


ﬂ T 6 In the mosquito,
' : Plasmodium gametocytes
ﬁl) develop in several steps to
: sporozoites
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Sporozoites produce thousands
of so-called merozoites

©

Infected mosquito bites person = * Mosquito bites infected person
who becomes infected with so-called - Blood cells becoming itself infected with
sporozoites of the Plasmodium get infected with merozoites gametocytes
which develop to further stages
(gametocytes)

Infected liver




Uvod do problému
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Osnova prednasky:

Apicomplexa - charakteristika
Plasmodium — puvodce malarie
Onemocnéni Clovéka - historie
Pldvodce — rozSifeni a vyskyt
Eradikace malarie

Pranik do buriky

Zivotni cyklus

Zastupci — druhy malarie:
*Plasmodium vivax
*Plasmodium malariae
*Plasmodium ovale
*Plasmodium falciparum
Onemocnéni — formy

Klinicke priznaky

Srpkova anémie

Patogenita

Diagnostika

Epidemilogie

Vektor — zakladni udaje o biologii
Terapia a prevence

Babesie — puvodce babesiosy




’
WI—ARIE je Zivotu nebezpecnd parazitickd choroba
pienasend z cloveka na ¢lovéka bodnutim

infikované samicky komdra 4nopbeles. V soucasnosti je tato nemoc jednim
z nejvyznamnéjsich zdravotnickych problémi: na celém svété kazdorotné postihuje
zhruba 300-500 miliont lidi a hubi 1 aZ 3 miliony, vét§inou déti a novorozenc.

aldrie je jednou z nejstarsich zaznamenanych chorob v historii
lidstva a v minulosti propukala od Archangelska v ruské Arktidé
po Australii a Argentinu na jizni polokouli. Dnes se tato nemoc omezuje
prevdzné na asi 100 stét v tropickych a subtropickych oblastech Afriky,
Asie a Latinské Ameriky, kde v nékterych z nejchudsich ¢astech svéta
plisobi obrovské utrpeni. Védci a mezindrodni zdravotnické organizace
nyni maldrii vénuji tolik potfebnou pozornost jakoZzto vaznému svéto-
vému zdravotnimu problému a zvy3uji angaZzovanost a finanénf
zdroje, které jsou uréeny na nalezeni u¢innych 1éki a vakciny
a na propagaci siti na spani napusténych insekticidy.

V roce 1937 charakterizoval americky odbornik na maldrii
Lewis Hackett (1884-1962) slozitou a riznorodou povahu
maldrie takto:
JVsechno kolem maldrie je natolik formovino a ménéno
lokdlnimi podminkami, Ze se tato nemoc projevuje jako tisic
odlisnych chorob a epidemiologickych hdidanek. Podobné jako
Sachy je hrdna jen s milo figurami, ale je schopnd nekonecné
riiznorodosti situaci.”

Figurami v této smrtelné hfe jsou komdr, parazit, ktery chorobu
pisobi, a lidsky hostitel. Na svété viak existuje de facto 60 druhi
komira rodu Anopheles schopného pienaset maldrii a ¢tyfi druhy
parazitického prvoka, ktery lidi infikuje: Plasmodium falciparum
(nejsmrtelnéjsi forma), P. vivax, P. ovale a P. malariae. Tato mnoho-
Eetnost vede k Siroké paleté moznych variaci v lokdlnim modelu pfenosu
choroby a klinickych symptomiti.

Rostlina chinovniku, zdroje
antimalarického Iéku chinin.
Chinin se dodnes pfidava

do toniku.

Ronald Ross, vyfotografovany
s manzelkou a nékterymi
laboratornimi asistenty na
schodech své laboratofe

v indické Kalkaté v roce 1898.
Klece v popiedi jsou uréeny pro
ptaky nakazené malarii, které
Ross studoval, aby odhalil
Zivotni cyklus maldrie-komar.
Ross velmi dlsledné pouzival
moskytiéru, aby se vyhnul
nakaze malarii - coz je rada,
jez plati dodnes.
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Box 12.3 Fig. I Cinchona [From Free-
man and Chandler (c. 1908).]

Duch mogalu. Tato alegorické MAILARIE A STAROVEKY A RANE MODERNI SVET

e 2 poloviny 19.stoled V minulosti byla maldrie roz$ifend na mnohem rozsdhlej$im tizemi nez dnes Fig. 12.5  Cartoons by an anonymous

j | 5 t 5 Zi t i v * ! A4 ¥y . .
;23;::;ysfzklifil:;a:lych L a od starovéku do poloviny 20. stoleti byla naptiklad béznou chorobou Second World War RAF artist showing
a motalt s malaril Italové v okoli Stredozemniho mote. Néktefi védci dokonce uvazuji o tom, zda tato the three clinical stages of a malaria
nazvali tuto nemoc v 16. stoleti nemoc nesehrala uréitou roli pii padu starovékého Recka i fimské fise. attack [From Bruce-Chwatt and de
mal‘aria, co? doslova znamena Zulueta (1980), from Wellcome
.zkazeny vzduch®, Museum of Medical Science. |

The hot stage




Pocatky pestovani
chinovniku
v roce 1908

Box 12.3 Fig. | Cinchona [From Free-
man and Chandler (c. 1908).]




Puvodci malarie - klasifikace

Phylum Class Order Blood Species

Apicomplexa Aconoidasida Haemosporida Plasmodium vivax
Plasmodium ovale
Plasmodium malariae
Plasmodium falciparum
Plasmodium knowlesi

FIGURE 6-1 Parasite classification—Plasmodium species.




Druhy malarie parazitujici u Cloveka

Species

Disease

Fever attacks - interval

Plasmodium vivax
Plasmodium ovale
Plasmodium malariae
Plasmodium falciparum
Plasmodium knowlesi

Malaria tertiana
Malaria tertiana
Malaria quartana
Malaria tropica
Zoonotic Malaria

48 h, Synchronous

48 h, Synchronous

72 h, Synchronous

48 h, Non-synchronous
fast replicating




Milniky ve vyzkumu malarie

Hippocrates Alfons Laveran Ronald Ross Cyril Garnham

500 BC 1880 1898 1948
Klinické priznaky Paraziti v krvi Prenos komarem Jaterni stadia




Co je to malarie ?




Co je to malarie ?

Malarie je parazitarni onemocneni prenaseneé komary. V roce 2019
podle Svétove zdravotnické organizace (WHO) usmrtila zhruba

409 000 lidi a témér 229 miliont se ji nakazilo. K devadesati
procentium umrti na malarii dochazi v subsaharské Africe, kde nemoc
nejvice ohrozuje deti mladsi péti let.

Malarie se nejCasteji vyskytuje v chudych oblastech. Mnohdy je samotna
nemoc pricinou této chudoby. Nemoc pacha skody na socio-ekonomické
urovni, protoze pacienti jsou ¢asto upoutani na luZzko a nejsou schopni
vykonavat bezné denni Cinnosti. To znamena obrovskou zatéz pro
zdravotnictvi i vyznamne ztraty v prijmech domacnosti v zemich, kde se
malarie vyskytuje pfirozené (je zde tzv. endemicka).

| kdyZ k devadesati procentum umrti na malarii dochazi v subsaharské
Africe, nemoc se vyskytuje v témér vSech tropickych oblastech: od
Etiopie a Sierry Leone po Kambodzu a Myanmar.




Umrti na malarii podle véku, Svét, 1990 az 2019 Our World

in Data
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Umrti na malarii podle vékovych skupin

Vizualizace kategorizuje roCni poCet Gmrti podle vékowvych skupin. Tyto
Gdaje zverejiuje IHME, Global Burden of Disease (Globalni zatéz nemoci)
[WHO nezvefejiuje Gdaje o imrtich na malarii podle véku na Grovni
jednotlivych zemi]. Viimnéte si, Ze tyto trendy mlZete zobrazit pro

kteroukoli zemi v grafu.

Ma celosv&tové Grovni jsou nejzranitelnéjsi vékovou skupinou vUci dmrtim

na malarii déti mladsi péti let - v roce 2019 pfedstavovaly 55 procent z

celkového poCtu dmrti.




Umrtnost na malarii podle veku, Svet, 1990 az 2019
Umrtnost na malarii méfena na 100 000 jedinc v riznych vékowych kategoriich. Zobrazen je také
Celkova mira Gmrinosti ve vsech vékovych kategoriich (neni vékové standardizovana) a vekove standardizovana

mira umrtnosti.

Vékova standardizace predpoklada konstantni vék a strukituru populace, aby bylo mozZné porovnat mezi

zemi a casem bez vlivu ménicho se vékového rozloZzeni v ramci populace (napf. starnuti).
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Malarie — odhady WHO

2 miliardy osob zije v rizikovych oblastech
90 endemickych zemi
az 400 milionu infikovanych

* 219 million malaria cases worldwide in 2017 (od
roku 2000 pokles incidence o0 37%).

* 435 000 malaria deaths worldwide in 2017 (od
roku 2000 pokles mortality o 62%)

Epidemie: Botswana, Madagaskar, Rwanda,
Svazijsko, Zambie, uprchlici...

Specificka umrtnost u deti do 1 roku (Gambie):
6,2/1000; 1-4 let: 10,7/1000




Oblasti vyskytu P. falciparum a P. vivax v
roce 2005

P!é?sﬁrodium _faléiﬁarum, 2005
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Prognoza vyskytu P. falciparum a P. vivax
do budoucnosti




Predpokladané zmeny v incidenci malarie
v letech 2000 - 2015

Projected changes in malaria incidence rates, by country, 2000-2015
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Pocet umrti na malarii nezalezi ani na
rocnim pocCtu bodnuti, ani na pocCtu ataku

Table |. Annual number of malaria attacks and malaria deaths according to the level of transmission in an imagined population of 10000
people (125 individuals per year of age (-7 years) who would have no available means of treatment

Entomological inoculation rate (EIR) (no. infective bites per person per year)

0.01 0.1 | 10 100 1000
Number of attacks 100 1000 3700° 8800° 5800° !
Number of malaria deaths 2-20 =20 25 25° 25¢ 25¢

Estimated figure based on studies carried out n Pikine’, Ndiop® and Dielmo'*.

Hypothesis: no more than 20% of newborns are at rik of death rom malaria
Maximum estimate derived from previous field studies in holoendemic areas of centra Africa?! and from the prevalence of sickle-cel trait n these areas™




Malarie v Ceskoslovensku

TradiCni oblasti vyskytu malarie: Jizni a vychodni
Slovensko, Podkarpatska Rus, povodi Labe, (Roudnice
n.L.) Jizery a Vlitavy (Praha: BotiC, Smichov), jihoCeske
rybniky

Ustup od konce 19. stol. (odvodriovaci prace)

Za |. republiky hlaseno kazdoro¢né nékolik set (1933:
1517) pfipadu malarie hlavné ze Slovenska (Michalovce,
Humenne) a Podkarpatske Rusi

V zemi Ceské a Moravskoslezské kazdoro&né hlageno
5-20 pfipadu umrti na malarii
Za ll. svetove valky prechodny vzestup malarie

Od 1963: WHO prohlasila Ceskoslovensko zemi bez
malarie
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Kde se vyskytuje ?




N v

Globalni rozSireni malarie

Tropk: of Cancer
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Vvskyt malarie, 2020

Vyskyt malarie je pofet novych pfipadi malérie za rok na 1 ohroZemych obyvatel.
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RozSireni a vyskyt

Na vSech kontinentech mezi 45st SS. a 40st. JS - tropy a subtropy
Letni soterma 16°C

V CR neni od roku 1960 - eradikace

Afrika: 52 zemi z 58
JV Asie: 11 zemiz 18

Celkem napadeno asi 400 miliont lidi - asi polovina Plasmodium falciparum
Roéné umira: 2 - 3 miliony lidi

Malaria Endemic Countries, 2003

b

Note: This map shows countries with endemic malaria. ¥ )
. In most of these countries, malaria risk is limited to certain areas.




Vliv na kulturni historii lidstva: Rimani - mala era - $patny vzduch

2. svétova valka: 500 000 nemocnych vojaku

Korejska valka (1950-1953): ptes 6 000 ptipadii; veterani - pfes 20 000

Vietnam - pres 16 tis. pfipadi veterant

rozSireni

Druh onemocnéni
Plasmodium vivax benigni tercidna
Plasmodium falciparum maligni terciana
Plasmodium malariae kvartana
Plasmodium ovale ovale nebo terciana

kosmopolitné v tropech mimo
tropickou Afriku; bézné v
subtropech a v mirném pasmu
Tropy a subtropy Afriky a Asie;
eradikace v USA a ve stfedomofi
piedevSim JV Asie, také Afrika a
indicky subkontinent; vzacna na
zapadni polokouli

zapadni pobiezi tropické Afriky;
Etiopie




Srovnani distribuce malarie na Zemi v
letech 1940 a 2009

rok 1940 rok 2009

Uspé&chy v eliminaci malarie:
kontrolni faze — €ervena,
pre-eliminace hneda,
eliminace — oranzova a
prevence re-introdukce - Zluta




Afrika zistava malarii nejvice zasazena

The African Region remains hardest
hit by malaria.
In 2021 the region carried:

001 %

! of all deaths
| (593000)

. ofallcases |
| (234 million)




Kumulativni pravdéepodobnost umrti na malarii
(%) na populaci velikosti 1 000 v roce 2010

Cumulative probability of malaria death, % and per 1,000 population, 2010
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RozsSireni Plasmodium falciparum (2007)
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Vyskyt endemické malarie v Africe

Distribution of Endemic Malaria

Mauritans
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Burking Foso,

Angola, 3.4%

Mozamblase, 4.3%

Uganda, 5.4%

Democratic Republic

af the Congo, 12.0%

24%

Vyskyt malarie (v %) ve statech Afriky

Mali, 3.0%
Céte d'tvaira, 276
Nigor, 3.3%

United Repuldic of lanzania, 3.0%

Cameroon, 2.9%

Ghana, 2.1%

Banin, 20%

Ethitgia, 1.8%

Malawl, 1.5%

Guinog, 1.7%
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Burundi, 1.5%
Miodogoscar, 1.57%

Chaod, 1.4%

Lamibia, 1.4%

soufh Sudan, 1.3%

sudan, 1.3%
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Roc¢ni mira mortality pusobena malarii

od roku 1900

Annual mortality rate per 100000
population
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Odhadovany pocet pfipadu malarie (a) a
umrti (b) v roce 2008 (WHO)
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Jak se malarie muzeme zbavit ?
Co je to eradikace ?




Eradikace malarie

Eradikace malarie
Eradikace = uplna eliminace patogenniho agens z geografické a politické oblasti.
Moznosti eradikace malarie diskutovany jiz od 40. let

Faktory umoziujici vypracovani eradikacniho programu:

[. omezeny pocet hostitelll rodu Plasmodium. Lidské druhy napadaji pouze ¢lovéka
komati rodu Anopheles zstdvaji po nasati vzdy v klidu

Bylo vyvinuto DDT a otestovano béhem 2. SV. Jeho vysoka toxicita vii¢i hmyzu a
dlouhodoby ucinek z néj ¢inilo idedlni prostiedek pro boj s komary.

4. Byly vyvinuty u¢inné chemoterapeutické a chemoprofylaktické prostredky otestované

S — T = ¥
OCIICIIL 2.0V,

Lo




Program eradikace

V roce 1955 WHO vyhlasilo celosvétovy program eradikace malarie ve vSech oblastech.

Program mél tyto faze: 1. Ptiprava
2. Utok
3. Konsolidace
4. Surveilance

Program mél uspéch pouze v nékterych oblastech svéta: USA, nékteré ostrovy v karibské
oblasti, zapadni Evropa, Australie.

Uspéch se nedostavil v tropech Ameriky, A

riky, Asie a na ostrovech v Tichém oceanu.




Okolnosti uspésné eradikace malarie: 1. Existence jednoho vektoru odpoé&ivajiciho uvniti
budov

2. Uspé&sné zemé mély relativné silnou ekonomiku a
relativné vzdélané obyvatelstvo

3.V téchto zemich existovalo dostate¢né mnozstvi
kvalifikovaného personalu (zdravotnici,
entomologové, technici atd.)

4. Stabilita vladnich garnitur

5. Vlady mely zdjem na eradikaci malarie a mély vili
a schopnosti ji uskutecnit

Soucasny stav:

Neuspokojiva situace hlavné v Africe - z 250 miliont obyvatel Zije 230 v malarickych
oblastech. V roce 1974 pouze 4.43 milionu lidi Zilo v oblastech.kde byla eradikace uspésna. A
19, 7 milionh bylo chranéno astecné. Témér 90% populace vSak trpi nedostatkem
zdravotnicky organizované¢ho ochranného programu




Postup pri eradikace malarie

Faze
Faze utoku Faze konsolidace udrzovani

Faze pred Faze
eradikaci  pripravy

Prep- '
Before aratory Attack phase Consoclidation phase :‘;‘;’E‘Tm"“

eradicaton

phase

“Years ! 1 2 3 4 1 2 3

Interruption of Annual
transmission parasite incidence
not over 0.5%

- Amount of malaria ===+ |rANsMIssion O Parasite reservoir




Naklady na eradikaci malarie

MALARIA CONTROLAND
ELIMINATION COSTS

BED NETS, INDOOR SPRAYING,
AND PRENATAL CARE

$3.7 billion

Source: Global Malaria Action Plan, 2015

MALARIA CONTROLAND ELIMINATION FUNDING

THE GLOBAL FUND TO FIGHT
AIDS,TUBERCULOSIS
AND MALARIA

$825 million

NATIONAL MALARIA-CONTROL

TOTAL FUNDS

$2.5 billion

Source: Wosld Health Organization, “World Malaria Report 2014”
Credits: Danielle Renwick, David Foster

UsS.
GOVERNMENT

$693 million

DIAGNOSTICS AND TREATMENT
$550 million

TOTAL COST

$5.8 billion

HEALTH-CARE PERSONNEL
AND INFRASTRUCTURE

$764 million
RESEARCH AND DEVELOPMENT
$800 million
AFFORDABLE
UK MEDICINES
GOVERNMENT FACILITY - MALARIA
$161 million $84 million
OTHERS
$16 million
WORLD
BANK
$168 million
COUNCILon
FOREIGN

RELATIONS




Uspé&chy v eradikaci malarie

Annual incidence

per 1000 population

B =100 CapeVerde  SaoTomé Comoros  Timor- Solomon  Yanuatu
B 10-100 and Principe Lesta Islands

0 1-10 - . rar
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Zemeé ucastnici se strategického planu ,,Roll back malaria“

1 Morocco

2 Mali

3 Senegal

4 Burkina Faso
5 Ghana

6 Togo

7 Benin

8 Nigeria

9 Sudan
10 Ethiopia
11 Djibouti
12 Eritrea
13 Uganda
14 Kenya
15 Tanzania
16 Malawi
17 Zambia
18 Zimbabwe
19 Mozambigque
20 Madagascar
21 Swaziland
22 South Africa
23 Namibia

24 Botswana

TRENDS in Parasitology

Fig. 1. African countries that are finalizing their national Roll Back Malaria strategic plan with insecticide residual
spraying (blue), with insecticide-treated bednets (red] and with both integrated into the plan (green) are indicated.
The countries that have not finalized their plans are in white. (Source: Roll Back Malaria, 14 March 2002.)




Vysledky projektu
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Fuzzy value
0
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0 Povivax

Distribuce Plasmodium vivax a
Plasmodium falciparum

Insufficient data

B P falciparum
Bl P falciparum and P, vivax
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Rozsireni Plasmodium vivax
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Plasmodium vivax
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Vyskyt Plasmodium vivax ve vybranych 5
endemickych zemich

Indonesia
6%

Afghanistan
6%




Program WHO na eradikaci malarie (1955)

* Pripravna faze
« UtoCna faze (méla trvat 4 roky)
» Konsolidacni faze

Plan: vymizeni malarie koncem 70. let

Sri Lanka:
50. l1éta: 2 800 000 malariku
1961: 110 )

1969 2000000




Malarie ve Velké Britanii

Zluté - vyskyt indigenni malarie

v roce 1870;

Prerusovana Cara — pripady

indigenni malarie v letech 1917 - 21 a
Cervené body v letech 1941 - 48




Celkovy pocet importovanych pripadu malarie do UK
v roce 1917 a pfipadu P. falciparum v roce 1977

1917: 23400
8000 T~~~ === = =" === m = m oS mm i m e e o—oo-ooo-oo-o-

2500 -

2000 +

1500 -

Number

1000 -

—+— Total

—~— falciparum

0 T T T T T L] 1 T T T ) T T T T T T T
1917 1922 1927 1932 1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007

Box 12.1 Fig. 2 Total number of imported cases of malaria recorded in the UK from 1917, and number of P. falciparum
cases from 1977 [Data from Bruce-Chwatt and de Zulueta (1980), Phillips-Howard et al. (1988), Smith et al. (2008) and the

Health Protection Agency (www.hpa.org.uk).]




Co je puvodcem malarie ?




Co zpusobuje malarii ?

Malarie je horeCnaté onemocnéni prenasene z Cloveka na Cloveka
stipnutim od infikované samicky komara rodu Anopheles. Tito komari
obvykle utoCi priblizné od soumraku do usvitu.

Poté, co se infekce dostane do lidského téla, putuje do jater, kde se
mnozi a posléze pronika do cervenych krvinek. Uvnitf Cervenych
krvinek se parazité mnozi, dokud krvinky neprasknou, Cimz se do
krevniho toku uvolni jesté vice parazitu.

Existuji Ctyfi hlavni druhy parazita zpUsobujiciho malarii: Plasmodium
falciparum, Plasmodium malariae, Plasmodium vivax a
Plasmodium ovale.

P. falciparum je hlavni pfi¢inou tézké malarie a umrti v dusledku nemoci.




Plasmodium - malarie

Malarie:

Zarazeni do systému:

Puvodci:

rod Plasmodium | HEAD

jedna z nejrozsifenéjSich nemoci na Zemi

3. podiad: Haemosporiina

2. ¢eled’: Haemosporidae _

mhoscish_h_

antenna.. -

maxitlary palpus. 2
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I occiput--- 18

anterior pranotal lobe -- PR
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Hostitelé

Clovék je napadan pfedev$im 4 druhy malérie: Plasmodium falciparum
Plasmodium ovale

Plasmodium vivax
Plasmodium malariae




Apicomplexa — trofozoit (Plasmodium)

Microtubule

Kk.—\ ‘Golgi apparatus
&

L]
L i
F .- i
L ] i 3
I|i' . i \
1

Endoplasmic
reticulum

Nucleus




OBRAZEK 3. Morfologie a genomova architektura Plasmodium spp.
llustrace znazormujicl hlavni charakteristiky morfologie parazita
Apicomplexan Plasmodium spp. 5 jeho 3 genomy parazitd, jadernymi
(ncDMNA), mitochondrialnimi (mtDMNA) a apikoplasty (apDMNA).

Rhoptry

__-Microneme

Mitochondria
mtDNA Dense granules
Apicoplast
apDNA :
— Golgi
Nucleus

ncDNA




Fig. 3.44 Light micrographs of the stages of the four most important human Plasmodium species:
(a—d) P. falciparum; (e=h) P, vivax; (i-1) P. malariae; (m=p) P. ovale. E erythrocyte; ES schizont
in development; G gamont; N nucleus; S schizont; T Schiiffner’s dots

Mikrofoto 4 druht malarie Clovéka
(vlevo)

TEM foto 2 schizontu Plasmodium
falciparum vyvijecich se v
parazitoforni vakuole v erytrocytu
(vpravo)




Jak vypada malarie ?




Schéma vizualizace v mikroskopu —
Plasmodium vivax

i/ A 1. Ring forms, small fine rings often broken
@ .‘: : b, 2. Trophozoites, markedly irregular cytoplasm
¢ - 3. Schizonts, many (average 16) small merozoites
5:} @ - 4. Gametocytes, compact parasites with features of  and %
» 4 o 2¢ 7 as described

@ @ Ay ) 5. White blood cell




Srovnani morfologie v mikroskopu

P. vivax trophozoites P. malariae: late trophozoite P. ovale trophozoite

P ﬁzlcipamm trophozoites

P. falciparum gametocyte




Vyvojova stadia malarie

112 Living infective sporozoites
Bow-shaped sporozoites emerge from the oocysts and enter
the insect’s salivary glands. They are passed into the small

vessels of the skin with saliva when the mosquito next takes a
blood meal. (x 370)

111 Scanning electron micrograph of oocysts outside
anopheline midgut

Infective stages (sporozoites) develop in oocysts that lie on the
outside of the mosquito midgut. (x 65)




Vyvojova stadia malarie

113 Exoerythrocytic schizont of Plasmodium malariae
in liver

Within 30 minutes, the sporozoites enter the parenchymal cells
of the host's liver where they may form large pre-erythrocytic
(PE) tissue' schizonts or, in P. vivax and P, ovale, hypnozoites
(see 114 and 115). The PE schizonts mature in 6-14 days
according to the species, before liberating daughter cells
(‘merozoites’) into the hepatic circulation.
(Giemsa-colophonium technique x 350)

114 Hypnozoite and preerythrocytic schizont in liver
biopsy

The unicellular, dormant hypnozoite (arrowed, right) stands in
sharp contrast to the maturing PE schizont (left) in this
fluorescent-antibody-stained section of Rhesus monkey liver
containing Plasmodium cynomolgi - a relapsing species with
the same life cycle as P, vivax. (x 270)




Malarie — morfologie — ,ring forms”
(prsténkove stadium) - Casni trofozoiti

P vivax

P malariae

o \.J’e.ry deliéat-e- ring

P. falciparum

-

(A

L

—//I
O

TAREC, T, el

P. ovale

1/3RBC

Dense ring

F,

! )
s %lﬂ‘“ ._A_J'*'" - et
Size 1/3 RBC Up to 1/3 RBC
Shape Delicate ring Compact ring
X
Chromatin Fine dot One mass often
inside ring
Accolé forms* Sometimes None
Pigment None at this stage May be present
Multiple Sometimes Rare
parasitized cells

* Forms situated on margin of RBC

Fine dots

Frequently two

Frequent _

None at this stage

Dense, well-defined mass
None

None at this stage

Frequently with

high parasitaemia

Rare




Malarie — morfologie —immaturni

schizonti

P, vivax P. malariae P. falciparum

(rarely seen in peripheral blood)

P. ovale

Size Almost fills RBC Almost fills RBC Almost fills RBC Almost fills RBC
Shape Somewhat amoeboid Compact Compact Compact

Chromatin Numerous irregular masses Few irregular masses Irregular masses Few irregular masses
Pigment Scattered Scattered Single clump Scattered




Malarie — morfologie — zrali schizonti

P vivax

P. malariae

P falciparum

(rarely seen in peripheral blood)

Size Fills RBC Nearly fills RBC Nearly fills RBC Fills 3/4 RBC
Shape Segmented Segmented daisy head Segmented Segmented
Merozoites
—range 14-24 6-—12 8-32 6-12
— mean 16 8 24 8
—size Medium Large Small Large
Pigment Aggregated in centre Aggregated in centre Aggregated in centre Aggregated in centre

(vellow brown)

(dark brown)

(black)

(dark yellow brown)




Malarie — morfologie —

mikrogametocyty (samci)

P. vivax P. malariae

P. falciparum

P ovale

o
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.‘«--,.““.‘:" :
& .*': bl
." ’ . “\‘{}.
&7 A
'R‘- :.‘.}V L
§ N g
- R .
? ». ‘ n ’
¢ '.5*

Time of 3—5 days 7—14 days 7-12 days 12—14 days
appearance
Number in Many Scanty Many Scanty
bloodstream
Size 3/4 fills RBC 1/2 to 2/3 fills RBC Larger than RBC 1/2 to 2/3 fills RBC
Shape Round or oval compact Round compact Kidney-shaped Round compact

Bluntly round ends

- Cytoplasm Pale blue Pale blue Reddish blue Pale blue

Chromatin Single chromatin mass As for P. vivax Fine granules scattered As for P. vivax

throughout
Pigment Abundant brown granules As for P. vivax Dark granules throughout As for P. vivax

throughout




Malarie — morfologie —
makrogametocyty (samici)

P, ovale

1/2to 2/3 fills RBC

12— 14 days

Scanty

Round compact

Dark blue

P. vivax P. malariae P. falciparum
- /‘ g
.»"/ -
£
4‘ '
- P
*
o8
-V
Time of 3—5days 7-14 days 7-12 days
appearance
Number in Many Scanty Many
bloodstream
SRE A 3/4 fills RBC 112 to 2/3 fills RBC Larger than RBC
Shape Round or oval compact Round compact Crescentic-sharply rounded
or pointed ends
Cytoplasm Dark blue Dark blue Dark blue
Chromatin Compact peripheral mass As for P, vivax Compact masses near centre
Pigment Small masses round periphery As for P. vivax Black, rod-like granules

round nucleus

As for P. vivax

As for P. vivax




Srovnani krevnich stadii zastupcu
malarie Cloveka
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Srovnani morfologie druhu malarie

P. malariae
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Plasmodium vivax

(ear|€'33,§ﬁ$?oite) : Developing trophozoite TABLE 6-2 | Plasmodium vivax: Typical

| Characteristics at a Glance

Immature host RBC Cytoplasmic ring remnants

infected RBCs
. Morphologic Typical Characteristics

(red blood cell) (ameboid appearance) ] Relative age of Only young and immature cells
5 j infected RBCs !
Cytoplasmic ring - Appearance of Enlarged, distorted "‘

Chromatin dot
(nucleus)

Vacuole

doﬁ:‘}ﬁ’g{:};’; I ‘Form’  (Based on Giemsa Staining)
Vacuole .~ Ring form Delicate cytoplasmlc fing
measuring one third of RBC
diameter

Immature schizont Mature schizont Single chromatin dot

Ring surrounds a vacuole
Accolé forms possible
Developmg Irregular ameboid appearance
trophozoite Ring remnants common
Brown pigment becomes
apparent, increases in number
, and visibility as parasites
N 1210 24 merozoites mature
(average number Immature schizont  Multiple chromatin bodies
e Often contains clumps of brown
pigment
Mature schizont 12 to 24 merozoites occupy most *
; of infected red blood cell ’
| Merozoites surrounded by !
Homogenous cytoplasmic material |
cytoplasm Brown pigment may be present
(round'to oval) Microgametocyte  Large pink to purple chromatin |
mass surrounded by colorless
to pale halo i
I
|
|
-

Cytoplasmic material

6 p — Chromatin bodies

Cytoplasmic material

Microgametocyte Macrogametocyte

Chromatin mass
(pink to purple)

Brown pigment common
Macrogametocyte  Round to oval cytoplasm

' Eccentric chromatin mass

Delicate light-brown pigment—

Eccentric mayr be w5|ble throughout ceH

chromatin mass ST, - = S S =
*All morphologic forms may also contain Schuffner s dots.

Halo (colorless
to pale)

FIGURE 6-2 Commonly seen morphologic forms of Plasmodium vivax.




Distribuce malarie Plasmodium vivax v
roce 2005




Plasmodium vivax

FIGURE 6-3 Plasmodium vivax composite consisting of the
following. A, Ring form. B, Ring form with Schuffner’s dots.
C, Immature (a) mature (b) schizonts. D, Schizont (note
Schiiffner's dots). E, Mature schizont (Giemsa stain, x1000).




Plasmodium vivax — ring stadium




Peridicita teploty u Plasmodium vivax

P. vivax

First day

Second day

Third day

Fourth day

_




Schéma vizualizace v mikroskopu —
Plasmodium malariae a P. ovale

—

©

&
3@?692

" &

w

1. Ring forms, compact rings
2. Trophozoites, solid regular cytoplasm
3. Schizonts, few (average 8) large merozoites

4. Gametocytes, very difficult to distinguish from P. vivax
5. White blood cell




Ring form
(early trophozoite)

Mature host RBC

Cytoplasmic ring

Chromatin dot
(nucleus)

Vacuole

Immature schizont

Cytoplasmic material

"=~ Chromatin bodies

Microgametocyie

Chromatin mass

Coarse pigment

lasmodium malariae

Developing trophozoite

Band of cytoplasm
(non-ameboid)

Chromatin material

Mature schizont

S

Macrogametocyte

Coarse pigment

Cyloplasm

FIGURE 6-5 Commonly seen morphologic forms of Plasmodium malariae.

TABLE 6-4 | Plasmodium malariae: Typical Characteristics at a Glance

Relative age of infected RBCs
Appearance of infected RBCs

Morphologic Form®

Only mature cells
Normal size, no distortion

Typical Characteristics (Based on Giemsa Stain)

Chromatin mass

Ring form

Developing trophozoite
Immature schizont

Mature schizont

Microgametocyte,
macrogametocyte

Smaller than P. vivax

Occupies one sixth of the RBC

Heavy chromatin dot

Vacuole may appear filled in

Pigment characteristically forms early

Nonameboid solid cytoplasm that may assume roundish, oval, band, or bar shape

Cytoplasm contains coarse dark brown pigment; may mask chromatin material

Vacuoles absent in mature stages

Similar to that of P, vivax, only smaller; may contain large and dark peripheral or
central granules

Typically contains 6 to 12 merozoites arranged in rosettes or irregular clusters

Central arrangement of brown-green pigment may be visible

Infected RBC may not be seen because developing parasites often fill the cell
completely.

Similar to P, vivax, only smaller in size; pigment usually darker and coarser

Older forms assume an oval shape.

*The cytoplasm of heavily stained P. malariae may contain Ziemann's dots.




Plasmodium ovale

Ring form

(early trophozoite) PDeyeioping

trophozoite

Cytoplasmic ring Ameboid
cytoplasmic ring
Vacuole
Chromatin dot

(nucleus)

Immature
host RBC

Chromatin
dot (nucleus)

Vacuole

Immature schizont Mature schizont

Cytoplasmic material oﬂ ‘ !
Merozoites
00 [ =~ (average number

present: 8)

Chromatin bodies

Microgametocyte Macrogametocyte

Homogenous
cytoplasm
(round to oval)

Chromatin mass
(pink to purple)

Halo (colorless
to pale)

Eccentric
chromatin mass

FIGURE 6-4 Commonly seen morphologic forms of Plasmodium ovale.

TABLE 6-3 Plasmodium ovale: Typical
| Characteristics at a Glance

Relative age of Only young and immature cells
infected RBCs
Appearance of

infected RBCs

Oval and enlarged, distorted
with ragged cell walls

Typical Characteristics

Morphologic (Based on Giemsa
sBbrm’ o xocdcnce ERIANRIthat ast By
Ring form Resembles that of P. vivax

Ring larger in size than P. vivax

Ring thick and often somewhat

[ ameboid in appearance

Developing Ring appearance usually
trophozoite maintained until late in
development

Ameboid tendencies not as
evident as in P. vivax

Progressive dividing chromatin
surrounded by cytoplasmic
material—often maintains
circular shape early in

5 development

| Mature schizont Parasites occupy 75% of RBCs.

Rosette arrangement of
merozoites (average of
eight merozoites typically

Immature schizont

present)
Microgametocyte, Similar to P, vivax, only smaller
macrogametocyte in size

*All forms typically contain Schiiffner's dots.




Plasmodium falciparum

Ring form
(early trophozoite)

Cytoplasmic ring

Vacuole

Chromatin dots
(nuclei)

Host RBC
(may be cell of any age)

Immature schizont

Cytoplasmic
material

Chromatin bodies

Microgametocyte

Dispersed chromatin

Developing trophozoite

“Heavy"
cytoplasmic ring

Vacuole

Chromatin dot
(nucleus)

Mature schizont

8 to 36 merozoites
(average number
present: 24)

Cytoplasm

Compact chromatin

FIGURE 6-6 Commonly seen morphologic forms of Plasmodium falciparum.

TABLE 6-5 Plasmodium falciparum:
| Typical Characteristics
| at a Glance

| Relative age of infected ~ May infect cells of all ages

| RBCs*

% Appearance of infected ~ Normal size, no distortion

| RBCs

| Typical Characteristics
(Based on Giemsa !
_Morphologic Form __ Stain) |
' Ring form Circle configuration (one |

chromatin dof) or
headphone configuration |
! (two chromatin dots)
Scanty cytoplasm
Small vacuole usually visible
Multiple rings common
Accolé forms possible
Heavy rings common
Fine pigment granules
Mature forms only seen in
severe infections
Multiple chromatin bodies
surrounded by cytoplasm
Only detected in severe
infections
Typically consists of 8-36
merozoites (average, 24)
in cluster arrangement
Only detected in severe
infections
Sausage- or crescent-shaped
Dispersed central chromatin
with nearby black
pigment usually visible
Sausage- or crescent-shaped
Compact chromatin
, Black pigment surrounding
chromatin may be :
| visible E

Developing trophozoite

Immature schizont

Mature schizont

Microgametocyte

Macrogametocyte

Terem e e i ————

*The cytoplasm of red blood cells infected with P. falciparum
may contain Maurer's dots.




Schéma vizualizace v mikroskopu —
Plasmodium falciparum

1. Ring forms, very small, fine rings usually unbroken
\ trophozoites (with vacuolated cytoplasm) and schizonts are
0 rarely seen in peripheral blood

4 3 2. Gametocytes, characteristic crescentic  and ¢ forms
3. White blood cell







Plasmodiu falciparum

FIGURE 6-7 Plasmodium falciparum composite consisting
of the following. A, Ring form with double chromatin.
B, ring form (a), schizont (b), and stain precipitate (c).
C, Immature schizont. D, Developing gametocyte. E, Mature
macrogametocyte (Giemsa stain, x1000).




Vyvojova stadia Plasmodium falciparum

Plasmodium falciparum
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126 127 128

125-129 Life cycle of the blood stages (thin blood films)

Fine rings (125) predominate, with mature trophozoites and schizonts (126) appearing
uncommonly in the peripheral circulation because parasites bind (cytoadhere) to the post
capillary venules of the internal organs. Host cells are not enlarged. Basophilic clefts and spots
of irreqular shape and size (Maurer's clefts and dots) may be seen in erythrocytes containing
more mature parasites. They are thought to be aggregates of parasite proteins which are being
exported from the parasite to the surface of the red cell (127). Crescent-shaped male (128) and
female gametocytes (129) are diagnostic. Infection with P, falciparum gives rise to ‘malignant
tertian malaria’, so-called because severe, often lethal complications such as those figured
below can develop; such cases must be treated as medical emergencies. (Giemsa x 1500)

129




Gametocyty Plasmodium falciparum v
Krevnim rozteru




Stadia Plasmodium falciparum

(a) Jaterni schizont, (b) faze prstynku ,ring“ (c) gametocyt v krevnim roztéru




Jak se malarie rpzmnozuje a Siri ?
Jaka ma zivotni cyklus ?




Zivotni cyklus Plasmodium falciparum




Krevni stadia patogennich zastupcu
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Zivotni cyklus Plasmodium falciparum

Gametocytes
ingested with Infected mosquito
blood meal. injects sporozoites

when she feeds.

Exflagellation
to form male

gametes. G tocyt
ame tes

e o circulate

tilization in blood.

Sporozoites migrate
to salivary glands
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e 3
via hemocoel. enter blood,
Sporozoites penetrate
liver cell.

released.

Oocyst undergoes
sporogony.

Liver stage

Oocyst forms.
Merozoites

released as
erythrocyte
is lysed.

Merozoites

released.
OO
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blood cycle
\ /

Ookinete penetrates
gut epithelium.

Uninfected mosquito
ingests gametocytes
when she feeds
on blood.

Motile ookinete formed.




Vyvo] malarie v erytrocytech

Contact rate
Erythrocyte Invasion
efliciency

PMR: Parasite Multiplicatnion Rate

schizonts

%
IMF: Intraerythrocytic Multiplication Factor

= Number of merozoites per schizont {73
Mﬂruzmtea ik (73]

s‘e

o @ Early trophozoite
J *

‘ g
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Zivotni cyklus malarie
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Zivotni cyklus

l.

(OS]

Inokulace sporozoiti pii sdni koméra (Anopheles spp.) do krve ¢lovéka. Sporozoiti v
krvi cirkuluji 2 -30 minut, pak vnikaji do jaternich bun¢k.

Exoerytrocytalni (EE) faze cyklu: sporozoiti se transformuji v meronty (cryptozity) a
mnozi se schizogonii; vznika nejméné jedna asexudlni generace tzv. metacryptozoiti.
(poCet generaci zavisi na druhu malarie). |

Merozoiti mohou po dlouhou dobu (roky) setrvavat uvniti bunék jako tzv. hypnozoiti
(dormozoiti).

Za 8 dntu po vniknuti sporozoitlil pronikaji merozoiti pochazejici z EE cyklu do erytrocytu;
tim konci prepatentni perioda.

Erytrocytarni faze cyklu: nastupuje dalsi merogonie, synchronizace tvorby asexudlnich
stadii, ¢ast merozoitd se transformuje v sexuélni stadia (gamonti nebo gametocyty)
cirkulujici v krvi.

Délka merogonie je charakteristicka pro jednotlivé druhy malarie, cyklus se opakuje 4-8x
atrva 1 - 3 dny. Obrovsky reprodukéni potencél parazita: z 1 merozoitu vznikne za 48
hodin (P. vivax) 18 dcefinnych bunék; za 8 dni tak z jednoho merozoita tak mize
vzniknout az 10 000 novych merozoitu.

Po pruniku (apikalni komplex) do erytrocytu zde vznika tzv. prstynkové stadium. Meront
pinocytdzou piijima hemoglobinem a travi jej.
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Reziduum hemogiebmu se ukiada jako hemozoin - charakteristickym znakem je tmavy
pigment (PG) uvnitf erytrocytu.

Amitotickou plika i jadra vznikd premessenger majici 12 - 18 (maximum 24) jader.
Meroziti vznikli béhem asexualni ¢asti cyklu pronikaji do erytrocyti a transformuji se na
makro a mikrogamonty.

Pti sani komara jsou spolu s erytrocyty makro a mikrogamonti nasati.

r
. Uvolnéni gamont ve stifevé komdra a jejich
. transformace v mikro a makrogamety

. Po 15 minutach probihd proces exflagelace - vznikaji 10 um dlouhé mikrogamety

“fr f“. mn""tr n]f+’;‘rﬂ5 17‘?L1&AA’(7“1‘I mnlrvn

LA 2
Vil g mMety axkuiviiC vynicaavaji ma Ug&‘ 1c

r

. Flizi mikro a makrogamet vznika zygota
. Zygota nazyvajici se ookineta (16,17)
: Pronike’l sténou sti"eva koméra

Sporogonie dava vznik velkému mnoiswi sporozoitl, formovani oocysty (10 az tii tydny
Vznik az 10 000 sporozoitii uvnitf oocysty, jejich uvolnéni do hemecell__ komara
. Migrace sporozoitii (15um) do hlavové ¢asti komara a jejich hromadén lmnych

zlazach.




Vyvojova stadia malarie v Cloveku

do komara z komara
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Malarie — asexualni cyklus - schizogonie
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Diagram penetrace Plasmnodium
falciparum do erytrocytu

A B




Invaze merozoita Plasmodium falciarum do

ervtrocvtu

Parazit pronika
které se napojL
nich jsou zkour

/
|
[

do krvinky pomoci mnoha ligand,
lji na receptory hostitele. Nékteré z
nany v souvislosti s vyvojem vakcin.




Schéema p

runiku merozoita do erytroc

Figure 11.5 Electron micrographs showing
merozoite attachment and entry into an
erythrocyte. (A) An electron dense junction
(arrow) is observed between the erythrocyte
(RBC) and the apical end of the merozoite.
(Photo kindly provided by Lawrence Bannister.
Reprinted from Critical Reviews in Oncology/
Hematology, Vol. 8, No. 4, with kind
permission from Elsevier.) (B) As the parasite
enters the host cell the junction becomes
annular in shape (arrows) and is pulled back
along the parasite. (Photo kindly provided

u




Plasmodium falciparum infikujici erytrocyty

Plasmodium falciparum infected erythrocytes
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Role hostitelske GTPasy pfi infekci malarii

Apicomplexa jsou obligdtni intracelulami paraziti zodpovédni za nékolik dileZitych lidskych onemocnéni. Tyto prvoky
vyvinuly nékolik strategii k modifikaci prostfedi hostitelskjich bunék, aby wytvofily pfiznivou niku pro jejich preZiti.
Hostitelsky cytoskelet je Siroce manipulovan béhem viech fazi intraceluldrni infekce apicomplexanem. Kromé toho
se méni lokalizace a organizace hostitelskych organel, aby se z hostitele vy&istily Ziviny. Malé GTPézy jsou tfidou
proteind &iroce zapojenych do intraceluldmich drah fidicich rizné procesy, od organizace cytoskeletalnich a organel
aZ po genovou transkripci a intracelularni obchodovani. Je jiZ znamo, Ze tyto proteiny se podileji na infekci nékolika
intracelulamimi patogeny, véetné wird, bakterii a protozodlnich parazith. V tomto pfehledu rekapitulujeme
mechanismy, kterymi paraziti apikomplexanu manipuluji s hostitelskou bufikou b&hem infekce, se zamé&fenim na roli
hostitelskych malych GTPaz. Diskutujeme také o moZnosti zvaZit malé GTPazy jako potencidlni cile pro wyvoj
nowvych hostitelsky cilenych terapii proti apikomplexanovym infekcim.

Klicova slova: apicomplexa;, GTPazy, malarie; Plasmodium, Toxoplasma, Kryptosporidium, Theilerie;
interakce hostitel-parazit; Terapie cilené na hostitele
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Figure 11.6 Current model of the motor
protein complex driving gliding motility.
Transmembrane adhesins released from the
micronemes bind to receptors on the host cell
or substratum. The intracellular C-termini of
the adhesins are linked to short actin filaments.
These actin filaments and the adhesin cargo
are propelled towards the posterior of the
parasite by a myosin attached to the inner
membrane complex. Associated with the
movement of the actin filament is a polarized
disassembly and assembly of the actin
filaments. The force generated through the
ATPase activity of the myosin and the resulting
conformation change results in a net forward
movement of the parasite. When the adhesins
reach the posterior end of the parasite they
are cleaved and remain associated with
substratum. (Modified from Baum |. et al.,
(2008) Tr. Parasitol. 24: 557-563.)




Zivotni cyklus Plasmodium falciparum
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Zivotni cyklus malarie

PlUvodce malarie je pfenasen na lidského hostitele, kdyz na ném
saje infikkovana samiCka komara rodu Anopheles a vbodnuti do néj
inokuluje malé mnozstvi sporozoitti.

Tito sporozoiti zahy doputuji do jater, kde napadaji hepatocyty, ve
kterych se nepohlavné replikuji v jaterni schizonty.

Asi po 7dnech vyvoje v jatrech, se z kazdého hepatocytu uvolni asi
40 000 merozoitu, ktefi vstupuji do periferniho krevniho obéhu.
Jakmile jsou tito merozoiti v krevnim recisti, napadaji cirkulujici
cervene krvinky a iniciuji opakovany cyklus asexualni replikace
parazita.

V prubéhu 48 hodin parazit se timto zplsobem replikuje
(schigonie) do 8 — 32 dcefinych merozoitll ve stadium schizontu.

V tomto okamziku infikované €ervené krvinky praskaji a uvolni
tyto merozoity do obéhu.




Zivotni cyklus malarie

Tim zaCina dalsSi kolo asexualni replikace. Zrali asexualni paraziti adheruji k
vaskulature riznych organu, coz jim umoznuje se vyhnout
vychytavani/odfiltrovani slezinou (clearance).

Béhem kazdého cyklu se mala ¢ast paraziti méni na sexualni stadia
(gametocytyg) a pokracuji v dalSim vyvojem pohlavni ¢asti cyklu.

Tito paraziti opoustéji krevni feCisté a vnikaji do extravaskularniho prostoru
kostni diené, kde gametocyty dozravaji a postupné v prubéhu 8 az 10 dnu
prochazeji stadiemi oznaCovanami |-V (tzv. gametocytogeneze).

Ve fazi V samcCi a samiCi gametocyty vstupuji zpét do krevniho recisté a jsou
nasavany komary, v jejichz stfevé pokracuji v dalSim vyvoji.

Ve strednim stfevé komara se samcCi gametocyt déli na na 8 bi¢ikatych
mikrogamet (exflagelace) zatimco samici se vyviji v jedinou makrogametu.
Nastava oplodnéni makroganety a vznika pohybliva zytota, ktera podléha
meioze — ookineta. Ta pronika sténou streva komara a vytvari oocystu, ve
které se paraziti opét nepohlavné replikuji a vytvareji nékolik tisic sporotoitu
(sporogonie).

Tito sporozoiti po prasknuti oosysty migruji do slinnych zlaz komara a pfi sani
jsou inokulovani do krevniho obéhu Clovéka. Asexualni paraziti v
cervenych krvinkach jsou oznaceni svetle , sexualni paraziti zelene.




Faze pohlavniho vyvoje malarie v komarovi
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Gametocytogeneze — klicova cast
zivotniho cyklu malarie
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Sekvestrace gametocytu v kostni dreni
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Sekvestrace gametocytu jako soucast Zivotniho cyklu
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(A) Prvni vyskyt parazitémie ( ) se obvykle
objevuje 11 den po kousnuti komarem,
zatimco gametocytémie (zelena) vznika o 11
dnul pozdéji v dusledku prodlouzeného vyvoje a
tzv.sekvestraci gametocyta Plasmodium
falciparum. Komafi (rizova) se nakazi nejprve
3 dny po vyskytu gametocytu.

(B) Nacasovani vrcholu kfivek parasitémie ( ),
gametocytémie (zelena) a infekce komarem
(rizova) je podobné jako u jejich prvniho
vyskytu, ale jsou cca o tyden zpozdény.

(C) Doba mezi prvnim vyskytem patentni parasitémie
(modra) a gametocytemii (Cervena) je cca 11
dnu, pficemz nékteré infekce se objevuji az
20 dnu pred pozorovanim patentni parazitémie
po prodélané parazitémii.

(D) Obdobi mezi vrcholem nepohlavni parasitémie (modra)
a gametocytemii (Eervené) je podobné situaci
jako obdobi mezi poateCnimi vyskyty viz.(D).




Exoerytrocytarni schizogonie a
prepatentni a inkubacni perioda

Table 15.3 Exoerythrocytic schizogony and prepatent and
incubation periods

P. malariae

produced

Feature - - Pfalc:parum | P vimx:""'_ | P ﬂwﬂe

Prepatent 6-9 8-12 10-14 15-18
period (days)

Incubation 7-14 1217 16-18 18-40
period (days)

Merozoite 5-7 6-8 9 12=16
maturation

(days)

Merozoites 40000 10000 15000 2000
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OBRAZEK 1. Porovnani zivotniho cyklu Plasmodium vivax a Plasmodium falciparum. (A) Infekce
krevni mouCkou Anopheles: Infekce malarie nastane, jakmile samice komara rodu

Anopheles naoCkuje Plasmodium sporozoity do kuze lidského hostitele béhem jeho krmeni
(Kiszewski et al., 2004). Sporozoity se nakonec dostanou do krevniho recisté. (B) Pre-
erytrocytarni stadium infekce: Sporozoity jsou transportovany cévnim systémem do jater, kde
migruji pfes Kupfferovy nebo endotelialni buriky a vstupuji do hepatocytu. Po nalezu hepatocytu
a v obdobi 10—-12 dnu tvofi sporozoity z obou druhl rodu Plasmodium parazitorézni vakuolovou
membranu a diferencuji se na schizonty. Schizogonovy proces zahrnuje tisice mitotickych
replikaci, které vedou k vysokému poctu merozoitu zabalenych do merozomu, které jsou pak
uvolnény do krevniho fecisté. Sporozoity P. vivax se také mohou diferencovat do spicich
dlouhotrvajicich jaternich forem nazyvanych hypnozoity, které po aktivaci zaCinaji schizogonii s
naslednym uvolnénim merozoitll do vaskulatury a nasledné zpusobuiji klinické relapsy (Krotoski,
1985). (C) Asexualni erytrocytarni stadium: Bé€hem tohoto 48 hodinového stadia maji merozoity
P. vivax pfednost pro invazi retikulocytu, zatimco P. falciparum napadaji normocyty. Po invazi
parazit podporuje nékolik zmén v téchto krevnich burikach, zvétSuje je a deformuje (Suwanarusk
et al., 2004) a podporuje tvorbu komplextd podobnych jeskynim a vezikuly (CVC) a
cytoplazmatickych rozstépovych struktur (Barnwell et al., 1990), coz vede k vhodnému prostredi
pro nepohlavni schizogonii v krevnim Fecisti. Druhové specificka sada povrchovych proteinu
produkovanych parazity ovliviiuje podil riznych stadii parazita pozorovanych v periferni krvi
pacienta a pfedpoklada se, zZe je spojena s riznymi pyrogennimi schopnostmi, hladinami
biomasy a parazitémie prezentovanymi pacienty s malarii vivax nebo falciparum.




OBRAZEK 3. Morfologie a genomova architektura Plasmodium spp.
llustrace znazormujicl hlavni charakteristiky morfologie parazita
Apicomplexan Plasmodium spp. 5 jeho 3 genomy parazitd, jadernymi
(ncDMNA), mitochondrialnimi (mtDMNA) a apikoplasty (apDMNA).
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OBRAZEK 4. Genova exprese a regulaéni dynamika Plasmodium spp.
{A) Schema znazorujici pramérny pozorovany obsah nuklectidd a
obsazeni nukleozomt obklopujici bloky transkripéniho mista zahajeni
(Eerna Sipka s kulatym hrotem) kontrolujici genovou expresi, s
preferenénim pouZitim pyrimidin-purind (T/A) dinuklectidu (Seda éara)
a obsahem guaninu a cytosinu [GC) (éervena éara) kolem vychoziho
mista. (Bl Genericke znazornéni znazomujici zesileni navrhovang
subtelomerni (modry prouzek na chromozomaove kresbeé)
transkripénich shluki poéateéniho mista (Sipky na konci kola)
dynamiky pro diferencialni genovou expresi béhem parazitickeho
intraerytrocytarniho wvojoveho cyklu (~48 h). Graf zobrazuje
libovolne profily subtelomericke genove exprese pod kontrolou
raznych TS5 klastra. béhem kruhove (zelene, vrcholove po 6 h),
trophozoite (Eervené, vrcholove po 24 h) a schizontove {modre,
vrchel po 36 h). IDC, intraerytrocytarni vwvojovy cyklus; TSS, misto
prepisu.




‘ i @ OBRAZEK 5. P vivax variantni proteiny. Platky erytrocytil infikovanych

@ _nu-: P vivax (Pv-iE) jsou zobrazeny se znamymi variantnimi proteiny (VIR,
|£wi PwTRAg. DBP. RBP. PyHIST, MSP) zapojenymi do invaze merozoitu P
8 i(\l—i vivax [A), transportnimi strukturami zprostredkovavajicimi vyvoz
parazitnich ligandi na povrchu, kitere podporuji zmény v hostitelskem
T f' ? : : =R . s
bA & erytrecytu (B} a proteiny spojenymi s mechanismy vyhybani se

hostiteli. napf. rosetovy fenotyp (C) . RBC, éervené krvinky; iE.
infikovane erytrocyty; VIR, variabilni rozptylene opakujici se
multigenové rodinne proteiny; PVTRAg. P vivax proteiny rodiny
antigeni bohate na tryptofan; PvHIST, P vivax Plasmodia Helical
Interspersed SubTelomeric multigen family proteins; DBP, Duffy
vazebny protein; RBP. proteiny vazajici retikulocyty; MSP. povrchove
proteiny merozoitu; Pexel, motiv proteinu exportrirho prvku
Plasmodium.




Jak poznam, ze mam malarii ?
Jakeé jsou priznaky ?




Symptomy malarie

Malarie zaCina podobne jako chripkova onemocneéni, prvni
symptomy se objevuji 9-14 dni od infekce. Mezi pfiznaky patri
hore¢ka (mohou se rozvinout typické cykly hore€ky, zachvati
zimnice a silného poceni), bolesti kloubu, bolest hlavy, Casté
zvraceni, kreCe a koma.

Pokud se malarie nelééi, muze se vyvinout v tézkou formu a
nakazené usmrtit. K amrti na malarii dochazi v dusledku poSkozeni
mozku (mozkova malarie) nebo poskozeni zivotné dulezitych
organu. Pokles poctu ¢ervenych krvinek muze zpUsobit anémii.




Symptoms of

Malaria
Central N :
- Headache | wi’? ?(Ifjlr?ills
Systemic - Sweating
- Fever ;
Respiratory
Muscular - Dry cough
- Fatigue ..
_Pain Spleen
- Enlarge-
Back ment
- Pain
Stomach
- Nausea

- Vomiting




Klinicke priznaky

Inkubacni doba: 7-14 dni (P. malariae 7-30 dni);
opozdéné ataky P. vivax i po 6-12 mésicich.

Prepatentni perioda: 6-16 dni. Clovék infekéni u P.
malariae do 3 let, do 1-2 let u P. vivax a ne déle nez rok
u P. falciparum.

P. vivax, P. malariae, P. ovale: nevolnost, narustajici

horecCka, cyklicka tfesavka s prudkym narustem teploty.
Relapsy do 5 let, u P. malariae i po 50 letech.

P. falciparum: horeCka, kaSel, prujem, dychaci potize,

bolesti hlavy, ikterus, Sok, selhani ledvin, encefalopatie,

cerebralni edem, koma a smrt. Case fatality rate pres 10
%




Klinické projevy malarie
Klinické projevy malarie
Faze malarického zachvatu: 1. Silny ties celého téla - cvakani zubd, pocit intenzivni zimy,

trva 1/4 az 1 hodinu
2. Pocit silné horkosti, sucha a palici kiuZze - bolesti hlavy,

nauzea az zvraceni, telota az 410C, po 2 - 4 hodinach
klesei na’isleduje faze poceni
/ =

(S

t:p ota klesd k normalu - paCi%i’it ‘dmua, 2-4
l ev

a, celkova slabost, cely zachvat trva 8 - 12 hodin




Cold stage

Feeling of intense cold

Vigorous shivering

Lasts 15-60 minutes

Hot stage

Intense heat

Dry burning skin

Throbbing headache

Lasts 2—6 hours

Sweating
stage

Profuse sweating

Declining temperature

Exhausted and weak —
sleep

Lasts 2—4 hours

Prubéh malarického zachvatu

Table 15.4 Malarial paroxysm

Stadium pocitu intenzivniho chladu
Tresavka, cvakani zubu
Uplynulych 15 az 60 minut

Stadium intenzivniho pocitu horka (az 41)
Sucha a palici pokozka

Prudka bolest hlavy

Poslednich 2 az 6 hodin

Stadium intenzivniho poceni

Pokles telesné teploty

Pocit vyCerpanosti, nevolnost, zvraceni
Spanek,

Posledni 2 az 4 hodiny

Cely zachvat 8 az 12 hodin




Klinické projevy malarie

W

V prib&hu malarie mize u nejnebezpecnéjsiho druhu Plasmodium falciparum dojit k
postizeni nejrazngjSich organu v téle:

e cerebralni malarie

e plicni edém

e renalni postiZzeni (selhani ledvin)

e kardiovaskularni postizeni (kolaps)

e hematologické abnormality (anémie, trobmbocytopénie)
e gastrointestinalni postizeni (diarrhoea - prijem)

e metabolické abnormality (hypoglykémie)

Tyto postizeni mohou byt i smrtelna !
Napr. u P. falciparum - cerebralni forma = smrt




Infekce Clovéka

« Srovnani oblasti 5 a 1000 bodnuti/rok
déti do 1 roku: silna anemie
do 4 let: cerebralni malarie

« 60 lety Clovek v endemické oblasti s 200
efektivnimi bodnutimi rocné absolvoval za cely
zivot 43 ataky malarie, z toho jen méné nez Ya v
dospelosti.

* R,: muze byt i velmi vysoka-treba az 120

Vakcina - neni




Incidence a prevalence malarie

Malaricky index: procento lidi postizenych
malarii v dané oblasti

V hyperendemickych oblastech: nejvyssi
incidence a prevalence u malych déti a
téhotnych zen. V hyperendemickych oblastech
téhotné Zzeny bez priznaku, v oblastech s nizsi
incidenci malarie v téhotenstvi tézky prubéh.
Anémie. mortalita 0,5-23%. U neimunnich zen:
intrauterinni umrti plodu. Novorozenecka
umrtnost. Kongenitalni prenos malarie.
Placentarni malarie.

Rozdily nizinné/horské oblasti (Papua Nova
Guinea: malarie do 1800m). Malarie modulovala
obyvatelstvo




Incidence hustoty pfipadu P. falciparum podle
veku obyvatel vesnice Dielmo (Senegal) v
letech 1990 — 1994 (zelena) a v letech 1994 —
1998 (Cervena)
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Srovnani ¢etnosti ataku malarie v jednotlivych vékovych skupinach
— oblast s nizkym a vysokym poctem efektivnich bodnuti

Ndiop (EIR = 20)

7 8 9 10 11 12 13 14 15- 20- 25- 30- 40- 50-

Dielmo (EIR = 200)

7 8 9 10 11 12 13 14 15- 20- 25- 30- 40- 50-
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Malarie v Cervenych krvinkach (RBC)

RBC characteristics P. vivax P. malariae P. falciparum P. ovale
Size Larger than Smaller, Mature RBC Larger than
mature RBC older RBC mature RBC
Colour Pale Normal Normal Pale
Shape Round Round Round Oval
May be crenated May be fimbriated
Cytoplasmic inclusions Schiffner’s dots None Maurer’s clefts may be James' dots
present present in late trophozoites conspicuous




Diagram teplotni krivky horecky

vyvolané Plasmodium falciparum v Krvi
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first day second day third day fourth day

i FlimxRiovale | Typické prubéhy teplot (horedek)
i 7 v relaci ke stadiim schizogonie
fois -4 malarickych plasmodii
98
97
OO%%O & (S5 f}‘
O‘c?g;&’ @ % & 4151 Patient CEC 52 [~ 200
=4 — 160
104 — P. malariae %) i e
103 — Al :
102 — ~ |E il
101 — 5 2 s
100 — o *“Ei e
99 — bl § Z
— 40
L e i il | U s | et
ME Rtk et ricsse haln B0y DR Sl A0 D S3ie
Hours from onset of chill

104 — P. falciparum

103 — ot A ~

ool Tel?sne teploty (k[cv)uzlfy)
o) a serum TNF-a méreného
99 - béhem malarického

98 —

G | internal organs internal organs pa roxyS ma.




Sekvence akci pri traveni hemoglobinu

Hemoglobin Figure 15A

Proposed ordered

action of food

vacuole proteases

in the digestion

of hemoglobin.

Hemoglobin is broken

down by the sequential

falcilysin action of several
distinct proteases.
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Souhrn aktivit v potravni vakuole
malarickych parazitu

ATP  ADP
Cytoplasm
Hemog!obm Food vacuole HY
lasmepsin

p e ADP

—.-. i

Heme + Globm —_ Peptides E'
plasmepsin : _ : — ATP
lipid bodies? falcipain dlp?mid}‘[ peptldase ASE
L falcilysin amino peptidase peptidase

Amino J = 1'r;ﬁd*nint:a
acids / acids




Traveni hemoglobinu malarickymi parazity

= CH3
H
NN AN
HsC
N %

HOOC COOH

f-globin
chain

Digested by
plasmepsin

' @ K o
Heme dimerization catalyzed by ; E u-glahin chain
heme detoxification protein }%

Hemozoin je produkovan jako nerozpustny
odpadni produkt a mize byt povaZovan za
skutecny toxin. Paradoxné, presto, ze je
povazovan za toxicky pro hostitelské buriky, je
produkovan parazitickym Plasmodiem, které tak
zabranuje svému usmrceni hemem, coz je
pocCatecni produkt vznikajici rozpadem
hemoglobinu. S postupujici infekci erytrocytl v
hostiteli malaricka Plasmodia pohlcuji
hemoglobin, ktery Stépi za vzniku aminokyselin.
Tento proces je na pocCatku podporovan
proteazou s nazvem plasmepsin. Globin je pak
pomoci riznych proteastraven. Plasmodium
nasledné neutralizuje toxicky heme tim, ze z né;
vytvaFi hemozoin. Tento proces muzZe byt
prikladem vlivu toxinu na patogenezi v organech
a bunkach hostitele muze byt proces degradace
hemoglobinu na hemozoin: (A) — struktura
hemoglobinu; (B) — struktura hemu; (C) —
mechanismus navrzeny pro popis formovani
hemozoinu z Hemu.

membrana parazita

oep

chemokinové
receptory




Imunopatologie — duillezita soucast patologie u malarie
a schistosomiasy

Cerebralni (A)Rez mozkem &lovéka (vlevo), ktery umfel na
forma malarie cerebralni formu malarie. Tmaveé
zbarvené Cervené krvinky zpusobuji tzv.
== okluzi.
[/ oas (B) Mozek ¢lovéka, na kterém jsou patrné
d Ay .Y nekrotické zmény (tmavé ¢asti) v

N T dusledku cerebralni formy malarie.

= L . (A) Granulom v jatrech pUsobeny vajicky

s Toty Schistosoma mansoni. Granulom

f Wl e se tvofi kolem vaji¢ka a je tvoren
ruznymi typy bunék: T a B bunky,
makrofagy, fibroblasty a
eozinofily.VSechny tyto bunky hraji
dulezitou roli pfi tvorbé granulomu
a vSe na sebe vzajemné pusobi
pfedevsim prostifednictvim
cytokin.

(B)Chronicka infekce a fibréza v jaterni tkani
vedou Kk portaln hypertensi v jejimz
dusledku vznika velké mnozstvi
tekutiny v briSe, coz je znamo jako
ascitus.




Co je to srpkova anemie ?







Srpkova anémie

Normal Red Blood Cell Sickle Cell

Mormal red blood celis Sickle cell anemia




Malarie a srpkova anémie

Erytrocyt se srpkovou anémii

Ca

dygdod

<2 2-6 >10

Frenvence HbS alel (v%), distribuce srpkové
anémie Sifenim Plasmodium falciparum




Srpkovita anémie |

« Srpkovita anémie je vrozené onemocneéni patrici do skupiny
hemoglobinopatii. Je charakterizovana tvorbou abnormalniho
hemoglobinu S (Hb S nebo Hgb S). Hemoglobin je specializovany
zelezo obsahuijici protein, ktery se nachazi v Cervenych krvinkach
(erytrocytech). Ukolem hemoglobinu je, Ze roznasi kyslik z plic do
vSech casti organismu, do vsech telesnych tkani a bunek.

 Hemoglobin je tvoren hemem (Cast molekuly obsahuijici zelezo) a
globinovymi retézci (bilkovinna Cast). Globinové retézce jsou
tvofeny aminokyselinami, stavebnimi kameny vSech proteinu.
Existuje nékolik typu globinovych fetézcu - alfa, beta, delta a gama.

 Hemoglobin zdraveho Clovéka se sklada z:
Hemoglobin A (Hb A): tvori 95-98 % hemoglobinu dospélych.
Hemoglobin A2 (Hb A2): tvori 2-3 % hemoglobinu dospélych.
Hemoglobin F (HbF, fetalni hemoglobin): tvori 1-2 %
hemoglobinu dospelych, Kratce po porodu je postupnée
nahrazovan hemoglobinem A (HbA).




Srpkova anémie

Disorders of RBC
SIZE

Disorders of RBC
COLOR

Disorders of RBC
DISTRIBUTION

Miscellaneous
Disorders of RBC

Fragmenty ¢ervenych krvinek
spojeny se srpkovou anémii.

Molekuly hemoglobinu s bodovou
mutaci meéni kyselinu glutamovou
na valin.

Polymerizace Hb pri nizkém pH a
nizkém O2 a vysoké teplote.
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Srpkova anemie |

Hemoglobinopatie — hemoglobiny jiné nezHb FaHb AaA2 —
vznikaji v disledku mutaci genu kédujicich hemoglobin. Byly
zjistény a popsany stovky druhu hemoglobinopatii, Mezi nejCastéji
se vyskytujici hemoglobinopatie patfi ty zplsobené mutaci beta
globinovych fetézcu - HbS,HC, Hb D a Hb E.

Cloveék, ktery je nositelem jednoho zdravého genu a jednoho genu
Hb S (heterozygot) je nazyvan prenasecem (v anglicke literature
oznacovan jako Sickle cell trait). Prenase€ srpkovité anémie
produkuje okolo 20-40 % hemoglobinu S a také dostatecné
mnozstvi hemoglobinu A (priblizné 60 %), takze prakticky nema
zadné zdravotni obtize. PoSkozeny gen pak muze byt nepozorované
pfedan do dalsi generace (détem).

Nositel dvou mutovanych genu — Hb S — je nazyvan homozygot.
Neni schopen produkovat normalni hemoglobin A, tvori v 80-100 %

pouze Hb S a ma klinické projevy srpkovité anémie.




Porovnani rozsireni srpkoveé anemie a
malarie v Africe
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Srpkovita anemie llI

Priznaky a komplikace srpkovité anémie se take mohou projevit u
lidi, ktefi maji jeden gen pro srpkovitou anémii a jeden mutovany
gen pro jiny druh hemoglobinopatie (dvojity heterozygot) — napf.
hemoglobin C a talasémii. Lide se dvéma geny Hb S (SS) a i

s jednim genem HbS a jednim genem hemoglobinopatie (SC,

S beta talasémie, SD, SoArab) jsou skupinou nazyvanou v anglické
literature Sickle cell disease.

Mutace hemoglobinu S vede k tvorbé méné rozpustnéeho
(tekutého) hemoglobinu. Po uvolneni kysliku ve tkanich dochazi

k polymerizaci hemoglobinu a nasledné zméne tvaru erytrocytu
z diskovitého na typicky srpkovity. Tento srpkovity tvar omezuje
hladky prichod erytrocytu télem, erytrocyty se mohou
shlukovat a ucpavat drobné cévy a tim vést k poskozeni tkani.
Kdyz tyto srpkovité erytrocyty doputuji do plic, jsou vystaveny
kysliku a mohou zménit svuj tvar zpét na diskovity. Opakované
srpkovaténi vede k poskozeni erytrocytu a srpkovity tvar se stava
trvaly.




Srpkova anemie

Normal Sickle Cell Anemia
Sickle Shaped
Red Blood Cell
Red Blood Cell ¢

White Blood Cell ( White Blood Cell

e




Srpkova anemie |V

« Srpkovité erytrocyty maji celkové kratsi zivotnost - cca 10-20
dni oproti 120 dnum délky zivota normalnich erytrocytu. Aby
organismus nahradil ztraty, musi produkovat vice erytrocytu a také
rychleji. Do krevniho obéhu se pak dostavaji i méneé zralé
erytrocyty, retikulocyty (retikulocytéza). Pokud télo neni
schopno zvysit tvorbu erytrocytu, prohloubi se anémie. Tato
anémie patri do skupiny hemolytickych anémii. Erytrocyty jsou oproti
normalnim erytrocytum mensi (mikrocyt6za).

« Vyskyt srpkovité anémie se znacné prekryva s oblasti vyskytu
malarie. Heterozygotni nosicstvi totiz poskytuje znacnou vyhodu —
jedinci jsou odolnéjsi vuci nakaze malarii.




Normal red blood cell

RBCs flow freely whitin blood vessel

Srpkova anémie

Sickle-Cell Anemia

Normal red blood cell section

Normal
hemoglobin

Abnormal sickle red blood cell section

Abormal
hemoglobin
form strands
that cause
sickle shape

Sickle cells blocking blood flow




Porovnani rozsireni srpkove anemie a
druhu P. falciparum

Sickle-cell
allele in Africa

| 1-5%
[ 5-10%
B 10-20%

Falciparum
malaria in Africa {

_ 37 [ Malaria




ProcC je Plasmodium falciparum nejvice
nebezpecneé ?

Co je cerebralni forma malarie ?




Plasmodium falciparum

Plasmodium falciparum (Cesky nekdy zimnicka tropicka) je
vnitrobunédény paraziticky prvok. Jedna se o puvodce tropické malarie,
ktera ma podle Svétové zdravotnické organizace WHO rocCné na
svédomi vice nez 400 000 lidskych zivotl pfedevSim v
oblastech Asie, jihovychodni Afriky a Amazonie. Plasmodium bylo
objeveno 6. listopadu 1880 francouzskym lekarem Alphonsem
Laveranem ve mésté Constantine (Alzirsko) pfi studiu krevnich
preparatu vojaku z cizineckych legii. Jedna se o
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Cerebralni malarie




Rez mozkem pacienta s cerebralni
formou malarie

Kapilara je vyplnéna napadenymi erytrocyty, coz dokladaji poCetné
granule hemozoinu. Relativné slaby zanét je dusledkem adherence
napadenych erytrocytu.




Mikrofoto rfezu kapilarou ucpanou bud
erytrocytem obsahujicim pigment (P) a nebo
pigmentem uvolnenych z rozpadlych
erytrocytu.

Erytrpocyt napadeny 2 schizonty P. falciparum
(modre). Bilé skvrny = ,knobs® dusledek invaze




Model znazornujici mozné mediatory
cerebralni malarie

EXO~AQ wwiie (€

'%

vasodilation

® \ )\ 008 I -
~ ; T
ICAM-1 S T synapses
BEC BEC BEC & I

ischemia = Cerebral malaria
metabolic effects

Cytoadherence napadenych erytrocytu k mozkovym endothelialnim burikam (BEC) a uvolnéni
exoantigenu (Exo-Ag) muze stimulovat BEC a imunitni efektorové buriky napf. makrofagy (Mé) k
produkci cytokinu. Tyto cytokiny jako Tumor Necrosis Factor (TNF) mohou vést ke zvySené
expresi receptort endothelialnich bunék (napf. ICAM-1) a vyvolani zvySené cytoadherence
napadenych erytrocytl. Velky pocet navazanych erytrocytl miaze vést k vaskularni blokaci,
hypoxie, a ma lokalni metabolicky efekt (e.g. hypoglykemia, lactic acidosis). TNF je rovnéz znam
jako stimulator oxidu dusiku (NO), coz muze vést k ovlivnéni neuralnich funkci interferujicich s
neurotransmitery a to vede k vasodilataci.




Cytoadherence Plasmodium falciparum

(a) Dva erytrocyty adheruji k endotelialni burice, (b) vétsSi zvétSeni (a),
(c) SEM foto ,knobs® na povrchu infikovaného erytrocytu.




Schéma cytoadherence erytrocytu
infikovanych Plasmodium falciparum

CD36

CSA

ICAM-1

ELAM-1
thrombospondin
CD31

Inhibition of
cytoadherence
by antibodies

PIEMP1 CD36
blood groups A and B




Schéema struktury tzv. ,knobs”

Parasite proteins Host proteins

&' PEMP1 I band 3

L] KAHRP S st AN glycophorin
PEMP2 LA ey B submembrane

cytoskeleton

Parazitarni proteiny jsou asociovany s tzv. ,knobs" , které jsou na povrchu
napadenych erytrocytu. Tyto proteiny pravdépodobné zpusobuji zménu v
organizaci submembranovych proteinl cytoskeletu erytrocytu a jsou dulezité
pfi cytoadherenci napadenych erytrocytl k hostitelské endothelialni burice.




Cytoadherence u Plasmodium falciparum

; Tl l-!‘!"d-

Cytoadherence u Plasmodium Knobs u erytrocytu infikovaného
falciparum Plasmodium falciparum




Alterace ultrastruktury hostitelskych
erytrocytl malarickych parazitu

Figure 15.7 Ultrastructural alterations of the
host erythrocyte by the malaria parasite.
(A) A P. falciparum-infected erythrocyte
showing knobs (one of several denoted

with black arrow) and Maurer’s clefts (white
arrowheads) within the erythrocyte cytoplasm.
(B) A carbon replica of a P. falciparum-infected
erythrocyte showing the distribution of knobs
protruding from the erythrocyte surface.

(C) A P. vivax-infected erythrocyte showing
caveola-vesicle complexes (black arrow)

and membrane-bound clefts in erythrocyte
cytoplasm (white arrowheads). (Electron
micrographs kindly provided by H. Norbert
Lanners.)




Cerebralni forma malarie

Table 15.7 Cerebral malaria

Complication of severe falciparum
malaria

A diffuse encephalopathy with loss of
consciousness

-

Consciousness ranges from stupor to
coma

Onset can be gradual or rapid

Unresponsive to pain, visual, and veroa
stimuli

Associated with sequestration in
cerebral microvasculature




Posloupnost deju vedoucich k
cerebralni formé malarie

p[ Endothelium }

: W Cerebral
P. falciparum J pLCytoadherence J ﬁ[ malaria ]
I _Cerebral
microcapillary, — Host-related

endothelium factors

Anti-parasitic

immunity
Host-related Amplification of ﬁ
factors expression of ]

| Anti-toxic cytoadherence TNF
immunity receptors

\1 [ Macrophage F
P. falciparum
[ Endotoxin F t‘

' Host-related
Other pathogens } | factors

Sequence of events leading to cerebral malaria




Jak se malarie diagnostikuje ?




Diagnostika malarie

Malarie se diagnostikuje pomoci rychlého testu nebo ovérenim
pritomnosti parazita ve vzorku krve pod mikroskopem. Rychlé
testy nicmene nejsou vzdy k dispozici, mikroskopie neni pokazde

jednoznacna, a proto je na fadé mist stale bézna diagno6za na

zakladé symptomd.

Ta bohuzel muze vést k nespravnému rozpoznani nemoci a
zahajeni nevhodné lécby. To bud vede ke zbyteCnému utrpeni
a umrtim pacientt s malarii anebo naopak k naduzivani
antimalarik a jejich plytvani.




Mortologie a diagnostika:

N B Lo o —

nalez cizopasnikl v krevnim roztéru

klinické pfiznaky onemocnéni

serologicke testy prokazujici protilatky

prikaz DNA piislusného druhu Plasmodium v krvi
soucasny vyskyt parazita v malarické oblasti




Diagnostika

Mikroskopicke vysetreni krve (rozter)
RDT — Rapid Diagnostic Test — antigeny
Molekularni diagnostika — PCR
Serodiagnostika

Kultivace — hlavne ve vyzkumu

Klinickeé priznaky onemocneni




Priprava krevniho rozteru

121

121 & 122 Preparation of thick and thin blood films
Although a number of rapid diagnostic tests such as those shown in 123 and 124, as well as polymerase chain reaction (PCR) are
hecoming widely available, the ‘gold standard’ diagnosis of malaria is still based primarily on the recognition of parasites in well-
orepared thick and thin blood films stained with a Romanowsky stain (Giemsa, Leishman, Field, etc.) at pH 7.2-7.4. A small drop of
blood from a finger or ear is placed on a clean slide. The thin film is made by pulling a second slide away from the drop (121, left).
A thick film is made by spreading two or three larger drops on a slide, then spreading them out with the corner of a second slide.
The thick smear should still be sufficiently transparent to see print through it, as shown here (122, right). Sophisticated diagnostic
tools such as Plasmodium-specific DNA probes are of value mainly for epidemiological surveys but are of little value in
diagnosing malaria in individual patients.




Jak se déla krevni roztér ?
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Krevni rozter — metoda tenke (A) a
tluste (B) kapky
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Zivotni cyklus krevnich stadii
Plasmodium falciparum — tenka kapka
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184-189 Life cycle of the blood stages (thin films)

The host erythrocytes are usually of a normal size. Young rings (184) strongly resemble the young ring stages of falciparum.
Band forms (185) similar to those of P. malariae are commonly seen, as well as more rounded young trophozoites (186), in which
dark pigment granules are prominent, often forming a halo around the periphery of the parasites, The host erythrocyte may
contain light stippling and be coloured a light mauve with Romanowsky stains. Some older trophozoites are in rather ovoid,
fimbriated erythrocytes in which the cytoplasm has a granular, mauvish colour with Romanowsky staining, somewhat resembling
P ovale. (This is seen also in P knowlesi infections in Rhesus monkeys.) Maturing and mature schizonts (187) commonly contain
up to 12 or 16 merozoites and the pigment forms a large more or less central clump as in those of P malariae. In erythrocytes
containing macro- (188) or microgametocytes (189), the cytoplasm stains a distinctly mauve colour and the edges are often lightly
fimbriated. Macro- and especially microgametocytes are smaller than the host cells, the former containing a heavily staining, solid
nucleus and small number of large, dark pigment granules and the latter; larger numbers of smaller granules and a more diffuse
nucleus. (Giemsa x 1500) (Bload films provided courtesy of Professor Balbir Singh and Dr David LK Sung. Photography by

Dr David LK Sung. J Williams, LB Stewart and W Peters.)




Krevni rozter — tlusta kapka
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Pfi silné akutni infekci jsou patrné pfedevsim ,ranné krouzky“ a masivni
hemolyticka anémie (130). Gametocyty se v krvi objevuji cca o tyden
pozdéji (131).




Diagnostika malarie

123 Diagnostic test based on fluorescent staining of
centrifuged blood

In this technique, a fluorescent stain (green in this case) is used
to stain malaria parasites in blood containing anticoagulant,
which is centrifuged in a special capillary tube containing a
float. With ultraviolet epi-illumination, the parasites can readily
be seen just beneath the buffy coat and in a thinned-out layer
of red cells. The procedure can also be used to detect other
parasites such as trypanosomes (see also 223) and
microfilariae. (Figure of QBC Test® courtesy of Becton
Dickinson, Tropical Diseases Diagnostics, Sparks, MD.) (x 40)

124 Immunochromatographic assay for P. falciparum
and P. vivax

To aid the rapid diagnosis of falciparum and other species of
malaria in individual patients and for ease and speed of
diagnosis as an alternative to microscopy in field surveys, a
number of simple immunochromatographic assays have been
devised based on the use of monoclonal antibodies to detect
parasite histodine-rich protein (HRP-2) or parasite-specific
lactate dehydrogenase (pLDH). The paper-like dipstick shown
here, based on the recognition of pLDH, is impregnated with
antibodies and dye-containing microcapsules and is reported
to detect as few as 100-200 parasites/pl of blood, i.e. a
parasitaemia of 0.002%. In this figure the left-hand strip shows
a positive reaction for P. falciparum and the right-hand strip for
P vivax, P. ovale or P. malariae. The centre strip is a negative
control. Such rapid diagnostic tests (RDAs) should be used with
caution for self-diagnosis by, for example, travellers as false-
negative results may occur. (Figure of OptiMAL® Rapid Malaria
Test courtesy of Dr D Bashforth DiaMed, Cressier, Switzerland.)




Rychlé testy na malarii




Jak malarie skodi lidskemu zdravi ?
ProcC je patogenni ?




Patologie a klinika

Plasmodium vivax, P. ovale a P. malariae maji podobné priznaky onemocneni:
horeéky, krece, bolesti hlavy, nevolnost, anorexie. Mze vzniknout i anémie a
Jatra a slezina byvaji obvykle zvétseny. Anémie mohou byt zvétseny. Vsechny
priznaky mohou byt druhové nespecificke.

Plasmodium falciparum muze byt pfi¢inou tézkého prubéhu malarie, jehoz klinicka
kritéria mohou byt definovana nasledovné: cerebralni malarie, tézka anemie,
plicni edém, respiracni syndrom u dospélych, selhani ledvin, hypoglykemie,
obéhovy kolabs, zazivaci problémy, makroskopicka haemoglobinurie.




Zaznam teplot pri Plasmodium falciparum
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134 Temperature chart in falciparum malaria
In first infections, the fever is usually irregular rather than
tertian. Thrombocytopenia is commonly found. Relapses do not
occur after adequate treatment with blood schizontocides since
there are no hypnozoites and hence no secondary tissue
schizogony (cf P vivax and P, ovale). Recrudescences, as
opposed to relapses, occur when treatment is inadequate and
asexual parasites are not cleared from the blood.

Krevni obraz pri masivni akutni infekci. Napadené erytrocyty jsou z periferniho
obéhu eliminovany makrofagy v retikuloendotelovém systému. Zrna jsou
hemozoin/pigment z rozpadlych ER. (A) — monocyt/ makrofag, (B) Hemozoin




Malaricka anémie

117 Malarial anaemia
The pathogenesis of malarial anaemia is multifactorial, Vs :
involving destruction of parasitised cells, haemolysis of e -

uninfected cells, dyserythropoiesis and iron sequestration. In 118 Spleen =inear sh?wing aS?OCiation of

parts of Africa, malarial anaemia is an important cause of dyserythropmes;? W_"t!" malaria R e

death in children under 2 years of age. This young Kenyan boy Although erythropoiesis is usually normoblastic in individuals
with P, falciparum parasitaemia had profound anaemia with a with acute or chronic malaria, the examination of bone marrow
haemoglobin of 12 g/L. (See also 1208.) (© D A Warrell) frequently shows changes reflecting dyserythropoiesis such as

the irregular nuclei and cytoplasmic bridges in erythroblasts
seen in this figure. Two young rings of P. falciporum can be
seen in an erythrocyte. (Giemsa stain x 900). (Courtesy of
Dr Saad H Abdalla).




Masivni hepatosplenomegalie

120 Massive hepatosplenomegaly in a patient with

severe malarial anaemia

Computed tomography scan of the abdomen of a traveller
. e from west Africa who presented with a haemoglobin less than

119 New Guinea child with grossly enlarged liver and 50 g/l. The scan shows a massively enlarged liver, the left lobe

spleen of which is encircling an enlarged spleen.
Haemolysed red cells and parasite debris are phagocytosed by

macrophages, particularly of the spleen and liver, which
become enlarged. This child was seen on a field survey in a
holoendemic area of northern Papua New Guinea.




Prostrace pri malarii P. falciparum

135 Prostration
in malaria

A common
manifestation of
severe malaria in
children is the
inability to sit up
and take fluid by
mouth. Here a
child with
falciparum
malaria, while fully
conscious, is being
supported to take
water.

Pri akutni silné infekci se aktivuji
makrofagy z kostni difené. Zde
makrofag obsahuje nenapadenou
krvinku, schizonta a shluky

hemozoinu a lymfocyt. Pfi manifestaci silné malarie dochazi u
déti k neschopnosti sedét a neschopnosti
prijimat usty tekutiny. Zde dité s P. falciparum
s pomoci sedi, aby se mohlo napit.




Koma pri cerebralni forme malarie
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136 Ce'reb;;l malaria in é-comatose_.Malawia_n Chlld_ ﬁ:ith

opisthotonus

In holoendemic areas of Africa, cerebral malaria commonly
occurs in children between 6 months and 3 years of age - often
older than those with severe malarial anaemia. Cerebrospinal
fluid opening pressures are often raised in children when
measured at lumbar puncture. About 10% of children who
survive cerebral malaria have neurological sequelae. These
include hemiparesis, cerebellar ataxia, cortical blindness,
severe hypotonia, mental retardation, generalised spasticity
and aphasia.

137 Decerebrate rigidity in cerebral malaria

The Thai man shown here had unrousable coma and
peripheral parasitaemia. Other causes of encephalopathy were
excluded, mainly on clinical grounds. He therefore fulfilled the
World Health Organization definition of cerebral malaria. (See
also 135 showing a less advanced stage of cerebral malaria.)
Decerebrate rigidity may also be associated with
hypoglycaemia, which may be quinine-induced. This is more
common in pregnant women, in whom the warning signs are
fits, abnormal behaviour and a change in the level of

P Yl falB =t at-1=1




Poskozeni oka pri tezke forme cerebralni
malarie — Plasmodium falciparum

‘i3égev-t_e_r;mala;rialj-a_um_:-lﬂi‘t.:e gy 2 S s ! ATH

Deep jaundice, which is clearly seen in this Vietnamese man 139 Retinal haemorrhage in severe falciparum malaria
who had severe falciparum malaria, is much commoner in Examination of the fundus is an important part of the physical
adults than in children. Liver failure, however, occurs only in examination of a patient. In this Thai with cerebral malaria, the
individuals in whom a concurrent viral hepatitis is present. haemorrhage is near the macula. Such haemorrhages have
(© D AWarrell) been found in as many as 18-30% of patients with cerebral

malaria and are an indication for parenteral therapy. In
children, papilloedema and extramacular retinal oedema
predict a poor prognosis. (© D A Warrell)




Multiorgamnove selhani pri
Plasmodium falciparum

140 Multiorgan failure in severe falciparum malaria
Patients with severe malaria should be cared for at the highest
level of clinical care, in this case in an intensive therapy unit.
This patient presented with renal failure and is being
haemodiafiltered. In addition he developed Gram-negative
septicaemia with hypotension and metabolic acidosis (algid
malaria’). These complications developed in the absence of
cerebral malaria.

141 Blood film from a patient with hyperparasitaemia in
acute falciparum malaria

This patient presented with jaundice and was initially
mistakenly thought to have hepatitis. The blood films show
80% parasitaemia. Included is a late erythroblast, which has
emerged from the bone marrow and is also interestingly
infected with a ring form of P, falciparum. Within half an

hour of this blood film being made the patient died.

(Leishman x 900)




Akutni edem plic a intravaskularni
diseminace u P. falciparum

142 Disseminated intravascular coagulation in
falciparum malaria

Bleeding into the skin seen in a patient who demonstrated
disseminated intravascular coagulation with thrombocytopenia,
a prolonged prothrombin time, increased fibrinogen e e S
degradation products and hypofibrinogenaemia. He had no 143 Acute pulmonary oedema

signs of cerebral malaria. Two types of pulmonary oedema occur in severe falciparum
malaria. The first, due to overhydration, is preventable with
good patient management of the patient. The second, acute
respiratory distress syndrome (ARDS) occurs during the fourth
or fifth day of the illness when the patient appears to be
improving; its causation is not clearly understood. This
Vietnamese woman, in addition, had cerebral malaria
complicated by hypoglycaemia. (© D A Warrell)




Rez mozkem pfi cerebralni formé malarie

as the parasite develops and the mfected red cell becomes
more spherical in shape. Moreover it develops tiny but
regularly arrayed knobs on its surface, which are the sites at
which schizont-infected red cells bind to endothelial surfaces in
the deep tissues in organs such as the brain, liver, heart and
spleen. There is loss of red cell deformity, which appears to be
correlated with the clinical outcome. (x 77 000)

146 Gross section of brain in cerebral malaria

Cerebral malaria results when cerebral capillaries are blocked
by erythrocytes containing developing falciparum schizonts
(see also 147). The blockages lead to petechial haemorrhages
round many of the capillaries, as seen in this section. Cerebral
malaria is a medical emergency that demands immediate
treatment by intravenous administration of suitable
antimalarials. Rehydration is also often required but careful
attention must be paid to avoiding overhydration, which may
result in pulmonary oedema. It is now recognised that other
factors, such as the over-production of certain cytokines (e.g.
tumour necrosis factor, TNF), are involved in the pathogenesis
of cerebral malaria.

147 Brain smear from a fatal case of cerebral malaria

The capillaries are seen to be full of erythrocytes containing
maturing trophozoites and schizonts of P, falciparum. (Giemsa
x 350)




Mikrohemorhagie v blizkosti poskozene
mozkove kapilary a hemoglobinuria
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148 Microhaemorrhage around a disrupted cerebral
capillary

A clear ring of erythrocytes forms a halo, at the centre of which
can be seen a disrupted cerebral capillary. Other capillaries
contain mature schizonts of P, falciparum. Dirck’s granulomas

are probably the sequelae of what, at the time of acute malaria,

would appear as such microhaemorrhages (H&E x 125)
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149 Malarial haemoglobinuria, ‘blackwater fever’

This condition may be due to severe intravascular haemolysis
and is mainly seen in semi-immune patients. More commonly,
however, haemoglobinuria is due to haemolysis developing in
patients deficient in the enzyme glucose-6-phosphate
dehydrogenase (G6PD), in response to oxidant antimalarials,
e.g. primaquine, quinine or other drugs. Note the small
quantity of very dark urine passed by this Thai patient and the
pale conjunctivae. (© D AWarrell)




Diagram opakovaného napadeni jater
pri Plasmodium vivax

162 Diagram of relapse patterns in vivax malaria
Variations in parasitaemia (P) over time (T) after inoculation
are shown. The primary attack (1) arises from the first
generation of schizonts in the hepatocytes (PE schizogony).
One or more recrudescences (2) arise when subpatent
intraerythrocytic asexual parasites escape the host immunity.
True relapses (3, 4, 5, etc.), as opposed to recrudescences,
occur when new generations of merozoites are later released
from previously dormant hypnozoites (H) that undergo
secondary schizogony in hepatocytes. In tropical areas, the first
relapses may arise within 3-4 months of a primary attack but,
In subtropical areas, usually only after 9 months or more. The
fever threshold (FT) rises with increasing immunity, i.e. the
host tolerates the parasitaemia. Also, with increasing immunity,
smaller numbers of merozoites survive in the erythrocytes and
the infection may become subpatent (i.e. below the microscopic
threshold - MT), although still present. Most P, vivax infections

| (LS E RS S 1] NSC S, [ g (O r

PE — schizogonie, P —parasitemie, T — béh Casu, H — hypnozoiti,
1 — prvni napadeni, 2 — opakované napadeni, FT - prah horeCky




Chronicke poskozeni jater (akumulace
pigmentu — hemozoinu)
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150 Urine and serum in blackwater fever

The figure shows normal urine (A) compared with a specimen
of urine from a patient with blackwater fever undiluted (B) and
diluted (C). Also shown are a normal serum sample (D)

compared with that from a patient with blackwater fever (E). 151 lIl.iver in chronic malél.'.i.;

In chronic infection, accumulation of malaria pigment
(haemozoin) in the macrophages produces a dark brown
coloration of liver and spleen.




Plasmodium knowlesi

Plasmodium knowlesi je parazit bézne se vyskytujici
v Jihovychodni Asii, ktery zpusobuje malarii u makaku,
predevsim u druhu makak javsky a makak vepfi.
Vyskytuji se ale | pripady nakazeni lidi, kteri pracuji Ci
Ziji v oblastech, kde se tyto hostitelské druhy makaku
vyskytuji. Jeho stavba tela je podobna Plasmodium
falciparum a jeho propuknuti trva jen 24 hodin.




Normalni hostitel Plasmodium knowlesi
Macaca fascicularis
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182 Macaca fascicularis, the normal host of P. knowlesi 183 General view of a heavy infection with P. knowlesi
This long-tailed, crab-eating macaque is common over awide  The peripheral blood often contains all stages of asexual
range of south-east Asia from south-east Myanmar to Timor. parasites as well as gametocytes. The heavy infection in this
(Photograph by Dr Anthony Sebastian) thin blood film from a patient in Sarawak shows a typically
asynchronous infection containing most of the asexual stages

and a macrogametocyte. (Giemsa x 850). (Courtesy of
Dr David LK Sung.)




Plasmodium knowlesi

- Anopheles vector
(A. leucophyrus group)

7//;: Simian reservoirs

A P. knowlesi human cases




Plasmodium knowlesi
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Incidence P. knowlesi v provincii Sabah v
Malajsii

Plasmodium knowlesi incidence by
district, per 1000 persons
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Plasmodium knowlesi na export
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Plasmodium knowlesi
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Plasmodium knowlesi
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Plasmodium knowlesi

Plasmodium falciparum Plasmodium _kn.-:n wiesi
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Plasmodium knowlesi
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Proces pruniku Plasmodium knowlesi
erytrocytu




Temperature (C)

Zaznam prubehu teploty pri
Plasmodium knowlesi
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181 Temperature charts showing quotidian fever in
infection with Plasmodium knowlesi

Genetic examination that detects characteristic DNA and RNA
markers using specific PCR primers has revealed that human
infection with this simian parasite is common in parts of the
island of Borneo and isolated cases have been recorded in
Thailand and peninsular Malaysia. It is the only malaria species
that produces quotidian fever as shown in these extracts of the
temperature charts from two patients in Sarawak where, in
1999, it represented about 20% of all malaria cases in some
areas. Left, female aged 47; right female aged 16 years. The
lower numbers indicate the parasites/uml of blood in a thin
blood film. Arrows indicate dosage with paracetamol. The
youngest blood stages bear a striking similarity to those of

P, falciparum and the later stages and gametocytes to those of
P. malariae. Infections usually respond rapidly to treatment
with any standard antimalarial (Adapted from originals
provided courtesy of Professor Balbir Singh and

Dr David LK Sung.).




Malarie jako onemocneni




Priznaky a trvani nemoci

Table 15.5 Disease severity and duration

B Pwvax Gt : Bavdle: AR malan'de P fdk}iparum
Severity of initial paroxysms Moderate to severe | Mild Mild to moderate Severe
Average parasitemia (per mm?) 20000 9000 6000 50000-500000
Maximum paré_sitemia (per mm3) | 50000 30000 20060 2500000
Symptom duration (untreated) 3-8+ weeks 2-3 weeks 3_—24 weeks 2-3 weeks
Maximum infection duration 5-8 years* 12-20 months* 20-50+ years 6-17 months
(untreated)
Anemia ' o + ++ f+
Other complications Renal Cerebral

* Includes relapses from the hypnozoite stage.




Lécba malarie

* NejefektivnejSi IéCbou malarie je artemisinova
kombinovana terapie (ACT). Léky ACT jsou jen
mirné toxické, maji malo vedlejSich ucinku a proti
parazitovi u0|nku1| velice rychle Na mnoha mistech,
kde Lékari bez hranic pusobi, jsou ale leky ACT jen
obtizne dostupne.

 Moskytiery postrikané dlouhodobée ucinkujicimi
insekticidy jsou dulezitym zpusobem kontroly
malarie. V oblastech, kde je nemoc endemicka,
distribuuji Lekari bez hranic moskytiery tehotnym
Zzenam a detem do péeti let, ktere jsou nejnachylnejsi k
tezké malarii.




Terciana a kvartana — typ horecCky
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115 Hypnozoite of Plasmodium ,
. Day of illness
cynomolgi —
Enlarged view of a single hypnozoite. 116 Tertian and quartan fever patterns
(Giemsa - colophonium technique The asexual blood stages of P. falciparum, P, vivax and P. ovale require 48 hours to
x 2000). complete their schizogony. Fever is produced when the schizonts mature, i.e. at

48-hour intervals. This gives the classical tertian periodicity, which is, however,
uncommon in a primary attack of P. falciparum malaria. P. malariae requires 72 hours
and is associated with quartan fever, i.e. 72 hours between paroxysms.




Vyvoj samcich gamet, oonikety ve streve

109 Development of male gametes 110 Ookinetes in midgut
Male gametes develop by a process of flagellar extrusion, Male and female gametes fuse to produce motile ookinetes,
known as exflagellation, from microgametocytes contained in which enter midgut epithelial cells. (x 950)

the bloodmeal in the midgut of the female anopheline. (x 950)




Co vime o epidemiologii malarie ?




Epidemiologie malarie

Plasmodium falciparum, Afrika, 1929-2004, 12 epidemii

110 milionu lidi v riziku, umira 110 000 ro¢né.
 Zpravidla v oblastech na pokrajl malarickych oblasti, kde je

prenos malarie nestabilni. NaruSena vékové zavisla
Imunizace- Obyvatelstvo nema imunitu.

 Klimaticky vyvolané epidemie: periodicita: 2-7 let

- Doba epidemie: norm.: 12 tydnu ale i 15-36 mésicu
* Incidence 3,8-62,8 pfipadu na 10 000 obyvatel a den
+ Umrtnost: 1-5,2 umrti na 10 000 obyvatel a den.

« 5% pripadu akutni symptomy - fatality rate 25-50%
* Nejvetsi epidemie: 1958 Etiopie: 150 000 mrtvych

« 2000-2001 Burundi: 3 500 000 pfipadu

The Hihgland Malaria Project (2001): Vychodni Afrika:
monitorovani, predpovedi, varovani na zaklade
matematlckych modelu.

Zdroje: Meteorologicka data - abnormalni srazky a teploty.
Epidemie v urcitych nadmorskych vyskach. Entomologicka
data. Porovnani s daty o incidenci malarie.




Umrtnost na malarii, 2019
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4. Faktory klimatické a terénni

v tropech anofelové aktivni po cely rok, v mirném pasmu
hibernuji, letni izoterma 16°C
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Prevalence malarie v ruznych veékovych
skupinach

Pregnant women
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Prevalence of acute Malaria tropica
with high level of parasitaemia

—

0 ~ 3 months 3-5 years Adulthood
Age




Umrti na malarii podle svetovych regionu Qur World

Roéni pocet amrti na malarii napiic vsemi vékovymi kategoriemi a obé&ma pohlavimi.
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Odhady amrti na malarii od WHO &

Od poCatku 21. stoleti zvelejfiuje WHO globalni odhady pocCtu lidi, kteli
zemfou na malarii. Mezi lety 2000 a 2015 klesl celosvetovy polet obétio
témer 40 %: z 896 000 amrtiv roce 2000 na 562 000 v roce 2015. Od té

doby se pokrok zpomalil. PoCet imrti se v roce 2020 ve skuteCnosti zvysil v

disledku naruieniv dlsledku pandemie koronaviru.”

Afrika je svetovym regionem, ktery je nejvice postiZzen malarii: v roce 2019
doslo k 96% celosvétovych amrti na malarii na africkém kontinentu. Afrika
je viak také svetovym regionem, ktery dosahl nejvétiiho pokroku: od roku

2000 pocet amrti vyrazné poklesl.




Umrti na malarii podle svetovych regionu, 1990 az 2019

Rocni pocet dmrti na malarii napric vsemi vékovymi kategoriemi a obéma pohlavimi.
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Odhady umrti na malarii z IHME

Institut zdravotnich metrik a hodnoceni (IHME) poskytuje odhady dmrtina

malarii od roku 1920.

B&hem tohoto obdobi vidime jasny trend vzestupu-vrcholu-padu, ktery se
zvysuje z priblizné 850 000 amrti v roce 1920; vrchol kolem 265 000 v
roce 2004: a poté kles| (i kdyZ riznym tempem) na pfibliZn& 650 000 v roce
2019.

Tyto odhady jsou vyrazneé vyiai nez odhady WHO. ACkoli se li5i v celkovém
poCtu imrti na malarii, IHME i WHO odhaduiji, Ze vice neZ 90 procent (? z

kaZdych 10 dmrti) pochazi z afrického regionu.




Lihniste vytvorena umele Clovekem

a) Konteinery na vody —
plantaze v JV Asii

b) Barely se stojici vodu
na zahradé v jizni Anglii

c) Larvy komaru s dobre
patrnym dychacim sifem.




Bromelie v amazonskych pralesich

108 A bromeliad in the Amazonian rain forest
Bromeliads provide breeding sites for Anopheles (Kerteszia)
bellator and Anopheles (Kerteszia) cruzi. These species are
found from the Caribbean islands south to Brazil. The females
feed mainly before or just after dusk, in shaded woody areas or
in houses, but they are generally exophagic. Up to 1% of A.
bellator have been found to be naturally infected with
sporozoites in the hills above Rio de Janeiro, Brazil, where this
species is considered to be a secondary vector. Some South
American vectors of this subgenus breed in the axils of
bromeliads, the destruction of which is only possible on a very
limited scale in most endemic areas. The adults bite outdoors
rather than inside houses. Consequently, the control of these
vectors by insecticides is often extremely difficult.




105 Breeding site of Anopheles gambiae in west Africa

A. gambiae and closely related species are the most dangerous malaria vectors in
tropical Africa. A. gambiae breeds in small temporary collections of fresh surface
water exposed to sunlight and in such sites as residual pools in drying river beds. The
majority of important vectors in other parts of the world are also surface-water
breeders. Malaria control operations since the early 1950s were based mainly on the
destruction of house-haunting anopheline vectors by DDT or other insecticides
sprayed on the interior walls where mosquitoes usually rest before and/or after
feeding; larviciding played a relatively minor role (see 190, 191).

107 Anopheles gambiae probing
. ¢ Malaria is transmitted by numerous species of female
— — S— — Anopheles mosquito (see Table 6). Most species bite indoors at

v

106 Female Anopheles stephensi emerging from pupa night but some are outdoor-feeding. The adults are
This is a peridomestic mosquito that is respansible for the distinguished from culicine mosquitoes by the structures of the
transmission of malaria in urban areas over a wide antennae and palps. (See also 5 and 7.) (x 4)
geographical range from the east of the Arabian peninsula,

through central Asia to Pakistan and India and as far east as

Burma. It breeds mainly in water cisterns, domestic water

tanks, wells and other collections of fresh water. In rural areas

it breeds in fresh, clean water in ground pools but will also

tolerate brackish water. A. stephensi is largely endophilic in

western India but less so in such areas as Calcutta in the east.

Although zoophilic by choice, A. stephensi is a very efficient

malaria vector, particularly in urban areas. (x 4)




Cestovatelska malarie

Celosvétové 30 000 pripadl ro¢né. Riziko narusta s dobou

pobytu.
OCHRANA:
Minimalizovat pobyt venku v dobé aktivity komarua,
« moskytiéry, pokud mozno impregnované repelenty
+ insekticidy na oble€eni a moskytiéry,
« repelenty: nejlepsi DEET (N,N-diethyl-m-toluamidin), pfip.
picaridin nebo eukalyptovy olej

« CHEMOPROFYLAXE: 75-95% ochrana. Kompliance. Leky:
Chloroquine, Proguanil, Doxycyklin, Atovaquone-Proguanil
(Malarone®), Primaquine- vybér dle oblasti (resistence) a
vedlejsich ucinku.

« STAND-BY EMERGENCY TREATMENT-samolécba po
vypuknuti priznaku - rizika!

« Kontrola po navratu-upozornit na pobyt v cizineé.

LetiStni malarie




Rezistence

Novorozenci: hemoglobin F

2-3 roky. Antitoxicka imunita

Crisis form factor (Sudan, Kolumbie)

MHC I: HLA B53 — proti anemii a cerebralni malarii
Zadna souvislost s morbiditou

MHC II: kombinace HLA DRB*1302-DQ*0501 chrani pifed zavaznou anemii

HLA-B53 umoznuje vazbu antigenu jaternich stadii (nonamerickeho
fragmentu LSA-1-"protektivni antigen ') na cytotoxickeé burnky resistentnich
jedincu

Srpkova anemie (hemoglobin S) -Afrika

a thalassemia éporucha tvorby a-globinoveho retezce, je poskozena tvorba
fetalniho i dospélého hemoglobinu-pifedCasna destrukce
erytrocytu—anemie) na Nové Guinei v nizinach 90%, v horach 5%

prevalence.Chrani proti t€Zké malarii, bézné je ale prodéléni lehke
nekomplikované malarie (P. vivax).

Jihoasijska ovalocytéza: (SAO: erythroczte band-3 deletion) — v

malarickych oblastech. Nechrani pfili§ proti malarické infekci, ale skyta
kompletni ochranu proti mozkove malarii.

souvislost s morbiditou




Imunita proti malarii

* Imunni jsou novorozenci a kojenci — nizka
parasitémie, zadné nebo mirné priznaky.
Imunita vrozena (hemoglobin F atp.),
pasivné prenesena od matky.

« Déti starsi 1-2 let: velmi vnimavé k malarii,
tézky prubéh. Prodélaji celou fadu ataku,
az si postupne vytvori protektivni imunitu
(nejkratsi cas v hyperimunni oblasti: 1
rok)

* Imunita: IgG proti variant surface antigens
(VSA)-antigeny exprimované na povrchu
infikovaneho erythrocytu.




Vyuziti antigenu Plasmpdium mansoni
jako imunoterapie
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Vztah mezi rozsirenim malarie a oteplenim klimatu v
letech 1900(a) — 2007(b) a rozdily mezi obéma uvedenymi
obdobimi 1900 — 2007(c)

N . = ‘5\!.;\ . =

S S . [ |Riskfree Foy :
[ |Riskfree N W Unstable 2 * ’{ I T ¥

1 : \ I 4 il ! Y,
[ Epidemic | Hypoendemic | ~ ) ﬁ ' { SN

- . ) A 1= Ly
Hypoendeml.c | ) I Mesoendemic  { s ¢ 5;’

| i Mesoendemic / - < P’ - Hyperendemic (& _ i =
I Hyperendemic k ; - 2

. . I Holoendemic
I Holoendemic




Vliv stoupajici teploty na malarii
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Potencialni efekt otepleni na sireni malarie v Africe a
pocCet importovanych pfipadu Plasmodium falciparum z
tohoto kontinentu
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ProC je komar tak dulezity?




Vektor- biologie




Vektory malarie — komari rodu Anopheles

400 druhu anophelinu, 85 prenasi lidska plasmodia, 35 je
vektorem malarie. Jen malo komaru je antropofilnich,
endofilnich,endotrofnich (saji radéji na lidech, vstupuji do
lidskych obydll tam i saji). Vyvoj ve vodnich nadrzich uvnit
lidskych osad. Pritahuje je lidsky pach.

 Dolet. max 3 km; vétrem do 19-23 km

« Cirkadianni rytmy, vrchol sani — pulnoc, nebo rano; pfip. druhy
vrchol dopoledne

* Atraktans: Temné barvy, CO, kys. MléCna

» Cyklus: kladeni vajec: 48 h. po sani (A. gambiae dvoji sani)
vajec 50-200.Inkubace: 2-6 dni, larva 2 tydny, kukla 3 dny;
celkem 3-4 tydny

« Diapausa (Stavy)
e Aestivace
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Zivotni cyklus Plasmodium falciparum
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Prenos malarie — soucast zivotniho cyklu
parazita

INFEKCE KOMARA - gametocyty. Ty v krvi v
malych poctech, nejvice 30 dni po infekci,
obvykle maximalné 1 rok, predevsim u déti,
asymptomatickych.




Prenos malarie

h{ mp "

- (lﬂ ?_.!-5’ ).. i

Kde a je denni mira/pomeér, pfi kterém komafi saji na lidech; b je
koeficient prenosu Plasmodium spp. mezi infikovanymi a
neifikovanymi komary; c je koeficient prenosu Plasmofdium spp.
mezi infikovanymi komary a neinfikovanymi lidmi; m je hustota
komaru ve vztahu k lidem; p je denni pravdépodobnost pfeziti
komaru; n je Cas potfebny k dokonéeni vyvoje parazita v komarech
a r je mira uzdravovani lidi po prodélani malarie.a




Vnimavost komaru k malarickym
plasmodiim

LiSi se druhove, kmenove. V Evrope neprenasel P.
falciparum A. maculipenis, ale A. labranchiae

Zygota, oocysty a sporozoity se vyvijeji pri teplote 15-35
°C

Komar infikovany P. vivax je infek&ni pfi teploté 32°C za
8 dni (P. falciparum za 10 dni), pfi 15°C za 18 dni

Denné zahyne 50% komaru; doby infekCnosti se dozije
méné nez 1% komard. Max. Zivot: 4-5 mésicu
(hibernace). V tropech kolem 40 dnu. V chladnych
oblastech nutny delSi Zivot komaru

Délku Zivota komaru zkracuje vysoka intensita infekce
plasmodii a také napr. insekticidy — snizuji prenos




Infikovanost komaru

Nizka. Pri 50% parazitémii lidi infikovana max.1-2 %
komaru; mnohde méné nez 1 promile.
Entomological inoculation rate (EIR): poCet kousnuti

inflkovanym komarem na osobu a ¢asovou jednotku
(6-400 osoba/rok)-nejvice Mombassa, Kongo...

Sporozoite index (s) zastoupeni koémaru, ktefi maiji
sporozoity plasmodii ve slinnych Zlazach (0,1-7,25%)




Anofelismus bez malarie

Malo vektoru

Malo infikovanych lidi

Nevhodné klima

Nedostate€ny kontakt clovéka s komarem
Vysoka imunita lidi
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Tribus: Anophelini

Patii sem rody Chagasia a Anopheles. K vyznamnych zastupciim na
uzemi stiedni a severni Evropy nalezi tyto druhy: A. maculipennis, A.
messae, A. atroparus a A. labranchiae.

Komplex druhit Anopheles maculipennis tvoii morfologicky velmi
pfibuzné druhy. Pi1 sezeni svira osa jejich téla s podkladem ostry thel,
konec zadecku larev je bez dychaciho siphonu a jejich télo lezi
rovnobézné s hladinou.

Anopheles maculipennis
Saje na ptacich a savcich véetné Clovéka. Vektor malarie a viru
Calovo.

Anopheles messae
N4as nejhojnéjsi zastupce tohoto rodu., Za rok ma 3 generace, zimuji
oplodnéné smicky, vektor malarie.

Anopheles atroparvus
Vektor malarie, 2-3 generace za rok.

Anopheles labranchiae
U nés ojedin€ly, vektor malarie




Potirani komaru

The Innovative Vector Control Consortium - 5lety
plan financovany nadaci Billa A Melindy

Gatesovych:

» Postrik insekticidy (drive: DDT) -nové insekticidy-
alternativy pyrethroidu — dlouhodobé uc¢inné; kombinace
insekticidu; hledani vhodné forma aplikace v terénu.

« Vyvoj 1 insekticidu stoji 70 miliona $, cely trh insekticida v
rozvojovych zemich: 150 mil.$.
- zjistit treshold level a dalsi parametry, které je
treba znat pro potirani populaci vektora-analytické
modely

- sledovat vznik resistence, monitorovani zmén genu
rezistence




Potirani malarie a jejich vektoru

Vypousténi sterilnich samcu (ELIMINACE
Cochliomyia homionivorax na jihu USA,v
Mexiku a ve Stredni Americe, Culex spp-
Francie, Florida Indie: problem: migrace
gravidnich samic-nezdar)

 Vypousténi transgennich komaru -geneticky
modifikovani komari nepodporujici vyvoj
patogena nebo vnasejici sterilitu do divokych
populaci




Uginnost opatfeni proti malaarii i
vektorum

« Oblasti po postriku DDT-dominance Plasmodium
vivax (jaterni stadia >1 rok, rychlejsi vyvoj v
komarovi)

- Resistence na antimalarika podporuje Sireni
Plasmodium falciparum.

* Moskytiery impregnované insekticidy: vyrazny
ucinek na populaci komaru i na incidencia
prevalenci malarie u déti.




Potize s potiram Plasmodium vivax

 Jaterni hypnozoiti — preckaiji, po létech relaps
— novy zdroj infekce

 Vyvoj sporozoitu je rychlejsi (11 dni) nez u P.
vivax — komar je drive infekCni a je vétsi
pravdépodobnost, Zze nezahyne predtim, nez
infikuje Cloveka




Prevence




Prevence malarie

V ramci prevence je potfeba omezit mnozeni komaru. K tomu dochazi
ve vode, a proto je jednim z vhodnych opatreni vysouseni stojate vody.
Regulovat mnozeni komaru Ize také pomoci postfika uréenych proti
hmyzu, tzv. insekticidu. Protoze komafi utoCi na €lovéka predevsim v
noci, tak dalSim efektivnim opatrenim je spani pod sitémi na postel.




Prevence a kontrola

* Chemoprofylaxe — doporucené prostredky
lekarem (pred a nebo po ceste do
endemicke oblasti)

» Kontrola vyskytu vektoru
— Aplikace insekticidu (postriky)

— Moskytiery (postele)
— Repelenty (individualni ochrana)

« Hubeni larev komaru
— biologicky boj




Aplikace venkovniho postriku

190 Indoor house spraying in malaria control

The ambitious global programme that started in the 1950s to eradicate malaria by
spraying the inside of all dwellings in endemic areas with long-lasting insecticides
such as DDT failed to meet its objective in all but a few areas. Residual spraying still
retains a place, however, as one of the effective means of controlling transmission in
some areas, in spite of popular fears over the possible ecological hazards of deploying
such organochlorines widely. Here a malaria worker is seen entering a village house
in the north of Papua New Guinea to apply a DDT suspension to the inside walls.
Although at the time that the photograph was taken house spraying radically reduced
transmission in this holoendemic area, the project did not produce a lasting effect and
the area remains highly endemic. Insecticide resistance has been, unfortunately, an
all too frequent consequence of the mass use of DDT and other residual chemicals.




Prevence malarie

e Boj s komary: nutna znalost jejich biologie
Koméfi jsou holometabolni hmyz siln€ vazany na vodu.
Délka vyvoje od vajicka po dospélce se pohybuje od 3-4 dnti po n¢kolik
tydnu, podle podminek prostfedi. Dospély komar Zije asi 1 mésic.
Samicky komard musi sat krev obratlovei - gonotroficky cyklus.
Déle Z1jici samicka mize mit az 5 snisek vajicek.
Experimentalné bylo prokdzano, Ze jeden komar muze nakazit az 40
osob. Z dob korejské valky je zndm piipad, kdy se 52 osob nakazilo
jednim komérem.

Omezovani vyskytu komdrd: 1. Chemické prostiedky
2. Environmentalni management
3. Biologicky boj




Hubeni larev ve vodé a Gambusia a
Poecilia reticulata —larvivorni ryby

192 Lar_'_vivc_:rous_ﬁ:;h

191 Larviciding of aﬁnpﬁeline breédi-n"g sife near New

Delhi Small freshwater fish such as species of Gambusia and

The management of larval breeding sites has been a traditional  Poecilia reticulata (seen here), which feed on mosquito larvae,
means of limiting malaria transmission and is still of value in still retain a minor but useful place in the control of vector
specific circumstances. This figure illustrates the spraying with ~ breeding in peridomestic containers such as that harbouring
oil of a stream in which several species of anopheline vectors the Indian malaria vector Anopheles stephensi.

were breeding.




Zpusoby ochrany pred malarii:

. osobni ochrana
2. boj proti vektor
3. boj proti parazitim

e Osobni ochrana spociva predevsim v téchto zptisobech:

1. pec€liva prohlidka vnittku domt nebo spanek pod m'oskytiérami
2. pouziti repelentnich prostredki
3. Vyhnout se kontaktu s komary v dobé, kdy jsou tito pocetni (Usvit, soumrak)




Priprava moskytiéry

195 The mosquito net: an emerging method for malaria
control!

In addition to the widespread problem of multiple drug
resistance in P, falciparum, vector control has failed in many
countries because of insecticide resistance or other factors,
some of them socioeconomic. Protection of the populations of
endemic countries remains an elusive target. These obstacles
have necessitated a vigorous search for additional, sustainable
ways of preventing malaria. Field trials of mosquito nets
impregnated with synthetic pyrethroids have given promising
results in terms of lowering the rate of infected bites in the
community, but are still far from eliminating transmission in
most places. The situation is especially challenging in tropical
Afrira where transmissinn is verv intense.
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Boj proti parazitiim - 1é¢eni

e Prenos maldrie pfi aplikaci drog injekcemi - p¥ipad onemocnéni narkomanu ve 30.
letech v New Yorku

e Pifenos maldrie pti transfuzi - velmi ojedinély

e Prenatalni pfenos malarie se miiZe uskute¢nit, je v§ak velmi vzacny




Ochrana proti malarii
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Figure 9.10 Gambusia affinis.

A monument to G. affinis erected at Sochi,
a Russian town on the Black Sea. The fish
is commemorated because of its pivotal
role in the eradication of malaria from
southern Russia in the mid-twentieth
century.




Rostlina Cinchona ledgeriana

194 Flowers of
Cinchona
ledgeriana, the
source of
quinine

A young plant
growing in a
plantation in
Madagascar.
Quinine and
related alkaloids
are harvested
from the bark of
the Cinchona tree.
(Natural size)

193 Qinghao: the oldest antimalarial
Resistance of parasites, especially P. falciparum, to antimalarial
drugs is currently one of the higgest problems in the
management of malaria. In the search for new drugs with
which to combat drug-resistant malaria, attention has moved
away from synthetic chemistry to a search for natural products,
some of them used from time immemorial in traditional
therapy. Amang such remedies is ginghao (the Chinese
wormwood, Artemisia annua), which has yielded one of the
most potent compounds available currently: ginghaosu
(artemisinin). Qinghao has been recorded as an anti-fever
plant in traditional Chinese medicine for over 2000 years,
considerably longer than the Peruvian plant that yields quinine
(see 194), the beneficial effects of which were first recorded a
mere 400 years ago. A number of semisynthetic derivatives
and others based on the active pharmacore of artemisinin are
now under development or clinical trial. (Natural size)




Artemisin ucinné antimalarikum
(Artemisia annua)




Parazitologicke
nobelovky

Parazitologické ,,Nobelovky* Patrick Manson

P e

S. TOME g PRINCIPE

: Y
MOCAMBIQUE

REPUDLICA PORTUGTESA

T o —

REPUBLICA PORTUGUESA

ESTADO DA INDIA

Nobelova cena! Nejvyssi meta, jaké mtze védec dosahnout. Parazitologové ziska Sir Patrick Manson (A), objevitel pi‘enosu malarie pi"es koméry rodu

vaji toto ocenéni nejcastéji v kategorii fyziologie a 1ékatstvi. Pro parazitology by.
velmi v§znamny rok 2015, kdy byla Nobelova cena udélena Williamu C. Camp

Anopheles zobrazené zde na postovnich zndmkach (B), byl skotsky lekaf,

bellovi (A) a Satosi Omurovi (B) za lék proti parazitickym hlisticim a Teche  ktery se narodil 3. fijna 1844 nedaleko Aberdeenu a zemiel 9. dubna 1922

Jou-jou (C) za ptispévek k 1é¢bé malarie. Ale nebylo to zdaleka poprvé, kdy pa
razitologové takto ,zabodovali. Nobelovy ceny se pfedavaji od roku 1901 a hnec

v Londyné ve véku 77 let. (Zdroj: A, Wikipedia; B, archiv Jana Votypky)




Konceptualni diagram epidemiologie malarie

- \Asymptomatic parasitemia
\ J Uncomplicated malaria

-

Severe malaria

Cerebral malaria Anemia (6m-2y)

(2-5y) DEATH Metabolic acidosis
/Factors that determine the relative sizes oh / Factors that determine which circle an\
each circle in the community: individual patient falls into:
1. Transmission pattern (stable/unstable) 1. Genetic (HbS, HLA, TNF gene allele
2. Climatic (temperature, humidity, global 2. Behavioral (gem miners, loggers)
warming) 3. Nutritional (iron, malnutrition)

3. Environmental (irrigation schemes) 4. Immunity
kﬁl. Ecological (deforestation) / \ 5. Parasite dose, virulence /

= il r ¥l




Strategie integrované kontroly malarie

COMTROL OF TRANSMISSION ROUTE

-Adult Vector-
Spraying houses with residual insecticides
in cases where the vector habits are such
as will ensure its contact with the insecticide

CONTROL OF THE SOURCE OF
INFECTION

1. Elimination of gametocytes
by chemotherapy
2. Screening to minimize
vector/man contact
3. Impregnated bednets

Source of

infection Transmission route | Sysceptible recipient
HUMARNS - - = HUMANS
Gametocyte Mosquito Vector

carrier

PROTECTION OF SUSCEPTIBLE RECIPIENT

1. Chemoprophylaxis
2. Siting houses away from vector
breeding areas
3. Anti-mosquito clothing
4. Screening houses
5. Use of impregnated bednets

Adult T Aquatic stage of anopheline life cycle
anopheline Pupa Larva Ovum

CONTROL QF TRANSMISSION ROUTE

-Aquatic Stages of Vectors-

1. Destruction by larvicides
2. Elimination of breeding places
3. Modification of breeding places




Zakladni SIR model pro mikroparazity

Loss of immunity
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Zavislost ochrany proti malarii na veku




Model Sireni malarie

“uman population

Susceptible Exposed Infectious Recovered
humans humans humans humans
(SH) (EH (I1) Rp)

w k’- =

Susceptible Exposed Infectious
mosquitoes mosquitoes mosquitoes
(Sy) (Ey) (ly)

Mosquito population




Distribuce rezistence vuci antimalariku
Chloroquinu

%
. Countries with malaria that is resistant to chloroquine ¥ j

T " | ] Countries with malaria that is sensitive to chloroquine




Casovy prubé&h intra-erytrocytarniho
cyklu Plasmodium falciparum

Schizont

& Parasite
a@i‘ D dlock (.

Trophozoité

Trophozoite

Jaterni pre-erytrocytarni schizont




Mechanismus rezistence vuci
chlorochinu

/ .

= rythrocyte S

/

N

N ey

Parasite cytoplasm \

" Toxic heme buildup if
heme dimerization is blocked
by CQ, resulting in lysis.

Hb ———> Heme—-®—> HZ

Heme dimerization
blocked by CQ

cQ

// PfCRT
&, transport

Parasite protein

. food vacuole

Export of CQ in

. resistant strains
expressing

CQ altered PfCRT




Schéma znazornuijici pusobeni chloroquinu na
intraerytrocytarni stadia malarickych plasmodii

Fig. 3.51 Diagrammatic representation of the effects of chloroquine (CQ) on intraerythrocytic
stages of Plasmodium species. CQ passes through several ionic channels (K) into the inner of the
parasitophorous vacuole (PV) inside the parasitized erythrocyte. The CQ blocks the digestion of
the haemoglobin (H), while the digested globin results in amino acids (A) which are transported
into the cytoplasma. A amino acids; E erythrocyte; EM membrane of the erythrocyte; MI
mitochondrion; MP micropore cytostome; N nucleus; P pigment=remnants of haem; PV
parasitophorous vacuole




Polyrfismus nékterych genu pusecéech
rezistenci Plasmodium falciparum

Protein

Disease

Mutation

Protection

Hemoglobin
Hemoglobin
Hemoglobin
Glucose-6-phosphate

dehydrogenase
Band 3 protein

Sickle cell anemia
Hemolytic anemia
o+-Thalassemia
Favism (conditional

hemolytic anemia)
Melanesian ovalocytosis

Repl. in p chain at
position 6 (valine)
Repl. in f chain at
position 6 (lysine)
Deletion, limited
production of « chain
Various mutations in
the G-6-PD gene
N-terminal extended
CD233 (bicarbonate
transporter)

Heterozygote: 60—-90%

Heterozygote: up to 74%
Homozygote: up to 86%
Heterozygote: up to 34%
Homozygote: up to 60%
Heterozygote: up to 46%
Hemizygote: up to 58%
Protection against
severe malaria




Oblasti Sireni malarie a rezistence
lasmodium falciparum (2001)

l:l Malaria transmission areas
o Chloroquine resistance
¢ Sulfadoxine-pyrimethamine resistance

% Multidrug resistance




Chronologie celosvetoveho Sireni rezistence
vUuci chlorochinu u Plasmodim falciparum
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Moznée cile pro vanciny p

TRANSMISSION BLOCKING

Sexual cycle
in =

mosquito vector

| Pfs25, Pfs16

roti malarii

VACCINE
Sporozoites
Gametocytes infect
infect man
mosquito
Pfs230, Pfs45/48
Pf11.1 PRE-ERYTHROCYTIC
L STAGE VACCINE
MEROZOITE
VACCINE
MSP-1, MSP-2
MSP-3, AMA-1
EBA-175, RAP-1
RAP-2, RhopH3
Ag512

hsp70, aidolase
RESA, HRP-2
GBP, SERA,
ABRA

ASEXUAL STAGE
VACCINE

S5P-2, LSA-1, LSA-2
L5A-3, STARP, SHEBA
SALSA, Exp-1, CSP

Asexual cycle




Cilove body imunitniho efektoroveho mechanismu
v prubéhu cyklu rodu Plasmodium

Destruction by
toxic molecules

Blockage of
fertilization

Agglutination

Destruction by
& cytotoxic T-cells
o‘
lnva5|on ‘

: e . blocking

Phagocytosm

/ ADCC
Destruction by : ‘

3 toxic molecules Agglutlnatlon

Erythrophagocytosis dispersion

Lysis of ;
: Destruction by
Blockage/reversal  infected RBCs reaie msleciles

of cytoadherence




Antigenni variace

Antigenic variation
Binding phenotype

=

Endothelial cell

Zmeny v expresi PFEMP1 alel




Potencialni vakcinacni strategie

Table 15. 9 Potentlal vaccine strategles

cytokines

-_?Target ?Protectlan o _"_';'Mechamsm |
Sporozmte Anti-infection Prevent or eliminate liver stage
Merozoite Antiparasite Decrease efficiency of merozoite invasion
Infected Antiparasite Increase clearance of infected
erythrocyte erythrocytes
Exo-antigens Antidisease Lower production of inflammatory

Sexual stages

Antitransmission

Eliminate gametes or prevent infection of
mosquitoes




Vyznamné druhy rodu Plasmodium

Druh periodicita hostitel vektor mortalita
P. falciparum 48 cloveék Anopheles +
P. vivax 48 Clovek Anopheles -
P. ovale 48 clovek Anopheles +/-
P. malariae 48 T2 clovek, opice Anopheles +/-
P. knowlesi 24 opice SS, Clovek Anopheles -/+
P. coatneyi 48 opice SS, Clovek Anopheles -/+
P. cynomolgi 48 opice SS, ¢lovek Anopheles -
P. simium 48 opice NS, ¢lovek Anopheles -
P. galinaceum neprav. kute Aedes, Culex +
P. juxtanucleare neprav. kure Culex +
P. relictum 12-36 holub Culex, Aedes, B
Anopheles
P. cathemerium 24/48 vrabci, kanafi Culex, Aedes, T
Anopheles
P. berghei 24 potkan Anopheles dureni  -/+
P. agamae neprav. jestérky Lutzomyia -
Culicoides
P. wenyoni neprav. hadi Culex -




Model vlivu malarie na ¢innost ¢loveka

HIGH LOW

More energetic labour

Debilitated labour

“Poor water and
Anopheles control

HIGH HIGH LOW

Improved water and '
Anopheles control







Babesie




Babesie paraziti Cloveka a zvirat




Apicomplexa — Babesia - klasifikace

Table 5 The protozoa (phylum Apicomplexa) of medical importance

Phylum Subclass Order Family

Genus and Species

Sarcomastigophora (see Tables 17 and 18)
Ciliophora (see Table 17)
Microspora (see Table 19)
Apicomplexa
Piroplasmasina Babesiidae'

Coccidiasina
Eucoccidiorida
Suborder Haemospororina
Plasmodiidae

Suborder Eimeriorina
Sarcocystidae

Eimeriidae

Cryptosporidiidae

Babesia bovis

B. divergens

B. microtf

Babesia sp. Near odocolilei

Plasmodium (Plasmodium) vivax
P (P) ovale

P. (P) malariae

P. (P) knowlesi?

P (Laverania) falciparum

Toxoplasma gondii

Sarcocystis hominis®

S. suihominis®

Sarcocystis spp.®

[sospora belli

Cyclospora cayetanensis
Cryptosporidium hominis

C. parvum

Cryptosporidium sp. near parvum®




Babesie v krvinkach clovéeka

100 Babesia divergens in human blood

Human infection with species of piroplasm transmitted by the
bite of the tick [xodes ricinus infected from cattle is a rare
occurrence. Infection in normal people with this piroplasm may
give rise to a self-limiting fever and parasitaemia. as in the
case of infection with the rodent parasite Babesia microti on
the north-eastern seaboard of the USA via the tick Ixodes
scapularis. Heavy red-cell infection may develop, however, in
splenectomised patients, leading to fatal haemolytic anaemia.
This patient died from an infection acquired from the cattle
parasite B. divergens in Scotland. Other species of Babesia that
occasionally infect humans, e.g. the WAT, CA1 and MOT1 isolates
from the USA are now being recognised by molecular
characterisation. (Giemsa x 700)

101 Babesia microti in
human blood

This blood film was made
from a German forest worker
who had earlier been bitten
by a nymphal ixodid tick,
probably Ixodes ricinus. The
patient suffered from a mild,
self-limiting fever only. There
is an interesting parallel
between zoonotic infection
with B. microti and Borrelia
burgdorferiin several
countries. (Giemsa x 2600)

102 Unfed adult female
Ixodes ricinus (sheep tick)
This common tick of cattle
and sheep is widely
distributed throughout Europe
and the former Soviet Union.
Itis responsible for the
transmission not only of
piroplasmosis but also of
European tick encephalitis
and other arboviruses,
including louping ill of cattle,
which occasionally affects
humans. (x 4.5)




Babesia - babesiosa

Zarazeni do systému: 3. podtrida: Pirolasmia
rad: Piroplasmida

Piroplasmy jsou drobni intracelularni paraziti s vicehostitelskym ZC, vektorem jsou klist’ata,
v nichZ probiha sexualni reprodukce cizopasnika, u obratlovct plisobi smrtelnd onemocnéni.

1. celed’: Babesiidae

2. Celed’: Theileriidae B
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Babésie se u obratlovetl vyskytuji v erytrocytech, kde se mnozi binarnim délenim.
Gametocyty jsou nasaty klistétem. Vyvoj je komplikovam tim, Ze parazit béhem svého ZC
projde 1-3 kliStécimi vektory. NakaZené kli§t€ samo o sobé& neni infekéni, ale nadkaza prechazi
z larvy na nynfu (transstadialni pfenos), z nynfy na imago a z imaga na larvu (transovarialni
prenos). Cyklus v obratlovei za¢ne inokulaci parazita do krve. Ve vektoru jsou paraziti v
epitelu stieva - vznikaji zde analogie merozoiti - mnozi se a pronikaji do riznych bungk - u
samicek do vajiCek - larva - nynfa - imago. Ookineta vznikl4 fiizi jednojadernych gamet
migruje pfimo do slinnych Zlaz pienasece.

Babesiosy jsou horeCnatd onemocnéni - skleslost, Zloutenka, anémie, poruchy ob&hového
systému a zazivani. |




Vybrani zastupci:

Druh hostitel kliStéci vektor
Babesia bigenima skot Boophilus,Haematophysalis
| Rhipicephalus
Babesia bovis skot Boophilus Haematophysalis
Rhipicephalus

(U ¢lovéka se sniZenou obranyschopnosti (AIDS, po operaci sleziny) tyto druhy vyvoldvaji i
smrtelné onemocnéni)

Babesia panthera Felis silvestris Rhipicephalus
Panthera leo
Babesia caballi kun, mula, osel Hyalonema, Dermacentor




Zivotni cyklus Babesie |

Klisté Ixodes ricinus je definitivni hostitel
Clovék a hlodavci jsou mezihostitelé

Prenos na Cloveka je zajisten klistetem (vektorem)
pripadné pfi transfuzi

B&hem ZC — merogonie probiha u obratlovce sporogonie
u bezobratlého.

Clovék se nakazi pfi sani infikovaného klistéte
Sporozoity z slinnych zlaz klistéte jsou inokulovany do
krve Cloveka/obratlovce

V krevnim obéhu se méni na trofozoity, které napadaji
RBC a mnohonasobné se v nich binarnim délenim
MNoZi.

V krvinkach se vyskytuji v parech nebo v tetradach.




Zivotni cyklus Babesie |

Napadené erytrocyty praskaji a napadany jsou nove
RBC

Samicky klistat se nakazi sanim na napadenych
hlodavcich

Transovarialni a transtadialni prenos

V zazivacim traktu klistete probiha gamogonie
Behem pohlavni faze vyvoje vznikaji sporozoiti, kteri
migruji do slinnych zlaz klistete.

Sporozoaiti jsou infekéni pro Clovéka

Gametocyty a schozonti se u Cloveka nevyskytuji

K prenosu z Cloveka na Cloveka dochazi nejCasteji pri
transfuzi.




Zivotni cyklus Babesia divergens a
Babesia canis
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Infekce bunek parazity rodu Babesia a
Theileria

Figure 2.72 Infection of cells with Babesia by Archive of the Department of Parasitol-
and Theileria. (a) Blood smear of a cow with  ogy, University of Hohenheim). (c) T lym-
Babesia divergens in erythrocytes (by kind phocytes infected with schizonts of Theileria

permission of H. Mehlhorn). (b) Blood smear parva. (Image: Courtesy of D. Dobbelaere.)
with Theileria parva in erythrocytes. (Image




Mikrofoto babesii parazitujicich u dobytka

Babesien des Rindes

B. bigemina B. diverp{ens B._bovis




Babesia canis v erytrocytech psa

Moc€ psa infikovaného babesiosou




Zivotni cyklus Babesia spp.




Ixodes ricinus — vektor babesiosy




Ixodes ricinus — zivotni cyklus




Diagnostika

Mikroskopicke vysetreni
Molekularni diagnostika (PCR)
Serodiagnostika

Inokulace pokusnemu zvireti




B. divergens

Zastupci Babesia spp.

B.canis B. bigemina
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Patogenita

LI " 4 - ard

priznak nemoci.

Subklinicke stadium pripomina malarii

Akutni stadium se vyznacuje stredni parasitémii —
horeCka, unava, bolesti hlavy, poceni, anorexie, horeCky
jsou ale nepravidelné, objevuje se hepatosplenomegalie
a hemolyticka anemie

U silné nakazy je vysoka parasitémie a vyskytuje se u
imunokomprominotvanych pacientu, zde ¢asto fatalni.
Dochazi k organovym komplikacim: selhani ledvin,
diseminativni intravaskularni koagulace (DIC), akutni

respiracni distress syndrom (ARDS) congestivni cardiac
selhani/ failure (CCF)




Prevence a kontrola

* Pouziti ochrannych sitek pri pohybu na
uzemi s vyskytem klistat

* Repelenty na klistata

» Lidé podezreli na historii symptomaticke
babesiosy nesmi davat krev




Prehled dulezitych zastupcu skupiny
Piroplasma

Species

Intermediate host tick

Disease

Pathogenicity distribution

Babesia/final host
Cattle
Babesia divergens

Babesia bovis
Babesia bigemina
Babesia major
Sheep/goat
Babesia motasi

Babesia ovis

Dog
Babesia canis

Rodents
Babesia microti

Theileria/final host
Cattle

Theileria parva
Theileria annulata

Theileria mutans
Sheep, goat
Theileria ovis

Theileria hirci
Horse
Theileria equi (formerly Babesia)

Ixodes ricinus

Boophilus sp., Ixodes ricinus
Boophilus sp.
Haemaphysalis sp.

Rhipicephalis sp.,
Haemaphysalis sp.
Rhipicephalus sp.

Rhipicephalus sp.,
Haemaphysalis sp.
Dermacentor sp.

Ixodes sp.

Rhuipicephalus sp.
Hyalowmma sp.

Amblyomma sp.

Rhipicephalus sp.,
Dermacentor sp. Ixodes ricinus
Hyalomma sp.

Hyalomma sp., Rhipicephalus
sp. Dermacentor sp.

Eed water, Babesiosis in
humans

Plague-like hemoglobinuria
Texas fever

Babesiosis

Babesiosis

Babesiosis

Babesiosis

Babesiosis in humans

East Coast, Corridor fever

Tropical Theileriosis

malignant Theileriosis

Theileriosis

+

+

~Ek

+i—

—/+

Europe
Worldwide in warm climates

Worldwide in tropics and subtropics
Europe, Africa, South America

South Europe, Near East, Vietnam

South Europe, Near and Middle East, Africa,
South America

Worldwide

Worldwide

Africa south of Sahara

Mediterranean, North Africa, Near East, and
Central Asia

Africa south of Sahara

Europe, Middle East, Asia, Africa

South Eastern Europe, Africa, Caucasus, India

Worldwide




Dekuji za pozornost










Schema typickeho PTEMP1 (- var gene)

I rosetting domain

f | CD36 binding domain cytoskeletal binding domain |
| | |
Extracellular Intra-
cellular
| DBL CIDR [ transmembrane

PfEMP1 je transmembranovy protein slozeny z jednoho az péti Duffy-binding-like
(DBL) domén a jednoho az dvou na cystein bohatych interdoménovych regionu
(CIDR). Tyto variabilni domény jsou na povrchu exponovany napadenym
erytrocytim. Intracelularni doména je stabilni a vaze se k submembranovému
cytoskeletu erytrocytu.




Fig. 3.49 Diagrammatic representation of the arrangement of the chemical components at the
surface of an erythrocyte in an uninfected stage (above) and in case of an infection with
Plasmodium falciparum stages after results of Foley and Tilley. At the surface of infected red
blood cells, so-called knobs appear, which are formed by several components. These changes lead
to the effect that the surface of the infected erythrocytes losses its flexibility. A actin; AL adhesion
proteins (e.g. sequestrin); AN ankyrin; £M membrane of the erythrocyte; HRP-1-protein (=knob
protein); MP; modified protein-3; MS MESA (mature parasite erythrocyte surface antigen; Ps, Py,
P4, proteins (bands); SP spectrin dimers

Tvorba a funkce tzv. ,knobs¢

Diagram pfedstavujici usporadani
chemickych komponent na povrchu
erytrocytu nenapadeného ( nahore)
A napadeného (dole) druhem
Plasmodium falciparum.

Na povrchu napadeného erytrocytu
se tvofi tzv.,.knobs” (knoflik, hrbol),
ktery je tvofen riznymi
komponentami. To vede k tomu, Ze
napadeny erytrocyt ztraci svou
flexibilitu.

Legenda:

A — aktin, AD — adhesivni protein,
AN — ankyrin, EM, membrana
erytrocytu, H — HRP-1 protein
(knob protein), MP; — modifikovany
protein 3, MS — MESA (mature
Erytrocyte suirface antigen), P3.,P4,
P 4-9 proteiny, SP — spketrin dimers.




Struktura genu ruznych proteinu
Plasmodium falciparum

147 124 288 389412
37 x NANP
4 x NVDP
PMMSA I
12072105 6 x SGG 1623 1640
5x SVA
S Ag
Ul 2 100 x PAKASQGGLED 119220c8
] |
15170 226 774

11 x LTSADPEGQIMREYAADPEYRKHLEIFHKIL TNTDPNDEVERRNADNKED

RESA I:I—

i1 65 66 436 505 893 1073
5 x EENVEHDA
7 x DDEHVEEPTV A 28 x EENV
4 x EEV 3 x EEYD
FIRA
1 100 101 169 x PVTTQE 1982
KAHRP I]— ‘ :
500 amino acids

1 37 3861 124 366 436 312 357 543

5 x SKKHKDNEDAESVK
7 x SKGATKEAST

Tmavé oblasti: repetitivné sekvence, Cerné boxy: signalni
sekvence nebo hydrofobni hackoveé (anchor) sekvence.




