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Zaklady humanni parazitologie

Zakladni udaje o predmetu:
prednaska: utery, od 9 do 11.50 hodin,
budova A11, 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?7?

studijni materialy na IS — prezentace a nahravky
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Zaklady humanni parazitologie
« Struktura prednasky:

» Uvodni &ast pfednasky, zakladni parazitologické
pojmy

* Protozoologie

* Helmintologie

* Arachnoentomologie

 Kombinace organoveho pristupu a systematiky




Staroveky Egypt




Z historie parazitologie |

Egypt: (1250 — 1000) Schistosoma hematobium
Taeniarhynchus saginatus
Ascaris lumbricoides
Dracunculus medinensis

Recko a Rim: Plinius starsi
Aristoteles
Galén
Hippocrates
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Starovéky Rim a Recko




Starovéka Cina




Z historie parazitologie |l

« Cina Ascaris lumbricoides

 Amerika helminti
Tunga penetrans
Pediculus humanus
Malarie (Plasmodium)
Leishmanioza (Leishmania)




Predkolumbovska amerika







Z historie parazitologie llI

» 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 1V

Stfedovek — 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 véda (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. svétové 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
Budejovicich

Univerzity (UK, CZU, J&U, MU, MENDELU,
VFU)

Veterinarni a hygienicka sluzba

Armada, nemocnice, referencni 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




Moderni parazitologicka laborator




Rozvoj molekularni biologie

|

|

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 serve
as alens.

17th century - Stephen Gray used a
water drop as a lens for a
microscope he built




Jak vybrat spravnou
mikroskopickou
techniku ?

START

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

} stide

'\hUse an upright microscope) @se an inverted microsco@

0—-|- |
| Is it thin (< 50um)? |
£ Yes

Lls it fluorescently Iabeled?JﬁE— Epi-fluorescence

iNo

(Use trans iliumination)

- @se epil!uminatioa

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

+ lNo

Is it colored or densely | Yes Bright field
Phase contrast

contrasted or stained? Is it fluorescently | Yes

labeled?
No
Y Phase contrast 1 o
: es X
[ Is it transparent? ]-——- Nomarski Sect
Autofluorescence °Ct'°'n
l No L
Got
Is it reflective? Yes Dark field @
e.g. gold, silver Reflected light
No Epi-fluorescence

*confocal imaging

Reflected light ]
*confocal imaging

e Yes
[ Is it birefringent? ]——————- Polarized light

KEY Conclusion

Specific technique




Parasitic crustacéa

»

ECTOPARASITES

Parasitic crustaceans,
leeches - found

externally:
usage of hand lens or
dissecting microscope




Oddéleni parazitologie - infrastruktura

OLYMPUS
DRTY

o

Mikroskop
Olympus BX51 s fazovym
kontrastem a analyzou obrazu




Bri 0 ht field Eudiplozoon nipponicum

» Acetylcholine visualised with 5-bromo-chloro-indolyl acetate

(Zurawski T.H. et al., 2001)




Gomori Trichrom Staining

E. nipponicum P. homoion
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LM (Histological sections, Masson’s trichrome)
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Diffracted
rays
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Phase contrast (P

Objective

Specimen

PC enhances contrasts of Complentars

rings

transparent and colorless objects by f N
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




I Organlsmal and structural dlverS|ty spemes identification

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




Thylacicleidus Thylacicleidus Thylacicleidus
serendipitus sp. 1 sp. 2




Laborator specialni mikroskopie
Fazova mikroskopie

| Gyradactylus macronyehus -
-anchory

P 3 4 |
— ¥ b i"l A "y

Gyrodactylus macronychis - | Gyrodactyins aphyae
~marginal hooks : -marginal hooks

| Gyrodactylus pannonicus J
~anchors

AR

‘\ﬂ (yrodactylus pannonicus
f"ﬁ -marginal hooks




dus

Thylacicle

Thylacicleidus

leidus

Thylacic

sp. 2

sp. 1

Ipitus

serend




Nomarski differential interference

contrast
. Differential Interference Contrast Schematic
 DIC Nomarski ight to
. —Evyepieces
» mid-1950s - Georges O iy
. Ry ¥
Nomarski modified the . P —
Wollaston prism i, — Wioliston
» Living or stained e
specimens, which often Objective. § Orthogonal
. . — 2 -f— Sheared
yield poor images when Specimen s
V|ewed |n b”ghtf'eld Condenser
ilumination, are made S
clearly visible by optical s "~ (Nomarsio
rather than chemical e""‘{;*
m ea n S _| — § — Polarizer
Figure 1 .' "SELI:I!IIEECE!IETE“!




Laborator specialni mikroskopie (DIC Nomarski)

Dorsal anchor }

Dorsal bar &
Dorsal anchor

N

Ventral anchor &

X

Ventral anchor










Model parasites group: free living amoebae
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Fluorescent illumination

* emission of light by a substance that has
absorbed light or other electromagnetic
radiation of a different wavelength

* emitted light has: N »
Principle of Excitation and Emission
—longer wavelenath — Uttraviolet (U
g g ‘am:ll.;ugﬁ{h{le )
— lower energy

Fluorescent
Specimen




Fluorescencni mikroskopie




Fluorescent illumination




)

Fluorescent illuminatior § 48

Gomori trichrom




Fluorescent illumination

Autofluorescence
of nematodes




Olympus CellR - motorizovany invertovany mikroskop se systémem rychlé
fluorescence pro sledovani procesu v zivych bunkach







Confocal Laser Scanning
Microscopy

Phoéo:giu!ttlpller— e
etector .
% 3

i

|— Detector
Pinhole
In-Focus =—— Aperture

Fluorescence \ /

Emission ‘
ExIE?tSa?c{on Light Ray — Qut-of-Focus
Source Fluorescence

Emission
Light Ray

_chhromatlc

Mirror
Light ﬁorrce
inhole
Aperture Ji Objective
Excitation
Specimen Light Ray

Focal
Planes







CLSM - Konfokalni laserova
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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










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

O ol i e et 3
I

3

Figure 2. A variety of monogeneans showing diverse body
shapes and haptoral morphology. (a) Gyrodaclylus gemini
(Gyrodactylidae), (b) Thylacicleidus latus (Dactylogyridae), (c)
Pavanelliella scaphiocotylus (Dactylogyridae), (d)
Paradiplectanum sillagonum (Diplectanidae), (e) Papillicotyle
youngi (Monocotylidae), (f) Udonella papillifera (Udonellidae),
(g) Bivagina pagrosomi (Microcotylidae), (h) Paramazocraes
tripathii (Mazocraeidae), (i) Tagia gampylli (Discocotylidae), (j)
Diclidophora embiotocae (Diclidophoridae), (k) Afrodiplozoon
polycotyleus (Diplozoidae), () Polystoma integerrimum
(Polystomatidae), (m) Sphyranura osleri (Sphyranuridae)




Ultra High Resolution SEM

resolutions
below one
nanometer

www.fei.com

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

AFM determines the
topology of a surface
with a resolution down
t0 0.8 nm.




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

* Environmental scanning electron
microscopy (ESEM)




TEM - Sample preparation

Fixation

Cryo: High-pressure freezing

RT: Chem. fixation

A 4

Dehydration

Cryo: freeze-substitution

RT: ethanol substitution

Embedding

A 4

Thin sectioning

A 4

Staining

A 4

TEM
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SEM - example
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Strongyluris brevicaudata




V

SEM, caudal part of male ESEM, caudal part of male

SEM, lateral view, cephalic end

ESEM, lateral view, cephalic end with remains of water

SEM, spicules

ESEM & SEM
comparision

ESEM, cephalic end . ESEM, dorsal lip with denticles

Multicaecum heterotis









Dokumentace monogenei

Phase contrast

Morphometry- digital
image analysis

logy (BF)
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100 ym glandulomascular organs

s

buccal sucker

microvilli

buccal sucker
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Uvod do prednasky — zakladni pojmy

Typy prostfedi: Voda
Puda
Atmosféra

Organismy —» Paraziti

Co je to parazit ?

Raison d’etre for parasitologists.




Zakladni problémy parazita

i —Ez:a_ '::.:":a:;ﬁ:“‘p*—%
s ol

A2
- TRIGGER
Fyzikalné- ‘
chemické q
prostredi
Molekularni
mimikry

(upraveno podle Smytha 1994)

Rozpoznani
habitatu

- Prichyceni

h Vyziva

Synchronizace
s hostitelem




Jak se stat uspesnym parazitem ?
Co je potreba umet ?

» Musi mit strategii vyhledavani hostitele
» Zpusob jak proniknout do hostitele a prichytit se na/uvnitf jeho téla

» Schopnost se adaptovat na fyzikalné-chemické podminky uvnitf
organismu hostitele

» Schopnost se v téle hostitele uzivit

» Schopnost se branit vuci obrannym mechanismim organismu hostitele
(imunita)

» Schopnost se mnozit a Sifit na dalsi hostitelské organismy




Byt parazitem neni jednoduche !

Je to ale terno !!!







Vyhody parazitismu

» (1) Po dosazeni hostitele neni nutno vyhledavat dalSiho
» (2) Stala dostupnost potravy

» (3) Redukovana nezbytnost slozitého ziskavani a zpracovavani
potravy

» (4) Ochrana proti extrémum vnéjSiho prostredi
» (5) Ochrana proti predatortm a nemocem
» (6) Redukované mechanismy slouzici k pohybu (zajistuje hostitel)

» (7) VyvinutgjSi pohlavni organy ve srovnani s volné Zzijicimu
pribuznymi (obrovska plodnost cizopasniku)




Nevyhody parazitismu

» 1) Extrémni hostitelska specificnost zvySuje riziko vyhynuti parazita

» 2) Nezbytnost vyhledavani optimalniho habitatu na/v hostiteli —
Casto slozité ontogenetické migrace cizopasniku

» 3) Nezbytnost byt adaptovan na podminky uvnitf organismu
hostitele

» 4) Nezbytnost se branit vuci imunitnimu systému hostitele
» 5) Distribuce cizopasnika je limitovana rozsirenim jeho hostitele

» 6) Riskantni Sifeni tj. mnoho cizopasniku zahyne jesté pred
dosazenim vhodného hostitele




Fenomen parazitismu

>

Typy vztahu mezi organismy

Parazitismus
Predace
Kompetice
Protokooperace
Mutualismus
Komensalismus
Amensalismus
Neutralismus

+ + + ' + +

o

Parazitismus = forma symbiosy

COO + + !




Co je to parazitismus ?

» Parazitismus — vzajemny vztah, pri kterém jeden
organismus (druh) ziskava vyhodu, zatimco
druhy je timto vztahem poskozovan.

« Je parazitismus symbiosa ?




Co je to symbiosa ?

 Symbidza —  jakykoliv vztah nebo souziti dvou
nebo vice druht organismu, at
prospesné nebo neprospesneé.




R AR

Forezie Komenzalismus Parazitismus Mutualismus




ParaZ|t - SymbIOsa SYMBIOSIS

» Cely zivot nebo alespon jeho
cast zije na povrchu nebo uvnitr
tela sveho hostitele

» Zivi se na jeho Ukor (exploatace)
— tento efekt vSak muze byt |
zcela zhoubny (pro jedince
hostitele - patogenita)

S0y auQ
:5? Many hosis

o
S
S

3

>

® _Many hosts
o

IS




Typy parazitismu

Parazit

Predator

Parazitoid

Mikropredator

Paraziticky kastrator
ParazitiCti obratlovci
Paraziticke rostliny

Hnizdni parazitismus

Socialni parazitismus u hmyzu




Jak vypada typicky parazit ?

» Napada jednoho hostitele a ma slabé
nebo zadné patogenni pusobeni

Anisakiasis

» Hostitel preziva

» Andreson & May (1979) :
typicky parazit — zavisly na
intenzité infekce (makroparazit)
patogen — nezavisly na intenzite

infekce (mikroparazit)

1! Troficky pfenosny typicky parazit
nebo patogen vyzaduje usmrceni hostitele
- Casta manipulace chovanim hostitele




Parazitoid

» Napada jednoho hostitele

» Usmrceni hostitele je nezbytné

» Parazitickeé larvy hmyzu, napf. Diptera (Tachinidae) a Hymenoptera
(Chalcidoidea, Braconidae), fyziologické adaptace (endosymbioticke

viry)

» SamiCky kladou vajiCka do hostitele, kde se pak vyviji paraziticka larva




Paraziticky kastrator

» Energie puvodné uréena pro reprodukci hostitele je vyuzita ve
prospéch parazita

» Paraziticky kastrator - zabiji sveho hostitele v evoluCnim smyslu

» Casteény kastrator — pfechod mezi typickym parazitem a parazitickym
kastratorem

Fymenolepis diminaia
Coptieencaid Devclofiment in Tewcbrin molitan




Ekologicke vymezeni parazita |

Effect on fithess

Number of hosts/prey attacked

1 host > 1host/prey
Death of host Death of host
not required required

< 100% Typical parasite | Tropically Micropredator

transmitted
typical parasite

100% (prey has
0 fitness)

Parasitic
castrator

Parasitoid

Predator




Ekologicke vymezeni parazitismu |

Effect on host
fitness

Number of hosts/prey attacked

1 host

Death of host
not required

Death of host
required

> 1host/prey

< 100%

typical
parasite

pathogen

trophically trans-
mitted typical

parasite trophic
trasmitted

pathogen

micropredator

harvest
regeneration

100% (prey
has 0 fitness)

partial
castrator

parasitic
castrator

trophically trans-
mitted castrator

parasitoid

social predator

predator
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Ekologicka klasifikace parazitu

» Podle spojeni s hostitelem
obligatni (Monogenea, Digenea, Cestoda)
fakultativni (nematoda Micronema)
hyperparasiticky — Udonella on parasitic Crustacea
» Podle Casoveho useku kdy parazituji
permanentni (Plasmodium, Entamoeba)
temporalni (Argulus, Ixodes)

periodicky — vyvojova stadia (glochidie Mollusca, larvalni
Diptera), generacni (Rabdias bufonis)




Klasifikace hostitelu

Hostitel definitivni

Mezihostitel

Vektor

Rezervoarovy hostitel
Paratenicky (transportni) hostitel




