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Paraziti mezi nami a vSude kolem




Moznosti studia parazitologie na PrF
Bakalarsky stupen:
Obecnd parazitologie (Gelnar + Simkova)

Specialni parazitologie (Rehulkova)
Zaklady humanni parazitologie (Gelnar)



Magistersky stupen (povinnée volitelné)

Biologie parazitickych protozoi
(Koudela)

Biologie parazitickych helmintu (Kasny)
Biologie parazitickych ¢lenovcu
(Valigurova)

Lekarska parazitologie a diagnostika
(Ditrich)



Magistersky stupen + DSP (volitelné)

Parazito-hostitelske interakce (Horak)
Patologie parazitismu (Dykova)
Imunologie parazitismu (Salat)

Ekologie parazitl (Vetednikova-Simkova)



Dalsi souvisejici prednasky:

Evolu&ni ekologie (Vetednikova-Simkova)
Histologie (Hodova)

Mikroskopicka (Zoologicka) technika
(Seifertova)

Mikroskopickeé zobrazovaci techniky
(Masova)

Biostatistika (Jarkovsky)
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Zaklady humanni parazitologie

Zakladni udaje o predmetu:
prednaska: pondeli, od 17.00 do 20.00 hodin,
budova B11, mistnost 306

zkouska (Ustni/pisemna) se bude konat v kampusu MU
Bohunicich v pavilonu Ustavu botaniky a zoologie
A31 v mistnosti 332 — bude info mailem ??7?

studijni materialy na IS — prezentace a nahravky



Zaklady humanni parazitologie

Struktura prednasky:

Uvodni ¢ast pfednasky

Studijni doporucena literatura

Z historie parazitologie

Zakladni parazitologickée metody

Zakladni parazitologicke pojmy

Kombinace organoveého pristupu a systematiky
Kombinace aplikovaneho a teoretickeho pristupu



Zaklady humanni parazitologie

Clenéni parazitologie jako v&dni discipliny:
* Protozoologie

* Helmintologie

* Arachnoentomologie

 Humanni parazitologie
* Veterinarni parazitologie
* Kilinicka parazitologie

* Environmentalni (ekologicka) parazitologie
* Evoluéni (teoreticka) parazitologie



Studijni a doporucena literatura
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Z historie parazitologie



Historie parazitologie -

Je zfrejme, ze davni predci Cloveka meli své parazity, avsak nemame o
nich v soucasnosti zadné doklady. Obecné Ize fici, ze nalezy
cizopasniku pravékych lidi ¢lovéka Ize dolozit pouze studiem
zkamenélych vykalt a nebo jiného fosilniho materialu. Nejstar§im

zjistenym nalezem jsou vajiCka proto motolice plicni, ktera byla
nalezena ve fosilnich vykalech v severni Chile z doby 5000BC. Rovnéz
byl z této doby dolozen vyskyt hlistic rodu Ancylostoma v Brazilii a
vajiCka Skrkavek z doby cca 2330BC z Peru.




Staroveky Egypt




Z historie parazitologie |

Egypt:

Prvni udaje ze staroegyptskych papyru z doby cca 3000 — 4000BC. RozliSovali
Schistosoma haematobium, Ascaris lumbricoides, Dracunculus medinensis,
Strongyloides, tasemnice rodu Taeniatrhynchus. VajiCka tasemnic byly nalezeny v
mumiich s datovanim cca kolem 2000 BC, 1250 BC a 1000BC.

Recko a Rim:

U starych Rekd, dokumentovali Hippocrates a Aristoteles né&kolik dnesnich druh
parazitu ve svém dily Corpus Hippocraticus. V této knize popsali vyskyt ¢ervu
parazitujicich u ryb, domacich zvifat a lidi. Dobfe je popsan vyskyt Cysticerku tasemnice
Taenia solium. Tuto tasemnici popisuje taky Aristophanes s Aristotelem v Casti vénované
prasatum, v jejich knize Historia Natiuralium. Diky obétem byly ve starovéku rovnéz
dobfe znamy cysty tasemnice Echinococus granulosus. Nejvyznamné&jSi nemoci byla ve
starovéku drakunkuloza, diky metodé izolace samiCky vyCuhuijici z té€la na povrch. Tento
pfiznak je hojné popisovan v mnoha pramenech kolem roku 1000AD.
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Starovéky Rim a Recko




Starovéka Cina




Z historie parazitologie ||

Cina
V Ciné vétsinou dokumentovali nemoci a ne jejich plivodce. Cinské texty obsahuiji
nékolik udaju o Necator americanus, Ancylostoma duodenale. Z doby 2700 let BC

pochazi prvni udaj o malarii v textu Nei Ching od cisafe Huang Ti. Popsal poceni,
horeCky a bolesti hlavy jako hlavni pfiznaky.

Rovnéz doklady o Ascaris lumbricoides

 Amerika helminti
Tunga penetrans
Pediculus humanus
Malarie (Plasmodium)
Leishmanioza (Leishmania)
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Evropa - historie a soucasnos
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Z historie parazitologie I

« Evropa (1200 — 1650)

- 1379: Fasciola hepatica

— 1592: Diphyllobothrium latum
— 1674 Eimeria

— 1681: Giardia intestinalis

— 2. pol. 17.stol — Francesco Redi — ,otec
parazitologie” - redie



Z historie parazitologie |V

Stredoveék — mnoho faleSnych predstav o cizopasnicich

Rudolphi: Nematoidea
Acanthocephala
Nematoda
Cestoda
Cystica

1773: cerkarie (Muller)
1816: cerkarie — motolice (Nitzch)
1842: zivotni cyklus motolice (Thomas, Leucard)

19. stoleti — parazitologie jako veda (Zeder, Rudolphi, Frolich,
Butschli, Dolfein, Dujarden, von Sielbold, Schaudin, Loos aj.)
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Parazitologie v Ceské republice

Univerzita Karlova, Praha
Masarykova univerzita, Brno
Veterinarni univerzita, Brno,

JihoCeska univerzita a Biologicke centrum AV
CR v Ceskych Budejovicich - Parazitologicky
ustav AV CR - C. Budejovice









Z historie parazitologie V

Rozvoj parazitologie u nas:
Do 1. svétoveé valky: Praha — Dusan Lambl, Stanislaw Prowazek

Mezi valkami:

Praha: Briendl, Komarek, Jirovec — otec
nasi parazitologie
Brno: Rasin

Po 2. svétové valce: Akademie véd - CSAV, SAV, AV CR,

Parazitologicky ustav AV CR v Ceskych
Budgjovicich

Univerzity (UK, CZU, JéU, MU, MENDELU,
VFU)

Veterinarni a hygienicka sluzba

Armada, nemocnice, referenéni laboratore

Soukromé firmy a diagnostickeé laboratore



Z historie parazitologie VI

20. stoleti — parazitologie vyhranéna vedni disciplina
Fauna cizopasniku

Morfologie, taxonomie a systematika

Zivotni a vyvojové cykly

Biologie a ekologie

Fyziologie, biochemie, imunologie

Epidemiologie a matematické modelovani

Genetika a molekularni biologie

Evolucni biologie a fylogenetika

Genomika a transkriptomika

Histologie, histochemie, imunohistochemie
Ultrastruktura a anatomie
SCAN, TEM, CLSM






Parazité - definice

Organismus, ktery ziskava ziviny od jednoho hostitele Ci
malého poctu hostitelskych jedincu, obvykle je
posSkozuje, ale nepusobi bezprostfedné smrt.

Pozor: komensalni x parazitické interakce (napr. k
posSkozeni dochazi az pri vy$Sim pocCtu parazitu Ci
Spatné kondici hostitele).

Miru zpusobené Skody Ize méfit jako snizeni rustové
rychlosti hostitele (nebo celé populace).

Existence téesneho spojeni mezi parazitem a hostitelem.

Zavislost parazita na hostiteli pri regulaci prostredi.



Parazit — organismus (mikroorganismus, rostlina,
zivocich), ktery zije na téle nebo uvnitr tela jineho
organismu (hostitele), zivi se na jeho ukor a tim
mu skodi.

Kdo to je parazitolog ?

Quaint person who seeks truth in
strange places, person who sits on
one stool, staring at another.



Klinicka parazitologie - vyznam

Trends in Parasitology
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Vyznam parazitu

Volné Zijici organismus, ktery neni hostitelem nékolika parazitickych
jedincu riznych druhu je raritou.

Vice neZ polovina znamych druht jsou parazité nebo patogeni (a
nezname zdaleka vS8echny bakterialni a viroveé parazity).

FILARIASIS
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Vyznam parazitismu pro Cloveka

Vliv cizopasniku na historii lidstva
Ekonomicky vyznam pro lidské zdravi

Ekonomicky vyznam pro zdravi
hospodarskych zvirat




Lidske telo jako habitat

Rozdilné Casti lidského téla predstavuji vhodneé
habitaty pro rizné druhy cizopasnikl

Head

Head louse Pediculus

Mouth
Bacterium
Actinomyces

second edition

Heart and blood
Protist Plasmodium Lungs
(malaria) Lung worm
Bacterium Yersinia Angiostrongylus
pestis (plague) Fungus Coccidioides
: Bacterium Mycobacterium
Liver (tuberculosis)
Liver fluke Fasciola
& Small intestine
il Bacterium Vibrio
Kidneys (cholera)
Fungus Candida spp. Amoeba Entamoeba

Tapeworm Taenia

Large intestine
Pinworm Enterobius Arms and legs

Ticks Ixodes
(Lyme disease)
5 Body surface
Skin Body louse Pediculus
Ttch Il'lit.e_ an annotated checklist of the Protozoa, Helminths
Sarcoptes SCﬂ.bIEI and Arthropods for which we are home
(scabies) Body tissues
Nematodes Wuchereria
(elephantiasis) R W Ashford and W Crewe
Feet
Fungi
Trichophyton rubrum

(athlete’s foot)




Parazitarni nemoci ¢clovéka

Helmintozy 4,46 miliard
Ascaris lumbricoides 1221 mil
Ancylostoma 740 mil
Trichuris 795 mil
Filariozy 657 mil
Schistosomy 200 mil
Malarie 298-659 mil

Entamoeba histolytica 50 mil



Patogen, vektor

Patogen, resp. patogenniagens:
choroboplodny zarodek nebo puvodce nemoci, je biologicky faktor
(organismus), ktery muzZe zapfi€init onemocnéni hostitele.

Tento pojem se Casto pouziva ve zuzenem rozsahu zahrnujicim organismy,
které mohou narusit normalni fyziologickeé procesy mnohobunecnych
organismu, nicmene v plném vyznamu zahrnuje

veskeré biologické faktory infikujici jakoukolivsoucast biologické rise

Za patogen povazujeme viechny organizmy v&etné virl, viroidd, které
nemuzZeme oznacit za mikroorganizmy.

pFenasec (vektor) prenasi na sveho hostitele patogena. Takto je patogeny
vyuZzivana fada parazitickych ¢lenovcu. Pfitom se parazit ve vektoru
muZe namnoZovat, vyvijet se v ném, nebo muze byt pfenos pouze
mechanicky.



Bez komentare !

Viry jsou v podstaté obligatni paraziti, bez hostitele nejsou schopni existence !
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lﬂ.j . Co v evropskych déjinach zpiisobila blecha? Kdy
se parazit stane Robinem Hoodem? Jaky vliv meli

ﬁ“ j li cizopasnici na pohlavni rozmnozovani? Proc je munka
S‘; y;fi”’- ohroZeny druh? Jak motolice fidi mravence a proc
» " dela toxoplazméza z mysi sebevraha? K parazitum je
j'f._ - nutné mit za urcitych okolnosti respekt, ale v nasich

=== koncinach viibec neni dilvod bat se jich presprilis,”
fika doc. RNDr. JAN VOTYPKA (46), Ph.D., parazitolog
2 Prirodovédecke fakulty UK, expert na paraziticky
hmyz a spoluautor knihy O parazitech a lidech. Svét
cizopasnikil v jeho podani je fascinujici, i kdyz se pfi
¢teni mozna budete trochu osivat.
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Vyhody parazitismu

Po nalezeni hostitele nemusi hledat dalsiho
Permanentni dostupnost potravy

Redukovana potreba sloziteho ziskavani a
Zpracovavani potravy

4) Ochrana pred extrémy vnejsiho prostredi

5) Ochrana pred predatory a nemocemi

6) Redukovana potfeba mechanismu Sifeni (zajistuje
hostitel)

7) Vetsi telesné proporce pro reprodukCni organy nez
u volné zijicich zivocCichu



Nevyhody parazitismu

1) Extrémni specifiCnost zvysuje riziko vyhynuti
2) Nutnost vyhledat optimalni misto lokalizace na/v
hostitel

3) Nutnost se adaptovat vnitrnimu fyziologickemu
prostredi hostitele

4) Nutnost prekonavat imunitni systeém hostitele

5) RozsSifeni je omezeno na geografické rozsireni
hostitele

6) Prenos je extrémné riskantni a vétSina potomku
cizopasnika zahyne pred dosazenim vhodneho
hostitele.



Faktory zhorsujici vliv parazitismu

Chudoba

NedostateCna hygiena

Podvyziva

NedostateCna zdravotni infrastruktura

Nezajem vladnich garnitur

Korupce

Urbanizace

Socialni konflikty/valky

Presuny vnimavych osob do oblasti s infekci
Presuny napadenych osob do oblasti bez infekce
Antropogenni poskozovani/degradace prostredi
Prirodni katastrofy

Nedostatek ucinnych IéCiv/rezistence cizopasniku
Rust rezistence vektort/mezihostitell



Zakladni parazitologicke metody



Priklad — parazitologicke vysetreni stolice

Parasitic investigation of stool specimens

Possible roundworms or tapeworm
segments are identified in stool/

' undergarments and are available
for submission to lab

Watery diarrhea in patients who: Patient is:
= Have AIDS = A resident or visitor to a developing country
= Are <b years old (or contact) = A resident or visitor to an area of North
= Are campers or backpackers America where helminth (worm) infections
= Have contact with farm animals have been reported with some frequency
= Are involved in outbreak = Possible roundworms or tapeworm

* Drinking/recreational water source segments are observed in stool/

+ Day care center undergarments

Cryptosporidium antigen, feces Parasitic examination Parasitic identification

and Giardia antigen, feces

No additional
testing required
unless clinical
picture indicates

I If diarrhea persists |

Microsporidia detection stain and/or
Cyclospora species detection stain

* Two specimens should be tested for Giardia antigen to exclude

a diagnosis of giardiasis.

By permission of Mayo Foundation for Medical Education and Research. All rights reserved.

Positive Positive

No additional
testing required
unless clinical
picture indicates

Positive

If patient has diarrhea

No additional
testing required
unless clinical
picture indicates

If intestinal parasites are still
suspected, obtain at least 2 more
stool specimens, collected on
separate days over a 10-day period

Object submitted is not a
parasite. Consider submitting
additional specimens or evaluate
for delusional parasitosis




Moderni parazitologicka laborator




Rozvoj molekularni biologie

Y

b

Rozvoj molekularni parazitologie



Zaklad — kvalitni mikroskopicka technika




Prehled zakladnich mikroskopickych technik
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Small drop has a nearly perfect

spherical shape, and so it can se
as a lens.

17th century - Stephen Gray use
water drop as alens for a
microscope he built




Jak vybrat spravnou
mikroskopickou
techniku “?

START
L

T T >> a cell . Use hand lens or
|_How smallis it? | "\ dissecting microscope
l <acell ‘
Use a compound Bright field, Dark field
microscope Epillumination
What is it mounted on?
[ j Petri dish, etc.

} side

Use an upright microscope)

( Use an inverted microsco@
0—- |
[ Is it thin (< 50um)? |

‘ Yes

- @se epilluminatioa

Lls it fluorescently Iabeled?J-EE- Epi-fluorescence
l No

Is it reflective? | Yes
e.g. gold, silver

l No
Yes Bright field 2 Y
B Phase contrast Is it fluorescently |_Yes
labeled?

(Use trans illuminatiorD

Is it colored or densely
contrasted or stained?

No No
Y Phase contrast
es :
[ Is it transparent? ]-——- Nomarski

Autofluorescence echon

l No 1

Go to

Is it reflective? Yes Dark field @
—_—

e.g. gold, silver

Reflected light

No

I Is it birei‘ringent? ]———Yfi—-

KEY Conclusion

Specific technique

Epi-fluorescence
*confocal imaging

Reflected light
*confocal imaging




Parasitic crustacea

ECTOPARASITES

Parasitic crustaceans,
leeches - found

externally:
usage of hand lens or
dissecting microscope



Oddéeleni parazitologie - infrastruktura
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Laboratof specialni mikroskopie

~—1

Mikroskop
Olympus BX51 s fazovym

kontrastem a analyzou obrazu
R
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.| Objective
/ \ Specimen
PC enhances contrasts of | T Complentany
transparent and colorless objects by T

influencing the optical path of light / —Condenser

Light passing trough a transparent part of the specimen travels
slower and, due to this is shifted compared to the uninfluenced

light
« Difference in phase is not visible to the human eye 2>
change in phase can be increased to half a wavelength

by a transparent phase-plate in the microscope and
thereby causing a difference in brightness

* Transparent object becomes shining out in contrast to its
surroundings




Drawings: microscope Olympus BX 50 equipped with a phase contrast
optics and drawing tube; Measurements: Digital Image Analysis
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Laborator specialni mikroskopie
Fazova mikroskopie

Uyrodaciyins macromychus
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DIC Nomarski

mid-1950s - Georges
Nomarski modified the
Wollaston prism

Living or stained
specimens, which often
yield poor images when
viewed in brightfield
Illumination, are made
clearly visible by optical
rather than chemical
means
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~_Light to
- —Eyepieces

Analyzer
Objective
— Wollaston
(Nomarski)
Prism
Objective ;
, Orthogonal
— = *I—-Sﬁal:ed
Specimen ght
PSiide Waves
Condenser
Condenser
=—Wollaston
(Nomarski)
Prism
‘—Pnlarizer
. I'u Light from
Figure 1 . =Semi-Coherent

Source




Laborator specialni mikroskopie (DIC Nomarski)
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Model parasites group: free living amoebae
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* emission of light by a substance that has
absorbed light or other electromagnetic
radiation of a different wavelength

* emitted light has:

Principle of Excitation and Emission
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Fluorescenc¢ni mikroskopie







Gomori trichrom
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Autofluorescence
of nematodes
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Olympus CellR - motorizovany invertovany mikroskop se systémem rychlé
fluorescence pro sledovani procesti v zivych bunkach
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Confocal Laser Scanning
Microscopy
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Moznost kombinace barvicich technik




Schematic illustration of neuronal interspecific
connectivity between 2 heterogenic CNS
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Zurawski T.H. et al., 2003: Microscopic evaluation of neural connectivity
between paired stages of Eudiplozoon nipponicum. J. Parasitol 89:198-200
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Nanotrema niokoloensis n.sp.
Host: Citharinus citharus citharus
Locality: Niokolo Koba River near Pont
Suspendu Niokolo-Koba National Park,
Senegal




Sclerotised structures of Nanotrema niokoloensis sp.nov.: va = ventral anchor, vb = ventral bar,
da = dorsal anchor, I-VII = pairs of hooks, co = copulatory organ, vg = vagina



Sampling of parasite individual

Variety of monogenean body Variety of types of scolexes of
shapes and haptoral morphology cestodes
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Figure 2. A variety of monogeneans showing diverse body
shapes and haptoral morphology. (a) Gyrodactylus gemini
(Gyrodactylidae), (b) Thylacicleidus latus (Dactylogyridae), (c)
Pavaneliiella scaphiocotylus (Dactylogyridae), (d)
Paradiplectanum sillagonum (Diplectanidae), (e) Papillicotyle
youngi (Monocotylidae), {f) Udonella papillifera (Udonellidae),
(g) Bivagina pagrosomi (Microcotylidae), (h) Paramazocraes
tripathii (Mazocraeidae), (i) Tagia gampyli (Discocotylidae), (j)
Diclidophora embiotocae (Diclidophoridae), (k) Afrodipiozoon
polycotyleus (Diplozoidae), (I) Polystoma integerrimum
(Polystomatidae), (m) Sphyranura osleri (Sphyranuridae)
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Ultra High Resolution SEM

Example of AFM image is shown
below where the shape of single
DNA and protein molecules are
seen. (http://nano.uib.no/AFM.php)

resolutions
below one
nanometer

AFM determines the

topology of a surface
with a resolution down
www.fei.com to 0.8 nm.




* Transmission electron microscopy (TEM)
» Scanning electron microscopy (SEM)

* Environmental scanning electron
microscopy (ESEM)




Fixation

Cryo: High-pressure freezing

RT: Chem. fixation

A 4

Dehydration

Cryo: freeze-substitution

RT: ethanol substitution
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Embedding
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Thin sectioning
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Staining
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SEM, caudal part of male ESEM, caudal part of male

ESEM, spicules SEM, spicules

ESEM & SEM
comparision

ESEM, cephalic end . ESEM, dorsal lip with denticles

Multicaecum heterotis



ESEM -examples




Combinations of techniques
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Macrogyrodattyluslpolypteri Malmberg, 1957
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Dekuji za pozornost !




Pokracovani — uvod |l

Humanni parazitologie



