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Introduction

Parasitology to a lay man is the study of paraskeparasite is an organism that
lives in or on a host causing harm to the hosaddition, parasites are metabolically
dependent on their hosts. A good knowledge on tlwody of a parasite,
transmission cycles and human behaviours that ptnansmission are necessary
to eliminate or reduce infection.

The course therefore introduces students to thedyoof common parasites in the
helminth category in tropical countries and someeptcountries of the world. To
facilitate learning, diagrams on their morphologaesl life cycles are included in the
guide. For coherence, epidemiology and controtraated simultaneously.

The contents of this course therefore will servebasis for studying parasites.
Information on diagnosis of parasites will equippdd willing to practice clinical
parasitology with practical knowledge.

The Course

This course Guide tells you briefly what to expotn reading this material which
bothers on the study of parasite “Parasitology”.

The association ‘Parasitism’ is a harmful assommtn favour of the parasite which
likely evolved from a non-harmful association cdlleommensalism. The location
and behaviour of parasites have enabled us to pgle® into different groups.
Parasite can not survive without a host organidrarefore the study of host in
parasite transmission is equally important.

Parasites can be grouped into those with zoolagieaterinary and medical
importance. Those invading livestock (veterinaryasdaes) and humans (human
parasites) are touched in this course Guide. Ghyerzarasitic helminthes are
grouped into trematodes, cestodes and nematodesliéneans are the only groups
with medical importance in the class TrematodaJevhematodes form the majority
of the helminthic infection. The entire courseuses on the following; lifecycle,
morphology, diagnosis, epidemiology and contraihaf parasite.

Life cycle: this involves the routes of transmission and gisgadevelopment from
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the immature to the adult stage. Some helminthg loirect lifecycles involving no
intermediate host. Examples in this category Asearis lumbricoideshookworms
andEnterobiusvermicularis On the other hand, some show indirect lifecyetagh
could either be homoxenous or heteroxenous. Honomeerindirect life cycle
utilizes a single intermediate host. eSghistosomapp that make use of specific
snail intermediate hosts for intramolluscan develept. In heteroxenous indirect
lifecycle, two or more intermediate hosts are zeil in the transmission cycle. e.g.
Diphyllobothrium latumthat makes use of cyclops and fish as the first sswbnd
intermediate hosts respectively.

Morphology: this is gross anatomy. Each helminth group hasrgéned features.
The morphologies of the adults are often differeatn the immature stages. The
adult trematodes are often leaf-like with two susk@he oral and ventral suckers).
The reproductive system is often hermaphroditicst@#de body is divided into head,
neck and strobila. The integuments are metaboliduimction. The distinctive
morphological features of either the adult or theval form are often used in the
diagnosis of helminth infection.

Diagnosis:the methods used in the detection of parasiteerhtist is dependent on
various factors. The site of infection of the pasanorphological indifferences in
some closely related species, cost effectiveneshffeirent diagnostic methods and
introduction of new technologies and proficiency laboratory technologists to
manage these new technologies. Parasites thatitintitebintestine will best be
diagnosed through stool examination .&gcaris lumbricoidesln infection due to
Paragonimusspp whose adult flukes reside in the lungs, diagnissdone through
sputum examination. Usually diagnosis of parasiébninths is done by looking out
for the striking feature(s) of the eggs laid by #durilt parasites. However, when the
eggs of two or more closely related species argph@ogically indistinguishable,
such as those of the two Hookworm spechsc@ator americanuand Ancylostoma
duodenaler and the hexacanth eggs Baeniaspp., the adult parasites could be
used.

The conventional method diagnosis (the use of mape) can sometimes show
limitation especially in the detection of parasitgth very low intensity. Therefore,
more sensitive methods like Enzyme Linked Immuniosot Assay (ELISA) and
parasite gene amplification using Polymerase CRa&action (PCR) are some of the
modern technologies currently available. Nevertteldhese methods are under-
used in Nigeria due to cost and lack of technolaigiaow-how.

Epidemiology and control —Epidemiology deals with the study of the cause of
diseases and factors favouring transmission. Idegpiology, a good understanding
of the transmission cycle is necessary. This wihlde one to target control at
stage(s) which will break the transmission cycletted parasite. The killing of the
snail intermediate hosts of Schistosomiasi lead to a significant reduction in
disease occurrence. In this case, the intramolfudeaelopment which gives rise to
the infective stage ‘cercaria’ will not occur. Eeidiology also offers knowledge on
the behaviours that predispose people to infection.



Course Aim

This course aims at introducing the common pamsie man and livestock to
students with a view to understanding their lifdegc morphology, pathology,
diagnosis, epidemiology and control.

Objectives

In addition to the aims above, this course setdioiewe some objectives. After
going through this course, you should be able to:

Get familiarised to some common parasites of mahaammals

Know the striking morphological features of thegsites

Understand the transmission patterns of helmindnagte and transfer
knowledge from the lifecycles to the control measur

Diagnose some parasitic infections through th@&ns and symptoms of
infection. e.g. bloody urine in a community thaipdeds solely on natural
flowing rivers for their water supply could be digeinfection bySchistosoma
haematobium

Working through the Course

A great effort was put into developing this coutisereby enriching it with a lot of
useful information. This accounts for why you woulithd it an irresistible

companion both in this class and for field purpoddswever, it requires that
concerted effort is made in reading through thidgemal for appreciating the
effort in a commensurate manner so you would baired to devote some time to
read it. You are also encouraged to work througth jaractice all assignments
contained in this material.

Course Materials
You will be provided with the following materials
Course guide and study units. In addition, the sewomes with a list of

recommended textbooks which are necessary as soppie to the
course material.

Study Units
The following table presents the study units corgdi in this course
which is expected to be covered in 12 weeks:

Module 1
Unit 1 Association in organisms
Unit 2 Parasitic helminths, lifecycles, and thassification of the host

organism
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Unit 3 Human helminths infections

Module 2

Unit 1 Digenetic Trematodes

Unit 2 Classification of digenetic trematodes adang to their habitat
Module 3

Unit 1 Basic body plan of a cestode

Unit 2 Tapeworms and Examples

Unit 3 Tapeworms of man and other human’s cestodes
Module 4

Unit 1 General features and life cycles of nemeasod

Unit 2 Solil transmitted helminths

Unit 3 Blood and Tissue nematodes

Unit 4 Air-borne nematode

Textbooks and References
Brown, H.W. and Neva, F.N. (1983). Basic Clinicaf&sitology (»edition). pp1-17
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Medicine. 5th Ed. WB Saunders, Philadelphia.
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Sobhon P. (2009)Fasciola gigantica Immunodiagnosis of fasciolosis by
detection of circulating 28.5kDa tegumental antigdfxp Parasitol,
123(4):334-40.
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Chicago. 328 pp.
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Vertebrates. CAB International, Wallingford, U.K5T pp.

Assessment

There are two components of assessment for thigseourhe Tutor Marked
Assignment (TMA), and the end of course examination

Tutor Marked Assignment

The TMA is the continuous assessment componenhisfdourse. It accounts for
30% of the total score. You will be given 4 TMA® answer. Three of these must
be answered before you are allowed to sit for tiek & course examination. The
TMA'’s would be given to you by your facilitator amdturned after you have done
the assignment.

Final Examination and Grading
This examination concludes the assessment fordbese. It constitutes 70% of the

whole course. You will be informed of the time fithe examination. It may or not
coincide with the university semester examination.
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Unit | Title of Work No. of Weeks to | No. of
Complete Them | Assignments
Module 1
1 | Association in organisms 2 2
2 | Parasitic helminths, lifecycle Ya 1
and the classification of the
3 | Human helminths infections Y4 2
Module 2
1 | Digenetic Trematodes 1 2
2 [Classification of digenetic 2 4
tremaodes according to
their habitat
Module 3
1 | Basic body plan of a cestode 1 2
2 | Tapeworms and Examples 1 2
3 | Tapeworms of man and other 2 4
human’s cestodes
Module 4
1 | General features and life 14 1
cycles of nematodes
2 | Soil transmitted helminths 1% 2
3 | Blood and Tissue nematodes 2Y. 5
4 |Air-borne nematode Ya 1




How to Get the Most from this Course

In distance learning the study units replace theeausity lectures. This is one of
the great advantages of distance learning: you meamd and work through

specially designed study materials at your own paoe at a time and place that
suits you best. Think of it as reading the lecinstead of listening to the lecturer.
In the same way that a lecturer might give you sosaelings to do, the study units
tell you when to read your set books or other niterJust as a lecturer might
give you an in-class exercise, your study unitsviol® exercise for you to do at
appropriate points.

Each of the study units follows a common formate Tinst item is introduction to

the subject matter of the unit and how a particulat is integrated with the other
units and the course as a whole. Next is a seteafning objectives. These
objectives let you know what you should be abledtw by the time you have
completed the unit. You should use these objectiveguide your study. When
you have finished the unit you must go back andckhehether you have
achieved the objectives. If you make a habit ohdaiis you will significantly

improve your chances of passing the course.

The main body of the unit guides you through thgumed reading from other
sources. This will usually be either from your sebks or reading section.

Self-tests are interspersed throughout the unitd,aamswers are given at the ends
of units. Working through these tests will help ymame in the study units, work
through these when you come to them, too.

When you need help, don’t hesitate to call andyask tutor to provide it.
1. Read the Course Guide thoroughly.

2. Organise a study schedule. Refer to the “Courseviawe’ for more
details. Note the time you are expected to spen@awmh unit and
how the assignments relate to the units. Impoitdotmation details
of your tutorials and the date of the first day tbé semester is
available at the National Open University, Studytges.

You need to gather together all this information ane place,
such as your diary or a wall calendar. Whatevehpuktyou choose
to use, you should decide on and write in your olates for working
on each unit.

3. Once you have created your own study schedoleverything you
can to stick to it. The major reason that studéatss that they get
behind with their course work. If you get into dfilties with your
schedule, please let your tutor know before iais.|

4. Turn to unit 1 and read the introduction ane tbjectives for the



unit.

5. Assemble the study materials. Information alvehait you need for a
unit is given in the “Overview” at the beginning eéch unit. You
will almost always need both the study unit you wmeking on and
one of your set books on your rest at the same time

6. Work through the unit, the content ot thnit itself has been
arranged to provide a sequence for you to follow.

7. Keep in mind that you will learn a lot by doirtige assignments
carefully. They have been designed to help you rieeiobjectives
of the course and, therefore will help pass therexa

8. Review the objectives for each study unit tafeom that you have
achieved them. If you feel unsure about any ofdibjectives, review
the study material or consult your tutor.

9. When you are confident that you have achieveaiiBs objectives,
you can then start on the next unit. Proceed uniirit through the
course and try to pace your study so that keap yourself on
schedule.

10.When you have submitted an assignment to your fisiomarking,
do not wait for its return before starting to wavk the next unit.
Keep to your schedule. When your assignments repay attention
to your tutor's comments both on the tutor-markesgignment form
and also written on the assignment. Consult yotortas soon as
possible if you have any question or problems.

11. After completing the last unit, review the cgriand prepare yourself
for the final examination. Check that you have tmit objectives
and the course objectives listed.

Facilitators/Tutors and Tutorials

There are some tutorials earmarked for this coxfea. will be notified later about
the date, venue and time. You should try your bestttend the tutorials. This is
the only chance to have face-to-face contact watlr yutor. Prepare a question list
before attending the tutorials. You will learn & fimm participating in discussions
actively.

Summary

This course intends to provide you with some b&smwledge on the distribution,
lifecycles, morphology, diagnosis and epidemiology common helminths
parasites. However, are expected to adequatelyearntbw questions at the end of
each unit of this study course.



NATIONAL OPEN UNIVERSITY OF NIGERIA

BIO 212: HELMINTHOLOGY

Course Writer/Developer Mr O.T. Salawu

Parasitology Unit
Department of Zoology
University of Ibadan

Course Editor Dr. D.D. Moro

Department of Microbiology
Lagos State University



Vi



CONTENTS PAGE

Module 1  Evolution of Parasitic Association ...................... 1
Unit 1 Association in organisms .................. 1
Unit 2 Parasitic helminths, lifecycles, and thesslfication

of the hostorganism ...............ccvvviiiii i, 7
Unit 3 Human helminths infections .............................. 11
Module 2 Trematodes .........ccoevviiie i 16
Unit 1 Digenetic Trematodes ........c.coooviiiiiiniiniiiennnn. 16
Unit 2 Classification of digenetic trematodes adaoung to

their habitat ..................coc oo, 31
Module 3 Cestodes ........covvviviiiii i i e e, D1
Unit 1 Basic body plan of a cestode ............................ 51
Unit 2 Tapeworms and Examples .........cccccveeeeeennnnnnnn. 61
Unit 3 Tapeworms of man and other human’s cestode....7.2
Module 4 Nematodes............cvovveiviiiiiiiiiiiieiiicneeeeen.. . 86
Unit 1 General features and life cycles of nematode.... 86
Unit 2 Soil transmitted helminths ... 92
Unit 3 Blood and Tissue nematodes ................cc.ceevne.. 108
Unit 4 Air-borne nematode............coooeiiiiii i 124
MODULE 1 EVOLUTION OF PARASITIC ASSOCIATION
Unit 1 Association in organisms
Unit 2 Parasitic helminths, lifecycles, and thassification of the host organism
Unit 3 Human helminths infections



MODULE 1
Unit 1 ASSOCIATION IN ORGANISMS
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main contents
3.1 Types of Association
3.1.1 Symbiosis
3.1.2 Mutualism
3.1.3 Commensalism
3.1.4 Parasitism
3.1.4.1 Classification of f{@rasitic organisms
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION

Organisms frequently associate together, ofterebjo3 here are a number of "motives"
for these associations, including protection, miotm and as an aid to the dispersion (both
geographically and temporally) of the organism. réEhae four main ways that animals
of different species may be associated to one anot®ymbiosis, Mutualism,
Commensalism and Parasitism. These classificahomgver, on closer inspection, may
become blurred, one type taking on the aspectsathar, for example over time as the
relationship evolves. However, as a general glided terms are still very useful.

2.0 OBJECTIVES:
At the end of the study, students should be able to
1. Explain the various types of association exgstinetween
organisms
2. Give examples of various types of association



3.0

3.1
3.1.1

3.1.2

3. Understand the concept of parasitism and typparasites

MAIN CONTENTS

Types of Association
Symbiosis

Here both organisms are dependent on each othemi®s being the association
of flagellate protozoa in the gut of termites, whéermites are dependent on the
protozoa for breaking down their food stuffs, ahd protozoa are dependent on
the termites as host organisms. Another good exahnale which is often cited is
the association between clown fish and anemoné&sjical reefs; where the fish
is dependent on anemone for protection and foodewthe anemone does not
appear to gain anything from the association, expepsibly cleaning. However,
it has been observed that in some cases, in thened<f the fish partner the
anemones tend to disappear from their reef hondicating a true symbiotic
rather than a mutualistic or commensal relationship

Another well known example is found with the lickersymbiotic association
composed of fungi and algae. These associationsbeayme very close, and it is
thought that the eukaryotes as a group evolvedrasudt of such an association.
Intracellular organelles such as the mitochondnid ehloroplasts appear to have
their origin as intracellular symbiotes of earlykaryotes, (some extremely
primitive eukaryotes, such as the intestinal ps&aSiardia lamblig lack these
organelles). Other forms of symbiosis may be mwds Iclose, for example an
organism that uses another organism purely as asmdadispersal. For example
bacterial or fungal spores on the legs of fliescaglentrates and barnacles on the
carapaces of marine crustaceans. This particutan td symbiosis is sometimes
called Phoresis.

Mutualism

Here the associates may or may not be dependergaimother for their existence,
but both benefit when they are associated. A goaan@le of this occurs with the
association of sea anemones on the backs of @alis.gain from the association



3.1.3

3.1.4

(the anemone providing some food for the crab, imicturn gives extra motility
to the anemone), but both can survive on their own.

Another less well known example is found betweetage species of ants and the
caterpillars of some of the Lycaenidae butterf{igarticularly the 'Blues’), where
the caterpillar is protected by the ants withinirthreests, in return for which the
caterpillar secretes a honeydew which the antecolin this case from the point
of view of the ant, it benefits from the associatibut does not appear to need it,
(i.e. the association is facultative, or opporttio)s However, from the point of
view of the caterpillar, this association is regdirfor its survival (i.e. the
association is obligatory). This illustrates thaege definitions may become
blurred, and, over time, one form of associatioty eaolve into another.

Commensalism

Neither organism is dependent on the other foexistence, but in this case only
one of the partners benefits from the associatiom,other being unaffected. An
example of this, found in humans, are the non-ggth obligate commensal
protozoa such as the amoelbstamoeba gingivaliscommonly found in the
mouth, feeding of bacteria, dead epithelial celtsd dood particles. Purely
commensal relationships tend to be rather rar®nas closer inspection element
of mutualism or parasitism may become apparent.

Parasitism

Here one of the associates live either partly oollyrat the expense of the other
associate, the other partner (the host organism)gaming anything from the
association. This association may give rise toeemér pathology in the host, or the
parasitism may be generally not very pathogenica$tsm is carried out by
many organisms, the main groups including virudessteria, protozoa (these
usually being endoparasitic), and various metaz@aoups (multicellular
eukaryotic animals), these being mostly groupsetinimths (often endoparasitic),
and arthropods (usually ectoparasitic), as welB@ase higher organisms, such as
ectoparasitic lampreys and hagfish. Generally hamnevor partly historical
reasons, the term parasitology generally only seferthe study of infection with
eukaryotic protozoan, and invertebrate metazoaasfies, not bacteria, viruses or
the higher chordate parasites, even though thesgaaasites in the true sense.
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3.14.1 Classification of the parasitic organism

Organisms in these associations may either be erotiter surface of the host
organism, (in which case the preftcto- is used), or inside the host organism, (in
which case the prefikEndo- is used). These prefixes may be used with arthief
animal associations listed above. For examplelégelate protozoa in the termite
guts areEndosymbionts while the anemone can act asEstocommensalwith
the crab. Parasites may act as kaatto andendoparasites Parasites may also be
classified according to the closeness of the mahip. For exampl&acultative
Parasites (such as many bacteria) are those where the parkfgstyle is only
taken up opportunistically, where@&bligate Parasites(such as all viruses, and
most of the helminth parasites described below)tlamee in which the organism
must parasitise another organism. These parasitgsaften cause diseases, in
which case they are referred toRethogenic Parasites

In a somewhat wider interpretation of the term pitisam, some organisms exhibit
parasitic behaviour only early in their life cyctbgese being referred to Bsood
Parasites Examples of these include caterpillars of thegeaBlue butterfly,
which chemically mimic other caterpillars with matistic associations with ants
(see above), but both fail to produce honeydewoagpensation and consume ant
grubs, and may in fact destroy the nest, (therebp@as a pathogenic parasite for
the ants). In this case, the parasitic lifestylebpbly evolved from the mutualistic
lifestyle of the other, related butterflies, agallustrating how one form of
association may change into another. Another wetwn example of a brood
parasite is a bird, the cuckoo.

Some parasites establish themselves in hosts ichvthey do not ordinarily live.
These are called thecidental Parasites. A temporary parasiteis free-living
during part of its existence and seeks its hosérmittently to obtain its
nourishment whereaBermanent Parasiteremains on or in its host’'s body from
early life until maturity, sometimes for its entilée. Parasite that has passed
through the alimentary tract without infecting thest are calledCoprozoic or
Spurious Parasite.

Parasites often lack the necessary organs for #ason of raw materials and
depend upon the host for predigested food. An aateqsupply of moisture is
assured inside the host, but during the free-livexgstence of the parasite,

11



4.0

5.0

6.0

7.0

inadequate moisture may either prove fatal or prevke larval development.
Temperature is likewise important. Each speciesanagptimal temperature range
for its existence and development. Both high amdtlemperatures are detrimental
and even lethal.

CONCLUSION

In this unit you learnt:
the various types of association in organisms wiblcus on
parasitism.

SUMMARY

Organisms interact with each other at differentrdeg. While some are solely
dependent on each other, however, some are opsiituand can adopt different
means for their survival. One association canvevahto the other. An example is
seen in commensalism which can evolve into mutonadis parasitism. Some parasites
recide within their hosts while others are outsidebligate parasites live in living
tissues whereas the facultative parasites are sumeessful in that they are capable
of taking other sources of nutrition. Pathogenicapdes are of great medical concern
because they cause diseases. The survival of aitgairaits habitat/microhabitat can
be influenced by moisture and temperature.

TUTOR-MARKED ASSIGNMENT
1. What is/are the differences between symbiosis amtiaisms?
2. Give one example in each case of (a) Commensal{®n,symbiosis (c)
mutualism
3. Give examples in each case of obligate and faliwetagtarasites

REFERENCE/FURTHER READINGS

Brown, H.W. and Neva, F.A. (1983). Basic Clinicar&sitology (8edition). pp1-
17
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UNIT 2 PARASITIC HELMINTHS, LIFECYCLES, AND THE

CLASSIFICATION OF THE HOST ORGANISM

CONTENTS

1.0
2.0
3.0

4.0
5.0
6.0
7.0

1.0

Introduction
Objectives
Main contents

3.1 Types of host
3.1.1 Definitive host
3.1.2 Intermediate host
3.1.3 Accidental host
3.1.4 Paratenic host
3.1.5 Reservoir host

Conclusion

Summary

Tutor-marked assignment
References/Further Readings

INTRODUCTION

Parasitic helminths may have either simple or carafed lifecycles. The terms

used to describe the hosts harbouring differenjestan these lifecycles are

however the same. The degree of damage done tw#htg is however varied. For

example in definitive host, the greatest harm endeeing the one the adult stage
of the parasite is found. Sometimes, a host migsume dual functions, and

therefore could be difficult to classify strictlpto one type. Human host during
infection by malarial parasite is one of such. Hantauld be classified as the
definitive host being the one in which greatestnhas seen. Also, intermediate

host because human harbours the asexual staghe phtasite (merozoites and
trophozoites). A clear understanding of the refetlop between host and parasite
and function of host in survival and transmissibparasite is therefore necessary
for a better classification.

13



2.0

3.1

3.1.1

3.1.2

OBJECTIVES:
At the end of this study, the students should be tb
1. Explain the different types of parasites’ host
2. To distinguish between an intermediate host anelcéov

Types of Host
Definitive Host

The adult parasites are found in tthefinitive host This is where the parasite's
sexual cycle usually takes place, with either crossself fertilisation with
hermaphroditic parasites, or sexual reproductiomhd parasites have separate
sexes, followed by production of eggs, or morelyangth viviparous helminths,
larvae. The greatest harm is usually seen in thés. h

Intermediate Host

In many cases the parasites larvae are found fierdift hosts, these are called the
Intermediate Hosts Parasitic helminth larvae may have one, two omremo
intermediate hosts in their lifecycles, or they m#ve no intermediate hosts.
Often asexual stages of reproduction occur in thesermediate hosts, (for
example with Platyhelminth parasites). Note thatewhdescribing hosts of
parasitic protozoa, these terms are slightly deifiér owing to the asexual
characteristics of many of these organisms. Wittagiic protozoa the vertebrate
host is generally referred to as the definitivethesgilst the invertebrate is the
intermediate host. Some parasitic nematodes grgngyloides stercoraljsare
Facultative parasites, having completely free tvilfecycles in addition to
parasitic ones. The two terms definitive and inedrate host are the most
important in Parasitology when referring to theeygf host. Avector however,
should not be mistaken for intermediate hostveator actively transmits infection
to a host without necessarily harbouring the adestage of the parasite e.g. the
vector of African trypanosomias(Slossinaspp. These groups of vectors pick up
parasite (the infective stage) from the reservasts during blood meal and
transmit it to a susceptible definitive host. Hoeevwsome vectors can still serve
as intermediate hosts harbouring the asexual datkal forms of the parasite e.g.
certainAnophelesnosquitoes that harbour the microfilariae of fahmorms.
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3.1.3

3.1.4

3.1.5

Accidental Host

Accidental hostsare those in which the parasite do not normaliyet®p (due, for
example to lack of exposure to infective forms bF tparasite), but when
occasionally chance infections occur, the parasitble to complete its lifecycle.
Hosts where the parasite can complete its lifecgcée calledPermissive hosts
and include true definitive and intermediate haséswell as many accidental
hosts. Examples here include such parasite§aaxiola hepatica where the
normal definitive hosts are ruminants, but humams @her animals may also be
infected and viable adult parasites develop. Anoth@mple is human infection
with the nematod@ngiostrongylus cantonensis the far East.

In comparison another form of the accidental hesthe Non-Permissive host
where the parasite, although it may develop to sexrtent, reaches effectively a
dead end, the parasite not being able to compketiéecycle and eventually dying
within the host. These forms of infection often wcavhere the parasite has
intermediate hosts which may be accidentally irege$ty animals other than the
true definitive host. For example, with various marascarids of the family
Anisakidae such a&nisakissp., which give rise to the condition of 'Anisaksas
on ingestion of raw infected fish.

Paratenic Host

Paratenic hostsmay also be included in parasitic helminth lifdegc In these
forms of infection the parasites undergo an ardestevelopment on infection,
larval forms accumulating in these hosts until thaye a chance of infecting the
definitive host (e.g. in the Pseudophyllidean tapems). These hosts are therefore
not essential to completion of the parasites litdzyThis is in contrast to the case
with true intermediate hosts whose ingestion issmessl to the lifecycle, for
exampleEchinococcusp.

Reservoir Host

15
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These are accidental hosts and hosts of parasities Wwave zoonotic patterns of
infection (i.e. normally infect a wide range of &)s may act aReservoir Hosts
for the parasite. These are also a form of permadsosts as fully viable infections
develop, and a more accurate term would be aligmdefinitive hosts (though
this is not in fact used). The term reservoir hsstusually only used when
describing the epidemiology of human infections. é&qample of parasites with
zoonotic infections isSchistosoma japonicunThis parasite, as well as infected
man, can also infect other mammals as definitivstd)ancluding rodents, cats,
dogs, domesticated ruminants such as water buéfatb a wide range of other
mammals. In Human African Trypanosomiasis (HAT§ thservoir host are cattle
which serve assources of active infectionto man. The presence of these
Zoonosedhas implications for the control of the parasit¢he field.

CONCLUSION

In this unit you learnt:
the various types of hosts of parasites, theirrdiste characteristics and some
relavant examples.

SUMMARY

The host of a parasite is the organism that hasothe parasite. The intermediate
host is the one in which part of the developmestages in the life cycle of the

parasite takes place, usually the larval or thexwsestage. A vector actively

transmits an infective stage of parasite harbourgdhe reservoir host which

serves as source of active infection to the défmihost. The definitive host

harbours the adult or the sexual stage of the paraad often experiences the
greatest harm during the life cycle of the parasite

TUTOR-MARKED ASSIGNMENT

Briefly explain the following types of hosts; regeir, accidental, definitive and
intermediate hosts

REFERENCE/FURTHER READINGS
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UNIT 3 HUMAN HELMINTH INFECTIONS

CONTENTS
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2.0 Objectives

3.0 Main contents
3.1 Nematode infections
3.2 Digenean trematode infections
3.3 Cestode (tapeworm) infections
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6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION
This unit aims to introduce the student to the ditg of helminth infections in
man, and even more importantly, to the numbersdiiduals that harbour these
infections in all regions of the world. There aheee major groups of helminths
containing members that have man as their mairshtistse being thBigenean
Flukes, theTapeworms (Cestodes)and theRoundworms (Nematodes)

2.0 OBJECTIVES

At the end of this unit, the student should be adle

1. Get acquainted with the various helminth parasdads their common
names
2. Give brief information about the distribution okthinfections.
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3.0

3.1

MAIN CONTENTS
NEMATODE INFECTIONS
Enterobius vermicularis - Pinworm, Threadworm.

E. vermicularisinfection, an extremely common nematode infectyerticularly

in temperate areas such as Western Europe and Norhica, ( being relatively
rare in the tropics) and particularly in childrdh.has been estimated that the
annual incidence of infection is over 200 milliothis probably being a
conservative figure.Samples of caucasian childnethé U.S.A. and Canada have
shown incidence of infection of from 30% to 80%thsimilar levels in Europe.

Ascarislumbricoides - The Large Human Roundworm.

Again the incidence rates for this parasite arg Wgh with > 1500 million cases
of infection annualy, of which about 210 millionses are symptomatic.

Trichuristrichiuria - The Large Human Roundworm.

The incidence rates for this parasite are also Wagit, with estimates of about
1300 million cases of infection annualy, of whici33 million cases are
symptomatic.

The Hookworms.

These are represented by two parasiiesator americanus the tropics and sub
tropics worldwide and the S. E. states of the U.SaAdAncylostoma duodenale
again with a worldwide distribution in the tropiaad sub tropics as well as the
Mediterranean region. There are > 1200 million sast hookworm infection
annually, of which about 100 million cases are siympatic.

Lymphatic filariasis - Elephantiasis
18



3.2

This disease is caused principally by two parasidschereria bancroftwith an
annual rate of infection of about 106 million cgsasdBrugia malayiwith an
annual rate of infection of about 12.5 million. Tie¢al number of people infected
with other types of lymphatic filarial worms is muemaller, at about 1.5 million
cases. These lymphatic filarial worms, along witle trelated filarial parasite
Onchocerca volvulysare unusual among the nematodes in that theyafewath,
and are transmitted by insect vector intermediattsh

Onchocerca volvulus - River Blindness

The incidence rates for this parasite are not gh s some of the previously
described parasites, with an annual rate of irdactif about 18 million, however,
due to the extreme pathology associated with thimgte, often with all adult
members of affected villages losing their sighongl with severe skin conditions,
the infection is significant.

Dracunculus medinensis - Guinea Worm

The incidence rates for this parasite are much dpwigh an estimated annual rate
of infection of about 100 000. This is much |lovleain in the recent past, when up
to 50 million people were infected. This reductionincidence illustrates how

successful helminth control programmes can be &fean reducing the disease
caused by these organisms.

Other important nematode infections includeichinella spiralis, Strongyloides
stercoralis, and a number of morare infections. Nematodes that normally infect
other animals may still cause disease in man. Timetaede Toxocara canis and a
number of nematodes causiagjsakiasis.

Digenean Trematode Infections
Schistosomiasis Bilharzia.

Schistosomiasis is caused bS$chistosoma mansoni, S. haematobium, S.

intercalatum, S. japonicurand S. mekongiThis disease is the most important

human helminthiasis in terms of morbidity and miadstaThe numbers of people

infected are lower than those of many of the nedatmfections, with an

estimated annual incidence of infection of > 200iom cases. In terms of active
19



3.3

disease however, the parasite is much more imgonatih an estimated annual
mortality rate of about 1 million deaths directlyed to infection with these
parasites.

Opisthorchissinensis - The Chinese Liver Fluke

This is also a very important trematode infectiovith an estimated annual
incidence of infection of about 20 - 30 million eas mostly in the Far East, in
Japan, China, Taiwan and South East Asia.

Paragonimus spp. - The Lung Fluke

This fluke causes a pulmonary disease, the adudtsfias living in the lungs of
their definitive hosts (e.g. man). There are a nemdf different species of this
parasite, the most well documented belhgwestermanin the Far East. It may
however, be locally very common, with up to 40 t0% of the population
infected.

There are a number of other digenean trematodetiofes. These include various
Echinostomeinfections as well as a number of other flukesadidition, there are
a number of these parasites that usually infectedticated animals, but also
cause well known human infections as well. Thestde Fasciola hepatica and
Dicrocodium dendriticum.

Cestode (Tapeworm) Infections
Taenia saginata - The Beef Tapeworm

This only causes very limited pathology in man, bthe annual incidence of
infection is high, at an estimated 50 million cases

Taenia solium - The Pork Tapeworm

This has a similar estimated annual incidence téction of about 50 million
cases. However, in this case the consequences enayobe severe, due to the
added risk of contracting infection with the larvaktacestode, (cysticercosis).
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This may have extreme consequences in terms opdtielogy associated with
infection, with an estimated annual mortality ratebout 50,000 deaths.

For the cestodes, these annual incidence ratelsagezl on detection of infection
with the adult parasite. This is achieved by exatmm of faeces, urine or sputum
for parasite eggs Diagnosis of infection with larval metacestodegsées, such
as Echinococcus sp. is very difficult, due to the lack of non invasidegnostic
techniques. It is in consequence very difficulestimate annual rates of infection,
even though these metacestodes may be very imppd#rogens.

CONCLUSION
In this unit you learnt about:

The various parasitic helminths, their common nardedribution and number of
cases (prevalence).

SUMMARY

Parasitic helminths are grouped into nematodegpdes and trematodes. The
nematodes are the most diversified groups. Pardmtminths infect a wide range
of hosts, ranging between man, domestic animalswalidanimals. Morbidity is
often high leading to death of several thousangsople.

TUTOR-MARKED ASSIGNMENT

1. Give 3 examples in each case of parasitic humaratoeies and cestodes.
2. Mention the 3 types of fluke with 2 examples ofleapecies.

REFERENCE/FURTHER READINGS

Ukoli, F.M.A. (1990). Introduction of Parasitology Tropical Africa. John Wiley
and Sons Ltd., Chichester.
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1.0

Digenetic Trematodes
Classification of digenetic trematodes adang to their habitat
DIGENETIC TREMATODES

Introduction
Objectives
Main contents
3.1  The Adult Digenean Fluke

3.1.1 The Basic Lifecycle of the Major Groups o higeneans
3.2 The Digenean Trematode Egg
3.3  The Larval Digeneans

3.3.1 The miracidium
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Conclusion
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INTRODUCTION

The phylum Platyhelminthes comprises six classestwimclude the free living
forms and those that are of zoological, medical acdnomic importance. The
medically important groups are the trematodes amstodes. Trematode also
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called flukes cause various clinical infectionshiimans which occur worldwide.
The parasites are so named because of their consgicsuckers, the organs of
attachment tfematos means "pierced with holes"). All the flukes thause
infections in humans belong to the group of digerte¢ématodes.

The class Trematoda comprises 3 subclasses

Subclass 1 - Aspidogastrea
They have large ventral adhesive organ subdividgdohgitudinal and
transverse septa into sucking discs. They are ipesad turtles, fishes and
molluscs
Subclass 2 - Didymozoidea
These are tissue-dwelling parasites of fish. They greatly elongated,
dioecious, with sexual dimorphism. No complete &fele is known
Subclass 3 - Digenea
This contains parasites of medical and economicoapce to man and
therefore will be dealt with more extensively.

2.0 OBJECTIVES

At the end of this unit, students should be able to
1. Identify the striking features of digendtiematodes
2.  Describe the morphology of the egg, larva, adult stage of various
digenetic trematodes
3. Understand the general transmission patterssmag trematodes
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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;

Amphistome Distome Echinostome Monostome

Similar to the In these there is eith
distomes, excef  only one sucker
that the oral present (usually only

sucker is the oral sucker), or

surrounded by athere are two suckers,
sucker, present anywhere

These are the most
common type, with the
mouth surrounded by the
oral sucker and a ventral

These have large
fleshy bodies, with
a prominent sucker

at the posterior of

the body prominent collar but one very reduced,
on the ventral surface . . .
(e.g. equiped with  or in some cases no
S except the extreme .
Gastrodiscoides . spines suckers)
- posterior
hominis) (e.q.Fasciola hepaticd (e.g. (e.g.Notocotylus
9 P Echinostomasp.) attenuatug
Q

Schistosome
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3.1.1

Elongate trematodes, with separate sexes, the gealerally larger, holding the
female within a groove formed by a folding of thalenbody (the gynaecophoric
canal). Found within the circulatory system. (8ahistosoma mansgni

There are other forms as well, for example the dslimme' type, where the body
of the trematode is divided into two distinct rewgo the anterior of which may
hold an additional adhesive organ, (&glostomumsp.), and the ‘Gasterostome’,
where the gut is a very simple, sac like, structatiached to a mouth situated near
the centre of the body (reminiscent of the arrargygnof some of the free living
platyhelminthes).

The Basic Lifecycle of the Major Groups oftte Digeneans

Most digeneans are hermaphroditic (the major exmeieing the schistosomes,
and one other group). In the majority of these gitea self fertilization may
occur, but cross fertilization between differendiinduals is more generally the
rule. The sperm enter the female system, eitherth@alLaurers canal or more
commonly through the common genital atrium, whiplems into the uterus.
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The generalised life cycle of digenetic trematodes
3.2 The Digenean Trematode Egg

The formation of the digenean egg follows that desed for the platyhelminthes
as a group. Briefly, as the egg enters the 6otypleecfluke it becomes surrounded
by a predetermined number of vitelline cells, thienber of which will be specific
for different parasites, which form the food reseof the egg. These vitelline cells
produce globules of a mixture of proteins and plenshich are extruded to the
outer surface of the developing egg. Here the pbemxidise to form quinone,
which then coalesces with the protein, reactingoion scleratin, a hard inert
yellowish substance, making up the egg shell. A&sstipgs of different species may
vary in thickness, their colours may vary from gel] to a dark brown.The
digenean egg is usually operculate, in common vaither platyhelminthes.
Exceptions to this may occur however, the most mam being with the
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schistosomes. Here the eggs are non-operculatearenornamented with spines,
the appearance of which are characteristic foembfiit species of schistosome.

The eggs hatch of operculate eggs involves theasel®f the opercular cap. T
takes place under a variety of conditions, modifextording to the particul
species of trematode. For example sdraenatode lifecycles involve the ingest
of the egg before hatching (e@icrocoelium dendriticumthe lancet fluke), whil:
others such as those Bésciola hepatica(the liver fluke), hatch in water. For i
eggs that hatch in the external environmamumber of factors may be import:
for example light, temperature and changes in asnmessure. Again the exi
details of these environmental requirements willdpgimised for the particul
conditions which will maximise the chances of coatiph of the parasite lifecycl
In all cases the egg hatches to release the mwacid

The Larval Digeneans

The miracidium

The miracidium is the name of the ciliated larvige that is hatched from the
digenean egg. In comparison with the other larndatypelminthes, it is very
similar to the larvae of the monogeneans, (the mmaxidium) and the larval
cestodarian, or lycophore. In most cases the ndiiam is usually a free
swimming stage,that seeks out the primary, andmescases only, intermediate
hosts of these parasites. In all cases these prjroarlst intermediate hosts are
molluscs. In the few examples where the miracidismot a free swimming stage
the eggs are ingested, as with the lancet fDioeocoelium dendriticumHere the
eggs hatch in the intestine of the mollusc libeathe miracidium, from where it
immediately penetrates the intestinal wall to irevdkde molluscan tissues. In the
free swimming miracidia the larval parasite extsldgistinct behavioural responses
that enable it to enter the environment of or detee presence of its hosts. These
behavioural responses have principally been studid¢lte case of the schistosome
miracidium. Morphologically, the surface of the agidium is covered with a
27



series of ciliated plates, which may be clearlynsesing electron microscopy after
the removal of cilia. These ciliated epidermal @$a(in some species the cilia
being replaced by spines) are discontinuous, nioighi@ contact with each other
but being separated by extensions of the underlgmgepidermal layer. The
whole structure is being illustrated below.

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 arrangerbemg placed in four to five
transverse rows, the exact arrangement of which waay between different
trematodes. Beneath the plates are layers of miibcs. At the anterior end of
the larvae is a non-ciliated conical projectione tterebratorium, (or anterior
papillae), bearing apertures of the apical and fpatien glands. These themselves
are found at the anterior end of the body. Miracipossess a number of sensory
organs, the most important of which are the dorsaiyated eye spots, beneath

which is found the cerebral mass. Other sensorgr@@re situated within folds of
the terebratorium. Below all of the structures éairfd the miracidium's large
rounded germinal cells, which are often groupeclirsters called germ balls.
Finally the miracidia possess a protonephridiakretary system, basically similar
to that found in the adult parasites. On examimatd eggs containing mature
miracidia, it is clearly seen that flame cell aittivs the first sign of the initiation
of hatching of the egg. On invasion of the mollustasue the miracidium sheds
its ciliated plates, in almost all cases rapidgnsforming into an endoparasitic
form, the sporocyst, although in a few unusual gsotlne miracidium may contain
a fully developed redia.
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3.3.2 The sporocyst
The sporocyst develops within the molluscan hostaabollow fluid filleo
germinal sac, into which protrude germinal masaé¢she conical anterior of tt
sporocyst body a birth pons located, from which subsequent generatior
larvae emerge. The germinal masses develop interivatb either daughte
sporocysts, which are essentially the same as fpaggnt sporocysts, or intc
second larval stage, the redia.

The sporocyst
3.3.3 The redia

The redia are the second larval form to developiwithe molluscan host (but
may be absent in some groups, such as the schistg¥oThey are similar to
sporocysts, containing germinal masses within & flilled sac, which may
develop into either second generation daughteayexi more commonly into the
final larval stage within the mollusc, the cercaria

They differ from the sporocysts however, in thatytrare a much more active
form, and importantly they possess simple gut. Tissue they feed on is

predominantly molluscan in origin, but the rediasofne groups (e.g. those of the
echinostomes) may actively seek out the developahstdges of other trematodes
(e.g. schistosome sporocysts) within the samenrediate.

The gut itself consists of a mouth, opening intarge muscular pharynx, which in
turn opens into a simple rhabdocoel like intestiBeternally, behind the mouth
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3.34

many redia have a ridge-like collar, below whick thirth canal opens and from
which either cercariae or daughter redia emerggh€ualong the body are lobe-
like extensions of the body, which are thoughtitbthe movement of the parasite
within its host's tissues.

An interesting exception to the general rule treataria are produced by the redia
is found in a few tremadodes where the redia preduogenetic metacercaria,
fully capable of producing viable eggs. In these feery unusual cases, the
trematode may only have a single molluscan hostpagih the metacercaria may
still be capable of developing in a second hoswek. Exceptions such as these,
and those described above involving miracidia daitg fully developed redia is
evidence of the evolutionary past of these orgasidinhas been noted that the
redia bears some resemblance to some of the meameetl turbellarians, and as
described above, this stage is a very active forihe parasite, fully capable of
actively ingesting host material, and in some cas&sn predation of competing
parasites within their hosts. It has been postdlatat the group as a whole
emerged from an ancestral parasitic turbellariaith & single molluscan host,
after the development of internal division and aséxreproduction, later
developing specialised forms to exploit the varyiagvironments that these
organisms have to cope with.

The cercaria

Some of the types of Cercariae

Gymnocephalus Trichocercous Furcocercous Microcercous
(e.g.Fasciolasp.) (e.g.Donaxsp.) (e.g.Schistosomap.) (e.g.Bithyniasp.)
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In almost all species of trematode, it is the ceatstage that emerges from the
mollusc, and is the infective form for the vertdabraost, although there may be
exceptions to this general rule. For example inescases a sporocyst, modified to
have a thickened internal wall resistant to theiremwent, emerges, to be
ingested by a second intermediate host, (e.g. a@keiscase in the trematode
Dicrocoeloides petiolatujn Other exceptions, involving redia producing
progenetic metacercaria, have already been dedaibave.

The trematode cercaria exhibits considerable vanatin structure, which is very
important taxonomically, and reflects in many caadaptations to the specific
lifecycle of the parasite involved. Because of tjnsat diversity of form, a system
of cercarial classification has evolved, based e gross morphology of these
larval forms. Firstly cercariae may be divided ititcee major groups;

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

Amphistome Cercariae- In these the large ventral sucker is situatethatbase
of a slender unbranched tail. These forms deveitgmnwediae.

Distome Cercariae - This is the commonest cercarial form, with thentval
sucker
lying some distance from the posterior end, in hdyghe anterior third of the
body. These distome cercariae may themselves l#edivnto a large number
of subgroups, based on other morphological featyadicularly the form that
the cercarial tail takes. Some of these forms aserbed below;

a) Leptocercous Cercariae - These cercariae have straight slender tailsghvare
much narrower than the cercarial body. This forfurther subdivided into;

i) Gymnocephalous Cercariaeln these, the suckers are equal in size. Thes is
common form, represented within such specieBaagiola hepaticaand develop
within rediae

i) Xiphidiocercariae- These are similar to the gymnocephalous fornus, i
these the oral sucker is equiped with a styletdusepenetration of their next
hosts, and they generally develop within sporocysfsEchinostome Cercariae

In these there is a ring of spines at the antemak of the larvae, as in adult forms
of these parasites. These are found within trenestad the genukchinostoma
and develop within rediae.
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b) Trichocercous Cercariae - These forms have long tails, equiped with rin§s
fine bristles. They are usually found in marinaratodes.

c) Cystocercous Cercariae - In these the end of the tail is highly enlargedh a
cavity into which the larval body may be retractétdese usually develop within
sporocysts.

d) Microcercous Cercariae - Cercaria with vestigial tails, and which may d®p
within both rediae and sporocysts.

e) Cercariaea Cercariae - Cercaria with no tails, where the cercaria it adree
swimming form, and may develop within both rediad aporocysts.

f) Furcocercous Cercariae - In these the tails are forked at the end. Thear&
of the most important group of trematodes, thestohomes, have cercariae of this
form. This form develops within sporocysts.

Otherwise, both externally and internally the stumoe of the body of the cercaria
resembles that of the adult trematode into whidy irow. For example, the ring
of spines found at the anterior end of echinostoereariae is also present in the
adult flukes.

The outer surface of the cercaria is a tegumenigtwimay however differ from
that found in the adult form in a number of wayst Example in the schistosomes
the tegument is covered with a trilaminate plasneanitrane, (as opposed to the
two bi-lipid membranes found in the adult), on theer surface of which there is
a glycocalyx, (absent in the adult). However, mather features of this tegument
appear similar to that of the adult, the differencaimost certainly being
adaptations due to the differing environments tttse two lifecycle stages
experience. For example, spines found on the sdabdoth forms of tegument,
and the overall structures of a syncytium conetbesubtegumental cells are the
same. Within the cercarial body a number of diffétgpes of gland cells may be
found, including cystogenous gland cells, usedheylarvae to secrete a cyst wall
during the formation of the metacercarial stagel penetration gland cells, used
by the cercaria to penetrate its next host, eitheecond intermediate host, or in
some groups the definitive host, (such as the sxdumes), where the cercaria is
the final larval stage.

The cercariae released from their molluscan intdrate host are usually a free

swimming form. These must then locate either theext, and usually final

intermediate host, their definitive host which thagtively penetrate (e.g. in
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members of the family Schistosomatidae), or lo@atsuitable solid substrate to
encyst upon, or be ingested by their definitive thgeembers of the family
Azygiidae).

To locate these various targets the cercariaecan@eed with a variety of sensory
organs. These commonly include two or more eyesspas well as touch
receptors, and allow specialised cercarial behayiaesigned to bring the
cercariae into an environment giving the maximumbgbility of infecting their
next hosts. For example, the cercariae of the w&umes exhibit negative
phototrophy (swimming to the surface of the watand positive thermotrophy
and thigmotrophy, being attracted to warm objeabsing in the water. As well as
these behavioural responses within the free swimgnuercariae, the parasite
exhibits definite circadian rhythms in terms of dtieg from the molluscan host,
again being shed at times optimal for bringing thieto contact with their next
host. For example, the schistosome cercariae aeraéy shed during daylight, in
the morning, whilst those of other species emertdg a night.

In a few groups, such allaria spp. However, the parasite employs three
intermediate hosts. In these cases the cercarietnages the second intermediate
host to form a resting stage, the mesocercariaridescbelow. In these cases this
second intermediate host is in turn ingested byird intermediate host, where it
encysts to form a metacercaria.

3.35 The mesocercaria

The mesocercaria is essentially a resting staghirwthe parasitic life cycle,
employing a second intermediate host in a paraf@tycle utilising four hosts.

The mesocercaria is a definite prolonged stagdéadult generation of strigeate
trematodes, which closely resembles the cercandlybfrom which it develops in
the second intermediate host, and which does reggss metacercarial features;
it develops in turn into the metacercaria in anathest.

In parasites having this larval stage the mesodareae capable of infecting and
surviving within a very wide range of paratenic tsoshich may ingest the second
intermediate host, thus in effect increasing thelper of hosts which the parasite
may use in its lifecycle. For example, amphibiamggéted with mesocercaria of
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3.3.6

3.3.7

Alaria may themselves infect a wide variety of other aimphs, reptiles, birds
and mammals if they are ingested by these animals.

The metacercaria

This is a much more common "resting” larval staighe trematode parasitic
lifecycle, formed either in a final intermediatesh@when a mesocercaria, or more
commonly a cercaria enters its body), or on a selidstrate in the external
environment. The final intermediate host may beish f(e.g. Opisthorchis
sinensi$, an arthropod (e.ddicrocoelium dendtriticumemploying an ant second
intermediate host, an&aragonimus westermaremploying a crustacean), or
another mollusc, as with some of the echinostordes.stated above, some
trematodes however do not have second intermebd@es, but either encyst as
metacercariae on solid substrate's, such as aquegjetation or on shells of
aquatic organisms, which will in turn be ingestadtie parasites definitive host,
or in some groups such as the schistosomes, adgldescribed, the cercariae
directly penetrate the skin of, and infect, theagdes definitive host. Although
generally the metacercariae are inactive encystedd, the metacercaria of some
species do remain free and action. In most othetaceecariae however,
encystment does occur. The structure of the cydtitgalf varies considerably,
though generally it is a complex mixture of tannedbdteins, lipids and
polysaccharides. Within the cyst wall the morphglad the larva usually closely
resembles that of the cercarial body, althoughessnibed above, in some groups
sexual maturation may occur either fully or palyialTo continue further the
metacercaria must be ingested, either along wetbthdy of the intermediate host
it inhabits by a carnivorous definitive host, opra with the vegetation it has
encysted on by a herbivorous or omnivorous host.

The Larval Digeneans - the Juvenile Adult 8ges

On ingestion the metacercaria (or cercaria) mwsisfiorm into the adult form.

The precise details of this process will vary cdasibly, depending on how the
definitive host was infected. For example, in sospecies the adult flukes are
found within the alimentary tract. In these cades metacercarial cyst wall is
broken down to release what is essentially a yoflumige, which only has to

migrate a short distance to reach their prefentedagthin the hosts body. In other
groups however the adult forms are located in adites within the body. In these
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3.4

cases the liberated young fluke must penetratgtihevall, or in the case of the
schistosomes penetrate the hosts skin. Then thest omdergo a migration
through the hosts body. This is usually via thewatory system, but again the
precise details of the migratory path will vary smierably.

Features of digenetic trematodes

Digenetic trematodes are unsegmented leaf-shapethsvohat are flattened
dorsoventrally.

They bear 2 suckers, one surrounding the mouth ¢aicker) and another on the
ventral surface of the body (ventral sucker). Theseve as the organs of
attachment.

The sexes of the parasites are not separate (moosgcAn exception is

schistosomes, which are diecious (unisexual).

The alimentary canal is incomplete, and no anpsasent.

The excretory system is bilaterally symmetrical.céinsists of flame cells and
collecting tubes. These flame cells provide thasbhfw the identification of the

species.

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

The flukes are oviparous. They lay operculated eggsexception is schistosome
eggs, which are not operculated.

All have complicated life cycles, with alternatingsexual and sexual
developments in different hosts.

Qral sucker o 9
Pharynx JE N
Esophagus :
Genital pore
Cirrus
Acetabulum

Vas deferens
Excretory duct
Intestineg Vitellaria
Gynocophoral canal
Uterus
Qvary
Oviduct

Testis

Ootype
Excretory vesicle
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4.0

5.0

6.0

7.0

Structure of digenetic flukes.(A) Hermaphroditic fluke . (B) Bisexual fluke

CONCLUSION

At the end of the unit you are expected to; knogthrious classes of the phylum
Platylhelminthes and give examples of those of agichl and medical
importance, know the various stages in the lifdesyof digenetic trematodes and
their striking morphological features.

SUMMARY

The medically important trematodes are the digiseanThe digenea are
unsegmented leaf-shaped worms that are flattenessbdentrally with two suckers
(the oral sucker and ventral sucker). The digen&ane heteroxenous life cycles
having one or more intermediate hosts. The adultmsolay eggs within the
definitive host which hatch miracidia in water madi Miracidia develop within
the snail intermediate hosts of particular speci€e life cycles continue
following a specific pattern depending on the péea5species giving rise to other
larval stages like sporocysts, rediae, cercariglenagtacercariae.

TUTOR-MARKED ASSIGNMENT

1. Describe the general life cycle of digenetic trevdas

Highlight the differences between gymnocephalusfanzbcercus cercariae

3. Make a well labeled diagram of generalized morpgicial features of
digenetic trematodes

N
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INTRODUCTION

The digeneans are a group of specialised endoparggdatyhelminthes. A
common feature is that all have complex lifecyclasjolving one or more
intermediate hosts, the first of which is alwaymallusc, which is usually aquatic.
As adults they are found in most vertebrates grouqmuding fish, amphibians,
reptiles, birds, and mammals, acting as definitigsts, where they may be highly
pathogenic. They may be located in most of thermateorgans of these definitive
hosts, including the lungs, bladder and blood strealthough the majority are
found in the gastrointestinal tract, or closelycassted organs such as the bile
duct and liver. They exhibit a flattened leaf-lizedy, structurally similar to many
of the free living turbellarians. The digeneans @eessified below based on their
locations in the definitive hosts;

Blood flukes - Schistosoma haematobium, S. mansoni, S. japonfBumgkongi,
andsS. intercalatum

Liver flukes - Fasciola hepatica, F. gigantica, C sinensis, Opstiis felineus,
O viverrini, Dicrocoelium dendriticumandD. hospes
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2.0

3.0

3.1

Pancreatic flukes- Eurytrema pacreaticum, E. coelomaticusmdE. ovis

Lung flukes -Paragonimus westermani, P. mexicaaadP. skrjabini

Intestinal flukes — Fasciolopsis buski, Metagonimus yokogawai, Echomost
ilocanum, Watsonius watsoni, Heterophyes heteraghgtad Gastrodiscoides
hominis

OBJECTIVES

At the end of this unit, student should be able to;
1. Explain the transmission cycles of digenetic tresdas
2. ldentify the factors responsible for transmission &ighlight what control
measure to be taken to prevent transmission
3. Identify each parasite using the diagnostic featofehe eggs
4. Explain the pathology caused by parasite

MAIN CONTENTS

Blood flukes Echistosoma species)

Schistosomiasis, or bilharzia, is a tropical pdi@agilisease caused by blood-
dwelling fluke worms of the genuSchistosomaOver 200 million people are
infected in at least 75 countries with 600 million more people at risk of
infection. The main schistosomes that infect hutmaings includeés haematobium
(transmitted byBulinus snails and causing urinary schistosomiasis incafiand
the Arabian peninsula)S mansoni(transmitted byBiomphalaria snails and
causing intestinal and hepatic schistosomiasis fitic#dy the Arabian peninsula,
and South America), an®& japonicum(transmitted by the amphibious snail
Oncomelaniaand causing intestinal and hepatosplenic schist@sis in China,
the Philippines, and Indonesia).

S. intercalatumand S. mekongare only of local importances. japonicumis a
zoonotic parasite that infects a wide range of aisiincluding cattle, dogs, pigs,
and rodentsS. mansonalso infects rodents and primates, but human beang
the main host. A dozen other schistosome specesm@mal parasites, some of
which occasionally infect humans.
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3.1.1

Unlike other trematodes, schistosomes have sepseats, but males and females
are found together. The male is short and stout lawids the relatively long
female worm in its gynaecophoric canal, a groouve Istructure. WithS.
haematobiumboth male and female live together in the veinat ttirain the
urinary bladder, pelvis, and ureter, wher&gaponicumandS. mansonlive in
the inferior and superior mesenteric veins, respelgt Hence, these flukes are
known as blood flukes. These species are distihgdisfrom the other
Schistosomaspecies based on the morphology of their eggstlasid adult and
cercarial formsS. haematobiuneggs have a terminal spine, wher&asnansoni
andS. japonicuneggs have lateral spines and central spines,ctsply.

Morphology

The adult males measure up to 15 millimetres igtleand females up to 10 mm.
The schistosomes remain in copula throughout fifeirspan, the uxorious male
surrounding the female with his gynaecophoric caflaé male is actually flat but
the sides roll up forming the groove. The cuticfetlte male is covered with
minute papillae. The female only possess thedaeaanterior and posterior end as
the middle section being covered by the male b@tgal and ventral suckers are
present, with the ventral one being lager servimghold the worms in place,
preventing them from being carried away by theutatory current.

The ova ofS. mansonare 114-175um long by 45-68um wide. They are light
yellowish brown, elongate and possess a lateraksgihe shell is acid fast when
stained with modified Ziehl-Neelsen Stain.

Saline smear ofS. mansoni, S. japonicum and S. haematobium ova showing
their spine position; a good distinguishing featuravhen identifying
Schistosome ova
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Comparative Features of Major Human Schistosoma Species

Stages S. haematobium  S. mansoni S. japonicum

Adult
Body surface of Finely tuberculate Grossly tuberculate Nontuberculate(smooth)
male

Testes 4-6, in a cluster 6-9, in a cluster 7, in a linear series
Position of ovary Posterior to middle Anterior to middle Posterior to middle of
of body of body body
Number of eggs ir 20-30 1-4 50-300

uterus
Egg

Size and shape 110-170umlong  114-175umlong  70-100um long
40-70um wide 45-68um wide 50-65um wide
Terminal spine Lateral spine Central spine

Cercaria

Cephalic glands 2 pairs, oxyphilic 2 pairs, basophilic 4 pairs, pRific

3.1.2 Life Cycles and Transmission of Schistosomes

Once the eggs are laid by the adult female worhes ntajority of them first pass
through the veins of the blood vessel in whichwloem is living, and then into the
lumen of the intestine and are passed in the fa@&eamansonandS. japonicum
or into the lumen of the bladder, and are then guhss the urine §.
haematobium)Those eggs that reach fresh water hatch, releasimiracidium
which, to develop further must infect a specifiaisspecies within 24 hours. The
eggs of each species are markedly different bub @acduce virtually identical
miracidium. A single miracidium can multiply indhsnail to produce nearly
100,000 cercariae.

Asexual multiplication takes place in the snaildaresults in the release of
cercariae (minute in size with forked tails, 200h@mg) into the water about 3 — 6
weeks later. Cercariae actively swim around andrnvthey have located, or come
into contact with a definitive host, they activglgnetrate the skin. They can stay
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active looking for a host for 24-48 hours after g¥hif they don't find a host they
will die.

The head of the cercariae migrates to the liverdawlops into either adult male
or female worms (flukes), where they pair up anehtimigrate to their region of
the venous blood system (species specific sitd®.f&émales leave the males and
moves to smaller venules closer to the lumen ofirttestine or bladder to lay her
eggs (about 6 weeks after infection). The majaoityadult worms live from 2-4
years, but some can live considerably longer.

SCHISTOSOMA MANSONI, HEMATOEBIUM AND JAPONICUM

~ Mesenteric venules of bowel/rectum

Mating adults laying eggs that circulate to liver

migrats:to and are shed in stool
Venous plexus (5. mansoni, japonicum)*
of bladder causing:
(5. haematobium) "
causing: Katayama fever (esp. S.j.)
Presinusoidal egg granulomas
Hematuria. bacterial UTls Symmers’ pipe stem periportal fibrosis
Scarring, calcification Portal hypertension
) U ) Squamous cell carcinoma Occasional embolic egg granulomas
Sch]stosomulae‘ml'graie Occasional embolic egg in brain or spinal cord
to portal blood in liver, granulomas in brain or
become 1-3 cm long adults spinal cord
over 1—4 wks and mate
for life (3—30 yrs) \
T S. haematobium S. mansoni 5. japonicum
l eggs shed in urine eggs shed in stool
- L J
Cercariae penetrate the skin, Eggs (70—170u) hatch =

shedding their forked tail
and becoming schistosemulae
causing:

| Miracidia penetrate and
| @ develop over 1—2 months
\ as 2 generations of
‘-._ sporocysts in snails
Snails re]e;se\ i [\

forked tail cercariae (~500u)
which can live in 1—4d in water

(after 1—3 hours)
releasing miracidia §
(~160u) in water 4

*Also S. intercalatum and mekongi Bulinis Biomphalaria Oncomelania
(S. haematobium) (S. mansoni) (S. japonicum)

Life cycle ofSchistosoma spp

Vectors and Geographical Areas Associated With Céin Trematode Types

Snail Host Geographical Area Trematode
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Biomphalaria glabrata Brazil S. mansoni

Biomphalaria pfeifferi Nigeria S. mansoni

Bulinus globosus Nigeria S. haematobium

Bulinus truncates Iran S. haematobium
Oncomelania hupensi Japan S. japonicum

nosophora

Thiara granifera China Paragonimus westermani
Semisulcospira libertine  China P. westermani

Pirenella conica Egypt Heterophyes heterophyes
Lymnaea truncatula England Fasciola hepatica
Lymnaeanatalensis Nigeria Fasciola gigantic

3.1.3 Pathology and clinical symptoms

Acute manifestations

a. Cercarial dermatitis, also known as swimmer's itshan allergic reaction

caused by the penetration of cercariae in persdres vave been exposed to
cercariae in salt water or fresh water. Cercariatndhtitis manifests as
petechial haemorrhages with oedema and pruritllsyied by maculopapular
rash, which may become vesicular. The process usallysrelated to avian
schistosomal species of the gendmachobilharzia, Gigantobilharzia,and
Orientobilharzia,which do not develop further in humans.

Katayama syndrome corresponds to maturation ofitike and the beginning
of oviposition. This syndrome is caused by high wdoad and egg antigen
stimuli that result from immune complex formationdaleads to a serum
sickness —like iliness. This is the most severenfand is most common in
persons withS mansonandS japonicuminfections. Symptoms include high
fever, chills, headache, hepatosplenomegaly, lynighapathy, eosinophilia,
and dysentery. A history of travel in an endemieaaprovides a clue to the
diagnosis.

Chronic manifestations
a. Symptoms depend on ti&chistosomapecies that causes the infection,
the duration and severity of the infection, and ithenune response of
the host to the egg antigens.
b. Terminal haematuria, dysuria, and frequent urimatare the main
clinical symptoms of urinary schistosomiasis.
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c. The earliest bladder sign is pseudotubercle, bat,long-standing
infection, radiography reveals nests of calcifiech dsandy patches)
surrounded by fibrous tissue in the submucosa.

d. Dysentery, diarrhoea, weakness, and abdominal peenthe major
symptoms of intestinal schistosomiasis.

e. A reaction to schistosomal eggs in the liver causeeriportal fibrotic
reaction termed Symmers clay pipestem fibrosis.

f. Haemoptysis, palpitation, and dyspnea upon exedrenthe symptoms
of schistosomal cor pulmonale that develops as mptioation of
hepatic schistosomiasis.

g. Headache, seizures (both generalized and focalglaradiculopathy
with lower limb and back pain, paresthesia, andnarmi bladder
dysfunction are the noted symptoms of CNS schistiessis due t&.
japonicuminfection.

3.1.4 Diagnosis

Intestinal schistosomes

Laboratory confirmation ofS. mansoniand S. japonicum infection can be
made by finding the eggs in the faeces. When eggsot be found in the
faeces, a rectal biopsy can be examined.

Serological tests are of value in the diagnosisalfistosomiasis when eggs
cannot be found. An enzyme linked immunosorbesttaggELISA) using
soluble egg antigen, is employed at HTD.

Urinary schistosome

The definitive diagnosis of urinary schistosomiasismade by finding the
characteristic ova ofs. haematobiumn urine. Terminal urine should be
collected as the terminal drops contain a largegmoon of the eggs. The
urine can then be centrifuged and the deposit exadnmicroscopically for
ova. Eggs can sometimes be found in seminal fluidales.

A bladder biopsy is seldom necessary to make thgnaisis. A rectal snip
may show the presence of ova as they sometimesmnadbe rectal mucosa.
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3.1.5

3.1.6

» Serological tests can be of value when eggs cabeofound in clinical
samples. An enzyme linked immunosorbent assayssituble egg antigen to
detect antischistosome antibody is most sensitive.

Note: There is a marked periodicity associated withtime when most eggs are
passed out. Higher numbers of eggs are encounteradne specimens passed
between 10 am and 2pm, presumably as a resultaoigels in the host's metabolic
and physical activities.

Epidemiology of Schistosomiasis

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

- The presence of water bodies such as rivers, stielakes, dams suitable for
the breeding of the snail intermediate hosts

- Presence of appropriate snail hosts necessaryhtordévelopments of the
asexual stages and transmission of the infectiangesto the human definitive
host

- Contamination of natural water bodies with infedtesinan urine and faeces

- Human water contact activities including swimmilagindry and fetching

- Factors that promote intramolluscan developmenparasite and subsequent
transmission to man

- Socio-economic status of the people such as gooidasa system and water

supply
Control

- Reduction of human-water contact

- Improved sanitation by proper waste disposal

- Attacking the adult forms of parasite through chdrempy to reduce the
worm burden or egg production

- Eradication or reduction of snail population thrbuge use of molluscicides

- Development of vaccine to induce immunity

- Modification of the ecology of the snail habitat

- Biological control through the introduction of coatftors snails into the snail
habitat
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3.2

3.21

- Education
Lung flukes Paragonimus species)

The genudParagonimuscontains more than 30 species that have beenteglpior
cause infections in animals and humans. Among treggeroximately 10 species
have been reported to cause infection in humangyha¢h P. westermanis the
most important.P. westermanialso known as the Oriental lung fluke is most
common in China, Korea, Thailand, Philippines, &ags. Isolated endemic foci
have also been reported from the states of Manidagaland, and Arunachal
Pradesh in India. A low prevalence has been regdrtam African countries of
Cameroon and Nigeria, where infections wiBaragonimus africanus and
Paragonimusuterobilateraliswere reported. Humans are infected by eating mraw o
partially cooked crab or crayfish or crabs soakedine as a food delicacy or by
drinking juice from raw crabs or crayfish as a dra food habit.

It inhabits parenchyma of the lung close to broalgs in humans, foxes, wolves,
and various feline hosts (e.qg, lions, leopardgrsigcats).

Paragonimusspecies belong to the family ‘Troglotrematidae’ &mely possess the
following striking features:

- The adult worm is reddish brown fluke.

- The body of adult worm is thick, fleshy, and ovaidshape

- The tegument is spiny or scaly

- Have weak suckers

- Testes lie side by side

- Uterus is short with a few tight uterine coils fongp a ‘rosette’

- Extensive vitellaria in lateral fields

- Cercariae are microcercous xiphidiocercariae

- The eggs are ovoid, brownish yellow, thick sheled operculated.

Life cycle and Transmission

The infection is typically transmitted via ingestiof metacercariae contained in
raw freshwater crabs or crayfish. Additionally, samption of the raw meat of
paratenic hosts (e.g, omnivorous mammals) may alsatribute to human
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infection. Freshwater snails and crabs are first second intermediate hosts of
Paragonimusspecies, respectively. In the duodenum, the cydl i dissolved,
and the metacercariae are released. The metaeercanigrate by penetrating
through the intestinal wall, peritoneal cavity, afidally, through the abdominal
wall and diaphragm into the lungs. There, the imureatvorms finally settle close
to the bronchi, grow, and develop to become sexualhture hermaphrodite
worms.

Adult worms begin to lay the eggs, which are ungmbated and are passed out
in the sputum. However, if they are swallowed, they excreted in the feces. The
eggs develop further in the water. In each eggiliaterd miracidium develops
during a period of 2-3 weeks. The miracidium essdpam the egg and penetrates
a suitable species of snail (first intermediatethas which it goes through a
generation of sporocysts and 2 generations of eettiaform the cercariae. The
cercariae come out of the snail, invade a freshwatestacean (crayfish or crab),
and encyst to form metacercariae. When ingestesetitause the infection, and
the cycle is repeated.

Cercariae invade the crustacean
and ancyst inlo metacercariae. A

ic
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Sporocysts Redias Cerl:.an'aa/ \ o
\é Humans ingest 0

A= Infeciive Stage
2\ = Diagnostic Stage

wy &

- (-

o0

i

inadequately
cooked of plckled
o crustaceans containing
melacercariae. i
P Excyst in
9 4 ,é‘ ducdenum
B '-'. '-.
Miracidia hatch "1 :
and penetrate snail
\ . Adults in cystic
! ‘} cavities in lungs
e lay eggs which
) ..;.v?f' are excrated
in sputum.
aEm'nryanawd B0s Alternately eggs
are swallowed
Unembryonated eggs and passed with
stool,

47



3.2.2

a.

3.2.3

3.24

Life cycle of Paragonimus spp
Pathology and clinical symptoms

Acute manifestations Acute pulmonary infection is characterized by {grade
fever, cough, night sweats, chest pain, and bldakhed rusty-brown sputum.
Chronic manifestations Lung abscess or pleural effusidevelops in individuals
with chronic infections. Fever, haemoptysis, pleypain, dyspnea and recurrent
attacks of bacterial pneumonia are the common symgt The condition mimics
pulmonary tuberculosis.

Fever, headache, nausea, vomiting, visual distedmnmotor weakness, and
localized or generalized paralysis are the symptoinegrebral paragonimiasis.

Diagnosis

Diagnosis is based on finding the characteristigsag brown sputum. The eggs
can also be found in the faeces due to swallowmguwsn. A chest x-ray may
show cystic shadows and calcification. Serologieats, in particular, the ELISA
method, are useful diagnostic tests.

Saline smear ofParagonimus westermanni egg. The egg shells are thick and
operculated

Epidemiology
The epidemiology of the disease (Paragonimiasisgun@s on one of the following

- Presence of appropriate snail, crab and mammadsarvoir hosts in the area
- Pollution of snail habitats with sputum and faeoésnan as well as natural
mammalian reservoir hosts infected with the pagasit
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- Consumption of metacercariae through eating of sawndercooked crabs or
through contamination of the fingers and cookingnstls with metacercariae
while cleaning

3.2.5 Control

3.3

3.3.1

- Proper cooking of crabs before consumptions
- Proper waste disposal

Liver fluke (Fasciola hepatica and F. gigantica)

Fascioliasis is a a zoonotic disease caused bytiofewith F. hepatica It is a
major disease of livestock that is associated imifortant economic losses due to
mortality; liver condemnation; reduced productidnneeat, milk, and wool; and
expenditures for anthelmintics. The disease hagsanopolitan distribution, with
cases reported from Scandinavia to New Zealand smdhern Argentina to
Mexico. Also of importance is the West Africa specofFasciola(F. giganticg.
The two share similar morphology, life cycle andhpgenicity. They belong to
the family ‘Fasciolidae’ having the following majteatures;

- They are large with flattened leaf-like forms

- They have ramifying and complicated digestive amtaductive systems

- Most members of the family inhabit the liver anc thile duct. However,
Fasciolopsis busknhabits the intestine

- Cercariae are gymnocephalous

Metacercariae encyst on vegetation thus estabgishitwo-host cycle

Morphology of the Adult

- They are leaf-like with oral cone and shoulderrdéaor end

- The intestinal caeca, testes and ovary are branched

- Tight and relatively short uterus is opposite te tlvary at the anterior end
- Vitellaria are extensive and are laterally disttésl

Distinctions betweenF. hepatica and F. gigantica

- F. giganticais larger (75 by 12mm) while is smaller (30 by 13)nm

- F. giganticais oblong with prolonged posterior end white hepaticais more
or less triangular in shape
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- The eggs of. giganticais also larger

Figure showing the egg ¢fasciola; ova of Fasciolaare ovoid in shape, quinone
colour and often showing an inconspicuous operculbasciola hepaticaova
measure 130 - 150n by 63 - 9m. There is much cross-over in ova size between
all of theFasciolaspecies.

3.3.2 Life cycle and Transmission

Opercular eggs are passed out from the faeceseointbcted animal (cattle or
sheep).The eggs embryonate in the presence of dgtstimulus and hatch into
miracidia which locate an appropriate snail intedrage host by a chemical
response calledhemotaxis The snail host oF. hepaticais Lymnaea trucantula
while that of F. giganticais L. natalensis.The intramolluscan development of
miracidium produces sporocysts which in turn depetediae. The mother rediae
produce second generation of rediae (daughter gpdihich later give rise to
gynocephalous cercariae. This crawls out of thel,slngates submerged plant,
loses its tail andencysts into metacercariae. Infection occurs wheseg and
cattle ingest plant with metacercariae during grgzMetacercariae excyst in the
duodenum and the emerging young adult puncturesdisinto the body cavity
and wanders around until it locates the liver chpdis burrows into the tissues,
feeding on the cells until it gets to the bile dwdhere it eventually attains
maturity.

3.3.3 Pathology

- Pathology depends on the intensity of infection dmhtion of the disease.
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3.34

3.3.5

3.4

Fluke causes bilary obstruction. Because of pressaxic metabolic products,
and feeding habits, the worms provoke inflammataglenomatous, and
fibrotic changes of the bilary tract.

Parenchymal atrophy and periportal cirrhosis dgvelo

Severe headache, chills, fever, urticaria, a stepbubsternal pain, and right
upper quadrant pains that radiate to the back andlders may be the first
evidence of infection.

As infection progresses, an enlarged tender lijayndice, digestive
disturbance, diarrhoea and anaemia develops.

Laboratory diagnosis

Definitive diagnosis is made by observing the avéaeces.

Where identification cannot be made from the siZeth® ova, clinical
information and the source of infection may helptovide a diagnosis. This
includes an enlarged tender liver and a febrilenepilic syndrome

Positive complement-fixation test and intracutarseceactions witH-asciola
antigens are used when direct faecal examinatitstéareveal the eggs.

Epidemiology and Control

Fascioliasis is prevalent in areas where cattlsheep graze and in areas where
appropriate lymnaeid snail hosts flourish. Therefoontrol measures involves

Treatment of animals to improve general conditiod eeduce egg output
Breaking of transmission cycle by eradicating thailshosts. However, this is
difficult to achieve on the field

Infection in humans can be prevented by eliminatang water cress and other
uncooked green vegetable from the diets.

A safe water supply is also necessary

Intestinal flukes Fasciolopsis. buski, Heterophyes heterophyes, Metagonimus
yokogawai)

F. buskiis the most common intestinal nematode that can$estions in humans.
It is widely distributed in Asia and the Indian sobtinent, especially in areas
where humans raise pigs and consume freshwatetsplae trematoded.
heterophyesandM. yokogawaare less-common causes of human infection.
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3.4.1 Life cycle

F. buski, known as the giant intestinal fluke, is found e tduodenum and
jejunum of pigs and humans and is the largest tinsfluke to parasitize
humans. Humans are infected by eating freshwateataqplants such as water
caltrops, water chestnuts, and water bamboo, wdaahharbour the metacercariae.
In the intestine, the metacercariae excyst, attacthe duodenum or jejunum,
develop, and grow into adult worms. They lay ungrabated eggs, which are
excreted in the faeces.

In water, inside the egg, a ciliated miracidium eleps, comes out, and penetrates
a suitable snail host. Inside the snall, after s\aages of asexual multiplication,
large numbers of cercariae are produced. The lattregrge from the snail and
encyst on the surface of aquatic plants to metadee. Ingestion of these plants
causes infection in humans, and the cycle is repeat

hMetacarcarias
on water plant
ingesied by
humans oF pegs.
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3.4.2

3.4.3

3.4.4

3.5

Source: http://www.dpd.cdc.gov/dpdx

Morphology

Eggs ofFasciolopsis buskare broadly ellipsoidal, operculated and meas@fe 1
150 pum long by 60-90 um wide. The eggs are uneomated when passed in
feces. The eggs &f. buskican be difficult to distinguish frorRasciola hepatica

although the abopercular end of the latter oftenéheoughened or irregular area.

The adults ofF. buskimeasure 20-75 mm long and have poorly-developat or
and ventral suckers. Adults reside in the intestihthe mammalian host.

The egg and the adult forms of. buski

Clinical Features

Most infections are light and asymptomatic. In\hea infections, symptoms
include diarrhoea, abdominal pain, fever, ascitasasarca and intestinal
obstruction.

Laboratory Diagnosis
Microscopic identification of eggs, or more rarelythe adult flukes, in the stool

or vomitus is the basis of specific diagnosis. €hgs are indistinguishable from
those ofFasciola hepatica

Pancreatic flukes Eurytrema pancreaticum, E. coelomaticum, E. ovis)
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3.5.1

3.5.2

3.5.3

These are widely distributed @hina, Korea, Japan, Hong Kong, South America,
etc. E. pacreaticumis a common parasite of pancreatic (or rarely)hdliects of
herbivorous mammals, i.e., cattle, sheeps, goaiskays, and camels.

Life cycle

The adult flukes live in the pancreatic passagab®herbivores. Eggs are passed
in the faeces and ingested by land snail, whi¢hadfirst intermediate host (snail).
The cercariae develop into infective metacercar@mdy if ingested by
grasshoppers, the second intermediate host. Tde\ifle is completed when the
infected insects are eaten by grazing herbivoré& mMetacercariae excyst and
migrate to the pancreatic passage, where they aevelto adults. Humans
become infected when they accidentally swallowdtdd grasshoppers.

Morphology

The parasite (1018 x 5~9 mm in size) is broad, flat, and oval to fusiforfhe
suckers are large, the oral sucker is larger tharvéntral sucker. The egdE{80
x 35~40um) are embryonated in the uterus.

E. pacreaticum from pancreas of cattle, Acetocarmine stain, X40

Pathology and clinical symptoms

Eurytremiasis is usually characterised by mild stongs. Heavy infections,
however, may be marked by gastrointestinal disturbs, including abdominal

distress, flatulence, vomiting, diarrhoea or cquagion. jaundice, an enlarged
liver, and systemic symptoms. Eosinophilia is rare.

54



3.54

3.5.5

4.0

5.0

6.0

7.0

Diagnosis

Diagnosis is made by finding the characteristicsemgfaeces. Spurious infection
must be ruled out by repeated examination. EggksedDicrocoelium dendriticum

andE. pancreatunare almost indistinguishable. Definitive diagnosas be made
by recovery of adult flukes at surgery or autopsy.

Prevention

Human infections are generally accidental.
CONCLUSION

In this unit, you learnt the morphology, life cyslgpathology, the diagnostic
techniques and epidemiology of the various digertetimatodes.

SUMMARY

Digenetic trematodes are the medically importardugs of trematodes that
inhabit different tissues and organs of their hostence, they are named
according to their various locations in the parssi hosts. Diagnosis is dependent
on the route through which parasites’ eggs areedbiout of the host. Therefore,
the faecal, urine and sputum samples are examimgdsoopically to identify the
characteristic eggs. The pathological effects fasyn mild to severe due to the
parasite burden in the host. Proper waste dipasd proper cooking of crabs,
fishes and land snails which act as intermediatgt laoe some of the control
measures.

TUTOR-MARKED ASSIGNMENT
1. Hightlight the differences in the mode of transnass cycles of S.
haematobiunandH. heterophyes
. What are the morphological differences in the sggof schistosomes?

2
3. Discuss the life cycle of a named digenea tremadddigestock
importance.

REFERENCES/FURTHER READINGS

55



Anuracpreeda, P., Wanichanon, C., ChawengkirtiRuj, Chaithirayanon, K. and
Sobhon P. (2009)-asciola gigantica Immunodiagnosis of fasciolosis by
detection of circulating 28.5kDa tegumental antigéxp Parasitol,
123(4):334-40.

Echenique-Elizondo, M., Amondarain, J. and Liron Bebles, C. (2005).
Fascioliasis: an exceptional cause of acute patiiisedOP.6(1):36-9.

Massoud, A.A., Hussein, H.M., Reda, M.A., el-Waki,S., Maher, K.M. and
Mahmoud, F.S. (2000). Schistosoma mansoni egg fspecitibodies and
circulating antigens: assessment of their validgityimmunodiagnosis of
schistosomiasisl Egypt SocParasitgl30(3):903-16

Obeng, B.B., Aryeetey, Y.A, de Dood, C.J., AmoahSA Larbi, I.A., Deelder,
A.M, et al (2008). Application of a circulating-cathodictigen (CCA)
strip test and real-time PCR, in comparison withcroscopy, for the
detection of Schistosoma haematobium in urine sasnfstbm GhanaAnn
Trop Med Parasitol102(7):625-33.

Parija SC. (2006). Protozoology and helmintholdgy. Textbook of Medical

Parasitology: Textbook and Color Atla? ed. Chennai, India: AIPD, 237-
80.

56



MODULE 3 CESTODES

Unit 1 Basic body plan of a cestode

Unit 2 Tapeworms and Examples

Unit 3 Tapeworms of man and other human’s cestodes
UNIT 1 BASIC BODY PLAN OF A CESTODE
CONTENT

1.0 Introduction
2.0 Objectives
3.0 Main contents
3.1 The adult parasite
3.1.1 Scolex
3.1.2 The neck
3.1.3 The strobila
3.2  The cestode integument
3.3 Larval metacercaria
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1.0

2.0

3.0

3.1

3.3.1 The larval cestodes
3.4 Metacestodes

INTRODUCTION

The cestodes consist of two separate subclasge€ettodarians, parasites of fish
and other cold blooded vertebrates. These are egmeanted parasites, with only
a single set of sexual organs. In contrast, theemell known members of the
Subclass Eucestoda are parasites of both warm aldd btooded vertebrates,
including mammals such as man. They resemble agabindividual animals in
that their bodies are divided into a series of sags(the proglotids), each with
their own complete set of internal organs. Therg & many hundreds of these
proglotids, resulting in the complete parasite hgwa long, ribbon like body. The
appearance of this long body is the origin for temmon name for these
parasites, the tapeworms. The common names of farasites are often derived
from their intermediate hosts, ingestion of whielults in their infection, e.g. the
Fish, Beef and Pork Tapeworms. Alternatively thegynbe named after the
definitive host that the adult parasites are nolyrfalund in. For example the Rat
tapewormH. diminutaand the Dog Tapewormipylidium caninum The study of
the morphology of the cestode body may be divide® itwo distinct areas.
Firstly, the morphology of the adult cestode (thpetworm) and secondly the
morphology of the cestode larvae, or Metacestode.

OBJECTIVES

At the end of this unit, students should be able to
1. Identify the striking features of cestodes
2. Describe the egg, larva and adult stage mooglyobf common
cestodes

MAIN CONTENTS
The Adult Parasite

The body of the adult tapeworm may be divided thtee region
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3.1.1 The Scolex
This is the "head" and attachment organ of thegit:d here are four main types
of scolex, by which the tapeworm may be taxononyaabssified.

a) No special attachment organs

The scolices of some tapeworms of the order Carglbgba (parasites of
freshwater fish) have no special attachment orgtB. Some authors do not
recognise this taxonomic order, placing these [asas within the

Pseudophyllidea).

b) A Bothria - This is composed of a pair of shallow, elongateshkly muscular
grooves. Tapeworms of the order Pseudophyllideaegtepped with bothria on
their scolices.

The bothria of Pseudophyllidea

c) A Bothridia - These are broad, leaflike muscular structure, atihgoa large
degree of variation. Some bothridia are sessilmgesare stalked, whilst others are
hooked with accessory suckers. Tapeworms of therdretraphyllidea and others
are equipped with bothridia.
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d) Acetabulate Suckers Tapeworms of the order Cyclophyllidea are equipped
with four acetabulate suckers. Parasites in tideromay also have additional
features at the apex of the scolex such as;
- Glandular areas
Protrusible suckers
Suckers armed with hooks
Hooks (e.g. Taenia)
A rostellum, an eversiblescular proboscide, often covered
with hooks (e.gHymenolepiskEchinococcus, Dipylidiuin
- A Myzorhynchus (a protrusible muscuhass).

3.1.2 The Neck

This is the area of proliferation of the parasitem which the proglottids of the
strobila grow.

3.1.3 The Strobila
This is composed of a series of proglottids. Eaylottid contains a complete
set of male and female reproductive organs, althdbhgse organs usually mature
at different rates. Usually the male organs devélefore the female organs, and
degenerate before the female organs mature. The, lgravid proglottids at the
posterior end of the tapeworm are full of develgpiar in the extreme terminal
proglottids, mature eggs.

3.2 The Cestode Tegument

The related cestodarians that also belong withenckstodes, have a tegument that
appears to be intermediate with that of the eudest@nd monogeneans. This is
another piece of evolutionary evidence that indisa monogenean origin for the
tapeworms. In this case the surface of the ceswdaegument is covered with
numerous microvilli, similar in form to the eucedtomicrotriche (see below), but
lacking the electron dense cap seen in these pegasi

The cesode tegument is a syncytial layer, showiagyrfeatures typical of that
found in other parasitic platyhelminthes.
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Diagram showing eucestode tegument

There are however, a number of distinguishing festpresent in these parasites.
On the very outer surface of the tegument a suighamcalyx is seen to cover the
outer plasma membrane. Below this glycocalyx, arattaristic feature of the
eucestode tegument is the presence of numeroustniabes Mt), long spine like
processes that are in fact a highly modified fofrmacovilli. Each microthrix has

a hard, pointed, electron dense cap which is stggeriiom the rest of the
microthrix by a crescent shaped membranous cap.niiferiches are thought to
serve two functions. Firstly, the tapeworms do pa$sess a gut and must absorb
all of their nutrients across the surface tegumehé microtiches greatly increase
the surface area of the parasite, and can be sean adaptation to maximise the
amounts of nutrients available to the parasites Thisupported by the finding of
microtubles in the shaft of the microtriches. Seltprihe spine like character of
the microtriches probably help the parasite mamntt position in the gut. This
can be more clearly seen by comparing the mictasdound in different regions
of the parasite’s body. It has been noted in mamgcies that the microtriches
found covering the scolex, the attachment orgath@fparasite, were much longer
than those covering the strobila, and in some spestiow special adaptations. For
example the microtriches covering the strobileEofgranulosushave been found
to show curved hooks or sometimes even barbs. Belewayer of microtriches
the main syncytial layer of the tegument is foulbis has been seen to contain
numerous vesicles and membrane bound, electronedeslike structures,
refered to as disc-shaped bodiBd). Finally numerous mitochondria, mainly in
the distal region of the tegument, may be seensdlaee unusual in that they do
not have many cristae, reflecting the anaerobiabwism of the organism. The
tegumental nuclei are however not located in thigolayer, but are found within
subtegumental cell bodiesStC), located beneath the circulaCrf) and

longitudinal muscle I{m) layers, embedded within the parenchymal tiss&®s (
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3.3

3.3.1

and mesenchymal musculatuM)( These subtegumental cell bodies also contain
other cellular elements such as golgi apparatus lignd inclusion bodies L)
which are connected to the outer syncytium andsanéglycogen storagé&se€) by
long protoplasmic extensionPd). The location of these important cellular
elements away from the outer surface of the parasikposed to immunological
attack by the parasites host, is an important atiapt to a parasitic lifecycle
adopted by all of the parasitic platyhelminthes.e Tarenchymal tissues are
similar to those of the trematodes and fill thecgsabetween the parasites internal
organs (all cestodes and other platyhelminthes gb@icoelomate organisms).
These tissues are a syncytial network formed bystan@osis of mesenchymal
cells, with spaces filled with carbohydrate riclhigrachymal fluid.

Larval Metacercaria
The Larval Cestodes
1) The Cestodarians

The cestodarians larvae, lgcophore are free swimming, being covered in cillia.
They have a set of ten hooks at the extreme antefithe body, thus differing
from the larval eucestodes, which are equiped ®ithairs of hooks. Anteriorly
they are armed with penetration glands. The bodaityn of these larvae bears a
marked resemblance to the larvae of the trematadeb, as the miracidium in the
digeneans, and the larval monogenean, the oncadiuat

A lycophore

2) The Eucestodes (Tapeworms)

The eggs of Pseudophyllidean and Cyclophyllideastotkes differ considerably.
The egg of the pseudophyllidean tapeworm closelsemiles that of the
trematodes, having a thin shell wall, and an odamuwhich on hatching opens
to reseales the free swimming larvae. This illuegathe close relationship
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between the two major groups of platyhelminth piégasIn contrast, the egg of
the cyclophyllideans tapeworms is very differerdying a very thick, resistant
egg shell, with no operculum.

-

The pseudophyllidean andayhyllidean ova

The larvae emerging from these eggs also differe Pseudophyllidean egg

hatches to release a free swimming larvae calledracidium. This has an outer

layer of ciliated epidermal cells with which it swins through the water before

being ingested by the parasites first intermediaist. This is often a copepod.

Inside the copepod the ciliated epidermis is shedelease a larvae that initially

resembles that of the newly hatched cyclophyllidedrnis has 6 hooks, arranged
in pairs, and is a common feature throughout tleestodes. On the basis of the
presence of these hooks, present in both the edsssiand cestodarians, many
authors believe that the cestodes originally ewblirem an ancestor common to

the extant monogeneans.

Coracidium larva

The larval cyclophyllidean, as with the pseudopbgthn, is equiped with 3 pairs
of hooks. Both groups use these hooks to pendtratgut wall of its intermediate
host after being ingested, before developing ihtodther larval forms described
below in more detail.

Larva of cyclophyllidean
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3.4 Metacestodes

A number of different larval forms of cestodes (avetstodes) are seen, these
include the following;

A larval form of Pseudophyllidean cestodes
(e.g. D. latum Ligula intestinali3. Here twc
forms of the procercoid are shown. Firstly
immature procercoid, and secondly a me
infective procercoid. In the lifecycle of the
parasites there are two intermediate hoste

gFl’r?cgcoid oPseudophyllidean €.9 procercoid being found in the first of th
. latu

(usually a small crustacean e.@yclopg.In
appearance these larvae have solid bodies
the remains of the embryonic hooks from
onchosphere larvae at the posteriof the
parasite.

A larval form of Pseudophyllideanand othe
Cestodes, (e.d. latum, Ligula intestinalis In
the lifecycle ofthese parasites there are
intermediate hosts (see the cestode dijele
page). The plerocercoid being found in
A Plerocercoid oPseudophyllidean  second of these (usually a fish or amphibi
(e.gD. latum In appearancehese are elongated larvae v
solid bodies which are much larger thdre t
preceding procercoid larvae. In these stage
embryonic hooks are absent. The plerocerc
of some Pseudophyllideans already show
start of the development of the sexual or¢

A larval form ofCyclophyllidean (e.g.  Schistocephalus  solidus,  Lig

Cestodes, (e.ddymenolepisp.) intestinalig, whilst those of Schistocephalt
solidus are also already divided ir
proglottids).
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A larval form of Cyclophyllidean Cestodes
(e.g. Hymenolepissp.). This larval form |
usually found in species where the interme
host is an invertebrate, usually an insect.

A larval form of Cyclophyllidean Cestodes
(e.g.Taeniasolium

A larval form of Cyclophyllidean Cestodes
= (e.g.Mesocestoidesp. ).

A larval form of Cyclophyllidean Cestodes
(e.g.Taenia taeniaeformis

A larval form of Cyclophyllidean Cestods,
(e.g.Taenia multiceps.

A larval form of Cyclophyllidean Cestodes
(e.g.Echinococcus granulosys Hydiatid cyst

4.0 CONCLUSION

In this unit, you learnt how to describe the bothnpf adult and larval cestodes.
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5.0

6.0

7.0

SUMMARY

The body plan of adultestode is divided into scolex, neck and strobilae
scolices of the order Caryophyllidea (parasitegeghwater fish) have no special
attachment organs while the Pseudophyllidea havaklhemuscular grooves
which are armed with bothria. The Cyclophyllidearddour acetabulate suckers.
In addition to these are glandular areas, prothaisibsuckers and rostellum
depending on the species of the cyclophillideane Btrobila is made up of
proglottids containing the male and the femaleadpctive organs. The larvae of
cestodes vary with species with some being ciliatedl as such are free
swimming. Some however, have operculum with thiellskall. Others have thick
shell wall with 6 hooks.

TUTOR-MARKED ASSIGNMENT

1. Differentiate between the larvae of psedophyllidaad cyclophyllidean
2. Give a concise description of the various larvairfe of cestodes

REFERENCE/FURTHER READINGS

Ukoli, F.M.A. (1990). Introduction of Parasitology Tropical Africa. John Wiley
and Sons Ltd., Chichester.
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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 tapeworm)
3.1.1 Morphology of adult tapeworm
3.1.2 Life cycle and transmission
3.1.3 Pathology of infection
3.1.4 Epidemiology and control
3.2 Dipylidium caninun(the dog tapeworm)
3.2.1 Life cycle
3.2.2 Morphology of infection
3.2.3 Pathology of infection
3.3 Tapeworm of the Gentyymenolepis
3.3.1 Morphology
3.3.1.1 H. nana
3.3.1.2 H. diminuta
3.3.2 Pathology of infection
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION

Cestodes or tapeworms are the most specialisedeoPlatyhelminthe parasites.
All cestodes have at least one, and sometimes ri@e one, secondary or
intermediate host as well as their primary host.ilgVthe intermediate hosts are
often invertebrates of some sort, the primary hisshormally a vertebrate.
However, in some cases both hosts are vertebratesn the common Beef
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2.0

3.0

3.1

3.1.1

Tapeworm Taenia saginatys and in a few species there may be only a single
host. A number of tapeworms include mankind inrthi& cycles but infection is
not normally a serious health problem and can bredcuThere are more than
1,000 species of tapeworms known to science, aratlynevery species of
vertebrate is liable to infection from at least @pecies of tapeworm.

OBJECTIVES

At the end of this unit, student should be able
To describe the morphology and life cycle of a ndmmestode.
To explain the epidemiology and control of thesepites

MAIN CONTENT
Diphyllobothrium latum (the Broad Fish Tapeworm)

Diphyllobothrium latumis the fish tapeworm of man. It has a fairly copoldan
distribution, but is particularly common in the Balregion, Russia and the Great
Lakes region of the U.S.A.

Morphology of the adult Tapeworm

The adult parasites are typically between 2 ananlia length by up to 2 cm in
width, but may grow even longer in some cases.drtterior organ of attachment
is a bothria, a pair of shallow, elongated muscglaoves, typical of tapeworms
of the order Pseudophyllidea. The body is dividdd proglottids, as is the case of
all pseudophyllidean tapeworms. These proglottrésbaoader than they are long,
except at the terminal end, where they are apprabely square in shape.
Internally the proglottids are typical of pseudollidgan tapeworms, with
numerous testes and vitellaria arranged on thealateargins of the proglottid,
with a central bilobed ovary. An important diffecenbetween this parasite and the
other tapeworms of man is that the uterus operneaoeiterior (cyclophyllidean
tapeworms have closed uteruses). Eggs are therafineely deposited by the
parasite, in contrast to the disintegration ofgheglottids seen in the other human
tapeworms.
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3.1.2

v GA
O N v ;
e “aja) U
vt tle® EI)J-t
Vid. __foss 2R :"; v
Ov -2 e
M ofpe—T
&, »
LEC: IS Oo

The Female Reproductive System The Male Reprodtice System ofD. latum

Key - Ov - Ovary (bilobed irD. latum) ;00 - Ootype (where the egg is formed);
Ut - Uterus (In the pseudophyllideans this openshto dutside, via the uterine
pore); Ut p. - Uterine pore rfot present in the cyclophyllideansy, - Vagina (a
long straight tube)Vt - Vitelline glands (secreting substances that makehe
egg yolk and shellYt d. - The Vitelline duct (connecting the vitelline gty
which are diffuse and are situated lateralyDinlatum ;M - The Mehlis gland (A
cluster of unicellular shell glands, absent in s@pecies) - Testes (dorso-lateral
in D. latum;V - Vas deferensC - Cirrus (a protrusible muscular organ, opening
anterior to the vagina in a common genital atriu@)A - Genital Atrium (a cup
shaped sinus, where the cirrus and vagina have conopenings)L E C - The
Lateral Excretory Canal

Life cycle and Transmission

Diphylobothrium latumhas a typical Pseudophyllidean tapeworm lifecydhe.
addition to the adult parasites in the definitivesty (i.e. man), there are two
intermediate hosts containing larval stages. Eggspassed from man in the
faeces and hatch in water to release a small metidryonic parasite, the
Coracidium. This is internally similar to the hexacanth lavaof the
Cyclophyllidean tapeworms, being equipped with @®Ksy but this hexacanth
larva is covered in a ciliated embryophore. Theacwmlium is a free swimming
stage, but cannot survive long. For further develent, it must be ingested by the
first intermediate host, a copepod. On ingestian éimbryonic larvae penetrates
the arthropods gut wall, entering the haemocodalideelop into the first larval
stage, the procercoid, measuring 50um in lengtis Enva, (as well as the next
larval stage, the plerocercoid described above)vasy different from the
cyclophyllidean parasite larvae in that they halegated and solid bodies. In
addition, the procercoid bears the embryonic hdekte a posterior bulb like

69



rounded growth, the cercomer. To continue the Y, the copepod must be
ingested by the next intermediate host, a fish. plueercoid penetrates the gut
wall of the fish, and develops into the next lansithge, the plerocercoid
(sparganum), measuring 4 - 5 mm in length, in the viscera oisculature of the
fish. These plerocercoids have again elongated $aldied parasites, but differ
from the procercoids in the absence of the cercoamer hooklets, and at the
anterior end having a developed attachment ordenbothridium, similar to the
adult parasite. A number of different species sifimay act as intermediate hosts
for the plerocercoids ob. latum but the highest densities of plerocercoids are
found in carnivorous fish such as the pike. Thagh parasite loads are because,
in addition to infection by ingestion of the copédpplus procercoid, if another
infected fish is eaten the plerocercoids within ltloey tissues of this predated fish
are released in the intestine of the carnivorasls fThese then migrate through the
intestinal wall, to invade the new host, whichhert acting as a Paratenic host for
these secondary plerocercoids. The plerocercossraaddition, very long lived,
and may achieve very high parasite densities. Manfected by ingestion of raw
or undercooked fish, the plerocercoids emerginthéintestine to grow into the
adult parasite. In addition to man a number of oftsh eating mammals may also
be infected, including cats, dogs, pigs, bears.r8fbee D. latum in addition to
being a parasite of man, also causes zoonotictiofedn man multiple infections
may occur, sometimes of very high numbers (up ®Wdrms have been reported
from a single individual). In these cases the ptaaslength is considerably
reduced.
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3.1.3
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Pathology of Infection

Infection, as is often the case with adult tapewgyrpresents a variable range of
pathology, but again is not commonly the cause exfoss disease in man.
Symptoms, when they occur, include a variety of-specific abdominal signs,
including abdominal pain and loss of weight, and aften very similar to the
symptoms displayed during infection with adlitenia HoweverD. latumdiffers
from Taeniain absorbing much more vitamin B12, (between ted fifty times
more) than other tapeworms. Infection may therefagsult in a macrocytic
hypochromic anaemia in some cases, vitamin Bl2nigaan important role in
formation of blood cells. This feature of the dsedas much more common in the
Baltic region, particularly in Finland. This tapemmoderived anaemia may be due
to host derived genetic factors. It is also momewmnly seen when the tapeworm
is situated higher in the intestine.
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3.1.4

3.2

3.21

3.2.2

Epidemiology and Control

Infection occurs by consuming raw or undercookesth tfharbouring sparganum.
Therefore to avoid infection in man, fish should greperly cooked, killing the
infective plerocercoids.

Dipylidium caninum - (the Dog Tapeworm)

This Tapeworm is primarily a parasite of the Dogl éime Cat. However man, and
in particular children, may also be infected.

Lifecycle

Similar to Taenia saginatathe proglottids of this tapeworm are actively regti
and are able to crawl out of the anus of the d@fmihost as well as being passed
in the faeces. The eggs of this species of tapevewentontained in egg-capsules,
each containing up to twenty eggs. These eggs rayesied by the parasite’s
intermediate host, in this case an invertebrater@gpbod such as fleas (only the
larval flea can be infected) or the dog lods&hodectes canisThe onchosphere
larvae is released in the arthropods gut and peestrthrough the gut wall,
developing into a cysticercoid, similar to the hymlepid larval tapeworms.
Infection of the Definitive host, whether dog, @atman, occurs on ingestion of
the larval parasite, either when the intermediatst Iis ingested, or ingestion of
the crushed bodies of these hosts. For examplbgifdog licks the face of the
child just after it has bitten a flea or louse. fDgestion the cysticercoid larvae
develops into the adult parasite in the small titesn about twenty days.

Morphology

Larvae - The larvae are roughly pear-shaped, and followtyp&al cysticercoid
body pattern.

Adults - These are relatively short tapeworms, measuringdest 15 and 17cm in
length and consisting of up to 170 proglottids. §éare elongated in form, the
gravid proglottids, measuring approximately 12 x amd packed full of egg-
capsules, having the appearance of grains of Tiee.scolex by which the parasite
attaches to the wall of the small intestine hag flange acetabulate suckers, a
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retractile rostellum and six rows of 30 to 150 rtisern shaped hooks. The eggs
which are typical Cyclophyllidean tapeworm eggs, l@und in shape and measure
up to 60pum, and are held within egg-capsules.

-

vagina ——

-
Seminai -~~~
receptacie

Vvitellaria~

ipvlidium caninum. (A) Mature
Proglotud; (B) Egg Packet
Containing Eggs.

3.2.3 Pathology of Infection.

The infection appears to be asymptomatic and géyeran-pathogenic, although
there may be some degree of mild pruritis, or itgharound the perineum due to
the presence of emerging proglottids.

3.3 Tapeworms of the Genuslymenolepis

There are a number of species in this genus, twehath are common parasites of
man.

H. nana - The Dwarf Tapeworm

This tapeworm is relatively small, growing up ton#dn length, the size of the
parasite being inversely proportional to the numb&rworms present in the
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infection. Infections, which are more commonly sdanchildren in warmer
climates, are characterised by the presence of muwwe parasites (both
cysticercoid larvae and adults) in the small intestinfection is by ingestion of
soil contaminated with faeces containing eggs amly give rise to abdominal
discomfort.

H. diminuta - The Rat Tapeworm

This tapeworm is much longer thah nang growing up to 60cm or more in
length. This is primarily a parasite of the ratyrtans only being infected by
accidental ingestion of the insect intermediatet.hd$is species is of more
importance as a research model for the study ofbtbehemistry, physiology,
chemotherapy and immunology of tapeworm infectidnsaddition there are a
number of species found in animals, including;

H. carioca - A common non-pathogenic parasite of fowl in theA.

H. microstoma - A parasite of rodents.

H. lanceolata - A pathogenic parasite of ducks, geese and odmseriform
domestic fowl.

H. coronula- A parasite of anseriform domestic fowl.

H. cantaniana - A parasite of chickens and other galliform dotiee®wl.

3.3.1 Morphology

Apart from their relative sizes, these two parasié man are very similatl.
nana being up to 4cm in size, the strobila consistidigup to 200 proglottids,
whilst H. diminutagrows up to 60cm or more in length and the steobdnsists of
up to 1000 proglottids. These proglottids are trapdal in shape, and are
approximately four times as wide as they are I&ach proglottid contains three
round testes, a bi-lobed ovary, a compact viteligilend and a large uterus
opening to a lateral genital pore (as does theigiriThe scolex in both parasites
have four suckers and a retractile rostellum wimdH. nanais equipped with 20 -
30 hooks (the rostellum is unarmedHn diminutg. Finally the eggs of the two
species both have the characteristic thickenedsvadlbll cestode eggs, but may
easily be differentiated. Those of the yellowisbvan H. diminutaeggs are much
rounder than colourleds. nanaeggs and are larger with 60 - 80um in diameter.
In H. nanathe eggs are oval in shape, measuring ~ 40 by S@pdrcontains an
74



oncosphere equipped with 3 pairs of embryonic hdoks a "hexacanth" larvae)
and long wavy filaments (absent kh diminuta) which lie in the space between
the larvae and the egg shell wall.

The two species infecting man have rather diffeliéetycles which will be
considered separately here.

3.3.1.1 H.nana

This parasite has rats and mice as well as maheaddfinitive host, and differs
from H. diminutaand almost all other tapeworm in that an intermedhost is not
required, although fleas and beetles may be uskd. éimbryonated eggs are
passed in the faeces where they contaminate dileleggs are ingested by the
definitive host the oncosphere is activated andks®ut of the egg and penetrates
the gut villus. Here it develops as a cysticoidvda in about 4 days before
rupturing into the gut lumen. Once ruptured, tha@lesc attaches to the gut mucosa
and the parasite develops into the adult tapewdten about 15 to 20 days. If the
insect intermediate hosts are utilised the lifegyslsimilar to that oH. diminuta
below. In heavy infections eggs liberated by adudrms in the intestine may
hatch here rather than passing out of the bodyiv®autoinfection.
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3.3.1.2 H. diminuta

This parasite as in most tapeworms does requireira@rmediate host.
Embryonated eggs pass out of the body of the diefnihost in the faeces and are
ingested by the insect intermediate hosts. Mangcaissmay act as intermediate
hosts for this parasite, the most common beingfad beetles such as the flour
beetle. When ingested by the intermediate hostoti@sphere larvae become
activated, break out of the egg shell and penetrdatethe insect’s body cavity
where they develop into a cysticercoid larvae. é@mnpletion of the lifecycle, the
infected intermediate host must be eaten by thmitleé host. On ingestion, the
cysticercoid larva becomes activated, the scolesoimes attached to the gut

mucosal wall, and the parasite develops into thdt s@beworm.
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3.3.2

3.0

5.0

An interesting feature dflymenolepigapeworms is that they undergo a diurnal
migration within the gut, which is associated wile feeding patterns of the host.
From about 4pm to 4am few parasites are seen idothier part of the small
intestine, whilst from about 4am to 4pm many paeasare seen in the upper part
of the small intestine. This was first observedindiminutaand subsequently in
other species, and is indicative of a nocturnadlifege pattern by the parasite.

Pathology of Infection.

These parasites are not very pathogenic, usuatly agymptomatic infections. In
man infected wittH. nanathere may be a slight irritation of the gut mucasal
slight abdominal pain, and with very heavy infenad>2000 worms) there may
also be some diarrhoea. In the bird species thexng e enteritis and intestinal
obstruction with some species.

CONCLUSION

In this unit, you learnt about the morphology, lifgicle, pathology and
epidemiology of the broad fish tapeworm, dog tapewand tapeworm of man of
the genugdymenolepis

SUMMARY

D. latum ‘a psedophyllidean’ infects fish which in turn inf@enan when fed on
raw or undercooked fish. Rats and mice as well as are the definitive hosts of
H. nana and therefore difers fromd. diminutaand almost all other tapeworm in
that an intermediate host is not required, althoflegss and beetles may be used.
Dipylidium caninumare dog tapeworms that can as well infect humar@afy
children.

6.0 TUTOR-MARKED ASSIGNMENT
1. Explain the transmission cycledf latum

2. What are morphological differences between thature proglottids of
Dipylidium caninumandHymenolepispp?
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1.0 INTRODUCTION

Two species from the gend&aeniaare common parasites of man, these being
Taenia solium(the Pork tapeworm) and@laenia saginata(the Beef tapeworm).
Taenia saginatdnas a cosmopolitan distribution, with estimatesgbroximately

50 million cases of infection world-wide annualls with T. saginataand T.



3.0

3.1

3.1.1

solium this parasite has a cosmopolitan distribution, hwig¢stimates of

approximately 50 million cases of infection worldee annually. However the

incidence of infection may vary considerably, arayrbe influenced by a number
of factors such as religious inhibitions on eatipgrk, as in many Islamic

countries, or in other countries by high degreesaofitation, limiting exposure of

the intermediate hosts to human faeces. This pardss pigs as the main
intermediate host, but man may also act as ammatgiate host for this parasite as
well as being infected with the adult tapewormsisTaspect of the parasites
lifecycle has important implications for the pathgy associated with infection

with this parasite.

Echinococcus granulosuis one of thethree species oEchinococcusthat is
generally accepted as parasites of man. It isdlsative agent of Hydatid disease
in man and many other mammals. It occurs in Eurmpe Artic region of North
America.

MAIN CONTENTS
Taenia spp
Life cycle offaenia spp

This parasite has cattle or related animals anai® intermediate hosts, although
other animals such as camels, llamas and somepateiay also occasionally be
infected. The larval form in these animals is aicgscus in the muscles and heart.
These are infected by ingestion of the eggs otapeworm, shed from the faeces
of the carnivorous definitive host, in this casenm@nce ingested the eggs hatch
to release the hexacanth larvae, which migrateutiirghe intestinal wall to reach
the blood or lymphatic systems, from where it igied to the tissues, particularly
the heart and other muscles to develop into théceysus. Man is infected by
ingestion of undercooked or raw meat, the bladdall of the cysticercus being
digested in the intestine to release the scolethefparasite. This attaches to the
intestinal wall and grows into the mature aduletaprm.
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Life cycle of T. saginata and T. solium
3.1.2 Morphology
3.1.2.1Taenia saginata

Larvae - These cysticerci are approximately 7.5-10mm widel8mm in length.

Adults - The adult tapeworms have an average length of aboueters,
consisting of approximately 1000 proglottids, buayrgrow up to 17 metres in
length occasionally, and are therefore longer ttian adult forms ofTaenia
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solium The mature proglottids have approximately douhk number of testes
that T. saginatahas and are larger. The gravid proglottids are ddsger,
measuring approximately 20mm long by 6mm wide wathuterus with more
lateral branches thah. solium These gravid proglottids when detached from the
strobila may be very active, not only crawling aweym the faeces when passed,
but often actively emerging from the anus to depeggs from the ruptured uterus
around the perianal region. The scolex in thiswapen may also be differentiated
from T. soliumas it is slightly larger, at approximately 2mmdiameter and is
unarmed, without any hooks, although the 4 acegalsuickers are still present.

3.1.2.2 Taeniasolium

Larvae - These small cysticerci (refered to &ysticercus cellulosgeare
approximately 6- 18mm wide by 4 - 6mm in length whieund in the muscles or
subcutaneous tissues (the normal sites for tha lafthis parasite). The cysticerci
may however be found in other tissues such as thiodee central nervous system
where they may grow much larger, up to severalicgttes in diameter.

Adults - The adult tapeworms have an average length of @bougters, but may
grow up to 8 metres in length occasionally, andbfelthe typical morphology of
cestode tapeworms. The strobila consists of betv@nand 1000 proglottids.
The mature proglottids having trilobed ovaries wahsmall central lobe in
addition to the two lateral lobes and only appradiely half the number of testes
thatT. saginatahas. The gravid proglottids, measuring approxifgat2mm long
by 6mm wide, have a uterus with between 8 to 1@rdhtbranches, less thdn
saginata The scolex in this tapeworm may also be diffeegatl fromT. saginata
as it is equipped with a low rostellum with a daulfown of approximately 30
hooks.
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UTERINE BERANCH COMPARISON

GAAYID PROGLOTTID

GRAVIC FROGLOTTID
T. saginata

T. solium

Figure showing the distinctions between trtagjwttid of T. soliumandT. saginata

Major Differences betweenT. saginata and T. solium

Features T. saginata T. solium

Size 3-7m(sometimes 2-3m(sometimes up to
Upto 25m) long 10m) long

No. of proglottids 1000-2000 (sheds 800-1000 (sheds 8-10 daily)
3-10 daily)

No. of eggs per proglottid 100000 40000

Scolex Cuboidal, up to 2.0mm Spheroid, about 1.0mm in
In diameter diameter

Rostellum Absent Present, armed with two

circlets of 22-32 hooks

No. of testes 800-1200 300-500

Shape of ovary Bilobed Trilobed

Gravid uterus 15-25 lateral branches on 7-13 lateral branches on
each side each side

Vaginal sphincter Present Absent

Gravid proglottid When detached, active antivhen detached, passive

creep out through anus and
craw about individually
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3.1.3

Pathology of Infection.

3.1.3.1 T. saginata

Larvae - Unlike T. solium T. saginatadoes not utilise man as an intermediate
host, and therefore pathology due to the larvaifés not a feature in human
disease. In cattle the cysticercus, refered Gyasdicercus bovighamed before the
parasite life cycle had been determined, and theection between the two forms
had been established) is completely asymptomatic.

Adults - The pathology of infection with adulf. saginatais highly variable.
Often infections are completely asymptomatic, lubther cases some degree of
pathology may be seen, most seriously intestimratiage. In some cases vitamin
deficiency may be the result of excessive absamptionutrients by the parasite,
although this aspect of tapeworm pathology is naofeature of infection with the
fish tapewormD. latum In addition infection may be accompanied by aadro
range of non-specific symptoms, including more camly, (if seen at all),
abdominal pain, digestive disturbances, excessppetée or loss of appetite,
weakness and weight loss.

3.1.3.2 T. solium

Larvae - Infection with the larval form of . soliumCysticercus cellulosaécalled
"Cysticercosis") may have severe consequencesrtheal world-wide mortality
due to cysticercosis having been estimated at appately 50 000 cases. In man
the cysticerci mainly develop in the subcutaneessues, but infections in both
the Central Nervous System (C.N.S.) and oculaud¢issare also very common.
Infection of the C.N.S. may cause severe pain,lysisa optical and/or psychic
disturbances and epileptic convulsions, mainly suenechanical pressure as the
larvae develop. Later there may be loss of conscess and even death.
infections involving the eye may give rise to disdort, and can cause
detachment of the retina.

Adults - Usually only a single adult specimen is presenictvimay cause a slight
degree of mucosal inflammation. The actual effeots the host may vary
considerably, often there are few symptoms, buigome cases a variety of non-
specific symptoms such as constipation, epigaptin and diarrhoea, are present.
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Very rarely there may be perforation of the intestiwall, with subsequent
peritonitis. However, more seriously, as detaildubwvee, the presence of adult
worms carries the risk of autoinfection due to reeeperistalsis resulting in
cysticercosis, it being estimated that approxinyaB8% of cases oCysticercus
cellulosaeinfections in man being acquired by this route.

3.1.4 Diagnosis of Infection byraenia spp

- Demonstration of scolex and proglottids in the &mecHowever, scolex are
rarely excreted in faeces

- The eggs ofl. saginataand T. soliumare similar. However, most laboratory
diagnosis is through the observationfakeniaspp eggs in faecal sample.

- Examination of gravid uterus shows 15-25 laterahbhes inl. Saginataand
7-13 lateral branches (counted from the main stend). Soliumwhen short
chains of 5-8 proglottids passed out in faeceperssed through glass slides.

- The scolex off. saginatais easily distinguished from that ®f soliumin that
it has only 4 suckers but no hooks.

- Radiological examination of the intestinal tractymaveal tapeworm infection.

3.1.5 Epidemiology and control

The prevalence ofaeniainfection is on the increase due to the followiagtbrs;
1. Intensification of animal production
2. Development of meat industries in several devepimuntries
3. Consumption of undercooked beef and pork by towrisiting highly
endemic areas
4. Consumption of semi-cooked meat in manufactured fpooducts like
hamburgers, etc.
5. Accelerating urbanisation with decreased efficieatgewage systems
6. Sewage farming
In view of the above listed epidemiological facttinat favour transmission, the
following measures can be taken to reduce prevajenc
1. Proper meat inspection services before usage it méastries. Diseased
meat should be condemned and destroyed
2. Lightly infected beef with cysticerci can be rergttisafe for consumption
by freezing at -1%C for at least 10 days
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3.2

3.21

3.2.2

3. Cooking of meat well before eating
4. High standards of sanitation will reduce transnoissi
5. Immunization against bivine cysticercosis.

OtherTaenia cestodes
Infection by Adult tapeworms

Taenia taeniformis - This parasite has a cosmopolitan distributidre adult
parasites are normally found in cats and relateciwares, but it has been reported
from an Argentinean child. The adult tapeworms abeut 60cm long, and are
unusual in that they lack a neck. The scolex igdaand equipped with two rows
of hooks, whilst the posterior gravid proglottidavle a characteristic bell shape.
The larvae, which is found in wild rodents, is @Bbtlocercus, a development of a
cysticercus where the scolex has evaginated, kstillittached to the bladder of
the cysticercus by a short segmented strobila.

Taenia bremneri (Syn.T. confusa) - reported from man in Africa, Japan and the
United State of America. This parasite may be asym ofT. saginata

Taenia africanus - reported a few times in East Africa. This tapawdas broad
segments and an unarmed scolex with a small aguckier.

Infection by Larvae (Metacestode Infections)

Taenia multiceps - The adult tapeworms of this species are foundags and
related canids. The larva is a fluid containingtcysm or more in diameter,
containing several hundred protoscolices, and liscta coenurus. It is normally
found in the brain or spinal cord of sheep and goahere it is an important
pathogen. In these animals, it causes a conditivk as 'gid' or 'staggers' as the
coenurus develops along with an associated destnuof nervous tissue. The
larval form may rarely infect man, where it causesondition called coenurus
cerebralis, on accidental ingestion of tapewormsdggym the faeces of dogs.

Taenia serialis - A similar parasite t@. multicepsthe coenurus larvae, measuring
4cm in diameter or larger, is usually found in subcutaneous and intramuscular
tissues of lagomorphs. The adult tapeworms aredonrdogs and foxes with a

cosmopolitan distribution. They measure about 7Grctength and have a scolex
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with two rows of about 30 hooks. The larvae havernbeeported very rarely in
man.

Taenia glomerulatus - The larvae normally infect rodents, but the aoes larvae
have also been reported as rarely infecting makfrioa.

3.3  Echinococcus spp
Three species dEchinococcuhave been generally accepted as parasites of man

3.3.1 Echinococcus granulosus

The causative agent of Hydatid disease in man antd/rather mammals. The dog
acts as the definitive host for this species. A benof sub-species of this parasite
have also been described, the most universallyptedebeingE. g. granulosus
(thought to be the original species found in Européhough now more
widespread) ané&. g. canadensiéthe indigenous species of the Arctic region of
North America, for more details see below). In &iddithere is considerable strain
variation within this parasite, with differing perences for intermediate hosts. For
example in Ireland a strain exists whose larvag anfect the horse, man being
resistant to infection.

3.3.1.1 Life cycle

Dogs and other canids are parasitised by the aaldtworm. When shed by the
tapeworm, the gravid proglottids disintegrate ia ttogs intestine, and eggs which
are passed in the faeces, are highly resistamgheable to survive freezing and
drying on the ground for up to a year. Many mamnaglart from man may act as
intermediate hosts, in particular sheep and hofdss situation is highly complex

as at least 9 sub-species have been identifiedjtalldifferent host specificity;

E.g. granulosus - Adult form in most canids apart from the red ,ftwydatids in
sheep, pigs, cattle, man and many wild ruminants.

E.g. equinus - Adults in canids, hydatids in horses and otheuidae, but
probably not man.

E.g. canadensis - Adults in canids, hydatids in caribou, reindaed man.
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E.g. borealis - Adults in canids, hydatids in many cervids arahm

In addition, in parts of Kenya there is a strainsab-species that is particularly
adapted to transmission between man and domestidatss.

The egg enters the host by ingestion, either frontaminated grass (as is the case
in infections of herbivorous ruminants), or in @se of man, by contamination,
(for example by the dog licking face after it hameb cleaning itself) or other
examples of bad hygiene, followed by transfer srouth. The egg then hatches
in the intestine, penetrates the gut wall, anddisawvia the lymphatic or blood
system throughout the body, from where they lodgeiwthe body tissues. The
cysts may develop anywhere within its intermediatests body, but as the
circulatory blood stream passes from the mesenbérmd vessels to the liver, it is
in the liver that the majority of the cysts (in ab65% of cases) are found. Next in
frequency of infection are the lungs ( about 20B6ain (1%), peritoneal cavity
(8%), kidneys (3%) and bone marrow or other orgBeselopment of the cysts to
produce infective protoscolices takes approximaletp 2 years. On the death of
the intermediate host, either directly by predatonthe part of the dog, or by the
scavenging of the dead cadaver, (the protosocsalise also highly resistant,
being able to survive in carrion for several weel® cyst is ingested along with
the offal. The cyst wall is then digested, libengtthe protoscolices which quickly
evaginate, penetrating deeply into the crypts abkerkuhn, and developing to
adult worms in approximately 7 to 9 weeks. Due he presence of many
protoscolices in each hydatid cyst, dogs may bected with manye. granulosus
(tapeworms).
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3.3.1.2 Morphology

Larvae - These Metacestodes (called 'Hydatids'") are lamygghly spherical, fluid

filled hollow bladders, containing numerous protwges (forming the so-called
hydatid sand), brood capsules, and daughter cylsishvare identical in form to
their parent cyst. The cyst wall itself consistsaof outer laminated hyaline wall,
supporting the whole cyst. Beneath this there iaualeated germinal layer,
studded with developing brood capsules, which magntually break off to float

freely in the fluid filled cyst. The protoscolicese formed within the brood
capsules, which may rupture to give the free prmiices in the hydatid fluid.

They vary considerably in size depending on wherthé body they form, which
may be almost any organ of the body. Those fourtleriver (the most common
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organ affected) may be approximately 20cm in di@méiut those found in the
peritoneal cavity may sometimes be very much largentaining several litres of
fluid. For example one case has been reported of/sh 50cm in diameter,
containing 16 litre of fluid.

Adults - The adult parasites in the dog represent one ofsthallest of the
tapeworms. They measure between 3 and 9mm in leagth usually consist of
only 3 proglottids, an immature, a mature, and avigr proglottid. The scolex is
globular in shape, and has a prominent rostellumed with a double row of
between 30 and 36 hooks. The eggs are very simildrose of the genugaenig
and measure between 30 and 40um in diameter

3.3.1.3 Pathology of Infection.

3.3.2

Larvae - In domesticated animals clinical signs appear taremmon, whilst in
man they will vary in their seriousness dependimgwhere in the body the
hydatid develops, and how large it grows. Sometmdee infection is
asymptomatic, the only evidence of infection betimg presence of calcified cysts
on autopsy after death due to an unrelated catrsemBjor pathology is due to the
size of the cyst, giving rise to pressure relatgdry. A complication may arise if
the cyst is ruptured, possibly due to blows tolibdy, muscular strain, or during
operations. In this case the contents of the hgdiatireleased into the body's
circulatory system, and the liberated protoscolioesy give rise to numerous
secondary cysts throughout the body. In additian hiidatid cyst fluid is highly
allergenic and cyst rupture may result in anaphidathock and rapid death.

Adults - The adult tapeworm is usually non-pathogenic to césine hosts,
although sometimes in very heavy infections theeg tbe 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 important daWi@ihost, although dogs, and
occasionally cats, may also be infected with thdtgzhrasite. Again there appears
to be a number of sub-species of this organEmm. multilocularisn Europe and
E. m. sibiricencisn North America.
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This is very similar to that dE. granulosusbut with more adaptations for colder
climates. For example the eggs are highly residiardold temperatures, being
able to survive at -20° for more than 2 weeks.ddit#on the pre patent period in
the definitive host is much shorter, usually betwédo 5 weeks.

3.3.2.1 Morphology

Larvae - The larvalE. multilocularisis very different from that dE. granulosus
In this case the 'cyst' grows invasively by extetmadding, forming a diffuse
growth through the infected organ, replacing thegaa’s tissues. The growth
itself, (it cannot truly be called a cyst as thisrao real cyst wall), is composed of
numerous cavities containing a gelatinous matrithwiwhich protoscolices and
numerous brood capsules are produced, and whigh behaviour, most closely
resembles a malignant neoplasm. In contra$.tgranulosughis growth is also
very rapid, infective protoscolesces being presdtdr only 2 to 3 months, as
compared to the 1 to 2 years in the related metiades

Adults - The adult parasite is very similar Eo granulosusbeing slightly smaller,
with a maximum length of approximately 4mm, and sisting of 4 to 5
proglottids.

3.3.2.2 Pathology of Infection

Larvae - The multilocular cyst is highly pathogenic duetwfast growth rate and
invasive nature, in extreme cases completely remlaliver tissue. As the cyst
lacks the tough laminated layer seerkingranulosusand by its nature grows by
budding, metastases of growth may also be seeanisolg other body organs.
Due to this aspect of the parasite, it may alsdréesferred by transplantation.
This parasite must be considered one of the motoganic of the parasitic
helminths.

Adults - As with E. granulolsughe adult tapeworm is usually non-pathogenic to
its canine hosts.

91



5.0

6.0

7.0

CONCLUSION

At the end of this unit, you learnt the morphologpthology, life cycles and
control of tapeworms.

SUMMARY

The two major tape worms infecting man di@enia saginatgdbeef tape worms)
and T. solium (pork tape worm).Infections by these tapeworms often occur
following the consumption of raw or undercooked foaed pork. Other§aenia
spp which have man as accidental host &retaeniformis, T. bremneri, T.
multiceps, T. serialiandT. glomerulatus.

Dog and other canids are the definitive hostEdfinococcus granulosuwgith the
hydatid cyst of the parasite causing the patholgetfects seen in man. Proper
cooking of beef and pork could prevent infectior doT. saginataandT. solium
while good sanitary condition can as well prevefction byE. granulosus.

TUTOR-MARKED ASSIGNMENT
1. Briefly discuss the epidemiology and control of lammapeworms

2. Based on the knowledge of transmissioRaiinococcus granulosubighlight
the control measures of the parasite
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MODULE 4 NEMATODES

Unit 1 General features and life cycles of nemagode
Unit 2 Soil transmitted helminths

Unit 3 Blood and Tissue nematodes

Unit 4 Air-borne nematodes

UNIT 1 GENERAL FEATURES AND LIFE CYCLES OF NEMATODE S
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main contents
3.1 General features
3.2 The Basic Life cycle of the Major Groups of Neodes

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION

Nematode infections in humans include ascariasishuriasis, hookworm,
enterobiasis, strongyloidiasis, filariasis, andchimosis, among others. The phylum
Nematoda, also known as the roundworms, is thensetargest phylum in the animal
kingdom, encompassing up to 500,000 species. Mam@ieNematoda are elongated,
with bilaterally symmetric bodies that contain amestinal system and a large body
cavity. Many roundworm species are free living &iure. Recent data have demonstrated
that approximately 60 species of roundworms parashiumans. Intestinal roundworm
infections constitute the largest group of helmmttiseases in humans. According to a
2005 report by the World Health Organization (WH@pproximately 0.807-1.221
billion humans have ascariasis, 604-795 million eh&nichuriasis, and 576-740 million
have hookworm infections worldwide.

2.0 OBJECTIVES

At the end of this unit, students should be able to
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1. List the various examples of nematodes with thegnimon names

2. D
escribe the general morphological features of nedest

3. Explain the life cycles of the major groups of némales

3.0 MAIN CONTENTS

3.1 General features

Nematodes are cylindrical rather than flattenedickethe common name
roundworm. The body wall is composed of an outdicluthat has a noncellular,
chemically complex structure, a thin hypodermis] amusculature. The cuticle in
some species has longitudinal ridges called albe.bursa, a flap-like extension
of the cuticle on the posterior end of some specfanale nematodes, is used to
grasp the female during copulation.

The cellular hypodermis bulges into the body caweitpseudocoelom to form four

longitudinal cords; a dorsal, a ventral, and tweral cords which may be seen on
the surface as lateral lines. Nuclei of the hypougrare located in the region of
the cords. The somatic musculature lying beneattipodermis is a single layer
of smooth muscle cells. When viewed in cross-sectius layer can be seen to be
separated into four zones by the hypodermal cdrds.musculature is innervated
by extensions of muscle cells to nerve trunks nugranteriorly and posteriorly

from ganglion cells that ring the midportion of thgophagus.

The space between the muscle layer and viscehg igseudocoelom, which lacks
a mesothelium lining. This cavity contains fluiddatwo to six fixed cells
(celomocytes) which are usually associated with lingitudinal cords. The
function of these cells is unknown.

Thealimentary canal of roundworms is complete, with both mouth andsariine
mouth is surrounded by lips bearing sensory pap(ltaistles). The oesophagus, a
conspicuous feature of nematodes, is a musculatste that pumps food into the
intestine; it differs in shape in different species

The intestine is a tubular structure composed single layer of columnar cells
possessing prominent microvilli on their luminaifsge.
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The excretory system of some nematodes consists ekcretory gland and a pore
located ventrally in the mid-esophageal regiorothrer nematodes this structure is
drawn into extensions that give rise to the momamex tubular excretory system,
which is usually H-shaped, with two anterior limbhad two posterior limbs
located in the lateral cords. The gland cells amue$ are thought to serve as
absorptive bodies, collecting wastes from the pseoelom, and to function in
osmoregulation.

Nematodes are usually bisexual. Males are ususaibller than females, have a
curved posterior end, and possess (in some specips)atory structures, such as
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3.2

spicules (usually two), a bursa, or both. Thales have one or (in a few cases)
two testes, which lie at the free end of a conamludr recurved tube leading into a
seminal vesicle and eventually into the cloaca.

The female system is tubular also, and usually is made upetiéxed ovaries.
Each ovary is continuous, with an oviduct and tabulterus. The uteri join to
form the vagina, which in turn opens to the extettimough the vulva.

Copulation between a female and a male nematodedsssary for fertilization
except in the genuStrongyloidesjn which parthenogenetic development occurs
(i.e., the development of an unfertilized egg iatoew individual). Some evidence
indicates that sex attractants (pheromones) plaglein heterosexual mating.
During copulation, sperm is transferred into thdévauwof the female. The sperm
enters the ovum and a fertilization membrane igeted by the zygote. This
membrane gradually thickens to form the chitinohells A second membrane,
below the shell, makes the egg impervious to egdbnall substances except
carbon dioxide and oxygen. In some species, a {finoteinaceous membrane is
secreted as the egg passes down the uterus byethieeuwall and is deposited
outside the shell. Most nematodes that are parasitiumans lay eggs that, when
voided, contain either an uncleaved zygote, a grofipblastomeres, or a
completely formed larva. Some nematodes, such adildriae andTrichinella
spiralis, produce larvae that are deposited in host.

THE BASIC LIFE CYCLE OF THE MAJOR GROUPS OF NEM ATODES

The life cycles of the parasitic species vary adasbly, as would be expected
from such a large and diverse group. There are "ewa number of common
features. Firstly, the parasite undergoes a sefigaoults through larval stages
(designated.1 to the adullL.5 form). Secondly, in most (but not all) nematodes i
is theL3 larvae that is the infective form, important exeeps to this being the
Ascarids, such a&scaris lumbricoidesnd the pinworms, where it is either ttke
larvae, or eggs containirigl or L2 larvae that are infective. Thirdly the form
onwards in all species undergoes a migration withénbody of the definitive host
as it matures into the adult parasite, usually thia bloodstream or lymphatic
system to the heart, lungs, trachea, and theretmthstine. Finally, in most cases
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the parasite leaves the definitive host as thidesatggs in the faeces, important
exceptions being the viviparous filarial worms (well larvae infect
intermediate hosts, usually in the blood mealsitfidp arthropods)Strongyloides
stercoralis (where theLl larvae are found in the faeces), and the vivipsrou
Trichinela spiralis where the larvae do not leave the body as sudigdyvelop to
the L3 stage which then encysts in the muscles, infedtieing by ingestion of
undercooked contaminated meat. Infection of thendefe host may be by a
variety of routes, such as the oral route, whegsege accidentally ingested, also
many filarial worms are infective via the bite &e$, as previously decribed, and
the L3 larvae of many nematodes such as the hookwormso#mel related
nematodes are directly invasive.

In terms of complexity, the simplest life cycle® @ahose of the pinworms, where
adults living in the colon mate and lay eggs wipelss out in the faeces, infection
being either by the oral route with eggs, or paignwhere eggs hatch around the
anus and.1 larvae migrate back through the anus.

The most diverse is probably that 8f stercoralis where there are a number of
alternative lifecycles which it may undergo, eitlasra completely free living soll

nematode, or as the standard infecth& larvae with tissue migration to the
intestine, or even occasionally full completiorttoé life cycle within the intestine,

and finally in immunocompromised hosts a life-thieg@ng disseminated infection

can occur, with parasites found throughout the body

CONCLUSION

In this unit, you learnt the general structures@matodes and the basic life cycles
of the major groups.

SUMMARY

Nematodes are roundworms with pseudocoelom (lac&imgesothelium lining).

The alimentary canal is complete having mouth angaThe intestine is a tubular
structure composed of a single layer of columndls ggossessing prominent
microvilli on their luminal surface. The excretosystem of some nematodes
consists of an excretory gland and a pore with dexfubular excretory system,
which is usually H-shaped. Nematodes are usualgxpial. Males are usually
smaller than females. Copulation between a femald @ male nematode is
necessary for fertilization except in the gen&rongyloides, in which
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parthenogenetic development occurs (i.e., the dpwatnt of an unfertilized egg
into a new individual). Parasite undergoes a sarieaoults through larval stages
with L3 larva mostly being the infective stage.dection of the definitive host may
be by accidental ingestion of eggs, bite of fliew askin penetration by the
infective L3 larval form as in the case of hookwsrm

TUTOR-MARKED ASSIGNMENT

1. With the aid of well labeled diagrams describe theneral features of

roundworms.
2. Highlight the basic life cycles of nematode

REFERENCE/FURTHER READINGS

Ukoli, F.M.A. (1990). Introduction of Parasitology Tropical Africa. John Wiley
and Sons Ltd., Chichester.
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UNIT 2 SOIL TRANSMITTED HELMINTHS

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main contents

3.1 Ascaris lumbricoideglarge roundworm of man)

3.1.1 Morphology
3.1.2 Life cycle
3.1.3 Pathology of Infection
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3.1.5 Epidemiology and Control

3.2  The human hookworms
3.2.1 Morphology
3.2.2 Life cycle
3.2.3 Pathology of Infection
3.2.4 Diagnosis
3.2.5 Epidemiology and Control
3.3 Trichuris trichiura (whipworm)
3.3.1 Morphology
3.3.2 Life cycle and transmission
3.3.3 Signs and symptoms
3.3.4 Diagnosis
3.3.5 Epidemiology
3.3.6 Control and prevention

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Readings

INTRODUCTION

Soil-transmitted helminth (STH) infection is highlsndemic in tropical and
subtropical areas of sub-Saharan Africa, Asia aatinLAmerica, where up to 2
billion people have active infections. STH infeatichas remained largely
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3.0

3.1

3.1.1

neglected by the global health community becausepttople most affected are
among the most impoverished and because the iofectiuses chronic ill health
with insidious clinical presentations, rather thsevere acute illness or high
mortality. However, it is now recognized that STikfeiction causes significant
morbidity worldwide with 39 million disability adgted life years (DALYS) lost

each year - more than those lost to malaria (3Gomilyearly) and approaching
those lost to tuberculosis (47 million yearly). Hta@rm infection alone causes
the loss of 22 million DALYSs.

OBJECTIVES

At the end of this unit, the students should be &bl

1. Give examples of soil transmitted helminths(STHS)

2. Describe their life cycles with emphasis on theeaf infection

3. Describe the diagnostic features of the parasites

MAIN CONTENTS

Ascarislumbricoides (large roundworm of man)

Infection with this roundworm is extremely commavith estimates of the annual
incidence of infection being greater than 1500iomllcases, or around one quarter
of the worlds population. In addition to the spedre manAscaris lumbricoidesa
morphologically indistinguishable speci@scaris suunis found in the pig. Other
related genera includ@arascarisin equines, andlroxascarisin a variety of
domesticated animals.

Morphology

The adult Ascaris lumbricoidesare large white, or pinkish-white, cylindrical
roundworms, slightly narrower at the head. The mslender males measure
between 10 to 30cm long and have a curved tail with spicules, but no
copulatory bursa. The females are very similamdaiightly larger at between 20
to 35cm long, a vulva approximately a third of teegth of the body down from
the head, and have a blunt tail. They are bothaciarnsed by having a smooth,
finely striated, cuticle, and a mouth, which is r@weristic of all of the Ascarids
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3.1.2

(e.g. Toxocarg, having three lips each equipped with small gagil Internally
they follow the generalised body plan of all nendasy and have a cylindrical
oesophagus opening into a flattened ribbon likestme.

The eggs consist of a thick transparent inner shiblth is covered in a thick,
warty, albuminous coat.

Eggs unfertilized (left) fertilidgright) of A. lumbricoides

Life cycle

These parasites have a direct life cycle, with mermediate hosts. The adult
parasite lives in the lumen of the small intestfignan, usually only feeding on
the semi-digested contents of the gut, althoughetiie some evidence that they
can bite the intestinal mucous membrane and fedalamd and tissue fluids. The
female parasite is highly prolific, laying an estited 2 million eggs daily. In the
intestine, these only contain an unembryonated nadissells, differentiation
occurring outside the host. This requires a tentpezdess than 30°C, moisture
and oxygen, before the development of the youndabdae after approximately
14 days. Eggs containing the L2 larvae take anotleexk to develop, before they
are infective to man, and may remain viable in Hwml for many years if
conditions are optimal. Infection occurs on ingastof raw food, such as fruit or
vegetables, that is contaminated with these infeatiggs. The eggs then hatch in
the small intestine, to release the L2 rhabditiftamrae (measuring approximately
250 by 15pum in size. These do not simply grow itite adult forms in the
intestine, but must then undergo a migration thhotng body of their host. These
L2 larvae penetrate the intestinal wall, entering portal blood stream, and then
migrate to the liver, then heart, then after betwedo 7 days, the lungs. Here they
moult twice on the way to form the L4 larvae, (measy approximately 1.5mm
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long), then burrow out of the blood vessels, entgthe bronchioles. From here
they migrate up through the air passages of thgsluto the trachea. They then
enter the throat and are swallowed, finally endipgin the small intestine where
they mature and mate, to complete their life cycle.

Pathology of Infection.

The majority of infections (~85%gppearto be asymptomatic, in that there is no
gross pathology seen. However the presence of thes#sites appears to be
associated with the same general failure to thnviaeir hosts seen with many of
these intestinal nematodes. In terms of more eaglytified pathology, this may
be divided into three areas;

Pathology Associated with the Ingestion and Migratin of Larvae

Severe symptoms oAscaris infection may be associated with the migrating
larvae, particularly in the lungs. If large numbefsthese larvae are migrating
through the lungs simultaneously this may give tisea severe haemorrhagic
pneumonia. More commonly, as is the case with miogéctions, the
haemorrhages are smaller in scale, but still may [® breathing difficulties,
pneumonia and/or fever. A complication here is thahy of the parasites proteins
are highly allergenic. Due to this the presencthefmigrating larvae in the lungs
is often associated with allergic hypersensitiviBactions such as asthmatic
attacks, pulmonary infiltration and urticaria arelema of the lips.

Pathology Associated with Adult Parasites in the Itestine

The most common symptoms of infection are due éaattiult parasite, and consist
of rather generalised digestive disorders, such sague abdominal discomfort,
nausea, colic (e.t.c.). These symptoms are depertdesome extent on the
parasite’s burden of the host, which in severesasty consist of many hundreds
or even thousands of parasites, although thesexdreme cases. In the case of
these heavy infections the presence of many ofetHasge parasites may
contribute to malnutrition in the host, especiaflyhe hosts (often children) are
undernourished. A more serious, and potentiallgl faondition may arise in these
more heavy infections, where the mass of worms Iohagk the intestine and need
to be surgically removed. This may also occur sonmeg on treatment for other
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intestinal nematodes such as hookworms, where uretive drug dose for these
parasites irritates the ascarids.

Pathology due to "Wandering" Adults outside of thelntestine

Adult parasites often leave the small intestinenter other organs, (sometimes in
response to anti-helminthic drugs used to treaterotmtestinal nematode

infections), where they may cause various typegaihology, sometimes with

severe consequences. For example afisdtarisworms may migrate to the bile

duct, which may then become blocked causing jaenaie a general interference
in fat metabolism. Adult parasites may also migratehe appendix, or through

the intestinal wall, both conditions which may aaasfatal peritonitis as they may
well carry intestinal bacteria to these sites. Timegy, alarmingly, sometimes

migrate forward through the intestinal tract, todsher vomited up or emerging

through the nose. More seriously, if they enter trechea they may cause
suffocation.

Diagnosis

Definitive diagnosis is by demonstration of the raugeristic eggs in faecal
samples or by identifying adult worms passed oathsgneously by the host.

Epidemiology and Control

Infection occurs through ingestion of parasitegyeq food. The eggs are highly
resistant to adverse environmental conditions. Wil other factors highlighted
below are often associated with transmission afdtibn;

- Lack or inadequate waste disposal facilities

- Improper washing of hands before eating

- Improper washing of fruits and vegetables beforesamptions

- Unkept rooms and dwelling places that harbour meicha carriers of

parasites, etc.

Provision of good waste disposal system and goesiopal hygiene will help to
control infections.
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The human hookworms

The hookworms belong to the Order Strongylida, iy V&rge order, and of great
interest as it contains many important pathogemsaf and domesticated animals.
This order is further subdivided into three Supmifees, the Strongyloidea (the
hookworms in man), and two related groups, the Bapgy
‘Trichostrongyloidea’, intestinal nematodes whaale of veterinary importance in
many domesticated animals (e.ddaemonchus contortusin cattle and
Nippostrongylus brasiliensisin rodents) and members of the Superfamily
‘Metastrongyloidea’ (the lungworms, in domesticaéedimals).

In man there are two species capable of causiegtinal infectionsAncylostoma

duodenalenative to parts of Southern Europe, North Africad aNorthern Asia

parts of Western South America, amkcator americanus in Central and

Southern Africa, Southern Asia, Australia and tlaeiffc Islands. These are very
important human pathogens. It has been estimatdtiiere are 1200 million
cases of hookworm infection in man annually, of eishiabout 100 million of

which are symptomatic infections with accompanyarg@emia. In addition, the
larvae of several species of hookworms infectingnésticated animals may
penetrate human skin, causing pathology even ththugy do not develop to the
adult parasites in man.

Morphology

The adult parasites are small cylindrical worm&-D5mm long Ancylostoma
duodenale being slightly larger thaNecator americanus). The posterior end of
the male worm is equipped with a characteristioutatpry bursa, used to hold the
female nematode in place during mating. The femtiemselves have a vulva
situated near the center of the body, slightly @otein Necator and slightly
posterior inAncylostoma The anterior end of the parasites are formed @to
buccal
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Scanning electron micrograph of the mouth capsule fo Ancylostoma

duodenale (left), note the presence of four "teeth,” two on ach side and
Necator americanus (right)

capsule, absent in members of the other Strongwgligieerfamilies, by which the
different genera and species within the group maylifferentiated. For example
members of the genusecatorhave capsules equipped with cutting plates on the
ventral margins, and within the capsule itself d$ntdrsal teeth. In contrast
members of the gendscylostomahave pairs of teeth on the ventral margin of the
capsule. The number of teeth will vary betweenedéht species akncylostoma

but is usually between one and four pairs.

Left picture: Copulatory bursa and spines of N. americanus (a side view);
Right picture: copulatory bursa of A. duodenale (a top view)

The eggs are bluntly rounded, thin shelled, and amost indistinguishable
between the different species, measuring approeim&0 by 40 um, the eggs of
Ancylostomabeing slightly larger than those Nécator
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The Morphological Differences between Two specie$ Bookworms

Features A. duodenale N. americanus
Size Larger Smaller
Shape single curve, looks like C double curves, looke I&
Mouth 2 pairs of ventral teeth lpair of ventral -cutting
plates
Copulatory bursa circle in shape oval in shape

Copulatory spicule  1pair with separate endings 1pair of which unite to form

a terminal hooklet
Caudal spine Present No
Vulva position post-equatorial pre-equatorial

3.2.2 Life cycle

The life cycles of all the hookworms are very sanilThe eggs are passed in the
faeces, once exposed to air they mature rapidtprfditions are right, with both
moisture and warmth essential for development. Wimertured, they hatch to
liberate a rhabditiform (i.e. having an oesophaghsre a thick anterior region is
connected via a neckline region with a posteridblpul larvae after a few days.

These larval nematodes feed on bacteria and orgaaierial in the soil, where
they live and grow for about two days before underg the first moult. After

about five days more growth they moult again, tdpice a much more slender L3
larvae. The L3 larvae has a much shorter oesoph&yasnon-feeding form, and
is the infective form of the parasite. Infectiorkda place by penetration of the
skin, for example when walking with bare feet owentaminated damp soil,
followed by entry into the circulatory system. Hehey are carried to the heart,
and then lungs. Once in the lungs, they are tagelém pass through the capillary
bed there. Instead they become trapped, and thevbuhrough the capillary

epithelium, entering the air spaces. They then atégup through bronchi and
trachae, and are then swallowed. Once swallowey, pass into the intestine and
bury themselves between the intestinal villi. Héney moult to form the L4

larvae, equipped with a buccal capsule allowingeagihce to the gut wall. After
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about thirteen days post-infection they moult fowe tfinal time, producing
immature adult worms. These mature over three tw feeeks (i.e. five to six
weeks after infection), then mate and commencel&ggg to complete the life
cycle. These parasites show a very high fecuntiiyale Necator americanus
producing up to 10,000 eggs daily, while femaacylostoma duodenale
produces up to 20,000 eggs daily.

Swvallowed

Ph ®attached to
arynx small intesting
Trachaa
Lungs N Adults in
“ small intesting
Circulatian
MAN
Penetrates skin
2 Filariform larva Eggs in faeces
finfactive stage} {diagnostic stage)

External environment

Rhabditiform larva
hatches

Rhabditiform larva
in soil

old faaces)

Life cycle of Human Hookworms
3.2.3 Pathology of Infection.

The Pathology associated with hookworm infectiorsg/ ine divided roughly into
two areas. Firstly the pathology associated with ghesence of the adult parasite
in the intestine, and secondly the pathology assediwith the penetration of, and
migration of the larval worms within the skin.
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The adult hookworms attach themselves to the in@stvall using their buccal
capsules. Their preferred site of infestation isthe upper layer of the small
intestine, but in very heavy

Adults in intestinal mucosa

infections (where many thousands of worms may leseort) the parasites may
spread down as far as the lower ileum. Once atththehe intestinal wall, the
hookworm mouthparts penetrate blood vessels, amganasites obtain nutrition
by sucking blood. A singl&lecator americanuswill take approximately 30 ul of
blood daily, while the largeAncylostoma duodenaleill take up to 260 pl. The
gross pathology of the disease is very dependenthenntensity of infection.
Light infections appear asymptomatic, but in hesmfgctions, the continuous loss
of blood leads to a chronic anaemia, with downgmaf haemoglobin per 100ml
of blood in extreme cases. Experiments carriedimube 1930's showed that in
dogs infected with 50Ancylostoma caninuma similar species to the human
parasite, nearly a pint of blood a day was losts Téads to permenant loss of iron
and many blood proteins as well as blood cellss Tiniturn has consequences for
further production of erythrocytes, which have besmwn to contain less
haemoglobin, as well as being reduced in size amaller in numbers. This form
of anaemia may be directly fatal, but more ofténnduces more non-specific
symptoms, the most noticeable being the severededtan in growth and
development, both physical and mental, in infectdmldren, and a general
weakness and lassitude, often wrongly interpresgtieainess".

Diagnosis
Identify characteristic eggs in feacal samples.eNbe eggs oN. americanusand
A. duodenalare morphologically identical.
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Egg of Hookworm

3.2.5 Epidemiology and Control

3.3

The factors of epidemiological importance include;

- Poor sanitation through contamination of soil tlyloulirect defaecation on
the ground.

- Skin exposure to infections e.g. by walking abaarebfooted

- Favourable environmental conditions that enhancgsegnd larval
development.

- Loose, humus soil with reasonable drainage andiaera

- Even distribution of rainfall throughout the year.

Control is by improvement in the standard of sdmita raising the nutritional
status of the population especially in relationrtm content, and mass treatment
with suitable worm expeller (vermifuge)

Trichuristrichiura (human whipworm)

The first written record offrichuris trichiura was made by Morgani, an Italian
scientist, who identified the presence of the ptgas a case of worms residing in
the colon in 1740. Exact Morphological descriptaord figures were first recorded
in 1761 by Roedere, a German physicist. Soon afterphology and visual
representation of the wormsrichuris trichiura was given taxonomy (during the
18th century).

This is the third most common round worm of humaris.is distributed
worldwide, with infections more frequent in areashviropical weather and poor
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3.3.1

3.3.2

sanitation practices, and among children. It temeded that 800 million people
are infected worldwide. The southern United Staesdemic for trichuriasis.

Morphology

Adult worms are usually 3-5 cm long, with femalesnly larger than males as is
typical of nematodes. The thin, clear majority lné body (the anterior, whip-like
end) is the oesophagus, and it is the end thawtnm threads into the mucosa of
the colon. The widened, pinkish gray region of bogly is the posterior, and it is
the end that contains the parasite’s intestinesrapdbductive organs.Trichuris
trichiura has characteristic football-shaped eggsch are about 50-54um long
and contain polar plugs (also known as refracti@mpnences) at each end.

Egg and adult ofrichuris trichiura

Life cycle and transmission

Humans can become infected with the parasite dulegtstion of infective eggs
by mouth contact with hands or food contaminatedhwagg-carrying soil.
However, there have also been rare reported cdstansmission ofTrichuris
trichiura by sexual contact. Some major outbreaks have heaeed to
contaminated vegetables (due to presumed soil comddion).

Unembryonated eggs (unsegmented) are passed faeibes of a previous host to
the soil. In the soil, these eggs develop into @lRstage (segmented egg) and
then into an advanced cleavage stage. Once at#gs, the eggs embryonate and
then become infective, a process that occurs iutahd to 30 days). Next, the
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infective eggs are ingested by way of soil-contaated hands or food and hatch
inside the small intestine, releasing larvae ite gastrointestinal tract. These
larvae burrow into a villus and develop into adyltser 2—3 days). They then
migrate into the cecum and ascending colon wheey thread their anterior
portion (whip-like end) into the tissue mucosa aadide permanently for their
year-long life span. About 60 to 70 days after atifen, female adults begin to
release unembryonated eggs (oviposit) into theroeatua rate of 3,000 to 20,000
eggs per day, linking the life cycle to the start.

= |onfective Stage

= Diagnostic Stage

Larsae hatch
iy smsall arbesting

A

o Linembrponated eggs
passed in fecas

BAFES - HEALTHIER- FESPLIE

IipShwsear, dpd ode govidpds

Afults in cecwm

Life cycle of Trichuris trichiura
3.3.3 Signs and symptoms

Light infestations are frequently asymptomatic @avo symptoms). Heavier
infestations, especially in small children, canserd gastrointestinal problems
including abdominal pain and distention, bloodynaucous-filled diarrhoea, and
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3.34

3.3.5

tenesmus (feeling of incomplete defecation, geheagicompanied by involuntary
straining). While damage may be done to the Glué&sand appendicitis may be
brought on (by damage and oedema of the adjacemerlu if there are large

numbers of worms or larvae present, it has beegesigd that the embedding of
the worms into the ileo-cecal region may also m#ke host susceptible to
bacterial infection. Severe infection may also pm¢swith rectal prolapse,

although this is typically seen only in heavy irfeas of small children. High

numbers of embedded worms in the rectum cause @edeinich causes the rectal
prolapse. The prolapsed, inflamed and oedematauial iesssue may even show
visible worms.

Growth retardation, weight loss, nutritional defiacies, and anaemia (due to
long-standing blood loss) are also characteridtinfection, and these symptoms
are more prevalent and severe in children.

Diagnosis

A stool ova and parasites examination reveals teegnce of typical whipworm
eggs. Typically, the Kato-Katz thick-smear techmigsi used for the identification
of theTrichuris trichiuraeggs in the stool sample.

Although colonoscopy is not typically used for diagis, but there have been
reported cases in which colonoscopy has revealall wodrms. Colonoscopy can
directly diagnose trichuriasis by identification thfe threadlike form of worms
with an attenuated, whip-like end. Colonoscopy hasn shown to be a useful
diagnostic tool, especially in patients infecteddmyy a few male worms and with
no eggs presenting in the stool sample.

Epidemiology

Trichuris trichiura is the third most common nematode (roundworm)whans.
Infection of trichuris trichiura is most frequemt areas with tropical weather and
poor sanitation practices. Trichuriasis occurs degly in areas in which human
feces is used as fertilizer or where defecatioro @il takes place. Trichuriasis
infection prevalence is 50 to 80 percent in songgores of Asia (noted especially
in China and Korea) and also occurs in rural amfathe southeastern United
States. Infection is most prevalent among childrand in North America,
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infection occurs frequently in immigrants from trogd or sub-tropical regions. It
is estimated that 600-800 million people are irddcivorldwide with 3.2 billion
individuals at risk.

3.3.6 Control and Prevention

Improved facilities for faeces disposal have desgdahe incidence of whipworm.
Handwashing before food handling, and avoiding stiga of soil by thorough
washing of food that may have been contaminatetl ®gtg-containing soil are
other preventive measures. Mass Drug Administratiqpreventative
chemotherapy) has had a positive effect on theadesdurden of trichuriasis in
East and West Africa, especially among childrenpvelne at highest risk for
infection. Improvement of Sewage and Sanitatiortesys, as well as improved
facilities for faeces disposal have helped to lidetecation onto soil and contain
potentially infectious faeces from bodily contaktstudy in a Brazil Urban Centre
demonstrated a significant reduction in prevalemee incidence of geohelminth
infection, including trichuriasis, following implesntation of a city-wide
sanitation programme. A 33% reduction in prevaleotérichuriasis and a 26%
reduction in incidence of trichuriasis was foundtle study performed on 890
children ages 7-14 years old within 24 differenttse| areas chosen to represent
the varied environmental conditions throughoutditye of Salvador, Bahia, Brazil.
Control of Soil Fertilizers has helped eliminatee thotential for contact with
human faecal matter in fertilizer in soil.

CONCLUSION

In this unit, student learnt the morphology, labonadiagnosis, life cycle and
control of various soil transmitted helminths.

SUMMARY

STH infection is caused by four major nematode iggeAncylostoma duodenale
and Necator americanughookworms),Ascaris lumbricoidegroundworm) and
Trichuris trichiura (whipworm). Infectionis prevalent in areas with over-
population and inadequate sanitation in tropica smb-tropical countriesyhere
the climate supports the survival of the parasggseor larvae in the warm and
moist soil. Afterinfective larvae enter the human body they devetwp adult
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worms and parasitize the gastrointestinatt, sometimes for years. Some species
of worms can produce up to 200,000 eggs per days Bge excreted in the faeces
and remain viable in the soil for several weekyears depending on the species.
It is common for a single individual, especiallychild, to be infected with all
three types of worms. Although STH infection rarelguses fatality, chronic
infection with high worm burden can lead to seridwsalth consequences.
Infection is typically most intense and debilitatim school-age children, resulting
in malnutrition, physical and intellectual growthtardation, and cognitive and
educational deficitsA. lumbricoidesnmay cause intestinal obstructions that require
surgery, andr. trichuria may cause chronic colitis. Hookworm infection cause
iron-deficiency anaemia because the worms feedhenirttestinal wall causing
tissue damage and blood loss. Hookworm infectianlesading cause of morbidity
in children and pregnant women, and can have advesllts for the mother, the
foetus and the neonate.

TUTOR-MARKED ASSIGNMENT

1. State the morphological differences between thehwakworm species
2. What strategies you will implore for the controlsdfil transmitted nematodes?

REFERENCES/FURTHER READING

Bethony, J., S. Brooker, M. Albonico, S. M. Geigar,Loukas, D. Diemert, and
P. J. Hotez. (2006). Soil transmitted helminth atfens: ascariasis,
trichuriasis, and hookworm. Lancet 367:1521.

WHO. (2002). Prevention and control of schistos@msiaand soil-transmitted
helminthiasis: report of a WHO expert committee. @/Hech Rep Ser No.
912:1.

114



UNIT 3 BLOOD AND TISSUE NEMATODES

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main contents

4.0
5.0
6.0
7.0

1.0

3.1 Filarial worms
3.1.1 Wuchereria bancrofti
3.1.2 Onchocerca volvulus
3.1.3 Loaloa
3.1.4 Brugia malayi
3.1.4.1 Clinical features and pathology
3.1.4.2 Treatment and control
3.1.4.3 Laboratory diagnosis of filarial worms
3.2  Trichinella spiralis
3.2.1 Historical aspect
3.2.2 Life cycle
3.2.3 Symptoms
3.2,4 Diagnosis
3.2.5 Prevention
CONCLUSION

SUMMARY
TUTOR-MARKED ASSIGNMENT
REFERENCES/FURTHER READING

INTRODUCTION

Filariasis is caused by nematodes (roundworms) ititetbit the lymphatics and
subcutaneous tissues. Eight main species infeatahs. Three of these are
responsible for most of the morbidity due to figeis: Wuchereria bancroftand
Brugia malayi cause lymphatic filariasis, an@®nchocerca volvuluscauses
onchocerciasis (river blindness). The other figecses ard.oa log Mansonella
perstans M. streptocercaM. ozzardj andBrugia timori. (The last species also
cause lymphatic filariasis).
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Among the agents of lymphatic filariasi&uchereria bancroftis encountered in
tropical areas worldwideBrugia malayiis limited to Asia; andBrugia timori is
restricted to some islands of Indonesia. The agenver blindnessOnchocerca
volvulus occurs mainly in Africa, with additional foci ibatin America and the
Middle East. Among the other speciésa loa and Mansonella streptocercare
found in Africa; Mansonella perstansccurs in both Africa and South America;
andMansonella ozzardbccurs only in the American continent.

Another tissue invading parasiteTidgchinella spiraliswhose larval form is found
in the muscular tissue of the host aninfaichinella spiralis is in fact a complex
of three closely related worm species. They arephapgically identical, but
differ in their host specificity and their biochearal characteristicsT. spiralis
spiralis occurs in moderate regions and infects mainly .pigsspiralis nativa
occurs in the polar regions (polar bear, walrus)ese parasites are resistant to
freezing which is important for meat storage.spiralis nelsonoccurs in Africa
and southern Europe with a reservoir in wild caors and wild pigsT. britovi
and T. pseudospiraligarely cause infectionsl. pseudospiralisan also infect
some birds as well as mammals, unlike the otmehinella species.

OBJECTIVES

At the end of this unit, the students should be adl
1. Give examples of blood and tissue invading parasite
2. Describe their life cycles and clinical featuresaasated with their infections.

3. Describe the methods of diagnosis of their infatgio

3.0 MAIN CONTENTS
3.1 Filarial worms
3.1.1 Wuchereria bancrofti

Different species of the following genera of mosges are vectors ofV.
bancrofti filariasis depending on geographical distributioAmong them are:
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Culex(C. annulirostris C. bitaeniorhynchusC. quinquefasciatysandC. pipiens;
Anopheleg(A. arabinensisA. bancroftii A. farauti A. funestusA. gambiagA.
koliensis A. melasA. merusA. punctulatusandA. wellcome); AedeqA. aegypti

A. aquasalis A. bellator, A. cookj A. darlingi, A. kochj A. polynesiensjsA.
pseudoscutellarisA. rotumae A. scapularis and A. vigilay); Mansonia (M.
pseudotitillans M. uniformig; Coquillettidia (C. juxtamansonip During a blood
meal, an infected mosquito introduces third-stalgeidl larvae onto the skin of
the human host, where they penetrate into thewmtend. They develop in adults
that commonly reside in the lymphatics. The femabems measure 80 to 100 mm
in length and 0.24 to 0.30 mm in diameter, while thales measure about 40 mm
by .1 mm. Adults produce microfilariae measuringt2o 296um by 7.5 to 10
um, which are sheathed and have nocturnal perigdiekcept the South Pacific
microfilariae which have the absence of markedagukecity. The microfilariae
migrate into the lymph and blood channels movintivaly through lymph and
blood. A mosquito ingests the microfilariae durs@plood meal. After ingestion,
the microfilariae loose their sheaths and soméeftwork their way through the
wall of the proventriculus and cardiac portion leé tmosquito's midgut and reach
the thoracic muscles. There the microfilariae thgvento first-stage larvae and
subsequently into third-stage infective larvae.e Tthird-stage infective larvae
migrate through the haemocoel to the mosquito'shmois and can infect another
human when the mosquito takes a blood meal.
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Wuchereria bancrofti
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3.1.2 Onchocerca volvulus

During a blood meal, an infected blackfly (ge@isuliun) introduces third-stage
filarial larvae onto the skin of the human host.enehthey penetrate into the bite
wound. In subcutaneous tissues the larvae develtp adult filariae, which
commonly reside in nodules in subcutaneous conreetissues Adults can live in
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the nodules for approximately 15 years. Some resimhay contain numerous
male and female worms. Females measure 33 to 50 tangth and 270 to 400
um in diameter, while males measure 19 to 42 mm 3y tb 210um. In the
subcutaneous nodules, the female worms are capélgeoducing microfilariae
for approximately 9 years. The microfilariae, measy 220 to 360 pm by 5to 9
um and unsheathed, have a life span that may &gehrs. They are occasionally
found in peripheral blood, urine, and sputum bt @pically found in the skin
and in the lymphatics of connective tissues. A Kflgcingests the microfilariae
during a blood meal. After ingestion, the micrafidge migrate from the blackfly's
midgut through the haemocoel to the thoracic mgscldere the microfilariae
develop into first-stage larvae and subsequently ihird-stage infective larvae.
The third-stage infective larvae migrate to theckily's proboscis and can infect

another human when the fly takes a blood meal.
Onchocerca volvulus
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3.1.3 Loaloa

The vector folLoa loafilariasis are flies from two species of the gefisysops

C. silaceaand C. dimidiata During a blood meal, an infected fly (genus
Chrysops day-biting flies) introduces third-stage filarlalvae onto the skin of the
human host, where they penetrate into the bite @wolihe larvae develop into
adults that commonly reside in subcutaneous tiséhe.female worms measure
40 to 70 mm in length and 0.5 mm in diameter, wthke males measure 30 to 34
mm in length and 0.35 to 0.43 mm in diameter. Aglydroduce microfilariae
measuring 250 to 30Am by 6 to 8um, which are sheathed and have diurnal
periodicity. Microfilariae have been recoverednfréhe spinal fluids, urine, and
sputum. During the day they are found in periphdilaod, but during the
noncirculation phase, they are found in the lungse fly ingests microfilariae
during a blood meal. After ingestion, the micrafidee lose their sheaths and
migrate from the fly's midgut through the haemodoehe thoracic muscles of the
arthropod. There the microfilariae develop intatfistage larvae and subsequently
into third-stage infective larvae. The third-stagéective larvae migrate to the
fly's proboscis and can infect another human wherfly takes a blood meal.

Loa loa

Fly Stages o Fly [ganus Chrysops) Human Stages
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3.1.4 Brugia malayi

The typical vector forBrugia malayifilariasis are mosquito species from the
genera Mansonia and Aedes During a blood meal, an infected mosquito
introduces third-stage filarial larvae onto thenskf the human host, where they
penetrate into the bite wound. They develop intoltadhat commonly reside in
the lymphatics. The adult worms resemble thos&/athereria bancroftbut are
smaller. Female worms measure 43 to 55 mm in leibgt 130 to 17Qum in
width, and males measure 13 to 23 mm in length(boB0um in width. Adults
produce microfilariae, measuring 177 to 280 in length and 5 to ¥m in width,
which are sheathed and have nocturnal periodiditye microfilariae migrate into
the lymph and enter the blood stream reaching &nglperal blood. A mosquito
ingests the microfilariae during a blood meal. Aftegestion, the microfilariae
lose their sheaths and work their way through tlaél of the proventriculus and
cardiac portion of the midgut to reach the thoraomiscles. There the
microfilariae develop into first-stage larvae angdbsequently into third-stage
larvae. The third-stage larvae migrate through themocoel to the mosquito's
prosbocis and can infect another human when thejuitostakes a blood meal.
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Brugia malayi
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3.14.1 Clinical Features and Pathology

Lymphatic filariasis most often consists of asymnmpédic microfilaremia. Some
patients develop lymphatic dysfunction causing Iljpegema and elephantiasis
(frequently in the lower extremities) and, wiMuchereria bancroftihydrocele
and scrotal elephantiasis. Episodes of febrileplyamgitis and lymphadenitis may
occur. Persons who have newly arrived in diseasemic areas can develop
afebrile episodes of lymphangitis and lymphadenifi additional manifestation
of filarial infection, mostly in Asia, is pulmonaiyopical eosinophilia syndrome,
with nocturnal cough and wheezing, fever, and egsiilia. Onchocerciasis can
cause pruritus, dermatitis, onchocercomata (subeotzs nodules), and
lymphadenopathies. The most serious manifestatosists of ocular lesions that
can progress to blindness. Loiasiod log is often asymptomatic. Episodic
angioedema (Calabar swellings) and sub-conjunctiugtation of an adult worm
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can occur. Infections bylansonella perstansvhich is often asymptomatic, can
be associated with angioedema, pruritus, fever,ddwees, arthralgias, and
neurologic manifestationdMansonella streptocercean cause skin manifestations
including pruritus, papular eruptions and pigmeaataichanges. Eosinophilia is
often prominent in filarial infectionsMansonella ozzardcan cause symptoms
that include arthralgias, headaches, fever, pulmyorsymptoms, adenopathy,
hepatomegaly, and pruritus.

ik L

Elephantiasis caused by infectiony bancrofti

3.1.4.2 Treatment and control

Ivermectin is effective in killing the larvae, bdbes not affect the adult worm.
Preventive measures include vector control, treatro€infected individuals and
avoidance of black fly.

3.1.4.3 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 malayj Brugia timori Loa log Mansonella
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4.

perstans and M. ozzardi It is important to time the blood collection fwithe
known periodicity of the microfilariae. The blo@@mple can be a thick smear,
stained with Giemsa or haematoxylin and eosin. kareased sensitivity,
concentration techniques can be used. These mdadtrifugation of the blood
sample lyzed in 2% formalin (Knott's technique), fitration through a
Nucleopore® membrane. Examination of skin snip$ sméntify microfilariae of
Onchocerca volvulusind Mansonella streptocercaSkin snips can be obtained
using a corneal-scleral punch, or more simply dpstand needle. The sample
must be allowed to incubate for 30 minutes to 2rédu saline or culture medium,
and then examined for microfilariae that would hawgrated from the tissue to
the liquid phase of the specimen.

Preparing Blood Smears for Microscopy Examination

If one uses venous blood, blood smears should éeaped as soon as possible
after collection (delay can result in changes inapide morphology and staining
characteristics).

Thick smears

Thick smears consist of a thick layer of dehemoigiakd (lysed) red blood cells

(RBCs). The blood elements (including parasitesiny) are more concentrated
(app. 30x) than in an equal area of a thin sm&hus, thick smears allow a more
efficient detection of parasites (increased sesisiji However, they do not

permit an optimal review of parasite morphologyr Example, they are often not
adequate for species identification of filaria (gtes: if the thick smear is positive
for filaria parasites, the thin smear should belifse species identification.

Prepare at least 2 smears per patient!

Place a small drop of blood in the centre of tree@eaned, labeled slide.

Using the corner of another slide or an applicatiick, spread the drop in a
circular pattern until it is the size of a dimeStnr).

A thick smear of proper density is one which, ibg#d (wet) over newsprint,

allows you to barely read the words.

Lay the slides flat and allow the smears to dryrdhighly (protect from dust and

insects!). Insufficiently dried smears (and/or ansethat are too thick) can detach
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from the slides during staining. The risk is iraged in smears made with
anticoagulated blood. At room temperature, dryoag take several hours; 30
minutes is the minimum; in the latter case, hatitkesmear very delicately during
staining. You can accelerate the drying by usinigraor hair dryer (use cool
setting). Protect thick smears from hot environtsdn prevent heat-fixing the
smear.

Do not fix thick smears with methanol or heat.thiére will be a delay in staining
smears, dip the thick smear briefly in water torhalyse the RBCs.

Thin smears

Thin smears consist of blood spread in a layer shahthe thickness decreases
progressively toward the feathered edge. In ththéred edge, the cells should be
in a monolayer, not touching one another.

Prepare at least 2 smears per patient!

Place a small drop of blood on the pre-cleanealéabslide, near its frosted end.
Bring another slide at a 30-45° angle up to theodadlowing the drop to spread
along the contact line of the 2 slides.

Quickly push the upper (spreader) slide towardutifeosted end of the lower

slide.

Make sure that the smears have a good feathered &dus is achieved by using
the correct amount of blood and spreading technique

Allow the thin smears to dry. (They dry much fasgken the thick smears, and are
less subject to detachment because they will el f)x

Fix the smears by dipping them in absolute methanol

Special Procedures for Detecting Microfilariae

Blood microfilariae:

A.

Capillary (fingerstick) blood
Since microfilariae concentrate in the peripheggditaries, thick and thin smears
prepared from fingerstick blood are recommended.

. Anticoagulated (EDTA) venous blood (1 ml) shoulddomcentrated by one of

the following methods:
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1. Centrifugation (Knott's technique)

a. Prepare 2% formaldehyde (2 ml of 37% formaldehyd®8+ml
H,0).

b. Mix 9 ml of this 2% formaldehyde with 1 ml of pati#s venous
blood. Centrifuge at 500 g for 10 minutes; discard supernatant.
Sediment is composed of WBCs and microfilariag@(ésent).
Examine as temporary wet mounts.

d. Prepare thick and thin smears; allow to dry; dipsolute methanol

before Giemsa staining to enhance staining of rilar@e.
2. Filtration

a. Place Millipore® or Nucleopore® membrane filter |Bn pore) in
filter holder with syringe attachment.

b. Mix 1 ml of venous blood (in EDTA) with 10 ml of ¥ Teepol®
610 (Shell Co.); allow to stand for several minutesallow lysis;
transfer to a 10 ml Luer-Loc® syringe; attach titerf apparatus.

c. Force the solution through the 5 um pore filtelofwed by several
syringes of water to wash out the remaining blotben 1 or 2
syringes full of air to clear excess fluid.

d. Prepare a temporary wet mount by removing therfdted placing it
on a glass slide, adding a drop of stain or dyeaacaolverslip.

e. For permanent preparations, pass 2 to 3 ml of meththrough the
filter while it is still in the holder; remove fét and dry it on a glass
slide; then stain it with Giemsa stain, horizontgho that the filter
does not wash off the slide); coverslip filter refexamining.

o

Diagnostic findings

Antigen detection using an immunoassay for circulating filarial gets
constitutes a useful diagnostic approach, becausmfitaremia can be low and
variable. A rapid-format immunochromatographid,tepplicable toNuchereria
bancroftiantigens, has been evaluated in the field. Howergibody detection is
of limited value. Substantial antigenic cross teéy exists between filaria and
other helminths, and a positive serologic test dugsdistinguish between past
and current infection.

Molecular diagnosisusing polymerase chain reaction is available/otbancrofti
andB. malayi
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3.2
3.21

Identification of adult worms is possible from tissue samples collected during
nodulectomies (onchocerciasis), or during subcutasd®iopsies or worm removal
from the eye (loiasis).

Trichinella spiralis
Historical aspect

In 1835, a man died of tuberculosis in St Barthaaris Hospital, London. Dr
Paget, a first-year student, carried out the ayt@psl observed fine hard white
inclusions in the muscles. Similar inclusions haér observed by doctors from
time to time in the past, but were attributed tonawonplace muscle calcification,
which quickly blunted the dissecting scalpel. Dg@ainspected the lesions with
a hand lens and quickly recognised their worm-ikacture. The namdtichina
spiralis’ was suggested. This narfieichina had already been given to a certain
fly, however, and the name was later changedrtchinella'. The discovery of
the parasite was published by the famous biolayist palaeontologist Richard
Owen, at that time assistant conservator of theenmasof the Royal College of
Surgeons. In 1859 Rudolph Virchow carried out tmaigsion experiments in
which infected human muscle was fed to a healthy. ddter only 3 to 4 days
adultTrichinella worms were found in the dog’s duodenum and jejunum

3.2.2 Life cycle

More than 100 species of mammals are susceptibtbetanfection. Infections
with Trichinella spiralis affect chiefly carnivores and omnivores, although
infection of horses has also been described. Pdmgdeme infected with this
nematode by eating raw or insufficiently cookedaiéd meat, often pork or wild
boar. The larvae ofrichinella spiraliswhich are in the meat develop in a few
days into adult worms (2-4 mm) in the wall of thmeadl intestine. There they lay
larvae (100 m m). These spread via the bloodstteararious muscles, including
the heart, where they undergo encapsulafioithinella pseudospiralisioes not
form a capsule]. The larvae cannot continue toigam the heart. The larvae are
localised within the cells of the muscles, whichuisique for a worm. After
penetrating the muscle cell, a larva excretes abeurof signal molecules and
proteins, which convert the cell to what is caledcurse cell. In the cell the
behaviour of the worm is rather similar to thatofirus. Many of its proteins are
glycosylated and often carry an unusual sugar (bpe}. These proteins are
excreted from a special organ in the larva (thehsBome). Various muscle
proteins such as actin and myosin change or disappriclear division is
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stimulated and mitochondria are damaged. Localogegiesis is stimulated by
excretion of a blood vessel growth factor and néwed vessels, originating from
nearby venules, develop and form a network arourel ibfected cell. The
metabolism of the nurse cell and the parasitessrgglly anaerobic. After 1 to 4
months the adult worms die. The larvae in the nassslometimes survive for
years and can remain viable for a long time everoiting flesh.Trichinella is
unique among worms in that all development stagks place in the same host.
There is never a free stage outside the mammatidp. b

3.2.3 Symptoms

Infection may be asymptomatic. In typical casegdhe diarrhoea, abdominal
pain, vomiting and fever a few days after eatingeted meat. After 10 days the
fever increases, the patient is very ill and d&didid, there are muscle pains and a
typical peri-orbital oedema (differential diagnosasute trypanosomiasis and
nephrosis). This oedema is caused by invasionefthall muscles around the
eye. There may be signs of myocarditis, encephalitticaria and asthma. There
is often very significant eosinophilia. The mycsitauses an increase in the
muscle enzymes (creatine phosphokinase, CK). Affexv months the symptoms
are reduced or disappear. Mild infections are lg®iting.

3.24 Diagnosis

Not many nematodes are found in muscle tissue. <imtally a migrating third
stage larva ofAncylostoma, Toxocarar Ghathostomamay be found (visceral
larva migrans).Dracuncula medinensisnay also be found in muscle tissue.
Another, less common nematode which may be fourgé eeHaycocknema
perplexumTasmania).

3.25 Prevention

Meat should be well boiled or roasted thoroughly.
Importance of meat inspection. The diaphragm of laughtered animal is

inspected (the piece of muscle is flattened betwemnglass slides and examined
using transillumination). This technique (trichicopy) is not so good for
Trichinella pseudospiralibecause it is not surrounded by a capsule andsitye
missed.

Pig food (which may include infected rats) shoutddmiled for 30 minutes.
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4.0

5.0

To store pork for 10 days at -25° C is generallypiractical in developing
countries. In the West meat is sometimes irradiatiéd high doses of gamma rays,
which will kill any larvae.Trichinella spiralis nativas cold-hardy.

CONCLUSION
In this unit, students learnt the various life @gland transmission patterns,

clinical symptoms and preventions of blood andussematodes.

SUMMARY

Filariasis is caused by nematodes that inhabit Ilyraphatics and
subcutaneous tissues. Eight main species infeoaha of which three of these
are responsible for most of the morbidity due tarifasis: Wuchereria bancrofti
and Brugia malayi cause lymphatic filariasis, andnchocerca volvulugauses
onchocerciasis (river blindness)

Infective larvae are transmitted by infected bitarthropods during a blood meal.
The larvae migrate to the appropriate site of tbst's body, where they develop
into microfilariae-producing adults. The adultsealwin various human tissues
where they can live for several years. The agehtgmphatic filariasis reside in
lymphatic vessels and lymph node§nchocerca volvulusin nodules in
subcutaneous tissue&pa loain subcutaneous tissues, where it migrates agtivel
Brugia malayi in lymphatics, as withWuchereria bancrofti Mansonella
streptocerca in the dermis and subcutaneous tissiansonella ozzardi
apparently in the subcutaneous tissues; Mngerstansin body cavities and the
surrounding tissues. The female worms producedfiliariae which circulate in
the blood, except for those @nchocerca volvuluandMansonella streptocerca
which are found in the skin, an®. volvulus which invade the eye. The
microfilariae infect biting arthropods (mosquitofs the agents of lymphatic
filariasis; blackflies $imulium) for Onchocerca volvulysmidges forMansonella
perstansand M. streptocercaand both midges and blackflies fbtansonella
ozzardj and deerflies Chrysop$ for Loa lod. Inside the arthropod, the
microfilariae develop in 1 to 2 weeks into infeetifilariform (third-stage) larvae.
During a subsequent blood meal by the insect, déineaé infect the vertebrate
host. They migrate to the appropriate site ofttbst's body, where they develop
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6.0

7.0

into adults, a slow process than can require ud&omonths in the case of
Onchocerca

Infections with Trichinella spiralis affect chiefly carnivores and omnivores.
People become infected by eating raw or insuffityenooked infected meat,
often pork or wild boar. The larvae ®fichinella spiraliswhich are in the meat
develop in a few days into adult worms (2-4 mmbhie wall of the small intestine.
There they lay larvae (100 mm). These spread \eabillbodstream to various
muscles, including the heart, where they undergagsulation. Vector control in
case of filariasis and proper cooking of potki¢hinella spiralig are the control
measures.

TUTOR-MARKED ASSIGNMENT
1. Describe the life cycle of the parasite thatsesuelephantiasis

2. How can you prevent infection Byichinella spiralis?

REFERENCES/FURTHER READING
Duke (1972). OnchocerciasBr. Med. Bull., 28 66-71

Neva and Ottessen (1978). Tropical (filarial) eopimlia. N. Engl. J. Med., 298
1129-1131
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INTRODUCTION

The human pinwornknterobius vermiculariss an ubiquitous parasite of man. It
is estimated that over 200 million people are itdd@annually. It is more common
in the temperate regions of Western Europe andhNArnerica, (it is being
relatively rare in the tropics) and is found par&ly in children. Samples of
Caucasian children in the U.S.A. and Canada hasershncidences of infection
of between 30% to 80%, with similar levels in Ewppnd although these regions
are the parasites strongholds, it may be foundutiirout the world, again often
with high degrees of incidence. For example in at South America the
incidence in school children may be as high as @@%restingly non-Caucasians
appear to be relatively resistant to infection witts nematode. As a species, and
contrary to popular beliefi. vermicularisis entirely restricted to man, other
animals harbouring related but distinct species$ #na non-infective to humans,
but their fur may be contaminated by eggs fromhtman species if stroked by
someone with eggs on their hands. In man anywhbsrenthere are large number
of children gathered together, (such as nurseples, groups, orphanages etc.),
especially if conditions are insanitary, are readyrces of infection, as one child
may rapidly transmit the parasite to his or helofes.
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2.0

3.0

3.1

3.1.1

3.1.2

OBJECTIVES

At the end of the unit, students should be abldescribe the morphology of the
parasite, its life cycle, pathology, diagnosis aadtrol.

MAIN CONTENTS
Enterobius vermicularis (the human pin-worm)

Morphology

These creamy white coloured nematodes are rehatisslall, with the female
measuring only approximately 10mm by 0.4mm widee Tlemales have a
cuticular expansion at their anterior ends, withoag pointed tail. The male
parasites, which are much less numerous than tmalés, are much smaller,
measuring only up to 5mm long, and have a curvédwih a small bursa like
expansion, and a single spicule. The head has ghmoath three small lips

Adult Pinworm

Life cycle

The adult parasites live predominantly in the caeclihe male and females mate,
and the uteri of the females become filled with sgghe gravid females (each
containing up to 15000 eggs) then migrate downdigestive tract to the anus.
From here they make regular nocturnal migratiortsobihe anus, to the perianal
region, where air contact stimulates them to lajrtbggs, before retreating back
into the rectum. Eventually the female die, theadies disintegrating to release
many remaining eggs. These eggs, which are cledrnagasure about 55 by
30um, then mature to the infectious stage (comtgimain L1 larvae) over 4 to 6
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3.1.3

3.1.4

weeks. To infect the host, typically these eggstrthen be ingested. The ingested
eggs hatch in the duodenum.

The eggs themselves are sticky, and have a chastictshape, shared with all
members of the group Oxyuridea, with an asymmédtfimam, flattened on one
side, (see below);

The ova ofEnterobius vermicularis

The larvae then undergo a series of moults, as thigyate down the digestive
tract. The adult worms then mature in the caecwsfgrb copulating to complete
the cycle (typically 6 weeks). Occasionally the £d¢@tch in the perianal region
itself, the resulting L1 larvae being fully infeati, crawling back through the anus,
then migrating up the intestine to the caecumdnetection).

Pathology of Infection.

The majority of infections with this nematode asgraptomatic, although in some
cases the emerging females and the sticky massggefthat they lay may causes
irritation of the perianal region, which in somesea may be severe. As the
females emerge at night this may give rise to sthsfprbances, and scratching of
the affected perianal area transfers eggs to tigefs and under the finger nails.
This in turn aids the transmission of the eggshbwck to the original host
(autoinfection), and to other hosts.

Diagnosis

Because eggs are rarely passed out with faecemiration of faecal samples
may not reveal them. This may account for negatesults of enterobiasis in
many of the surveys for helminth infections invalyifaecal samples in tropical
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3.1.5

4.0

5.0

6.0

Africa. The most reliable diagnosis is by the geflane tape swab. This involves
the attachment of a piece of cellophane to theapaliregion overnight. This is
then examined for eggs under the microscope. Adterely, the anus and perianal
area can be examined under bright light at nighishach time adult worms can be
seen glittening in the light.

Epidemiology and Control

The eggs of the parasite are air-borne, caughbthing, household linen, curtain,
carpets, etc. As such, infection is common in &/gsen than rainy season in the
tropics. Maitenance of high standards of personal and doenéygiene is
therefore imperative for control and prevention.

CONCLUSION

At the end of this unit, student learnt the morplggl life cycle, pathology and
control of pin-worm.

SUMMARY

Enterobius vermiculariss an air-borne parasitic infection common mostiythe
temperate regions of the world. Adult female worlag eggs in the perianal
regions wnd infection occurs through direct ingastof eggs containing the L1
larvae. Infection is usually asymptomatic but saomes the sticky eggs could
cause irritation of the perianal giving rise toatching and sleep disturbance.
Maitenance of high standards of personal and dbeneggiene is imperative for
control and prevention.

TUTOR-MARKED ASSIGNMENT
Describe the morphology and life cycleEfiterobius vermicularis
REFERENCE/FURTHER READING

Brown, H.W. and Neva, F.A. (1983). Basic clinicalrasitology (8 edition). pp.
128-132
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