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Zaklady humanni parazitologie

Doc. RNDr. Milan Gelnar, CSc.

Ustav botaniky a zoologie
oddeleni parazitologie

Prirodovedecka fakulta MU
E-mail: gelnar@sci.muni.cz



Zaklady humanni parazitologie

Zakladni udaje o predmetu:
prednaska: ctvrtek, od 9 do 11.50 hodin,
budova A11, mistnost 306

zkouska (ustni) se bude konat v kampusu MU
Bohunicich v pavilonu Ustavu botaniky a zoologie
A31 v mistnosti 332 - bude info mailem

studijni materialy na IS



Zaklady humanni parazitologie

Struktura prednasky:

Uvodni ¢ast pfednasky, zakladni parazitologické
Dojmy

Protozoologie

Helmintologie

Arachnoentomologie

Kombinace organoveého pristupu a systematiky




Z historie parazitologie |

Egypt: (1250 — 1000)

Recko a Rim:

Schistosoma hematobium
Taeniarhynchus saginatus
Ascaris lumbricoides
Dracunculus medinensis

Plinius starsi
Aristoteles
Galén
Hippocrates



Z historie parazitologie ||

. Cina

« Amerika

Ascaris lumbricoides

helminti

Tunga penetrans

Pediculus humanus
Malarie (Plasmodium)
Leishmanioza (Leishmania)



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.)



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



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
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Mikroskop
Olympus BX51 s fazovym

kontrastem a analyzou obrazu
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Diffracted

rays
r
]I Wil

[ LU :/, YA S S R :/, ;/ 2 ,7- \ LH | 7LPha:¢e Plate —— O\
[ |

| |
| /ﬂ

.| 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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Thylac

Thylacicleidus

idus
tus

Thylacicle
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Laborator specialni mikroskopie
Fazova mikroskopie

Uyrodaciyins macromychus
-marginal hooks




dus

Thylacicle

leidus
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Thylac

Thylacicleidus
serendipitus




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

Differential Interference Contrast Schematic

~_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)

Dorsal anchor 2
Dorsal bar |

Dorsal anchor

™ _’

Ventral anchor 28

Ventral anchor










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

4

— IOnger Wavelength {Wﬂgﬁﬁﬂ Emitted
— lower energy : =L

= . Excitation
A= \ uv
gty Rt

Fluorescent 4
Specimen




Fluorescenc¢ni mikroskopie







Gomori trichrom
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Autofluorescence
of nematodes

oM RESE,
& %,




Olympus CellR - motorizovany invertovany mikroskop se systémem rychlé
fluorescence pro sledovani procesti v zivych bunkach
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Confocal Laser Scanning
Microscopy

Phoéo[(nulttiplier—
etector a

— Detector
Pinhole
In-Focus / Aperture
Flléon_esc_ence
Laser mission
Excitation Light Ray —gﬂggg;i%ﬂé:
2otiice Emission
_.I Light Ray

§ —Dichromatic
Mirror

|
Light Source
inhole
Aperture

b

& ‘% ) — Objective

Excitation

Specimen Light Ray
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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

A 4

Embedding

v

Thin sectioning

v

Staining

v

TEM
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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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Typy prostiedi: Voda
Puda
Atmosféra

Organismy — Paraziti

Co je to parazit ?

Raison d’etre for parasitologists.



. Zakladni problémy parazita

_ Rozpoznani
habitatu

. TRIGGER
Fyzikalné- " ‘
chemické ‘
prostredi
Molekularni Synchronizace
mimikry s hostitelem

(upraveno podle Smytha 1994)



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 vaci obrannym mechanismum organismu hostitele
(imunita)

» Schopnost se mnozit a Sifit na dalSi hostitelské organismy



Byt parazitem neni jednoduché !

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 predatorim a nemocem
» (6) Redukované mechanismy slouzici k pohybu (zajiStuje hostitel)

» (7) VyvinutéjSi pohlavni organy ve srovnani s volné zijicimu
pribuznymi (obrovska plodnost cizopasniku)



Nevyhody parazitismu

» 1) Extrémni hostitelska specifi¢nost zvy3uje 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 rozSifenim jeho hostitele

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



Fenomeén parazitismu

Typy vztahu mezi organismy A

Parazitismus
Predace
Kompetice
Protokooperace
Mutualismus
Komensalismus
Amensalismus
Neutralismus

+ + + ' + +

o

Parazitismus = forma symbiosy

OO + 4+ !



Co je to parazitismus ?

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

* Je parazitismus symbiosa ?



Co je to symbiosa ?

« Symbidoza —  jakykoliv vztah nebo souziti dvou
nebo vice druhu organismu, at’
prospesneé nebo neprospesne.



Typy symbiosy

2R A A

Forezie Komenzalismus Parazitismus Mutualismus



Parazit - symbiosa

» Cely zivot nebo alespon jeho
cast zije na povrchu nebo uvnitr

téla svého hostitele

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

SYMBIOSIS

Many hosts




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

» Hostitel preziva

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

infekce (mikroparazit)

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



Parazitoid

» Napada jednoho hostitele

» Usmrceni hostitele je nezbytné

» Parazitické larvy hmyzu, napft. Diptera (Tachinidae) a Hymenoptera
(Chalcidoidea, Braconidae), fyziologické adaptace (endosymbiotické

viry)

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




Paraziticky kastrator

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

» Paraziticky kastrator - zabiji svého hostitele v evolucnim smyslu

» Castecny kastrator — pfechod mezi typickym parazitem a parazitickym
kastratorem

H
Cysticercocd Developoment in Tenebris 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




Ekologické vymezeni parazitismu Il

Effect on host
fithness

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 O fitness)

partial
castrator

parasitic
castrator

trophically trans-
mitted castrator

parasitoid

social predator

predator




kosti tela

tele

Ivni ve

Frekvence pomeru relat

konzumenta a host

wnusejoeg — abuodg
uoeiqg — we|p

[IUY — 8leym anig
podiydwy — ajeym Aeln)
PISAN — sreysajeym
aje||ebejjoulq — Anoyouy
yslj [eAle — ejuepy

Wy — Jojesjuy

SSeIN) — J9aQ

We|D — SnJjepA

eluydeq - |jiBenig

gnig — 1eaq Ajzzug
wniusjoeqg — sjel)
ajlwia | — 1exoadpoopy
wiomyue] — 1abpeg
Anoyouy — uiydiog
qeird - 18nQ ess
wiompng — Ja|qUep

SI0A — JIOM
1qqey - 8j0Ao0)
[nBan|g — sseg

ajoeuleg — YoUm

Jaddoysseis) — maiys

lqqey — jeq aidwep

[INY — uodje4

¥oeqgapons — wiomade) jeae]

qnib a)jeag — dsem piojeyn

9S00\ — ¥oed ul Jop

qel) — 9joeuIeq UBjRydao0ZIyYy

|leus — aejuayyed apojewsal |

dwuys — podosi puAdog

uewnH — 1sA2 piepAy wiomade |

uewnH — (auoj2) eueep

Jey — wiomade) 1ey

anen — 1eq andwep,

ysi4 — yaesn

uewnH — wiompunol abieq

uewnH — wiomade) ysi4

geln — wiomade] leae

UBWINH — 8yN|} JoAIT

MOID) — 8sNo

Boq - oL

uewnyH — oynbsopy

uewnH — aynj} poojg

ajeym Aeir) — asno| sj_yM

UBWNH — B3|

UBWNH — Wwiomulg

ley — (suojo) ejjejepiog
sg|dwexa wnoIA - Awaug

pr—

& castrators

w
e
O
(o)
&
S
a

Predators

wn
—
23
[44]
g
(o)}
=2
S g
B G
£

o
Q
=
%)
R
—
©
Q
o
P
3)
5
=

o
>
2
£
=
o
C
L

micropredators

Trophically
transmitted parasites

predators

uowwo) «€——— aiey

16 1072 10° 102 1p* 108 108
Consumer:Resource body-size ratio

1076

10%

< Aouanbauy ABajells Jownsuo)

/AN



Ekologicka klasifikace parazitu

» Association with host
obligate (Monogenea, Digenea, Cestoda)
facultative (nematoda Micronema)
hyperparasitic — Udonella on parasitic Crustacea
» Time of parasitic lifespan
permanent (Plasmodium, Entamoeba)
temporal (Argulus, Ixodes)

periodic — developmental stages (glochidie Mollusca,
larvae Diptera), generation (Rabdias bufonis)



Ekologicka klasifikace parazitu

» According to the life cycle
monoxenous — life cycle in one host (Monogenea)

heteroxenous (euryxenous) — life cycle in more than one
host (Digenea, Cestoda)

» According to the range of food items (host specificity)

monophagous (stenophagous) — only one host species
(Eudiplozoon nipponicum) (strictly host specific)

polyphagous (euryphagous) — more than one host species
(Posthodiplostomum cuticola, Ergasilus sieboldi)




Klasifikace hostitelu

Hostitel definitivni

Mezihostitel

Vektor

Rezervoarovy hostitel
Paratenicky (transportni) hostitel



Typy hostitelu

» Definitive host — host, in which parasite reach maturity,
produce eggs or larvae

» Intermediate host — important for the development of
larval stages, invasion stage — definitive host

one or more intermediate hosts (Digenea, Cestoda)
human as intermediate hosts (Echinococcus, Taenia)



Typy hostitelu

» Paratenic (transport) host — parasite does not develop, but
retain the ability of invasion, not necessary for life cycle of
parasite

i.e. Mollusca for the larvae of nematodes usually occuring
In short-living crustacea

» Reservoir host

= source of infection in ecosystem, parasite lives in the
conditions unsuitable for common host, epidemiological
significance

i_.e. ra’gs and carnivora for Trichinella, Schistosoma
Jjaponicum

» \Vector — usually transfers other pathogen on its hosts, i.e.
mosquitos — facultative parasite, micropredator
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