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GENERAL INTRODUCTION

As a nurse, you are familiar with the direef of washing hands,
cleaning items with antiseptics as regular prastiegth every action

that you take when you relate to clients in clihgegttings. Virtually every

aspect of nursing practice makes demand for a sdouaddation in

medical microbiology and parasitology. Medical Mibiology and

Parasitology is a compulsory course for BachelolNofsing Science
students. Microorganisms have their usefulnessainous endeavours
of human life. They are relevant and have theifuisess in agriculture,
medicine (human medicine, animal care and pharmamgd and

beverages, military to mention a few. However, theg also causes of
diseases and destruction and must be approprstigdyed and control.
The course covers the structures, the growth amdraloof these

organisms to reduce their negative consequencesdhgromise life and
to help you maximise the benefits for health.

WHAT YOU WILL LEARN IN THIS COURSE

The overall aim of the course NSC 211 - Medical mdiology and
Parasitology is to keep you abreast of the studghairacterisation and
classification of microorganisms, etc. It will ther expose you to a
better understanding of your job as a seasonesaiogy teacher that
needs to be deeply involved in curricular probldmsause this is one of
the pivots on which the education of the child tege. For those of
you who have undergone some training in curriculyouy still need to
be constantly reminded of the major issues andl@nabinvolved and
further enlightened on some issues that ardraleto microbiology
education curriculum.

COURSE AIM

The aim of this course is to update your knowledgé skills in safety
practices as you apply the principles of microorgias control in health
care delivery. Your appreciation of the conteft infection control

should also drive your urge for standard practicé quality assurance
for a safe health care environment.

COURSE OBJECTIVES

At the completion of this course, you should besdbl
Apply the knowledge, skills and attitude acqdira this course in
achieving infection control in clinical practicecam providing safe and
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guality care while adopting standard measuresttaction control in
care of patients with different types of diseases.

COURSE IMPLEMENTATION — WORKING THROUGH
THIS COURSE

The course will be delivered adopting the blendsadling mode, 70%
of online and interactive sessions and 30% of taekce during
laboratory sessions. You are expected to registethis course online
before you can have access to all the materialshand access to the
class sessions online. You will have the hard aft ®pies of course
materials, you will also have online interactivessiens, face-to-face
sessions with instructors during practical sessinrike laboratory. The
interactive online activities will be available you on the course link on
the Website of NOUN. There are activities and assignts online for
every unit every week. It is important that youitvidhe course sites
weekly and do all assignments to meet deadlined@odntribute to the
topical issues that would be raised for everyoneidribution.

You will be expected to read every module alonghwall assigned
readings to prepare you to have meaningful cortiohs to all sessions
and to complete all activities. It is importantttyau attempt all the self-
assessment questions (SAE) at the end of every taniielp your

understanding of the contents and to help you peefma the in-course
tests and the final examination. You will also bgexrted to keep a
portfolio where you keep all your completed assignta.

COURSE MATERIALS

Course Guide

Course Text in Study Units
Textbooks (Hard and Electronic)
Assignment

Tutorials

STUDY UNITS

This course has 7 modules and 22 short units. Hneystructured as
presented below:

Module 1

Unit 1 Composition of the Microbial Wdrl

Unit 2 Historical Aspects of Microbigy

Unit 3 The Relevance and Scope of Mimiogy

Unit 4 Microscopy and Specimen Prepanat
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Unit 5
Module 2
Unit 1
Unit 2
Unit 3
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
Module 7
Unit 1
Unit 2

Unit 3
Unit 4

Vi

COURSE GUIDE

A Brief Surveys of Microbes asdads and Foes

General Characteristics of Baeter
General Characteristics of Fungi
General Characteristics of Virsise

Bacterial Nutrition and Growth

Classification and Mode of ActiohAntimicrobial
Agents

Sterilisation and Disinfection

Association in Organisms Clagsifion of the Host
Organism
Human Helminths Infections

Digenetic Trematodes
Classification of Digenetic Tretodes According to their
Habitat

Basic Body Plan of a Cestode
Tapeworms and Examples
Tapeworms of Man and Other Hunsabéstode

General Features and Life CyoeNlematodes
Soil Transmitted Helminths

Blood and Tissue Nematodes

Air-Borne Nematode
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ASSIGNMENT FILE

In the assignment file, you will find all the ddsaof the work you must
submit to your tutor for marking. The marks you abt for these
assignments will count towards the final mark ydotan from this
course. Further information on the assignments bl found in the
assignment file itself and later in the sectionageessment in this course
guide. Each unit is loaded with a minimum of twaigaments. In any
way, there are many assignments for this courdéteay cover every unit.

ASSESSMENT

There are two aspects to the assessment of thisecohirst are the
tutor-marked assignments, second is a written axaton. In doing the
assignments, you are expected to apply informatioowledge and
technique gathered during the course. The as&gtsmmust be
submitted to your tutor for formal assessment inoatance with the
deadline agreed upon in the assessment file. Th& wau submit to
your tutor for assessment will count for 30% of ytotal course mark.
At the end of the course, you will need sid for final written
examination of two hours duration. This examinatwlh also count for
70% of your total course mark.

PRESENTATION SCHEDULE

Your course materials have important dates for éhdy and timely
completion and submission of your TMAs and attegdurtorials. You
should remember that you are required to submitall assignments by
the stipulated time and date. You should guardragdalling behind in
your work.

viii
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TUTOR-MARKED ASSIGNMENTS (TMAS)

There are tutor-marked assignments in this colfea.are encouraged
to submit all except any counter directive from ytutor, in which the
best require number will be counted. Make sure #ath assignment
reaches your tutor on or before the deadline gimghe assignment file.
If for any reason you cannot complete your worktiome, contact your
tutor before the assignment is due to dsctuee possibility of an
extension. The extension will not be granted afterdue date unless there
are exceptional circumstances.

FINAL EXAMINATION AND GRADING

The end of course examination will be for threersaand it has a value
of 70% of the total course work. The examinatiorl wbnsist of
guestions, which will reflect the type of self-iaegt practice exercise and
tutor- marked assignment problems you havevipusly encountered.
All areas of the course will be assessed.

You are to use the time between finishing the ua#t and sitting for the
examination to revise the whole course. You mighiseful to review
your self-test, TMAs and comments on them befoee éRkamination.
The end-of-course examination covers informati@mfrall parts of the
course.

COURSE MARKING SCHEME

Table 1:

Assignments Marks

Assignments 1-4 Four TMAS, best three marks of The
four count at 10% 30% of course marks
each.

End of course examination [70% of overall course
marks.

Total 100% of course materials.
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COURSE OVERVIEW

Medical Microbiology and Parasitology is a coursattcovers the study
of characterisation and classification of microargms, characteristics
of bacteria and other micro-organisms like fungd ariruses; medical
helminthology; microbial growth, reproduction anohtrol. The course
also provides guides and practical experiencesfiection control to
assure the safety of care providers and recipadrdare in clinical sites.

HOW TO GET THE MOST FROM THIS COURSE

1. Read and understand the context of thusse by reading
through this course guide. Paying attention toildetéou must
know the requirements before you will do well.

2. Develop a study plan for yourself.

3. Follow instructions about registratiomlanaster expectations in
terms of reading, participation in the discussiomi, end ofinit
andmodule assignments, laboratory practical and athiectives
given by the course coordinator, facilitators aumars.

4. Read your course texts and other refereaxtbooks.

5. Listen to audio files, watch the videsland consult websites
when given.

6. Participate actively in the online dissios forum and make sure

you are in touch with your study group and yourrseu

coordinator.

Submit your assignments as at when due.

Work ahead of the interactive sessions.

Work through your assignments when retdrio you and do not
wait until when an examination is approaching befasolving
any challenge you have with any unit or any topic.

10.  Keep in touch with your study centre, M@UN, School of
Health Sciences websites as information will berjaied
continuously on these sites.

11. Be optimistic about doing well.

© o~

FACILITATORS/ TUTORS AND TUTORIALS

There are 12 hours of tutorials provided in suppbrthis course. You
will be notified of the dates, times andcdbon of these tutorials,
together with the name and phone number of yowr tais soon as you
are allocated a tutorial group. Your tutor will rkaand comment on
your assignments, keep a close watch on your pssgamd on any
difficulties you might encounter and provide assise to you during
the course. You must mail your TMAs to your tutaglMbefore the due
date (at least two working days are required). Thédlybe marked by

your tutor and returned to you as soon as possibdenot refuse to
X
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contact your tutor by telephone, e-mail or direiscdssion if you need
help. The following might be circumstances in whyclu would find help
necessary. Contact your tutor in case:

1. You do not understand any part of theysunits or the assigned
readings.

2. You have difficulty with the self-testsexercises.

3. You have a question or problems with ssignment, with your

tutor’'s comments.

On an assignment or with the grading of an assigmryeu should try
your best to attend the tutorials. This is the octyance to have face
contact with your tutor and to ask questions wilaidhanswered instantly.
You are free to raise any problem encountereddarctiurse of your study.
To maximise the benefit from course tutorials, prepa question list
before attending them. You will learn and gain taflom participating in
discussions group actively.

SUMMARY

NSC 211 introduces you to issues in medical microbiologyd an
parasitology and issues that affect the teacher vanat goes on in
microbiology classroom. Upon completing this coungeu will be
equipped with the knowledge of how to deal with pinactical problems
that confront you daily in the classroom as a teacks well as the
constant shift in the way of looking at the humastem curriculum
process as a whole.

Xi
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MODULE 1

Microorganisms are everywhere and they can be hsleds well as
harmful to humans. For instance, eschelicial dwdit tare found in the
lower alimentary canal are harmless at this sitenfal body flora) and
harmful at another site like the vagina (causingedtion). This

module deals with the composition of the microbaadrld, historical

aspects of microbiology, the relevance and scopemarobiology,

microscopy and specimen preparation and finally reef bsurvey of

microbes as friends and foes

MODULE OBJECTIVES

At the end of this module, you should be able to:

. describe microorganisms

. discuss the relevance and scope of microbiology.
CONTENTS

Unit 1 Composition of the Microbial Wdrl

Unit 2 Historical Aspects of Microbiolgg

Unit 3 The Relevance and Scope of Mimiolyy

Unit 4 Microscopy and Specimen Preparati

Unit 5 A Brief Surveys of Microbes asdfrds and Foes

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
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1.0 INTRODUCTION

Microbiology is the study of microorganisms. These organisms too
small to be seen clearly by the unaided eyes. Mrganisms include
bacteria, fungi, algae, protozoa and entities athkibrderline of life that
are called viruses. The cell is the fundamental wifi life. Most

microorganisms are unicellular, in unicellular argens all the life
processes are performed by a single cell. Howewerme are
multicellular, having more than one cell. This usxamines the definition
of microbiology, types of microbial cells, the difent groups of
microorganisms and the domains in which they ascqd and why
viruses are not placed in any of the domains.

2.0 OBJECTIVES

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

. define the term microbiology

. list the groups of organisms classified as micraargms

. distinguish between prokaryotic and eukaryoticell

. explain the distribution of microorganisms into cains

. state the characteristics of the microorganisnesach domain
. state the characteristics of viruses.

3.0 MAIN CONTENT
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 magnificatibmey include
fungi, bacteria, algae, protozoa and viruses. Sonieroorganisms,
however, like the eukaryotic microorganisms areibles without
magnification. Examples are bread moulds and fitzowgs algae.

3.2  Microorganisms are Cells
The cell is the fundamental unit of life; a singkdl is an entity isolated

from other cells. Two fundamentally different typescells exist among
microorganisms; which are prokaryotic and eukacyoti

. Prokaryotes: These microbial cells lack a membianend
nucleus and organelles.
. Eukaryotes: Possess a membrane-bound nucleus gentedes.



NSC 211 MODULE 1

Differences between Prokaryotic and Eukaryotic Ce#l

Nuclear Absent Present
membrane
Chromosome Single, closedMultiple linear

circular, dsDNA

Ribosomes 70s(50s + 30s) 80s{64R3s)

Mitochondrion  Absent Preise

Examples Bacteria irAals, plants, fungi, algae,
protozoa

Prokaryotic Cell Structure

Cell Wall

crtnplnsnﬂc-
Membrane

e
Ribosomes
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DNA Contained
On Chromasomes

Endoplasmic
Reticulum

Nucleus

Mitochondria -
Plasma
Membrane Bud:ﬁ:g icrotubules
Vesicles

Fig. 1.2: A Eukaryatic Cell
(Source: http://www.the-
simplehomeschool.com/imagefiles/labeled_cel).qgif

3.3 Classification Systems for Microorganisms
The Five Kingdom System of Classification

Based on cell type and mode of nutrition, there amgstablishment of
the five-kingdom system of classifying organismsvimich we have:

I. Monera
il. Protista
iii. Fungi

V. Planta

V. Animalia

Microorganisms except for viruses, which are at¢alland have their
own classification system, were placed in the finstée kingdoms.

The Three Domains System of Classification
Presently, through advances in cell biology, biosiséry and genetics,

microorganisms are now placed into three domaeach of which
comprises of various kingdoms.
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The domains are:

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

Domain Bacteria

I They are prokaryotic.

. They are single-celled organisms.

iii. They lack membrane bound nucleus and egas.
\2 Most have cell wall that contains peptij@an.

V. They are found in the soil, water and amnd on other living
organisms.
Vi. Some are harmful while others are beneffi@ man.

Domain Archaea

I They were formerly known as archaeobaater

. They are prokaryotic.

iii. They are single-celled organisms.

\2 They lack membrane bound nucleus and @i

V. They lack peptidoglycan in their cell vgall

Vi. They have unique membrane lipids.

vi.  Some have unusual metabolic charactedsi#cg. methanogens
which generate methane gas.

viii. Many are found in extreme environments.

Domain Archaea is distinguished from Bacteria bagszh:
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 domaie protists
and fungi.

Protists

These groups of microorganisms are unicellularalgaotozoa, slime
moulds and water moulds.
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Algae

I They are simple organisms.

. Mostly unicellular.

iii. They are photosynthetic together with mkghacteria.

V. They produce about 75% of the plant’s axyg

v. Commonly found in the aquatic environment.

Vi. They are primary producers in food chamaquatic habitat.

Protozoa

I They are unicellular.

. Eukaryotic organisms and animal like.

1 They are usually motile.

V. Some are free-living while some are patrog.

Slime Moulds

They are protists which have different forms afedént stages of their
life cycles. At a stage, they are like protozoa anhanother stage like
fungi.

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

Fungi

I These are microorganisms that range fuomsellular forms like
yeasts to moulds and mushrooms which are multieeliwith
thread like structures called hyphae.

. They absorb nutrients from their envirogmts.

Iii. Many play beneficial roles while otherause diseases in plants,
animals and human.

Viruses

I They are acellular entities (non-celljlar

They lack the fundamental structure @frlig cells but only carry

out functions of living organisms when in livinglise

iii. They are the smallest of all the microangsms (10,000 smaller
than a typical bacterium).

V. They can only be seen by the electron osicope.

V. They cause many diseases in plants, dsiama humans.

Vi. Entities are not placed in any of the domdut are classified on a
separate system.

b. They cause many diseases of plants, asiamal humans
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4.0 CONCLUSION

You have learnt about the following mimrganisms and the
classification systems for microorganisms.

5.0 SUMMARY

In this unit, you have learnt about the followingcroorganisms and the
classification systems for microorganisms.

6.0 TUTOR-MARKED ASSIGNMENT

Give three examples of diseases caused b etassification of
microorganism.

Answer the following questions:

1 Define the term, microorganism (LO1)

2. Compare and contrast prokaryotic and itz cells (LO3)

3. List the three domains under which micgamisms are classified
(LOA4)

4. List three characteristics each bé tfollowing domains: a.
Bacteria b. Archaea c. Fungi (LO5).

5. What are the differences between bacteribarcheae? (LO5)
6 Why are viruses not placed in any ofdomains? (LO6)

7.0 REFERENCES/ FURTHER READING
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Inc.

Medigan, M.T. et al. (2009Brock Biology of Microorganisms. (12thed.).
Pearson Education Inc.

Pelczar, M.J., Chan, E.C.S. & Krieg, R.N. (200)jcrobiology. (5th
ed.). McGraw-Hill.

Willey, J.M., Sherwood, L.M & Woolverton, C.J. (280 Microbiology.
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UNIT 2 HISTORICAL ASPECTS OF MICROBIOLOGY
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Discovery of Microorganisms
3.2  The Spontaneous Generation Conflict
3.3  The Recognition of the Role of Microorgans in
Disease
3.4  The Development of Microbiology in thisrDery
3.5  Era of Molecular Microbiology
4.0 Conclusion
50 Summary
6.0  Tutor-Marked Assignment
7.0 References/ Further Reading

1.0 INTRODUCTION

The history of microbiology is the story ofien and women who
developed a technique, a tool or a concept thatgeasrally adopted in
the studying of microorganisms. It is also the dngtof events and
metamorphosis of microbiology as a science. In thig, we will be
studying the stages in the development of the sei@i microbiology,
some early scientists and their contributions &fiéld of microbiology.

2.0 OBJECTIVES

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

. explain how microorganisms were discovered

. discuss the concept of spontaneous ggoer and the
experiments that were performed to disprove theepn

. discuss koch’s postulate and how they are usedtablish a link

between suspected microorganisms and the disease
explain the development of microbiology in this ey
explain the era of molecular biology.
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3.0 MAIN CONTENT

3.1 Discovery of Microorganisms

The advent of the microscope permitted the studgingicroorganisms.
The first microscopes were simple ground glassegribat magnified
images of previously unseen microorganisms.oAgn the first to
observe this previously unseen and invisibierobial world were
Robert Hooke and Anthony Van Leeuwenhoek.

1. Robert Hooke (1635-1703), an Englistathematician and
natural historian.

. He coined the term “cells” to describe ttigtle boxes” he
observed in examining cork slices with a compoumnoscope.

. He was the first to make a known description ofroucganisms.

. He made microscopic observation and the earliestription of
many fungi.

. Various species of fungi were clearly identified his drawing

and recorded in his book Micrographia.

Fig.1.3: Robert Hooke’s detailed Diagrém of Fungi rade in
1667

Source:Microorganisms in our World by Atlas R. M. (1995

2. Anthony Van Leeuwenhoek (1632-1723) live®elft, Holland.

. He is known as the father of bacteriology andftist person to
publish extensive and accurate observations ofaorganisms

. He was a draper and an amateur microscope builder.

. He learned lens grinding as a hobby and made b@@rsimple
microscopes each capable of magnifying an imageutaBo60
times.

9
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. By using simple microscopes, he observedcroscopic
organisms which he called ‘animalcules’.
. He discovered bacteria in 1676 while stugyipepper water

infusion and reported his observations in a serfi¢stters to Royal
Society of London which published them in846in English
translation.

. He made sketches of the different shapes of bacteri

() (b)
Fig. 1.4: (a) Antony Leeuwenhoek (1632-1723) Holdij one of his
Microscopes

(b) Leeuwenhoek’s Microscopes and some of th8ketches of
Bacteria from Human Mouth
Source: Microorganisms in our World by Atlas R. M. (1999

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 of spontaneous generation statesithrag brganisms could
develop from non-living matter. The proponents bk tconcept of
spontaneous generation claim that living organismdd develop from
non-living or decomposing matter.

1. Francesco Redi (1626-1697) challengexi¢bncept by showing
that maggots on decaying meat came from fly eggesited on
the meat, and not from the meat itself.

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

10
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. He placed meat in three different containesee was not
covered, and the second was covered with fine gauexclude
flies.

. Flies laid eggs on the uncovered meat and maggetaped.

. The two other slices of meat did not produce magygot

. Spontaneously, flies were attracted toe tgauze-covered
container and laid their eggs on the gauze, thetse produced
maggots.

. Hence, it become evident that the generation ajgoes resulted

from the presence of fly eggs and that meat (alivarg matter)
did not spontaneously generate maggots as preyibabeved.

2. Louis Jablot (1670) conducted an expenimewhich he divided
a hay infusion that had been boiled into two comes: a heated
container that was closed to the air and a heavethimer that
was freely open to the air. Only the open vesseleldped
microorganisms. This further helped to disprovegbnesis.

3. John Needham (1713-1781) showed thatamuitoth boiled in
flasks and then sealed could still develop micraargms, which
supported the theory of spontaneous generation.

4. Lazzaro Spallanzani (1729-1799) shovied tlasks sealed and
then boiled had no growth of microorganisms, andoraposed
that air carried germs to the culture medium. H® @lommented
that external air might be needed to support tloev/tir of animals
already in the medium. The latter concept was dppuedo
supporters of spontaneous generation.

5. Louis Pasteur (1822-1895) was a Professo€hemistry. He
devised a series of swan-necked flasks known atelratasks,
filled the flasks with broth and heated the brathsterilisation.
After cooling, the flasks were opened to the airt, lbends on the
neck of the flasks prevented microorganisms frolintaon the
broth and contaminating it rather the microorgasiseil on the
neck of the bottle. Pasteur proved that growth occurred
because dust and germs were trapped on the waétleo€urved
necks. If the neck were broken, growth will occlBy these
experiments he disproved and defeated the theospafitaneous
generation.

11
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Fig. 1.5 shows the defeat of spontaneous generation

Pasteur’s Test of
Spontaneous Generation

Ny

Curved Neck
is Removed

A

Broth is Boiled

Broth Remains Free

. . icroorganisms
of Microorganisms M r

Grow in Broth

Fig.1.5: The Defeat of Spontaneous Generation - PasteurB&xperiment with the
Swan-Necked Bottles
Source: Amoebamike.Wordpress.Com

Apart from the defeat of the concept of spontang@umeration:
. Pasteur’s work led to an effective sterilisatimethod which

involve holding juices and milk at 62.80C4%0F) for 30
minutes known as Pasteurisation.

. He discovered that alcoholic fermentation weadalysed by
Living Yeast Cells.

. He developed vaccines for the diseases anthras,dlmolera and
rabies between 1880 and 1890.

. As a result of his research on rabies, he becalagemd and the

French government built the Pasteur Institute insPa 1888. It
was originally established as a clinical centre tfeating rabies
but is now a major biomedical research centre faisarum and
vaccine production.

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

. Pasteur’s work ushered in the Golden Age of Micotimy.

12
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3.3  The Recognition of the Role of Microorgasms in
Disease

1. Joseph Lister (1872-1912) developedystem of surgery
designed to prevent microorganisms from enteringinds. He
implemented the use of sterile surgical instrumeatsd used
carbolic acid (phenol) during surgery and on wodraksings.

2. Robert Koch (1843-1910) was a German iplays He was the
first to directly prove the role of microorgams in causing
diseases. He established the relationship betweanills
anthracis and the disease it causes, anthrax. Using as
experimental animals, he demonstrated that whenal smount
of blood from a diseased mouse was injecteéd B healthy
mouse, the healthy mouse quickly developed anthrax.

From this work, he developed Koch’s postulates Wwiaie:

I The suspected disease-causing organisudibe present in all
cases of the disease and absent from healthy animal

. The suspected organism must be cultivatezd pure culture away
from the animal body.

iii. The isolated organism must cause the atisewhen inoculated
into a healthy susceptible animal.

V. The organism must be re-isolated frahese experimental
animals and culture again in the laboratory aftbrciv it should
still be the same as the original organism.

-
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Fig. 16: Diagrammatic Illustration of Koch’s Postulate
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Using these principles, Koch discovered causatigamsms of anthrax
(1876), tuberculosis (1882) and cholera (1883).

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

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

. For his contribution on tuberculosis, he was awarti®05
Nobel Prize for Physiology or Medicine.

Today, “Molecular Koch'’s postulates” have been ldsthed in light of
advances in the molecular biology of pathogeniaoties.

3. Edward Jenner (ca. 1798) used a vacomatiocedure to protect
individuals from smallpox.

4. Emil Von Behring (1854-1917) and ShibasalKitasato (1852-
1931) induced the formation of diphtheria tetanoftexins in
rabbits which were effectively used to treat humattsus
demonstrating humoral immunity.

3.4 The Development of Microbiology in this Cetiry
Microbiology established a closer relationship hwitther disciplines

during the 1940s because of its association witmetyes and
biochemistry.

1. George W. Beadle and Edward L. Tatum {€&1) studied the
relationship between genes and enzymes using tred bmould,
Neurospora.

2. Salvadore Lurai and Max Delbruck (cE43) showed that

mutations were spontaneous and not directed bgritieconment.

3. Oswald T. Avery, Colin M. Mcleod, and M@t McCarty (1944)
provided evidence that deoxyribonucleic acid (DNwas the
genetic material and carried genetic information rirdy
transformation.

3.5 Era of Molecular Microbiology
This Began in the 1970s with:

. Advancement in the knowledge of bacterighysiology,
biochemistry and genetics.

14
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. Genetic manipulation which involves the transferDiNA from
one organism into another or a bacterium &mel proteins
encoded by the DNA harvested led to the developmérhe
field of Biotechnology.

. DNA sequencing revealed the phylogenet@volutionary)
relationships among bacteria which led toohaetwonary new
concepts in microbial systematic.

. In the 1990s, DNA sequencing gave birth to thelfeglgenomics.

4.0 CONCLUSION
In this unit, you have learnt about the discovdrynicroorganisms; the
spontaneous generation conflict; the recognition tbe role of

microorganisms in disease; the development of rhiotogy in this
century and the era of molecular microbiology.

5.0 SUMMARY

In this unit, you have been exposed to the follgwin

. The discovery of microorganisms

. The spontaneous generation conflict

. The recognition of the role of microorganisms igedise
. The development of microbiology in this century

. Era of molecular microbiology

6.0 TUTOR-MARKED ASSIGNMENT

Activity: Observe a decay meat under the microscopuek discuss your
findings in the discussion forum

Answer the following questions:

1. Write short note on Robert Hookeda Anthony Van
Leeuwenhoek contribution to the discovery of micgamisms
(LO1).

2. State the concept of spontaneous geoardtD?2).

3. Discuss the experiments that were perdrno disprove the

concept of spontaneous generation (LO2).
4. Explain the steps involved in using Kachbstulate to establish
the link between a suspected microorganism andeade (LO3).
5.  Explain the development of microbiologyhrs century (LO4).
6. Explain the era of molecular biology (DO5

15
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1.0 INTRODUCTION

Modern microbiology is a large discipline with difent specialized
areas. This is because the entire ecosystem depent® activities of
microorganisms and microorganisms influence humatiesy in

countless ways. Microbiology has a great impact medicine,

agriculture, food science, ecology, genetibmchemistry and other
fields. In this unit, we shall examinthe different aspects of
microbiology and their relevance to human life.

2.0 OBJECTIVES

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

. explain the two branches of microbiology
. discuss the different areas of study inidasnd applied
microbiology.

3.0 MAIN CONTENT

The main branches of Microbiology are Basied Applied. Both
branches intertwine and are complementary to etigr.o

3.1 The Basic Aspects of Microbiology

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

I Bacteriology: This is the study of bader
17
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3.2

Mycology: The study of fungi suchs ayeasts, molds, and
mushrooms.

Algology: The study of algae.

Protozoology: The study of protozoa; anuta of protozoology
called parasitology deals exclusively with the g@eaor disease
producing protozoa and other parasitic micro andcrma
organisms.

Microbial Cytology: Studies the structumgsnicrobial cells.

Microbial Physiology: Studies of the nanhts that
microorganisms require for metabolism and growthd ghe
products that they make from nutrients.

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

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

Microbial Taxonomy: This is the study diet classification of
microorganisms or the grouping of microorganisms.

Biochemistry: This deals with théiscovery of microbial
enzymes and the chemical reactions they carry out.

The Applied 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:

18

Medical Microbiology: Studies of theausative agents of

diseases, diagnostic procedures for identificatibthe causative
agents and preventive measures.
Agricultural Microbiology: This is he study of microbial
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 atkals with the
methods of combating plant and animal diseasesedalyy
microbes, methods of using microbes to increaddesaility and
crop vyields. Currently, much work is beinggnd on using
bacterial and viral insect pathogens to substitabemical
pesticides.

Industrial Microbiology: This is the largscale growth of
microorganisms for the production of medicinal prog such as
antibiotics and vaccines; fermented bewesagindustrial
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chemicals; production of hormones and proteins bgegjcally
engineered microorganisms.

\2 Aquatic and Marine Microbiology: gdatic and Marine
Microbiology deals with microbial processes in lakavers, and
the oceans. It also examines issuest tt@ncern water
purification,  microbiology examination and lagical
degradation of waste.

V. Public Health Microbiology: This is cldgerelated to medical
microbiology. It deals with the identification anlde control of
the spread of communicable diseases. It involvesitoring of
community food establishments and waste suppliesssim keep
them safe and free from infectious agents.

vi.  Immunology: Deals with how the immune systprotects the body
from pathogens and the response of infectious agdnalso
involves practical health problems such as theraatnod treatment
of allergies auto-immune diseases like rheumatdltias.

vii.  Food and Dairy Microbiology: Deals withdluse of microbes to
make foods such as cheese, yoghurt, wine and bhedso deals
with the methods of preventing microbial spoilagefamod and
the transmission of food-borne diseases such asliBot and
Salmonellosis. Microorganisms are also usedsiagle cell
protein, which is an important source of proteinnartrients to
livestock and humans.

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

IX. Exomicrobiology: Exploration for life inuder space.

X. Geochemical Microbiology: Coal, minerahd gas formation;
prospecting for deposits of coal, oil and gas aedovery of
minerals from low-grade ores.

3.3  The Future of Microbiology

There are many promising areas of microbiologieaskearch and their
potential practical impacts in the future. Theseaarinclude combating
new and re-emerging human diseases such as Hiy/ABHss,
Tuberculosis, Poliomyelitis, etc. For this combathe effective there
would be a need for the production of new drugs \eatines. The use
of molecular biology and recombinant DNA technologyl be applied
to give solutions to these problems.

Microorganisms would be needed for environmentatdnediation of
pollutants which is on the increase globally. Muebrk will also be
needed to be done on microorganisms living in exéreenvironments
such as to advance the development of netim&robial agents,
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industrial processes and bioremediation. Analy$éh® genome and its
activities will advance the field of bioinformatiesid help to investigate
biological problems.

4.0 CONCLUSION

In this unit, we discussed modern microbiology atarge discipline
with many different specialised areas. It is sulakid into two main areas
of research (basic and applied). The basic areareskarch 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 laggion of

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

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

. The Basic Aspects of Microbiology
. The Applied Aspects of Microbiology
. The Future of Microbiology.

6.0 TUTOR-MARKED ASSIGNMENT
Activity

Discuss the relevance of microbiology to nursingcpice and list five
basic areas of research in microbiology and sttt wach area entails.
Share your submission in your group forum.

Please answer the following questions:

1. List the fields of microbiology that dewth the following:
Metabolism (LO2)

Enzymology (LO2)

Nucleic acid and protein synthesis (LO2)
Microorganisms in the natural environm@&@?2)
Microbial classification (LO2)

Microbial cell structure (LO2)

Explaln what the field of medical microlugy entails (LO1)
State the importance of microbiology ivefdifferent fields of
human endeavours (LO1)

"o a0 oTe

wn
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1.0 INTRODUCTION

Microbiology is the study of organisms too smalllte seen distinctly
with the unaided eyes. The nature of thiscidline makes the
microscope of crucial importance because the stidyicroorganisms

is impossible without the microscope. Microscopes/fale magnification

which enables us to see microorganisms and stusly structures. The
magnification attained by microscopes range frorixfio x400,000 in

addition there are different types of microscoped many techniques
have been developed by which specimens of microisges can be
prepared for examination. This unit examines théidint types of

microscopes, how the microscopes work and how spa are prepared
for examination.

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

. define the term microscope

. state the two categories of microscope

. describe the bright field microscope

. explain the resolving power

. describe methods of preparing and staining spe@men

. describe the scanning electron microscope andramsmission
electron microscope.
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3.0 MAIN CONTENT

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

3.1 The Light Microscope

This is a type of microscope in which magnificatisnobtained by a
system of optical lenses using light waves. Itudels:

I Bright field microscope

. Dark field microscope

iii. Fluorescence microscope
\Y2 Phase contract microscope

Modern microscopes are compound microscopes. Sh#te magnified
image formed by the objective lens is further eggarby one or more
additional lenses. Most undergraduate studentsiafotiology perform

most of their examinations with the bright fieldamiscope which is the
most widely used instrument for routine microscowiark. The other
types of microscope are used for special purposesresearch

investigation.

The Bright Field Microscope

. The ordinary microscope is called a bridgild microscope
because it forms a dark image against a brightekgraund.

. The microscope consists of a sturdy metal bodstamd made up
of a base and an arm to which the remaining pagtattached.

. A light source, either a mirror or an electrizitiinator, is located
at the base.

. Two focusing knobs, the fine and coarse adjustrheobs are

located on the arm and can move either the stagieomose
piece to focus the image.

. The stage is positioned about halfway up #rm and hold
microscope slides by slide clips or a mechaniecgesclip.
. There is a substage condenser mounted within oedik the

stage which focuses a core of light on the slide.

. The upper part of the arm of the microscope halds body
assembly to which a nose piece and one or moreiegpor
ocular lenses are attached.
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. Most advanced microscopes have eyepieces fordyath and are
called binocular microscopes.

. The nose piece holds three to five objective Ilsensedifferent
magnifying power and is easily rotated to positoy objective.

. The image you see when viewing a specimen is &ty the
objective and ocular lenses working together.

. Light from the specimen which has been illuminatedocused

by the objective lens creating an enlarged imagthimvithe
microscope. The ocular lens further magnifibss primary
image.

. The total magnification is calculated by multiplgithe objective
and eye piece magnification together; e.g. if a 4bjective is
used with a 10x eyepiece, the overall magnificatan the
specimen will be 450x.
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Fig. 1.7: The Bright Field Microscope

Sourcehttp://biology.unm.edu/ccouncil/Biology 203/Imagdsirosco
pes/microscopeb.jpeg
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The Dark-Field Microscope

. The dark field microscope is used to observe ¢jvimstained
cells and organisms as a result of change in the tivay are
illuminated.

. A hollow core of light is focused on the speciniersuch a way

that unreflected and unrefracted rays do not etfierobjective
only light that has been reflected or refractedhs® image forms

an image.

. The field surrounding the specimen appedeskb while the
object itself is brightly illuminated.

. The dark field microscope is useful in revealingny internal
structures in larger eukaryotic microorganisms.

. It is also used in the examination of unstainedrogrganisms
suspended in fluids, e.g. wet mount ahdnging drop
preparation.

The Phase-Contrast Microscope

. This type of microscope converts slight differenae refractive
index and cell density into easily detected \ames in light
intensity and is used to view living cells.

. The background formed by the undeviated light nght while
the unstained objects appear dark and well defined.

. This microscope is very useful for studying micgedbmotility,
determining the shape of living cells and detectame bacterial
components such as endospores and inclusion bdtissalso
used in studying eukaryotes.

The Fluorescent Microscope

. This type of microscope exposes a specimen tauidtiet, violet
or blue light and forms an image of the object widsulting
fluorescent light.

. The most commonly used fluorescence micrascoght is
epifluorescence microscope which is also calledderd light or
reflected light microscope.

. Epifluoresence microscope employs an objectives ldvat also
acts as a condenser. A mercury vapor arc lamp heer atource
produces an intense beam of light that passesghran exciter
filler. The exciter filler transmits on the desiredavelength of
excitation light

. The excitation light is directed down the micrgsedy a speed
minor called the dichromatic minor.
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. This minor reflects light of shorter wavelength lallows light of
longer wavelength to pass through.
. The excitation light continues down through tligective lens to

specimen stained with spaced dye moleculedledca
fluorochromes.

Microscope Resolution

Resolution is the ability of a lens to separatedmtinguish between
small objects that are close together, i.e. theostope must produce a
clear image and not just a magnified oneisltalso known as the
resolving power. Resolution is described matheraliyidy an equation
in the 1870s by Ernest Abbe, a German physicisé Abbe equation
states that the minimal distance (d) between tweatd that reveal them
as separate entities depends on the wavelengtigiuf ( ) used to
illuminate the specimen and on the numer@pérture of the lens
(nsin ) which is the ability of the lens to gathght.
d=0.5

nsin

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 (daises. Hence, the
greatest resolution is obtained using a lens wighlargest NA and light
with the shortest wavelength.

The relationship between NA and resolutiom dae expressed as
follows:

d=
2NA

where d = resolution and = wavelength oftlighsing the values 1.3
for NA and 0.5 m, the wavelength of greentjdgbr > , resolution
can be calculated as

d=055 =0.21 m.
2x1.30

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

Preparation for Light-Microscope Examination
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There are two general methods used for prepariegisens for light
microscope examination.

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

i The organism is dried fixed and staineddpe observing under
the microscope.

The wet mount or hanging drop technique

The technique permits examination of organisms imoamal living

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

the organisms on a glass slide and covering thp dith a cover slip.
Petroleum jelly may be used to provide a seal betwthe slide and
covers slip after which the slide is viewed undher microscope.

This method is desirable because:

I It prevents distortion of the morphologfyspiral bacteria when
they are stained and dried.

. It reveals whether organisms are motil@at.

iii. Some cell inclusion bodies are easilyaed.

\Y2 Spore formation and germination may alscobserved in living
cells.

Fixed, Stained Smears of Microorganisms

These are frequently used for the observatibrthe morphological
characteristics of bacteria. The procedure makesct#il more clearly
visible, and differences between cells of differgpécies and within the
same species can be demonstrated. The essentialistéhis procedure
are:

I Preparation of the film or smear
i. Fixation and
iii. Application of one or more staining satut.

Fixation

Fixation is the process by which the internal artkmal 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 firmiby the microscope
slide during fixation.
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There are two fundamentally different types of figa.

I Heat Fixation: Is routinely usetb observe prokaryotes.
Typically, a film of cells (a smear) is gently hedtas a slide is
passed through a flame. Heat fixation preservesrative
morphology but not structures within cells.

. Chemical Fixation: Is used to protecteficellular sub-structure
and the morphology of larger, more delicate micrgaaisms.
Chemical fixatives penetrate cells and teadth cellular
components, usually proteins and lipids, to reridem inactive,
insoluble, and immobile. Common fixative mixturemtain such
components as ethanol, acetic acid, mercuric adori
formaldehyde, and glutaraldehyde.

Staining of Specimens

Although living microorganisms can be directly exaet with the light
microscope, they often must be fixed and staineth¢cease visibility,
accentuate specific morphological features, andguwe them for future
study.

Types of Staining

. Simple Staining: This is a kind of staining in wia single stain
or dye is used. Basic dyes such as crystal violethylene blue,
and carbolfuchsin are used in simple staining terd@ne the size,
shape and arrangement of prokaryotic acids.

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

. Gram Staining: The Gram stain was developed in4188 the
Danish physician Christian Gram. It is the muestlely used
differential staining procedure.

The steps involved are as follows:

I The smear is stained with the crystaletigwhich is the primary
stain).

i This followed by treatment with iodinerfctioning as a mordant.

iii The smear is decolourised by washing weithanol or acetone.

\Y The smear is counterstained with a singlyle safranin.
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Bacteria stained by the gram stain method fell into groups:

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

. Acid Fast Staining: This is another differentitising procedure
commonly used to identify mycobacterium tubercidosind
mycobacterium leprae, the pathogens responsibleubmrculosis
and leprosy respectively.

These bacteria have cell walls with high lipid @onitin particular,

mycolic acid which prevents dye from readily birglto the cells. In the
acid fast staining procedure, the red stain antatduchsin is used as
primary stain; next acid-alcohol is used as a deowder. The acid-
alcohol will remove the red stain form bacterialsas Escherichia coli
which the acid fast mycobacteria will remain red.

3.2  Electron Microscope

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

. Scanning electron microscope
. Transmission electron microscope.

The Transmission Electron Microscope

Electron microscopes use a beam of electrons umifiate and create
magnified images of specimens. Electrons replaghtlias the
illuminating beam. They can be focused, much aktlig in a light
microscope, but their wavelength is around On@®5approximately
1000,000 times shorter than that of visible lighherefore, electron
microscopes have a practical resolution roughl¥Q,Bmes better than
the light microscope, with many electron micros@peint closer than
0.5nm can be distinguished, and the useful maguifio is well over
100,000x. In transmission electron microscope, ¢lectron beam is
transmitted through the specimen.

The Scanning Electron Microscope

The scanning electron microscope produces an infieaye electron
released from atoms on an object’s surface. Ithesn used to examine
the surfaces of microorganisms in great detail. YI@EM has a
resolution of 7nm or less.
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4.0 CONCLUSION

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

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

. The light microscope
. Electron microscope

6.0 TUTOR-MARKED ASSIGNMENT

Activity: Prepare two specimens for light microseop

examination. Answer the following questions
Define microscope (LO1).

1.
2. With the aid of a well-labelled gram describe a bright
field microscope (LO3)

3. What is microscope resolution? (LO4).

4. List the stages involved in preparingoacsmen for observation
under the light microscope (LO5).

5. What is the basic difference betweertransmission electron

microscope and a scanning electron microscope?)LO2
6. Define the resolving power (LO4).
List 5 parts of a light microscope anatestthe function of each
(LO3).

~
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UNIT 5 A BRIEF SURVEY OF MICROBES AS
FRIENDS AND FOES

CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1 Microorganisms as Friends
3.2 Microorganisms as Foes

4.0 Conclusion

50 Summary

6.0  Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Microorganisms occur in large numbers of most ratenvironments
and bring about many changes. Some are desiralileotrers are
undesirable. Microorganisms affect the well beirigpeople in many
ways. Many are beneficial to man and can be cdfiéehds’ while
some are harmful and can be regarded as ‘foes’ain. hhe beneficial
impact of microorganisms ranges from the productdngoods and
pharmaceutical products to enhancement of soilifgrtenvironmental
cleanup while their harmful effect can be seenhiirtability to cause
disease in man, animals and plants as well as tisaige in biological
warfare. However, there are more species of migarusms that perform
friendly and beneficial functions than those tharrh other living
organisms. This unit gives us a brief survey ofroucganisms as friends
and foes.

2.0 OBJECTIVES

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

. explain the different ways in which microorganiso@ act as
friends to man
. explain ways in which microorganisms can act as toeman.

3.0 MAIN CONTENT

31  Microorganisms as Friend

Microorganisms have found application in variougeass of life. They
are useful in food industries to produce yndaod substances, in
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medicine to produce vaccines and antibiotics, invirenmental
protection, and in agriculture to optimize yield.fédw of these various
aspects will be discussed in this material.

Microorganisms and Food Production

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

. Fermentation is the chemical transformrmati@f organic
compounds carried out by microorganisms and theymes. In
industrial fermentation, raw materials (substraaed converted
by microorganisms in a controlled favourable enwvment
(created in a fermentor) to form a desired end produbstance.

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

. Pickles and some sausages are also produced imerf&tion
processes.

. Microorganisms are used to produce fermented daipducts
such as cheese, yoghurt and acidophilus milk.

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

. Wine fermented from fruits using yeast strains chacomyces
cerevisiae and bread is also produced by usingsieas

. Microorganisms can also be used as direct souré@od known

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

Production of Pharmaceuticals

Microorganisms are used to produce different phaauticals such as
antibiotics, steroids vitamins, hormones, etc. Biotics are microbially
produced substances or substances syntheticaliyedefrom natural
sources that inhibit or kill microorganisms, Steésiregulate various
aspects of human metabolisms and are produced dgnisms such
Rhizopus nigricans.

Vaccines are produced using microorganisms with #Hmigenic
properties to elicit a primary immune responsey thre used to prevent
many once deadly diseases such as polio, small fderculosis,
measles, diphtheria and whooping cough.
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Vitamins

Vitamins are essential animal nutritional factos®me vitamins are
produced by microbial fermentation, e.g. Vitamin2Bdy Streptomyces,
B12 by Pseudomonas denitrificans and Propionibacteshermanni.
Riboflavin produced by various species of @ldsim and Ashbya
gossypii. Human insulin and human growth hormores @oduced by
genetically engineered bacteria.

Production of Organic Acids

Various organic acids are produced by microorganisrs examples
are:

1. Gluconic Acid: used as a pharmaceut@alupply calcium to the
body by several fungi including Penicillium and espllus
species. Citric acid is produced by Aspergillusenignd used as a
food additive especially in the production of sirfinks.

2. Lactic Acid by different lactic acid badter for example,
Lactobacillus delbrueckii, lactic and is eds in foods as
preservatives, in leather production for delimingels and in the
textile industry for fabric treatment, plastics rmak in baking
powders.

Hygiene

I Hygiene is the avoidance of infection aodd spoilage by
eliminating microorganisms from the surrounding.

. Our knowledge of how disease causing oocganisms spread
has permitted us to reduce the incidence of masgades. Also
improved sanitation practices have helped to retlueencidence
of diseases.

iii. Microorganisms from the surroundings d¢antotally removed by
methods such as sterilisation or reduced doetable levels
using methods such as disinfection and antisegsisfood
preparation, microbes are reduced to acceptablelsleusing
methods such as pasteurisation, addition of vinedshile
complete sterility is achieved by autoclaving oadiation.

Useful in the Study of Science

Microbes are essential tools in biotechnology, beistry, genetics
molecular biology and genomics. Examples are theastge
(Saccharomyces cerevisiae) and fission yeast (S&izbaromyces
pombe) which are model organisms in science. Thayeasily be

grown rapidly in large quantities and are easilypalated.
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Biotechnology uses genetic engineering which is tasificial
manipulation of genes and gene products.

Genes from any source can be manipulated and raddifising

microorganisms and their enzymes as molecular,teas human insulin,
a hormone which is very low in people widkabetes is produced by
genetically engineered bacteria into which humamegehave been
inserted.

Microorganisms and the Environment

I Microorganisms can be used to clean ujupon created by
human activities in a process called bioremediation

. Pollutants such as pesticides, spilled smlvents which could
pose human health hazards are degraded to nostddtances
by
microorganisms.

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

3.2  Microorganisms as Foes

Microorganisms can act as foes to man and otherglierganisms by
causing diseases and by their usage as biologeapons.

Microorganisms as Disease Agents

Microbial diseases are still the major cause otld@amany developing
countries. Microorganisms cause different diseasasan such as:

I AIDS (Acquired Immune Deficiency Syndroymmaused by the
Human Immuno Deficiency Virus (HIV).

. Tuberculosis caused by a bacterium, mgoctérium tuberculosis.

iii. Cholera caused by a bacteria Vibrio chale

V. Malaria caused by four specie$ the protozoa called
plasmodium transmitted by the female anopheles nitusq

V. Other emerging diseases include: bircafid swine flu.

Microorganisms as Agents of Warfare and Terrorism

Biological warfare is also known as germ warfateis the use of
pathogens such as viruses, bacteria, or the tgoduced 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 aamjilitechnique by
nations during wars. There are four kinds of yadal warfare ageggs,
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bacteria, viruses, fungi and rickettsiaes. Theyliaieg organisms that
reproduce with their host victims who then becoroatagious with a
deadly if weakening multiple effects. Toxins on thiher hand do not
reproduce in the victims but within a short incudsatperiod (usually with
a few hours) kill the victims.

4.0 CONCLUSION

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

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

. Microorganisms as Friends
. Microorganisms as Foes

6.0 TUTOR-MARKED ASSIGNMENT

Activity: mention at least five microorganisms @ifént from the ones
discussed in this text that can cause diseasearn m

Answer the following questions

1. Explain the role of microorganisms indqmoduction (lol).

2. Explain the role of micrganisms’ production of
pharmaceuticals (lol).

3. Describe the various organic acids predugcy microorganisms
(lol).

4. Outline the relevance of microorganisrhygiene (lol).

5 Explain the usefulness of microorganigmihe study of science
(lol).

6. What are the relevant of microorgams to the environment
(lol).

7.  Explain two ways which microorganisms aaentiful to

man (lo2).
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MODULE 2 INTRODUCTION

As a practice nurse, you are aware of some chaistate features of
microorganisms such as reproduction, movement Microorganisms
have different characteristics features which Ww#l discussed in this
module. The microorganisms that will be discussedthose that have
direct link with man. This module deals with thengeal characteristics
of bacteria, fungi and virus.

MODULE OBJECTIVES
By the end of this module, you should be able to:

. describe the general characteristics of microasgas and their
links and usefulness to humans.

CONTENTS

Unit 1 General Characteristics of Baeter
Unit 2 General Characteristics of Fungi
Unit 3 General Characteristics of Virsise

UNIT 1 GENERAL CHARACTERISTICS OF
BACTERIA CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 General Characteristics of Bacteria
3.2  Size, Shape and Arrangement of Bacteed! C
3.3 Bacterial Structures

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment

7.0 References /Further Reading

1.0 INTRODUCTION

Bacteria are characterised based on the cell seeg@eand structure cell
arrangement, occurrence of special structures amdlabmental forms,
staining reactions and motility and flagella arramgnt. They are also
characterised by the cell wall component, Gramrmstaaction, cellular
respiration and mode of nutrition. This unit exaesinthe general
characteristics of bacteria, shapes and forms afteba, structures
external and internal in bacteria among other thing
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2.0 OBJECTIVES

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

. describe the general characteristics of basic bacte

. identify and name the general shapes and formaacitba

. describe the external and internal structures ofdoe

. explain the significance of the cell wall structared composition
. explain the modes of nutrition and energy sourdgaicteria

. explain the modes of cellular respiration in baeter

. explain the modes of reproduction in bacteria.

3.0 MAIN CONTENT
3.1 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 cairt peptidoglycan

V. They are measured in unit called micranet

Vi. Bacteria lack a true nucleus but havegiore called the nucleroid
region, i.e. DNA is free floating

vii.  They may have additional DNA called a pragd

viii.  Their reproduction is by binary fission

IX. They are extremely diverse and numerowsoils and waters.

3.2 Size, Shape and Arrangement of Bacterial Ce
Size

Bacteria are very small, 0.5 to 1.0um in diame@eicause of their small
size, they have high surface area/volume ratio lwhésults 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 mietotell require the
use of a high power microscope usually of aboudd diameters.
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Fig.1.8: A Basic Bacterium Cell (Source: Microorgnisms in our World by
Atlas (1995)

Shape and Arrangement

The shape of a bacterium is governed by its rigitveall which gives it
a definite shape.

Typical shapes of bacteria are:

. Cocci (Singular: Coccus), e §aphylococcus

. Bacilli (rods) (Singular: rod, bacillus), e.g. Blas subtilis

. Vibrios (Singular: Vibrio)

. Spirilla (Singular: Sprillum)

. Spirochaetes (Singular: Spirochaete), e.g. Treparatidum

Some species of bacteria are pleomorphic, i.e. #ieyable to change
their forms especially when grown on artificial need

I Cocci: They are round, oval a@pherical in diameter
characteristic arrangement when multiplying is Ildasen
arrangement of cells, they are called:

. Diplococci: cocci in pairs, e.g. meningococci ammthQCocci.

. Streptococci cocci in chains.

. Staphylococci: cocci in irregular clusters (likbwanch of grapes).
. Tetracocci: cocci in a group of four cells.

. Sarcinae: cocci in regular clusters.

. Bacilli (Rod): These are stick like baggewith rounded, square,
tapered or swollen ends. They measure 1-10um gtheoy 0.3-
1.0pm in width.

Bacilli are not arranged in patterns as complexasci. Most occur
singly. Other arrangements are:

. Diplobacilli: Rods in pairs.
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. Streptobacilli: Rods in chains.

. Trichomes: Similar to chains but have largeea of contact
between adjacent cells.

. Mass together, e.g. Mycobacterium leprae.

. Palisade arrangement cells are lined side bylgdanatchsticks

and at angles to each other like Chinese lectetg, e
Corynebacterium diptheriae.

iii. Vibrios: These are small slightly curveads, or comma shaped
3-4umin length by 0.5um in width. Most are motilgh a single
flagellum at one end, e.g. Vibrio cholerae.

\Y2 Spirilla: These are helical bacteria, dmagularly coiled, rigid,
organisms measuring 3-4um in length. Each coil omegsabout
1pum, e.g. Spirillum minus.

V. Spirochaetes: They are helical, (comptefist), flexible, coiled
organisms, can twist and contort their shapes.oSpaeters are
divided into three main groups.

. Treponemes: Tiny and delicate with regular tighlscaneasuring
6-15um by 0.2um in width, e.g. Treponemalighain and
Treponema pertenue.

. Borreliae: Large spirochaetes with irregular opgerls 10-20um
in length by 0.5um in width, e.g. Borella., dutt@md Borrelia
vinceti.

. Leptospires: Tiny spirochaetes with many tightigcked coils
that are difficult to distinguish; 6-20um in lenglly 0.1uM in
width and have hooked ends, e.g. Leptospira, igeams.
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L
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Fig. 1.8: Common Shapes of Bacterla

(Source:Microorganisms in our World by Atlas (1995)
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In addition to the common bacterial shapes, mahgrstalso occur in
different shapes, which include:

. Pear Shaped cells, e.g. pasteuri

. Lobed Spheres, e.g. sulfolobus

. Rods with squared ends, e.g. bacillus anthracis

. Disk arranged stacks of coins, e.g. caryophanon

. Rods with helically sculptured surfaces, e.g.bsgla and many
others.

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

Examination of a bacterial cell will reveag¢veral components and
structures. Some are external to the cell wall evbthers are internal to
the cell wall.

Structure External to the Cell Wall

1. Flagella (Singular: Flagellum): These arr Hike, helical
appendages that protrude through the cell walll 8.@.02um in
diameter and simple in structure. Based on theiation on the
cell, flagella may be polar or lateral.

i Polar: At one or both ends of bacterium.
li Lateral: Along the sides of the bactemiu

A flagellum is composed of three parts:

[ A based body associated with the cytoplasmic, brame
and cell wall.

Ii A short hook and a helical filament whiis usually
several times as long as the cell.

i A flagellum grows at the tip rather thahthe base.

Types of Flagella
. Monotrichous: A single polar flagellum. Many thappears and

functions as monopolar or bipolar flagella consisbundles of 2
to 50 single units (polytrichous). eg Vibrio chaer

. Lophotrichous: A cluster of polar flagella onultiple polar
flagella eg Bartonella baciliformis
. Amphitrichous: Flagella, either single or chkrst at both cell

poles or single bipolar flagella eg Spirillum sarpe
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. Peritrichous: Cell surrounded by lateral @ég or flagella
distributed over the entire cell eg Escherichia col

Function of Flagella

Bacteria propel themselves by rotating their héfiegella.

A\ - i e
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Fig. 2.1: Types of Flagella (Source: bioweb.uwlaxde)

2. Pili (Singular: Pilus): They are also ledl fimbriae. They are
hollow, non-helical filamentous appendages that #r@ner,
shorter and more numerous than flagella: long,, tistnaight
threads 3-25um in diameter and 12um in length. Téheynot
function in motility since they are found aron-motile and
motile species. Several functions are associated different
types of pili.

F pilus (Sex pilus) serves as the path of entrgesfetic material
during bacterial mating. Some play major role imiam infection
by allowing pathogenic bacteria to attach to théhepal cells
lining the respiratory, intestinal or genitourinatsacts, this
prevents the bacteria from being washed away byfldwe of
mucous or body fluids and permits infections tebtablished.

3. Capsules: This is a viscous substanceifgy a covering layer or
envelope around the cell wall of some bacteria. sGks are
known to confer resistance to phagocytosis becaasglement
cannot penetrate it, hence protecting bacterianagaost defense
to invasion. Also protects the bacteria from desion. Capsules
are usually antigenic for identification. Capsulesan be
categorised into three based on their visualisatign light
microscope using special staining methods.

If the covering layer can be visualised by lightroscope using
special staining methods, it is termed capsule.
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. Microcapsule: If the layer is too thin tee seen by light
microscope.
. Slime: If it is so abundant that many cells ardedded in  a

common matrix.

Most bacterial capsules consist of polysaddear which can be
homopolysaccharides or heteropolysaccharides.

. Homopolysaccharides: Capsule made up of/compoksadsmgle
kind of sugar usually synthesised outside the loglexocellular
enzymes, e.g. glucan (a polymer of glucose) froorase by S.
mutans.

. Heteropolysaccharides: Composed of several kiridsugars. A
few capsules are polypeptide, e.g. bacillus anthfas a capsule
made up of a polymer of glutamic acid.

Functions

I They may provide protection agairtsimporary drying by
binding water molecules.

. They may block attachment of bacteriopdsg

iii. They may be antiphagocytuc, i.e. they mayibit the engulfment
of pathogenic bacteria by white blood cells. Henoatribute to
invasive or infective ability (virulence).

Iv. Promote attachment of bacteria to surfaces

Example of capsulated bacteria includegisseria gonorhoeae,
streptococcus pneumonia, hemophilus influenza.

4. Sheaths: Some bacterial species fatmins or trichomes
enclosed by a hollow tube called sheaths. Thesatlsheonsist
of a heteropolysaccharides containing glucose,ugaric acid,
galactose and fucose.

Functions

I In a few bacteria, they facilitate moderahange of position.
. Sheaths enable individual cells to stagaxiated in cell colonies.

5. Prosthecae and Stalks
Prosthecae: They are semi rigid extensions of tak wall and

cytoplasmic membrane and have a diameter lessttianof the cell.
Found in some aerobic bacteria from fresh watemaadne environment.
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Functions

I Increase surface area of the cell forieat absorption.
. Some have adhesive substances that @dnehent to surfaces.

Stalks: They are non-living ribbon, and like tubud@pendages excreted
by some bacterial cells, e.g. found in Gallionelldanctomyces.

Functions
They aid in attachment of the cells to surfaces.

Some bacteria possess oval structures called eossfthese are not
appendages) formed within certain bacteria speb@ tepresent a
dormant stage in the growth cycle of the organishey are formed in

response to nutritional deprivation within the viegige bacterial cell.

Highly resistant to injurious effects of heat, ayj pressure and many
chemical disinfectants. Seen in Bacillus and Cidstm spp. And can

reverse to vegetative form when environmentallyenment.

The Cell Wall

This provides structural rigidity and forms barriggainst the outside
environment. It has a high tensile strength coeféron it by a layer
composed of a substance called peptidoglycan (akaeim or
mucopeptide).

Bacteria are classified as Gram +ve or Gram —verdany to their

response to Gram staining procedure i.e basedeoprtipensity of their
cell wall to hold fast to the primary dye (crystablet) or otherwise

when exposed to a decolorizing agent such as azetd®b% alcohol.

It is the site of antigenic determinant of the celurface.

Lipopolysaccharide component of the Gram -ve waltasponsible for
non specific endotoxin activity. The cell wall alShows differences in
Gram reaction thereby gives basis for classifyiagtéria.

Gram positive cell wall

About 80nm thick with several layers of peptidagp(40-80% dry
weight). Trapped within this peptidoglycan matrixeaa variety of
proteins, polysaccharides and unique moleculesdaakichoic acids
which stabilize the wall, chelate small ions neaeggor cell function
and participate in cellular interaction and adheeeto mucosal surfaces
and are antigenic forming basis for antigenic ghogin some organisms.
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The enzymatic biosynthesis of peptidoglycan nfdarget sites for
inhibition of cell wall synthesis by specific anbhcs.

Inhibitors of cell wall synthesis

I Beta lactams- they possess lactam rifigey are penicillins,
cephalosporins, monobactams and cabapenems.

. Vancomycin ...... Glycopeptides
Iii. Teicoplanin .......... Glycopeptides
V. Fosfomycin

V. Bacitracin

Vi. Cycloserine

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

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

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

. Outer membrane- A bilayered structurege@nand outer leaflets
are asymmetrical. Contains numerous proteins, upQ@ by
mass. Lipopolysaccharides is attached by a weaksted forces
(ionic and hydrophobic interractions) to the ouéaflet.

iii. Lipopolysaccharides (LPS) — attached twen leaflet of the outer
membrane. LPS is responsible for endotoxin activaty 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) polysacatkeri for much
identification.

1. Lipoprotein — cross-link outer memigaand peptidoglycan

layer. Function to stabilize outer membrane anchand to the
peptidoglycan layer.

2. Periplasmic space — seen immediatelgide the cytplasmic
membrane. Contains peptidoglycan layer and geldidation of
proteins. Periplasmic proteins include substratedibg proteins
(for sugars,amino acids, vitamins and ions); hydiolenzymes;
detoxifying enzymes(e.gp-lactamase and aminoglycoside
phosphorylase). Detoxifying enzymes cause antibresistance.
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Gram Staining

This staining technique makes use of propertiethéncell wall of the
bacteria l.e. the peptidoglycan content in the wall. For gram positive
bacteria that has higher peptidoglycan contenty tleéain the primary
stain(crystal violet) despite decolourisatidny acetone thereby
appearing purple or blue but gram negative wilcglyi lose the primary
stain after brief decolourisation due to reducedteot of peptidoglycan
in their cell wall thereby taking the colour of tlseunterstain(neutral
red/safranin) and appearing red. Stains in gramistpare- Crystal violet
(primary stain), lugol’s iodine (mordant), acetdecolouriser), neutral
red/safranin (counterstain).

Structures Internal to the Cell
1. Cytoplasmic Membranes
. This lies immediately beneath the cell wall.

. It is approximately 7.5um (0.0075um) thickdacomposed
primarily of phospholipids (20 to 30 percent) amdtpin (60 to

70 percent).

. It serves as a barrier to most water soluble mddscu

. It contains various enzymes involved nespiration, and
metabolism and in synthesis of capsular and cdlla@mponent.

. Proteins are also synthesised 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 cytoplasmembrane and it
may be divided into:

i The cytoplasmic area, granular in appearance r&id 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 substaasc

4, Nuclear Material

Unlike eucaryotic cells bacterial cells do not havdistinct membrane
enclosed nucleus but they have an area near thie adrthe cell that is
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regarded as the nuclear structure, the DNA of #ikeix confined to this
area. The DNA is circular and bears the geneseotdfi.

5. Spores and Cysts

Certain bacteria produce spores either within thks endospores) or
external to the cell (exospores). The spore is baditzally dormant form
which under appropriate condition

can germinate to form a vegetative cell. Endospaes extremely
resistant to desiccation, staining, disinfectingraicals, radiation and
heat.

Cysts are also dormant, thick walled desiccati@istant forms that can
germinate also under favourable conditioning.

Nutrition

The nutrition requirements of bacteria varydely. Based on their
source of energy, they are classified as:

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

I Chemotrophs: They obtain their energyolxydizing inorganic or
organic — chemical compounds.

Based on the source of carbon which is the majorcgeoof nutrient for
all cells bacteria can be classified as:

. Heterotrophs: These are bacteria thativelecarbon from
preformed organic nutrients such as sugar or caxdrake.
. Autotrophs: They derive carbon from inorganic sesgrsuch as

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

i Aerobic or strict aerobes: these requirg/gen, e.g. Bacillus
cereus.

i Anaerobic bacteria or strict anaebéhey cannot tolerate
oxygen, e.g. Clostridium spp.

i Facultative anaerobes: These are geneeadlobes but have the
capacity to grow in the absence of oxygen, e.gpl8tacoccus

spp.
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Reproduction

Bacteria reproduce mainly by asexual method whidstnof the time is
transverse binary fission. This is a process incwha bacterial cell
divides to give two daughter cells after developmtransverse septum
(cross wall).

4.0 CONCLUSION

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

5.0 SUMMARY

In this unit, you have learnt about the following:

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

6.0 TUTOR -MARKED ASSIGNMENT

Activity: Differentiate the cell walls of gram paisie and gram negative
bacteria. Also mention the stains in gram stait@uipnique

Answer the following questions:

1. Describe the general characteristicsagidbacteria (LO1)

2. What are the general shapes and forrhaaitria (LO2)

3 List four different structures externalthe cell wall of bacteria
and state one function of each. (LO3)

4. Explain the term gram positive aghm negative cell wall
(LO4)

5. Describe the structures internal to béctell (LO3)

6. Explain the modes of nutrition and enespurce in bacteria
(LO5)

7. Explain the modes of cellular respiraiimibacteria (LO6)

8. Explain the modes of reproduction in baet (LO7)
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1.0 INTRODUCTION

Fungi are eukaryotic spore bearing organisms #ekt thlorophyll and
generally reproduce both sexually and asexudllyey are of great
practical and scientific importance. One of thesoge for this is that
many fungi are of microscopic cellular dimensidfasngi have a diversity
of morphological appearances depending on the epeeungi comprise
the molds, mushrooms and yeasts. Molds are filamsntand
multicellular while yeasts are unicellular. They awidely distributed
and found wherever moisture is present. They agredt importance to
man in both beneficial and harmful ways. This @xamines the general
characteristics of fungi, the distribution, morpbgy, nutrition and
reproduction of fungi.

2.0 LEARNING OBJECTIVES

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

. 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 reprddoctand sexual

reproduction in fungi.
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3.0 MAIN CONTENT

Definition of Fungi
Fungi are eukaryotic spore bearing organisms @k thlorophyll and
generally reproduce both sexually and asexually.

3.1 Distinguishing Characteristics of Fungi

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

I Fungi are Eucaryotic. They are membeithefdomairEucarya.

. They contain a membrane-enclosed nuclews several other
organelles.

iii. They have no chlorophyll.

\Y2 They are chemo organotrophic organisms.

V. The body of the fungi is called thallus.

Vi. The thallus may consist of a single cslfaund in yeasts.

vii.  The thallus may consist of filaments, 51 m across which are
commonly branched as found in molds.

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

IX. Some fungi are dimorphic, that is theysexn two forms. Some
pathogenic fungi of humans and other animals haweieellular
and yeast like form in their host but when growsagrobically in
soil or on a laboratory medium they have a filarnastmold
form.

X. Habitat distribution of fungi is diversBome are aquatic, living
primarily in fresh water and a few marine fungi aeerestrial.
They inhabit soil and dead plant. Some are pacasithabiting
and infecting living hosts either plants or anim&®me form
beneficial relationships with other organisms asonshisae.

Xi. The study of fungi is known as mycology.

3.2  Structure and Forms of Fungi

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

They are unicellular fungi that have a single nusle

They are commonly egg-shaped but some are elahgatksome
spherical. Yeasts have no flagella or other ordeselof
locomotion.

They possess most of the other eukaryotic orgamelle

Yeast cells are larger than most Dbacte Yeasts vary
considerably in size ranging from 1 to 5um in widthd from 5
to 30pum or more in length.

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

Nucleus
Membran Ged
Wall
- _ Lipid
Mitochondria Granule
Bud
Scar

Phosphate
Granules

Fig 1: ADiagramof a Yeast Cell

Source: Wikimedia Commons by Frankie Robertson using Ingsca
(2009)

Molds

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

Hyphae

Each hypha is about 5 to 10um wide. Hygphege composed of an
outer tube like wall surrounding a cavity the Lumehich is
filled or lined by protoplasm. Between the protgoaand the
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wall is the plasmalemma, a double layer nraméd which
surrounds the protoplasm.

. The hyphal wall consists of muofibrils composed of
hemicelluloses or chitin. True cellulose occursyanl the walls
of lower fungi.

il Wall matrix material in which the micrbfkils are embedded
consists of proteins, lipids and other substar@eswth of a hypha
is distal near the tip.

The Mycelium

I The mycelium is a complex of severalilents called hyphae
(singular, hypha). New hyphae generally arise feogerminated
spore. The germinated spore puts out a germ tulgbes which
elongate to form hyphae.

These hyphae form a tangled mass or tissue likeeggtion.
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Fig.2: Rhizopus stolonifer

Source: Retrieved from the Backyard Nature Website Fde://G:\Bread Mold
Fungus, Rhizopus Stolonifer.htm.

In some fungi, protoplasm streams through hyphaatemupted by
cross walls, these hyphae are called coenocyaseptate.

The hyphae of others have cross walls called sgptseptum) with
either single pore or multiple pores that enablggpiasmic streaming.
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These hyphae are termed septate.
Summarily, hyphae can be said to occur in threms$or

I Nonseptate or coenocytic; such hyphae mavsepta.

. Septate with uninucleate cells.

iii. Septate with multinucleate cells. EacHl deas more than one
nucleus in each compartment.

3.3 Nutrition and Metabolism

Most fungi are saprobes, securing their nutriemtésnf dead organic
matters. They release hydrolytic exo-enzymes thigesd external
substrates and absorb the soluble products.

They are also chemoorganoheterotrophs, tley use organic
compounds as a source of carbon, electrons emailgy. Fungi are
usually aerobic; however, some yeasts are facudlgtianaerobic and
can obtain their energy by fermentation. Obligatehaerobic fungi are
found in the rumen of cattle.

3.4 Reproduction
Reproduction in fungi can either be asexual or akxu
Asexual Reproduction

Asexual reproduction is a type of reproduttimvolving only one
parent that produces genetically identical offspity budding or by the
division of a single cell or the entire organisnoitwo or more parts.
Asexual reproduction, also called somatic or vagetaeproduction is
accomplished in several ways and does not invdieefasion/union of
nuclei, sex cells or sex organs. It may be accahpt by:

. fission of somatic cells yielding two similar dawghcells

. budding each bud a small outgrowth of the parefitdevelops
into a new individual

. fragmentation or disjointing of the hyphal cellach fragment

becoming a new organism spore formation.
There are several types of asexual spores eaclawiime.
Sporangiospores: These are single-@¢edlgores formed within

sacs called sporangia (singular: sporangium) aettteof special
hyphae called sporangiospores).
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ii. There are two types of sporangiospores: Ap$pores which are
non-motile and zoospores which are motile. Motilgydue to the
presence of flagella.

lii. Condiospores or conidia (singular, conidiunihese are formed
at the tip or side of a hypha. Single celled camidre called
microconidia while large multicelled conidia are lled
macroconidia.

iv.  Oidia (singular oidium) or arthrosopores:eBk are singlecelled
spores formed by disjointing of hyphal cells.

v. Chlamydospores: These are thick wallegglsi celled spores
which are highly resistant to adverse conditiorgeyrare found
from cells of the vegetative hypha.

vi. Blastospores: These are spores formed bglibgd
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Fig. 3: Different types of Asexual Spores
Source: (http://mb0804mycology.wordpress.com/2008/07/23dpction-of-
fungi/)

Sexual Reproduction

Sexual reproduction is a type of reproduction inchwo parents give
rise to offspring that have unique combinationgyehes inherited from
the gametes of the two parents.

It is carried out by fusion of the compatible nuaé two parent cells.
The process of sexual reproduction begins withjeireng of two cells
and fusion of their protoplast (plasmogamiylist enabling the two
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haploid nuclei of two mating types to fuse togetfkaryogamy) to form
a diploid nucleus. This is followed by meiosis, alhiagain reduces the
number of chromosomes to the haploid number.

The sex organelles of fungi if present are callathgtangia. They may
form differentiated sex cells called gametes or roamgtain instead one
or more gamete nuclei. If the male and female ganwpa are

morphologically different, the male gametangium called the

antheridium (plural antheridia) and the female gataegium is called
the Oogonium (Oogonia).

Methods of sexual reproduction include:

i Gametic copulation: This is the fusion of nakexhgtes, one or
both of which are motile.

i Gamete-gametangial copulation: Two g#angia came into
contact but do not fuse; the male nucleus migtateugh a pore
or fertilisation to be into the female gamentangium

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

\Y Somatic copulation: Fusion of somatic egetative cells.

Y Spermatisation: Union of a special maleuttre called a
spermatium (plural spermatia) with a female reseydiructure.

The spermatum empties its content into the fematmg plasmogamy.
Sexual spores are produced by the fusion of twéenuexamples are:

i Ascospores: These are single-celled spores pestlin a sac
called an ascus. There are usually eight ascospoeash ascus.

li Basidiospore: These are single celledrep borne on a club
shaped structure called a basidium.

iii Zygospores: These are large thick walpdres formed when the
tips of two sexually compatible hyphae ormg#agia fuse
together.

\Y Oospores: These are formed with a spderakale structure, the
oogonium. Fertilisation of the eggs or oospheresthi® male
gametes formed in an antheridium give rise to oego

3.5 Physiology

. Fungi are better able to withstand certain extremé@ronments
than other microorganisms. They can tolerate mocaia
conditions than other microbes. Some types of geast
facultative; they can grow under both aerobic amdeaobic
conditions. Molds and many types of yeast are Ugwarobic
microorganisms.
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3.6

4.0

Fungi grow over a wide range of temperaturee Tptimum
temperature for most saprobic species is 22 to 3004lle
pathogenic fungi have a higher temperature optinmin30 to
370C.

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

Importance of Fungi

About 90,000 fungal species have been describedr@iag to
literature. However, some estimates suggest that million
species may exist. Fungi are important to humansbaith
beneficial and harmful ways.

Beneficially, fungi act as decomposers. They dagraomplex
organic materials in the environment and releasglsi organic
and inorganic molecules like carbon, nitroggrhosphorus
needed by other living organisms.

Moulds and yeasts are used in many indulstprocesses
involving fermentation to produce beer, wine anddal, cheese,
soy-sauce, organic acids and many antibiotics.

They are important research tools in the studyumidamental
processes such as cytology, genetics, biochemistng
microbiology.

On the other hand, fungi cause many diseasesaotglanimals
and humans. About 20 new human fungal pathogens are
documented each year.

CONCLUSION

In this unit, we have discussed about general ckeniatics of fungi and

there

nature as beign eukaryotic spore bearingn@ge that lack

chlorophyll and reproduce both asexually and séyualso discussed
was its grouping into molds or yeasts based ondéwelopment of the
thallus.

5.0

SUMMARY

In this unit, you have learnt about the following:
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6.0 TUTOR- MARKED ASSIGNMENT
Activity: Give five examples of infection caused fuygi
Answer the following questions:

1. Describe the structure of a mold. LO4

Describe each of the following types séxual fungal spores:
I Sporangiospore

. Conidiospore and

iii. Blastospore. (LOG6)

Describe the structure of yeast? (LO3)

Describe the structure of mold (LO4)

Enumerate general characteristics of if(l@2)

Describe sexual reproduction as it ocoufangi (LO6)
Describe the mode of nutrition in funghE)

No O AW
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1.0 INTRODUCTION

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

replicate causing infection. Viruses are the mostimerous

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, germmsymmetry,

replication in hosts and purification.

2.0 OBJECTIVES

At the end of this unit, you should 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 susdspthost
. sate various methods of cutting viruses

. state the various methods of virus purification.
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3.0 MAIN CONTENT
Definition

Viruses are simple acellular entities that @y reproduce within
living cells.

3.1 General Characteristics of Viruses

I They are the smallest microorganisms.yTtenge in size from
10 to 400Im in diameter and can only be viewed under an
electronmicroscope.

. They are acellular, i.e. not cellular amzh living.

Iii. They only reproduce when present withuirig cells.

V. They are infectious agents.

V. A complex virus particle or virionomsists of one or more
molecules of DNA or RNA enclosed in a coat of piote

Vi. Viruses can exist in two phases: extradatland intracellular.

Vil. The extracellular phase known as virionrspesses few if any

enzymes and cannot reproduce independent of ligellg. It is
metabolically inert and does not carry out respmrat

viii.  In the intracellular phase, viruses exgstmarily as replicating
nucleic acids in the host cells that induce hostaimaism to
synthesise virion components which are later releas

Viruses differ from living cells in three ways:

I They have simple acellular organisation.

. The presence of either DNA or RNA but romith in almost all
virions.

iii. They do not have the ability to reproducelependent of cells
and carry out cell division as procaryotes and gukas do.

3.2 Virion Size

Virions range in size from about 10 to 400pum inntder. The smallest
viruses are a little larger than ribosomes whetkagox viruses which
include vaccinia are about the same size as th#estbacteria and can
be seen in the light microscope. Most viruses haneare too small to
be visible in the light microscope and must be @dwvith scanning and
transmission electron microscope.
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3.3 The Structure of Viruses

A virus is made up of a central genetic nucleiclaaolecule surrounded
by a protein coat called a capsid. The combinatioboth is called the
nucleocapsid. The capsid surrounds and protectdrddenucleic acid.
The capsid also gives the virus a charattershape and help to
establish the specificity of the virus for a partar host cells. Capsids
are large macromolecular structures that self aslgefrom many copies
of one or a few types of proteins. The protein usdouild the capsids is
called protomers. The simplest virus is a nakedsvifnucleocapsid)
consisting of a geometric capsid assembled aroundckeic acid. On
the other hand, we can have a virus magleolu a nucleocapsid
surrounded by a flexible membrane called an eneeldjis type of
virus is called an envelope virus.

The various morphology types of viruses resultenfiiie combination
of a particular type of capsid symmetry with thegance or absence of
an envelope which is a lipid layer external to tkaeleocapsid.

NMaked Enveloped
One
Dimcﬂ}lonol
Schematio

Peplemer

Capsomerse

Envelope
Capsid

Thres
nensional
chematnec

Fig. 1: Generalised Sructures of Viruses (Source triroc.com)
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34 Viral Genomes

All cells contain double stranded DNA genomes. Bwitcast, viruses
have either DNA or RNA genomes (one group of visudees use both
DNA and RNA as their genetic material but at difier stages of the
replication cycle). Hence, we have RNA viruses drAviruses.

Virus genomes can be classified based on whetkanuhbleic acid in the
virion is DNA or RNA and further subdivided to whet the nucleic
acid is single or double stranded. Linear or cacusome viral genomes
are circular but most are linear. We can have siaghnded DNA, double
stranded DNA, single stranded RNA and double sedriRINA. All four
types are found in animal viruses. Most plant \esishave single
stranded RNA genomes and most bacteria virusesioahbuble stranded
RNA.

3.5 Virus Reproduction

Viruses need a host cell in which to reproducerhbehe first step in the
life cycle of a virus is attached to a host. ThlEsfollowed by entry of
either the nucleocapsid or the viral nucleic acgitbithe host. If the
nucleocapsid enters uncoating of the genomellys occurs before
further steps can occur.
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Fig.2: Generalised lllustration of Virus Reproduction (Source: goldiesroom.org)
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Once free in the cytoplasm, genes encoded by tred 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 then replicated and viral pratere synthesised.
New virions are constructed by self assembly ot goateins with the

nucleic acids and finally, the matured virions ealeased from the host.

Summarily, the steps involved in viral replicatmmreproduction are:

. Attachment of the virion to a susceptible host

. Penetration or entry of the virion or its nuclegtdhinto the host

. synthesis of virus nucleic acid and protein by oetabolism as
directed by the virus

. Assembly of capsids and packaging of viral genomes new
virions

. Release of mature virions from the cell.

However, there is great variation in the detailviofis reproduction for
individual virus species.

3.6 The Cultivation of Viruses

Because viruses are unable to reproduce indepeatikving cells, they
cannot be cultured in the same way as prokaryatid aukaryotic
microorganisms. Animal viruses are cultivated bgculating suitable
host animals or embryonated egg — fertilised chmckggs incubated
about 6 to 8 days after lying. More recently, arimeuses have been
grown in tissue (cell) culture on monolayers ofnaali cells.

3.7  Virus Purification and Assay

Viral purification and Assays are necessary sooaaccurately study
virus structure, reproduction and other aspectbaif biology.

Virus Purification

This involves getting or isolating the viral pal#icin its pure state,
purification makes use of several virus propertiésur of the most
widely used methods to isolate and purify viruges a

. Differential and density gradient centrifugatiofhis is often
used in the initial Purification steps to separdatels particles
from host cells.

. Precipitation of viruses’ particles.
. Denaturation of contaminants.
. Enzymatic digestion of host cells constituents.

64



NSC 106 MODULE 2

Virus Assays

The quantity of viruses in a sample can be detexchaither directly by
counting particle numbers using the electron miwope or indirectly by
measurement of an observable effect of the virusgugchniques such
as the hemaglutination assay.

4.0 CONCLUSION

In this unit, we have discussed the general chanatits of viruses and
established the fact that Viruses are simple deellentities that can
only reproduce within living cells. A virus is made of a central
genetic nucleic acid molecule which could be DNARNMA surrounded
by a protein called capsid.

5.0 SUMMARY

In this unit, you have learnt about the following:

. General Characteristics of Viruses
. Virion Size

. The Structure of Viruses

. Viral Genomes

. Virus Reproduction

. The Cultivation of Viruses

. Virus Purification and Assay

6.0 TUTOR- MARKED ASSIGNMENT

Activity: Discuss three diseases common in youpitakthat are caused
by virus

Answer the following questions:

1. mention three ways viruses differ frowirlg cells (LO2)

2. enumerate the characteristics of vir@Z}

3. write briefly on virus genome (LO4)

4. describe the structure of a typical vpasticle (LO3)

5. explain how viruses are cultivated irfefiént hosts (LO6)

6. explain four major approaches by whialuses may be purified
(LO7).

7. define the following terms:

a. virugLO1)
b. nucleocapsid (LO2)

8. Explain the processes involved in virglieation or virus
reproduction (LO5)
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MODULE 3 INTRODUCTION

Infection control is a core duty of all hospital kkers that are directly
involves in the care of patients. Nurses are fam#tl infection and
infection control challenges in their daily praeticThis module will
deals with bacterial nutrition, growth and control

MODULE OBJECTIVES

At the end of this module, you should be atdediscuss bacterial
nutrient, its growth and how it can be controlled.

CONTENTS

Unit 1 Bacterial Nutrition and Growth

Unit 2 Classification and Mode of ActiohAntimicrobial
Agents

Unit 3 Sterilisation and Disinfection

UNIT 1 BACTERIAL NUTRITION AND GROWTH

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Common Nutrients Requirement
3.2 Nutritional Types of Microorganisms
3.3  Growth factors
3.4  Nutrient Uptake
3.5 Culture Media
3.6  Bacterial Growth
3.7  Environmental Factors Influencing Growth
4.0 Conclusion
5.0 Summary
6.0  Tutor -Marked Assignment
7.0 References /Further Reading

1.0 INTRODUCTION

Microbial cells are structurally complex and carogt numerous
functions. Nutrients are required as mal®e that are used in
biosynthesis and to make energy available. The tyrovof

microorganisms depends upon an adequate supplyutfemt, pH,

oxygen and temperature.
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They require the elements present in their chemaahposition.
Nutrients must provide these elements in a mdtaly accessible
form.

2.0 OBJECTIVES

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

. itemise nutrient requirements of microorganisms

. describe the nutritional types of microorganisms

. state the requirements for carbon, hyenogoxygen and
electrons

. identify microbial growth factors

. describe nutrient uptake mechanisms in bacteria

. describe culture media

. explain the different phases of bacterial growth

. explain factors that influence 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, g#rg sulphur,
phosphorus, potassium, Calcium, magnesium and@o®, H, N, S, P,
K, Ca, Mg, and Fe).

They constitute over 95% of cell dry weight and aeeded in relatively
large quantities.

C, O, H, N, S, and P are components of carbohysirlifeds, proteins,

and nucleic acids while the remaining four elemé¢ik{sCa, Mg, F) exist
in the cell as cations and play a variety of roles.
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Micronutrients

These include manganese, zinc, cobalt, molybdenigkel and copper
(Mn, Zn, Co, Mo, Ni, and Cu). They are used in venyall amounts. In
nature, they are ubiquitous and probably do noaliysliimit growth.
Requirements for Carbon, Hydrogen, Oxygen and Elast

. All organisms require a source of carbon, hydrogaygen, and
electrons.

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

. Hydrogen and oxygen are also important elementsrganic
molecules.

. The movement of electrons through the electronspart chain
and during oxidation-reduction reactions it progdenergy for
cellular work.

3.2 Nutritional Types of Microorganisms

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

I. Carbon sources:

. Autotrophs: use Cgas their primary source of carbon; they must
obtain hydrogen and electrons from other sources.
. Heterotophs: use organic molecules as their saircarbon.

These molecules often supply hydrogen, oxygengartrons as
well. Some heterotrophs also derive theirrgnefrom their
organic carbon source.

. Energy sources:

. Phototrophs: use light energy.

. Chemotrophs: obtain energy from oxidatiaf chemical
compounds.

il Electron sources:

. Lithotrophs: Electrons are extracted from uest inorganic
substances

. Organotrophs: Electrons are extracted frorduced organic
comounds

3.3 Growth Factors

These are organic factors that are essem#dl components or
precursors of such components but cannot be sys#tedy the
organism.
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The three major classes are:

I Amino acids
. Purines and pyrimidines
Ii. Vitamins

Vitamins are small organic molecules that usually eomponents of
enzyme cofactors (riboflavin, folic acid etc).

Practical applications: microbes needing a growittdr can be used in
bioassays that detect and quantify the growth fa¢kmse that do not
need a growth factor can sometimes be used to peothe growth

factor in industrial settings.

3.4  Nutrient Uptake

Microorganisms make use of several different trartsmechanisms:

I Facilitated diffusion
. Active transport
1 Group translocation

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

Facilitated Diffusion - the transport protein simpplarries a molecule
across the membrane in the direction of decreasomgentration, and
no metabolic energy is required.

Active transport systems use metabolic energy aedhlonane carrier
proteins to concentrate substances actively bysp@ming them across a
gradient. ATP is used as energy source by ABGsprarters. Gradients
of protons and potassium ions also drive solutakgpaicross membranes.

Bacteria also transport organic molecules while ifyowy them, a
process known as group translocation e.g. manyrswugea transported
and phosphorylated simultaneously.
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Fig 2:  Movement of Nutrients Accros the Cell Membrane
(Source: Learning.Uonbi.Ac.Ke)
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Fig 3: Facilitated Diffusion: Carrier-Mediated Uptake of Glucose into the Cell
(Source: Classroom.Sdmesa.Edu)
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Fig.4:  Transportation of  Nutrient Across the Cel  Membrane
(Source12knights.Pbworks.Com
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3.5 Culture Media

Culture media are solid or liquid preparation usedyrow, transport,
and store organisms. An effective medium must c¢orzthh the nutrients
the microorganism requires for growth.

They are classified on the basis of several paransiet

I Chemical constituents from which they arade

. Physical nature

iii. Function

Types of Media

Physical Nature Chemical Composition Functionalype

Liquid Defined(synthetic) Supportive (genergurpose)
Semisolid Complex Enriched
Soalid Selective

Differential

Culture media can be constructed completely fromnabally defined
components (defined or synthetic media) or corestitsilike peptones and
yeast extract whose precise composition is unkn@emplex media).

Culture media can be solidified by the addition agfar, a complex
polysaccharide from red algae.

Classification

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

Selective media contain components that selectii@rgrowth of some
microbes.

Differential media contain certain components @dédw microbes to be

differentiated from each other, usually based omesometabolic
capability.
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lABlE 4.5 | Cullure Medio

Chemically Growith of chempowtatraphs. and
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QsIays,

Complax Gremth of mast chemshalerotraphic
GPgEniams.

Raducing Growih of obligale snoertbes.

Solective Suppredsion of unwanted microbes,;
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ag incraase numbers of desired
micrebias 1o defsstable lavals

Fig. 5

Cultivation of Microorganisms
This involves:

Isolation

Identification

Preservation

3.6  Bacterial Growth
Growth is an orderly increase of all the componeftan organism and

not merely of some of its constituents. Gtowoccurs in various
nutrient-containing preparations - culture media.
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The population of cells is referred to as a culture

Growth occurs first by increasing the amount olutat organelles and
then later through binary fission, in which a paregll 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 popuwiatof bacterial cells
goes through a number of phases from the timeintisduced into the
medium until it ceases growth typified by the growtirve:

A “Typical” Bacterial Growth Curve

Stationary
Log, or phase Death, or
exponential logarithmic
3 growth, decline, phase
= phase
©
m
o
©
u
a
E |Lag
2 |phase
©
(=]
o
- |
0 5 10
Time (hr)

Fig 6:

Lag Phase -During this time, the organism adamslfitto the new
environment with cell numbers remainingonstant. There is
considerable increase in RNA and total protein eonof each cell but
the DNA content remains approximately the same. [Eimgth of this
phase usually depends on the physiological comdiéind size of the
innoculum used.

Logarithmic or exponential phase -In this phase tinganisms are
growing at the maximum rate achievable in the madamployed, the
cells dividing at minimum generation period witkellcconcentration
increasing exponentially. The cells in this phasea the peak of their
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metabolic activity hence they are most frequensigdiin experimental
studies. The duration of this phase depends on hgheidr not the
organisms in question are fast or slow growing.

Stationary Phase-After a phase of active growtlretifollows a phase
when once again there is little or no increasderiumber of organisms
so that the number of organisms remains constarg. €planation for
this is probably that there is exhaustion of esakntitrients and energy
sources resulting from the activities of the expuia growth phase.
Other reasons might be the accumulation of toxitabwic wastes in
the culture medium.

Death or Decline Phase -This is essentidlig reverse of the
exponential growth phase with the cellying in a geometric
progression fashion. The total cell counts may ancanstant initially

but the total number of viable cells continues ¢zlohe. This pattern is
ascribable to the increase in toxic metabolitetiwithe medium as well
as the release of Iytic enzymes by the dying cells.

The type of growth described above is knoas batch culture.
However, it is possible to use an open systemwhich there is a
continuous supply of fresh nutrients into the wtdt medium and a
continuous removal of grown bacteria by means afoastant level
device. This type of continuous culture systentlieved by a chemostat
or a turbidostat.

3.7 Environmental Factors Influencing Growth
These factors include:

I pH: (negative logarithm of hydrogen iooncentration) - most
bacteria grow best between pH 6 and 8. Some howarer
sensitive to acid but tolerant of alkali e.g. vibcholerae

. Temperature- each bacterium multipliestbeithin a restricted
temperature range. Psychrophiles - grow beloRC2sually
quite well below 8C. For example, soil and water bacteria. They
cause spoilage of refrigerated and frozen food.

Mesophiles — most cause disease in humans. T°33B0C-
Thermophiles — are incapable of growth at the nbbody temperature.

They are not involved in infectious disease of hosnd° is 45 — 70°C.
They are cause of spoilage in under-processed ddoods, since many
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form spores of exceptionally high heat-resistance.

MEDICAL MICROBIOLOGY AND PARAS TOLOGY

iii. Osmotic Pressure- as a result of the gmes of semi-permeable
cytoplasmic membrane, bacterial resembles othds aelbeing

subject to osmotic pressure.

Sudden exposurbacteria to

solution of high salt concentration causes loswaiier from the
cells, and shrinkage of protoplast (plasmalysi Plasmolysis
prevent growth.

\2 Oxidatior-Reducion(Redox pctentia

V. Carbor Dioxide

Vi. Moisture and Dessicailion

vii.  Light anc othel Radiatlions

Gaseous nutrients- it is necessary to provide axygea strict aerobe
and to remove it completely from the environmengtoict anaerobe.

Descriptive Term

Definition

Repr esertative
M icroor ganisms

pH
Acidophile

Neutrophile
Alkalophile

Temperature
Psychrophile

Psychrotroph

Mesophile

Thermophile

Hyperthermophile

Oxygen Concentration
Obligate aerobe

Facultativeanaerobe

Aerotolerant anaerobe
Obligateanaerobe

Microaerophile

Growth optimum between pH 0 and5.5
Growth optimum between pH 5.5and 8.0
Growth optimum between pH 8.0and11.5

Grows well at 0°C and has anoptimum growh
temperature of 15°C odower

Can grow at0-7°C; hasan optimum between 20
and 30°Cand amaximumaround35°C

Hasgrowth optimumaround 20-45°C

Can grow at 55°C or higher; optimum often
between 55 and65°C

Hasan optimumbetween 80 and abouit13°C

Completely dependent onatmospheic O, for
growth

Does notrequire G for growth, but growdetter
in its presence

Growsequally well in presene orabsence of @
Does nottolerate Q and dies in itpresence

Requires O, levels below 2-10% for gro wthand
is damagel byatmospheric @levels(20%)

Escherichia,

Bacillus psychrophilus

Listeria monocytogenes,

Pseudomonas
fluorescens

Escherichia coli,
Neisseria gonorrhoeae,

Trichomonas vaginalis

Geobadillus
stearothermophilus,
Thermus aquaticu s

Micrococcus
Pseudomonas,
Mycobacterium;
protists andfungi

luteus,
Most

Escherichia,

Enterococcus

Streptococ cus pyogens

Clodridium, Bacteroides

Campylobacter,
Treponema pallidum
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4.0 CONCLUSION
In this unit, we have learnt about how bacteriaxgemd their nutrition.

Also discussed were factors such as carbondiokglg, moisture and
dedication and how they affect bacteria growth.

5.0 SUMMARY

In this unit, you have learnt about the following:

. Common nutrients requirement

. Nutritional types of microorganisms

. Growth factors

. Nutrient uptake

. Culture media

. Bacterial growth

. Environmental factors influencing growth

6.0 TUTOR- MARKED ASSIGNMENT

Activity: Discuss how environmental factors likerlsandioxide, moisture
and desiccation, light and other radiations affeetgrowth of bacterial.

Answer the following questions:

1 What are the nutrients requirements @froarganisms (LO1)

2. Explain the nutritional types of microargsms (LO2)

3 Outline the requirements for carbdrydrogen, oxygen and
electrons (LO3)

4. What are microbial growth factors (Lo4)
5. Explain the following terms:
a. Facilitated diffusion
b. Active transport
C. Group translocation (LO5)
6. classify culture media and mentioningrthees (LOG6)
7. Describe a “typical” bacterial growth ¢en(LO7)
8. The period between inoculation of baeténi a culture medium

and beginning of multiplication is known as:
€) Lag phase

(b) Log phase

(©) Stationary phase

(d)  Decline phase (LO7)
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9. When a substance is added to a solidunegihich inhibits the
growth of unwanted bacteria but permits the groathvanted
bacteria, it is known as:

(@) Selective medium

(b)  Enrichment medium

(©) Enriched medium

(d)  Differential medium (LO6)
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UNIT 2 CLASSIFICATION AND MODE OF ACTION OF
ANTIMICROBIAL

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Classification of Antimicrobials (MajorAntibacterial);
3.2 Bacteriostatic
3.3 Bacteriocidal
3.4  Sites oAction
4.0 Conclusion
5.0 Summary
6.0  Tutor- Marked Assignment
7.0 References/ Further Reading

1.0 INTRODUCTION

A chemotherapeutic drug is a chemical compound ithatsed in the
treatment of disease. The compound may come frdoralasources or
may have been synthesised by a chemist in thed&dygr An antibiotic
Is an antimicrobial agent that is derived from acnmorganism while
antimicrobial agent is a drug that acts primarilyaiast infectious
organisms.

Sir Flemming discovered Penicillin in 1928. Antithas were originally
natural, produced by other organisms, but moshave semi-synthetic —
modified from the original compounds (eg betadats), a few are
completely synthetic (eg quinolones, oxazolidingnsslfanamides)
while drugs like the aminoglycosides are stilbguced from living
organisms .

2.0 OBJECTIVES

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

. explain the classification of antimicrobials
. classify antibiotics according to site of action
. explain mode of action of each group with spe@famples.
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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

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 eliiminas dependent on
host immune system. Examples are: TetracyclinegthEmycin,
Sulphonamides, and Chloramphenicol.

3.3 Bacteriocidal

Kill the microorganism. Bactericidal antibioticsahld be used to treat
infections of the endocardium or the meninges. Histenses are
relatively ineffective in these sites .Dangers isgub by such infections

require prompt eradication of the organisms. EAminoglycosides,
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 syntheaisq
. Inhibition of a metabolic pathway.

. Disruption of bacterial membrane struetu

Interference with Cell Wall Synthesis

. B-lactam agents inhibit synthesis of the bacter@l gvall by
interfering with the enzymes (PBPs) required f@ $lynthesis of
the peptidoglycan layer. Eg: penicillins, cephatwoss,
carbapenems, monobactams.

. Glycopeptide also interfere with cell walynghesis, but by
binding to the terminal D-alanine residues of thasaent
peptidoglycan chain, thereby preventing the crodgrlg steps
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required for stable cell wall synthesiEg  vancomycin,
teicoplanin.

B-lactams

The 1st antibiotic discovered wagdactam, i.e., penicillin in 1928 by
Alexander Flemming

The work of Florey, Chain and associates in 194Hempossible the
commercial production of penicillin G. Ap-lactam antibiotics have a
B-lactam nucleus in their molecular structure. Weodhave Penicillins
and Derivatives such as cephalosporins, carbapemeamobactams and
B-lactam inhibitors.

The basic structure consists of a thiazolidine rnthep-lactam ring —
and a side chain. THelactam ring is essential for antibacterial acyivit
The side chain determines in large part the aneat spectrum and
pharmacologic properties.

Examples of}-Lactams

a.

Penicillins- penicillin G, penicillin V

Penicillinase — resistant penicillin

Methicillin, nafcillin

Isoxazolyl Penicillins - cloxacillin, Ftloxacillin, Oxacillin
Aminopenicillins-

Ampicillin, Amoxicillin, Bacampicillin,
Antipseudomonal (ureidopenicillins)-

Azlocillin, Carbenicillin, ticarcillin, Mzlocillin, Piperacillin

Carboxypeniciliins-
Carbenicillin, ticarcillin

Cephalosporins- discovered as naturakying substances
from the mould Cephalosporium Cephalosporin C, iabthfrom
the cultures of Cephalosporium acremoniand is the
foundation on which current cephalosporin amtiobials are
constructed.

The B-lactam ring is fused to a six-membered dibjlazine ring
(yielding the cephem nucleus). Contrast toig@kins in which the
comparable unit is a five-membered thiazolidingrin
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Generations of cephalosporins- Based on gpectof activity and
timing of the agent’s introduction.

. 1st generation: Relatively narrow spectrum ofivegt focused
primarily on the gram-positive cocci. Eg cephalothin ,
cephradine

. 2nd generation: Variable activity against gransipee cocci but

has increased activity against gram-negatigetdsia. Eg -
cefuroxime, cefoxitin

. 3rd generation: Very marked activity against gram-negative
bacteria; some of them have limited activagainst gram-
positive cocci, particularly MSSA. E.g. - Cefotara (claforan),
Ceftriaxone (rocephin), Ceftazidime (fortum), Cefcgzone.

. 4th generation. Good true broad-spectaativity against both
Gram-negatives and Gram-positives. Eg Cefepime

. 5th generation - MRSA-active cephalosporgwsd currently
includes ceftaroline and ceftobiprole.

Cephamycins- Closely related to cephalosporinsyTéantain oxygen

in place of sulfur in the dihydrothiazine ring, deming them more stable
to beta-lactamase hydrolysis. The cephamycins atednfor their

additional activity against gram-negative anaerobacteria, such as
Bacteroides spp. They are grouped together as 8egeneration

cephalosporins. E.g. cefoxitin, cefotetan, cefmataz

Otherp-lactams;

. Monobactams : narrow-spectrum antibiotics .Actrdy against
aerobic, gram-negative bacteria.eg Aztreonam
. Carbapenems: They are derivatives of thienamyiopmpound

produced by streptomyces cattleya. Theyuskif easily in
bacteria and are considered as broad-spectrumait#active
against virtually all groups of organisms with feaxceptions
(such as Stenotrophomonas maltophilia). Bdgeropenem ,
Imipenem and Ertapenem

B-lactamase Inhibitors (suicide inhibitors)- Do maintain thep-lactam
ring

. Clavulanate, Sulbactamt, Azobactam: They &&n combined
with other pB-lactams eg amoxycillin to enhance antimicrobial
spectrum. They do not affect the pharmacokinetms does it
increase side -effects. It Increases resistancp- ttactamases.
Possess negligible antimicrobial activity. May hevearsible or
irreversible. All used in clinical practice areaversible.

. Amoxycillin-clavulanate (Augmentin)
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. Ampicillin-sulbactam (Unasyn)
. Ticarcillin-clavulanate (Timentin)
. Piperacillin-tazobactar(Zzosyn)

Other Inhibitors of cell wall synthesis asides lactams.

. Glycopeptides - Vancomycin, Teicoplanin, Ramoplanin,
Decaplanil

. Bacitracir

. Cyclosering

Fosfomycin

Inhibition of Protein Synthesis.

Antibiotic Classes

. Aminoglycosides

. Streptogramin cidal

. Glycylcyclines

. Tetracyclines

. Chloramphenicol

. Macrolides

. Lincosamides Stqtiic
. Fusidic acid

. Oxazolidones (Linezolid)

Antimicrobials that Attack the 30s Ribosomal Sulb@iocking Protein
Synthesis Aminoglycosides - The antibiotics inhii@tterial protein
synthesis by irreversibly binding to 30S ribosomalteins.

Originally they were isolated from Streptomycescspe Gentamicin
was isolated from Micromonospora species. Amik&ca synthetic
derivative of kanamycin. Broad spectrum: Act inangy with other
agents e.g. Streptomycin, neomycin, kanamycinatolycin.

Tetracyclines:Tetracycline,  Oxytetracycline, Doxgliye and
Minocycline, they are oral absorptions — poor witled, milk, orange
juice, antacids iron containing tonics. Mode ofi@ttis by reversible
binding to the 30S ribosome and inhibition of bmgliof aminoacyl-t-
RNA to the acceptor site on the 70S ribosome.
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Spectrum of Activity — Broad spectrum; Useful mga intracellular
bacteria. Resistance is Common with Adverse effectsluding
Destruction of normal intestinal flora resulting iimcreased secondary
infections and staining of the structure of bone teth.

Glycylcycline which is Tigecycline.: Is a syntletanalogue of
Tetracycline. The broad spectrum which is fulseagainst strains
resistant to tetracyclines and other antibiotics G&nical use: skin and
soft tissue, intra-abdominal infections.

Spectinomycin- reversibly interferes with m-RNA@ardction with the
30S ribosome. It is structurally similar to amihagpsides but does not
cause misreading of mMRNA . Used in the tinemt of penicillin-
resistant Neisseria gonorrhoeae.

Oxazolidinones - Linezolid: Attach to 30s ribosomafect translation
by inhibiting the formation of N-formylmethionyl-tRA activity mainly
against gram positive organisms.

Antimicrobials that Attack the 50s ribosomal sultublocking protein
Synthesis.

Chloramphenicol, lincomycin, clindamycin - bind tiee 50S ribosome
and inhibit peptidyl transferase activity. Chlorarepicol is broad
spectrum while Lincomycin and clindamycin are narrgpectrum.
Resistance is however common Chloramphenicolbmanoxic (bone
marrow suppression) but it is used in the treatrogéhacterial meningitis.
Lincomycin and clindamycin predispose to Pseudonmrandus colitis.

Macrolides— Erythromycin, Azithromycin, roxythromgc
clarithromycin. Inhibit translocation in proteinrghesis. Good coverage
against Gram-positive bacteria, Mycoplasma, Ledlane

Streptogramins-  (Bacteriocidal) Eg: Quinupriktadfopristin.
Synergistic activity when used together causingversible binding to
different sites of the 50S ribosome. Good againsanG positive
organisms with little resistance developed.

Inhibitors of Nucleic Acid Synthesis
The inhibitors of the DNA replication Quinolonesdaftiuoroquinolones
are. family of synthetic antimicrobial agents ise tfirst quinolone,

nalidixic acid and was identified among by-produofs chloroquine
synthesis in 1962. NA has bactericidal activityinggGram-negatives.
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2" generation quinolones has a fluoride atom at mos#i of quinolone
molecule with enhanced biological activity. uéloquinolones
discovered in the 1980s e.g. ciprofloxacin, ofloragerfloxacin, and
norfloxacin.

3 generation — (fluoro) quinolones e.g. levofloi with activity
against both Gram-positives and Gram-negatives

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

Wide spectrum of action but is used most commanlghe treatment of
tuberculosis. Since resistance is common, rifampinsually used in
combination therapy.

Nitroimidazoles -Interact with DNA leading to breakn the DNA —
Metronidazole, Tinidazole. Active against anaerddo@s$ some protozoa

Inhibition of a Metabolic Pathway.

Inhibitors of Folic Acid Synthesis

The selectivity of these antimicrobials is a consagre of the fact that
bacteria cannot use pre-formed folic acid and raysthesise their folic
acid. In contrast, mammalian cells use folic adithmed from food.
Trimethoprim- Available since 1962. The last trulgw antibacterial
agent introduced into clinical practice. All latewkloped agents are

variations of older antibiotics. It is completelynshetic.

dihydroptercate diphosphate + p-aminobenzoic acid (PABA)

dift ydropieroate ¢ o |su|f0 nar‘nides|
synithetase

dihydroptercic acid

¥
dihydrefelic acid

difnvdrofolate -t—|tri methoprim
reductase

tetrahydrofolic acid
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Trimethoprim, methotrexate, pyrimethamine (bactabc) - bind to
dihydrofolate reductase and inhibit formation ofrabydrofolic acid.
Broad Spectrum and used primarily in urinary treddections and in
Nocardia infections. Resistance however is Common.

Sulfonamides, Sulfones (bacteriostatic) - analoguets para-
aminobenzoic acid and competitively inhibit fornoatiof dihydropteric
acid.

Combination therapy — Trimethoprim used in camabibpn with the
sulfonamides. This combination blocks two distist#ps in folic acid
metabolism and prevents the emergence of resistiains Inhibition of
Cell Membrane Function Antibacterial - Polymyxin$ery toxic
(Nephrotoxic), used mainly topically and also theany negative
organisms, except Proteus cells. Polymyxin E— only used parenterally
(colistin). Polymyxin B- topical on skin binds tbet lipid A portion of
lipopolysaccharide and also to phospholipids. Havevit binds
preferentially to lipid A. This disrupts the outemembrane of Gram
negative bacteria. Since the cell membrane is exgtosed in Gram
positive bacteria polymyxin has little activity agst them. It is toxic to
human cells, since it can also lyse eukaryotic nramds; hence has
limited clinical use.

Antifungal Drugs- Polyenes —Nystatin and AmphoteriB . Bind to
fungal ergosterol. It cross reacts with human cttelel.

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

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:

. Classification of antimicrobials (majorly antibac#s);
. Bacteriostatic

. Bacteriocidal

. Sites of action
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6.0 TUTOR- MARKED ASSIGNMENT
Activity:
What are the groups of Antibiotics commonly usegonr hospital and

what inform the choice of these groups of drugs?
Answer the following questions:

1 Describe the mode of action of penicdl{bO1)

2. List the generations of cephalosporia #@wo examples each
(LO1)

3. Explain how antimicrobials inhibit pratesynthesis (LO2)

4. List antimicrobials that affect thmucleic acid of organisms
(LO2)

5. Write short note on the following

a. Bacteriostatic
b. Bacteriocidal (LO1)

6. Describe antimicrobials that attack tB@5 ribosomal subunit
blocking protein synthesis (LO3)
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2.0 Objectives
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3.1 Basis of Infection Control Practices
3.2  Principles of Infection Control
3.3 Definition of Terms
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1.0 INTRODUCTION

In healthcare settings, various surgical and mégreeedures are usually
performed. These procedures involve contact by caddievices or

surgical instruments with patients’ sterile tissoesnucous membrane.
A major risk of all such procedures is the intraglut of pathogens that
can lead to infection.

Failure to properly disinfect or sterilise equiprhearries not only risk
associated with breach of host barriers but aldofor person-to-person

transmission (e.g. of hepatitis B virugnd transmission of
environmental pathogens (e.g. Pseudomonas aeraginos

2.0 OBJECTIVES

At the end of the lecture, you should be able to:

. state the basis of infection control practices.

. list the principles of infection control

. differentiate between sterilisation and disinfegtio

. itemise various methods available faterilisation and
disinfection, including the newer disinfectants

. explain a disinfection policy.
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3.0 MAIN CONTENT
3.1 Basis of Infection Control Practices

Involves use of practices and procedures that ptewe reduce the
likelihood of infections being transmitted from ausce e.g., person,
contaminated body fluids, equipment, and envirortmera susceptible
individual.

3.2  Principles of Infection Control
These include:

Handwashing

Protective Clothing

Cleaning Disinfection and Sterilisation

Management of Linen

Management of Waste

Management of Blood spillage

Management of Inoculation and Contamaraiincidents
Specimen handling and transportation

ONoOrWNE

3.3 Definition of Terms

Cleaning- The physical removal of organic matesiasoil from objects.
It involves use of water with or without detergertsremoves; not to
kill microbes.

Sterilisation- The total elimination of allorims of microbial life
including spores

Disinfection- These is the elimination of vegetatrganisms without
elimination of spores.

3.4 Rationale for Choice of Procedure

This entails categorizing medical devices, igament and surgical
materials on the basis of risk of causing infectiato:

I Critical items

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

90



NSC 106 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

Critical Iltems

These are instruments or objects that will be ohiuaed directly into the
blood stream or into other normally sterile aréldsese include surgical
instruments, implants, blood compartment of a habatgzer, cardiac
catheters. The minimum standard required is satibn.

Semi-Critical Items

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

Sterilisation is preferred but is not absolutelgesgial. A high-level
disinfection procedure that can be expected to rolgsvegetative
microbes, most fungal spores, tubercle badlid small non-lipid
viruses can be recommended.

Non-Critical ltems

These items do not ordinarily touch the patientooich only intact skin
and have a low risk of transmitting infectiofhese items include
crutches, blood pressure cuffs, stethoscopes, itpuets etc. Cleaning
with water and detergent may be adequateugthoa low-level
disinfectant may be preferred in all cases.

3.5 Sterilisation

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

Moist heat under pressure(autoclaving)
Dry heat

Ethylene oxide gas

Vapor phase Hydrogen peroxide
lonizing radiation

akrwdbE

Moist Heat under Pressure (Autoclaving)

. This involves autoclaving at 122 for 15mins /flash sterilisation
270°C for 3mins (not for implants).

. It is very reliable and efficient.

. It can be used to sterilise dressings, instrumefdsswares.
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. It is not suitable for powders, some plastics,yainbus oils (i.e.,
heat & moisture sensitive)

Fig: 1 An Autoclave

Dry Heat
. Sterilisation using dry heat at 1%€Dfor 2hrs. Hot air oven is
used.
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. This method is used for heat stable materialsssglare, oils,
powders.

Fig: 2 Flaming

-

Ethylene Oxide Gas

. This is effective at low temperature.
. It has good penetrating power, and compatible mitist medical
materials.
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. However, it is expensive, toxic and inflammable.

Vapor Phase Hydrogen Peroxide

. Sterilisation occurs at low temp. It is safe, naicoresiduals;
simple to operate, install and monitor.

. Sterilisation takes place in small chamber. Ituregs synthetic
packaging.

. Devices with long or narrow lumens can not be pseed.

lonising Radiation

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

Central Sterile Services Department (CSSD)

Cleaning, Disinfection and Sterilisation ohtients’ supplies
should be performed in the CSSD.

It should be divided into several areas sepdrate physical
barriers.

Temperature should be betweeid8 22C.

Relative humidity should be between 35% -70%.

Airflow should be directed from clean to relativelgiled areas.

Rules of Sterilisation

I All items should be thoroughly cleaneddve Sterilisation

. Presoaking in disinfectants isefiiective and should be
discouraged

iii. Where possible precleaning should be matted

V. All items should be double wrapped

V. Wrapping should be compatible with theriisation process,
inexpensive, impervious to bacteria (140-threadnt muslin,
kraft paper etc.), durable, flexible, freephholes

Monitoring the Sterilisation Process
Physical monitoring: Monitoring temperature, presstime.

Chemical monitoring: Involving colour or physicahange indicators
that monitor exposure to sterilizing agents/coodsi
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Biological monitoring: This is the most importanbmtoring method. It
is done weekly.

Bacillus stearothermophilus is the biol@gicindicator used for
sterilisers and Bacillus subtilis var niger or géobigii for Ethylene
oxide sterilisers

3.6 Disinfection
Methods of Disinfection
Broadly divided into:

I Boiling - Occurs at 10Q. It is not sporicidal.
. Chemical Disinfection- Disinfectants asedifferent types. Their
actions are dependent on many factors.

Classification of Chemical Disinfectants based tbeir microbicidal
activity into:

iii. High level disinfectants
V. Intermediate level disinfectants
V. Low level disinfectants

Low Level Disinfectants: They can kill only vegetat bacteria and
enveloped viruses but not the tubercle bacilli,repar small and non-
lipid (non-enveloped) viruses; though they mé&yl fungi after
prolonged contact.

Intermediate Level Disinfectants: They kill vegetatbacteria, tubercle
bacilli fungi and enveloped viruses. They have ffect on spores and
non-enveloped (non-lipid) viruses at normal contéwies. They may
exhibit limited virucidal (against non-enveloped}igity on prolonged
contact. Examples include Chlorine compounds, Adteh

High Level Disinfectants: They kill everything exite spores. At
extended contact times they are capable of acteialisation. Examples
include 2% gluteraldehyde, Heat, Chlorine dioxi@eracetic acid.
Factors Affecting Disinfectants

These include:

I Type (Chemical component)

il. Concentration
iii. pH of the medium
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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

It is Impotrant to always use Disinfeus according to the
Manufacturer’s Instruction

Types of Disinfectants

I Aldehydes — e.g., Gluteraldehyde/formhblgbe

. Halogens — e.g., Hypochlorite/chlorine

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

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

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

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

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

Newer Disinfectants

Peracetic Acid — NuCidex

They are:

Strong oxidising agent

Rapid bactericidal agent

High level disinfectant

Peroxygen Based Compounds-Virkon
They are:

Broad spectrum

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

They:

Are environmentally friendly
Have broad spectrum of action
May be useful for semi-critical items

Rules for Use of Disinfectants

Vil.
Viii.

XI.

Follow manufacturers’ instructions

Check Expiry date of solution

Ensure optimum dilution

Always wash and clean articles beforerdesition

Do not refill disinfectant containers ween each use —

Topping up is not allowed

Disinfectants should be supplied readydse from the pharmacy
Return empties to pharmacy — do not didcar use for other
purposes

Do not use to sterilise instruments oripment (unless specified
in the disinfection policy)

Open containers are a serious NGD! Nn any hospital
environment

Where disinfectants are indicated for osesurfaces, WIPE —
DO NOT BATHE

Disinfection Policy

Xii.
Xiii.
Xiv.
XV.
XViI.
XVil.
XViil.
XiX.

List purposes for which disinfectants arsed

Identify unnecessary or dangerous practice

Select effective disinfectants for remanpindications
Ensure optimum dilution

Arrange distribution and collection of engs/expired
Ensure proper labeling

Must be written and prominently displayed

Must be reviewed every two years

The Role of the Pharmacy

XX.
XXi.
XXil.
XXIil.

Ensure cleanliness of containers
Ensure proper dilution

Ensure correct labeling

Ensure proper distribution and collection

Some Myths about Disinfection in Operating Theatres

97



NSC 106

4.0

MODULE 3

Transfer areas where patients are traresfefrom ward trolleys
to clean OR trolleys

Routine culturing of OR personnel

Routine culturing of the environment

Ultraviolet rays for disinfecting theatres

Disinfecting theatre floors

Patient antiseptic baths or showers besorgery

CONCLUSION

Discussed in this unit, were the sterilisation aminfection are, why
they need to be carried out and how they can denpeed.

5.0

SUMMARY

In this unit, you have learnt about the following:

6.0

Basis of Infection Control Practices
Principles of Infection Control
Definition of Terms

Rationale for Choice of Procedure
Sterilisation

Disinfection

TUTOR- MARKED ASSIGNMENT

Activity: List the disinfectants you usually useddawrite out their
solutions.

Answer the following questions:

1
2.
3.
4

Noo
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What are the bases of infection contratpces (LO1)?

List the principles of infection cont(lO2)

Differentiate between sterilisation amslrifection (LO3)
Enumerate the various methods for ssatibn and disinfection
(LO4)

Outline the newer disinfectants (LO4)

Explain a disinfection policy (LO5

The process of total elimination of alkrhs of microbial life,
including spores is:

€)) Sterilisation

(b) Disinfection

(c)  Antisepsis



NSC 106 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

(d)  Cleaning
8. Heating in a hot air oven at 260for one hour is used for
sterilisation of:
(@) Glass syringes
(b) Oils and jellies
(© Powders
(d)  All of the above
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MODULE 4 INTRODUCTION

Organisms are associated to each other for diffeeaxsons like nutrition,
protection etc. this module will describe the agsomn of organism,
parasitic helminth and different types of host. Tinedule has two units.

MODULE OBJECTIVES
At the end of this module you should be able to

. describe the various association that exist betwegsnisms
. describe human helminthes

CONTENTS

Unit 1 Association in Organisms and Gifasation of Host
Organisms
Unit 2 Human Helminths Infections

UNIT 1 ASSOCIATION IN ORGANISMS AND
CLASSIFICATION OF HOST ORGANISMS

CONTENTS

1.0  Introduction

2.0 Objectives

3.0 Main Contents
3.1  Types of Association
3.2  Classification of the Parasitic Organisms
3.3  Types oHost

4.0 Conclusion

5.0 Summary

6.0  Tutor -Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Organisms frequently associate together, oftenebtfosThere are a
number of "motives" for these associations, inclgdiprotection,
nutrition, and as an aid to the dispers{both geographically and
temporally) of the organism. There are fouritmavays animals of
different species may be associated to one anotBgmbiosis,
Mutualism, Commensalism and Parasitism. These ifizgsons
however, on closer inspection, may become bluwad,type taking on

100



NSC 106 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

the aspects of another, for example over time @sdlationship evolves.
However, as a general guide these terms are still wseful.

2.0 OBJECTIVES

At the end of the study, you should be able to

. explain the various types of associatiexisting between
organisms

. give examples of various types of association

. describe the concept of parasitism and types @giais

. explain the different types of parasites’ host.

3.0 MAIN CONTENT
3.1 Types of Association
Symbiosis

Here both organisms are dependent on each otham@gs being the
association of flagellate protozoa in the gut ofmites, where termites
are dependent on the protozoa for breaking dowm thed stuffs, and
the protozoa are dependent on the termites asadngahisms. Another
good example here which is often cited is the aason between clown
fish and anemones in tropical reefs; where the Rsldependent on
anemone for protection and food while the anemayes dhot appear to
gain anything from the association, except possitdaning. However,
it has been observed that in some cases, in tlemebd®sf the fish partner
the anemones tend to disappear from their reef hordecating a true
symbiotic rather than a mutualistic or commendati@nship.

Another well known example is found with the lickersymbiotic

association composed of fungi and algae. dhassociations may
become very close, and it is thought that the eultas as a group
evolved as a result of such an association.

Intracellular organelles such as the mitochondn ehloroplasts appear
to have their origin as intracellular symbiotesafly eukaryotes, (some
extremely primitive eukaryotes, such as the imestparasite Giardia
lamblia, lack these organelles). Other forms of Isigsis may be much
less close, for example an organism that uses anotiyanism purely as
a means of dispersal for example bacterial or fuegares on the legs
of flies or coelentrates and barnacles on the ea&egp of marine

crustaceans. This particular form of symbiosis @nstimes called

Phoresis.
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Mutualism

Here the associates may or may not be dependezdamother for their

existence, but both benefit when they are assatidtgood example of

this occurs with the association of sea anemoneas®macks of crabs.
Both gain from the association (the anemone pragidiome food for

the crab, which in turn gives extra motility to theemone), but both can
survive on their own.

Another less well known example is found betweeateg® species of ants
and the caterpillars of some of the Lycaenidaeehfligts (particularly the
'Blues’), where the caterpillar is protected by dmés within their nests,
in return for which the caterpillar secretes a hya®sv which the ants
collect. In this case from the point of view of thet, it benefits from the
association, but does not appear to need it, {he. association is
facultative, or opportunistic). However, from theimt of view of the
caterpillar, this association is required for isvéval (i.e. the association
Is obligatory). This illustrates that these defons may become blurred,
and, over time, one form of association may evaite another.

Commensalism

Neither organism is dependent on the other foexistence, but in this

case only one of the partners’ benefits from theoaisition, the other

being unaffected. An example of this, found in hosjaare the non-

pathogenic obligate commensal protozoa swsh the amoebae
Entamoeba gingivalis, commonly found in the motglkding of bacteria,

dead epithelial cells and food particles. Ruredommensal

relationships tend to be rather rare, as on a claspection element of
mutualism or parasitism may become apparent.

Parasitism

Here one of the associates live either partly oollyhat the expense of
the other associate, the other partner (the hagnism) not gaining
anything from the association. This association giag rise to extreme
pathology in the host, or the parasitism maydemerally not very
pathogenic. Parasitism is carried out by manganisms, the main
groups including viruses, bacteria, protozahege usually being
endoparasitic), and various metazoan groups (relltiar eukaryotic

animals), these being mostly groups of helmintfig(oendoparasitic),

and arthropods (usually ectoparasitic), wsll as some higher
organisms, such as ectoparasitic lampreys laagfish. Generally
however, for partly historical reasons, the termapaology generally
only refers to the study of infection with eukargoprotozoan, and
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invertebrate metazoan parasites, not bacteria,sesruor the higher
chordate parasites, even though these are pariasitestrue sense.

3.2 Classification of the Parasitic Organism

Organisms in these associations may either beenuter surface of the
host organism, (in which case the prefix Ecto-ged), or inside the host
organism, (in which case the prefix Endo- is usé@these prefixes may
be used with any of the animal associations listedve. For example
the flagellate protozoa in the termite guts are dsychbionts, while the
anemone can act as an Ectocommensal with the Beabsites may act
as both ecto- and endoparasites. Parasites may keselassified
according to the closeness of the relationship.é@mple Facultative
Parasites (such as many bacteria) are those wiengarasitic lifestyle
is only taken up opportunistically, whereas Oblkg®arasites (such as
all viruses and most of the helminth parasites rilesd below) are those
in which the organism must parasitise another asganThese parasites
may often cause diseases, in which case they feree@ to as
Pathogenic Parasites.

In a somewhat wider interpretation of the term paisan, some
organisms exhibit parasitic behaviour only earlyhair life cycle, these
being referred to as Brood Parasites. Examples heket include
caterpillars of the Large Blue butterfly, which ahieally 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 lifestylebaibly evolved from the
mutualistic lifestyle of the other, related butled, again illustrating
how one form of association may change into anotheother well
known example of a brood parasite is a bird, thekoa.

Some parasites establish themselves in hosts ichwtiiey do not

ordinarily live. These are called the Incidentatd®#es. A temporary
parasite is free-living during part of its existenand seeks its host
intermittently to obtain its nourishment whereBsrmanent Parasite
remains on or in its host’'s body from early lifetibmaturity, sometimes

for its entire life. Parasite that has passed thinotlhe alimentary tract
without infecting the host are called CoprozoiSpurious Parasite.

Parasites often lack the necessary organsagsimilation of raw
materials and depend upon the host for predigdsiadl An adequate
supply of moisture is assured inside the host,douing the free-living
existence of the parasite, inadequate moisture erthgr prove fatal or
prevent the larval development.
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Temperature is likewise important. Each species has optimal
temperature range for its existence and developrBenth high and low
temperatures are detrimental and even lethal.

3.3 Types of Host

Parasitic helminths may have either simple or caafegd lifecycles.
The terms used to describe the hosts harbourifgrelift stages in these
lifecycles are however the same. The degree of gardane to the hosts
Is however varied. For example in definitive hdkg greatest harm is
seen being the one the adult stage of the paiadibeind. Sometimes, a
host might assume dual functions, and thereforddcbae difficult to
classify strictly into one type. Human host durinfection by malarial
parasite is one of such. Human could be classdgthe definitive host
being the one in which greatest harm is seen. Aigermediate host
like human beings harbours the asexual stagesqbdhasite merozoites
and trophozoites. A clear understanding of theticeiahip between host
and parasite and function of host in survival aaggmission of parasite
is therefore necessary for a better classification.

Definitive Host

The adult parasites are found in the definitivethdsis is where the

parasite's sexual cycle usually takes place, wither cross or self
fertilisation with hermaphroditic parasites, or sakreproduction if the

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

Intermediate Host

In many cases the parasites larvae are found ferdrft 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 reptmouoccur in these
intermediate hosts, (for example with Platyhelmipdinasites). Note that
when describing hosts of parasitic protozoa, thesms are slightly
different owing to the asexual characteristick many of these
organisms. With parasitic protozoa the vertebrabst hs generally
referred to as the definitive host, whilst the irigbrate is the
intermediate host. Some parasitic nematodes (etgondyloides
stercoralis) are Facultative parasites, having detely free living
lifecycles in addition to parasitic ones. The twaynts definitive and
intermediate host are the most important in Paagjy when referring
to the type of host. A vector however, shoulnt bbe mistaken for
intermediate host. A vector actively transmits atien to a host without
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necessarily harbouring the asexual stage of thasgiare.g. the vector of
African trypanosomiasis Glossina spp. These graipgectors pick up

parasite (the infective stage) from the reservost$ during blood meal
and transmit it to a susceptible definitive hostwdver, some vectors
can still serve as intermediate hosts harbouriegafexual or the larval
forms of the parasite e.g. certain Anopheles masgsithat harbour the
microfilariae of filarial worms.

Accidental Host

Accidental hosts are those in which the gitga do not normally
develop (for example to lack of exposure to infectforms of the
parasite), but when occasionally chance infectmewur, the parasite is
able to complete its lifecycle.

Hosts where the parasite can complete its lifecgodecalled Permissive
hosts, and include true definitive and intermediaists as well as many
accidental hosts. Examples here include such pesasis Fasciola
hepatica, where the normal definitive hosts areimants, but humans
and other animals may also be infected and viahlé parasites develop.
Another example is human infection with the nematédgiostrongylus
cantonensis in the far East.

In comparison another form of the accidental hesheé Non-Permissive
host where the parasite, although it may develogotoe extent, reaches
effectively a dead end, the parasite not dpedble to complete its
lifecycle and eventually dying within the host. Beeforms of infection
often occur where the parasite has intermediatéshekich may be
accidentally ingested by animals other than the tefinitive host. For
example, with various marine ascarids of the farAihysakidae such as
Anisakis sp., which give rise to the conditionAisakiasis'

on ingestion of raw infected fish.

Paratenic Host

Paratenic hosts may also be included in paras#iiminth lifecycles. In

these forms of infection the parasites undergoraested development
on infection, larval forms accumulating in thesestsountil they have a
chance of infecting the definitive host (e.g. ire tRseudophyllidean
tapeworms). These hosts are therefore not essémitampletion of the
parasites lifecycle. This is in contrast to theecasth true intermediate
hosts whose ingestion is essential to the lifecydm example

Echinococcus sp.
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Reservoir Host

These are accidental hosts and hosts of parashieh lmave zoonotic
patterns of infection (i.e. normally infect a widkenge of hosts), may act
as Reservoir Hosts for the parasite. These areaatsam of permissive
hosts as fully viable infections develop, and a enaccurate term would
be alternative definitive hosts (though this is mofact used). The term
reservoir host is usually only used when describbhegepidemiology of
human infections. An example of parasites with zigninfections is
Schistosoma japonicum. This parasite, as well &cied man, can also
infect other mammals as definitive hosts, includindents, cats, dogs,
domesticated ruminants such as water buffalo awtta range of other
mammals. In Human African Trypanosomiasis (HAT)e treservoir
host are cattle which serve as sources of actilextion to man. The
presence of these Zoonoses has implicationstie control of the
parasite in the field.

4.0 CONCLUSION

In this unit, we learnt that organisms interactrweaich other at different
degrees. While some are solely dependent on e&aeh, sttowever, some
are opportunistic and can adopt different meanthr survival. Various

types of association, classification of the pamsirganisms and
different types of hosts were also discussed.

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

. Types of Association
. Classification of the parasitic organisms
. Types of host

6.0 TUTOR -MARKED ASSIGNMENT

Activity: What is the type of association that éxietween salmonella
typhi and its host?

Answer the following questions:

1. write short note on the following: Syméigy Mutualism, and
Commensalism (LO1)

2. what is/are the differences between sgsibiand mutualisms
(LO1)

3. give one example in each case af Commensalism, (b)

symbiosis (c) mutualism (LO2)
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4, describe the different types of Parasitigls example (LO3)
5. explain the various types of host (LO4)
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2.0 Objectives
3.0 Main Contents
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1.0 INTRODUCTION

This unit aims to introduce the student to the ditg of helminth
infections in man, and even more importantly, t@ thumbers of
individuals that harbour these infections in alyjioms of the world.
There are three major groups of helminthes comtgilmnembers that
have man as their main hosts, these being thendan flukes, the
tapeworms (cestodes), and the roundworms (nemgtodes

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

. describe various helminthes parasites
. explain exemples of various helminthes parasites

3.0 MAIN CONTENT

3.1 Nematode Infections
I. Enterobius vermicularis - Pinworm, Threadvorm.

E. vermicularis infection, an extremely common ntada infection,
particularly in temperate areas such as Westerrofeurand North
America,being relatively rare in the tropics andtigalarly in children.
It has been estimated that the annual incidenaafe€tion is over 200
million, this probably being a conservative figi@amples of Caucasian
children in the U.S.A. and Canada have shown imaddeof infection of
from 30% to 80%, with similar levels in Europe.
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il Ascaris Lumbricoides

The Large Human Roundworm.Again the incidemages for this
parasite are very high with > 1500 million casesnééction annualy, of
which about 210 million cases are symptomatic.

ii. Trichuris Trichiuria

The Large Human Roundworm. The incidence rateshisrparasite are
also very high, with estimates of about 1300 millicases of infection
annually, of which >133 million cases are symptamat

V. The Hookworms.

These are represented by two parasites, dle@hericanus in the
tropics and sub tropics worldwide and the S. Bestaf the U.S.A., and
Ancylostoma duodenale, again with a worldwidstrbution in the

tropics and sub tropics as well as the Mediterramegion. There are >

1200 million cases of hookworm infection annuadiywhich about 100
million cases are symptomatic.

V. Lymphatic Filariasis - Elephantiasis

This disease is caused principally by two parasiéschereria bancrofti
with an annual rate of infection of about 106 roilicases, and Brugia
malayi with an annual rate of infection of aboutSLinillion. The total
number of people infected with other types of lym@gh filarial worms
is much smaller, at about 1.5 million cases. Thigsaphatic filarial
worms, along with the related filarial parasite ®ocerca volvulus, are
unusual among the nematodes in that they develdp, veind are
transmitted by insect vector intermediate hosts.

V. Onchocerca Volvulus - River Blindness

The incidence rates for this parasite are not gb las some of the
previously described parasites, with an annualaoatafection of about
18 million, however, due to the extreme pathologgomiated with this
parasite, often with all adult members of affectdthges losing their
sight, along with severe skin conditions, the itifetis significant.

Vi. Dracunculus Medinensis - Guinea Worm
The incidence rates for this parasite are much lpwegh an estimated

annual rate of infection of about 100 000. Thimisch lower than in the
recent past, when up to 50 million people wereatdd. This reduction
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in incidence illustrates how successful helminthtoa programmes can
be effective in reducing the disease caused by theganisms.

Other important nematode infections include; Tmehlia spiralis,
Strongyloides stercoralis, and a number of moree rarfections.
Nematodes that normally infect other animals mélcsiuse disease in
man. These include Toxocara canis and a numbeeratodes causing
anisakiasis.

3.2 Digenean Trematode Infections
I. Schistosomiasis - Bilharzia.

Schistosomiasis is caused by Schistosoma mansoriia@natobium,
S.intercalatum, S. japonicum and S. mekongi. Tisgase is the most
important human helminthiasis in terms of morbidityd mortality. The
numbers of people infected are lower thaoséhof many of the
nematode infections, with an estimated annual emé of infection of
> 200 million cases. In terms of active disease dw@x, the parasite is
much more important, with an estimated annual nityrtate of about 1
million deaths directly due to infection with thgs&rasites.

. Opisthorchis Sinensis - The Chinese Livedfluke

This is also a very important trematode infectiaiith an estimated
annual incidence of infection of about 20 - 30 ioill cases, mostly in
the Far East, in Japan, China, Taiwan and South/ASies.

iii. Paragonimus Spp. - The Lung Fluke

This fluke causes a pulmonary disease, the adudtspgas living in the
lungs of their definitive hosts (e.g. man). There a number of different
species of this parasite; the most well documeh&dg P. westermani
in the Far East. It may however, be locally verynooon, with up to 40
to 50% of the population infected.

There are a number of other digenean tremeatiofections. These
include various Echinostome infections as well asuaber of other
flukes. In addition, there are a number of thesagtes that usually infect
domesticated animals, but also cause wellwkndwuman infections
as well. These include fasciola hepatica and daztiem dendriticum.
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3.3 Cestode (Tapeworm) Infections
I Taenia Saginata - The Beef Tapeworm

This only causes very limited pathology inam but the annual
incidence of infection is high, at an estimatedillion cases.

. Taenia Solium - The Pork Tapeworm

This has a similar estimated annual incidence t#ciion of about 50
million cases. However, in this case the conseqeemoay be more
severe, due to the added risk of contracting irdacwith the larval
metacestode, (cysticercosis).

This may have extreme consequences in terms of ptit@ology
associated with infection, with an estimated anmuaitality rate of about
50,000 deaths. For the cestodes, these annua¢ieedates are based on
detection of infection with the adult parasite. §hs achieved by
examination of faeces, urine or sputum for parasggs. Diagnosis of
infection with larval metacestode parasites, susle@hinococcus sp. is
very difficult, due to the lack of non invasive greostic techniques. It is
in consequence very difficult to estimate annugtgaf infection, even
though these metacestodes may be very importambgens.

4.0 CONCLUSION

In this unit, we have discussed that Parasitic hehm can be grouped
into nematodes, cestodes and trematodes. The néesaswe the most
diversified groups. Parasitic helminths infect adevrange of hosts,

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

5.0 SUMMARY

In this unit, you have learnt about the following:

. Nematode infections
. Digenean trematode infections
. Cestode (tapeworm) infections
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6.0 TUTOR- MARKED ASSIGNMENT
Activity

Answer the following questions:

1. Write short note on Nematode Infectiddgyenean Trematode
Infections and Cestode (Tapeworm) Infections (LO1)
2. Describe the following Lymphatidilariasis, Enterobius

vermicularis, Dracunculus medinensis, Sidsiomiasis -
Bilharzia, and Taenia solium (LO2)

3. Mention the 3 types of fluke with 2 exdagpof each species
(LO2)
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1.0 INTRODUCTION

The phylum Platyhelminthes comprises six classeglwinclude the
free living forms and those that are of zoologicaédical and economic
importance. The medically important groups are tienatodes and
cestodes. Trematode also called flukes cause sadlmical infections
in humans which occur worldwide. The parasitessaremamed because
of their conspicuous suckers, the organs of attachrfirematos means
"pierced with holes"). All the flukes that causdeittions in humans
belong to the group of digenetic trematodes.

The class Trematoda comprises 3 subclasses

Subclass 1 — Aspidogastrea: They have large veatthésive organ
subdivided by longitudinal and transverse septasoicking discs. They
are parasites of turtles, fishes and mollusks

Subclass 2 — Didymozoidea: These are tissue-dwegbarasites of fish.

They are greatly elongated, dioecious, with skxdieorphism. No
complete life cycle is known
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Subclass 3 — Digenea: This contains parasites dfcaeand economic
importance to man and therefore will be dealt wiibre extensively.

2.0 OBJECTIVES

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

. identify the striking features of digenetic trendse

. describe the morphology of the egg, larva, andtastage of
variousdigenetic trematodes

. explain the general transmission patterns of soemdtodes

3.0 MAIN CONTENTS

3.1  The Adult Digenean Fluke

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

Fig 1.1 Amphistomee:

These have Large Fleshy Bodies, with a Pmenti Sucker at the
Posterior of the Body (e.g. Gastrodiscoides Hominis

Fig1.2 : Distome:
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These are the most Common Type, with the Mouthdbuated by the
Oral Sucker and a Ventral Sucker, Present Anywiloereéhe Ventral
Surface Except the Extreme Posterior (e.g. FasEiefztica)

Fig 1.3: Echinostome:

Similar to the Distomes, Except that the Oral Sut&&urrounded by a
Prominent Collar, Equiped with Spines (e.g. Echioos Sp.)

Fig 1.4: Monostome
In these there is either only One Sucker Presestidlly only the Oral

Sucker), or there are Two Suckers, but One VeryuRed, or in some
Cases no Suckers (e.g. Notocotylus Attenuatus ).
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Fig 1.5: Schistosome

Elongate trematodes, with separate sexes, the gelerally larger,
holding the female within a groove formed by a foff of the male
body (the gynaecophoric canal). Found within theewatory system.
(e.g.Schistosoma mansoni).

There are other forms as well, for example thedsi@me' type, where
the body of the trematode is divided into twdistinct regions, the
anterior of which may hold an additional adhesivegan, (e.g.
Diplostomum sp.), and the 'Gasterostome’', whhbee gut is a very
simple, sac like, structure, attached to a mouttagd near the centre of
the body (reminiscent of the arrangement of somehef free living
platyhelminthes).

3.2 The Basic Lifecycle of the MajorGroups of the
Digeneans

Most digeneans are hermaphroditic (the major exmepbeing the
schistosomes, and one other group). In the majofitthese parasites
self fertilisation may occur, but cross feddtion between different
individuals is more generally the rule. Theersp enter the female
system, either via the Laurers canal or more contynthrough the
common genital atrium, which opens into the uterus.
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Fig 1.6: The Generalised Life Cycle of Digenetic Trematodes (Imgarcade.Com)

3.3  The Digenean Trematode Egg
The formation of the digenean egg followsttidescribed forthe

platyhelminthes as a group. Briefly, as the egg@mnthe dotype of the
fluke it becomes surrounded by a predetermined runob vitelline
cells, the number of which will be specific for féifent parasites, which
form the food reserve of the egg. These vitelliabscproduce globules
of a mixture of proteins and phenols, which arewadd to the outer
surface of the developing egg. Here the phenoldiseito form quinone,
which then coalesces with the protein, reactinfpto scleratin, a hard
inert Yellowish substancemaking up the egg shell. As the eggs of
different species may varin thickness, their colours may vary from

yellow; to a dark brown.The digenean egg is usuajperculate, in
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common with other platyhelminthes. Exceptidosthis may occur
however, the most important being with the schmtess. Here the eggs
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are non-operculate, and are ornamented with spthesappearance of
which are characteristic for different speciesalfistosome.

Fig 1.7: Operculate Egg

The eggs hatch of operculate eggs involves thaselef the opercular
cap. This takes place under a variety of conditiomsdified according
to the particular species of trematode. For exangolee trematode
lifecycles involve the ingestion of the egg befonatching (e.g.
Dicrocoelium dendriticum, the lancet fluke), whitghers such as those
of Fasciola hepatica, (the liver fluke), hatch iater. For the eggs that
hatch in the external environment, a numbérfactors may be
important, for example light, temperature and clesngn osmotic
pressure. Again the exact details of these enviemahrequirements will
be optimised for the particular conditions whichllwnaximise the
chances of completion of the parasite lifecycle.

In all cases the egg hatches to release the miuatid

3.4 The Larval Digeneans
The Miracidium

The miracidium is the name of the ciliated larvi@ge that is hatched
from the digenean egg. In comparison with the otHarval
platyhelminthes, it is very similar to the larvafetive monogeneans, (the
oncomiracidium) and the larval cestodarian, or pfuare. In most cases
the miracidium is usually a free swimming stagegtteeeks out the
primary, and in some cases only, intermediate hafstisese parasites. In
all cases these primary, or 1st intermediate hasgsmolluscs. In the
few examples where the miracidium is not a freemawing stage the
eggs are ingested, as with the lancet fluke Dicetiamn dendriticum.
Here the eggs hatch in the intestine of the mollliserating the
miracidium, from where it immediately penetrates thtestinal wall to
invade the molluscan tissues. In the free swimnnmgcidia the larval
parasite exhibits distinct behavioural responsaséhable it to enter the
environment of or detect the presence of its hoBtgse behavioural
responses have principally been studied in the oadke schistosome
miracidium. Morphologically, the surface of the aurdium is covered
with a series of ciliated plates, which may be dieseen using electron
microscopy after the removal of cilia. These cdéhepidermal plates (in
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some species the cilia being replaced by spinesdiecontinuous, not
being in contact with each other but being sepdrayeextensions of the
underlying subepidermal layer. The whole structaréeing illustrated
below.

Fig 1.8

CP = Ciliated Plate

C = Cilia

SEC = Sub-epithelial cell

e-SEC = extension of subepithelial cell
CM = Circular Muscle

LM = Longitudinal Muscle

The plates themselves show a definite arrangerhemtg placed in four
to five transverse rows, the exact arrangementagiwmay vary between
different trematodes. Beneath the plates are layerauscle fibres. At
the anterior end of the larvae is a non-ciliatedical projection, the
terebratorium, (or anterior papillae), bearing fyrexs of the apical and
penetration glands. These they are found at therianend of the body.
Miracidia possess a number of sensory organs, th&t mimportant of
which are the dorsaly situated eye spots, beneaibhwis found the
cerebral mass. Other sensory organs are situatithwolds of the
terebratorium. Below all of the structuriss found the miracidium's
large rounded germinal cells, which are often gesum clusters called
germ balls.

Finally the miracidia possess a protonephridial retary system,
basically similar to that found in the adult patesi On examination of
eggs containing mature miracidia, it is clgaseen that flame cell
activity is the first sign of the initiation of hating of the egg. On
invasion of the molluscan tissue the miracidiumdshiés ciliated plates,
in almost all cases rapidly transforming into amaarasitic form, the
sporocyst, although in a few unusual groups thaerdium may contain
a fully developed redia.
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The Sporocyst

The sporocyst develops within the molluscan hostaasollow fluid
filled germinal sac, into which protrude germinahsses. At the conical
anterior of the sporocyst body a birth paeselocated, from which
subsequent generations of larvae emerge. The garmiaisses develop
internally into either daughter sporocysts, which essentially the same
as their parent sporocysts, or into a second |@tegle, the redia.

Fig 1.9: The Sporocyst
The Redia

The redia are the second larval form to develogiwithe molluscan
host (but may be absent in some groups, such akigtosomes). They
are similar to sporocysts, containing germinal reaswithin a fluid
filled sac, which may develop into either secondegation daughter
redia, or more commonly into the final larval stag¢hin the mollusc,
the cercaria.

Fig 1.10

They differ from the sporocysts however, in thagytlare a much more
active form, and importantly they possess simple ghe tissue they
feed on is predominantly molluscan in origin, bbe tredia of some
groups (e.g. those of the echinostomes) may agtigeek out the
developmental stages of other trematodes (e.gsteslbime sporocysts)
within the same intermediate.

The gut itself consists of a mouth, openingp a large muscular
pharynx, which in turn opens into a simple rhababdike intestine.
Externally, behind the mouth many redia have aerlike collar, below
which the birth canal opens and from which eithencariae or daughter
redia emerge. Further along the body are lobelkensions of the
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body, which are thought to aid the movement ofgheasite within its
host's tissues.

An interesting exception to the general rule tleataria are produced by
the redia is found in a few tremadodes where td@angroduce progenetic
metacercaria, fully capable of producing viable dg these few very
unusual cases, the trematode may only have a singlkiscan host,

although the metacercaria may still be capablesoklbping in a second
host as well. Exceptions such as these, and theserided above
involving miracidia containing fully developed redis evidence of the
evolutionary past of these organisms. It has bemednthat the redia
bears some resemblance to some of the more advambetiarians, and

as described above, this stage is a very activa @rthe parasite, fully

capable of actively ingesting host material, andsome cases even
predation of competing parasites within théiosts. It has been
postulated that the group as a whole emerged froamnaestral parasitic
turbellarian, with a single molluscan host, aftee development of
internal division and asexual reproduction, latevedoping specialised
forms to exploit the varying environments that thesganisms have to
cope with.

The Cercaria

Some of the types of Cercariae

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

121



NSC 106 MODULE5

Fig. 1.11: Furcocercous (e.g. Schistosoma Sp.) Microcercous (e.g. Bithynia $.)

In almost all species of trematode, it is the ceatatage that emerges
from the mollusc, and is the infective form foretivertebrate host,
although there may be exceptions to this genetal kor example in

some cases a sporocyst, modified to have a tmeckenternal wall

resistant to the environment, emerges, to be irdebly a second
intermediate host, (e.g. as is the case in theati@ie Dicrocoeloides
petiolatum). Other exceptions, involving redia proithg progenetic

metacercaria, have already been described above.

The trematode cercaria exhibits considerableatrans in structure,
which is very important taxonomically, and leefs in many cases
adaptations to the specific lifecycle of the paesivolved. Because of
this great diversity of form, a system of cei@aclassification has
evolved, based on the gross morphology of thesalldorms. Firstly

cercariae may be divided into three major groups;

I Monostome Cercariae - These lacks a aéstcker, and have
simple tails. These forms develop within rediae

. Amphistome Cercariae - In these thege ventral sucker is
situated at the base of a slender unbranchedTiladse forms
develop within rediae.

iii. Distome Cercariae - This is the commonastcarial form, with
the ventral sucker
lying some distance from the posterior emd,roughly the
anterior third of the body.

These distome cercariae may themselves be dividedai large number
of subgroups, based on other morphological featyvagicularly the
form that the cercarial tail takes. Some of thesent are described
below;
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Leptocercous Cercariae - These cercaaee straight slender tails,
which are much narrower than the cercarial bodys Torm is
further subdivided into;

Gymnocephalous Cercariae - In these,siinekers are equal in
size. This is a common form, represented withirhsspecies as
Fasciola hepatica, and develops within rediae
Xiphidiocercariae - These are similar the gymnocephalous
forms, but in these the oral sucker is equiped wisylet, used in
penetration of their next hosts, and they genedslelop within
sporocysts

Echinostome Cercariae - In these thera igng of spines at the
anterior end of the larvae, as in adult forms adsth parasites.
These are found within trematodes of the genusriesihoma,
and develop within rediae.

Trichocercous Cercariae - These forms Hawmg tails, equiped
with rings of fine bristles. They are usually foum marine
trematodes.

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

Microcercous Cercariae - Cercaria withtiggsl tails, and which
may develop within both rediae and sporocysts.

Cercariaea Cercariae - Cercaria with s, taehere the cercaria
Is not a free swimming form, and may develop withath rediae
and sporocysts.

Furcocercous Cercariae - In these thHe take forked at the end.
The cercaria of the most important group t@@matodes, the
schistosomes, has cercariae of this form. Taren develops
within sporocysts.

Otherwise, both externally and internally the sinoe of the body of the
cercaria resembles that of the adult trematodewvitich they grow. For
example, the ring of spines found at the anteriwd ef echinostome
cercariae is also present in the adult flukes.

The outer surface of the cercaria is a tegumentiwinay however differ
from that found in the adult form in a number ofywaFor example in
the schistosomes the tegument is covered with laminate plasma
membrane, (as opposed to the two bi-lipid membrémed in the adult),
on the outer surface of which there is a glycocalsgksent in the adult).
However, many other features of this tegument apgealar
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to that of the adult, the differences almost calyabeing adaptations
due to the differing environments that these twieclcle stages

experience. For example, spines found on the surdddoth forms of

tegument, and the overall structures of a syncyticomected to

subtegumental cells are the same. Within the datdasdy a number of

different types of gland cells may be found, inahgdcystogenous gland
cells, used by the larvae to secrete a cyst walhguhe formation of

the metacercarial stage, and penetration gland, aedked by the cercaria
to penetrate its next host, either a second inteiates host, or in some
groups the definitive host, (such as the schistes)mvhere the cercaria
is the final larval stage.

The cercariae released from their molluscaterinediate host are
usually a free swimming form. These must then le@ther their next,
and usually final intermediate host, their defu@ host which they
actively penetrate (e.g. in members of the famithiStosomatidae), or
locate a suitable solid substrate to encyst upomeoingested by their
definitive host (members of the family Azygiidae).

To locate these various targets the cercariae qugp@ed with a variety
of sensory organs. These commonly include two orengye spots, as
well as touch receptors, and allow specialised arealk behaviour,
designed to bring the cercariae into an environrgesg the maximum
probability of infecting their next hosts. For exaley the cercariae of
the schistosomes exhibit negative phototrophy (swimg to the surface
of the water), and positive thermotrophy and thigwwhy, being
attracted to warm objects moving in the water. Asllwas these
behavioural responses within the free swimming agae, the parasite
exhibits definite circadian rhythms in terms of dtieg from the
molluscan host, again being shed at times optiorabfinging them into
contact with their next host. For example, the stdsiome cercariae are
generally shed during daylight, in the morning, laththose of other
species emerge only at night.

In a few groups such as Alaria spp, however, thragi@ employs three
intermediate hosts. In these cases the cercariatiates the second
intermediate host to form a resting stage, the pwsaria described
below. In these cases this second intermediateihiasturn ingested by
a third intermediate host, where it encysts to farmetacercaria.

The Mesocercaria
The mesocercaria is essentially a resting stageirwibhe parasitic life
cycle, employing a second intermediate hostairparasite lifecycle

utilising four hosts. The mesocercaria is a dedigrolonged stage in
the adult generation of strigeate trematodes, wtliabely resembles the
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cercarial body, from which it develops in the setamermediate host,
and which does not possess metacercarial featudeselops in turn into
the metacercaria in another host.

In parasites having this larval stage the mesodar@e capable of
infecting and surviving within a very wide range pératenic hosts
which may ingest the second intermediate host, ithedfect increasing
the number of hosts which the parasite may usdsidifecycle. For
example, amphibians infected with mesocercaria daridA may
themselves infect a wide variety of other amphibjarptiles, birds and
mammals if they are ingested by these animals.

The Metacercaria

This is a much more common “resting" larval stafghe trematode
parasitic lifecycle, formed either in a final imeediate host (when a
mesocercaria, or more commonly a cercaria enterbatly), or on a
solid substrate in the external environment. Tinalfintermediate host
may be a fish (e.g. Opisthorchis sinensis), an repthd (e.g.
Dicrocoelium dendtriticum, employing an ant secamermediate host,
and Paragonimus westermani employing a crustacean)another
mollusc, as with some of the echinostomes. Asedtabove, some
trematodes however do not have second intermebasts, but either
encyst as metacercariae on solid substrate's, au@guatic vegetation
or on shells of aquatic organisms, which will imntde ingested by the
parasites definitive host, or in some groups sisctha schistosomes, as
already described, the cercariae directly penetraeskin of, and infect,
the parasites definitive host. Although generallg imetacercariae are
inactive encysted forms, the metacercaria of sopexies do remain
free and action. In most other metacercariae howereystment does
occur. The structure of the cyst wall itself var@msiderably, though
generally it is a complex mixture of tanned proseidipids and
polysaccharides. Within the cyst wall the pimlogy of the larva
usually closely resembles that of the cercarialpatthough as described
above, in some groups sexual maturation may octherefully or
partially. To continue further the metacercaria trius ingested, either
along with the body of the intermediate host itahits by a carnivorous
definitive host, or along with the vegetation itshancysted on by a
herbivorous or omnivorous host.

The Larval Digeneans - the Juvenile Adult Stages
On ingestion the metacercaria (or cercaria) masisform into the adult
form. The precise details of this process will veopsiderably, depending

on how the definitive host was infected. For exammh some species
the adult flukes are found within the alimentargctr In
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these cases the metacercarial cyst wall is brokemdo release what is
essentially a young fluke, which only has to migratshort distance to
reach their preferred site within the hosts bodyother groups however
the adult forms are located in other sites withi@ body. In these cases
the liberated young fluke must penetrate the gut, wain the case of
the schistosomes penetrate the hosts skin. Thenmniust undergo a
migration through the hosts body. This is usualig the circulatory
system, but again the precise details of the nogyapath will vary
considerably.

3.5 Features of Digenetic Trematodes

I Digenetic trematodes are unsegmenteddeaped worms that
are flattened dorsoventrally.

. They bear 2 suckers, one surroundingnioeith (oral sucker) and
another on the ventral surface of the body (vemsnaker). These
serve as the organs of attachment.

iii. The sexes of the parasites are not ségdrémonoecious). An
exception is schistosomes, which are diecious éxnizl).

V. The alimentary canal is incomplete, ancanas is present.

V. The excretory system is bilaterally synmeal. It consists of
flame cells and collecting tubes. These flame gaitsvide the
basis for the identification of the species.

Vi. The reproductive system consist§ male and female
reproductive organs and iscomplete in each fluke.

Vil. The flukes are oviparous. They laypecculated eggs. An
exception is schistosome eggs, which are not ofsecl

viii.  All have complicated life cycles, with altnating asexual and

sexual developments in different hosts.

s
Figl.12 Sructure of Digenetic Flukes. (A) Hermaphroditic Fluke. (B) Bisexual
Fluke.
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4.0 CONCLUSION

In this unit, we have learnt that digineaar® medically important
trematodes. The digenea are unsegmented leaf-shepeas that are
flattened dorsoventrally with two suckers (the osatker and ventral
sucker). The digeneans have heteroxenous life €yadring one or
more intermediate hosts. The adult worms lay eggfgmthe definitive
host which hatch miracidia in water medium. Miraaidevelop within
the snail intermediate hosts of particulaecsgs. The life cycles
continue following a specific pattern dependingtio@ parasites’ species
giving rise to other larval stages like sporocysésliae, cercariae and
metacercariae

5.0 SUMMARY

In this unit, you have learnt about the following:

. The adult digenean fluke

. The basic lifecycle of the major groups of the diggns
. The digenean trematode egg

. The larval digeneans

. Features of digenetic trematodes

6.0 TUTOR -MARKED ASSIGNMENT

Activity: Observe the larval digeneans under a oscope and report
your findings in the log book.

Answer the following questions:

1. What are the striking features of digeneéematodes (LO1)?

2. With a well labeled diagram describedkeaeralised life cycle of
digenetic trematodes (LO2)
3. Write short note on the following:
a. The miracidium
b. The sporocyst
C. The redia
d. The cercaria
e. The mesocercaria
f. The metacercaria
g. The juvenile adult stages (LO2)

4. Outline the features of digenetic trerda®(LO3)
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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 atsva mollusc, which is
usually aquatic. As adults they are found in mosttebrates groups,
including fish, amphibians, reptiles, birds, and nmaals, acting as
definitive hosts, where they may be highly pathagemhey may be
located in most of the internal organs of thesendefe hosts, including
the lungs, bladder and blood stream, although thpmity are found in
the gastrointestinal tract, or closely associateghms such as the bile
duct and liver. They exhibit a flattened fiélee body, structurally
similar to many of the free living turbeiams. The digeneans are
classified below based on their locations in thiendtese hosts.

I Blood flukes - Schistosoma haematohiuS. mansoni, S.
japonicum, S. mekongi and S. intercalatum

. Liver flukes - Fasciola hepatica, Rigantica, C sinensis,
Opisthorchis felineus, O viverrini, Dicrocoetiudendriticum,
and D. hospes

iii. Pancreatic flukes - Eurytrema pacreati¢incoelomaticum, and
E. ovis

V. Lung flukes -Paragonimus westermani, miexicana, and P.
skrjabini
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V. Intestinal flukes — Fasciolopsis buskietyonimus yokogawai,
Echinostoma ilocanum, Watsonius watsoni, Heterophye
heterophyes, and Gastrodiscoides hominis

2.0 OBJECTIVES

At the end of this unit, you should be able to;

. explain the transmission cycles of digenetic trexdas

. describe types of digeneans with examples

. identify the factors responsible for transsioa of digenetic
trematodes

. identify the control measure to be taken to préwemsmission
of digenetic trematodes

. identify each parasite using the diagnostic featofdhe eggs

. 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
blooddwelling fluke worms of the genus Schistoso®aer 200 million
people are infected in at least 75 countries wiild @nillion or more
people at risk of infection. The main schistosorties infect human
beings include S haematobium (transmitted Baylinus snails and
causing urinary schistosomiasis in Africa and thhabdan Peninsula), S
mansoni (transmitted by Biomphalaria snails andsiceuintestinal and
hepatic schistosomiasis in Africa, the Arabiamipsula, and South
America), and S japonicum (transmitted by the aifbiplis snail
Oncomelania and causing intestinal and hepatogpsehistosomiasis in
China, the Philippines, and Indonesia).

S. intercalatum and S. mekongi are only of locaponmtance. S.

japonicum is a zoonotic parasite that infects aewidnge of animals,

including cattle, dogs, pigs, and rodents. S. maingiso infects rodents
and primates, but human beings are the rhast. A dozen other
schistosome species are animal parasites, somehich vaccasionally

infect humans. Unlike other trematodes, schisteess have separate
sexes, but males and females are found togethermidie is short and
stout and holds the relatively long female wormitsr gynaecophoric

canal, a groove like structure. With S.haematob both male and

female live together in the veins that drain theany bladder, pelvis, and
ureter, whereas S. japonicum and S. mansoni live in
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the inferior and superior mesenteric veins, respelgt Hence, these
flukes are known as blood flukes. These speciedigtanguished from

the other Schistosoma species based on the mormholotheir eggs

and their adult and cercarial forms. S. haelmum eggs have a
terminal spine, whereas S. mansoni and S. japoneggs have lateral
spines and central spines, respectively.

Morphology

The adult males measure up to 15 millimetres igtlerand females up
to 10 mm. The schistosomes remain in copula througtheir life span,

the uxorious male surrounding the female with hisagcophoric canal.
The male is actually flat but the sides roll upniorg the groove. The
cuticle of the male is covered with minute papilldéde female only
possess these at the anterior and posterior ertleasiddle section
being covered by the male body. Oral and ventrekes are present,
with the ventral one being lager serving to holde tivorms in

place,preventing them from being carried away leydinculatory current.

The ova of S. mansoni are 114-175 um long by 4%:#68wide. They
are light yellowish brown, elongate and possesdeadl spine. The shell
is acid fast when stained with modified Ziehl-Neel$Stain.

A o b c

Fig 1: Saline Smear Of (A) S. Mansoni (B) B&ponicum (C) S.
Haematobium Ova showing their Spine Position; A €00
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Distinguishing Feature when Identifying Schistosdbva

ComparativeFeatures of Major Human Schistosoma Species

Stages S. S. mansoni S. japonicum
haematobium

Adult

Body Finely Grossly Nontuberculate(smooth)
surface of tuberculate tuberculate

Male

Testes 4-6, inacluster 6-9, il 7,in alinear series

cluster

Position of Posterior to Anterior to Posterior to middle of

ovary middle middle body
of body of body
Numbel of 20-30 1-4 50-300
eggs in
uterus
Egg 110-170 pm 114-175 pm 70-100 pm long
Size and long long 50-65 um wide
shape 40-70 um wide 45-68 pm Central spine

Terminal spine wide
Lateral spine

Cercaria 2 pairs, 2 pairs, pairs, oxyphilic
Cephalic  oxyphilic basophilic 4
glands

Life Cycles and Transmission of Schistosomes

Once the eggs are laid by the adult female worhesmajority of them
first pass through the veins of the blood vesselimch the worm is
living, and then into the lumen of the intestinel ane passed in the faeces
(S. mansoni and S. japonicum) or into the lumethefbladder, and are
then passed in the urine (S.haematobium). Those #@y reach fresh
water hatch, releasing a miracidium which, to depdéurther must infect
a specific snail species within 24 hours. The egfgeach species are
markedly different but each produce virtually ideat miracidium. A
single miracidium can multiply in the snail to ptumg nearly 100,000
cercariae.

Asexual multiplication takes place in the snaildaasults in the release
of cercariae (minute in size with forked tails, 80@ long) into the

water about 3 — 6 weeks later. Cercariae actiwslyjnsaround and when
132
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they have located, or come into contact with aniiéfie host, they
actively penetrate the skin. They can stay aciakihg for a host for
24-48 hours after which if they don’t find a hdsey will die.

13¢
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The head of the cercariae migrates to the liver dengelops into either
adult male or female worms (flukes), where theyr pup and then
migrate to their region of the venous blood systgpecies specific sites).
The females leave the males and moves to smalferle® closer to the
lumen of the intestine or bladder to lay her egaso(t 6 weeks after
infection). The majority of adult worms live from&years, but some can
live considerably longer.

SCHISTOSOMA MANSONI, HEMATOBIUM AND JAPONICUM

Mesenleric venules of bowel/rectum

M;tig‘gfod:ﬂ“ laying eggs that circulate to liver
and are shed in stool
Venous plexus (S. mansoni, japonicum)*
of bladder causing:
(5. haematobium) 3
causing: Kaia_yama‘ fever (esp. 5.)
Presinusoidal egg granulomas
Hematuria, bacterial UTls || Symmers' pipe stem periportal fibrosis
Scariirig, cafcilication Foital hyperiension
Squamous cell carcinoma || Occasional embolic egg granulomas
Schistosomulae migrate | Occasional embolic eqq in brain or spinal cord
to portal blood in liver, granulomas in brain or
hecome 1-3 ¢m long adults | spinal cord -
over 1-4 wks and mate i
for life (3-30 yrs) N
S. haematobium S. mansoni S. japonicum
eggs shed in urine eggs shed in stool
{ il J

Cercariae penetrate the skin, Eggs (70-170u) hatch l

shedding their forked tail
v : (after 1-3 hours)
and becomg%:;‘rgftosomulae releasing miracidia
{150 Iniveer, N
iI Miracidia penetrate and
@ develop over 1-2 months
as 2 generations of
: sporocysts in snails
Snails release

forked tail cercarlae (~500u)
which can live in 1-4d in water

*Also S. intercalatum and mekongi Bulinis Biomphalaria ~ Oncomelania
(8. haematobium) (S. mansoni)  (S. japonicum)

Fig. 2: Life Cycle of Schistosoma spp
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Vectors and Geographical Areas Associated with aerfrematode
Types

Snail Host Geograyaihi Trematode
Area
Biomphalaria glabrata Brazil S. mansoni
Biomphalaria pfeifferi Nigeria S. mansoni
Bulinus globosus Nigeria S. haematobium
Bulinus truncates Iran S. haematobium
Oncomelania hupensidapan S. japonicum
nosophora
Thiara granifera China Paragonimus
westermani
Semisulcospira libertine China Paragonimus
westermani
Pirenella conica Egypt Heterophyes
heterophyes
Lymnaea truncatula ~ England Fasciola hepatica
Lymnaea natalensis Nigeria _Fasciola gigantic

Pathology and clinical symptoms

. Acute Manifestations

I Cercarial dermatitis, also known as swiensnitch, is an allergic
reaction caused by the penetration of cercariapersons who
have been exposed to cercariae in salt watefresh water.
Cercarial dermatitis manifests as petechial hagmges with
oedema and pruritus, followed by maculopapulah,raghich
may become vesicular. The process is usually kkladeavian
schistosomal species of the genera Trichobilharzia,
Gigantobilharzia, and Orientobilharzia, which dot develop
further in humans.

. Katayama syndrome corresponds to matmadif the fluke and
the beginning of oviposition. This syndrome is @y high
worm load and egg antigen stimuli that resudbm immune
complex formation and leads to a serum sicknes® -Hiness.
This is the most severe form and is most comma@ensons with
S mansoni and S japonicum infections. Symptomsidehigh
fever, chills, headache, hepatosplenomegaly, lyniphapathy,
eosinophilia, and dysentery. A history of travelan endemic
area provides a clue to the diagnosis.
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Chronic Manifestations

I Symptoms depend on the Schistosoma spelosg causes the
infection, the duration and severity of the infenti and the
immune response of the host to the egg antigens.

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

iii. The earliest bladder sign is pseudotuleegrout, in long-standing
infection, radiography reveals nests of ca&dif ova (sandy
patches) surrounded by fibrous tissue in the subsaic

V. Dysentery, diarrhoea, weakness, andoatinal pain are the
major symptoms of intestinal schistosomiasis.

V. A reaction to schistosomal eggs in thverlicauses a periportal
fibrotic reaction termed Symmers clay pipeste moiss.

Vi. Haemoptysis, palpitation, and dyspnea upagrtion are the

symptoms of schistosomal cor pulmonale thewetbps as a
complication of hepatic schistosomiasis.

vii. Headache, seizures (both generalised anébcal),
myeloradiculopathy with lower limb and back paimargsthesia,
and urinary bladder dysfunction are the noted sgmgtof CNS
schistosomiasis due to S.japonicum infection.

Diagnosis
Intestinal schistosomes

. Laboratory confirmation of S. mansoni ar@l japonicum
infection can be made by finding the eggs in tleeés. When eggs
cannot be found in the faeces, a rectal biopsybeagxamined.

. Serological tests are of value in the diagnosisabfistosomiasis
when eggs cannot be found. An enzyme linked immonest
assay (ELISA) using soluble egg antigen, is empateHTD.

Urinary schistosome

The definitive diagnosis of urinary schistosomiasisnade by finding
the characteristic ova of S. haematobium in urireminal urine should
be collected as the terminal drops contain a largeortion of the eggs.
The urine can then be centrifuged and the depozamaed

microscopically for ova. Eggs can sometimes be dounseminal fluid

in males.

. A bladder biopsy is seldom necessary to make thgndsis. A

rectal snip may show the presence of ova as thextmes pass
into the rectal mucosa.
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Serological tests can be of value when eggs camadbund in
clinical samples. An enzyme linked immunosorbesagsusing
soluble egg antigen to detect antischistosome @aiyibs most
sensitive.

Note: There is a marked periodicity associated Withtime when most
eggs are passed out. Higher numbers of eggs amumteced in urine
specimens passed between 10 am and 2pm, presuamlalyresult of
changes in the host’s metabolic and physical dietsui

Epidemiology of Schistosomiasis

The following factors are of epidemiologicahportance in the
transmission of schistosmiasis:

The presence of water bodies such as riveramselakes, dams
suitable for the breeding of the snail intermedraists

Presence of appropriate snail hogtecessary for the
developments of theasexual stages and trasismisof the
infective stage to the human definitive host

Contamination of natural water bodies with inegtthuman urine
and faeces

Human water contact activities including swimmitegundry and
fetching

Factors that promote intramolluscan depelent of parasite and
subsequent transmission to man

Socio-economic status of the people such as gantdary system
and water supply

Control

Reduction of human-water contact

Improved sanitation by proper waste dsspo
Attacking the adult forms of parasite through ro¢herapy to
reduce the worm burden or egg production

Eradication or reduction of snail population tngb the use of
molluscicides

Development of vaccine to induce immunity

Modification of the ecology of the snhadbitat

Biological control through the introduction of mapetitors’ snails
into the snail habitat

Education
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3.2 Lung Flukes (Paragonimus Species)

The genus Paragonimus contains more than 30 spibeiedave been
reported to cause infections in animals #&uenans. Among these,
approximately 10 species have been reportedaisse infection in
humans, of which P. westermani is the most imporfanwestermani,
also known as the Oriental lung fluke is most comnmoChina, Korea,
Thailand, Philippines, and Laos. Isolated endermoa have also been
reported from the states of Manipur, Nagaland, Anchachal Pradesh
in India. A low prevalence has been reported fraimcAn countries of
Cameroon,Nigeria, where infections with Paragonimfiscanus and
Paragonimus uterobilateralis were reported. Hunemes infected by
eating raw or partially cooked crab or crayfishcoaibs soaked in wine
as a food delicacy or by drinking juice from ravalas or crayfish as a
part of a food habit.

It inhabits parenchyma of the lung close to bhioles in humans,
foxes, wolves, and various feline hosts (e.g, lid@spards, tigers, cats).
Paragonimus species belong to the family ‘Trogloaedae’ and they
possess the following striking features:

- The adult worm is reddish brown fluke.

- The body of adult worm is thick, fleslayyd ovoid in shape

- The tegument is spiny or scaly

- Have weak suckers

- Testes lie side by side

- Uterus is short with a few tight uteric@ls forming a ‘rosette’

- Extensive vitellaria in lateral fields

- Cercariae are microcercous xiphidiocaasar

The eggs are ovoid, brownish vyellothick shelled and
operculated.

Life Cycle and Transmission

The infection is typically transmitted via inges of metacercariae
contained in raw freshwater crabs or crayfishddionally,
consumption of the raw meat of paratenic hosts, (emmnivorous
mammals) may also contribute to human infectioreskwater snails
and crabs are first and second intermedradsts of Paragonimus
species, respectively. In the duodenum, the cyst izalissolved, and
the metacercariae are released. The metacercagastenby penetrating
through the intestinal wall, peritoneal cavity, arigally, through the
abdominal wall and diaphragm into the lung&efg, the immature
worms finally settle close to the bronchi, growdatevelop to become
sexually mature hermaphrodite worms.
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Adult worms begin to lay the eggs, which are ungmbated and are

passed out in the sputum. However, if they are Ilswal, they are

excreted in the feces. The eggs develop furthdrarwater. In each eqqg,
a ciliated miracidium develops during a period of3 2veeks. The

miracidium escapes from the egg and penetratesaduspecies of snalil
(first intermediate host), in which it goes through generation of

sporocysts and 2 generations of rediae to forneéheariae. The cercariae
come out of the snail, invade a freshwater crustagerayfish or crab),

and encyst to form metacercariae. When ingesteglsethcause the
infection, and the cycle is repeated.

Cercariaa invade the crusiacean
and angrst inte metacercariae. .&

jh = [nfective Stage
" -"| L\ = Diagnostic Stage

(&)
o

7o)
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and panetrate snail \
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Unmhqﬂnﬂtﬂd egos and passed with

stool,

eEmhrynnaled aggs

Fig. 3: Life Cycle of Paragonimus Spp

Pathology and Clinical Symptoms

Acute Manifestations: Acute pulmonaryeafion is characterised
by low-grade fever, cough, night sweats, chest,pami blood-
stained rusty-brown sputum.

Chronic Manifestations: Lung absse®r pleural effusion
develops in individuals with chronic infections. Vée,
haemoptysis, pleurisy pain, dyspnea and recurréiaicks of
bacterial pneumonia are the common symptoms. Timelitbon
mimics pulmonary tuberculosis.
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ili. Fever, headache, nausea, vomiting, visligturbances, motor
weakness, and localised or generalisedalyss are the
symptoms of cerebral paragonimiasis.

Diagnosis

Diagnosis is based on finding the characteristgseig brown sputum.
The eggs can also be found in the faeces due thoswireg sputum. A
chest x-ray may show cystic shadows and cadtibn. Serological
tests, in particular, the ELISA method, are usdfagnostic tests.

Fig. 4. Saline Smear of Paragonimus Westermanni Egg. The Egg Shells are thick
and Operculated

Epidemiology

The epidemiology of the disease (Paragonimiasis¢u@s on one of the
following

- Presence of appropriate snail, crab and mmaman reservoir
hosts in the area

- Pollution of snail habitats with sputum and faeoé man as well
as natural mammalian reservoir hosts infected thighparasite

- Consumption of metacercariae through ngatiof raw or
undercooked crabs or through contamination of thgefs and
cooking utensils with metacercariae whaleaning

Control

- Proper cooking of crabs before consunmgtio
- Proper waste disposal

3.3 Liver Fluke (Fasciola Hepatica and F. Gigdita)

Fascioliasis is a a zoonotic disease caused bygtiafewith F. hepatica.
It is a major disease of livestock thatassociated with important
economic losses due to mortality; liver condemmatioceduced
production of meat, milk, and wool; and expendisui@ anthelmintics.
The disease has a cosmopolitan distribution, watbes reported from
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Scandinavia to New Zealand and southern ArgentirMexico. Also of
importance is the West Africa species of FasciBlay{gantica).

The two share similar morphology, life cycle andhogenicity. They
belong to the family ‘Fasciolidae’ having the fallimg major features;

They are large with flattened leaf-likerhs

- They have ramifying and complicated digestive eaploductive
systems

- Most members of the family inhabit theeli and the bile duct.
However, Fasciolopsis buski inhabits the intestine

- Cercariae are gymnocephalous

- Metacercariae encyst on vegetation thus estabjjsk two-host

cycle

Morphology of the Adult

They are leaf-like with oral cone and glder at anterior end
The intestinal caeca, testes and ovaryeanched

Tight and relatively short uterus is oppositethie ovary at the
anterior end

Vitellaria are extensive and are latgrdibtributed

Distinctions between F. hepatica and F. gigantic

- F. gigantica is larger (75 by 12mm) whis smaller (30 by
13mm)

- F. gigantica is oblong with prolonged postereord while F.
hepatica is more or less triangular in shape

- The eggs of F. gigantica is also larger.

Fig. 5: Egg of Fasciola; ova of Fasciola are ovoid in shape, quinine colour and often
showing an inconspicuous operculum. Fasciola hepatica ova measure 130 - 150um
by 63 - 90um. There is much cross-over in ova size between all of the Fasciola
Species.
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Life Cycle and Transmission

Opercular eggs are passed out from the faeceseofnfected animal
(cattle or sheep).The eggs embryonate in phesence of light as
stimulus and hatch into miracidia which locate @mpropriate snail
intermediate host by a chemical response calledhotexis. The snail
host of F. hepatica is Lymnaea trucantula whilé did. gigantica is L.
natalensis. The intramolluscan development ofacmlium produces
sporocysts which in turn develop rediae. The motteeliae produce
second generation of rediae (daughter rediae) wlatdr give rise to
gynocephalous cercariae. This crawls out of thd,dnaates submerged
plant, loses its tail and encysts into metacereatigection occurs when
sheep and cattle ingest plant with metacercariagnglugrasing.
Metacercariae excyst in the duodenum and the engergoung adult
punctures its way into the body cavity and wandamsund until it
locates the liver capsule. Its burrows into theues, feeding on the cells
until it gets to the bile duct where it eventuatyains maturity.

Pathology

- Pathology depends on the intensity of infectiowl @uration of
the disease.

- Fluke causes bilary obstruction. Because poéssure, toxic
metabolic products, and feeding habits, the wormgvqgke
inflammatory, adenomatous, and fibrotic changeshef bilary
tract.

- Parenchymal atrophy and periportal cisithaevelop.

- Severe headache, chills, fever, urticaria, @lst substernal
pain, and right upper quadrant pains that radathé¢ back and
shoulders may be the first evidence of infection.

- As infection progresses, an enlarged tenlilr, jaundice,
digestive disturbance, diarrhoea and anaemia deselo

Laboratory Diagnosis

- Definitive diagnosis is made by observing ova in faeces.

- Where identification cannot be made from the ©fehe ova,
clinical information and the source of infecti may help to
provide a diagnosis. This includes an enlargedaehder and a
febrile eosinophilic syndrome

- Positive complement-fixation test and intracutarse reactions
with Fasciola antigens are used when direct faegamination
fails to reveal the eggs.
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Epidemiology and Control

Fascioliasis is prevalent in areas where cattleheep graze and in areas
where appropriate lymnaeid snail hosts flourish.er€fore control
measures involves

- Treatment of animals to improve general conditeom reduce
egg output
- Breaking of transmission cycle by eratigathe snail hosts.

However, this is difficult to achieve on the field

- Infection in humans can be prevented by elimntatiaw water
cress and other uncooked green vegetable fromiébe d
- A safe water supply is also necessary

3.4 Intestinal Flukes (Fasciolopsis. Busk Heterophyes
Heterophyes, Metagonimus Yokogawai)

F. buski is the most common intestinal nematode ¢hases infections
in humans. It is widely distributed in Asia and timelian subcontinent,
especially in areas where humans raise pigs anducom freshwater
plants.The trematodes H.heterophyes and M. yokogasa less-
common causes of human infection.

Life Cycle

F. buski, known as the giant intestinal fluke, asirid in the duodenum
and jejunum of pigs and humans and is the largegsstinal fluke to
parasitise humans. Humans are infected by eatiaghivater aquatic
plants such as water caltrops, water chestnutswater bamboo, which
can harbour the metacercariae. In the intestireenbtacercariae excyst,
attach to the duodenum or jejunum, develop, and/ gnto adult worms.
They lay unembryonated eggs, which are excretéueifaeces.

In water, inside the egg, a ciliated miracidium eleps, comes out, and
penetrates a suitable snail host. Inside the safiéy several stages of
asexual multiplication, large numbers of cercarae produced. The
latter emerge from the snail and encyst on theasarbf aquatic plants
to metacercariae. Ingestion of these plants cauestion in humans,

and the cycle is repeated.
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Fig. 6: Life Cycle of F.buski (Source: http://mwmw.dpd.cdc.gov/dpdx)
Morphology

Eggs of Fasciolopsis buski are broadly ellipsoidgberculated and
measure 130-150 pum long by 60-90 pum wide. The egos

unembryonated when passed in feces. The eggs @us$ki can be

difficult to distinguish from Fasciola hepaticathaugh the abopercular
end of the latter often has a roughened or irrequi@a. The adults of F.
buski measure 20-75 mm long and have poorlgld@ed oral and
ventral suckers. Adults reside in the intestinghefmammalian host.

Fig.7: The Egg and the Adult Forms of F. Buski
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Clinical Features

Most infections are light and asymptomatic. In heaunfections,
symptoms include diarrhoea, abdominal pain, feescites, anasarca
and intestinal obstruction.

Laboratory Diagnosis

Microscopic identification of eggs, or more rarelfythe adult flukes, in
the stool or vomitus is the basis of specific diagjs. The eggs are
indistinguishable from those &fasciola hepatica.

3.5 Pancreatic Flukes (Eurytrema Paneaticum, E.
Coelomaticum, E. Ovig

These are widely distributed in China, Korea, Japtong Kong, South
America, etc. E. pacreaticum is a common paraditpamcreatic (or
rarely bile) ducts of herbivorous mammals, i.eitleasheeps, goats,
monkeys, and camels.

Life Cycle

The adult flukes live in the pancreatic passagethefherbivores. Eggs
are passed in the faeces and ingested by land sviadh is the first
intermediate host (snail). The cercariae developo innfective
metacercariae only if ingested by grasshopperssé¢send intermediate
host. The life cycle is completed when the infedtesects are eaten by
grasing herbivores. The metacercariae excyst angratei to the
pancreatic passage, where they develop into addlisaans become
infected when they accidentally swallow infectedsghoppers.

Morphology
The parasite (1018 x 59 mm in size) is broad, flat, and oval to

fusiform. The suckers are large; the oral sucké@riger than the ventral
sucker. The eggs (5®0 x 35~40um) are embryonated in the uterus.

Fig.8: E. Pacreaticum: From Pancreas of Cattle, Acetocarmine Sain, X40
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Pathology and Clinical Symptoms

Eurytremiasis is usually characterised by mild sings. Heavy
infections, however, may be marked by gastroimastdisturbances,
including abdominal distress, flatulence, vomitingjarrhoea or
constipation. Jaundice an enlarged liver, and gystesymptoms.
Eosinophilia is rare.

Diagnosis

Diagnosis is made by finding the characteristicseiggfaeces. Spurious
infection must be ruled out by repeated examinatiéggs of the
Dicrocoelium dendriticum and E. pancreatum are &lmo
indistinguishable. Definitive diagnosis can be magleecovery of adult
flukes at surgery or autopsy.

Prevention

Human infections are generally accidental.
4.0 CONCLUSION

In this unit, you learnt that Digenetic treodgs are the medically
important groups of trematodes that inhabit diffiéigssues and organs
of their hosts. Hence, they are named aaugrdo their various
locations in the parasitised hosts. Diagnosis geddent on the route
through which parasites’ eggs are voided out ofnibst. Therefore, the
faecal, urine and sputum samples are examined stiopically to
identify the characteristic eggs. The pathologefétcts vary from mild
to severe due to the parasite burden in the hogpelP waste disposal,
and proper cooking of crabs, fishes and land snaitéch act as
intermediate host are some of the control measures

5.0 SUMMARY

Digenetic trematodes are the medically importaougs of trematodes
that inhabit different tissues and organs of tlmists. Hence, they are
named according to their various locationstlie parasitised hosts.
Diagnosis is dependent on the route through whatagtes’ eggs are
voided out of the host. Therefore, the faecal,auand sputum samples
are examined microscopically to identify the ché&gdstic eggs. The
pathological effects vary from mild to severe dodhe parasite burden
in the host. Proper waste disposal, and properiogak crabs, fishes and
land snails which act as intermediate host are somé¢he control
measures.
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6.0 TUTOR- MARKED ASSIGNMENT
Activity: Examine the eggs of the various diggetrematode
Answer the following questions:

1. Describe blood flukes (Schistosoma s¢le0?2).

2. What are the main schistosomes thégct human beings?
(LO2).

3. Tabulate the comparative features of mhjonan schistosoma
species (LO2).

4. With a well labeled diagram descritbee life cycles and

transmission of schistosomes (LO1).

5. Explain the pathology and clinical sympo of blood flukes
(LOG).

6 Describe the diagnosis of blood fluke®$§l).

7. Enumerate the epidemiology of schistossisi(LO2).

8. How can schistosomiasis be controlled®4)L

9 Hightlight the differences in the modet@nsmission cycles of
S.haematobium and H. heterophyes (LO3).

10. What are the morphological differendes the species of
schistosomes? (LO5).
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MODULE 6 INTRODUCTION

The cestodes consist of two separate subclassesCé#stodarians,
parasites of fish and other cold blooded vertebraldese are non-
segmented parasites, with only a single set ofaesngans. In contrast,
the more well known members of the Subclass Eudastne parasites
of both warm and cold blooded vertebrates, inclgdmammals such as
man. The module has three units and deals withc damily plan of a
cestode, tapeworms and examples and tapeworms of amd other
human’s cestodes

MODULE OBJECTIVE
At the end of this module, you should be able to:
. describe tapeworms of man and other human cestodes.

CONTENTS

Unit 1 Basic Body Plan of a Cestode
Unit 2 Tapeworms and Examples
Unit 3 Tapeworms of Man and other Hurnsa@éstodes

UNIT 1 BASIC BODY PLAN OF A CESTODE
CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Contents
3.1  The Adult Parasite
3.2  The Cestode Integument
3.3 Larval Metacercaria
3.4  Metacestodes

4.0 Conclusion

50 Summary

6.0  Tutor- Marked Assignment

7.0 References/ Further Reading
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1.0 INTRODUCTION

Cestodes resemble a colony of individual animatbat 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 hg\a long, ribbon-like
body. The appearance of this long body is the wrigr the common
name for these parasites, the tapeworms. The conmames of these
parasites are often derived from their intermedraists, ingestion of
which results in their infection, e.g. the FisheBand Pork Tapeworms.
Alternatively they may be named after the defimthosts that the adult
parasites are normally found in examples thee rat tapeworm H.
diminuta and the dog tapeworm Dipylidium caninurheTstudy of the
morphology of the cestode body may be divided iwm distinct areas.
Firstly, the morphology of the adult cesto(tbe tapeworm) and
secondly the morphology of the cestode larvae,etaoestode.

2.0 OBJECTIVES

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

. identify the striking features of cestodes
. describe the egg, larva and adult stage morphoddgyommon
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 thegi&.aThere are four
main types of scolex, by which the tapeworm maytdenomically

classified.

I No special attachment organs

The scolices of some tapeworms of the order Canglbgea (parasites
of freshwater fish) have no special attachmergans. (NB. Some

authors do not recognise this taxonomic order,ipipthese parasites
within the Pseudophyllidea).
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il. A Bothria

This is composed of a pair of shallow, elongateéakly muscular
grooves. Tapeworms of the order Pseudophyllideaeargpped with
bothria on their scolices.

Fig. 1: The bothria of Pseudophyllidea
iii. A Bothridia

These are broad, leaflike muscular structure, etihgoa large degree of
variation. Some bothridia are sessile, some atkestawhilst others are
hooked with accessory suckers. Tapeworms of thercoFdtraphyllidea
and others are equipped with bothridia.

Fig. 2
Iv. Acetabulate Suckers
Tapeworms of the order cyclophyllidea are equippsih four

acetabulate suckers. Parasites in this order may lahve additional
features at the apex of the scolex such as;
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- Glandular areas

- Protrusible suckers

- Suckers armed with hooks

- Hooks (e.g. Taenia)

A rostellum, an eversible muscular proboscidigen covered
with hooks (e.g. Hymenolepis, Echinococcus, andydpm)

A Myzorhynchus (a protrusible muscularssja

The Neck

This is the area of proliferation of thergmte, from which the
proglottids of the strobila grow.

The Strobila

This is composed of a series of proglottids. Eadlglpttid contains a
complete set of male and female reproductive orgaltsough these
organs usually mature at different rates. dguthe male organs
develop before the female organs, and degenerdteebthe female
organs mature. The large, gravid proglottids atpbsterior end of the
tapeworm are full of developing, or in the extretmeminal proglottids,
mature eggs.

3.2 The Cestode Tegument

The related cestodarians that also belong withen dbstodes, have a
tegument that appears to be intermediate withdahéte eucestodes and
monogeneans. This is another piece of evolutiorarglence that

indicates a monogenean origin for the tapeworin this case the
surface of the cestodarian tegument cevered with numerous
microvilli, similar in form to the eucestode micrche (see below), but
lacking the electron dense cap seen in these pgsasi

The cesode tegument is a syncytial layer, showiagynfieatures typical
of that found in other parasitic platyhelminthes.

Fig. 3: Diagram Showing Eucestode Tegument
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There are however, a number of distinguishing festypresent in these
parasites. On the very outer surface of the tegtumenrface glycocalyx
IS seen to cover the outer plasma membrane. Bdimvgtycocalyx, a
characteristic feature of the eucestode tegumenthes presence of
numerous microtriches (Mt), long spine like proessthat are in fact a
highly modified form of micovilli. Each microthrikas a hard, pointed,
electron dense cap which is seperated from theofasie microthrix by
a crescent shaped membranous cap. The mirotricegéb@ught to serve
two functions. Firstly, the tapeworms do not possasgut and must
absorb all of their nutrients across the surfagerngent. The microtiches
greatly increase the surface area of the parasiid,can be seen as an
adaptation to maximise the amounts of nutsieavailable to the
parasite. This is supported by the finding of mightes in the shaft of
the microtriches. Secondly, the Spine like charactethe microtriches
probably helps the parasite maintain its positiothie gut. This can be
more clearly seen by comparing the microtrichesntb in different
regions of the parasite’s body. It has been natedany species that the
microtriches found covering the scolex, the attashimorgan of the
parasite, were much longer than those coveringtitobila, and in some
species show special adaptations. For example itr@tnches covering
the strobila of E. granulosus have been found tavsburved hooks or
sometimes even barbs. Below the layer ofratiches the main
syncytial layer of the tegument is found. This hbagen seen to contain
numerous vesicles and membrane bound, electronedeod-like
structures, refered to as disc-shaped bodms. (Finally numerous
mitochondria, mainly in the distal region of thguenent, may be seen.
These are unusual in that they do not have marsyaeri reflecting the
anaerobic metabolism of the organism. The tegurhemiglei are
however not located in this outer layer, but areunfb within
subtegumental cell bodies (StC), located beneatcittular (Cm) and
longitudinal muscle (Lm) layers, embedded withthe parenchymal
tissues (P) and mesenchymal musculature (M). Togiseegumental cell
bodies also contain other cellular elements sucbodgi apparatus and
lipid inclusion bodies (L) which are connected ke touter syncytium
and areas of glycogen storage (Gs) by long prosopla extensions
(Pe). The location of these important cellular edata away from the
outer surface of the parasite, exposed to immuncdb@ttack by the
parasites host, is an important adaptation to asar lifecycle adopted
by all of the parasitic platyhelminthes. The palgmoal tissues are
similar to those of the trematodes and flle spaces between the
parasites internal organs (all cestodes and otlayh@Iminthes being
acoelomate organisms).

These tissues are a syncytial network formed bystanzosis of

mesenchymal cells, with spaces filled with carbohi@ rich
parenchymal fluid.
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3.3 Larval Metacercaria
The Larval Cestodes
I. The Cestodarians

The cestodarians larvae or lycophore are free swigyeing covered
in cillia. They have a set of ten hooks at the exi anterior of the
body, thus differing from the larval eucestodesiowhare equiped with
3 pairs of hooks. Anteriorly they are armed witm@ieation glands. The
bodily form of these larvae bears a marked resemsbl#o the larvae of
the trematodes, such as the miracidium in the @iges, and the larval
monogenean, the oncomiracidium.

Fig. 4: Alycophore
. The Eucestodes (Tapeworms)

The eggs of Pseudophyllidean and Cyclophyllideastockes differ
considerably. The egg of the pseudophyllidean tapew closely
resembles that of the trematodes, having ia $hell wall, and an
operculum, which on hatching opens to resealesfrib® swimming
larvae. This illustrates the close relationshipwasn the two major
groups of platyhelminth parasites. In contrast, tegg of the
cyclophyllideans tapeworms is very different, havia very thick,
resistant egg shell, with no operculum.

153



NSC 106 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

Fig. 5: The Pseudophyllidean and Cyclophyllidean Ova

The larvae emerging from these eggs also diffee pseudophyllidean
egg hatches to release free swimming larvae calledracidium. This
has an outer layer of ciliated epidermal cells withich it swimms
through the water before being ingestey the parasites first
intermediate host. This is often a copepatside the copepod the
ciliated epidermis is shed, to release larvae ithaally resemble that of
the newly hatched cyclophyllideans. This has 6 Bpakranged in pairs,
and is a common feature throughout the eucest@eshe basis of the
presence of these hooks, present in both the exlessand cestodarians,
many authors believe that the cestodes originallgived from an
ancestor common to the extant monogeneans.

Fig. 6: Coracidium Larva

The larval cyclophyllidean, as with the pseudopbghn, is equiped
with 3 pairs of hooks. Both groups use these hdokzenetrate the gut
wall of its intermediate host after being ingesteefore developing into
the other larval forms described below in more itleta

Fig. 7: Larva of Cyclophyllidean
3.4 Metacestodes

A number of different larval forms of cestodes (aweistodes) are seen,
these include the following:
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Fig. 8: A Procercoid of Pseudophyllidean (e.g D. Latum)

A larval form of Pseudophyllidean cestodes, exasple D. latum and
Ligula intestinalis.. Here the two forms of the @eccoid are shown.
Firstly an immature procercoid, and secondly a meatinfective
procercoid. In the lifecycle of these parasitesdhare two intermediate
hosts. The Procercoid being found in the firsthadse (usually a small
crustacean e.g. Cyclops).In appearance these ldraae solid bodies
with the remains of the embryonic hooks from thehlwsphere larvae at
the posterior of the parasite.

Fig .9: A Plerocercoid of Pseudophyllidean (e.g D. Latum)

A larval form of Pseudophyllidean and other Cessoalee samples of D.
latum and Ligula intestinalis. In the lifecycle thiese parasites there are
two intermediate hosts see the cestode life cyatgep The plerocercoid
found in the second of these,is usually a fishnoplaibian.

In appearance, these are elongated larvae witl boldies which are
much larger than the preceding procercoid larvaethese stages the
embryonic hooks are absent. The plerocercoids ofmeso
Pseudophyllideans already show the start of thesldpment of the

sexual organs (e.g. Schistocephalus solidus, Ligukstinalis), whilst

those of Schistocephalus Solidus is alsloeady divided into

proglottids).

Fig.10: A Larval Form of Cyclophyllidean Cestodes, (E.G. Hymenolepis $p.)
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A larval form of cyclophyllidean cestodes,e.g. hyrokepis sp. This
larval form is usually found in species where thieimediate host is an
invertebrate, usually an insect.

Fig.11: A Larval Form of Cyclophyllidean Cestodes, (E.G. Taenia ~ Solium)

Fig.12: A Larval Form of Cyclophyllidean Cestodes, (E.G. Mesocestoides Sp.)

Fig.13: A Larval form of Cyclophyllidean Cestodes, (e.g. Taenia Taeniaeformis)

Fig.14: A Larval form of Cyclophyllidean Cestodes, (e.g. Taenia Multiceps)
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Fig. 15: A Larval form of Cyclophyllidean Cestodes, (e.g. Echinococcus Granulosus).
- Hydiatid Cyst

4.0 CONCLUSION

In this unit, you learnt that the body plan of adidstode is divided into
scolex, neck and strobila. The scolices of tmder Caryophyllidea
(parasites of freshwater fish) have no specialkchtteent organs while
the Pseudophyllidea have weakly muscular grooveshndre armed with
bothria. The Cyclophyllidea have four acetabulaigksrs. In addition to
these are glandular areas, protrusible suckersaatellum depending on
the species of the cyclophillidean. The strobilanesde up of proglottids
containing the male and the female reproductiveaimsg The larvae of
cestodes vary with species with some being ciliaiedl as such are free
swimming. Some however, have operculum with thiellshall. Others
have thick shell wall with 6 hooks.

5.0 SUMMARY

The body plan of adult cestode is divided into sgpheck and strobila.
The scolices of the order Caryophyllidea (parasitesreshwater fish)
have no special attachment organs while Riseudophyllidea have
weakly muscular grooves which are armed with bathriThe
Cyclophyllidea have four acetabulate suckers. Iditamh to these are
glandular areas, protrusible suckers and rosteldlepending on the
species of the cyclophillidean. The strobila is mag of proglottids
containing the male and the female reproductivanmsg The larvae of
cestodes vary with species with some being ciliatedl as such are free
swimming. Some however, have operculum with thiellsivall. Others
have thick shell wall with 6 hooks.
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6.0 TUTOR-MARKED ASSIGNMENT
Activity
Answer the following questions:
1. Describe the four main types of scolex (.O1
2. Differentiate between the larvae ¢&edophyllidean and
cyclophyllidean (LO2).
3. Give a concise description of the variarsal forms of cestodes
(LO2).
7.0 REFRENCES/ FURTHER READING
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UNIT 2 TAPEWORMS AND EXAMPLES
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Contents
3.1  Diphyllobothrium Latum (The Broad Fish Earm)
3.2 Dipylidium Caninum (The Dog Tapeworm)
3.3  Tapeworm of the Genus Hymenolepis

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment

7.0 References/ Further Reading

1.0 INTRODUCTION

Cestodes or tapeworms are the most specialisedeoPlatyhelminthe

parasites. All cestodes have at least one, andtsnes®emore than one,
secondary or intermediate host as well as themamy host. While the

intermediate hosts are often invertebrates of ssong the primary host
is normally a vertebrate. However, in some caseth bwsts are

vertebrates, as in the common Beef Tapeworm (Tasam@atus), and
in a few species there may be only a sinigbst. A number of
tapeworms include mankind in their life cyclest bnfection is not

normally a serious health problem and can be cufbdre are more
than 1,000 species of tapeworms known to science, reearly every

species of vertebrate is liable to infection fromlemst one species of
tapeworm.

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

. describe the morphology and life cycle of a nanmestade
. dxplain the epidemiology and control of these pégas

3.0 MAIN CONTENT

3.1  Diphyllobothrium Latum (The Broad Fish Tapevorm)

Diphyllobothrium latum is the fish tapeworm of ma.has a fairly
cosmopolitan distribution, but is particularly commin the Baltic
region, Russia and the Great Lakes region of tiseAJ.
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Morphology of the Adult Tapeworm

The adult parasites are typically between 2 anthif length by up to 2
cm in width, but may grow even longer in some caJéw anterior

organ of attachment is a bothria, a pair of shallelengated muscular
grooves, typical of tapeworms of the order Pseugltidea. The body is

divided into proglottids, as is the case all pseudophyllidean
tapeworms. These proglottids are broader than éineylong, except at
the terminal end, where they are approximately mgua shape.

Internally the proglottids are typical of pseudoljidgan tapeworms,

with numerous testes and vitellaria arranged onatezal margins of the
proglottid, with a central bilobed ovary. Amportant difference
between this parasite and the other tapeworms of im¢hat the uterus
open to the exterior (cyclophyllidean tapewormsehalosed uteruses).
Eggs are therefore actively deposited by the p@yaisi contrast to the
disintegration of the proglottids seen in the otin@man tapeworms.

Vit L ey e

Vtd /N i B

NG
LEC Sl Oo

Fig.1: The Female Reproductive System the Male Reproductive System of D. Latum

Key - Ov - Ovary (bilobed in D. latum.) ;00 - Oot/pwhere the eqgg is
formed); Ut - Uterus (In the pseudophyllideans tipens to the outside,
via the uterine pore); Ut p. - Uterine pore (notegant in the
cyclophyllideans); V - Vagina (a long straightbé); Vt - Vitelline
glands (secreting substances that make up the@ggyd shell);Vt d. -
The Vitelline duct (connecting the vitelline glarnhich are diffuse and
are situated lateraly in D. latum ;M - The Mehliargd (A cluster of
unicellular shell glands, absent in some speciesY@&stes (dorso-lateral
in D. latum ;V - Vas deferens; C - Cirrus (a prsthle muscular organ,
opening anterior to the vagina in a common geaitaim); G A - Genital
Atrium (a cup shaped sinus, where the cirrus argineahave common
openings); L E C — The Lateral Excretory Canal
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Life Cycle and Transmission

Diphylobothrium latum has a typical Pseudophyllidetapeworm
lifecycle. In addition to the adult parasites ire thefinitive host, (i.e.
man), there are two intermediate hosts contairangal stages. Eggs are
passed from man in the faeces and hatch in watetdase a small motile
embryonic parasite, the coracidium. This is intdynaimilar to the
hexacanth larvae of the cyclophyllidean tapewolme#)g equipped with
6 hooks, but this hexacanth larva is covered inliated embryophore.
The coracidium is a free swimming stage, but casnotive long. For
further development, it must be ingested by th&t fimtermediate host, a
copepod. On ingestion the embryonic larvae perestrétte arthropods
gut wall, entering the haemocoel to develop inte finst larval stage,
the procercoid, measuring 50um in length. Thisdafas well as the
next larval stage, the plerocercoid described apeweery different from
the cyclophyllidean parasite larvae in that theyehalongated and solid
bodies. In addition, the procercoid bears the emticyhooklets on a
posterior bulb like rounded growth, the cercomen gontinue the
lifecycle, the copepod must be ingested by the mt@&tmediate host, a
fish. The procercoid penetrates the gut wall offible, and develops into
the next larval stage, the plerocercoid (sparganumgasuring 4 - 5
mm in length, in the viscera or musculatufetie fish. These
plerocercoids have again elongated solid bodieaspas, but differ from
the procercoids in the absence of the cercomer haodklets, and at the
anterior end having a developed attachment orghe bothridium,
similar to the adult parasite. A number ofehént species of fish may
act as intermediate hosts for the plerocercoid3. déatum, but the highest
densities of plerocercoids are found in carnivorigls such as the pike.
These high parasite loads are because, in adtlitiofiection by ingestion
of the copepod plus procercoid, if another infectsth is eaten the
plerocercoids within the body tissues of this pteddish are released in
the intestine of the carnivorous fish. These theigrate through the
intestinal wall, to invade the new host, whiclhien acting as a Paratenic
host for these secondary plerocercoids. The plecows are, in addition,
very long lived, and may achieve very high paradiéasities. 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 aksoinfected,
including cats, dogs, pigs, bears. Therefore unfain addition to being
a parasite of man also causes zoonotic infectionmban multiple
infections may occur, sometimes of very high nural§aep to 143 worms
have been reported from a single individual). lesth cases the parasites
length is considerably reduced.
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Irfected crustacean ingested
by small freshwater fish

Procarcoid larva released I’rcm Frecator fish eats
clustacean, derelc-psmtc nfected small fish

plerocercod lava A f J b7
http/twww dpd.cde.govidpdx
b L 2 \
<= f
Procerccid larvae Homan ngeslso

in body cavily raw or urdercooked,
of crustaceans

A\ = Infective Stage
A = Diagnostiz Siage

\

Coracidia hatch from
eggs and are irgestec

\ Adults in small ntestine
by crustaceans.

i Frogiottds release
e Egge ombryoru!o Unembryonated ¢ggs 0 immatue egge
ir weter passedin leces

Fig. 2: Life Cycle of D. Latum ( source http://www.dpd.cdc.gov/dpgx
Pathology of Infection

Infection, as is often the case with adult tapewsrpresents a variable
range of pathology, but again is not commonly tlaeise of serious
disease in man. Symptoms, when they occur, inciugariety of non-
specific abdominal signs, including abdominal pand loss of weight,
and are often very similar to the symptoms dispdagtaring 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 megtic hypochromic
anaemia in some cases, vitamin B12 having an iraportole in
formation of blood cells. This feature of the edise is much more
common in the Baltic region, particularly in FinthnThis tapeworm
derived anaemia may be due to host derived gefiaetiars. It is also more
commonly seen when the tapeworm is situaigteh in the intestine.

Epidemiology and Control
Infection occurs by consuming raw or undercookistt harbouring

sparganum. Therefore to avoid infection in marf) 8ould 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 Dogl #ime Cat. However
man, and in particular children, may also be irddct

Lifecycle

Similar to Taenia saginata, the proglottids of lageworm are actively
motile, and are able to crawl out of the anus efdgfinitive host as well
as being passed in the faeces. The eggs of thisespef tapeworm are
contained in egg-capsules, each containing up entyveggs. These
eggs are ingested by the parasite’s intermediast, o this case an
invertebrate arthropod such as fleas (only thealditea can be infected)
or the dog louse Trichodectes canis. The onchosdherae is released
in the arthropods gut and penetrates through thevgll,developing into

a cysticercoid, similar to the hymenolepid lanapéworms. Infection of
the Definitive host, whether dog, cat or man, osaum ingestion of the
larval parasite, either when the intermediaiest is ingested, or
ingestion of the crushed bodies of these hosts.ekample, if the dog
licks the face of the child just after it has hitta flea or louse. On
ingestion the cysticercoid larvae develops into ddelt parasite in the
small intestine in about twenty days.

Morphology

Larvae - The larvae are roughly pear-shaped, afldwiahe typical
cysticercoids body pattern. Adults - Tdesre relatively short
tapeworms, measuring between 15 and 17cm in leargdhconsisting of
up to 170 proglottids. These are elongated form, the gravid
proglottids, measuring approximately 12 x 3m andkpd full of
eggcapsules, having the appearance of grains ef Tihe scolex, by
which the parasite attaches to the wall of the kimistine, has four large
acetabulate suckers, a retractile rostellum andosus of 30 to 150 rose-
thorn shaped hooks. The eggs which are typical opyglllidean
tapeworm eggs, are round in shape and measure Gpum, and are
held within egg-capsules.

Pathology of Infection
The infection appears to be asymptomatic and gbéyne@n-pathogenic,

although there may be some degree of mild pruetisiching, around
the perineum due to the presence of emerging pitamgo
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3.3 Tapeworms of the Genus Hymenolepis

There are a number of species in this genus, twehaéh are common
parasites of man.

H. Nana - The Dwarf Tapeworm

This tapeworm is relatively small, growing up ta@a length, the size
of the parasite being inversely proportional to thenber of worms
present in the infection. Infections, which are emaeommonly seen in
children in warmer climates, are characterised by presence of
numerous parasites (both cysticercoid larvae andtsdin the small
intestine. Infection is by ingestion of soil taminated with faeces
containing eggs and may give rise to abdominabaligort.

H. Diminuta - The Rat Tapeworm

This tapeworm is much longer than H. nana, growipgto 60cm or
more in length. This is primarily a parasite of thg humans only being
infected by accidental ingestion of the insect nmiediate host. This
species is of more importance as a research modehé study of the
biochemistry, physiology, chemotherapy and immugyplof tapeworm
infections. In addition there are a number of sgedound in animals,
including;

H. Carioca - A common non-pathogenic parasite of fo the USA.

H. Microstoma - A parasite of rodents.

H. Lanceolata - A pathogenic parasite of ducks,sgeand other
anseriform domestic fowl.

H. Coronula- A parasite of anseriform domestic fowl

H. Cantaniana - A parasite of chickens and oth#if@an domestic fowl.

Morphology

Apart from their relative sizes, these two parasieman are very similar,
H.nana being up to 4cm in size, the strobila caimgjsof up to

200 proglottids, whilst H. diminuta grows up to &dor more in length
and the strobila consists of up to 1000 proglottidese proglottids are
trapezoidal in shape, and are approximately fauesi as wide as they
are long. Each proglottid contains three rouncetesd bi-lobed ovary, a
compact vitelline gland and a large uterus opetorglateral genital pore
(as does the cirrus). The scolex in both parabiéee four suckers and a
retractile rostellum which in H. nana is equippedhw20 -30 hooks
(the rostellum is unarmed in H. diminuta). Finalhe eggs of the two
species both have the characteristic thickenedsvedllall cestode
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eggs, but may easily be differentiated. Those efytbllowish brown H.
diminuta eggs are much rounder than colourlessadareggs and are
larger with 60 - 80pum in diameter.

In H. Nana the eggs are oval in shape, measuridg by 50um and
contains an oncosphere equipped with 3 pairs ofrgoniic hooks (i.e. a
"hexacanth" larvae) and long wavy filaments (absanH. diminuta)
which lie in the space between the larvae and glgesbell wall.

The two species infecting man have rather diffedldatycles which
will be considered separately here.

H. Nana

This parasite has rats and mice as well as malmeageffinitive host, and
differs from H. diminuta and almost all othepéworm in that an
intermediate host is not required, although flead &eetles may be
used. The embryonated eggs are passed in the fadoee they

contaminate soil. If the eggs are ingested by teénidive host the

oncosphere is activated and breaks out of the rdganetrates the gut
villus. Here it develops as a cysticoid larvae boat 4 days before
rupturing into the gut lumen. Once ruptured, thelesc attaches to the
gut mucosa and the parasite develops into the ddpd#worm after

about 15 to 20 days. If the insect intermediatetsh@se utilised the

lifecycle is similar to that of H. diminuta belown heavy infections

eggs liberated by adult worms in the intestine imatgh here rather than
passing out of the body, to give autoinfection.

h= Infective Stage
ﬁ= Diagnostic Stage = =
hittp:ffanener.dpd. cde.gow'dpdx

Oncosphere hatches

¥ Cysticarcoid develops in
9 Humans and rodents are ntestinal villus
infected when they ingest - /f__;f\
cysticarcoid-infaected arthropads. :5_'9:0 ’.-é,';’-
L

Cyslicarcoid
denvvalops in

insect Autoinfection can aocur if

eugg:i resmain i the inbastine.

B
1?,'5} The eggs then release the Seolex
J” ¥ hexacanth embryo, which
"‘\"_ ll_." ingesied by humans penatrates the intestinal willus
N from contaminated continuing the cycle
food, water, or hands 6:% A
v A FEey
Nt ™R
L =
Aylusit in el F(__:.}
Egqg ingested portion of

by insect small intestine

“ \(;ﬁ/ﬁ

|

Ly Eggs can be released through the
St ggenital atrium of the gravid proglotlids.
ﬂwﬁ Gravid proglottids can also disintegrate

refeasing eggs that are passed in sloals
Embryonated egg in feces

Fig. 3: Life Cycle of H. Nana (Source: Http://www.dpd.cdc.gov/dpdx)
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H. Diminuta

This parasite as in most tapeworms does requirgntanmediate host.

Embryonated eggs pass out of the body of the diefrost in the faeces
and are ingested by the insect intermediate hivkigsy insects may act
as intermediate hosts for this parasite, the mosincon being fleas and
beetles such as the flour beetle. When ingestethdyntermediate host
the oncosphere larvae become activated, breakfahecegg shell and

penetrate into the insect's body cavity where thigyelop into a

cysticercoid larvae. For completion of the life@jclthe infected

intermediate host must be eaten by the definibest. On ingestion,

the cysticercoid larva becomes activated, the gdodeomes attached to
the gut mucosal wall, and the parasite develomstimt adult tapeworm.
An interesting feature of Hymenolepis tapewormwhat they undergo a
diurnal migration within the gut, which is assoettwith the feeding

patterns of the host. From about 4pm to 4am fe\agis are seen in the
lower part of the small intestine, whilst from abdam to

4pm many parasites are seen in the upper parteokthall intestine.

This was first observed in H. diminuta amsdbsequently in other
species, and is indicative of a nocturnal feediaijgon by the parasite.

Pathology of Infection.

These parasites are not very pathogenic, uswally asymptomatic
infections. In man infected with H. nana there rbaya slight irritation
of the gut mucosa and slight abdominal pain, anth wery heavy
infections (>2000 worms) there may also be somglthaa. In the bird
species there may be enteritis and intestinal ottstn with some
species.

4.0 CONCLUSION

In this unit, you learnt that D. latum ‘a psedopiacan’ infects fish
which in turn infects man when fed on raw or undeked fish. Rats
and mice as well as man are the definitrests of H. nana, and
therefore difers from H. diminuta and almost ahettapeworm in that
an intermediate host is not required, althoughsflead beetles may be
used. Dipylidium caninum are dog tapeworms that aanwell infect
human expecially children.

5.0 SUMMARY

D. latum ‘a psedophyllidean’ infects fish which tarn infects man
when fed on raw or undercooked fish. Rats and msceell as man are
the definitive hosts of H. nana, and thereforerdifeEom H. diminuta
and almost all other tapeworm in that aterimediate host is not
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required, although fleas and beetles may be usggli@ium caninum
are dog tapeworms that can as well infect humae@afy children.

6.0 TUTOR- MARKED ASSIGNMENT
Activity

Conduct a physical examination of different typdstapeworm and
report your findings in the log book.

Answer the following questions:

1. What are the striking features of cessd?{e O1).

2. Explain the transmission cycle of D. fat(LO2).

3. What are morphological differencé®tween the mature

proglottids of Dipylidium caninum and Hymenolepgp8 (LO2).
4. Describe the life cycle of D. latum (LO2)

7.0 REFERENCES/ FURTHER READING

Bonsdorff, (1977).Diphyllobothriasis in Man. New York: Academic
Press, Inc.
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UNIT 3 TAPEWORMS OF MAN AND OTHER
HUMAN'S CESTODES

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Contents
3.1 Taenia Spp
3.2  Other Taenia Cestodes
3.3  Echinococcus Spp
4.0 Conclusion
5.0 Summary
6.0  Tutor- Marked Assignment
7.0 References/ Further Reading

1.0 INTRODUCTION

Two species from the genus Taenia are common pasas man, these
being Taenia solium (the Pork tapeworm) and Tasagnata (the Beef
tapeworm). Taenia saginata has a cosmopolitanildistn, with
estimates of approximately 50 million cases of ¢tifen world-wide
annually. As with T. saginata and T. solium thisrgséte has a
cosmopolitan distribution, with estimates of appmoately 50 million
cases of infection world-wide annually. However theidence of
infection may vary considerably, and may be infeeshby a number of
factors such as religious inhibitions on eatingkpas in many Islamic
countries, or in other countries by high degreesaniitation, limiting
exposure of the intermediate hosts to human fadtes parasite has pigs
as the main intermediate host, but man may alsasen intermediate
host for this parasite as well as being infectedhwihe adult
tapeworms. This aspect of the parasites lifecycks hmportant
implications for the pathology associated with atfen with this parasite.
Echinococcus granulosus is one of the three spe€ieshinococcus that
is generally accepted as parasites of man. It @scdusative agent of
Hydatid disease in man and many other mammalsdars in Europe
and Artic region of North America.

2.0 OBJECTIVES

. discuss the epidemiology and control of human tapews
. describe the morphology of taenia spp
. explain the pathology infection of taenia spp.
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3.0 MAIN CONTENT

3.1 Taenia Spp
Life Cycle of Taenia Spp

This parasite has cattle or related animals asas intermediate hosts,
although other animals such as camels, llamas amg sintelopes may
also occasionally be infected. The larval form rege animals is a
cysticercus in the muscles and heart. These aeeted by ingestion of
the eggs of the tapeworm; shed from the faeceshefcarnivorous
definitive host, in this case man. Once ingestedettpgs hatch to release
the hexacanth larvae, which migrate through thestintal wall to reach
the blood or lymphatic systems, from where it isriea to the tissues,
particularly the heart and other muscles to devettp the cysticercus.
Man is infected by ngestion of undercooked or raeainthe bladder
wall of the cysticercus being digested in the itmesto release the
scolex of the parasite. This attaches to the imastvall and grows into
the mature adult tapeworm.

AOnoosphe:es develop
into cysticerci in muscle

o Humans infected by ingesting

Oncospheres hatch @ raw ot undercooked infected meat
penetrate intestinal
wall, and circulate
10 musculature
T saginala T solum

oY/ V!

Scolex attaches 10 intestine

Cattle (T. saginala) and pigs (T. solium)
become infected by ingesting vegetation
contaminated by eggs or gravid proglotids

T. saginala T solium
\ = e Adults in small intestine
e N AT
A S
s A o0
!

A= infeciive Stage
A= Diagnostic Stage

Eggs or gravid proglottids in feces
and passed inlo environment

Fig.1: Life cycle of T. saginata and T. Solium
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Morphology

Taenia Saginata Larvae - These cysticerci are appately 7.5-10mm
wide by 4-6mm in length.

Adults - The adult tapeworms have an average leofgbout 5 meters,
consisting of approximately 1000 proglottids, buayrgrow up to 17
metres in length occasionally, and are thereforgédo than the adult
forms of Taenia solium. The mature proglottids hapmproximately

double the number of testes that T. saginata hdamlarger. The gravid
proglottids are also larger, measuring approxinyd2®mm long by 6mm
wide with a uterus with more lateral branches tfiamsolium. These
gravid proglottids when detached from the strobhilay be very active,
not only crawling away from the faeces when pasbatpften actively

emerging from the anus to deposit eggs from théurad uterus around
the perianal region. The scolex in this tapewormynaso be

differentiated from T. solium as it is slightly ¢gr, at approximately

2mm in diameter and is unarmed, without any hoalthough the 4
acetabular suckers are still present.

Taenia Solium

Larvae - These small cysticerci (refered to as iCgstus 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 foundthreotissues such as
those of the central nervous system where theygrmay much larger, up
to several centimetres in diameter.

Adults - The adult tapeworms have an average leofgbout 3 meters,
but may grow up to 8 metres in length occasionalhyg follow the typical

morphology of cestode tapeworms. The strobila stesf between 800
and 1000 proglottids. There is only half the numbétestes that T.
Saginata has. The gravid proglottids, measuringe@mately 12mm

long by 6mm wide, have a uterus with between 8téaleral branches,
less than T. Saginata The scolex in this tapeworay ralso be

differentiated from T. saginata as it is equippeth\a low rostellum with

a double crown of approximately 30 hooks.
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CRAYID PROGLOTTID

T. solium

UTERINE BRANCH COMPARISON

GRAVIC PROGLOTTID
T. saginata

Fig. 2: Showing the Distinctions between the Proglottid of T. Soliumand T. Saginata

Major Differences between T. Saginata and T. Solium

Features T. saginata

T. solium

Size 3-7m(sometimes
Upto 25m) long

No. of proglottids 1000-2000 (sheds

3-10 daily)

No. of eggs perl00000

proglottid

Scolex Cuboidal, up t6rAm
In diameter

Rostellum Absent

No. of testes 800-1200

Shape of overy Bilobed

Gravid uterus
on
each side

15-25 lateral branchésl3

2-3m(sometimes up to
10m) long

800-1000 (sheds

8-10 daily)

40000

Spheroid, about
1.0mmin
diameter
Present,
two
circlets of 22-32 hooks
300-500

Trilobed

lateral

armed with

branches
on
each side
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Vaginal sphincter Present Absent
Gravid proglottid When detachedactive When detached,
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creep out through anus
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craw about

_individually

Pathology of Infection.
T. Saginata

Larvae - Unlike T. solium, T. saginata does mitise man as an
intermediate host, and therefore pathology duééddrval form is not a
feature in human disease. In cattle the cysticercatered to as
Cysticercus bovis (named before the parasite ljelec had been
determined, and the connection between the two doirad been
established) is completely asymptomatic.

Adults - The pathology of infection with adult Taginata is highly

variable. Often infections are completely asymptoenaout in other

cases some degree of pathology may be seen, nramistg intestinal

blockage. In some cases vitamin deficiency mayhbeesult of excessive
absorption of nutrients by the parasite, althoug$ &spect of tapeworm
pathology is more a feature of infection with thehftapeworm D. latum.
In addition infection may be accompanied by a broage of non-

specific symptoms, including more commonly, (ifrsed all), abdominal

pain, digestive disturbances, excessive appetitédoss of appetite,
weakness and weight loss.

T. Solium

Larvae - Infection with the larval form of T. safiucysticercus cellulosae,
(Called "Cysticercosis”) may have severe conse@snthe annual
world-wide mortality due to cysticercosis havingeheestimated at
approximately 50 000 cases. In man the cysticeasniy develop in the
subcutaneous tissues, but infections in both th@r&leNervous System
(C.N.S.) and ocular tissues are also very comnmdaction of the C.N.S.
may cause severe pain, paralysis, optical anp#ychic disturbances
and epileptic convulsions, mainly due to mechanjwassure as the
larvae develop. Later there may be loss of consaiess and even death.
infections involving the eye may give rise to distort, and can cause
detachment of the retina.

Adults - Usually only a single adult specimen isgant, which may cause
a slight degree of mucosal inflammation. The acaffdcts on the host
may vary considerably, often there are few sympt §in some cases
a variety of nonspecific symptoms such as constipaepigastric
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pain and diarrhoea, are present. Very rarely theag be perforation of
the intestinal wall, with subsequent fmamitis. However, more
seriously, as detailed above, the presence of aaulns carries the risk
of autoinfection due to reverse-peristalsis resgltin cysticercosis, it
being estimated that approximately 25% of casesCgkticercus
cellulosae infections in man being acquired by tbige.

Diagnosis of Infection by Taenia spp

- Demonstration of scolex and proglottids in thecks. However,
scolex are rarely excreted in faeces

- The eggs of T. saginata and T. solium are simtHamwever, most
laboratory diagnosis is through the observationTaénia spp
eggs in faecal sample.

- Examination of gravid uterus shows 15k&®&ral branches in T.
Saginata and 7-13 lateral branches (counted fremthin stem)
in T. Solium when short chains of 5-8 proglottidssped out in
faeces are pressed through glass slides.

- The scolex of T. saginata is easily dgtiished from that of T.
solium in that it has only 4 suckers but no hooks.

- Radiological examination of the intestinihct may reveal
tapeworm infection.

Epidemiology and Control

The prevalence of Taenia infection is on therease due to the
following factors;

I Intensification of animal production

. Development of meat industries in sevelelopingcountries

iii. Consumption of undercooked beef and porkdayist visiting
highly endemic areas

V. Consumption of semi-cooked meat manufactured food
products like hamburgers, etc.

V. Accelerating urbanisation with decreasdiiciency of sewage
systems
Vi. Sewage farming

In view of the above listed epidemiologicklctors that favour
transmission, the following measures can be takeaduce prevalence;

1. Proper meat inspection services befoeg@isn meat industries.
Diseased meat should be condemned and destroyed.
2. Lightly infected beef with cysticerci cdre rendered safe for

consumption by freezing at -100C for at least 1ysda
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3. Cooking of meat well before eating

4. High standards of sanitation will redtr@smission.
5. Immunisation against bivine cysticercosis

3.2  Other Taenia Cestodes
Infection by Adult Tapeworms

Taenia taeniformis - This parasite has a cosmaoldistribution, the
adult parasites are normally found in cats andtedlaarnivores, but it
has been reported from an Argentinean child. Thetadpeworms are
about 60cm long, and are unusual in that they éankck. The scolex is
large and equipped with two rows of hooks, whils¢ posterior gravid
proglottids have a characteristic bell shape. Hneae, which are found
in wild rodents, are a strobilocercus, a develognwna cysticercus
where the scolex has evaginated, but is still hedddo the bladder of
the cysticercus by a short segmented strobila.

Taenia bremneri (Syn. T. confusa) - reported froemnm Africa, Japan
and the United State of America. This parasite may synonym of T.
saginata. Taenia africanus - reported a few timegast Africa. This
tapeworm has broad segments and an unarmed scatlexawsmall
apical sucker.

Infection by Larvae (Metacestode Infections)

Taenia multiceps - The adult tapeworms of this mseare found in
dogs and related canids. The larva is a fluid aomtg cyst 5cm or more
in diameter, containing several hundred protosesliand is called a
coenurus. It is normally found in the brain or spinord of sheep and
goats where it is an important pathogen. In thesmals, it causes a
condition known as 'gid' or 'staggers' as the canendevelops along
with an associated destruction of nervous tissiee [&rval form may
rarely infect man, where it causes a conditioneceioenurus cerebralis,
on accidental ingestion of tapeworm eggs from #seés of dogs.

Taenia Serialis - A similar parasite to T. multisethe coenurus larvae,
measuring 4cm in diameter or larger, is usuallyntbin the subcutaneous
and intramuscular tissues of lagomorphs. The a@dypléworms are

found in dogs and foxes with a cosaolibgn distribution. They

measure about 70 cm in length and have a scoléxtwd rows of about

30 hooks. The larvae have been reported very rarehan.
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Taenia Glomerulatus - The larvae normally infectemis, but the
coenurus larvae have also been reported asyraricting man in
Africa.

3.3  Echinococcus spp

Three species of Echinococcus have been genecalypted as parasites
of man Echinococcus granulosus. There are causagigat of Hydatid
disease in man and many other mammals. The dogadte definitive
host for this species. A number of sub-specieisf parasite have also
been described, the most universally accepted bEing. granulosus
(thought to be the original species found in Eur@ough now more
widespread) and E. g. canadensis (the indigencesespof the Arctic
region of North America, for more details see bglow addition there
Is considerable strain variation within this patsiwith differing
preferences for intermediate hosts. For examplesland a strain exists
whose larvae only infect the horse, man being tasi$o infection.

Life Cycle

Dogs and other canids are parasitised by the &ahdivorm. When shed
by the tapeworm, the gravid proglottids disgrate in the dogs
intestine, and eggs which are passed in the faacedhighly resistant,
being able to survive freezing and drying on theugd for up to a year.
Many mammals apart from man may act as intermediats, Iin
particular sheep and horses. The situation is higbimplex as at least 9
sub-species have been identified, all with difféfrerst specificity;

E.g. granulosus - Adult form in most canids apaont the red fox,
hydatids in sheep, pigs, cattle, man and many miginants.

E.g. equinus - Adults in canids, hydatids in hosed other equidae, but
probably not man

E.g. canadensis - Adults in canids, hydatids iboar, reindeer and man
E.g. borealis - Adults in canids, hydatids in mamyvids and man. In
addition, in parts of Kenya there is a strain ob-species that is
particularly adapted to transmission betweem maad domesticated
dogs.

The egg enters the host by ingestion, either fromtaminated grass (as
is the case in infections of herbivorous ruminaras)n the case of man,
by contamination, (for example by the dog lickimgd after it has been
cleaning itself) or other examples of bad hygidodpwed by transfer
to the mouth. The egg then hatches in the intespiaretrates the gut
wall, and travels via the lymphatic or blood systimoughout the body,
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from where they lodge within the body tissues. Tlgsts may develop
anywhere within its intermediate hosts body, buth&scirculatory blood

stream passes from the mesenteric blood vesséte tliver; it is in the

liver that the majority of the cysts (in about 65 cases) are found.
Next in frequency of infection are the lungs (ab206), brain (1%),

peritoneal cavity (8%), kidneys (3%) and bone maros other organs.
Development of the cysts to produce infective psotdices 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 cysngested along with the
offal. The cyst wall is then digested, liberatirg tprotoscolices which
quickly evaginate, penetrating deeply into the t3ygf Lieberkuhn, and
developing to adult worms in approximately 7 to 8eks. Due to the
presence of many protoscolices in each hydayst, dogs may be
infected with many E. granulosus (tapeworms).

™ ..
[ 0
7 Scolex attaches
1o intochno =
GG

) _

: Adult in smallintestine /
s @ .
"/ 6 )

I Proloscolex
from oyot F
Ingaston of eyats |
(inorgans) | Nefinitive Hnst Ao 2

(dogs & other canidae)

Intermeadiate Hosat
Ingestion of eggs Emoryonated
(sheep, goats, swine, elc ) (in ,N“gm g0 in faces,

AO /

{1 _— %

(i 5‘&:@ 1) ‘: h-}'-

W REj L

\Q:}\a“dgy A = Infective Stage
S \. . / Oncotphere hatchos; A - Diayuontiv Stage

Hydabd eyst in liver, lungs, ate penetrates intestinal wall

Fig. 3: Life Cycle of E. Granulosus (source: http://mww.dpd.cdc.gov/dpdx)
Morphology

Larvae - These Metacestodes (called 'Hydatids') large, roughly
spherical, fluid filled hollow bladders, coimtt;ag numerous
protoscolices (forming the so-called hydatid samipod capsules, and
daughter cysts which are identical in form to thgarent cyst. The cyst
wall itself consists of an outer laminated hyalmaII17§upporting the
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whole cyst. Beneath this there is a nucleated geinayer, studded
with developing brood capsules, which may everyualéak off to float
freely in the fluid filled cyst. The protoscolicese formed within the
brood capsules, which may rupture to give the fredoscolices in the
hydatid fluid. They vary considerably in size degi&g on where in the
body they form, which may be almost any organ eftibdy. Those found
in the liver (the most common organ affected) mayapproximately
20cm in diameter, but those found in the peritosasgity may sometimes
be very much larger, containing several litresloidf For example one
case has been reported of a cyst 50cm in diantEetaining 16 litre of
fluid.

Adults - The adult parasites in the dog represaest af the smallest of
the tapeworms. They measure between 3 and 9mmgthleand usually
consist of only 3 proglottids, an immature, atume, and a gravid
proglottid. The scolex is globular in shape, ansld@rominent rostellum,
armed with a double row of between 30 and 36 hobks.eggs are very
similar to those of the genus Taenia, and measiveden

30 and 40um in diameter

Pathology of Infection.

Larvae - In domesticated animals clinical signseapgo be uncommon,
whilst in man they will vary in their seriousnesspending on where in
the body the hydatid develops, and how large itngrdcSometimes, the
infection is asymptomatic, the only evidence iofection being the
presence of calcified cysts on autopsy after delain to an unrelated
cause. The major pathology is due to the size ®fcist, giving rise to
pressure related injury. A complication may aristhe cyst is ruptured,
possibly due to blows to the body, muscular str@imuring operations.In
this case the contents of the hydatid are releastd the body's
circulatory system and the liberated protoscolicesy give rise to
numerous secondary cysts throughout the bddy.addition the
hydatid cyst fluid is highly allergenic and cystpture may result in
anaphylactic shock and rapid death.

Adults - The adult tapeworm is usually non-pathogedn its canine

hosts, although sometimes in very heavy infectibiese may be some
inflammation of the intestinal wall.

Echinococcus Multilocularis

It is the causative agent of highly pathogenic Alae Hydatid disease

in man and other mammals. The fox is the most itambrdefinitive
host, although dogs, and occasionally cats, maykassnfected with the
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adult parasite. Again there appears to be a nuofbgub-species of this
organism, E. m. multilocularis in Europe and E.gibiricencis in North

America. This is very similar to that of E. gramnsus, but with more
adaptations for colder climates. For exampile eggs are highly
resistant to cold temperatures, being able to gerait -20° for more
than 2 weeks. In addition the pre patent periothen definitive host is
much shorter, usually between 4 to 5 weeks.

Morphology

Larvae - The larval E. multilocularis is very difémt from that of E.

granulosus. In this case the 'cyst' grows invagibgl external budding,
forming a diffuse growth through the infected amg replacing that
organ’s tissues. The growth itself, (it cannot \trble called a cyst as
there is no real cyst wall), is composed of humercavities containing
a gelatinous matrix within which protoscolices andmerous brood
capsules are produced, and which in its behavioost closely resembles
a malignant neoplasm. In contrast to E. gi@us this growth is
also very rapid, infective protoscolesces being@né after only 2 to 3
months, as compared to the 1 to 2 years in théecelaetacestode.

Adults - The adult parasite is very similer E. granulosus, being
slightly smaller, with a maximum length of approstaly 4mm, and
consisting of 4 to 5 proglottids.

Pathology of Infection

Larvae - The multilocular cyst is highly patleogc due to its fast
growth rate and invasive nature, in extreme caee®tetely replacing
liver tissue. As the cyst lacks the tough laminal@ger seen in E.
granulosus, and by its nature grows by buddingastases of growth
may also be seen, colonising other body organs.t®tles aspect of the
parasite, it may also be transferred by transplienmar his parasite must
be considered one of the most pathogenic of thasfiar helminths.
Adults - As with E. granulolsus the adult tapewoisnusually non-
pathogenic to its canine hosts.

4.0 CONCLUSION

In this unit, we have discussed about tape wornas their effect on
humans, how they occur in humans.
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5.0 SUMMARY

In this unit, you have learnt about the two mapgpe worms infecting
man; Taenia saginata (beef tape worms) andsolium (pork tape
worm). Infections by these tapeworms often occullovdng the

consumption of raw or undercooked beef and porke@t Taenia spp
which have man as accidental host are T. taenigrii bremneri,
T.multiceps, T. serialis and T. glomerulatus.

Dog and other canids are the definitive $osif Echinococcus
granulosus with the hydatid cyst of the parasiiesoay the pathological
effects seen in man. Proper cooking of beef and pould prevent
infection due to T. saginata and T. solium while@®anitary condition
can as well prevent infection by E. granulosus.

6.0 TUTOR-MARKED ASSIGNMENT

Activity: Conduct a physical examination of the ieais types of taenia
spp and report your findings in the log book.

Answer the following questions:

1. Briefly discuss the epidemiologgnd control of human
tapeworms (LO1)
2. Highlight the pathology control measures Exhinococcus

granulosus (LO3)
3. Describe the morphology of describe th@phology of Taenia
saginata, Taenia solium, T. solium (LO2)

7.0 REFERENCES/ FURTHER READING
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MODULE 7 INTRODUCTION

Nematode infections in humans include ascariasighuriasis,
hookworm, enterobiasis, strongyloidiasis, filarg&asiand trichinosis,
among others. The phylum Nematoda, also known esdabndworms,
is the second largest phylum in the animal kingdemecompassing up to
500,000 species. The module will describe the gerieatures and life
cycles of nematodes, soil transmitted helminthdsepd and tissue
nematodes and air-borne nematodes.

MODULE OBJECTIVE

At the end of this module, you should be able t&cadss the various
types of nematodes in relation to epidemiologyhelatgy and control.

CONTENTS

Unit 1
Unit 2
Unit 3
Unit 4

UNIT

General Features and Life Cycdiesematodes
Soil Transmitted Helminths

Blood and Tissue Nematodes

Air-Borne Nematodes

1 GENERAL FEATURES AND LIFE CYCLES OF
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Main Contents
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1.0 INTRODUCTION

Members of nematoda are elongated, with bilatergftymetric 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 parasitise
humans. Intestinal roundworm infections constitihie largest group of
helminthic diseases in humans. According to a 2e@ort by the World
Health Organisation (WHO), approximately 0.807-1 2illion humans
have ascariasis, 604-795 million have trichuriagig] 576-740 million
have hookworm infections worldwide.

2.0 OBJECTIVES

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

. list the various examples of nematodes with thignmon names
. describe the general morphological features of hedes
. explain the life cycles of the major groups of nérdas.

3.0 MAIN CONTENT

3.1 General Features

Nematodes are cylindrical rather than flattenleence the common
name roundworm. The body wall is composed of arroatiticle that
has a noncellular, chemically complex structuréhia hypodermis, and
musculature. The cuticle in some species has lodigial ridges called
alae. The bursa, a flap-like extension of the éutin the posterior end
of some species of male nematodes, is used to ¢gnasfgemale during
copulation.

The cellular hypodermis bulges into the body cawitypseudocoelom to
form four longitudinal cords; a dorsal, a ventahd two lateral cords
which may be seen on the surface as lateral lihaglei of the
hypodermis are located in the region of the corflee somatic
musculature lying beneath the hypodermis is a sim@yer 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 nemnkls running
anteriorly and posteriorly from ganglion cells thiag the midportion of
the esophagus.
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The space between the muscle layer and viscet@eipgeudocoelom,
which lacks a mesothelium lining. This cavity cansafluid and two to
six fixed cells (celomocytes) which are uspadissociated with the
longitudinal cords. The function of these cellsimknown.

The alimentary canal of roundworms is completehviaioth mouth and
anus. The mouth is surrounded by lips beargensory papillae
(bristles). The oesophagus, a conspicuous featinreematodes, is a
muscular structure that pumps food into the imestit differs in shape
in different species.

The intestine is a tubular structure composedsohigle layer of columnar
cells possessing prominent microvilli on their lmali surface. The
excretory system of some nematodes consists okenetery gland and
a pore located ventrally in the mid-esophageaiore In other
nematodes this structure is drawn into extensioaisgive rise to the more
complex tubular excretory system, which is usudflyshaped, with
two anterior limbs and two posterior limbs locatedthe lateral cords.
The gland cells and tubes are thought to servebasrptive bodies,
collecting wastes from the pseudocoelom, and toction in
osmoregulation.

Nematodes are usually bisexual. Males are usualgtler than females,
have a curved posterior end, and possess (in spewes) copulatory
structures, such as spicules (usually two), a hwsdoth. The males
have one or (in a few cases) two testes, whiclatlithe free end of a
convoluted or recurved tube leading into emimal vesicle and
eventually into the cloaca.

The female system is tubular also, and usually aslenup of reflexed
ovaries. Each ovary is continuous, with an oviguntt tubular uterus. The
uteri join to form the vagina, which in turn opdnsthe exterior through
the vulva.

Copulation between a female and a male nematodeecgsssary for
fertilisation except in the genus Strongyloideswimich parthenogenetic
development occurs (i.e., the development of arrtih§ed 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 femdlee sperm enters the
ovum and a fertilisation membrane is secrdigdthe zygote. This
membrane gradually thickens to form the chitin@hell. A second
membrane, below the shell, makes the egg impentmessentially all
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substances except carbon dioxide and oxygen. Ire Spacies, a third
proteinaceous membrane is secreted as the eggspd®s@e the uterus
by the uterine wall and is deposited outside thallsMost nematodes
that are parasitic in humans lay eggs that, whesedy contain either an
uncleaved zygote, a group of blastomeres, or a l&eip formed larva.
Some nematodes, such as the filariae and Trichirsgiralis, produce
larvae that are deposited in host.
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Fig. 1: Sructure of Nematodes. (A) Female. (B) Male. Transver se Sections through

the Mid Region of the Female Worm (C) and through the Esophageal Region
(D)
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3.2 The Basic Life Cycle of the Major Groups oNematodes

The life cycles of the parasitic species vary cdesbly, as would be
expected from such a large and diverse group. Thezehowever a
number of common features. Firstly, the parasitgeogoes a series of
moults through larval stages (designated Llthe adult L5 form).
Secondly, in most (but not all) nematodes it is liBelarvae that is the
infective form, important exceptions to this beig Ascarids, such as
Ascaris lumbricoides and the pinworms, where giteer the L1 larvae,
or eggs containing L1 or L2 larvae that are infextiThirdly the L3
form onwards in all species undergoes a migratigthimvthe body of
the definitive host as it matures into the adultagde, usually via the
bloodstream or lymphatic system to the heart, lutrgshea, and then to
the intestine. Finally, in most cases the pardsdees the definitive host
as thin walled eggs in the faeces, important exoeptbeing the
viviparous filarial worms (where L1 larvae infecttermediate hosts,
usually in the blood meals of biting arthropodgjpBgyloides stercoralis,
(where the L1 larvae are found in the faeces), #ra viviparous
Trichinela Spiralis, where the larvae do not lethve body as such, but
develop to the L3 stage which then encysts in theahes, infection being
by ingestion of undercooked contaminated meat. ctide of the
definitive host may be by a variety of routes, saslthe oral route, where
eggs are accidentally ingested, also manyidllawvorms are infective
via the bite of flies, as previously decribed, dhd L3 larvae of many
nematodes such as the hookworms and other relaethtodes are
directly invasive.

In terms of complexity, the simplest life cycleg #nose of the pinworms,
where adults living in the colon mate and lay egdsch pass out in
the faeces, infection being either by the oraleouth eggs, or perianally,
where eggs hatch around the anus and L1 larvaataigack through the
anus.

The most diverse is probably that of S. stercaralisere there are a
number of alternative lifecycles which it may urgler either as a
completely free living soil nematode, or as thendtad infective L3
larvae with tissue migration to the intestine, oere occasionally full
completion of the life cycle within the intestin@nd finally in
immunocompromised hosts a life-threatening dissatathinfection can
occur, with parasites found throughout the body.
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4.0 CONCLUSION

In this unit, you learnt that nematodes are rourrdvgo with

pseudocoelom (lacking a mesothelium lining). Thenahtary canal is
complete having mouth and anus. The intestine tabalar structure
composed of a single layer of columnar cellsspgsing prominent
microvilli on their luminal surface. The excretogystem of some
nematodes consists of an excretory gland and ra with complex

tubular excretory system, which is usually H-shapddmatodes are
usually bisexual. Males are usually smaller thamdies. Copulation
between a female and a male nematode is necessaffgrfilisation

except in the genus Strongyloides, inhiclw parthenogenetic
development occurs (i.e., the development of artihded egg into a new
individual). Parasite undergoes a series of mdhitsugh larval stages
with L3 larva mostly being the infective stage.dction of the definitive
host may be by accidental ingestion of eggs, bitdlies and skin

penetration by the infective L3 larval form as lire ttase of hookwormes.

5.0 SUMMARY

Nematodes are roundworms with pseudocoelom (lackingesothelium
lining). The alimentary canal is complete havinguthoand anus. The
intestine is a tubular structure composed of alsitayer of columnar
cells possessing prominent microvilli on their lmadi surface. The
excretory system of some nematodes consists okenetery gland and
a pore with complex tubular excretory system, whis usually H-
shaped. Nematodes are usually bisexual. Malessarally smaller than
females. Copulation between a female and a maletuei® is necessary
for fertilisation except in the genus Strongyloidesy which
parthenogenetic development occurs (i.e., the deweknt of a
unfertilised egg into a new individual). Parasitedergoes a series of
moults through larval stages with L3 larva mostging the infective
stage. Infection of the definitive host may be logidental ingestion of
eggs, bite of flies and skin penetration by theatie L3 larval form as
in the case of hookworms.
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6.0 TUTOR- MARKED ASSIGNMENT

Activity: Concduct a physical examination of a nratuoundworm and
report your findings in the log book.

Answer the following questions:

1. Mention examples of nematodes witieirt common names
(LO1)

2. With the aid of well labeled diagrs describe the general
features of roundworms (LO2).

3. Highlight the basic life cycles of nem#gdLO3).

7.0 REFERENCES/ FURTHER READING

Ukoli, F.M.A. (1990).Introduction of Parasitology in Tropical Africa.
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UNIT 2 SOIL TRANSMITTED HELMINTHS
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Contents
3.1  Ascaris Lumbricoides (Large Roundworm afriy1
3.2  The Human Hookworms
3.3 Trichuris Trichiura (Whipworm)

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment

7.0 References/ Further Reading

1.0 INTRODUCTION

Soil-transmitted helminth (STH) infection is high&yhdemic in tropical
and subtropical areas of sub-Saharan Africa, Asi laatin America,
where up to 2 billion people have active infectioB3H infection has
remained largely neglected by the global healthroamity because the
people most affected areamong the most impoveriahddbecause the
infection causes chronic ill health with insidiocigical presentations,
rather than severe acute illness or high mortaltgwever, it is now
recognised that STH infection causes significantimaaty worldwide
with 39 million disability adjusted life years (DAs) lost each year -
more than those lost to malaria (36 million yearéy)d approaching
those lost to tuberculosis (47 million yearly). Htamrm infection alone
causes the loss of 22 million DALYSs.

2.0 OBJECTIVES

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

. give examples of soil transmitted helminthes (STHS)
. describe their life cycles with emphasis on theeai infection.
. describe the diagnostic features of the parasites.
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3.0 MAIN CONTENTS

3.1 Ascaris Lumbricoides (Large Roundworm of Ma)

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 population. dddition to the
species in  man, Ascaris Ilumbricoides, a morphohityic
indistinguishable species Ascaris suum is founthepig. Other related
genera include Parascaris in equines, and Toxasoara variety of
domesticated animals.

Morphology

The adult Ascaris lumbricoides are large white, mnkish-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; it's between 20 to &3clong, a vulva size
approximately. A third of the length of the bodywdofrom the head,
and have a blunt tail. They are both characterisgdhaving a
smooth,finely striated, cuticle, and a mouth, whikeharacteristic of all
of the Ascarids (e.g. Toxocara), having three Bash equipped with
small papillae. Internally they follow the genesalil body plan of all
nematodes, and have a cylindrical oesophagus apémio a flattened
ribbon like intestine.

The eggs consist of a thick transparent inner stieith is covered in a
thick, warty, albuminous coat.

=

Fig. 1. Eggs unfertilised (left) fertilised (right) of A. lumbricoides
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Life Cycle

These parasites have a direct life cycle, withmermediate hosts. The
adult parasite lives in the lumen of the smallstites of man, usually only
feeding on the semi-digested contents of the diioagh there is some
evidence that they can bite the intestinal mucoambrane and feed on
blood and tissue fluids. The female parasite isligigrolific, laying an
estimated 2 million eggs daily. In the intestineede only contain a
unembryonated mass of cells, differentiation odgongroutside the host.
This requires a temperature less than 30°Qistare and oxygen,
before the development of the young L1 larvae agroximately 14
days. Eggs containing the L2 larvae take anothekwe develop, before
they are infective to man, and may remain viabl¢hen soil for many
years if conditions are optimal. Infection occunsimgestion of raw food,
such as fruit or vegetables that is contaminated thiese infective eggs.
The eggs then hatch in the small intestine, tassdethe L2 rhabditiform
larvae (measuring approximately 250 by

15um in size. These do not simply grow into theltafirms in the
intestine, but must then undergo a migration thihotige body of their
host. These L2 larvae penetrate the intestinal, vesitering the portal
blood stream, and then migrate to the livlen heart, then after
between 1 to 7 days, the lungs. Here they moultaévan the way to
form the L4 larvae, (measuring approximatdypmm long), then
burrow out of the blood vessels, entering the bnemies. From here
they migrate up through the air passages of thgsluio the trachea. They
then enter the throat and are swallowed, finallglieg up in the small
intestine where they mature and mate, to comphete life cycle.

Pathology of Infection

The majority of infections (~85%) appear to be agtomatic, in that
there is no gross pathology seen. However phesence of these
parasites appears to be associated with the saneeadéailure to thrive
in their hosts seen with many of these intestimahatodes. In terms of
more easily identified pathology, this may be deddnto three areas:

Pathology Associated with the Ingestion andgri&tion of Larvae.

Severe symptoms of Ascaris infection may be assatiavith the

migrating larvae, particularly in the lungs. If ¢g& numbers of these
larvae are migrating through the lungs simultanboiigss may give rise

to a severe haemorrhagic pneumonia. More commaslig the case with
most infections, the haemorrhages are smalleralesbut still may lead
to breathing difficulties, pneumonia and/or fev&rcomplication
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here is that many of the parasites proteins arkhhigllergenic. Due to
this the presence of the migrating larvae in thgduis often associated
with allergic hypersensitivity reactions such asthamtic attacks,
pulmonary infiltration and urticaria and oedemadtd lips.

Pathology Associated with Adult Parasites in the Itestine

The most common symptoms of infection are due &atiult parasite,

and consist of rather generalised digestive dissrdaich as a vague
abdominal discomfort, nausea, colic (e.t.c.). Thesgnptoms are

dependent to some extent on the parasite’s burfiédredhost, which in

severe cases may consist of many hundreds or ewamsands of

parasites, although these are extreme cases. loae of these heavy
infections the presence of many of these largesgi@aseamay contribute
to malnutrition in the host, especially if the goften children) are
undernourished. A more serious, and potentiallglfatondition may

arise in these more heavy infections, where thesnoisworms may

block the intestine and need to be surgically remdovihis may also
occur sometimes on treatment for other intestirmhatodes such as
hookworms, where the curative drug dose for thesagites irritates the
ascarids.

Pathology due to "Wandering" Adults outside of thelntestine

Adult parasites often leave the small intestineetder other organs,
(sometimes in response to anti-helminthic druged to treat other
intestinal nematode infections), where they mayseavarious types of
pathology, sometimes with severe consequeri€es.example adult
Ascaris worms may migrate to the bile duct, whichynthen become
blocked causing jaundice and a general interferamdat metabolism.

Adult parasites may also migrate to the appenditimugh the intestinal
wall, both conditions which may cause a fatal jpaitis as they may
well carry intestinal bacteria to these sites. Thagy, alarmingly,

sometimes migrate forward through the intestinakttir to be either
vomited up or emerging through the nose. More sshg if they enter

the trachea they may cause suffocation.

Diagnosis
Definitive diagnosis is by demonstration of the relegeristic eggs in

faecal samples or by identifying adult worms passetispontaneously
by the host.
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Epidemiology and Control

Infection occurs through ingestion of parasitegy®eg food. The eggs
are highly resistant to adverse environmental derdi. This with other
factors highlighted below are often associated wi#nsmission of
infection;

Lack or inadequate waste disposal faedit

Improper washing of hands before eating

Improper washing of fruits and vegetalllefore consumptions
Unkept rooms and dwelling places that harbeechanical
carriers of parasites, etc.

Provision of good waste disposal system and goosbpal hygiene will
help to control infections.

3.2 The Human Hookworms

The hookworms belong to the Order Strongylida, i \&rge order, and
of great interest as it contains many importanh@géns of man and
domesticated animals. This order is further sulodigi into three
Superfamilies, the Strongyloidea (the hookwormsnian), and two
related groups, the Superfamily ‘Trichostrongyl@ige intestinal

nematodes which are of veterinary importance in yndnmesticated
animals

In man there are two species capable of causirgstinal infections,

Ancylostoma duodenale native to parts of Bewt Europe, North
Africa and Northern Asia parts of Western South Ao and Necator
americanus in Central and Southern Africa, Soutieain, Australia and
the Pacific Islands. These are very important hupaimogens. It has
been estimated that there are 1200 million casd®okworm infection

in man annually, of which about 100 million of whiare symptomatic
infections with accompanying anaemia. In addititwe, larvae of several
species of hookworms infecting domesticated aninmagég/ penetrate
human skin, causing pathology even though theyatodevelop to the
adult parasites in man.

Morphology
The adult parasites are small cylindrical worms5-D5mm long

(Ancylostoma duodenale being slightly larger thaacétor americanus).
The posterior end of the male worm is equipped \&itbharacteristic
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copulatory bursa, used to hold the female nematodplace during

mating. The females themselves have a vulva sduagar the center of
the body, slightly anterior in Necator and slightjyosterior in

Ancylostoma. The anterior end of the parasite®iméd into a Buccal
capsule, absent in members of the other Stronggligeerfamilies, by
which the different genera and species within thheug may be

differentiated. For example members of the genusabde have capsules
equipped with cutting plates on the ventral margiasd within the

capsule itself small dorsal teeth. In contrast, mems of the genus
Ancylostoma have pairs of teeth on the ventral macaj the capsule.
The number of teeth will vary betweathfferent species of
Ancylostoma, but is usually between one and foinspa

2: Scanning Electron Micrograph Of
Mouth Capsule of Ancylostoma
Duodenale (Left), note the Presence of four

"Teeth," Two On each side and Necator Americanus (right)

Fig.3: Left Picture: Copulatory Bursa and Spines of N. Americanus (A Sde View);
Right Picture: Copulatory Bursa of a Duodenale (A Top View). The eggs are bluntly
rounded, thin shelled, and are almost indistinguishable between the different species,

192




NSC 106 MEDICAL MICROBIOLOGY AND PARAS TOLOGY

measuring approximately 60 by 40 um, and the eggs of Ancylostoma being dightly
larger than those of Necator

The Morphological Differences between Two specfddaokworms

Features A. duodenale N. americanus

Size Larger Smaller

Shape Single curve, mBobkouble curves, looks like
like C S

Mouth 2 pairs of venhtrdpair of ventral cutting
teeth plates

Copulatory bursa  Circle in shape Oval in shape

Copulatory spicule 1pair with separatk p air of which unite to
endings form a terminal hooklet

—Caudalsppre——Presept——No——————————
Vulva position Post-equatorial Pre-equatorial

Life Cycle

The life cycles of all the hookworms are very sanilThe eggs are passed
in the faeces, once exposed to air theyureatapidly if conditions
are right, with both moisture and warmth essefdiatievelopment. When
matured, they hatch to liberate a rhabditiformhaving an oesophagus
where a thick anterior region is connected via eklvge region with
posterior bulb L1 larvae after a few days.

These larval nematodes feed on bacteria and orgaetierial in the soil,
where they live and grow for about two days befandergoing the first
moult. After about five days more growth they maadfain, to produce
much more slender L3 larvae. The L3 larvaweha much shorter
oesophagus, are a non-feeding form, and are tretiné form of the
parasite. Infection takes place by penetrationhef $kin, for example
when walking with bare feet over contaminated dawih followed by
entry into the circulatory system. Here they areied to the heart, and
then lungs. Once in the lungs, they are too lam@dss through the
capillary bed there. Instead they become pwgdp and the burrow
through the capillary epithelium, entering the apaces. They then
migrate up through bronchi and trachae, and ane sme&allowed. Once
swallowed, they pass into the intestine and bueyn$elves between the
intestinal villi. Here they moult to form the L4nae, equipped with a
buccal capsule allowing adherence to the gut wdter about thirteen
days post-infection they moult for the final timaoducing immature
adult worms. These mature over three to four weeks five to six
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weeks after infection), then mate and commencelygg to complete
the life cycle. These parasites show a Meigh fecundity, female

Necator americanus producing up to 10,000 eggy,daihile female
Ancylostoma duodenale produces up to 20,000 eghs da
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Fig. 4: Life Cycle of Human Hookworms (source: rrhorg.au)
Pathology of I nfection
The Pathology associated with hookworm infectionay be divided

roughly into two areas. Firstly the pathology associateith whe
presence ofthe adult parasite in the intestine, andosdly the

pathology associated with the penetration of, aigtation of the larval
worms within the skin. The adult hookworms attacbnselves to the
intestinal wall using their buccal capsul@heir preferred site of

infestation is in the upper layer of the small atitge, but in very heavy
infections (where many thousands of worms nimey present) the

parasites may spread down as far as the lower il€@me attached to
the intestinalwall, the hookworm mouthparts penetrate blood Messe

and the parasites obtain nutrition by sucking blood
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Fig. 5: Adultsin Intestinal Mucosa
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A single Necator americanus will take approximatgd pl of blood
daily, while the larger Ancylostoma duodenale wake up to 260 ul.
The gross pathology of the disease is very depdraethe intensity of
infection. Light infections appear asymptomatict iouheavy infections,
the continuous loss of blood leads to a chronieana, with down to
2gm of haemoglobin per 100ml of blood in extremsesa Experiments
carried out in the 1930's showed that irgsdonfected with 500
Ancylostoma caninum a similar species to the hupanasite, nearly a
pint of blood a day was lost. This leads to permémass of iron and
many blood proteins as well as blood cellis in turn has
consequences for further production of erythrogydsich have been
shown to contain less haemoglobin, as well as beidgced in size and
smaller in numbers. This form of anaemia may beadtly fatal, but
more often, it induces more non-specific symptoims,most noticeable
being the severe retardation in growth and deve@pnboth physical
and mental, in infected children, and a generalkwess and lassitude,
often wrongly interpreted as "laziness".

Diagnosis

Identify characteristic eggs in feacal sampldete the eggs of N.
americanus and A. duodenale are morphologicaliytidal.

Fig.6: Egg of Hookworm

Epidemiology and Control

The factors of epidemiological importance include;

- Poor sanitation through contamination ofl gbrough direct
defaecation on the ground.

- Skin exposure to infections e.g. by wadkabout bare-footed

- Favourable environmental conditions that ewkaeggs and
larval development.
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- Loose, humus soil with reasonable dragreagd aeration
- Even distribution of rainfall throughdbe year.

Control is by improvement in the standard of sdmig raising the
nutritional status of the population especially@hation to iron content,
and mass treatment with suitable worm expellempifeige)

3.3 Trichuris Trichiura (Human Whipworm

The first written record of Trichuris trichiura wasade by Morgani, an
Italian scientist, who identified the presence lté parasite in a case of
worms residing in the colon in 1740. Exact Morplysal description
and figures were first recorded in 1761 by Roed@r@grman physicist.
Soon after morphology and visual represematad the worms,
Trichuris trichiura was given taxonomy (during th&th century). This
is the third most common round worm of humansislitdistributed
worldwide, with infections more frequent in areaghvitropical weather
and poor sanitation practices, and among childteis. estimated that
800 million people are infected worldwide. The $muh United States
is endemic for trichuriasis.

Morphology

Adult worms are usually 3-5 cm long, with femalesnly larger than
males as is typical of nematodes. The thin, cleajority of the body

(the anterior, whip-like end) is the oesophagus, iams the end that the
worm threads into the mucosa of the colon. The mede pinkish gray
region of the body is the posterior, and it is #me that contains the
parasite’s intestines and reproductive organs.Urishtrichiura has
characteristic football-shaped eggs, which are &b6t64um long and
contain polar plugs (also known as refractile preences) at each end.

N
©)

Fig.7: Egg and adult of Trichuris Trichiura
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Life Cycle and Transmission

Humans can become infected with the parasite duéngestion of

infective eggs by mouth contact with hands or feodtaminated with

egg-carrying soil. However, there have also beea r@ported cases of
transmission of Trichuris trichiura by sexual cattaSome major

outbreaks have been traced to contaminated vegst@hle to presumed
soil contamination).

Unembryonated eggs (unsegmented) are passed irfadoes of a
previous host to the soil. In the soil, these edggelop into a 2-cell
stage (segmented egg) and then into an advancadagle stage. Once
at this stage, the eggs embryonate and then berdentive, a process
that occurs in about 15 to 30 days). Next, theciife eggs are ingested
by way of soil-contaminated hands or food and hatside the small
intestine, releasing larvae into the gastrointastinact. These larvae
burrow into a villus and develop into adults (o2e:3 days). They then
migrate into the cecum and ascending colon wheeg thread their
anterior portion (whip-like end) into the tissue cosa and reside
permanently for their year-long life span. About &0 70 days after
infection, female adults begin to release unembatauh eggs (oviposit)
into the cecum at a rate of 3,000 to 20,000 eggslag, linking the life
cycle to the start.

\ o Embryonated a00s are ingasted

Infective Slaygc

A -
= D NOStic S1age
A= Oiag 3

Larvac hatch
n small intestne

o Unombryonacd oggos
nassed in froas

AguUlts 1N Cecum

- oree
hittp Jiwww.dpd cdc govidpdx

Fig. 8: Life Cycle of Trichuris Trichiura
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Signs and Symptoms

Light infestations are frequently asymptomaticvéhano 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 appesdicéy be brought
on (by damage and oedema of the adjacent lumetieie are large
numbers of worms or larvae present, it has beemesigd that the
embedding of the worms into the ileo-cecal regicayymlso make the
host susceptible to bacterial infection. Severeatibn may also present
with rectal prolapse, although this is typicallyeseonly in heavy
infections of small children. High numbers of emided worms in the
rectum cause oedema, which causes the rectal peoldjne prolapsed,
inflamed and oedematous rectal tissue may even glsilvle worms.

Growth retardation, weight loss, nutritional defieties, and anaemia
(due to long-standing blood loss) are also charatiteof infection, and
these symptoms are more prevalent and severeldreihi

Diagnosis

A stool ova and parasites examination reveals tiesgmce of typical

whipworm eggs. Typically, the Kato-Katz thick-sméachnique is used
for the identification of the Trichuris trichiuraygs in the stool sample.
Although colonoscopy is not typically used for chagis, but there have
been reported cases in which colonoscopy has eesdult worms.

Colonoscopy can directly diagnose trichuriasis tgntification of the

threadlike form of worms with an attenuated, whiglend. Colonoscopy
has been shown to be a useful diagnostic tool, cedhein patients

infected by only a few male worms and with no eggssenting in the
stool sample.

Epidemiology

Trichuris trichiura is the third most common neneqroundworm) of
humans. Infection of trichuris trichiura is moseduent in areas with
tropical weather and poor sanitation practices.chiuriasis occurs
frequently in areas in which human feces are useférdliser or where
defecation onto soil takes place. Trichuriasis ahf prevalence is 50
to 80 percent in some regions of Asia (noted egfigan China and
Korea) and also occurs in rural areas of the sasteen United States.
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Infection is most prevalent among children, andNorth America,
infection occurs frequently in immigrants from trogd or sub-tropical
regions. It is estimated that 600-800 million peomre infected
worldwide with 3.2 billion individuals at risk.

Control and Prevention

Improved facilities for faeces disposal have desedathe incidence of
whipworm. Handwashing before food handling and dvig ingestion
of soil by thorough washing of food that may hawei contaminated
with egg-containing soil are other preventiveeasures. Mass Drug
Administration (preventative chemotherapy) has aambsitive effect on
the disease burden of trichuriasis in East and \idsta, especially
among children, who are at highest risk for infectilmprovement of
Sewage and Sanitation systems, as well as impr@aagdies for faeces
disposal have helped to limit defecation onto aail contain potentially
infectious faeces from bodily contact. A study iB&azil Urban Centre
demonstrated a significant reduction in prevadeand incidence of
geohelminth infection, including trichuriasis, f@ing implementation
of a city-wide sanitation programme. A 33% reduttio prevalence of
trichuriasis and a 26% reduction in incidence afhuriasis were found
in the study performed on 890 children ages 7-Jatsyeld within 24
different sentinel areas chosen to represent thiedra@nvironmental
conditions throughout the city of Salvador, Bahaazil. Control of
Soil Fertilisers has helped eliminate the poterfbalcontact with human
faecal matter in fertiliser in soil.

4.0 CONCLUSION

In this unit, we have discussed in detaNbat soil transmitted
helminthes are with various examples. Also disadissere their life
cycles and their diagnostic features.

5.0 SUMMARY

STH infection is caused by four major nematode igg3e@ncylostoma
duodenale and Necator americanus (hookworms), &stanbricoides
(roundworm) and Trichuris trichiura (whipworm). &dtion is prevalent
in areas with overpopulation and inadequate samtah tropical and
sub-tropical countries, where the climate suppthes survival of the
parasite eggs or larvae in the warm and moist Afiiér infective larvae
enter the human body they develop into adult woams parasitise the
gastrointestinal tract, sometimes for years. Sopseiss of worms can
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produce up to 200,000 eggs per day. Eggs are exciethe faeces and
remain viable in the soil for several weeks or gedepending on the
species. It is common for a single individual, espiy a child, to be
infected with all three types of worms. AlthoughtsTnfection rarely
causes fatality, chronic infection with high wormarben can lead to
serious health consequences. Infection is tygicalost intense and
debilitating in school-age children, resulting imalmutrition, physical
and intellectual growth retardation, and cognitised educational
deficits. A. lumbricoides may cause intestinal absions that require
surgery, and T. trichuria may cause chronic collisokworm infection
causes iron-deficiency anaemia because the woreasde the intestinal
wall causing tissue damage and blood loss. Hookwiofection is a
leading cause of morbidity in children and pregmveoinen, and can have
adverse results for the mother, the foetus ande¢baate.

6.0 TUTOR- MARKED ASSIGNMENT

Activity: Conduct a physical examination of Ascatismbricoides,
Ancylostoma duodenale, and Trichuris trichiura unthee microscope
and report your findings in the log book.

Answer the following questions:

1. State the morphological featuresastaris lumbricoides and
trichuris trichiura (LO1)

2. What strategies you will implorer fahe control of soil
transmitted nematodes? (LO2)

3. Describe the life cycles of hookworm watmphasis on the route

of infection(LO2)
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1.0 INTRODUCTION

Filariasis is caused by nematodes (roundworms) thagbit the

lymphatics and subcutaneous tissues. Eight maiciepéfect humans.
Three of these are responsible for most of the mibyidue to filariasis:

Wauchereria bancrofti and Brugia malayi cause lyntighfdariasis, and

Onchocerca volvulus causes onchocerciasis (rivadiéss). The other
five species are Loa loa, Mansonella perstans, teptocerca, M.

ozzardi, and Brugia timori. (The last species atsmse lymphatic
filariasis).

Among the agents of lymphatic filariasis, Wucheebancrofti is
encountered in tropical areas worldwide; Brugiaayaik limited to Asia;
and Brugia timori is restricted to some island$nafonesia. The agent of
river blindness, Onchocerca volvulus, occurs maimyAfrica, with
additional foci in Latin America and the Middle Ead&mong the other
species, Loa loa and Mansonella streptocerca amedfdn Africa;
Mansonella perstans occurs in both Africa and ISoAmnerica; and
Mansonella ozzardi occurs only in the American cuarit.

Another tissue invading parasite is Trichinellaajg whose larval form
is found in the muscular tissue of the host animdthinella spiralis is
in fact a complex of three closely relatedrnv species. They are
morphologically identical, but differ in their hospecificity and their
biochemical characteristics. T. spiralis sggrabccurs in moderate
regions and infects mainly pigs. T. spiralis nataexurs in the polar
regions (polar bear, walrus). These parasites esestant to freezing
which is important for meat storage. T. spiralissomi occurs in Africa
and southern Europe with a reservoir in wild casnés and wild pigs.
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T. britovi and T. pseudospiralis rarely cause itiets. T. pseudospiralis
can also infect some birds as well as mammals.kenihe other
Trichinella species.

2.0 OBJECTIVES

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

. explain examples of blood and tissue invading ptess

. describe their life cycles and clinical featuressariated with
their infections.

. describe the methods of diagnosis of their infetio

3.0 MAIN CONTENT

3.1 Filarial Worms
Wuchereria Bancrofti

Different species of the following genera of mosges are vectors of
W.bancrofti filariasis depending on geographicaitrbution. Among
them are:

Culex (C. annulirostris, C. bitaeniorhynchus, Cinquefasciatus, and
C. pipiens); Anopheles (A. arabinensis, A. bandrof. farauti, A.

funestus, A. gambiae, A. koliensis, A. melas, Aruse A. punctulatus
and A. wellcomei); Aedes (A. aegypti, A. aquasalls, bellator, A.

cooki, A. darlingi, A. kochi, A. polynesiensis, Aseudoscutellaris, A.
rotumae, A. scapularis, and A. vigilax); Mansonl. (pseudotitillans,
M. uniformis); Coquillettidia (C. juxtamansonia)ubng a blood meal,
an infected mosquito introduces third-stage filalaavae onto the skin
of the human host, where they penetrate into the Wwiound. They
develop in adults that commonly reside in the lyatpts. The female
worms measure 80 to 100 mm in length a4 Go 0.30 mm in
diameter, while the males measure about 40 mm bynni Adults

produce microfilariae measuring 244 to 296 um IB/t@. 10pm, which
are sheathed and have nocturnal periodicity, extteptSouth Pacific
microfilariae which have the absence of marked gokcity. The

microfilariae migrate into the lymph and hibacchannels moving
actively through lymph and blood. A mosquito ingeste microfilariae
during a blood meal. After ingestion, thecrofilariae loose their
sheaths and some of them work their way throtigh wall of the
proventriculus and cardiac portion of the mosgsitoidgut and reach
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the thoracic muscles. There the microfilariae deweihto first-stage
larvae and subsequently into third-stage infedaweae. The third-stage
infective larvae migrate through the haemocoel he tmosquito's

prosbocis and can infect another human when thequiostakes a
blood meal.

Wuchereria bancrofti
Mosquito Stages Mosquito takes Human Stages
2 blood meal
(L3 larvae onter skin)
- ?
e igrate 1o head and
/rlmqmn‘s proboscis
: o @ Lrvae
: o Adults an lymphatics
O T
L1 larvae o Adults produce sheathed
\ microfilaniae that migrate
emumme shed sheaths,

pentrate mosquito’s midgut,
and migrate to thoracic muscles

A- Infective Stage
A= Diagnostic Stage

BAFEN-HMEALTHIES - FEOFLE" "

hiltp:niww. dpd c8E govidpdo

Fig. 1: Life Cycle of W. Bancrofti

Fig.2: Microfilaria of W. Bancrofti
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Onchocerca Volvulus

During a blood meal, an infected blackfly (genusa@ium) introduces
third-stage filarial larvae onto the skin of thentan host, where they
penetrate into the bite wound. In subcutaneousdsshe larvae develop
into adult filariae, which commonly reside in noelsilin subcutaneous
connective tissues Adults can live in the nodutasdpproximately 15
years. Some nodules may contain numerous male emdlé worms.
Females measure 33 to 50 cm in length and 270Qqu#@ in diameter,
while males measure 19 to 42 mm by 1302i® pm. In the
subcutaneous nodules, the female worms are capableroducing
microfilariae for approximately 9 years. The midlafiae, measuring
220 to 360 pm by 5 to 9 um and unsheathed, haife apan that may
reach 2 years. They are occasionally found in pergl blood, urine,
and sputum but are typically found in the skin amdhe lymphatics of
connective tissues. A blackfly ingests the micesfde during a blood
meal. After ingestion, the microfilariae migraterr the blackfly's midgut
through the haemocoel to the thoracic muscles.erte microfilariae
develop into first-stage larvae and subsequenttytimrd- stage infective
larvae. The third-stage infective larvae migratén®blackfly's proboscis
and can infect another human when the fly takds@domeal.

Onchocerca volvulus

Blackfly Stages Human Stages
o Blackfly {genus. Simenliue
takes a blood meal
(L3 ko arter bile wound]

—
© rigrare 1o neTa ‘5‘?’

and blackfly's proboscis

Subcutaneous tissues

AN
SEE

Adulls in subcutaneous nodule

]

o Adults produce unsheathed
ricrafilarae that typically ane
found in skin and in lymphatics

S, of connective tissues, buf also

aEllackﬂy takes
a blood rmeal
(ingesis macrofilaraa)

G Microfilarae pentrate @/
bilackfly's midgut 2
and migrate o e |

thoracic muscles

ﬂ= Infective Stage
_ﬂ,= Diagnostic Stage

hittpiiterarw dpd cde.govidpdx

Fig. 3: Life Cycle of O. Volvulus
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Loa Loa

The vectors for Loa loa filariasis are flies fromotspecies of the genus
Chrysops, C. silacea and C. dimidiata. During ad¢lmeal, an infected
fly (genus Chrysops, day-biting flies) intregs third-stage filarial
larvae onto the skin of the human host, where genetrate into the bite
wound. The larvae develop into adults that commordgide in
subcutaneous tissue. The female worms measure 40 tom in length
and 0.5 mm in diameter, while the males measurt® 3 mm in length
and 0.35 to 0.43 mm in diameter. Adults doce microfilariae
measuring 250 to 300 um by 6 to 8 um, which aratsieel and have
diurnal periodicity. Microfilariae have been recos@ from the spinal
fluids, urine, and sputum. During the day they fmend in peripheral
blood, but during the noncirculation phase, they faund in the lungs.
The fly ingests microfilariae during a blood meafter ingestion, the
microfilariae lose their sheaths and migrétem the fly's midgut
through the haemocoel to the thoracic muscles efatthropod. There
the microfilariae develop into first-stage larvaedasubsequently into
third-stage infective larvae. The third-stage itifex larvae migrate to
the fly's proboscis and can infect another humaenntine fly takes a
blood meal.
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Brugia Malayi

The typical vector for Brugia malayi filariasis msosquito species from
the genera Mansonia and Aedes. During a blowdl, an infected
mosquito introduces third-stage filarial larvaato the skin of the
human host, where they penetrate into the bite dodimey develop
into adults that commonly reside in the lymphatithe adult worms
resemble those of Wuchereria bancrofti but are lemdemale worms
measure 43 to 55 mm in length by 130 to 170 umidthyand males
measure 13 to 23 mm in length by 70 to 80 um irthwiddults produce
microfilariae, measuring 177 to 230 pum in lengtldd&to 7 um in
width, which are sheathed and have nocturnal pieitgd The
microfilariae migrate into the lymph and enter theod stream reaching
the peripheral blood. A mosquito ingests thecrofilariae during a
blood meal. After ingestion, the microfilariae lofieeir sheaths and
work their way through the wall of the pemnriculus and cardiac
portion of the midgut to reach the thoracic muscl&bere the
microfilariae develop into first-stage larvae antbsequently into third-
stage larvae. The third-stage larvae migrate thraing haemocoel to
the mosquito's prosbocis and can infect anothelmurhen the mosquito
takes a blood meal.

Brugia malayi
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Clinical Features and Pathology

Lymphatic filariasis most often consists of symptomatic
microfilaremia. Some patients develop lymphatic fdgstion causing
lymphedema and elephantiasis (frequently in thesfogxtremities) and,
with Wuchereria bancrofti, hydrocele and scrotapélantiasis. Episodes
of febrile lymphangitis and lymphadenitis may ocdeersons who have
newly arrived in disease-endemic areas can de\adlprile episodes of
lymphangitis and lymphadenitis. An additional mastgation of filarial
infection, mostly in Asia, is pulmonary tropicalsaophilia syndrome,
with nocturnal cough and wheezing, fever, and egshiia.
Onchocerciasis can cause pruritus, dermatitis, @reicomata
(subcutaneous nodules), and lymphadenopathies. mbst serious
manifestation consists of ocular lesions that ceogmess to blindness.
Loiasis (Loa loa) is often asymptomatic. Episodigiaedema (Calabar
swellings) and sub-conjunctival migration of an laduworm can occur.
Infections by Mansonella perstans, which is oftsypngptomatic, can be
associated with angioedema, pruritus, fever, hdefaarthralgias, and
neurologic manifestations. Mansonella streptocecea cause skin
manifestations including pruritus, papular erupsicemd pigmentation
changes. Eosinophilia is often prominent in filamdections. Mansonella
ozzardi can cause symptoms that include arthral@peadaches, fever,
pulmonary symptoms, adenopathy, hepatomegaly, amtus.
e l

Fig.6: Elephantiasis Caused by Infection by W. bancrofti
Treatment and Control
Ivermectin is effective in killing the larvae, bdbes not affect the adult

worm. Preventive measures include vector contregtment of infected
individuals and avoidance of black fly.
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Laboratory Diagnosis of Filarial Worms

Identification of microfilariae by microscopic examation is the most
practical diagnostic procedure.

Microscopy

Examination of blood samples will allow identificat of microfilariae
of Wuchereria bancrofti, Brugia malayi, Brugia timoLoa loa,
Mansonella perstans, and M. ozzardi. It is impdrtantime the blood
collection with the known periodicity of the miciafiae. The blood
sample can be a thick smear, stained with Giemgmematoxylin and
eosin. For increased sensitivity, concentratiomnepues can be used.
These include centrifugation of the blood sampketyin 2% formalin
(Knott's technique), or filtration through a ®leopore® membrane.
Examination of skin snips will identify microfilee of Onchocerca
volvulus and Mansonella streptocerca. Skin snipslE obtained using
a corneal-scleral punch, or more simply alpstaand needle. The
sample must be allowed to incubate for 30 minube® hours in saline
or culture medium, and then examined for microf@arthat would have
migrated from the tissue to the liquid phase ofdghecimen.

Preparing Blood Smears for Microscopy Examination

If one uses venous blood, blood smears should &paped as soon as
possibleafter collection (delay can result in chesgin parasite
morphology and staining characteristics).

Thick Smears

Thick smears consist of a thick layer of dehemoiglisked (lysed) red

blood cells (RBCs). The blood elements (includiaggsites, if any) are
more concentrated (app. 30x) than in an equal afea thin smear.

Thus, thick smears allow a more efficient detectibparasites (increased
sensitivity). However, they do not permit an optimaview of parasite

morphology. For example, they are often not adexjudat species

identification of filaria parasites: if the thicknear is positive for filaria

parasites, the thin smear should be used for spetgatification.

How to Prepare a Thick Smears

I Place a small drop of blood in the centfethe pre-cleaned,
labeled slide.
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. Using the corner of another slide or g@placator stick spread the
drop in a circular pattern until it is the sizesoflime (1.5 cm2).

iii. A thick smear of proper density is oneiat if placed (wet) over
newsprint, allows you to barely read the words.

\Y2 Lay the slides flat and allow the smeardity thoroughly (protect
from dust and insects!). Insufficiently driesimears (and/or
smears that are too thick) can detach from shdes during
staining. The risk is increased in sreeamade with
anticoagulated blood. At room temperature, dryiran dake
several hours; 30 minutes is the minimum; in thtefacase, handle
the smear very delicately during staining. You eanelerate the
drying by using a fan or hair dryer (uses coolisgjt
Protect thick smears from hot environmentsptevent heat-
fixing the smear.

V. Do not fix thick smears with methanolt@at. If there will be a
delay in staining smears, dip the thick smear byrigf water to
haemolyse the RBCs.

Thin Smears

Thin smears consist of blood spread in a layer sbahthe thickness
decreases progressively toward the featherepk.eth the feathered
edge, the cells should be in a monolayer, not togobne another.

How to Prepare Thin Smears

I Place a small drop of blood on the preaokd, labeled slide, near
its frosted end.

. Bring another slide at a 30-45° angletaghe drop, allowing the
drop to spread along the contact line of the Zslid

1 Quickly push the upper (spreader) slidevard the unfrosted end
of the lower slide.

V. Make sure that the smears have a goodhdeadl edge. This is
achieved by using the correct amount of blood gmetasling
technique.

V. Allow the thin smears to dry. (They dryuch faster than the
thick smears, and are less subject to detachmeatbe they will
be fixed.)

Vi. Fix the smears by dipping them in absohaghanol.

Special Procedures for Detecting Microfilariae
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Blood Microfilariae:

A.

Capillary (Fingerstick) Blood

Since microfilariae concentrate in the periphewgiltaries, thick and
thin smears prepared from fingerstick blood aremamended.

B.

p

Lo

210

Anticoagulated (EDTA) venous blood ml) should be
concentrated by one of the following methods:

Centrifugation (Knott’s Techniqué

Prepare 2% formaldehyde (2 ml of 37%n&dehyde + 98 ml
H20).

Mix 9 ml of this 2% formaldehyde with 1l of patient’'s venous
blood. Centrifuge at 500 g for 10 minutes; discard supernatant.
Sediment is composed of WBCs and microfilariapi@sent).
Examine as temporary wet mounts.

Prepare thick and thin smears; allow tp @hd dip in absolute
methanol before Giemsa staining to endarstaining of
microfilariae.

Filtration

Place millipore® or Nucleopore® membréher (5 um pore) in
filter holder with syringe attachment.

Mix 1 ml of venous blood (in EDTAy¥ith 10 ml of 10%
Teepol® 610 (Shell Co.); allow to stand for sevarahutes to
allow lysis; transfer to a 10 ml Luer-Loc® syringattach the
filter apparatus.

Force the solution through the 5 um pfiter, followed by
several syringes of water to wash out the remaihlagd, then 1
or 2 syringes full of air to clear excess fluid.

Prepare a temporary wet mount bshongng the filter and
placing it on a glass slide, adding a drop of staindye and a
coverslip.

For permanent preparations, pass 2 td & methanol through
the filter while it is still in the holder; removdter and dry it on a
glass slide; then stain it with Giemsa stain, rmntally (so that
the filter does not wash off the slide); coverdiiper before
examining.
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Diagnostic Findings

. Antigen detection using an immunoassay for cirtndgfilarial
antigens constitutes a useful diagnostic approdofcause
microfilaremia can be low and variable. A rapidaat
immunochromatographic test, applicable to Wucharbancrofti
antigens, has been evaluated in the field. é¥®n antibody
detection is of limited value. Substantial antigetrioss reactivity
exists between filaria and other helmintheid aa positive
serologic test does not distinguish between past eumrrent

infection.

. Molecular diagnosis using polymerase chain reaasoavailable
for W. Bancrofti and B. malayi.

. Identification of adult worms is possible fronssie samples

collected during nodulectomies (onchocerciasis) auring
subcutaneous biopsies or worm removal from the(lejasis).

3.2  Trichinella Spiralis
Historical aspect

In 1835, a man died of tuberculosis in SttBalomew’s Hospital,
London. Dr Paget, a first-year student, carreed the autopsy and
observed fine hard white inclusions in the musc@suilar inclusions had
been observed by doctors from time to time in &, out were attributed
to commonplace muscle calcification, which quickblunted the
dissecting scalpel. Dr Paget inspected the lesidtis a hand lens and
quickly recognised their worm-like structure. Theame "Trichina
spiralis” was suggested. This name Trichina haghdly been given to a
certain fly, however, and the name was later charige'Trichinella".
The discovery of the parasite was published byfan@us biologist and
palaeontologist Richard Owen, at that time asdistanservator of the
museum of the Royal College of Surgeons. In 1858adkn Virchow
carried out transmission experiments in which itddchuman muscle
was fed to a healthy dog. After only 3 to 4 daysl&adrichinella worms
were found in the dog’s duodenum and jejunum.

Life Cycle
More than 100 species of mammals are susceptiblédoinfection.
Infections with Trichinella spiralis affect chieflycarnivores and

omnivores, although infection of horses has alsnbdescribed. People
become infected with this nematode by eating mwinsufficiently
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cooked infected meat, often pork or wild boar. Tdrwae of Trichinella
spiralis which are in the meat develop in a fewsdayo adult worms (2-
4 mm) in the wall of the small intestine. Thereythay larvae (100 m
m). These spread via the bloodstream to variouskesisincluding the
heart, where they undergo encapsulation [inalla pseudospiralis
does not form a capsule]. The larvae cannot coattousurvive in the
heart. The larvae are localised within the cellshaf muscles, which is
unique for a worm. After penetrating the muscld, Gellarva excretes a
number of signal molecules and proteins, which eonthe cell to what
is called a nurse cell. In the cell the behaviouthe worm is rather
similar to that of a virus. Many of its proteingajlycosylated and often
carry an unusual sugar (tyvelose). These proteiaseacreted from a
special organ in the larva (the stichosome). Vaiowscle proteins
such as actin and myosin change or disappear, aludwision is
stimulated and mitochondria are damaged. Local agyiesis is
stimulated by excretion of a blood vessel growtttda and new blood
vessels, originating from nearby venules, develog form a network
around the infected cell. The metabolism of these cell and the
parasite is essentially anaerobic. After 1 to 4 th®rthe adult worms
die. The larvae in the muscles sometimes survivgdars and can remain
viable for a long time even in rotting flesh. Tricklla is unique among
worms in that all development stages take plat¢kdarsame host. There is
never a free stage outside the mammalian body.

Symptoms

Infection may be asymptomatic. In typical cagkere is diarrhoea,
abdominal pain, vomiting and fever a few days afating infected
meat. After 10 days the fever increases, theemais very ill and
debilitated; there are muscle pains and a typieal-qrbital oedema
(differential diagnosis acute trypanosomiasis anebhmosis). This
oedema is caused by invasion of the small musadlesnd the eye.
There may be signs of myocarditis, encephalitiscama and asthma.
There is often very significant eosinophilia. Theyasitis causes an
increase in the muscle enzymes (creatine phosphe&jrCK). After a
few months the symptoms are reduced or disappedt.iMections are
self-limiting.

Diagnosis
Not many nematodes are found in muscle tissue. Shmtally a

migrating third stage larva of Ancylostoma, Tox@ar Gnathostoma
may be found (visceral larva migrans). Dracuncudalimensis may also
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be found in muscle tissue. Another, less commonatede which may
be found here is Haycocknema perplexum (Tasmania).

Prevention
. Meat should be well boiled or roasted thoroughly.
. Importance of meat inspection. The diaphragm alaaightered

animal is inspected (the piece of muscle is flatebhetween two
glass slides and examined using tramsifiation). This
technique (trichinoscopy) is not so good for Tnala
pseudospiralis because it is not surrounded bypsuta and is
easily missed.

. Pig food (which may include infected rats) shouédbwiled for
30 minutes.

. To store pork for 10 days at -25° C is generathpiactical in
developing countries. In the West meat is sometimeasliated
with high doses of gamma rays, which will kill angrvae.
Trichinella spiralis nativa is cold-hardy.

4.0 CONCLUSION

Blood and tissues are important ingridients for harsurvival, however
despite their importance, several factors exist taam hinder or reduce
their continous existence. Therefore, thigit discussed various
Parasites affecting human blood and tissue. Alsgudised were their
life cycles and clinical features associated whiirtinfections.

5.0 SUMMARY

Filariasis is caused by nematodes that inhabit Ifmephatics and
subcutaneous tissues. Eight main species infecahsmf whom three
of these are responsible for most of the morbiditye to filariasis:

Wuchereria bancrofti and Brugia malayi cause lyntighidariasis, and

Onchocerca volvulus causes onchocerciasis (rivediéss) Infective
larvae are transmitted by infected biting arthrapddring a blood meal.
The larvae migrate to the appropriate site of tbst' body, where they
develop into microfilariae-producing adults. Theulsl dwell in various
human tissues where they can live for several yelng agents of
lymphatic filariasis reside in lymphatic vesselsdatymph nodes;
Onchocerca volvulus in nodules in subcutaneousidissLoa loa in
subcutaneous tissues, where it migrates activelygiB malayi in

lymphatics, as with Wuchereria Bancrofti; Mansoaedtreptocerca in
the dermis and subcutaneous tissue; Mansonellardizapparently in
the subcutaneous tissues; and M. perstansody lcavities and the
surrounding tissues. The female worms produce afiiariae which
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circulate in the blood, except for those of Onchoaevolvulus and
Mansonella streptocerca, which are found in the sikid O. volvulus
which invade the eye. The microfilariae infect gt arthropods
mosquitoes for the agents of lymphatic filariaisckflies (Simulium)
for Onchocerca volvulus; midges for Mansonella f@rs and M.
streptocerca; and both midges and blackflies fomddaella ozzardi;
and deerflies (Chrysops) for Loa loa). Inside thehrapod, the
microfilariae develop in 1 to 2 weeks into infeetivilariform (third-
stage) larvae. During a subsequent blood meal éyrnbect, the larvae
infect the vertebrate host. They migrate to theappate site of the host's
body, where they develop into adults, a slow pre¢kan can require up
to 18 months in the case of Onchocerca.

Infections with Trichinella spiralis affect chieflycarnivores and
omnivores. People become infected by eating rawinsufficiently
cooked infected meat, often pork or wild boar. Tdr@ae of Trichinella
spiralis which are in the meat develop in a fewsdayo adult worms (2-
4 mm) in the wall of the small intestine. There\tlay larvae (100 mm).
These spread via the bloodstream to various lesisincluding the
heart, where they undergo encapsulation. Vectmtrol in case of
filariasis and proper cooking of pork (Trichinedpiralis) are the control
measures.

6.0 TUTOR- MARKED ASSIGNMENT

Activity: Prepare thick and thin smears for twoieats each.

Answer the following questions:

1. Write short note on Wuchereria bancradnchocerca volvulus,
Loa loa (LO1).

2. Describe the life cycles and clihidaatures associated with
Wuchereria bancrofti, Onchocerca volvulus, Loa ile&ctions
(LO2).

3. Describe the laboratory diagnosis andttnent of filarial worms
(LO3).

7.0 REFERENCES /FURTHER READING

Duke .(1972)Onchocerciasis. Br. Med. Bull., 28: 66-71.

Neva & Ottessen (1978Yropical (Filarial) Eosinophilia. N. Engl. J.
Med., 298: 1129-1131.
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1.0 INTRODUCTION

The human pinworm Enterobius vermicularis is anquibous parasite
of man. It is estimated that over 200 millipeople are infected
annually. It is more common in the tempereggions of Western
Europe and North America, (it is being relativedye in the tropics) and
is found particularly in children. Samples of Casiaa children in the
U.S.A. and Canada have shown incidences of inflecifobetween30%
to 80%, with similar levels in Europe, and althoulybse regions are the
parasites strongholds, it may be found throughoeitviorld, again often
with high degrees of incidence. For example in gaftSouth America
the incidence in school children may be as high(0ds. Interestingly non-
Caucasians appear to be relatively resistant teciidn with this
nematode. As a species, and contrary to populsfp&. vermicularis
is entirely restricted to man, other animals harlmgurelated but distinct
species that are non-infective to humans, but thHar may be
contaminated by eggs from the human species ketiby someone with
eggs on their hands. In man anywhere wileeee are large numbers
of children gathered together, (such as nursqulag,groups, orphanages
etc.), especially if conditions are insanitargre ready sources of
infection, as one child may rapidly transmit thegsite to his or her
fellows.

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

. describe the morphology of enterobius vermicularis
. describe the life cycle of enterobius vermicularis
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. examine the pathology, diagnosis and contblenterobius
vermicularis.

3.0 MAIN CONTENT
3.1  Enterobius Vermicularis (The Human Pin-Worn)

Morphology

These creamy white coloured nematodes are relatsrekll, with the
female measuring only approximately 10mm by 0.4mmdew The
females have a cuticular expansion at their antenmls, with a long
pointed tail. The male parasites, which are musk lrumerous than the
females, are much smaller, measuring only up to 3omgm, and have a
curved tail, with a small bursa like expansion, ansingle spicule. The
head has a mouth with three small lips.

Fig. 1: Adult Pinworm
Life Cycle

The adult parasites live predominantly in the caeclihe male and
females mate, and the uteri of the females becdhad Wwith eggs. The
gravid females (each containing up to 15000 edgs) tmigrate down
the digestive tract to the anus. From here theyemakgular nocturnal
migrations out of the anus, to the perianal regmhgre air contact
stimulates them to lay their eggs, before retrgaback into the rectum.
Eventually the female die, their bodies disintegmto release many
remaining eggs. These eggs, which are clear andureabout 55 by
30um, then, mature to the infectious stage (comgian L1 larvae)
over 4 to 6 weeks. To infect the host, typicallggl eggs must then be
ingested. The ingested eggs hatch in tlhedehum. The eggs
themselves are sticky, and have a characterisdjpestshared with all
members of the group Oxyuridea, with an asymmétfaran, flattened
on one side, (see below);
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Fig.2: The Ova of Enterobius Vermicularis

The larvae then undergo a series of moults, as thgyate down the
digestive tract. The adult worms then mature in taecum, before
copulating to complete the cycle (typically 6 weekdccasionally the
eggs hatch in the perianal region itself, the tesylLl larvae being
fully infective, crawling back through the anusemhmigrating 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 stielsges of eggs that
they lay may causes irritation of the perianal @agiwhich in some cases
may be severe. As the females emerge at nighiriaisgive rise to sleep
disturbances, and scratching of the affected paliarea transfers eggs
to the fingers and under the finger nails. Thitm aids the transmission
of the eggs, both back to the original host (adémtion), and to other

hosts.

Diagnosis

Because eggs are rarely passed out with faecesjimadion 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 rekabdlagnosis is by the
cellophane tape swab. This involves the attachnoént piece of
cellophane to the perianal region overnight. Thighen examined for
eggs under the microscope. Alternatively, the and perianal area can
be examined under bright light at night, at whichet adult worms can
be seen glittening in the light.

Epidemiology and Control

The eggs of the parasite are air-borne, caughothing, household linen,
curtain, carpets, etc. As such, infection is comnmodry season
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than rainy season in the tropics. Maitenan€ehigh standards of
personal and domestic hygiene is therefore impeardor control and
prevention.

4.0 CONCLUSION

In this unit, the morphology of Enterobius vermemg and their life
cycle have been discussed. Also discussed werngsathelogy, diagnosis
and control of Enterobius vermicularis

5.0 SUMMARY

Enterobius vermicularis is an air-borne parasitdection common
mostly in the temperate regions of the world. Adelnale worms lay
eggs in the perianal regions and infection ocdunsuigh direct ingestion
of eggs containing the L1 larvae. Infection is dlsuasymptomatic but
sometimes the sticky eggs could cause irritatiathefperianal giving rise
to scratching and sleep disturbance. Maitenanchigli standards of
personal and domestic hygiene is imperative fotroband prevention.

6.0 TUTOR -MARKED ASSIGNMENT

Activity: Conduct a physical examination of an adauhworm under the
microscope and report your findings in the log hook

Answer the following questions:

1. With a well label diagram describe therphmlogy of enterobius
vermicularis (LO1).

2. Describe the life cycle of enterobiusmularis (LO2).

3. Explain the pathology, diagnosis aocohtrol of enterobius
vermicularis (LO3).

7.0 REFERENCES/ FURTHER READING

Brown, HW. & Neva, F.A. (1983)Basic Clinical Parasitology. (5th
ed.). pp. 128-132.
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