


Hypothetical tree of Apicomplexa.  

Three principal parasitic groups are coloured and their life cycle indicated, as well as Cryptosporidium that likely 

emerged from within gregarines. Numbers on branches and thickness indicates diversity (i.e. named species). 

Jan Šlapeta, 2011 

Blastogregarines 

? 



4 вида паразитов:  

 

Plasmodium vivax — возбудитель трехдневной малярии,  

 

Pl. ovale — возбудитель малярии типа трехдневной,  

 

Pl. falciparum — возбудитель тропической малярии (48 часов),  

 

Pl. malariae — возбудитель четырехдневной малярии.  

 

Виды возбудителей отличаются между собой особенностями морфологии, биологии, жизненного 

цикла и характером вызываемых ими патологических процессов в организме человека.  
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The Plasmodium life cycle comprises 

numerous transitions and stages, and any of 

these can be targeted by host immune 

responses. Upon inoculation by an 

Anopheles mosquito into the human dermis, 

elongated motile sporozoites must evade 

antibodies to (i) access blood vessels in the 

skin and then (ii) transit through liver 

macrophages and hepatocytes to initiate liver 

stage infection. Intrahepatocytic parasites 

(iii) are susceptible to CTLs. After 

approximately one week, infected 

hepatocytes rupture and release merozoites 

as aggregates called merosomes that might 

allow merozoites to (iv) evade antibodies 

and invade erythrocytes. Intraerythrocytic 

parasites (v) are susceptible to opsonizing 

antibodies and macrophages, and cytokine 

responses have been related to both 

protection and disease during this stage of 

infection. Antibodies that block (vi) binding 

of P. falciparum–infected erythrocytes to 

endothelium might prevent disease and 

control parasitemia. Human antibodies 

specific for (vii) sexual stage parasites are 

taken up by mosquitoes during the blood 

meal and can block transmission to 

mosquitoes, although these might require 

complement for parasite killing. Anopheles 

mosquito innate immune responses can also 

kill parasites during early (vii) or late (viii) 

sporogonic stages and lead to refractoriness 

to infection. 

The life cycle of malaria-causing Plasmodium parasites (Greenwood et al., 2008). 



Imaging of Malaria Parasites in defferent tissues of the host 

The path of Plasmodium sporozoites through the dermis (tissue 

containing the lymph vessels) of a mouse, after natural transmission by 

an Anopheles mosquito. The path is represented by a fluorescent signal 

shown in white for sporozoites imaged between the 4th and 14th minute 

after transmission and in green for sporozoites imaged between the 20th 

and 27th minute. 

(Amino et al., 2006, 2007) 

Experimental setup for imaging sporozoites in the dermis of the 

murine ear. Once the mouse has been bitten, it is placed on the microscope 

platform so that the site of bite (on the ear) is in the middle of the coverslip 

over the hole. The ear is then taped into place to avoid any displacement 

during recording, and the mouse is covered with the homeothermic blanket 

Mosquito infected with 

GFP-expressing sporozoites 

of Plasmodium berghei. 

Mosquito seen under a 

stereozoom microscope 

with epi-fluorescence and 

GFP filter. The mosquito 

was infected with P. berghei 

GFP-expressing parasites. 

The salivary glands 

containing the fluorescent 

sporozoites are visible in the 

salivary glands (white 

arrowhead). Fluorescent 

parasites are also visible in 

the midgut (red arrowhead). 

A sporozoite migrating through 

the cytoplasm of midgut epithelia  



The Plasmodium life cycle comprises 

numerous transitions and stages, and any of 

these can be targeted by host immune 

responses. Upon inoculation by an 

Anopheles mosquito into the human dermis, 

elongated motile sporozoites must evade 

antibodies to (i) access blood vessels in the 

skin and then (ii) transit through liver 

macrophages and hepatocytes to initiate liver 

stage infection. Intrahepatocytic parasites 

(iii) are susceptible to CTLs (cytotoxic T- 

cells). After approximately one week, 

infected hepatocytes rupture and release 

merozoites as aggregates called merosomes 

that might allow merozoites to (iv) evade 

antibodies and invade erythrocytes. 

Intraerythrocytic parasites (v) are susceptible 

to opsonizing antibodies and macrophages, 

and cytokine responses have been related to 

both protection and disease during this stage 

of infection. Antibodies that block (vi) 

binding of P. falciparum–infected 

erythrocytes to endothelium might prevent 

disease and control parasitemia. Human 

antibodies specific for (vii) sexual stage 

parasites are taken up by mosquitoes during 

the blood meal and can block transmission to 

mosquitoes, although these might require 

complement for parasite killing. Anopheles 

mosquito innate immune responses can also 

kill parasites during early (vii) or late (viii) 

sporogonic stages and lead to refractoriness 

to infection. 

The life cycle of malaria-causing Plasmodium parasites (Greenwood et al., 2008). 



Detached infected cells extrude merosomes, which contain 

infective merozoites. (A) Phase contrast image of infected 

HepG2 cells floating in the culture medium. (B) 

Immunofluorescence staining of a single floating cell with 

merozoite-specific antiserum (red); DNA is stained in blue 

(Hoechst 33258). Inset shows released merozoites at a 

higher magnification. (C and D) TEM and SEM of a single 

detached cell. (E) Disruption of the PVM (membrane of 

the parasitophorous vacoule) during parasite merogony; 

green, Exp1; blue, Hoechst 33258. (F) 

Immunofluorescence image of living GFPexpressing 

parasites in a detached cell, demonstrating the budding of 

parasite-filled vesicles (merosomes). (G) SEM image of 

budding merosomes. (H) Merosome formation increases 

with time. Detached cells were collected after the indicated 

times, immobilized on poly-L lysine slides, fixed, and 

stained with the DNA dye Hoechst 33258. Nucleated cells 

and merosomes (devoid of host cell nucleus) were counted 

and the percentage (mean T SD) of both populations was 

calculated from three independent experiments. (I) 

Infection of mice with detached cells. Four mice received 

culture supernatant containing 20 to 50 detached 

cells/merosomes (blue lines). Four control mice (red lines) 

received an equal amount of culture supernatant without 

detached cells, to exclude the possibility that previously 

liberated merozoites caused infection. 

(Sturm et al., 2006) 



(Sturm et al., 2006) 

(B) Time-lapse sequence showing a green fluorescent EEF (exo-erythrocytic forms) budding merosomes inside a small sinusoid. The 

merosomes are labeled with a number, and the estimated number of merozoites (mz), calculated as the merosome volume divided by the 

merozoite volume (2.66 mm3), is shown in parentheses. (C) Each panel of the colored timelapse sequence is a maximum projection of three 

images covering 8 mm in depth. The sequence shows a late EEF budding a large merosome, which is growing while moving toward the central 

vein. The insets show the EEF lateral view (90- counterclockwise rotation of y axis). As shown by the last two insets, the diameter of the blood 

vessel limits the size of the merosome and the transfer of merozoites from the EEF into the merosome. (D) Quantification of budding EEF in 

the liver of mice (n = 88 EEFs). (E and F) Percentage of parasites budding outside the nearby sinusoid versus those budding inside (n = 46 

budding EEFs). The confocal images are representatives of each type of budding. (G) Hypothesis for the release of Plasmodium merozoite-

filled vesicles (merosomes, green) from infected hepatocytes. Red blood cells (red) are separated from hepatocytes by endothelial cells 

(orange) and the space of Disse. Kupffer cell is in blue. 

Histological and real-time 

analysis of merozoite 

release in the liver of mice 

merosomes 

Infected cells 



(A) After malaria sporozoite entry into a hepatocyte, the 

parasite begins to grow inside a PV (parasitophorous 

vacuole) to a size larger than its original host cell. 

Schizogonic division results in the formation of 

thousands of erythrocyte-infective merozoites. During 

the final stage of differentiation, the PVM (membrane of 

the PV) dissolves and allows the parasites to mix with 

the remaining host cell organelles. Eventually, the 

plasma membrane of the infected hepatocyte bulges out 

and forms merosomes; thus releasing merozoites, 

remnant bodies, and host cell mitochondria into the 

sinusoidal lumen. Camouflaged by host cell membrane, 

merosomes are not recognized by Kupffer cells and are 

shuttled out of the liver. Infiltration of the remains of the 

infected host cell by mononuclear phagocytes and 

neutrophil granulocytes gives rise to the formation of a 

small granuloma. Me, merosomes; RB, remnant bodies; 

Mi, host cell mitochondria; KC, Kupffer cells; MФ, 

mononuclear phagocytes; S, sporozoite. (B) Shear forces 

inside the hepatic and other larger veins cause the 

merosomes to break down into smaller units. After 

passing through the right heart, these small merosomes 

are arrested inside lung capillaries where (1) they 

eventually release infectious merozoites into the 

pulmonary microvasculature; (2) local stagnation of the 

blood flow due to capillary occlusion by merosomes may 

result in dense erythrocyte packing; and thus (3) 

facilitate merozoite infection. *, alveolar space; H, 

hepatocyte; N, nucleus; E, endothelium; P-I, type I 

pneumocyte; P-II, type II pneumocyte; F, fibroblast; 

aMФ, alveolar macrophage; PMN, polymorphonuclear 

macrophage. 

Model of Merosome Dissemination and Merozoite Liberation 

(Baer et al., 2007) 



Sequence of events towards the end of the liver stage. After the PVM (parasitophorous vacuole membrane) has invaginated around 

individual merozoites the PVM breaks down and releases the merozoites and the parasitophorous vacuole contents into the host cell 

cytoplasm. At this point host cell mitochondria begin to disintegrate, protein biosynthesis becomes dispensable and the host cell 

detaches. Merosomes bud from the detached cells, which initially retain both phosphatidylserine asymmetry and membrane integrity. 

(Graewe et al., 2011) 

Hostile Takeover by Plasmodium: Reorganization of Parasite and Host Cell 

Membranes during Liver Stage Egress 



The Plasmodium life cycle comprises 

numerous transitions and stages, and any of 

these can be targeted by host immune 

responses. Upon inoculation by an 

Anopheles mosquito into the human dermis, 

elongated motile sporozoites must evade 

antibodies to (i) access blood vessels in the 

skin and then (ii) transit through liver 

macrophages and hepatocytes to initiate liver 

stage infection. Intrahepatocytic parasites 

(iii) are susceptible to CTLs. After 

approximately one week, infected 

hepatocytes rupture and release merozoites 

as aggregates called merosomes that might 

allow merozoites to (iv) evade antibodies 

and invade erythrocytes. Intraerythrocytic 

parasites (v) are susceptible to opsonizing 

antibodies and macrophages, and cytokine 

responses have been related to both 

protection and disease during this stage of 

infection. Antibodies that block (vi) binding 

of P. falciparum–infected erythrocytes to 

endothelium might prevent disease and 

control parasitemia. Human antibodies 

specific for (vii) sexual stage parasites are 

taken up by mosquitoes during the blood 

meal and can block transmission to 

mosquitoes, although these might require 

complement for parasite killing. Anopheles 

mosquito innate immune responses can also 

kill parasites during early (vii) or late (viii) 

sporogonic stages and lead to refractoriness 

to infection. 

The life cycle of malaria-causing Plasmodium parasites (Greenwood et al., 2008). 



(Bannister et al., 2000) 

Intraerythrocytic phase 



The 48 h intra-erythrocytic development of Plasmodium falciparum. The different stages of the parasite intra-erythrocytic development 

are presented as Giemsa-stained infected RBC (red blood cells) [from early trophozoite to merozoite release], a snap-shot of live-imaging 

(for RBC invasion by a merozoite) and as schemes (right panel). Following entry into the RBC, the merozoite differentiates into a 

trophozoite, which grows during the first 30–35 h of development. Haemoglobin digestion by the parasite results in the accumulation of 

haemozoin, also known as malaria pigment. Mature trophozoites differentiate into multinucleate schizonts. Following nuclei divisions, 

merozoites are individualized and further released in the external milieu. hpi, hours post-invasion. 

(Mbengue et al., 2012) 

Human erythrocyte remodelling during Plasmodium falciparum 

malaria parasite growth and egress 

Молекула 

гемоглобина: 4 

субъединицы 

глобина окрашены 

в разные цвета 



Schematic representation of the RBC (red blood cell) major changes induced 

by P. falciparum. The parasite grows inside a self-made parasitophorous 

vacuole, the membrane of which constitutes the interface between the 

parasite and its external environment. Extensions of the parasitophorous 

vacuole membrane (PVM) form the tubuvesicular network (TVN) extending 

into the host cell cytosol. Various parasite structures are transposed into the 

RBC cytosol: the Maurer’s clefts are flat and elongated membrane vesicles at 

the host cell periphery and linked to the host cell membrane and sub-

membrane skeleton; J dots are probably membrane structures that might 

traffic some parasite proteins through the RBC cytosol. Complexes of 

exported parasite proteins interacting with the RBC membrane and sub-

membrane skeleton forms protrusions of the RBC membrane, referred to as 

knobs, that mediate adhesion of the infected RBCs to host cells. 

One proposed model for P. falciparum protein export to the RBC. Parasite proteins exported to the host cell traffic within vesicles through the 

parasite constitutive secretory pathway as soluble proteins (1) (membrane proteins probably interact with chaperones to maintain them as 

unfolded and soluble) and are released in the lumen of the parasitophorous vacuole (2). Interacting with chaperones in the parasitophorous 

vacuole, they are addressed to a translocon in the parasitophorous vacuole membrane (PVM) (2) and released in the host cell cytosol (3) where 

they interact with proteins addressing them to the Maurer’s clefts (MC). The proteins are further addressed to the Maurer’s clefts, as soluble 

complexes. Alternatively, some proteins might traffic within J-dots (4). Finally, soluble proteins are sorted from the Maurer’s clefts to the RBC 

cytosol and sub-membrane skeleton (5b) and membrane proteins are trafficked to the RBC plasma membrane (5a), probably by vesicles that fuse 

with the host cell membrane. 

(Mbengue et al., 2012) 



Plasomodium falciparum merozoite egress. Snapshots of the whole release process are presented: pressure-driven ejection of the first 

parasite (up to 1126 ms); curling of the RBC membrane (273–680 ms) and final buckling of the membrane (680–816 ms) pushing the 

remaining merozoites forwards, far from their initial position. These data were obtained in collaboration with Manouk Abkarian and 

Gladys Massiera (LCC, University Montpellier 2, France). The RBC membrane is schematically presented at each step of the release 

process. 

(Mbengue et al., 2012) 

Merozoites 



Gametocytes 

Plasmodium falciparum 

gametocytes expressing Pfs230 

(green). Erythrocytes 

counterstained with Evans Blue 

(red).  

Plasmodium falciparum gametocyte 

2 min post-activation 

Illustrations of stage III–V gametocytes (female). The dimensions 

were measured from DIC images (mean+-s.e.m.). a, apicoplast; 

Ac, acidocalcisomes; C, cytostome; DV, digestive vacuole; g, 

Golgi complex; IMC, inner membrane complex; k, knob; Lb, 

Laveran’s bib; m, mitochondrion; MC, Maurer’s cleft; Mt, 

microtubules; N, nucleus; Ob, osmophillic bodies; PV, 

parasitophorous vacuole; RBC, red blood cell; W, whorl 

(Dearnley et al., 2012). 



Trilaminar complex of the gametocyte is closely 

related to the inner membrane complex of invasive 

stages of P. falciparum. (A) Electron 

tomogram showing the membrane and microtubule 

organization in a stage IV gametocyte. (Ai) Selected 

virtual tomogram section (22 nm). (Aii) Rendered 

model generated from four serial sections through the 

region shown in Ai. The rendered model shows the 

RBC membrane (red), PVM (blue), PPM (yellow), 

IMC (green) and microtubules (gray). Osmophillic 

bodies are represented in gold. (B) Stained thin section 

through a dividing schizont showing a nascent 

merozoite (Bi) and a selected virtual section (7 nm) 

from a tomogram of an individual merozoite (Bii). 

Rhoptry (R), micronemes (m), apicoplast (a), nucleus 

(N), microtubule (MT). Scale bars: 100 nm (Dearnley 

et al., 2012). 

Trilaminar complex of the gametocyte of Plasmodium falciparum 

Electron micrographs of stage III gametocytes. (i) 

Longitudinal and (ii) cross-sections showing the RBC 

membrane, PVM (parasitophorous vacuole membrane), 

PPM (parasite plasmalemma) and the double membrane 

of the IMC (inner membrane complex), above a row of 

microtubules (MT). The electron-lucent area probably 

represents a vacuole within the gametocyte cytoplasm. 

Red arrows mark an area where the IMC has formed but 

no microtubules are present. Scale bars: 200 nm 

(Dearnley et al., 2012). 



The Plasmodium life cycle comprises 

numerous transitions and stages, and any of 

these can be targeted by host immune 

responses. Upon inoculation by an 

Anopheles mosquito into the human dermis, 

elongated motile sporozoites must evade 

antibodies to (i) access blood vessels in the 

skin and then (ii) transit through liver 

macrophages and hepatocytes to initiate liver 

stage infection. Intrahepatocytic parasites 

(iii) are susceptible to CTLs. After 

approximately one week, infected 

hepatocytes rupture and release merozoites 

as aggregates called merosomes that might 

allow merozoites to (iv) evade antibodies 

and invade erythrocytes. Intraerythrocytic 

parasites (v) are susceptible to opsonizing 

antibodies and macrophages, and cytokine 

responses have been related to both 

protection and disease during this stage of 

infection. Antibodies that block (vi) binding 

of P. falciparum–infected erythrocytes to 

endothelium might prevent disease and 

control parasitemia. Human antibodies 

specific for (vii) sexual stage parasites are 

taken up by mosquitoes during the blood 

meal and can block transmission to 

mosquitoes, although these might require 

complement for parasite killing. Anopheles 

mosquito innate immune responses can also 

kill parasites during early (vii) or late (viii) 

sporogonic stages and lead to refractoriness 

to infection. 

The life cycle of malaria-causing Plasmodium parasites (Greenwood et al., 2008). 



Gametocytes were activated and fixed for electron microscopy at 0, 

2, 6 and 15 min p.a. At 0 min, the mature, non-activated 

gametocyte exhibits a ‘shoeprint’ form. At 2 min p.a., the 

gametocyte is in the process of rounding up, and at 6 min p.a. is 

solely surrounded by the host EM (erythrocyte membrane). At 15 

min p.a. The gametocyte has rounded up and emerged from the 

EM. Right panels represent high magnifications of cells shown in 

left panels. Arrowheads indicate osmiophilic bodies. Asterisks 

indicate sites of PVM rupture. PPM, Plasmodium plasmalemma; 

SPM, subpellicular membranes; PVM, parasitophorous vacuole 

membrane; EM, erythrocyte membratne; CS, cytostome; ER, 

endoplasmic reticulum; FV, food vacuole; M, mitochondrion; N, 

nucleus. Bar, 1 mm. 

Ultrastructural changes in P.falciparum 

gametocytes during activation. 

(Sologub et al., 2011) 

Egress of gametocytes 



Rupture of the PVM following activation by external 

stimuli. Gametocytes were activated and fixed for 

electron microscopy at 0, 30, 60 and 90 s p.a. (A). At 

0 min, the PVM is intact, but becomes undulated at 

30 s p.a. Subpellicular microtubules can be observed 

underneath the SPM. At 60 s p.a. rupture of the PVM 

is initiated and can also be seen at 90 s p.a. In some 

areas the PVM consists of multiple layers (B, left 

panel), which appear to originate from PDMs that 

adhere to the PVM (B, right panel). Arrowheads 

indicate osmiophilic bodies. Asterisks indicate sites 

of PVM rupture. Bar, 1 mm (A) or 0.5 mm (B). PVM 

rupture was quantified in 20 gametocytes (set to 

100%) at 20 min p.a. With different combinations of 

stimuli, in nigericin-activated gametocytes (in RPMI 

medium, pH 7.4) or in BAPTA-AM-treated XA-

activated gametocytes (in HS-RPMI medium, pH 

7.4) (C). Add., additives; B, BAPTA-AM; D, DMSO; 

HS, human serum; MT, subpellicular microtubules; 

N, nigericin; PVM, parasitophorous vacuole 

membrane. 
(Sologub et al., 2011) 

Egress of 

gametocytes 

Ultrastructural changes in 

P.falciparum gametocytes during 

activation. 



(A, B) Scanning electron microscopy reveals 

multiple filaments originating from the parasite 

surface. The surface protuberances exhibit a 

beaded structure and appear to be close-ended. 

(C) Contrary to the appearance of the filaments, 

microgametes exhibit a smooth and even surface 

and a constant length of ~15 μm. (D, E) The 

filaments primarily form cell-to-cell connections 

between gametes, but also adhere to erythrocytes. 

(F) No filaments were observed arising from the 

surface of uninfected erythrocytes. Arrow 

indicates a microgamete. E, erythrocyte; G, 

gamete; MG, microgamete. Bar, 2 μm. 

Multiple close-ended 

filaments originate from the 

gamete surface 

(Rupp et al., 2011)  

Sexual forms of 

parasite 



(A-C) Transmission electron micrographs 

depict macrogametes, which form 

filamentous cytoplasmic extensions arising 

from their plasma membrane. Inset (A) 

indicates the area enlarged in (B). Arrows 

indicate electron-dense accumulations 

associated with the filament membrane, 

which result in an uneven structure of the 

filament surface. (D) Microgametes, which 

are formed by the activated 

microgametocyte, exhibit an even surface, 

and axonemal microtubules can be observed 

in their inside. A, axoneme; EM, erythrocyte 

membrane; H, hemozoin; MG, microgamete; 

N, nucleus. Bar, 2 μm. 

Filaments protrude from 

the gamete surface. 

(Rupp et al., 2011)  

Sexual forms of parasite 



The Plasmodium life cycle comprises 

numerous transitions and stages, and any of 

these can be targeted by host immune 

responses. Upon inoculation by an 

Anopheles mosquito into the human dermis, 

elongated motile sporozoites must evade 

antibodies to (i) access blood vessels in the 

skin and then (ii) transit through liver 

macrophages and hepatocytes to initiate liver 

stage infection. Intrahepatocytic parasites 

(iii) are susceptible to CTLs (cytotoxic T 

cells). After approximately one week, 

infected hepatocytes rupture and release 

merozoites as aggregates called merosomes 

that might allow merozoites to (iv) evade 

antibodies and invade erythrocytes. 

Intraerythrocytic parasites (v) are susceptible 

to opsonizing antibodies and macrophages, 

and cytokine responses have been related to 

both protection and disease during this stage 

of infection. Antibodies that block (vi) 

binding of P. falciparum–infected 

erythrocytes to endothelium might prevent 

disease and control parasitemia. Human 

antibodies specific for (vii) sexual stage 

parasites are taken up by mosquitoes during 

the blood meal and can block transmission to 

mosquitoes, although these might require 

complement for parasite killing. Anopheles 

mosquito innate immune responses can also 

kill parasites during early (vii) or late (viii) 

sporogonic stages and lead to refractoriness 

to infection. 

The life cycle of malaria-causing Plasmodium parasites (Greenwood et al., 2008). 



Follicles from ovaries of malaria-infected Anopheles 

stephensi developing normally (left) or showing evidence 

of apoptosis (right). (A) Whole-mounts of individual 

follicles 24 h post-bloodfeeding, viewed under ultraviolet 

light after staining with Acridine Orange. The follicle in 

the left-hand frame (Ai) is exhibiting autofluorescence, 

and condensed apoptotic nuclei are visible in the follicle 

on the right, stained orange (a) (Aii). Scale bars, 20 mm. 

(B) Sections of follicles from ovaries 16 h post-

bloodfeeding stained with Methyl Green and treated by 

TUNEL. DNA fragmentation (indicated by brown 

staining) can be observed in follicular epithelial (f) and 

nurse (n) cells in the right-hand frame (Bii). Scale bars, 10 

mm. (C) Electron micrographs of a normal follicle 18 h 

post-bloodfeeding (Ci) and a resorbing follicle 22 h post-

bloodfeeding (Cii). Patency (p) has developed in follicular 

epithelial cells of the normal follicle, and yolk spheres (y) 

have been deposited, whereas in the resorbing follicle no 

yolk is visible, epithelial cells are not patent and their 

nuclei contain condensed chromatin (c). Scale bars, 2 mm. 

(Hopwood et al., 2001) 

Malaria-induced apoptosis in 

mosquito ovaries 

Host-pest relationships 



Schematic representation of parasite-dependent protective effect over age and time. Malaria infections in young children are often 

characterized by high levels of blood-stage parasitemia that protect them against superinfections. Infected individuals thus become susceptible 

to further infections only once parasite densities fall below a critical threshold, reducing both the overall infection rate and probability of 

multiclonal infections in young children. As they grow older, however, their typical blood parasitemia levels drop, and they more rapidly lose 

the protective effect against superinfection. As a result, successive infections become more frequent and more likely to occur before an 

ongoing blood-stage infection is cleared, which then causes the observed increase in multiplicity of infection.  

(Portugal et al., 2011) 

 

 Host-mediated regulation of 

superinfection in malaria 



Erythrocytes infected with Plasmodium falciparum trophozoites (A) and schizonts (B) 

and crescent-shaped erythrocytes (i.e., sickle cells; C) in Giemsa-stained thin smears of 

peripheral blood specimens obtained from the patient. Smears are from the time of 

diagnosis. 
(Greenwood et al., 2008) 

The diagnosis of P. falciparum malaria was made by the examination of a thin peripheral 

blood film initially ordered to rule out the presence of schistocytes in possible thrombotic 

thrombocytopenic purpura (panel A—Wright's stain). Thick and thin peripheral blood 

smears, stained with Giemsa stain (panel B—thin smear, higher magnification), remain the 

standard for routine clinical diagnosis. They allow for both  species identification and 

quantification by assessing the percentage of erythrocytes infected on the film. The blood 

film derived from the patient contained morphologic features that were diagnostic of P. 

falciparum, namely, the presence of multiple ring forms per erythrocyte (black arrows), thin 

ring forms with double chromatin dots (arrow heads), and rings that were found in the 

periphery of the red cells (appliqué) (blue arrows) and the preservation of red-cell size and 

color. 
(Szmitko et al., 2009) 

Dormant forms 



Timeline of events. Vector-borne transmission (upper part): theoretical minimum time for sporogony is 10 days under African temperature 

conditions. Under temperatures in Berlin during this time, at least 21 to 24 days can be expected (see the article for details) – sporogony periods 

for both hospital and residential vector transmission are too short, arguing against this possibility of transmission. Direct/occupational exposure 

(lower part): only during the stay of the index patient on the obstetrics ward, there was a theoretical possibility of direct inoculation of 

infectious material, a short incubation time of 4 up to17 days can be expected. Occurrence of symptoms on 22 July was within the time frame 

to be expected for this scenario. 

Malaria transmission in non-endemic areas (Zoller et al., 2009) 





– группа антропонозных протозойных трансмиссивных болезней, возбудители 

которых передаются комарами рода Anopheles. Характеризуется 

преимущественным поражением ретикулогистиоцитарной системы и 

эритроцитов, проявляется рецидивирующими лихорадочными пароксизмами, 

анемией и гепатоспленомегалией. 

Малярия  

(шифр по МКБ10 – B50-54) 


