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INTRODUCTION

BIO 310: Protozoology is a one-semester, 2 crduitsr course in the
Department of Biological Sciences. It is a 300 legecond semester
undergraduate course offered to students admitiethe school of
science and technology, school of education theb#ering Biology or
related programmes. This course is designed piliyngor students in
Biology disciplines to expose them to the benafi@and economic
important of parasite surrounding our environmant also give them a
basic background on how the parasite interact withir environment,
may be through our food we eat. Also students shbel able to get
acquainted with genera and species of protozoaas d¢bnstitutes
intestinal and urogenital protozoans. Parasiteoaganism that obtains
food and shelter from another organism and dealldsenefits from this
association. The scope of this course also encasapdabe features of
different parasites. One of the parasite are teroidigate when it can
live only in a host; while the other one is clagsifas facultative when it
can live both in a host as well as in free formthis course we will also
look at parasites that live inside the body whightarmed endo-parasites
whereas those that exist on the body surface diedcacto-parasites.
Parasites that cause harm to the host are patlogarasites while those
that benefit from the host without causing it argrrh are known as
commensals. At the end of this course, studenildize able to have a
clear knowledge of a parasite, the different typeparasites and also
have a good knowledge of protozoans that are ceresido be primarily
of importance in animals but could also infect r(wonotic importance).
The course guide tells you briefly what the coussall about, what
course materials you will be using and how you wamk your way
through these materials. It gives you some guidasrteyour Tutor-
Marked Assignments.

There is/are Self-Assessment Exercise(s) within bloely of a unit
and/or at the end of each unit. The exercise(ajasan overview of the
unit to help you assess yourself at the end ofyewett.

COURSE COMPETENCIES
This course is to provide a generalized surveyhefrotozoa parasite

with reference to their external features, lifeleyecological adaptation,
symptom, pathology and their treatment and control.

COURSE OBJECTIVES
In addition to the course competencies, the cogets an overall

objective which must be achieved. In addition te tourse objectives,
each of the units has its own specific objectivasi are advised to read
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properly the specific objectives for each unitret beginning of that unit.
This will help you to ensure that you achieve thgeotives.

As you go through each unit, you should from tiroditne go back to
these objectives to ascertain the level at whiahlyave progressed.

By the time you have finished going through thisirse, you should be
able to:

o Have a clear knowledge of what parasites are aedlitferent
types of parasites

o Have a clear understanding of the phylum apicongleis
characteristics and replication

o Be clearly introduced to protozoans, its structumd functions.

o Have a good understanding of blood and tissue poatts of maj
or biological significance

o Be able to differentiate between the variqustozoans usin
g their morphological and life cycle charaistics

o Be able to differentiate between the various sewi¢hin the ge
nera.

o Be acquinted with genera and species of protozodwas
constitutes intestinal and urogenital protozoans.

o Know their epidemiology, morphological charactecstand life
cycle.

o Have a good knowledge of protozoans that are ceresidto be

primarily of importance in animals but could alsdfeict man
(zoonotic importance).

o Know protozoans parasitizing other organs asiden fobood and
INTESTINES

WORKING THROUGH THIS COURSE

In this course, you will be advised to devote yibme in reading through
the material. You would be required to do all thas been stipulated in
the course: study the course units, read the re@ded reference
textbooks and do all the unit(s) self- assessmasricese (s) and at some
points, you are required to submit your assignmg€nvAs) for
assessment purpose. You should therefore avail sgtiurof the
opportunity of being present during the tutoriasens so that you would
be able to compare knowledge with your colleagues.

STUDY UNITS

This course is divided into 4 modules with a tatitwenty units which
are divided as follows:
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Module 1

Unit 1
Unit 2
Unit 3
Unit4
Unit 5

Module 2

Unit 1
Unit 2
Unit 3
Unit4
Unit 5

Module 3

Unit 1
Unit 2
Unit 3
Unit 4
Unit 5

Module 4

Unit 1
Unit 2
Unit 3
Unit 4
Unit 5

COURSE GUIDE

General Introduction of Protozoan

Features/Relationship, roles andrBeuction of Protozoan
Ecology, Physiology and Biochemjsitf Protozoan
Taxonomy of Protozoan

Phylum Apicomplexa

Structure and Function of Protozoan

Blood And Tissue Protozoa

Trypanosome
Leishmania 20
Plasmodium
Babesia
Toxoplasma

Luminal Protozoa

Amebae

Giardia
Trichomoniasis
Blastocystisiominis
Dientamoeba fragilis

Other Intestinal/Free Living Protozoa

Balantidium coli
Cryptosporidium parvum
Isospora belli
Acanthamoebap.
Naegleria fowler

REFERENCES AND FURTHER READINGS

You would be required to do all that has been #ipd in the course:
study the course units and read the recommenderckrefe textbooks in
each unit of the course material.

PRESENTATION SCHEDULE

Presentation schedule for this course will be ugdoaon the online
course page.

Vi
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ASSESSMENT

You are required to submit your assignment (TMA®) &ssessment
purpose.

HOW TO GET THE MOST FROM THE COURSE

The course comes with a list of recommended tekt®obhese textbooks
are supplement to the course materials so thatcamuavail yourself of
reading further. Therefore, it is advisable youuax some of these
textbooks and read them to broaden goape of understanding.

ONLINE FACILITATION

Online facilitation for this course will hold onae a week for the period
of eight weeks. The time and day for the onlinglitation will be one

hour between 5-6pm, every Tuesdays in a week ®ptriod of eight
weeks.

COURSE INFORMATION

Course Code: BIO 310

Course Title: Protozoology

Credit Unit: Two (2)

Course Status: Compulsory

Course Blub: This course is designed primarily gtardents in Biology
disciplines to expose them to the beneficial armhemic important of
parasite surrounding our environment and also dlvem a basic
background on how the parasite interract withinenuironment, Finally,
the students should be acquainted with genera@eaes of protozoans
that constitutes intestinal and urogenital protos.

Semester: Second Semester

Course Duration: 13 weeks

Required Hours for Study: 65 hours

Vii
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ICE BREAKER

| am Dr. Andem, Andem Bassey, a Senior LecturgheUniversity of
Calabar and external facilitator in National Opemvérsity. | facilitate
and coordinate courses online such as BIO 405 a@d3R0, supervise
project, coordinate seminar, coordinate field tnpderate examination
guestions, review courses and mark exam scriptsNittional Open
University. The links below are my research ID URL:
https://scholar.google.com/citatigns
https://unical-ng.academia.edu/ANDEMANDEM
https://www.researchgate.net/profile/Andem_AnderaBligations,
www.scopus.com/authid/detail.uri?authorld=5719184659

ORCID ID: 0000-0002-3520-9352

viii
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PROTOZOOLOGY

Module 1  General Introduction of Protozoans

Module Structure

In this module we will discuss about the generakromuction of

protozoans with the following units:

Unit 1 Features/Relationship, roles andrBeyction of Protozoan
Unit 2 Ecology, Physiology and BiochemistfyProtozoan

Unit 3 Taxonomy of Protozoan

Unit4 Phylum Apicomplexa

Unit 5 Structure and Function of Protozoan

Glossary

End of the module Questions

Unit 1

Features/Relationship, roles and Reproduain of
Protozoan

Unit Structure

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

Deciphering the Greek roots results in definingtgzoa as 'first' (proto)
‘animals’ (zoa). Although molecular phylogenetiodgs indicate that
protozoa are among the earliest branching eukasy&ech a definition
does not provide much descriptive information. &zot are not easily
defined because they are diverse and are oftendisiigntly related to
each other. “Due to the extreme diversity of th@qzoa the only feature
common to all protozoa is that they are unicellidakaryotic micro-

organisms. Protozoa possess typical eukaryoticnettgs and in general
exhibit the typical features of other eukaryotidleFor example, a
membrane bound nucleus containing the chromososésund in all

protozoan species. However, in many protozoan spesbme of the

Introduction

Intended Learning Outcomes (ILOS)
Morphology of Protozoa

Symbiotic Association/Relationship
Reproduction in Protozoa

Summary

References/Further Readings/Web Sources
Possible Answers to SAEs

1.1 Introduction
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organelles may be absent, or are morphologicallyrtionally different
from those found in other eukaryotes. In additimany of the protozoa
have organelles that are unique to a particulanguad protozoa.

A parasite is an organism that obtains food andtesh&om another
organism and derives all benefits from this assmeia The parasite is
termed obligate when it can live only in a hosis d@assified as facultative
when it can live both in a host as well as in fi@en. Parasites that live
inside the body are termed endo-parasites wheneas that exist on the
body surface are called ecto-parasites. Parasisgscause harm to the
host are pathogenic parasites while those thatfibeinem the host
without causing it any harm are known as commensals

@,

By the end of this lecture unit, students shoulcible to:

Intended Learning Outcomes (ILOS)

o have a good understanding on the feature, reldtipnsoles and
reproduction of protozoan

1.3  Morphology of Protozoa

Protozoa exhibit a wide variety of morphologiesefiehis no one shape
or morphology which would include a majority of thetozoa.

Shapes range from the amorphous and ever-changimg fof ameba to
relatively rigid forms dictated in part by highlydered cytoskeletons or
secreted walls or shells.

Several protozoan species express photosynthetither pigments and
thus are colored.

Many protozoan species exhibit complex life cyalgth multiple stages.
Sometimes the different life cycle stages are seitilar that they have
been mistaken for completely different species.

Protozoa--except for a few colonial forms--are efiidar, or single-

celled, organisms; although, some argue that thepetually 'acellular'.

Thus, the vast majority of protozoa are microscopiowever, they do

exhibit an incredibly large range of sizes. Extapécies range in size
from <1 pm (1€ meter) to several mm.

Protozoa are found in moist environments virtuaiyerywhere. As a
group, the protozoa are extremely adaptable. lddali species, though,
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generally have specific niches. Like all other aiigens, protozoa must
be able to acquire and metabolize nutrients froair tanvironment (i.e.,
heterotrophic).

Many protozoa simply absorb solutes (i.e., osmdtydfrom their media,
while some are scavengers that ingest solid matega phagotrophy).
Predatory protozoa either actively hunt down orspesy ambush other
organisms (typically bacteria or other protozoa).

Some protozoa are photosynthetic and can captarertbrgy of the sun
and convert it to usable chemical energy (i.e.,o@ophic or
phototrophic).

Many protozoa are not restricted to a single fegaimechanism and can
utilize combinations of the above (i.e., mixotraphi

Protozoa can also be viewed as free-living or swtithi Generally free-

living organisms are found in the soil or aqueomg®nments, whereas
symbionts live in close association with anothegamism. Symbiosis
implies a physiological dependency of one orgaresmnother organism
and not just a close physical association betweem éorganisms.

Generally this dependency is in the form of nudntiDifferent forms of

symbiosis can be distinguished which reflect thieirgaof the association
between the two organisms.

1.4  Symbiotic Association/Relationship

Commensalism:ls an interaction that is beneficial to one orgamizut
has no effect on the other organism? For exal
many protozoa live in the alimentary canal of aec
organism without harming it. These commensals
often scavengers or predators that exploit
abundance of nutrients or bacterial fauna proviolg
the host organism.

Mutualism: Is a special form of commensalism in which t
organisms derive some benefit and have be:
dependent on each other. The classic examp
mutualism is the protozoafrichonympheound in the
gut of termitesTrichonymphawith the assistance o
symbptic bacteria, digests the wood particles
cellulose) ingested by the termite.

Parasitism: Is a relationship in which one organism (the p&e3
benefits at the expense of the other organism
host)? Generally this host expense implies tha
parasite takes in macromolecules from the hosi
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releases others into the host. In some instance
parasitism will be overtly harmful to the host i
referred to as being pathogenic.

Self-Assessment Exercise 1

1. Define Commensalism?
2. Define mutualism?

1.5 Reproduction in Protozoa

Protozoa, like all other organisms, reproduce. mlost common form of
reproduction in protozoa is asexual binary fisslarather words, a single
organism will divide into two equal organisms. Aght modification of
this binary fission, called budding, is when onehaf newly formed cells
is smaller than the other.

Typically the larger cell is called the mother atid smaller is the
daughter. Some protozoa will form an intracellddad and essentially
give birth. Another variation of binary fission & multiple fission or
segmentation. In this situation, several roundsuafear replication occur
without cytokinesis. This multinucleated cell wilhen form multiple
progeny simultaneously. Many protozoa exhibit séxaproduction in
addition to the asexual forms of reproduction. T¢egual reproduction
can involve the production and fusion of gametegrotesses similar to
higher organisms. The Ciliophora undergo a conjogain which
opposite mating types will pair and directly excpargenetic material
(i.e., DNA). Sometimes sexual reproduction is ahgalbory step in the
life cycle, whereas in other cases the organismreproduce asexually
with an occasional round of sexual reproduction.

What is a Parasite?

Self-Assessment Exercise 2

1. Highlight about four (4) characteristic of Protozoa?
2. What is the different between Osmotrophy and

Phagotrophy?
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>

In this unit, you have learnt about the generatuies of protozoa,
Symbiotic Association/Relationship of protozoa aRdproduction in
Protozoa. Protozoa can also be viewed as fregglian symbiotic.
Generally free-living organisms are found in thel sor aqueous
environments, whereas symbionts live in close agson with another
organism. Symbiosis implies a physiological depewgle of one
organism on another organism and not just a clbgsipal association
between two organisms.

LJ 1.7 References/Further Readings/Web Sources

Chandler, A.C. 1961ntroduction to ParasitologyJohn Wiley and Sons,
New York.

1.6 Summary

Coombs, G. H and North, M. J. (199B)ochemical protozoologyraylor
and Francis,London

Kreier, J (1977).Parasitic protozoa Academy Press, New York
Mehlhorn, H (1988).Parasitology in focus Springer-Verlag,
Berlin.

Smyth, J. D. (1994)Animal Parasitology3rd edition, Cambridge
University Press

Taylor, M. A, Coop, R. L., Wall, R. ¢ (1997) Veteary Parasitology.
Blackwell publishing Ltd, 9600 Garsington road, anxf, OX4
2DQ, UK

https://www.cartercenter.org/resources/pdfs/hegfthiti/library/lecture
notes/health_science_students/medicalparasitoldfyy.p

https://parasitesandvectors.biomedcentral.com/tpaék 0.1186/s13071
-019-3355-5.pdf

https://downloads.hindawi.com/journals/jpr/2016/@631.pdf

www.bio.umass.edu/micro/klingbeil/590s/Reading/8a009. pdf

https://www.youtube.com/watch?v=KQBE94x5TfE

https://www.youtube.com/watch?v=VykN1dzjAWE

https://www.youtube.com/watch?v=fE3W1p7tMAk

https://www.youtube.com/watch?v=cZrf6RAspvY
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LI:: 1.8 Possible Answers to SAEs

Answers to SAEs 1

1.

Commensalism is an interaction that is benefi@abhe organism
but has no effect on the other organism? For examplany
protozoa live in the alimentary canal of anotheganism without
harming it. These commensals are often scavenggreedators
that exploit the abundance of nutrients or bacteiaana provided
by the host organism.

Mutualism is a special form of commensalism in Whitoth
organisms derive some benefit and have become depeon
each other. The classic example of mutualism is

the

protozoan Trichonympha found in the gut of

termites. Trichonympha, with the assistance of anlsgtic
bacteria, digests the wood patrticles (i.e. cellelosmgested by the
termite

Answers to SAEs 2

1.

Many protozoan species exhibit complex life cyealigls multiple

stages. Sometimes the different life cycle stages@dissimilar
that they have been mistaken for completely diffespecies.
Protozoa--except for a few colonial forms--are wtiigdar, or

single-celled, organisms; although, some argue ity are
actually 'acellular’. Thus, the vast majority of oppzoa are
microscopic. However, they do exhibit an incredilalsge range
of sizes. Extant species range in size from <1 08 feter) to
several mm. Protozoa are found in moist environmeirtually

everywhere. As a group, the protozoa are extreradbptable.
Individual species, though, generally have speaittes. Like all
other organisms, protozoa must be able to acquickraetabolize
nutrients from their environment (i.e., heterotraph Some
protozoa are photosynthetic and can capture thegnef the sun
and convert it to usable chemical energy (i.e.,oaophic or
phototrophic).

Osmotrophy: protozoa that simply absorb soluteanfritheir

media, while Phagotrophy: some protozoan that ax@engers
that ingest solid material.
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Unit 2 Ecology, Physiology and Biochemistry of Primzoa
Unit Structure

2.1 Introduction

2.2 Intended Learning Outcomes (ILOS)

2.3  Ecology of Protozoan

2.4  Physiology and Biochemistry of Protozoan
2.5 Summary

2.6  References/Further Readings/Web Sources
2.7 Possible Answers to SAEs

N
@ 2.1 Introduction

Free-living protozoa are found in almost all ecésys that contain, at
least some of the time, free water. They have #cakirole in the
mobilization of nutrients in natural ecosystems.eifhrole is best
conceived within the context of the microbial foa@b in which they
include the most important bacterivores. In pagytfacilitate the transfer
of bacterial and algal production to successivpltiolevels, but also they
solubilize the nutrients within microbial biomaa#ipwing stimulation of
microbial growth. As consumers, protozoa prey
upon unicellular or filamentous algae, bacteriagrofungi, and micro-
carrion. In the context of older ecological modelsf
the micro- and meiofauna, protozoa may be a foodurcgo
for macroinvertebrates.

@ 2.2 Intended Learning Outcomes (ILOS)

By the end of this lecture unit, students shoulcdible to:

o have a good understanding on the ecology, physiolagd
biochemistry of protozoan

2.3 Ecology of Protozoan

Protozoans play important roles in the fertility sdils. By grazing
on soil bacteria, they regulate bacterial poputetiand maintain them in
a state of physiological youth, i.e., in the actigeowing phase.
This enhances the rates at which bacteria deconggaskorganic matter.
Protozoans also excrete nitrogen and phosphorus,then form of
ammonium and orthophosphate, as products of thetialmolism, and

7
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studies have shown that the presence of protozaanssoils
enhances plant growth. Protozoans play importalgsron wastewater
treatment processes, in both activated sludge lamdercolating filter
plants. In both processes, after solid wastesean@ved from the sewage,
the remaining liquid is mixed with the final sludgeoduct, aerated, and
oxidized by aerobic microorganisms to consume tlgamc wastes
suspended in the fluid. In the activated sludgecgss, aerobic ciliates
consume aerobic bacteria, which have flocculatecorni{éd
loose aggregates, making them easily separated figqund). In the
percolating filter process, substrates are stegpgtdcroorganisms, such
as fungi, algae, and bacteria, which provide foaat foxidizing
protozoans. In the final stages of both processa@gls settle out of the
cleaned effluent in the settlement tank. Treatnpdamts with no ciliates
and only small numbers of amoebae and flagellatesiyge turbid
effluents containing high levels of bacteria andp@nded solids. Good-
guality, clean effluents are produced in the preseof large ciliated
protozoan communities because they graze voragioos! dispersed
bacteria and because they have the ability to fllate suspended
particulate matter and bacteria.

Protozoans probably play a similar role in pollutetural ecosystems.
Indeed, there is evidence that they, by feedingibdegrading bacteria,
increase bacterial growth in much the same wayttiet enhance rates
of decomposition in soils, thereby speeding up theakdown

of oil spillages. Some radiolarians and foramirafes

harbour symbiotic algae that provide their protozbasts with a portion
of the products of photosynthesis. The protozoaogrocate by

providing shelter and carbon and essential phyt@nis. “Many ciliates

contain endosymbiotic algae, and one speéilesodinium rubrumhas

formed such a successful relationship with its p&pgnented

algal symbiont that it has lost the ability to feadd relies entirely
on symbiosis for its livelihood.Mesodiniumoften forms dense red
blooms, or red tides, when it reaches high demsitiavater. Among the
ciliates with endosymbiont$jesodiniumis the only completely
photosynthetic species. Other ciliates achieve gdyoithesis in another
way”. Although they do not have symbiotic alga@ytlsconsume plantlike
flagellates, sequester the organelles that conit@rplant pigments, and
use them for photosynthesis. These organelles ok as plastids.
Because the isolated plastids eventually age amd tdey must be
replaced continuously. The impact of protozoan ig®z
on phytoplankton can be considerable. It has beemated that at least
half of the phytoplankton production in marine wates consumed by
protozoans. Like the soil protozoans, these plam&tprotozoans excrete
nitrogen and phosphorus at high rates. The prottzaee a fundamental
component in recycling essential nutrients (nitroged phosphorus) to
the phytoplankton. The protozoan cell carries dubfathe processes
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including feeding, growth, reproduction, excretioand movement
necessary to sustain and propagate life. The elernclosed in a
membrane called the plasma membrane”. Like all nmandus structures
in the eukaryotic cell, the plasma membrane is amag of
mostly lipid and some protein molecules. The plasmambrane is a
barrier between the cell cytoplasm and the outgléd environment.
Some substances, such as oxygen, readily pasggthtbe membrane
by diffusion (passive transport), while others misttransported across
at the expense of energy (active transport). @itid flagella arising from
the cell are also sheathed in the cell membransg;ishin contrast to
bacterial flagella, which are not surrounded byeaorane. The cell also
has internal membranes, which are not as thick@plasma membrane.
Among these are the endoplasmic reticulum, whosabrenes separate
compartments of the cell, thereby allowing diffareonditions to be
maintained in various parts e. g. separation ottdebusly reactive
substances. Enzymes are arranged on the surfatiee ofndoplasmic
reticulum; one such enzyme system catalyzes thavitgctof
the ribosomes during protein synthesis. The Gagbgiaaatus is a cluster
of flattened vesicles, or cisternae, associated \lite endoplasmic
reticulum. The vesicles are involved in membrandunagion and the
formation and storage of the products of cell sgsi$, as in the formation
of scales on the surface coat of some flagellédegxample. The scales
are formed within the Golgi and are transportedtti®y vesicles to the
plasma membrane, where they are incorporated bmetsurface of the
cell. The Golgi apparatus is poorly evident in mosates and absent
from some amoebae. All protozoans possess at éesshucleus, and
many species are multinucleate.

Self-Assessment Exercise 1

1. Briefly explain the role of protozoan in the fertility of
soil?

2. Briefly explaﬁin the impact of protozoan grazing

2.4  Physiology and Biochemistry of Protozoan

The genetic material DNA (deoxyribonucleic acid)centained within
the chromosomes of the nucleus. Each nucleus isdsaliby two unit
membranes possessing pores that permit the passageolecules
between the cytoplasm and the nucleoplasm. Maatesl have two types
of nuclei: micronuclei and macronuclei. The maci@aus is the somatic,
or non-reproductive, nucleus. It is large and pagyploid, meaning that
it contains more than two sets of chromosomesdqginglition of two sets
of chromosomes is described as diploid). In cohtthe micronucleus is
germinal (responsible for transfer of genetic imation during sexual
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reproduction) and diploid. The macronucleus cangbige variable in

shape, resembling in some species a string of baadshorseshoe. It
directs the normal functioning of the cell and uUlualisintegrates

during sexual reproduction, to be re-formed frone tproducts of

micronuclear division after the sexual phase is geted. Protozoans
have transitory food or digestive vacuoles. The lbemof these

membrane-bound cell organelles depends on thenfgduibits of the

organism. Some species may have many, whereassatiagy contain

only one or two at any one time. In ciliates thedwacuoles form at the
base of the cytopharynx, whereas in species withoegll “mouth,” or

cytostome, the vacuoles form near the cell membedribe site where
food is ingested. Within the cell, structural progeof various types form
the cytoskeleton (cell skeleton) and the locomotappendages. They
include microfilaments formed of a contractile giatalso found in the
muscles of animals (actin) and cylindrical micratlgs formed from

filaments of the protein tubulin. Microtubules garticularly important

in the structural formation and functioning of ailand flagella. Filopodia
of certain rhizarian species are supported by rbues.

Organisms acquire organic material from their emwinents and convert
this material into energy or their own substanee,(biomolecules). Cells
are made of distinct classes of biomolecules wghcHic functions.

These macromolecules are synthesized from smalecul@r weight

precursors or building blocks. These molecular yrsars are

components of interconnected metabolic pathways.malaria parasite
exhibits a rapid growth and multiplication rate idgrmany stages of its
life cycle. This necessitates that the parasiiks, dll other organisms,
acquire nutrients and metabolize these variousogichl molecules in

order to survive and reproduce. Obviously, the gitg'd metabolism will

be intertwined with that of the host's becauséhefihtimate relationship
between the host and parasite. These host-paiasitactions are further
complicated by the complex life cycle of the pa&asivolving vertebrate
and invertebrate hosts as well as different locatwithin each of these
hosts. A better understanding of the parasite'sipaéism may lead to the
development of novel therapeutic strategies whigiicgt the uniqueness
of the parasite. The malaria parasite, like allaoigms, must acquire
nutrients from the environment and convert thestienis to other

molecules or energy (i.e., catabolism). These othelecules and the
energy are then used to maintain the homeostasiseegfarasite, and in
the growth and reproduction of the parasite (apgbolism). Both

anabolic and catabolic processes are catalyzedyrees. Growing and
reproducing organisms require high levels of maaiecules and other
biochemical for the maintenance of cellular struetand function. The
malaria parasite needs to acquire these biochewmchprecursors from
the host. The unique life cycle and resulting meendronments of the
parasite has led to the evolution of metabolic watfs which differ from

10
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the human host. It may be possible to exploit thesque pathways and
enzymes in the design of therapeutic strategiesefample, many anti-
malarials are known to affect the food vacuole Wwhis a special
organelle for the digestion of host of host hembuglo

Outline at least two roles of protozoa in wastewatatment processes.

Self-Assessment Exercise 2

1. In protozoa, differentiate catabolism and anabolism?
2. Define Biomolecules in protozoan?

>

In this unit, you have learnt about the ecologyyslogy and
biochemistry of protozoa. In this way they are eifént from bacteria
which donot have a nucleus and whose single chsome is coiled like
a skein of wool in the cytoplasm. This primitiveargement, found only
in bacteria, rickettsia and certain algae, is dafpeokaryotic and such
organisms may be regarded as neither animal nat, fdat as a separate
kingdom of prokaryotic organisms, the Monera.

M

Taylor, D.J., Green, N.P.O and Stout, G.W. (19B#&)logical Science
39 Edition 984pp. Soper, R. (Editor) (Cambridge Un$ity
Press).

2.5 Summary

2.6 References/Further Readings/Web Sources

Vidyarthi, R. D. Pandey, P. N. (1973) Text Book of ZoologiNewDelhi:
S. Chand & Company Ltd.

William, T.K., James, L.G. & Carol, G.G. (199Bjological Science
Vol. Il, 5" Edition.

Published by W.W. Norton and Company, New York.1pp4

Guerrant, Walker, and Wellegf1999). Tropical Infectious Diseases:
Principles, Pathogens, and Practic@hurchill Livingstone.

https://www.cartercenter.org/resources/pdfs/hegythii/library/lecture
notes/health_science_students/medicalparasitoldfyy.p
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https://parasitesandvectors.biomedcentral.com/tpaék 0.1186/s13071
-019-3355-5.pdf

https://downloads.hindawi.com/journals/jpr/2016/@631.pdf

www.bio.umass.edu/micro/klingbeil/590s/Reading/8a8009. pdf

https://www.youtube.com/watch?v=KQBE94x5TfE

https://www.youtube.com/watch?v=VykN1dzjAWE

https://www.youtube.com/watch?v=fE3W1p7tMAk

https://www.youtube.com/watch?v=cZrf6RAspvY

12


https://parasitesandvectors.biomedcentral.com/track/pdf/10.1186/s13071
https://downloads.hindawi.com/journals/jpr/2016/2656121.pdf
http://www.bio.umass.edu/micro/klingbeil/590s/Reading/Santos2009.pdf
https://www.youtube.com/watch?v=KQBE94x5TfE
https://www.youtube.com/watch?v=VykN1dzjAWE
https://www.youtube.com/watch?v=fE3W1p7tMAk
https://www.youtube.com/watch?v=cZrf6RAspvY

BIO 310 PROTOZOOLOGY

LI:: 2.7 Possible Answers to SAEs

Answers to SAEs 1

1.

By grazing on soil bacteria, they regulate bactepapulations
and maintain them in a state of physiological youté., in the
active growing phase. This enhances the rates athnbacteria
decompose dead organic matter. Protozoans also
excrete nitrogen and phosphorus, in the form of amom and
orthophosphate, as products of their metabolisrd, stndies have
shown that the presence of protozoans in soils
enhances plant growth

The impact of protozoan grazing on phytoplanktom dae
considerable. It has been estimated that at leadf bf the
phytoplankton production in marine waters is consdmby
protozoans. Like the soil protozoans, these plan&tprotozoans
excrete nitrogen and phosphorus at high rates.prb&ozoans are

a fundamental component in recycling essential ieots
(nitrogen and phosphorus) to the phytoplankton. phetozoan
cell carries out all of the processes including diag,
growth, reproduction, excretion, and movement resgs to
sustain and propagate life.

Answers to SAEs 2

1.

Catabolism in protozoa parasite, the malaria parasite, like a
organisms, must acquire nutrients from the envirenmand
convert these nutrients to other molecules or epekgabolism
in protozoa parasite, these other molecules anetieegy are then
used to maintain the homeostasis of the paragiig jrathe growth
and reproduction of the parasite.

Biomolecules in protozoan is define as the orgasismoquire
organic material from their environments and corivéhis
material into energy or their own substance.

13
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Unit 3 Taxonomy of Protozoa
Unit Structure

3.1 Introduction

3.2 Intended Learning Outcomes (ILOSs)

3.3  Historical Systematic of Protozoa

3.4  Summary

3.5 References/Further Readings/Web Sources
3.6  Possible Answers to SAEs

@ 3.1 Introduction

Taxonomy is the science of naming and classifymggoisms. In addition
to assigning hierarchical taxonomic classificatiosystematics also
attempts to place organisms into groups reflechugvamary relationships
or phylogenies. However, taxonomic criteria areewftarbitrary and
taxonomy is always changing to reflect new discmger and
interpretations. Furthermore, utilitarian featurasch as type of disease,
host range and geographical distribution, are feetly used in the
systematics of pathogenic micro-organisms. Thissgecially true for
protozoan taxonomy. In addition, there is some tielom the overall
philosophy in the classification of protozoa anel tlationships between
many protozoan groups are not known.

S

By the end of this lecture unit, students shoulclble to:

Intended Learning Outcomes (ILOS)

o Have a good understanding on the taxonomy of poatoz

3.3 Historical Systematic of Protozoa

Historically protozoa were divided into four magmoups: the ameba, the
flagellates, the ciliates, and the sporozoa. Trstimdjuishing features
between the groups were based on maotility (i.e ¢laoid, flagella and
cilia). The sporozoa were a heterogeneous grouppitaiuced spores
during one stage of their life cycles and exhibitgliding’ motility.
However, such a classification scheme is quitetranyi and does not
necessarily reflect true evolutionary relationshipgtween organisms.
One problem with using motility as taxonomic crigers that many
protozoa utilize different types of motility durimtifferent stages of their

14
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life cycles. For exampléJaegleriaexists in an ameba form when food is
plentiful and transforms into a flagellate whendas absent. In general,
the amebas are a heterogeneous group and areladibby derived from
flagellates. Among these four original protozoaougs only the ciliates
are still considered a valid taxon.

Beginning the 1960's the electron microscope wasd u® identify
Ultrastructural features which could serve as gatdor grouping
protozoa. In many cases morphology leads to aifitzdgon which places
organisms into monophyletic groups. Monophyletiamgethat all of the
organisms in that group are probably derived froooeamon ancestor.
For example, many of the protozoa formerly callpdrezoa possess
subcellular structures, collectively known as tipécal organelles, and
now form a monophyletic group callédgpicomplexa. However,
subcellular structures and metabolic pathways canldst in some
lineages and placing those descendants can beapratit.

During the 1980's and continuing until present tmmaecular
techniques are being applied to taxonomy. Possimé&itionary histories
and relationships can be derived by comparing DN@rotein sequences.
Molecular sequence data has confirmed phylogenased on other
criteria, settled some debates, and led to a faprises. For example,
molecular data confirms that the apicomplexa areapbyletic, and
furthermore, indicates that they are related to tikates and
dinoflagellates. These three groups are now cordbiné a larger
monophyletic group called alveolata. This relatlops had been
previously suspected and the name is in refereacendrphological
structures known as alveolar sacs. But the uségfesgenes can be an
unreliable means of determining evolutionary relaships, especially
among distantly related organisms, and moleculaia ddhould be
interpreted with caution. Since the mid-1980’s sifasation of protists
has been in a state of flux and afflicted with soptglosophical
controversies. On one hand, there is some arguimertaining elements
of the Biutschlian scheme based on motility duetdofamiliarity and
simplicity. However, these schemes are often in flmbdn with
phylogenetic data. In addition, the hierarchies l@mdks of the traditional
Linnaean systematics (i.e., phylum, class, ordamiliy, genus and
species) do not always fit well with micro-organgnand it is often
difficult to decide which hierarchical level is nicgppropriate for any
particular protozoan group.

Previously many taxonomic schemes have definedkiivgdoms of life:
prokaryotes (bacteria), protists, plants, fungid aamimals. In these
schemes the protozoa are part of the Protista atithgunicellular algae,
diatoms, oomycetes and slime molds. However, thasealways been
dissatisfaction with the protists group. This ipart due to protista being
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defined in part by negative criterion. In other d&rorganisms that do
not fit in the other four kingdoms are defaultedoirthe protista. In
addition, some protists are phylogenetically mdosealy related to the
other three eukaryotic kingdoms than to other ptstiand thus the
protists are clearly polyphyletic.

Cavalier-Smith proposes five eukaryotic kingdomsisisting of the

basal, and thus paraphyletic, kingdom Protozoa #&md derived

kingdoms: Animalia, Fungi, Plantae, and Chrom{sigure 3.1). Some

of the former Protista are now included in the wetikingdoms that they
are most closely related to resulting in the kingderotozoa becoming
monophyletic. However, the alveolata, which includany traditional

protozoa such as the apicomplexa, ciliates, andfldigellates, form a
clade with the chromista, but are nonetheless glacethe protozoan
kingdom. Thus the chromista are not holophyletiovivig the alveolates
into a new kingdom called Chromalveolata would sadikiis problem.

However, this would probably result in controveesyd confusion since
many of the alveolates have been long considerbd fwrotozoa.

Self-Assessment Exercise 1

1. What is the difference between Sporozoa, apicameties and
apicomplexa?
2. Which Scientists proposed the five eukaryotic longsl

consisting of the basal, and thus paraphyletic, gliom

Protozoa and four derived kingdon

bikonts (ancestrally biciliate sukaryotes) unikonts
| corticates 1 |
L] L]
CABOZOA ) chromalveclates Kingdom Kingdom
—— 1 Eugieneee | Kingdom CHROMISTA ANIMALIA FUNGI

Discicristata

Percolozoa Cryptista Chromobiota Choanozoa
Excavata Heterokonta Haptophyta recEpor
Metamonada Hellozoa tyraaine
paralial ] factid ingide RER .-,-I;P' kinases
tulvakcaiy Aol | i opisthokonts

lubular cillary halrs ==

Malawimonadas *yJakobea |

Alveoiata Clllophom
0z Ca

EF1- alpha insertion
posterior cilium;

Louvkozoa

ciliary vanes + groove Kdeom replacement flat mitochondrial cristae

- | PLANTAE —t=of plastid
| Rhizaria Retaria Viridaeplantae -l" GAPDH Amoebozoa
| *Cercozoa ~=—w8 {green plants) amoeboid

polyubiguitin insertion @ Rhodephyta lacomotion

> Glaucophyta phosphofructokinase
imternal duplication
Apusozoa

an.-:umcn‘\dlu
Dlphyll::l:u

triple pyrimidine
biosynthesis fusion gene

>
DHFR-TS fusion gene
clllary transformation
MITDCHOMDHTDN tubular mitochondrial cristae f&

ancestral heterotrophic uniciliate and unlcentriclar
eukaryote

Figure 3.1 Classification of eukaryotes into 5 kingdoms: prui@

cortical alveoli
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(yellow), plants (green), chromista (pink), animddue) and fungi
(lavender). Modified from Calvaleir-Smith (200&uropean Journal of
Protistol. 39:338-348.

What is Taxonomy or Systematics?

Self-Assessment Exercise 2

1. What is monophyletic?
2. Outline the five eukaryotic kingdoms consistinghef basal propose
by Cavalier-Smith

UJ

>

In this unit, you have learnt about the taxonomypodtozoa. The
classification of protozoa is further complicatgdthe original definition
of protozoa being unicellular heterotrophs. It mamnrecognized that
protozoa (or protists) can utilize multiple nutrital strategies and cannot
be regarded as simply either plant-like (autotromn) animal-like
(heterotroph). Thus, the term protozoa cannot lgarceed as a true
taxonomic group. Despite the fact that the wordqwoa per se are no
longer a proper taxonomic name, it is still a usahd functional term.

M

Wilson, R. J. M. (2002). Progress with parasitesiptis.Journal of
Molecular Biology 319:257-274.

3.4 Summary

3.5 References/Further Readings/Web Sources

Kuvardina, O. N., B. S. Leander, V. V. Aleshin, RA. Myl'nikov, P. J.
Keeling and T. G. Simdyanov (2002) The phylogeny of
colpodellids (Alveolata) using small subunit rRNAerg
sequeneces suggest they are the free-living s@teup to
ApicomplexansJournal of Eukaryotic Microbiology49: 498-
504.

Wilson, R. J. M. (2002) Progress with parasite fpflasJournal of
Molecular Biology 319: 257-274.

Moore, R. B., M. Obornik, J. Janouskovec, T. Chmaky, M. Vancova,
D. H. Green, S. W. Wright, N. W. Davies, C. J. SldB, K.
Heimann, J. Slapeta, O. Hoegh-Guldberg, J. M. Logsahd D.
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A. Carter (2008). A photosynthetic alveolate clgsedlated to
apicomplexan parasiteNature 451: 959-963.

https://www.cartercenter.org/resources/pdfs/hegythii/library/lecture
notes/health_science_students/medicalparasitoldfyy.p

https://parasitesandvectors.biomedcentral.com/tpaék 0.1186/s13071
-019-3355-5.pdf

https://downloads.hindawi.com/journals/jpr/2016/8631.pdf

www.bio.umass.edu/micro/klingbeil/590s/Reading/882009.pdf

https://www.youtube.com/watch?v=KQBE94x5TfE

https://www.youtube.com/watch?v=VykN1dzjAWE

https://www.youtube.com/watch?v=fE3W1p7tMAk

https://www.youtube.com/watch?v=cZrf6RAspvY
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LI:: 3.6 Possible Answers to SAEs

Answers to SAEs 1

1. Many of the protozoa formerly called sporozoa pssseibcellular
structures, collectively known as the apical ordles and now
form a monophyletic group called Apicomplexa.

2. Cavalier-Smith proposes five eukaryotic kingdomssisting of
the basal, and thus paraphyletic, kingdom Protozmoa four
derived kingdoms: Animalia, Fungi, Plantae, and @hista

Answers to SAEs 2

1. Monophyletic means that all of the organisms int ttpaup are
probably derived from a common ancestor. For exammplany of
the protozoa formerly called sporozoa possess duibae
structures, collectively known as the apical ordles and now
form a monophyletic group called Apicomplexa

2. Kingdom Protozoa and four derived kingdoms suchAmisnalia,
Fungi, Plantae, and Chromista
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Unit 4 The Phylum Apicomplexa
Unit Structure

4.1  Introduction

4.2 Intended Learning Outcomes (ILOSs)

4.3 General characteristics of Apicomplexa
4.4  Life Cycle of Apicomplexa

4.5 How apicomplexan parasites replicate
4.6 Summary

4.7 References/Further Readings/Web Sources
4.8 Possible Answers to SAEs

@ 4.1 Introduction

The Phylum Apicomplexa encompasses over 5,000 €secfi
unicellular parasitic protozoa, many of which causerious
disease in humans and animals. For exam@é&smodium
parasites are transmitted by mosquitoes, infectlredd cells
and cause malaria, a disease with devastating impac
children in sub-Saharan Africa, Southeast Asia &@wuth
America. Other Apicomplexan parasites of medical
importance includeCryptosporidiumand Toxoplasma which
infect a large percentage of the population worldeyiand can
cause debilitating and potentially fatal illness in
immunocompromised individualsToxoplasma is a leading
cause of congenital neurological birth defects;ngmitted by
consumption of undercooked meat or ingestion of eniat
contaminated with cat feces (thisis why pregnamimen are
advised not to empty the kitty litter box!).

@ 4.2

By the end of this lecture unit, students shouldlble to:

Intended Learning Outcomes (ILOS)

o Have a good understanding about the phylum apioexapl
4.3 General characteristics of Apicomplexa
Although they cause very different diseases, alcamplexan

parasites originated from a common ancestor and
consequently share many characteristics:
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o Apicomplexans are characterised by an apical comple
being a special organelle that appears as a conical
structure on the tapered (apical) end of the cell.

) Specialized secretory organelles, termed rhoptaed
micronemes, that deploy their cargo in a coordinate
fashion during parasite attachment to the hoesi,
invasion, establishment of the intracellular
"parasitophorous vacuole" within which they resiaied
replicate, and modulation of the host cell.

) A plastid organelle, known as the "apicoplast”
(apicomplexan plastid), acquired through "secondary
endosymbiosis”, in which an ancestral parasite ate
eukaryotic alga, and retained the algal plastid.

) All are obligate intracellular parasites, they mustade
andreplicate within host cells in order to survive
o They exhibit a complex life cycle, differentiating

(developing) through various forms, often in diféent
host species/tissues in the course of infection. In
particular, sexual and asexual reproduction oftenurs

in different species (such as mosquitoes and humans
for Plasmodium).

o Apicomplexan parasites contain allof the organelle
one might expect in a eukaryote, including the rewd,
endoplasmic  reticulum, Golgi apparatus, and
mitochondrion.

Self-Assessment Exercise 1

1. A plastid organelle, known as?
2. Apicomplexa complex life cycles that are charasediby
three distinct processes namely?

4.4  Life Cycle of Apicomplexa

The apicomplexa have complex life cycles that &g acterised by three
distinct processes: sporogony, merogony and gamejofrigure 4.4).
Although most apicomplexa exhibit this overall gedife cycle the
details can vary between species. Furthermoretetimeinology used to
describe these various life cycle stages vary batwiee species. The life
cycle consists of both asexually reproducing foemd sexual stages. In
monoxenous species (parasites whose developmenistiscted to a
single species), all three of these processedwitiarried out in a single
host and often in a single cell type or tissue. Was, in heteroxenous
species (whose development involves several hestiesg), the various
processes will be carried out in different hostsl generally involve
different tissues. Sporogony occurs immediatelgradtsexual phase and
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consists of an asexual reproduction that culmingiese production of
sporozoites. Sporozoites are an invasive formhlhinvade cells and
develop into forms that undergo another asexudicagn known as
merogony. Merogony and the resulting merozoiteskamvn by many
different names depending of the species. In cehtasporogony, in
which there is generally only one round of repimat quite often there
are multiple rounds of merogony. In other wordg, tierozoites, which
are also invasive forms, can reinvade cells artéatei another round of
merogony. Sometimes these multiple rounds of marpgall involve a
switch in the host organism or a switch in the tgpeell invaded by the
parasite resulting in distinct stages of merogo\s.an alternative to
asexual replication, merozoites can develop intmejas through a
process variously called gametogony, gamogony megagenesis. As in
other types of sexual reproduction, the gametes fasform a zygote,
which will undergo sporogony-(gure 4.4).

45 How apicomplexan parasites replicate

Once the parasite has invaded a host cell, itsisatvs critically
linked to replication. The replicative process ocxuentirely
within a specialized intracellular vacuole termedhet
parasitophorous vacuole. As the parasite divides, host cell
swells and eventually bursts (a lytic infectiongusing disease
through direct tissue damage. Similarly, in malaféasmodium
parasites lyse (Lysis: a breakdown of a cell causgdamage to
its plasma or outer membrane) infected red blooldis¢ceausing
anemia (other factors may also exascerbate anemisevere is
ease). Toxoplasmadamages multiple organs and systems, but is
particularly noted for its ability to quickly desty brain and
foetal tissues.

Apicomplexan parasites replicate via an unusualcpss in which
daughter parasites are assembled within a singléharocell. In
the asexual "tachyzoite" stages dbxoplasmainfection, two
daughter cells emerge from each mother (endodyopeny
Plasmodium'merozoites'up to 16 or more daughters form within
a single mother cell (schizogony). Assembly of ddaagcells
within the mother offers several advantages, suchha ability
to eliminate indigestible waste products (such las toxic heme
left over after digestion of heamoglobin by Plasmuod) by simply
leaving them behind.
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These parasites don't need Iysosomes. Assembly lo¢ t
cytoskeleton from the top (apical end) down alssw®s that
polarity is preserved, as required for invasion tbe host cell.
Replication by endodyogeny or schizogony also podesdlenges: a
complex process is required to ensure that eachhtdauinherits
acomplete set of organelles.

pokr ing
ol

gl
Mmemirangs i i

General Apicomplexan Life Cyele

gametes | 9 | zygote

GAETORONY A b SPOROGONY

merozoites | ¢ | Sporozoites

MEROGONY

Figure 4.4: General Apicomplexan Structure and Life Cycle. biva

and/or motile forms of apicomplexa exhibit distimet Ultrastructural
features, which can be seen with the electron recope. At the very
apical end is a ring of microtubules known as tbkaipring
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How do Apicomplexan parasite replicate.

Self-Assessment Exercise 2

1. Outline atleast four general characteristics |of
Apicomplexa?

2. Briefly explain how apicomplexan parasites replieam
the host cells?

L

In this unit, you have learnt about the phylum apiplexa, general
characteristics, life cycle of apicomplexa and hoapicomplexan
parasites replicate. Other Apicomplexan parasitesiedical
importance includeCryptosporidiumand Toxoplasma which
infect a large percentage of the population worldeyiand can
cause debilitating and potentially fatal illness in
immunocompromised individualsToxoplasma is a leading
cause of congenital neurological birth defectsngmitted by
consumption of undercooked meat or ingestion of eniat
contaminated with cat feces.

M

Wilson, R. J. M. (2002). Progress with parasitestis.Journal of
Molecular Biology 319:257-274.

4.6 Summary

4.7 References/Further Readings/Web Sources

Kuvardina, O. N., B. S. Leander, V. V. Aleshin, A. Myl'nikov, P. J.
Keeling and T. G. Simdyanov (2002) The phylogeny of
colpodellids (Alveolata) using small subunit rRNAerg
sequeneces suggest they are the free-living s@teup to
ApicomplexansJournal of Eukaryotic Microbiology49: 498-
504.

Wilson, R. J. M. (2002) Progress with parasite fpflasJournal of
Molecular Biology 319: 257-274.

Moore, R. B., M. Obornik, J. Janouskovec, T. Chmgky, M. Vancova,
D. H. Green, S. W. Wright, N. W. Davies, C. J. SldB, K.
Heimann, J. Slapeta, O. Hoegh-Guldberg, J. M. Logsahd D.
A. Carter (2008). A photosynthetic alveolate clgsedlated to
apicomplexan parasiteNature 451: 959-963.
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LI:: 4.8 Possible Answers to SAEs

Answers to SAEs 1

1. A plastid organelle, known as the "apicoplast”
(apicomplexan plastid)

2. Apicomplexa complex life cycles that are charasttiby three
distinct processes: sporogony, merogony and garoeiog

Answers to SAEs 2

1.- Apicomplexans are characterised by an apical cbemp
being a special organelle that appears as a conical
structure on the tapered (apical) end of the cell.

- Specialized secretory organelles, termed rhoptriasd
micronemes, that deploy their cargo in a coordindte
fashion during parasite attachment to the hasll,
invasion, establishment of the intracellular
"parasitophorous vacuole" within which they resié@ad
replicate, and modulation of the host cell.

- A plastid organelle, known as the "apicoplast”
(apicomplexan plastid), acquired through "secondary
endosymbiosis”, in which an ancestral parasite a&e
eukaryotic alga, and retained the algal plastid.

- All are obligate intracellular parasites, they mustvade
andreplicate within host cells in order to survive

2.0nce the parasite has invaded a host cell, its swal is
critically linked to replication. The replicative rpcess
occurs entirely within a specialized intracellularacuole
termed the parasitophorous vacuole. As the parasite
divides, the host cell swells and eventually bur&dytic
infection), causing disease through direct tissuemage.
Similarly, in malaria, Plasmodium parasites lyseyflis: a
breakdown of a cell caused by damage to its plasmauter
membrane) infected red blood cells, causing ane(oiher
factors may also exascerbate anemia in severe Bega
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Unit 5 Structure and Function of Protozoa
Unit Structure

51 Introduction

5.2 Intended Learning Outcomes (ILOSs)

5.3  Morphology offrypanosoma brucd?rotozoa
5.4 Balantidium

5.5 Entamoeba

5.6 Summary

5.7 References/Further Readings/Web Sources
5.8 Possible Answer to SAEs

@ 51 Introduction

Protozoa, like other eukaryotic cells, have a ruglean endoplasmic
reticulum, mitochondriaand a Golgi body and lysuss.

@ 5.2

By the end of this lecture unit, students shoulclble to:

Intended Learning Outcomes (ILOS)

o Have a good understanding on structure and functigirotozoa
with specific examples olirypanosoma bruceBalantidiumand
Entamoeba

5.3 Morphology of Trypanosoma brucel Protozoa

Thus locomotion, in, for example, the genus Trysamoea Figure 5.3

is facilitated by a single flagellum, and in sontleey protozoa by several
flagella. A flagellum is a contractile fibre, angj from a structure called
a basal body, and in some species is attachee taotlty of the protozoan
along its length, so that when the flagellum betis, cell membrane
(pellicle) ispulled up to form an undulating merbe. Sometimes, also,
it projects beyond the protozoan body as a fregeflam. During
movement the shape of these organisms is maintayedcrotubules in
the pellicle.
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Self-Assessment Exercise 1

1. Briefly explain the morphology of Trypanosoma bifidce
2. Outline the features of Balantidium sp.?

Trypanosoma brucei

Parabasal body
Attached

flagellum Undulating
membrane

Free

flagellum 2
" Kinetoplast

Cytoplasm

Niuclag Pellicle

Figure 5.3Trypanosoma bruceshowing the flagellum and undulating
membrane

54 Balantidium

Other protozoa, such 8alantidium(Figure 5.4), move by means of cilia
which are fine, short hairs, each arising from aab#&ody; these cover
much of the body surface and beat in unison taceffevement. In such
species a mouth or cytostome is present and tiagycrhovement is also
used to waft food towards this opening.
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micronucleus

cystostome
cilia

vacuole macronucleus

Figure 5.4.Morphology of the intestinal protozoﬁalantidi'ur'rll

5.5 Entamoeba

A third means of locomotion, used by protozoa sashEntamoeba
(Figure 5.5) are pseudopodia, which are prolongations of cypl
Movement occurs as the rest of the cytoplasm flom® this
prolongation.

Entamoeba histolytica
(trophozoite)

—— 1 Pseudopodia

NUCLEUS: (false foot)
Chromatin \
Karyosome — —y,’
- @G  Food
- vacuole
Ingested ————’ o
red blood

cells
f Cytoplasm

Figure 5.5. Trophozoite stage oEnatamoeba histolyticahas an
amoeboid and a non-motile cystic stage with nuclei.
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The pseudopodium also possesses a phagocytic gagadican function
as a cup, which closes,enveloping particulate foaterial in a vacuole.
Finally, some protozoa, such as the extracellukages of theEimeria
have no obvious means of locomotion but are negkatls capable of
gliding movements.

The nutrition of parasitic protozoa usually occiumg pinocytosis or
phagocytosis, depending on whether tiny dropletsfl@tl or small
objects of macromolecular dimension are taken thw cell, In both
cases, the process is the same, the cell membradeally enveloping
the dropletor object which has become adherentstouter surface,
When, this is complete, the particle is carriea itite cell where fusion
with lysosomes effects digestion, Finally, undigéstaterialis extruded
from the cell. As noted above, some ciliated protoand also some
stages of the organisms causing malaria obtaintto@digh a cytostome;
at the base of the cytostome the food enters aolaéor digestion within
the cell. Metabolic products are excreted by difiasthrough the cell
membrane.

The infective stage of some protozoa is calledoacgwite, while the term
trophozoite is applied to that stage of the prodondhe host, which feeds
and grows, until division commences. In most pro&gyzeproduction is
asexual and is accomplished by binary fission oithe case of within
Babesiaerythrocytes, by budding, Another form of asexegroduction,
which occurs in the subphylum Sporozoa is merog@eiiizogony), In
the latter process, the trophozoite grows togelaize while the nucleus
divides repeatedly. This structure is called a me¢schizont) and, when
mature, each nucleus has acquired a porrtion af\ttoglasm so that the
schizont is filled with a large number of elongassparate organisms
called merozoites. The meront eventually rupturbiserating the
individual merozoites.

Protozoa that only divide asexually generally havehort generation
time, and since they cannotexchange genetic mbtezly on mutants to
provide the variants necessary for natural selectidowever, most
sporozoa at certain stages in their life cycle &laee a sexual phase of
reproduction, called gametogony, which may be fodid by a free-living
maturation phase, or sporogony. Sometimes, &nieria, both asexual
and sexual phases occur in vertebrate host whilethers, such as
Plasmodium the asexual phase occurs in the vertebrate hukbtttze
sexual phase in the arthropod vector.

Discuss freely the process of locomotion in Entaagde
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Self-Assessment Exercise 2

1. Briefly explain the locomotory system of Trypanosom
brucei?
2. Briefly explain the locomotory system of Entamoeba?

L

In this unit, you have learnt about the structure function of protozoans
as well as their locomotory system such Eypanosoma brucei,
Balantidium and Entamoeb®&rotozoans lead an independent existence,;
they possess a variety of other subcellular strastor organelles with
distinct organizational features and functions.

M

Wilson, R. J. M. (2002). Progress with parasitesipts.Journal of
Molecular Biology 319:257-274.

5.6 Summary

5.7 References/Further Readings/Web Sources

Kuvardina, O. N., B. S. Leander, V. V. Aleshin, A. Myl'nikov, P. J.
Keeling and T. G. Simdyanov (2002) The phylogeny of
colpodellids (Alveolata) using small subunit rRNAerg
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ApicomplexansJournal of Eukaryotic Microbiology49: 498-
504.

Wilson, R. J. M. (2002) Progress with parasite tugsJournal of
Molecular Biology 319: 257-274.
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www.bio.umass.edu/micro/klingbeil/590s/Reading/882009.pdf

https://www.youtube.com/watch?v=KQBE94x5TfE
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LI:: 5.8 Possible Answers to SAEs

Answers to SAEs 1

1. The genus Trypanosoma is facilitated by a singlgdllum and in
some other protozoa by several flagella.

- A flagellum is a contractile fibre, arising froms&ructure called a
basal body, and in some species is attached tdddg of the
protozoan along its length, so that when the flagelbeats,
the cell membrane (pellicle) ispulled up to formwandulating
membrane.

- Sometimes, also, it projects beyond the protozaaty las a free
flagellum.

- During movement the shape of these organisms iateiaed by
microtubules in the pellicle.

2. Balantidiummove by means of cilia which are fine, short hairs
each arising from a basal body; these cover mucth@fbody
surface and beat in unison to effect movement.

3. In such species a mouth or cytostome is presentlandiliary
movement is also used to waft food towards thisome

Answers to SAEs 2

1. Trypanosoma bruceis facilitated by a single flagellum and in
some other protozoa by several flagella. A flagellus a
contractile fibre, arising from a structure calkedasal body, and
in some species is attached to the body of th@poain along its
length, so that when the flagellum beats, the ocsimbrane
(pellicle) is pulled up to form an undulating mermbe.
Sometimes, also, it projects beyond the protozaaty las a free
flagellum. During movement the shape of these asgas is
maintained by microtubules in the pellicle.

2. Entamoebas pseudopodia, which are prolongations of cytapla
Movement occurs as the rest of the cytoplasm flavis this
prolongation.

Glossary

DNA = Deoxyribonucleic acid

AIDS = Acquired Immunodeficiency syndrome
ATP = Adenosine Triphosphate

STD = Sexually Transmitted Diseases

ACR = Adequate clinical response

LTF = Late treatment failure

ETF = Early treatment failure

MDR = Multi-drug resistance
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ABC = ATP-binding cassette

End of the module Questions

1)

2)

3)

4)

5)

34

A parasite is an organism that obtains food andteshérom
another organism and derives all benefits from #ssociation
(True or False)
A parasite is termed obligate when it can live anly host; it is
classified as facultative when it can live botlaihost as well as in
free form {True or False)
A Parasites that live inside the body are termed (@
ectoparasite (b) endo parasite (c) sporozoan @ijrity parasite
A parasite that exist on the body surface are @¢alle

(a) ecto parasite (b) endo parasite (c) sqmao (d) thermo
parasite
Parasites that cause harm to the host are patluoggmsites while
those that benefit from the host without causingny harm are
known as commensal$rue or False)
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Module 2  Blood and Tissue Protozoa

Module Structure

In this module we will discuss about the blood ahidsue Protozoa
with the following units:

Unit 1 Trypanosome
Unit 2 Leishmania
Unit 3 Plasmodium
Unit 4 Babesia

Unit 5 Toxoplasma
Glossary

End of the module Questions
Unit 1 Trypanosome
Unit Structure

1.1 Introduction

1.2 Intended Learning Outcomes (ILOS)

1.3  General Morphology of Trypanosome
1.3.1Trypanosoma gambiense

1.4  African trypanosomiasis (Sleeping sickness)

1.5 American trypanosomiasis (Chagas' disease)Etiology

1.6 Summary

1.7 References/Further Readings/Web Sources

1.8 Possible Answers to SAEs

@ 1.1 Introduction

The haemoflagellates all belong to the family Trypsomatidae, and
include the trypanosomesand leishmanias

@ 1.2

By the end of this lecture unit, students shoulclble to:

Intended Learning Outcomes (ILOS)

o Have a good understanding on blood and tissue zwatsuch as
Trypanosome
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1.3 General Morphology of Trypanosome

Trypanosomes have a leaf-like or rounded body @uinta a vesicular
nucleus, and a varyingnumber of subpellicular atidoules lying
beneath the outer membrane. There is a singlellilagarising from
a kinetosome or basal granule. An undulating men#iia present in
some genera and the flagellum lies on its outeddrorPosterior to the
kinetosome is a rod- shaped or spherical kinetbmastaining DNA.
Members of this family were originally parasitestio# intestinal tract of
insects, and many are still found in insects. Gilee heteroxenous,
spending part of their life cycle in a vertebratesthand part in an
invertebratehost. Members of the gefimgpanosomaare heteroxenous
and pass through amastigote, promastigote, epodsti and
trypomastigote stages in their life cycle. In sompecies only
trypomastigote forms are found in the vertebratesthan others,
presumably more primitive species, both amastigotd trypomastigote
forms are present. In the trypomastigote form, kmeetoplast and
kinetosomes are near the posterior end and thellilsg forms the border
of an undulating membrane that extends along the & the body tothe
anterior end.

In the epimastigote form, the kinetoplast and kinetosomes are just
posterior to the nucleus and theundulating mensfarward from there.

In the promastigote form, the kinetoplast and the kinetosomes are still
further anterior in the body and there is no untiliggmembrane.

In theamastigoteform, the body is rounded and the flagellum emerges
from the body through a wide, funnel-shaped reservo

1.3.1Trypanosoma gambiense
Epidemiology

Trypanosoma brucei gambiensgredominant in the western and central
regions of Africa, whereaBrypanosoma brucei rhodesienseaestricted

to the eastern third of the continent. 6,000 tddQ@0,human cases are
documented annually. 35 million people and 25 onillcattle are at risk.
Regional epidemics of the disease are cause of egdth and economic
disaster Figure 1.3.13.
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Figure 1.3.1a. Distribution of West African or Gambian Sleeping
Sickness and East African orRhodesian Sleepinkn8gs

Morphology

T. b. gambiensand T. b. rhodesiensare similar in appearance: The
organism measures 10 - 30micrometers. It hasglesoentral nucleus
and a single flagellum originating at the kinet@pkand joined to the body
by an undulating membrane. The outer surface obtganism is densely
coated with a layer of glycoprotein, the variableface glycoprotein
(VSG) (Figure 1.3.1b).

Life cycle

Metacyclic trypomastigotes (MT) in the saliva ofethisetse fly are
transferred to the bloodstream of the mammalian &®she tsetse feeds.
The parasite exhibits a trypomastigote morpholagythie bloodstream
and is extracellular. These extracellular forms argd an antigenic
variation to evade the host immune system. Witha lloodstream the
trypanosome undergoes asexual replication by lodgjial binary fission.
These replicating forms are generally long slende3) parasites. In
addition to the long slender forms, intermediatd ahort stumpy (SS)
forms are also found within the bloodstream ofrttemmalian host. The
short stumpy forms are thought to be preadapted tier tsetse.
However,in vitro experiments suggest that all bloodstream forms are
infective for the tsetse. The tsetse can ingepatmgsomes with its blood
meal. The bloodstream trypomastigote differentiates a procyclic
trypomastigote (PT) within the gut of the tsetsec@mpanying this
differentiation is a loss of the VSG surface coatl &hanges in the

37



BIO 310 PROTOZOOLOGY

mitochondria and metabolism. The environment withi@ gut of fly is
quite different than that of the mammalian blooglstn. The mammalian
bloodstream is rich in glucose and parasite exhihithigh rate of
glycolysis which is carried out in a special orgen&nown as the
glycosome. Because of this abundance of glucosgpdhasite does not
carry out oxidative phosphorylation within the neib@ndria and
consequently the mitochondria are acristate ane@ mawimal electron
transport activity. Within the vector, though, nokmndrial functions
associated with aerobic metabolism return andagidevelop within the
mitochondria. The procyclic trypomastigotes underggtiple rounds of
asexual replication within the midgut of the tsefBle procyclic stage
can also be cultured in vitro. The focus in medmaasitology courses
tends to be on the complex interactions betweenptrasite and the
human host which result in pathology. However, piéea also interact
with and undergo complex developmental processeshén vector.
Vectors are more than ‘flying syringes'. (Althoulgh evansi a
trypanosome infecting horses and camels, is tratesminechanically by
horseflies.) One problem for the trypanosome i$ ith@aust move from
the gut to the salivary glands of the tsetse. KMaetemechanism by which
the parasite migrates from the tsetse gut to tieasglands is not known.
Two routes have been proposed: 1) the classicak roou which the
parasite 'backtracks' through the digestive sysdaoh migrates up the
salivary duct, or 2) the direct route in which therasite penetrates the
peritrophic membrane and gut epithelium to gaineascto the
hemolymph. After reaching the salivary glands theocpclic
trypomastigotes transform into epimastigotes (K) attach to epithelial
cells via their flagella. The epimastigotes prolgabihdergo further
replication within the salivary gland. The epimgstes are non-infective
for the mammalian host and they must first matur® metacyclic
trypomastigotes (MT). “During this maturation therface coat is
reformed, the mitochondria lose their cristae dral jarasite detaches.
These trypomastigotes are free within the lumenhef salivary gland
waiting to be transferred to a vertebrate host whertsetse feeds again,
thus completing the life cyclgigure 1.3.1c).

Figure 1.3.1b Glossina (Tsetse fly) vector of Trypanosome
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otes multi
oerae ke i
body tluids, e.g., blood,
lymph, and spinal fluid.

Figure 1.3.1c: Life cycle of Trypanosoma brucabserved in the tsetse
fly and in the human blood stream

State the five blood protozoa that have major Igiclal/medical
significance.

1.4 African trypanosomiasis (Sleeping sickness)
Etiology
There are two clinical forms of African trypanosasis:

1. A slowly developing disease caused Bbyypanosoma brucei
gambiensand
2. A rapidly progressing disease causedibiprucei rhodesiense

Symptoms

The clinical features of Gambian and Rhodesianagisere the same.
However they vary in severity and duration. Rhoaesiisease progresses
more rapidly and the symptoms are often more prooed. The
symptoms of the two diseases are also more proeduimcCaucasians
than in the local African population. Classicalthe progression of
African trypanosomiasis can be divided into thriages: the bite reaction
(chancre), parasitemia (blood and lymphoid tissues) central nervous
system (CNS) stage.
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Bite reaction: A non-pustular, painful, itchy chancre forms 1-3eke
after the bite and lasts 1-2 weeks.It leaves ao. sc

Parasitemia: Parasitemia and lymph node invasion is marked tagled
of fever which starts 2 weeks after the bite aratompanied by malaise,
lassitude, insomnia headache and lymphadenopathg@dema. Painful
sensitivity of palms and ulnar region to pressieréndel's sign) may
develop in some Caucasians. Very characteristiGarhbian disease is
visible enlargement of the glands of the postemervical region
(Winterbottom's sign). Febrile episodes may last fmonths as in
Rhodesian disease or several years as in Gamlzaasdi. Parasitemia is
more prominent during the acute stage than durlmg recurrence
episodes.

CNS StageThe late or CNS stage is marked by changes in ctearand
personality. They include lack of interest and mtination to work,
avoidance of acquaintances, morose and melandchtiigde alternating
with exaltation, mental retardation and lethargyw land tremulous
speech, tremors of tongue and limbs, slow and khgffait, altered
reflexes, etc. Males become impotent. There is cav gbrogressive
involvement of cardiac tissue. The later stages craracterized by
drowsiness and uncontrollable urge to sleep. Timeital stage is marked
by wasting and emaciation. Death results from comégrcurrent
infection or cardiac failure.

The clinical features of Rhodesian disease ardasitmut briefer and more
acute. The acuteness and severity of disease ddlowttypical sleeping
sickness. Death is due to cardiac failure withid onths.

Pathology and Immunology

An exact pathogenesis of sleeping sickness is moiwk, although
immune complexes and inflammation have been susgeict be the
mechanism of damage to tissues. The immune respagast the
organism does help to eliminate the parasite hstribt protective, since
the parasite has a unique ability of altering itgigens, the VSG.
Consequently, there is a cyclic fluctuation in thember of parasites in
blood and lymphatic fluids and each wave of pagasépresents a
different antigenic variant”. The parasite causelygonal expansion of
B lymphocytes and plasma cells and an increase otal tigM
concentration. It stimulates the reticuloendothéliaction. It also causes
severe depression of cell mediated and humoral mitsnuo other
antigens.
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Diagnosis

Detection of parasite in the bloodstream, lymplretgans and enlarged
lymph node aspirate provides adefinitive diagnwsesarly (acute) stages.
The parasite in blood can be concentrated by ¢egéiion or by the use
of anionic support media. Cerebrospinal fluid maigtays be examined
for organisms. Immuno-serology (enzyme-linked immumssay,
immunofluorescence) may be indicative but does provide definite
diagnosis.

Treatment and control

The blood stage of African trypanosomiasis can heatéd with

reasonable success with Pentamidine isethionat&Susamin. These
drugs have been reported also to be effective aptpraxis although
they may mask early infection and thus increaseiihkeof CNS disease.
Cases with CNS involvement should be treated witlaoprol, an
organic arsenic compound. The most effective meapsevention is to
avoid contact with tsetse flies. Vector eradicateompractical due to the
vast area involved. Immunization has not been gffedue to antigenic
variation.

Self-Assessment Exercise 1

1. Highlight the three stages involved in African
trypanosomiasi3
2. Outline the three stages involved in Chagas disease

1.5 American trypanosomiasis (Chagas' disease) Ekogy

Chagas' disease is caused by the protozoan hemitdlagT rypanosoma
cruzi.

Epidemiology

American trypanosomiasis, also known as Chagasasés is scattered
irregularly in Central and South America, stretghirom parts of Mexico

to Argentina. Rare cases have been reported insTeXalifornia and

Maryland. It is estimated that 16-18 million people infected by the

parasite and 50 million are at risk. About 50,0@@e die each year
from the disease.

Morphology

Depending on its host environment, the organisnuigcio three different
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forms. The trypanosomal (trypomastigote) form, fdun mammalian
blood, is 15 to 20 microns long and morphologicaliyilar to African
trypanosomesHigure 1. 59. The crithidial (epimastigote) form is found
in the insect intestine. The leishmanial (amaségotorm, found
intracellularly or in pseudocysts in mammalian eisc (particularly in
myocardium and brain), is round or oval in shapeasures 2-4 microns
and lacks a prominent flagellungure 1.5b).

_.

Trypanosoma cruzi

Bioluminescence
imaging

Figure 1.5aTrypanosoma cruzifom experimentally infected mice

- - A

) - - &
«e 3

Figure 1.5k Trypanosoma cruzAs seen under the microscope X1000
Life cycle
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The organism is transmitted to mammalian host byymspecies of
kissing (riduvid) bug, most prominently byriatoma infestansT.
sordida Panstrongylus megistuand Rhodnius prolixusTransmission
takes place during the feeding of the bug whicadhy bites in the facial
area (hence thename, kissing bug) and has thedfatefecating during
feeding. The metacyclic trypomastigotes, containetie fecal material,
gain access to the mammalian tissue through thendvathich is often
rubbed by the individual that is bitten. Subseqlyenley enter various
cells, including macrophages, where they diffeantinto amastigotes
and multiply by binary fission. The amastigotedatiéntiate into non
replicating trypomastigotes and the cells ruptorestease them into the
bloodstream. Additional host cells, of a varietytgpes, can become
infected and the trypomastigotes once again formastigotes inside
these cellgFigure 1.5c).

Amastigotes multiply
by binary fission in cells
of infected tissues

Triatomine bug takes a blood meal _
(passes metacyclic trypomastigotes
in feces, trypomastigotes enter
bite wound or mucosal membranes,

such as the conjunctiva)

Metacyclic <S5 /

triatomastigotes ..
in hindgut N

(o, Metacyclic trypomastigotes
M f‘\l penetrate various cells at bite
"\'\'\-/-; || wound site. Inside cells they

transform into amastigotes

Human

o Y bug stages

) . ) Trypomastigotes
ol Triatomine can infect other
Lase—— bug stages

MullipIan midgut

cells and transform
into intracellular Amastigotes multiply
amastigotes in new by binary fission in cells
infection sites of infected tissues

Triatomine bug
takes a blood meal
— (trypomastigot
T ingestad)

Clinical manifestations
can result from this
infective cycle

Epi]"nastigotes
in midgut

Intracellular amastigotes
transform into trypomastigotes,
then burst out of the cell

and enter the hlondstream

Figure 1.5c.Life cycle of Trypanosoma cruzin man and in the triatomic
bugTriatoma infestans.

Other arthropods, bed bugs, ticks and keds caraalsas vectors

Uninfected insect vectors acquire the organism wtery feed on
infected animals or people containing trypomaségairculating in their
blood. Inside the alimentary tract of the insedaitog thetrypomastigotes
differentiate to form epimastigotes and divide libmginally in the mid
and hindgut of the insect where they develop infedtive metacyclic
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trypomastigotes. Transmission may also occur fram to man by blood
transfusion and by the transplacental route. Mdi@ntone hundred
mammalian species of wild and domestic animalsugtialg cattle, pigs,
cats, dogs, rats, armadillo, raccoon and opossamadurally infected by
T. cruziand serve as a reservoir.

Symptoms

Chagas' disease can be divided into three stagegrimary lesion, the
acute stage, and the chronic stage. The primanpnlesshagoma,

appearing at the site of infection, within a fewtsof a bite, consists of
a slightly raised, flat non-purulent erythematolsgpe surrounded by
a variable area ofhard edema. It is usually foandhe face, eyelids,
cheek, lips or the conjunctiva, but may occur am dbdomen or limbs.
When the primary chagoma is on the face, thera sdargement of the
pre and post auricular and the sub maxillary glandihe side of the bite.
Infection in the eyelid, resulting in a unilatecainjunctivitis and orbital

edema (Ramana's sign), is the commonest finding.

Acute Stage:The acute stage appears 7-14 days after infedtias.
characterized by restlessness, sleeplessness, sejalancreasing
exhaustion, chills, fever and bone and muscle p&ftiger manifestations
of the acute phase are cervical, axillary, iliaerts, hepatomegaly,
erythematous rash and acute myocarditis. Theregesnaral edematous
reaction associated with lymphadenopathy. Diffuseyocarditis,
sometimes accompanied by serious pericarditis addaarditis, is very
frequent during the initial stage of the diseasehildren, Chagas' disease
may cause meningo encephalitis and coma. Deathots-10 percent
of infants. Hematologic examination reveals lympjiosis and
parasitemia.

Chronic Stage: The acute stage is usually not recognized and often
resolves with little or no immediate damage andnifected host remains
an asymptomatic carrier. An unknown proportion gaael at 10-20%) of
victims develop a chronic disease. They alternateréen asymptomatic
remission periods and relapses characterized bytsyns seen in the
acute phase. Cardiac arrhythmia is common. Thedahdisease results
in an abnormal function of the hollow organs, antrly the heart,
esophagus and colon. The cardiac changes includecargial
insufficiency, cardiomegaly, disturbances of atremtricular conduction
and the Adams-Stoke syndrome. Disturbances of tpwis lead to
megaesophagus and megacolon.
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Pathology and Immunology

The pathological effects of acute phase Chagaeasis largely result
from direct damage to infected cells. In later sEaghe destruction of the
autonomic nerve ganglions may be of significancenune mechanisms,
both cell mediated and humoral, involving reactiorthe organism and
to autologous tissues have been implicated in pgahesis.T. cruzi
stimulates both humoral and cell mediated immuseagases. Antibody
has been shown lying with the organism, but racalyses eradication of
the organism, perhaps due to its intracellularllpadon. Cell mediated
Immunity may be of significant value. While nornrabcrophages are
targeted by the organism for growth, activated mplcages can kill the
organism. UnlikeT. brucej T. cruzidoes not alter its antigenic coat.
Antibodies directed against heart and muscle bael® also been detected
in infected patients leading to the suppositiort thare is an element of
autoimmune reaction in the pathogenesis of Chade®ase. The
infection causes severe depression of both celliatessti and humoral
Immune responses. Immunosuppression may be duadtation of
suppressor Tcells and/or overstimulation of macagels.

Diagnosis

Clinical diagnosis is usually easy among childreanendemic areas.
Cardiac dilation, megacolon and megaesophagus dividuals from

endemic areas indicate present or former infecti@finitive diagnosis
requires the demonstration of trypanosomes by reacoy or biological
tests (in the insect or mice). Antibodies are ofteéetectable by
complement fixation or immunofluorescence and ptevpresumptive
diagnosis.

Treatment and Control

There is no curative therapy available. Most dragseither ineffective

or highly toxic. Recently two experimental drugsen2nidazol and

Nifurtimox have been used with promising resultgha acute stage of
the disease; however their side effects limit themonged use in chronic
cases. Control measures are limited to those dulaice contact between
the vectors and man. Attempts to develop a vadtawe not been very
successful, although they may be feasible.

Self-Assessment Exercise 2

1. Briefly explain the pathology and Immunology of Gas
disease?
2. Outline the diagnosis of Chagas disease?
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! 1.6 Summary

In this unit, you have learnt about the medical ant@nt of blood and
tissue protozoa such as Trypanosoma, their morgkplbfe cycle,
pathology, immunology, diagnosis, treatment andtrobnMedically
significant blood and tissue protozoans such agpadnmgsoma, e.gr.
bruceiandT. cruzj they cause different disease conditions in their
hosts such as sleepingsickness and Chagas' dstasEhey can be
found in different parts of the world including Afa.

M
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https://www.youtube.com/watch?v=VykN1dz]AWE

LI:: 1.8 Possible Answers to SAEs

Answers to SAEs 1

1. The bite reaction (chancre), parasitemia (blood dgohphoid
tissues) and central nervous system (CNS) stage.
2. The primary lesion, Acute Stage and Chronic Stage

Answers to SAEs 2

1. - The pathological effects of acute phase Chagasade largely
result from direct damage to infected cells. Iretastages, the
destruction of the autonomic nerve ganglions may die
significance.

- In Immune mechanisms, both cell mediated and humora
involving reaction to the organism and to autologdissues has
been implicated in pathogenesis. T. cruzi stimglaih humoral
and cell mediated immune responses.

- Antibody has been shown lying with the organisnt, raely
causes eradication of the organism, perhaps due itso
intracellular localization.

- Cell mediated immunity may be of significant valt¥ile normal
macrophages are targeted by the organism for grpathivated
macrophages can kill the organism. Unlike T. bru€ercruzi does
not alter its antigenic coat.

- Antibodies directed against heart and muscle dellge also been
detected in infected patients leading to the sujiposthat there
Is an element of autoimmune reaction in the patheges of
Chagas' disease.

- The infection causes severe depression of bothresdiated and
humoral immune responses.

- Immunosuppression may be due to induction of sggprelcells
and/or overstimulation of macrophages

2. - Clinical diagnosis is usually easy among childienendemic
areas.

- Cardiac dilation, megacolon and megaesophagus dividuals
from endemic areas indicate present or former itbec

- Definitive diagnosis requires the demonstratiortrgpanosomes
by microscopy or biological tests (in the inseainice).

- Antibodies are often detectable by complement iéimator
immunofluorescence and provide presumptive diagnosi
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Unit 2 Leishmania
Unit Structure

2.1 Introduction
2.2 Intended Learning Outcomes (ILOS)
2.3  General feature of Leishmania
2.3.1 Leishmaniasis
2.4  Summary
2.5 References/Further Readings/Web Sources
2.6  Possible Answers to SAEs

N
@ 2.1 Introduction

Leishmania are ovoid organisms within the macrophagd possess a
rod-shaped kinetoplast associated with a rudimegritagellum, which,
however, does not extend beyond the cell margia.pérasites are found
in the amastigote stage in cells of the vertebtadst and in the
promastigote stage in the intestine of the sandfly.

@ 2.2 Intended Learning Outcomes (ILOs)

By the end of this lecture unit, students shoulcdilble to:

) Have a good understanding on blood and tissue zwateuch as
Leishmania

2.3 General feature of Leishmania

In the vertebrate host Leishmania is found in tleemphages and other
cells of the reticuloendothelium system in the slegpleen, liver, bone
marrow, lymph nodes and mucosa. It may also bedauteucocytes in
the blood Figure 2.3g Figure 2.3h).

This leishmanial, or amastigote form, after ingastibby a sandfly,
transforms into a promastigote form in the inseat m which the
kinetoplast is situated at the posterior end of ltbey. These divide
repeatedly by binary fission, migrate to the praimsand when the insect
subsequently feeds, and are inoculated into a resk Once within a
macrophage the promastigote reverts to the amastigom and again
starts to divideKigure 2.39.
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Leishmania occur primarily in mammals, althoughdpacies have been
described in Old Worldlizards. They cause disdasman, dogs and
various rodents. Leishmania have a heteroxenowes dycle, are

transmitted by sandflies of the genus Phlebotomuke Old World and

Lutzomyia in the New World.

Hypopylaria are primitive species found in old world lizardshiah
become infected following ingestion of sandfliegv@lopment occurs in
the sandfly hindgut.

Peripylaria develop in both the hindgut and foregut of sandfland
infect both lizards and mammals. Transmission immals is by bite of
sandflies.

Figure 2.3a:Leishmaniga) Promastigote form. (b) Amastigote form
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Figure 2.3b: Picture of a sand fly biting a human arm
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Figure 2.3c: metacyclic promastigotes of Leishmania parasite

50



BIO 310 PROTOZOOLOGY

Self-Assessment Exercise 1

1. Differentiate Hypopylaria from Peripylaria in Leistaniasis?
2. Briefly explain the morphology of Leishmaniasis?

2.3.1 Leishmaniasis
Leishmaniasis is the disease caused by Leishmania
Epidemiology

Leishmaniasis is prevalent worldwide: ranging fr@outh East Asia,
Indonesia, Pakistan, Mediterranean, North and @keAfrica, and South
and Central America.

Morphology

In man, the parasites occur in the amastigote forly, but in the insect
vector the promastigote form is assumed. The ag@stiorms are small,
ovoid or round bodies (often called Leishmania D@robodies) about 2
- 5um in diameter by 1 - 3 um whereas the leptomioneasures 14 - 20
microns by 1.5 - 4 microns, a similar size to tnypsomes. Under light
microscopy, the cells are seen to contain a centreleus, a rod-shaped
kinetoplast and (sometimes) a basal body (from whibe flagellum
arises.

Life cycle

The organism is transmitted by the bite of sevepdcies of blood-
feeding sand fliesRhlebotomups which carry the promastigote in the
anterior gut and pharynx. The parasites gain actesmononuclear
phagocytes where they transform into amastigotelsdiwvide until the
infected cell ruptures. The released organismscinéher cells. The
sandfly acquires the organisms during the bloodlmba amastigotes
transform into flagellate promastigotes and muytipl the gut until the
anterior gut and pharynx are packed. Dogs and tsdare common
reservoirs figure 2.3.1a)
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Life Cycles of Leishmania spp.
In Phichotomus spp. & Himians

Leishriania in Phlebotomus spp. Leishmanio |n Humsn

Pmmnmf.ulﬂ
Samil:ly druwy bood I
frmu Euman Inoculsting b" “‘“"’F ol
""'"""““" \
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@ macropheges
T it
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;}. Step 84
g AmsEslEgeles & macrophages

Step & multiply in cells of hody
Amsastigoness brave e
macrophages Xy
'ﬂc

Sarlll-l'lr dﬂw hlgpd
From humas confaining
macrophages & smasiigodes

Figure 2.3.1a:Life cycle of Leishmania donovarandL tropicain man
and vectorPhlebotomusargentipes

Etiology

Several species of Leishmania are pathogenic far maonovancauses
visceral leishmaniasis (Kalaazar, black disease, dumdum fevdr);
tropica (L. t. major, L. t. minorand L. ethiopicg cause cutaneous
leishmaniasis (oriental sore, Delhi ulcer, Aleppelhi or Baghdad boil);
and L. braziliensis(also, L. mexicanaand L. peruviang are etiologic
agents of mucocutaneous leishmaniasis (espundéa,cbiclero ulcer).
Symptoms

Visceral leishmaniasis (kala-azar, dumdum fever)

L. donovaniorganisms in visceral leishmaniasis are rapidlynglated

from the site of infection; hence there is rareljpeal lesion,although
minute papules have been described in childreny &ne localized and
multiply in the mononuclear phagocytic cells of emai, liver, lymph

nodes, bone marrow, intestinal mucosa and otheanstgOne to four
months after infection, there is occurrence of fewath a daily rise to

102-104 degrees F, accompanied by chills and smgealihe spleen and
liver progressively become enlarged. With prog@ssif the diseases,
skin develops hyper pigmented granulomatous ala-azar means
black disease). Chronic disease renders patiestegtible to other
infections. Untreated disease results in death.
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Cutaneous leishmaniasis (Oriental sore, Delhi ulceBaghdad boil)

In cutaneous leishmaniasis, the organitmtiopica) multiplies locally,
producing of a papule-2 weeks (or as long asZlmonths) after the bite.
The papule gradually grows to form a relativelynpess ulcer. The center
of the ulcer encrusts while satellite papules dgvelt the periphery. The
ulcer heals in 20 months, even if untreated but leaves a disfiguscar
(Figure 2.3.19. The disease may disseminate in the case of skgule
immune function.

Mucocutaneous leishmaniasis (espundia, Uta, chicley

The initial symptoms of mucocutaneous leishmaniaséesthe same as
those of cutaneous leishmaniasis, except thaisrdibease the organism
can metastasize and the lesions spread to muca@t piharyngeal and
nasal) tissues and lead to their destruction amténasever deformity
(Figure 2.3.19. The organisms responsible ake braziliensis L.
mexicanaandL. peruviana

Figure 2.3.1h Cutaneous Leishmaniasis
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Figure 2.3.1c:Mucocutaneous leishmaniasis

Pathology

Pathogenesis of leishmaniasis is due to an immeaetion to the
organism, particularly cell mediated immunity. Ladtory examination
reveals a marked leukopenia with relative monodgtosand
lymphocytosis, anemia and thrombocytopenia. IgM k@ levels are
extremely elevated due to both specific antibodse®l polyclonal
activation.

Diagnosis

Diagnosis is based on a history of exposure tofe&mdsymptoms and
isolation of the organisms from the lesion aspi@tdiopsy, by direct
examination or culture. A skin test (delayed hypasdtivity: Montenegro
test) and detection of ad#@ishmanial antibodies by immuno
fluorescence are indicative ofexposure.
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Treatment and Control

Sodium stibogluconate (Pentostam) is the drug oiceh Pentamidine
isethionate is used as an alternative. Control oreasinvolve vector
control and avoidance. Immunization has not betatafe.

Mention the three Leishmania species that are gatfio to man.
Self-Assessment Exercise 2

1. Outline the species of Leishmania that are pathogenic to
man?
2. Briefly highlight the Diagnosis of Leishmaniasis?

L

In this unit, you have learnt about the medical ont@nt of blood and
tissue protozoa such as Leishmania, their etiologgrphology, life

cycle, symptom, pathology, diagnosis, treatmentcamdrol. A biological

significant blood and tissue protozoan such as Hre@sia causes
different disease conditions in their hosts. T h eapides are found in
the amastigote stage in cells of the vertebratedrasin the promastigote
stage in the intestine of the sandfly.

M
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\_Ii; 2.6  Possible Answers to SAEs

Answers to SAEs 1

1.

Hypopylaria are primitive species found in old world lizards,
which become infected following ingestion of saeslfl
Development occurs in the sandfly hindgut.

Peripylaria develop in both the hindgut and foregut of sanslflie
and infect both lizards and mammals. Transmissianammals is
by bite of sandflies.

- In man, the parasites occur in the amastigotenf@anly, but in
the insect vector the promastigote form is assumed.

The amastigote forms are small, ovoid or round bsdjoften
called Leishmania Donovan bodies) about 2 - Spciameter by
1 - 3 um whereas the leptomonad measures 14 -@0msiby 1.5
- 4 microns, a similar size to trypanosomes.

Under light microscopy, the cells are seen to conta central
nucleus, a rod-shaped kinetoplast and (sometimdssal body
(from which the flagellum arises

Answers to SAEs 2

1.

- L. donovanicauses visceral leishmaniasis (kakzar, black
disease, dumdum fever)

- L. tropica (L. t. major, L. t. minorand L. ethiopicg cause
cutaneous leishmaniasis (oriental sore, Delhi ulskppo, Delhi
or Baghdad boil)

- L. braziliensigalso,L. mexicanandL. peruviana are etiologic
agents of mucocutaneous leishmaniasis (espundia, ddiclero
ulcer).

Diagnosis is based on a history of exposure to Sasdsymptoms
and isolation of the organisms from the lesion espior biopsy,
by direct examination or culture. A skin test (gela
hypersensitivity: Montenegro test) and detection arfti
leishmanial antibodies by immufloorescence are indicative of
exposure
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Unit 3 Plasmodium
Unit Structure

3.1 Introduction
3.2 Intended Learning Outcomes (ILOSs)
3.3 Plasmodium as a true malaria parasite

3.3.1 Etiology of Plasmodium species

3.3.2 Characteristics of species of Plasmodium
3.4 General concept of Plasmodium

3.4.1 Clinical Manifestations of Plasmodium paiasi
3.5 Malaria Immunity and Treatment
3.6  Summary
3.7 References/Further Readings/Web Sources
3.8 Possible Answers to SAEs

@ 3.1 Introduction

Parasites of the genus Plasmodium are responsibleht disease
'malaria’ in both animals and man. Although thecgseattacking man
have been most extensively studied, consideraldéhas been made of
species in laboratory animals, especi&ljknowlesandP. cynomolgin
monkeys,P. relictum, P. cathemeriuandP. gallinaceumn birds, and
P. berghei, P. yoeliandP. chabaudin rodents. Species also occur in
other mammmals such as squirrels and bats and phiaans and
reptiles, but these have not been much studiedhoAgh it has been
known for many years that some species of monkekarmaa(e.g.P.
cynomolg) are transmissible to man, itis only comparagivecently that
it has been found that human malaria can be trateshio several species
of monkeys. The Colombian night monké&tus trivirgatus has proved
to be anespecially valuable laboratory model fatamal research.

..

By the end of this lecture unit, students shoulcible to:

Intended Learning Outcomes (ILOS)

o Have a good understanding on blood and tissue zwateuch as
Plasmodium
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Plasmodium as a true malaria parasite

The genus Plasmodium contains the 'true' malaaedgites (in contrast
to the haemoproteids); the recognition that protbdifferences exist
between the various species has led to the fusthigdivision into seven
subgenera, which are as follows:

Plasmodiunt Parasitic in primates, with exo-erythrocytic sadgony in
parenchymal cells of liver; erythrocytic schizonésge; gametocytes
round.

Vinckeia: Parasitic in non-primate mammals with exo-erytiytic
schizogony in parenchymal cells of liver; erythrocyschizonts usually
small; gametocytes round.

Laverania: Parasitic in primates, with exo-erythrocytic sgony in
parenchymal cells of liver; gametocytes crescentith perinuclear
pigment.

Haemamoeba Parasitic in birds; exo-erythrocytic schizogong i
reticulo-endothelial cells; erythrocytic schizonksrge; gametocytes
round.

Giovannolaia: Parasitic in birds, exo-erythrocytic schizogonyeticulo-
endothelial cells; erythrocytic schizonts largemgdocytes elongate.

Novyella: Parasitic in birds; exo-erythrocytic schizogony reticulo-
endothelial cells;erythrocytic schizonts smallpngdiocytes elongate.

Huffia : Parasitic in birds; exo-erythrocytic schizontshie haemopoietic
(i.e. blood-forming) system; gametoocytes elongate.

Self-Assessment Exercise 1

1. Mention the four species of Plasmodium that infect man
and result in four kinds of malarial fever?
2. What is Premunition?

3.3.1 Etiology of Plasmodium species

Four Plasmodiunspecies are responsible for human malaria. These ar
P. falciparum P. vivax P. ovaleandP. malariae

There are four species of Plasmodium that infeat ara result in four
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kinds of malarial fever.

- P. vivax benign, simple or tertian malaria.

- P. falciparum aestivo-autumnal, malignant tertian, pernicious
quotidian, sub tertian or tropical malaria.

- P. malariae quartan ague, or quartan malaria.

- P. ovale ovale tertian malaria.

Of the above species. vivax shows the widest distribution, being
prevalent throughout the tropics and many temperaggons. Vivax
malaria is characterised by relapses: reappeararisgmptoms after a
latent of about up to 5 years, as is infection viAttovale, which occurs
chieflyin tropical Africa. Such relapses are dodghe sudden activation
of hypnozoites (sleeping merozoites) in liver cel. falciparumis most
common in tropical and subtropical areas and cathgesiost dangerous,
malignant form of malaria, which fortunately doex have relapses

P. malariaeis widely distributed but is much less common tRawivax
or P. falciparum Although falciparum malaria or malariae malarmanbt
show relapses, they are subjected to ‘recrudessénaepeated
manifestations of infection after a relatively shatent period between
3 months and 1 year.

Human malaria can develop in certain monkey speties pattern of the
life cycles of these species follows the genefal ¢dycle already given
(Figure. 3.3.0 but there are important physiological differenedsch
are often reflected in the nature of the diseasedyced. Many of these
characteristics are sufficiently definite to be disas criteria for
identification in blood films but species differeation may not be
possible in the earliest stages.

In P. vivaxand P. ovaleinfections, erythrocytes become enlarged and
paler in colour when the parasites have grown beéybe ring stage. In
stained preparations, infected corpuscles showactesticdots called
Schuffner's dots (P. vivaxandP. ovalg Ziemann's dots (P. malariag

or Maurer's dotR. falciparun).The pigment granules vary in size and
shape but their appearance and colour depend oheruwhfactors such
as intensity of light, type of filter used, etc.

3.3.2 Characteristics of species of Plasmodium

P. falciparum: The most important malarial parasite, the disease i
produces runs an acute course and often termindétadly. It is a
significant cause of abortion or stillbirth and eweath of non-immune
pregnant women. It is responsible for some 50 pet of all the malarial
cases throughout the world. Its distribution istneted to warm and
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tropical countries.
The special features of its life cycle may be sumred as follows:

- It attacks erythrocytes of all ages indiscriminated that a high
density of parasites may be rapidly reached. Ireext cases up to
48 per cent of the red cells may be parasitised.

- Multiple infections (polyparasitism) resulting iev&eral ring forms
In a corpuscle are not uncommon

- The later stages in the asexual cycle, that is, gtevth to
schizonts, do not occur in the peripheral bloothagher forms of
malaria, except in severe cases, so that only andsrescents are
found in blood films. After twenty-four hours, theg forms and
older trophozoitesshow a tendency to clump togedine adhere
to the visceral capillary wall and become caughtrufhe vessels
of the heart, intestine, brain or bone marrow inchhhe later
asexual stagesare completed. This behaviour, Hegetith the
fact that the sub tertian malaria is more toxithie principal
reasons why this type is so dangerous.

- Sporulation is not as well synchronized as in o#pacies so that
fever paroxysms may be longer drawn out.

- EE forms do not persist in the tissues and hene@ses do not
occur.

P. vivax: Causes the benign tertian form of malaria whiatesponsible
for about 43 percent of all cases in the world drad$ the widest
geographical distribution. Although generally rie threatening, it can
cause severe, acute illnessgure 3.3.1). Several points in its life
cycle may be noted:

- The degree of infection is low, for only the yguimmature
corpuscles  (reticulocytes) are attacked; aboutef cent of
erythrocytes are parasitised.

- The periodicity of the asexual cycle is closgyychronized.

- Hypnozoites develop in the liver, so that rekgp may occur

(Figure 3.3.1.
- The morphological features of a sub-spediastianellii of the
simian specieB. cynomolgibeara striking resemblance to

those ofP. vivax differentiation between these two is difficult.
P. malariae: A relatively rare parasite producing quartan malari
which is responsible for about seven percent efrtialaria in the
world (Figure 3.3.]). Particular points of interest are:

- Infected erythrocytes are not larger than urtdeé ones and
sometimes even smaller

- Mature erythrocytes are attacked and rarelgukicytes, so that
the density of parasites is very low; about 0.2 pent of
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erythrocytes are parasitised.
- It is often difficult to distinguish between ard¢je trophozoite and
an immature gametocyte.

P. ovale: This is a species rarely encountered; it is confieesentially to
the tropics andsubtropics although reported froamyncontinents. The
type of fever it produces (ovale tertian) is mildean the benign tertian
of P. vivax(Figure 3. 3.].

Special points of interest are:

- It morphologically resembld3. malariaein most of its stages.

- The changes produced in the erythrocytes inrgéaee similar to
those Produced . vivax but Shuffer’s dots appear considerably
earlier in the ring stage.

- In the oocyst the pigment granules are (usuallgjatteristically

arranged in two rows crossing each other at agiles.

- Hypnozoites develop in the liver so that relapsay otcur.

TROPHOZOITES GROWING SCHIZONTS ROSETTES

P. vivax

P. malariae

P. falciparum

Figure 3.3.1 Comparism of various stages of the three common

species of Plasmodium infecting man
3.4  General Concept of Plasmodium

Using the subgeneric designations, the correctogoodl nomenclature
for the four species infecting manRtasmodium (Plasmodium) vivax, P.
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(P.) ovale, P. (P.) malariaandP. (Laverania) falciparumHowever, as
is common practice in the literature, the subgenaame, have been
omitted in this write up.

Epidemiology

There are an estimated 200 million global casesalaria leading a
mortality of more than one million people per ye&. falciparum
(malignant tertian malaria) and. malariae (quartan malaria) are the
most common species of malarial parasite and awadfon Asia and
Africa. P. vivax(benign tertian malaria) predominates in Latin Aiceer
India and Pakistan, whered, ovale(ovale tertian malaria) is almost
exclusively found in Africa.

Morphology

Malarial parasite trophozoites are generally ringledped, 1 - 2 microns
in size; although other forms (ameboid and bandy alao exist. The
sexual forms of the parasite (gametocytes) are nfrgjer and 7 - 14
microns in sizeP. falciparumis the largest and is banana shaped while
others are smaller and rourfd. vivaxcauses stippling of infected red
cells.

Life cycle

Malarial parasites are transmitted by the infeclechale anopheline
mosquito which injects sporozoites present in takva of the insect.
Sporozoites infect the liver parenchymal cells whtérey may remain
dormant (hypnozoites) or undergo stages of schixpgom produce
schizonts and merogony to produce merozoites (n®rorWhen
parenchymal cells rupture, thousands of merontsedeased into blood
and infect the red cell®. ovaleandP. vivaxinfect immature red blood
cells wherea®. malariaeinfects mature red cell®. falciparuminfects
both. In red cells, the parasites mature into toapites”. “These
trophozoites undergo schizogony and merogony in gells which
ultimately burst and release daughter merozoitesieéSof the merozoites
transform into male and female gametocytes whiteistenter red cells
to continue the erythrocytic cycle. The gametocwesingested by the
female mosquito; the female gametocyte transfombs ookinete, is
fertilized, and forms an oocyst in the gut. Theyde@roduces sporozoites
(sporogony) which migrate to the salivary gland anel ready to infect
another host. The liver (extraerythrocytic) cyelkds 5 - 15 days whereas
the erythrocytic cycle takes 48 hours or 72 hoBrsnfalariag. Malaria
can be transmitted by transfusion and transplatbgriieigure 3.4).
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Human Liver Stages
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Figure 3.4: Life cycle ofPlasmodium parasite
3.4.1 Clinical Manifestations of Plasmodium parasé

The pathology and clinical manifestations assodiatgh malaria are
almost exclusively due to the asexual erythrocstiage parasites. Tissue
schizonts and gametocytes cause little, if any,
pathology.Plasmodiuninfection causes an acute febrile illness which is
most notable for its periodic fever paroxysms orwyat either 48 or 72
hour intervals”. “The severity of the attack depgndon
thePlasmodiunspecies as well as other circumstances such agdtes

of immunity and the general health and nutritiostatus of the infected
individual. Malaria is a chronic disease which haendency to relapse
or recrudesce over months or even years. The raoshon way to obtain
malaria is through the natural transmission by radgegs”. Malaria can
also be transmitted via blood transfusions or sigarisyringes.
“Mechanical transmission of infected blood will uésin a shorter
incubation period since there will be no liver gadhere is also an
increased risk of fatality with mechanically-tranged P. falciparum
The lack of the liver stage infection also preckidelapses iP.
vivaxor P. ovaleinfections. Congenital transmission has also been
documented, but is believed to be relatively raespide the heavy
infection of the placenta.
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Pathogenesis and Severe Malaria

Pathology associated with all malarial specie®listed to the rupture of
infected erythrocytes and the release of parasatemal and metabolites,
hemozoin (i. e, malaria pigment) and cellular dgbim addition to the
paroxysms discussed above, the deposition of hemdes long been
known as a characteristic feature of malaria. Tieas increased activity
of the reticuloendothelial system, particularlytie liver and spleen and
thus their enlargement, as evidenced by macrophaggbs ingested
infected and normal erythrocytes and hemozoin. fgixcéorP.
falciparum the pathology associated with malaria tends tdodmign.
Several severe complications can be associatedfalgiparum malaria
with cerebral malaria being the most notable arfdequent cause of
death. Cerebral malaria is characterized by an inegpaconsciousness
(Box). The presenting symptoms are severe headémlmved by
drowsiness, confusion, and ultimately coma. Congoks are also
frequently associated with cerebral malaria. Theseurological
manifestations are believed to be due to the sé@ies of the infected
erythrocytes in the cerebral microvasculature. 8stgation refers to the
cytoadherence of trophozoite- and schizont-infeceegthrocytes to
endothelial cells of deep vascular beds in vitglaos, especially brain,
lung, gut, heartand placenta. This sequestratioovigies several
advantages for the parasite. The major advantatlpe iavoidance of the
spleen and the subsequent elimination of infectgdhecytes. In
addition, the low oxygen tensions in the deep &ssuay provide a better
metabolic environment.

Cytoadherence appears to be mediated by the aledtnose
protuberances on the surface of the infected ergihe. These 'knobs' are
expressed during the trophozoite and schizont stagée are formed as a
result of parasite proteins exported to the eryiyi® membrane. Among
humanPlasmodiunspecies, knobs are restrictedPtofalciparumand
thus suggest that the knobs play a role in cytoadioe. In addition, there
is also a good correlation between aniPl@smodiunspecies which
express knobs and exhibit sequestration. Electiorostopy also shows
that the knobs are contact points between thetiediegrythrocyte and the
endothelial cell. The molecular mechanisms of ayt@aence involve
receptor-ligand interactions. In other words, prieexpressed on the
surface of the infected erythrocyte (ligand) witidhto proteins expressed
on the surface of the endothelial cells (recep®EMP-1
(erythrocyte membrane protein) is a parasite pmotghich has been
implicated as the cytoadherence ligand (Box). Intiast to the usually
highly conserved nature of receptor-ligand intecast, PlEMP-1 is a
member of a highly variable yar) gene family with 40-50 different
genes. Several host proteins which possibly funcéie receptors have
been identified (see box below). Many of these Iposteins function in
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cell-cell interactions and are involved in celludahesion. Several studies
have indicated that the expression of diffefefgMP-1 genes is
correlated with different receptor-binding phenayp This antigenic
variation associated with the surface expd®&MP-1 allows the
parasite to evade the immune system. However, theadherence
function is preserved through its ability to recagnmultiple receptors.
This antigenic variation may also account for ddéfg disease outcomes.
For example, intercellular adhesion molecule-1 (MGA) is usually
implicated in cerebral pathology.

Symptoms

The symptomatology of malaria depends on the perag, the presence
of the organism in different organs and the pagasitrden. The
incubation period varies generally between 10 d&@s. As the parasite
load becomes significant, the patient develops ddael lassitude, vague
pains in the bones and joints, chilly sensatiort famer. As the disease
progresses, the chills and fever become more pemiihe chill and
fever follow a cyclic pattern (paroxysm) with thgngptomatic period
lasting 8 - 12 hours. In between the symptomatiods, there is a period
of relative normalcy, the duration of which depeng®n the species of
the infecting parasite. This interval is about 36-hours in the case of
P. vivaxandP. ovale(tertian malaria), and 58 - 60 hours in the cade.of
malariae(quartan malaria). Classical tertian paroxysmiislyaseen irP.
falciparumand persistent spiking or a daily paroxysm is museal. The
malarial paroxysm is most dramatic and frighteniligbegins with a
chilly sensation that progresses to teeth chageomertly shaking chill
and peripheral vasoconstriction resulting in cyaniips and nails (cold
stage). This lasts for about an hour. At the enthf period, the body
temperature begins to climb and reaches 103 -1@@eds F (39 -
41degrees C). Fever is associated with severe btleadanausea
(vomiting) and convulsions. The patient experieneggphoria, and
profuse perspiration and the temperature beginrep.dWithin a few
hours the patient feels exhausted but symptom bes$ remains
symptomatic until the next paroxysm. Each paroxisdue to the rupture
of infected erythrocytes and release of parasites.

Without treatment, all species of human malaria miéignately result in
spontaneous cure except wRhfalciparumwhich becomes more severe
progressively and results in death. This organiaoses sequestration of
capillary vasculature in the brain, gastrointedtinad renal tissues.
Chronic malaria results in splenomegaly, hepatohyegad nephritic
syndromes.
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Diagnosis

Malaria is suspected in persons with a historyedn@ in an endemic area
and presenting symptoms consistent with malarises€hsymptoms,
especially in the early stages of the infectior, mon-specific and often
described as flu-like. As the disease progreskespatient may exhibit
an enlarged spleen and/or liver and anemia. Diagnesonfirmed by
microscopy. Thick blood smears are generally manesisive for the
detection of parasites, whereas thin smears atferplde for species
identification. (See blood-stage morphologyPtdsmodiunspecies.) If
parasites are not found on the first blood smaarécommended to make
additional smears every 6 -12 hours for as long&hbours. A tentative
diagnosis oP. falciparum(numerous and exclusively ring stages) could
constitute a medical emergency, especially in a-inonune person.
Rapid immunochromatographic tests (i.e., dipstidk@3ed on antigen
detection are also available.

Prevention and Control

Strategies for preventing and controlling malanaoilve three different
approaches. Prevention of malaria in individuald generally involve
the reduction of human-mosquito contact through uke of bednets,
repellents, etc. Chemoprophylaxis can also be ussgecially in
travelers. However chemoprophylaxis only suppregsgasitemia and
does not prevent infection. Control activitiesteg tommunity level can
utilize approaches which directly reduce human-mtaegontact as well
as approaches which reduce the total number of uitogs in an area.
Such approaches include the reduction in mosquo#eding grounds (e.g.
environmental modification); target the larva stagath chemical or
biological agents and massive insecticide sprayfog the adult
mosquitoes. Biological control methods include itieoduction of fish
which eat the mosquito larvae or bacteria (Bagillus thuringiensis
which excrete larval toxins. Case detection andtinent is another
potential control method. Identifying and treatingfected persons,
especially asymptomatic individuals, will reduce #ize of the parasite
reservoir within the human population and can lotv@nsmission rates.
However, this can be a relatively expensive apgro@dbese approaches
are not mutually exclusive and can be combined.yMsdrthe successful
control programs include both measures to controkquitoes and
treatment of infected individuals. There is no g method of malaria
control that has proven universally effective. Tlkeidemiologic,
socioeconomic, cultural and infrastructural factofs particular region
will determine the most appropriate malaria cont8dme of the factors
which need to be considered include:

. infrastructure of existing health care services attér resources
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. intensity and periodicity (e g, seasonality) ohsmission

. Mosquito  species (ecological requirements, behaVior
characteristics, insecticide sensitivity, etc.)

. parasite species and drug sensitivities

. cultural and social characteristics of the popatfati

. presence of social and ecological change

The control of malaria in tropical Africa has bgearticularly problematic
because of the high transmission rates and thelble& socio-economic
level. Several studies have shown that insecticeied bednets (ITBN)
reduce the morbidity and mortality associated \wmé#daria. In most areas
the introductions of bednets do not require largarmmtional programs
and their use is readily accepted. This may bearhgue to the reduction
In mosquito nuisance biting. Some questions haea baised in regards
to the economic sustainability of bednet prograiins necessary to re-
treat the bednets with insecticide periodically #melbednets need to be
repaired and replaced as they become torn andomédn addition, some
have raised concerns about the long-term bendfitednets since they
reduce exposure, but do not eliminate it. This céda in exposure may
delay the acquisition of immunity and simply postpamorbidity and
mortality to older age groups.

3.5. Malaria Immunity and treatment

As far as is known, the plasmodia of man will depebnly in female
mosquitoes of the genusnophelesand not in any other arthropod.
Almost any species can be infected with plasmadithe laboratory, but
many species are poor vectors and not natural &oes mosquito to be
efficient vector, it must present certain charastes: (a) it must be
susceptible to infection and present physibemical and nutritional
characteristics suitable for the development o$mpladia; (b) it must bite
man in preference to animals; (c) it must not beafrhuman habitation;
(d) its span of life must be sufficiently long termit sexual development
of the plasmodium. Persons living in endemic adsadevelop immunity
against malaria. Almost always a person will exhgyimptoms during
their initial exposures to malaria. Symptoms asged with subsequent
exposures to malaria are usually less severe, tholige immunity
against malaria is slow to develop and requirestiplel exposures. In
highly endemic areas only young children are agh hsk of developing
severe falciparum malaria whereas older childrenl @dults are
essentially protected from severe disease and .dé#dlwvever, this
Immunity is not a sterilizing immunity in that perss can still become
infected. In addition the immunity is short liveddain the absence of
repeated exposure the level of immunity decreases. example,
previously semi-immune adults will often develowes® malaria upon
returning to an endemic area after being in a natemic area for 1-2
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years”. “This state of partial immunity in whichrpaitemia is lowered,

but not eliminated, and parasitemia is better &bl is sometimes
referred to asPremunition’. Premunition refers to an immunity that is
contingent upon the pathogen being present. Thaumemesponse could
be directed at either the pre-erythrocytic or athtic stages of the
parasite’s life cycle. However, the erythrocytiage of the life cycle is

probably the most important in terms of clearing tharasite and
lessening the disease. Due to the lack of HLA maéscon the surface of
the parasite or the erythrocyte it is usually assdithat antibody will play

a key role in blood-stage immunity”. Possible eféeanechanisms for
antibody include: blocking erythrocyte invasionrbgrozoites, antibody-
dependent cellular killing mediated by cytophiltibodies, or increased
clearance of infected erythrocytes due to bindingntibodies to parasite
antigens exposed on the erythrocyte surface. Athege will result in

lower parasitemia. “The relative importance of thearious mechanisms
is not clear and probably immunity probably regsiitee generation of
antibodies against numerous targets. This, alotig avitigenic variation

and polymorphisms in marBlasmodiumantigens, could explain the
slow development of immunity. The observation tlagtymptomatic

individuals can exhibit high levels of parasiterhas led to the concept
of 'anti-disease immunity'. This would be in adufitio the ‘anti-parasite’

immunity discussed above which results in lowerapaemia. Severe
malaria and death are correlated with TlBnd other proinflammatory
cytokines. As discussed for the paroxysms and calretalaria, antigens
or toxins released by the infected erythrocyte dostimulate the

production of proinflammatory cytokines. Antibodiagainst these exo-
antigens could possibly neutralize their toxic effeand thus lead to an
anti-disease immunity.

Human Genetics and Innate Resistance

Several inherited erythrocyte disorders are foumdd@minantly in
malaria endemic areas and at frequencies muchrtigdue expected. This
has led to speculation that these disorders c@of®@e protection against
malaria. For example, Southeast Asian ovalcytesiie to a mutation in
an erythrocyte membrane protein called band 3. mtion causes the
erythrocyte membrane to become more rigid and mefectory to
merozoite invasion”. “The mechanism(s) by which titber diseases
might confer protection against malaria are notvkmaln most cases it is
presumed or speculated that the combination ofietiect and infection
leads to premature lysis or clearance of the iefkarythrocyte. For
example, glucose-6-phosphate dehydrogenase (G6PBijciedt
erythrocytes would have an impaired ability to Hanokidative stress.
The additional oxidants produced as a result chgiser metabolism and
the digestion of hemoglobin may overwhelm the itédcerythrocyte and
lead to its destruction before the parasite is tblmplete schizogony.
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Sickle cell anemia and thalassemia are also specuf® make the
infected erythrocyte more susceptible to oxidasiress.

Chemotherapy

Several antimalarial drugs are available. Manydiactare involved in
deciding the best treatment for malaria. Thesefadhclude the parasite
species, the severity of disease (e.g. complicated)patient's age and
immune status, the parasite's susceptibility to timags (i.e. drug
resistance), and the cost and availability of drdgeerefore, the exact
recommendations will often vary according to gepgreal region. In
addition, the various drugs act differentially dre tdifferent life cycle
stages. Fast-acting blood schizontocides, whiclupah the blood stage
of the parasite, are used to treat acute infectmasto quickly relieve the
clinical symptoms”. Chloroquine is generally theammended treatment
for patients withP. vivax P. ovale P. malariag and uncomplicated
chloroquine-sensitive. falciparuminfections. Chloroquine is safe and
usually well tolerated. Side effects may includerfus (i.e., itching),
nausea, or agitation. Patients infected with eithesivaxor P. ovale and
that are not at a high risk for reinfection, shoaldo be treated with
primaquine (a tissue schizontocide). Primaquineffisctive against the
liver stage of the parasite, including hypnozo{te=e relapses), and will
prevent future relapses. The combination of chlonog and primaquine
is often calledRadical Cure'.

Severe, or complicated, falciparum malaria is sbssrdisease with a high
mortality rate and must be regarded as life threatg and thus requires
urgent treatment. Treatment typically requires p&®l drug
administrations (i.e. injections) since the paseate often comatose or
vomiting, and thus cannot take the drugs orallyeR&ral formulations
are available for chloroquine, quinine, quinidin@daartemisinin
derivatives. The artemisinin derivatives are gelherthe preferred
choice, but are not yet approved everywhere. Famgie, in the United
States quinine and quinidine are the approved dimgsevere malaria.
Patients need to be continuously monitored for hieaond, parasitemia,
hydration levels, hypoglycemia, and signs of dragidity and other
complications during the course of treatment. A tshwito oral
administration should be made as soon as the p&iable. Most deaths
due to severe malaria occur at or close to honmturations where the
patients cannot be taken to the hospital. Artermsnppositories which
can be administered by village health workers redlge been developed
and have proved to be safe and effective.

The efficacy of chloroquine is greatly diminishey the wide spread

chloroquine resistance &f falciparumand the emergence of
chloroquine-resistar®. vivax If chloroquine therapy is not effective, or
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if in an area with chloroquine-resistant malariamenon alternative
treatments include: mefloquine, quinine in comborat with
doxycycline, or Fansidar®. Derivatives  of  artemisin
(dihydroartemisinin, artesunate and artemether)jrameasingly used in
Asia and Africa and are now recommending as tist lime of treatment
by the World Health Organization”. These drugs wanginally derived
from the wormwood plantArtemesia annyaand have been used for a
long time in China as an herbal tea called quinhaostreat febrile
illnesses. To prevent the high recrudescence ratseciated with
artemisinin derivatives and to slow the developnwmdrug resistance it
iIs recommended that treatment be combined with rarelated anti-
malarial. Drugs used in combination with artemisimiclude mefloquine,
lumefantrine, Fansidar®, and amodiaquine.

Chemoprophylaxis is especially important for pesscinom non-
malarious areas who visit areas endemic for mal&u@h non-immune
persons can quickly develop a serious and lifeati@r@ng disease. As in
the case of treatment there is no standard recoufetien and the choices
for chemoprophylaxis are highly dependent upon twnditions
associated with the travel and the individual per€ohemoprophylaxis
requires the use of non-toxic drugs since thesgsiwill be taken over
extended periods of time. Generally the patienit stért to take the drug
before traveling and then continue taking the dfugng the stay in the
endemic area and continue taking the drug afternigtg”. This is to
insure the drug is maintained at sufficient lewbl®ughout out the visit
and to protect against any infection obtained dyrithe visit.
Unfortunately, many of the effective and non-toxdrugs (e.g.
chloroquine, pyrimethamine, proquanil) are of ledituse because of
drug resistance. Another strategy is presumptivestandby') treatment
to be used in conjunction with prophylaxis. In th&se a person either
forgoes prophylaxis or takes chloroquine or anotk&tively non-toxic
drug for prophylaxis and carries a drug like Faasidnefloquine, or
quinine, which they will take if they start to ekitisymptoms associated
with malaria.

The use of mefloquine for malaria chemoprophylasissomewhat
controversial. Mefloquine is efficacious at prewvegt malaria with a
single does per week, thus offering advantagesugsdthat need to be
administered daily. At this dosage mefloquine iterated by most
individuals. However, some people experience naycpatric adverse
effects such as sleep disturbances and nightmdieis. could be
exacerbated by international travel which is a ssfid event.
Randomized, blinded and controlled trials indidi@ neuropsychiatric
adverse effects are only slightly higher with mgtlme than with other
anti-malarial. Killing the exoerythrocytic stagee(iliver) would prevent
the blood infection and is known as causal proptiglarhis is highly
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desirable in that it limits the amount of time f®phylactic drug needs
to be taken before and after travel to an endenaia. &' he only currently
available drug for causal prophylaxis is primaquiHewever, malaria
prophylaxis is not an approved use of primaquiné simould only be

prescribed for prophylaxis on a case-by-case habisi example, for
persons who frequently have trips of short duratmrighly endemic

areas and that the person does not exhibit gluegs®sphate
dehydrogenase deficiency. Tafenoquine is curreatigergoing field

evaluation for its use in causal prophylaxis.

Drug Resistance

Drug resistance, and in particular, chloroquingéstaace is a major public
health problem in the control of malaria. Drug sémnce is defined by a
treatment failure and can be graded into diffekevetls depending on the
timing of the recrudescence following treatmeng(ffe). Traditionally
these levels of drug resistance have been defimedeasitive (no
recrudescence), RI (delayed recrudescence), Rily(eacrudescence),
and RIIlI (minimal or no anti-parasite effect)”. Aodlified protocol based
on clinical outcome was introduced by WHO in 199@&his protocol the
level of resistance is expressed as adequatealli@sponse (ACR), late
treatment failure (LTF), or early treatment fail(Eel'F) as defined by the
following:

. ACR, absence of parasitemia (irrespective of fesegbsence of
clinical symptoms (irrespective of parasitemia) day 14 of
follow-up

. LTF, reappearance of symptoms or the presence ralsipamia
during days 4-14 of follow-up

. ETF, persistence of clinical symptoms in the preserof

parasitemia during the first 3 days of follow-up

Either protocol can be used to determine drug taesig, but the clinical
outcome protocol is more practical in areas ofriggetransmission where
it may be difficult to distinguish re-infection fmo recrudescence and
where parasitemia in the absence of clinical symgts common. Drug
resistance by either protocol is determined withvivo tests in which
patients are hospitalized and monitored during fatidwing standard
drug treatment”. “There are also in vitro testd iten estimate the level
of drug resistance by determining the efficacy o tirugs again$.
falciparumgrown in culture. The in vivo and in vitro tests kot always
correspond since host immunity and other factorsaféect the in vivo
outcomes. The identification of specific mutationdich might be
associated with drug resistance may also leadetdeirelopment of tests
based on molecular markers.
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Drug resistance develops when parasites with deedesensitivities to
antimalarial drugs are selected under drug presddeereased drug
sensitivity can be conferred by several mechansnisreflects genetic
mutation(s) or polymorphisms in the parasite pojatd. The drug-
resistance parasites will have a selective advantager the drug-
sensitive parasites in the presence of drug ant beilpreferentially
transmitted. Major factors in the development afgdresistance are the
use of subtherapeutic doses of drugs or not comglehe treatment
regimen. The lower drug levels will eliminate theosh susceptible
parasites, but those which can tolerate the drullj necover and
reproduce. “Over time this will lead to a continugsdection for parasites
which can tolerate even higher doses of the diug.drucial to maintain
an adequate concentration of the drug for a sefiiciime to completely
eliminate the parasites from any given individual.

Chloroquine resistance: After its introduction near the end of World
War Il, chloroquine quickly became the drug of awofor the treatment
and prevention of malaria. Not only is chloroquine effective drug--
probably due to its site of action in the food waeuand its interference
with hemozoin formation (see drug action)--busiiaiso relatively non-
toxic and cheap. Two foci of chloroquine resistantalciparumwere
detected in Colombia and at the Cambodia-Thailaowdidr during the
late 1950's. During the 1960's and 1970's, regigtanasites spread
through South America, Southeast Asia, and Indesigance was first
reported in east Africa in 1978 and spread througtie continent during
the 1980's. Chloroquine resistéhtvivaxwas not reported until 1989 in
Papua New Guinea and is now found in several foSidutheast Asia and
perhaps South America. The basis of chloroquinestessce is reduced
chloroquine accumulation in the parasite's foodueée Furthermore,
chloroquine resistance can be partially reversetth wihibitors of P-
glycoprotein (an ABC transporter) which are respmasfor multi-drug
resistance (MDR) in tumor cell lines, thus suggegstia similar
phenomenon may occur ilasmodium Mutations in a MDR-like gene
from P. falciparum(Pfmdrl) were implicated in chloroquine resistance.
However, these mutations are not predictive of idgaine resistance in
all geographical areaBfMDR1 appears to contribute to the degree of
chloroquine resistance, but alone it is insuffitiem confer resistance.
However,PIMDR1 does appear to play a role in resistance titoopgine
and halofantrine and influences the sensitivitgrt@misinin.

Another candidate for the genetic locus of chloibguesistance was
identified through a genetic cross and mapping exm@nt. A 400 kb
region on chromosome 7 was found to segregate whibroquine
resistance and further analysis suggested thagkegiene, calledPfcrt’
was responsible for chloroquine resistance. Outaototal of 10
polymorphisms identified in this gene, only a senglutation is perfectly
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associated with the chloroquine resistance pheeotyjhis mutation
results in a lysine at residue 76 being changed toreonine (K76T).
Several field studies have demonstrated an asgwtibetweerPfcrt-
K76T and chloroquine resistance using both in amd in vitro methods.

It has been recently suggested that there have &ielast 4 founder
mutations in théfcrt gene associated with different geographical
regions: Asia/Africa, Papua New Guinea, Brazil/Reand Colombia.
Presumably the use of chloroquine resulted in thEsequent selection
and spread of the resistant phenotype.

Malaria is a disease cause by which parasite?

Self-Assessment Exercise 2

1. Outline the factors which need to be considered for
appropriate malaria control?
2. Briefly discuss the diagnosis of malaria?

L

In this unit, you have learnt about the medical onmt@nt of blood and
tissue protozoa such as Plasmodium, their etiologgtphology, life

cycle, symptom, pathology, diagnosis, treatment ammhtrol. A

biologically/medically significant blood and tissysotozoan includes
members of the PlasmodiurR.(falciparum P. ovale P. malariaeand

P. vivay. They cause different disease conditions in tieists such
as malaria etc. They can be found in different gat the world

including Africa.

M

Langhorne, J., Ndungu, F.M., Sponaas, A. M. andsiaK. (2008)
Immunity to malaria: more questions than answsedure
Immunology9: 725 - 732

3.6 Summary

3.7 References/Further Readings/Web Sources

Pasvol, G. (2006). The treatment of complicated asevere
malaria.British Medical Bulletin 75-76: 29-47.

Newton, P. and White, N. J. (1999) Malaria: new elegments in

treatment and preventioAnnual Review of Medical Science
50:179.
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White, N. J. (1996). The treatment of malaNaEngl J Me¢ 335:800.
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Recent Advances.pdf

file:///C:/Users/ANDEM%20PHD/Downloads/6 PrintPDFiterToxo
plasma.pdf

https://www.youtube.com/watch?v=KQBE94x5TfE

https://journals.biologists.com/jcs/article/1258%3/33035/0rigin-
composition-organization-and-function-of

https://www.youtube.com/watch?v=cfBZBUTL-mc

https://www.youtube.com/watch?v=VykN1dzjAWE
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LI:: 3.8 Possible Answers to SAEs

Answers to SAEs 1

1. P. vivax benign, simple or tertian malaria.

- P. falciparum aestivo-autumnal, malignant tertian, pernicious
guotidian, sub tertian or tropicalmalaria.

- P. malariae quartan ague, or quartan malaria.

- P. ovale ovale tertian malaria.

2.Premunition refers to an immunity that is continggpon the pathogen
being present. The immune response could be ditetteither the pre-
erythrocytic or erythrocytic stages of the parasitée cycle

Answers to SAEs 2

1. -Infrastructure of existing health care serviceslather resources

- Intensity and periodicity (e.g. seasonality) ofnsanission.

- Mosquito  species (ecological requirements, behavior
characteristics, insecticide sensitivity, etc.)

- Parasite species and drug sensitivities.

- Cultural and social characteristics of the popudati

- Presence of social and ecological change

2. - Malaria is suspected in persons with a historybefng in an
endemic area and presenting symptoms consistemtwataria.

- These symptoms, especially in the early stagdsohtection, are
non-specific and often described as flu-like. As thisease
progresses, the patient may exhibit an enlargeeespand/or liver
and anemia.

- Diagnosis is confirmed by microscopy. Thick bloatears are
generally more sensitive for the detection of paess whereas
thin smears are preferable for species identifmati(See blood-
stage morphology of Plasmodium species.) If pagasdre not
found on the first blood smear it is recommendedntake
additional smears every 6 -12 hours for as long@&hours.

- A tentative diagnosis of P. falciparum (numeroud arclusively
ring stages) could constitute a medical emergeespecially in a
non-immune person.

- Rapid immunochromatographic tests (i.e., dipstickayed on
antigen detection are also available.
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Unit 4 Babesia
Unit Structure

4.1  Introduction

4.2 Intended Learning Outcomes (ILOSs)

4.3 Babesia as a parasite

4.4 Summary

4.5 References/Further Readings/Web Sources
4.6 Possible Answers to SAEs

@ 4.1 Introduction

Babesiosis is a rare zoonotic infection transmitteldy
ticks. Babesiaspecies are blood parasites which infect a widetyaof
wild and domestic animals throughout the
world. BabesiaandTheileriaform a group called the piroplasms, in
reference to intraerythrocytic forms that are pg@ped in some species.
Piroplasms cause tremendous losses of livestoekdemic areas.

@ 4.2

By the end of this lecture unit, students shoulcible to:

Intended Learning Outcomes (ILOS)

o Have a good understanding on blood and tissue zwateuch as
Babesia

4.3 Babesia as a parasite

Babesiosis is the disease caused by Babesia parélsé trophozoite is
very similar to the ring form of th@lasmodiumspeciesBabesia are
more closely related tbheileria Consistent with this molecular data,
none of the smaBabesiain contrast to the largBabesia- appears to be
transmitted transovarially in ticks, suggesting eed for some re-
evaluation of piroplasm classification.
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Self-Assessment Exercise 1

1. Briefly explain the Symptom of Babesia?
2. Briefly explain the Diagnosis of Babesia?

Life cycle

Babesiaexhibits a typical apicomplexan life cycle chaesizted by

merogony, gametogony, and sporogony. The organsgardzoite) is
transmitted by a tick and enters the red cell whietmdergoes mitosis
and the organisms (merozoite) are released totiofeer red cells. Ticks
acquire the organism during feeding on an infectdvidual. In the tick,

the organism divides sexually in the gut and mgganhto the salivary
gland.

Etiology
Babesia microtis the only member of the genus that infects man.
Symptoms

Babesiosis is associated with hemolytic anemiandae, fever and
hepatomegaly, usually 1-2weeks after infection.

Diagnosis

Diagnosis is based on symptoms, patient history datéction of

intraerythrocytic parasite in the patient or tramsdf blood in normal

hamsters which can be heavily parasitized.

Treatment and control

Drugs of choice are clindamycin combined with gu&niThe patient may
recover spontaneously. One should avoid tick exmosund, if bitten,

remove the tick from the skin immediately.

Outline at least four symptoms of Babesiosis.

Self-Assessment Exercise 2

1. Briefly explain the treatment and control of Babesia?
2. Briefly explain the Life cycle of Babesia?
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>

In this unit, you have learnt about the medical Brmogical important
of blood and tissue protozoa such as Babesia,&helogy, morphology,
life cycle, symptom, pathology, diagnosis, treath@erd control. Babesia
species belong to the phylum Apicomplexa, whicludes the protozoan
parasites causing malaria, toxoplasmosis, and @sppridiosis.

n

White, N. J. (2008). Qinghaosu (Artemisinin): ThericB of
SuccessScience320:330-334.

4.4 Summary

4.5 References/Further Readings//Web Sources

Hyde, J.E. (2007). Drug-resistant malaria - anghsFEBS Journal
274: 4688-4698.

Warhust, D. (2001). New developments: chloroquesstance
in Plasmodium falciparunDrug Resistance Updatés141.

Wellems, T. E and Plowe, C. V (2001). Chloroquiasistant malarial
Inf Dis, 184:770.

Wongsrichanalai, C., Pickard, A. L, Wernsdorfer,Mvand Meshnick, S.
R (2002). Epidemiology of drug-resistant malakiancet Infect
Dis, 2:209.
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www.bio.umass.edu/micro/klingbeil/590s/Reading/8a009. pdf

file:///C:/Users/ANDEM%20PHD/Downloads/human-balosss-
ecoepidemiology-diagnosis-and-treatment%20(1).pdf

https://www.youtube.com/watch?v=VykN1dzjAWE

https://www.malariasite.com/transmission/

http://www.emro.who.int/health-topics/leishmanidsidex.html

https://www.youtube.com/watch?v=kZ96iobzVYY
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LI:: 4.6 Possible Answers to SAEs

Answers to SAEs 1

1.

2.

Babesiosis is associated with hemolytic anemiangae, fever
and hepatomegaly, usually 1-2weeks after infection
Diagnosis is based on symptoms, patient historydetdction of
intraerythrocytic parasite in the patient or traesfof blood in
normal hamsters which can be heavily parasitized.

Answers to SAEs 2

1.

80

Drugs of choice are clindamycin combined with gueni The
patient may recover spontaneously.One should diakieéxposure
and, if bitten, remove the tick from the skin imiaidly.

Babesia exhibits a typical apicomplexan life cyctaracterized
by merogony, gametogony, and sporogony. The onganis
(sporozoite) is transmitted by a tick and enteesrdd cell where

it undergoes mitosis and the organisms (merozaite)released
to infect other red cells. Ticks acquire the organiduring feeding
on an infected individual. In the tick, the orgemidivides sexually
in the gut and migrates into the salivary gland.
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Unit 5 Toxoplasma
Unit Structure

5.1 Introduction

5.2 Intended Learning Outcomes (ILOSs)

5.3 Toxoplasma as a Parasite

54  Summary

5.5 References/Further Readings/Web Sources
5.6  Possible Answers to SAEs

@ 5.1 Introduction

This remarkable species ‘Toxoplasma’ was known astantial parasite
of man for many years but its true nature as aid@t was only
discovered not too long ago. It was known to odowall warm- blooded
animals - mammals and birds - but its nature andns®f transmission
remained a mystery.

@ 5.2

By the end of this lecture unit, students shoulcdible to:

Intended Learning Outcomes (ILOS)

o Have a good understanding on blood and tissue zwateuch as
Toxoplasma

5.3 Toxoplasma as a Parasite

The two stages known were the trophozoite and jis¢ @lso known
as a pseudocyst (seebelow). The trophozoitesinteaeellular parasites
which could invade almost any nucleated cell witthie host(Figure
5.3a)The cysts had well-formed walls and contained isyas which
multiplied within the cysts, as many as 1000-30@faaisms being found
within a single cyst. The trophozoite and the «yftrm appeared to be
almost identical in morphology, but they exhibitesl striking
physiological difference in that the trophozoitesre rapidly killed in
acid pepsin whereas the cystic forms could surtiveur of acid pepsin
digestion. This physiological difference should égrovided a clue to
the life cycle as it suggested that there was thdéurdevelopment of an
intestinal phase inthe life cycle. This, in faptoved to be the case
when workers in a number of different countriesmadt
simultaneously, pieced together the puzzle and seHothatT gondi
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developeda sexual stage in the intestine of aandtwas, in fact, a

coccidian closely related to (but not identicalda)lsospora species. This
discovery revolutionized this area of protozool@nd opened the door
to the solution of the taxonomy of several others.

Figure 5.3a: Toxoplasmayondii, trophozoites in macrophage
Epidemiology

Toxoplasma has worldwide distribution and 20%%6 of the population
is seropositive without any symptomatic episodewkheer, the infection
poses a serious threat in immunosuppressed indilgdand pregnant
females.

Morphology
The intracellular parasites (tachyzoite) are 3x&rams, peashaped
organisms that are enclosed in a parasite memhiarfierm a cyst

measuring 14100 microns in size. Cysts in cat feces (oocysts)a 13
microns in diameter.
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Life cycle

The natural life cycle oflf. gondii occurs in cats and small rodents,
although the parasite can grow in the organs (begjie, skeletal muscle,
etc.) of any mammal or birds. Cats get infectednggestion of cysts in
flesh. Decystation occurs in the small intestinad ahe organisms
penetrate the sub mucosal epithelial cells wheey tmdergo several
generations of mitosis, finally resulting in thevdmpmentof micre
(male) and macro(female) gametocytes. Fertilized magametocytes
develop into oocysts that are discharged into ttidugnen and excreted.
Oocysts sporulate in the warm environment andrdegiious to a variety
of animals including rodents and man. Sporozoitdeased from the
oocyst inthe small intestine penetrate the imestnucosa and find their
way into macrophages where they divide very rap{ignce the name
tachyzoites) and form a cyst which may occupy thele cell. The
infected cells ultimately burst and release théyaoites to enter other
cells, including muscle and nerve cells, where @reyprotected from the
host immune system and multiply slowly (bradyzgitdhese cysts are
infectious to carnivores (including man). Unlessineeaten by a cat, it
is a deaeend hostFigure 5.3b).

Self-Assessment Exercise 1

1. Briefly explain the Epidemiology of Toxoplasma?
2. Briefly explain the Morphology of Toxoplasma?
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Figure 5.3k Life cycle ofToxoplasma gondii
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Etiology

Toxoplasmosis is the disease caused by Toxoplasma parasite.
Toxoplasma gondis the organism responsible for toxoplasmosis

Symptoms

Although Toxoplasma infection is common, it rarplpduces symptoms
in normal individuals. Its serious consequencesliamged to pregnant
women and immunodeficient hosts. Congenital indeaioccur in about
1-5 per 1000 pregnancies of whichlB8% result in miscarriage and 8
10% result in seriousbrain and eye damage todhes f1013% of the
babies will have visual handicaps. AlthoughA8% of infected women
will give birth to a normal offspring, a small pragion of babies will
develop active retinghorditis or mental retardation in childhood or
young adulthood. In immunocompetent adults, tox&plasis may
produce flulike  symptoms, sometimes  associated  with
lymphadenopathy. In immunocompromised individugifgction results
in generalized parasitemia involvement of braimedilung and other
organs, and often death.

Immunology

Both humoral and cell mediated immune responsesstamulated in
normal individuals. Celmediated immunity is protective and humoral
response is of diagnostic value.

Diagnosis

Suspected toxoplasmosis can be confirmed by isolaif the organism
from tonsil or lymph glandbiopsy.

Treatment

Acute infections benefit from pyrimethamine or ddgiazine.
Spiramycin is a successful alternative. Pregnannem are advised to
avoid cat litter and to handle uncooked and undgeed meat carefully.

Organism responsible for Toxoplasmosis is called?

Self-Assessment Exercise 2

1. Briefly explain the Symptoms of Toxoplasma?
2. Briefly explain the Immunology of Toxoplasma?
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” 5.4

In this unit, you have learnt about the medical Brmogical important

of blood and tissue protozoa such as Toxoplasmeair tétiology,
morphology, life cycle, symptom, pathology, diagspd¢reatment and
control. Toxoplasma gondis a coccidian parasite which infects humans
as well as a wide variety of mammals and birdexHibits a predator-
prey type life cycle and felines are the only difre host. Toxoplasmosis

is found throughout the world (except extremelydami dry climates) and
tends to be more prevalent in tropical climates.

M

Hil, D and Dubey, J. P. (2002)oxoplasma gondii transmission,
diagnosis and preventio@linical Microbiology and Infection
8:634-640.

Summary

5.5 References/Further Readings/Web Sources

Hill, D. E., Chirukandotha, S and Dubey, J. P. @0®iology and
epidemiology ofToxoplasma gondin man and animal&nimal
Health Research Review&41-61

Montoya, J. G. and Liesenfeld, O. (2004). ToxoplasisiThe Lancet
363:1965-1976.
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composition-organization-and-function-of
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https://www.youtube.com/watch?v=cfBZBUTL-mc

https://www.youtube.com/watch?v=VykN1dz]AWE

https://www.malariasite.com/transmission/

LI:: 5.6 Possible Answers to SAEs

Answers to SAEs 1

1. Toxoplasma has worldwide distribution and 20% of the
population is seropositive without any symptomatisode.
However, the infection poses a serious threat in
immunosuppressed individuals and pregnant females.

2. The intracellular parasites (tachyzoite) are 3x6crans, pear
shaped organisms that are enclosed in a parasitebngne to
form a cyst measuring 1000 microns in size. Cysts in cat feces
(oocysts) are 1013 microns in diameter.

Answers to SAEs 2

1. Although Toxoplasma infection is common, it rarplpduces
symptoms in normal individuals. Its serious congeges are
limited to pregnant women and immunodeficient h@&&bsgenital
infections occur in about-% per 1000 pregnancies of which 5
10% result in miscarriage and-80% result in seriousbrain and
eye damage to the fetus.-18% of the babies will have visual
handicaps. Although 580% of infected women will give birth to
a normal offspring, a small proportion of babieslivdevelop
active retinechorditis or mental retardation in childhood or
young adulthood. In immunocompetent adults, toxaptesis may
produce flulike symptoms, sometimes associated with
lymphadenopathy. In immunocompromised individualgction
results in generalized parasitemia involvementrairg liverlung
and other organs, and often death.

2. Both humoral and cell mediated immune responsestarailated
in normal individuals. Celmediatedimmunity is protective and
humoral response is of diagnostic value.

Glossary

DNA = Deoxyribonucleic acid
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AIDS = Acquired Immunodeficiency syndrome
ATP = Adenosine Triphosphate

STD = Sexually Transmitted Diseases

ACR = Adequate clinical response

LTF = Late treatment failure

ETF = Early treatment failure

MDR = Multi-drug resistance

ABC = ATP-binding cassette

End of the module Questions

1. There are two clinical forms of African trypanosasis(True or

False)

2. Leishmaniasis is the disease caused by Leishnfania or False)

3. Four Plasmodiumspecies are responsible for human malaria
(True or False)

4. Babesia microtis the only member of the genus that infects man

(True or False)
5. Toxoplasmosisis the disease caused by Toxoplasma parasite
(True or False)
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Module 3 Luminal Protozoa

Module Structure

In this module we will discuss about the blood ahidsue Protozoa
with the following units:

Unit 1 Amebae

Unit 2 Giardia

Unit 3 Trichomoniasis

Unit 4 Blastocystidiominis
Unit 5 Dientamoeba fragilis
Glossary

End of the module Questions

Unit 1 Amebae
Unit Structure

1.1  Introduction

1.2 Intended Learning Outcomes (ILOS)

1.3 Amebae as a parasite

1.4  Other species of Entamoeba

1.5 Summary

1.6  References/Further Readings/Web Sources
1.7 Possible Answers to SAEs

&
™ 1.1 Introduction

Species of Entamoeba have been found in a numhbaveftebrate and
vertebrate hosts. Five species of the genus Entaanodect manE.
histolytica a species which is sometimes pathogenic in teewa and
colon; E. hartmannj a harmless species closely relatedk tdnistolytica
and not regarded as a separate species by somerg,dek coli, a
harmless specie&. gingivalis in the mouth; and. poleckj a species
rare in man and probably normallyoccurring in pigke relationship
between these species is complicated by the disgave numerous
strains' of some species.

Infections ofEntamoeba histolyticaommonly result in amoebiasis, the
term ‘histolytica' literally meaning ‘tissue-dissal, referring to the
potential carnivorous habits of this organism. Thealification
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potentially is stressed, for a high percentage nofividuals infected

with entamoebae show no symptoms of disease. V¢heieal symptoms

result, the disease isreferred to as invasive brasis; the non-invasive
infection is sometimes called lumenalamoebiasis.

@,

At the end of this lecture unit, students should:

Intended Learning Outcomes (ILOS)

o Be acquinted with genera and species of protozodwas
constitutes luminal protozoans

o Know protozoans parasitizing other organs aside fotood and
intestines

o Know their epidemiology, morphological, charactecs and life
cycle.

1.3 Amebae as a parasite

Several members of the gerfastamoebanfect humans. Among these
only E. histolyticais considered pathogenic and the disease it casises
called amebiasis or amebic dysenteB:. disparis morphologically
identical toE. histolyticaand the two were previously considered to be
the same species. The two species are found thoatghe world, but
like many other intestinal protozoa, they are mowenmon in tropical
countries or other areas with poor sanitary coond It is estimated that
up to 10% of the world's population may be infecteith eitherE.
histolyticaor E. disparand in many tropical countries the prevalence may
approach 50%. There are an estimated 50 millioascatamebiasis per
year and up to 100,000 deaths.

Epidemiology

The population of about 0.5 to 50% worldwide hasbér histolytica
parasites with the higher rates of infection beingunderdeveloped
countries. 1 to 3% of the populations of the USA afected. Infection
Is associated with poor hygiene. Humans are threcipal host, although
dogs, cats androdents may be infected.

Morphology
Trophozoite: This form has an ameboid appearance and is ysL&BO

micrometers in diameter, although more invasivaissrtend to be larger.
The organism has a single nucleus with a distiectwmall central
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karyosome. The fine granular endoplasm may contaigested
erythrocytes. The nuclear chromatin is evenly iiated along the
periphery of the nucleusigure 1.39.

Cyst

Entamoeba histolyticaysts are spherical, with a refractile wall; the
cytoplasm contains darkstaining chromatoidal b®died 1 to 4 nuclei
with a central karyosome and evenly distributedgberal chromatin.

Life cycle

Infection occurs by ingestion of cysts on fecalpnaminated food or
hands. The cyst is resistantto the gastric enment and passes into
small intestine where it decysts. The metacystéiwiinto four and then
eight amoebae which move to the large intestinée Tajority of the
organisms are passed out of the body with the fieagsvith larger bolus
of infection, some amebae attach to and invadentiieosal tissue
forming "flask-shaped" lesions (bomb craters). ©hganisms encyst for
mitosis and are passed through with feces. Them® imtermediate or
reservoir hostsHigure 1.3h).

Self-Assessment Exercise 1

1. Briefly explain the Immunology of Amebae parasite?
2. Briefly explain the treatment and control of Amebae
parasite?

AMEBIASIS (amebic dysentery, amebic hepatitis) is the diseassed
by Entamoeba parasite

Etiology

E. histolyticais the major cause of amebic dysentery.

Symptoms

Acute: Frequent dysentery with necrotic mucosa and alrpain.
Chronic: Recurrent episodes of dysentery with blood andusun the
feces. There are intervening gastrointestinal disiinices and
constipation. Cysts are found in the stool. Theanrgm may invade the

liver, lung and brain where it produces absceskas result in liver
dysfunction, pneumonitis, and encephalitis.
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Pathology

Intestinal ulcers (craters/flasks) are due to erationdegradation of
tissue. The infection may result in appendicitisyfpration, stricture
granuloma, pseudo-polyps, liver abscess; sometiona®, lung and
spleen abscesses can also occur. Strictures amnaigppelyps result
from thehost inflammatory response

Trnphnm"e Cvst Nucleus of C]fSt

psuedopod

endosome condensed chromatin

oL

feeding vacoule filled with a RBC Entamoeba histolytica endosome

Figure 1.3a Trophozoite and Cyst &. histolytica

= Non Invasise Colonizaton

A = Intectve Stage
A\ = Diagnossc Stage

= Intastinal Disease

ol

= Extra-intastinal Dissase

Figure 1.3l Life cycle ofE. histolytica
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Immunology

There is an antibody response after invasive iidiec{liver abscess
or colitis) but it is of questionable sificance in immunity, as there is
recurrence of enteric episodes in these patients.

Diagnosis

Symptoms, history and epidemiology are the keydiagnosis. In the
laboratory, the infection is confirmed by findingsts in the stoolE.
histolyticainfection is distinguished from bacillary dysenténythe lack
of high fever and absence PMN leukocytosis. Distimcmust be made
from other non-pathogenic intestinal protozaag( Entamoeba coli,
Entamoeba hartmanni, Dientamoeba fragilis, Endokmanana,
lodamoeba buetschlii, ejc.

Treatment

lodoquinol is used to treat asymptomatic infectiamsl metronidazole
is used for symptomaticand chronic amebiasisutioly extra-intestinal
disease.

Highlight at least four Luminal protozoa that aigngficant to human
health.

1.4 Other species of Entamoeba
Entamoeba coli

This is a non-pathogenic species whose distributsrworld-wide,
occurring in some 30 per centof the world's pojara It is found in the
large intestine and distinguished frobh histolyticdby a number of
features, chief of which are: (a) it has slower pmoent; (b) its
pseudopodium is mainly coarser and not clear hiet 6fE. histolytica
(c) its nucleus is coarser and with an eccentriydsome (d) it has a
larger number of food vacuoles. The precystic stagee difficult to
distinguish from those d&. histolytica critical observationof the nucleus
being necessary. The cysts, however, are easibréiftiated from those
of E. histolyticaby having eight nuclei and the chromatoid bodidschy,
when present, have splintered, but never roundeds.e. coli is
entirely a scavenger, feeding on bacteria andtdstin the large
intestine. It is not capable of eroding the int&gtimucosa, but, as an
indiscriminate feeder, may phagocytose blood ¢ellese are available.

Entamoeba gingivalis

A common parasite of the human mouth; related sgeoccur in the
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mouths of dogs, horses and donkeys. The spacesdmetine teeth and
the soft pits of the gums offer ideal surfacesaimoebae, because in these
sites bacteria and detritus aboukdgingivalisresembleg. histolytica

it has a crystal-clear ectoplasm and moves, agti4sl food vacuoles are
usually numerous and contain bacteria, leucocytelsogcasionally red
cells. The pathogenicity of this species has loagnba matter of dispute
and has never been established.

Entamoeba pol ecki

This is a species which normally occurs in pigforins uninucleate cysts
and shows some morphological differences from yise@E. histolytica

It is generally considered to be a rare parasitmafh but may be more
common than supposed.

Entamoeba moshkovskii

This species is not an animal parasite, but it roagveniently be
discussed with the other forms. It is a free-livepgcies, which was first
discovered in sewage:-disposal plant in Moscow had since been
shown be of world-wide occurrence. A large numbest@ins have been
identified. Morphologically it closely resemblEs histolyticathroughout
life cycle, including encystment and metacystic elepment, differing
from it only in details. Yet all experiments to&slish this species in rats
or amphibians, animals which might act as hostseivage beds, have
failed, and there seems no doubt that it is aelfueng form.

Entamoeba invadens

This species is increasingly being used as an ewpatal model for the
study of amoebiasis. This is partly on accountt®fresemblance t&.
histolyticaand partly because it causes invasiveamoebiaseptiles. It
is probably relatively harmless in turtles, whicraynhave been the
original hosts," but is highly pathogenic to snakesich may die within
two weeks.

Entamoeba ranarnm

The morphology of this species is indistinguishabyem that of E.
histolytica It is commoner in tadpoles than adult frogs.

Mention the drugs used in treating Amebiasis.
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Self-Assessment Exercise 2

1. Briefly explain Entamoeba invadens?
2. Briefly Explain the Diagnosis of Entamoeba parasite?

” 1.5

In this unit, you have learnt about the protozgaarasitizing other organs
aside from blood and intestines, their epidemiojogyrphological
characteristics and life cycle.

Summary

The major difference is that humans are the onlysthtorE.
histolyticaand there is no possibility of zoonotic transnuasiControl is
based on avoiding the contamination of food or waith fecal material.
Health education in regards to improving persongjidne, sanitary
disposal of feces, and hand washing are partiguédféctive. Protecting
water supplies will lower endemicity and epidemics.

M

Chandler, A.C. (1961)Introduction to ParasitologyJohn Wiley and
Sons, New York, pp. 98

1.6 References/Further Readings/Web Sources

Coombs, G. H and North, M. J. (199B)ochemical protozoologyraylor
and Francis, London, pp.109

Kreier, J (1977)Parasitic protozoaAcademy Press, New York, pp.67

Mehlhorn, H (1988).Parasitology in focus Springer-Verlag, Berlin,
pp.76

Smyth, J. D. (1994)Animal Parasitolog\drd edition, Cambridge
University Press, pp.89

https://www.mrsd.org/cms/lib/NH01912397/Centricid@main/245/am
oeba%?20reading.pdf

file://IC:/Users/ANDEM%20PHD/Downloads/2008-SmirRov
AmoebasLobose-
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EncyclopediaofMicrobiologyMoselioSchaechterEdpp558-
5770xfordElsevier.pdf

https://www.cartercenter.org/resources/pdfs/heathii/library/lecture

notes/health_science_students/medicalparasitoldfyy.p

https://www.thieme-connect.com/products/ejournaii®.1055/s-
2007-995398.pdf

https://www.youtube.com/watch?v=ByhuOQ5WO7Q

https://www.youtube.com/watch?v=-EGTyu8nD34

https://www.youtube.com/watch?v=cpu9PRIEYWY

https://www.youtube.com/watch?v=CQmalFflYYU
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LI:: 1.7 Possible Answers to SAEs

Answers to SAEs 1

1.

There is an antibody response after invasive imdact(liver
abscess or colitis) but it is of questible significance in
immunity, as there is recurrence of enteric episode these
patients.

lodoquinol is used to treat asymptomatic infectioasd
metronidazole is used for symptomaticand chromelkiasis,
including extra-intestinal disease.

Answers to SAEs 2

1.

96

This species is increasingly being used as an @xpeetal model
for the study of amoebiasis. This is partly on actoof its
resemblance to E. histolytica and partly becausaiises invasive
amoebiasis in reptiles. It is probably relativelgrimless in turtles,
which may have been the original hosts,' but iflyiggathogenic
to snakes, which may die within two weeks.

Symptoms, history and epidemiology are the keggfmosis. In
the laboratory, the infection is confirmed by fimglicysts in the
stool. E. histolytica infection is distinguishedorft bacillary
dysentery by the lack of high fever and absence Rkbcytosis.
Distinction must be made from other non-pathogeniestinal
protozoa (e.g. Entamoeba coli, Entamoeba hartmanni,
Dientamoeba fragilis, Endolimax nana, lodamoeba t&cidii,
etc.).
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Unit 2 Giardia
Unit Structure

2.1 Introduction

2.2 Intended Learning Outcomes (ILOS)

2.3 Giardia as a parasite

2.4  PostGiardia Lactose Intolerance

2.5 Summary

2.6  References/Further Readings/Web Sources
2.8  Possible Answer to SAEs

N
@ 2.1 Introduction

A flagellate of this genus is quite unlike any lo¢ other species in shape
or habits. It has been described in front view askihg like a 'tennis
racquet without a handle' and it has a comicak4d® appearance. “The
body is a 'tear-drop shaped' with a convex donsdhse and aconcave
ventral one. The latter possesses two depresssamsetimes termed
adhesive discésuckers) which make contact with the intestindlisocef
the host. A single or doublaedian bodyunique to this genus, is found
just below the adhesive discs”. Species of Giaadeconfined in their
distribution to the small intestine, particularthetduodenum, occasionally
invading the bile ducts. In severe infections thegy carpet large areas
of the mucosa. Nutritionally the duodenum is theheist habitat in the
alimentary canal and, as mentioned above, the mgamakes very close
contact with the mucosa.

@ 2.2

At the end of this lecture unit, students should:

Intended Learning Outcomes (ILOS)

o be acquinted with the genera and species of prateszdhat
constitutes luminal protozoans such as Giardia

o know protozoans parasitizing other organs aside fiobood and
intestines

) Know their epidemiology, morphology, characteristiand life
cycle.
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2.3 Giardia as a parasite

Giardiasis (lambliasis) is the disease caused lydparasite. Giardia
exhibits perfect bilateral symmetry, and there @oable sets of nuclei,
flagella and kinetosomes. Each nucleus has beewrsio contain a
haploid number of chromosomes. Ultrastructuralistidhow that the so-
called adhesive disc is in fact a structure compp@gesupportive, rather
than contractile, elements which remain a fixedosh#he term 'striated’
disc has been suggested. The median body suphbyfimaembles the
axostyle of trichomonads, but the organisatiorhefrnicrotubules which
compose it, and the fact that the body is not abmaresent, make it a
distinctive structure. No structures identifiabke rmitochondria, smooth
endoplasmic reticulum or Golgi complex have beemiidied in Giardia.
The central flagella are'ribbon-like’, and thusrpimlogically adapted
to their suggested pumping function. Studies widtrifin have
demonstrated that particulate material can be teddsy pinocytosis.

Etiology
Giardia lamblia(a flagellate)
Epidemiology

Giardia has worldwide distribution and is not uncommon iouth
Carolina. It is the most frequent protozoan intestdisease in the US and
the most common identified cause of water- borseale associated with
breakdown of water purification systems, drinkimgni contaminated
streams, travel to endemic areas (Russia, IndiakyrRbountains, etc.)
and day care centers.

Morphology

Trophozoite: Giardia is a 12 to 15 micrometer, half pear-shaped
organism with 8 flagella and 2 axostyles arrangealbilateral symmetry.
There are two anteriorly located large suction glisEhe cytoplasm
contains two nuclei and two parabasal bodies.

Cyst: Giardia cysts are 9 to 12 micrometer ellipsoidal cells wittmooth
well-defined wall. Thecytoplasm contains four reicknd many of the
structures seen in the trophozoifegure 2.33.

Life cycle
Infection occurs by ingestion of cysts, usuallycontaminated water.

Decystation occurs in the duodenum and trophozgitephs) colonize
the upper small intestine where they may swim freekttach to the sub-
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mucosal epithelium via the ventral suction disce Tree trophozoites
encyst as they move down stream and mitosis tale® mluring the
encystment. The cysts are passed in the stool. iM#me primary host
although beavers, pigs and monkeys are also ifectd serve as
reservoirs cigure 2.3b).

In-Text Question (ITQ)

Outline atleast four gastro-intestinal disturbances associated with
giardiasis?

Answer

Flatulence, bloating, anorexia, cramps, and folilsa belching

GIARDIA INTESTINALIS

Trophozoite Cyst

Figure 2.3a Trophozoite and Cyst @iardia lamblia
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y Trophozoites __
~insmall intestine

MAN
_. v
[ngestion of mature Cysts, trophozoites

cysts (Infective stage) in faeces

 EXTERNAL ENVIRONMENT |

\ / Trophozoites
\ ~ disintegrate

“Cysts survive, —
in water, food

Figure 2.3l Life cycle ofGiardia lamblia

Self-Assessment Exercise 1

1. Outline the clinical features associated
with Giardia infection?

2. Giardiais distributed worldwide and is not uncommon
country?

Symptoms and Pathogenesis

The clinical features associated with Giardia ititet range from total
latency (ie, asymptomatic), to acute self-resolviligrrhea, to chronic
syndromes associated with nutritional disorderdgitdoss and failure
to thrive. Children exhibit clinical symptoms mdrequently that adults
and subsequent infections tend to be less sevareitiitial infections.
The incubation period is generally 1-2 weeks, lauges of 1-75 days
have been reported. The first signs of acute gaarslinclude nausea, loss
of appetite and an upper gastro-intestinal uneasin€hese signs are
often followed or accompanied by a sudden onsetxpfosive, watery,
foul-smelling diarrhea. Stools associated with Gieinfection are
generally described as loose, bulky, frothy andfeasy with the absence
of blood or mucus, which may help distinguish giasd from other acute
diarrheas. Other gastro-intestinal disturbancesces®d with giardiasis
include: flatulence, bloating, anorexia, crampsl foul sulfuric belching
(sometimes called ‘'purple burbs'). The acute staggally resolves
spontaneously in 3 - 4 days and is often not reizedras being giardiasis.
Occasionally, though, an acute infection will pstsand lead to
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malabsorption, steatorrhea (excessive loss ofnfahe feces), debility
(loss of strength) and weight loss. Some of théviddals who resolve
the acute symptoms do not clear the infectionpleegbme asymptomatic
cyst passers without clinical manifestations, wherethers may have a
few sporadic recurrences of the acute symptomsteAruections can
also develop into long-standing subacute or chrorfections which in
rare cases last for years. The typical chronicesfagient presents with
recurrent brief episodes of loose foul stools whichy be yellowish,
frothy and float, accompanied by intestinal gurglinabdominal
distention and flatulence. Between episodes th@stoe usually mushy,
but normal stools or constipation can also occuan@ps are uncommon
during chronic infections, but sulfuric belching frequent. Anorexia,
nausea, and epigastric uneasiness are additioequent complaints
during chronic infections. In the majority of chiortases the parasites
and symptoms spontaneously disappear.

The specific mechanisms Gliardia pathogenesis leading to diarrhea and
intestinal malabsorption are not completely undedtand no specific
virulence factors have been identified. Attachnudrtrophozoites to the
brush border could produce a mechanical irritaiomucosal injury. In
addition, normal villus structure is affected imsopatients. For example,
villus blunting (atrophy) and crypt cell hypertrgpand an increase in
crypt depth have been observed to varying degidesincrease in crypt
cells will lead to a repopulation of the intestiglithelium by relatively
immature enterocytes with reduced absorptive céipaciAn increased
inflammatory cell infiltration in the lamina projrhas also been observed
and this inflammation may be associated with the
pathology.Giardia infection can also lead to lactase deficiency (see
lactose intolerance below) as well as other enzgefeciencies in the
microvilli. This reduced digestion and absorptidrsolutes may lead to
an osmotic diarrhea and could also explain the Insalgtion syndromes.
Thus far, no single virulence factor or unifying chanism explains the
pathogenesis of giardiasis.

Immunology

There is some role for IgA and IgM and there isréased incidence
of infection inimmunodeficient patients.(.AIDS).

Diagnosis

Diagnosis is confirmed by finding cysts or trophibegs in feces or in
duodenojejunal aspirates or biopsies. Detectiothefparasites can be
difficult sinceGiardia does not appear consistently in the stools of all
patients. Some patients will express high levelsysts in nearly all the
stools, whereas others will only exhibit low patasiounts in some of the
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stools. A mixed pattern, in which periods of higtst excretion alternate
with periods of low excretion, has also been obsgrvn addition,
parasites are easier to find during acute infesttban chronic infections.
Aspiration and biopsy may also fail to confirm th&ection due to patchy
loci of infection, and some question the usefulneSshese invasive
procedures. Stool examination is the preferred atkth
for Giardia diagnosis. Three stools taken at intervals ogast two days
should be examined. Watery or loose stools may amonimotile
trophozoites which are detectable by the immedatamination of wet
smears. Otherwise the specimen should be presanedtained due to
trophozoite liability. The hardier cysts are ralaty easy to recognize in
either direct or stained smears. In addition, dosfgiec kits based on
immunofluorescence or the detection of copro-ansge also available.
Diagnosis can also be made by examining duodenidlffbr trophozoites.
Duodenal fluid is obtained by either intubationtioe Enterotest® (also
called 'string test’). The Enterotest® consists aofgelatin capsule
containing a nylon string of the appropriate lengthe free end of the
string is taped to the patient's face and the dapsuswallowed. After
four hours to overnight the string is retrieved #mel bile-stained mucus
on the distal portion of the string is scrapedanifi examined by both wet
mount and permanent staining. A small intestinapby, preferably from
multiple duodenal and jejunal sites, may also retrephozoites attached
to the intestinal epithelium. The small intestiaalivided into 3 sections:
the duodenum (first or proximal portion after ttiensach); the jejunum
(the middle portion); and the ileum (the distallast portion before the
large intestine).

Treatment and Control

Infected individuals should be treated siiardia can persist and lead
to severe malabsorption syndromes and weight ldssatment is
effective at reducing morbidity and there are nqusdae. Metronidazole
(Flagyl®), although not licensed in the United 8taffor giardiasis,
effectively clears the parasite (cure rates appnatkely 85%) and is the
drug of choice. The recommended dosage is 750 reg times per day
for five days (or at least >3 days). For childrénmig/kg/d in three doses
is recommended. Other effective drugs include: agrime (Atabrine®),
tinidazole (Fasigyn®), furazolidone (Furoxone®),daparamomycin
(Humatin®). Tinidazole is effective as a single twggam dose;
paramomycin is not absorbed and may be useful glymiagnancy. The
widespread distribution dbiardia and the infectivity of the cysts make it
unlikely that human infection will be completelyiminated. Control
measures to prevent or redusmrdia infection will depend on the
specific circumstances of transmission, but in ga&n@volve measures
which prevent the ingestion of substances contameuhavith fecal
material. Health promotion and education aimedrgiroving personal
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hygiene, and emphasizing hand washing, sanitamohfaod handling,
are effective control activities for the reductioh person-to-person
transmission. Special attention to personal hygierégh-risk situations
such as day-care centers and other institutiongesled”. Treatment of
asymptomatic household members prevents reinfeatioron-endemic
areas. However, the value of treating asymptomeditiers in hyper
endemic communities is questionable since reirdactites are high. The
socio-economic situation in many developing coastmakes it difficult
to prevent infection. Public health measures togmtavater supplies from
contamination are required to prevent epidemics &odreduce
endemicity. Tourists should not drink tap water hoiit additional
treatment in places where purity is questionableilii®) or iodine
treatment killsSGiardia cysts, but standard chlorination does not. There
are no safe or effective chemoprophylatic druggfardiasis.

2.4. PostGiardia Lactose Intolerance

Some patients may present with lactose intolerambering
activeGiardia infections which can persist after parasite cleega This
clinical manifestation is due to the parasite-iretlitactase deficiency and
IS most common in ethnic groups with a predispositfor lactase
deficiency. Lactase is an enzyme that breaks daato$e, a sugar found
in milk, to monosaccharide’s which can be absorbgkis lactose
intolerance syndrome should be considered in psradmo still present
mushy stools and excessive gas following treatmént, have no
detectable parasites.

Giardiasis (lambliasis) is the disease caused bhghwarasite?

Self-Assessment Exercise 2

1. Outline atleast three diagnosis associated
with Giardia infection?
2. Highlight the usefulness of lactose in Giardia?

p 2.5

In this unit, you have learnt about Giardia, thepidemiology,
morphology, characteristics, life cycle, symptompathogenesis,
immunology, treatment and contrdbiardia lamblia is a protozoan
parasite that colonizes the upper portions of thallsintestine. It has a
worldwide distribution and is the most common praian isolated from
human stools. The incidence is estimated at 20@omitlinical cases per
year. In fact, it was probably the first symbigtiotozoan ever observed.

Summary
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LI:: 2.7 Possible Answers to SAEs

Answers to SAEs 1

1.

2.

The clinical features associated with Giardia irtfen range from
total latency (i.e. asymptomatic), to acute seffateing diarrhea,
to chronic syndromes associated with nutritionabdders, weight
loss and failure to thrive.

South Carolina

Answers to SAEs 2

- Diagnosis is confirmed by finding cysts or tropbites in feces
or in duodenojejunal aspirates or biopsies.

Detection of the parasites can be difficult sindar@a does not
appear consistently in the stools of all patie@sme patients will
express high levels of cysts in nearly all the Istoghereas others
will only exhibit low parasite counts in some o gtools.

A mixed pattern, in which periods of high cyst ekon alternate
with periods of low excretion, has also been obeerin addition,
parasites are easier to find during acute infecidhan chronic
infections.

Lactase is an enzyme that breaks down lactosegar $aund in
milk, to monosaccharide’s which can be absorbeds Tdctose
intolerance syndrome should be considered in persemo still
present mushy stools and excessive gas followeagnrent, but
have no detectable parasites.
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Unit 3 Trichomoniasis
Unit Structure

3.1 Introduction
3.2 Intended Learning Outcomes (ILOSs)
3.3  Trichomoniasis as a parasite

3.3.1 Distinctive feature of the Trichomonads
3.4 Summary
3.5 References/Further Readings/Web Sources
3.6  Possible Answer to SAEs

N
Ig 3.1 Introduction

The trichomonads are a group of flagellated praaoz@ost of the
members of this group are parasitic and only a fi@&-living species
have been identified. Generally the trichomonads rawn-pathogenic
commensals and only a few species are of importan@nimals and
humans. Four species of trichomonads infect humansong these
only Trichomonas vaginaliss clearly pathogenic and it is usually of low
virulence. The others exhibit a questionable pathamty.

S

At the end of this lecture unit, students should:

Intended Learning Outcomes (ILOS)

o be acquinted with the genera and species of pratezdhat
constitutes luminal protozoans such a Trichomosiasi
o Know their epidemiology, morphology, characteristilife cycle,

symptoms, diagnosis, treatment and control.

3.3 Trichomoniasis as a parasite

Trichomoniasis is the disease caused by this osganihe trichomonads
of humans inhabit different anatomical locatiofis. vaginalisis a
common sexually transmitted disease found in tleegenital tract.T.
tenax also calledr. buccalis is a commensal of the human oral cavity,
found particularly in patients with poor oral hygee and advanced
periodontal diseasd.. tenaxor an organism with similar morphology is
also occasionally found in the lungs. Such cases hgported mainly in
patients with underlying cancers or other lung ass or following
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surgery.Pentatrichomonas hominisformerly known agrichomonas
hominis is a non-pathogenic commensal of the large im@siSome
authors divide the trichomonads into three genasat on the number of
free flagella. Species with three flagella areedhllritrichomonas those
with four are calledrichomonas andPentatrichomonasefers to
trichomonads with five free anterior flagel@ientamoeba fragilisvas
originally believed to be an ameba. Now, it is kmow be a flagellate -
however without flagella - related to the trichorads.

Etiology
Trichomonas vaginali& flagellate)
Epidemiology

Trichomonas vaginalisvas first described from purulent vaginal
discharges in 1836 and by the early part of thentith century was
recognized as an etiological agent of vaginitiscA@moniasis is a
common sexually transmitted disease with a worléwddstribution and
an estimated 167 million people becoming infected year worldwide
and 5 million new infections per year in the Unifgtdtes. Trichomoniasis
Is believed to be the most common non-viral seyuedinsmitted disease.
Despite the frequency of trichomoniasis it hashmpast been considered
more of a nuisance parasite rather than a majbiogan. However it is
now recognized a factor in promoting HIV infecticausing low-weight
and premature births, and predisposing women tetaobal discomfort
and stressTrichomonas vaginalishas a world-wide distribution;
incidence is as low as 5% in normalfemales aridgisas 70% among
prostitutes and prison inmates.

Morphology

The trophozoite form is 15 to 18 micrometers imader and is half pear
shaped with a single nucleus, four anterior flagatid a lateral flagellum
attached by an undulating membrane. Two axostyles asranged
asymmetrically. The organism does not enclyggure 3.3).

Life cycle

T. vaginaliscolonizes the vagina of women and the urethra (8ormes
prostate) of men.Infection occurs primarily vixsa& contact, although
non-venereal infections are possible. The orgamess not encyst and
divides by binary fission which is favored by lowidity (pH > 5.9; the
normal pH is 3.5 to 4.5). There is no non-humaemesr.

T. vaginaliscauses different clinical manifestations in nd a
I)
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Self-Assessment Exercise 1

1. Symptoms of T vaginalis commonly occur during or
immediately after ?
2. Outline atleast three Common symptoms of T vaginalis?

I
Figure 3.1: Trichomonas vaginalifom man

Symptoms and Pathogenesis

T. vaginaliscauses different clinical manifestations in med ammen
and women are more likely to exhibit symptoms whiehd to persist
longer. The incubation period typically ranges fré88 days. In females
the infection can present as a mild vaginitis, aut@ or chronic
vulvovaginitis, or urethritis. The onset or exaaitn of symptoms
commonly occurs during or immediately after merigira The most
common complaint associated wikh vaginalisinfection is a persistent
mild vaginitis associated with a copious, foul-simel discharge that is
often accompanied by burning or itching. This d&ge is most often
gray, but can be yellow or green and is occasigriatithy or blood
tinged. The discharge diminishes as the infecteeoimes more chronic.
Many women also experience painful or difficult togi Urethral
involvement occurs in a large number of cases antharacterized by
dysuria (painful urination) and frequent urinatidine vaginal epithelium
is the primary site of infection. Thus the vaginvalls are usually
erythematous (i.e. red) and may show petechiahg@llsion-raised spot)
hemorrhages. Punctate hemorrhages of the cerviledcatrawberry
cervix, are observed in approximately 2% of theesa3his strawberry
cervix Is a distinctive pathological observations@sated with
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trichomonasis not seen with other sexually transaitdiseases. Males
are likely to be asymptomatic (50-90%) and theatiéa tends to be self-
limiting”. The urethra and prostate are the mostmewmn sites of
infection. Common symptoms include: urethral disgkaranging from
scant to purulent), dysuria, and urethral pruriiishing). Some men
experience burning immediately after coitus. Liideknown about the
pathophysiology associated with vaginalisinfection, but is presumably
due to interactions between the parasite and lpasiedial cells. In vitro
studies indicate thdat. vaginaliscan destroy cells in a contact dependent
manner. Therefore adhesion of the trophozoitesho dpithelium is
believed to be a major factor in the pathogeneSeveral adhesion
proteins have been identified on the surface of ttephozoites. In
addition, secreted proteases that could play ainof@mthogenesis have
also been identified.

Diagnosis

Diagnosis is confirmed by the demonstration of lxa@mites in vaginal,
urethral, prostatic secretions, or urine sedimdnotloving prostate
massage). Microscopic examination of wet mountsfresh vaginal
discharge, preferably collected with a speculum aorcotton-tipped
applicator, is the most practical method of diaghaSpecimens should
be diluted in saline and examined immediaté&lyvaginalisis recognized
by its characteristic morphological features asdrapid jerky motility.
Specimens can also be fixed and stained with Gi@m8aorescent dyes.
However, the organism may be difficult to recognmrestained slides.
“The sensitivity of direct observation ranges frd6:80%. Therefore, in
vitro culture is considered the gold standard fiagdosis despite some
limitations. For example, access to facilities eeded and organisms
require 2-7 days of growth before they are detecidéw accessibility
issue is partly resolved by the InPouch™TV cultsgstem (Biomed
Diagnostics)”. This is a commercially availablefsmintained system for
the detection of. vaginalisin clinical specimens. Antibody and DNA-
based tests with high sensitivity and specificity being developed.

Treatment and Control

Metronidazole (Flagyl®) and other nitroimidazolssich as tinidazole,
are highly effective against trichomoniasis. The tno@dazole is
activated by the hydrogensome to a nitro radiaalinbermediate. Either
a single two gram dose (85-92% cure rate) or 25@hmee time daily for
7-10 days (>95% cure rate) can be used. Sexualgrarshould be treated
at the same time to prevent reinfection. Some desistance has been
reported, but this is not a wide-spread probleneaiment failures are
generally due to noncompliance or reinfection. Epdemiology of
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trichomonasis exhibits features similar to othexusdly transmitted
diseases and incidence correlates with the nunfbegxual partners. In
addition, co-infection with other STDs is commanislestimated that up
to 25% of sexually active women will become infects some point
during their lives and the disease will be transedito 30-70% of their
male partners. Measures used in the control of &M@, such as limiting
number of sexual partners and use of condoms, lace efective in
preventing trichomoniasis.

1.3.1 Distinctive feature of the Trichomonads

- A distinctive feature of the trichomonads iseaostyle (ax) which
runs the length of the organism and appears toyst® from the
posterior end.

- The axostyle is a cytoskeletal element compasfedoncentric
rows of microtubules and is believed to functionhie attachment
of the parasite to epithelial cells.

- Trichomonads are also characterized by 4-6 flagéi) emerging from
the anterior end. One of the flagella is attaclethé body of the
organism and forms a posteriorly-directed undugptimembrane
(um), whereas the remaining flagella are free.

- The combined basal bodies (bb) and the baseofuhdulating
membrane, called the costa (cs), are often seestamed
preparations. Less frequently seen is the cytodtgnoave (cy).
A single nucleus (nu) is found at the anterior efithe parasite.

- The trichomonads, like many other intestinaltproa, exhibit an
anerobic metabolism and lack mitochondria. Parteakrgy
metabolism of trichomonads involves a unique oramalled the
hydrogenosome.

- The hydrogenosome has a double membrane andstanttly
related to the mitochondrion. However, it lacks DN#gtochromes
and many typical mitochnondrial functions such@syenes of the
tricarboxylic acid cycle and oxidative phosphorigat

- The primary function of the hydrogenosome isnietabolism of
pyruvate, produced during glycolysis within theasdil, to acetate
and carbon dioxide with the concomitant producod@ATP.

- The electrons release from the oxidation of pgte are

transferred to hydrogen ions to produce molecufdrdgen, hence
the name hydrogenosome.
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Briefly explain the following:

° Tritrichomonas
° Trichomonas
° Pentatrichomonas

Self-Assessment Exercise 2

1. Outline at least two the feature of trichomonads?
2. Mention atleast two measures that can be usedniinoto
Trichomonas vaginalis?

>

In this unit, you have learnt about Trichomonia#iieir epidemiology,

morphology, characteristics, life cycle, symptompathogenesis,
immunology, treatment and contrdl. vaginalis despite its name, infects
both men and women. In females the organism priynarhabits the

vagina, and in males it is usually found in thetlr® prostate or
epididymis.

M

Vidyarthi, R. D. Pandey, P. N. (1973) Text Book of ZoologiNewDelhi:
S. Chand and Company Ltd, Pp. 126.

3.4 Summary

3.5 References/Further Readings/Web Sources

William, T.K., James, L.G. and Carol, G.G. (199Biological
Sciences Vol. I, 5" edition. Published by W.W. Norton and
Company, New York, Pp.1194

Herbert M. G. (1999)Protozoal DiseasesOxford University Press,
Pp.457

Johnson, A. G. (2004). Emerging from obscurityidmgacal, clinical, and
diagnostic aspects @fientamoeba fragilisClinical Microbiology
Review 17:553.

Barratt, J. L. (2011) A review ddientamoeba fragilicarriage in
humans: several reasons why this organism shoutbsidered
in the diagnosis of gastrointestinal illneGat Microbes 2:3-12.
https://www.fao.org/3/x0583e/x0583e. pdf
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http://www.scielo.org.co/pdf/inf/v23n2/0123-939-23-02-00189.pdf

https://core.ac.uk/download/pdf/234654452.pdf

file://IC:/Users/ANDEM%20PHD/Downloads/TrichoZahald3pdf

https://www.youtube.com/watch?v=5t6sHgRqgavw

https://www.microbiologyresearch.org/content/joufinam/10.1099/im
m.0.065508-0?mimetype=application/pdf

https://www.visualdx.com/visualdx/diagnosis/blastsits+hominis+infe
ction?diagnosisld=54856&moduleld=101

http://www.blastocystis.net/search/label/PCR
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u:: 3.6 Possible Answers to SAEs

Answers to SAEs 1

1. Menstration
2. Urethral discharge (ranging from scant to purulerdysuria, and
urethral pruritus (itching)

Answers to SAEs 2

1 - A distinctive feature of the trichomonads is anstyle (ax) which
runs the length of the organism and appears torpd# from the
posterior end. - The axostyle is a cytoskeletahelet composed of
concentric rows of microtubules and is believefutaction in the
attachment of the parasite to epithelial cells.

2 Limiting number of sexual partners and use of conslo
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Unit 4 Blastocystis hominis
Unit Structure

4.1  Introduction

4.2 Intended Learning Outcomes (ILOSs)

4.3 Blastocystis hominias a parasite

4.4  Summary

4.5 References/Further Readings/Web Sources
4.6 Possible Answers to SAEs

@ 4.1 Introduction

Blastocystis hominis a common organism found in human stools. Since
its initial description approximately 100 years agdas been variously
classified as an ameba, yeast, a sporozoan, andystestage of a
flagellate. Analysis of the small subunit rRNA segoe indicates
thatBlastocystiss most closely related to the stramenopiles, raptex
assemblage of unicellular and multicellular prati€dther stramenopiles
include diatoms, brown algae, and water molds. Maofy the
characteristics dBlastocystisare unknown or controversial. The mode of
transmission, mechanism of cell replication, arfteoteatures of the life
cycle have not conclusively demonstrated. Similarthe status
of Blastocystisas a pathogen, commensal, or opportunistic orgarss
unknown.

@ 4.2

At the end of this lecture unit, students should:

Intended Learning Outcomes (ILOS)

o Know their epidemiology, morphology, characteristilife cycle,
symptoms, diagnosis, treatment and control.

4.3 Blastocystishominis as a parasite

Blastocystigs also found in a wide range of animals, inclgdmammals,
birds, reptiles, amphibians and even insects, ahibis a wide range of
molecular diversity. The genetic distance betwBkstocystigsolates is
greater than the genetic distance betweehistolyticaandE. dispat
This complicates the designation of species andtbreglly human
isolates have been designatedBasiominisand isolates for other hosts
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asBlastocystisp. However, phylogenetic analysis reveals thetetlare
no exclusively human clades and human isolatesoared in all of the
clades.

Epidemiology

Blastocystis hominis the most common intestinal protozoan, with a
wide geographic distribution that has unclear chhsignificance.

Morphology

Blastocystigs polymorphic in that a variety of morphologidatms are

found in feces and in vitro culture. The most wydedcognized form is
spherical 10-15 pum in diameter with a large centeaduole. This large
vacuole pushes the nuclei and other organelldstperiphery of the cell.
The vacuole is sometimes filled with a granularemat. Small resistant
cyst-like forms have been identified from in vitroultures and
occasionally observed in feces. These presumed aystapproximately
5 um and surround by a multilayered wall. Furthaemthe cysts do not
lyse when placed in water suggesting that they @®stant to

environmental conditions. PresumaBliastocystigs transmitted via a
fecal-oral route. However, this has not been canely demonstrated.

Blastocystigs also found in a wide range of animals including
, ; , and

Self-Assessment Exercise 1

1. Blastocystis is transmitted through ?
2. The drug used against Blastocystis is called ?

Symptoms

Diarrhea, cramps, nausea, vomiting and abdominal pave been
associated with large numbers of organisms in tibh@.s

Treatment

However, the drugs used agaiBsistocystige.g. metronidazole) also
work against many other intestinal protozoa anddsac The inability to
rule out other organisms as the source of symptimisthe observation
that many infected persons exhibit no symptoms msaldfficult to draw
any definitive conclusions about the pathogenesi&lastocystis
Mention the Symptoms of Blastocystis hominis.
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Self-Assessment Exercise 2

1. Blastocystis is not host specific and can be transmitted
I)

2. Outline at least three morphology of Blastocystis

haminic?

In this unit, you have learnt abo®iastocystis their epidemiology,
morphology, characteristics, life cycle, symptompathogenesis,
immunology, treatment and contr@lastocystiss not host specific and
can be transmitted zoonotically. In addition, thielevrange of genetic
diversity might explain the controversy concernitig pathogenicity
of Blastocystisn that some genotypes may be more virulent ttiaars.

However, studies addressing this issue suggesttitzais not the case.
Resolution of the confusion about the taxonomyndmaission and
virulence ofBlastocystiswill require additional studies.

M

Clark, C. G., Van der Giezen, M., Alfellani, M. AStensvold, C. R.
(2013) Recent Developments BiastocystisResearchAdvances
in Parasitology 82:1-32.

4.4 Summary

4.5 References/Further Readings/Web Sources

Scanlan, P. D. (2012Blastocystis past pitfalls and future
perspectives. Trends in Parasitology, 28:327-334.

Tan, K.S.W., Mirza, H., Teo, J.D.W., Wu, B., MacAry. A (2010)
Current Views on the Clinical Relevance
of Blastocystisspp.Current Infectious Disease Repqri:28-35.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC17294df/090563.pdf

https://www.hindawi.com/journals/jpr/2021/8821885/

https://journals.asm.org/doi/pdf/10.1128/CMR.4.1.61

https://academic.oup.com/tropej/article/64/3/208(869

https.//www.youtube.com/watch?v=ByhuOQ5WO7Q

https://www.youtube.com/watch?v=-EGTyu8nD34

116


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC172910/pdf/090563.pdf
https://www.hindawi.com/journals/jpr/2021/8821885/
https://journals.asm.org/doi/pdf/10.1128/CMR.4.1.61
https://academic.oup.com/tropej/article/64/3/208/4100569
https://www.youtube.com/watch?v=ByhuOQ5WO7Q
https://www.youtube.com/watch?v=-EGTyu8nD34

BIO 310 PROTOZOOLOGY

https://www.youtube.com/watch?v=cpu9PRIEYWY

https://www.youtube.com/watch?v=COmalFfl1YYU

117


https://www.youtube.com/watch?v=cpu9PRIEYWY
https://www.youtube.com/watch?v=CQma1Ff1YYU

BIO 310 PROTOZOOLOGY

u:: 4.6 Possible Answers to SAEsS

Answers to SAEs 1

1. A fecal-oral route
2. Metronidazole

Answers to SAEs 2
1. Zoonotically

2. - Blastocystis is polymorphic in that a variety mbrphological
forms are found in feces and in vitro culture.

- The most widely recognized form is spherical 10t& in
diameter with a large central vacuole. This largeewuole pushes
the nuclei and other organelles to the peripheryhefcell.

- The vacuole is sometimes filled with a granular enat. Small
resistant cyst-like forms have been identified frewitro cultures
and occasionally observed in feces.
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Unit 5 Dientamoeba fragilis
Unit Structure

51 Introduction

5.2 Intended Learning Outcomes (ILOs)

5.3 Dientamoeba fragili@s a parasite

5.4  Phylogenetics oDientamoeba fragilis

55 Summary

5.6 References/Further Readings/Web Sources
5.7 Possible Answers to SAEs

N
Ig 51 Introduction

Dientamoeba fragiliss a species of single-celled excavates fountien t
gastrointestinal tract of some humans, pigs andllg®r It causes
gastrointestinal upset in some people, but nothers. Itis an important
cause of traveller's diarrhoea, chronic diarrhoéatigue and, in
children, failure to thrive. Despite this, its roles a commensal,
pathobiont, or pathogen is still debatdd. fragilis is one of the smaller
parasites that are able to live in the human imedDientamoeba
fragilis cells are able to survive and move in fresh fézgsare sensitive
to aerobic environments. They dissociate when mam or placed in
saline, tap water or distilled water.

@ 5.2

At the end of this lecture unit, students should:

Intended Learning Outcomes (ILOS)

) Know their epidemiology, morphology, characteristilife cycle,
symptoms, diagnosis, treatment and control.

-
11

== 5.3 Dientamoeba fragilis as a parasite

Dientamoeba fragilisvas originally described as an ameba based upon
its morphology. However, later it was recognize@xbibit morphology
more similar to the turkey paraski#stomonas meleagridisexcept for

the lack of flagella. Ultrastructural studies atsmgest similarities to the
trichomonads, including the possession of hydrogemes and
molecular studies have confirmed a close phylogenetiationship
betweerDientamoebandHistomonasand a possible more distal
relationship tolrichomonas
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Epidemiology

Dientamoeba fragiliqias an estimated prevalence throughout the United
States. Unlike majority of parasitic infectiom, fragilisis more
prevalent in well-developed countries as opposedigadvantaged and
resource poor nations. The parasite is also erdemicrowded
communities (i.e. institutions), populations withsatisfactory sanitation
conditions, and individuals who travel to underpeged
countries. Globally, the prevalence of D. fragibmges from 0.3% to
90%, occurring in multiple countries including maagbanized cities
such as Los Angeles, California and Sydney, AustrdRecentlyD.
fragilis was considered to be more prevalent than Giattulis, leading to
better diagnostics.

Life cycle

As with other trichomonadgfientamoebanly exhibits a trophozoite
stage Figure 5.3) This raises some questions about the mode of
transmission in that a cyst stage is usually inedin fecal oral
transmission. In addition, the trophozoites Diéntamoebasurvive
outside of the body for a very short tinte. meleagridisalso lacks a cyst
stage and has been demonstrated to be transmitiethesr eggs of a
nematode. Due to the close relationship
betweerHistomonasandDientamoeba it is proposed
thatDientamoebas also transmitted via helminthes eggs.
Epidemiological and experimental evidence tendsntiminate the
pinwormEnterobius vermicularias the carrier fobientamoebaMore
recently, pigs have been shown to be a naturalfbogl. fragilis of the
same genotype as found in humans, thus raisingodissibility of a
zoonotic transmission.

- -
- e W :
g e
. .- .
-

Figure 5.3: Morphology ofD.ientamoeba fragiligrom a stool sample.
Trophozoites exhibit an ameba-like morphology amd aften bi-
nucleated.
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Symptoms

Historically Dientamoebdas been considered as a non-pathogenic
commensal. However, clinical symptoms often coteelavith the
presence of large numbers of trophozoites andntesat of the infection
resolves the symptoms. The incidence of symptonestimated at 15 -
30% of infected individuals. Clinical symptoms asated
with Dientamoebanclude intermittent diarrhea, abdominal pain,
flatulence, nausea and fatigue. Little is knownwhihe pathogenesis
andDientamoebarobably acts as a low-grade irritant of intedtina
mucosal surfaces that may lead to some inflammation

Diagnosis

In order to diagnose the parasite, patients arelined) to provide
(multiple) fresh stool samples that have been pvesefor parasite
examination. The multiple samples are required bseaof parasite
detection being difficult; therefore, a sample ntigh obtained each day
to help increase the sensitivity. Patients can disotested foE.
vermicularissince the two parasites are known to coincide.

Treatment

lodoquinol is generally the drug of choice for theeatment

of DientamoebaParomomycin and metronidazole are also effective.
Dientamoeba fragilisvas originally described as based upon its
morphology.

Self-Assessment Exercise 1

1. D. fragilis is one of the smaller parasites that are able to
live in the ?
2. Globally, the prevalence ofD. fragilisranges from
to occurring in multiple countries
including many urbanized cities such as Los Angeles,
California and Sydney, Australia?

5.4  Phylogenetics oDientamoeba fragilis

Dientamoeba fragiliss a type of trichomonad. Trichomonads are
flagellated organisms bil. fragilis lacks flagella, having secondarily
lost them over evolutionary time. Thus, it is anoama of flagellate
ancestry. In point of ultrastructural and antigeview, Dientamoeba is
reclassified as a flagellate. The lifecycle of thégasite has not yet been
completely determined, but some assumptions hage t&de based on
clinical data. A cyst stage has been reportedoagh it is yet to be
independently confirmed as of 2013. If tride, fragilisis probably
transmitted by the fecal-oral route. Prior to thpart of this cyst stage in
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the lifecycle ofDientamoeba transmission was postulated to occur
by helminthes eggs (e.@scaris Enterobiusspp.). “The rationale for
this suggestion was thBt fragilisis closely related to the turkey
parasiteHistomonaswhich is known to be transmitted by the eggsef t
helminthes Heterakis. Sin&e fragilis is known to frequently coinfect
with E. vermicularis this leads to the assumption tEatvermicularisis

a possible vector and mode of transmission. Wheiénthe host, the
parasite infects the mucosal crypts of the largestime. They primarily
affect the cecum and proximal colon. It is assuthatlwherD. fragilis is
inside the colon, it reproduces asexually by biriessgion. From there, the
trophozoites are in the lumen of the colon, anceaczeted as wastef).
fragilis is not considered to be invasive nor cause cdlssue damage.

State the drugs used in the treatment of Dientamoeb
Answer
lodoquinol, Paromomycin and Metronidazole

Self-Assessment Exercise 2

1. Briefly explain the Diagnosis of Dientamoeba fragilis?
2. Briefly explain the Treatment of Dientamoeba fragilis?

>

In this unit, you have learnt abol. fragilis, their epidemiology,
morphology, life cycle, symptoms, diagnosis treatha@nd control. There
Is a continuous debate whettrfragilis is considered to be a harmless
organism or a pathogenic parasite. Infection With fragilis,
called dientamoebiasis, is associated variouslyh wsiymptoms of
abdominal pain, diarrhea, weight loss, nausegyuatand fever. In one
study,D. fragiliswas identified in 0.9% of patients observed. Its
coincidence with enterobiasis, caused by pinwormntérobius
vermicularig, has been reported. In another study, eosinaphias
present in half of the infected children participgtin the case.D.
fragilis does not penetrate the host tissue directly; theresome of these
symptoms may be caused from irritation which theadk to colonic
motility. Infection can occur at any age; howevlke most common ages
that have been reported are children 5 - 10 yddrs o

5.5 Summary
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M

William, T.K., James, L.G. & Carol, G.G. (199Bjological Sciencge
Vol. 1l, 5" Edition. Published by W.W. Norton and Company,
New York. Pp.1194

5.6 References/Further Readings/Web Sources

Herbert M. G. (1999)Protozoal DiseasesOxford University Press,
Pp.457

Johnson, A. G. (2004). Emerging from obscurityidmgecal, clinical, and
diagnostic aspects @fientamoeba fragilisClinical Microbiology
Review 17:553.

Barratt, J. L. (2011) A review ddientamoeba fragilizarriage in
humans: several reasons why this organism shoutbihsidered
in the diagnosis of gastrointestinal illne€at Microbes 2:3-12.

https://www.thieme-connect.com/products/ejournafi.1055/s-
2007-995398.pdf

file:/l/C:/Users/ANDEM%20PHD/Downloads/1-
SOLARCZYK Acta Proto 58-1.pdf

https://citeseerx.ist.psu.edu/viewdoc/download?1i0i£.1.906.920&rep
=repl&type=pdf

https://www.youtube.com/watch?v=5t6sHgRgavw

https://www.microbiologyresearch.org/content/joufnam/10.1099/im
m.0.065508-0?mimetype=application/pdf

https://www.visualdx.com/visualdx/diagnosis/blastsits+hominis+infe
ction?diagnosisid=54856&moduleld=101

http://www.blastocystis.net/search/label/PCR

123


https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.906.920&rep
https://www.youtube.com/watch?v=5t6sHgRqavw
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jm
https://www.visualdx.com/visualdx/diagnosis/blastocystis+hominis+infe
http://www.blastocystis.net/search/label/PCR

BIO 310 PROTOZOOLOGY

LI:: 5.7 Possible Answers to SAEs

Answers to SAEs 1

1. Human intestine
2. 0.3% to 90%,

Answers to SAEs 2

1. In order to diagnose the parasite, patients areuiegd to provide
(multiple) fresh stool samples that have been pvesk for
parasite examination. The multiple samples are iregubecause
of parasite detection being difficult; thereforesample might be
obtained each day to help increase the sensitiAgtients can
also be tested for E. vermicularis since the twaoapies are
known to coincide.

2. lodoquinol is generally the drug of choice for tkreatment
of Dientamoeba Paromomycin and metronidazole are also
effective.

Glossary

DNA = Deoxyribonucleic acid

AIDS = Acquired Immunodeficiency syndrome
ATP = Adenosine Triphosphate

STD = Sexually Transmitted Diseases

ACR = Adequate clinical response

LTF = Late treatment failure

ETF = Early treatment failure

MDR = Multi-drug resistance

ABC = ATP-binding cassette

ART = Active antiretroviral therapy

GAE = Granulomatous amebic encephalitis
CNS = Central Nervous System

PAM = Primary amebic meningoencephalitis

End of the module Questions

1. E. histolyticais considered pathogenic and the disease it cagises
called amebiasis or amebic dysentérsuge or False)
2. is morphologically identical Eo histolyticaand the

two were previously considered to be the same spe¢a)E.
dispar (b) E. lipar (c) E. dilaris (d) E. coli
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3. lodoquinol is used to treat asymptomatic infectioasd
metronidazole is used for symptomatic infection afonic
amebiasis, including extra-intestinal diseaBei¢ or False)

4. Lactase is an enzyme that breaks down lactosegar $ound in
milk, to monosaccharide’s which can be absorbedig or False)
5. Infection withD. fragilis, called (a) Dientamoebiasis

(b) Ameobiasis (c) Laptobiasis (d) Debrisbiasis
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Module 4  Other Intestinal/Free Living Protozoa

Module Structure

In this module we will discuss about other inteslfiinee living protozoa
with the following units:

Unit 1 Balantidium coli

Unit 2 Cryptosporidium parvum
Unit 3 Isospora belli

Unit 4 Acanthamoebap.

Unit 5 Naegleria fowler
Glossary

End of the module Questions
Unit 1 Balantidium coli
Unit Structure

1.1 Introduction

1.2 Intended Learning Outcomes (ILOS)

1.3 Balantidium colias a parasite

1.4 Summary

1.5 References/Further Readings/Web Sources
1.6  Possible Answers to SAEs

@ 1.1 Introduction

Balantidium coliare parasitic species of ciliate alveolates thatea the
disease balantidiasis. It is the only member ofdhate phylum known
to be pathogenic to humans.

Q..

At the end of this lecture unit, students should:

Intended Learning Outcomes (ILOS)

. Know their epidemiology, morphology, life cycle, sgtoms,
diagnosis, treatment and control.
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Balantium coli as a parasite

This is a parasite primarily of cows, pigs and bBersThe organism is a
large (100 x 60micrometer) ciliate with a macrada micro-nucleus.

The infection occurs mostly in farm workers andeottural dwellers by

ingestion of cysts in fecal material of farm animaMan-to- man

transmission is rare but possibkedure 1.3).

Epidemiology

Balantidiasis in humans is common in the Philippjrmit it can be found
anywhere in the world, especially among those dnatin close contact
with swine. The disease is considered to be rageoaours in less than
1% of the human population. The disease poses laAgmnomostly in
developing countries, where water sources may Imaounated with
swine or human feces.

Morphology

Balantidium colihave two developmental stages, a trophozoite stade
a cyst stage. In trophozoites, the two nuclei k. The macronucleus
Is long and sausage-shaped, and the sphericalmidewus is nested next
to it, often hidden by the macronucleus. The opgniknown as
the peristome, at the pointed anterior end leadkdacytostome, or the
mouth. Cysts are smaller than trophozoites andr@rad and have a
tough, heavy cyst wall made of one or two layersudlly only the
macronucleus and sometimes cilia and contractibei®las are visible in
the cyst, however, both nuclei are present becauslear multiplication
does not occur when the organism is a cyst. Litioghozoites and cysts
are yellowish or greenish in color.

Balantidium coli have two developmental stages rngme

Self-Assessment Exercise 1

=

Balantidiasis in humans is common in the ?
2. In Balantidium, is smaller than and
are round and have a tough, heavy cyst wall made of one
or two layers?
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Symptoms and pathogenesis
Symptoms and pathogenesis of balantidiasis ardasitoi those seen in

entamoebiasis, including intestinal epithelial ens However, liver,
lung and brain abscesses are not seen.

trophozoite cyst

contractile vacuole

~70 x 45 lJ,m ~55 um

Figure 1.3 Trophozoites and Cyst dBalantidium coli These are
characterized by: their large size (45 pm to mdr@nt70 um) the
presence of cilia on the cell surface a cytostoareos) a bean shaped
macronucleus which is often visible - see (A), amsimaller, less
conspicuous micronucleus.

Treatment and control
Metronidazole and iodoquinol are effective

Mention at least two zoonotic protozoan intestinédctions with some
health significance.

Self-Assessment Exercise 2

1. Mention the drugs used to treat and control the person
infected with Balantidium parasite?
2. Briefly outline the epidemiology of Balantidium coli?
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>

In this unit, you have learnt about thBalantidium coli, their

epidemiology, morphology, life cycle, symptoms, hmenesis,
treatment and controBalantidium coliare they only ciliated protozoan
known to infect humans. Balantidiasis is a zoonatisease and is
acquired by humans via the feco-oral route from tieemal host,
the domestic pig, where it is asymptomatic. Contert@d water is the
most common mechanism of transmission.

M

Ramachandran, A. (2003). Introductidie Parasite: Balantidium coli
The Disease: BalantidiasiParaSite Stanford University, pp.109.

1.4 Summary

1.5 References/Further Readings/Web Sources

Ash, L and Orihel, T. (2007Atlas of Human Parasitologbth edition).
American Society for Clinical Pathology Press, ip.1

Schister, F. L. and Lynn, R. A. (2008). Current WlorStatus
of Balantidium coli Clinical Microbiology Review21 (4): 626—
638.

http://www.ndvsu.org/images/StudyMaterials/Parasdg/Balantidium-
coli-infection.pdf

http://www.bio.umass.edu/micro/klingbeil/590s/ReadCrypto2002.pd
f

file://IC:/Users/ANDEM%20PHD/Downloads/Balantidiuepli.pdf

http://www.veterinaryworld.org/Vol.14/April-2021/33df

https://www.youtube.com/watch?v=RGdT|W6Ztho

https://www.youtube.com/watch?v=MdcEXO P6mo

https://study.com/academy/lesson/cryptosporidiogisses-
symptoms.html
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LI=: 1.6 Possible Answers to SAES

Answers to SAEs 1

1. Philippines

2. Cysts and trophozoites

Answers to SAEs 2

1. Metronidazole and iodoquinol are effective

2. - Balantidiasis in humans is common in the Philgs, but it can
be found anywhere in the world, especially amomgehthat are
in close contact with swine.

- The disease is considered to be rare and occuessthan 1% of
the human population.

- The disease poses a problem mostly in developungtices, where
water sources may be contaminated with swine oramuigces.
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Unit 2 Cryptosporidium parvum
Unit Structure

2.1 Introduction

2.2 Intended Learning Outcomes (ILOS)

2.3  Cryptosporidium parvum as a Parasite

2.4  Summary

2.5 References/Further Readings/Web Sources
2.6 Possible Answers to SAEs

@ 2.1 Introduction

Cryptosporidium parvur(C. parvun) is a small round parasite measuring
3 to 5 micrometers which is found in the gastra@htal tract of many
animals and causes epidemics of diarrhea in humansontaminated
food and water.

@ 2.2

At the end of this lecture unit, students should:

Intended Learning Outcomes (ILOS)

) Know their life cycle, symptoms, treatment and coint

2.3Cryptosporidium parvum as a Parasite

Cryptosporidium  parvuns one of several species that
cause cryptosporidiosis, a parasitic disease oima@mmalian intestinal
tract. Primary symptoms &. parvuminfection are acute, watery, and
non-bloody diarrheaC. parvuminfection is of particular concern
in immunocompromised patients, where diarrhea eashr 10-15 times
per day. Other symptoms may include anorexia, redusmiting,
and abdominal pain. Extra-intestinal sites incltigelung, liver, and gall
bladder, where it causes respiratory cryptospasidjo hepatitis,
and cholecystitis, respectively. Infection is caliséy ingestion
of sporulated oocysts transmitted by the faecdl-ooate. In healthy
human hosts, the median infective dose is 132 d¢ecyse general.
parvumlifecycle is shared by other members of the geiussion of
the apical tip  of ileal enterocytes by sporozod@ad merozoites causes
pathology seen in the disease. Infection is gelyesalf-limiting in
Immunocompetent people. Inimmunocompromised petiesuch as
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those with AIDS or those undergoing immunosuppwessiherapy,
infection may not be self-limiting, leading to delngtion and, in severe
cases, death.

In AIDS patients, Cryptosporidium parvum may cause :

Answer
Prolonged, severe diarrhea

Self-Assessment Exercise 1

1. Cryptosporidium parvum is one of several species that
cause ?

2. Mention at least three primary symptom of
Cryptosporidium parvum?

Life cycle

Humans are infected by ingestion@fparvumoocysts containing many
sporozoites. The sporozoites are released in theru®l tract and attach
to the gut mucosal cells where they divide to poedmerozoites. The
merozoites invade other mucosal cells and furtheltiply asexually.
Some of the merozoites differentiate into male terdale gametocytes
and form an oocyst in which they multiply and diffetiate into
sporozoites. The mature oocyst is excreted withlfeaterial and infects
other individuals”.

Symptoms

When a large number of humans in a community haaelska, the most

likely cause isC. parvum A small bolus of infection may cause mild
diarrhea, whereas a larger intake of organisms rmayse more

pronounced symptoms including copious watery dearhcramping

abdominal pain, flatulence and weight loss. Séyend duration of

symptoms are related to immuno-competence. In Agafents, the

organism may cause prolonged, severe diarrheah@ndrganisms may
invade the gallbladder, biliary tract and the l@mithelium.

Treatment and Control

There is no approved effective treatment for crgptwidiasis, although
paromycin is used as an investigational drug. Tleeee a variety of
antibody tests for detection but many of these adebther species of
Cryptosporidiumthan C. parvum Sensitive polymerase chain reaction
tests are available f&. parvumdetection in environmental and animal
samples.
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Outline the symptoms of Cryptosporidium parvum.

Self-Assessment Exercise 2

1. Briefly explain the Treatment and Control of
Cryptosporidium parvum?
2. Briefly outline the life cycle of Cryptosporidium parvum?

9.

In this unit, you have learnt aboGryptosporidium parvumtheir life
cycle, symptoms, treatment and contf@lparvumis considered to be the
most important waterborne pathogen in developednit@s. The
protozoa also caused the largest waterborne-diseaimeak ever
documented in the United States, making 403,000 plpeall
in Milwaukee, Wisconsin, in 1993. It is resistdatall practical levels
of chlorination, surviving for 24 hours at 1000 mdyee chlorine.

M

DuPont, H. L., Chappell, C. L., Sterling, C. Rkidysen, P. C., Rose, J.
B., Jakubowski, W. (1995). The infectivity Gryptosporidium
parvumin healthy volunteerddew England Journal of
Medicine 332 (13): 855—-859.

Summary

2.5 References/Further Readings/Web Sources

Deng, M., Lancto, C. A. and Abrahamsen, M. S. (3004yptosporidium
parvum regulation of human epithelial cell gene exprassio
International Journal for Parasitologyd4 (1): 73-82.

Robertson, L. J., Campbell, A.T., Smith, H. V (12%Rurvival
of Cryptosporidium parvum oocysts under various emnental
pressures.Applied and Environmental Microbiologys8 (11):
3494 - 500.

Walker, M.D. (2018). Cryptosporidiosis. Conservatio Land
Management, 16 (2):19 - 22.

Abrahamsen, M. S and Templeton, T.J. (2004). Cotmmpgenome
sequence of the apicomplex&ryptosporidium
parvum Science304 (5669): 441-5.
https://www.who.int/water_sanitation_health/gdwasew/crypt

odraft2.pdf
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file://IC:/Users/ANDEM%20PHD/Downloads/animals-12859.pdf

https://emedicine.medscape.com/article/223910-deerv

https://www.cdc.gov/parasites/naegleria/general.htm

http://outbreaknewstoday.com/naegleria-fowleridfatse-in-turkey-
18331/
http://outbreaknewstoday.com/naegleria-fowleri-gtpdm-incidence-
remained-stable-the-geographic-range-of-exposuratilmns-expanded-
northward-51357/
https://www.microbiologyresearch.org/content/joufinam/10.1099/00
222615-47-1-5

134


https://emedicine.medscape.com/article/223910-overview
https://www.cdc.gov/parasites/naegleria/general.html
http://outbreaknewstoday.com/naegleria-fowleri-fatal-case-in-turkey-
http://outbreaknewstoday.com/naegleria-fowleri-study-pam-incidence-
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/00

BIO 310

%

PROTOZOOLOGY

2.6 Possible Answers to SAEs

Answers to SAEs 1

1.
2.

Cryptosporidiosis
Acute, watery, and non-bloody diarrhea

Answers to SAEs 2

1.

There is no approved effective treatment for cryptoidiasis,
although paromycin is used as an investigationalgdr

There are a variety of antibody tests for deteciibmany of these
detect other species of Cryptosporidium than Cvpar. Sensitive
polymerase chain reaction tests are available far garvum
detection in environmental and animal samples.

- Humans are infected by ingestion of C. parvum ystsc
containing many sporozoites.

The sporozoites are released in the upper Gl teamt attach to
the gut mucosal cells where they divide to produeeozoites.
The merozoites invade other mucosal cells and duarthultiply
asexually. Some of the merozoites differentiate mtale and
female gametocytes and form an oocyst in whichrindiiply and
differentiate into sporozoites.

The mature oocyst is excreted with fecal matemal mfects other
individuals.
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Unit 3 | sospora belli

Unit Structure

3.1 Introduction

3.2 Intended Learning Outcomes (ILOSs)

3.3 Isospora bellias a Parasite

3.4  Summary

3.5 References/Further Readings/Web Sources
3.6  Possible Answers to SAEs

Sl
@ 3.1 Introduction

Cystoisosporiasis, which was previously known aspsriasis, is an
uncommon diarrheal illness caused by the protoz@astoisospora
belli (formerly known adsospora bellj. C belliwas first described by
Virchow in 1860 The genus Cystoisosporais related closely to the
gener&ryptosporidium, CyclosporandToxoplasmaHowever,Cystoi
sosporanfection is not as common as infection
with Cryptosporidiumor ToxoplasmaThe first case of human infection
with C. belliwas described in 1915.

@ 3.2 Intended Learning Outcomes (ILOSs)
At the end of this lecture unit, students should:

1. Know their epidemiology, life cycle, symptoms, dwagis,
treatment and control.

3.3 Isosporabelli as a Parasite

Isospora bellis a protozoan parasite in the Phylum Apicomplekaese

groups of parasites are referred to as coccididss ®tganism can be
acquired by the ingestion of sporulated oocystsidoin contaminated
food or water. The oocyst stages is 23 - 36 by A2tth and are much
larger than the oocysts of related coccidial specisuch

asCryptosporidium parvumsospora bellis a rare infection of normal
humans, although it is being seen in increasingbmimin AIDS patients.
The infection occurs via the oro-fecal route. Thiective stage of the
organism is an oval oocyst which, upon ingestiailofvs the same
course as C. parvum. The disease produces symgtoniar to those of
giardiasis.
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The first case of human infection wigh belliwas described in

Self-Assessment Exercise 1

1. Cystoisosporiasis, which was previously known as
I)

2. C. belli Wés first described by in 18607?

Epidemiology

Isospora bellinfections are essentially cosmopolitan in disttibn but

are more common in tropical and subtropical regi@specially Haiti,
Mexico, Brazil, El Salvador, tropical Africa, MidellEast, and Southeast
Asia. For exampldsospora bellihas been reported as the most common
protozoan parasite in HIV infected patients withitacor chronic diarrhea

in India. In French HIV patients with belli a significant risk factor was
being from sub-Saharan Africa. An outbreaki.dbelli infections was
reported in Antofagasta City Chile in 1977. It wassociated with
ingestion of vegetables contaminated with irrigaticater from a sewage
treatment plant. Approximately 90 people were itddc

Symptoms

The disease produces symptoms similar to thoseiastligsis. Early
symptoms include flatulence, abdominal distensioaisea and foul-
smelling bulky, explosive, often watery, diarrh@de stool contains
excessive lipids but very rarely any blood orn&crtissue. The more
chronic stage is associated with vitamini> Bmalabsorption,
disaccharidase deficiency and lactose intolerance.

Pathogenesis

I.belli can cause marked villous atrophy, and crypt hypsralin the
small intestine. Inflammatory infiltrates in themaa propria include
eosinophils, neutrophils, lymphocytes and plasmiés.c&he precise
mechanism causing these changes is unknown, byt bsult in

steatorrhea and malabsorption. Infection of thiafyiltract byl. belli is

also possible. The parasite can complete itiitde in the biliary tract
and oocysts can be observed in bile. Stages aa¢elben the bile duct
epithelium.

Treatment and Control
Combination therapy with oral trimethoprim (160 rsgiifamethoxazole

(800 mg) 4 times a day for 10 days results in@abese in diarrhea and
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abdominal pain within 1 to 6 days (mean = 2.5 da®r treatment. Stool
samples examined after 10 days usually do not Tonbtacysts.
Combination therapy with oral trimethoprim (320nsg)famethoxazole
(1,600 mg) 2 times a day for 10 to 14 days is &ce¥e and may be an
easier course of therapy for some patients.irtportant to note here that
HIV patients have a very high rate of relapse ahdukl receive
secondary prophylaxis, until they are immune retitwied by active
antiretroviral therapy (ART).

How can a patient that is infected with Isosporiiiliee treated?

Self-Assessment Exercise 2

1. Briefly highlight the symptoms of Isospora bellii?
2. Briefly outline the pathogenesis of Isospora bellii?

L

In this unit, you have learnt abolgospora bellii,their epidemiology,
symptoms, pathogenesis, treatment and control. Hanaae the only
known hosts foC belli,which has no known animal reservoir.
Cystoisosporiasis has a worldwide distributionhaligh it is more
common in tropical and subtropical climates.

M

Chandler, A.C. (1961)Introduction to ParasitologyJohn Wiley and
Sons, New York, pp. 98

3.4 Summary

3.5 References/Further Readings/Web Sources

Coombs, G. H and North, M. J. (199B)ochemical protozoologyraylor
and Francis, London, pp.109

Kreier, J (1977)Parasitic protozoaAcademy Press, New York, pp.67

Mehlhorn, H (1988).Parasitology in focus Springer-Verlag, Berlin,
pp.76

Smyth, J. D. (1994)Animal Parasitolog\drd edition, Cambridge
University Press, pp.89

https://onlinelibrary.wiley.com/doi/10.1111/144081613192
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC460438

file:///C:/Users/ANDEM%20PHD/Downloads/Naegleriawieri THE
BRAIN -EATING AMOEBA A REVIE.pdf

https://academic.oup.com/femsre/article/30/4/568753.4

https://www.youtube.com/watch?v=RGdT|{W6Ztno

https://www.youtube.com/watch?v=MdcEXO P6mo

https://study.com/academy/lesson/cryptosporidioaisses-
symptoms.html
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LI=: 3.6 Possible Answers to SAEs

Answers to SAEs 1

1. Isosporiasis
2. Virchow

Answers to SAEs 2

1. The disease produces symptoms similar to thoseuafigsis.

- Early symptoms include flatulence, abdominal disiem nausea
and foul-smelling bulky, explosive, often watergrrthea.

- The stool contains excessive lipids but very raesly blood or
necrotic tissue.

- The more chronic stage is associated with vitamip B
malabsorption, disaccharidase deficiency and lagtosolerance.

2. l.belli can cause marked villous atrophy, and crgpperplasia in
the small intestine.

- Inflammatory infiltrates in the lamina propria inade eosinophils,
neutrophils, lymphocytes and plasma cells.

- The precise mechanism causing these changes iwnkrbut
they result in steatorrhea and malabsorption.

- Infection of the biliary tract by I. belli is algwossible.

- The parasite can complete its life cycle in theéabyl tract and
oocysts can be observed in bile. Stages are logatd bile duct
epithelium
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Unit 4 Acanthamoeba sp.
Unit Structure

4.1 Introduction
4.2 Intended Learning Outcomes (ILOSs)
4.3 Acanthamoebas a Parasite
4.3.1 Role as a model organism
4.3.2 Role in disease
4.4  Summary
4.5 References/Further Readings/Web Sources
4.6 Possible Answers to SAEs

@ 4.1 Introduction

Acanthamoeb# a genus of amoebae that are commonly recoveyed
soil, fresh water, and other habitadsanthamoebaas two evolutive
forms, the metabolically active trophozoite andentant, stress-resistant
cyst. Trophozoites are small, usually 15 tu®5n length and amoeboid
in shape.

@ 4.2 Intended Learning Outcomes (ILOs)
At the end of this lecture unit, students should:

) Know their epidemiology, morphology, life cycle, )sgtoms,
diagnosis, treatment and control.

4.3 Acanthamoeba as a Parasite

Acanthamoebapecies are ubiquitous in soil and water. Thetinggenic
potential was first recognized in 1958 by Culbeantssho produced
encephalitis in mice following inoculation with &tanthamoeba
contaminated cell culture. The first definitive hamcases were reported
in the early 1970's. In contrast to PARGanthamoeb@fections are
usually associated with chronically ill, immunocammised, or other
debilitated patientsAcanthamoebalike Naeglerig is neurotropic and
causes encephalitis like disease. However the shselknown as
granulomatous amebic encephalitis (GAE), is moosvil progressing
and chronicAcanthamoebanfections are also associated with lesions in
the corneaAmebic keratitiy lungs and skin.
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Morphology

The portal of entry foAcanthamoeb& not known but believed to the
either the respiratory tract via inhalation of syst through wounds in
the skin that become contaminated by soil. Preslynthb trophozoites

disseminate by a hematogenous route (i.e. viaithelatory system) to

the central nervous system (CNS)gure 4.33.

Acanthamoeba species was first recognized in 1958 b :

Self-Assessment Exercise 1

1. Acanthamoeba infections are usually associated with
: and ?
2. Acanthamoeba, like Naegleria, is neurotropic which causes
disease known as ?

Life Cycle

Acanthamoebaxibits a typical protozoan life cycle consisting an
ameboid trophozoite stage and a cyst stage (searefigegend

of Naegleria life cycle for explanation of trophdes and cysts). In
contrast td\Naeglerig both cyst and trophozoite stages can be found in
histological specimens. The cysts have a threedayeall, a wrinkled
appearance and are extremely resistant to desincdt histological
preparations the trophozoites Adanthamoebare very similar

to Naegleriatrophozoites and cannot be distinguished on mdogjncal
criteria. However, in culturAcanthamoeb#&rophozoites can be
distinguished by their spike-like pseudopodigg(re 4.3b)

Symptom

The onset of symptoms is often insidious and theaal manifestations
include subtle headache, personality changes ayid &ver. GAE has a
prolonged clinical course and can take weeks tothoto progress to
coma and death.

Diagnosis

Diagnosis is difficult and usually done at autofd3sgnosis is confirmed
by detecting the amoebas in corneal scrapingsomsk#s. Some success
in treating amebic keratitis has been obtained witly-hexa-methylene
biguanide or propamidine isethionate (Brolene)g8uy is often needed
to correct the loss of vision. Clinical manifestas of amebic keratitis
include severe ocular pain and corneal lesiongactdry.
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Treatment

Drugs such aantiviral, antibacterial and antimycotic drugs dsnused
for treatment.

Briefly explain the diagnosis of Acanthamoeba sp&ci

Self-Assessment Exercise 2

1. Briefly outline the life cycle of Acanthamoeba sp.?
2. Mention at least three symptoms of Acanthamoeba sp.?

Opercula

Mitochondria Exocyst

m
3
(=1
(=]
©
~
w
-

9 %w Nucleus
Phagosome ~37 \4 Nucleolus

Lipid Droplets

Figure 4.3a: Morphology/Structure oAcanthamoeba sp

143



BIO 310 PROTOZOOLOGY

Through the eye 1

Through nasal
i M e passages to the
I I lowerrespiratory
| eAmebae(cystsand | tract 2
: trophozoites) can !
I

I

enter humans in o
various ways

N ,_.,v""‘v,;: &a\ Through ulcerated 0
h ,,,“ o) v , or broken skin3
SRR o Trophozoite
b}
45 Cysts and trophozoites in tissue
9 1 Results in severe keratitis of the eye. 0
2paclts| , -
Mitosis esults in granulomatous amebic encephalitis
(GAE) and/or disseminated disease@ in
individuals with compromised immune systems,
é‘%\ Infective stage 3 Results granulomatous amebic encephalitis o
(GAE), disseminated disease@or skin lesions
_ﬁ Diagnostic stage inindividuals with compromised immune systems.

Figure 4.3k Life cycle ofAcanthamoeba sp
4.3.1 Role as a model organism

Becausédcanthamoebaoes not differ greatly at the ultrastructuraldiev
from a mammalian cell, it is an attractive model dell-biology studies;

it is important in cellular microbiology, environmial biology,
physiology, cellular interactions, molecular bigjpdiochemistry, and
evolutionary studies, due to the organisms' vdesaties in the ecosystem
and ability to capture prey by phagocytosis, actexgors and reservoirs
for microbial pathogens, and to produce serious drumnfections. In
addition,Acanthamoeb&as been used extensively to understand the
molecular biology of cell motilitand cancer cell dormancy by in-depth
exploration of the process of encystation.

4.3.2 Role in disease
Diseases caused Byanthamoebanclude keratitis and granulomatous
amoebic encephalitis (GAE). The latter is often bot always seen in

Immunosuppressed patients. GAE is caused by tioela@e entering the
body through an open wound and then spreading éobthin. The
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combination of host immune responses and  secreted
amoebal proteases causes massive brain swellingfingsin death in
about 95% of those infected.

>

In this unit, you have learnt abodtanthamoebap., their morphology,
life cycle, symptoms, diagnosis, treatment and rmbnt In
nature Acanthamoebapecies are free-living bacterivores, but in ¢erta
situations, they can cause infections (Acanthans&)ian humans and
other animals.

M

Marciano-Cabral, F and Cabral, G. (2003). Acanthalmacspp. as agents
of disease in human€linical Microbiology Reviewsl6 (2):273 -
307.

4.4 Summary

4.5 References/Further Readings/Web Sources

De Jonckheere. J. F. (1991). Ecology of Acanthamodteviews of
Infectious Diseased3(5): S385 - 7.

Di Gregorio, C., Rivasi, F., Mongiardo, N., De Rzen B., Wallace, S.
and Visvesvara, G. S. (1992). Acanthamoeba menirggghalitis
in a patient with acquired immunodeficiency syndeofrchives
of Pathology & Laboratory Medicind 16 (12): 1363 - 5.

Baig, A. M (2014). Granulomatous amoebic encepbBatihost response
of an immunocompromised hostJournal of Medical
Microbiology, 63 (12): 1763 - 6.

Baig, A. M., Igbal, J., Khan, N. A. (2013). In \atefficacies of clinically
available drugs against growth and viability of Azanthamoeba
castellanii  keratitis isolate  belonging to the T4
genotypeAntimicrobial Agents and Chemotherapy (8): 3561 -
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https://parasitesandvectors.biomedcentral.comlestit0.1186/1756-
3305-5-6

https://iwaponline.com/jwh/article/18/2/186/7237088athamoeba-spp-
in-river-water-samples-from-the

https://www.sciencedirect.com/science/article/i384501316305183

145


https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-
https://iwaponline.com/jwh/article/18/2/186/72370/Acanthamoeba-spp-
https://www.sciencedirect.com/science/article/pii/S0944501316305183

BIO 310 PROTOZOOLOGY

https://iovs.arvojournals.org/article.aspx?artidt?124094
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LI=: 4.6 Possible Answers to SAES

Answers to SAEs 1

1.

2.

Chronically ill, immunocompromised and other dehtked
patients
Granulomatous amebic encephalitis (GAE)

Answers to SAEs 2

1.

Acanthamoeba exibits a typical protozoan life cymasisting of
an ameboid trophozoite stage and a cyst stagefigee legend

of Naegleria life cycle for explanation of trophdes and cysts).

In contrast toNaegleria both cyst and trophozoite stages can be
found in histological specimens.

The cysts have a three-layered wall, a wrinkledegppnce and
are extremely resistant to desiccation.

In histological preparations the trophozoites
of Acanthamoeba are very similar to Naegleria tropbites and
cannot be distinguished on morphological criteria.

However, in culture Acanthamoeba trophozoites care b
distinguished by their spike-like pseudopodia

Subtle headache, personality changes and sligket fev
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Unit 5 Naegleria fowleri
Unit Structure

5.1 Introduction
5.2 Intended Learning Outcomes (ILOS)
5.3 Naegleria fowlerias a parasite
5.3.1 Ecology of Naegleri@wleri
54  Summary
5.5 References/Further Readings/Web Sources
5.6 Possible Answers to SAEs

N
Ig 5.1 Introduction

Naegleriaspecies are found in freshwater habitats and medsk
throughout the world. Primary amebic meningoenckfihdPAM) was
first recognized by Fowler in 1965 ahd fowleriis the
only Naegleriaspecies known to be pathogenic to humans. As 86,19
approximately 175 cases have been reported wortdasl 81 of these
are in the U.S.

@ 5.2

At the end of this lecture unit, students should:

Intended Learning Outcomes (ILOS)

o Know their epidemiology, morphology, life cycle, sgtoms,
diagnosis, treatment and control.

5.3 Naegleriafowleri as a parasite

Naegleria fowlerj colloquially known as a "brain-eating amoeba"ais
species of the genus Naegleria, belonging to ty&uphPercolozoa,
which is technically not classified as true amodha, a shape shifting
amoeboflagellate excavate. It is a free-living, tbda-eating
microorganism that can be pathogenic, causing arireregly

rare, sudden, severe and usually fatal brain irect
called naegleriasis or primary amoebic meningoenaks

(PAM). This microorganism is typically found in hed of warm
freshwater, such as ponds, lakes, rivers, hotngpyi warm water
discharge  from industrial or power  plants, geatiadr  well

water, poorly maintained or minimally chlorinateohder 0.5
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mg/n? residual) swimming pools, water heaters, soil,d apipes

connected to tap water. It can be seen in eithreanaoeboid or
temporary flagellate stage. = The naegleriasis  idaedias  been
documented in Australia in 1965, Czechoslovakid 962 to 1965, the
United States in 2003, 2011, 2013, 2020, and 2&2d Pakistan in 2008.

Life Cycle

The life cycle consists of trophozoite and cysgstaand the trophozoite
stage can be either ameboid or flagellated. Théamérophozoite feeds
on bacteria and other organic matter and undergsesual replication.
The ameboid form transforms into a pear-shapecefi@gd form with
two flagella at the broad end when placed in destiwater or deprived
of nutrients. Flagellated trophozoites are non-fegdnd do not replicate,
but will convert back into the ameboid form wherirrants are restored.
The ameboid forms can also encyst resulting inagestresistant to
desiccation. All stages are characterized by desimgcleus with a large
karyosome and no peripheral chromatin. Only thetemaeform is found
in tissue.Naegleriaproduces a fulminant, and almost always fatalieacu
meningoencephalitis in children and young adult® wiere previously
in excellent health. AlImost all reported cases Hasen associated with
swimming in warm or heated waters a few days piwothe onset of
symptoms. The portal of entry appears to be trectify neuroepithelium
in the nasal cavity. The trophozoites probably aiigalong the olfactory
nerves into the brain and CNBigure 5.3).

Primary amebic meningoencephalitis (PAM) was fiestognized by
which scientist and in what year?

Self-Assessment Exercise 1

1. Naegleria fowleri, colloquially known as a ?
2. Naegleria fowleri causes an extremely rare, sudden,
severe and usually fatal brain infection called ?
Symptoms

The symptoms of PAM resemble bacterial meningodmaigs and PAM
is generally characterized by a sudden onset ofldedee and fever.
Nausea, vomiting and other symptoms related toeas® intracranial
pressure may also be evident. There is a rapid@senpn from headache
and fever to coma, with occasional seizures, aathde

Diagnosis

Diagnosis is almost always post-mortem and thenmsig is not good.
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Treatment

Drugs such as Amphotericin B can be used for a knswvvivor.

ameboid
trophozoite

flagellated
form

Figure 5.3.:Life cycle of Naegleria fowleri consists of cysts and
trophozoites

5.3.1 Ecology of Naegleria fowleri

Naegleria fowleriare excavates that inhabit soil and wakerfowleriis
sensitive to drying and acid. It cannot survives@&a water. This amoeba
is able to grow best at moderately elevated tentpess making summer
month cases more likelil. fowleriis a facultative thermophile and is
able to grow at temperatures up to 46 °C (115WRxm, fresh water with
a sufficient supply of bacterial food provides diteat for amoebae. Man-
made bodies of water, disturbed natural habitatgreas with soil and
unchlorinated/unfiltered water are locations whar@ny amoebic

150



BIO 310 PROTOZOOLOGY

infections have occurredN. fowleriseems to thrive during periods of
disturbance; the flagellate-empty hypothesis erglaihat Nagleria's
success may be due to decreased competition fideplated population
of the normal, thermosensitive protozoal fauna.obher wordsN.
fowleri thrives in the absence of other predators consyntsfood
supply. This hypothesis suggests that human dishaods such as thermal
pollution increasé\. fowleriabundance by removing their resource
competitors. Ameoboflagellates have a motile flkgel stage that is
evolved for dispersal, which is advantageous wheerasironment has
been cleared of competing organisms.

N. fowleri is a facultative thermophile and is aldegrow at
temperatures up to

Self-Assessment Exercise 2

1. Mention the drugs used in treatment of Naegleria
fowleri?
2. Briefly explain the symptoms of Naegleria fowleri?

L

In this unit, you have learnt abolMaegleria fowler; their life cycle,
symptoms, diagnosis, treatment and contrNlaegleria fowleriis
a thermophilic, free-living amoeba. It is foundvarm and hot freshwater
ponds, lakes and rivers, and in the very warm waftaot springs. As the
water temperature rises, its numbers increaseaifoeba was identified
in the 1960s in Australia but appears to have ebla the United States.

M

Schuster, F. L., and Govinda, S. V. (2004). Fremdi Amoebae as
Opportunistic and Non-opportunistic Pathogens omidns and
Animals International Journal for Parasitology4:1001 - 1027.

5.4 Summary

5.5 References/Further Readings/Web Sources
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Answers to SAEs 1

1. Brain-eating amoeba
2. Naegleriasis

Answers to SAEs 2

1. Amphotericin B

2. - The symptoms of PAM resemble bacterial meningaaraditis
and PAM is generally characterized by a suddentorideeadache
and fever.

- Nausea, vomiting and other symptoms related taease
intracranial pressure may also be evident.

- There is a rapid progression from headache andrféveeoma,
with occasional seizures, and death.

Glossary

DNA = Deoxyribonucleic acid

AIDS = Acquired Immunodeficiency syndrome
ATP = Adenosine Triphosphate

STD = Sexually Transmitted Diseases

ACR = Adequate clinical response

LTF = Late treatment failure

ETF = Early treatment failure

MDR = Multi-drug resistance

ABC = ATP-binding cassette

ART = Active antiretroviral therapy

GAE = Granulomatous amebic encephalitis
CNS = Central Nervous System

PAM = Primary amebic meningoencephalitis

End of the module Questions

1. Balantidium coli are parasitic species of ciliate alveolates that
causes the disease balantidig$isie or False)

2. It is the only member of the ciliate phylum knowm t
be pathogenic to humafBrue or False)

3. Cryptosporidium parvum(C. parvun) causes epidemics of
diarrhea in humans through contaminated food aridn{/Erue or
False)
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154

Cystoisosporiasis was previously known as isospiriand is an
uncommon diarrheal illness caused by the protoZdaune or
False)

Acanthamoebéas two evolutive forms, the metabolically active
trophozoite and a dormant stress-resistant(@ysie or False)
Naegleria fowleriare excavates that inhabit soil and wdieue

or False)



