores or conidia (singular, conidiunthese are
formed at the tip or side of a hypha. Single exkll
conidia are called microconidia while large nudtled
conidia are called macroconidia.

Iv. Oidia (singular oidium) or arthrosopores: Téese single
celled spores formed by disjointing of hyphalxel

V. Chlamydospores: These are thick walled singided
spores which are highly resistant to adverse
conditions. They are found from cells of the uagee
hypha.

Vi. Blastospores: These are spores formed by bbgddi
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Figure 2.3: Different types of asexual spores
Source http//mb0804mycology.wordpress.com/2008/07/296dpction-of-fungi

Sexual Reproduction

Sexual reproduction is a type of reproduction inolltwo parents give
rise to offspring that have unique combinationgehes inherited from
the gametes of the two parents. It is carried gdiibion of the compatible
nuclei of two parent cells. The process of sexetaduction begins with
the joining of two cells and fusion of their protagt (plasmogamy) thus
enabling the two haploid nuclei of two mating typgesfuse together
(karyogamy) to form a diploid nucleus. This is folled by meiosis,
which again reduces the number of chromosomesetbdploid number.
The sex organelles of fungi if present are callathgtangia. They may
form differentiated sex cells called gametes or c@ytain instead one or
more gamete nuclei. If the male and female gam&arare
morphologically different, the male gametangium called the
antheridium (plural antheridia) and the female gatiawegium is called the
Oogonium (Oogonia). Methods of sexual reproducinmtude:

I Gametic copulation: This is the fusion of nalgaimetes, one or
both of which are maotile.

. Gamete-gametangial copulation: Two gametangia came into
contact but do not fuse; the male nucleus migrdwesigh a pore
or fertilization to be into the female gamentamgiu

iii. Gametangial copulation: Two gamentangia or their protoplast
fuse and give rise to a zygote that developsantesting spore.

V. Somatic copulation: Fusion of somatic or vegetative cells.

V. Spermatization: Union of a special male structure called a
spermatium (plural spermatia) with a female rewepgtructure.
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The spermatum empties its content into the femateng plasmogamy.
Sexual spores are produced by the fusion of twéenuexamples are:

I Ascospores. These are single-celled spores produced in a sac
called an ascus. There are usually eight ascospoesach ascus.

. Basidiospore: These are single celled spores borne on a club
shaped structure called a basidium.

iii. Zygospores. These are large thick walled spores formed when
the tips of two sexually compatible hyphae or gage fuse
together.

Iv. Oospores. These are formed with a special female structine,
oogonium. Fertilization of the eggs or oosphergsttie male
gametes formed in an antheridium give rise to ot

3.6 Physiology

° Fungi are better able to withstand certain exéreanvironments
than other microorganisms. They can tolerate mocaia
conditions than other microbes. Some types of geast
facultative; they can grow under both aerobic am@eaobic
conditions. Molds and many types of yeast are gwarobic
microorganisms.

o Fungi grow over a wide range of temperature. Dpgdmum
temperature for most saprobic species is 22 to 300Klle
pathogenic fungi have a higher temperature optinmin30 to
370C.

o Some fungi will grow at or near 00C and thus caunse spoilage
of meat and/or vegetables in cold storage.

3.7 Importance of Fungi

o About 90,000 fungal species have been descrilbedr@ing to
literature. However, some estimates suggest that niillion
species may exist. Fungi are important to humamsbath
beneficial and harmful ways.

o Beneficially, fungi act as decomposers. They ddgrcomplex
organic materials in the environment and releasglg organic
and inorganic molecules like carbon, nitrogen, phosus needed
by other living organisms.

o Moulds and yeasts are used in many industriadge®es involving
fermentation to produce beer, wine and bread, ehe®y-sauce,
organic acids and many antibiotics.

o They are important research tools in the studyuofdlamental
processes such as cytology, genetics, biochemising
microbiology.
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o On the other hand, fungi cause many diseasefanfsp animals
and humans. About 20 new human fungal pathogens are
documented each year.

SELF-ASSESSMENT EXERCISE
Give five examples of infection caused by fungi
40 CONCLUSION

In this unit, we have discussed about general cheniatics of fungi and
their nature as being eukaryotic spore bearing resgas that lack
chlorophyll and reproduce both asexually and sdyxualso discussed
was its grouping into molds or yeasts based ordéwelopment of the
thallus.

50 SUMMARY
In this unit, you have learnt about the following:

I Distinguishing Characteristics of Fungi
. Structure and Forms of Fungi

il Nutrition and Metabolism

\2 Reproduction

V. Physiology

Vi. Importance of Fungi

6.0 TUTOR MARKED ASSIGNMENT

Answer the following questions:

=

Describe the structure of a mold. LO4

Describe each of the following types of asexualalrspores: a.
Sporangiospore b. Conidiospore and c. Blastosgb@6)
Describe the structure of yeast? (LO3)

Describe the structure of mold (LO4)

Enumerate general characteristics of fungi (LO2)

Describe sexual reproduction as it occurs in fyh@o)

Describe the mode of nutrition in fungi (LO5).

N

Nookw

57



NSC 211 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

7.0 REFERENCESFURTHER READING

Atlas, R.M. (1995). Microorganisms in Our World. Bty Year Book.
Inc.

Kayser, F.H., Bienz, K.A., Eckert, J. & ZinkernageIN. (2005). Kayser,
Medical Microbiology. Thieme, Stuttgart, Germany

Kavanagh, K. (Editor) (2005). Fungi: Biology and ggations. John
Wiley & Sons Inc, Hoboken, New Jersey, USA.

Markey, B., Leonard, F., Archambault, M., Cullinae & Maguire, D.
(2013). Clinical Veterinary Microbiology."2 Edition. MOSBY
ELSEVIER

Medigan, M.T. et al. (2009). Brock Biology of Mi@manisms. 12th
Edition. Pearson Education Inc. Pelczar, M.J., CHag.S. &
Krieg, R.N. (2001). Microbiology. 5th Edition. Mc@&w-Hill.

Mitchell, R. & Gu, J.-D. (editors) (2010). Envirommial Microbiology.
2"d Edition. Hoboken, New Jersey, John Wiley & Sons, Wiley-
Blackwell

Pelczar, M.J., Chan, E.C.S. & Krieg, R.N. (2001)icidbiology. 5"
Edition. McGraw-Hill.

Prescott, Harley & Kleins (2008). Microbiology" Edition. Boston Bur
Bridge, IL: McGraw-Hill Higher Education.
http://biology.unm.edu/ccouncil/Biology 203/Imagdsgiroscop
es/microscopeb.jpeg

Struthers, K. (2017). Clinical Microbiology."® Edition. CRC Press,
Taylor & Francis Group.

Talaro, K.P. & Talaro, A. (2002). Foundations in ditibiology. 4"
Edition. The McGraw-Hill Companies.

Willey, J.M., Sherwood, L.M & Woolverton, C.J. (280 Microbiology.
7th Edition. Boston Bur Bridge, IL: McGraw-Hill Higer
Education.

“The Backyard Nature. Bread Mold Fungus,” Rhizo@islonifer.htm.

http://mb0804mycology.wordpress.com/2008/07/29bdpction
-of-fungi.

58



NSC 211 MODULE 2

UNIT 3 GENERAL CHARACTERISTICSOF VIRUSES

CONTENTS

1.0 Introduction
2.0 Learning objectives
3.0 Main Content
3.1 Definition of Fungi
3.2  Distinguishing Characteristics of Fungi
3.3  Structure and Forms of Fungi
3.4  Nutrition and Metabolism
3.5 Reproduction
3.6  Physiology
3.7 Importance of Fungi
4.0 Conclusion
5.0 Summary
6.0 Tutor Marked Assignment

7.0 References /Further Reading

1.0 INTRODUCTION

Viruses are acellular entities. They are genetemeints that cannot
replicate independently of a living cell called thest cell. Viruses have
extracellular forms which enable them to exist mi#the host for long
periods. But to multiply, they have to enter a dellwhich they can

replicate causing infection. Viruses are the mostmerous

microorganisms on earth and infect all types ofutal organisms. The
study of viruses is known as virology. This unitagxnes the general
characteristics of viruses, their structures, gessmmsymmetry,

replication in hosts and purification.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

define the term virus

state the general characteristics of virus

describe the structure of a typical virus particle
explain virus genome

explain the process of viral replication in susispthost
state the various methods of cutting viruses

state the various methods of virus purification.
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3.0 MAINCONTENT
3.1 De€finition

Viruses are simple acellular entities that can eaproduce within living
cells.

3.2 General Characteristics of Viruses

I They are the smallest microorganisms. They eaimgsize from
10nm to 1000nm (1 um) or even 2000nm (2um) and miajof
them can only be viewed under an electron micrascalthough
Pithovirus, mimivirus and pandovirus can be viewegth the use
of bright field microscope.

. They are acellular, at the edge of life nejther living nor dead.

lii.  They only multiply when present within livgncells by hijacking
the cell machinaries to produce viral proteins emdicate the viral
genome after which the genome is packaged aftervitad
structural proteins are assembled.

V. They are infectious agents.

V. A complex virus particle or virion consists ohe or more
molecules of DNA or RNA enclosed in a coat of prote
Vi. Viruses can exist in two phases: extracellalad intracellular.

vii.  The extracellular phase known as virion oraliparticle and
possesses few if any enzymes and cannot repricdé@endent of
living cells. It is metabolically inert and doestncarry out
respiration.

viii. In the intracellular phase, viruses exisinparily as replicating
nucleic acids in the host cells that induce hostab@ism to
synthesise virion components which are later reléas

Viruses differ from living cells in three ways:

I They have simple acellular organisation.

. The presence of either DNA or RNA but not bathalmost all
virions.

iii. They do not have the ability to reproduce epéndent of cells
and carry out cell division as procaryotes ancaeyites do.

3.3 Virion Size
Virions range in size from about 10nm ton2 in diameter. The smallest
viruses are a little larger than ribosomes whetkasox viruses which

include vaccinia are about the same size as théesmhbacteria and can
be seen in the light microscope. Most viruses h@wneare too small to
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be visible in the light microscope and must be wdwith scanning and
transmission electron microscope.

3.4 TheStructureof Viruses

A virus is made up of a central genetic nucleidawnblecule surrounded
by a protein coat called a capsid. The combinatibhoth is called the
nucleocapsid. The capsid surrounds and protectsithkenucleic acid.
The capsid also gives the virus a characterisapsiand help to establish
the specificity of the virus for particular hostllse Capsids are large
macromolecular structures that self assemble framyncopies of one or
a few types of proteins. The structural proteinsdu® build the capsids
are called capsomers which are in turn made frootoprers. The
simplest virus is a naked virus (nucleocapsid) isbimg) of a geometric
(icosahedral or helical) capsid assembled aroundcteic acid. On the
other hand, we can have a virus made up of a ncegesod surrounded by
a flexible membrane called an envelope. This typeiras is called an
envelope virus.

The various morphology types of viruses resulteftbe combination of
a particular type of capsid symmetry with the pnegeor absence of an
envelope which is a lipid layer external to theleacapsid.

Fa bk ad Enwveleopad
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Figure 1: General structure of viruses showing ichasd nucleic acid (A),
envelope, capsid and nucleic acid (D) and threeedsional appearance B
& E)

Source: triroc.com
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3.5 Viral Genomes

All cells contain double stranded DNA genomes. Bwytcast, viruses
have either DNA or RNA genomes (one group of visudees use both
DNA and RNA as their genetic material but at diéier stages of the
replication cycle). Hence, we have RNA viruses dtADviruses. Virus
genomes can be classified based on whether theiaadid in the virion
is DNA or RNA and further subdivided to whether thecleic acid is
single or double stranded. Linear or circular, sormal genomes are
circular but most are linear. We can have singiansted DNA, double
stranded DNA, single stranded RNA and double sedrRINA. All four
types are found in animal viruses. Most plant \@sisave single stranded
RNA genomes and most bacteria viruses contain datbhnded RNA.

3.6 VirusReproduction

Viruses need a host cell in which to reproducerkehe first step in the
life cycle of a virus is attachment to a host. Tikisollowed by entry of
either the nucleocapsid or the viral nucleic acitbithe host. If the
nucleocapsid enters uncoating of the genome uswaburs before
further steps can occur.
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Figure 2. General overview of virus replication
Source: goldiesroom.org

Once free in the cytoplasm, genes encoded by tted genome are
expressed, i.e. the viral genes are transcribedrandlated. This allows
the virus to control the host cell’'s biosynthetiachinery so that new
virions can be made. The viral genome is thenceafdd and viral proteins
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are synthesised. New virions are constructed by assembly of coat
proteins with the nucleic acids and finally, thetanad virions are
released from the host.

Summarily, the steps involved in viral replicatiare:

o attachment of the virion to a susceptible host

° penetration or entry of the virion or its nuclad into the host

o synthesis of virus nucleic acid and protein bl eetabolism as
directed by the virus

o assembly of capsids and packaging of viral gesom® new
virions

o release of mature virions from the cell. Howeubere is great
variation in the details of virus reproduction fadividual virus
species.

3.7 TheCultivation of Viruses

Because viruses are unable to reproduce indepeatibving cells, they

cannot be cultured in the same way as prokaryatid aukaryotic

microorganisms. Animal viruses are cultivated bgcumating suitable

host animals or embryonated egg — fertilised chickggs incubated
about 6 to 8 days after laying. More recently, alimruses have been
grown in tissue (cell) culture on monolayers ofnaaili cells.

3.8 VirusPurification and Assay

Viral purification and Assays are necessary to eately study virus
structure, reproduction and other aspects of thielogy.

Virus Purification
This involves getting or isolating the viral paldicin its pure state,

purification makes use of several virus properfi@air of the most widely
used methods to isolate and purify viruses are:

o differential and density gradient centrifugatidiis is often used
in the initial purification steps to separate eirparticles from
host cells.

) precipitation of virus particles.

. denaturation of contaminants.

) enzymatic digestion of host cells constituents.
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Virus Assays

The quantity of viruses in a sample can be detexch&ither directly by
counting particle numbers using the electron mwops or indirectly by
measurement of an observable effect of the virusggugchniques such
as the hemagglutination inhibition, plaque and eoidt dilution assays.

SELF-ASSESSMENT EXERCISE

I Define the following terms:
a. virus (LO1)
b. nucleocapsid (LO2)
. Explain the processes involved in viral replication virus
reproduction (LO5)

40 CONCLUSION

In this unit, we have discussed the general chematits of viruses and
established the fact that Viruses are simple degl&ntities that can only
reproduce within living cells. A virus is made up a central genetic
nucleic acid molecule which could be DNA or RNA reunded by a
protein called capsid.

50 SUMMARY
In this unit, you have learnt about the following:

I. General Characteristics of Viruses
il. Virion Size

ii. The Structure of Viruses

V. Viral Genomes

V. Virus Reproduction

Vi. The Cultivation of Viruses

vii.  Virus Purification and Assay

6.0 TUTOR-MARKED ASSIGNMENT
Answer the following questions:

mention three ways viruses differ from living c€ll$D2)
enumerate the characteristics of virus (LO2)

write briefly on virus genome (LO4)

describe the structure of a typical virus parti¢l®3) v. explain
how viruses are cultivated in different hosts (LO6)

explain four major approaches by which viruses in@ypurified
(LO7).

ProONPE
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1.0 INTRODUCTION

Infection control is a core duty of all hospital kers that are directly
involved in the care of patients. Nurses are fasgt infection and
infection control challenges in their daily praetid@his module will deal
with bacterial nutrition, growth and control.

Microbial cells are structurally complex and carogt numerous
functions. Nutrients are required as materials tlaa¢ used in
biosynthesis and to make energy available. The tyrovof
microorganisms depends upon an adequate supplyuwiem, pH,
oxygen and temperature. They require the elemerdsept in their
chemical composition. Nutrients must provide thedements in a
metabolically accessible form.

2.0 OBJECTIVES

By the end of this unit, you will be able to:

o itemize nutrient requirements of microorganisms

o describe the nutritional types of microorganisms

o state the requirements for carbon, hydrogen, oxygewl
electrons

o identify microbial growth factors

o describe nutrient uptake mechanisms in bacteria
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o describe culture media
° explain the different phases of bacterial growth
o explain factors that influences bacterial growth.

3.0 MAIN CONTENT

3.1 Common Nutrient Requirements
The nutrients may be in form of:

I. Macronutrients or macroelements
il. Micronutrients or trace elements.

Macronutrients

These include Calcium, Oxygen, Hydrogen, Nitrogedulphur,

Phosphorus, Potassium, Calcium, Magnesium and(ZorD, H, N, S,

P, K, Ca, Mg, and Fe). They constitute over 95%eif dry weight and
are needed in relatively large quantities. C, O,NH,S, and P are
components of carbohydrates, lipids, proteins, mancleic acids while
the remaining four elements (K, Ca, Mg, F) existhe cell as cations
and play a variety of roles.

Micronutrients

These include Manganese, Zinc, Cobalt, MolybdeniNitckel and
Copper (Mn, Zn, Co, Mo, Ni, and Cu). They are usedery small
amounts. In nature, they are ubiquitous and prgbdbl not usually
limit growth.

Requirements for Carbon, Hydrogen, Oxygen and Elast

o All organisms require a source of carbon, hydnpgeygen, and
electrons.

o Carbon is needed for the skeleton of all the mianolecules
from which organisms are built.

o Hydrogen and oxygen are also important elememtsrganic
molecules.

o The movement of electrons through the electransjport chain
and during oxidation reduction reactions provideergy for
cellular work.
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3.2 Nutritional Types of Microorganisms

Microorganisms can be grouped into three sourcesedan their
nutritional needs for growth.

I. Carbon sources:

) Autotrophs: Use CQ as their primary source of carbon; they
must obtain hydrogen and electrons from othercssur
o Heterotophs Use organic molecules as their source of carbon.

These molecules often supply hydrogen, oxygen,edectrons as well.
Some heterotrophs also derive their energy fronr tiganic carbon
source.

. Energy sources
o Phototrophs: use light energy.
o Chemotrophs: obtain energy from oxidation of cloamn

compounds.

ii. Electron sources

o Lithotrophs: Electrons are extracted from redudedrganic
substances

o Organotrophs: Electrons are extracted from redluogganic
compounds.

3.3 Growth Factors

These are organic factors that are essential cafthponents or
precursors of such components but cannot be syséiedy the
organism.

The three major classes are:

I Amino acids

. Purines and Pyrimidines

iii.  Vitamins are small organic molecules that albu are
components of enzyme cofactors (riboflavin, felad, etc.).

Practical applications. microbes needing a growth factor can be used in
bioassays that detect and quantify the growth fatckmse that do not
need a growth factor can sometimes be used to peothe growth
factor in industrial settings.
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3.4 Nutrient Uptake
Microorganisms make use of several different transmechanisms:

I Facilitated diffusion
. Active transport
iii.  Group translocation

Although some nutrients can enter cells by pasgahféusion, a
membrane carrier protein is usually required.

Facilitated diffusion - the transport protein simply carries a molecule
across the membrane in the direction of decreasamgentration, and
no metabolic energy is required.

Active transport systems use metabolic energy and membrane carrier
proteins to concentrate substances actively bypaming them across a
gradient. ATP is used as energy source by ABC pamers. Gradients

of protons and potassium ions also drive soluteakept across
membranes. Bacteria also transport organic molsoutgle modifying
them, a process known gsoup translocation e.g. many sugars are
transported and phosphorylated simultaneously.

o

Aactive tTransport

Facilitated Aiffusicrs
Fig. 1.1 a. Acihive transport b. Facillitated diffusion (source: Fiyviib.com)

Facilitated
diffusicon

Rate of transport

Passive
diffusion

Concentration gradient

Fig 1.2: Movement of nutrients accros the cell membrane (source: learning. uonbi ac ke)
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Fig 1.3: Facilitated diffusion: Carrier-mediated uptake of glucose into  the cell
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Fig 1.4: Transportation of nutrient across the cell membrane (Source: | 2kmghts. pbworks.com

35 Culture Media

Culture media are solid or liquid preparation usedyrow, transport,
and store organisms. An effective medium must c¢orgh the nutrients
the microorganism requires for growth. They aressifeed based on
several parameters:

I. Chemical constituents from which they are made

il. Physical nature
iii. Function
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Types of Media

Physical Chemical Functional Type
Nature composition
Liquid Defined (synthetic) General purpose (suppeit
Semisolid Complex Enriched
Solid Selective
Differential

Culture media can be constructed completely fromnubally defined
components (defined or synthetic media) or coretitsi like peptones
and yeast extract whose precise composition is awkn(complex
media). Culture media can be solidified by the #tddi of agar, a
complex polysaccharide from red algae.

Classification

Enriched media are supportive media that contadhtiadal nutrients
needed by fastidious microbes.

Selective media contain components that selecthi®igrowth of some
microbes.

Differential media contain certain components #dbiw microbes to be
differentiated from each other, usually based omesometabolic
capability.

Culture Media

Type Purpose

Chemically defined | Growth of chemoautotrophs anotpautotrophs
and microbiological assays

Complex Growth of most chemoheterotrophic organisms

Reducing Growth of obligate aerobes

Selective Suppress the growth of undesirable mespb
while allowing the growth of desirable ones

Differential Differentiate bacterial colonies froome another
using an indicator

Enrichment Similar to selective media but designed

increase numbers of desired microbes| to
detectable levels
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Cultivation of microorganisms

This involves:
Isolation
Identification
Preservation

3.6 Bacterial Growth

Growth is an orderly increase of all the componefitan organism and
not merely of some of its constituents. Growth @scin various
nutrient-containing preparations - culture mediae Ppopulation of cells
Is referred to as a culture. Growth occurs firstrimyreasing the number
of cellular organelles and then later through byniggsion, in which a
parent cell divides to form a progeny of two cells.

The time required for a single cell or populatidncells to double is
called the generation or doubling time. A populatmf bacterial cells
goes through several phases from the time it idiiced into the
medium until it ceases growth typified by the growtrve:

Lag phase- During this time, the organism adapts itselfthe new
environment with cell numbers remaining constantheré is
considerable increase in RNA and total protein eohof each cell but
the DNA content remains approximately the same. [Ength of this
phase usually depends on the physiological comdiéind size of the
innoculum used.

Logarithmic or exponential phase- In this phase the organisms are
growing at the maximum rate achievable in the mmdamployed, the
cells dividing at minimum generation period withllceoncentration
increasing exponentially. The cells in this phaseat the peak of their

\

A “typacal™” Bacterial Growih Curve
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metabolic activity hence they are most frequensigdiin experimental
studies. The duration of this phase depends onh&hebr not the
organisms in question are fast or slow growing.

Stationary phaseAfter a phase of active growth, there follows agh
when once again there is little or no increas&@rtumber of organisms
so that the number of organisms remains constarg. éxplanation for
this is probably that there is exhaustion of esaknutrients and energy
sources resulting from the activities of the expuiad growth phase.
Other reasons might be the accumulation of toxitabwic wastes in
the culture medium.

Death or decline phase-This is essentially the reverse of the
exponential growth phase with the cells dying in gaometric
progression fashion. The total cell counts may fansanstant initially
but the total number of viable cells continues ¢alohe. This pattern is
ascribable to the increase in toxic metabolitefiwithe medium as well
as the release of lytic enzymes by the dying cells.

The type of growth described above is known as Hbatalture.
However, it is possible to use an open system inchwithere is a
continuous supply of fresh nutrients into the adtunedium and a
continuous removal of grown bacteria using a caonstavel device.
This type of continuous culture system is achielrgd chemostator a
turbidostat.

3.7 Environmental Factors Influencing Growth
These factors include:

I pH: (Negative logarithm of Hydrogen ion concentrajiermost
bacteria grow best between pH 6 and 8. Some haowane
sensitive to acid but tolerant of alkali évjbrio cholerae

. Temperature- each bacterium multiplies best within a restdcte
temperature range. Psychrophiles - grow below 20@xDially
quite well below 00C. For example, soil and wdtacteria. They
cause spoilage of refrigerated and frozen foodsdyhiles —
most cause disease in humans. T°: 30°-37°C. Thahiles — are
incapable of growth at the normal body temperatliney are not
involved in infectious disease of humans. T° is4B0°C. They
are cause of spoilage in under-processed cannadb,fesince
many form spores of exceptionally high heat rasise.

iii. Osmotic pressure as a result of the presence of semi-permeable
cytoplasmic membrane, bacterial resembles othiés e being
subject to osmotic pressure. Sudden exposure ofetia to
solution of high salt concentration causes loswater from the
cells, and shrinkage of protoplast (plasmolysBlasmolysis
prevents growth.

\Y2 Oxidation-reduction (Redox) potential
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V. Carbon di
Vi.
Vii.

MEDICAL MICROBIOLOGY AN

oxide

Moisture and dessication
Light and other radiations

D PARAS TOLOGY

Gaseous nutrients it is necessary to provide oxygen for a striabhe
and to remove it completely from the environmenstoict anaerobe.

Descriptive term

Definition

Representative
Microorganisms

pH Growth optimum pH: 0 and 5.5

Acidophile

Neutrophile Growth optimum pH: 5.5 and Escherichia,
8.0

Alkalophile Growth optimum pH: 8.0 and
115

Temperature Bacillus psychrophilus

Psychrophile

Grows well at 0°C and hsd
optimum growth temperature
15°C or lower

IS
Df

Psychrotroph

Can grow at 0-7°,
optimum is between 20 an
30°C with 35°C as thg
maximum

but theisteria

dnonocytogenes,
b Pseudomonas
fluorescens

Mesophile

The optimum growt]
temperature is between 20°
45°C

hEscherichia coli,

CNeisseria
gonorrhoeae,
Trichomonas vaginalis

Thermophile

Can grow optimally betwes
55°C and 65°C

eiGeobacillus
stear othermophilus,
Thermus aquaticus

Hyperthermophile

Has an optimum between 80 and

about 113°C

Oxygen Micrococcus  luteus,
Concentration Completely  dependent  grPseudomonas,
Obligate aerobes| atmospheric O2 for growth Mycobacterium; Most
protistsandfungi

Facultative Does not require ©Ofor growth, | Escherichia,
anaerobe but grows better in its presence Enterococcus
Aerotolerant Grows equally well in presengestreptococcus pyogens
anaerobe or absence of O2
Obligate anaerobeDoes not tolerate O2 and dies|i€lostridium,

its presence Bacteroides
Microaerophilic Requires O2 levels below |2Zampylobacter,

10% for growth and is damagg

by atmospheric O2 levels (20%

>dreponema pallidum

)
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SELF-ASSESSMENT EXERCISE

Discuss how environmental factors like carbon dleximoisture and
desiccation, light and other radiations affectgh@wth of bacterial.

4.0 CONCLUSION

In this unit, we have learnt about how bacteriangemd their nutrition.
Also discussed were factors such as carbon diokglg, moisture and
dedication and how they affect bacteria growth.

5.0 SUMMARY
In this unit, you have learnt about the following:

I Common Nutrients Requirement

. Nutritional Types of Microorganisms
iii.  Growth factors

Iv. Nutrient Uptake

V. Culture Media
Vi. Bacterial Growth
vii.  Environmental Factors Influencing Growth.

6.0 TUTOR-MARKED ASSIGNMENT
Answer the following questions:

1. what are the nutrients requirements of microorgasid_O1).

2. explain the nutritional types of microorganisms @)O

3 outline the requirements for Carbon, Hydrogen, @xygnd
Electrons (LO3).

4. what are microbial growth factors (LO4).

5. Explain the following terms: a. Facilitated diffosi b. Active
transport c. Group translocation (LO5) vi. clasgifyture media
and mentioning their uses (LO6).

6. Describe a “typical” Bacterial Growth Curve (LO7).
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1.0 INTRODUCTION

A chemotherapeutic drug is a chemical compound ihatsed in the
treatment of disease. The compound may come frdoralasources or
may have been synthesized by a chemist in thed&drgr An antibiotic

is an antimicrobial agent that is derived from anmorganism while
antimicrobial agent is a drug that acts primarilgaiast infectious
organisms. Sir Fleming discovered Penicillin in 892Antibiotics were

originally natural, produced by other organismg, lnost are now semi-
synthetic —modified from the original compoundgy(déeta-lactams), a
few are completely synthetic (e.g. quinolones, okdimones,

sulfanamides) while drugs like the aminoglycosides still produced
from living organisms.

2.0 LEARNING OBJECTIVES

By the end of this unit, you will be able to:

) explain the classification of antimicrobials
o classify antibiotics according to the site of actio
o explain mode of action of each group with spe@ftamples.

3.0 MAIN CONTENT

3.1 Classification of antimicrobials (majorly antibacterial)

I. Bacteriostatic or Bacteriocidal
il Site of Action

ii. Chemical structure

\Y2 Range of Activity
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3.2 Bacteriostatic

Inhibit growth of the microorganism at normal contations. Duration
of therapy must be sufficient to allow cellular ahdmoral defense
mechanisms to eradicate the bacteria. Final elitiwinas dependent on
host immune system. Examples are: TetracyclinegithEmycin,
Sulphonamides, Chloramphenicol.

3.3 Bacteriocidal

Kill the microorganism. Bactericidal antibioticsaiid be used to treat
infections of the endocardium or the meninges. Hibstenses are
relatively ineffective in these sites. Dangers iisgab by such infections
require prompt eradication of the organisms. EAgninoglycosides,
Fluoroquinolones, Penicillins, Cephalosporins.

3.4 Sites of action

There are five major modes of action:

. interference with cell wall synthesis,

. inhibition of protein synthesis,

. interference with nucleic acid synthesis, and
. Inhibition of a metabolic pathway.

. Disruption of bacterial membrane structure.

Interference with Cell Wall Synthesis-

o B-lactam agents inhibit synthesis of the bacteril wall by
interfering with the enzymes (PBPs) required fa ¢lynthesis of
the peptidoglycan layer. Eg: penicillins, cephatwsys,
carbapenems, monobactams.

o Glycopeptide also interfere with cell wall syrgise but by
binding to the terminal D-alanine residues of thasaent
peptidoglycan chain, thereby preventing the croggAg steps
required for stable cell wall synthesis. E.g vangoim,
teicoplanin.p-lactams. The first antibiotic discovered wa$-a
lactam, i.e., penicillin in 1928 by Alexander Flemi

The work of Florey, Chain and associates in 194Hampossible the
commercial production of penicillin G. Ap-lactam antibiotics have a
B-lactam nucleus in their molecular structure. P#ims and
derivatives, cephalosporins, carbapenems, monabactndp-lactam
inhibitors. The basic structure consists of a thiidme ring — thep-
lactam ring — and a side chain. Tigé&actam ring is essential for

78



NSC 211

MODULE 3

antibacterial activity. The side chain determines large part the
antibacterial spectrum and pharmacologic properties

Examples off-lactams

a.

Penicillins- penicillin G, penicillin V Penitihase — resistant
penicillin

Methicillin, nafcillin

Isoxazolyl Penicillins - cloxacillin, Flucloxdtn, Oxacillin
Aminopenicillins-

Ampicillin,  Amoxicillin,  Bacampicillin,  Antipseudmonal

(ureidopenicillins)-

Azlocillin, Carbenicillin, ticarcillin, Mezlociin, Piperacillin b.
Carboxypenicillins-

Carbenicillin, ticarcillin

Cephalosporins discovered as naturally occurring substances
from the mould Cephalosporium Cephalosporin Caioletd from
the cultures of Cephalosporium acremonium and he t
foundation on which current cephalosporin antiwidcals are
constructed. TheB-lactam ring is fused to a six-membered
dihydrothiazine ring (yielding the cephem nucleuSpntrast to
penicillins in which the comparable unit is a filembered
thiazolidine ring.

1st generation: Relatively narrow spectrum diivety focused
primarily on the grampositive cocci. Eg - cephaillotltephradine
2nd generation: Variable activity against graosipve cocci but
have increased activity against gram-negative bactdg -
cefuroxime, cefoxitin

3rd generation: Very marked activity against gram-negative
bacteria; some of them have limited activity agaigsam-
positive cocci, particularly MRSA. Eg - Cefotaxinfjelaforan),
Ceftriaxone (rocephin), Ceftazidime (fortum), Cedcgzone.

4th generation. Good true broad-spectrum agtiggainst both
Gram-negatives and Gram-positives. Eg Cefepime

5th generation - MRSA-active cephalosporins andrently
includes ceftaroline and ceftobiprole. Cephamyci@osely
related to cephalosporins. They contain oxygenaceof sulfur
in the dihydrothiazine ring, rendering them morabt to beta-
lactamase hydrolysis. The cephamycins are noted tlieir
additional activity against gram-negative anaerdiaicteria, such
as Bacteroides spp. They are grouped together asn&e
generation cephalosporins. Eg cefoxitin, cefotetaimetazole.
Otherp-lactams:

79



NSC 211 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

Monobactams narrow-spectrum antibiotics. Active only against
aerobic, gram-negative bacteria.eg Aztreonam

. Carbapenems They are derivatives of thienamycin, a compound
produced by streptomyces cattleya. They diffussilyeain
bacteria and are considered as broadspectrumicdizbactive
against virtually all groups of organisms with feaxceptions
(such as Stenotrophomonas maltophilia). Eg Merepen
Imipenem and Ertapenem

p-lactamase Inhibitors (suicide inhibitors)- Do not contain thg-
lactam ring

. Clavulanate, Sulbactam, Tazobactam. They carcdrabined
with other p-lactams eg amoxycillin to enhance antimicrobial
spectrum. They do not affect the pharmacokinetios does it
increase side -effects. It Increases resistancg- tactamases.
Possess negligible antimicrobial activity. May taversible or
irreversible. All used in clinical practice areeiversible.

. Amoxycillin-clavulanate (Augmentin)

. Ampicillin-sulbactam (Unasyn)

. Ticarcillin-clavulanate (Timentin)

. Piperacillin-tazobactam (Zosyn) Other Inhibitoo$ cell wall

synthesis asidef — lactams. ¢ Glycopeptides - Vancomycin,
Teicoplanin, Ramoplanin, Decaplanin

. Bacitracin

. Cycloserinev Fosfomycin Inhibition of Protein Synthesis.

Antibiotic Classes

. Aminoglycosides

. Streptogramin cidal

. Glycylcyclines

. Tetracyclines

. Chloramphenicol

. Macrolides

. Lincosamides

. Fusidic acid

. Oxazolidones (Linezolid)

Antimicrobials that Attack the 30s Ribosomal Sulbulocking Protein
Synthesis

Aminoglycosides- The antibiotics inhibit bacterial protein synsigeby
irreversibly binding to 30S ribosomal proteins. @gimally, they were
isolated from Streptomyces species. Gentamicin was isolated from
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Micromonospora species. Amikacin is a synthetic derivative of
kanamycin. Broad spectrum. Act in synergy with othegents.
Streptomycin, neomycin, kanamycin, tobramycin.

Tetracyclines -Tetracycline, Oxytetracycline, Doxycycline and
Minocycline. Oral absorption — poor with food, milbrange juice,
antacids iron containing tonics. Mode of actiorbysreversible binding
to the 30S ribosome and inhibition of binding ofiaoacyl-t-RNA to
the acceptor site on the 70S ribosome.

Spectrum of activity — Broad spectrum; Useful agaimtracellular
bacteria. Resistance is common with adverse -effantduding
destruction of normal intestinal flora resulting imcreased secondary
infections and staining of the structure of bone taeth.

Glycylcycline- Tigecycline, which is a Synthetic analogue of
Tetracycline-Broad spectrum of activities. Usefufjamst strains
resistant to tetracyclines and other antibiotidmi€al use: skin and soft
tissue, intra-abdominal infections.

Spectinomycin reversibly interferes with m-RNA interaction withe
30S ribosome. It is structurally similar to aminggisides but does not
cause misreading of mMRNA. Used in the treatmepieoicillin-resistant
Neisseria gonorrhoeae.

Oxazolidinones - Linezolid. Attach to 30s ribosom&fect translation
by inhibiting the formation of N-formylmethionyl-tRA. Activity
mainly against Gram positive organisms. Antimicedbithat Attack the
50s ribosomal subunit, blocking protein synthesis.

Chloramphenicol, lincomycin, clindamycin - bind to the 50S
ribosome and inhibit peptidyl transferase activiBhloramphenicol is
broad spectrum while Lincomycin and clindamycin anarrow
spectrum. Resistance is however common. Chlorangiienan be
toxic (bone marrow suppression) but it is used he treatment of
bacterial meningitis. Lincomycin and clindamycin egispose to
Pseudomembranous colitis.

Macrolides— Erythromycin, Azithromycin, roxythromugc
clarithromycin. Inhibit translocation in proteinrghesis. Good coverage
against Gram-positive bacteria, Mycoplasma, Legionella.
Streptogramins-  (Bacteriocidal) Eg:  Quinupristinfdgaristin.
Synergistic activity when used together causingversible binding to
different sites of the 50S ribosome. Good againsanG positive
organisms with little resistance developed.
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Inhibitors of Nucleic Acid Synthesis

Inhibitors of DNA replication Quinolones (fluoroquinolones) A
family of synthetic antimicrobial agents. The ficuinolone, nalidixic
acid was identified among by-products of chlorogusiynthesis in 1962.
NA has bactericidal activity against Gram-negatives

2" generation quinolones have a fluoride atom at tjpwsi6 of
guinolone molecule with enhanced biological acyiviluoroquinolones
discovered in the 1980s e.g. ciprofloxacin, oflaraperfloxacin, and
norfloxacin.

39 generation — (fluoro) quinolones e.g. levofloxagiith activity
against both Gram-positives and Gram-negatives.

The quinolones selectively interfere with bacte®A replication by
inhibiting two enzymes involved in DNA synthesishet type Il
topoisomerase known as DNA gyrase, and DNA topogase V.
They generally have broad spectrum activity.

Inhibitors of RNA polymerase-Rifamycins. Bind RNA-dependent
RNA polymerase and block initiation of synthesis mRNA. Wide

spectrum of action but is used most commonly in tieatment of
tuberculosis. Since resistance is common, rifampinsually used in
combination therapy.

Nitroimidazoles -Interact with DNA leading to breaks in the DNA —
Metronidazole, Tinidazole. Active against anaeradr@s$ some protozoa.
Inhibition of a Metabolic Pathway.

Inhibitors of Folic Acid Synthesis

The selectivity of these antimicrobials is a conssgre of the fact that
bacteria cannot use preformed folic acid and mysthesize their folic
acid. In contrast, mammalian cells use folic adthmed from food.

Trimethoprim- Available since 1962. The last trulgw antibacterial

agent introduced into clinical practice. All lateveloped agents are
variations of older antibiotics. It is completelynsghetic.
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dihydropteroate diphosphate + p-aminobenzoic acid (PABA)

difydropteroate
synthetfase

T-—|suh“0namides|

dihydropteroic acid

i
dihydrofolic acid

dihydrofolate t - |tri methoprim I
reducta se

tetrahydrofolic acid

Figure 1: The pathway for inhibition of folic acsgnthesis by
sulfonamides

Trimethoprim , methotrexate, pyrimethamine (bacteriostatic) - bind
to dihydrofolate reductase and inhibit formationtetrahydrofolic acid.
Broad Spectrum and used primarily in urinary traedections and in
Nocardia infections. Resistance however is Common.

Sulfonamides sulfones (bacteriostatic) - analogues of para-
aminobenzoic acid and competitively inhibit fornoatiof dihydropteric
acid. Combination therapy — Trimethoprim used imbmation with the
sulfonamides. This combination blocks two distist#ps in folic acid
metabolism and prevents the emergence of resstiais.

Inhibition of Cell Membrane Function

Antibacterial — Polymyxins: Very toxic (Nephrotoxic), used mainly
topically. Gram negative organisms except ProtBatymyxin E— only

one used parenterally (colistin). Polymyxin Btopioa skin binds to the
lipid A portion of lipopolysaccharide and also tdgspholipids.

However, it binds preferentially to lipid A. Thisisdupts the outer
membrane of Gram negative bacteria. Since thensethbrane is not
exposed in Gram positive bacteria polymyxin hateliactivity against

them. It is toxic to human cells, since it can algee eukaryotic

membranes; hence has limited clinical use.

Antifungal drugs - Polyenes — Nystatin and Amphotdcin B
Bind to fungal ergosterol. It cross reacts with lammcholesterol.

Antibacterial — The cyclic lipopeptide, daptomyanserts its lipid tail
into the bacterial cell.
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4.0 CONCLUSION

In this unit, we have learnt about different claseé& antimicrobial and
their mode of actions.

5.0 SUMMARY

In this unit, we have learnt about the following:
I Classification of antimicrobials (majorly ansitterial)
. Bacteriostatic

ii. Bacteriocidal
\2 Sites of action.

6.0 TUTOR MARKED ASSIGNMENT
Answer the following questions:

I Describe the mode of action of penicillins (DO1
. List the generations of cephalosporin and texamples each

(LOL).
iii. Explain how antimicrobials inhibit protein sthesis (LO2)
\2 List antimicrobials that affect the nucleicicoof organisms
(LO2).
V. Write a short note on the following
a. Bacteriostatic
b. Bacteriocidal (LO1).
Vi. Describe antimicrobials that attack the 30Bosomal subunit

blocking protein synthesis (LO3).
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1.0 INTRODUCTION

In healthcare settings, various surgical and médcacedures are
usually performed. These procedures involve coritpehedical devices
or surgical instruments with patients’ sterile tiss or mucous
membrane. A major risk of all such procedures & ititroduction of

pathogens that can lead to infection. Failure toperly disinfect or
sterilize equipment carries not only risk assodatgth breach of host
barriers but also risk for person-to-person tragsmn (e.g. of hepatitis
B virus) and transmission of environmental pathesgefe.g.

Pseudomonas aer uginosa).

2.0 OBJECTIVES

By the end of this unit, you will be able to:

state the basis of infection control practices.

list the principles of infection control
differentiate between sterilization and disinfentio

disinfection, including the newer disinfectants
o explain a disinfection policy.
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3.0 MAIN CONTENT

3.1 Basis of Infection Control Practices

Involve the use of practices and procedures thexgmt or reduce the
likelihood of infections being transmitted from ausce (e.g., person,
contaminated body fluids, equipment, and envirortirnena susceptible
individual.

3.2  Principles of Infection Control
These include:

Handwashing

Protective Clothing

Cleaning Disinfection and Sterilization

Management of Linen

Management of Waste

Management of Blood spillage

Management of Inoculation and Contaminationdieists
Specimen handling and transportation

ONoO~wWNE

3.3  Definition of Terms

Cleaning- The physical removal of organic material or sbtibm
objects. It involves use of water with or withowttergents. It removes;
not to kill microbes.

Sterilization- The total elimination of all forms of microbialfd
including spores.

Disinfection- The elimination of vegetative organisms without
elimination of spores.

34 Rationale for Choice of Procedure

This entails categorizing medical devices, equipmand surgical
materials based on the risk of causing infectiotq:i

I. Critical items

il. Semi-critical items
ii. Non-critical items
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Critical items

These are instruments or objects that will be thiced directly into the
blood stream or into other normally sterile arddsese include surgical
instruments, implants, blood compartment of a habatgzer, cardiac
cathetersThe minimum standard required is Sterilization.

Semi-critical items

These items come in contact with intact mucosalases but do not
ordinarily penetrate body surfaces. They have mngeliate risk of
causing infection. These include non-invasive téxi and rigid
endoscopes, endotracheal tubes, cystoscopes, l@mastbreathing
circuits.

Sterilization is preferred but is not absolutely esential. A high-level
disinfection procedure that can be expected to destroy vegetative
microbes, most fungal spores, tubercle bacilli amall non-lipid
viruses can beecommended

Non-critical items

These items do not ordinarily touch the patientooich only intact skin
and have a low risk of transmitting infection. Taéegems include
crutches, blood pressure cuffs, stethoscopes, ituets, etcCleaning

with water and detergent may be adequate though aoWw-level

disinfectant may be preferred in all cases.

35 Sterilization

There are various methods available for sterilratiFor example, use
of:

Moist heat under pressure (autoclaving)
Dry heat

Ethylene oxide gas

Vapor phase Hydrogen peroxide
lonizing radiation

arwpdE

Moist Heat under Pressure (Autoclaving)

o This involves autoclaving at 121°C for 15 minutédtash
sterilisation 270°C for 3 minutes (not for implant

o It is very reliable and efficient.

o It can be used to sterilize dressings, instrus)aglass wares.

) It is not suitable for powders, some plastichyainous oils

(i.,e., heat & moisture sensitive)
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Dry Heat

° Sterilization using dry heat is achieved at 16052 hours. Hot
air oven is used.

. This method is used for heat stable materialassylare, oils,

powders.

-

Fig. 3.2 Flaming

-

Ethylene Oxide Gas

This is effective at low temperature.
It has good penetrating power, and compatiblé wibst medical

materials.

. However, it is expensive, toxic and inflammable.
Vapour phaseHydrogen Peroxide

. Sterilization occurs at low temp. It is safe, mxit residuals;
simple to operate, install and monitor.

. Sterilization takes place in small chamber. HQuiees synthetic
packaging.

. Devices with long or narrow lumens cannot be pssed.
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lonising Radiation

This sterilization method is used for packaging emats, mainly
industrial. For example, use of cobalt 60 gammas ray electron
accelerators.

Central Sterile Services Department (CSSD)

) Cleaning, Disinfection and Sterilization of pati€ supplies
should be performed in the CSSD.

o It should be divided into several areas separdétgdhysical
barriers.

o Temperature should be between 18°C — 22°C.

° Relative humidity should be between 35% -70%.

o Airflow should be directed from clean to relatiwesoiled areas.

Rules of sterilization

I All items should be thoroughly cleaned befoteriization.

. Pre-soaking in disinfectants is ineffective darshould be
discouraged.

iii.  Where possible pre-cleaning should be autetat

\Y2 All items should be double wrapped.

V. Wrapping should be compatible with the steaiian process,
inexpensive, impervious to bacteria (140-threagiktomuslin,
kraft paper, etc.), durable, flexible, free of lpofes.

Monitoring the Sterilization Process

Physicalmonitoring : Monitoring temperature, pressure, time.
Chemical monitoring: Involving colour or physical change indicators
that monitor exposure to sterilizing agents/coodsi

Biological monitoring: This is the most important monitoring method.
It is done weeklyBacillus stearothermophilus is the biological indicator
used for sterilizers an8acillus subtilis var niger or var globigii for
Ethylene oxide sterilizers.
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3.6 Disinfection
Methods of Disinfection
Broadly divided into:

I Boiling - Occurs at 100°C. It is not sporicidal.
. Chemical Disinfection- Disinfectants are of different types.
Their actions are dependent on many factors.

Classification of Chemical Disinfectants
Based on their microbicidal activity into:

I High level disinfectants
il. Intermediate level disinfectants
ii. Low level disinfectants

Low Level Disinfectants They can kill only vegetative bacteria and
enveloped viruses but not the tubercle bacilli,repar small and non-
lipid (non-enveloped) viruses; though they may kilingi after
prolonged contact.

Intermediate Level Disinfectants They kill vegetative bacteria,
tubercle bacilli fungi and enveloped viruses. Tldeynot affect spores
and non-enveloped (non-lipid) viruses at normaltaontimes. They
may exhibit limited virucidal (against non-enveldpeactivity on

prolonged contact. Examples include Chlorine compaguAlcohols.

High Level Disinfectants They Kkill everything except spores. At
extended contact times they are capable of acterlization. Examples
include 2% gluteraldehyde, Heat, Chlorine dioxidetacetic acid.

Factors Affecting Disinfectants These include:

I Type (Chemical component)
. Concentration

iii. pH of the medium

V. Temperature

V. Volume

Vi. Contact time

vii.  Length of storage

viii.  Nature and amount of contamination
IX. Presence of inactivating substances
X. Surface to be disinfected

Xi. Prior cleaning
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ALWAYS MAKE SURE THAT YOU ALWAYS USE
DISINFECTANTS ACCORDING TO THE MANUFACTURER'S
INSTRUCTION

Types of Disinfectants

I Aldehydes — e.g., Gluteraldehyde/formaldehyde

. Halogens — e.g., Hypochlorite/chlorine

iii.  Alcohols — e.g., Isopropyl/ethyl/methyl

\Y2 Chlorhexidine — e.g., Hibiscrub (chl + 4%dejent), Hibisol
(chl + alcohol +glycerine), Chl. Ointment

V. lodophors/iodine — e.g., Povidone iodine

Vi. Phenolics — e.g., Phenol, Chloroxynelol, HéMamphen. They
are environmental & laboratory disinfectants

vii.  Quanternary Ammonium Compounds- e.g., Cetleni

Newer Disinfectants
PeraceticAcid —NuCidex

They are:

Strong oxidising agent

Rapid bactericidal agent

High level disinfectant
PeroxygenbasedcompoundsVirkon
They are:

Broad spectrum

Good environmental disinfectant (may damage equipshe
For semi-critical items

SuperoxidisedWater

They:

Are environmentally friendly

Have broad spectrum of action

May be useful for semi-critical items
Rules for use of disinfectants

I Follow manufacturers’ instructions
. Check Expiry date of solution

iii. Ensure optimum dilution
\Y2 Always wash and clean articles before disihtet
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V. DO NOT REFILL DISINFECTANT CONTAINERS
BETWEEN EACH USE —a. TOPPING UP IS NOT ALLOWED

Vi. Disinfectants should be supplied ready for iieen the pharmacy
vii.  Return empties to pharmacy — do not discarduge for other
purposes

viii. Do not use to sterilize instruments or equgnt (unless specified
in the disinfection policy)

IX. Open containers are a seriously not allowedany hospital
environment

X. Where disinfectants are indicated for use oriases, WIPE —
DO NOT BATHE.

Disinfection Policy

I List purposes for which disinfectants are used

. Identify unnecessary or dangerous practices

iii. Select effective disinfectants for remainimglications

Iv. Ensure optimum dilution v. Arrange distributiand collection of
empties/expired

Vi. Ensure proper labeling

vi.  MUST BE WRITTEN AND PROMINENTLY DISPLAYED

vii. MUST BE REVIEWED EVERY TWO YEARS.

The role of the Pharmacy

I Ensure cleanliness of containers

. Ensure proper dilution

iii. Ensure correct labeling

Iv. Ensure proper distribution and collection

Some myths about disinfection in operating theatres

I Transfer areas where patients are transfemau fvard trolleys
to clean OR trolleys

. Routine culturing of OR personnel

iii. Routine culturing of the environment

\Y2 Ultraviolet rays for disinfecting theatres

V. Disinfecting theatre floors

Vi. Patient antiseptic baths or showers beforgesyr

SELF-ASSESSMENT EXERCISE
Answer the following questions:

I What are the basis of infection control praesi¢LO1)?
. List the principles of infection control (LO2)
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iii. Differentiate between sterilization and diation (LO3)

V. Enumerate the various methods for sterilizatamd disinfection
(LO4)

V. Outline the newer disinfectants (LO4)

Vi. Explain a disinfection policy (LO5

4.0 CONCLUSION

Discussed in this unit, were the meaning of st&iion and disinfection,
why they need to be carried out and how they capelrmed.

5.0 SUMMARY
In this unit, you have learnt about the following:

I. Basis of Infection Control Practices
. Principles of Infection Control

ii. Definition of Terms

V. Rationale for Choice of Procedure
V. Sterilization

Vi. Disinfection.

6.0 TUTOR MARKED ASSIGNMENT
List the disinfectants you usually used and writetbeir solutions.
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1.0 INTRODUCTION

Organisms are associated to each other for diffeeaisons like nutrition,
protection etc. this module will describe the agsomn of organism,
parasitic helminth and different types of host. fEhare a number of
"motives" for these associations, including pratetgtnutrition, and as an
aid to the dispersion (both geographically and tmiby) of the
organism. There are four main ways animals of wbffie species may be
associated to one another; Symbiosis, Mutualisnmi@ensalism and
Parasitism. These classifications however, on clasgpection, may
become blurred, one type taking on the aspectsaathar, for example
over time as the relationship evolves. Howevel general guide these
terms are still very useful.

20 OBJECTIVES

By the end of this unit, you will be able to:

o explain the various types of association existingtween
organisms

o give examples of various types of association

o describe the concept of parasitism and types @Sias

o explain the different types of parasites’ host.
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3.0 MAINCONTENT

3.1 Typesof Association
Symbiosis

Here both organisms are dependent on each othamidgs being the
association of flagellate protozoa in the gut ofmiées, where termites
are dependent on the protozoa for breaking dowin tbed stuffs, and
the protozoa are dependent on the termites asangahisms. Another
good example here which is often cited is the aason between clown
fish and anemones in tropical reefs; where the #shiependent on
anemone for protection and food while the anemares chot appear to
gain anything from the association, except possildgning. However, it
has been observed that in some cases, in the @&stftite fish partner
the anemones tend to disappear from their reef howdeating a true
symbiotic rather than a mutualistic or commenskdti@nship. Another
well-known example is found with the lichens, syotlw association
composed of fungi and algae. These associationdoe@yme very close,
and it is thought that the eukaryotes as a groopved as a result of such
an association. Intracellular organelles such as niitochondria and
chloroplasts appear to have their origin as inthalee symbiotes of early
eukaryotes, (some extremely primitive eukaryotashsas the intestinal
parasite Giardia lamblia, lack these organelle)e©forms of symbiosis
may be much less close, for example an organisinubes another
organism purely as a means of dispersal. Exampddsegcterial or fungal
spores on the legs of flies, or coelentrates anddates on the carapaces
of marine crustaceans. This particular form of sysils is sometimes
called phoresis.

Mutualism

Here the associates may or may not be dependerdamother for their
existence, but both benefit when they are assatidtgood example of
this occurs with the association of sea anemondab®iacks of crabs.
Both gain from the association (the anemone pragidome food for the
crab, which in turn gives extra motility to the amene), but both can
survive on their own. Another less well-known ex#arip found between
certain species of ants and the caterpillars ofesoimthe Lycaenidae
butterflies (particularly the 'Blues'), where thearpillar is protected by
the ants within their nests, in return for whicle taterpillar secretes a
honeydew which the ants collect. In this case ftbenpoint of view of
the ant, it benefits from the association, but doatsappear to need it,
(i.e. the association is facultative, or opporttia)s However, from the
point of view of the caterpillar, this associatismequired for its survival
(i.e. the association is obligatory). This illusés that these definitions
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may become blurred, and, over time, one form ab@ason may evolve
into another.

Commensalism

Neither organism is dependent on the other foexistence, but in this
case only one of the partners benefit from the@ason, the other being
unaffected. An example of this found in humans,theenon-pathogenic
obligate commensal protozoa such as the amdstiamoeba gingivalis,
commonly found in the mouth, feeding of bacteriead epithelial cells
and food patrticles. Purely commensal relationstapd to be rather rare,
as on a closer inspection element of mutualismacagptism may become
apparent.

Parasitism

Here one of the associates live either partly oollyhat the expense of
the other associate, the other partner (the hagnsm) not gaining
anything from the association. This association giag rise to extreme
pathology in the host, or the parasitism may beegaly not very
pathogenic. Parasitism is carried out by many asgas, the main groups
including viruses, bacteria, protozoa (these uguming endoparasitic),
and various metazoan groups (multicellular eukacyahimals), these
being mostly groups of helminths (often endopai@siand arthropods
(usually ectoparasitic), as well as some higheramigms, such as
ectoparasitic lampreys and hagfish. Generally, wewefor partly
historical reasons, the term parasitology genemaily refers to the study
of infection with eukaryotic protozoan, and invérate metazoan
parasites, not bacteria, viruses or the higher ddter parasites, even
though these are parasites in the true sense.

3.2 Classification of the Parasitic Organism

Organisms in these associations may either beeonuter surface of the
host organism, (in which case the prefix ecto-sed), or inside the host
organism, (in which case the prefix endo- is us€ldgse prefixes may be
used with any of the animal associations listedvab&or example, the
flagellate protozoa in the termite guts are Enddsgmis, while the
anemone can act as an Ectocommensal with the [Beahsites may act
as both ecto- and endoparasites. Parasites malyeatsassified according
to the closeness of the relationship. For exanfpljltative parasites
(such as many bacteria) are those where the paidsstyle is only taken
up opportunistically, whereabligate parasites (such as all viruses and
most of the helminth parasites described below)tlamse in which the
organism must parasitise another organism. Thesssipes may often
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cause diseases, in which case they are referreds tpathogenic
parasites.

In a somewhat wider interpretation of the term pdisam, some
organisms exhibit parasitic behaviour only earlyhair life cycle, these
being referred to adrood parasites. Examples of these include
caterpillars of the large blue butterfly, which ohieally mimic other
caterpillars with mutualistic associations withsa(gee above), but both
fail to produce honeydew as compensation and coasamhgrubs, and
may in fact destroy the nest, (thereby acting pathogenic parasite for
the ants). In this case, the parasitic lifestylebably evolved from the
mutualistic lifestyle of the other, related buthed, again illustrating how
one form of association may change into anothentier well-known
example of a brood parasite is a bird, the cuckome parasites establish
themselves in hosts in which they do not ordindig. These are called
theincidental parasites. A temporary parasite is free-living during part
of its existence and seeks its host intermittetatlgbtain its nourishment
whereager manent parasite remains on or in its host’s body from early
life until maturity, sometimes for its entire lif@arasite that has passed
through the alimentary tract without infecting thwst are called
COprozoic orspurious parasite.

Parasites often lack the necessary organs for gason of raw materials
and depend upon the host for pre-digested foodadaquate supply of
moisture is assured inside the host, but durindrdesliving existence of
the parasite, inadequate moisture may either pfatad or prevent the
larval development. Temperature is likewise impart&ach species has
an optimal temperature range for its existence @klopment. Both
high and low temperatures are detrimental and &ateal.

3.3 Typesof Host

Parasitic helminths may have either simple or casapdd lifecycles. The
terms used to describe the hosts harbouring diffeseages in these
lifecycles are however the same. The degree of gardane to the hosts
Is however varied. For example, in definitive hdbg greatest harm is
seen being the one the adult stage of the paiadiveind. Sometimes, a
host might assume dual functions, and thereforddcba difficult to
classify strictly into one type. Human host durinfection by malarial
parasite is one of such. Human could be classédgethe definitive host
being the one in which greatest harm is seen. Afgeymediate host
because human harbours the asexual stages of th&tpg merozoites
and trophozoites). A clear understanding of theti@hship between host
and parasite and function of host in survival aaddmission of parasite
is therefore necessary for a better classification.
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Definitive Host

The adult parasites are found in the definitivethd$is is where the

parasite’s sexual cycle usually takes place, wittee cross or self-

fertilisation with hermaphroditic parasites, or sakreproduction if the

parasites have separate sexes, followed by prastuofi eggs, or more
rarely with viviparous helminths, larvae. The gesaharm is usually seen
in this host.

I nter mediate Host

In many cases the parasites larvae are found fierelift hosts, these are
called the Intermediate Hosts. Parasitic helmiativde may have one,
two or more intermediate hosts in their lifecyclesthey may have no
intermediate hosts. Often asexual stages of reptmauoccur in these
intermediate hosts, (for example with Platyhelmipdéinasites). Note that
when describing hosts of parasitic protozoa, thesms are slightly
different owing to the asexual characteristics ahgnof these organisms.
With parasitic protozoa the vertebrate host is gahereferred to as the
definitive host, whilst the invertebrate is theeimhediate host. Some
parasitic nematodes (e.gSrongyloides stercoralis) are Facultative
parasites, having completely free-living lifecyciesaddition to parasitic
ones. The two terms definitive and intermediatet hane the most
important in Parasitology when referring to theetyq host. Avector
however, should not be mistaken for intermediata.h® vector actively
transmits infection to a host without necessardyblouring the asexual
stage of the parasite e.g., the vector of Africgpanosomiasi§lossina
spp. These groups of vectors pick up parasiteiftfeetive stage) from
the reservoir hosts during blood meal and transimtib a susceptible
definitive host. However, some vectors can stiliveeas intermediate
hosts harbouring the asexual or the larval fornth®@parasite e.g. certain
Anopheles mosquitoes that harbour the microfilariae of fahworms.

Accidental Host

Accidental hosts are those in which the parasibesad normally develop
(for example to lack of exposure to infective forafshe parasite), but
when occasionally chance infections occur, the giterais able to
complete its lifecycle. Hosts where the parasitea@amplete its lifecycle
are calledoer missive hosts, and include true definitive and intermediate
hosts as well as many accidental hosts. Examples inelude such
parasites a$-asciola hepatica, where the normal definitive hosts are
ruminants, but humans and other animals may alsaféeted and viable
adult parasites develop. Another example is huméeciion with the
nematodeAngiostrongylus cantonensis in the far East. In comparison
another form of the accidental host is tlog-per missive host where the
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parasite, although it may develop to some extaaches effectively a
dead end, the parasite not being able to comptstdifecycle and

eventually dying within the host. These forms deation often occur
where the parasite has intermediate hosts which Ipeayccidentally
ingested by animals other than the true defintist. For example, with
various marine ascarids of the famiyisakidae such as Anisakis sp.,
which give rise to the condition of 'Anisakiasisi angestion of raw

infected fish.

Paratenic Host

Paratenic hosts may also be included in parasaiminth lifecycles. In
these forms of infection, the parasites undergaragsted development
on infection, larval forms accumulating in thesestisountil they have a
chance of infecting the definitive host (e.g., ive tPseudophyllidean
tapeworms). These hosts are therefore not essémitampletion of the
parasite’s lifecycle. This is in contrast to theseavith true intermediate
hosts whose ingestion is essential to the lifegydt example
Echinococcus sp.

Reservoir Host

These are accidental hosts and hosts of paraskhieh wave zoonotic
patterns of infection (i.e. normally infect a widnge of hosts), may act
asreservoir hosts for the parasite. These are also a form of pei@ss
hosts as fully viable infections develop, and aeraccurate term would
be alternative definitive hosts (though this is motact used). The term
reservoir host is usually only used when describimgepidemiology of
human infections. An example of parasites with mtigninfections is
Schistosoma japonicum. This parasite, as well as infected man, can also
infect other mammals as definitive hosts, includindents, cats, dogs,
domesticated ruminants such as water buffalo andla range of other
mammals. In Human African Trypanosomiasis (HAT§ taservoir host
are cattle which serve asur ces of active infection to man. The presence
of theseZoonoses has implications for the control of the parasitahe
field.

SELF-ASSESSMENT EXERCISE

Answer the following questions:

I Write short note on the following: Symbiosis,uMalism, and
Commensalism (LO1).

. What is/are the differences between symbi@sid mutualisms
(LO1)?
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iii. Give one example in each case of (a) Comm&ama (b)
symbiosis (c) mutualism (LO2).

V. Describe the different types of Parasites witample (LO3)

V. Explain the various types of hosts (LO4).

40 CONCLUSION

In this unit, we learnt that organisms interactmatch other at different
degrees. While some are solely dependent on eheh, tiowever, some
are opportunistic and can adopt different meanghr survival. Various
types of association, classification of the pamasitganisms and different
types of hosts were also discussed.

5.0 SUMMARY
In this unit, you have learnt about the following:

I Types of Association.
. Classification of the parasitic organisms.
iii.  Types of hosts.

6.0 TUTOR-MARKED ASSIGNMENT

What is the type of association that exist betw&dmonella typhi and
its host?
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1.0 INTRODUCTION

This unit aims to introduce the student to the diitg of helminth
infections in man, and even more importantly, t@ thumbers of
individuals that harbour these infections in afjioms of the world. There
are three major groups of helminthes containing besithat have man
as their main hosts, these being the digenean djutkee Tapeworms
(Cestodes), and the Roundworms (Nematodes).

2.0 LEARNING OBJECTIVES
By the end of this unit, you will be able to:

o describe various helminthes parasites
o explain the examples of various helminthes parasite

3.0 MAINCONTENTS
3.1 Nematode | nfections

I. Enterobius vermicularis - Pinworm, Threadworm. E.
vermicularis infection is an extremely common nematode
infection, particularly in temperate areas sucM&stern Europe
and North America, (being relatively rare in thepics) and
particularly in children. It has been estimatedt ttiee annual
incidence of infection is over 200 million, thisgably being a
conservative figure. Samples of Caucasian childrehe U.S.A.
and Canada have shown incidence of infection ahfB9% to
80%, with similar levels in Europe.
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. Ascarislumbricoides - The Large Human Roundworm. Again, the
incidence rates for this parasite are very higt witL500 million
cases of infection annually, of which about 210lionl cases are
symptomatic.

iii. Trichuris trichiuria - The Large Human Roundworm. The
incidence rates for this parasite are also vegh,hwith estimates
of about 1300 million cases of infection annuadlf/which >133
million cases are symptomatic.

iv. ~ TheHookworms. These are represented by two parasiNesator
americanus in the tropics and sub tropics worldwide and th&S
states of the U.S.A., anfincylostoma duodenale, again with a
worldwide distribution in the tropics and sub tregas well as the
Mediterranean region. There are > 1200 million sasd
hookworm infection annually, of which about 100 lraih cases
are symptomatic.

Iv.  Lymphaticfilariasis - Elephantiasis

This disease is caused principally by two parasiwéghereria bancrofti
with an annual rate of infection of about 106 roillicases, anBrugia
malayi with an annual rate of infection of about 12.5limil. The total
number of people infected with other types of lymfphfilarial worms is
much smaller, at about 1.5 million cases. Thesehatic filarial worms,
along with the related filarial parasi@nchocerca volvulus, are unusual
among the nematodes in that they develop with, ardiransmitted by
insect vector intermediate hosts.

V. Onchocerca volvulus - River Blindness

The incidence rates for this parasite are not gk lais some of the
previously described parasites, with an annualobitefection of about 18
million, however, due to the extreme pathology asged with this
parasite, often with all adult members of affectéthges losing their
sight, along with severe skin conditions, the itifatis significant.

Vi. Dracunculus medinensis - Guinea Worm

The incidence rates for this parasite are much lpwéh an estimated
annual rate of infection of about 100 000. Thisnisch lower than in the
recent past, when up to 50 million people weredtdd. This reduction in
incidence illustrates how successful helminth cadmirogrammes can be
effective in reducing the disease caused by thegansms. Other
important nematode infections includejchinella spiralis, Srongyloides

stercoralis, and a number of more rare infections. Nematodes t

105



NSC 211 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

normally infect other animals may still cause dsgeim man. These include
Toxocara canis and a number of nematodes causingsakiasis.

3.2 Digenean Trematode | nfections
I Schistosomiasis - Bilharzia.

Schistosomiasis is caused Bghistosoma mansoni, S haematobium,
Sintercalatum, S japonicum and S. mekongi. This disease is the most
important human helminthiasis in terms of morbidityd mortality. The
numbers of people infected are lower than thoseasty of the nematode
infections, with an estimated annual incidence rdédtion of > 200
million cases. In terms of active disease howetler,parasite is much
more important, with an estimated annual mortaétg of about 1 million
deaths directly due to infection with these paessit

. Opisthorchissinensis - The Chinese Liver Fluke

This is also a very important trematode infectiarith an estimated
annual incidence of infection of about 20 - 30 imillcases, mostly in the
Far East, in Japan, China, Taiwan and South Eaat As

iii. Paragonimus spp. - The Lung Fluke This fluke causes a
pulmonary disease, the adult parasites living enltimgs of their
definitive hosts (e.g. man). There are a numbeliftérent species
of this parasite; the most well documented bé&tngestermani in
the Far East. It may however, be locally very compwaith up to
40 to 50% of the population infected. There areimlmer of other
digenean trematode infections. These include vagohinostome
infections as well as a number of other flukesadidition, there
are a number of these parasites that usually irdentesticated
animals, but also cause well known human infectiasswell.
These includéasciola hepatica andDicrocoelium dendriticum.

3.3 Cestode (Tapeworm) Infections
I Taenia saginata - The Beef Tapeworm

This only causes very limited pathology in man, thkat annual incidence
of infection is high, at an estimated 50 milliorsea.

. Taenia solium - The Pork Tapeworm

This has a similar estimated annual incidence f#ction of about 50
million cases. However, in this case the conseqgemay be more
severe, due to the added risk of contracting irdacwith the larval
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metacestode, (cysticercosis). This may have extreomsequences in
terms of the pathology associated with infectionhan estimated annual
mortality rate of about 50,000 deaths. For the ook, these annual
incidence rates are based on detection of infeetitnthe adult parasite.
This is achieved by examination of faeces, uringprtum for parasite
eggs. Diagnosis of infection with larval metacestqérasites, such as
Echinococcus sp. is very difficult, due to the lack of non-irsiae
diagnostic techniques. It is in consequence veffycdit to estimate
annual rates of infection, even though these mstades may be very
important pathogens.

SELF-ASSESSEMENT EXERCISE
Answer the following questions:

I Write short note on nematode infections, digeandrematode
infections and cestode (Tapeworm) Infections (LO1)

. Describe the following lymphatic filariasis, Enterobius
vermicularis, Dracunculus medinensis, Schistosomiasis —
Bilharzia, andlaenia solium (LO2).

iii. Mention the 3 types of fluke with 2 example$ each species
(LO2).

40 CONCLUSION

In this unit, we have discussed that parasitic h@lms can be grouped
into nematodes, cestodes and trematodes. The rndgsasme the most
diversified groups. Parasitic helminths infect adevirange of hosts,

ranging between man, domestic animals and wild alsinMorbidity is
often high leading to death of several thousangseople

5.0 SUMMARY

In this unit, you have learnt about the following:
I Nematode infections.

. Digenean trematode infections.

iii. Cestode (tapeworm) infections.

6.0 TUTOR-MARKED ASSIGNMENT

Discuss the various groups of parasites you knaw sypecific examples.
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1.0 INTRODUCTION

The phylumPlatyhelminthes comprises six classes which include the
free-living forms and those that are of zoologica¢dical and economic
importance. The medically important groups are tfggnatodes and
cestodes. Trematode also called flukes cause &eloucal infections in
humans which occur worldwide. The parasites areasped because of
their conspicuous suckers, the organs of attachrfiesmhatos means
"pierced with holes"). All the flukes that causdeittions in humans
belong to the group of digenetic trematodes. ThesscTrematoda
comprises 3 subclasses:

Subclass 1 — Aspidogastrea: They have large ventral adhesive organ
subdivided by longitudinal and transverse sepia $nicking discs. They
are parasites of turtles, fishes and molluscs.

Subclass 2 — Didymozoidea: These are tissue-dwelling parasites of fish.
They are greatly elongated, dioecious, with sexdiadorphism. No
complete life cycle is known.

Subclass 3 — Digenea: This contains parasites of medical and economic
importance to man and therefore will be dealt witbre extensively.
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2.0 OBJECTIVES

By the end of this unit, you will be able to:

° identify the striking features of digenetic trende

° describe the morphology of the egg, larva, and tastisige of
various digenetic trematodes

° explain the general transmission patterns of seamatodes.

3.0 MAINCONTENTS

3.1 TheAdult Digenean Fluke

The basic body form of the adult trematode takesraber of different
forms, some of which are illustrated below;

Figure 1.1: Amphistome- These have fleshy bodid¢k wiprominent sucker
at the posterior of the body (e@astrodiscoides hominis)
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Figure 1.2: Distome- These are the most common tyjik the mouth
surrounded by the oral sucker and a ventral supkesent anywhere on the
ventral surface except the extreme posterior feasriola hepatica)

0

Figure 1.3: Echinostomus - Similar to the distomaept that the oral sucker is
surrounded by a prominent collar, equipped witmapi(e.g.Echinostoma spp)
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Figure 1.4: Monostome: In these there is eithey onke sucker (usually only
oral sucker) or there are two suckers, but one ratyced, on in some cases
no suckers (e.d\Notocotylus attenuatus)

Figure 1.5: Schistosoma

Elongate trematodes, with separate sexes, the gelerally larger,
holding the female within a groove formed by a fogdof the male body
(the gynaecophoric canal). Found within the cirtaria system (e.g.
Schistosoma mansoni). There are other forms as well, for example the
'Holostome' type, where the body of the tremataddivided into two
distinct regions, the anterior of which may hold additional adhesive
organ, (e.gDiplostomum sp.), and the ‘Gasterostome’, where the gut is a
very simple, sac like, structure, attached to a tm@ituated near the
centre of the body (reminiscent of the arrangenoérs#gome of the free
living platyhelminthes).
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Figure 1.6: The generalized life cycle of digen#étiznatodes (imarcade.com

3.2 TheDigenean Trematode Egg

The formation of the digenean egg follows that dbesd for the
platyhelminthes as a group. Briefly, as the eggmnthe dotype of the
fluke it becomes surrounded by a predetermined reumivitelline cells,
the number of which will be specific for differeparasites, which form
the food reserve of the egg. These vitelline galtsduce globules of a
mixture of proteins and phenols, which are extruttethe outer surface
of the developing egg. Here the phenols oxidis®im quinone, which
then coalesces with the protein, reacting to focheratin, a hard inert
yellowish substance, making up the egg shell. Asdabgs of different
species may vary in thickness, their colours may ¥i@m yellow, to a
dark brown. The digenean egg is usually opercuiateommon with
other platyhelminthes. Exceptions to this may oduawever, the most
important being with the schistosomes. Here the @gg non-operculate,
and are ornamented with spines, the appearance to€hware
characteristic for different species of schistosome
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Figure 1.7: Operculate e

The eggs hatch of operculate eggs involves thaselef the opercular
cap. This takes place under a variety of conditiomdified according to
the particular species of trematode. For examptanes trematode
lifecycles involve the ingestion of the egg befdnatching (e.g.
Dicrocoelium dendriticum, the lancet fluke), whilst others such as those
of Fasciola hepatica, (the liver fluke), hatch iater. For the eggs that
hatch in the external environment, a number ofdigcinay be important,
for example light, temperature and changes in asnpoessure. Again,
the exact details of these environmental requirésnesil be optimised
for the particular conditions which will maximiséet chances of
completion of the parasite lifecycle. In all ca#esegg hatches to release
the miracidium.

3.3 Thelarval Digeneans
The miracidium

The miracidium is the name of the ciliated larvigige that is hatched
from the digenean egg. In comparison with the otHarval
platyhelminthes, it is very similar to the larvaettoe monogeneans, (the
oncomiracidium) and the larval cestodarian, or pfuare. In most cases
the miracidium is usually a free swimming stagd,tbeeks out the
primary, and in some cases only, intermediate hufdtsese parasites. In
all cases these primary, or 1st intermediate harstsnolluscs. In the few
examples where the miracidium is not a free-swingnsitage the eggs are
ingested, as with the lancet flukdcrocoelium dendriticum. Here the
eggs hatch in the intestine of the mollusc libegthe miracidium, from
where it immediately penetrates the intestinal w@ll invade the
molluscan tissues. In the free swimming miracidia tarval parasite
exhibits distinct behavioural responses that enabléo enter the
environment of or detect the presence of its hoBtese behavioural
responses have principally been studied in the oaskee schistosome
miracidium. Morphologically, the surface of the aurdium is covered
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with a series of ciliated plates, which may be dieseen using electron
microscopy after the removal of cilia. These cdéhepidermal plates (in
some species the cilia being replaced by spinespiscontinuous, not
being in contact with each other but being sepdrayeextensions of the
underlying subepidermal layer. The whole structsinéustrated below.

Figure: 1.8
CP= Ciliated plate

C=Cilia

SEC=Sub-epithelial cell
e-SEC=extension of epithelial cell
CM=Circular Muscle

LM= Longitudinal Muscle

The plates themselves show a definite arrangerbeirtg placed in four
to five transverse rows, the exact arrangementhidlwmay vary between
different trematodes. Beneath the plates are lafaeraiscle fibres. At the
anterior end of the larvae is a non-ciliated cadnipeojection, the
terebratorium, (or anterior papillae), bearing &ess of the apical and
penetration glands. These themselves are foure atrtterior end of the
body. Miracidia possess a number of sensory orghasnost important
of which are the dorsaly situated eye spots, béaneatch is found the
cerebral mass. Other sensory organs are situatddnwolds of the
terebratorium. Below all of the structures is fouhe miracidium's large
rounded germinal cells, which are often groupedlusters called germ
balls. Finally, the miracidia possess a protonepdiriexcretory system,
basically similar to that found in the adult patesi On examination of
eggs containing mature miracidia, it is clearlyrsttat flame cell activity
is the first sign of the initiation of hatching tfe egg. On invasion of the
molluscan tissue the miracidium sheds its ciligiates, in almost all
cases rapidly transforming into an endoparasitietnfothe sporocyst,
although in a few unusual groups the miracidium roagtain a fully
developed redia.

The sporocyst
The sporocyst develops within the molluscan hosit lasllow fluid-filled
germinal sac, into which protrude germinal mass&s.the conical

anterior of the sporocyst body a birth pore is teda from which
subsequent generations of larvae emerge. The garmiasses develop
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internally into either daughter sporocysts, whioh @ssentially the same
as their parent sporocysts, or into a second |ategle, the redia.

Figures 1.9 and 1.10: The sporocyst
Theredia

The redia are the second larval form to developiwithe molluscan host
(but may be absent in some groups, such as thst@sbmes). They are
similar to sporocysts, containing germinal mass#snva fluid-filled sac,
which may develop into either second-generatiorgtter redia, or more
commonly into the final larval stage within the gk, the cercaria. They
differ from the sporocysts, however, in that they @ much more active
form, and importantly they possess simple gut. {iSsie they feed on is
predominantly molluscan in origin, but the rediasgime groups (e.g.
those of the echinostomes) may actively seek oaitdi#velopmental
stages of other trematodes (e.g. schistosome gmisdavithin the same
intermediate.

The gut itself consists of a mouth, opening intarge muscular pharynx,
which in turn opens into a simple rhabdocoel liktestine. Externally,
behind the mouth many redia have a ridgelike colb@tiow which the
birth canal opens and from which either cercariaed@aughter redia
emerge. Further along the body are lobelike exterssof the body, which
are thought to aid the movement of the parasithiwits host's tissues.
An interesting exception to the general rule tleataria are produced by
the redia is found in a few tremadodes where ttangroduce progenetic
metacercaria, fully capable of producing viablesdg these few very
unusual cases, the trematode may only have a singleiscan host,
although the metacercaria may still be capablesgtlbping in a second
host as well. Exceptions such as these, and theserided above
involving miracidia containing fully developed radis evidence of the
evolutionary past of these organisms. It has betzdthat the redia bears
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some resemblance to some of the more advancedlanidres, and as
described above, this stage is a very active fofrthe parasite, fully
capable of actively ingesting host material, andsome cases even
predation of competing parasites within their hostsas been postulated
that the group as a whole emerged from an ancgstrasitic turbellarian,
with a single molluscan host, after the developnwodribternal division
and asexual reproduction, later developing speedliforms to exploit
the varying environments that these organisms t@meepe with.

The cercaria
Some of the types of Cercariae

=D

Gymnocephalus (e.g. Fasciola sp.) Trichocercous (e.g. Donax sp.)

Fig 1.11: Furcocercous (e.g. Schistosoma sp.) Microcercous (e.g. Bithvnia sp.)

In almost all species of trematode, it is the ceatatage that emerges
from the mollusc, and is the infective form for thertebrate host,
although there may be exceptions to this genetal or example, in
some cases a sporocyst, modified to have a thickemernal wall
resistant to the environment, emerges, to be irdesly a second
intermediate host, (e.g. as is the case in theati@he Dicrocoeloides
petiolatum). Other exceptions, involving redia proeg progenetic
metacercaria, have already been described aboedrdinatode cercaria
exhibits considerable variations in structure, Whis very important
taxonomically, and reflects in many cases adaptstio the specific
lifecycle of the parasite involved. Because of trisat diversity of form,
a system of cercarial classification has evolvealsebl on the gross
morphology of these larval forms. Firstly, cercarraay be divided into
three major groups:

I. Monostome Cercariae - These lack a ventral sucker, and have
simple tails. These forms develop within rediae.

. Amphistome Cercariae - In these the large ventral sucker is
situated at the base of a slender unbranched Thadse forms
develop within rediae.
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b)

f)

118

Distome Cercariae - This is the commonest cercarial form, with
the ventral sucker lying some distance from thstgrior end, in
roughly the anterior third of the body. These ahs¢ cercariae
may themselves be divided into a large numberubigsoups,
based on other morphological features, particuldng form that
the cercarial tail takes. Some of these formslaseribed below;

Leptocercous Cercariae - These cercariae have straight

slender tails, which are much narrower than teecarial

body. This form is further subdivided into:

) Gymnocephalous Cercariae - In these, the suckers are
equal in size. This is a common form, represented
within such species as Fasciola hepatica, andlaeve
within rediae.

1)) Xiphidiocercariae - These are similar to the
gymnocephalous forms, but in these the oral sudcker
equiped with a stylet, used in penetration of irtheext
hosts, and they generally develop within sportscys

1)) Echinostome Cercariae - In these there is a ring of spines
at the anterior end of the larvae, as in adulh®of these
parasites. These are found within trematodes @& th
genus Echinostoma, and develop within rediae.

Trichocer cous Cercariae - These forms have long tails, equipped
with rings of fine bristles. They are usually foum marine
trematodes.

Cystocercous Cercariae - In these the end of the tail is highly
enlarged, with a cavity into which the larval bodyay be
retracted. These usually develop within sporocysts

Microcercous Cercariae - Cercaria with vestigial tails, and
which may develop within both rediae and sporacyst

Cercariaea Cercariae - Cercaria with no tails, where the
cercaria is not a free-swimming form, and may tgvevithin
both rediae and sporocysts.

Furcocer cous Cercariae - In these the tails are forked at the end.
The cercaria of the most important group of tremes) the
schistosomes, have cercariae of this form. Thisnfdevelops
within sporocysts. Otherwise, both externally antkinally the
structure of the body of the cercaria resembles ahdhe adult
trematode into which they grow. For example, timg rof spines
found at the anterior end of echinostome cercasiadso present
in the adult flukes. The outer surface of the ceada a tegument,
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which may however differ from that found in the ddorm in a
number of ways. For example, in the schistosomesstipument is
covered with a trilaminate plasma membrane, (a®sgh to the
two bi-lipid membranes found in the adult), on theer surface of
which there is a glycocalyx, (absent in the adidjwever, many
other features of this tegument appear similah&b of the adult,
the differences almost certainly being adaptatidog to the
differing environments that these two lifecyclegea experience.
For example, spines found on the surface of botimgoof
tegument, and the overall structures of a syncyitommected to
sub-tegumental cells are the same. Within the daichody a
number of different types of gland cells may benfduincluding
cystogenous gland cells, used by the larvae teseer cyst wall
during the formation of the metacercarial stagel penetration
gland cells, used by the cercaria to penetrateeixs host, either a
second intermediate host, or in some groups thmitieé host,
(such as the schistosomes), where the cercarfeeifinal larval
stage. The cercariae released from their mollusctnmediate
host are usually a free-swimming form. These mhoshtlocate
either their next, and usually final intermediatesty their
definitive host which they actively penetrate (etgmembers of
the familySchistosomatidae), or locate a suitable solid substrate to
encyst upon, or be ingested by their definitiveti{osembers of
the familyAzygiidae). To locate these various targets the cercariae
are equipped with a variety of sensory organs. & leesnmonly
include two or more eye spots, as well as toucleptrs, and
allow specialised cercarial behaviour, designedbtmg the
cercariae into an environment giving the maximuwbgbility of
infecting their next hosts. For example, the ceaearof the
schistosomes exhibit negative phototrophy (swimmingthe
surface of the water), and positive thermotrophyd an
thigmotrophy, being attracted to warm objects mgvin the
water. As well as these behavioural responses wite free-
swimming cercariae, the parasite exhibits defintiecadian
rhythms in terms of shedding from the molluscart fexgain being
shed at times optimal for bringing them into cohtaith their next
host. For example, the schistosome cercariae arergéy shed
during daylight, in the morning, whilst those ofhet species
emerge only at night.

In a few groups, such @garia spp. However, the parasite employs three
intermediate hosts. In these cases, the cercanatnages the second
intermediate host to form a resting stage, the pwsaria described
below. In these cases, this second intermediateidhosturn ingested by

a third intermediate host, where it encysts to farmetacercaria.
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The mesocercaria

The mesocercaria is essentially a resting stageirwihe parasitic life
cycle, employing a second intermediate host in eagie lifecycle
utilising four hosts. The mesocercaria is a defipitolonged stage in the
adult generation of strigeate trematodes, whiclsetlio resembles the
cercarial body, from which it develops in the setamermediate host,
and which does not possess metacercarial featudes;elops in turn into
the metacercaria in another host. In parasitematis larval stage the
mesocercaria are capable of infecting and surviwitgin a very wide
range of paratenic hosts which may ingest the skodrrmediate host,
thus in effect increasing the number of hosts whiehparasite may use
in its lifecycle. For example, amphibians infectedh mesocercaria of
Alaria may themselves infect a wide variety of other ailghs, reptiles,
birds and mammals if they are ingested by thesaalsi

The metacercaria

This is a much more common "resting" larval stafehe trematode
parasitic lifecycle, formed either in a final inteediate host (when a
mesocercaria, or more commonly a cercaria entelmiy), or on a solid
substrate in the external environment. The fing@rmediate host may be
a fish (e.g.Opisthorchis sinensis), an arthropod (e.gDicrocoelium
dendtriticum, employing an ant second intermediate host, and
Paragonimus westermani employing a crustacean), or another mollusc,
as with some of the echinostomes. As stated alsmage trematodes
however do not have second intermediate hostseitiér encyst as
metacercariae on solid substrate's, such as agaggtation or on shells
of aquatic organisms, which will in turn be ingestey the parasites
definitive host, or in some groups such as thessobomes, as already
described, the cercariae directly penetrate the eki and infect, the
parasites definitive host. Although generally thestawercariae are
inactive encysted forms, the metacercaria of squeeiss do remain free
and action. In most other metacercariae howevegstment does occur.
The structure of the cyst wall itself varies coesably, though generally
it is a complex mixture of tanned proteins, lip@isd polysaccharides.
Within the cyst wall the morphology of the larvaually closely
resembles that of the cercarial body, althougteasrnibed above, in some
groups sexual maturation may occur either fullpatially. To continue
further the metacercaria must be ingested, eitlomigavith the body of
the intermediate host it inhabits by a carnivordeBnitive host, or along
with the vegetation it has encysted on by a herbw® or omnivorous
host.
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The Larval Digeneans - the Juvenile Adult Stages

On ingestion the metacercaria (or cercaria) masisfiorm into the adult
form. The precise details of this process will vacgnsiderably,
depending on how the definitive host was infecket.example, in some
species the adult flukes are found within the afitagy tract. In these
cases, the metacercarial cyst wall is broken dowvmetease what is
essentially a young fluke, which only has to migratshort distance to
reach their preferred site within the host’s bddyother groups however
the adult forms are located in other sites withia body. In these cases,
the liberated young fluke must penetrate the guit wain the case of the
schistosomes penetrate the host’s skin. Then thagt mndergo a
migration through the host’s body. This is usualig the circulatory
system, but again the precise details of the nmogyapath will vary
considerably.

3.4 Featuresof digenetic trematodes

I Digenetic trematodes are unsegmented leaf-shapems that
are flattened dorsoventrally.

. They bear 2 suckers, one surrounding the méaridl sucker) and
another on the ventral surface of the body (véstreker). These
serve as the organs of attachment.

iii. The sexes of the parasites are not sepamatengecious). An
exception is schistosomes, which are dieciousé@xuial).

\Y2 The alimentary canal is incomplete, and nosasipresent.

V. The excretory system is bilaterally symmetridalconsists of
flame cells and collecting tubes. These flamescptovide the
basis for the identification of the species.

Vi. The reproductive system consists of male arsinadle
reproductive organs and is complete in each fluke.

vi. The flukes are oviparous. They lay opercudateggs. An
exception is schistosome eggs, which are not ofsed.

viii.  All have complicated life cycles, with alteating asexual and
sexual developments in different hosts.

Oral sucker e ol Q@

Pharynx

Esophagus
4 B, Genital pore
\_\'-_ - pr— /
J' - Ay Acetabulum
Intestine — r o 1t Vitellaria
l[ Gynocophoral canal

Testis |I P
4| 1 Uterus
v \ “' Ovary
%1 \ - Oviduct
AL
S £ Qotvpe

Excretory vesicle 1 -
¥ I
L

Vas deferens
Excretory duct

A B.
Fig 1.12 Structure of digenetic flukes. (A) Hermaphroditic fluke. (B) Bisexual fluke.
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SELF-ASSESSEMENT EXERCISES

Answer the following questions:

I What are the striking features of digenetierta@odes (LO1)?

. With a well labeled diagram describe the gatised life cycle of
digenetic trematodes (LO2)

iii.  Write short note on the following:

a. The miracidium
b. The sporocyst
(of The redia
d. The cercaria
e. The mesocercaria
f. The metacercaria
g. The juvenile adult stages (LO2)
\2 Outline the features of digenetic trematodg33).

40 CONCLUSION

In this unit, we have learnt that digineans are in&ly important

trematodes. The digenea are unsegmented leaf-shemeds that are
flattened dorsoventrally with two suckers (the osatker and ventral
sucker). The digeneans have heteroxenous life £y&eing one or more
intermediate hosts. The adult worms lay eggs withendefinitive host
which hatch miracidia in water medium. Miracidiavd®p within the

snail intermediate hosts of particular species. liflgecycles continue
following a specific pattern depending on the piéeas species giving
rise to other larval stages like sporocysts, redieercariae and
metacercariae

5.0 SUMMARY

In this unit, you have learned about the following:

I The adult digenean fluke.

. The basic lifecycle of the major groups of tligeneans.
lii.  The digenean trematode egg.

\Y2 The larval digeneans.
V. Features of digenetic trematodes.

6.0 TUTOR-MARKED ASSIGNMENT

Observe the larval digeneans under a microscopesgadt your findings
in the log book.
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1.0 INTRODUCTION

The digeneans are a group of specialised endopanalsityhelminthes.

A common feature is that all have complex lifecgcl@volving one or

more intermediate hosts, the first of which is glsva mollusc, which is

usually aquatic. As adults they are found in mastebrate, including

fish, amphibians, reptiles, birds, and mammalsngas definitive hosts,

where they may be highly pathogenic. They may batkxd in most of the
internal organs of these definitive hosts, inclgdine lungs, bladder and
blood stream, although the majority are found endhstrointestinal tract,
or closely associated organs such as the bileahdttiver. They exhibit

a flattened leaf-like body, structurally similar rmany of the free living

turbellarians. The digeneans are classified belaset on their locations
in the definitive hosts.

I. Blood flukes - Schistosoma haematobium, S mansoni, S
japonicum, S. mekongi andS. intercalatum

. Liver flukes - Fasciola hepatica, F. gigantica, C sinenss,
Opisthorchis felineus, O viverrini, Dicrocoelium dendriticum,

andD. hospes

iii. Pancreatic flukes - Eurytrema pacreaticum, E. coelomaticum,
andE. ovis

Iv. Lung flukes -Paragonimus westermani, P. mexicana, and P.
skrjabini

V. Intestinal flukes — Fasciolopsis buski, Metagonimus yokogawai,

Echinostoma ilocanum, Watsonius watsoni, Heterophyes
heter ophyes, andGastrodiscoides hominis.
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20 OBJECTIVES

By the end of this unit, you will be able to:

o explain the transmission cycles of digenetic trexdas

o describe types of digeneans with examples

o identify the factors responsible for transmissioin digenetic
trematodes

o identify the control measure to be taken to prewamsmission of
digenetic trematodes

o identify each parasite using the diagnostic featofdhe eggs

o explain the pathology caused by parasite.

3.0 MAIN CONTENT
3.1 Blood flukes (Schistosoma species)

Schistosomiasis, or bilharzia, is a tropical pdiasiisease caused by
blood dwelling fluke worms of the gen@shistosoma. Over 200 million
people are infected in at least 75 countries wi@lB énillion or more
people at risk of infection. The main schistosorttest infect human
beings includé& haematobium (transmitted byBulinus snails and causing
urinary schistosomiasis in Africa and the Arabiamipsula),S mansoni
(transmitted byBiomphalaria snails and causing intestinal and hepatic
schistosomiasis in Africa, the Arabian peninsulad &outh America),
andSjaponicum (transmitted by the amphibious sn@imcomelania and
causing intestinal and hepatosplenic schistosomiasi China, the
Philippines, and Indonesia).

S intercalatum andS. mekongi are only of local importancé&. japonicum

IS a zoonotic parasite that infects a wide rangaohals, including cattle,
dogs, pigs, and rodentS.mansoni also infects rodents and primates, but
human beings are the main host. A dozen othertsshisie species are
animal parasites, some of which occasionally infiechans. Unlike other
trematodes, schistosomes have separate sexesalastand females are
found together. The male is short and stout andshibie relatively long
female worm in its gynaecophoric canal, a grooke $itructure. Witls.
haematobium, both males and females live together in the viiiasdrain
the urinary bladder, pelvis, and ureter, wher8agaponicum and S.
mansoni live in the inferior and superior mesenteric veirespectively.
Hence, these flukes are known as blood flukes. 8hgsecies are
distinguished from the other Schistosoma speciesedaon the
morphology of their eggs and their adult and ceataforms. S
haematobium eggs have a terminal spine, wher&snansoni and S
japonicum eggs have lateral spines and central spines, cisgs.
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Mor phology

The adult males measure up to 15 millimetres igtleiand females up to
10 mm. The schistosomes remain in copula througtiheut life span, the
uxorious male surrounding the female with his gyaegdoric canal. The
male is actually flat but the sides roll up formithg groove. The cuticle
of the male is covered with minute papillae. Theadée only possesses
these at the anterior and posterior end as theles#dtion being covered
by the male body. Oral and ventral suckers areeptesvith the ventral
one being lager serving to hold the worms in placeyenting them from
being carried away by the circulatory current. Blva of S mansoni are
114-175um long by 45-68um wide. They are light yellowish brown,
elongate and possess a lateral spine. The shadidsfast when stained
with modified Ziehl Neelsen Stain.

A b
Fig 2.1: Saline smear of (a) 8. mansoni (b) 8. japonicum (c) 8. haematobium ova showing
their spine position: a good distinguishing feature when identifving Schistosome ova

Stages | S haematobium | S. mansoni | S japonicum

Adult

Body surface Finely Grossly Nontuberculate

of male tuberculate tuberculate (smooth)

Testes 4-6, in cluster 6-9, inaclustét, in a linean
series

Position  of| Posterior to Anterior to| Posterior to

ovary middle of body | middle of body| middle of body

Number  of| 20-30 1-4 50-300

eggs in uterus

Egg size anc
shape

] 110-170 pum long
40-70 um wide

114-175um long
45-68 pm wide

70-100pum long 50-
65 um wide Central

terminal spine lateral spine spine
Cercaria 2 pairs,| 2 pairs,| Pairs, oxyphilic
cephalic oxyphilic basophilic
glands

Life Cycles and Transmission of Schistosomes Onheeggs are laid by
the adult female worms, the majority of them fpass through the veins
of the blood vessel in which the worm is livingdathen into the lumen

of the intestine and are passed into the faeGesnénsoni and S
japonicum) or into the lumen of the bladder, and are thessed in the
urine @ haematobium). Those eggs that reach fresh water hatch,
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releasing a miracidium which, to develop furthersinmfect a specific

snail species within 24 hours. The eggs of eacltispeare markedly
different but each produce virtually identical naidium. A single

miracidium can multiply in the snail to produce rigd 00,000 cercariae.
Asexual multiplication takes place in the snaildaasults in the release
of cercariae (minute in size with forked tails, 8080 long) into the water
about 3 — 6 weeks later. Cercariae actively swiouad and when they
have located, or come into contact with a defirithost, they actively
penetrate the skin. They can stay active lookimgfloost for 24-48 hours

MODULE 5

after which if they don’t find a host they will die

The head of the cercariae migrates to the liverdaklops into either
adult male or female worms (flukes), where they ppiand then migrate
to their region of the venous blood system (spesjpexific sites). The
females leave the males and moves to smaller v&gldser to the lumen
of the intestine or bladder to lay their eggs (aloweeks after infection).
The majority of adult worms live from 2-4 years,tl@ome can live

considerably longer.

Mating adults
migrate to

‘Venous plexus
of biadder
(5. hasmatobium)
calrsingT

Mesanteric venules of bowselrectum
laying eggs that circulate to liver
and ara shed in stoal
(5. mansorn, fapomniowm)*
causing:

B
Schistosomulae migrate
to portal blooad in liver,
become 1—3 om long adults

Hematrla, bacterial UTis

Searring, calcification

Sguamous cell carcinoma

Occasional embolic egg
granulomas In braln or
spinal cord

Katayama fever (esp. S0)

Prasinusoidal egg granulomas

Symmers’ pipe stermn periportal fibrosis

Partal hypertansion

Dccaslonal embolic egg granuiomas
in brain or spinal cord

over 1—4 wks and meate
for life (3—30 yrs)

f
&/

Carcarias penctrate the skin,
shedding their forked tail
and becoming schistosomulae
causing:

“Swimmers” lich”

.

Snails release

forked tall cercarae (-5S00u)
which can live in 1—4d in water

"Also 5. intercalalum and mekongf

T~

8, hasmatobium 5 mansoni 5. japonicoam

aggs shed in urine

Eggs {7017 0u) hatch
{after 1—-3 hours)
releasing miracidia
{=1E0u) I wabsr

Bulinis

Miracidia paneirale and

develop over 1—2 monihs
as 2 ganerations of
sporocysts in snalks

Biomphalara
S, haematobium) (S, mansoni)

eggs shed in stood

i J
@ o

&

Cncomelania
(5. fapomnicurm)

Fig 2.2: Life Cycle of Schistosoma spp
Snail Host Geographical Area Trematode
Biomphalaria Brazil S mansoni
glabrata
Biomphalaria pfeifferi | Nigeria S mansoni
Bulinus globosus Nigeria S haematobium
Bulinus truncates Iran S haematobium
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Oncomelania Japan S japonicum
hupensis nosophora
Thiara granifera China Paragonimus
wetermani
Semisulcospira China Paragonimus
libertine weter mani
Pirenella conica Egypt Heterophyes
heter ophyes
Lymnaea truncatula | England Fasciola hepatica
Lymnaea natalensis Nigeria Fasciola gigantic

Pathology and clinical symptoms
o Acute manifestations

I Cercarial dermatitis, also known as swimmech,iis an allergic
reaction caused by the penetration of cercariagensons who
have been exposed to cercariae in salt water eshfwater.
Cercarial dermatitis manifests as petechial hadmges with
oedema and pruritus, followed by maculopapulah,rashich
may become vesicular. The process is usuallye@léd avian
schistosomal species of the generdrichobilharza,
Gigantobilharzia, and Orientobilharzia, which do not develop
further in humans.

. Katayama syndrome corresponds to maturatiotheffluke and
the beginning of oviposition. This syndrome is s&al by high
worm load and egg antigen stimuli that result frammune
complex formation and leads to a serum sickndéssdliness.
This is the most severe form and is most commaeensons with
S mansoni andS. japonicum infections. Symptoms include high
fever, chills, headache, hepatosplenomegaly, ladphopathy,
eosinophilia, and dysentery. A history of travelan endemic
area provides a clue to the diagnosis.

° Chronic manifestations

I Symptoms depend on tHéehistosoma species that causes the
infection, the duration and severity of the infecf and the
immune response of the host to the egg antigens.

. Terminal haematuria, dysuria, and frequenbation are the main
clinical symptoms of urinary schistosomiasis.

iii.  The earliest bladder sign is pseudotuberblg, in long-standing
infection, radiography reveals nests of calcifieda (sandy
patches) surrounded by fibrous tissue in the subsa

Iv. Dysentery, diarrhoea, weakness, and abdompaah are the
major symptoms of intestinal schistosomiasis.
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V. A reaction to schistosomal eggs in the liveuses a periportal
fibrotic reaction termed Symmers clay pipestemoisis.
Vi. Haemoptysis, palpitation, and dyspnea uponrtexe are the

symptoms of schistosomal cor pulmonale that deslas a
complication of hepatic schistosomiasis.

vi. Headache, seizures (both generalized and )ocal
myeloradiculopathy with lower limb and back pamaresthesia,
and urinary bladder dysfunction are the noted $gmp of CNS
schistosomiasis due & japonicum infection.

Diagnosis
I ntestinal schistosomes

o Laboratory confirmation ofS mansoni and S japonicum
infection can be made by finding the eggs in thecés. When
eggs cannot be found in the faeces, a rectal pigas be
examined.

o Serological tests are of value in the diagnosiscbistosomiasis
when eggs cannot be found. An enzyme linked imraarient
assay (ELISA) using soluble egg antigen, is emgudiogt HTD.

Urinary schistosome

The definitive diagnosis of urinary schistosomiasisiade by finding the

characteristic ova db haematobium in urine. Terminal urine should be
collected as the terminal drops contain a largeqntoon of the eggs. The
urine can then be centrifuged and the deposit ex@animicroscopically

for ova. Eggs can sometimes be found in seminal flumales.

o A bladder biopsy is seldom necessary to makedihgnosis. A
rectal snip may show the presence of ova as thexesmes pass
into the rectal mucosa.

o Serological tests can be of value when eggs ¢dmadound in
clinical samples. An enzyme linked immunosorbesgag using
soluble egg antigen to detect antischistosomeb@ayi is most
sensitive.

Note: There is a marked periodicity associated withtthie when most
eggs are passed out. Higher numbers of eggs ammmeced in urine
specimens passed between 10 am and 2 pm, presuaghlyesult of
changes in the host’s metabolic and physical aEsi
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Epidemiology of Schistosomiasis

The following factors are of epidemiological importe in the
transmission of schistosmiasis:

- The presence of water bodies such as rivergraggelakes, dams
suitable for the breeding of the snail intermesiabsts.

- Presence of appropriate snail hosts necessary tfe
developments of the asexual stages and transmisgidhe |
nfective stage to the human definitive host.

- Contamination of natural water bodies with inéstthuman
urine and faeces.

- Human water contact activities including swimmitgundry and
fetching.

- Factors that promote intramolluscan developmémpaoasite and
subsequent transmission to man -Socio-economtasstaf the
people such as good sanitary system and watehysupp

Control

- Reduction of human-water contact.

- Improved sanitation by proper waste disposal.

- Attacking the adult forms of parasite through rologherapy to
reduce the worm burden or egg production.

- Eradication or reduction of snail population tigh the use of
molluscicides.

- Development of vaccine to induce immunity.

- Modification of the ecology of the snail habitat

- Biological control through the introduction of rapetitor snails
into the snail habitat

- Education

3.2  Lung flukes (Paragonimus species)

The genudParagonimus contains more than 30 species that have been
reported to cause infections in animals and huma&msong these,
approximately 10 species have been reported toecafection in
humans, of whichP. westermani is the most importan®. westermani,
also known as the Oriental lung fluke is most comrmmChina, Korea,
Thailand, Philippines, and Laos. Isolated enderom have also been
reported from the states of Manipur, Nagaland,Anohachal Pradesh in
India. A low prevalence has been reported from @&imi countries of
Cameroon and Nigeria, where infections viddragonimus africanus and
Paragonimus uterobilateralis were reported. Humans are infected by
eating raw or partially cooked crab or crayfistcabs soaked in wine as
a food delicacy or by drinking juice from raw cradyscrayfish as a part
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of a food habit. It inhabits parenchyma of the lghgge to bronchioles in
humans, foxes, wolves, and various feline hostg, (&@ns, leopards,
tigers, cats)Paragonimus species belong to the familyoglotrematidae
and they possess the following striking features:

- The adult worm is reddish brown fluke.

- The body of adult worm is thick, fleshy, and aym shape.

- The tegument is spiny or scaly.

- Have weak suckers.

- Testes lie side by side.

- Uterus is short with a few tight uterine coilsrfong a ‘rosette’.

- Extensive vitellaria in lateral fields.

- Cercariae are microcercous xiphidiocercariae.

- The eggs are ovoid, brownish vyellow, thick slell@and
operculated.

Lifecycleand Transmission

The infection is typically transmitted via ingestimf metacercariae
contained in raw freshwater crabs or crayfish. fiddally, consumption
of the raw meat of paratenic hosts (e.g, omnivoroammals) may also
contribute to human infection. Freshwater snaild arabs are first and
second intermediate hosts Baragonimus species, respectively. In the
duodenum, the cyst wall is dissolved, and the neetaciae are released.
The metacercariae migrate by penetrating throughinkestinal wall,
peritoneal cavity, and, finally, through the abdoatiwall and diaphragm
into the lungs. There, the immature worms finalgttle close to the
bronchi, grow, and develop to become sexually neahermaphrodite
worms. Adult worms begin to lay the eggs, whichurembryonated and
are passed out in the sputum. However, if theysaralowed, they are
excreted in the feces. The eggs develop furthdrarwater. In each egg,
a ciliated miracidium develops during 2-3 weekse ftiracidium escapes
from the egg and penetrates a suitable speciasadf(first intermediate
host), in which it goes through a generation of repgsts and 2
generations of rediae to form the cercariae. Tiheati@e come out of the
snail, invade a freshwater crustacean (crayfisinady), and encyst to form
metacercariae. When ingested, these cause thdéianfeand the cycle is
repeated.
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stool

Fig 2.3:

operculated

Pathology and clinical symptoms

Acute manifestations: Acute pulmonary infectisrcharacterized
by low-grade fever, cough, night sweats, chest,paml blood-

stained rusty-brown sputum.

Chronic manifestations: Lung abscess or pleeffasion develops
in individuals with chronic infections. Fever, haaptysis,

pleurisy pain, dyspnea and recurrent attacks oftebat

pneumonia are the common symptoms. The conditiomicsi

pulmonary tuberculosis.

Fever, headache, nausea, vomiting, visuatudmmnces, motor
weakness, and localized or generalized paralysitharsymptoms
of cerebral paragonimiasis.

Diagnosis

Diagnosis is based on finding the characteristigseig brown sputum.
The eggs can also be found in the faeces due thosway sputum. A

chest x-ray may show cystic shadows and calcibcatberological tests,
in particular, the ELISA method, are useful diagmotests.
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Epidemiology

The epidemiology of the disease (Paragonimiasigglés on one of the
following:

- Presence of appropriate snail, crab and mammakaervoir
hosts in the area.

- Pollution of snail habitats with sputum and fa®of man as well
as natural mammalian reservoir hosts infected thighparasite.

- Consumption of metacercariae through eating aiv ror
undercooked crabs or through contamination offigers and
cooking utensils with metacercariae while cleaning

Control

- Proper cooking of crabs before consumptions.
- Proper waste disposal.

3.3 Liver fluke (Fasciola hepatica and F. gigantica)

Fascioliasis is a zoonotic disease caused bygtinfewith F. hepatica.

It is a major disease of livestock that is assediatvith important
economic losses due to mortality; liver condemmatioceduced
production of meat, milk, and wool; and expendisuf@ anthelmintics.
The disease has a cosmopolitan distribution, watbes reported from
Scandinavia to New Zealand and southern Argentindexico. Also of

importance is the West Africa specied-atciola (F. gigantica). The two

share similar morphology, life cycle and pathogiwicThey belong to
the familyFasciolidae having the following major features:

- They are large with flattened leaf-like forms.

- They have ramifying and complicated digestive egparoductive
systems

- Most members of the family inhabit the liver ati@ bile duct.
However Fasciolopsis buski inhabits the intestine

- Cercariae are gymnocephalous

- Metacercariae encyst on vegetation thus estahgjsh two-host
cycle

Mor phology of the Adult

- They are leaf-like with oral cone and shouldearerior end.

- The intestinal caeca, testes and ovary are beahch

- Tight and relatively short uterus is oppositetlie ovary at the
anterior end.

- Vitellaria are extensive and are laterally disited.
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Distinctions between F. hepatica and F. gigantica

- F. gigantica is larger (75 by 12mm) while is smaller (30 by
13mm)

- F. gigantica is oblong with prolonged posterior end white
hepatica is more or less triangular in shape.

- The eggs oF. gigantica is also larger.

Fig 2.5: Egg of Fasciofa: ova of Fasciofa are ovoid in shape. quinine colour and often
showing an inconspicuous operculum. Fasciola hepatica ova measure 130 - 150pm by 63 -
S90pum. There is much cross-over in ova size between all of the Fasciola species.

Lifecycleand Transmission

Opercular eggs are passed out from the faeceseointacted animal
(cattle or sheep). The eggs embryonate in the pcesaf light as stimulus
and hatch into miracidia which locate an approprs&tail intermediate
host by a chemical response called chemotaxis. shia@d host ofF.
hepatica is Lymnaea trucantula while that off. giganticaisL. natalensis.
The intramolluscan development of miracidium pragkisporocysts
which in turn develop rediae. The mother rediaedpoce second
generation of rediae (daughter rediae) which laggre rise to
gynocephalous cercariae. This crawls out of thd,dneates submerged
plant, loses its tail and encysts into metacereatig@ection occurs when
sheep and cattle ingest plants with metacercariaengl grazing.
Metacercariae excyst in the duodenum and the engergpung adult
punctures its way into the body cavity and wandeosind until it locates
the liver capsule. Its burrows into the tissuesdieg on the cells until it
gets to the bile duct where it eventually attairsgumty.

Pathology

- Pathology depends on the intensity of infectionl auration of
the disease.

- Fluke causes biliary obstruction. Because ofsguee, toxic
metabolic products, and feeding habits, the wonmnsvoke
inflammatory, adenomatous, and fibrotic changeghef bilary
tract.

- Parenchymal atrophy and periportal cirrhosis tgve
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- Severe headache, chills, fever, urticaria, d®lste substernal
pain, and right upper quadrant pains that radiatde back and
shoulders may be the first evidence of infection.

- As infection progresses, an enlarged tenderr,liyaundice,
digestive disturbance, diarrhoea and anaemia desel

Laboratory Diagnosis

- Definitive diagnosis is made by observing the oviaeces.

- Where identification cannot be made from the ®fd¢he ova,
clinical information and the source of infectionaynhelp to
provide a diagnosis. This includes an enlargeddefiver and a
febrile eosinophilic syndrome

- Positive complement-fixation test and intracutarge reactions
with fasciola antigens are used when direct faeszamination
fails to reveal the eggs.

Epidemiology and Control

Fascioliasis is prevalent in areas where cattlgheep graze and in areas
where appropriate lymnaeid snail hosts flourisheréfore, control
measures involves:

- Treatment of animals to improve general conditeord reduce
egg output.

- Breaking of transmission cycle by eradicating 8mil hosts.
However, this is difficult to achieve on the field

- Infection in humans can be prevented by elimitatiaw water
cress and other uncooked green vegetable fromii¢te

- A safe water supply is also necessary.

34 Intestinal flukes (Fasciolopsis buski, Heterophyes
heter ophyes, Metagonimus yokogawai)

F. buski is the most common intestinal nematode that cangastions in
humans. It is widely distributed in Asia and thaliam subcontinent,
especially in areas where humans raise pigs anduooa freshwater
plants. The trematoded. heterophyes and M. yokogawai are less-
common causes of human infection.

Lifecycle
F. buski, known as the giant intestinal fluke, is foundtie duodenum
and jejunum of pigs and humans and is the larggsstinal fluke to

parasitize humans. Humans are infected by eatieghfvater aquatic
plants such as water caltrops, water chestnutswaitelr bamboo, which
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can harbour the metacercariae. In the intestirentbtacercariae excyst,
attach to the duodenum or jejunum, develop, and gnto adult worms.
They lay unembryonated eggs, which are excret#itkifaeces. In water,
inside the egg, a ciliated miracidium develops, esmut, and penetrates
a suitable snail host. Inside the snail, after sdvstages of asexual
multiplication, large numbers of cercariae are pigsdl. The latter emerge
from the snail and encyst on the surface of aquédiats to metacercariae.
Ingestion of these plants causes infection in hiemand the cycle is
repeated.
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Fig 2.6: Life cycle of F.buski
Source: hitp:/www.dpd.cde.gov/dpdx

Mor phology

Eggs of Fasciolopsis buski are broadly ellipsoidal, operculated and
measure 130-150um long by 60-90 um wide. The eggs are
unembryonated when passed in feces. The eggdask.can be difficult
to distinguish fromFasciola hepatica, although the abopercular end of
the latter often has a roughened or irregular arba.adults of. buski
measure 20-75 mm long and have poorly-developet ama ventral
suckers. Adults reside in the intestine of the maitran host.

Fig 2.7: The egg and the adult forms of F. buski
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Clinical Features

Most infections are light and asymptomatic. In heavinfections,
symptoms include diarrhoea, abdominal pain, feaggites, anasarca and
intestinal obstruction.

Laboratory Diagnosis

Microscopic identification of eggs, or more rareliythe adult flukes, in
the stool or vomitus is the basis of specific d@gjs. The eggs are
indistinguishable from those &fasciola hepatica. 3.5

Pancreatic flukes (Eurytrema pancreaticum, E. coelomaticum, E. ovis)

These are widely distributed in China, Korea, Japtong Kong, South
America, etcE. pacreaticumis a common parasite of pancreatic (or rarely
bile) ducts of herbivorous mammals, i.e., cattheeps, goats, monkeys,
and camels.

Lifecycle

The adult flukes live in the pancreatic passageth@ferbivores. Eggs
are passed in the faeces and ingested by land svadh is the first
intermediate host (snail). The cercariae developo innfective
metacercariae only if ingested by grasshopperssebend intermediate
host. The life cycle is completed when the infeateskcts are eaten by
grazing herbivores. The metacercariae excyst andrabei to the
pancreatic passage, where they develop into addlimmans become
infected when they accidentally swallow infectedsghoppers.

Mor phology
The parasite (1018 x 5~9 mm in size) is broad, flat, and oval to fusiform.

The suckers are large, the oral sucker is largar tihe ventral sucker. The
eggs (56-80 x 3540 um) are embryonated in the uterus.

Fig 2.8: £ pacreaticum : from pancreas of cattle, Acetocarmine stain, X40
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Pathology and clinical symptoms

Eurytremiasis is usually characterised by mild stongs. Heavy
infections, however, may be marked by gastroimestdisturbances,
including abdominal distress, flatulence, vomitingjarrhoea or
constipation. jaundice, an enlarged liver, and esygt symptoms.
Eosinophilia is rare.

Diagnosis

Diagnosis is made by finding the characteristicseiggfaeces. Spurious
infection must be ruled out by repeated examinatiBggs of the

Dicrocoelium dendriticum and E. pancreatum are almost

indistinguishable. Definitive diagnosis can be mbagleecovery of adult

flukes at surgery or autopsy.

Prevention
Human infections are generally accidental.

SELF-ASSESSEMENT EXERCISES

Answer the following questions:

I Describe Blood flukes (Schistosoma species)3)L.O

. What are the main schistosomes that infect dunibeings?
(LO2).

iii.  Tabulate the comparative features of majoman Schistosoma
species (LO2).

\2 With a well labeled diagram describe the litgcles and
transmission of schistosomes (LO1).

V. Explain the Pathology and clinical symptoms hbddod flukes
(LOBG).

Vi. Describe the diagnosis of blood flukes (LO5).

Vil. Enumerate the epidemiology of schistosomigis{32).

viii. How can schistosomiasis be controlled? (LO4)

IX. Hightlight the differences in the mode of tsamssion cycles of
S.haematobium and H. heterophyes (LO3).

X. What are the morphological differences in thpecies of
schistosomes? (LO5).
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40 CONCLUSION

In this unit, we have learnt that digenic trematodehabit different
organs and tissues of the body in their host andngnthe medically
important members are thé&chistosoma species (blood flukes),
Paragonimus species (lung flukes) ané&asciola species (intestinal
flukes). Eggs are released through urine, sputuhfeaces and serve as
the important means through which they are transthitControl of
intermediate hosts such as fishes, crabs and smaitsucial in the control
of infections with digenic trematodes.

5.0 SUMMARY

Digenetic trematodes are the medically importaougs of trematodes
that inhabit different tissues and organs of tin@sts. Hence, they are
named according to their various locations in tlaapitised hosts.
Diagnosis is dependent on the route through whadagtes’ eggs are
voided out of the host. Therefore, the faecal,aiand sputum samples
are examined microscopically to identify the che&edstic eggs. The
pathological effects vary from mild to severe dodlte parasite burden
in the host. Proper waste disposal, and properingaX crabs, fishes and
land snails which act as intermediate host are somée control
measures.

6.0 TUTOR-MARKED ASSIGNMENT

Examine the eggs of the various digenea trematodedsaw them on
your logbooks.
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MODULE 6 CESTODES

UNIT 1 BASIC BODY PLAN OF A CESTODE

CONTENTS
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3.2 The Cestode Tegument
3.3 Larval Metacercaria
3.4 Metacestodes
4.0 Conclusion
50 Summary
6.0 Tutor Marked Assignment

7.0 References /Further Reading

1.0 INTRODUCTION

The cestodes consist of two separate subclassesCdstodarians,
parasites of fish and other cold-blooded vertebraiéhese are non-
segmented parasites, with only a single set ofaexngans. In contrast,
the more well-known members of the Subclassestoda are parasites of
both warm and cold-blooded vertebrates, includirgmmals such as
man. The module has three units and deals withc dasily plan of a
cestode, tapeworms and examples and tapeworms ofama other
human’s cestodes.

Cestodes resemble a colony of individual animathat their bodies are
divided into a series of segments (the proglotidagh with their own
complete set of internal organs. There may be nmgreds of these
proglotids, resulting in the complete parasite hgw long, ribbon like
body. The appearance of this long body is the ofigi the common name
for these parasites, the tapeworms. The commonsafrtbese parasites
are often derived from their intermediate hostgestion of which results
in their infection, e.qg. the Fish, Beef and Porlp&aorms. Alternatively,
they may be named after the definitive host thatdtult parasites are
normally found in. For example, the rat tapewdidmdiminuta and the
dog tapewornDipylidium caninum. The study of the morphology of the
cestode body may be divided into two distinct areas

Firstly, the morphology of the adult cestode (dg@etworm) and secondly
the morphology of the cestode larvae, or metacestod
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2.0 LEARNING OBJECTIVES

By the end of this unit, you will be able to:

o identify the striking features of cestodes
o describe the egg, larva and adult stage morphotdgyommon
cestodes.

3.0 MAIN CONTENT

3.1 The Adult Parasite
The body of the adult tapeworm may be divided thtee regions.
The Scolex

This is the "head" and attachment organ of thegp@aThere are four
main types of scolex, by which the tapeworm maytdbe@nomically
classified.

I No special attachment organs

The scolices of some tapeworms of the or@aryophyllidea
(parasites of freshwater fish) have no specialchthent organs.
(NB. Some authors do not recognise this taxonoomder,
placing these parasites within tAseudophyllidea).

. A Bothria - This is composed of a pair of shallow, elongated
weakly muscular grooves. Tapeworms of the order
Pseudophyllidea are equipped with bothria on their scolices.

Fig 1.1: The bothria of Pseundophyllidea

1 A Bothridia - These are broad, leaflike muscular structure,
exhibiting a large degree of variation. Some hdtharare sessile,
some are stalked, whilst others are hooked withessory
suckers. Tapeworms of the ordBstraphyllidea and others are
equipped with bothridia.
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V. Acetabulate Suckers- Tapeworms of the ordeZyclophyllidea
are equipped with four acetabulate suckers. Rasasi this order
may also have additional features at the apek@fstolex such
as;

- Glandular areas

- Protrusible suckers

- Suckers armed with hooks

- Hooks (e.gTaenia)

- A rostellum, an eversible muscular proboscidiero covered

with hooks (e.gHymenolepis, Echinococcus, Dipylidium)

A Myzorhynchus (a protrusible muscular mass).

The Neck

This is the area of proliferation of the paraditem which the proglottids
of the strobila grow. The Strobila This is composa#da series of
proglottids. Each proglottid contains a completecdemale and female
reproductive organs, although these organs usuoadljure at different
rates. Usually the male organs develop before ¢neafe organs, and
degenerate before the female organs mature. T, lgravid proglottids
at the posterior end of the tapeworm are full ofedeping, or in the
extreme terminal proglottids, mature eggs.

3.2 The Cestode Tegument

The related cestodarians that also belong withen dbstodes, have a
tegument that appears to be intermediate withahtite eucestodes and
monogeneans. This is another piece of evolutiorariglence that
indicates a monogenean origin for the tapewormthigncase the surface
of the cestodarian tegument is covered with nungenogrovilli, similar
in form to the eucestode microtriche (see below) |dcking the electron
dense cap seen in these parasites. The cesodeet@gisma syncytial
layer, showing many features typical of that foundother parasitic
platyhelminthes.
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Fig 1.3z Di&lgi’ﬂln_ showing eucestode tegurment

There are however, a number of distinguishing festpresent in these
parasites. On the very outer surface of the tegumenrface glycocalyx
IS seen to cover the outer plasma membrane. Bdimwgtycocalyx, a
characteristic feature of the eucestode tegumerihes presence of
numerous microtrichesvit), long spine like processes that are in fact a
highly modified form of micovilli. Each microthrikas a hard, pointed,
electron dense cap which is seperated from thefdlse microthrix by a
crescent shaped membranous cap. The mirotricheth@ught to serve
two functions. Firstly, the tapeworms do not possasgut and must
absorb all of their nutrients across the surfagar@nt. The microtiches
greatly increase the surface area of the paramiig,can be seen as an
adaptation to maximise the amounts of nutrientdaie to the parasite.
This is supported by the finding of microtubles time shaft of the
microtriches. Secondly the spine like charactertieé microtriches
probably help the parasite maintain its positiorthe gut. This can be
more clearly seen by comparing the microtrichesnébin different
regions of the parasite’s body. It has been notadany species that the
microtriches found covering the scolex, the attaeshimorgan of the
parasite, were much longer than those coveringtiiobila, and in some
species show special adaptations. For examplenitretriches covering
the strobila ofE. granulosus have been found to show curved hooks or
sometimes even barbs. Below the layer of micro&saine main syncytial
layer of the tegument is found. This has been $se@ontain numerous
vesicles and membrane bound, electron dense reddikctures, refered
to as disc-shaped bodid3h). Finally numerous mitochondria, mainly in
the distal region of the tegument, may be seensdlaee unusual in that
they do not have many cristae, reflecting the astaemetabolism of the
organism. The tegumental nuclei are however naitémt in this outer
layer, but are found within subtegumental cell lesd{StC), located
beneath the circularCm) and longitudinal muscle L{n) layers,
embedded within the parenchymal tissud®d @nd mesenchymal
musculature N1). These subtegumental cell bodies also contaieroth
cellular elements such as golgi apparatus and immhlision bodiesL()
which are connected to the outer syncytium andsaséglycogen storage
(Gs) by long protoplasmic extension$d). The location of these
important cellular elements away from the outefasg of the parasite,
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exposed to immunological attack by the parasitegt,hs an important
adaptation to a parasitic lifecycle adopted by @il the parasitic
platyhelminthes. The parenchymal tissues are sinbdathose of the
trematodes and fill the spaces between the pasasiternal organs (all
cestodes and other platyhelminthes being acoeloangenisms). These
tissues are a syncytial network formed by anast@rafsmesenchymal
cells, with spaces filled with carbohydrate ricliggechymal fluid.

3.3 Larval Metacercaria
The Larval Cestodes
I The Cestodarians

The cestodarians larvae, or lycophore are free swimg, being covered
in cillia. They have a set of ten hooks at theeaxi anterior of the body,
thus differing from the larval eucestodes, which aquiped with 3 pairs
of hooks. Anteriorly they are armed with penetnatgtands. The bodily
form of these larvae bears a marked resemblancdketdarvae of the
trematodes, such as the miracidium in the digeneand the larval
monogenean, the oncomiracidium.

Fig 1.4: A hveophore
. The Eucestodes (Tapeworms)

The eggs of Pseudophyllidean and Cyclophyllideastockes differ
considerably. The egg of the pseudophyllidean tapew closely
resembles that of the trematodes, having a thidl steal, and an
operculum, which on hatching opens to resealesfri® swimming
larvae. This illustrates the close relationshipwastn the two major
groups of platyhelminth parasites. In contrast, tbgg of the
cyclophyllideans tapeworms is very different, havia very thick,
resistant egg shell, with no operculum.
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Fig 1.6z Coracidium larva

The larvae emerging from these eggs also diffee p$eudophyllidean
egg hatches to release a free swimming larvaedcalleoracidium. This
has an outer layer of ciliated epidermal cells withich it swimms
through the water before being ingested by thestasafirst intermediate
host. This is often a copepod. Inside the copepediliated epidermis is
shed, to release a larvae that initially resemthlasof the newly hatched
cyclophyllideans. This has 6 hooks, arranged imspaind is a common
feature throughout the eucestodes. On the badiseqgiresence of these
hooks, present in both the eucestodes and cestadannany authors
believe that the cestodes originally evolved framaacestor common to
the extant monogeneans.

The larval cyclophyllidean, as with the pseudoghdegkn, is equiped with
3 pairs of hooks. Both groups use these hooksrietpete the gut wall of
its intermediate host after being ingested, bederesloping into the other
larval forms described below in more detail.

A
Figl.T:  Lavaofcyclophyllidean
3.4  Metacestodes

A number of different larval forms of cestodes (aveistodes) are seen,
these include the following;
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Fig L8 AProcercoid of Pseudophyllidean (e.2 D. latum)

A larval form of Pseudophyllidean cestodes, (e.gD. latum, Ligula
intestinalis). Here two forms of the procercoid are shown. thirsan
immature procercoid and secondly, a mature infegbinocercoid. In the
lifecycle of these parasites there are two inteiatedhosts. The
procercoid being found in the first of these (uual small crustacean
e.g. Cyclops). In appearance these larvae have solid bodies thg
remains of the embryonic hooks from the onchosphaneae at the
posterior of the parasite.

Fig 1.9: A Plerocercoid of Pseudophyllidean (e.g D). farum)

A larval form of Pseudophyllidean and other Cesspde.g.D. latum,
Ligula intestinalis). In the lifecycle of these parasites there are tw
intermediate hosts (see the cestode life cycle )padee plerocercoid
being found in the second of these (usually a Gshamphibian). In
appearance, these are elongated larvae with sadige® which are much
larger than the preceding procercoid larvae. Isdlstages the embryonic
hooks are absent. The plerocercoids of some Pshullidpans already
show the start of the development of the sexualamsg (e.qg.
Schistocephalus  solidus, Ligula intestinalis), whilst those of
Schistocephalus solidus are also already divided into proglottids.

Fig 1.10: A larval form of Cyclophyllidean Cestodes, (e.g. Hymenolepis sp.)
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A

larval form of Cyclophyllidean Cestodes, (etymenolepis spp). This

larval form is usually found in species where thieimediate host is an
invertebrate, usually an insect.

Fig 1.11: A larval form of Cyclophyllidean Cestodes, (e.g. Taenia
solium)

_—

Fig 1.12: A larval form of Cyclophyllidean Cestodes, (e.g. Mesocestoides sp. ).

Fig 1.13: A larval form of Cyclophyllidean Cestodes, (e.g. Taenia raeniaeformis ).

Fig 1.14 A larval form of Cyclophyllidean Cestodes, (e.g. Taenia multiceps ).

Fig 1.15: A larval form of Cyclophyllidean Cestodes. (e.g. Echinococens granulosus). -
Hydiatid cyst

SELF-ASSESSEMENT EXERCISES

Answer the following questions:

Describe the four main types of scolex (LO1).

Differentiate between the larvae of psedopdgan and
cyclophyllidean (LOZ2).

Give a concise description of the various/irforms of cestodes
(LO2).

148



NSC 211 MODULE 6

40 CONCLUSION

In this unit, we have studied:

In this unit, we have studied the basic morpholdgatures of cestodes
which includes the head (scolex), neck and strolhiiasome cestodes
(Caryophyllidea), the scolex are simple with no attachment orgdnle

in others Pseudophyllidae), bothria are present to help in attachment to
the host. A Chain of proglottids is called stropbdad on each proglottid,
the male and female reproductive organs are locatagking cestodes
hermaphrodites

5.0 SUMMARY

The body plan of adult cestode is divided into sgpheck and strobila.
The scolices of the ordéParyophyllidea (parasites of freshwater fish)
have no special attachment organs while BEseudophyllidea have
weakly muscular grooves which are armed with bathriThe
Cyclophyllidea have four acetabulate suckers. In addition toehm®
glandular areas, protrusible suckers and rostelllepending on the
species of the cyclophillidean. The strobila is mag of proglottids
containing the male and the female reproductivamsg The larvae of
cestodes vary with species with some being ciliatedl as such are free
swimming. Some however, have operculum with thiellsall. Others
have thick shell wall with 6 hooks.

6.0 TUTOR-MARKED ASSIGNMENTS
Describe the body plan of an adult cestode.
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1.0 INTRODUCTION

Cestodes or tapeworms are the most specialisedeoPlatyhelminthe
parasites. All cestodes have at least one, andtsneseemore than one,
secondary or intermediate host as well as themamy host. While the
intermediate hosts are often invertebrates of seone the primary host
iIs normally a vertebrate. However, in some caseth bwsts are
vertebrates, as in the common Beef Tapewdraera saginata), and in
a few species there may be only a single host.r8etameworms include
mankind in their life cycles but infection is nairmally a serious health
problem and can be cured. There are more than 1sp@@ies of
tapeworms known to science, and nearly every spatfi&zertebrate is
liable to infection from at least one species pktaorm.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

o describe the morphology and life cycle of a namestade
o explain the epidemiology and control of these ptras

3.0 MAIN CONTENT
3.1 Diphyllobothrium latum (the Broad Fish Tapeworm)
Diphyllobothrium latum is the fish tapeworm of man. It has a fairly

cosmopolitan distribution but is particularly commia the Baltic region,
Russia and the Great Lakes region of the U.S.A.
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Morphology of the adult Tapeworm

The adult parasites are typically between 2 anthi® length by up to 2
cm in width, but may grow even longer in some cagshe anterior organ
of attachment is a bothria, a pair of shallow, gktred muscular grooves,
typical of tapeworms of the ord®seudophyllidea. The body is divided
into proglottids, as is the case of all pseudopthdn tapeworms. These
proglottids are broader than they are long, exe¢ghe terminal end,
where they are approximately square in shape.naligrthe proglottids
are typical of pseudophyllidean tapeworms, with euns testes and
vitellaria arranged on the lateral margins of thegfottid, with a central
bilobed ovary. An important difference between prasasite and the other
tapeworms of man is that the uterus opens to tteziex (cyclophyllidean
tapeworms have closed uteruses). Eggs are therattixely deposited
by the parasite, in contrast to the disintegratibthe proglottids seen in
the other human tapeworms.

LECZ

1

Fig 2.1: The Female Reproductive System The Male Reproductive System of D. latum
Key - Ov - Ovary (kilobed in ). [atum.) ;00 - Ootype (where the egg is formed); Ut - Uterus (In
the pseudophyllideans this opens to the outside, via the uterine pore); Ut p. - Uterine pore (not
present in the cyclophyllideans); V - Vagina (a long straight tbe); Vi - Vitelline glands
(secreting substances that make up the egg volk and shellj;Vt d. - The Vitelline duct (connecting
the vitelline gland, which are diffuse and are situated lateraly in D Jastm :M - The Mehlis gland
(A cluster of unicellular shell glands, absent in some species) T - Testes (dorso-lateral in D.
latum :V - Vas deferens; C - Cirrus (a protrusible muscular organ, opening anterior to the vagina
in a common genital atrium); G A - Genital Atrium (a cup shaped sinus, where the cirrus and
vagina have common openings): L E C - The Lateral Excretory Canal

Life cycle and Transmission

Diphylobothrium latum has a typical Pseudophyllidean tapeworm
lifecycle. In addition to the adult parasites ie ttefinitive host, (i.e. man),
there are two intermediate hosts containing lastages. Eggs are passed
from man in the faeces and hatch in water to releasmall motile
embryonic parasite, th€oracidium. This is internally similar to the
hexacanth larvae of the Cyclophyllidean tapewobes)g equipped with
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6 hooks, but this hexacanth larva is covered ifliated embryophore.
The coracidium is a free swimming stage, but casnotive long. For
further development, it must be ingested by th&t fitermediate host, a
copepod. On ingestion the embryonic larvae pereethat arthropods gut
wall, entering the haemocoel to develop into thst flarval stage, the
procercoid, measuring hfh in length. This larva, (as well as the next
larval stage, the plerocercoid described abovegig different from the
cyclophyllidean parasite larvae in that they halengated and solid
bodies. In addition, the procercoid bears the eoticy hooklets on a
posterior bulb like rounded growth, the cercomeo. dontinue the
lifecycle, the copepod must be ingested by the mggtmediate host, a
fish. The procercoid penetrates the gut wall offisle, and develops into
the next larval stage, the plerocercoid (sparganumgasuring 4 - 5 mm
in length, in the viscera or musculature of thé.fishese plerocercoids
have again elongated solid bodied parasites, bfferdirom the
procercoids in the absence of the cercomer andléisokand at the
anterior end having a developed attachment orbarhdthridium, similar
to the adult parasite. A number of different spemé fish may act as
intermediate hosts for the plerocercoids af latum, but the highest
densities of plerocercoids are found in carnivorgts such as the pike.
These high parasite loads are because, in adtlitiofection by ingestion
of the copepod plus procercoid, if another infectisth is eaten the
plerocercoids within the body tissues of this pteddish are released in
the intestine of the carnivorous fish. These thagrawe through the
intestinal wall, to invade the new host, whichhsrt acting as a Paratenic
host for these secondary plerocercoids. The plecows are, in addition,
very long lived, and may achieve very high paradig@sities. Man is
infected by ingestion of raw or undercooked fishe tplerocercoids
emerging in the intestine to grow into the adultasée. In addition to
man a number of other fish eating mammals may hksadnfected,
including cats, dogs, pigs, bears. Thereforéatum in addition to being
a parasite of man, also causes zoonotic infectionman multiple
infections may occur, sometimes of very high nuralfap to 143 worms
have been reported from a single individual). kesthcases the parasites
length is considerably reduced.

152



NSC 211 MODULE 6
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Fig 2.2: Life cyele of D. latum ( source: htip://www.dpd.cde.gov/dpdx)

Pathology of Infection

Infection, as is often the case with adult tapewsyrpresents a variable
range of pathology, but again is not commonly these of serious
disease in man. Symptoms, when they occur, inciustiariety of non-
specific abdominal signs, including abdominal pand loss of weight,
and are often very similar to the symptoms dispdaglaring infection
with adult Taenia. However, D. latum differs fromaéhia in absorbing
much more vitamin B12, (between ten and fifty tinmesre) than other
tapeworms. Infection may therefore result in a meygtic hypochromic
anaemia in some cases, vitamin B12 having an irapbrtole in
formation of blood cells. This feature of the dseas much more
common in the Baltic region, particularly in FinthnThis tapeworm
derived anaemia may be due to host derived gefiaetors. It is also more
commonly seen when the tapeworm is situated highttre intestine.

Epidemiology and Control
Infection occurs by consuming raw or undercookesh fharbouring

sparganum, therefore, to avoid infection in mash §hould be properly
cooked, killing the infective plerocercoids.
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3.2 Dipylidium caninum - (the Dog Tapeworm)

This tapeworm is primarily a parasite of the dog #me cat. However,
man particularly children, may also be infected.

Lifecycle

Similar to Taenia saginata, the proglottids of this tapeworm are actively
motile, and are able to crawl out of the anus efdhfinitive host as well
as being passed in the faeces. The eggs of thisespef tapeworm are
contained in egg-capsules, each containing upeatyveggs. These eggs
are ingested by the parasite’s intermediate hast,this case an
invertebrate arthropod such as fleas (only thealdifea can be infected)
or the dog lousdrichodectes canis. The onchosphere larvae is released
in the arthropods gut and penetrates through thevglly developing into

a cysticercoid, similar to the hymenolepid lanagéworms. Infection of
the definitive host, whether dog, cat, or man, es@n ingestion of the
larval parasite, either when the intermediate Btgested, or ingestion
of the crushed bodies of these hosts. For examfpie dog licks the face
of the child just after it has bitten a flea or deu On ingestion the
cysticercoid larvae develop into the adult parasitke small intestine in
about twenty days.

Morphology Larvae - The larvae are roughly pear-shaped, and follow
the typical cysticercoids body pattern.

Adults - These are relatively short tapeworms, measuratgeen 15 and
17cm in length and consisting of up to 170 proglstt These are
elongated in form, the gravid proglottids, measgiapproximately 12 x
3m and packed full of egg capsules, having the ajapee of grains of
rice. The scolex by which the parasite attachethéowall of the small
intestine has four large acetabulate suckersractéé rostellum and six
rows of 30 to 150 rose-thorn shaped hooks. The edpysh are typical
Cyclophyllidean tapeworm eggs, are round in shapkrmeasure up to
60um, and are held within egg-capsules.

Pathology of Infection
The infection appears to be asymptomatic and génei@n-pathogenic,

although there may be some degree of mild pruatigching, around the
perineum due to the presence of emerging progsottid

3.3 Tapeworms of the Genuslymenolepis

There are a number of species in this genus, twehath are common
parasites of man.
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H. nana - The Dwarf Tapeworm This tapeworm is relativelyad,
growing up to 4cm in length, the size of the pdeabieing inversely
proportional to the number of worms present inittiection. Infections,
which are more commonly seen in children in warro@nates, are
characterised by the presence of numerous pardbibéis cysticercoid
larvae and adults) in the small intestine. Infetii® by ingestion of soil
contaminated with faeces containing eggs and magyrgge to abdominal
discomfort.

H. diminuta - The Rat Tapeworm This tapeworm is much longan th
nana, growing up to 60cm or more in length. This iswairily a parasite
of rats; humans only being infected by accidenmtgéstion of the insect
intermediate host. This species is of more impagas a research model
for the study of the biochemistry, physiology, clugherapy and
immunology of tapeworm infections. In addition, theare a number of
species found in animals, including;

H. carioca - A common non-pathogenic parasite of fowl in tHeA.
H. microstoma - A parasite of rodents.

H. lanceolata - A pathogenic parasite of ducks, geese and other
anseriform domestic fowl.

H. coronula- A parasite of anseriform domestic fowl.
H. cantaniana - A parasite of chickens and other galliform dotiogfewl.
Morphology

Apart from their relative sizes, these two parasieman are very similar,
H.nana being up to 4cm in size, the strobila consistirfigup to 200
proglottids, whilstH. diminuta grows up to 60cm or more in length and
the strobila consists of up to 1000 proglottidse3d proglottids are
trapezoidal in shape, and are approximately fonesi as wide as they are
long. Each proglottid contains three round teséedj-lobed ovary, a
compact vitelline gland and a large uterus opetoraylateral genital pore
(as does the cirrus). The scolex in both parakie four suckers and a
retractile rostellum which ii. nana is equipped with 20 -30 hooks (the
rostellum is unarmed iH. diminuta). Finally, the eggs of the two species
both have the characteristic thickened walls otafitode eggs, but may
easily be differentiated. Those of the yellowisbyvan H. diminuta eggs
are much rounder than colourless H. nana eggs r@nidmger with 60 -
80um in diameter. IH. nana the eggs are oval, measuring ~ 40 byrB0
and contains an oncosphere equipped with 3 paiesmiiryonic hooks
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(i.,e. a "hexacanth" larvae) and long wavy filame(bsent inH.

diminuta) which lie in the space between the larvae anegjgeshell wall.
The two species infecting man have rather diffeliéedtycles which will
be considered separately here.

H. nana

This parasite has rats and mice as well as mameagetfinitive host, and
differs from H. diminuta and almost all other tamem in that an
intermediate host is not required, although fleas lzeetles may be used.
The embryonated eggs are passed in the faeces Wiagreontaminate
soil. If the eggs are ingested by the definitivesththe oncosphere is
activated and breaks out of the egg and penetitategut villus. Here it
develops as a cysticoid larvae in about 4 daysrbeaigpturing into the
gut lumen. Once ruptured, the scolex attachesa@th mucosa and the
parasite develops into the adult tapeworm afteutbd to 20 days. If the
insect intermediate hosts are utilised the lifegyslsimilar to that oH.
diminuta below. In heavy infections eggs liberated by addtms in the
intestine may hatch here rather than passing ouhefbody, to give
autoinfection.

h= Indectve Stage
A\ = Dingnoetic Sage

Bitp: e, dpd ol Gonidpdi

a Oincospheehe hatches
Cyulicamood dovelops in

=
0 Humarns and rodents ane g Intestnal villus
infectisd when ey ingast e .:-""-‘E"IH'\.
L
|’ 4= 4§ :.F
Y

cysticarcod-infeciad arthropods.
.\ )

o | =
govepain \ &%
et _‘_‘\_\_ Automdection can oocusr ik -
T . ﬂuggi rEman in e indostine
féﬂé\ ] The aggs than relense the Feoiaa
v | Emb 1ed egq || '.-'- % hexacanth embiryo, which
'\,; ': ! ingestad by Mmans || li’E penatrales the infesting wus
- frarm cortammated \ L SorbnuIng the cycke N
fead, waler, of hands [ FiY f_{,‘i‘-'é-"“-‘ A7
| m_f kég:._\,.,...‘ o
ik 7_:-__"1
Adult i Beal =3
Egg inpested parion of ¥
by inesec small nlegbng
N
Eggs can be relsased through the
ﬂqeﬁ-!al atrium of the gravid proglotikds
Grawid proglottids can also disinkagraie
—y P— refgsasing eggs hat nre passod in stools
Fig 2.3: Life cycle of H. nana (source: http://www.dpd.cde.gov/dpdx)
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H. diminuta

This parasite as in most tapeworms does requirgtarmediate host.
Embryonated eggs pass out of the body of the diefrinost in the faeces
and are ingested by the insect intermediate hbiay insects may act
as intermediate hosts for this parasite, the masincon being fleas and
beetles such as the flour beetle. When ingestdtidoyntermediate host
the oncosphere larvae become activated, breakfabecegg shell and
penetrate into the insect's body cavity where tlieywelop into a
cysticercoid larvae. For completion of the life@clthe infected
intermediate host must be eaten by the definitog.hOn ingestion, the
cysticercoid larva becomes activated, the scoleoines attached to the
gut mucosal wall, and the parasite develops inecatiult tapeworm. An
interesting feature of Hymenolepis tapeworms ig thay undergo a
diurnal migration within the gut, which is assoertwith the feeding
patterns of the host. From about 4pm to 4am fewgi@s are seen in the
lower part of the small intestine, whilst from ab&am to 4pm many
parasites are seen in the upper part of the sntaktine. This was first
observed inH. diminuta and subsequently in other species, and is
indicative of a nocturnal feeding pattern by theagde.

Pathology of Infection

These parasites are not very pathogenic, usualth asymptomatic
infections. In man infected witH. nana there may be a slight irritation
of the gut mucosa and slight abdominal pain, anth wery heavy
infections (>2000 worms) there may also be somegtwaa. In the bird
species there may be enteritis and intestinal otsbn with some
species.

SELF-ASSESSEMENT EXERCISES

Answer the following questions:

I What are the striking features of cestodes?1(LO

. Explain the transmission cycle Bf latum (LO2).

iii.  What are morphological differences betweene thmature

proglottids ofDipylidium caninum andHymenolepis spp? (LO2).
Iv. Describe the life cycle dd. latum (LO2).
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4.0 CONCLUSION

In this unit, we have learnt about the medicallpariant tapeworms and
their life cycle. For D. latum, eating raw or uncleoked fish
(intermediate host) results in human infection,levh. nana infects both
humans, rats and mice as definitive hosts. Chilérenmore frequently
infected with D caninum, the dog tapeworm compaoeadults

5.0 SUMMARY

D. latum ‘a psedophyllidean’ infects fish which in turnécts man when
fed on raw or undercooked fish. Rats and mice dsageman are the
definitive hosts ofH. nana, and therefore difers fro. diminuta and

almost all other tapeworm in that an intermediatsths not required,
although fleas and beetles may be udeighylidium caninum are dog
tapeworms that can as well infect human expecdlidren.

6.0 TUTOR-MARKED ASSIGNMENT
Conduct a physical examination of different typegpeworm and report

your findings in the log book.
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UNIT 3 TAPEWORMS OF MAN AND OTHER
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1.0 INTRODUCTION

Two species from the genilisenia are common parasites of man, these
beingTaenia solium (the Pork tapeworm) anthenia saginata (the Beef
tapeworm). Taenia saginata has a cosmopolitan distribution, with
estimates of approximately 50 million cases of a¢tiifsn worldwide
annually. As withT. saginata and T. solium this parasite has a
cosmopolitan distribution, with estimates of appnaately 50 million
cases of infection world-wide annually. Howeverge tincidence of
infection may vary considerably, and may be infeeshby a number of
factors such as religious inhibitions on eatingkp@s in many Islamic
countries, or in other countries by high degreesanfitation, limiting
exposure of the intermediate hosts to human fadtes parasite has pigs
as the main intermediate host, but man may alsasein intermediate
host for this parasite as well as being infectetth wWie adult tapeworms.
This aspect of the parasite’s lifecycle has impurtmplications for the
pathology associated with infection with this p#wrasEchinococcus
granulosus is one of the three speciesEghinococcus that is generally
accepted as parasites of man. It is the causagimet @f Hydatid disease
in man and many other mammals. It occurs in EuespaeArtic region of
North America.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

o discuss the epidemiology and control of human tapms
o describe the morphology d&enia spp
. explain the pathology infection d&enia spp.
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3.0 MAIN CONTENT

3.1 Taeniaspp
Life cycle of Taenia spp

This parasite has cattle or related animals asdi® intermediate hosts,
although other animals such as camels, llamas am@ sntelopes may
also occasionally be infected. The larval form lnede animals is a
cysticercus in the muscles and heart. These ageted by ingestion of
the eggs of the tapeworm, shed from the faecesh@fcarnivorous
definitive host, in this case man. Once ingestedetgs hatch to release
the hexacanth larvae, which migrate through thestittal wall to reach
the blood or lymphatic systems, from where it isried to the tissues,
particularly the heart and other muscles to devaitp the cysticercus.
Man is infected by ingestion of undercooked or nagat, the bladder wall
of the cysticercus being digested in the intestineelease the scolex of
the parasite. This attaches to the intestinal aradl grows into the mature
adult tapeworm.
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Fig 3.1: Life eycle of T. saginata and T. solium

Morphology
Taenia saginata

Larvae - These cysticerci are approximately 7.5-10mm wviagel-6mm
in length. Adults - The adult tapeworms have amraye length of about
5 meters, consisting of approximately 1000 proglsftbut may grow up
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to 17 metres in length occasionally, and are tloeedbnger than the adult
forms of Taenia solium. The mature proglottids have approximately
double the number of testes tfiasaginata has and are larger. The gravid
proglottids are also larger, measuring approxingg28mm long by 6mm
wide with a uterus with more lateral branches thasolium. These gravid
proglottids when detached from the strobila maydxy active, not only
crawling away from the faeces when passed, bubh @ittively emerging
from the anus to deposit eggs from the rupturediataround the perianal
region. The scolex in this tapeworm may also béedkhtiated frondr.
solium as it is slightly larger, at approximately 2mmdiameter and is
unarmed, without any hooks, although the 4 acegalzsuckers are still
present.

Taenia solium

Larvae - These small cysticerci (refered to@gsticercus cellulosae) are
approximately 6- 18mm wide by 4 - 6mm in length wheund in the
muscles or subcutaneous tissues (the normal sitethé larva of this
parasite). The cysticerci may however be foundthentissues such as
those of the central nervous system where theygray much larger, up
to several centimetres in diameta&dults - The adult tapeworms have an
average length of about 3 meters, but may growoupretres in length
occasionally, and follow the typical morphologya&stode tapeworms.
The strobila consists of between 800 and 1000 pttgé. The mature
proglottids having trilobed ovaries with a smalhtral lobe in addition to
the two lateral lobes and only approximately had¢f tumber of testes that
T. saginata has. The gravid proglottids, measuring approxifgat8mm
long by 6mm wide, have a uterus with between 82tdaleral branches,
less thanT. saginata. The scolex in this tapeworm may also be
differentiated fronT. saginata as it is equipped with a low rostellum with
a double crown of approximately 30 hooks.

UTERIME BRANCH COMPARISOM

CRAVMD PROSLOTTID
. soliuem

CRAVIC SRCOSLOT TiD
. saginata

o
Il
]

showing the distinctions between the proglottid of 7. sofirms and 7. sagirnata
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Features T. saginata T. solium

Size 3-7m(sometimes  Uptd2-3m(sometimes  Uptp
25m) long 10m) long

No. of proglottids 1000-2000 (sheds 3-1800-1000 (sheds 8-10
daily) daily)

No. of eggs per100000 40000

proglottid

Scolex Cuboidal, up to 2.0mpSpheroid, about 1.0mm
In diameter in diameter

Rostellum Absent Present, armed

with two circlets of 22-
32 hooks

No. of testes 800-1200 300-500

Shape of ovary Bilobed Trilobed

Gravid uterus 15-25 lateral branches 13 lateral branches an
on each side each side

Vaginal sphincter present Absent

Gravid proglottid When detached, activé/hen detached, passive
and creep out through
anus and craw about
individually

Pathology of Infection
T. saginata

Larvae - Unlike T. solium, T. saginata does not utilise man as an
intermediate host, and therefore pathology duéeddrval form is not a
feature in human disease. In cattle the cysticercatered to as
Cysticercus bovis (named before the parasite life cycle had been
determined, and the connection between the two dotrad been
established) is completely asymptomatic.

Adults - The pathology of infection with adul. saginata is highly
variable. Often infections are completely asymptticnaut in other cases
some degree of pathology may be seen, most serigogtstinal
blockage. In some cases, vitamin deficiency maythee result of
excessive absorption of nutrients by the paraaitepugh this aspect of
tapeworm pathology is more a feature of infectiginthe fish tapeworm
D. latum. In addition, infection may be accompanied by@aldrrange of
non-specific symptoms, including more commonly, ggen at all),
abdominal pain, digestive disturbances, excesspjetde or loss of
appetite, weakness and weight loss.
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T. solium

Larvae - Infection with the larval form ofT. solium Cysticercus
cellulosae, (called "Cysticercosis") may have severe consecgs the
annual world-wide mortality due to cysticercosivihg been estimated
at approximately 50 000 cases. In man the cysiticeainly develop in
the subcutaneous tissues, but infections in bogh Glentral Nervous
System (C.N.S.) and ocular tissues are also vannuan. Infection of the
C.N.S. may cause severe pain, paralysis, optical/oanpsychic
disturbances and epileptic convulsions, mainly dae mechanical
pressure as the larvae develop. Later there mdgskeof consciousness
and even death. Infections involving the eye mar gise to discomfort,
and can cause detachment of the retina.

Adults - Usually only a single adult specimen is presehich may cause
a slight degree of mucosal inflammation. The acaifdcts on the host
may vary considerably, often there are few sympidiasin some cases
a variety of nonspecific symptoms such as constipaepigastric pain
and diarrhoea, are present. Very rarely there neapdsforation of the
intestinal wall, with subsequent peritonitis. Howgvmore seriously, as
detailed above, the presence of adult worms carties risk of
autoinfection due to reverse-peristalsis resultmgysticercosis, it being
estimated that approximately 25% of casesCgtticercus cellulosae
infections in man being acquired by this route.

Diagnosis of Infection byTaenia spp

- Demonstration of scolex and proglottids in taedes. However,
scolex are rarely excreted in faeces.

- The eggs of. saginata andT. solium are similar. However, most
laboratory diagnosis is through the observationTaénia spp
eggs in faecal sample.

- Examination of gravid uterus shows 15-25 latérainches ir.
Saginata and 7-13 lateral branches (counted from the mam)
in T. Solium when short chains of 5-8 proglottids passed out in
faeces are pressed through glass slides.

- The scolex off. saginata is easily distinguished from that &f
soliumin that it has only 4 suckers but no hooks.

- Radiological examination of the intestinal tractay reveal
tapeworm infection.

Epidemiology and control
The prevalence dfaenia infection is on the increase due to the following

factors:
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I Intensification of animal production.

. Development of meat industries in several diepi@g countries.

iii.  Consumption of undercooked beef and pork bwrist visiting
highly endemic areas.

Iv. Consumption of semi-cooked meat in manufactdo®d products
like hamburgers, meat pie etc.

V. Accelerating urbanisation with decreased edficy of sewage
systems.
Vi. Sewage farming Given the above listed epidéogical factors

that favour transmission, the following measures loa taken to
reduce prevalence:

1. Proper meat inspection services before usageneat
industries. Diseased meat should be condemned and
destroyed.

2. Lightly infected beef with cysticerci can bendered safe

for consumption by freezing at - 100C for at leE®days.
Cooking of meat well before eating.

High standards of sanitation will reduce traissmon.
Immunization against bovine cysticercosis.

ok w

3.2  Other Taenia cestodes Infection by Adult tapearms

Taenia taeniformis - This parasite has a cosmopolitan distributitwe, t
adult parasites are normally found in cats andedlearnivores, but it has
been reported from an Argentinean child. The adpeworms are about
60cm long, and are unusual in that they lack a n€bk scolex is large
and equipped with two rows of hooks, whilst the tpaer gravid
proglottids have a characteristic bell shape. @negle, which is found in
wild rodents, is a strobilocercus, a developmeiat ofsticercus where the
scolex has evaginated, but is still attached tdothéder of the cysticercus
by a short segmented strobila.

Taenia bremneri (Syn.T. confusa) - reported from man in Africa, Japan
and the United State of America. This parasite i@y synonym of.
saginata.

Taenia africanus - reported a few times in East Africa. This tapewo
has broad segments and an unarmed scolex withlhapital sucker.

Infection by Larvae (Metacestode Infections)

Taenia multiceps - The adult tapeworms of this species are fourdbiys

and related canids. The larva is a fluid contaireggt 5cm or more in
diameter, containing several hundred protoscoliGes] is called a
coenurus. It is normally found in the brain or sppinord of sheep and
goats where it is an important pathogen. In thesmas, it causes a
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condition known as 'gid’ or 'staggers' as the caendevelops along with
an associated destruction of nervous tissue. Tivallform may rarely
infect man, where it causes a condition called oo cerebralis, on
accidental ingestion of tapeworm eggs from thedaexf dogs.

Taenia serialis - A similar parasite td. multiceps, the coenurus larvae,
measuring 4cm in diameter or larger, is usuallyhtbun the subcutaneous
and intramuscular tissues of lagomorphs. The adpéworms are found
in dogs and foxes with a cosmopolitan distributibhey measure about
70 cm in length and have a scolex with two rowalwdut 30 hooks. The
larvae have been reported very rarely in man.

Taenia glomerulatus - The larvae normally infect rodents, but the
coenurus larvae have also been reported as rafelting man in Africa.

3. 3 Echinococcus spp

Three species dEchinococcus have been generally accepted as parasites
of manEchinococcus granulosus-the causative agent of Hydatid disease
in man and many other mammals. The dog acts adetidtive host for
this species. A number of sub-species of this jfardmve also been
described, the most universally accepted b&ngranulosus (thought to

be the original species found in Europe, althouglv more widespread)
andE. canadensis (the indigenous species of the Arctic region oftNo
America, for more details see below). In additiirere is considerable
strain variation within this parasite, with diffeg preferences for
intermediate hosts. For example, in Ireland arstexists whose larvae
only infect the horse, man being resistant to inbec

Life cycle

Dogs and other canids are parasitised by the tapgivorm. When shed
by the tapeworm, the gravid proglottids disintegiatthe dog’s intestine,
and eggs which are passed in the faeces, are hggsistant, being able
to survive freezing and drying on the ground fortapa year. Many
mammals apart from man may act as intermediates hostparticular
sheep and horses. The situation is highly comdeat deast 9 sub-species
have been identified, all with different host sfhiediy;

E. granulosus - Adult form in most canids apart from the red ,fox
hydatids in sheep, pigs, cattle, man and many itdinants.

E. equinus - Adults in canids, hydatids in horses and othguieae, but

probably not man.
E. canadensis - Adults in canids, hydatids in caribou, reindaed man.
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E. borealis - Adults in canids, hydatids in many cervids andnmin
addition, in parts of Kenya there is a strain ob-species that is
particularly adapted to transmission between mandamesticated dogs.
The egg enters the host by ingestion, either frontaiminated grass (as
Is the case in infections of herbivorous ruminards)n the case of man,
by contamination, (for example by the dog lickiragé after it has been
cleaning itself) or other examples of bad hygidakowed by transfer to
the mouth. The egg then hatches in the intesti@eetpates the gut wall,
and travels via the lymphatic or blood system tgfewut the body, from
where they lodge within the body tissues. The cysty develop
anywhere within its intermediate hosts body, buihascirculatory blood
stream passes from the mesenteric blood vessé#i tover, it is in the
liver that the majority of the cysts (in about 66¥%cases) are found. Next
in frequency of infection are the lungs (about 208fin (1%), peritoneal
cavity (8%), kidneys (3%) and bone marrow or othamgans.
Development of the cysts to produce infective motdices takes
approximately 1 to 2 years. On the death of thermediate host, either
directly by predation on the part of the dog, orthg scavenging of the
dead cadaver, (the protosocialises are also higisigtant, being able to
survive in carrion for several weeks), the cysniggested along with the
offal. The cyst wall is then digested, liberatifng tprotoscolices which
quickly evaginate, penetrating deeply into the tsygf Lieberkuhn, and
developing to adult worms in approximately 7 to 8eks. Due to the
presence of many protoscolices in each hydatid dgsgfs may be infected
with manyE. granulosus.
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Morphology

Larvae - These Metacestodes (called 'Hydatids) are Jargeghly
spherical, fluid filled hollow bladders, containingmerous protoscolices
(forming the so-called hydatid sand), brood cagsw@d daughter cysts
which are identical in form to their parent cysteTcyst wall itself
consists of an outer laminated hyaline wall, suppgrthe whole cyst.
Beneath this there is a nucleated germinal layedded with developing
brood capsules, which may eventually break offdatffreely in the fluid
filled cyst. The protoscolices are formed withie tirood capsules, which
may rupture to give the free protoscolices in theatid fluid. They vary
considerably in size depending on where in the kdbey form, which
may be almost any organ of the body. Those fourtderiver (the most
common organ affected) may be approximately 20crdiameter, but
those found in the peritoneal cavity may sometibeesery much larger,
containing several litres of fluid. For exampleearase has been reported
of a cyst 50cm in diameter, containing 16 litre$loid.

Adults - The adult parasites in the dog represent orteeoEmallest of

the tapeworms. They measure between 3 and 9mmgthleand usually
consist of only 3 proglottids, an immature, a metuand a gravid

proglottid. The scolex is globular in shape, ansid@rominent rostellum,
armed with a double row of between 30 and 36 hobks.eggs are very
similar to those of the genUsenia, and measure between 30 angmh0

in diameter.

Pathology of Infection

Larvae - In domesticated animals clinical signs appedret@ncommon,
whilst in man they will vary in their seriousnesspédnding on where in
the body the hydatid develops, and how large itvgtdSometimes, the
infection is asymptomatic, the only evidence ofection being the
presence of calcified cysts on autopsy after dela#h to an unrelated
cause. The major pathology is due to the size @fcyst, giving rise to
pressure related injury. A complication may arisié cyst is ruptured,
possibly due to blows to the body, muscular strairguring operations.
In this case, the contents of the hydatid are sel@anto the body's
circulatory system, and the liberated protoscolicgsy give rise to

numerous secondary cysts throughout the body. ditiad, the hydatid

cyst fluid is highly allergenic and cyst ruptureymwasult in anaphylactic
shock and rapid death.

Adults - The adult tapeworm is usually non-pathogenigt¢ocanine
hosts, although sometimes in very heavy infectibiese may be some
inflammation of the intestinal wall.

Echinococcus multilocularis
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It is the causative agent of highly pathogenic Alae Hydatid disease in
man and other mammals. The fox is the most impbdafinitive host,
although dogs, and occasionally cats, may alsofleeted with the adult
parasite. Again, there appears to be a number lofsgecies of this
organismE. m. multilocularis in Europe and. m. sibiricencis in North
America. This is very similar to that @&. granulosus, but with more
adaptations for colder climates. For example, gugsare highly resistant
to cold temperatures, being able to survive at f@0Mmore than 2 weeks.
In addition, the pre patent period in the defirgtivost is much shorter,
usually between 4 to 5 weeks.

Morphology

Larvae - The larvalE. multilocularis is very different from that oE.
granulosus. In this case the ‘cyst' grows invasively by exatibudding,
forming a diffuse growth through the infected orgaeplacing that
organ’s tissues. The growth itself, (it cannotytrioé called a cyst as there
iIs no real cyst wall), is composed of numerous tesvicontaining a
gelatinous matrix within which protoscolices andmasous brood
capsules are produced, and which in its behavioast closely resembles
a malignant neoplasm. In contrastBEogranulosus this growth is also
very rapid, infective protoscolesces being preaéat only 2 to 3 months,
as compared to the 1 to 2 years in the relatedaestade.

Adults - The adult parasite is very similarEogranulosus, being slightly
smaller, with a maximum length of approximately 4jrand consisting
of 4 to 5 proglottids.

Pathology of Infection

Larvae - The multilocular cyst is highly pathogenic doets fast growth
rate and invasive nature, in extreme cases conhpletplacing liver
tissue. As the cyst lacks the tough laminated lagen irE. granulosus,
and by its nature grows by budding, metastasesafty may also be
seen, colonising other body organs. Due to thieespf the parasite, it
may also be transferred by transplantation. Thisagge must be
considered one of the most pathogenic of the gar&siminths.

Adults - As with E. granulolsus the adult tapeworm is usually non-
pathogenic to its canine hosts.
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SELF-ASSESSEMENT EXERCISE
Answer the following questions:

I Briefly discuss the epidemiology and control dfuman
tapeworms (LO1).

. Highlight the pathology control measures @&kchinococcus
granulosus (LO3).

iii. Describe the morphology offaenia saginata and T. solium
(LO2).

4.0 CONCLUSION

In this unit, we have discussed about tapeworms thed effect on
humans, how they occur in humans.

5.0 SUMMARY

In this unit, you have learnt about the two mapge worms infecting
man; Taenia saginata (beef tape worms) and solium (pork tape worm).
Infections by these tapeworms often occur followiing consumption of
raw or undercooked beef and pork. Others Taeniavpgh have man as
accidental host aré. taeniformis, T. bremneri, T.multiceps, T. serialis
andT. glomerulatus.

Dog and other canids are the definitive hostSabi nococcus granul osus
with the hydatid cyst of the parasite causing thiplogical effects seen
in man. Proper cooking of beef and pork could pnévgfection due td.
saginata andT. solium while good sanitary condition can as well prevent
infection byE. granulosus.

6.0 TUTOR-MARKED ASSIGNMENT

Conduct a physical examination of the various typetaenia spp and
report your findings in the logbook.
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1.0 INTRODUCTION

Nematode infections in humans include ascariasighuriasis,

hookworm, enterobiasis, strongyloidiasis, filarsasiand trichinosis,
among others. The phylum Nematoda, also knownesoiindworms, is
the second largest phylum in the animal kingdontperpassing up to
500,000 species. The module will describe the gerfeatures and life
cycles of nematodes, soil transmitted helminthdspd and tissue
nematodes and air-borne nematodes Module Objeétitlee end of this
module, you should be able to discuss the varigpsst of nematodes
concerning epidemiology, pathology and control

Members ofNematodaare elongated, with bilaterally symmetric bodies
that contain an intestinal system and a large bodyity. Many
roundworm species are free living in nature. Recdata have
demonstrated that approximately 60 species of nwonus parasitize
humans. Intestinal roundworm infections constitilie largest group of
helminthic diseases in humans. According to a 2e@drt by the World
Health Organization (WHO), approximately 0.807-1.2flion humans
have ascariasis, 604-795 million have trichuriagig 576-740 million
have hookworm infections worldwide.
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20 OBJECTIVES

By the end of this unit, you will be able to:

o list the various examples of nematodes with theenimon names
o describe the general morphological features of hedes
o explain the life cycles of the major groups of newdas.

3.0 MAINCONTENTS

3.1 General Features

Nematodes are cylindrical rather than flattenedckdhe common name
roundworm. The body wall is composed of an outdictuthat has a
noncellular, chemically complex structure, a thigpbdermis, and
musculature. The cuticle in some species has lotigial ridges called
alae. The bursa, a flap-like extension of the teion the posterior end of
some species of male nematodes, is used to grasfemmale during
copulation. The cellular hypodermis bulges into thady cavity or
pseudocoelom to form four longitudinal cords; asadra ventral, and two
lateral cords which may be seen on the surfacatasal lines. Nuclei of
the hypodermis are located in the region of thedsoiThe somatic
musculature lying beneath the hypodermis is a siteyer of smooth
muscle cells. When viewed in cross-section, thygdaan be seen to be
separated into four zones by the hypodermal cdrds. musculature is
innervated by extensions of muscle cells to nemkis running
anteriorly and posteriorly from ganglion cells thiaiy the midportion of
the esophagus. The space between the muscle lagleviscera is the
pseudocoelom, which lacks a mesothelium lining.sTdavity contains
fluid and two to six fixed cells (celomocytes) whiare usually associated
with the longitudinal cords. The function of thesdls is unknown. The
alimentary canal of roundworms is complete, witthbmouth and anus.
The mouth is surrounded by lips bearing sensorylipagbristles). The
oesophagus, a conspicuous feature of nematodesniscular structure
that pumps food into the intestine; it differs hrape in different species.
The intestine is a tubular structure composedsifigle layer of columnar
cells possessing prominent microvilli on their lmadi surface. The
excretory system of some nematodes consists of@aetery gland and a
pore located ventrally in the mid-esophageal regiorother nematodes
this structure is drawn into extensions that gige to the more complex
tubular excretory system, which is usually H-shapeith two anterior
limbs and two posterior limbs located in the lateads. The gland cells
and tubes are thought to serve as absorptive hocidlecting wastes
from the pseudocoelom, and to function in osmorgul. Nematodes
are usually bisexual. Males are usually smallen tfemales, have a
curved posterior end, and possess (in some speoigslatory structures,
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such as spicules (usually two), a bursa, or bdtle.hales have one or (in
a few cases) two testes, which lie at the free @nd convoluted or

recurved tube leading into a seminal vesicle anenmally into the

cloaca. The female system is tubular also, andllysisamade up of

reflexed ovaries. Each ovary is continuous, withoaiduct and tubular
uterus. The uteri join to form the vagina, whichtinn opens to the
exterior through the vulva.

Copulation between a female and a male nematodedsssary for
fertilization except in the geni&rongyloidesin which parthenogenetic
development occurs (i.e., the development of aertifized egg into a
new individual). Some evidence indicates that settractants
(pheromones) play a role in heterosexual matingririgucopulation,
sperm is transferred into the vulva of the femalee sperm enters the
ovum and a fertilization membrane is secreted by zlggote. This
membrane gradually thickens to form the chitinobells A second
membrane, below the shell, makes the egg impentmessentially all
substances except carbon dioxide and oxygen. Ire gpacies, a third
proteinaceous membrane is secreted as the eggmhsse the uterus by
the uterine wall and is deposited outside the sMalist nematodes that
are parasitic in humans lay eggs that, when voidedfain either an
uncleaved zygote, a group of blastomeres, or a Eeip formed larva.
Some nematodes, such as the filariae Bmchinella spiralis, produce
larvae that are deposited in host.

= D
Fig 1.1z Structure of nematodes. (A) Female. (B) Male., Transverse sections through the
mid region of the female worm () and through the esophageal region (D).

3.2 TheBasicLifeCycleof theMajor Groups of Nematodes

The life cycles of the parasitic species vary cdeably, as would be
expected from such a large and diverse group. Thezehowever a
number of common features. Firstly, the parasitgeugoes a series of
moults through larval stages (designated L1 to ddelt L5 form).

Secondly, in most (but not all) nematodes it is ltBelarvae that is the
infective form, important exceptions to this beihg Ascarids, such as
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Ascarislumbricoidesand the pinworms, where it is either the L1 larvae
or eggs containing L1 or L2 larvae that are infextiThirdly the L3 form
onwards in all species undergoes a migration withim body of the
definitive host as it matures into the adult paeasusually via the
bloodstream or lymphatic system to the heart, lutrgshea, and then to
the intestine. Finally, in most cases the pards#ees the definitive host
as thin walled eggs in the faeces, important exoeptbeing the
viviparous filarial worms (where L1 larvae infecitermediate hosts,
usually in the blood meals of biting arthropodsjtrongyloides
stercoralis (where the L1 larvae are found in the faecesy #re
viviparousTrichinella spiralis, where the larvae do not leave the body as
such, but develop to the L3 stage which then esciysthe muscles,
infection being by ingestion of undercooked contaated meat. Infection
of the definitive host may be by a variety of ratsuch as the oral route,
where eggs are accidentally ingested, also mamyidil worms are
infective via the bite of flies, as previously déed, and the L3 larvae of
many nematodes such as the hookworms and othedelamatodes are
directly invasive. In terms of complexity, the silegt life cycles are those
of the pinworms, where adults living in the coloatmand lay eggs which
pass out in the faeces, infection being eithergyaral route with eggs,
or perianally, where eggs hatch around the anusLanidrvae migrate
back through the anus. The most diverse is proliablyofS. stercoralis
where there are a number of alternative lifecyalbgh it may undergo,
either as a completely free living soil nematode,as the standard
infective L3 larvae with tissue migration to thetestine, or even
occasionally full completion of the life cycle withthe intestine, and
finally in immunocompromised hosts a life threatenidisseminated
infection can occur, with parasites found throughba body.

SELF-ASSESSEMENT EXERCISES

Answer the Following Questions:

I Mention examples of nematodes with their commuames
(LO1).

. With the aid of well-labeled diagrams descriliee general

features of roundworms (LO2).
iii. Highlight the basic life cycles of nematode(?3).
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40 CONCLUSION

In this unit, we have learnt the basic morpholdgetures of nematodes
which include complete alimentary canal, complegretory system and
bisexual (separate male and female) reproductistesy The males are
shorter with hook end (spicules) compared to tlggdm female with
round/pointed ends. The infective stage of nemataglthe L3 larva that
can be transmitted by fly’s bite, skin penetratiwrhatching of eggs that
were accidentally ingested eggs.

5.0 SUMMARY

Nematodes are roundworms with pseudocoelom (lackingesothelium
lining). The alimentary canal is complete havingutmoand anus. The
intestine is a tubular structure composed of alsitmyer of columnar
cells possessing prominent microvilli on their lmadi surface. The
excretory system of some nematodes consists of@etery gland and a
pore with complex tubular excretory system, whiglisually H-shaped.
Nematodes are usually bisexual. Males are usuadgller than females.
Copulation between a female and a male nematodedsssary for
fertilization except in the geni&trongyloidesin which parthenogenetic
development occurs (i.e., the development of awertifized egg into a
new individual). Parasite undergoes a series ofltmdbrough larval

stages with L3 larva mostly being the infectivegstalnfection of the

definitive host may be by accidental ingestion g% bite of flies and
skin penetration by the infective L3 larval form as the case of
hookworms.

6.0 TUTOR-MARKED ASSIGNMENT

Conduct a physical examination of a mature roundwand report your
findings in the logbook.
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1.0 INTRODUCTION

Soil-transmitted helminth (STH) infection is highd&ypdemic in tropical
and subtropical areas of sub-Saharan Africa, Asi laatin America,
where up to 2 billion people have active infectio83H infection has
remained largely neglected by the global healthroamity because the
people most affected are among the most impovetiahd because the
infection causes chronic ill health with insidiocigical presentations,
rather than severe acute illness or high mortaktgwever, it is now
recognized that STH infection causes significantbiaity worldwide
with 39 million disability adjusted life years (DAs) lost each year -
more than those lost to malaria (36 million yeadg§l approaching those
lost to tuberculosis (47 million yearly). Hookwointection alone causes
the loss of 22 million DALYSs.

20 OBJECTIVES

By the end of this unit, you will be able to:

o give examples of soil transmitted helminthes (sths)
o describe their life cycles with emphasis on thdeaf infection
o describe the diagnostic features of the parasites.

3.0 MAINCONTENTS

3.1 Ascarislumbricoides (L arge Roundworm of Man)

Infection with this roundworm is extremely commavith estimates of
the annual incidence of infection being greatenth&00 million cases,
or around one quarter of the world’s populationadidition to the species
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in man, Ascaris lumbricoides a morphologically indistinguishable
speciesAscarissuumis found in the pig. Other related genera include
Parascaris in equines, androxascarisin a variety of domesticated
animals.

M or phology

The adult Ascaris lumbricoides are large white, or pinkish-white,
cylindrical roundworms, slightly narrower at theakde The more slender
males measure between 10 to 30cm long and havevedctail with two
spicules, but no copulatory bursa. The femalesvarg similar, being
slightly larger at between 20 to 35 cm long, a aupproximately a third
of the length of the body down from the head, aankha blunt tail. They
are both characterised by having a smooth, finigted, cuticle, and a
mouth, which is characteristic of all of the Asdari(e.g.Toxocarg,
having three lips each equipped with small papillaiernally they follow
the generalised body plan of all nematodes, ance hawylindrical
oesophagus opening into a flattened ribbon likesime.

The eggs consist of a thick transparent inner stigith is covered in a
thick, warty, albuminous coat.

Fig 2.1: Eggs unfertilized (lefi) fertilized (right) of 4. fumbricoides.

Lifecycle

These parasites have a direct life cycle, withmermediate hosts. The
adult parasite lives in the lumen of the smallstitee of man, usually only
feeding on the semi-digested contents of the dinoagh there is some
evidence that they can bite the intestinal mucoambrane and feed on
blood and tissue fluids. The female parasite idliigrolific, laying an

estimated 2 million eggs daily. In the intestineede only contain an
unembryonated mass of cells, differentiation ogogroutside the host.
This requires a temperature less than 30°C, meistnd oxygen, before
the development of the young L1 larvae after apipnately 14 days.

Eggs containing the L2 larvae take another wealetelop, before they
are infective to man, and may remain viable ingbi for many years if

conditions are optimal. Infection occurs on ingasof raw food, such as
fruit or vegetables, that is contaminated with éhedective eggs. The
eggs then hatch in the small intestine, to reldasé&2 rhabditiform larvae
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(measuring approximately 250 byl in size. These do not simply grow
into the adult forms in the intestine, but mustthndergo a migration
through the body of their host. These L2 larvaeeperte the intestinal
wall, entering the portal blood stream, and thegrate to the liver, then
heart, then after between 1 to 7 days, the lungse they moult twice on
the way to form the L4 larvae, (measuring approxatyal.5mm long),
then burrow out of the blood vessels, enteringotloechioles. From here
they migrate up through the air passages of thgsluo the trachea. They
then enter the throat and are swallowed, finallgliegy up in the small
intestine where they mature and mate, to comptetie life cycle.

Pathology of I nfection

The majority of infections (~85%) appear to be agtomatic, in that
there is no gross pathology seen. However, theepoesof these parasites
appears to be associated with the same genenalefdd thrive in their
hosts seen with many of these intestinal nematodes.

In terms of more easily identified pathology, thiay be divided into
three areas:

Pathology Associated with the I ngestion and Migration of Larvae

Severe symptoms of ascaris infection may be adsociaith the
migrating larvae, particularly in the lungs. Ifg@&numbers of these larvae
are migrating through the lungs simultaneously they give rise to a
severe haemorrhagic pneumonia. More commonly, &lseisase with
most infections, the haemorrhages are smalleralesbut still may lead
to breathing difficulties, pneumonia and/or fevercomplication here is
that many of the parasite’s proteins are highlgrgknic. Due to this the
presence of the migrating larvae in the lungs iterofassociated with
allergic hypersensitivity reactions such as asthorattacks, pulmonary
infiltration and urticaria and oedema of the lips.

Pathology Associated with Adult Parasitesin the Intestine

The most common symptoms of infection are due éoatiult parasite,
and consist of rather generalised digestive dissrdauch as a vague
abdominal discomfort, nausea and colic. These sympiare dependent
to some extent on the parasite’s burden of the adgsch in severe cases
may consist of many hundreds or even thousandsafsjies, although
these are extreme cases. In the case of these inéastyons the presence
of many of these large parasites may contribubeaimutrition in the host,
especially if the hosts (often children) are underished. A more serious
and potentially fatal condition may arise in thbsavy infections, where
the mass of worms may block the intestine and rieede surgically
removed. This may also occur sometimes on treatfoenther intestinal
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nematodes such as hookworms, where the curativg divee for these
parasites irritates the ascarids.

Pathology dueto " Wandering" Adults outside of the Intestine

Adult parasites often leave the small intestineetder other organs,
(sometimes in response to anti-helminthic drugsdute treat other
intestinal nematode infections), where they mayseakarious types of
pathology, sometimes with severe consequences.ekample, adult
Ascarisworms may migrate to the bile duct, which may the&tome
blocked causing jaundice and a general interferamdat metabolism.
Adult parasites may also migrate to the appendityrough the intestinal
wall, both conditions which may cause a fatal jpaitis as they may well
carry intestinal bacteria to these sites. They ralrmingly, sometimes
migrate forward through the intestinal tract, todher vomited up or
emerging through the nose. More seriously, if tbeter the trachea, they
may cause suffocation. Diagnosis Definitive diagnoss by
demonstration of the characteristic eggs in faesainples or by
identifying adult worms passed out spontaneouslihbyhost.

Epidemiology and Control

Infection occurs through ingestion of parasitegye@ food. The eggs
are highly resistant to adverse environmental derdi. This with other
factors highlighted below are often associated virdmsmission of
infection; - Lack or inadequate waste disposallitees - Improper

washing of hands before eating - Improper washingfroits and

vegetables before consumptions - Unkept rooms amdlidg places that
harbour mechanical carriers of parasites, etc. iBimv of good waste
disposal system and good personal hygiene will teetontrol infections.

3.2 TheHuman Hookworms

The hookworms belong to the ord&trongylida a very large order with
great significance as it contains many importarnh@gens of man and
domesticated animals. This order is further suloéigi into three
Superfamilies, theStrongyloidea(the hookworms in man), and two
related groups, the SuperfamilyTrichostrongyloideg’ intestinal
nematodes which are of veterinary importance in yndomesticated
animals (e.g.Haemonchuscontortus in cattle andNippostrongylus
brasiliensis in rodents) and members of the Superfamily
Metastrongyloideathe lungworms, in domesticated animals). In man
there are two species capable of causing intestinéctions,
Ancylostomaluodenalenative to parts of Southern Europe, North Africa
and Northern Asia parts of Western South Americagd @Necator
americanus in Central and Southern Africa, SoutAesia, Australia and
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the Pacific Islands. These are very important hupaiogens. It has
been estimated that there are 1200 million casé®okworm infection

in man annually, of which about 100 million of whiare symptomatic
infections with accompanying anaemia. In additibwe, larvae of several
species of hookworms infecting domesticated aninmads/ penetrate
human skin, causing pathology even though theyatadavelop to the
adult parasites in man.

Mor phology

The adult parasites are small cylindrical worms5-D5mm long

(Ancylostomaluodenaldeing slightly larger thaNecatoramericanuk

The posterior end of the male worm is equipped \witbharacteristic
copulatory bursa, used to hold the female nematodgelace during
mating. The females themselves have a vulva sduaar the center of
the body, slightly anterior inNecator and slightly posterior in
AncylostomaThe anterior end of the parasites is formed atouccal

capsule, absent in members of the othgpngylidasuperfamilies, by
which the different genera and species within theug may be
differentiated. For example, members of the géersatorhave capsules
equipped with cutting plates on the ventral margiasd within the
capsule itself small dorsal teeth. In contrast menmbof the genus
Ancylostomédnave pairs of teeth on the ventral margin of égesale. The
number of teeth will vary between different spe@ésncylostomabut

is usually between one and four pairs.

N

Fig 2.2: Stannin'g electron micrograph of the
mouth capsule of Ancylostoma duodenale (left), note the presence of four "teeth,"” two on
each side and Necator americanus (right)

Fig 2.3: Left picture: Copulatory bursa and spines of N. americanus (a side view):
Right picture: copulatory bursa of 4. duoedenale (a top view)

The eggs are bluntly rounded, thin shelled, and afeost
indistinguishable between the different specieasuang approximately
60 by 40um, the eggs oAncylostomaeing slightly larger than those of
Necator
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Lifecycle

The life cycles of all the hookworms are very sanilThe eggs are passed
in the faeces, once exposed to air they maturellsagi conditions are
right, with both moisture and warmth essential development. When
matured, they hatch to liberate a rhabditiform. (h&ing an oesophagus
where a thick anterior region is connected via ekliree region with a
posterior bulb) L1 larvae after a few days. Thesedl nematodes feed
on bacteria and organic material in the soil, whkeg live and grow for
about two days before undergoing the first moufteAabout five days
more growth they moult again, to produce a muchemstender L3 larvae.
The L3 larvae has a much shorter oesophagus,as-éeeding form, and
is the infective form of the parasite. Infectiokda place by penetration
of the skin, for example when walking with baretfeeer contaminated
damp soil, followed by entry into the circulatorystem. Here they are
carried to the heart, and then lungs. Once inuhgd, they are too large
to pass through the capillary bed there. Insteag biecome trapped, and
the burrow through the capillary epithelium, emigrihe air spaces. They
then migrate up through bronchi and trachae, aediteen swallowed.
Once swallowed, they pass into the intestine ang themselves between
the intestinal villi. Here they moult to form thé llarvae, equipped with
a buccal capsule allowing adherence to the gut Wékr about thirteen
days post-infection they moult for the final tim@oducing immature
adult worms. These mature over three to four wéeksfive to six weeks
after infection), then mate and commence egg-latongpmplete the life
cycle. These parasites show a very high fecundéwmale Necator
americanugproducing up to 10,000 eggs daily, while femateylostoma
duodenaleproduces up to 20,000 eggs daily.

Mor phological differences between two species of hookworms

Features A. duodenale N. americanus
Size Larger Smaller
Shape Single curve, look®ouble curves, look
like C like S
Mouth 2 pairs of ventral teethlL. pair of ventral
cutting plates
Copulatory bursa Circle in shape Oval in shape
Copulatory spicule 1 pairs with separate pair which unite to
endings form a terminal
hooklet
Caudal spine Present Absent
Vulva position Post-equitorial Pre-equitorial
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Fig 2.4: Life cyele of Human Hookworms (source: rrh.org.au)

Pathology of I nfection

The Pathology associated with hookworm infectioresy be divided
roughly into two areas. Firstly, the pathology ass@d with the presence
of the adult parasite in the intestine, and segorttle pathology
associated with the penetration of, and migratibthe larval worms
within the skin. The adult hookworms attach themseito the intestinal
wall using their buccal capsules. Their preferrigel sf infestation is in
the upper layer of the small intestine, but in vieegvy infections (where
many thousands of worms may be present) the pasasiy spread down
as far as the lower ileum. Once attached to thesimal wall, the
hookworm mouthparts penetrate blood vessels, angdhnasites obtain
nutrition by sucking blood.

Fig 2.5: Adults in intestinal mucosa

A single Necatoramericanuswill take approximately 3Qul of blood
daily, while the largeAncylostomaluodenalewill take up to 26Qul. The
gross pathology of the disease is very dependenthenintensity of
infection. Light infections appear asymptomatict iouheavy infections,
the continuous loss of blood leads to a chronieamna, with down to
2gm of haemoglobin per 100ml of blood in extremsesa Experiments
carried out in the 1930's showed that in dogs tefikcwith 500
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Ancylostomecaninuma similar species to the human parasite, nearly a
pint of blood a day was lost. This leads to permelass of iron and many
blood proteins as well as blood cells. This in thas consequences for
further production of erythrocytes, which have bslkown to contain less
haemoglobin, as well as being reduced in size amaller in numbers.
This form of anaemia may be directly fatal, but enoften, it induces
more non-specific symptoms, the most noticeablengpaghe severe
retardation in growth and development, both physea mental, in
infected children, and a general weakness andlaesioften wrongly
interpreted as "laziness".

Diagnosis

Identify characteristic eggs in feacal samples.eNtite eggs oflN.
americanusandA. duodenal@are morphologically identical.

Fig 2.6: Egg of Hookworm

Epidemiology and Control
The factors of epidemiological importance include:

- Poor sanitation through contamination of soitotigh direct
defaecation on the ground.

- Skin exposure to infections e.g. by walking atimare-footed.

- Favourable environmental conditions that enhaeggs and
larval development.

- Loose, humus soil with reasonable drainage anatian.

- Even distribution of rainfall throughout the yea
Control is by improvement in the standard of s&ith, raising
the nutritional status of the population espegiall relation to
iron content, and mass treatment with suitablemvexpeller
(vermifuge).
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3.3 Trichuristrichiura (Human Whipworm)

The first written record of richuris trichiura was made by Morgani, an
Italian scientist, who identified the presencelad parasite in a case of
worms residing in the colon in 1740. Exact morplyatal description and
figures were first recorded in 1761 by Roedereeanian physicist. Soon
after morphology and visual representation of thermas, Trichuris
trichiura was taxonomically classified (during the 18th cent This is
the third most common round worm of humans. It istributed
worldwide, with infections more frequent in areaishwiropical weather
and poor sanitation practices, and among childtenestimated that 800
million people are infected worldwide. The southéinited States is
endemic for trichuriasis.

Mor phology

Adult worms are usually 3-5 cm long, with femalesnlg larger than
males as is typical of nematodes. The thin, clegority of the body (the
anterior, whip-like end) is the oesophagus, amltiie end that the worm
threads into the mucosa of the colon. The widepiedtjsh gray region of
the body is the posterior, and it is the end tlatt@ins the parasite’s
intestines and reproductive orgairgchuris trichiura has characteristic
football-shaped eggs, which are about 5Qs84ong and contain polar
plugs (also known as refractile prominences) ah eaud.

Fig 2.7: Egg and adult of Trichuris trichiura

Life Cycleand Transmission

Humans can become infected with the parasite duengestion of
infective eggs by mouth contact with hands or foodtaminated with
egg-carrying soil. However, there have also beea mr@ported cases of
transmission ofTrichuris trichiura by sexual contact. Some major
outbreaks have been traced to contaminated vegstéhle to presumed
soil contamination). Unembryonated eggs (unsegrdgrgee passed in
the faeces of a previous host to the soil. In ik ghese eggs develop
into a 2-cell stage (segmented egg) and then imtadwvanced cleavage
stage. Once at this stage, the eggs embryonatida@meecome infective,
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a process that occurs in about 15 to 30 days)., Nlextnfective eggs are
ingested by way of soil-contaminated hands or faod hatch inside the
small intestine, releasing larvae into the gastesitinal tract. These
larvae burrow into a villus and develop into aditeer 2—3 days). They
then migrate into the cecum and ascending colomeMiey thread their
anterior portion (whip-like end) into the tissue e¢osa and reside
permanently for their year-long life span. About ®070 days after
infection, female adults begin to release unembatexh eggs (oviposit)
into the cecum at a rate of 3,000 to 20,000 eggsiag linking the life
cycle to the start.
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Fig 2.8: Life cycle of Trichuris trichivra
Signs and symptoms

Light infestations are frequently asymptomatic @aw symptoms).
Heavier infestations, especially in small childresan present
gastrointestinal problems including abdominal pand distention,
bloody or mucous-filled diarrhoea, and tenesmuslifig of incomplete
defecation, generally accompanied by involuntamaising). While
damage may be done to the Gl tissue and appesdiwiy be brought on
(by damage and oedema of the adjacent lumen)ri gre large numbers
of worms or larvae present, it has been suggebtadhe embedding of
the worms into the ileo-cecal region may also mileehost susceptible
to bacterial infection. Severe infection may alsesgnt with rectal
prolapse, although this is typically seen only @a¥y infections of small
children. High numbers of embedded worms in theuraecause oedema,
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which causes the rectal prolapse. The prolapsetlamed and
oedematous rectal tissue may even show visible wor@rowth
retardation, weight loss, nutritional deficiencies\d anaemia (due to
long-standing blood loss) are also characteridtimi@ction, and these
symptoms are more prevalent and severe in children.

Diagnosis

A stool ova and parasites examination reveal tlesence of typical
whipworm eggs. Typically, the Kato-Katz thick-smeéachnique is used
for the identification of th&richuris trichiura eggs in the stool sample.
Although colonoscopy is not typically used for diagis, but there have
been reported cases in which colonoscopy has evesdult worms.
Colonoscopy can directly diagnose trichuriasis tgnitification of the
threadlike form of worms with an attenuated, wikelend. Colonoscopy
is a useful diagnostic tool, especially in patienfected by only a few
male worms and with no eggs presenting in the sawliple.

Epidemiology

Trichuris trichiura is the third most common nematode (roundworm) of
humans. Infection of trichuris trichiura is moseduent in areas with
tropical weather and poor sanitation practices.chiutiasis occurs
frequently in areas in which human feces is usetedsizer or where
defecation onto soil takes place. Trichuriasisatits prevalence is 50 to
80 percent in some regions of Asia (noted espgaralChina and Korea)
and also occurs in rural areas of the southeabheited States. Infection
is most prevalent among children, and in North Ao@rinfection occurs
frequently in immigrants from tropical or sub-trogl regions. It is
estimated that 600-800 million people are infectexidwide with 3.2
billion individuals at risk.

Control and Prevention

Improved facilities for faeces disposal have dessdathe incidence of
whipworm. Handwashing before food handling and dwigj ingestion of

soil by thorough washing of food that may have beammaminated with
egg-containing soil are other preventive measurb&ss Drug

Administration (preventative chemotherapy) has &aubsitive effect on
the disease burden of trichuriasis in East and \Wé&sta, especially

among children, who are at the highest risk foeatibn. Improvement of
Sewage and Sanitation systems, as well as impriagddies for faeces
disposal have helped to limit defecation onto aod contain potentially
infectious faeces from bodily contact. A study iBi@zil Urban Centre
demonstrated a significant reduction in prevalenoe incidence of
geohelminth infection, including trichuriasis, f@iing implementation
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of a city-wide sanitation programme. A 33% reductio prevalence of
trichuriasis and a 26% reduction in incidence ighurriasis was found in
the study performed on 890 children ages 7-14 yeltswithin 24

different sentinel areas chosen to represent tmed/a@nvironmental
conditions throughout the city of Salvador, Balideazil. Control of Soil

Fertilizers has helped eliminate the potential dontact with human
faecal matter in fertilizer in soil.

SELF-ASSESSEMENT EXERCISES
Answer the following questions:

I State the morphological features Agcaris lumbricoides and
Trichuristrichiura (LO1).

. What strategies you will implore for the cauwitr of soil
transmitted nematodes? (LO2).

iii. Describe the life cycles of hookworm with ehgsis on the route
of infection (LO2).

40 CONCLUSION

In this unit, we have discussed in details whdttsansmitted helminthes
are with various examples. Also discussed werg tifieicycles and their
diagnostic features.

5.0 SUMMARY

STH infection is caused by four major nematode iggeéncylostoma
duodenale Necator americanus (hookworms), Ascaris lumbricoides
(roundworm) andrichuris trichiura (whipworm). Infection is prevalent
in areas with overpopulation and inadequate samitah tropical and
sub-tropical countries, where the climate supptes survival of the
parasite eggs or larvae in the warm and moist Aéter infective larvae
enter the human body, they develop into adult woant parasitize the
gastrointestinal tract, sometimes for years. Sopeeiss of worms can
produce up to 200,000 eggs per day. Eggs are exciethe faeces and
remain viable in the soil for several weeks or geaepending on the
species. It is common for a single individual, espiéy a child, to be
infected with all three types of worms. AlthoughHsinfection rarely
causes fatality, chronic infection with high wormrden can lead to
serious health consequences. Infection is typicaillyst intense and
debilitating in school-age children, resulting ialmutrition, physical and
intellectual growth retardation, and cognitive aailicational deficitsA.
lumbricoidesmay cause intestinal obstructions that requirgesyrandr.
trichuria may cause chronic colitis. Hookworm infection esisron-
deficiency anaemia because the worms feed on thstimal wall causing
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tissue damage and blood loss. Hookworm infectiamlesading cause of
morbidity in children and pregnant women, and cavehadverse results
for the mother, the foetus and the neonate.

6.0 TUTOR-MARKED ASSIGNMENT

Conduct a physical examination Atcarislumbricoides Ancylostoma
duodenale Trichuris trichiura under the microscope and report your
findings in the log book.
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1.0 INTRODUCTION

Filariasis is caused by nematodes (roundworms) thhtabit the
lymphatics and subcutaneous tissues. Eight maiciespenfect humans.
Three of these are responsible for most of the iyldue to filariasis:
Wuchereriabancroftiand Brugia malayi cause lymphatic filariasis, and
Onchocercavolvuluscauses onchocerciasis (river blindness). The other
five species ard.oa loa, Mansonellaperstans M. streptocerca M.
ozzardj and Brugia timori. (The last species also cause lymphatic
filariasis). Among the agents of lymphatic filaigs Wuchereria
bancrofti is encountered in tropical areas worldwidsugia malayi is
limited to Asia; andBrugia timori is restricted to some islands of
Indonesia. The agent of river blindne§€nchocercavolvulus occurs
mainly in Africa, with additional foci in Latin Amreca and the Middle
East. Among the other speciésaloa andMansonellastreptocercaare
found in Africa; Mansonellaperstansoccurs in both Africa and South
America; andVlansonellaozzardioccurs only in the American continent.
Another tissue invading parasiteligchinella spiralis whose larval form
is found in the muscular tissue of the host animathinella spiralisis

in fact a complex of three closely related wormcsge They are
morphologically identical, but differ in their hospecificity and their
biochemical characteristicsI. spiralis spiralis occurs in moderate
regions and infects mainly pig$. spiralis native occurs in the polar
region (polar bear, walrus). These parasites aistamt to freezing which
Is important for meat storagé&. spiralis nelsonioccurs in Africa and
southern Europe with a reservoir in wild carnivoeesl wild pigs.T.
britovi andT. pseudospiraligarely cause infectiond.. pseudospiralis
can also infect some birds as well as mammals,kenthe other
Trichinella species.
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20 OBJECTIVES

By the end of this unit, you will be able to:

o explain examples of blood and tissue invading pEss

o describe their life cycles and clinical featuresaasated with their
infections.

o describe the methods of diagnosis of their infestio

3.0 MAINCONTENTS
3.1 Filarial Worms

Wuchereria bancrofti Different species of the following genera of
mosquitoes are vectors oW. bancrofti filariasis depending on
geographical distribution. Among them a&ulex (C. annulirostris, C.
bitaeniorhynchus, C. quinquefasciatudC. pipien$; Anopheles(A.
arabinensis, A. bancroftii, A. farauti, A. funestus. gambiae, A.
koliensis, A. melas, A. merus, A. punctul@mndA. wellcomei, AedeqA.
aegypti, A. aquasalis, A. bellator, A. cooki, Arlohgi, A. kochi, A.
polynesiensis, A. pseudoscutellaris, A. rotumaesoapularis,and A.
vigilax); Mansonia(M. pseudoatitillans, M. uniformjsCoquillettidia (C.
juxtamansonia

During a blood meal, an infected mosquito introduiterd-stage filarial
larvae onto the skin of the human host, where glenetrate into the bite
wound. They develop in adults that commonly residehe lymphatics.
The female worms measure 80 to 100 mm in lengthOa2dito 0.30 mm
in diameter, while the males measure about 40 mmilbym. Adults
produce microfilariae measuring 244 to 286 by 7.5 to 1am, which
are sheathed and have nocturnal periodicity, extteptSouth Pacific
microfilariae which have the absence of marked qoicity. The
microfilariae migrate into the lymph and blood chals moving actively
through lymph and blood. A mosquito ingests theraiitariae during a
blood meal. After ingestion, the microfilariae leotheir sheaths and
some of them work their way through the wall of geventriculus and
cardiac portion of the mosquito's midgut and re&ehthoracic muscles.
There the microfilariae develop into first-stagevée and subsequently
into third-stage infective larvae. The third-stagective larvae migrate
through the haemocoel to the mosquito's prosbacisan infect another
human when the mosquito takes a blood meal.
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Fig 3_.2: Microfilaria of B Tb‘r:ncraﬁi
Onchocerca volvulus

During a blood meal, an infected blackfly (ger&imuliun) introduces
third-stage filarial larvae onto the skin of thenan host, where they
penetrate into the bite wound. In subcutaneousdssthe larvae develop
into adult filariae, which commonly reside in noesilin subcutaneous
connective tissues Adults can live in the nodulasapproximately 15
years. Some nodules may contain humerous male emédlé worms.
Females measure 33 to 50 cm in length and 270QqA0in diameter,
while males measure 19 to 42 mm by 130 to2h0In the subcutaneous
nodules, the female worms are capable of produmiggofilariae for
approximately 9 years. The microfilariae, measul@2g to 36Qum by 5
to 9um and unsheathed, have a life span that may regelr2. They are
occasionally found in peripheral blood, urine, asputum but are
typically found in the skin and in the lymphatidsconnective tissues. A
blackfly ingests the microfilariae during a bloodah After ingestion, the
microfilariae migrate from the blackfly's midgutrdlugh the haemocoel
to the thoracic muscles. There the microfilariagetigp into firststage
larvae and subsequently into third-stage infediweae. The third-stage
infective larvae migrate to the blackfly's probssand can infect another
human when the fly takes a blood meal.
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Loaloa

The vectors fot.oaloa are flies from two species of the gerLisrysops
(C. silaceaandC. dimidiatg. During a blood meal, an infected fly (genus
Chrysops day-biting flies) introduces third-stage filariakvae onto the
skin of the human host, where they penetrate imohite wound. The
larvae develop into adults that commonly residsuhcutaneous tissue.
The female worms measure 40 to 70 mm in length @&dmm in
diameter, while the males measure 30 to 34 mmmigtleand 0.35 to 0.43
mm in diameter. Adults produce microfilariae measg250 to 30Qum

by 6 to 8 um, which are sheathed and have diurnal periodicity.
Microfilariae have been recovered from the spirdaldE, urine, and
sputum. During the day they are found in periphkl@bd, but during the
noncirculation phase, they are found in the lungke fly ingests
microfilariae during a blood meal. After ingestidhe microfilariae lose
their sheaths and migrate from the fly's midguotigh the haemocoel to
the thoracic muscles of the arthropod. There tlueofilariae develop into
first-stage larvae and subsequently into third-etadective larvae. The
third-stage infective larvae migrate to the flylelposcis and can infect
another human when the fly takes a blood meal.

192



NSC 211 MODULE 7

Loa foa

Fly Stages .n:—:-.- (gamus Chiysops) Human Stages
eakma blosd meaal f—‘_\:\_-b-

,r.% Cle, < o

SN
L] | .- \lﬁ Aduly produce shaathed

Migrate tn "le-ad-ﬁ I _T?--

Bund Py aproboscs

emlmn N B CUlaNe .rn iR

QL

microfilsae that am
Toumd in sgimol fisd, unne,

ﬂ.Hr tares o spitum penpharal Bood
Erlpo el andg i tha hungs

BH porofilarinn abued

shenthe, perdrnio gy v roA L
fiy"s mudgut, @ T -
migrale iy tharacic
s H 1

= i

n‘ Infactive Slage - L';'\
n: Diagriostic Stage

I ifanpen dpd el g e

Fig 3.4 Life cvele Loa loa
Brugia malayi

The typical vector foBrugia malayi filariasis is mosquito species from
the generaMansonia and Aedes During a blood meal, an infected
mosquito introduces third-stage filarial larvaeamtite skin of the human
host, where they penetrate into the bite woundyTeelop into adults
that commonly reside in the lymphatics. The adultms resemble those
of Wuchereriabancroftibut are smaller. Female worms measure 43 to 55
mm in length by 130 to 170m in width, and males measure 13 to 23 mm
in length by 70 to 80um in width. Adults produce microfilariae,
measuring 177 to 230m in length and 5 to @m in width, which are
sheathed and have nocturnal periodicity. The miartde migrate into
the lymph and enter the blood stream reaching #rglperal blood. A
mosquito ingests the microfilariae during a blooéain After ingestion,
the microfilariae lose their sheaths and work tey through the wall
of the proventriculus and cardiac portion of thedgut to reach the
thoracic muscles. There, the microfilariae devaetup first-stage larvae
and subsequently into third-stage larvae. The stagk larvae migrate
through the haemocoel to the mosquito's prosbacisan infect another
human when the mosquito takes a blood meal.
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Clinical Featuresand Pathology

Lymphatic filariasis most often consists of asymnmpadic microfilaremia.
Some patients develop lymphatic dysfunction causmgphedema and
elephantiasis (frequently in the lower extremitiasyl, withWuchereria
bancroft, hydrocele and scrotal elephantiasis. Episodesfebfile
lymphangitis and lymphadenitis may occur. Persoh® \wave newly
arrived in diseaseendemic areas can develop a&elepisodes of
lymphangitis and lymphadenitis. An additional mastktion of filarial
infection, mostly in Asia, is pulmonary tropicalsgwophilia syndrome,
with nocturnal cough and wheezing, fever, and eilia.
Onchocerciasis can cause pruritus, dermatitis, @ercomata
(subcutaneous nodules), and lymphadenopathies. ribst serious
manifestation consists of ocular lesions that cangiess to blindness.
Loiasis (Loa loa) is often asymptomatic. Episodigiaedema (Calabar
swellings) and sub-conjunctival migration of an ladvorm can occur.
Infections byMansonellaperstans which is often asymptomatic, can be
associated with angioedema, pruritus, fever, hdafaarthralgias, and
neurologic manifestationsMansonella streptocercacan cause skin
manifestations including pruritus, papular erupsicand pigmentation
changes. Eosinophilia is often prominent in filarianfections.
Mansonella ozzardi can cause symptoms that include arthralgias,
headaches, fever, pulmonary symptoms, adenopatipgtdbmegaly, and
pruritus.
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Fig 3.6: Elephantiasis caused by infectn by W. bancrofti

Treatment and Control

Ivermectin is effective in killing the larvae, bdbes not affect the adult
worm. Preventive measures include vector contregtinent of infected
individuals and avoidance of black fly.

Laboratory Diagnosis of Filarial Worms

Identification of microfilariae by microscopic examation is the most
practical diagnostic procedure. Microscopy Examomatof blood
samples will allow identification of microfilariaeof Wuchereria
bancrofti, Brugia malayi, Brugia timori, Loa loa, asonella perstans
andM. ozzardi It is important to time the blood collection witie known
periodicity of the microfilariae. The blood sampulan be a thick smearr,
stained with Giemsa or haematoxylin and eosinit@eased sensitivity,
concentration techniques can be used. These inckmtefugation of the
blood sample lyzed in 2% formalin (Knott's techrayjuor filtration
through a Nucleopore® membrane. Examination of sknmps will
identify microfilariae of Onchocerca volvulus and Mansonella
streptocercaSkin snips can be obtained using a corneal-d@earech, or
more simply a scalpel and needle. The sample neusiidwved to incubate
for 30 minutes to 2 hours in saline or culture mediand then examined
for microfilariae that would have migrated from ttigsue to the liquid
phase of the specimen.

Preparing Blood Smearsfor Microscopic Examination
If one uses venous blood, blood smears should &gaped as soon as

possible after collection (delay can result in dem in parasite
morphology and staining characteristics).
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Thick Smears

Thick smears consist of a thick layer of dehemoigiakd (lysed) red
blood cells (RBCs). The blood elements (includigagsites, if any) are
more concentrated (app. 30x) than in an equalairadahin smear. Thus,
thick smears allow a more efficient detection ofgs#ées (increased
sensitivity). However, they do not permit an optimeview of parasite
morphology. For example, they are often not adexat species
identification of filaria parasites: if the thicknear is positive for filaria
parasites, the thin smear should be used for spaeatification.

How to Preparea Thick Smear

I Place a small drop of blood in the centre efphe-cleaned, labeled
slide.

. Using the corner of another slide or an apgibe stick, spread the
drop in a circular pattern until it is the sizeaoflime (1.5 cm2).

lii. A thick smear of proper density is one whidhplaced (wet) over
newsprint, allows you to barely read the words.

V. Lay the slides flat and allow the smears tptthoroughly (protect
from dust and insects!). Insufficiently dried sme@nd/or smears
that are too thick) can detach from the slidesrdustaining. The
risk is increased in smears made with anticoagdilateod. At
room temperature, drying can take several hourspidtes is the
minimum; in the latter case, handle the smear \d=lcately
during staining. You can accelerate the drying byg a fan or
hairdryer (uses cool setting). Protect thick smefcen hot
environments to prevent heat-fixing the smear.

V. Do not fix thick smears with methanol or hdathere will be a
delay in staining smears, dip the thick smear lyrigf water to
haemolyse the RBCs.

Thin Smears

Thin smears consist of blood spread in a layer shahthe thickness
decreases progressively toward the feathered augee feathered edge,
the cells should be in a monolayer, not touching amother.

How to Prepare Thin Smears

I Place a small drop of blood on the pre-cleatsukled slide, near
its frosted end.

. Bring another slide at a 30-45° angle up te thop, allowing the
drop to spread along the contact line of the desli

iii.  Quickly push the upper (spreader) slide tosvelre unfrosted end
of the lower slide.
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\2 Make sure that the smears have a good feathedge. This is
achieved by using the correct amount of blood aprkading
technique.

V. Allow the thin smears to dry (They dry muchtéghan the thick
smears, and are less subject to detachment bettasavill be

fixed).

Vi. Fix the smears by dipping them in absolutehagol.

Special Proceduresfor Detecting Microfilariae

Blood Microfilariae;

A. Capillary (fingerstick) blood

Since microfilariae concentrate in the peripheaglitaries, thick and thin
smears prepared from fingerstick blood are recona@en

B. Anticoagulated (EDTA) venous blood (1 ml) shbube
concentrated by one of the following methods:

1. Centrifugation (Knott's technique)

a. Prepare 2% formaldehyde (2 ml of 37% formaldehy
98 ml H20).

b. Mix 9 ml of this 2% formaldehyde with 1 ml o&fent’s
venous blood. Centrifuge at 500 x g for 10 minutes
discard supernatant. Sediment is composed of WS
microfilariae (if present).

C. Examine as temporary wet mounts.

d. Prepare thick and thin smears; allow to drg;idiabsolute

methanol before Giemsa staining to enhance stpiafn
microfilariae.

2. Filtration

a.

b.

Place Millipore® or Nucleopore® membrane fil{rum
pore) in filter holder with syringe attachment.

Mix 1 ml of venous blood (in EDTA) with 10 mf 40%
Teepol® 610 (Shell Co.); allow to stand for seVera
minutes to  allow lysis; transfer to a 10 ml Luec®
syringe; attach the filter apparatus.

Force the solution through theusn pore filter, followed
by several syringes of water to wash out the remgi
blood, then 1 or 2 syringes full of air to clexicess fluid.
Prepare a temporary wet mount by removing itter find
placing it on a glass slide, adding a drop ofrstai dye
and a coverslip.

For permanent preparations, pass 2 to 3 nmethanol
through the filter while it is still in the holdeemove
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filter and dry it on a glass slide; then staimvith Giemsa
stain, horizontally (so that the filter does mash off the
slide); coverslip filter before examining.

Diagnostic Findings

o Antigen detection using an immunoassay for catag filarial
antigens constitutes a useful diagnostic approdmgause
microfilaremia can be low and variable. A rapidfat
immunochromatographic test, applicableNoachereriabancrofti
antigens, has been evaluated in the field. Howeagtibody
detection is of limited value. Substantial antigesross reactivity
exists between filaria and other helminths, andpasitive
serologic test does not distinguish between past eurrent

infection.

) Molecular diagnosis using polymerase chain reads available
for W. bancroftiandB. malayi

) Identification of adult worms is possible fronsdue samples

collected during nodulectomies (onchocerciasis), during
subcutaneous biopsies or worm removal from the(leyasis).

3.2 Trichinella spiralis
Historical Aspects

In 1835, a man died of tuberculosis in St Barthaans Hospital,
London. Dr Paget, a first-year student, carried the autopsy and
observed fine hard white inclusions in the mus@a@silar inclusions had
been observed by doctors from time to time in @& dout were attributed
to commonplace muscle calcification, which quickbunted the
dissecting scalpel. Dr Paget inspected the lesitisa hand lens and
quickly recognised their worm-like structure. Thamme Trichina
spiralis’ was suggested. This narmidchina had already been given to a
certain fly, however, and the name was later charigeéTrichinella".
The discovery of the parasite was published byfah®us biologist and
palaeontologist Richard Owen, at that time asdistanservator of the
museum of the Royal College of Surgeons. In 185@8dfn Virchow
carried out transmission experiments in which itddchuman muscle
was fed to a healthy dog. After only 3 to 4 daysladrichinella worms
were found in the dog’s duodenum and jejunum.
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Life Cycle

More than 100 species of mammals are susceptibliaeainfection.
Infections with Trichinella spiralis affect chiefly carnivores and
omnivores, although infection of horses has alsnlgescribed. People
become infected with this nematode by eating rawinsufficiently
cooked infected meat, often pork or wild boar. Tdr@ae ofTrichinella
spiralis which are in the meat develop in a few days imaltavorms (2-
4 mm) in the wall of the small intestine. Thereytkey larvae (100 m m).
These spread via the bloodstream to various mysoldading the heart,
where they undergo encapsulatidmi¢hinella pseudospiralisdoes not
form a capsule]. The larvae cannot continue toigarin the heart. The
larvae are localised within the cells of the musciehich is unique for a
worm. After penetrating the muscle cell, a larvareies a number of
signal molecules and proteins, which convert tHetoevhat is called a
nurse cell. In the cell the behaviour of the wosmather similar to that
of avirus. Many of its proteins are glycosylated aften carry an unusual
sugar (tyvelose). These proteins are excreted &@pecial organ in the
larva (the stichosome). Various muscle proteingé sigcactin and myosin
change or disappear, nuclear division is stimulatedl mitochondria are
damaged. Local angiogenesis is stimulated by @rcref a blood vessel
growth factor and new blood vessels, originatimgrfrnearby venules,
develop and form a network around the infected déle metabolism of
the nurse cell and the parasite is essentiallyrabae After 1 to 4 months
the adult worms die. The larvae in the muscles sioms survive for
years and can remain viable for a long time everroiing flesh.
Trichinella is uniqgue among worms in that all development edagke
place in the same host. There is never a free statgale the mammalian
body.

Symptoms

Infection may be asymptomatic. In typical casesrehis diarrhoea,
abdominal pain, vomiting and fever a few days agtding infected meat.
After 10 days the fever increases, the patienery ¥l and debilitated,
there are muscle pains and a typical peri-orbitedemna (differential
diagnosis acute trypanosomiasis and nephrosis¥. déilema is caused
by invasion of the small muscles around the eyerd@may be signs of
myocarditis, encephalitis, urticaria and asthmaer€his often very
significant eosinophilia. The myositis causes arraase in the muscle
enzymes (creatine phosphokinase, CK). After a f@nthrs the symptoms
are reduced or disappear. Mild infections are lsmiting.
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Diagnosis

Not many nematodes are found in muscle tissue.Sbmtally a migrating
third stage larva oAncylostomaToxocaraor Gnathostomanay be found
(visceral larva migransPDracunculamedinensignay also be found in
muscle tissue. Another, less common nematode whahbe found here
is Haycocknem@erplexum(Tasmania).

Prevention
o Meat should be well boiled or roasted thoroughly.
° Importance of meat inspection: The diaphragm efaaghtered

animal is inspected (the piece of muscle is flettebetween two
glass slides and examined using transilluminatioithis
technique (trichinoscopy) is not so good fdrichinella
pseudospiralisbecause it is not surrounded by a capsule and is
easily missed.

o Pig food (which may include infected rats) sholbl boiled for
30 minutes.

o To store pork for 10 days at -25° C is generattpractical in
developing countries. In the West meat is sometimadiated
with high doses of gamma rays, which will kill ahgrvae.
Trichinella spiralis nativa is cold-hardy.

SELF-ASSESSEMENT EXERCISE
Answer the following questions:

I. Write short note oWuchereria bancrofti, Onchocerca volvulus,
Loa loa(LO1).

. Describe the life cycles and clinical featurassociated with
Wuchereria bancrofti, Onchocerca volvulus, Loa io&ections
(LO2).

iii. Describe the laboratory diagnosis and treathdd filarial worms
(LO3).

40 CONCLUSION

Blood and tissues are important ingredients for &survival, however
despite their importance, several factors exist ¢tlaa hinder or reduce
their continous existence. Therefore, this unitaésed various parasites
affecting human blood and tissue. Also discusseckileeir life cycles
and clinical features associated with their infaasi.
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5.0 SUMMARY

Filariasis is caused by nematodes that inhabit Iffmephatics and
subcutaneous tissues. Eight main species infecahsmof which three of
these are responsible for most of the morbidity doefilariasis:
WauchereriabancroftiandBrugia malayi cause lymphatic filariasis, and
Onchocercavolvulus causes onchocerciasis (river blindness) Infective
larvae are transmitted by infected biting arthragddring a blood meal.
The larvae migrate to the appropriate site of th&t's body, where they
develop into microfilariae-producing adults. Theaulisl dwell in various
human tissues where they can live for several yeHnge agents of
lymphatic filariasis reside in lymphatic vesselsdalymph nodes;
Onchocercavolvulus in nodules in subcutaneous tissuksa loa in
subcutaneous tissues, where it migrates activBlyigia malayi in
lymphatics, as withWuchererigbancrofti Mansonellastreptocercan the
dermis and subcutaneous tissddgnsonellaozzardiapparently in the
subcutaneous tissues; arM. perstansin body cavities and the
surrounding tissues. The female worms produce tii@rae which
circulate in the blood, except for those ©hchocercavolvulus and
Mansonellastreptocercawhich are found in the skin, ar@. volvulus
which invade the eye. The microfilariae infect fufi arthropods
mosquitoes for the agents of lymphatic filariasigckflies Simuliun)
for Onchocercavolvulus midges for Mansonella perstans and M.
streptocercaand both midges and blackflies fdansonellaozzardj and
deerflies Chrysop$ for Loaloa). Inside the arthropod, the microfilariae
develop in 1 to 2 weeks into infective filarifornthifd-stage) larvae.
During a subsequent blood meal by the insect, #neaé infect the
vertebrate host. They migrate to the appropriate afi the host's body,
where they develop into adults, a slow process taanrequire up to 18
months in the case @nchocerca Infections withTrichinella spiralis
affect chiefly carnivores and omnivores. Peopleobee infected by
eating raw or insufficiently cooked infected mexten pork or wild boar.
The larvae offrichinella spiralis which are in the meat develop in a few
days into adult worms (2-4 mm) in the wall of tlmeadl intestine. There
they lay larvae (100 mm). These spread via thedstweam to various
muscles, including the heart, where they underg@agsulation. Vector
control in case of filariasis and proper cooking pafrk (Trichinella
spiralis) are the control measures.

6.0 TUTOR-MARKED ASSIGNMENT

Prepare thick and thin smears for two patients .each
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1.0 INTRODUCTION

The human pinworniEnterobiusvermicularisis a ubiquitous parasite of
man. It is estimated that over 200 million peopleiafected annually. It
is more common in the temperate regions of Wedtamnope and North
America, (it is being relatively rare in the tropj@nd is found particularly
in children. Samples of Caucasian children in tt®.A. and Canada have
shown incidences of infection of between 30% to 8@%h similar levels
in Europe and although these regions are the pasasgrongholds, it may
be found throughout the world, again often with hhigegrees of
incidence. For example, in parts of South Ameitheibcidence in school
children may be as high as 60%. Interestingly nangasians appear to
be relatively resistant to infection with this ndode. As a species, and
contrary to popular beliet:. vermicularisis entirely restricted to man,
other animals harbouring related but distinct sgethat are non-infective
to humans, but their fur may be contaminated bysdggmn the human
species if stroked by someone with eggs on theidsidn man anywhere
where there are large numbers of children gathergdther, (such as
nurseries, playgroups, orphanages, etc.), espedialtonditions are
insanitary, are ready sources of infection, as onéd may rapidly
transmit the parasite to his or her fellows.

20 LEARNING OBJECTIVES

By the end of this unit, you will be able to:

o describe the morphology ehterobiussermicularis

o describe the life cycle @nterobiusvermicularis

o examine the pathology, diagnosis and control Esfterobius
vermicularis
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3.0 MAINCONTENTS
3.1 Enterobiusvermicularis (The Human Pin-worm)

Mor phology

These creamy white coloured nematodes are relatamill, with the
female measuring only approximately 10mm by 0.4mmdew The
females have a cuticular expansion at their antenals, with a long
pointed tail. The male parasites, which are mush fmimerous than the
females, are much smaller, measuring only up to 3amg, and have a
curved tail, with a small bursa like expansion, ansingle spicule. The
head has a mouth with three small lips.

1 L 1

o

S @ -ﬂ—'

Fig 4.1: Adult Pinworm

Life Cycle

The adult parasites live predominantly in the caeclfhe male and
female mate, and the uteri of the females becotsal fivith eggs. The
gravid females (each containing up to 15000 edgs) migrate down the
digestive tract to the anus. From here they makgilae nocturnal
migrations out of the anus, to the perianal regihere air contact
stimulates them to lay their eggs, before retrgabiack into the rectum.
Eventually the female die, their bodies disintegatto release many
remaining eggs. These eggs, which are clear andgureabout 55 by
30um, then, mature to the infectious stage (contaiamd.1 larvae) over
4 to 6 weeks. To infect the host, typically theggse must then be
ingested. The ingested eggs hatch in the duodefeneggs themselves
are sticky, and have a characteristic shape, shatle@ll members of the
groupOxyuridea with an asymmetrical form, flattened on one s{deg
below);
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Fig 4.2: The ova of Enrerobius vermicularis

The larvae then undergo a series of moults, as mhgyate down the
digestive tract. The adult worms then mature in thecum, before
copulating to complete the cycle (typically 6 weekSccasionally the
eggs hatch in the perianal region itself, the tesyl 1 larvae being fully
infective, crawling back through the anus, thenratigg up the intestine
to the caecum (retroinfection).

Pathology of Infection

The majority of infections with this nematode asgraptomatic, although

in some cases the emerging females and the sticsges of eggs that
they lay may causes irritation of the perianal segiwvhich in some cases
may be severe. As the females emerge at nighirthysgive rise to sleep

disturbances, and scratching of the affected palremea transfers eggs to
the fingers and under the finger nails. This imtards the transmission
of the eggs, both back to the original host (adémtion), and to other

hosts.

Diagnosis

Because eggs are rarely passed out with faeces)iretgon of faecal
samples may not reveal them. This may account égative results of
enterobiasis in many of the surveys for helmintfedtions involving
faecal samples in tropical Africa. The most rekablagnosis is by the
cellophane tape swab. This involves the attachnoéntn piece of
cellophane to the perianal region overnight. Teishien examined for
eggs under the microscope. Alternatively, the amgperianal area can
be examined under bright light at night, at whiaohetadult worms can be
seen glistening in the light.

Epidemiology and Control
The eggs of the parasite are air-borne, caughothing, household linen,
curtain, carpets, etc. As such, infection is commmoairy season than the

rainy season in the tropics. Maintenance of highaards of personal and
domestic hygiene is therefore imperative for cdrdral prevention.
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SELF-ASSESSEMENT EXERCISE

Answer the following questions:

I With a well label diagram describe the morplyyl@f Enterobius
vermicularis(LO1).

. Describe the life cycle dEnterobiusvermicularis(LO2).

iii. Explain the pathology, diagnosis and contrmi Enterobius
vermicularis(LO3).

40 CONCLUSION

In this unit, the morphology oEnterobiusvermicularisand their life
cycle has been discussed. Also discussed wereathelpgy, diagnosis
and control oEnterobiusvermicularis

5.0 SUMMARY

Enterobius vermicularis is an air-borne parasitic infection common
mostly in the temperate regions of the world. Adelnale worms lay
eggs in the perianal regions and infection ocdursugh direct ingestion
of eggs containing the L1 larvae. Infection is dlsuasymptomatic but
sometimes the sticky eggs could cause irritaticih@perianal giving rise
to scratching and sleep disturbance. maintenandagbf standards of
personal and domestic hygiene is imperative fotroband prevention.

6.0 TUTOR-MARKED ASSIGNMENT

Conduct a physical examination of an adult pinwoumder the
microscope and report your findings in the logbook.
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1.0 INTRODUCTION

The human body contains all the necessary compstesustain life. It
Is warm, moist, and rich in nutrients as a resulthan body tissues are
extremely attractive to microorganisms that seekvade it and exploit
these resources for themselves. The magnitudeiofrtitrobial attack
and invasion can be readily seen when human deatireo Within few
hours after death, a body decomposes rapidly asobia invasion
particularly bacteria begins. On the other hane, tissues of living,
healthy individuals are highly resistant to micedbnvasion since their
survival depends on their ability to prevent themdge caused by
invading microorganisms. Because effective rest&ato infection is
necessary for human survival, the body is utilizimgltiple defense
systems for effectiveness and reliability. Soméhefbody defenses may
be effective against myriads invaders, while othersy be specific
against certain organisms. Some act by excludingders at the surface
of the body, while others act deep within the bddtrack, trap and
destroy organisms that succeeded in breachingutez defenses. Some
defend only against bacteria, viruses, protozo&msgi, or parasitic
worms and while others are capable of participatripe defense of more
than one pathogen. The protection of the body dépepon a complex
system of overlapping and interlinked defense meichas that
collectively destroy or control almost all invaders failure in these
defenses either because the immune system is gedt(as occurs in
acquired immune deficiency syndrome [AIDS]) or hesmathe invading
organisms can overcome or evade the defenses egililitrin disease
development and possibly death.
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20 LEARNING OBJECTIVES

By the end of this unit, you will be able to:

o describe what resistance to infection means

) state the different types of resistance and hasvathieved

) describe what antigens are and the basic charstateriof an
antigen

o describe what are antibodies, their basic strua@ndefunctions.

3.0 MAINCONTENT

3.1 Different Typesof Resistance
The Body Defenses

The defenses of the body, collectively called thenune system, consist
of complex, interacting networks of biochemical argdlular reactions.
For descriptive purposes, it is convenient to divitlis network into
discrete pathways. Nevertheless, the reader shHmulaware that these
biochemical and cellular pathways are extensivelterlinked. No
Immune response is restricted to a single bioch@muechanism or
pathway. The entry of a pathogen or vaccine ineoahimal body can
alter the expression of a very large number of mdés. Understanding
immunity requires an understanding of dynamic imolagical
networks. These networks possess redundancies anttiplen
simultaneous mechanisms working together to ensonierobial
destruction. This of course maximizes their efficig and minimizes the
chances of any individual microbe successfully @vathose defenses.

Physical Barriers

Because the successful exclusion of microbial isvads essential for
survival, it is not surprising that human beings osany different defense
strategies. The body employs multiple, overlappaygrs of defense. As
a result, an organism that has succeeded in bigdkiough the first
defenses is then confronted with the need to oweeca second, higher
barrier, and so forth. The first and most obviolithese defenses are the
physical barriers to invasion. Thus, intact skimides an effective
barrier to microbial invasion. If skin is damageaicrobes may invade;
however, wound healing ensures that this is reganmey rapidly. On
other body surfaces, such as in the respiratorygasttointestinal tracts,
simple physical defenses include the reflex anfideaning processes
such as coughing, sneezing and mucus flow in tlspinaory tract;
vomiting and diarrhea in the gastrointestinal tractd urine flow in the
urinary system. The presence of a huge populaficoramensal bacteria
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on the skin and in the intestine also excludes n@otgntial invaders.
Well-adapted commensal organisms adapted to ligimgpody surfaces
can easily out compete with poorly adapted pathiegeganisms thereby
preventing them from colonizing the body.

Natural and artificial resistance
Natural resistance against infection is achievet tie followings:
Nonspecific Chemical Defenses

The skin and mucous membranes although serve ascphyparriers to
invading microbes, they also offer the body a wgrief chemical
defenses. For example, the sebaceous gland sechetascal substances
with antimicrobial effect, and specialized glandstsas the meibomian
glands secretions that lubricate the conjunctivespss an antimicrobial
property. An enzyme called lysozyme present insteéfiers an additional
defense against bacterial organisms as it hydrslilze peptidoglycan in
their cell wall. The high lactic acid and electitalgoncentrations of sweat
and the skin’s acidic pH and fatty acid contentas® potent inhibitors
of microbial growth. Similarly, the hydrochloric idcsecreted in the
stomach protects against many pathogens that sakoswed, and the
digestive juices in the intestines and bile areab#gof destroying many
microbes in a non-specific manner. Even semen g antimicrobial
chemical that inhibits bacteria, and the vaginaahpsotective acidic pH
maintained by normal flora.

Genetic Basisfor Resistanceto I nfections

Some hosts are genetically immune to the disedsether hosts. One
explanation for this phenomenon is that some pahsdave such great
specificity for one host species that they are patéde of infecting other
species. For example, human beings cannot acqamae distemper
from dogs, and dogs cannot get mumps from humaheugh the two
viruses all belong to the same familyRaframyxoviridae. This specificity
Is particularly true of viruses, which can invaddyoby attaching to a
specific host receptor. But it does not hold trae Zoonotic infectious
agents that attack a broad spectrum of animalsetigedifferences in
susceptibility can also exist within members of @pecies. Humans
carrying a gene or genes for sickle-cell anemiarasestant to malaria.
Genetic differences also exist in susceptibilitytdberculosis, leprosy,
and certain systemic fungal infections.

The vital contribution of barriers is demonstraire@eople who have lost

them or never had them. Patients with severe skinagje due to burns
are extremely susceptible to infections; those witbckages in the

209



NSC 211 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

salivary glands, tear ducts, intestine, and urirteagt are also at greater
risk for infection. But as important as it is, tfest line of defense alone
is not sufficient to protect against infection. Base many pathogens find
a way to circumvent the barriers by using theiukance factors, a whole
new set of defenses such as inflammation, phagsisyand specific
immune responses are needed to complement them.

Artificial Resistance

This is achieved through vaccination, immunizatma passive transfer
of antibodies through the placenta or breastfeedmthis situation, the
person is protected by preformed antibodies sua@nagenom obtained
from sera of persons or animals that were immunaegaccinated and
actively produced the antibodies that can neuwdhe vaccine agent.

Antigens and their characteristics
Antigens

Are molecules that are considered foreign to thdyband elicit the

production of specific antibodies or evoke the ripaiion of effector

cells. Since the function of the immune systemoigiéfend the body
against invading microorganisms, these organisns brirecognized as
soon as they invade the body. The body must betaliecognize that
these are foreign (and dangerous) if they areitoutdte an immune
response. The innate immune system recognizesadimtyted number of

pathogen-associated molecular patterns (PAMPSs)atteatharacteristic
of major groups of pathogens. The adaptive immuysem, in contrast,
can recognize and respond to almost all the for@gcromolecules
present in an invading microorganism. There areynfiamms of antigens
namely:

I Microbial antigens
- bacterial antigens: cell wall, capsule, pilagella,
lipopolysaccharide (LPS)
- fungal antigens: cell wall, nucleic acid, glycogins
- viral antigens: envelope, capsid, nucleic acid
- protozoans: cell wall, nucleic acid, glycopraotei
carbohydrate and lipid structural component.
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. Nonmicrobial antigens

- Food contains many foreign molecules that urstane
circumstances may trigger immune responses arsk G
allergic reaction.

- inhaled dusts can contain antigenic particlehrsgcpollen
grains, and these may enter the body through the
respiratory system.

- foreign molecules may be injected directly int@ tbody
through a snake or mosquito bite.

- foreign proteins may be injected for experimental
purposes.

- Organ grafts are an effective way of adminisggm@nlarge
amount of foreign material to.

Characteristics of a good antigen

Molecules vary in their ability to act as antigdtiseir antigenicity). In
general, foreign proteins make the best antigespeaally if they are big
(greater than 1000 Da is best). Many of the majotigans of
microorganisms such as the clostridial toxins, &aak flagella, virus
capsids, and protozoan cell membranes are largéeipso Other
important antigenic proteins include componentsnalke venoms, serum
proteins, cell surface proteins, milk and food enas, hormones, and
even antibody molecules themselves. Simple polysaaes, such as
starch or glycogen, are not good antigens simpbabse they are often
degraded before the immune system has time to mdsjpothem. More
complex carbohydrates may be effective antigenzeaally if bound to
proteins. These include the major cell wall antggen Gram negative
bacteria and the blood-group glycoproteins of rkabdb cells. Many of
the so-called natural antibodies found in the seafrunimmunized
people are directed against polysaccharides armhplparise as a result
of exposure to glycoproteins or carbohydrates frtm intestinal
microflora or from food. To this extent, they cdscabe considered part
of the innate immune system. Lipids tend to be @otigens because of
their wide distribution, relative simplicity, strugal instability, and rapid
metabolism. Nevertheless, when linked to proteinpalysaccharides,
lipids can trigger immune responses. Cells posgsssfic receptors used
for the binding and processing of lipid, lipoprateiand glycolipid
antigens. Mammalian nucleic acids are very pooigans because of
their relative simplicity and flexibility and becseithey are very rapidly
degraded. Microbial nucleic acids, on the otherdhdrave a structure
very different from that found in eukaryotes witramy unmethylated
CpG sequences. As a result, they can stimulatepioienune responses.
It is perhaps for this reason that autoantibodesiucleic acids are
produced in some important autoimmune diseaseteiRsoare the most
effective antigens because they have properties libat trigger an
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immune response. (More correctly, the adaptive imengystem has
evolved to trap, process, and then recognize foneigteins). Thus, large
molecules are better antigens than small molecalas,proteins can be
very large indeed. For example, hemocyanin, a lange protein from
invertebrate blood (670 kDa) is a potent antigegruB albumin from
other mammals (69 kDa) is a fairly good antigen fimaty also provoke
tolerance. The small peptide hormone angiotendd3X1Da) is a poor
antigen. Similarly, the more complex an antigen ti® better. For
example, starch and other simple repeating polymergoor antigens,
but complex bacterial lipopolysaccharides are gdooimplex proteins
containing many different amino acids, especiallgnaatic ones, are
better antigens than large, repeating polymers,h sas lipids,
carbohydrates, and nucleic acids. Structural stpbg an important
feature of good antigens, especially those thggién antibody responses.
To bind to a foreign molecule, the cell surfacespors of the adaptive
immune system must recognize its shape. Conseguéighly flexible
molecules that have no fixed shape are poor argigéar example,
gelatin, a protein well known for its structurastability (which is why it
can wobble), is a poor antigen unless it is stadxliby the incorporation
of tyrosine or tryptophan molecules, which cross-lihe peptide chains.
Similarly, flagellin, the major protein of bactdridgagella, is a flexible,
weak antigen. Its rigidity, and thus its antigetyicis greatly enhanced by
polymerization. Not all foreign molecules can stiate an immune
response. Stainless steel bone pins and plastitvaaes are commonly
implanted in patients during surgery without triggg an immune
response. The lack of antigenicity of large orggrobymers, such as the
plastics, is due not only to their molecular unifiy but also to their
inertness. These polymers cannot be degraded andgsed by cells to a
form suitable for triggering an immune responsenv&osely, since
immune responses are antigen driven, foreign mtdsc¢hat are unstable
and destroyed very rapidly may not persist for #igant time to
stimulate an immune response.

The cells that respond to antigens (antigen-seesitlls) are selected so
that their receptors do not normally bind to molestoriginating within
the body (self-antigens). They will bind and resghdmowever, to foreign
molecules that differ even in minor respects frévose normally found
within the body. This lack of reactivity of the gd&e immune system to
normal body components occurs because cells wieasgtors bind self-
antigens are selectively killed or otherwise supped. The
immunogenicity of a molecule also depends on itgeke of foreignness.
The greater the difference in molecular structuedwken a foreign
antigen and a person’s antigens, the greater willhle intensity of the
immune response. For example, a kidney graft frondantical twin will
be readily accepted because its proteins are wéni those on the
recipient’s own kidney. A kidney graft from an ulated person of the
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same species will be rejected in about 10 dayssardeugs are used to
control the rejection. A kidney graft between diéfet species such as
from a pig to a man will be rejected within a feauins despite the use of
Immunosuppressive drugs.

In summary, there are four characteristics of adgmtigen:

- size: antigens must be big for them to evoke imentesponse.

- structural stability: antigens must be structiyratable for them
to evoke immune response.

- structural complexity: antigens must be compléstoucture to
evoke immune response. Molecules with simple sirec of
repeated single unit are poor antigens.

- foreignness: antigens must be recognized by duy las foreign
for effective immune response. Any molecule that not
recognized as foreign to the body will not be cegfed to by the
immune system protecting the body.

Epitopes

The part of an antigen molecule against which thenune response is
directed is called an epitope or antigenic deteaminA single antigenic
protein may have many epitopes on its surface falvlmch immune
response is directed to.

Haptens

These are small molecules (less than 1000 Da)oth#teir own cannot
elicit an immune response unless they are coupledlarger molecule
called a carrier. Haptens are far too small to foegssed and presented
to the immune system for response. Many drug a#ergccur because
the drug molecule although small can bind to larggmal body proteins
covalently to form hapten-carrier complex. For epéemnthe antibiotic
penicillin is a small nonimmunogenic molecule. OmEgraded within
the body, however, it forms a very reactive “pdiogi’ group, which can
bind to serum proteins such as albumin to form @koyl-albumin
complexes hapten can be recognized as a foreiglopepin some
individuals and so provokes an immune responsaltigg in penicillin
allergy. A second example of a naturally occurmegctive chemical that
binds spontaneously to normal proteins and scascéshapten is the toxic
component of the poison ivy plant (Rhus radicafig resin of this plant,
called urushiol, will bind to any protein with whiét comes into contact,
including the skin proteins of a person who rubaigf the plant. The
modified skin proteins are then regarded as foreigd attacked by
lymphocytes like the rejection of a skin graft. Thesult is the
uncomfortable skin rash called allergic contactbitis
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Antibodies and their characteristics/functions
Antibodies

Antibodies, or immunoglobulins (Ig), are glycopiatethat constitute the
main humoral component of the acquired immune systed carry out
their functions by binding to a specific antigeredpite the enormous
variety of antibody specificities, all antibody reolles share the same
basic structure. They are composed of four glydmmmochains: two
identical heavy chains and two identical light cisaiThe heavy chains
are covalently bound together by disulphide boadsd, one light chain is
covalently bound to each heavy chain, giving thehdped molecule. The
two heavy and light chains consist of heavy (H) hglkl (L) as well as
variable (V) and constant (C) domains. The antibisdlso divided into
two fragments namely Fab and Fc fragments. The fRE@ments are
responsible for antigen binding, while the Fc fragindetermines other
features of the molecule’s function.
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Antibody | sotypes

The biological functions of antibodies are largégtermined by the type
of heavy chain they have. In humans there are ifian heavy-chain
types —u, 9, €, y andu resulting in five classes, or isotypes, of antyped
IgA, IgD, IgE, IgG and IgM, respectively. Of theslasses, IgA and 1gG
are further divided into subclasses, each withlgulifferent heavy-chain
C regions. Antibody molecules can be producedaneted or membrane-
bound forms, depending on the terminating sequehtee heavy-chain
C regions. The membrane-bound form terminates \igdrophobic
residues that anchor it in the plasma membrandewie secreted form
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lacks these residues. In addition to the diffeheatvy-chain classes, there
are two different types of light chain, known appa ) and lambdai(
chains. Each antibody molecule contains light chah one of these
types, but not both. These chains differ in theold@nains, but there are
no known differences in the function of antibodieth « or light chains.

IgA: is the most abundant class in the secretionkebbdy’s mucosal
surfaces. It is further divided into two subclasdgél and IgA2, with

subtly different heavy-chain C regions. The sedrd¢tem is found as a
dimer of two antibody molecules linked by a polyjeg J-chain.

IgD: is almost exclusively found as a membrane-bountéaule on the
surface of naive B cells in the periphery, wheteng with IgM, it acts
as the receptor for antigen recognition.

IgE: is a class of antibody found on the plasma men#d mast cells,
basophils and, at times, eosinophils, where iisnid by a receptor for
its Fc portion. When cross-linked by antigen, tlunes degranulation,
causing release of inflammatory mediators. Thix@ss has a role in
initiating acute inflammation and allergic reacgoffhe heavy chains of
IgE antibodies consist of five domains (one vagaahd four constant
domains). Levels of IgE are elevated in asthma.

IgG: is the most abundant class of antibody in thedknd extramucosal
tissues of the body. In addition to its role in thature immune system,
it is the only class of antibody to cross the hurptacenta into fetal
circulation. It is divided into four subclassesGlty, 1gG2, IgG3 and 1gG4.

IgM: is the first type of antibody produced in an immauesponse. It is
found primarily in the blood as a pentamer of fidentical antibody
molecules, each of which has heavy chains compaofstade domains. It
Is also found as single antibody molecules on tinase of naive B cells,
where it acts as an antigen receptor (B cell receBCR).

Functions of Antibody

Once an antibody has bound to its antigen, it afopm a number of
functions that assist in the removal or inactivaid the antigen.

I Neutralization: This involves the antibody binding to
biologically important parts of the antigen andeyenting it
carrying out its function. If antibody binds to amportant
residue on a bacterial toxin, for instance, thgintocan be
neutralized, preventing damage to the host. Furtbee, many
viruses and bacteria are dependent on moleculéseinsurface
to allow them to adhere to host cells. Antibodiest bind these
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molecules will prevent the pathogen from beingeatd infect
host cells.

Complement activation: The complement component C1q is
able to bind to the Fc portion of IgG or IgM whitxey are bound
to antigen. When C1q is cross-linked by two Fctipas, it
becomes activated, setting off the classical cempht cascade.
This has several effects, including inducing aflammatory
response, bringing phagocytes to the area andncalysis of
microorganisms through the formation of the membadtack
complex.

Opsonization: Antibodies can act as opsonins, meaning that they
can greatly increase the ability of phagocytesngest and Kkill
pathogens. A variety of phagocytes express surfaceptors
foantibody Fc portions. Importantly, these receptamly signal to
the cell when they are cross-linked, therefore timgi this to
occasions when they bind multiple antibodies baworitie surface
of a pathogen, rather than free antibody. The tasulsignal
induces the phagocyte to ingest and kill the migganism.
Furthermore, some components of the classical cemmygaht
cascade (such as C3b), which can be initiated blyaty, also act
as opsonins.

Antibody-dependent cell-mediated cytotoxicity (ADCC): This
involves the use of antibody to induce the killofginfected host
cells or pathogens too large for phagocytosis. dbesirs when Fc
receptors on the surface of some immune cells, sgchatural
killer (NK) cells or macrophages, are cross-linked antibody
bound to antigen. The immune cell is induced teasé toxic
substances into the space between the two cdllagkihe target
cell.

SELF-ASSESSEMENT EXERCISES

Answer the following questions:

i
ii.
iii.
V.
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What is an antigen (ILO 1)?

Mention the four characteristics of a goodigen (ILO 2).
Outline the four major functions of an antibo(ILO3).
Enumerate the five different classes of ardipgou know.
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40 CONCLUSION

Antigens are substances that elicit the produaf@pecific antibodies or
mobilization of effector cells. It is the epitope antigenic determinants
on the surface of an antigen that an immune regpwils be mounted
against. For an antigen to be good, it has to banoéppropriate size
(>1000 Da), structural complexity and stability andsinbe recognized
as foreign by the body. The antibodies are proteiaolecules or
immunoglobulins that are produced to neutralize #migens that
specifically elicit their production. There arelasses of antibodies: IgA,
IgG, IgE, IgM and IgD all of which have the basiesWaped structure.
They perform opsonisation, antigen neutralizati@antibody-dependent
cel-mediated cytotoxicity and complement activation

5.0 SUMMARY

In summary, in this module we discussed what antigare and the
characteristic feature of a good antigen, whategitopes and haptens,
what is an antibody, its basic structure, and theiction in immunity.

6.0 TUTOR-MARKED ASSIGNMENT

Draw the basic structure of an antibody.
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7.0 References /Further Reading
1.0 INTRODUCTION

The innate immune system comprises many mechanisatsrapidly

respond to microbial invasion in a non-specific mam They are termed
the first line of defense against infection in hurmand animals. In this
unit, we would look at what constitutes the innatenunity and how

they work to protect the body against the multitiafemicrobes we
encounter daily.

20 OBJECTIVES

By the end of this unit, you will be able to:

) state what innate immunity is
. state its constituents
o explain how innate immunity protects against infect

3.0 MAINCONTENTS

3.1 Innate I mmunity

The innate immune system consists of a variety oimipve

mechanisms to prevent pathogens from gaining adoets® body, and
early responses to kill the pathogens should theyage to do so. Each
response is not specific for a particular pathodmrt, can protect the
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host from a variety of different pathogens by retdnimg components
found in groups of microorganisms. These defensehar@sms are pre-
existing or are generated rapidly. Therefore, thmake up the first line
of defense against infection. Mechanisms of innateunity include

physical barriers, such as skin, to stop invadingraorganisms, as well
as phagocytic cells, such as neutrophils, whiclkeshgnd kill pathogens.
The humoral component consists of substances, asdysozyme in
tears, and complement in blood and tissue fluidat are able to Kkill
microorganisms.

3.2 CdlsResponshblefor Innate | mmune Response
Dendritic Cells

These are specialized cells whose purpose is gseptation of antigen
to lymphocytes, an essential step in the initiatdracquired immune
responses. They do this by ingesting substancekjding pathogens,
processing them and presenting fragments on theace.

Monocytes/M acr ophages

These are phagocytic cells that are responsiblenf@sting and killing
pathogens. Monocytes are found in the blood, wisereacrophages
develop from monocytes but reside in the tissueacrbphages are
capable of presenting antigen to lymphocytes andsequently, along
with dendritic cells, are known as antigen-presendgells (APCS).

Neutrophils

These are short-lived phagocytic cells that aredgred in great
numbers in response to infection. They contain ggikmic granules
rich in toxic substances used to kill pathogensirgvio the presence of
these granules, they are one of a group of celtsvknas granulocytes.
Eosinophils: These are another type of granulocyin a role in

defense against parasites. Basophils: The precisetion of these
granulocytes is unknown, although they seem to haveole in

inflammation and defense against parasites.

Mast Cells

These contain granules rich in inflammatory medgtancluding
histamine, and are present in most tissues. Whivatex, they release
the contents of these granules into the local enwent. They are
important cells in acute inflammation and are aksponsible for most
allergic reactions.
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Natural Killer (NK) Cells

These are innate immune cells whose main role igiltoself-cells
infected with intracellular pathogens, althoughytla¢so have a role in
killing certain tumour cells.

3.3 How thelnnatemmune System Protectsthe Body

Host defense against invading pathogens beginshat epithelial
surfaces, which comprise the skin and the mucosahgs of the
respiratory, gastrointestinal and genitourinaryctsa Initially, these
epithelial surfaces act as barriers to preventquahs from entering and
colonizing tissues. Barriers can be classed as amécdl, chemical or
microbiological.

M echanical

Mechanical defenses provide anatomical or physwratection from
invading pathogens. For example, continuous losdeafd keratinized
cells from the outer epidermis of the skin remows/ colonizing
microbes. In the gut, peristalsis protects aggiaghogen invasion by
propelling the fluid contents swiftly along thedtaEpithelial cells, such
as those seen in the gut, are bound together byjtigctions that act to
seal in the internal environment. In the lung, mganisms are often
expelled in the mucus flow driven by the beatindhair-like cilia found
on epithelial cells.

Chemical

Various non-specific antimicrobial chemicals progldidy the host play
an important role in innate defense. For example,enzyme lysozyme
is secreted in both tears and saliva, and actsegrade bacterial
peptidoglycan. In the small intestine, paneth cséisreten-defensins,

which create a pore in bacterial cell membraneditggto lysis. Related
B-defensins are secreted by epithelia in the retgpyand genitourinary
tracts. In the stomach, gastric juices maintaira@idic pH, which Kkills

microbes.

Microbiological

Non-pathogenic microorganisms found normally wittiie human body
are known as commensals. One of the roles perfotmyecommensal
microorganisms involves helping to keep potentiadymful pathogens
under control. For example, commensals may produdenicrobial

substances such as bacteriocins. They also compigtgpathogens for
nutrients and epithelial attachment. Commensalrosgas are thought
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to non-specifically stimulate the immune systemteptating a rapid
response to an invading pathogen. Their importascgeen when the
loss of normal bacterial flora following the use bfoad-spectrum
antibiotics results in disease. For example, thetdomm Clostridium
difficile is an opportunistic bacteria normally held in dhéy natural
bacteria flora. However, after antibiotic use, @fidle can overgrow
and cause severe pseudomembranous colitis.

The innate immune response has a humoral arm thasists of
circulating soluble substances. These include:

Acute phase proteins

During acute iliness, activated leukocytes relepse-inflammatory
mediators, such as tumour necrosis factor, intknteis (IL-1) and IL-6,
in response to recognition of invading microorgaris These mediators
travel to the liver and stimulate the synthesis secdretion of proteins,
termed acute phase proteins, by hepatocytes. \Wathcterized acute
phase proteins include C-reactive protein and msarionding lectin
(MBL). C-reactive protein facilitates the attachrnehmicrobial surface
antigens to phagocytic cells, thus enhancing phagsis. Such
substances are known as opsonins. C-reactive prstelso known to
activate the complement system, which in turn pr@sienflammation
and pathogen destruction. MBL also activates cometd via a
different pathway.

Interferonsa and B (INF-a and -B)

These mediators are released by virally infectdid ag response to the
presence of double-stranded viral RNA. IMF-and $ are
characteristically produced by leukocytes and titaists, respectively.
Upon binding to a surface receptor on an uninfectdkl the interferons
induce a state of viral resistance. For exampley tct to inhibit viral
replication and can activate natural killer (NK)lse

Complement System

The complement system consists of circulating pagmoteins present
in blood and tissue fluids. They are activated trfgrm various
mechanisms associated with innate immune defenses.

Complement proteins are present in an inactive fdomt can be
activated to provide many effector functions oflanimation and
humoral immunity. There are known to be three déf¢ pathways
through which the complement system can be actiyat# ending in a
common amplifying enzyme cascade.
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The classical pathway: This is activated principally by the binding of
the complement component C1 to an antigen—antiloaehyplex. This
indicates that an adaptive immune response is nedjuo initiate this
innate defense mechanism. However, there is alsieree that the
pathway can be directly activated by the surfacapmments of certain
pathogens, such as retroviruses and Mycoplasma.

The mannose-binding lectin (MBL) pathway: In this case, initiation is
via the binding of MBL to a specific spatial arramgent of microbial
carbohydrates that include mannose and fucose.

The alter native pathway: This differs from the previous two pathways
in that activation involves the spontaneous hydisly of the
complement component C3. Usually, the cascadedsepted by the
action of specific regulatory proteins found on tha®ll surfaces.
However, no such proteins are found on pathogers tlee alternative
pathway can proceed on the pathogen surface. Adettpathways
involve a series of reactions that result in themiation of an enzyme
called a C3 convertase. The production of this sreyepresents the
convergence of the pathways and the generatiomeintain effector
functions of complement.

Function of the Complement Proteins

The three complement pathways converge with thelymton of the
enzyme C3 convertase. This cleaves the componeimt@€3wo further
components named C3a and C3b. C3a is released3tuisound to
the target pathogen membrane. C3b binds the otigiBaconvertase to
form a C5 convertase, a complex that cleaves thepment
component C5 into C5a and C5b. C5b, on the pathageface,
subsequently binds the complement components C6C8@and C9 to
form the membrane-attack complex (MAC), which sp#res pathogen
plasma membrane forming a pore. Importantly, aeseof regulatory
proteins ensures that complement does not damag®hbost cells.
C3 = C3a+C3b
3 convertase

% i
K‘h F

L

CE convertase

08 —— = (CHa+Chb

Y
C5b + 8, CT, C8, C8 - MAC

Fig 7.1: Complement pathway for generation of membrane attack complex (MAC)
Source: Immunology: ONE STOP DOC (2005)
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The various complement proteins carry out four maimate defense
functions:

1. Triggering inflammation — C5a, and to a lesser extent C3a and
C4a, promote inflammation. They act to stimulat®@sth muscle
contraction and increase vascular permeabilityaddition, C5a
and C3a bind to receptors on mast cells and baspphid induce
the release of pro-inflammatory mediators, suchhigs&amine.
When present at a high level, these complementrieags are
involved in a generalized circulatory collapse tedm
anaphylactic shock and are, therefore, termed aatpRins.

2. Attraction of immune cells — Cba also functions as a
chemoattractant for neutrophils and monocytes hbyreasing
their migration towards the site of infection.

3. Opsonization — C3b and to a lesser extent, C4b can act as

opsonins by potentiating the attachment of microldes
complement receptors on phagocytic cells.

4, Pathogen lysis — the MAC is a doughnut-shaped structure with a
hydrophobic exterior that allows association witle fpathogen
membrane. Its internal hydrophilic channel actag®re in the
lipid bilayer and results in loss of membrane initygand
eventual destruction of the pathogen.

3.4 Pattern Recognition Receptors

The innate immune system demonstrates broad spgcitharacterized
by the ability to distinguish self from non-selfhi§ involves receptors
that activate innate defenses following recognittdmolecules present
on invading pathogens, but not present within th&t.nMicroorganisms
typically contain molecular motifs known as pathegessociated
molecular patterns or PAMPs. PAMPs are invariarthiwia pathogen
class, essential for pathogen survival and not ssgpart of the normal
host. Well-characterized PAMPs include lipopolyserde present in
Gram-negative bacterial cells walls, unmethylategeats of CpG
present in bacterial DNA and double-stranded RNA&nsén viral

infection. Innate receptors that recognize PAMRs t@rmed pattern-
recognition receptors or PRRs. PRR ligation catmait@ various effector
functions including phagocytosis and secretion @&diators, such as
cytokines. The best-characterized family of PRRsthe Toll-like

receptor family (TLR). For all TLRs, ligation triggs a series of protein
cascades that leads to the activation of transenactors including

NF«B, which in turn activate genes encoding varioustgns involved

in immune defense. In mammals, TLR4 is found on sheface of
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macrophages and dendritic cells, and recognizes tetalc
lipopolysaccharide. Another TLR, TLR9, is foundradellularly in the
same cells and recognizes unmethylated CpG DNAexXample of a
secreted PRR is mannose-binding lectin (MBL), prasly mentioned
as an activator of complement.

3.5 Phagocytes

Innate immunity also includes a cellular componéitie phagocytes
comprise one of the most important innate cell geourhese include
monocytes, which migrate from the circulation te thody tissues to
become mature macrophages, and neutrophils. Ph&gocgan

internalize and kill many pathogens. The procegshaigocytosis begins
with cellular expression of various surface PRRat #wre specific for
PAMPs. These include scavenger receptors and aptoecdhat

recognizes bacterial lipopolysaccharide, called €DIEnhanced
recognition and attachment of the phagocyte to@ahe is achieved in
the presence of an opsonin, e.g. the complemegimiat C3b or
antibody. Following attachment, actin  polymerizatio and

depolymerization within the phagocyte leads to ftieemation of

pseudopods of cytoplasm and membrane that enguthtbrobe to form
a phagosome. The phagosome then fuses with onerer intracellular

granules called lysosomes to form a phagolysosagsasomes contain
antimicrobial enzymes and proteins that can destiwy pathogen.
Pathogen destruction in the phagolysosome can rtieefuclassified as
oxygendependent and oxygen-independent.

Microorganism Pathogen
bound by PRR destruction

\ Psaudopod  Lysosome  Phagosome  Phapolysosome
W, o
Actin _.;flﬁl '. ;o
flamants TS , IL.;‘&T L
"_Ir * : i l !
] 25
.-"f "'\-\.H_ _,

Fig 7.2: The process of phagocytosis
Source: Immunology: ONE STOP DOC (2005)

. Oxygen-dependent: Phagocytosis stimulates a respiratory burst

accompanied by a transient increase in oxygenucopson. This

generates an NADPH oxidase, which converts oxygéenm the

damaging superoxide anion (02 . ). Further mastproduce a
range of antimicrobial chemicals including hydmgeeroxide
(H202) and hydroxyl radicals (OH. ).
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. Oxygen-independent: Many lysosomes contain cationic proteins

that disrupt cytoplasmic membranes, lysozyme, whiceaks
down peptidoglycan, lactoferrin, which deprivesteaia of iron,
and various other antimicrobial enzymes.
Some bacteria are relatively resistant to phagodgstruction.
For example, some species of salmonella prevesibriuof the
phagosome with the lysosome. Pathogenic mycobactave
been shown to inhibit the acidification of the gbsome required
for lysosomal enzyme action.

Natural Killer Cells

Natural killer (NK) cells are large lymphoid cellsith prominent
cytoplasmic granules and considerable cytotoxidvigt They are
known to be vital in containing viral infection bgcting to remove
virally infected host cells. NK cell killing is depdent upon the
interaction of both inhibitory and activating NKceptors that bind
components of the host cell surfaces. NK cells aoctivated by
recognition of ‘altered self’ and ‘missing self’.

. Altered self: Refers to the change in cell surface componeats th
results from viral infection. For example, the aakby upregulate
expression of stress molecules, such as MICA (major
histocompatibility complex class I-related chain which in turn
bind activating NK cell receptors and result ineictied cell death.

. Missing self: Refers to the absence of normal cell surface
components that results from viral infection. Feample, normal
expression of a major histocompatibility complexH®) class |
molecule acts via a set of inhibitory NK-cell sudareceptors
called KIRs (killer immunoglobulin-like receptorsd prevent
NKmediated killing. Viral infection may lead to dowegulation
or prevention of MHC class | expression on the dtdd cell
surface. This will lead to loss of KIR inhibitiomé NK-mediated
killing of the infected cell. Initially, NK cellsan be activated in
response to interferons and macrophage-derivedriatticluding
IL-12 and TNF. Besides cytotoxic action, this aation
stimulates NK cell secretion of large levels of HNIFNy has
antiviral properties and in turn, is vital in thetigation of
macrophages. NK cell cytotoxicity is dependent o ¢combined
action of perforin and granzymes, both found witiNK cell
granules. Perforin binds phosphorylcholine on thegdt cell
membrane and polymerizes to form a pore similah&b seen in
the complement MAC. Granzymes were originally bedi to
enter the target cell via the pore formed by panfddowever, it
now appears that granzymes bind first to a cellaser receptor
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for mannose-6-phosphate. Upon entry, they actiagieoteolytic
cascade involving enzymes called caspases. Thudraigers cell
death.

3.6 I nflammation

Inflammation is the response of the body to anynfaf tissue injury,
which can be due to infection, exposure to toxiossances or physical
trauma. The characteristic signs of inflammatioe aedness, heat,
swelling, pain and loss of function. The procesbri@mught about by the
release of a variety of inflammatory mediators. Tiree main effects of
these are vasodilation, increased vascular periitgabind cellular
infiltration into the tissue. The key event in thaeitiation of
inflammation is mast cell degranulation, which tesin the release of
several inflammatory mediators, including vasoa&tamines, such as
histamine and 5-hydroxytryptamine. Various othell dgpes also
produce a variety of inflammatory mediators, suslp@staglandins and
leukotrienes. These mediators cause local vasmuhilaincreasing the
blood supply to the tissue, causing the charatiensdness and heat.
This is beneficial as it increases the supply @f ¢klls and substances
required to combat the causative insult. Inflammatmediators also
cause increased vascular permeability, allowingdfland proteins to
leak into the tissue, resulting in swelling andnpéwing to increased
tissue tension). Mediators, such as prostaglaratidskinins, also have a
direct action on nerves and cause pain. The fumgtmf this exudate
include the supply of important substances, sucti@tng factors and
fibrin, which is deposited and acts as a barrieth® spread of any
invading microorganisms. Other useful substancesthia exudate
include immunoglobulins and complement proteinsttii@rmore, the
inflammatory exudate also serves to dilute anydaaxibstances present
in the tissue, as well as carrying antigen to yimeph nodes by draining
into the lymphatics. The other main function of thdlammatory
mediators is to act as chemotactic agents, attigaatiflammatory cells
into the tissue. Important chemotactic mediatoduitle: leukotrienes,
complement component C5a and several cytokinesl{e®). The cells
attracted include neutrophils and monocytes, wiach able to ingest
and remove the causative agent. Once this has qaemessfully done,
certain cells, including monocytes, then stimulaeair of the damaged
tissue. In most circumstances this resolution nstuhe tissue to its
previous state of function.

SELF-ASSESSEMENT EXERCISES
I What are complement proteins?

. Outline the various steps involved in the gatien of MAC in
classical complement pathway.
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iii. What is inflammation? Explain its role in bpdlefense against
infection.

40 CONCLUSION

In general, innate immunity is non-specific andklanemory. It is
mediated by mechanical barriers such as skin araisnmembranes, by
white blood cells (leukocytes) such as neutrophitsacrophages,
monocytes, mast cells and natural killer cells bpathemical mediators
such as complement and acute phase proteins, @lasdans,
leukotrienes and other kinins.

50 SUMMARY

In this unit, we have studied innate immunity,dbaracteristics and the
cells responsible for it. We have also looked atrtle of phagocytosis,
complement pathways, acute phase proteins andrinfiion in body
defense against microbial invasion and colonization

6.0 TUTOR MARKED ASSIGNMENT

1 Briefly explain the role of acute phase proteinbaaly defense.

2. What is inflammation?

3. Mention 3 phagocytes that are involved in body deés

4 List the complement system pathways involved inaten
immunity
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UNIT 2 THE ADAPTIVE (ACQUIRED) IMMUNITY
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7.0 References/Further Reading
1.0 INTRODUCTION

Adaptive immunity is the branch of immune systemosd central
theme is a specific immune response. Antigenstahe production of
specific antibodies or immune cells which then elamtes them in a
specific manner. In this unit, we would cover whatjuired immunity
is, its characteristics and the body componentscelis that are
responsible for it.

20 OBJECTIVES

By the end of this unit, you will be able to:

o explain what adaptive immunity is
) explain its characteristics
o discuss the body parts or cells responsible for it.

3.0 MAINCONTENT
3.1 Adaptive (Acquired) Immunity

The acquired immune system is a more evolutionadyanced system,
through which individual pathogens are specificalcognized and
Immune responses are targeted towards them. Tlaaclrof the

immune system is brought about by leukocytes calj@dphocytes.

Each lymphocyte expresses a receptor on its sutfedebinds to one
specific substance or antigen. These substancesh e specifically
recognized by the acquired immune system, are kresvantigens. An
antigen can be any type of biological molecule but,the purposes of
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protection from infection, many are parts of pamgor their products.
When lymphocytes encounter their specific antigen the right

environment they proliferate and mount an acquinechune response.
The humoral arm of the acquired immune system stnsof the

production of a substance called antibody by a etubt lymphocytes

called B cells. Antibody molecules bind specifigath antigen and, once
bound, facilitate its inactivation or removal. Tbelular arm is brought
about by another subset of lymphocytes called Ts,celhich help to

eliminate pathogens through a variety of mechanisms

3.2 Characteristics of acquired immunity.
The acquired immune system has several importaracteristics.
. Specificity

Acquired immune responses are directed againsts pafrtantigens

known as epitopes or antigenic determinants. Tbhcuie because each
lymphocyte can recognize a single epitope throtgjlspecific receptor.

Under certain circumstances, the lymphocyte respdodhe presence
of its specific antigen by proliferating and moungti an acquired

Immune response. This characteristic allows immriesponses to be
tailored directly towards the pathogen being tadet

. Diversity

Each individual possesses a vast number of diftdyemphocytes, each
able to recognize and respond to a specific antigamsequently, we
are able to mount immune responses to an enornaiety of different
pathogens.

. Memory

An important characteristic of acquired immune ceses is that they
improve with repeated exposure to the same patho@kis occurs
because a small number of the lymphocytes invoiwethe immune
response live on as long-lived memory cells. Thedls can then mount
a more rapid and effective response should re-expo the same
pathogen occur. This is known as ‘immunological rogrh and
explains why many infectious diseases only affecinaividual once in
their life (e.g. mumps, chickenpox).
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. Self/non-sdlf discrimination

It is of vital importance that we only mount immumesponses to
foreign material and not our own cells. Thus, timenune system must
be able to distinguish between self and non-séi& dcquired immune
system achieves this because any lymphocytes thdt gotentially
recognize self-antigens are eliminated early inrttlevelopment or are
inhibited from functioning. The resulting lack ohmune responses to
self-antigens is known as self-tolerance. This gadied, however, can
sometimes break down, resulting in autoimmune disea

. Self-regulation

There are regulatory mechanisms in place that enthat the immune
response to an antigen is downregulated once tkigeanhas been
eliminated. This prevents energy being expendedamyinuing immune
responses that are no longer required, and allopeses for new
proliferation of immune cells responding to actingection.

3.3 CdlsResponsiblefor Adaptive Immunity

All of the main cells of the immune system (leukimsy or white blood
cells) originate in the bone marrow through a pssc&nown as
haematopoiesis. In this process, pleuripotent stedis divide and
differentiate into progressively more specialized aature cells, which
constitute the cellular components of blood. Thecpss is controlled by
growth factors, which are produced by the bone ovarstromal cells
and the developing blood cells themselves.

The first step involves the differentiation of plgwtent stem cells into
two cell types: common myeloid progenitor cells aodhnmon lymphoid

progenitor cells. At this point, these cells canduce many cell types,
but are committed to those of either myeloid or pyoid lineage,

respectively. The common myeloid precursors thdfemrdntiate into

other precursor cells megakaryocyte/erythroid pnige cells, which go

on to form red blood cells, or erythrocytes, andatglets; and
granulocyte/monocyte progenitor cells, which gat@fiorm most of the
leukocytes of the innate immune system.

The common lymphoid progenitor cells differentiaiato the

lymphocytes that constitute the principal cellstlod acquired immune
system, and natural killer (NK) cells, which remetspart of the innate
immune system. Of the lymphocytes, B cells undetigeir entire

development in the bone marrow, while lymphoid m@mgpr cells

destined to develop into T cells migrate via theolktream to the
thymus, where they mature.
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Pleuripotent stem cefl

Comman lymphoid Commean myefaid
progenitor cell progenitor cell
Granulocyte/monocyte Megakaryots/erythroid
progenitor call progenitor call
Megakaryate Erythroblast
Tcsll Boell  MKcell Meutrophil Eosinophil Basophil Monocyte Dendrific
call  Platelsts Erythrocyle

Figure 7.3: The ontogeny of the cells of theimmune system
Source: Immunology: ONE STOP DOC (2005)

B Cdlls

These are lymphocytes whose main function is adibproduction.

They are the only cells capable of this and eaclteB produces
antibody of only one specificity. Production andeese of antibody is
induced when these cells are activated followingosxre to the specific
antigen they are able to recognize.

T Cdlls

There are two main classes of these lymphocytad) eath different
functions:

. Cytotoxic T cells are each able to recognize kilhdelf-cells that
have been infected with a particular intracellgathogen. They
are able to do this as their specific receptoogazes a fragment
of a pathogenic antigen expressed on the surfbd®si cells.
They subsequently respond by killing the host aetl, therefore,
the intracellular pathogen within it.

. T-helper cells respond to the presence of thegcific pathogen
by providing signals and factors required to heflper immune
cells, such as macrophages and B cells, carrtheutfunctions.

Antibody Production

Antibody production follows a consistent patternithwfour distinct

phases. Initially, there is a lag phase during Wwitie levels of antibody
(or titre) in the serum are undetectable while ghacesses required for
antibody production get under way. This is followgla log phase in
which there is a rapid rise in the antibody tifféere is then a plateau
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phase, during which the titre remains fairly const&inally, there is a
decline phase during which the antibody responsievwenregulated and
antigen—antibody complexes are removed from theunserinitial
antibody production: Production of antibody for ion requires a B
cell to be activated through binding of its surfacenunoglobulin (1g)
by antigen. For most antigens there is also thaimeapent for another
signal, supplied by an activated T-helper cell oesjing to the same
antigen. This is known as linked recognition.

Surface antibody
cross-linked by antigen

BHC peptida =

complex  ~ng

TCR | Activated
T call

D40 CCS0L

b -

Ciirectad 1L release

Figure 7.4: B cell activation by T helper cell in response to the presence of antigen
Source: Immunology: ONE STOP DOC (2005)

When a B cell encounters its antigen, some ofigistéd surface Ig is
internalized, allowing the antigen to be processed presented on the
cell surface by MHC class Il molecules. If these #ren bound by an
activated T-helper cell, the B cell is provided lwthe additional help
signals required for activation. One such signahes ligation of CD40
molecules on the B cell surface by CD40L, whicheipressed by
activated T-helper cells. The T cell also releasgskines, including
interleukin-4 (IL-4), which cause the B cell to pferate and form
plasma cells. These plasma cells produce secratadmbdies, initially of
the IgM class. The initial interaction between Bldncells occurs at the
edge of the T-cell zone in secondary lymphoid gssuwhere the
proliferating cells form an area of clonal expanskmown as a primary
focus.

Following the initial phase of B cell proliferatioand formation of
plasma cells, some of the B cells in the primargui migrate into a
primary lymphoid follicle, where they set up anatheone of
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proliferation known as a germinal centre. Here theteract with
specialized cells known as follicular dendritic Iseland undergo the
processes of affinity maturation and class switghin

Initiation of the Acquired Immune Response

An effective immune response is dependent on tbhedaowated action of
both innate and acquired defenses. Acquired dedease generally
initiated by components of the innate response. Gbmnerstone of
initiation of the acquired immune response is naiveell activation

upon recognition of a specific peptide-MHC comptaxthe surface of
an activated antigen-presenting cell (APC). Pot&RCs named
dendritic cells are thought to initiate nearlyiallvivo T cell responses.
Immature dendritic cells, such as Langerhans delimd in the skin,

phagocytose antigen at the site of infection vrailar mechanisms to
macrophages. They also can ingest surrounding Ifilyid process called
macropinocytosis. Following pathogen uptake, thegdme activated.
This is typified by the expression of new peptidei® molecules as
well as the upregulation of surface co-stimulatorglecules, such as
CD80 and CD86. The activated dendritic cell themgraties to local

lymphoid tissues. This is promoted by the followinfjy chemokine

gradients in a process known as chemotaxis. Laagerlcells, for

example, move to nearby lymph nodes. Meanwhileyendi cells enter
the lymph nodes by crossing special vessels nangd dndothelial

venules (HEVsS). Migration is thought to be mediatedinly by the

chemokine CCL21, which is expressed by HEV end@heklls and

dendritic cells located in the lymphoid tissue. @CLbinds the receptor
CCRY7 expressed by naive T cells. Binding activatésgrins, such as
intracellular adhesion molecules (ICAMs) ICAM-1 al@@AM-2 on the

endothelial surface, which acts to arrest T celVement along the HEV
and allow movement into the lymphoid tissue. Withire lymphoid

tissue, initial interaction between naive T cellsdadendritic cells

involves cell-adhesion molecules, such as ICAMAdAM-2 (expressed
on APCs as well as HEV endothelium) and LFA-1 (teresponding
receptor on the T cell). The transient binding\afol cell sampling of
the dendritic cell peptide: MHC complexes and pdagdeads to T cell

activation.

T Cell Response

The T cell response typically involves the follogiistages: activation;
expansion; contraction; and memory formation. Aaion of naive T
cells occurs in secondary lymphoid tissues and M@ two signals.
The first is the specific recognition of antigenubd to major
histocompatability complex (MHC) molecules on therface of a
dendritic cell. The second signal also originatesmf this antigen-

235



NSC 211 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

presenting cell (APC) and is termed co-stimulatiBeptides derived
from the invading microorganism will be bound by KaHnolecules and
presented on the surface of the dendritic cellst(B8ignal). Cytokines,
produced by the innate immune system in respongieetinfection and
tissue damage, activate dendritic cells to expragscific surface
molecules, such as CD80 and CD86, also known a% Bidd B7.2.
These are co-stimulatory molecules that are rezegnby the receptor
CD28 on the T cell (second signal). As both sigras required for T
cell activation, the requirement for co-stimulatilbmits the possibility
that cells are activated in the absence of infacthactivation of a T cell
in the absence of co-stimulation leads to a stat®i-responsiveness in
the cell termed anergy. Upon successful activatefis acquire effector
functions that will be discussed later. Rapid exgoam in cell numbers
occurs concurrently with acquisition of effectonétion. This depends
on synthesis of the cytokine IL-2 by activated TiscelL-2 binding
triggers completion of the cell cycle and thus dapicell proliferation.
Contraction in cell numbers occurs when no moréyantis presented
to specific T cells. This stage is due to programhroell death, also
known as apoptosis. Effector cells are highly spsbke to apoptosis
via a mechanism known as activation-induced ceditd€AICD) and
also by limited availability of growth factors, suas cytokines. Some
cells survive contraction. T cells that survive ttwmtraction stage form
a long-lasting memory cell pool. Memory cells cater a rapid and
efficient response upon re-exposure to antigeherfuture.

CDA4T Cells

Also known as T-helper cells, CD4 T cells are vitalorchestrating
immune responses. Upon activation by peptide: MHE@ssc I
complexes, naive CD4 T cells undergo proliferaom differentiation
into two different lineages designated T-helperetyp (TH1) and T-
helper type 2 (TH2), each characterized by the yrtdn of different
cytokines. TH1 cells produce high levels of IFNand provide cell-
mediated immunity against intracellular pathogesnush as Leishmania
species and mycobacteria. An important role of Te#lls is the
activation of macrophages. Bacterial components hsueas
lipopolysaccharide have been shown to sensitize rophages to
activation by IFNy but, in many cases, activation requires TH1 cells
expressing a surface molecule called CD40 ligarfd4(@l) to bind the
macrophage receptor CD40 (62). In addition, acdetaiH1 cells are an
important source of IFN-itself. Activated macrophages then destroy
intracellular pathogens. TH1 cells also produceokiyies, such as
tumour necrosis factor (TNF), which is required fan effective
inflammatory response, and IL-2, which promotesell proliferation.
TH2 cells produce cytokines, such as IL-4, IL-10,1B8 and IL-5, and
help with immunity against extracellular pathogerduding helminths.
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The TH2 cytokines promote immune defenses includinginophilia

(IL-5), fibrosis (IL-13, IL-10), mucus secretion émsmooth muscle
contraction. Helper T cells are also vital in prdimg the development
of B cell-mediated humoral responses. This willdxplained in more
detail later. An important factor influencing thedage choice of TH1
or TH2 is the surrounding cytokine environment. HNromotes the
production of TH1 cells. These in turn secrete Heylels of IFNy, thus

amplifying an effective response against intradatlypathogens and
inhibiting  TH2 cell development. Similarly, IL-4 @motes the
production of TH2 cells.

CD8T Cells

CDS8 T cells, also known as cytotoxic T lymphocy€3Ls), are vital in
clearing viral infection and also play a role imtwlling tumour cells.
Upon exit from the thymus, naive CTLs cannot lyseget cells.
Functional activation requires two signals: firghe recognition of
antigen bound to MHC class | molecules; and secatchng co-
stimulation. Mature dendritic cells can providelbsignals in responses
against some tumours. However, in viral infectiotise additional
presence of CD4 T cells seems to be required tacmdsufficiently
strong co-stimulation and secrete some requireskays, such as IL-2.
Activated CTLs recognize and kill upon recognitiminspecific antigen
on the surface of a target cell. In common withuredtkiller (NK) cells,
CTLs can release perforin and granzymes, whichlteesudeath of the
target cell by apoptosis. However, activated CTlss axpress a surface
molecule called Fas ligand. This binds the moleé&ias on a target cell
membrane and activates caspases, which induce ampCTLs can
also secrete some cytokines including: HWsNwhich promotes an
antiviral environment by activating macrophages amgreasing
expression of peptide: MHC. CTLs also secrete TNRich promotes
inflammation.

T Cdl-B Cdll Interactions

In common with T cells, B cell activation requit®g signals. The first
is via the B cell antigen receptor, and the seconwdlves accessory
signals. The accessory signal can originate froenahtigen itself, but
usually the presence of an effector T-helper csllrequired. For

successful T cell-B cell interactions, both cellsisinrespond to the
same antigen in what is called linked recognitibhe naive T cell is

first activated following the recognition of pepidHC on the surface
of an activated dendritic cell in a lymph node. ©ractivated, it can
then bind the identical peptide-MHC displayed oe gurface of an
antigen-presenting B cell. The activated T cell respes the surface
molecule CD40 ligand, which binds to CD40 on thecé8l. This

237



NSC 211 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

interaction drives the B cell into the cell cyclend feeds back to
promote T cell secretion of cytokines. IL-4, prodddy effector TH2
cells when they recognize specific peptide: MHCtlom surface of a B
cell, is thought to enhance B cell proliferatiorftek several rounds of
division, B cells differentiate into antibody-seiing plasma cells.
Switching between different antibody isotypes isoatlependent on T-
helper cells, as CD40L-CD40 interaction and semmetf different

cytokines are both required. Cytokines contributasbtype switching
by stimulating the formation and splicing of mRN#ariscribed from
switch recombination sites that lie on the genomearnhe constant
region of the heavy-chain immunoglobulin. TH1 celie relatively poor
inducers of isotype switching compared to TH2 celiflecting their

role in responses to intracellular pathogens ratttean humoral

immunity. Different cytokines preferentially proneotlifferent antibody
isotypes. For example, the TH2 cytokine IL-13 siimbes switching to
IgE production. IgE contributes to TH2-mediated passes to
extracellular pathogens. T-helper cells are alsguired for further

stages in B cell responses, including affinity mation and the
formation of germinal centres.

T Cdll Tolerance

Immunological tolerance refers to the ability oéthost to avoid self-
reactive and potentially damaging immune responBelerance relates
to a fundamental and hotly debated paradigm of inotagy — the
discrimination between ‘self’ and ‘non-self’. Cocterecognition of
immunological self should lead to central and pegial immune
tolerance, whereby there is no immune responseniyran attenuated
one, against the body’s own normal components.8i@an of immune
tolerance may lead to autoimmunity. Central toleeawccurs in the
thymus, the site of T cell development. In the thgnpositive selection
initially acts to ensure formation of a T cell rejogre with inherent
specificity for MHC molecules. This is required foptimal recognition
of MHC-bound foreign antigens. Next, negative sidecinvolves the
apoptotic deletion of thymocytes that interact witHC-bound self-
peptides at a very high affinity. Strongly selfctee cells are
potentially harmful, if activated in the periphergnd may initiate
autoimmune damage. If completely effective, negatelection would
purge the T cell repertoire of self-reactive T sellhus, it forms the
basis of central tolerance. Several different Ttyples mediate negative
selection in the thymus. The most important ardgagional antigen-
presenting cells derived from the bone marrow, sagtdendritic cells
and macrophages. These cells induce tolerance einrgpertoire by
presenting self-peptide-MHC complexes to the dgualp thymocytes.
However, an obvious problem is that many tissueifipeproteins
found in the periphery would not be expected topbesent in the
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thymus. This raises the possibility that cells teacfor a self-antigen
that are absent from the thymus may avoid negase&ction.

Potentially, they could exit into the periphery acaluse autoimmune
damage. However, a subset of thymic epithelialscelinimizes the
chance of this occurring by upregulating expressibra transcription
factor called AIRE. AIRE promotes promiscuous gempression, and
maximizes the variety of self-peptides presentedthi® developing
thymocytes. Thus, lack of AIRE would lead to widesgml autoimmune
disease. Murine studies have suggested suscdptibili T cells to

negative selection depends on a threshold of receptidity, above

which deletion occurs. This in turn relates to aakes including T cell
receptor (TCR) or co-receptor expression, antigensily and TCR
affinity for the peptide-MHC complex.

Immune tolerance in the periphery comes into playigularly upon the
failure of central tolerance mechanisms to purgeTicell repertoire of
autoreactivity. There are numerous possible meshanito explain
peripheral tolerance. For example, it has been esigd that the
reactivity of T cells circulating in the periphes/modified by continual
interactions with self-peptide and that, conseduyethe cells decrease
in sensitivity over time. This idea of peripheralning has been
supported by evidence from transgenic mice. Anésgy state of non-
responsiveness where the cell fails to respondistsgecific antigen. It
has been proposed that cells become anergic wiranlated through
their TCR in the absence of other co-stimulatognals indicating the
presence of inflammation, e.g. absence of CD80 @b@86 on the
surface of the dendritic cell. Thus, anergy withili T cell activation by
a self-antigen in the absence of infection. Anothmachanism called
activation-induced cell death (AICD) also existhisl occurs in cells
that have undergone a period of excessive activatipis vital in
limiting the numbers of immune cells following cteace of infection,
but may also have a role in deleting cells thatcarginuously activated
by self-antigen. An additional peripheral toleramsechanism involves
a subset of regulatory T cells that actively dowuitate the proliferation
and activation of self-reactive T cells. These <alfiginate from the
thymus and express high levels of the surface mt#e€D25 as well as
CD4. They secrete the cytokine IL-10, which is tijlouto be important
in mediating their inhibitory action. IL-10 inhikitboth the ability of
dendritic cells to activate T cells and the diffaration of TH1 cells.

B Cedll Tolerance
The requirement for B cell tolerance is possibly as vital as T cell
tolerance because B cells require T cell help faingal responses to

most antigens. Nevertheless, B cells also undeeydra tolerance
mechanisms in the bone marrow and peripheral toberanechanisms
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elsewhere in the body. As discussed previouslyel&s develop in the
bone marrow. Following formation of immature B selthe cells are
tested for their ability to bind self-molecules. li€ethat bind a self-
antigen strongly can be rescued from apoptosis Wthdr genetic
rearrangement of their light chain to give new poe specificity. This
process is termed receptor editing. If receptotirgglis successful, the
cell expresses membrane-bound IgM and IgD, andleave for the
periphery. If exhaustive light-chain rearrangemesustinue to give a
self-reactive cell, the cell will undergo apoptosia the periphery,
mature B cells become inactivated if they encoustduble self-antigen
in the absence of T cell help. Thus, effective T tmerance has an
important role in maintaining B cell tolerance. Tinactive B cells are
in a state of anergy. They express very little atefimmunoglobulin
and appear to have a block in the signalling payisweeeded for their
activation. Once a B cell is anergic, it cannotaotivated by specific
antigen, even with help from specific T cells. Tées also evidence that
mature B cells can undergo direct apoptosis if teagounter larger
multivalent antigens in the periphery. A final fdt@ self-reactive B
cells in the periphery is termed ignorance. Suchlsceemain
immunologically ‘ignorant’ of their self-antigen.his may be due to
very weak interaction between the antigen and B w#lich means that
little intracellular signal is generated upon bmgliand the cell is not
activated. Alternatively, anatomical distributioraynmean the B cell
never encounters the antigen, e.g. the antigeagsestered within the
brain.

40 CONCLUSION

The adaptive arm of the immune response is redplenir the specific
body defenses against various specific pathogehs immunity is
characterized by specificity, rapid response, mgmself and non-self
discrimination and self-regulation. This immunitg igoverned by
specialized cells of the body called B and T lympltes (T cytotoxic
and T-helper cells).

5.0 SUMMARY

In this unit, we studied adaptive immunity, its &eristics, and the
cells responsible for this immunity.

6.0 TUTOR-MARKED ASSIGNMENT

Sketch the ontogeny of the immune system.

What is adaptive immune response? (ILO 1).
Outline its characteristics and explain any oné(R).
What are T-lymphocytes? (ILO 3).

PoONPE
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1.0 INTRODUCTION

Hypersensitivity reactions include allergies, inisthimmune responses
are induced against innocuous exogenous antigess,well as
autoimmune diseases, in which responses are inaqgiely mounted
against self-antigens

20 OBJECTIVES

By the end of this unit, you will be able to:

o mention what hypersensitivity is
o state the different types of hypersensitivity enteted in clinics
o explain how they can be managed.

3.0 MAINCONTENTS
3.1 Hypersensitivity Reactions

The physiological role of the immune system is tot@ct the host from
infection. However, excessive or unnecessary imm@sponses can
cause considerable damage to one’s own tissuesh 8amaging
responses are termed hypersensitivity reactiordstteare are four main
types of these, differentiated by the mechanismslved. Types 1-3
are mediated through antibody, while type 4 reactiare cell-mediated.
Hypersensitivity reactions include allergies, inigthimmune responses
are induced against innocuous exogenous antigess,weall as
autoimmune diseases, in which responses are inapgiely mounted
against self-antigens.

Hypersensitivity Type 1. These are the most common form of

hypersensitivity reactions and constitute mostrgite reactions. They
are mediated through specific binding of antigemntonunoglobulin E
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(IgE) bound to the surface of mast cells, resulingthe release of
inflammatory mediators, including histamine. Théigans involved are
called allergens, and are often small, highly slelyfroteins as these
characteristics seem to favour a T-helper type22(Tresponse, which
Is required for IgE production. The route of antigkelivery seems to be
significant and many allergens are delivered in Ismases through
mucosal surfaces, such as the respiratory tratdrght reactions do not
occur in all individuals exposed to allergens aache people are more
prone to these conditions than others. This chamatt is known as
atopy and atopic individuals produce high level$ghf to a wide variety
of antigens. The reasons for this are not fullyarstbod, but it appears
to have a genetic basis. Once produced, IgE mieleduind to the
surface of mast cells residing in the tissues. efexposure to the
allergen occurs, antibody cross-linking inducestneca#i degranulation,
releasing preformed inflammatory mediators, suchhassamine and
proteases, into the local environment. These canflammation,
smooth muscle contraction and tissue destructidns dccurs within
minutes of exposure and constitutes the immediattion in an
allergic response. Furthermore, there is a sectagkesin an allergic
response, known as the late-phase reaction, wheskelobs several
hours after exposure. This occurs because mas asdl induced to
synthesize a variety of cytokines and other inflaatory mediators.
These have a number of effects, including recruitma other cell
types, such as eosinophils, basophils and TH2, sefich contribute to
further tissue damage and IgE production.

IgE cross-limking
by anfigen

/ Inflammation

Smuooth muscla
FI]E-*;lréll'lIJ|El1h-'-"'I r contraction

\ Tissue

destruciion

\ Synthesis of

Late-phase
cylokines and s reac'il:;n
other medialors ’

Figure 7.4: The mechanism of hypersensitivity t§pe
Source: One Stop Doc

The most severe example is known as anaphylaxisaii@phylactic
shock). This can occur when an allergen is syst@igipresent in the
bloodstream. Widespread mast cell degranulatiorsesawasodilation
and increased vascular permeability, resulting maaiked fall in blood
pressure and swelling of tissues. Furthermore,ajiraonstriction and
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swelling of the larynx results in potentially fatabstruction to
breathing. This syndrome must be treated rapidlth vimjection of
adrenaline (epinephrine), which causes vasocotistri@and increases
cardiac output to maintain blood pressure, and gty mast cell
degranulation. Anaphylaxis is most commonly assediawith drug
allergies or bee stings, but can also occur in stoud allergies. Most
hypersensitivity reactions to allergens ingestedl thie gastrointestinal
tract have less serious consequences. Localizetl gathslegranulation
causes smooth muscle contraction resulting in lulie@ and vomiting.
When the allergen is absorbed into the bloodstrétaran activate mast
cells in the skin resulting in a widespread wheal-8air response,
known as urticaria. This is characterized by enytheassociated with
raised oedematous lesions. Another common methodalleirgen
exposure is inhalation, which causes two main symes. Allergic
rhinitis is caused by mast cell degranulation ie tfasal mucosa. This
causes increased mucous production as well angclsneezing and
localized oedema. This is commonly a consequenqmlién allergies,
when it is known as hay fever. The other commondsyme seen is
allergic asthma, which is characterized by airwagstriction. Chronic
inflammation subsequently ensues, with the contngpeesence of
activated inflammatory cells, particularly eosindgph The airways
become hyper-responsive to a wide variety of stimmubaddition to the
initial allergen. There are a number of treatmemsed for type 1
hypersensitivity reactions. Common drugs includighéstamines, which
antagonize the actions of histamine. Anti-inflamonatdrugs, such as
corticosteroids, can be used when inflammationgky important role,
such as in asthma. In addition, bronchodilatorghsas salbutamol,
which cause relaxation of airway smooth muscle,caramonly used in
asthma.

Hypersensitivity Type 2. This type of hypersensitivity reaction is
mediated by IgG or IgM antibodies that cause tistamage by binding
to antigens and inducing host defense mechaniswangles include
certain drug reactions, which can occur if antilesdare formed against
a drug that binds to host cells, resulting in tdrgeof the cell. Similar
mechanisms are responsible for many autoimmuneiti@mgl in which
antibodies are formed that directly target seligaris and are,
therefore, known as autoantibodies. These immusporees result in
tissue damage due to antibody binding either dyr@ctindirectly to self
cells. Cell damage occurs as a result of antibddigc®r functions,
including opsonization, antibody dependent cell-imiedl cytotoxicity
(ADCC) and complement activation, all of which giiate
inflammation.

An example of this type of response to an exogeramigen is drug-
induced haemolysis. This occurs because certaigsdrsuch as
penicillin, bind to the surface of red blood celfsantibodies are then
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formed against the drug, they mediate destructioth® cells. Another
example of a type 2 hypersensitivity reaction igrhalytic disease of
the new born. This is caused by antibodies targethre rhesus D
antigen, which is found on the surface of certashviduals’ red blood

cells. If a rhesus-negative mother becomes pregmatiit a rhesus-
positive fetus her immune system can be exposédetantigen if fetal

cells pass into the maternal circulation, such asnd the traumatic
events of delivery. This stimulates the productioh anti-rhesus

antibody by the mother. If she subsequently hash@ngregnancy with
a rhesus-positive fetus, the IgG antibody producash cross the
placenta and cause haemolysis of the fetal eryyteec leading to

severe anaemia and, potentially, death. This comddan be prevented
by administering anti-rhesus antibody (anti-D) twe tmother after
delivery of the initial pregnancy. This mops up ahgsus antigen that
may have passed into the maternal circulation, gnwg her immune
system being exposed to the antigen and a respwmiag mounted.

Type 2 hypersensitivity reactions are also the rmapidm behind many
autoimmune diseases, in which antibodies are formgainst self-

antigens, resulting in cell damage. Furthermoresame autoimmune
conditions the antibodies have other harmful effestich as stimulation
of cell-surface receptors, as is the case in Gralisesase.

Opsonization

Inflammatory

ADCC —F rEENONSes

Complemant j"

achivation

Diract effects on
cell-surface receplors

Figure 7.5: Mechanism of type 2 hypersensitivity reaction

Hypersensitivity Type 3. These responses are mediated by I1gG
antibodies directed against soluble antigens. Whese antibodies bind
antigen, they form antigen—antibody aggregates kn@s immune
complexes. These complexes tend to be depositedriain areas, such
as the blood vessels and the glomeruli of the kidnénere they induce
an inflammatory response resulting in tissue damage

These complexes are always formed in any intenacieween antibody
and soluble antigen, but are usually safely remdx@u the circulation
by phagocytic cells, such as monocytes. Howeverdeuncertain
circumstances and in certain individuals, they lbacome deposited in
the tissues. This tends to occur when small conagl@xe formed owing
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to the relative excess of antigen in comparisonataibody. The
complexes can then induce an inflammatory respdnsectivating
complement and binding to Fc receptors on leukacyied platelets,
activating the cells. An example of this is thelug reaction, in which
subcutaneous injection of a soluble antigen intonalividual who has
previously formed IgG against it results in locaflammation. Another
example is the condition farmer’s lung, in whichllividuals form IgG
against inhaled allergens, such as mould spordseguent re-exposure
results in formation of immune complexes in thegsirand eventually
permanent tissue damage. Similar mechanisms appéea responsible
for several autoimmune conditions, such as systerlupus
erythematosus, in which formation of autoantibodiessults in
deposition of immune complexes at various sitethébody, including
the blood vessels, kidneys and lungs.

Hyper sensitivity Type 4: These hypersensitivity reactions are mediated
by T cells. They occur when exogenous antigenstaken up and
processed by self-cells and displayed on the celase in conjunction
with MHC molecules. The peptide-MHC complexes &entrecognized
by CD4 or CD8 T cells, which mount an immune reg@oby either
releasing inflammatory cytokines or killing thefsetll. The subsequent
inflammatory response takes 24-48 hours to devathal) consequently,
these reactions are also known as delayed-type résmpstivity
reactions s because the symptoms start to develot 24 hours after
exposure to stimulus. An example of this type o&ctmn is the
tuberculin skin test, which tests for previous esyre toMycobacterium
tuberculosis. It involves subcutaneous injection of peptidesnirthe
microorganisms. These are taken up and presentedobly antigen-
presenting cells (APCs) in conjunction with majastbcompatibility
class (MHC) class Il molecules. Individuals who @agreviously been
exposed to M. tuberculosis have developed memory Geélls, which
recognize these peptide-MHC complexes and relealammatory
cytokines. This results in a visible inflammatoegponse after 24 hours,
which confirms previous exposure td. tuberculosis. Similar
mechanisms are responsible for many contact hypsiteaty reactions,
which can be caused by a variety of substancekidimg some metals
such as nickel. These can be either CD4 or CD8noetliated. An
example of a CD8 cell-mediated reaction is the asp to poison ivy.
This plant contains pentadecacatechol, which pasgeshost cells,
where it modifies host proteins, resulting in tiegentation of antigenic
peptides within MHC class | molecules. These asnthecognized by
CD8 T cells, which kill the cell and release inflaatory cytokines.
Type 4 hypersensitivity reactions are also respm@dgor tissue damage
in a number of chronic infections, such as tub@sisl In this situation,
the immune system is unable to eliminate the pahpgnd the
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continued T cell response results in chronic inflzation, leading to
tissue destruction and granuloma formation.

SELF-ASSESSEMENT EXERCISE

I What is hypersensitivity?
. Enumerate its different types.
iii. Briefly explain type 4 hypersensitivity reamh with examples.

40 CONCLUSION

There are four different types of hypersensitivégctions, namely types
1-4. All of them are characterized by excessive imenresponses that
lead to tissue damage and even death of individbialst promptly and
properly managed.

50 SUMMARY

In this session, we have discussed what heperséysis, its different
types and the various examples seen in clinicihgst

6.0 TUTOR-MARKED ASSIGNMENT

Briefly discuss types 2 and 3 hypersensitivity teas with specific
examples.
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1.0 INTRODUCTION

When infection with a pathogen occurs, the immuysesn mounts a
response to eliminate the pathogen, followed by dbeelopment of
long-lived memory cells. These memory cells canulteis protective
immunity, as a rapid and effective immune respgrsgents or reduces
the severity of the disease should re-exposurero®accination aims
to induce protective immunity without the need foitial infection. In
this unit, we are going to study the concept of ciaes and
immunization in nursing science.

20 OBJECTIVES

By the end of this unit, you will be able to:

° define what vaccination is

° explain what immunization is.

o explain the different types of vaccines used formano
vaccination.

3.0 MAINCONTENTS

3.1 Vaccination and lmmunization
Vaccination

Is the act of introducing a live but weakened (aitged) or killed
(inactivated) pathogenic agents into individualthwhe aim of evoking
a specific immune response (humoral or cell mediatemune
response) that will protect the vaccinated pergmma natural infection
with the wild strain of the pathogen.

249



NSC 211 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

| mmunization

Is the process by which a person becomes protegathst a disease
through vaccination. When infection with a pathogeccurs, the
Immune system mounts a response to eliminate ttiregean, followed
by development of long-lived memory cells. Thesemog cells can
result in protective immunity, as a rapid and dffecimmune response
prevents or reduces the severity of disease shmuskkposure occur.
The aim of vaccination is to induce protective inmity without the
need for initial infection. This concept was fidgveloped by Edward
Jenner in 1796, when he discovered that protedthraunity against
smallpox could be induced by immunizing individualgth material
from pustules from the bovine disease, cowpox, @iy the Vaccinia
virus. This occurs because this virus containgyans also present in the
smallpox virus. Consequently, memory cells are grthat also protect
against smallpox. Subsequently, improved understgnaf the immune
system has allowed the development of many fusthecines.

Characteristics of a Good Vaccine
A good vaccine should have the following charastes:

. Protection: Vaccines should confer good protection against a
disease. This involves inducing an appropriate imentesponse
for the pathogen. For example, a good vaccine ataam
intracellular pathogen should induce developmentmefmory T
cells, allowing a cell-mediated response, wheraasatibody
response is better for most extracellular pathagenghermore,
the protection should be long lasting, so that teyogccinations
are not required.

. Protective Response: A good vaccine also induces protective
responses at appropriate anatomical sites. Thies$ achieved
by administering the vaccine by a similar routéhtat used by the
pathogen for infection. For example, the live (®abpolio
vaccine is administered orally and confers goodeatmn from
the disease, which is spread by the faecal-orakerolhis is
because it induces IgA production along the mucssehces of
the gut.

. Safety: It is of critical importance that a vaccine doed itself
cause disease and that side effects are kept inisum.

. Efficacy: A good vaccine must be effective in preventing

infection or at least decreasing the severity é&ation with the
wild type pathogen if infection occurs.
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. Practical considerations. A good vaccine should be
inexpensive, easily administered and stable omagé and
transport. This allows administration to the maxmnumber of
individuals, including those in rural areas witinirmal specialist
medical expertise.

There are several strategies that can be used dwvel@pment of
vaccines outlined below.

Live attenuated organisms. One very effective method is the
administration of live organisms that have beegrraft to reduce their
virulence. The process of making the organism g&&s virulent) is
known as attenuation and is usually achieved biopged culturing of
the organism in vitro, allowing mutations to deyeld@his method has
been used to develop vaccines for tuberculosisio p(the Sabin
vaccine), measles, mumps and rubella. In the fuitimay be possible
to attenuate organisms by directly altering theMADthrough genetic
engineering.

Advantages of Live Attenuated Vaccines
The advantages of live vaccines are:

1. They have similar characteristics to the pagimogo they induce
the appropriate type of immune response.

2. They are able to replicate and provide a swsthisource of
antigen for the immune system, allowing time floe responses
to develop. This can occur at the same anatonsdal as
infection, allowing responses to develop in thprapriate areas.
Furthermore, intracellular organisms can replicatthin cells,
allowing antigens to be presented by MHC classlecules.

This allows the development of CD8 memory T cells.

Disadvantages of Live Attenuated Vaccines

The main disadvantage of live attenuated vaccisdha risk that they
may revert to virulence and cause disease. This ammur if the
organisms undergo further mutations and regainr thaiulence.

Furthermore, even without further mutations, ats#ad vaccines can
potentially cause disease in immunocompromisediddals.
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Killed or Inactivated Vaccines

Another strategy is the administration of whole marganisms that
have been treated to inactivate or kill them omestep them from being
able to replicate.

Advantages of Killed Vaccines

1. They are generally safer than attenuated vesgcias they are
unable to cause disease, although there have dmmerns that
some do have side-effects.

2. They can induce mucosal immunity thereby eifebtt
preventing infection and colonization of hostspayhogens.

Disadvantages of Killed Vaccines

1. They cannot provide a sustained source of antig

2. Since no antigen is produced within host céfisy are unable to
induce CD8 T cell responses. They can, howevereftective
when an antibody response alone is adequate.

This type of vaccine has been developed againgtgapolio (the Salk
vaccine), and pertussis (whooping cough).

The basic principle behind vaccination is to stiatela primary and
secondary anamnestic response that primes the immsystem for

future exposure to a virulent pathogen. If thishpgen enters the body,
the immune response will be immediate, powerfutl anstained. This
is the reason why vaccines have profoundly redticegrevalence and
impact of many infectious diseases that were omrenton and often

deadly.

3.2 Principlesof Vaccine Preparation

A vaccine must be considered from the standpoih&ntigen selection,
effectiveness, ease in administration, safety, aodt. In natural
immunity, an infectious agent stimulates approprigB and T
lymphocytes and creates memory clones. In artif@cive immunity,
the objective is to obtain this same response withodified version of
the microbe or its components. A safe and effectimecine should
mimic the natural protective response, not causereus infection or
other diseases, have long-lasting effects in adeses and be easy to
administer. Most vaccine preparations contain ohahe following
antigenic stimulants:
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I Killed whole cells or inactivated viruses

. Live, attenuated cells or viruses

iii.  Antigenic components of cells or viruses

Iv. Genetically engineered microbes or microbraigens.

Large, complex antigens such as whole cells orsesuare very
effective immunogens. Depending on the vaccinesetae either killed
or attenuated. Killed or inactivated vaccines aeppred by cultivating
the desired strain or strains of a bacterium ousviand treating them
with formalin, radiation, heat, or some other agéat does not destroy
antigenicity. One type of vaccine for the bactedeslease typhoid fever
is of this type. Salk polio vaccine and influenzaceine contain
inactivated viruses. Because the microbe does naitiply, killed
vaccines often require a larger dose and more bl be effective.

Several vaccines are prepared from live, attenugbathogens.
Attenuation is any process that substantially lesser negates the
virulence of viruses or bacteria. It is usually iagled by modifying the
growth conditions or manipulating microbial genes a way that
eliminates virulence factors. The methods for atéion include long-
term cultivation, selection of mutant strains thgitow at colder
temperatures (cold mutants), passage of the midtmioeigh unnatural
hosts or tissue culture, and removal of viruleneees. For example, the
vaccine for tuberculosis (BCG) was obtained aft&t years of
subculturing the agent of bovine tuberculosis. Wfae&s for measles,
mumps, polio (Sabin), and rubella contain live, viarent viruses. If
the exact antigenic determinants that stimulate umty are known, it is
possible to produce a vaccine based on a seledsgpanent of a
microorganism. These vaccines for bacteria areedaHcellular or
subcellular vaccines. For viruses, they are call@ounit vaccines. The
antigen used in these vaccines may be taken froltures of the
microbes, produced by rDNA technology, or synthegizhemically.
Examples of component antigens currently in usaleeapsules of the
pneumococcus and meningococcus, the protein suréatigen of
anthrax, and the surface proteins of the hepditisrus. A special type
of vaccine is the toxoid, which consists of a padfbacterial exotoxin
that has been chemically denatured. By evoking gheduction of
antitoxins that can neutralize the natural toxoxoid vaccines protect
against tetanus and diphtheria toxins. Currentlyenéion is being
focused on newer strategies to be employed forinacdevelopment
and production such as antigen synthesis, recombibAlA and gene
cloning technology. When the exact composition of antigenic
determinant is known, it is possible to synthe#iz&his ability permits
preservation of antigenicity while greatly increggiantigen purity and
concentration. The malaria vaccine currently beusgd in areas of
South America and Africa is composed of three sstnthpeptides from
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the parasite. Several biotechnology companies agglorng the
possibility of using plants to synthesize microlpabteins, potentially
leading to mass production of edible vaccine ansgddNA vaccines
are being hailed as the most promising of all efrtewer approaches to
immunization. The technique in these formulatioasthat microbial
DNA is inserted into a plasmid vector and inoculaieto a recipient.
The expectation is that the human cells will take some of the
plasmids and express the microbial DNA in the foom proteins.
Because these proteins are foreign, they will beogeized during
immune surveillance and cause B and T cells toebsitzed and form
memory cells.

Most vaccines are injected subcutaneously, intraoiagy,
intradermally or orally. Vaccines administered thgh the oral route
have some distinct advantages: it can stimulatéeption (IgA) on the
mucous membrane of the portal of entry, easierive,gnore readily
accepted, and well tolerated. Some vaccines redneeaddition of a
special substance called an adjuvant. Adjuvantis @mpound that
enhances immunogenicity and prolongs antigen rieteat the injection
site. The adjuvant precipitates the antigen andshdlin the tissues so
that it will be released gradually. Its gradualessle, presumably,
facilitates contact with macrophages and lympha&yt€ommon
adjuvants are alum (aluminum hydroxide salts), Rdésu adjuvant
(emulsion of mineral oil, water, and extracts of aolyacteria) and
beeswax.

SELF-ASSESSEMENT EXERCISE

I What is vaccination?

. Mention the types of vaccines that you know.

iii. Enumerate the common methods for vaccine pectidn.

V. What are adjuvants? Give examples of 2 adjtsv@ommonly
used in vaccines.

40 CONCLUSION

Vaccination and immunization are the techniquesduse induce

iImmunity and protection against pathogens. Seugpas exist such as
live attenuated, inactivated, subunit and DNA vaesi Attenuation,
chemical inactivation and recombinant DNA techngl@ge strategies
employed to develop these vaccines through whicteadies like
smallpox were eradicated.
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5.0 SUMMARY

In this unit, we studied vaccination, immunizatitypes of vaccines and
their advantages and disadvantages, how vacciregpraduced and
routes of vaccine administration.

6.0 TUTOR-MARKED ASSIGNMENT
Explain the various methods employed in vaccinepction
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