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Cycle in Mosquito Cycle in Human
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MALARIA
Plasmodium Life cycle
Plasmodium species that infect humans:

Until recently, there were four plasmodium species that were considered responsible
for malaria disease in humans: P. vivax, P. falciparum, P. ovale and P. malariae. In
2008, P. knowlesi, a species that used to infect exclusively apes of the genous
Macaque, was recognised by WHO as the fifth plasmodium species that infect

humans.
Transmission routes

The main mode of transmission of the disease is by bites from infected Anopheles
mosquitoes that have previously had a blood meal from an individual with
parasitemia. Less common routes of transmission are via infected blood transfusion,
transplantation, infected needles, and from a mother to her fetus during pregnancy.

Plasmodium life cycle

The life cycle (Figure 1) is almost the same for all the five species that infect humans
and follows three stages:



(I) infection of a human with sporozoites
(Il) asexual reproduction
(Ill) sexual reproduction
=
The two first stages take place exclusively into the human body, while the third one
starts in the human body and is completed into the mosquito organism.
e —,

-Mechanism:

The human infection begins when an infected female anopheles mosquito bites a
person and injects infected with sporozoites saliva into the blood circulation. That is
the first life stage of plasmodium (stage of infection).

The next stage in malaria life cycle is the one of asexual reproduction that is divided
into different phases: the pre- erythrocytic (or better, exoerythrocytic) and the
erythrocytic phase. Within only 30- 60 minutes after the parasites inoculation,
sporozoites find their way through blood circulation to their first target, the liver. The
sporozoites enter the liver cells and start dividing leading to schizonts creation in 6- 7
days. Each schizont gives birth to thousands of merozoites (exoerythrocytic
schizogony) that are then released into the blood stream marking the end of the
exoerythrocytic phase of the asexual reproductive stage.

It is worth mentioning that, concerning P. vivax and P. ovale, sporozoites may not
follow the reproduction step and stay dormant (hypnozoites) in the liver; they may be
activated after a long time leading to relapses entering the blood stream (as
merozoites) after weeks, months or even years. The exoerythrocytic phase is not
pathogenic and does not produce symptoms or signs of the disease. Its duration is
not the same for all parasite species. %’
Merozoites released into the blood stream, are directed towards their second target,
the red blood cells (RBCs). As they invade into the cells, they mark the beginning of
the erythrocytic phase. The first stage after invasion is a ring stage that evolves into a
trophozoite. The trophozoites are not able to digest the haem so they convert it in
haemozoine and digest the globin that is used as a source of aminoacids for their
reproduction. The next cellular stage is the erythrocytic schizont (initially immature
and then mature schizont). Each mature schizont gives birth to new generation
merozoites (erythrocytic schizogony) that, after RBCs rupture, are released in the
blood stream in order to invade other RBCs. This is when parasitaemia occurs and
cinical manifestations appear. The liver phase occurs only once while the erythrocytic
phase undergoes multiple cycles; the merozoites release after each cycle creates the

febrile waves.
ile wav 5}/



A second scenario into the RBCs is the parasite differentiation into male and female
gametocytes that is a non_pathogenic form of parasite. When a female anopheles
mosquito bites an infected person, it takes up these gametocytes with the blood
meal (mosquitoes can be infected only if they have a meal during the period that
gametocytes circulate in the human’s blood). The gametocytes, then, mature and

become microgametes (male) and macrogametes (female) during a process known as
gametogenesis. The time needed for the gametocytes to mature differs for each
plasmodium species: 3- 4 days for P. vivax and P. ovale, 6- 8 days for P. malariae and
8- 10 days for P. falciparum.

In the mosquito gut, the microgamete nucleus divides three times producing eight
nuclei; each nucleus fertilizes a macrogamete forming a zygote. The zygote, after the
fusion of nuclei and the fertilization, becomes the so- called ookinete. The ookinete,
then, penetrates the midgut wall of the mosquito, where it encysts into a formation
called oocyst. Inside the oocyst, the ookinete nucleus divides to produce thousands
of sporozoites (sporogony). That is the end of the third stage (stage of sexual
reproduction/ sporogony). Sporogony lasts 8- 15 days.

The oocyst ruptures and the sporozoites are released inside the mosquito cavity and
find their way to its salivary glands but only few hundreds of sporozoites manage to
enter. Thus, when the above mentioned infected mosquito takes a blood meal, it
injects its infected saliva into the next victim marking the beginning of a new cycle.

+ That's it, this is the end of the summary.
* Here are some questions:

Malaria is transmitted to humans by the Anopheles mosquito, which injects the Arrange the following in the proper order in which they occur during the mosquito-
\ stage of the organism Plasmodium phase of the Plasmodium life cycle.
1. Formation of zygote
2. Formation of oocyst
A) oocyst 3. Formation of sporozoites
B) gametocyte
) 9 y A) 1,23
C) schizont B) 21,3
D) merozoite €) 2,31
E) sporozoite D) 3,21
E) 3,1,2
Arrange the following in the proper order in which they occur during the human-
phase of the Plasmodium life cycle.
1. Formation of schizont Plasmodium gametocytes are capable of producing gametes in mosquitoes, but not
2. Invasion of the liver in human hosts.
3. Invasion of red blood cells '4
A) True
A) 1,2,3 B) False
B) 2,1,3
C) 2,31 The liver cells of people infected with malaria contain the ring trophozoite form of
D) 3,21 Plasmodium.
E) 3,1,2 g
A) True
B) False
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Schizont: multinucleate single-celled organism which reproduces by schizogony.
Schizogony: asexual reproduction by multiple division.

Hypnozoites: sporozoites that 'hibernate’ in the hepatocytes, after that they can
become active, produce merozoites, and attack the RBC's.

Merozoites

Multiple mitoses

schi-zog-o-ny
/ski'zagene,skit'sag-/

asexual reproduction by multiple fission, found in some protozoa, especially parasitic sporozoans.

And now we're going to start with the Dr.Sameer's slides:




Dr. Sameer Naji, MB, BCh, PhD (UK)
Assistant Professor
Dept. of Basic Medical Sciences
Faculty of Medicine
The Hashemite University




Plural of plasmodium Key worde:

-Sexual eycle and agexual state.
-Female Anopheles.

The plasmodia are sporozoa in which the sexual and asexual cycles of
reproduction are completed in different host species. The sexual
phase occurs within the gut of mosquitoes. These arthropods
subsequently transmit the parasite while feeding on a vertebrate host.

Within the red blood cells (RBCs) of the vertebrate, the plasmodia
reproduce asexually; they eventually burst from the erythrocyte and
invade other uninvolved RBCs. This event and
in the host, a disease process known as . Of the many
species of plasmodia, four are known to infect humans and will be
considered here: Plasmodium vivax, P. ovale, P. malariae, and P.

falciparum. R

ée‘b

[n order to diagnose Malaria, take a blood film and look for the
erythrocytic stage of the plagmodia in the RBC's.



We can take blood from the superficial veing(lV) or from the
capillaries( as the blood glucose sugar test blood smear).

The morphology of the stained intraerythrocytic parasites shows three
characteristic features aid in the identification  of plasmodia:
; :and
, Oor , consisting largely of a hemoglobin degradation
product, ferriprotoporphyrin IX. The change in the shape of the
cytoplasm and the division of the chromatin at different stages of
parasite development are obvious. Gametocytes can be differentiated

from the asexual forms by their large size and lack of nuclear division.
Some of the infected erythrocytes develop membrane invaginations or
caveolae-vesicle complexes, which are thought to be responsible for
the appearance of the or

We stain the blood smear with one of these stains:
-Wright's stain.

-Giemsa stain.

-papanicolaou stain.

Hemozoin may have a pathological

role during parasitemia.



P. falciparum
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marginal form ring form
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Schiiffner's dots

Schiiffner's dots refers to a hematological finding that is associated with malaria,"]
exclusively found in Plasmodium ovale and Plasmodium vivax.2!

Plasmodium vivax induces morphologic alterations in infected host erythrocytes that are
visible by light microscopy in Romanovsky-stained blood smears as multiple brick-red dots.
These morphologic changes, referred to as Schiiffner's dots, are important in the
identification of this species of malarial parasite and have been associated by electron
microscopy with caveolavesicle complexes along the erythrocyte plasmalemma.!

They are named for Wilhelm Schiiffner, who described them in 1904.14
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Trophozoites of P. ovale in thin
blood smears. Schiiffner's dots
can be seen.




The appearance of each of the four species of plasmodia
that infect humans is sufficiently different to allow their
differentiation in stained smears. The parasitized
erythrocyte in and infections is pale,
enlarged, and contains numerous Schuffner’s dots. All
asexual stages (trophozoite, schizont, merozoite) may be
seen simultaneously. Cells infected by P. ovale are elongated
and frequently irregular or fimbriated in appearance. In P.
malariae infections, the RBCs are not enlarged and contain
no granules. The trophozoites often present as “band”
forms, and the merozoites are arranged in rosettes around a
clump of central pigment.

The doetor didn't read thig slide.




In P. falciparum infections, the rings are very small and
may contain two chromatin dots rather than one. There is
often more than one parasite per cell, and parasites’are
frequently seen lying against the margin of the cell.
Intracytoplasmic granules known as Maurer’s dots'may

be present but are often cleft shaped and fewer in
number than Schuffner’s dots. Schizonts and merozoites

are not present in the peripheral blood. Gametocytes are
large and banana shaped.




Ring forms Early schizont

Schizont

Examples of erythrocytic stages of

malarial parasites. Note: Tropho-

zoite and schizont forms of
Plasmodium falciparun occur in
visceral capillaries rather than

in blood. Male and female game-
tophytes show distinctive morpho-

logic differences.




CP. vivax

ring rorm mature ring form

trophozoite

developing gametocyte female gametocyte male gametocyte




P. falciparum | 7

marginal form

ring rorm
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schizont mature schizont

The most important stage in
diagnosis is: the RING form.

ring form double dotted rings
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P. malariac

ring form early band form band form
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early schizont mature schizont female gametocyte male gametocyte
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P. ovale

young ring older ring

trophozoite trophozoite voung schizont schizont mature schizont

female gametocyte male gametocyte




F Sporogony, or the sexual cycle, begins when a mosquito of the
genus ingests circulating male and female gametocytes
while feeding on a malarious human. In the gut of the mosquito, the
gametocytes mature and effect fertilization. The resulting zygote
penetrates the mosquito’s gut wall, lodges beneath the basement
membrane, and vacuolates to form an oocyst. Within this structure,
thousands of sporozoites are formed. The enlarging cyst eventually
ruptures, releasing the sporozoites into the body cavity of the
mosquito. Some penetrate the salivary glands,

. The time required for the completion of the
cycle in mosquitoes varies from 1 to weeks, depending on the species
of insect and parasite as well as on the ambient temperature and

humidity.  Tropical areas are good for p.falciporum life cycle.

There's an important thing : the RBC's that are infected with merozoites which will
develop into immature gametes won't lyse.. That means that the female anophele
will have to take the gameteg-infected RBC's.u




[t can either inject the

sporozoites.. or take the

gametes of an already
infected human.




B Schizogony, the asexual cycle, occurs in the human and
begins when the infected Anopheles takes a blood meal
from another individual. from the mosquito’s
salivary glands are injected into the human’s subcutaneous
capillaries and circulate in the peripheral blood. Within 1
hour they attach to and invade (hepatocytes). In P.
vivax and P. ovale infections, some of the sporozoites enter
3 immediately after cell invasion. The

remaining sporozoites initiate schizogony,
each producing about 2000 to 40,000 daughter cells, or

. One to two weeks later, the infected
hepatocytes rupture, releasing merozoites into the general

circulation. Some of the sporozoites rest’ in the hepatocyte as ‘hypnozoites... They ecan get
activated after a very long time causing the <o called ‘clinical malaria’. -hypno:

sleep faa gad

The saliva of the mosquito helps in lubrication during the process of penetrating the

human's gkin.



F The erythrocytic phase of malaria starts with the attachment
of a released hepatic merozoite to a specific receptor on the
RBC surface. After attachment, the merozoite invaginates the
cell membrane and is slowly endocytosed. The intracellular
parasite initially appears as a ring-shaped trophozoite, which
enlarges and becomes more active and irregular in outline.
Within a few hours, nuclear division occurs, producing the
multinucleated schizont. Cytoplasm eventually condenses
around each nucleus of the schizont to form an

intraerythrocytic cluster of 6 to 24 merozoite daughter cells.
About 48 (P. vivax, P. ovale, and P. falciparum) to 72 (P.
malariae) hours after initial invasion, infected erythrocytes
rupture, releasing the merozoites and producing the first
clinical manifestations of disease. parasitenia

The numbers aren't required here.




P Other daughter cells are transformed into sexual forms or
gametocytes. These latter forms do not produce RBC lysis,
and continue to circulate in the peripheral vasculature until
ingested by an appropriate mosquito. The recurring asexual
cycles continue, involving an ever-increasing number of
erythrocytes until finally the development of host immunity
brings the erythrocytic cycle to a close. The dormant
hepatic sporozoites of P. vivax and  P. ovale survive the
host’s immunologic attack, and may, after a latent period of
months to years, resume intrahepatic multiplication. This
leads to a second release of hepatic merozoites and the
initiation of another erythrocytic cycle, a phenomenon

known as .
M




Life cycle of the malarial parasite
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MALARIA Febrile: feverigh

F Malaria is a febrile illness caused by a parasitic infection of
human erythrocytes transmitted by the bite of a mosquito.
The fevers are accompanied by , , ,
and typically appear in

. Complications due to capillary
blockade can be fatal, particularly in the brain. cerebral

malaria

Paroxysmal epigodes: il .dmbaisl (a1,

JaSAg 9 gxi9 AXIg olad.
What are pyrogens?

-Substances that induce fever; they're of two types:

IMPORTANT: Malaria causes rigors endogenous(TNF|[L-1,IL-6) and exogenousg(LPS of G(-) bacteria.




* Malaria has a worldwide distribution between 45° N and 40°
S latitude, generally at altitudes below 1800 m. P. vivax is
the most widely distributed of the four species, and
together with the uncommon P. malariae, is found
primarily in temperate and subtropical areas. P. falciparum
is the dominant organism of the tropics. P. ovale is rare and

found principally in Africa.

* The intensity of malarial transmission in an endemic area
depends on the density and feeding habits of suitable
mosquito vectors and the prevalence of infected humans,
who serve as parasite reservoirs..

P-faleiporum is aka
((Malignant Malaria)).




Extra info from the Doctor: the general constitutional symptoms.

Constitutional symptoms moYy S

Constitutional symptoms refers to a group of symptoms that can affect many different systems of the body.
Examples include weight loss, fevers, fevers of unknown origin, hyperhidrosis, generalized hyperhidrosis, chronic pain,
fatigue, dyspnea, and malaise.!'!

Other examples include chills, night sweats, and decreased appetite.?!

Generally, they are very nonspecific, with a vast number of diseases and conditions as potential cause, thereby requiring

further evaluation for any diagnosis.



Flin (areas where more than half of the
population is parasitemic), transmission is usually constant,
and disease manifestations are moderated by the
development of immunity.

) is largely restricted to infants and to nonimmune
adults who migrate into the region.

F When the prevalence of disease is lower, transmission is
typically intermittent. In this situation, solid immunity does

not develop and the population suffers repeated, often

seasonal, epidemics, the impact of which is shared by
people of all ages.

So the immunity against malaria won't prevent you from getting it,
instead, the symptoms are going to be milder.




The fever, anemia, circulatory changes, and

immunopathologic phenomena characteristic of malaria

are all the result of erythrocytes invasion by the
1plasmodia

he fever ig mostly believed to be caused by:
-Endogenous pyrogens: [L-1,IL-6 and TNF.

-E xogenoug: from the modified products after the RBC lyse; such ag the hemozoin.(the doc wasn't sure)

 Fever

@er the hallmark cW\appears to be |n|t|ated by
the process of RBC rupture that leads to the libe

new generation of merozoites (sporulation). To date, all
attempts to detect the factor( s) mediating the fever have
been unsuccessful.




* It is possible that parasite-derived pyrogens are released at
the time of sporulation; alternatively, the fever might result
from the release of interleukin-1 (IL-1) and/ or tumor
necrosis factor (TNF) from macrophages involved in the
ingestion of parasitic or erythrocytic debris. Early in malaria,
RBCs appear to be infected with malarial parasites at several
different stages of development, each inducing sporulation
at a different time. The resulting fever is irregular and
hectic. Because temperatures in excess of 40° C destroy
mature parasites, a single population eventually emerges,
sporulation is synchronized, and fever occurs in distinct
paroxysms at 48hour or, in the case of P. malariae, 72-hour
intervals. Periodicity is seldom seen in patients who are
rapidly diagnosed and treated.

RBC lysisy! UMA (10 6029 0,50 agds [ galls 3L . nasLall merozoites ! youis dadladl oy ,adl 931 () g4 d3fuadl
Ol &y o) ,alls Lolada lada | gadlos clag] ago S dae gl (gua Las yS JSui acundl daya gdiyia
Paroxysmal L/ Lgdes gs 931 ol f 1389 + JI jglaial Jscin




Parasitized erythrocytes are phagocytosed by a stimulated C’D
reticuloendothelial system or are destroyed at the time of sporulation.
At times, the anemia is disproportionate to the degree of
parasitism. Depression of marrow function, sequestration of
erythrocytes within the enlarging spleen, and accelerated clearance
of nonparasitized cells all appear to contribute to the anemia. The
mechanisms responsible for the latter are unclear. Intravascular

hemolysis, although uncommon, may occur, particularly in falciparum
malaria. When hemolysis is massive, hemoglobinuria develops,
resulting in the production of . This process in conjunction
with malaria is known as ,/ .

Fever and dark urine in a tropical area .. Think of p.faleiporum infection.



B The high fever results in significant . In
falciparum malaria, vasodilatation leads to a decrease in the
effective circulating blood volume and , which
may be aggravated by other changes in the small vessels
and capillaries. The intense parasitemias P. falciparum is
capable of producing and the adhesion of infected RBCs to
the endothelium of visceral capillaries can impair the

microcirculation and precipitate )

, and . Although all deep tissues are
involved, the brain is the most intensely affected.

I Excessive TNF levels might precipitate cerebral malaria by
directly inducing hypoglycemia and lactic acidosis.




Splenic pooling: splenic
sequestration.

is common in malaria and appears to be
related to both splenic pooling and a shortened platelet
lifespan. Both direct parasitic invasion and immune
mechanisms may be responsible. There may be an acute
transient glomerulonephritis in falciparum malaria and
progressive renal disease in chronic P. malariae malaria.

These phenomena probably result from the host immune
response, with deposition of immune complexes in the
glomeruli.




F Once infected, the host quickly mounts a species- and
strain-specific immunologic response that typically limits
parasite multiplication and moderates the clinical
manifestations of disease,@zj.thguiﬁlimj_na;tj_ngihe infectiorﬂ
a phenomenon referred to as . A prolonged
recovery period marked by recurrent exacerbations in both
symptoms and number of erythrocytic parasites follows.

With time, these recrudescences become less severe and
less frequent, eventually stopping altogether.

Premunition mw % Z

Premunition, also known as infection-immunity, is a host response that protects against high numbers of parasite and
illness without eliminating the infection.l This type of immunity is relatively rapid, progressively acquired, short-lived, and
partially effective.] For malaria, premunition is maintained by repeated antigen exposure from infective bites.??! Thus, if an
individual departs from an endemic area, he or she may lose premunition and become susceptible to malaria.?!

Antibody action contributes to premunition.’®) However, premunition is probably much more complex than simple antibody
and antigen interaction. 12111 the case of malaria, the sporozoite and merozoite stages of Plasmodium elicit the antibody
response which leads to premunition. [l Immunoglobulin E targets the parasites and leads to eosinophil degranulation which
releases major basic protein that damages the parasites, and other factors elicit a local inflammatory response.®! However,
Plasmodium can change its surface antigens, so the development of an antibody repertoire that can recognize multiple
surface antigens is important for premunition to be achieved.!

Premunition has not been well-studied, and although it likely occurs broadly, it is mainly emphasized for its role in malaria,
tuberculosis, syphilis and relapsing fever.[°!

Premunization is the artificial induction of premunition. !



i

F The incubation period between the bite of theﬁmsquito
and the onset of disease is approximately 2 wéeks. With P.
malariae and with strains of P. vivax in temperate climates,
however, this period is often more prolonged. Individuals
who contract malaria while taking antimalarial suppressants
may not experience illness for many months. In the United

States, the interval between entry into the country and
onset of disease exceeds 1 month in 25% of P. falciparum
infections and 6 months in a similar proportion of P. vivax
cases.

Plasmodium species
P. vivax P. ovale P. malariae P. falciparum
Pro-erythrocytic phase (days) 6-8 9 14-16 5-7
Erythrocytic cycle (hours) 48 50 72 48
Incubation period (days) 12-17 or even 6-12 months 16-18 or more 18-40 or more 9-14
Sporogony (days) 8-10 12-14 14-16 9-10

Just to have a look.



* The clinical manifestations vary with the species of
plasmodia but typically include ; )
and . The hallmark of disease is the

. This manifestation begins with a cold stage,

which persists for 20 to 60 minutes. During this time, the
patient experiences continuous rigors and feels cold. With
the consequent increase in body temperature, the rigors
cease and vasodilatation commences, ushering in a hot
stage. The temperature continues to rise for 3 to 8 hours,

reaching a maximum of 40 to 41.7° C before it begins to fall.
The wet stage consists of a decrease in fever and profuse
sweating. It leaves the patient exhausted but otherwise well
until the onset of the next paroxysm.




first appear in the second or third week
of fever, when parasite sporulation becomes synchronized.
In falciparum malaria, synchronization may never take
place, and the fever may remain hectic and unpredictable.
The first attack is often severe and may persist for weeks in
the untreated patient. Eventually the paroxysms become
less regular, less frequent, and less severe. Symptoms finally

cease with the disappearance of the parasites from the
blood. T —




F In falciparum malaria, capillary blockage can lead to several
serious complications. When the central nervous system is
involved ( ), the patient may develop
delirium, convulsions, paralysis, coma, and rapid death.

frequently accompanies
cerebral malaria, killing about 80% of those involved. When
splanchnic capillaries are involved, the patient may
experience vomiting, abdominal pain, and diarrhea with or
without bloody stools. Jaundice and acute renal failure are
also common in severe illness. These pernicious syndromes
generally appear when the intensity of parasitemia exceeds
100,000 organisms per cubic millimeter of blood. Most
deaths occur within 3 days. s untreated.




Thick blood film: to have a bigger chance to detect the parasite.
_ Thin blood film: for species differentiations.

F Malarial parasites can be demonstrated in stained smears of
the peripheral blood in virtually all symptomatic patients.
Typically, capillary or venous blood is used to prepare both
thin and thick smears, which are stained with or

and examined for the presence of erythrocytic
parasites. Thick smears, in which erythrocytes are lysed
with water before staining, and

. Artifacts are
numerous in thick smears, and correct interpretation
requires experience. The morphologic differences among
the four species of plasmodia allow their speciation on the
stained smear by the skilled observer.

You can also diagnose from the clinical For full investigation: we draw venous blood.
picture. From Capillary: faster, in the airports for people coming from
malaria-endemic countries.




Just reading.

E Simple, specific card antigen detection procedures are now
available. The most widely used test, , detects a
protein (HRP2) excreted by P. falciparum within minutes.
The test can be performed under field conditions and has a

sensitivity more than 95%.

F A second rapid test, , detects parasite lactate
dehydrogenase, and, unlike ParaSight F, can distinguish

between P. falciparum and P. vivax.

E Serologic tests are offered at a few large reference
laboratories but are used primarily for epidemiologic
purposes. They are occasionally helpful in speciation and
detection of otherwise occult infections. The recently
completed sequencing of the malaria genome will lead to
newer diagnostic methods.




P The indications for treatment rest on two factors. The first is
the of Plasmodium, and the second is the

of the afflicted patient. Falciparum malaria is
potentially lethal in nonimmune individuals such as new
immigrants or travelers to a malarious area and

immunosuppressed indigenous individuals such as pregnant

women. These individuals must be treated emergently.




E The complete treatment of malaria requires the
destruction of three parasitic forms: the
, the , and the
. The first terminates the clinical attack, the
second prevents relapse, and the third renders the patient
noninfectious to Anopheles and thus breaks the cycle of

transmission.

F Unfortunately, no single drug accomplishes all three

goals. -
—




 Several agents can destroy asexual erythrocytic parasites.
Chloroquine,\a 4-aminoquinoline, has been the most
ommonly used. It acts by inhibiting the degradation of
hemoglobin, thereby limiting the availability of amino acids

necessary for growth /7




* When originally introduced, it was rapidly effective against
all four species of plasmodia and, in the dosage used, free of
serious side effects. However, chloroquine-resistant strains
of P. falciparum are now widespread in Africa and
Southeast Asia, and less frequently, in other areas of Asia
and in Central America and South America.

* Other schizonticidal agents include quinine/ quinidine,

antifolate-sulfonamide combinations, mefloquine,
halofantrine, and the artemisinins.




&In P. vivax and P, ovalapfections, hepatic schizonts persist
and must be destroyed to prevent reseeding of circulating
erythrocytes with consequent relapse. Primaquine, an 8-
‘aminogquinaline, is used for this purpose. Some P. vivax
infections acquired in Southeast Asia and New Guinea fail
initial therapy due to relative resistance to this 8-amino-

quinaline. Retreatment with a larger dose of primaquine is
usually successful.

The doses aren't
required.




F Unfortunately, primaquine may induce hemolysis in patients
with G6PD deficiency. Persons of Asian, African, and
Mediterranean ancestry should thus be screened for this
abnormality before treatment.

B Chloroquine destroys the gametocytes of P. vivax, P,
ovale, and P. malariae but not those of P. falciparum.
Primaquine and artemisinins, however, are effective for this
latter species.




F In endemic areas, mosquito contact can be minimized with
the use of house screens, insecticide bombs within rooms,
and/ or insecticide-impregnated mosquito netting around
beds. Those who must be outside from dusk to dawn, the
period of mosquito feeding, should apply insect repellent
and wear clothing with long sleeves and pants. In addition,

it is possible to suppress clinical manifestations of infection,
should they occur, with a weekly dose of chloroquine.

The doctor just read
those drug slides.




X
F In areas where chloroquine-resistant strains are common,

an alternative schizonticidal agent should be used.
Mefloquine or doxycycline are usually preferred. The
antifolate pyrimethamine plus a sulfonamide can be taken
as well.

L

Malaria control measures have been directed toward

reducing the infected human and mosquito populations to
below the critical level necessary for sustained transmission
of disease. The techniques employed include those
mentioned previously, treatment of febrile patients with
effective antimalarial agents, chemical or physical disruption
of mosquito breeding areas, and use of residual insecticide
sprays.




i The doctor didn't read this slide -

F Three advances in the last decade have produced the hope
that an effective malaria vaccine might be within reach of
medical science for the first time. The establishment of a
continuous in vitro culture system provided the large
guantities of parasite needed for antigenic analysis.
Development of the hybridoma technique allowed the
preparation of monoclonal antibodies with which antigens

responsible for the induction of protective immunity could
be identified. Finally, recombinant DNA procedures enabled
scientists to clone and sequence the genes encoding such
antigens, permitting the amino acid structure to be
determined and peptide sequences suitable for vaccine
development to be identified.




Babesiosis
F Babesiosis is an infection of red blood cells caused by the
single-celled parasite, , Which is spread to
humans by a tick bite. -

F Babesiosis most commonly affects domestic and wild
animals and can be a serious problem in cattle. In most
cases the protozoal species is specific to a single host. The
organisms enter the blood via a tick bite, then infect the red
blood cells where they reproduce by cell division.
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Babesia microti




E Ticks are small, blood-sucking arachnids.
spread to humans through the bite of the tick Ixodes
scapularis (also called Ixodes dammini). Ixodes scapularis,
called the "blacklegged deer tick," usually feeds on deer and
mice. A tick picks up the parasites by feeding on an infected
mouse_and then passes them on by biting a new host,
possibly a human. To pass on the parasites, the tick must be
attached to the skin for 36-48 hours. Once in the

bloodstream, Babesia microti enters a red blood cell,

reproduces by cell division, and destroys the cell. Humans
infected with Babesia microti produce antibodies that can
be helpful in diagnosing the infection.

“Babesiosis is a malaria-like parasitic disease caused by infection with Babesia, a
genus of Apicomplexa. Human babesiosis is an uncommon but emerging disease in
the Northeastern and Midwestern United States and parts of Europe, and sporadic
throughout the rest of the world. It occurs in warm weather.”




F Human babesiosis, sometimes called
, was first diagnosed after an
outbreak on Nantucket Island, off the coast of
Massachusetts, in the 1970s. The causative
organism, Babesia microti, is related to the
one that causes malaria, and is transmitted by

the deer tick that also hosts the organisms that
cause Lyme disease and human erhlichiosis.




¥ Babesia microti live and divide within red blood cells,
destroying the cells and causing anemia. The majority of
people who are infected have no visible symptoms. In those
who become ill, symptoms appear one to six weeks
following the tick bite. Because the ticks are small, many
patients have no recollection of a tick bite. The symptoms
are flu-like and include tiredness, loss of appetite, fever,

drenching sweats, and muscle pain. Nausea, vomiting,
headache, shaking chills, blood in the urine, and depression
can OcCcur.




I Babesiosis is easy to diagnose but only if it is suspected. It
will not show up on any routine tests. It must be suspected
when a persons with exposure in an endemic area develops
persistent fevers and hemolytic anemia. Babesiosis can be
diagnosed by direct examination of the blood, with serology,
or with PCR-based tests. Other laboratory findings include

decreased numbers of red blood cells and platelets on
complete blood count.




I Babesiosis is a vector-borne illness usually transmitted by
ticks.

F In babesia-endemic areas, the organism can also be
transmitted by blood transfusion.

F It is sometimes called ﬁhe Malaria of The North Eastﬂ

F While most severe cases occur in the very young, very old,
or persons with underlying medical conditions (such as
immunodeficiency) and those without a spleen, they can
occur in normal individuals.

[n case of malaria, it's very rare to
get the disease via blood
transfusion.




F Most cases of babesiosis resolve without any specific
treatment. For ill patients, treatment is usually a two-drug
regimen. The traditional regimen of quinine and clindamycin
is often poorly tolerated; recent evidence suggests that a
regimen of atovaquone and azithromycin can be equally
effective. In life-threatening cases, is

performed. In this procedure, the infected red blood cells
are removed and replaced with fresh ones.




The doctor didn't read thig slide.

E The only prevention for babesiosis is to minimize exposure
to ticks by staying on trails when walking through the
woods, avoiding tall grasses, wearing long sleeves and
tucking pant legs into socks, wearing insect repellent, and
checking for ticks after an outing. Remove a tick as soon as
possible by grasping the tick with tweezers and gently

pulling. Splenectomized people should avoid northeastern
coastal regions during the tick season.




