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Some well known conflicts caused by malaria include:

Alexander the Great might be killed by malaria.

- In the fourth century A.D., Alaric, King of the Goths, attacked Rome, but
soon after he got sick with malaria and died.

- For thousands of years, traditional herbal remedies have been used to treat
malaria; the historian Herodotus (484 — 425 BC) wrote that the builders of
the Egyptian pyramids were given large amount of garlic for protection
against malaria. Garlic is still in use as an insect repellent.

- The invading army of Attila (452 AD) was stopped in Rome by malaria?

- Malaria probably played a part in dissuading Genghis Khan (1162-1227)
from invading Western Europe
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- In the 1500s AD, European settlers and slavery are likely to have brought
malaria to America. Spanish missionaries found that fever was treated by
the indigenous people with powder from Peruvian bark.

- Malaria continued to spread throughout North America during the
Revolutionary War.

- Malaria and yellow fever kept Napoleon Bonaparte from putting down the
uprising in Haiti in 1801

- During the American civil war in 1861-1865, malaria accounted for
1,316,000 episodes of illness and 10,000 deaths. It has been estimated
that 50% of the white soldiers and 80% of the black soldiers got malaria
annually.

- During the French campaign in Madagascar in 1895 approx. 10 - 20 died in
combat but over 4,000 due to malaria

- Building of the Panama channel was interfered by yellow fever as well as by
malaria
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- World War | (1914-1918): In Macedonia, British, French, and German armies
were influenced by malaria.

- Many troops had to suffer casualties by inflicted malaria even in World War I1.

- Korean War (1950-1953): U.S. military hospitals reported over 600 cases of
malaria per week.

- Vietnam War (1962-1975): Malaria affected more combatants during the war
than bullets. The disease reduced the combat strength of some units by half.

- Somalia 1992-1994: Malaria was the No. 1 cause of casualties among US troops
during the operation.
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Malaria — History achievements in science

- In 800 B.C. the Indian sage Dhanvantari wrote that bites of mosquitoes could
causes diseases, fever, shivering etc.

- In the Sushruta Samhita "father of Surgery", a medical treatise (6th century
BC), the symptoms of malarial fever were described and attributed to the bites
of certain insects.

- Hippocrates (460-370 BC), the "father of medicine and probably the first
malariologist”, related the presence of intermittent fevers with climatic and
enviromental conditions and classified the fever according to periodicity :
tritaios pyretos / febris tertiana , and tetartaios pyretos / febris quartana (every
fourth day).

- Claudius Galenus of Pergamum (131-201 AD), more popularly known as Galen,
was an ancient Greek physician who recognized the appearance of fevers with
the summer season and a jaundice in infected people.

- In 1717 the italian physician Giovanni Maria Lancisi published his text book of
malaria. He first described a characteristic black pigmentation of the brain and
spleen in the victims of malaria.
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- In 1816, Giovanni Rasori (1766-1837) of Parma, while suffering from malarial
fever in prison, doubted the "bad air" (= mal‘ aria) theory and suggested that a
microorganism is responsible for the disease.

- Josiah Clark Nott, an American physician, in his essay "Yellow Fever Contrasted
with Bilious Fever,” published in 1850, argued that microscopic “insects”
somehow transmitted by mosquitoes caused both malaria and yellow fever.

- Finally, Charles Louis Alphonse Laveran, a French
physician working in Algeria and a student of Pasteur,
identified the malaria parasite (Nobel Prize 1907).

He called this microscopic organism Oscillaria malariae
and proposed that malaria was caused by this protozoan.

-  Ettore Marchiafava and Angelo Celli called the
new microorganism Plasmodium.

- The fourth human parasite, P. ovale was identified
by John William Watson Stephens in 1922. Laveran
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- Ronald Ross, an army surgeon working in India, proved
in 1897 that malaria is transmitted by mosquitoes. He was
able to find pigmented malaria parasite in a mosquito.
Certain mosquito species (Culex fatigans) transmit malaria
to sparrows. He isolated malaria parasites from the salivary
glands of mosquitoes (Nobel Prize 1902).

- In 1898, Italian physician Giovanni Battista Grassi
showed that human malaria could only be transmitted by
Anopheles mosquitoes.

- In 1948 Short and Garnham discovered of the
exoerythrocytic stages of malarias in the liver of a
monkey 3% months after sporozoite inoculation

- Discovery of Dichlordiphenyltrichlorethan (DDT) as toxin
against athropodes by Paul Hermann Muller (Nobel Prize 1948)
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Malaria — History achievements in science

- In 1975 William Trager cultured P. falciparum inside
red blood cells.

- In 2002, the genome of Anopheles gambiae and
Plasmodium falciparum were sequenced

- Artemisinin, discovered by Tu Youyou, last line of
malaria defence? (Nobel Prize 2015)
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e 300 - 500 million cases every year

e 450.000 deaths every year

e Pregnant women and children under the age of 5 years are at risk
e 90% of malaria cases are in Africa



Malaria in Brazil

Mapa transmissao da malaria. BRASIL, 2004,

IFA 2004
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(5 Anopheles

o development in different types
of water — brackish, sweet etc

e complete sporogony of
Plasmodium in the mosquito

e 30 — 50 species are transmitted by a bloodmeal

e most important vectors are A. gambiae in Africa and A.
Darlingi in Brazil
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\

Eggs - 1-3 days

2-3 day after a
bloodmeal of a female -
70 -90 eqggs

D |

. L L 'l: Anopheles

/N s

Larvas - 7-9 days

Pupas - 24 hs

91060 St coggen

Adults
- Male ~ 15 days
- Female ~ 40 - 50
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(IS Taxonomy of Plasmodium

Protozoa

Apicomplexa

Conoidasida
Haemospororida
Plasmodium

P. vivax

P. falciparum
P. ovale

P. malariae
P. knowlesi

Intermediate host: HUMAN

Definite host: MOSQUITO



CIS Species of Plasmodium and their hosts

Naturai nost Geographical location

P. falciparum Human Tropics

P. vivax Human Tropics and Subtropics
P. malariae Human/Chimpanzee Tropics and Subtropics
P. ovale Human Tropics in Africa and Asia
P. reichenowi Chimpanzee Central Africa

P. cynomolgi Monkeys Asia

P. fieldi Monkeys Malaysia

P. inui Monkeys India and Asia

P. knowlesi Monkeys and Human Malaysia

P. simiovale Monkeys Sri Lanka

P. gonderi Monkeys Central Africa

P. yoelii Rodents Central Africa

P. berghei Rodents Central Africa

P. gallinaceum Chicken Asia
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(IS Sporozoite

Apical Complex
v 10-15 pm long by 1 ym in diameter Micronemes

v' 2 membranes (external and internal) N\ f , _
4 Roptrias (one pair)
v Roptrien and micronemes: proteins required for
penetration
v' 2 surface proteins have adhesive properties to the
hepatocyte:
CSP (circumsporozoite protein)

TRAP (anonymous protein related to thrombospondin)




(IS Movement of the sporozoites

Mowvie 82
Movie S| Blood Vessel Invasion
Sporozoite Gliding in the Skin

Source: Amino, R



(IS Lifes cycle of Plasmodium
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(IS Liver phase development

30 mjnutos s Time of the Schizogony

P. vivax P. malariae P. falciparum P. ovale

8 days 12-16 6 9

"The parasite then undergoes a process known as schizogony (the nucleus
divides without dividing the membrane), giving rise to a structure known as

schizont.”



(IS Liver phase development

S0 minutos

P. vivax P. malariae P. falciparum P. ovale

10.000 2.000 40.000 15.000
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[Sporozoites| 7 SE> o




Merozoite

v invade red blood cells

v has an ovale shape

v 1x1,5pum

v 2 membranes (external and internal)

v roptria and micronemes: Proeteins

required for penetration

Apical prominence

Dense
e granule

Nucleus

Merozoite coat

Types of red blood cells which are infected

P. vivax P. malariae P. falciparum P. ovale

Reticulocytes

Erythrocytes All types

Reticulocytes



(IS Invasion by the merozoite

- Invasion of the red cell is facilitated by the secretion of enzymes in the roptria
- The firm interaction / invasion depends on proteins from the surface of the
merozoite and the red blood cell:

e P. vivax: Duffy binding protein 1 and 2 (parasite) and Duffy factor (RBC)
e P. falciparum: EBA-175 (parasite) and glycophorins (RBC)

Initial stages of
invasion

Discharge of

& apical organelles
“ = (e. g. rhoptry secretion)
-

6
PVM formation

Source: NIH
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CIB Trophozoite

food vacuole

pinocytosis

&v’/ﬂ/ '

v It is the form found inside the erythrocyte after 10-18 hours of infection.
v Digest hemoglobin from the red blood cell into the alimentary vacuole.

v Mature trophozoite: initiates the expression of proteins capable of localizing on
the surface of the erythrocyte.



cl Schizont

» Schizogony: form of asexual
reproduction in which multiple
mitoses occur, giving rise to a

multinucleated cells.

» Once the nucleus and organelles
have replicated, cytokinesis occurs,

giving rise to merozoites.

* They express proteins that will be
embedded in the surface of the

infected red blood cell. Number of created merozoites

P. vivax P. malariae P. falciparum P. ovale

12-24 6-12 8-24 4-16
(or +)







(IS Gametogenesis

v' Formation of gametes (male and female gametocyte).

v" Stimulus or mechanism that triggers differentiation is unknown.
v’ P. falciparum: 12-15 days for development.

v P. vivax: 36 hours

=g I — S |
) l &

| ij’ ) e n & ‘

P. falciparum P. vivax P. malariae P. ovale




(IS Lifes cycle of Plasmodium
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(IS Zygote and Ookinate

Fertilization forms a diploid zygote.
Matura for 18-24 hours. .

It stretches, acquires mobility (oocineto) and moves to cross the wall of the
stomach of the mosquito

Size varies from 10-20 mm (depending on the species)



(IS Ookinate to Oocyst

v" The oocineto becomes oocyst
when it is surrounded by a thick
capsule with 0.1-0.2 mm of
thickness.

v" 10-12 days of development for P.
falciparum and 8-10 days for P.
vivax.

v" Reduced, haploid nuclear
division again.

v" multiplication to form thousands
of sporozoites.




Ookinate to Oocyst




(IB Important factors for transmission

- competent vectors
- appropriate ecological conditions for the vectors
- average temperature above 16-20 ° C

- infected individuals (-> gametocyte source!)

= @

ey



Plasmodium and Malaria

1) History

2) Epidemiology

3) Transmission

4) Clinical aspects

5) Diagnostics

6) Treatment

7) Prevention and Control



(IB Modulating the Host's Immune Response

e Intracellular growth in cells with little or no MHC class 1
presentation

e Do not let infected erythrocytes pass through the spleen:
cytoadherence (P. falciparum only) and antigenic variatio



Host cell modification

var gene family (£60 copies)

Infected red blood
cell membrane  vapc

[F-‘rEMF‘i geng 5111||:I:ur-_=l

PfEMP-1 protein

FEMP1 1158
g

Constiutive and ]
inducible recepiors

CO36E integrin

CSA

Host epithelial cell membrane

Mackintosh et al., TRENDS in Parasitology, 2004.



Host cell modification - knobs

IRBC

(Horrocks et al. 2005)



Host cell modification - knobs

TSP ICAM-1 ELAM-1 VCAM-1 CD36 PECAM
PSel. (CDa1)

i il .
. Microvasculature .
*{-& CR1
. ' HS-like GAGS, Igh,
Blood group &

Careral malaria .Mé.‘:mvmc.uhr adhesion

Sequestration

\

PIEMP1 variant antigans

J/

Crandritic call
Antigenic distinct waves of parasitasmia

Miller et al., 2000



<|5 Pathogenesis

P.vivax |P. malariae | P. falciparum |P. ovale
Incubation period 8-27 days | 15-30 days 8-25 days [9-17 days
Formation of Hipnozoites YES NO NO YES
Number of merozoite per 10.000 2.000 40.000 15.000
mature schizont
Average Parasitemia (mm3) 50.000 20.000 |50.000-500.000 9.000

Infection of RBC (type)

Reticulocytes Erythrocytes

All types

Reticulocytes
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Symptoms of infection with Plasmodium sp. in
non-immune people

- fever

* headache
- sweating
» arthralgia
* myalgia

- chills

Common: intermittent fever

sometimes: splenomegaly,diarrhea, vomiting
and anemia
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Fever and malaria

Temperature (°C)

41

40

39 p—t

3B
37
36
35

P. falciparum

P. vivax

P. malariae
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P. falciparum P. vivax P. malariae

41
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b

Temperature (°C)

i
LA

P. vivax P. malariae P. falciparum P. ovale

48 horas 72 horas 36-48 horas 48 horas

Terga benigna Quarta Terga maligna Terca leve
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Thick Blood Film

: ~e
. vHigh sensitivity
.

Thin Blood Film

v'High specificity
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-> Detection and discrimination of blood forms
e Thin Blood Film stained with Giemsa stain =~
(when there are many parasites:> 0.1% parasitemia)

e Thick Blood Film, Giemsa-colored
(when it has few parasites, <0.1% parasitemia)

e QBC (quantitative buffy coat)



( Diagnostics — QBC test

Plasma Layer-
Platelet Layar
{e Plasma i
N 55% of total blood Lymphocyte |
(9% : UV Monocyte Layer |
Buffy Coat Granulocyte
leukocytes & platelets Layer

(<1% of total blood)
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(Staining of DNA & RNA)
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detection




I
(5 Diagnostics

-> Detection and discrimination of blood forms
e Thin Blood Film stained with Giemsa stain
(when there are many parasites:> 0.1% parasitemia)

e Thick Blood Film, Giemsa-colored
(when it has few parasites, <0.1% parasitemia)

e QBC (quantitative buffy coat)

e "Dip stick" tests, detect malarial antigens
circulating (in the field): Histidin rich protein



— OptiMAL-IT —

Examples of RDTs:

»,Rapid Diagnostic Tests*

1 fL:-' ) o
i == %5
— MY Negative
Ermam ) F-I" Vil X

P. talciparum

Actual Test Results I

OptiMal Assay

Para Sight F test )
9 Kit

OptiMal assay Result

Require minimal training

2 to 6 steps, take 5 to 30 minutes

eUS $1.20 to $13.50 per test.

None approved by FDA for diagnosis of malaria in US
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Diagnostics

-> Detection and discrimination of blood forms
e Thin Blood Film stained with Giemsa stain =~
(when there are many parasites:> 0.1% parasitemia)

e Thick Blood Film, Giemsa-colored
(when it has few parasites, <0.1% parasitemia)

e QBC (quantitative buffy coat)

e "Dip stick" tests, detect malarial antigens
circulating (in the field): Histidin rich protein

e Serology
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Diagnostics

-> Detection and discrimination of blood forms
e Thin Blood Film stained with Giemsa stain =~
(when there are many parasites:> 0.1% parasitemia)

e Thick Blood Film, Giemsa-colored
(when it has few parasites, <0.1% parasitemia)

e QBC (quantitative buffy coat)

e "Dip stick" tests, detect malarial antigens
circulating (in the field): Histidin rich protein

e Serology
e Polymerase chain reaction (PCR)
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(5 Real-Time PCR according to BioRad

it

= = V4
Obtain V4
DNA templates - N\ " ; o A No dilution
vy = e :—A; = B 1/10
\/ | C 1/100
J U v Y D 1/1,000
% B ¢ by IE E 1/10,000

Add DNA
templates to all
PCR tube strips

Add iQ SYBR
Green supermix
containing primers
to all samples

Place PCR tube
strips with optical
flat caps in
real-time thermal
cycler and
amplify target
DNA sequence

Use dilution
series to optimize
real time PCR
conditions.
Determine starting
quantities using
real-time PCR
results

Perform melt-curve
analysis to
distinguish specific
PCR products
from non-specific
products such as
primer dimers

[ Analyze the results ]

( Optional: Electrophoresis of PCR products and gel staining ]

Compare and contrast data obtained from real-time PCR
to data obtained from conventional PCR




Real-Time PCR according to BioRad

No dilution
1/10

1/100
1/1,000
1/10,000
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I:IT:lw target [ D [ Laghcel b oAuleBom RSN o e yull e s 200 CRmBEER [ skl [ Sl vl
sequence A . j---" i e A el Y o e et e e el e e
1 [ ':1 - s
- -
— i 1
[re—— i i] 7 = - L] e
Use dilution i 1 ' LS, | . _e— *
series to optimize : . 3 3 T oA
real time PCR | : i
— i i i -
a il
~: i gt T 15 L]
quantities using E = M % e P L
Perform melt-curve, )
real-time PCR > = _] P | H {
oilie analysis to || = . ] ~HC] T e | EE| ]
distinguish specific il 0 - 31
PCR products
from non-specific [ T |

products such as
primer dimers

( Analyze the resuts ]

( Optional: Electrophoresis of PCR products and gel staining ]

Compare and contrast data obtained from real-time PCR
to data obtained from conventional PCR
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3) Transmission

4) Clinical aspects
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(5 Malaria therapy

* The diagnosis of the infecting species is essentiall
» Treatment should always be supervised by a physician

» It is necessary to consider which stages to combat
(Hypnozoites, gametocytes, trophozoites)
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(5 Malaria therapy

* The diagnosis of the infecting species is essentiall
» Treatment should always be supervised by a physician

» It is necessary to consider which stages to combat
(Hypnozoites, gametocytes, trophozoites)

Trofozoites: Quinine, Chloroquine, Mefloquine, Halofantrin,
Pyrimethamine, Tetracycline, Doxycycline, Artemisinin and derivatives

Hepatic stages: Primaquine, Proguanil, Tetracyclines
Gametocytes: Primaquine, Chloroquine, Amodiaquine

P. vivax therapy: Chloroquine + Primaquine
P. falciparum therapy: Artemisinin + Amodiaquine or Artememysin + Mefloquine



Drug resistance

Areas where malaria transmission oceurs (high/low)
P. falciparum chloroquine resistance
P. falciparum sulfadoxine-pyrimethamine resistance

P. falciparum mefloquine treatment failures

Malaria-free areas

Source: SWHO, 2005
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(5 Drug resistance - COSTS

Drugs US $

« Chloroquina (Resochina) 0,08
« Sulfadoxin/Pirimethamina (Fansidar) 0,13
 Amodiaquin 0,30
* Artesunat 1,20
* Quinino 1,50
« Mefloquin 2,00
* Artemether/Lumefantrin (Riamat) 2,40
« Halofantrin 5,00

« Atovaquona/Proguanil (Malarone) 30,00

Manson‘s 2003
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2) Epidemiology

3) Transmission
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7) Prevention and Control



(IB Prevention in Brazil

Chemoprophylaxis is possible but should be limited to emergency

cases (splenectomized persons)

Use repellent when possible, use of mosquito nets impregnated with

pyrethroids

Use of gloves in the surgical treatment of malaria

Contamination test in blood banks

Propaganda



Omaze okufuna akatimba k'ensiri
akateekebwamu eddaah
wekuuma

erirwamu okusobola
gwe n'abaanabo cbutakwatibwa
omusujja gwa nsiri.

Nga tonnakozesa katimba ko
akapya, kaleke kayitemu empewo
eddagala eritta ensiri lisobole

okukabuna obulungi okumala
olunaku lumu.

Omusujja gw ‘ensiri gusinga kuba
gwabulabe eri abakyala abali
embuto, abaana abali wansi
w'emyaka etaano (5) n'abantu
abalina akawuka ka silimu. Era bano
beetaaga okusula mu butimba bw
‘ensiri obwateekebwamu eddagala
erirwamu buli kiro,

Emisana, akatimba kazingeko
waggulu kaleme okwonooneka.

Saba omwagalwawo akuyambe
okuwanika akatimba nga akozesa
obuguwa obuli ku nsonda
Z'akatimba.

Ekiro, akatimba kafundikire mu
mufaliso oba omukeeka ensiri zibe
nga tezirina weziyita.

Akatimba ko kooze bwekaba
kaddugadde nga okozesa amazzi
ne sabuuni ( emirundi etaano (5)
omwaka okumala emyaka ena (4).

Akatimba tokaanika mu musana
wabula kaanike mu kisikirize
naddala mu busubi wansi w'omuti.



Omaze okufuna akatimba K'ensiri Nga tonnakozesa katimba ko Omusujja gw ‘ensiri gusinga kuba Emisana, akatimba kazingeko

akateekebwamu eddagala akapya, kaleke kayitemu empewo gwabulabe eri abaky@ta abqli waggulu kaleme okwonooneka.
erirwamu okusobola zgaweltuuma eddagala er ole embuto, abaana abali wansi

gwe n'abaanabo cbutakwatibwa b -

omusujja gwa nsiri.

Saba omwagalwawo akuyambe mufali
okuwanika akatimba nga akozesa n - Msli:.:
obuguwa obuli ku nsonda -

Z'akatimba.
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Omusujja gw ‘ensiri gusinga kuba Emisana, akatimba kazingeko
gwabulabe eri abakyala abali waggulu kaleme okwonooneka.
embuto, abaa na abiill_ wansi

Omaze okufuna akatimba k'ensiri Nga tonnakozesa katimba ko
akateekebwamu eddagala akapya, kaleke kayltemu empewc
erirwamu okusobola okwekuuma eddagala eritta

gwe n'abaanabo cbutakwatibwa

omusujja gwa nsiri.
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