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ANTONIE VAN LEEUWENHOEK 
Born: 24.10.1632 - Died: 26.8.1723 

Delft, Holland 

I .J 
This man, born poor, with little education, a draper in his hometown of Delft had surprising visitors! 

They included great men of science as well as the Royalty like the Tsar Peter the Great, Frederick 

the Great of Prussia and King James II of England. This was due to his hobby of grinding fine lenses 

through which he looked at various objects and brought forth the wonder world of small things 

that none had seen before. He kept clear descriptions and accurate drawings of what he saw and 

communicated them to the Royal Society in London. A strict check convinced the Society of their 

authenticity. The unlettered Antonie was elected a Fellow of the Royal Society! The papers sent by 

him over decades can still be seen in the Philosophical Transactions of the Royal Society. 

The discoveries he made are legion. He described the first protozoan pathogen Giardia. He also 

discovered many types of bacteria, human and animal spermatozoa, and eggs of various animals 

realizing their importance in reproduction. He could not recognize the significance of the different 

types of bacteria, and to him, they were just' little animalcules'. His fault was in being much before the 

time, for it took two centuries more for people to accept the microbial origin of infectious diseases. 

But that should not deter us from acknowledging the great contributions made by Leeuwenhoek to 

Biology and many other branches of Science. He was truly the Founder of Microbiology. 
_J 
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FOREWORD 

This is a great pleasure to write the foreword to the eighth edition of Paniker's Textbook of Medical 

Parasitology dealing with medically important parasites vis-a-vis human diseases caused by them. 
The parasitic infections (protozoa! and helminthic) are still major cause of high morbidity as well 

as mortality of substantial number of population residing in the developing world of tropical and 
subtropical regions. The clinical presentations of parasit ic diseases have also significantly evolved 
with the passage of time. Malaria caused by Plasmodium vivax has never been life-threatening but 
now it is presenting with renal failure as well as acute respiratory distress syndrome (ARDS) thereby 
leading to fatal consequences. On the other hand, some of the infections such as dracunculiasis 
have been eradicated from India and others are the next targets being in the pipeline. 

There are a number of novel diagnostic techniques, which are being designed for rapid 
diagnosis of various parasitic diseases and accurate identification of their causative pathogens. The non-invasive imaging 
techniques, both MRI and CT scans, are proving to be very useful tools for an early diagnosis thereby delineating the extent 
of disease in a particular patient. Therefore, to cope up with the changing epidemiological scenario and newer diagnostic 
modalities, medical students and professionals involved in the patient care need updates from time to time. Dr Sougata 
Ghosh (Editor), has done a remarkable job of going through the voluminous information and presenting it in a very lucid, 
concise and reproducible manner. 

This edition will ideally be suited for medical students and resident doctors, who are preparing for various examinations 
and entrance tests. I feel the present edition will also be appreciated by students and teaching facult ies in all disciplines 
of medicine. The chapter on pneumocystosis has been removed, however, on sporozoa dea ling w ith diseases caused by 
different species of microsporidia, traditionally retained in this edition, despite the fact that it has also been shifted now to 
the kingdom fungi like Pneumocystis jirovecii. 

The unique feature of the textbook is that it has many illustrations, photographs of cl inical specimens and 
photomicrographs with an easy-to-read and understand format. This will help the students to memorize the information 
given in the text easily as well as to use the same in medical practice. Each chapter has key points with a set of multiple choice 
questions (MCQs), which will help a student for better understanding and preparation before the examination. Although it 
is meant for medical graduates, recent advances mentioned in this book will also be useful for the postgraduates. 

The original author, Professor CK Jayaram Paniker, was an experienced and enthusiastic medical teacher, and we 
recently lost him. Moreover, he was a legendary microbiologist and the author of numerous valuable textbooks, part icularly 
co-author of Ananthanarayan's Textbook of Microbiology. His name has been retained as such in the title of the eighth 
edition of this textbook is a great honor and real tribute to him thereby continuing his legacy to attain more heights in the 
field of medical parasitology even in his physical absence. I hope that this textbook will continue to benefit the medical 
students and faculties for many years as it has done during the last three decades. 

Jagdish Chander 
Professor and Head 

Department of Microbiology 
Government Medical College and Hospital 

Chandigarh, India 





PREFACE TO THE EIGHTH EDITION 

The previous editions of Paniker's Textbook of Medical Parasitology have been widely accepted by the medical students and 
teachers across India and abroad for almost three decades. 

Medical science is not a static art. Methods of diagnosis and treatment of parasitic infections change constantly. To keep 
pace with these developments, all the chapters of present edition have been thoroughly revised and expanded, providing 
up-to-date epidemiological data, new diagnostic methods and recent treatment guidelines of parasitic infections. 

In the current edition, many new tables, flow charts and photographs of specimens and microscopic view pictures have 
been added for better comprehension of the subject. 

Recent advances such as vaccinology of malaria and leishmaniasis, malarial drug resistance, new treatment protocols 
of different parasitic infections are the salient features of the book. 

The aim of the contents of the book remains same in this edition, that is compact yet informative and useful for both 
graduate and postgraduate students. 

Like the last edition, the present edition is also designed in a colorful format, which can be easily read and comprehended. 
Important points and terms have been highlighted by making them bold and italic. At the end of each chapter, the 

must-know facts are given as "Key Points" in box formats for quick recapitulation. 
Important multiple choice questions (MCQs) and review questions from various university examinations' papers have 

been added to test and reinforce understanding of the topics by the students. 

Sougata Ghosh 





PREFACE TO THE FIRST EDITION 

Parasitic infections continue to account for a large part of human illness. Antimicrobial drugs and vaccines that have made 
possible the effective control of most bacterial and viral diseases have not been as successful against parasitic infections. 
The numbers of persons afflicted by parasites run into many millions. Malaria still affects over 500 millions, pinworm 
and whipworm 500 millions each, hookworm 800 millions and roundworm a billion persons. Filariasis, leishmaniasis and 
schistosomiasis remain serious public health problems. Infections due to opportunist parasites are becoming increasingly 
evident in the affluent countries. 

In recent years, there has been a resurgence in the study of parasitic infections. Much new knowledge has been gained 
making possible precise diagnosis and more effective control of parasites and the diseases, they cause. 

Thi s textbook attempts to present the essential information on parasites and parasitic diseases, with emphasis on 
pathogenesis, epidemiology, diagnosis and control. Every effort has been made to incorporate recent advances in the 
subject. 

It is hoped that medical students, teachers and physicians will find the book useful. Their comments and suggestions 
for improvement of the book will be most welcome. 

SHANTHI, East Hill Road 
Kozhikode, Kerala-673 006 

CK Jayaram Paniker 
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CHAPTER 1 
General Introduction: 

• INTRODUCTION 
Medical parasitology deals wi th the parasites, which cause 
human infections and the diseases they produce. 
• It is broadly divided into two parts: 

1. Protozoology 
2. Helminthology. 

• The pioneer Du tch microscopis t, Antonie 11an 
Leeuwenhoek of Holland in 1681, first introduced single 
lens microscope and observed Giardia in his own stools. 

• Louis Pastuer in 1870, first published scientific study on 
a protozoa( disease leading to its control and prevention 
during investigation of an epidemic silk worm disease in 
South Europe. 

• A seminal discovery was made in 1878 by Patrick Manson 
about the role of mosquitoes in filariasis. This was the first 
evidence of vector transmission. 

• Afterwards, Laveran in Algeria discovered the malarial 
parasite (1880), and Ronald Ross in Secunderabad and 
Calcuna in India, showed its transmission by mosquitoes 
(1897). A large nwnber of vector-borne disease have since 
then been identified. 

• By mid 20th century, with dramatic advances in antibiotics 
and chemotherapy, insecticides and antiparasitic drugs, 
and improved lifestyles, all infectious diseases seemed 
amenable to control. 

• PARASITES 
Parasites are living organisms, which depend on a living host 
for their nourishment and survival. They mulriply or undergo 
development in the host. 
• The term "parasite" is usually applied to Protozoa 

(unicellular organisms) and Helminths (multicellular 
organisms) (Flow chart 1). 

• Parasites can also be classified as: 
- Ectoparasite: Ectoparasites inhabit only the body 

surface of the host without penetrating the tissue. Lice, 
ticks and mites are examples of ectoparasites. lhe 

Parasitology 

term infestation is often employed for parasitization 
with ectoparasites. 

- Endoparasite: A parasite, which lives within the 
body of the host and is said to cause an infection is 
called an endoparasite. Most of the protozoan and 
helminthic parasites causing human disease are 
endoparasites. 

- Free-living parasite: It refe rs to nonparasitic stages 
of active existence, which live independent of the 
host, e.g. cystic stage of Naegleriafowleri. 

Endoparasites can further be classified as: 
Obligate parasite: The parasite, wh ich cannot 
exist without a host, e.g. Toxoplasma gondii and 
Plasmodium. 

- Facultative para.site: Organism which may either 
live as parasi tic form or as fre e-living form , e.g. 
Naegleriafowleri. 

- Accidental parasites: Parasites, which infect an 
unusual host are known as accidental parasites. 
Echinococcus granulosus infects man accidentally, 
giving rise to hydatid cysts. 

- Aberrant parasites: Parasites, which infect a host 
where they cannot develop further are known as 
aberrant or wandering parasites, e.g. Toxocara canis 
(dog roundworm) infecting lhwnans. 

• HOST 
Host is defined as an organism, which harbors the paras ite 
and provides nourishment and shelter to latter and is 
relatively larger than the parasite. 
• The host may be of the following types: 

- Definitive host: The host, in which the adult parasite 
lives and undergoes sexual reproduction is called the 
definitive host, e.g. mosquito acts as definitive host 
in malaria. 

The definitive host may be a human or any other 
living being. However, in majori ty of human parasitic 
infections, man is the definitive host (e.g. fil aria, 
roundworm, hookworm). 
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Flow chart 1: Types of parasites 

Parasite 

+ 
Protozoa 

(unicellular) 
Kingdom-Protista 

+ 
Helminths 

(multicellular) 
Kingdom-Animalia 

Amebae Flagellates Sporozoa Ciliates 

+ + + • 
En/amoeba 
Naeglena 

Giardia 
Trichomonas 

Plasmodium 
Babesia 

Toxoplasma 

Balanlidium 

Nematodes 

• 
Ascaris 

Ancylostoma 

- In termediate host: The host, in which the larval 
stage of the parasite li ves or asexual multiplication 
takes place is call ed the intermediate host. In some 
parasites, two different intermediate hosts may be 
required to complete different larval stages. These 
are known as first and second intermediate hosts, 
respectively (Box 1). 

- Paratenic host : A host, in which larval stage of the 
parasite remains viable without further development 
is referred as a paratenic host. Such host transmits 
the infection to another host, e.g. fi sh for plerocercoid 
larva of D. lalum. 
Reser voir host: In an endemic area, a parasitic 
infection is continuously kept up by the presence 
of a host, which harbors the parasite and acts as an 
important source of infection to other susceptible 
hosts, e.g. dog is the reservoir host of hydatid disease. 

- Accidental host: The host, in which the parasite is 
not usually found, e.g. man is an accidental host for 
cystic echinococcosis. 

• ZOONOSIS 
The word zoonosis was introduced by RudolfVir chow in 1880 
to include the diseases shared in nature by man and animals. 
• Later, in 1959, the World Health Organization (WHO) 

defined wonosis as those diseases and infeclions, which are 
naturally transmitted between vertebrate animals and man. 

Cestodes 

• 
Taenia 

Echinococcus 

Trematodes 

+ 
Fasciola 

Schistosoma 

Box 1: Parasites with man as intermediate or secondary host 

• Plasmodium spp. 
• Babesia spp. 
• Toxoplasma gondii 
• Echinococcus granulosus 
• Echinococcus multilocu/aris 
• Taenia solium 
• Spirometra spp. 

• It is of foll owing types: 
Protozoal zoo noses, e.g. toxoplasmosis, leishmaniasis, 
balanlid iasis and cryptosporidiosis. 
I lelminthic zoonoses, e.g. hydatid disease, taeniasis. 
Anthropozoonoses: Infect io ns transmitted to 
man from lower vertebrate animals, e.g. cystic 
echinococcosis. 
Zooanthroponoses: Infections transmitted from man 
to lower vertebrate animals, e.g. human n1berculosis 
to cattle. 

• HOST-PARASITE RELATIONSHIPS 
Host-parasi te relationships are of fo ll owing types 
(Flow chart 2): 

Symbiosis 
• Commensalism 
• Parasitism. 
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Flow chart 2: Host-parasite relationships 

Hos t-parasite relationships 

i 1 i 
Symbiosis Commensalism Parasitism 

• Both host and parasite are 
dependent upon each other 

• None of them suffers any 
harm from the association 

• Only the parasite derives benefit 
from the association without 
causing any injury to the host 

• The parasite derives benefits and 
the host is always harmed due to 
the association 

• A commensal is capable of living 
an independent life also 

• The parasite cannot hve an 
independent life 

• LIFE CYCLE OF PARASITES 
• Direct life cycle: When a parasite requires only single 

host to complete its development, it is call ed as direct li fe 
cycle, e.g. Entamoeba histolytica requires only a human 
host to complete its li fe cycle (Table 1) . 

• Indirect l ife cycle: When a parasite requires two or more 
species of host to complete its development, the life 
cycle is call ed as indirect life cycle, e.g. malarial parasite 
requires both human host and mosquito to complete its 
life cycle (Tables 2 and 3). 

• SOURCES OF INFECTION 
Contaminated soil and water: 

Soil polluted with embryonated eggs (roundworm, 
whipworm) may be ingested or infected larvae in 
soil, may penetrate exposed skin (hookworm). 
lnfeclive forms of parasites present in water may be 
ingested (cyst of ameba and Giardia). 
Water containing the intermediate host may be 
swallowed (cyclops containing guinea worm larva). 
Infected larvae in water may enter by penetrating 
exposed skin (cercariae of schisotosomes). 

- Free-l iving parasites in water may directl y enter 
through vulnerable sites (Naegleria may enter 
through nasopharynx). 

Food: 
Ingestion of contaminated food or vegetables 
conraining infeclive stage of parasite (amebic cysts, 
Toxoplasma oocysts, Echinococcus eggs). 
Ingestion of raw or undercooked meat harboring 
infeclive larvae (measly pork containing cysticercus 
cellulosae, the larval stage of Taenia solium). 

Vectors: A vector is an agent, usually an arthropod that 
transmits an infection from man to man or from other 
animals to man, e.g. female Anopheles is the vector of 
malarial parasite. 
Vectors can be: 
- Biological vectors: The term biological vector refers 

to a vector, which not only assists in the transfer of 

Table 1: Parasites having direct life cycle (requiring no intermediate 
host) 

Protozoa Helminths 

• Entamoeba histalytica • Ascaris lumbricaides 

• Giardia lambfia • Enterobius vermicularis 

• Trichomonas vagina/is • Trichuris trichiura 

• Balantidium coli • Ancylostama duodenale 

• Cryptosporidium parvum • Necator americanus 

• Cyclospora cayeranensis • Hymenolepis nana 

• /sospara be/Ii 

• Microsporidia 

parasites but the parasites undergo development or 
multipli caLion in their body as well. They are also 
called as true vectors. Example of true vectors are: 
• Mosquito: Malaria, filariasis 
• Sandflies: Kala-azar 
• Tsetse flies: Sleeping sickness 
• Reduviicl bugs: Chagas disease 
• Ticks: Babesiosis. 

Mechanical vectors: The term mechanical vector 
refers to a vector, which assists in the transfer of 
parasitic form between hosts but is not essential in 
the li fe cycle of the parasite. Example of mechanical 
vectors is: 
• Housefly: Amebiasis 

In biological vectors, a certain period has to elapse after 
the parasite enters the vector, before it becomes infective. This 
is necessary because the vector can transmit the infecLion only 
after the parasite multiplies to a certain level or undergoes 
a developmental process in its body. This interval between 
the entry of the parasite into the vector and the Lime it takes 
to become capable of transmitting the infection is called the 
extrinsic incubation period. 

Animals: 
Domestic: 
• Cow, e.g. T. saginata, Sarcocystis 
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Tab le 2: Parasites having indirect life cycle requiring one intermediate Box 2: Parasites causing autoinfection 
host and one definitive host 

Parasite Definitive host Intermediate host 

Protozoa 

Plasmodium spp. Female Anopheles Man 

mosquito 

Babesia Tick Man 

Lei sh mania Man. dog Sandfly 

Trypanosoma brucei Man Tsetse fly 

Trypanosoma cruzi Man Triatomine bug 

Toxoplasma gondii Cat Man 

Cestodes 

Taenia solium Man Pig 

Taenia saginara Man Cattle 

Echinococcus granulosus Dog Man 

Trematodes 

Fascia/a hepatica Man Snail 

Fascia/apsis buski Man, pig Snail 

Schistosoma spp. Man Snail 

Nematodes 

Trichinella spiralis Man Pig 

Wuchereria bancrofti Man Mosquito 

Brugia malayi Man Mosquito 

Dracunculus medinensis Man Cyclops 

Table 3: Parasites having indirect life cycle requiring two intermediate 
host and one definitive host 

Parasite lntermediate hosts Definitive host 

Fascia/a spp. Snail, plant Man 

Clonorchis sinensis Snail, fish Man 

Diphyllobothrium latum Cyclops, fish Man 

Paragonimus westermani Snail, crustacean Man 

• Pig, e.g. T. solium, Trichinella spiralis 
• Dog, e.g. Echinococcus granulosus 
• Cat, e.g. Toxoplasma, Opisthorchis. 

Wild: 
• Wild game animals, e.g. trypanosomiasis 
• Wild feli nes, e.g. Paragonimus westermani 
• Fish, e.g. fish tapeworm 
• Moll uscs, e.g. liver flukes 
• Copepods, e.g. guinea worm. 

Carr ier : A person who is infected with parasite without 
any cli nical or subcl ini cal disease is known as carrier. 
He can transmit parasite to others. For example, all 

• Hymenolepis nana 
• Enterobius vermicularis 
• Taenia solium 
• Strongyloides stercoralis 
• Capillaria philippinensis 
• Cryptosporidium parvum 

anthroponotic infections, vertical t ransmission of 
congenital infections. 

• Self (autoinfection) (Box 2): 
Finger-to-mouth transmission, e.g. pinworm 
Internal reinfection, e.g. Strongyloides. 

• MODES OF INFECTION 
Oral transmission: The most common method of 
transmission is through oral route by contaminated food, 
water, soiled fin gers, or fomites. Many intestinal parasites 
enter the body in this manner; the infective stages being 
cysts, embryonated eggs, or larval forms. Infection wi th E. 
histolytica and other intestinal protozoa occurs when the 
infective cysts are swall owed. 
Skin transmission: Entry through skin is another 
important mode of transmission. Hookworm infection 
is acquired, when the larvae enter the skin of persons 
walking barefooted on contaminated soil. Schistosomiasis 
is acquired when the cercarial larvae in water penetrate 
the skin. 
Vector transmission: Many parasiti c diseases are 
transmitted by insect bite, e.g. malaria is transmitted by 
bite offemale Anopheles mosquito, filariasis is transmitted 
by bite of Culex mosquito. A vector could be a biological 
vector or a mechanical vector. 
Dir ect transmission: Parasit ic infection may be 
transmitted by person-to-person contact in some cases, 
e.g. by kissing in the case of gingivaJ amebae and by sexual 
intercourse in trichomoniasis. 
Vertical transmission: Mother to fetus transmission may 
take place in malaria and toxoplasmosis. 
Iatrogenic transmission: It is seen in case of transfusion 
malaria and toxoplasmosis after organ transplantation. 

• PATHOGENESIS 
Parasitic infections may remain inapparcnt or give rise to 
clinical disease. A few organisms, such as E. histolytica may 
li ve as surface cornmensals, without invading the tissue. 
• Clini cal infection produced by parasite may take many 

forms: acute, subacute, chronic, latent, or recurrent. 
• Pathogenic mechanisms, which can occur in parasitic 

infections are: 
- Lytic necrosis: Enzymes produced by some parasite 

can cause lyri c necrosis. E. histolylica lyses intestinal 
cells and produces amebic ulcers. 



- Trauma: Attachment of hookworms on j ejunal 
mucosa leads to traumatic damage of villi and 
bleeding at the site of attachment. 
Allergic manifestations: Cli nical illness may be caused 
by host immune response to parasitic infection, e.g. 
eosinophili c pneumonia in Ascaris infection and 
anaphylactic shock in rupture ofhydatid cyst. 
Physical obstruction: Masses of roundworm cause 
intesti nal obstruction. Plasmodium f alciparum 
malaria may produce blockage of brain capill aries in 
cerebral malaria. 
i nflammatory reaction: Clini cal illness may be caused 
by inflammatory changes and consequent fibrosis, 
e.g. lymphadenitis in fil ariasis and urinary bladder 
granuloma in Schistosoma haemalobium infection. 
Neoplasia: A few parasitic infection have been shown 
to lead to mali gnancy. The li ver flu ke, Clonorchis may 
induce bile duct carcinoma, and S. haematobium 
may cause urinary bladder cancer. 
Space occupying lesions: Some parasites produce 
cystic lesion that may compress the surrounding 
tissue or organ, e.g. hydatid cyst. 

• IMMUNITY IN PARASITIC INFECTION 
Li ke other infectious agents, parasites also eli cit 
immunoresponses in the host, both humoral as well as 
cellu lar (Fig. 1). But immunological protection against 
parasiti c in fections is much less effi cient, than it is against 
bacterial or vi ral infections. Several factors may contribute 
LO this: 

Compared to bacteria and viruses, parasites are 
enormously larger or more complex structurall y and 
antigenically, so that immune system may not be able to 
focus attack on the protective anrigens. 

• Many protozoan parasites arc intracellul ar in location, 
and this protects them from immunological attack. 
Several protozoa and helminths li ve inside body cavities. 
1h.is location limits the efficiency of immunological attack. 

• Once the parasitic infection is completely eliminated, the 
host becomes again susceptible to reinfection. This type 
of immunity to reinfection is dependent on the continued 
presence ofresidual parasite population and is known as 
"premunition" . 

• Anti bodies belonging to different immunoglobulin 
classes are produced in response to parasiti c infections. 
Selecti ve tests for immunoglobulin M (IgM) are helpful in 
differentiating current infections from old in fections. 
Excessive IgE response occurs in helminthiasis. A 
characteristi c cell ular response in helminth parasite is 
eosinophilia both local and systemic {Fig. 1) . 

• Parasites have evolved to be closely adapted to the host 
and most parasitic infections are chronic and show a 
degree of host specificity. For example, malarial parasites 

General Introduction: Parasitology 

Fig . 1: Eosinophils surrounding schistosomulum 
(an example of immune attack in bloodstream) 

Box 3: Parasites exhibiting antigenic variations 

• Trypanosoma brucei gombiense 
• Trypanosoma brucei rhodesiense 
• Plasmodium spp. 
• Giardia lamblia. 

of human, bird and rodents are confined to thei r own 
particular species. 

• Parasites li ke trypanosomes exhibit antigenic variation 
within the host. This genetic switch protects them from 
antibodies. Similar mechanism may be operative in the 
recrudescences in human malaria (Box 3). 

• Some parasites adopt antigenic disguise. Their surface 
antigens are so closely simil ar to host components that 
they are not recognized as foreign by the immune system. 

• Some infections may produce immunodefi ciency due to 
extensive damage to the reticuloendotheli al system, as in 
case of visceral leishmaniasis. 
The fact that immunity normally plays an important role 

in the containment of parasitic infections is illu strated by the 
fl orid manifestations caused by opportunistic parasites such 
as Pneumocystis j irovecii and T. gondii, when the immune 
response is inadequate as in acquired immunodeficiency 
syndrome (AIDS) and other immunodefi ciencies. 

• IMMUNE EVASION 
Al l animal pathogens, including parasiti c protozoa and worms 
have evolved effective mechanism to avoid elimination by the 
host defense system as described in Table 4 . 

• VACCINATION 
No effective vaccine for humans has so far been developed 
against parasites due to their complex life cycles, adaptive 
responses and antigenic vari ation, great progress has been 
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Table 4: Parasite escape mechanisms 

Parasite escape mechanisms Example 

Intracellular habitat Malarial parasite, Leishmania 

Encystment Toxop/asma 
Trypanosoma cruzi 

Resistance to microbial phagocytosis Leishmania 

Masking of antigens Schistosomes 

Variat ion of antigen Trypanosomes 
Plasmodium spp. 

Suppression of immune response Trichinella spirahs 
Schistosoma mansoni 
Malarial parasite 

Interference by polyclonal Trypanosomes 
activation 

Sharing of antigens between parasite Schistosomes 
and host-molecular mimicry 

Continuous turnover and release of Schistosomes 
surface antigens of parasite 

made in identifying protecti ve antigens in malaria and some 
other infections, with a view to eventual development of 
prophylactic vaccines. 

• LABORATORY DIAGNOSIS 
Most of the parasitic infection cannot be conclusively 
diagnosed. On the basis of clinical features and physical 
examination laboratory diagnosis depends upon: 
• Microscopy 
• Culture . Serological test . Skin test . Molecular method . Animal inocuJation . Xenodiagnosis 
• Imaging . Hematology . 

Microscopy 

An appropriate clinical specimen should be coll ected for 
definitive diagnosis of parasiti c infections. 
• Following specimens are usually examined to establish a 

diagnosis: 
Stool 
Blood 
Urine 
Sputum 
Cerebrospinal fluid (CSF) 
Tissue and aspirates 

- Genital specimens. 

Stool Examination 

Examination of stool is very important fo r the detection 
of intestinal infections li ke Giardia, Enlamoeba, Ascaris, 
Ancylostoma, etc. 

Cysts and lrophozoites of E. histolytica, C. lamblia can be 
demonstrated in feces. Eggs of roundworm and tapeworm 
are also found in stool. The larvae are found in the feces in S. 
slercoralis infection (Table 5). 

For further details, refer to Chapter 23. 

Blood Examination 

Examination of blood is of vital importance for demonstrati ng 
parasites which circuJate in blood vessels (Table 6). Malarial 
parasite is confirmed by demonstration of its morphological 
stages in the blood. 

Urine Examination 

The characteristic lateral-spined eggs of S. haematobium 
and trophozoites of T. vagina/is can be detected in urine. 
Microfilaria of W bancrofti are often demonstrated in the 
chylous urine (Box 4). 

Sputum Examination 

lhe eggs of P. westermani are commonly demonstrated in the 
sputum specimen. Occasionally, larvaJ stages of S. s/ercoralis 
and A. lumbricoides may also be found in sputum. 

Cerebrospinal Fluid Examination 

Some protozoa li ke T. brucei, Naegleria, Acanthamoeba, 
Balamulhia and Angiostrongylus can be demonslrated in the 
CSF. 

Tissue and Aspirates Examination 

The larvae of Trichinella and eggs of Schistosoma can 
be demonstrated in the muscle biopsy specimens. By 
histopathological examinati on of brain, Naegleria and 
Acanthamoeba can be detected. In kala-azar, Leishman­
Donovan (LO) bodies can be demonstrated in spleen and 
bone marrow aspirate. Trophozoites of Giardia can be 
demonstrated in intesti nal aspirates. Trophozoites of E. 
histolytica can be detected in l iver pus in cases of amebic li ver 
abscess. 

Genital Specimen Examination 

Trophozoites of T. vagina.Lis are found in the vaginal and 
urethral discharge. Eggs of E. vermicularis are found in anal 
swabs. 
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Table 5: Parasites and t heir developmental stages found in stool 

Cysts/Trophozoites 

• Entamoeba histolytica 

• Giardia lamblia 

• Balantidium coli 

• Sarcocystis spp. 

• lsospora be/Ii 

• Cyclospora cayetanensis 

• Cryptosporidium parvum 

Eggs 

Cestodes 

• Taenia spp. 

• Hymenolepis nana 

• Hymenolepis diminuta 

• Oipy/idium caninum 

• Oiphylloborhrium /atum 

Trematodes 

• Schistosoma spp. 

• Fasciolopsis buski 

• Fascia/a hepatica 

• Fascia/a gigantica 

• Clonorchis sinensis 

Table 6: Parasites found in peripheral blood fi lm 

Protozoa 

• Plasmodium spp. 

• Babesia spp. 

• Trypanosoma spp. 

• Leishmania spp. 

Box 4: Parasites found in urine 

• Schistosoma haematobium 
• Wuchereria bancrofti 
• Trichomonas vagina/is 

Culture 

Nematodes 

• Wuchereria bancrafti 

, Brugia malayi 

• Loaloa 

• Mansonella spp. 

Larvae Adult worms 

• Gasrrodiscoides hominis Strongyloides stercoralis • Taenia solium 

• Heterophyes heterophyes 

• Metagonimus yokogawai 

• Opisthorchis spp. 

Nematodes 

• Trichuris trichiura 

• Enterobius vermicularis 

• Ascaris lumbricoides 

• Ancylostoma duodenale 

• Necatoramericanus 

• Trichosrrongylus orientalis 

• Taenia saginata 

• Oiphyllobothrium latum 

• Ascaris /umbricoides 

• Enrerobius vermicularis 

• Tr/chine/la spiro/is 

Table 7: Antigen detection in parasitic diseases 

• Galactose lect in antigen 

• Giardia-specific ant igen 65 

• WKK and rk39 antigen 

• HRP-2 antigen 

• Vivax specific pLDH 

• 200 kDa Ag and OG4C3 ant igen 

Entamoeba histo/ytica 

Giardia lamblia 

Leishmania donovani 

Plasmodium falciparum 

Plasmodium vivax 

Wuchereria bancrofti 

Abbreviations, Ag, antigen; HRP-2, histidine-rich protein 2; pLDH, P. folciparum lactate 

dehydrogenase; rk39, recombinant kinesin 39; WKK, Witebsky, Klingenstein and Kuhn 

by rapid immunochromatographic test. Filarial antigens 
are detected in current infection by enzyme-linked 
immunosorbcnt assay (ELISA) (Table 7). 

Some parasites l ike Leishmania, Entamoeba and 
Trypanosoma can be cultured in Lhe laboratory in various 
axenic and polyxenic media. 

Antibody Detection 
The foll owing antibody detection procedures are useful 
in detecting various parasiti c infections like amebiasis, 
echinococcosis and leishmaniasis in man: 

Serological Tests 

Serological tests are helpful for the detection and surveillance 
of many protozoa! and helmi nthic infections. These tests are 
basicall y of two types: 
1. Tests for antigen detection 
2. Tests for antibody detection. 

Antigen Detection 
Malaria antigen li ke P. f alciparum lactate dehydrogenase 
(pLDI I) and histidine-ri ch protein 2 (HRP-2) are detected 

• Complement fixation test ( CFT) 
• Indirect hemagglutination (I HA) 
• Indirect immunofluoresccnt antibody (IFA) test 
• Rapid immunochromatographic test (ICT) 
• Enzyme-li nked immunosorbent assay test (ELI SA). 

Skin Test 
Skin tests are perfo rmed by inj ecting parasiti c an tigen 
intradermally and observi ng the reaction. In immediate 
hypersensitivi ty reaction, wheal and flare response is seen 
within 30 minutes of infection, whereas erythema and 
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Box 5: Important skin tests done in parasitology 

• Cason i's test done in hydatid disease 
• Montenegro test or leishmanin test done in kala-azar 
• Frenkel's test done in toxoplasmosis 
• Fairley·s test done In schistosomiasis 
• Bachman intradermal test done in trichinellosis. 

in duration seen after 48 hours of injection is called as delayed 
hypersensitivity reaction (Box 5). 

Molecular Diagnosis 

Molecular methods most frequently used to diagnose human 
parasitic infection are deoxyribonucleic acid (ONA) probes, 
polymerase chain reaction (PCR) and microarray technique. 
1hese tests are very sensi tive and specific. 

Animal Inoculation 

It is useful for the detection of Toxoplasma, Trypanosoma and 
Babesia from the blood and other specimens. 

Xenodiagnosis 

Some parasitic infection like Chagas disease caused by T. 
cruzi can be diagnosed by feeding the larvae of reduviid bugs 
wi th patient's blood and then detection of amastigotes of T. 
cruzi in their feces. 

Imaging 

Imaging procedures like X-ray, ulcrasonography (USG), 
computed tomography (CT) scan and magnetic resonance 
imaging (MRI) are now being extensively used for d iagnosing 
variou s parasitic infections like n eurocyst icercosis and 
hydatid cyst disease. 

Hematology 

Anemia is frequently seen in hookworm infection and malaria. 
Eosinophil ia is frequentl y present in helminthic infections. 
HypergammaglobuJinemia occurs in visceral leishmaniasis. 
Leukocytosis is seen in am ebic liver abscess. 

KEY POINTS 

• Leeuwenhoek in 1681, first observed the parasite Giardia 
in stools. Laveran in 1880, discovered malarial parasite and 
Ronald Ross in 1897 showed the transmission of malaria by 
mosquitoes. 

• Protozoa belong to kingdom Protista and helminths belong to 
kingdom Animalia. 

• Definitive host: The host in which the adult stage lives or the 
sexual mode of reproduction takes place. 

• Intermediate host: The host in which the larval stage of the 
parasite lives or the asexual multiplication takes place. 

• Zoonoses: Diseases which can be transmitted to humans 
from animals, e.g. malaria, leishmaniasis, trypanosomiasis 
and echinococcosis. 

• Parasites like trypanosomes exhibit antigenic variation within 
the host. 

• Parasites like Ascaris and Echinococcus cause allergic 
manifestations in the host. 

• Innate immunity against parasite may be genetic or by 
nonspecific direct cell-mediated or by complement activation. 

• Acquired immunity in parasitic infections is by generating 
specific antibodies and effector T-cells against parasitic 
antigens. 

• Diagnosis of parasitic infections are made by direct 
identification of parasite in specimens like stool, blood, 
urine, bone marrow, CSF, sputum, etc. 

• Serological tests are also useful in diagnosis by detection of 
parasite-specific antibody and antigen. 

• Other diagnostic modalities include imaging, molecular 
methods like PCR, skin test and xenodiagnosis. 

REVIEW QUESTIONS 

1. Write short notes on: 
a. Parasites 
b. Host 
c. Host-parasite relationship 
d. Zoonoses 
e. Immune evasion mechanism of the parasites. 

2. Discuss briefly the laboratory diagnosis of parasites. 

3. Describe immunity in parasitic infections. 
4. Differentiate between: 

a. Direct and indirect life cycle 
b. Definitive host and intermediate hosts 

MULTIPLE CHOICE QUESTIONS 

1. Definitive host is one 
a. In which sexual multiplication takes place and harbors adult 

form 
b. In which asexual multiplication takes place and harbors adult 

form 
c. In which sexual multiplication takes place and harbors larval 

form 
d. In which asexual multiplication takes place and harbors adult 

form 

2. Autoinfection is seen in all except 
a. Hymeno/epis nano 
b. Enterabius vermicularis 
c. Taenia so/ium 
d. Ascaris lumbricoides 



3. Antig enic va r iati on is exhibit ed by 

a. Entamoeba 
b. Schistosoma 
c. Trypanosoma 
d. Leishmania 

4. Which para si te enters , th e body by pi erci ng the sk in 

a. Trichuris trichiura 

b. Ascaris 
c. Necator americanus 

d. Plasmodium 

5. Which parasitic infect ion lead s to malignancy 

a. Babesiosis 
b. Clonorchis sinensis 
c. Trypanosoma cruzi 
d. Schistosoma haematobium 

6. Xenod iag nosis is usefu l in 

a. Wuchereria bancrofti 
b. Trypanosoma cruzi 
c. Trichinella spiralis 
d. All of the above 

7. The follo wing are zoonotic dise ase exc ept 

a. Leishmaniasis 
b. Balantidiasis 
c. Scabies 
d. Taeniasis 
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8. Two hosts are required in 
a. Taenia solium 
b. Entamoeba histolytica 
c. Trichuris trichiura 
d. Giardia 

9. Which of the following parasite passes its life cycle t hrough 
three hosts 
a. Fascia/a hepatica 

b. Fascia/a buski 
c. Schistosoma haematobium 

d. Clonorchis sinensis 

10. Man is the intermediate host for 

a. Strongyloides stercoralis 
b. Plasmodium vivax 
c. Entamoeba histolytica 
d. Enterobius vermicularis 

Answer 
1. a 2. d 
8. a 9. d 

3. C 

10. b 

4. C 5. b 6. d 7. C 



CHAPTER 2 

• INTRODUCTION 
• Single-celled eukaryotic microorganisms belonging to 

kingdom Pro tis ta are classified as Protozoa ( Greek protos: 
first; zoon: animal). 

• Parasitic protozoa are adapted to different host species. 
• Out of 10,000 species of parasitic protozoa, man harbours 

only about 70 species. 

• GENERAL FEATURES 
• The single protozoa! cell performs all functions. 
• Most of the protozoa are completely nonpathogenic 

but few may cause major diseases such as malaria, 
leishmaniasis and sleeping sickness. 

• Protozoa like Cryptosporidium parvum and Toxoplasma 
gondii are being recognized as opportunistic pathogens 
in patients affected with human immunodeficiency virus 
( lll V) and in those undergoing immunosuppressive 
therapy. 

• Protozoa exhibit wide range of size (1- 150 µ111), shape and 
structure; yet all possess essential common features

• The differences between protozoa and metazoa arc given 
in Table l . 

• STRUCTURE 
the typical protozoan cell is bounded by a trilaminar unit 
membrane, supported by a sheet of contractile fibrils enabling 
the cell to move and change in shape. 

• CYTOPLASM 
It has two portions: 
1. Ectoplasm: Outer homogeneous part that serves as the 

organ for locomotion and for engulfment of food by 
producing pseudopodia is called as the ectoplasm. It also 
helps in respiration, discharging waste material, and in 
providing a protective covering of cell. 

2. Endoplasm The inner granular portion of cyLOplasm 
that contains nucleus is called endoplasm. The 

Table 1: Differences between protozoa and metazoa 

Protozoa 

Morphology Unicellular; 
a single "cell-like unit" 

Physiology A single cell performs 

Example 

all the functions: 
reproduction, digestion, 
respiration, excret ion. etc. 

Ameba 

Multicellular; 
a number of cells, making 
up a complex individual 

Each special cell performs 
a particular function 

Tapeworm 

endoplasm shows number of structures: the Golgi bodies, 
endoplasmic reticulum, food vacuoles and contractile 
vacuoles. Contractile vacuoles serve to regulate the 
osmotic pressure. 

• NUCLEUS 
The nucleus is usually single but may be double or multiple; 
some species having as many as 100 nuclei in a single cell. 

lhe nucleus contains one or more nucleoli or a central 
ka1yosome. 

• The chromatin may be distributed along periphery 
(peripheral chromatin) or as condensed mass around the 
karyosome. 

• TERMINOLOGIES USED IN PROTOZOOLOGY 
• Chromatoid body: Extranuclear chromatin material 

is call ed chromatoid body (e.g. as found in Entamoeba 
histolytica cyst). 
Karyosome: It is a deoxyribonucleic acid (DNA) containing 
body, situated peripherall y or centrally within the nucleus 
and found in intestinal ameba, e.g. E. histolytica E.coli. 
Kinetoplast: Nonnuclear DNA present in addition to 
nucleus is called kinetoplast. It is seen in trypanosomes. 
Flagellum originates near the kinetoplast. Point of origin 
of flagellum is called as basal body. 

1 



• Cil ia: Thehese are fi ne, needle-l ike filaments, covering the 
entire surface of the body and are found in ciliates, e.g. 
Balantidium coli . 

• Trophozoile (trophos: nourishment): Active feeding and 
growing stage of the protozoa is call ed the trophozoites. 
It deri ves nutri tion from the environment by diffusion, 
pinocytosis and phagocytosis. 

• REPRODUCTION 
Reproduction can be: 
• Asexual reproduction 
• Sexual reproduction. 

Reproduction usually occurs asexuall y in protozoans; 
however, sexual reproduction occurs in cili ates and 
sporozoans. 

Asexual Reproduct ion 

Binary fission: It is a method of asexual reproduction, 
by which a single parasite divides either longitudinally or 
transversalJy into two or more equal number of parasites. 
Mitotic division of nucleus is fo llowed by division of the 
cytoplasm. In amebae, division occurs along any plane, 
but in fl agellates, division is along longitudinal axis and in 
cil iates, in the transverse plane (Fig. 1). 
Multipl e fission or schizogony: Plasmodium exhibits 
schizogony, in which nucleus undergoes several 
successive divisions wi thin the schizont to produce large 
number of merozoiles (Fig. I ). 
Endodyogeny: Some protozoa like Toxoplasma, multiply 
by internal budding, result ing in the formation of two 
daughter cells. 

Long itudin al 
binary fiss ion 
(Flagellates ) 

Binary f ission 
(Ameba) 

Protozoa 

Sexual Reproduct ion 

• Conjugation: In cili ates, the sexual process is conjugation, 
in which two organisms join together and reciprocall y 
exchange nuclear material (e.g. Balanlidium coli). 

• Gametogony or syngamy: In Sporozoa, male and female 
gametocytes are produced, which after ferti lization form 
the zygote, which gives rise to numerous sporozoites by 
sporogony (e.g. Plasmodium). 

• LIFE CYCLE 
Single host : Protozoa like intestinal fl agell ates and 
cili ates require only one host, within which they multiply 
asexually in trophic stage and transfer from one host to 
another by the cystic form. 

• Second host: In some protozoa like Plasmodium, asexual 
method of reproduction occurs in one host (man) 
and sexual method of reproduction in another host 
(mosquito). 

• CLASS I Fl CATION OF PROTOZOA 
Protozoan parasites of medical importance have been 
classified into kingdom Protista, subkingdom Protozoa which 
is further divided into the foll owing four phyla (Table 2): 
l. arcomastigophora 
2. Apicomplexa 
3. Microspora 
4. Cil iophora 

The important protozoan pathogens of human are 
summarized in Table 3. 

Multip le fission 
(sch izogony ) 

( 

Transv ers e 
binary fiss ion 

(Ciliates) 

Plasmod1um 
Red 
blood cell 

Daughter 
Nuclei 

Disrupts cell wall and is released 

Fig. 1: Asexual reproduction in protozoans 



Tab le 2: Classification of protozoa 

Phylum Subphylum 

Sarcomastigophora Mastigophora (having 
one or more flagella) 

Superclass class

Zoomastigophorea 

Sarcodina Rhizopoda Lobosea 

Apicomplexa 

Clliophora 

Microspora 

(pseudopodia present) 

Sporozoea 

Kinetofragminophorea 

M icrosporea 

Subclass 

Gymnamebia 

Coccidia 

Piroplasmia 

Vest ibuliferia 

order

Kinetoplastida 

Retortamonadida 

Diplomonadida 

Trichomonadida 

Amebida 

Schizopyrenida 

Eucoccidia 

Piroplasmida 

Trichostomastida 

Microsporidia 

Suborder -
Trypanosomatina 

Enteromonadina 

Diplomonadina 

Tubulina 

Acanthopodina 

Eimeriina 

Hemosporina 

Trichostomatina 

Apansporoblastina 

Genus 

Trypanosoma 

Leishmania 

Rerortamonas 
Chllomastix 

Enteromonas 

Giardia 

Trichomonas 
• Dientamoeba 

• Entamoeba 
• Endolimax 
• /odamoeba 

Acanthamoeba 

Naegleria 

Cryptosporidium 
• /sospora 
• Sarcocystis 
• Toxoplasma 

Plasmodium 

Babesia 

Balantidium 

Enterocytozoon 
Encephalitozoon 
Microsporum 

�~� 
::I 
�~� 
11> ... .,.-
;t 
>< ... 
tr 
0 
0 
';It:" 

0 -3::: 
11> 
Q. 
;.· 
�~� 

�~� 
iil .,. 
;:::.-
0 
0 
'° '< 






























































































































































































































































































































































































































































































	Bookmarks
	Page 195

	mebooksfree.com

