Ve
MR ICKA bé&Zné znimd jako spavd nemoc - je ni¢ivou
chorobou pilisobenou parazitickym prvokem
A rodu Trypa-
TRYPANOSOMIAZA

Je endemicka
v takzvaném pésu tse tse, obrovské oblasti tahnouci se pres vetsi ¢ast zapadni, stiedni
a vychodni Afriky mezi Saharou a pousti Kalahari. Tento pis je domovem mouchy tse
tse, jejiz nebezpecné Stipnuti vpravi parazita trypanozémy jak do lidi, tak do hovéziho
dobytka. Lidska forma choroby byla po staleti nazyvina ,spavi nemoc®, protozZe jejimi
nejndpadngj$imi symptomy jsou letargie a ospalost, jez nakonec vedou ke komatu
a smrti. I dnes suzuje africkd trypanosomidza jak lidi, tak zvifata. OhroZeno je zhruba
60 miliond lidi v 306 statech subsaharské Afriky a vliv mouchy tse tse na chov dobytka
vytvaii cyklus nemoci, chudoby, hladu a smrti.

K oncem 14. stoleti se k arabskému historikovi Ibn Chaldtinovi dostala

zprdva o smrti Mariho DzZaty, vladce velké zapadoafrické fise Mali:
»Sultdn DZata byl zasaZen spavou nemoci, kterd casto postihuje obyvatele
onoho podnebi... PostiZeni nejsou v podstaté nikdy bdéli ani pfi védomi.
Nemoc skodi pacientovi, dokud pacient nezahyne... Tato choroba pfetrvd-
vala v Dzatovych stdvdch dva roky, po nichz roku 775 zemtel.“



AFRICKA TRYPANOSOMIAZA

Sir Henry Morton Stanley
(1841-1904) a nosici pfecha-
zejici Afriku. Soudilo se, ze
pohyb lidi a zvifat do vnitrozemi
bé&hem expedic evropskych
dobrodruht mohl na konci

19. a pocdtkem 20. stoleti pFispét
k rozsiteni trypanosomiazy po
celém africkém kontinenté.

:.né:-"l:ét‘!‘?i X i b o o e = W R
19.stoleti’ uhynulypiimoru,  David Bruce
Vdznd epidemie ktery nemél (1855-1931)
telé informuji objevuje - dobytciho moru Zddnou imunitu zahajuje v Jiho-
o ,africké letargii  trypanozémy mezi dobytkem proti trypanoso- - - africké republice
- v krvi koni v Africe vyhlazuje midze, byl moznd 'é){perimenty, Jjimiz
1843 David Gruby avelbloudt zvirata, kterd 'by.'a vyznamnym chce zjistit pricinu
(1801-1898) v Indii. vuci trypanoso- faktorem pfi nemoci nagana
. popisuje parazita midze moznd pozdéjsim uhovéziho dobyt-
- trypanozomy odolnd. Dobytek ndstupu spaveé ka. Identifikuje :
v krvi zaby. . dovezeny jako nemaoci.

parazita trypano-

parazita na
zvitata nese

- mezZnd stipnutf
mouchy tse tse.

K trpici,,nemoci hiebci”
zplsobenou trypanosomidzou
v 80. letech 19. stoleti. Choroba
vyvolavala chfadnuti a smrt

i u daldich zvifat, napfiklad
skotu.

spavd nemoc ctvrt
milionu lidl,
Belgicané

v sousednim
Kongu informuji

o smrti pal milionu
lidi za obdobné

obdob.



Kontrola

vyskytu spavé nemoci

David Bruce, vyfotografovany
pted svou ubikaci v Ubombu
v Zululandu (dnes severni ¢ast
KwaZulu-Natalu v Jihoafrické
republice) v 90. letech 19. sto-
leti. Bruce sehral klicovou roli
pfi nalezeni spojitosti mezi
parazitujicim prvokem, ktery
plsobi spavou nemoc, a jeho
pfenasec¢em, mouchou tse tse.

Kontrola vyskytu spavé
nemaoci v jedné africké vesnici

v roce 2000. Mobilni tym
odebira kazdému vesnicanovi
vzorek krve a ten pak testuje na
vyskyt nemoci. V&asné vypatrani
pfipadd choroby jedté piedtim,
nez parazité zac¢nou nicit
centralni nervovou soustavu,

je pro Gcinnou lécbu nezbytné.




Africka spava nemoc

!

Trypanosoma brucei ve svém typickém habitatu extracelularnim kompartmentu krve a
a krevni plazmy, zde volné mezi Cervenymi krvinkami na roztéru infikované krve.



Polymorfismus trypanosomatidnich
biCikovcu

FIGURE 3.1 Forms of trypanosomatid flagellates. (a) amastigote; (b) choanomastigote; (c) promas-
tigote; (d) opisthomastigote; (e) epimastigote; (f) trypomastigote.



Developmental form

Genus

Morfologickeé rozdily mezi zastupci Celedi Trypanosomatidae a
morfologickych forem odpovidajicich predstavitelim pfislusnych

rodu cizopasniku

In vertebrate host

In invertebrate host

In vertebrate host

Trypomastigote

Epimastigote
Promastigote

Opisthomastigote

Amastigote

Amastigote

Leptomonas

(in plant)
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Distribuce parazitismu u trypanosomatid

< Trypanosoma

w Leishmania
—4-(\“\ Leptomonas ~agf] dixenous
_ Crithidia ; :
-8 <} mono- & dixenous
= :] s At den <] monoxenous
EHE B Phytomonas <=1 free-living & parasitic
Blastocrithidia <] free-living
Strigomonas
Angomonas
Sergeia
Wallaceina
— Blechomonas
Paratrypanosoma (1 sp.)

Bodonidae
(Bodo saltans)

Diplonemea

Euglenida

AQLAMK

Figure 3.10 Parasitism in trypanosomatids. The phylogeny is based on SSU rRNA sequences. Extent of triangles approximately proportional to
the number of sequences (species) that were considered. Free-living and parasitic lifestyles varies among genera, according to legend. Bodo saltans
is the closest free-living extant species to the rest of the group. Redrawn from Lukes et al. (2014), with permission from Elsevier.



Hemoflagettata - klasifikace

Subphylum Class Blood Tissue Species

Mastigophora Zoomastigophora Leishmania braziliensis complex
Leishmania donovani complex
Leishmania mexicana complex
Leishmania tropica complex

Trypanosoma brucei gambiense
Trypanosoma brucei rhodesiense
Trypanosoma cruzi

Trypanosoma rangeli

FIGURE 5-8 Parasite classification—the hemoflagellates.




Klasifikace rodu Trypanosoma

Stercoraria

Kinetoplast large, not terminal; posterior end of body pointed;

typically, but not always, nonpathogenic; development in vector

in posterior station; transmission contaminative.

Subgenus Megatrypanum  Kinetoplast typically near nucleus, far
from posterior end of body; includes
T. (M.) theileri, T. (M.) tragelaphi, T.
(M.) melophagium, T. (M.) ingens

Subgenus Herpetomonas Kinetoplast subterminal, close to
posterior end of body; includes T.
(H.) lewisi, T. (H.) duttoni, T. (H.)
nabiasi, and others

Subgenus Schizotrypanum  Typically curved, kinetoplast close to
posterior end of body; includes T. (S)
cruzi, T. (S.) vespertilionis, T. (S.)
pipistrelli and others.

Subgenus Endotrypanum  Endoglobular forms. T. (E). schaudinni

Salivaria

Kinetoplast terminal or subterminal; posterior end of body

usually blunt; typically pathogenic; development in vector in

anterior station; transmission inoculative

Subgenus Duttonella Posterior end of body rounded;
kinetoplast large, terminal; includes
T. (D) vivax, T. (D). uniforme

Subgenus Nannomonas Kinetoplast typically marginal;
includes T. (N.) dimorphon, T. (N.)
congolense, T. (N.) simiae

Subgenus Pyncnomonas Kinetoplast small, subterminal; T. (P.)
Suis.




Trypanosoma brucei — africka spava nemoc

Druh Trypanosoma brucei je pivodcem africké spavé nemoci ¢lovéka
(trypanosomosa) a dobytka (trypanposomiasis). Tento druh je tvofem,
komplexem subspécii pfena§enych mouchami tse-tse (Glossina) — Diptera,
Muscidae.



Klasifikace trypanosom napadajicich
Cloveka

TABLE 28.1 Classification of trypanosomes infecting humans

Family Trypanosomatidae

|
Genus Trypanosoma
Subgenus Schizotrypanum Tejaraia Trypanozoon
Species L (S ecrizi T. (T.) rangeli T. (T.) brucei
Subspecies (T.) brucei gambiense

j i
T. (T.) brucei rhodesiense




Trypanosoma brucei rhodesiense

Classification

Phylum Euglenozoa

i
i
i
H

Undulating membrane

£

Class Kinetoplastidea

Posterior Anterior

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

Kinetoplast Volutin
Axoneme  (DNA) Nucleus granules Flagellum
Trypanosomatidae
Single flagellum

197 Original illustration of Trypanosoma (Trypanozoaon)

brucei gambiense in human blood by J. Everett Dutton -

Polymorphic trypanosomes were first discovered a century 1 e
ago, in 1895, by Bruce in the blood of domestic cattle suffering : - s .
from the wasting disease nagana in South Africa. The first -

observation of these protozoa in humans was by R. M. Forde, &
who noted, in 1902, ‘small worm-like, extremely active bodies’ % (i *
in the blood of a sick European seaman in the Gambia. The 3= ' s »

parasites seen here in a Romanowsky-stained, thin blood film, '

which were described and named by Dutton in the same year, i i -
are responsible for sleeping sickness in west Africa. 2

(Reproduced by kind permission of the Director, Liverpool

School of Tropical Medicine.)

Trypanosoma brucei gambiense v lidské krvi Trypanosoma brucei rhodesiense v lidské krvi



Vyskytuji se 4 morfologicke formy

; Parabasal body
Kinetoplast
Blepharoplas

Axoneme

Average size: 5 pm by 3 pm
FIGURE 5-1 Amastigote.

Nucleus

Posterior end

\

Parabasal body Blepharoplast

Anterior end

J Undulating membrane

) Anterior end
Posterior end ; ~

Blepharoplast

Nucleus  parabasal body

Kinetoplast
Size range: 9-15 um long
FIGURE 5-3 Promastigote.

Flagellum

Posterior end

Blepharoplast

} Kinetoplast

Parabasal body

-
Kinetoplast

FIGURE 5-2 Amastigotes of Leishmania spp. (From
Mahon CR, Lehman DC, Manuselis G: Textbook of diag-
nostic microbiology, ed 4, St Louis, 2011, Saunders.)
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FIGURE 5-6 Trypanosoma cruzi trypomastigote exhibit-
ing a characteristic full body length undulating membrane
(arrow). Note the S shape of the organism (Giemsa stain,
x1000). (Courtesy of WARD'S Natural Science Establish-
ment, Rochester, N, http://wardsci.com.)

Size range: 9-15 um long
FIGURE 5-4 Epimastigote.

Nucleus Undulating membrane

Anteriol

Flagellum

Size range: 12-35 um by 2-4 pm

FIGURE 5-5 Trypomastigote.

FIGURE 5-7 Trypanosoma cruzi C-shaped trypo

Flagellum

r end

masti-

gote in a blood smear. (From Mahon CR, Lehman DC,

Manuselis G: Textbook of diagnostic microbiology,
St Louis, 2011, Saunders.)

ed 4,



Diagram dokumentujici dulezita
vyvojova stadia Trypamosomatidae

Fig. 4.19 Diagrammatic representation of important developmental stages of the Trypanosomatidae
according to older and recent terminology. B basal body; F flagellum; K kinetoplast; N nucleus;

T flagellar pocket (Early German publication; Form = stage)



Distribuce spave nemoci u lidi

Key
I T, b. gambiense
I 7. b. rhodesiense




Hostitelé

Pro 7’brucei je typicka stfedni mira specifi¢nosti. Kazda subspécie napada 2 az
3 druhy hostiteld. Naptiklad pro 7" b.gambiense napada ¢lovéka, néktera
laboratorni zvifata a laboratorni krysy. Preference hostitelt bodalkami tse-tse je
rovnéz omezena. Casto je specifi¢nost prenosu zaloZena na potravnich
preferencich, nez na parametrech fyziologickych.

RozSireni

I'brucei se vyskytuje v tropické Africe jizné od Saharu mezi 15° SS a 25° JS.
Tato oblast zahrnuje asi 4 miliond km?*. Znamé podruhy 7. brucei — T.b.brucei,
I'b.gambiense, T.b.rhodesiense a T.b.congolense vyrazné snizuji moznosti
vyuzivani téchto oblasti clov€kem, pifedevsim ve smyslu chovu dobytka a koni,
nebot’ to pfedstavuje obrovskeé riziko.



Morfologie

V3ichni zastupci rodu Trypanosoma jsou si znaéné podobni. V podobé §tihlych
forem dosahuji délky 29pum, naproti tomu formy zavalité jsou dlouhé pouze
18um. Celkove se velikost cizopasnikii pohybuje v rozmezi od 12um do 42um.
Rozdily mezi subspéciemi spodivaji piedevsim v okruhu hostiteld, které mohou
napadnout. 7°b.gambiense je pfedevsim parazit ¢lovéka, 7.b.rhodesiense napada
zejména divoké herbivory, ale maji také schopnost napadnout ¢lovéka pokud k
tomu je piilezitost. 7.b.brucei napada predevsim $iroké spektrum
domestikovanych zvifat a jejim rezervoarem jsou také zvitata divoce Zijici.

Clovéka viak nenapada. e



Zivotni cyklus africké trypanosomy v
cloveku a rezervoarovych zivocisich

198 Life cycle of African
trypanosomes in humans and
reservoir hosts

There are three phases in the life cycle
of African trypanosomes: (A) - in the
reservoir host; (B) - in the tsetse fly;
(C) - in humans. Metacyclic
trypomastigotes (1) pass from the fly's
proboscis into the mammalian host’s
skin. There, the parasites reproduce,
forming long, flat trypomastigotes (2A)
and (in humans) a chancre develops. The
trypomastigotes enter the blood and

X

=
\’ .-
e

circulate to the tissues. Some, in the liver, - \
appear to form multinucleate giant forms 4
(3), from which arise sphaeromastigotes }'

(4) and further long, flat forms (2A) or
very long, slender trypomastigotes (5).
Some of the long, flat forms develop into
short stumpy forms (2B) but these 2
degenerate trypomastigotes, although T
taken up by the tsetse fly (6), are not
infective. The slender forms, directly or
via the crop, enter the midgut, in which
they reproduce by binary fission (7). Most
of the progeny exit via the terminal part P
of the peritrophic membrane and pass i
back from the ectoperitrophic space,
through the hypopharynx, to reach the
salivary ducts and thence, in reverse 3
direction to the salivary flow, to the e

. _
glands themselves, where they become s o .

attached and reproduce further as

epimastigotes (8). These convert back p

to metacyclic trypomastigotes (1), which . S o
pass back down the salivary ducts to

enter a new mammalian host when the

fly bites again. (See also 199, 201, 202 é
and 211)

<




Trypanposoma spp.

Trypanosoma spp.

Trypanosoma brucei rhodesiense
Trypanosoma brucei gambiense

In salivary glands
and proboscis of
tsetse fly (transfer

stage to human)

E'

rypomastigote

) In bloodstream, lymph
% nodes and later CNS
of humans

Amastigote

Stadia v zivotnim cyklu

Epimastigote

Lk,

Trypomastigote



Sveételna a skanovaci elektronovai
mikroskopie trypanosomy

Fig. 4.16 Light micrograph ; W 7 ’
of a Giemsa-stained blood = . ey OF 2\ (

smear showing ; ‘) \ v s SNdg

-

trypomastigote stages, red

blood cells and a large ; s f .
monocyte 19 by, L ﬁ. L-. : &
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Fig. 4.17 Scanning electron
micrograph of a
trypomastigote stage, the
flagellum of which starts from
the interior of a flagellar
pocket and is attached at some
places at the surface of the
parasite’s cell membrane,
thus leading to the aspect of
an “undulating membrane” in
light micrographs




Tryponosomatidea — T. brucel

Obr. 56 Trypanosomatidea:
a krevni formy Trypanoso-
ma brucei mezi erytrocyty.
b Trypanosoma fallisi.

¢ schéma ultrastruktury

T. congolense. d kineto-
plast (kp) u Blastocrithidia
triatomae. e rozprostiené
krouzky kDNA kinetoplastu
Crithidia fasciculata.

n = jadro, um = undulujici
membrana (b z Martina

a Dessera: J. Protozool.
37: 199, 1990, ¢ pfevzato
z Vickermana, d laskavosti
H. Mehlhorna, Bochum,

e z Pérez-Morga a Eglunda:
J. Cell Biol. 123: 1969,
1993). Zvéts. a 1 000x,

1 100x, ¢ 8 000x,

000x, e 80 000x.

kinetoplast

undulujici

kinetoplast membrana

Dbr. 54 Kinetoplasta: krevni stadia Trypanosoma (&
rucei. t = biéik, n = jadro, kp = kinetoplast (laska-
rosti K. Vickermana, Glasgow). Zvét$. 20 000x.



Morfologie a ultrastruktura
(TEM) vyvojovych stadii
Trypanosomy

ANTERIOR

Undulating
membrane

Flagellar

Kinetoplast

Mitochondrion

Nucleus

Subpellicular
tubules —

Fig. 4.18 Diagrammatic representation of the ultrastructures of Trypanosoma stages. (a)
Amastigote and cryptomastigote stage. (b) Flagellum. (¢) Basal body cross-sectioned. (d)
Trypomastigote stage longitudinally sectioned. (e) Trypomastigote stage cross-sectioned, (f) Flagel-
lar pocket in cross section. AR axial rod; AX axoneme; B basal body; DG dense inclusion
(glycosome); ER endoplasmic reticulum; F flagellum; <7 flagellar pocket; FU finger-like channel;
GO Golgi apparatus; K kinctoplast; L lipid; MI mitochondrion; MT microtubule; N nucleus; NU
nucleolus; PM peritrophic membrane; SCO surface coat; UM cell membrang; V vacuole; VE vesicle

POSTERIOR

FIGURE 3.2 Diagram of Trypanosoma brucei rhodesiense as created
from studies in the transmission electron microscope.




Zivotni cyklus Trypanosoma brucei gambiense

1. Stihli (slender) trypomastigoti v krevnim feéisti (penetruji rovnéz do
cerebrospinalniho moku). Toto stadium je charakteristické piitomnosti
mitochondrie se slabé vyvinutymi kristami. Tyto formy parazita nemayji
funkéni Krebstv cyklus a cytochromovy fetézec. (1.1) Amastigoti
(mikromastigoti) se po 48 hodinach mohou vyskytovat uvniti bunék choria.
Probiha transformace amastigotu ve sféromastigotni formy (1.2), ze kterych
vznikaji §tihlé krevni formy.

2. Ptechodné stadium trypomastigota prodé€lavajici intenzivni mnozeni
binarnim délenim

3. Zavalité (stumpy) formy trypomastigota majici ¢aste¢né funkéni Krebsuv
cyklus, avSak stale bez ptitomnosti cytochromii. Po nasati téchto stadii
vektorem (Glossina sp.) vyvoj uvnitt pfenaSece pokracuje. Podle
dosavadnich poznatk jsou formy vyskytujici se ve stievé haploidni mnozi se
sexualné, véetné rekombinace DNA.

4. Trypomastigoti (bez antigenniho povrchu) prodélavaji v Zaludku mouchy asi
1 hodinu trvajici klidovou fazi.



Zivotni cyklus Trypanosoma brucei
gambiense a 1. b. rangeli.




Zivotni cyklus Trypanosoma brucei gambiense

5. Transformace téchto forem na epimastigoty probiha v cardiu a ve stfednim
useku stfeva mouchy tse-tse.

6. Epimastigdni formy maji mitochondrii s dobfe vyvinutymi kristami a s plné
funkénim Krebsovym cyklem véetné cytochromového fetézce. Probiha jejich
mnozeni binarnim délenim, po kterém tyto stadia opoustéji stievo a stéhuji se
do slinnych zlaz.

7. Metacyklické formy trypomastigétniho stadia ze slinnych zlaz (ma povrch)
je infekeni pro ¢lovéka a rezervoarové hostitele, do kterych jsou injikovany
pf1 sani vektora. Podle dosavadnich poznatki jsou metacyklické
trypanosomy haploidni ve srovnani s formami vyskytujicimi se krevnim
feCisti nebo v proventrikulu pfenasece. Pfedpoklada se, Ze trypanosomy
prodélavaji béhem jejich vyvoje v pifenaseci meiosis a syngamii kratce pro
cyklickém pienosu do obratlovce.



Krebsuv cyklus

Citratovy cyklus (cyklus kyseliny citronové, cyklus trikarboxylovych kyselin, Krebstv cyklus) je fada reakci, které
tvori spole¢nou metabolickou drahu pFi aerobni oxidaci sacharidd, lipidi a proteinl.

Postupnou dekarboxylaci a oxidaci Sestiuhlikaté kyseliny citronové uvoliuje redukéni ekvivalenty, které jsou
pouzity pfi oxidativni fosforylaci k syntéze ATP, hlavniho energetického zdroje buriky. Citratovy cyklus hraje
klicovou roli i v dalSich metabolickych déjich, jako je glukoneogeneze, transaminace, deaminace nebo lipogeneze.
Nékteré reakce cyklu proto probihaji i v burikach, které nemaji aerobni metabolismus. V prokaryotickych

bunkach probiha v cytosolu, u eukaryot se enzymy citratového cyklu vyskytuji v mitochondriich a to bud’ volné

v mitochondrialnim matrixu, nebo zakotvené k vnitfnimu povrchu vnitfni mitochondrialni membrany.



https://cs.wikipedia.org/wiki/Sacharidy
https://cs.wikipedia.org/wiki/Lipidy
https://cs.wikipedia.org/wiki/B%C3%ADlkovina
https://cs.wikipedia.org/wiki/Dekarboxylace
https://cs.wikipedia.org/wiki/Redoxn%C3%AD_reakce
https://cs.wikipedia.org/wiki/Kyselina_citronov%C3%A1
https://cs.wikipedia.org/wiki/Adenosintrifosf%C3%A1t
https://cs.wikipedia.org/wiki/Glukoneogeneze
https://cs.wikipedia.org/wiki/Transaminace
https://cs.wikipedia.org/wiki/Deaminace
https://cs.wikipedia.org/w/index.php?title=Lipogeneze&action=edit&redlink=1
https://cs.wikipedia.org/wiki/Prokaryota
https://cs.wikipedia.org/wiki/Prokaryota
https://cs.wikipedia.org/wiki/Eukaryota
https://cs.wikipedia.org/wiki/Enzym
https://cs.wikipedia.org/wiki/Mitochondrie

Cyklicka zmeny antigenniho povrchu
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Trypanosomy se vyznacuji antigennimi variacemi jejich povrchovych glykoproteint
Tyto se u trypanosom v krvi cyklicky méni. Parazit vytvafi mnoho variant VSG
(Variant Surface Glykoprotein), coz mu pomaha unikat imunitni reakci hostitele.



VSG — Variant Surface Glykoprotein
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2.9 Antigenvariation bei Trypanosoma brucei. Es entwickeln sich standig Klone von T. brucei-
Blutformen, die jeweils spezifische variante Oberflachenantigene aufweisen. Wahrend der vor-
herrschende Klon von Antikdrperantworten eliminiert wird, bildet sich eine neue Variante heraus
und wéchst zu hohen Dichten heran, bis Antikdrperantworten gegen das neue Oberflachenanti-
gen gebildet werden. (Nach Donelson& Turner, 1985.)



Zivotni cyklus — 2 &asti / 2 hostitelé

Life cycle in insect

Trypanosomes in blood
ingested by tsetse fly

Total developmental cycle in fly 20 days

Reproduction
by binary fission Anterior station
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' " . e
trypanosomes . ' -
injected by
tsetse fly
Invade and tissue spaces of
Multiply at site bloodstream various organs particularly But do not enter
of injection lymph nodes initially actual cells

Primary stage Secondary stage Third stage



Diagnostika

1. Mikroskopickeé vysSetrfeni (odbér z lymfaticke
uzliny, CSF, tekutina ze Sankru) barveni
Giemsou)

Kultivace

Inokulace do zvifete

Serodiagnostika

Molekularni diagnostika (PCR)

aORrWDN

Charakteristiky pro determinaci:

Velikost — délka a Sirka v mikrometrech

Poloha jadra — centralni nebo k jednomu konci

Tvar bunky — pfimy, sinusoidni, C-tvar

Kinetoplast — pritomny nebo absent

BiCik - volny, nebo ne

Undulujici membrana — vysoka, nizka, pocet zahybu
Kvalita barveni cytoplasmy — svétla, nebo tmava,
granularni inkluse nebo ne

Noakrowoh=



Tsetse fly Stages Human Stages

Epimastigotes multiphy o Tsetse fly takes
in salivary gland. They . a blood meal i metacyckc
transform into metacyclic (injects melacycli; trypormastgotes) acted

0 trypomastigotes, which
are carmead to other sites.

_ trypomastgotes transform
trypomastigotes. ﬁ' % - . 9 info bloodstream

3]

Procyclic trypomastigotes Trypomastigotes multiply by
leave the midgut and transform binary li_ssmn in vanous
into epimastigotes body fluids, e.qg., blood,

kmiph, and spinal fluid.

Tsatse fly takes
G a blood meal

(bloodstrearn trypomastigotes
are ingested)

Diagnostika

— =

6 ] as ;
Bloodstream lrwmnasligh

transform into procyclic )h‘, aTr].rpn-maslig-n-IEﬁ in blood
trypomastgotes in tsetse fiv's 9

midgut. Procydic tryposmatigotes ”':‘ﬁ\

multiply by binary fission,

ﬂ_ Infective EIEQE BAFER  HEALTHIEE  FEQFLE™

A\ = Diagnostic Stage http:/iveww. dpd. cde. govidpds



Krevni rozter periféerni krve

Trypanosoma brucei rhodesiense Trypanosoma brucei gambiense



Glosina sp. (tse tse fly) vektor africké
trypanosomiasis




rod: Glossina

Proboscis, -
with ensheathing
palps spread

Eye
Ocelli

Thorax

Scutellum ————

(a)
FIGURE 5.4

A tsetse fly of the genus Glossina, with general anatomical features la
lateral view showing proboscis and palps.
Drawn by J. Janovy, Jr. from a University of Nebraska State Muscum specimen (provided by B. C. Ratcliffe. Curator of Entomology).

belled. (¢) Dorsal view of Glossina showing general anatomical features; (b) head.



Glosiina longipennis (A) a typicke
Zilkovani kridla glosin

Fig" 415 (A) ‘Ma[e tsetse _ﬂy: Glossina longipennis and (B) wing venation FIGURE 48.6 The wing of a tsetse to show the hatchet cell (stip-
typical of species of Glossina, showing the characteristic hatchet shape of pled), which is characteristic of the family.
the cell dm (reproduced from Jordan, 1993).



Morfologie ustniho ustroji vektora

Labellum mouthparts in

K : __
_ a typical cyclorrhaphous |

' = diptera :

alps i " epipharynx ;
PO S £ Y Food Channel : palp
Anticoagulants ? Labrum E % Hypopharynx : } Lolbn
Vasodilators - hone detected epipharynx 7 | Labium —_ Saliva Channel N Labrum
Immunomodulator- ? Labrum ' epipharynx
Anesthetic ? epipharynx
Hypopharynx/ Food Channel bty

Hypopharynx



Zivotni cyklus a morfologie mouchy Tse
tse - Glossina

Female Larvipositing

Adult Emerging
From Pupal Case /

3rd Instar Larva

Puparium v/ Showing Peristalsis

FIGURE 48.5 The life cycle and morphology of a tsetse, Glossina.



Typy habitatu a skupiny vektoru africké trypanosomiasy

Vektor Habaitat Hostitelé Pfenos
SKUPINA MORSITANS

G. morsitans  savana, prasata, T. b. rhodesiense

traviny dobytek, T. b. brucei
primati

G. pallidipes  teky dobytek, T. b. rhodesiense
ktoviny prasata T. b. brucei

G.swynnertoni suche, prasata,
oteviene dobytek T. b. brucei
oblasti, T. b. rhodesiense

Savana



G. palpalis

(. tachinoides

G. brevipalpis

SKUPINA PALPALIS

lesy, kefre, primati,
savana plazi,
dobytek
savana primati,
dobytek,
prasata,
plazi
SKUPINA FUSCA
feky, savci, plazi
potoky, plazi

ktoviny

T. b. gambiense
T. b. rhodesiense

T. b. gambiense
T. b. rhodesiense

neni to vektor




Trypanosoma brucel gambiense
(periferni krevni roztér)

F

Krouzky zvyraznuji maly kinetoplast a Sipky pak undulujici membranu cizopasnika.



Epidemiologie a 1éCeni

Programy na omezovani vyskytu spavé nemoci spoc¢ivaji predevsim v techto
opatienich:

e omezovani vyskytu mouchy tse-tse

e omezovani vyskytu rezervoarovych hostitelu
e chemoterapie a chemoprofylaxe

e zmény v chovani hostitelli (obratlovcii)

Koordinovany piitom musi byt zejména tyto ¢innosti:

e selektivni oCetteni (CiSténi) kefti a stromt
e aplikace insekticidi
e dohled nad napadenym uzemim (napi. koseni, farmateni)



Africka spava nemoc

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 m
i =7

T. rhodesiense
Bushbuck or \ < J Trypomastigote

/ antelope i I T. gambiense =4 14-33x 1.5-3.5 um
") ot O o

Glossina spp.
S Tsetse ﬂy“’,

T. brucei
Nagana
in animals

e

Epimastigote in vector

No animal reservoir




Epidemiologie spavé nemoci

200 Tsetse fly feeding
The common vectors of T. b. gambiense in west Africa are
Glossina palpalis and Glossina tachinoides. T. b. rhodesiense is
associated with Glossina morsitans, Glossina swynnertoni and
Glossina pallidipes. Other, secondary, vectors have more
localised distributions. (x 5.5)

202 Metacyclic trypanosomes in salivary ‘probe’

The infective stages are passed into the bite together with the
saliva when the fly next feeds. They may be observed in saliva
expressed from the proboscis of the fly on to a microscope
slide. (x 900)

201 Trypanosomes in section of tsetse fly
After ingestion by the tsetse fly, the trypomastigotes pass to
the midgut. After asexual reproduction, the parasites migrate
forward between the peritrophic membrane and gut wall to
re-enter the pharynx and proboscis. They migrate back into the
salivary glands, where they transform first into epimastigotes
(see also 198), then to the infective stage (metacyclic
trypornastigotes; 202). The section shows trypomastigotes
massed at the entrance to the midgut ready to enter the
proventriculus. (x 90)

203 Larva, pre-pupa and pupa of Glossina morsitans
Asingle larva develops inside the female tsetse fly and is
deposited when mature in dry soil. Here it pupates, and
metamorphoses to the adult. (x 3.2)

204 Ecology of gambiense infection

Gambiense trypanosomiasis is transmitted by riverine species
of Glossina, requiring optimum shade and humidity - shady
trees near lakes, rivers and pools of water are ideal habitats.
The figure shows a typical site for transmission by G.
tachinoides, one of the G. palpalis group that transmit human
trypanosomiasis over a wide geographical area. Human-fly
contact is intimate when villagers congregate around pools for
collecting water or washing, as at this riverside near Kampala
in Uganda. Domestic pigs are an important reservoir of
infection with T. b. gambiense in west African villages.

G. tachinoides is second in importance to G. palpalis as a vector
of this parasite. In contrast to gambiense trypanosomiasis, the
rhodesiense form is transmitted by G. morsitans and its
subspecies, whose habitat is scrubby savannah woodland.
These flies are less dependent on moisture. Moreover, in such
terrain, wild animals and domestic cattle provide alternative
feeding opportunities for the fly. Trypanosomiasis due to other
species is a serious disease of domestic animals, causing great
economic loss and depriving human populations of much
needed protein. T. b. brucei, Trypanosoma vivax and
Trypanosoma congolense are the commonest parasites
involved. Pigs may also be decimated by other species such as
Trypanosoma suis or Trypanosoma simiae.

205 Domestic cattle infected with Trypanosoma brucei
rhodesiense

Chronic infection with trypanosomes of the T. brucei complex,
resulting in progressive emaciation, as seen in these cattle on
a central African farm, poses a serious burden on the rural
economy and increases the problem of protein malnutrition in
many communities.

206 Blood sample being taken from a roan antelope
The reservoir of T. b. rhodesiense was long suspected to be
wild animals; the first species found infected with this
trypanosome was the bushbuck (Tragelaphus scriptus) but
other species of game animals have since been found to
harbour these parasites. This antelope was immobilised with
an anaesthetic dart for a blood sample to be collected.




Algoritmus diagnostiky africke
trypanosomiasy

AFRICAN TRYPANOSOMIASIS

¢ SKIN ULCER

¢ FEVER, LYMPHADENOPATHY,
RASH

¢ MENTAL CHANGES

!

NEGATIVE  _ DIAGNOSIS
HIS:LFORY > UNLIKELY
POSITIVE

|

TRYPOMASTIGOTES _ NEGATIVE _ DIAGNOSIS
IN BLOOD SMEARS —>  UNLIKELY

l

POSITIVE

|

DIAGNOSIS
CONFIRMED

|
| l

INFECTION IN BLOOD INFECTION IN CNS
TREATMENT | TREATMENT I




Parazito-hostitelské interakce

Africka trypanosomoza je zoonoza, jejimzZ zdrojem jsou velci savci — antilopy,

dobytek, ¢lovék. Je znam 1 kongenitalni pienos, pfenos transfuzi. Vnimavost je
vSeobecna, domorodé obyvatelstvo je obvykle do zna¢né miry odoinéjsi. Spava
nemoc pusobena 1’ b.gambisense je béhem 2 az 7 let nevratn€ smrtelna.

Klinické projevy — u evropanii za¢ina akutni onemocnéni horeckou, ktera trva i
tyden. Pak horecka postupné mizi. Dochdzi ke zvétSovani uzlin (edémy), to opét
mizi a postupné se vSe normalizuje. Toto je 1. glandularni stadium nemoci,
které trva nékolik mésici az let. Priivodnim jevem je télesna slabost a
nechutenstvi. Druhé. stadium — cerebralni — priivodnim jevem je vznik
psychickych poruch (zmény chovani). Tato faze se projevuje jako
meningoencefalidita. Toto stadium se prohlubuje az ke komatu — 3. stadium
terminalni.



Patogenita spavé nemoci

213 Sleeping sickness

In the absence of treatment, the patient with gambiense
infection becomes progressively more wasted and comatose,
finally showing the classical picture of sleeping sickness as

the CNS becomes further involved. Although infection with

T. b. rhodesiense often leads to death from toxic manifestations
before CNS changes are evident, this man, who was infected in
Juba, southern Sudan, displayed early cerebral manifestations.

Life cycle in humans

214 Lumbar puncture

This procedure should be carried out to determine whether the
CNS has been invaded. In such instances, the cerebrospinal
fluid (CSF) will reveal a lymphocytic pleocytosis, an increased
protein content, and trypanosomes may be found in stained
films of the centrifuge deposit. In T. b. rhodesiense infection,
invasion of the CNS may occur very early, whereas several
months or years usually elapse before meningoencephalitis
develops in gambiense disease. (Note: this procedure should
be carried out with full sterile and other precautions that are
not shown in this figure.)

212 Nigerian child with early sleeping sickness due to
Trypanosoma brucei gambiense

Involvement of the central nervous system (CNS) is first
manifested by nonspecific neurological symptoms, partly due
to meningeal irritation, followed by a classical reversal of the
sleep rhythm and daytime somnolence, as seen in this child.

Reproduction by binary fission as trypomastigotes

Metacyclic e
trypanosomes
injected by
tsetse fly
i 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



Tri stadia nemoci

B

Figure 28.8 Comatose patients with African sleeping sickness
(courtesy of WHO). doi:10.1128/9781555819002.ch28.8

5 R e :
Figure 28.10 Morular (Mott) cells in the CSF (arrows. =
ated with trypanosomiasis. (Top left image courtesy of the 55
tion of Infectious Diseases Societies of Southern Africa. Tos
image image from Bavle RM, J Oral Maxillofac Pathol |
3, 2013. Bottom image courtesy of Marie Bashir Instizes
LF e LR RS S ARincannae irr TThivareise nf Qudnae WL

Figure 28.9 Coronal section of brain showing congested white
matter and petechial hemorrhages (arrows) (Armed Forces Insti-
tute of Pathology photograph).
doi:10.1128/9781555819002.ch28.f9

| Sgar= 28.7 (Upper, left) Trypanosomal chancre on shoulder of
| ss. with lymphangitis toward axilla; (right) trypanosomal
| == on throat of patient (courtesy of CDC Public Health
| .o Library, Peter L. Chiodini, Hospital for Tropical Diseases,
| oo (Lower) Winterbottom’s sign (enlarged cervical lymph
| == i the posterior cervical triangle; arrow) (Armed Forces
| mem== of Pathology photograph).
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Africka trypanomiasis — histologicky rez
mozkem




Patogenita spave nemoci

217 Cerebral changes in

T. b. rhodesiense infection
Computed tomography may
show evidence of cerebral
involvement prior to
treatment. Atrophic changes
with hydrocephalus are seen
in the scan of this young child
9 months after clinical cure.

219 Microscopic changes in brain

The leptomeninges are congested, there may be oedema, and
small haemorrhages are commonly present. The basic
pathological change is a meningoencephalitis in which
perivascular cuffing with round cells is often pronounced.
(H&E % 200)

215 ‘Minicolumn’
separation of
trypanosomes

The Sephadex ‘minicolumn’,
which permits the detection of
very small numbers of
trypanosomes in specimens
of blood or CSF, can be an
invaluable diagnostic aid in
individual patients and has
been employed in field
surveys. Once eluted from the
base of the column, even a
single parasite is readily
identified under the
microscope.

218 Acute haemorrhagic leucoencephalopathy
Numerous small haemorrhagic foci, some of them confluent.
are seen in these sections of the brain-stem from a fatal case
of African trypanosomiasis. (Original figure from the
Department of Neuropathalogy, Southern General Hospital,
Glasgow, reproduced by courtesy of WHO. ID: 9204178,
WHO/TDR.)

W

216 Trypomastigote of Trypanosoma brucei brucei in

cerebrospinal fluid
A single organism is seen in this sample taken from

cerebrospinal fluid filtered in a ‘minicolumn’. (Giemsa x 1200)

220

220 & 221 Morula cells in brain

Scattered irregularty through the brain substance, there occur
large eosinophilic mononuclear cells (220, left} with eccentric
nuclei, known as morula cells of Mott (H&E x 7500). These are
lgM-producing plasma cells as shown in this preparation
(221, right) treated with anti-IgM antibody. (x 71500)

223 Acridine-orange
centrifuged blood
The examination of centrifuged blood to detect trypanosomes
is facilitated by the use of the QBCF technique with fluorescent
staining, as seen here. The method is highly sensitive and
simple to use. (See also 123.) (x 200)

222 Card agglutination test for (gambis )
trypanosomiasis (CATT)

Anti-trypanosomal IgM, which is raised both in the blood and
the CSF in trypanosomiasis, can be detected by this simple
test, which is invaluable for rapid diagnosis, especially in field
surveys. Other useful serological aids are the complement-
fixation test, quantitative IgM radial immunodiffusion assay and
fluorescent antibody (FAT) staining. In the CATT test card
shown here, the presence of blue granular deposits in wells 4
and 8 is indicative of infection.

224 Vavoua trap in use at a G. polpalis-infested riverine
site in west Africa

This is a cheap and simplified version of the Lancien trap. Note
the alternating black and blue cloth, which provides a colour
attractant for this species of tsetse. The trap contains a liquid
bait at the apex of the cone, It is used extensively in west Africa.
Impregnating the material from which it is constructed with a
synthetic pyrethroid such as deltamethrin improves its
performance.



Patogenese a Patologie

Pathogenesis and pathology

Primary stage Secondary stage Third stage

+ Parasitaemia and toxaemia ‘
« Invasion of tissue spaces (not cells) of various organs

AWIE R ——— Predominantly ——
« Multiplication at site of injection Lymph nodes CNS

« Surrounding inflammatory reaction . :
g i + Damage to endothelial cells of blood vessels, surrounding
(perivascular) granulomatous reactions and haemorrhages

Toxic degeneration and pressure atrophy of tissue cells

Local inflammatory lesion




Patogenese a Patologie

Chronic sleeping sickness
(Due to T. gambiense)

Differ only in degree

Acute sleeping sickness
(Due to T. rhodesiense)

Clinico-pathological

Clinico-pathological i
correlation Rrimary $tge correlation

: ) Trypanosomal Trypanosomal ) .
Firm, tender, painful chancre {ep | chancre As in chronic
red nodule 1-3 weeks o - SN

i
Secondary stage—predominantly blood and lymph node involvement

Fever Fever
* Low + High
* Irregular * Persistent

* Recurrent

General toxic symptoms
+ Backache

+ Headache

* Tachycardia

» Irregular skin rashes

Congestion
Sinus catarrh
' Perivascular

Severe toxic symptoms
* Headache

* Vomiting

« Shivering

» Oedema face

» Serous effusion

(circinate) « Bone pain
* Transient oedema face Enlarged, soft, red. Similar lesions not so
Later regress, fibrofic pronounced Lymphadenopathy
Lymphadenopathy (‘—\, s N Myocarditis
« Typically post-cervi =0 )
ypically post-cervical \ M Anaemia
Later anaemia B ( Purpura
monocytosis L 1\‘ {z Hepatitis
L | ;
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
W
i D
Progressive involvement - Generalized leptomeningitis 22N May have early onset of
of the CNS / Dura thickened and adherent b encephalitis with rapid
General symptoms of /5 Oedema with flat convolutions and ! development of coma
i iti / dilated ventricles }
[;roogie:im:s s:sf::\rﬂ:s I/ Haemorrhage with softening |
Q ) CSF turbid, increase cells and protein, J
Dementia ( containing trypanosomes. i

\
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:
* 3. palpalis
+ G. tachinoides

hence disease more often sporadic:
* G. morsitans

* G. pallidipes

* G. swynnertoni

Vectors of T, rhodesiense are game-attacking species,




Prevence a kontrola

« VCasna diagnostika a vCasne IéCeni
« Omezovani vyskytu vektoru (insekticidy)
* Omezovani kontaktu s vektorem

Mouchy tse-tse nelétaji daleko od mista sani, Ize je tedy pomérné snadno zjistit a
cilené zasahnout. Doporucuje se oSetfeni stromt a kefd v pasu 2 km kolem
ohniska vyskytu. Tato bariéra zamezi pielétani much a §ifeni nemoci na nova
uzemi. Napfiklad v pfipad€ hubeni fi¢nich druht Glossina morsitans lze
postupovat nasledovné. Odstranénim ket a pfizemni vegetace do vzdalenosti
10m od okraje vodniho zdroje, dojde k vysuseni zemé& do té miry, Ze je
znemoznén vyvo] kukel much v piidé: Takto se omezi se moznost vyuzivani
tohoto prostoru jako misto odpodinku pro imaga. Spole¢né s aplikaci insekticidu
je pak mozné timto zpisobem likvidovat zvyvajici bodalky a tim od nich vydistit
zasazene uzemi.



Kontrola spave nemoci

225 Target trap with an odour attractant

The control of African trypanosomiasis is based mainly on the
destruction of vectors. One of the most successful methods
currently employed is the use of various types of target trap
treated with long-lasting synthetic pyrethroids. The attractant
in this model is placed in a bottle, the neck of which can just be
seen near the central pivot. Based on observations of the
attractiveness of cattle odour to tsetse, a number of
compounds were discovered (including octenol and various
phenols), the use of which, with acetone or butanone, greatly
enhances the efficiency of colour-baited and screen traps.
Cattle can themselves be used as a bait for tsetse control. A
synthetic pyrethroid such as deltamethrin, applied either in a
cattle dip or as a simple pour-on preparation, can be extremely
effective in reducing the population of tsetse and other biting
flies for weeks or months without having any harmful effects
on the animals.

226 The use of sterilised male tsetse flie's

The figure shows colony-bred, male G. morsitans being fed
prior to their sterilisation by gamma-irradiation. The insects
are released to mix with wild populations of the fly as a means
of reducing the vector population. Although this procedure has
only met with limited success in some isolated areas of east
Africa to date (Glossina austeni was eradicated from Zanzibar in
1996), a new initiative has been commenced to release
sterilised males in 37 African countries to complement other
methods such as trapping for the ultimate eradication of
African trypanosomiasis.



MiiZe vykazovat fadu symptomt, vCetné nepravidelného buseni srdce a poruchy
traveni. Nemoc se vyskytuje pouze na zapadni polokouli a je endemickd v mnoha
oblastech JiZni a Stfedni Ameriky a Mexika. Jeji pavodce, prvok Trypanosoma cruzi,
je pfendsen plostici rodu Z#iatominae (Belminus berreri), jiz se rovnéZ fiki zdkefnice.
Parazita, pfenasece a chorobu objevil brazilsky védec Carlos Chagas (1879-1934.)
v prvnim desetileti 20. stoleti. Dnes je chorobou nakaZeno mnoho miliond lidi

a Chagasova nemoc je nejen nejvice vyCerpavajici infekéni nemoci v Jizni a Stfedni
Americe, ale také pfedni pfi¢inou srde¢nich chorob u mladych dospélych lidi.
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Carlos Justiniano Ribeiro Chagas (9.

¢ervence 1879 Oliveira, Minas Gerais - 8. listopadu 1934 Rio de
Janeiro) byl brazilsky |ékar, hygienik a bakteriolog. Roku 1909,
b&hem svého plisobeni v Ustavu Oswaldo Cruze v Riu de
Janeiru, objevil Chagasovu chorobu, tropické onemocnéni
zvané téz americka trypanosomoza.

Podafilo se mu zjistit hlavni patogen choroby a zplsob nakazy -
pokousani plosticemi (konkrétni pfenasec, prvok Trypanosoma
cruzi, byl objeven Salvadorem Mazzou roku 1927). Podafilo se
mu zjistit zpusob pfenosu choroby, kdy infikovana plostice
prenese infekci pouze v pfipadé, ze béhem kousnuti vyloudi i
vykaly. Jeho objev byl uznan doma i v zahranici jako jeden z

Mg vrv s

Neudéleni Nobelovy ceny, na niz byl dvakrat nominovan, je
dodnes pfedmétem diskusi, v nichZ se objevuje i nazor, ze roli
mohlo sehrat preferovani védcu z Evropy a také skutecnost, ze
doma cCelil silné opozici svych kolegli a dokonce zpochybnovani,
zda Chagasova choroba opravdu existuje.™



https://cs.wikipedia.org/wiki/9._%C4%8Dervenec
https://cs.wikipedia.org/wiki/9._%C4%8Dervenec
https://cs.wikipedia.org/wiki/1879
https://cs.wikipedia.org/w/index.php?title=Oliveira_(m%C4%9Bsto)&action=edit&redlink=1
https://cs.wikipedia.org/wiki/Minas_Gerais
https://cs.wikipedia.org/wiki/8._listopad
https://cs.wikipedia.org/wiki/1934
https://cs.wikipedia.org/wiki/Rio_de_Janeiro
https://cs.wikipedia.org/wiki/Rio_de_Janeiro
https://cs.wikipedia.org/wiki/Braz%C3%ADlie
https://cs.wikipedia.org/wiki/L%C3%A9ka%C5%99
https://cs.wikipedia.org/wiki/Hygiena
https://cs.wikipedia.org/wiki/Bakteriolog
https://cs.wikipedia.org/wiki/Rio_de_Janeiro
https://cs.wikipedia.org/wiki/Rio_de_Janeiro
https://cs.wikipedia.org/wiki/Chagasova_choroba
https://cs.wikipedia.org/wiki/Patogen
https://cs.wikipedia.org/wiki/Plo%C5%A1tice
https://cs.wikipedia.org/wiki/Trypanosoma_cruzi
https://cs.wikipedia.org/wiki/Trypanosoma_cruzi
https://cs.wikipedia.org/w/index.php?title=Salvador_Mazza&action=edit&redlink=1
https://cs.wikipedia.org/wiki/Parazitologie
https://cs.wikipedia.org/wiki/Nobelova_cena_za_fyziologii_nebo_l%C3%A9ka%C5%99stv%C3%AD
https://cs.wikipedia.org/wiki/Carlos_Chagas

Ddim v Ekvadoru na pocatku
20. stoleti. Takovato obydli
byla idealnim prostfedim pro
prenasece Chagasovy nemoci

- plotici zkefnici, jez se ukryva
ve §térbinach ve sténach

a stfechéch.

Plostice rodu Triatoma,
které roznaseji Chagasovu
nemoc svymi vykaly. V and-
skych statech se zékefnici fika
vinchuca. Nazev je odvozen
zinckého jazyka quechua
aznamena ,ten, ktery

pada k zemi”.




Zdravotnicka osvétova
kampan v Bolivii v roce 1997
nédzorné ilustruje jako zplsob
pfenosu parazitické infekce
vykaly i roli ¢lovéka jakoZto
zdroje krve, jiz se plostice
Triatoma Zivi.

CARLOS CHAGA

ITUTODEC IDE

MEL DARWIN Vroce 1835, kdy
CHAGASOVU cestoval po Jizni

Americe, napsal
NEMOC? milady prirodovédec
Charles Darwin
(1809-1882) fascinujici zpravu o zakefnici,
plotici rodu Triatoma, jiz nazval ,benchuca®:
.Spali jsme ve vesnici Luxan, coZ je malé mfsto
obklopeng zahradami, jez tvofilo nejjiznéjsi
obdeéldvany okres provincie Mendoza (Argentina);
lezi osm kilometrdi jizné od hlavniho mésta. V noci
Jjsem zakusil ttok (protoze ni¢im mensim to
oznacit nelze) benchuky druhu Reduvius, velké
Zerné plostice pamp. Je
nanejvys znechucujicf
citit, jak tento mékky
bezkiidly hmyz dlouhy
. necelé tfi centimetry
leze lovéku po téle.
Nez se nasafi, jsou
veelku tenci, ale
poté se zakulatf
anabobtnaji krvi
avtomto stavu

Charles Darwin
zachyceny na dobové
karikature, ktera
zesmésfovala jeho
nazory na piiro-
. zenou selekci.

sedaji snadno rozmdcknout. Ta, kterou
jsem chytil v Iquique (protoZe se nachd-
zeji v Chile a Peru), byla velmi prazdnd.
Kdyz jsem ji polozil na st a nastavil ji prst,
zaéal tento odvdzny hmyz okamZité
vytahovat sosdk, i kdyz byl obklopen lidmi,
zatitodil, a kdyby mu to bylo dovoleno,
zaéal by sdt krev. Rdna mi nezptisobila
Zddnou bolest. Je zvlditni pozorovat jeho
télo p¥i aktu sdni, protoZe se za necelych
deseti minut zménil z tvora plochého jako
oplatka v cosi piipominajiciho bobuli, Toto
jediné jidlo, za néz byl benchuca zavdzdn
Jjednomu z distojniku, ho udrZelo tustého
po dlouhé ¢tyfi mésice; ale po prvnich
ctrndcti dnech byl opét pfipraveny
se znovu nasdt.”

Kdyz se Darwin vratil do Anglie, zacal trpét
bizarn{ sérif symptom, k nimZ patfilo nady-
mani, bugeni srdce, nespavost a hystericky plac,
co# ho po zbytek zivota tasto vyfazovalo

z ¢innosti. Objevila se fada spekulaci ohledné
pi¢iny Darwinovy choroby, véetné myslenky,
Ze trpi Chagasovou nemoci, protoze ho 3tip-
la zakefnice. Retrospektivné se viak da jen
velmi obtizné diagndzu stanovit a je moZné,
e se tfeba nikdy nedovime, jakou chorobou
nebo kombinaci chorob, byl Darwin vlastné
postizen.

ZANEDBAVANE Chagasova
CHOROBY nemece

jednou

z rady onemocnéni oznacovanych za

,zanedbavané choroby”. Takovéto
nemaoci jsou ,zanedbavany’, protoze se
jim nepodafilo vzbudit dostate¢nou
pozornost z hlediska financovani

a vyzkumu a protoze jejich obrovsky
dopad na zemékouli, zvlasté mezi chudsi
a zranitelnéjsi populaci tropického

a subtropického pasma, se ¢asto prehlizi.
Odhaduje se, ze je jednou ¢i nékolika

z téchto,zanedbavanych chorob” nyni
postizena 1 miliarda lidi - co? je jedna
Sestina obyvatelstva svéta. Byly zahajeny
rGzné nové iniciativy, jimiz ma byt
svétovy problém téchto chorob vyresen
a jez snad znamenaji, Ze uz nebudou
dale zanedbavany.




Trypanosoma cruzi — americka trypanosomiasa - Chagasova nemoc

[rypanosoma cruzi je piivodcem americké trypanosomiasy - Chagassovy
nemoci - vyskytujici se na americkém kontinenté.



Hostitelé

Clovék je v tomto piipadé hlavnim hostitelem, ale tito cizopasnici jsou znami
také jako paraziti n€kterych zvifat. Pasovci rodu Dasypus jsou v nékterych
nejvyznamnéj$i rezervoarovi hostitelé, zatimco na jinych jsou to masozravci
jako psi, ko¢ky a myvalové. Okruh hostitelti zahrnuje také domaci zviftata.
Plostice (Hemiptera: Reduviidae, Triatominae) rodu Rhodnius, Triatoma a
Panstrongylus jsou vektori této nemoci.

RozSireni

Chagasova nemoc neboli americka trypanosomiasa je zoonoza napadajici pies
15 mionu lidi pfedevsim ve stfedni a jizni americe s vyjimkou Guyany a
karibske oblasti, kde se nevyskytuje. Pres 89 milionii lidi (vice nez 24%) vak v
J1Zni americe Zije v oblastech, kde jsou touto nemoci pfimo ohroZeni. V Chile
dosahuje prevalence 12.5%, v Paraguai 11.9%. V Argentiné a Bolivii je
hodnota prevalence pod 8%. Na jihu USA se vyskytuje pouze ojedinéle, napf.

e,

populace Zijici v blizkosti Rio Grande Valley m4 prevalenci 2.4%.



Distribuce Chagasovy nemoci

227 Distribution of Chagas’ disease

Human infection is endemic in parts of Central and South
America from the Andes to the Atlantic coast and as far south
as the latitude of the River Plate (Rio de la Plata) shown here
in green. Two major intergovernmental programmes were
started in 1991 to eliminate domestic vectors by a combination
of spraying residual insecticides in houses, the use of
insecticidal paints and the deployment of fumigant canisters.
The countries covered in the two initiatives, the second of
which started in 1997, are shown in the figure. The latter
programme instituted universal blood screening to avoid
transmission from infected blood donors. In less than a decade
remarkable progress has been made. Transmission (by the
major vector, T. infestans) was eliminated in Uruguay by 1997
and in Chile by 1999. Major reductions in transmission have
also been reported from other endemic countries but, to date
not complete control. ,

(% ‘Southern Cone Initiative’; % ‘Andean and American

Initiative’ areas.)




Morfologie

Trypomastigoti Zijici v krvi dosahuji velikosti od 16 do 20um a je pro né
charakteristickd pozice pripominajici trvar pismena C. Amastigoti jsou mensi a
dosahuji délky jen 1.5 az 4pum.




Americka trypanosoma — Chagasova nemoc

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 parabasal
body
Eafds Trypomastigotes in blood Amastigotes Promastigotes
blegharoplasl of humans and gut of insect in cells of humans in gut of insect
Resemble African trypanosomes except: Indistinguishable (except for site) and fransitional stage
—characteristic C or S shape from Leishman-Donovan bodies in humans
—conspicuous kinetoplast of leishmaniasis

—Ilong and short forms may occur

Vyskyt parazitll je omezen na jizni a stfedni Ameriku a plsobi zde tzv.
Chagasovu nemoc, ktera je svou povahou zoondza.

U Clovéka je v krvi vyskytuji trypomastigotni stadia a ve tkanich amastigotni.
Zivotni cyklus zahrnuje dva hostitele — Clovéka a vektora (bezobratly) - plostice



Trypomastigotni stadia ruznych druhu trypanosom

FIGURE 3.4 Trypomastigotes of some Trypanosoma spp. as seen in the light microscope in stained
blood films: (a~d) T. congolense; (e—h) T. brucei; (i) T. theileri; (j) T. melophagium; (k) T. evansi; (m) T.
equiperdum; (n) T. lewisi. The clear circle below T. congolense is a red blood cell of 7 to 8 um in diameter
for size reference.



Morfologie vyvojovych stadii krevnich a
tkanovych bicikovcu

Anterior

DR o

2

Posterior

Amastigote Promastigote Epimastigote Trypomastigote

Figure 2. Morphologic states of blood and tissue flagel-
lates. Abbreviations: a, axoneme; b, kinetosome; f,

flagellum; g, granules; k, kinetoplast; n, nucleus; um,
undulating membrane.




Zivotni cyklus Trypanosoma cruzi

HUMANS
Introduction
/——:f infective forms by
AT i : 1. Feces of triatomid bug
Multiplication in 2. Blood transfusions
hind gut of bug 3. Laboratory cultures
4. Congenital infections :
f 5. Transplantation Trypomastigotes
circulate in blood
Triatomid bug Trypanosoma cruzi

takes a blood meal
(Ingests trypomastigote)
Tissue invasion
\K and multiplication
of trypomastigotes

(Some trypomastigotes
still present in blood)



Zivotni cyklus Trypanosoma cruzi

Cone nosed b \gs-Reduw'idae FECES ‘Jé) an

Man and reservoir hosts




Zivotni cyklus Trypanosoma cruzi

Amastigotni formy (mikromastigotni) se mnozi binarnim délenim v
cytoplasmé riiznych

hostitelskych bunék (RES, srdce, svaly, slezina, jatra). Hostitelské buiky
vypadaji jako ,,pseudocysty* a jsou zcela vypInény cizopasniky.

2-3 Transformace v trypomastigotni stadium pies stadium epimastigotni, vyvoj

4

5.

antigenniho povrchu uvnitf bunék hostitele

Trypomastigoti v krevnim fe¢iti po uvolnéni z rozruSenych bunék, tyto
stadia pronikaji do dalich bungk hostitele, nebo mohou byt nasata vektorem
Transformace v epimastigotni stadium uvnitf stfeva plostice (Rhodnius,
Triatoma) po nasati.

Epimastigotni stadia se hromadi v zadni &asti stieva pfenaSece, kde se mnozi
do vysokych  pocti bindrnim délenim.

Metacyklické (infek&ni) trypomastigotni stadia odchazeji z kone&niku
plostice s vykaly. Diky drobnym poranénim pokozky dochazi k priniku do
téla hostitele a nasledné penetraci do riznych bunék.



Zivotni cyklus Trypanosoma cruzi v &lovéku
a triatomidni plostici

228 Cycle of Trypanosoma cruzi in humans and triatomid bugs

(1) Infective, metacyclic trypomastigotes passed with the faeces either enter the body
through the site of the bite or directly penetrate mucosal surfaces such as that of the
eye; some enter reticuloendothelial cells of the subcutaneous tissues near the site of
entry to produce a local swelling known as a ‘chagoma.. (2) Other trypomastigotes
reach the circulatory system, from which they penetrate smooth muscle in organs
such as the heart, the walls of the gastrointestinal tract, or skeletal muscle.
Associated autonomic system ganglion cells may also be invaded. (3) In these organs,
they convert to amastigotes, which reproduce by binary fission to form pseudocysts.
(4) Some amastigotes later revert to sphaeromastigotes and epimastigotes, which
form trypomastigotes that re-enter the circulation. (5) Circulating trypomastigotes,
which are taken up when another triatomid feeds, enter the bug's midgut. (6) In the
gut, the flagellates change to short epimastigote and rounded sphaeromastigote
forms, in which they multiply profusely by binary fission. (7) After 1-2 weeks, longer
epimastigotes enter the rectum, where they form metacyclic trypomastigotes that are
passed when the bug again defaecates. An unusual, but rare mode of transmission is
the ingestion of T. cruzi from the intestine of infected reduviid bugs that have
accidentally contaminated food or drinks. The most recent minor epidemic arose from
the consumption of contaminated sugar cane juice in a roadside kiosk in Santa
Catarina, Brazil, in 2005. Of about 100 people who were infected, at least five died
from acute trypanosomiasis. (Adapted from Geigy and Herbig, 1955). (See also 229,
232 and 236.)




Sajici plostice na kuzi a metacyklicka
trypanosoma z jejich vykalu

231 Male Triatoma infestans feeding on a human arm

This is one of the most widely distributed species. Note the

position of the proboscis. Reduviid bugs {(also known as H
‘assassin’ or ‘kissing’ bugs), particularly in the genera Triatoma, .
Rhodnius and Panstrongylus, transmit T. cruzi while feeding, ! ’
not by inoculation but by faecal contamination. Both sexes are - -1
similar and feed on blood, with the male having a small, ventral
abdominal swelling. The insects normally hide in the walls : <

during the daytime and emerge after dark to feed on the ; .

sleeping inhabitants. The bite is remarkably painless even

though the bug may take from 10-20 minutes to become fully T 3 Py
engorged. (x 1.6)

232 Metacyclic stage in faeces

Infection is through contamination by parasites in bug faeces
produced on the skin. These may invade the site of the bite or
adjacent mucosa (e.g. the conjunctiva). (Giemsa x 1500)



Vyvoj v téle Elovéka

Life cycle in humans

i
5\
z& AT

\O&
Carried o regional y
lymph nodes

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

Enter histiocytes locally

metamorphose to amastigotes
and multiply by binary fission

—

@ Some amastigotes metamorphose through transitional, leptomonad
and crithidial forms to trypomastigotes and invade blood and lymph /-
Some amastigotes

enter further cells
Do not
divide in
blood

@ \ Enter cells of many organs,

p metamorphose to amastigotes
and multiply

Parasitized
cells rupture




Vyvoj v tele vektora

Life cycle in insect

Triatoma spp: the cone bug

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 promastigotes trypomastigotes



¥l

Regional lymphangitis
and lymphadenitis

Systemic
manifestations

Local invasion of histocytes
Inflammatary reaction
Fibrosis: lymph blockage
Oedema

Invasion of local
lymph nades
Reticulo-endothelial
hyperplasia with
parasitization

multtphcatlon
in
bloodstream

Micro

reaction

Similar in all lesions
Amashgote forms in tissue cells e.g.

Little surrounding tissue

Invasion of blood
and lymph vessels by
trypanosomal forms

Dissemination

| to practically any

\tissue of body
; é/l?ecumng

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

/Parasltizatinn of

[ reticulo-endothelial and
| parenchymatous cells by
amastigote forms which
multiply and destroy

cells

.' re-invasion of the

hlood by trypanosomal
K forms and further
\ dissemination

ot |

A4

Acute symptoms
+ Fever

+ Swelling of eyelids
(Romana's sign)

Vyvoj v tele Cloveka

« Myocarditis
« Tachycardia
+ Heart block
* Emboli

* Aneurysms

+ Generalized
Ilymphadenopathy

» Encephalitis

= General or focal
CNS signs and
symploms

+ Splenomegaly

» Hepatomegaly

« Toxic depression
of bone marmow
* Anaemia

|+ Destruction of

intestinal nerve plexus
* Megaoesophagus
+ Megacolon

Myokarditida, Tachykardie
Embolie, Aneurysma

Generalizovana
lymphadenopatie

Encephalidita,
CNS priznaky

Splenomegalie

Hepatomegalie

Toxické poskozeni kostni
drené, anemie

Destrukce stfevniho
nervového plexu
Megaoesophagie
Megacolon



Trypanosoma cruzi - patologie

Amastigoti — z roztéru sleziny Amastigoti v burice srdecCniho svalu



Sani ,kissing” plosticemi a nasledne
otoky ,Romana’s signs”




Romana’s sign a amastigoti v srdecnim
svalu Cloveka

235 Romaiia’s
sign

The infection often
begins with a local
lesion, the
chagoma. It causes
marked local
oedema which,
should it occurin
the region of the
eye or within the
conjunctival sac, is
accompanied by
swelling of the lids
and chemosis.
These unilateral
periorbital
changes constitute
Romana’s sign.

236 Amastigotes in heart muscle
After a stage of initial parasitaemia associated with fever (often
unrecognised), trypomastigotes pass to the cardiac muscle and
the smooth muscle lining the intestinal tract. Here, they
transform to the amastigote stage (Leishman-Donovan bodies)
in which they multiply to form pseudocysts. In the heart, this is
associated with severe myocarditis, especially in the early
stages of the infection. The severity of the acute myocarditis
seems to seal the eventual fate of the sufferer from chronic
cardiac changes. These can be reactivated in patients with
acute immunodeficiency syndrome (AIDS). (Giemsa x 350)



Trypanosoma cruzi v periferni Krvi

Vlevo: Sipka ukazuje na velky
kinetoplast,
Foto — SCAN,

Vpravo: amastigoti v srde€¢nim
svalu, Sipka ukazuje na jadro a
kinetoplast (barveni HE)




Epimastigot Trypanosoma cruzi

Vlevo: epimastigot T. cruzi v periferni krvi, Sipka oznacCuje kinetoplast pred jadrem.
Vpravo: zvétSené srdce u 46 letého pacienta v dusledku akutni Chagasovy nemoci.



Klinicke pripady Chagasovy nemoci
pusobené druhem Trypasonoma cruzi

Obr. 60 Klinické pfipady Chagasovy nemoci plsobené druhem Trypanosoma cruzi.
a myokarditis (fibréza viaken myokardu), b anomalie zazivaciho traktu (megakolon, mco)
(laskavosti WHO-TDR Image Library, Zeneva, 1990).



Ukazky
chagasoidni
megaesophagie
(nahore) a
megakolonu (dole)

Figure 28.20 Chagasic megaesophagus. (Original photography
by D. N. Reifsnyder, from A Pictorial Presentation of Parasites:
a cooperative collection prepared and/or edited by H. Zaiman.)
doi:10.1128/9781555819002.ch28.f20

Figure 28.21 (Top) Megaesophagus in 34-year-old Brazilian pa-
tient with chronic Chagas’ disease; (middle) megacolon in an
adult male with Chagas’ disease (Armed Forces Institute of Pa-
thology photographs). (Bottom) Megacolon, cut image (original
photograph by B. H. Kean; from A Pictorial Presentation of
Parasites: a cooperative collection prepared and/or edited by H.
Zaiman). doi:10.1128/9781555819002.ch28.f21




Pseudocysta ve stene jicnu obsahujici
namnozené amastigoty

242 Amastigotes in oesophageal
muscle

Pseudocysts containing amastigotes of
T. cruzi can rarely be demonstrated in
ganglion cells of the intestinal tract,
although the smooth muscle is often
invaded. (x 480)




Degenerativni sympatické ganglion na
srdeCnim svalu a megaoesophagus

5. , o g
i ) ) “?"

240 Sympathetic ganglion in wall of atrium
Degenerative changes in neuronal cells from a ganglion in the
heart of a patient with Chagas’ disease who died of sudden
cardiac failure. Mononuclear cellular infiltration is conspicuous,
especially round the capsule of the ganglion. CNS involvement
may present as diffuse meningoencephalitis with necrosis in
individuals who develop AIDS. The recent finding in a number
of patients with chronic disease that sequences of T. cruzi DNA
may be integrated into the hosts’ genome has led to the
hypothesis that this phenomenon may be one of the factors
that underlie the evolution of the disease to the chronic phase.
(H&E x 130)

241 Radiograph of megaoesophagus
Muscular degeneration and denervation of segments of the
alimentary tract through destruction of the cells of Auerbach’s
plexus cause megaoesophagus, megastomach and megacolon,
etc., which can be detected radiologically.



Kardiomegalie a apikalni aneurysma

238 Cardiomegaly

The heart shows gross enlargement and dilatation. The
dilatation of the right atrium and both ventricles is marked in
this specimen. The pathogenesis seems to be associated with a
loss of autonomic control due to destruction of the ganglionic
plexuses. Autoantibodies are probably involved in this process.
(See also 240.)

239 Apical aneurysm of heart

Mural thrombi may be present at the apex of the left ventricle,
with marked thinning of both ventricular walls. Apical
aneurysmal formation is commonly seen.



Elektrokardiogram ukazujici srdecni
arytmii jeden z priznaku Chagasovy
nemoci




Akutni myokarditida v dusledku
Chagasovy nemoci

F -“ b

Vlevo: akutni myokarditida.

Vpravo: ztenSeni srdecCni stény
a typickou koncentrickou
hypertrofii myokardu.

Apikalni ztenSeni stény
myokardu,

Svétlo prosvita pres sténu
myokardu




Trypanosoma cruzi - diagnostika

Trypomastigoti z roztéru periferni krve Epimastigoti z roztéru z kultury



Triatomine Bug Stages

Triatomine bug takes a blood meal
|passes melasychs ypomastigoted in feoes,

trypomashgobes anbar Diba woung of
ITHICO S MEmErangs, Such a% e Sonpuncineg

Human Stages

e Metacyclic trypomastigotes
penatrate various cells at bite

wiound site. Inside cells they

ﬁ " transform into amastigotes.

Metacyclic trypomastigotes

—
"1
in hindgut ﬁ @'
o

= %

Multiply in midigut

Trypomastigotes B by binary fission in cells
can infect other cells of infected tissues,

and transform inlo

infracellular amastigotes

in rew infection sitas.

Climical manifestations can

result from this infective cycla,

Triatomine bug takes
a bdood meal

Epimashtigotes brypomasbgetes ingested)
in midgut

Diagnostika

A= | -
@ Mas&llular amastigoles

transform into Irypomastigotes,
then burst out of the cell
and enter the bloodstream

| -
EAFEN-HEALTHIEN: FEQFLE "

http:ffwww dpd. cde . gowidpdx

,ﬁ,= Infective Stage
ﬂ= Diagnostic Stage



Algoritmus pro diagnostiku
americke trypanomosy

AMERICAN TRYPANOSOMIASIS

¢ BUG BITE

4 FEVER, LYMPHADENOPATHY
+ CONGESTIVE HEART FAILURE
+ MEGACOLON OR ESOPHAGUS

!

NEGATIVE > DIAGNOSIS

H'SloRY UNLIKELY
POSITIVE
DURATION OF
INFECTION
WEEKS YEARS
DIAGNOSIS NEGATIVE TRYPOMASTIGOTES NEGATIVE TRYPOMASTIGOTES 1 NEGATIVE_ DIAGNOSIS
UNLIKELY INCULTUREOR  <—— |N BLOOD SMEARS SEROLOGY —— 2 UNLIKELY
INOCULATED MICE l J«
‘L POSITIVE
POSITIVE POSITIVE l
l i | DIAGNOSIS
PROBABLE
DIAGNOSIS l
CONFIRMED
TREATMENT
SYMPTOMATIC

TREATMENT



kazka xenodiagnostiky

Figure 28.22 Xenodiagnosis for detection of positive Chagas’
disease patient (from A Pictorial Presentation of Parasites: a
cooperative collection prepared and/or edited by H. Zaiman).
doi:10.1128/9781555819002.ch28.f22

244 Xenodiagnosis

Various serological tests are of value in confirming a diagnosis
of Chagas' disease. An ELISA test employing antigen from
epimastigotes of T. cruzi cultivated in vitro is widely used, and
is one of the most sensitive means of diagnosis, especially if
the antigen is derived from an autochthonous strain. It can
indicate past or present infection but does not necessarily
imply the presence of parasites. Fluorescent antibody tests
may also be employed, using whole cultured epimastigotes as
the antigen. The exguisitely sensitive PCR technique, which is
capable of detecting the DNA from a single parasite, is
invaluable in the control of blood for transfusion in endemic
countries, as well as for the diagnosis and follow-up of
individual patients in whom few parasites may be accessible
for detection by other methods. However, absolute
confirmation of active infection is obtained by demonstrating
that the patient can infect the vector (xenodiagnosis).
Laboratory-bred, clean reduviid bugs are fed on patients
suspected of having trypanosomiasis. Two weeks later the
hindgut is dissected out and is examined for metacyclic
trypanosomes. The screening of all blood donors to reduce
transmission is an integral part of the ‘Southern Cone Initiative’
since chemotherapy of established infection remains
unsatisfactory.



Trypanosoma cruzi/plostice Triatoma

229 T. cruzi in human blood film
The causative agent occurs in blood films characteristically as
short C-shaped or S-shaped trypomastigotes with a

prominent kinetoplast. It is otherwise monomorphic. (Giemsa
x 950)

230 Ecology of triatomid vectors

The favourite habitats of the reduviid bugs are cracks in the
walls of mud huts in poor rural areas; here the insects shelter
and breed. Transmission occurs predominantly at night. Adults
and clusters of eggs can be seen here.



Rezervoarovi hostitelé T. cruzi

233

233 & 234 Reservoir hosts of Trypanosoma cruzi
Chagas' disease is a zoonosis. T. cruzi has an extensive mammalian reservoir in both wild hosts (especially armadillos, such as
the Dasypus novencinctus seen in 233) and opossums (Didelphis species - 234), as well as some domestic animals.




Diagnostika

Diagnostika trypanosomozy je zaloZena na nasledujicich ptiznacich:

o klinické pfiznaky onemnocnéni
e kazustika - lekatska historie

e nalez cizopasnika

o serologicky priikaz protilatek

Diagnosis

Determining whether a persons is infected with T.
cruzi is based on the following:

1. Examining a blood film or tissue fluid

2. Cultivating blood in a non-living medium or in
cell culture

Performing xenodiagnosis

Inoculating laboratory animals

Conducting serologic tests for antibodies
Observing clinical signs and symptoms

SRDpEs




Trypanosoma cruzi

Fig. 3.12 Transmission
electrin micrograph of a
section through a muscle fiber
(=pseudocyst) containing
numerous epi- and
trypomastigote stages

TEM fotografie fezu svalového
vlakna (pseudocysta)
Obsahujiciho mnoho epi- a
trypomasttigotnich stadii
Cizopasnika.

Fig. 3.117 Scanning electron
micrograph of an
epimastigote stage from the
intestinal tract of the bug

SEM fotografie epimastigotniho
stadia ze strevniho traktu plostice.




Vektor: plostice Celedi Reduviidae

S

FIGURE 45.2. Adult Triatoma dimidiata. Note the membranous FIGURE 45.3 Egg of Rhodnius prolixus as seen in the SEM. Note
portion of the forewings and the striking pattern at the margin of the operculum, which has openings that allow gaseous exchange
the abdomen. while the egg is embryonating.



Distribuce Trypanosoma cruzi na zapadni
polokouli a vyskyt typickych vektoru

T. protracta \

Triatoma gerstaekeri
v




Rozsireni plostic rodu Triatoma v USA




Rad: Heteroptera — plostice

30 — 40 tisic druhti — v&tSina volné Zijicich, mensi pocet ektoparaziti

Morfologie:

charakteristicka stavba 1. paru ki¥idel (siln€ chitindzni, Supinky)
typicky zapach — sekret z pachovych zlaz

hlava orthognatni

ustni ustroji bodave save

sosak — rostrum — vznika trubicka uzavirajici mandibuly a maxily
tykadla $tihld,4 ¢lankovana

hrud’ — kompaktni na sttedohrudi zbytky 1. paru kiidel — polokrovky =
hemielytrae

zadecek — 9 ¢lankh zaokrouhleny, na 4. ¢lanku zadecku samicek nese
Berlesseho organ — zasobarna spermii

nohy kracivé s dlouhou holeni, dva drapky

télo husté pokryto Zlutymi chlupy

hladove — ploché

nasaté — zadecek zvétSeny, prosvita krev — hnédy az ¢erny




Morfologie a zivotna cyklus Rhodnius prolixus

Adult Female

1st Instar

5th Instar
Nymph

Nymph

2nd Instar

Nymph Nymph

FIGURE45.6 The morphology and life cycle of Rhodnius prolixus, an important vector of Trypanosoma cruzi.



Biologie:

Priklad — St€nice domaci — noc¢ni tvor

Ptes den se ukryva v lidskych obydlich, v postelich, ve skvirach,

v zavesech, za tapetami, ve vypinacich aj.

Ziji v koloniich, larvy i dosp&ly hmyz pohromadg

Vyvoj — hemimetabolie — 5 nymfalnich instarti

V noci vyl€zaji a saji na Clovéku (zviratech)

Cim je tepleji, tim se rychleji pohybuji

Pokles teploty na 0 °C je deaktivuje, pfi teploté -17 °C hynou.

V noci podnikaji dlouhé cesty, po fasadach do sousedniho bytu atd.

Vylézaji na strop a padaji na spici

Saji na lidech, koCkach, psech, kralicich, morc¢atech, mysich, driibezi,

netopyrech atd.

Samickam stac¢i jedna kopulace za Zivot — Berlesseho organ
Vajicka jsou bila, kladou je jednotlivé, nebo ve skupinach.

Optimalni teploty pro vyvoj je 27 °C = 3-5 vaji¢ek/den

Za cely Zivot as1 250 az 300 vaj.



Vyvojova stadia plostic Celedi Reduviidae




Vyvojova stadia plostic rodu Triatoma

uwoL/L L

male

nymphal mstars

exuviae

1 sl 21111 L%ni ,.r ‘lh ]"'ﬂi
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5. Kjos



Srovnani morfologie plostic roduTriatoma

5 : ' '
about 1-1/4 inch long; connexivum pale about 1-1/8 inch long; connexivum yellow banded less than 1 inch long
e e

Triatoma recurva Triatoma gerstaeckeri
¥ -
. ' : first femur with sparse hair
first femur with tick hair first antennal segment long < ®, first antennal segment short

Triatoma lectularius Triatoma rubida

I ! eyesl small
eyes large connexivum brown, pale banded or not &

. connexivum yellow banded

Triatoma sanguisuga Triatoma protracta Triatoma neotomae




Hlavni vektory Trypanosoma cruzi

TABLE 28.6 Trypanosoma cruzi: principal vectors

Species Geographic area

Panstrongylus megistus Eastern seaboard of Brazil

Rhbodnius prolixus Venezuela, Colombia, French Guiana.
Guyana, Suriname; most 1mportant vec s
in northern South America and Centrz
America

Triatoma brasiliensis Central and eastern Brazil

T. dimidiata Ecuador, Colombia, western Central
America, Mexico

T. gerstaeckeri Arizona, Texas, southern United States.
Mexico

T. indictiva Arizona, Texas

T. infestans Brazil, Bolivia, Peru, Chile, Argentina.
Paraguay, Uruguay

T. lectularia Arizona

T. protracta Arizona, Texas, California

T. recurva Arizona

T. rubida Arizona, California

T. sanguisuga Arizona, Texas, southeastern United Sames

T. sordida Brazil, Argentina, Bolivia, Paraguay.

Uruguay; often associated with chickes
T. guasayana Argentina




Zivotni cyklus Trypanosoma rangeli

HUMANS
Introduction
/ of infective forms
by
Multiplication 1. Saliva of triatomid bug
in the salivary 2. Blood transfusions

glands of the bug
Trypomastigotes

Trypanosoma range!i circulate in blood

Triatomid bug
takes a blood meal
‘Ingests trypomastigote)

Multiplication
of trypomastigotes



»,Kissing” plostice Triatoma gerstaeckeri
vektor Trypanosoma lewisi
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Trypomastigoti — T. rangeli z periferni krve

KEY POINTS—LABORATORY DIAGNOSIS

Trypanosoma rangeli

1. T. rangeli trypomastigotes can be detected in the
peripheral blood by using thin and thick blood
smears and concentration techniques; however, in
practice T. rangeli is rarely seen in human blood.

2. T. rangeli trypomastigotes are morphologically simi-
lar to African trypanosome trypomastigotes (small

kinetoplast).
3. T. rangeli infections can occur together with T. cruz:

infections; therefore, T. rangeli trypomastigotes must
be differentiated from trypomastigotes of T. cruzi in
the peripheral blood.

Figure 28.24 Trypanosoma rangeli trypomastigote in a periph-
eral blood smear. Note the small kinetoplast. (Armed Forces  Epidemiology and Prevention

Institute of Pathology photograph.) T. rangeli infections have been found in both Central anc



Patogenita Trypanosoma rangeli pro vektora Rhodnius prolixus

% =3
Damages Damages Destroys Destroys = Damages base- Uses some Destroys  Blocks  Damages Inhibits
ganglia, nerves gut muscles tracheal ment lamella, amino acids, epidermal hemocytes fat body or kills 4
possibly cells probably destroys adds metabo-  cells N. rhodnii
neurons its semipermeable lites to
properties hemolymph
Nonselective Deranged
Inefficient Partial passage of metabolism, Lack of
stimuli anoxia materials from stored food required
gut lumen substances vitamins
/ \ to hemocoel reduced

Increased hemolymph volume;
imbalance in amino acids of hemolymph;
many reduced in concentration

\

Lengthened (sometimes

Molting

Reduced hormone  Lack of g
deformities

production, e.g., peristalsis
diuretic hormone

Constipation Burst bl .
midgut indefinitely) intermolt
(nymphs) periods
Autointoxication
Death Death Death

Fig. 5.36. The most important sites in Rhodnius prolixus damaged by Trypanosoma rangeli, their probable physi-
ological effects, and the interactions of these resulting in the host’s death. *Nocardia rhodnii, an essential mi-
crobial symbiont occurring in the esophagus and midgut of Rhodnius prolixus. (After Watkins, 1971.)



Vyznamné trypanosomy ¢lovéka domacich zvirat

Druh velikost obratlovec  nemoc vektor pienos vyskyt
(1m)

Salivaria

T.brucei 25-42 koné¢, vepfi, nagana Glossina sani tropicka

brucei dobytek, Afrika
hlodavci

T.brucei 16-31 clovek, spava Glossina sani zapadni

gambiense opice, psi, nemoc Afrika
antilopy

T.brucei 20-30 ¢lovek, spava Glossina sani vychodni

rhodesiense lovna zv€éf, nemoc Afrika
vepri

T.congolense 9-18 dobytek bovinni Glossina sani Kongo
doméci trypano-
zvitata somiasa



Vyznamné trypanosomy ¢lovéka domacich zvirat

T.simiae 12-24
T.vivax 20-27
T.evansi 18-34
T.equinum  20-30

T.equiperdum 18-29

ovce, kozy
vepii,
opice

piezvykavci,
koné

prezvykavcl,
kone,
psi

koneé,
dobytek

koné

virulentni
trypano-
somiasa

souma

surra

Mal de
Caderas

dourina

Glossina

Glossina

Tabanus,
Stomoxys

Tabanus

sani vychodni
Afrika
sani tropicka
Afrika
mechanicky Indie,
béhem Afrika,
sani Sibif
Australie
jiZni a

stiredni Amerika

mechanicky  jizni
béhem a stiedni
sani Amerika

mechanicky  jizni
kopulace a stiedni
Amerika




Vyznamné trypanosomy ¢lovéka domacich zvirat

Druh velikost obratlovec =~ nemoc vektor pienos vyskyt
(um)
Stercoraria
T.cruzi 16-20 ¢loveék chagasova  Triatoma vykaly jizni
domaci Rhodnius Amerika
divoka
zvirata
T.rangeli 25-32 clovek, nepatogenni Reduviidae  vykaly jizni
potkan sani ? Amerika
T.theileri 25-120 dobytek nepatogenni Tabanidae = vykaly  kosmo-
politng
T. melophagium ovce nepatogenni  klo§ vykaly  kosmo-
25-70 politn¢
T.lewisi 24-35 potkan nepatogenni blecha vykaly  kosmo-

politn¢




Dekuji za pozornost












in chi Chronic form
Acute form (often in children) ‘ R
i i i . gns
. iculo- lial cells predominantly involved General toxic symptom
E:)v[‘)e[: o i Death or depending on localization

Oed « Predominantly cardiac and CNS manifestations
: Lyemgl:n;denopathy « May be asymptomatic
« Enlargement of liver and spleen
» Sometimes encephalitis

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.



IN SALIVARY
GLANDS

nascent
meta-

cyclic
synthesized

M-VATS
arise
‘ pre- : ¢
metacyclic
dividing

dividing premetacyclic

epimastigote

metacyclic
free in saliva
epimastigote

MIGRATION FROM PROVENTRICULUS
* VIA MOUTHPARTS TO SALIVARY GLANDS

Mesocyclic form

dividing
procyelic

VSG coat lost
Procyclin
synthesized

IN FLY GUT

IN MAMMAL

- IN SKIN (CHANCRE)

->

Rapid M-VAT switching
in dividing slender forms

MIGRATION FROM SKIN TO
LYMPHATICS AND BLOOD, THEN TO
CONNECTIVE TISSUES AND CNS

form

Cessation
stumpy of division
form

intermediate Division and
form BS-VAT switching
in chronic infection




L eishmanie

Leishmania spp.

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

Leishmania amastigotes

In midgut, then
4 proboscis of
Promastigote J% sandfly (transfer
stage to human,
also in culture)




Leishmaniasis

Distribution

Species | L. donovani complex L. tropica L. braziliensis complex = "

L. infantum L. major L. amazonensis M T N

L. donovani L. aethiopica L. mexicana %

L. chagasf L. infantum (f‘

R\

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
] Visceral 3-4x2um
14-20 pum W 7 leishmaniasis /_SJ \ -~ Vacuole
¢ | .

.\ Remains of
/ axoneme

7 2 i \ occasionally (|
- V4 “ | Pe—transmitted —~, | ©

7 2 TRk ( by blood H
Nucleus Axoneme o, \ Y% fransfusion ““
e \_/ .

Nucleus Kinetoplast (DNA)




Life cycle in humans and reservoir animals

/ Blocked sandfly attempts
< to obtain blood meal
Injects promastigotes

Ingested by @L:_ o
macrophages i Core of parasitized
Metamorphose cells formed
into amastigotes \ /

Reproduction | A
by binary fission 9 @

(R ) tion of
Rupture of 6 Infect
parag;ﬁzed cell & i further cells

Toinsect

Lodge in RE cells of various organs

in systemic forms
Remains 9 -
localized to /Q
skin in A

cutaneous
forms

B (e
)

Ira s N
.-. _?"-‘.‘,A‘l_ﬂ-:‘. //_'_‘_/—
2T eee— //'/ .
/
Localized to skin, plus metastases @ In tissue juices

to mucosae in mucocutaneous forms [




Life cycle in insect

Species of sandflies g f
« Phlebotomus (Old World) WS A
» Lutzomyia (New World) TP
Vi y .f/’ 7
Blockage of Wy :
proboscis by [ /3
promastigotes y il

\ . Forward migration
e R, to pharynx

i
........

........
- 3

....... Reproduction by
binary fission

B
=
Ly _.
iy 3,
------
¥
o,

Change into
promastigote

= Amastigotes
in blood or
tissue juices






Clinico-pathological correlation

Spleen =N 3 .
« 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
g &
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




Mechanism of pathology

G T
« Displacement, degeneration of parenchymatous tissue
| Toxaemia, cachexia fever, weight loss, weakness
» Pallor, cardiac dilation, tachycardia, low blood
pressure, haemic murmurs, ankle oedema )
Offence 7 =5
« 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 J
G =5
> Pigmentation: darkening of skin at forehead,
temples, mouth (Kala azar means 'black fever')
\. Y,
Defence
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)

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



Diagnosis of Leishmaniasis

Visceral

Amastigotes can be demonstrated by staining bone marrow, lymph node 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 IgG antibodies. An
immunochromatographic test for rK39 antibody detection is also available.



Mucocutaneous leishmaniasis (espundia)

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

Parasitized cells

| } !
9 \\~ Q

Inflammatory
infiltration
Necrosis
Later reactive
Blocked sandfly injects Cutaneous manifestations Spread to mucosae of fibrosis
promastigotes like oriental sore but mouth, nose, larynx,
often weeping ulcers pharynx, ear

Secondary effects in loose mucosal tissues

» Oedema and capillary involvement « Secondary infection + Healing with fibrosis

» Interference with local blood supply —Deep erosion locally
» Necrosis - extensive destruction —Spread of infection to lungs or elsewhere

Leading to:

- Extensive disfiguring lesions « Bronchopneumonia

« General constitutional upset
and septicaemia

(fever, pain, anaemia)




Cutaneous leishmaniasis

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

Blocked sandfly injects Core of cells parasiized ~ Acanthosis cellular  Necrosis and ulceration Secondary infection Granulation Healing (2-12 months)

promastigotes by amastigotes infiltration with depressed
formed | I | pigmented scar
Remains localized to skin ' Ulcer with sharp cut edges and

surrounding induration



Kozni a kozle-sliznicni léze — Leishmania
tropica (a) a L. brasiliensis (b)

Obr. 59 Kozni a kozné-slizniéni Iéze ptsobené druhem Leishmania tropica (a) a L. brazi-
liensis (b) (z Franka a Liedera: Taschenatlas der Parasitologie, Franck-Kosmos, Stuttgart,
1986).



