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BioMedical Parasitology

Protozoa

Prof Peter O’Donoghue

Three modes of existence on earth!

• aquatic (many species)

• terrestrial  (some species)

• parasitic (overwhelming majority)

PARASITES RULE!

Pathogens

Arthropods

Helminths

Protozoa

Fungi

Bacteria

Viruses

macro-parasites

(cumulative)

(chronic disease)

micro-parasites

(multiplicative)

(acute disease)

PROTOZOA

‘first animals’

ancestral

not primitive

eukaryotes

unicellular

motile

Essential life activities

1. ingestion

2. digestion

3. excretion

4. respiration

5. reproduction

6. motility
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6 CO2      +       6 H2O C6H12O6      +       6 O2

(carbon dioxide)             (water)                                 (glucose)                      (oxygen)



mitochondria

glycolysis

chemical energy                    animals   

plants                            solar energy

photosynthesis

chloroplasts

It’s a plastid world!

PROKARYOTES

LUCA [4 BYA]
(last universal common ancestor)

Archaea
(extremophiles)
methanogens

requiring H

Eubacteria
(true bacteria)

anaerobes
producing H

SYMBIOGENESIS

Archaea
(extremophiles)
methanogens

requiring H

Eubacteria
(true bacteria)

anaerobes
producing H

Eukaryotes [2 BYA]

EUKARYOTES

Eukaryotes [2 BYA]

Protists        Plants        Fungi            Animals
1.8 BYA        1.0 BYA     0.7 BYA        0.5 BYA

SET
(serial endosymbiosis theory)

autogenesis?

hydrogenosomes

mitochondria

chloroplasts

flagella (2+9)

endomembranes
(nuc env, ER, Golgi)

cyanobacteria

autogenesis?
spirochaetes?

-proteobacteria

mitochondria?

ur-karyote
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PROTOZOA (unicellular eukaryotes)

flagellates       amoebae            sporozoa       ciliates

whip-like             temporary                      non-motile            hair-like

flagella                pseudopodia                    ‘spores’                 cilia

AMOEBAE 

Rhizopods                           Actinopods

(lobopodia, filopodia)                   (axopodia)

free-living bactivores                     plankton

commensals/parasites

AMOEBAE

FLAGELLATES (2+9)

Phytoflagellates                  Zooflagellates

(with chloroplasts)       (without chloroplasts)

(free-living)            (commensals/parasites)

FLAGELLATES

CILIATES (2+9)(Ma/Mi)

lower holotrichs higher holotrichs

(simple mouths)                  (oral membranelles)

lumen-dwellers fouling organisms

opportunists
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CILIATES

SPOROZOA

Apicomplexa      Microspora      Myxozoa
(apical complex)          (unicellular)           (multicellular)

(oocysts)                     (spores)                   (spores)

All parasitic

APICOMPLEXA

MICROSPORA

MYXOZOA

PROTOZOA
65,000 species

(31,250 extant + 33,750 extinct)

flagellates    amoebae    sporozoa     ciliates

6,900 species     11,550 species      5,600 species       7,200 species

5,100 free-living      11,300 free-living                                          4,700 free-living

1,800 parasitic              250 parasitic           all parasitic                 2,500 parasitic
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Site of infection, symptomatology, transmission

enteritis             anaemia            lesions
diarrhoea           fever               malfunction       

faecal-oral        vector-borne    predator-prey

Transmission

predator-prey

trophozoite

cyst

trophozoite trophozoite

cyst

trophozoitetrophozoite

host host

vector

host 1

host 2
free

free

faecal-oral        vector-borne

Disease is merely the tip of the iceberg

DISEASES

Impact of diseases
• mortality (death)
• morbidity (sickness)
• production losses (body weight)
• lesions (quality)

Parasitoses
• endo-parasites
• ecto-parasites
• epibiotic fouling organisms

Disability Adjusted Life Years DALY = YLL + YLD 
= Years Life Lost due to premature death (mortality burden)

+ Years Life lost due to Disability (morbidity burden)  

WHO top 10 parasites

Disease Infections/yr Deaths/yr

1. Ascariasis 900 million 20,000

2. Hookworm disease 800 million 55,000

3. Malaria 800 million 1,500,000

4. Trichuriasis 500 million -

5. Amoebiasis 480 million 75,000

6. Filariasis 280 million -

7. Schistosomiasis 200 million 750,000

8. Giardiasis 200 million -

9. Trypanosomiasis 25 million 65,000

10. Leishmaniasis 1 million 1,000
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