


























Immature schizonts

P, vivax P malariae P. falciparum P. ovale

(rarely seen in peripheral blood)

Size Almost fills RBC _Almust ﬁlls_RBL;, . ;lr;ost_ﬁlls RBC_ ——— _A;'lo;t %SEBC
Shape Somewhat amoeboid Compact == Eo;pa-ct ———— _(;;r;.;#;-_ =
Chromatin Numerous irregular masses = _F-'_e_w;r-e;.tia_r m_as;)s_ Irregular masses Few imegular masses
Pigment Scattered _S-c;lr;-red_h === Single clump Scattered

Mature schizonts

P. vivax P. malariae P. falciparum F. ovale

(rarely seen in peripheral blood)

Size FilsRBC ~ NearyfilsREC  NeayflsREC ~  Fils34RBC
Shape Segmented © Segmenteddaisyhead =~ Segmemed = Segmented
Merozoites Emmee == - S e s e e e e
—range 14-24 = === =
— mean 16 8 et o o
—size Medium Large == Smal —

| e gmmem mpeeee g
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Morphology (continued)

Stages in thin films (continued)

Microgametocytes (male)

P vivax

F. malariae

P. falciparum

F. ovale

Time of 3-5days 7-14 days 7-12 days 12—14 days

appearance

Number in Many Scanty Many Scanty

bloodstream

Size J4fllsRBC 112 to 213 fils RBC Larger than RBC 112 to 2/3 fills RBC

Shape Round or oval compact Round compact Kidney-shaped Round compact
Bluntly round ends

Cytoplasm Pale blue Pale blue Reddish blue Pale blue

Chromatin Single chromatin mass As for P. vivax Fine granules scattered . As far P ﬁvax = =
throughout

Pigment Abundant brown granules As for P. vivax Dark granules throughout As for P. vivax

throughout
Macrogametocytes (female)
P. vivax P. malariae P, falciparum P. ovale

round nucleus

Time of 3=5days 7=14 days 7=12 days 12— 14 days

appearance

Number in Many Scanty Many Scanty

bloodstream

Size 34 fills RBC 1/2 to 2/3 fills RBC Larger than RBC 1/2 to 2/3 fills RBC

Shape Round or oval compact Round compact Crescentic-sharply rounded Round compact
or pointed ends

Cytoplasm Dark blue Dark blue Dark blue Dark blue

Chromatin Compact peripheral mass As for P, vivax Compact masses near centre As for P, vivax

Pigment Small masses round periphery As for P, vivax Black, rod-like granules As for P, vivax
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Note that the parasites are not flattened in the film and so appear smaller than in thin film. The red cells are haemolyzed in
processing so there is no guide to the size, shape or colour of the RBCs. Schiiffner's dots are indefinite and there are no Maurer's

clefts.

P. vivax

1. Ring forms, small fine rings often broken
2. Trophozoites, markedly irregular cytoplasm
3. Schizonts, many {(average 16) small merozoites

4. Gametocytes, compact parasites with features of d and ?
as described

5. White blood cell

P. malariae and P. ovale
Almost identical but James’ dots may be visible in the latter

1. Ring forms, compact rings

2. Trophozoites, solid regular cytoplasm

3. Schizonts, few (average 8) large merozoites

4. Gametocytes, very difficult to distinguish from P. vivax
5. White blood cell

P. falciparum

1. Ring forms, very small, fine rings usually unbroken
trophozoites (with vacuolated cytoplasm) and schizonts are
rarely seen in peripheral blood

2. Gametocytes, characteristic crescentic d and ¢ forms

3. White blood cell
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Pathology and Clinical features

Plasmodium vivax, P. ovale, P. malariae and uncomplicated P. falciparum malaria have similar features with fever, rigors, headache,
muscle aches, malaise and anorexia. Anaemia may develop and the liver and spleen may become enlarged. Because the clinical
appearances are non-specific, malaria may be misdiagnosed, e.g. as a viral infection, with severe consequences.

Plasmodium falciparum infection can readily progress to severe malaria, the clinical criteria of which have been defined by a
World Health Organisation working group. One or more of the following features in the presence of asexual parasitaemia
indicate severe falciparum malaria:  cerebral malaria e severe anaemia » renal failure o pulmonary oedema or adult respiratory
distress syndrome « hypoglycaemia e circulatory collapse or shock e spontaneous bleeding from the gums, nose, gastrointestinal
tract and/or laboratory evidence of disseminated intravascular coagulation « repeated generalised convulsions (more than
two in 24 hours despite cooling) e acidaemia (arterial pH < 7.25) or acidosis (plasma bicarbonate < 15 mmol /L) ¢ macroscopic
haemoglobinuria.

Other features of severe falciparum malaria include impaired consciousness less severe than coma, prostration, hyperparasitaemia,
jaundice and hyperpyrexia.

Endothelium 3

Cerebral
malaria

P falciparum | ’j Cytoadherence

Cerebrﬁl : —
microcapillary, [
Anti-parasitic endothelium Hofs;c-ﬂ-ashd
immunity e
Host-related Amplification of &J
factors expression of
| Anti-toxic cytoadherence TNF
immunity receptors Sl
Macrophage +
[ P. falciparum [
s Endotoxin
S s Host-related
Other pathogens factors

Sequence of events leading to cerebral malaria

| Plasmodium -

(schizont)

: L

. g[?e-le! 1 | - Malarial endotoxin |
/ = : v s
A i :

high dcse-i\‘— wl Pathological

il consequences

Malarial endotoxin

Macrophage

| Protection ;A—(Iow dose |-

v + + 1

i
Destruction of Abnormal erythropoiesis, Increased cytoadherence, Fever, headaches, hypoglycaemia, |
intracellular 1 erythro-phagocytosis coma thrombopaenia, vomiting, nausea
parasites 1

Anaemia i Cerebral malaria : Other symptoms
Role of TNF

(Both of the above figures after Figs 20.17 and 20.18 in Hommel M, Gilles H M, Malaria {Chapter 20). In Cox E G, Kreier J P, Wakelin D, eds. Topley and Wilson's Microbiology and
Microbial Infections, Vol 5. Parasitology. London: Amold; 1998)
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Laboratory diagnosis

Malaria parasites in thin blood film, Stained by Leishman or Giemsa at pH 7.2

P. malariae

P. vivax

P. falciparum
4 Rarely

# seenin
peripheral

i blood e
- ]

It is also possible to use thick blood films stained by Field or Giemsa. Bone marrow films may also be examined. Serology (IFAT
or ELISA) is not appropriate for the detection of acute malaria but is deployed as a retrospective test for epidemiological use
to establish the cause of nephrotic syndrome or hyperreactive malarial splenomegaly (HMS).
Antigen Detection

P. falciparum expresses a specific antigen HRP2 on the surface of the parasitized RBC. This can be detected by using
immunochromatographic antigen capture techniques (AMRAD ICT, Becton Dickinson ParaSight F). Parasite lactate dehydrogenase
(pLDH) is biochemically and antigenically distinct from human LDH and is produced by all Plasmodium species. Gold-labelled
monoclonal and polyclonal antibodies can be used in an immunochromatographic technique to detect pLDH in whole blood
(OptiMAL, Flow Inc., Portland OR).

P. ovale

P. vivax trophozoites P. malariae: late trophozoite P. ovale trophozoite

P. falciparum trophozoites P. falciparum gametocyte
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Body-fluid and tissue flagellates

Classification
Phylum Euglenozoa
Undulating membrane
Class Kinetoplastidea

Posterior <=,

Anterior

Live in bloodstream and tissues
Vector (blood-sucking invertebrates) required

Kinetoplast
Axoneme  (DNA) Nucleus granules Flagellum

Trypanosomatidae
ingle flagellum

Morphological stages of the Trypanosomatidae affecting humans

Leishmania spp.

: Intracellular in
Amastigote macrophages
(L-D body) in humans

¢

Leishmania amastigotes

In midgut, then

: _ proboscis of
Promastigote }” sandfly (transfer
stage to human,
also in culture)

Trypanosoma spp.

Trypanosoma brucei rhodesiense
Trypanosoma brucei gambiense

In salivary glands

Epimastigote and proboscis of
: @ tsetse fly (transfer
stage to human)

A

Trypomastigote
Trypomastigote

X In bloodstream, lymph
” nodes and later CN
of humans

Trypanosoma cruzi |

4

Intracellular in

i macrophages
- and tissue cells

of humans

Amastigote

°

Trypomastigote In midgut, then

: faeces of bug
,“ (transfer stage
to humans)
In blood and

tissue spaces
of humans

).
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- Leishmaniasis
Distribution

Species | L. donovani complex L. fropica L. braziliensis complex

L. infantum L. major L. amazonensis

L. donovani L. aethiopica L. mexicana

L. chagasi L. infantum
Disease | Visceral Cutaneous Muco-cutaneous

(kala azar) (Espundia)

Life cycle and morphology of Leishmania (similar in all three species)

Promastigote form in insect Amastigote in macrophages
(and culture) of humans
14-20 um Faxiem Vacuole
"o _F Remains of
) axoneme
Nucleus Axoneme
Kinetoplast Nucleus Kinetoplast (DNA)
Life cycle in insect

Species of sandflies
* Phiebotomus (Old World)
* Lutzomyia (New World)

" Blockage of

&) proboscis by

promastigotes

: e Forward migration
s to pharynx
'/ e
' Reproduction by
binary fission
Change into
% . Amastigotes i
in blood or promastiyots
tissue juices
Life cycle in humans and reservoir animals
To insect

Blocked sandfly attem

Released into bloodstream
in systemic forms

Lodge in RE cells of various organs

Johial ot ran Y T L

Remains
localized to
skin in
cutaneous
forms

Ingested by
macrophages
Metamorphose *

In tissue juices

into amastigotes "

Reproduction
by binary ﬁssion

: )
Rupture of Localized to skin, plus metastases

In tissue juices

parasiized cell ) further cells to mucosae in mucocutaneous forms |

Body-fluid and tissue flagellates 71



Visceral leishmaniasis (kala azar)

Distribution

Clinico-pathological correlation

Spleen i
« Parasitized macrophages and endothelial cells
= Splenomegaly, pain from perisplenitis
« Spleen appears congested, dark red, soft and friable. Markedly enlarged
= The capsule is thickened and, later, infarcts and fibrosis occur
h y
Liver
* Hepatomegaly
* Liver appears enlarged, fatty congested and later may become cirrhotic
* Parasitized proliferated Kuppfer cells with atrophy of the liver cells and later fibrosis
Lymph nodes 2y
* Lymphadenopathy
« Reactive hyperplasia with parasitized macrophages
b y
Mechanism of pathology
il ™
* Displacement, degeneration of parenchymatous tissue|
- | * Toxaemia, cachexia fever, weight loss, weakness 3
* Pallor, cardiac dilation, tachycardia, low blood
pressure, haemic murmurs, ankle oedema
b
- f.
« Replacement of bone marrow
Skin and nasal mucosa Parasitization and breakdown of | Secondary = Anaemia, leucopaenia, thrombocytopaenia
involvement can occur (especially RE cells. Release of parasites and ==« Degenerative myocarditis
in Sudan) leading to ulceration debris with further parasitization | effects = Stomatitis, cancrum oris, cough, diarrhoea
|_* Purpura, epistaxis, melaena
> Pigmentation: darkening of skin at forehead,
temples, mouth (Kala azar means 'black fever')
{ 2
Defence
N\ '
Multiplication and mabilization of RE cells Later inconstant E Localization in the skin after treatment
with stimulation of immune response. . fibrosis-cirrhosis-haemorrhage.  [s====ei-{  Migration of parasites to skin post-kala azar dermal
Enlargement of liver, spleen and lymph nodes | Jaundice, ascites, rashes 1 leishmaniasis (PKDL)

Both offensive and defensive processes give rise to increased serum globulin and reversal of a/g ratio.
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Visceral leishmaniasis (kala azar)

Distribution

Clinico-pathological correlation

Spleen
« Parasitized macrophages and endothelial cells
= Splenomegaly, pain from perisplenitis
= Spleen appears congested, dark red, soft and friable. Markedly enlarged
= The capsule is thickened and, later, infarcts and fibrosis occur
Liver
* Hepatomegaly
* Liver appears enlarged, fatty congested and later may become cirrhotic
« Parasitized proliferated Kuppfer cells with atrophy of the liver cells and later fibrosis
Lymph nodes
* Lymphadenopathy
* Reactive hyperplasia with parasitized macrophages
g .
Mechanism of pathology
' ™
* Displacement, degeneration of parenchymatous tissue
* Toxaemia, cachexia fever, weight loss, weakness
* Pallor, cardiac dilation, tachycardia, low blood
pressure, haemic murmurs, ankle oedema
b -
Offence - ' ~
™ * Replacement of bone marrow k
Skin and nasal mucosa E Parasitization and breakdown of | Secondary * Anaemia, leucopaenia, thrombocytopaenia
involvement can occur (especially [ee======f~| RE cells. Release of parasites and « Degenerative myocarditis
in Sudan) leading to ulceration debris with further parasitization | effects + Stomatitis, cancrum oris, cough, diarrhoea
e — | Purpura, epistaxis, melaena
; T ——— .
Pigmentation: darkening of skin at forehead,
temples, mouth (Kala azar means 'black fever')
I-' S
Defence
= i
Multiplication and mobilization of RE cells Later inconstant Localization in the skin after treatment ;
with stimulation of immune response. fibrosis-cirrhosis-haemorrhage. Migration of parasites to skin post-kala azar dermal
Enlargement of liver, spleen and lymph nodes | Jaundice, ascites, rashes leishmaniasis (PKDL)
; L y
T T T T

Both offensive and defensive processes give rise to increased serum globulin and reversal of a/g ratio.
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Cutaneous leishmaniasis

Caused by Leishmania tropica, L. major, L. aethiopica, L. infantum, L. braziliensis complex

Acanthosis cellular  Necrosis and ulceration

infiltration

Blocked sandfly injects  Core of cells parasitized
promastigotes by amastigotes
formed

Secondary infection

(el
Dl e ; : r;"-.r'
N’

A\

N

Healing (2-12 months)
with depressed
pigmented scar

Granulation

Remains localized to skin Ulcer with sharp cut edges and

surrounding induration

Mucocutaneous leishmaniasis (espundia)

Caused by some infections with L. braziliensis (Central and South America), L. aethiopica (Ethiopia), L. mexicana

Cutaneous manifestations
like oriental sore but
often weeping ulcers

Blocked sandfly injects
promastigotes

Spread to mucosae of
mouth, nose, larynx,
pharynx, ear /

Secondary effects in loose mucosal tissues

Parasitized cells

Inflammatory
infiltration

Necrosis !
Later reactive
fibrosis

* Oedema and capillary involvement
« Interference with local blood supply
* Necrosis - extensive destruction

+ Secondary infection
—Deep erosion locally
—Spread of infection to lungs or elsewhere

Leading to:

+ Extensive disfiguring lesions + General constitutional upset

(fever, pain, anaemia)

+ Healing with fibrosis

+ Bronchopneumonia
and septicaemia

Diagnosis of Leishmaniasis

Visceral

Amastigotes can be demonstrated by staining bone marrow, lymph noede fluid, nasal scrapings (in the Sudan), liver biopsy or
splenic aspiration specimens (although this can be a dangerous procedure). Rarely, amastigotes can be demonstrated in buffy

coat preparations from peripheral blood.

Cutaneous and mucocutaneous

Demonstration of the parasite is possible in stained films from slit-skin smears taken from the indurated edge of an ulcer, biopsy

of the margin of the ulcer and from mucosal scrapings in mucocutaneous type.

Culture (NNN or a liquid medium such as Schneider’s Drosophila medium or 199 medium with added fetal calf serum) is

used for all types of material for diagnosis. Animal inoculation is rarely used now.

Polymerase chain reaction (PCR) can be used to diagnose and type the species of Leishmania present in biopsy or culture

material.

Specific serological tests are IFAT, ELISA, direct agglutination test (DAT), or latex agglutination for [gG antibodies. An

immunochromatographic test for rK39 antibody detection is also available.
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African type: sleeping sickness

Caused by either Trypanosoma gambiense (chronic sleeping sickness, found in West Africa, the Congo, Zaire) or by T. rhodesiense
(acute sleeping sickness, found in Zimbabwe, Tanzania, Zambia, Angola). Both have similar life cycle and morphology.

T. thodesiense aid
or Tgmc-masti ote
T. gambliense ~ F=3 14-33x 1.5-35 um

Glossina spp.
\setse

#
i

Nagana *
in animals

Epimastigote in vector

No animal reservoir

Life cycle in insect

Trypanosomes in blood
ingested by tsetse fly Total developmental cycle in fly 20 days

A @ Ko - Reproduction
@ _ by binary fission Anterior station
I - i -~

development

%

Migrate forward

Insect now
infective

Enter salivary glands via ducts
Metamorphose to epimastigotes and multiply
Re-metamorphose to slender metacyclic
trypomastigotes

Reproduction by binary fission as trypomastigotes

Metacyclic
trypanosomes
injected by
tsetse fly

5 | Invade and tissue spaces of Then CNS
- Multiply at site | bloodstream various organs particularly But do not enter
! of injection lymph nodes initially actual cells
Primary stage Secondary stage Third stage
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Pathogenesis and pathology

Primary stage

Secondary stage

Third stage

* Multiplication at site of injection

» Surrounding inflammatory reaction

Parasitaemia and toxaemia

= Invasion of tissue spaces (not cells) of various organs

—— Predominantly ——
Lymph nodes CNS

» Damage to endothelial cells of blood vessels, surrounding
(perivascular) granulomatous reactions and haemorrhages

Local inflammatory lesion

Toxic degeneration and pressure atrophy of tissue cells

Chronic sleeping sickness ; ; Acute sleeping sickness
(Due to T gambiense) Differ only in degree (Due to T. rhodesiense)
Clinico-pathological Clinico-pathological
correlation Pomary stege correlation

. ) Trypanosomal Trypanosomal ) )
Firm, tender, painful @& |chancre As in chronic
red nodule 1-3 weeks

Secondary stage—predominantly blood and lymph node involvement
Fever Fever
* Low * High
« Irregular » Persistent
= Recurrent
Severe toxic symptoms
General toxic symptoms * Headache
» Backache P « Vomiting
* Headache e = Shivering
» Tachycardia e * Oedema face
« Irregular skin rashes * = Serous effusion
(circinate) sl g TR « Bone pain
+ Transient oedema face Enlarged, soft, red. Similar lesions not so
Later regress, fibrotic pronounced Lymphadenopathy
Lymphadenopathy = Myocarditis
* Typically post-cervical ‘kﬂ ) W :
g Anaemia

Later anaemia { '/ Purpura

monocytosis \ [ \ ( Hepatits
Slight enlargement liver,

spleen Congested,slightly enlarged  Toxic depression Slightly enlarged Toxic depression Often death at this stage

Bone marrow Bone marrow
Third stage—CNS involvement
_/___ﬂ___“*i_

Progressive involvement Generalized leptomeningitis May have earty onset of
of the CNS Dura thickened and adherent \ encephalitis with rapid
General symptoms of Oedema with flat convolutions and 2 development of coma

progressive encephalitis
Focal signs uncommon
Dementia

dilated ventricles
Haemorrhage with softening
CSF turbid, increase cells and protein,
containing trypanosomes.

Perivascular cuffing with round and plasma
cells, macrophages and endothelial cells
Neuroglial proliferation
Pressure atrophy neurones

Death before CNS involvement

or
Similar changes but more acute

Note on epidemiology — Vectors of T. gambiense are riverine species,

hence disease often epidemic:
* G. palpalis
» G. tachinoides

hence disease more often sporadic:
* G. morsitans
« G. pallidipes

« G. swynnertoni

Vectors of T. rhodesiense are game-attacking species,
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Trypanosomiasis (continued)

South American type: Chagas’ disease

Caused by Trypanosoma cruzi. The parasite is harboured in humans, domestic animals such as cats and dogs, and some wild
animals, notably armadillos and opossums.

Morphology
Axoneme Small
Y Earabasal
ody
L Trypomastigotes in blood Amastigotes Promastigotes
bfggﬁamplw of humans and gut of insect in cells of humans in gut of insect
Resemble African trypanosomes except: Indistinguishable (except for site) and transitional stage
—characteristic C or S shape from Leishman-Donovan bodies in humans
—conspicuous kinetoplast of leishmaniasis

—long and short forms may occur
Life cycle in insect

Triatoma spp: the cone bug

; . I Posterior station
' development

These infective forms
passed in faeces

! Metamorphosis to Re-metamorphosis
Trypomastigotes in blood and multiplication as to small metacyclic
ingested by bug epimastigotes trypomastigotes

Life cycle in humans

?—-*::% < L\
2 Xl

i

Carried to regional
lymph nodes

Metacyclic trypanosomes in Rubbed into bite puncture,
bug faeces deposited on skin abrasion or conjunctiva

Y e
Enter histiocytes locally

metamorphose to amastigotes
and multiply by binary fission

Some amastigotes metamorphose to trypomastigotes
and invade blood and lymph

Some amastigotes
enter further cells

il divide in
‘N, blood

' Enter cells of many organs,
metamorphose to amastigotes

and multiply

Parasitized
cells rupture
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Pathogenesis and pathology

Local invasion of histocytes
Inflammatory reaction
Fibrosis: lymph blockage
Oedema

Fundamental pathogenesis
Invasion and destruction of
tissue cells by multiplying
amastigote forms
with functional disability

Chagoma

Invasion of blood
and lymph vessels by

% Invasion of local
=\ lymph nodes
4| Reticulo-endothelial
i hyperplasia with
parasitization

Regional lymphangitis
and lymphadenitis

i multplication

n
bloodstream

Systemic
manifestations

Micro
Similar in all lesions

Myocardial fibres

CNS  hor
0N

@)

Little surrounding tissue "
reaction g

trypanosomal forms

to practically any

Parasitization of
reticulo-endothelial and
parenchymatous cells by
amastigote forms which |
multiply and destroy /
cells

Dissemination

tissue of body

Recurring
re-invasion of the
blood by trypanosomal

forms and further
dissemination

Acute symptoms
« Fever

« Swelling of eyelids
{Romana's sign)

Acute form (often in children)

» Blood and reticulo-endothelial cells predominantly involved
* Fever

* Oedema

* Lymphadenopathy

* Enlargement of liver and spleen

» Sometimes encephalitis

* Myocarditis
» Tachycardia
* Heart block
* Emboli

* Aneurysms

» Generalized
lymphadenopathy

* Encephalitis

+ General or focal
CNS signs and
symptoms

« Splenomegaly

* Hepatomegaly

» Toxic depression
of bone marrow
* Anaemia

« Destruction of
intestinal nerve plexus

Chronic form
» General toxic symptoms and focal signs

Death or depending on localization

[ ——-
« May be asymptomatic

* Predominantly cardiac and CNS manifestations
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Laboratory diagnosis of trypanosomiasis

African type (sleeping sickness)

Demonstration of the parasite.
Microscopy of thin and thick blood films and buffy coat preparations.

Trypanosomes can also be seen in smears from bone marrow and centrifuged cerebrospinal fluid (CSF). Culture is possible
but difficult.
Microscopic detection of trypanosomes in peripheral blood may be improved by the use of a mini-anion- exchange column
or by the use of the QBC11® (Becton Dickinson) to concentrate the parasite.

The CSF might show increased protein and lymphocytes.

South American type (Chagas’ disease)

Demonstration of the parasite.
Stained smears of peripheral blood show trypanosomal forms in C or S shape. Stained films of lymph node fluid show
amastigotes. It is possible to show trypomastigotes by animal inoculation from blood and by culture from lymph node fluid.
Histological methods from biopsy or post-mortem material. It is also possible to demonstrate the parasite through xenodiagnosis:
clean bred triatomid bugs fed on the patient's blood develop trypanosomes in the gut.

Serology (e.g. by ELISA or IFAT) is the method of choice for the detection of chronic T. cruzi infection.
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Laboratory diagnosis of trypanosomiasis

African type (sleeping sickness)

Demonstration of the parasite.
Microscopy of thin and thick blood films and buffy coat preparations.

Trypanosomes can also be seen in smears from bone marrow and centrifuged cerebrospinal fluid (CSF). Culture is possible

but difficult.

Microscopic detection of trypanosomes in peripheral blood may be improved by the use of a mini-anion- exchange column
or by the use of the QBC11® (Becton Dickinson) to concentrate the parasite.
The CSF might show increased protein and lymphocytes.

South American type (Chagas’ disease)

Demonstration of the parasite.

Stained smears of peripheral blood show trypanosomal forms in C or S shape. Stained films of lymph node fluid show
amastigotes. It is possible to show trypomastigotes by animal inoculation from blood and by culture from lymph node fluid.

Histological methods from biopsy or post-mortem material. It is also possible to demonstrate the parasite through xenodiagnosis:

clean bred triatomid bugs fed on the patient's blood develop trypanosomes in the gut.
Serology (e.g. by ELISA or IFAT) is the method of choice for the detection of chronic T. cruzi infection.
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Luminal intestinal protozoa

Trophozoites Unstained Cysts

G. lambia

Large E. histolytica/dispar

E. histolytica

RBC
®

| I KA | S| TR |
10 20 30 40pm

Intermediate 0 Intermediate & messil
" C. mesnil
¥ @
E. nana No cystic stage
Sl = in T. hominis
. bittschlii ma I. biitschlii
No cystic stage
| T. hominis in D. fragilis
D. fragilis
Stained
Trophozoites Iron haematoxylin Cysts

R

AR G. lamblia
gfi??,w_;_ambﬁe
Large E. histolytica/dispar
RBC
. )
SN RS S M— '
Intermediate 10 20 30 40um Intermediate C. mesnil
E. nana No cystic stage
in T. hominis

Small

No cystic stage
in D. fragilis

. hominis

D. fragilis

Refer to text for the following additional stained appearances:
» trichrome stain for coccidia and microsporidia spp.
* modified Ziehl-Neelsen for Cyclospora, Isospora and Cryptosporidium spp.
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Index

A

African trypanosomiasis, 74-5, 78
Allergic reaction, hydatid disease, 26
Alveolar hydatid cyst, 26
Amoebae, 47-56
Amoeboma, 51
Ancylostoma spp., see also Hookworm
braziliense, 19
caninum, 19
duodenale, 8
ova, 8
Ascaris lumbricoides, 7
ova, 7, 36, 37
Ascites, S. mansoni, 29

B

Balanitis, E. histolytica, 52
Balantidium coli, 58

trophozoites and cysts, 58, 79
Bancroftian filariasis (W. bancrofti), 12
Beef tape worm, 21
Blackwater fever, 68
Blinding worm, 15
Blood flukes, 27-9
Body-fluid flagellates, 70-8
Bone, hydatid (osseous) cyst, 25, 26
Bronchiectasis, P. westermani, 35
Brugia malayi, 13

C

Calabar swelling, 14
Cancer/malignancy, schistosomiasis, 29
Cat liver fluke, 31
Cat round worm, 18
Cercariae
Fasciola hepatica, 32
Fasciolopsis buski, 33
H. heterophyes, 34
M. yokogawai, 34
O. felineus, 31
O. felineus / O. viverrini, 31
O. sinensis (C. sinensis), 30, 31
Schistosoma spp., 27
skin penetration, 29
Cestodes (tapeworms), 20-6
general characteristics, 4
larval forms, 24
Chagas' disease, 76-7, 78
Chilomastix mesnili, 56
cysts and trophozoites, 56, 79
Chrysops (vector), 14
Chyluria
B. malayi, 13
W, bancrofti, 12
Ciliates, intestinal, 58
Classification
helminths, 4
protozoa, 40
body-fluid and tissue flagellates, 70
malaria parasite, 61
Clonorchis sinensis (Opisthorchis
sinensis), 30-1
ova, 30, 31, 36
Coccidia, 41-4
Cone bug (vector), 76
Conjunctiva, L. loa under, 14

Cutaneous larva migrans (creeping eruption)
A. braziliense, 19
A. caninum, 19
G. spinigerum, 19
U. stenocephala, 19
Cutaneous leishmaniasis, 73, 74
Cyclospora cayetanensis, 43
Cyst
helminths
hydatid cysts, 25, 26
P. westermani, 35
protozoa, 79
amoeba other than Entamoeba
spp., 54, 55, 79
B. coli, 58, 79
C. mesnili, 56, 57
Entamoeba spp., 48, 49, 50, 55, 79
G. lamblia, 56, 79
S. hominis, 44
T. gondii, 59
Cysticercoid, H. nana/H. diminuta, 22
Cysticercus bovis, 21
Cysticercus cellulosae, 20
Cystitis, schistosomiasis, 29

D

Diagnosis, methods, 1
Dientamoeba fragilis, 47

life cycle, 54

morphology, 54-5, 79
Diphyllobothrium latum, 23

ova, 23, 36
Disease mechanisms, 1
Dog round worm, see Toxocara canis
Dog tape worm, 25
Dracunculus medinensis, 17
Dwarf tape worms, 22
Dysentery

amoebic, faecal appearance, 53

balantidial, 58

T. trichiura, 6

E

Echinococcus granulosus, 25
Echinococcus multilocularis, 26
Eggs, see Ova
Elephantiasis
O. volvulus, 15
W. bancrofti, 12
Encephalitozoon spp., 45
Endolimax nana, 47
morphology, 54-5, 79
Endophthalmitis, T. canis, 18
Entamoeba coli, 47
morphology (vs E. histolytica), 49-50,
54-5, 79
Entamoeba dispar, 48
morphology, 54-5, 79
Entamoeba hartmanni, 47
morphology, 54-5
Entamoeba histolytica, 47, 48-53
laboratory diagnosis, 53
life cycle, 48
morphology, 49-50, 54-5, 79
pathology, 51-2
Entamoeba polecki, 47
Enterobius vermicularis, 5
ova, 5, 36

Enterocytozoon bieneusi, 45

Eosinophilia, tropical pulmonary, 12

Erythrocytic stage in RBCs (Plasmodium
spp.), 63

Espundia, 73

Eye worm, 14

F

Fasciola hepatica (sheep liver fluke), 32, 32
ova, 36, 37
Fasciolopsis buski, 33
ova, 33, 36
Filariasis, 12-16
Bancroftian (W. bancrofti), 12
Filariform larvae, S. stercoralis, 9
Fish tape worm, see Diphyllobothrium latum
Flagellates
body-fluid and tissue, 70-8
intestinal, 56-7
Flukes, see Trematodes

G

Gametocytes, Plasmodium spp., 64, 65
Giardia intestinalis (G. lamblia), 56
cysts and trophozoites, 58, 79
Gnathostoma spinigerum, 19
Granuloma(ta)
M. yokogawwai, 34
Schistosoma spp., 29
Gravid segment, T. saginata, 21
Ground itch, 8
Growth effects, trichuriasis, 6
Guinea worm, 17

H

Haemoptysis, P. westermani, 35
Halzoun, 32
Helminths (worms), 3-37
classification, 4
definition, 1
Hematophagous trophozoites,

E. histolytica., 53
Heterophyes heterophyes, 34
Hoeppli reaction, 29
Hookworms, 8, see also Ancylostoma spp.

ova, 8, 36, 37
Host, definitive vs intermediate, 1
Hydatid disease, 25-6
Hydrocele
B. malayi, 13
W. bancrofti, 12
Hymenolepis diminuta (rat tape worm), 22
ova, 22, 36
Hymenolepis nana, 22
ova, 22, 36, 37
Hypoglycaemia in malaria, 68

I

Intraosseous cyst, 25, 26
Todamoeba biitschlii, 47
morphology, 54-5, 79
Iron deficiency anaemia, T. trichiura, 6
Isospora belli, 41
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Jaundice
C. (O.) sinensis, 30
F. hepatica, 32
P. falciparum, 68

K

Kala azar (visceral leishmaniasis), 72, 73
Katayama fever, 29

L

Larva currens, 9
Larva migrans, see Cutaneous larva
migrans; Visceral larva migrans
Larval forms of cestodes, 24
Leishmania spp., 71-3
morphology, 70, 71
Leucopenia, P. falciparum, 68
Liver fluke
cat, 31
oriental, 30-1
sheep, see Fasciola hepatica
Loa loa, 14

M

Macrogametocytes, Plasmodium spp., 64
Malaria parasite, see Plasmodium spp.
Mansonella spp., 16
Megaloblastic anaemia, D. latum, 23
Microfilariae

B. malayi, 13

L. loa, 14

O. volvulus, 15

W. bancrofti, 12

other filarial worms, 16
Microgametocytes, Plasmodium spp., 64
Microsporidia, 45-6
Mosquito as vector

B. malayi, 13

Plasmodium spp., 62

W. bancrofti, 12
Mucocutaneous leishmaniasis, 73
Multilocular cyst, 26

N

Necator americanus, 8

Nematodes (round worms), 5-19
general characteristics, 4

Nosema spp., 45

o

Oesophageal varices, S. mansoni, 29

Onchocerca volvulus, 15

Opisthorchis felineus, 31

Opisthorchis sinensis, see Clonorchis sinensis

Opisthorchis viverrini, 31

Oriental liver fluke, 30-1

Oriental schistosomiasis, 29

Osseous cyst, 25, 26

Ova (eggs), helminth, 36-7

Schistosoma spp., 36, 37, 38

damage caused by, 29

P

Papillitis (optic), T. canis, 18

Paragonimus westermani, 35
ova, 35, 36

Periorbital oedema, T. spiralis, 11

Pharynx, F. hepatica, 32

Phasmid nematodes, 18-19

Pin worm, 5

Placenta in malaria, 68

Plasmodium spp., 61-9
classification, 61
laboratory diagnosis, 69

Plasmodium spp., 61-9 (continued)
life cycle, 62
morphology, 63-7
pathophysiology, 68

Plasmodium falciparum, 61
laboratory diagnosis, 69
morphology, 63-7

Plasmodium malariae, 61
laboratory diagnosis, 69
morphology, 63-7

Plasmodium ovale, 61, 62
laboratory diagnosis, 69
morphology, 63-7

Plasmodium vivax, 61, 62
laboratory diagnosis, 69
morphology, 63-7

Pleistophora spp., 45

Pork tape worm, 20

Portal vein, 5. mansoni, 29

Pre-erythrocytic stage, Plasmodium spp., 63

Pregnancy, placenta in malaria, 68

Proglottid, T. solium, 20

Protozoa, 39-79
classification, see Classification
definition, 1

R

Rat tape worm, see Hymenolepis diminuta
Red blood cells (RBCs), malaria parasite
erythrocytic stage, 63
pathophysiology, 68
Renal involvement, see Kidney
Rhabditiform larvae
hookworms, 8§
S. stercoralis, 9
Ring form, Plasmodium spp., 64, 67
Round worms, see Nematodes

S

Sandfly (vector), 70, 71
Sarcocystis hominis, 44
Schistosoma spp., 27-9

haematobium, 28, 29, 36, 37

japonicum, 28, 29, 36

mansoni, 28, 29, 36, 37

ova, see Ova
Schizogony, Plasmodium spp., 63
Schizonts, Plasmodium spp., 64, 67
Scolex

D. latum, 23

T. saginata, 21

T. solium, 20
Sheep liver fluke, see Fasciola hepatica
Sleeping sickness, 74-5, 78
Snail fever, 29
Snail host

Fasciola hepatica, 32

Fasciolopsis buski, 33

H. heterophyes, 34

M. yokogawai, 34

O. felineus, 31

O. sinensis (C. sinensis), 30

P. westermani, 35

Schistosoma spp., 27, 28
South American trypanosomiasis, 76-7, 78
Sparganosis, 24
Sparganum proliferum, 24
Spirometra spp., 24
Squamous cell carcinoma of bladder, 29
Strobila

D. latum, 23

T. saginata, 21

T. solium, 20
Strongyloides stercoralis, 9
Subconjunctival location, L. loa, 14
Subungual haemorrhage, T. spiralis, 11
Swimmer's itch, 29

T

Taenia spp.
ova, 20, 21, 36
T. saginata, 21
T. solium, 20
Tapeworms, see Cestodes
Thread worm, 5
Thrombocytopenia, P. falciparum, 68
Tissue protozoa, 59-60
flagellates, 70-8
TNF and malaria, 68
Toxocara canis, 18
ova, 18, 37
Toxocara catis, 18
Toxoplasma gondii, 59-60
Transmission of parasites, 1
Trematodes (flukes), 27-37
general characteristics, 4
Triatoma spp. (vector), 76
Trichinella spiralis, 10-11
Trichomonas spp., 57
hominis, 57, 79
vaginalis, 57
Trichuris trichiura (whip worm), 6
ova, 6, 36, 37
Trophozoites, 79
amoebae other than Entamoeba spp.,
morphology, 54
L biitschlii, 54, 79
B. coli, 58, 79
C. mesnili, 56, 79
Entamoeba spp., 48, 49, 50, 79
hematophagous, 53
morphology, 54
G. lamblia, 56, 79
Plasmodium spp., 64, 67
Trichomonas spp., 57, 79
Tropical pulmonary eosinophilia, 12
Trypanosoma spp., 74-8
laboratory diagnosis, 78
morphology, 70
Trypanosoma cruzi, 76-7
morphology, 70, 76
Trypanosoma gambiense, 74
morphology, 70
pathology, 75
Trypanosoma rhodesiense, 74
morphology, 70
pathology, 75
Trypanosomatidae, morphological
stages, 70
Tsetse fly (vector), 70, 74
Tumour necrosis factor and malaria, 68

U

Uncinaria stenocephala, 19
Unilocular cyst, 26
Urethra, Trichomonas vaginalis, 57
Urinary tract infection

E. vermicularis, 5

S. haematobium, 29

A%

Visceral larva migrans
G. spinigerum, 19
T. canis, 18
Visceral leishmaniasis, 72, 73

W

Whip worm, see Trichuris trichiura
Worms, see Helminths
Wiichereria bancrofti, 12
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Entamoeba histolytica (causing amoebiasis) (continued)

Morphology (continued)

lodine preparations

E. histolytica Precyst E. coli
Brown, diffuse Glycogen Brown, compact G
Finely granular yellow Cytoplasm Conspicuous granularity : :
green £l
Yellow ring with central Nucleus Nuclear membrane with i . @

yellow dot (karyosome)

eccentric karyosome easily

recognised
Stained by iron haematoxylin
Trophozoite
Purplish brown Cytoplasm Greyish blue
Faintly granular Coarsely granular
RBC black Inclusions Vacuoles black, as
are bacteria etc.
| Nucleus:
Lined with minute Membrane Thick with plaques of
black granules black chromatin
Small black central dot Karyosome Eccentric black dot
or plague
Trace only seen Fibril network More conspicuous; may
have chromatin plagues
Precyst
Round Shape Round
As trophozoite Cytoplasm As trophozoite
Nucleus
Black chromidial Inclusions May have slender black
bodies or bars chromidial bars
Glycogen (dissolved) Glycogen (dissolved)
replaced by vacuoles replaced by vacuoles
Cyst
Grey-blue Cytoplasm Greyish-blue, granular
As precyst, less Inclusions As precyst, less
conspicuous or absent conspicuous or absent
In 2 nuclei stagba glycogen
vacuoles may be
dumb-bell-shaped
Unstained, hyaline Wall Unstained, hyaline
As trophozoite 1-4 Nuclei As trophozoite 1-8
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