Malaria

1 Summary XE "Malaria: summary" 
· Malaria is very common; a very important cause of mortality and morbidity

· Four different parasites: Plasmodium falciparum, P. vivax, P. ovale, P. malariae
· Transmission via female Anopheles mosquitoes which bite at night

· Symptoms: atypical, fever, coma, anaemia, kidney failure, splenomegaly

· Infections often asymptomatic in semi-immune people (generally low parasitaemia)

· Clinical diagnosis not reliable

· Result is over-diagnosis of malaria and under-diagnosis of other disorders

· Thick smear and thin smear positive => problem of chronic carriers with another disorder 

· Treatment of P. malariae: chloroquine

· Treatment of P. vivax and P. ovale: chloroquine with or without primaquine (hypnozoites)

· Treatment of P. falciparum: often insufficient response to chloroquine or Fansidar

· Better: quinine + vibramycin; atovaquone with proguanil (Malarone), artemether/artesunate with or without mefloquine or lumefantrine

· Progressive increasing multidrug resistance of P. falciparum
· Isolated cases of chloroquine resistance of P. vivax
· Resistance of mosquitoes to various insecticides

2 General XE "Malaria: general" 
2.1 General, genus Plasmodium
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Malaria is the common name for diseases caused by infection with single-celled parasites of the genus Plasmodium. They belong to the Apicomplexa. Organisms of this group are characterised by what is called an apical complex, a structural feature visible only under an electron microscope. The apical complex consists of a polar ring or rings, rhoptries (saccular organelles), micronemes (thread-shaped organelles), a conoid (cone-like structure) and subpellicular microtubules. Among the parasites of the genus Plasmodium four species have been identified which can cause disease in humans :

· Plasmodium falciparum XE "Plasmodium falciparum: malaria, general, genus Plasmodium" 
· Plasmodium vivax XE "Plasmodium vivax: malaria, general, genus Plasmodium" 
· Plasmodium ovale XE "Plasmodium ovale: malaria, general, genus Plasmodium" 
· Plasmodium malariae XE "Plasmodium malariae: malaria, general, genus Plasmodium" 
Certain plasmodia (P. cynomolgi bastianelli XE "Plasmodium cynomolgi bastianelli: malaria, general, genus Plasmodium" , P. cynomolgi cynomolgi XE "Plasmodium cynomolgi cynomolgi: malaria, general, genus Plasmodium" , P. brasilianum XE " Plasmodium brasilianum: malaria, general, genus Plasmodium" , P. schwetzi XE "Plasmodium schwetzi: malaria, general, genus Plasmodium" , P. inui XE "Plasmodium inui: malaria, general, genus Plasmodium" , P. simium XE " Plasmodium simium: malaria, general, genus Plasmodium" , P. knowles XE "Plasmodium knowlesi: malaria, general, genus Plasmodium" i) which infect monkeys in the wild, may also infect humans, but because of the mild symptomatology and their rare occurrence they pose no problem in clinical practice. It is also possible that due to their rarity these zoonotic infections are missed in the normal clinical setting. Plasmodium ovale was discovered in 1922. 

2.2 General, subgenera and subspecies

Sometimes subgenera are used: Plasmodium (Plasmodium) vivax, P. (P.) ovale, P. (P.) malariae and P. (Laverania) falciparum. Only P. (L.) falciparum and (L.) reichenowi belong to the subgenus Laverania. Lemurs and lower mammals are sometimes infected with Plasmodium sp. which are classified under the subgenus Vinckeia. We shall not discuss subgenera any further.

P. vivax has some subtypes: P. vivax hibernans XE "Plasmodium vivax hibernans: malaria, general, genus Plasmodium" , a strain adjusted to moderate and cold climates, P. vivax chesson XE "Plasmodium vivax chesson: malaria, general, genus Plasmodium"  and P. vivax multinucleatum XE " Plasmodium vivax multinucleatum: malaria, general, genus Plasmodium" . There may be other subtypes and P. vivax-like parasites. The names of the different strains of P. falciparum are not generally accepted (P. f. immaculata XE "Plasmodium falciparum immaculata: malaria, general" , quitidiamum XE "Plasmodium falciparum quitidiamum: malaria, general" , tenue XE "Plasmodium falciparum tenue: malaria, general" , perniciosa XE "Plasmodium falciparum perniciosa: malaria, general" , aethiopicum XE "Plasmodium falciparum aethiopicum: malaria, general" ).

2.3 General, malaria in animals

Other Plasmodium species cause infections in certain animals. Several mammals, birds and reptiles have their own form of malaria. Thus for example P. berghei XE " Plasmodium berghei: malaria in animals"  and P. chabaudi XE " Plasmodium chabaudi: malaria in animals"  are known in rodents. P. gallinaceum XE " Plasmodium gallinaceum: malaria in animals" , P. relictum XE " Plasmodium relictum: malaria in animals" , P. elongatum XE " Plasmodium elongatum: malaria in animals"  and P. lophurae XE " Plasmodium lophurae: malaria in animals"  cause infections in birds. Chickens and even penguins may be infected, with serious consequences for these animals. Even lizards have their own form of malaria. Infections with malaria parasites in monkeys usually show few if any symptoms, with the exception of P. knowlesi XE " Plasmodium knowlesi: malaria in animals"  infection in Rhesus monkeys. The natural host of P. knowlesi is Macaca fascicularis XE "Macaca fascicularis: malaria in animals"  (the "Kra monkey"). This parasite was used early in the 20th century in the treatment of neurosyphilis, but due to repeated passages the virulence increased to such an extent that its use was abandoned. Monkeys from Africa and Madagascar can be naturally infected with Plasmodium gonder XE "Plasmodium gonderi: malaria in animals" i and P. girardi XE "Plasmodium girardi: malaria in animals"  respectively. Asiatic monkeys are infected by Plasmodium inui XE "Plasmodium inui: malaria in animals" , P. fragile XE "Plasmodium fragile: malaria in animals" , P. fieldi XE "Plasmodium fieldi: malaria in animals" , P. coatneyi XE "Plasmodium coatneyi: malaria in animals" , P. cynomolgi XE "Plasmodium cynomolgi: malaria in animals" , P. simiovale XE "Plasmodium simiovale: malaria in animals"  and P. knowlesi XE "Plasmodium knowlesi: malaria in animals" . P. fragile is a parasite which has Macaca sinica XE "Macaca sinica: malaria in animals"  monkeys ("Toque monkeys") as its natural host. The natural host of P. coatneyi is the Javanese crab-eating monkey (Macaca irus XE "Macaca irus: malaria in animals" ). Sometimes subtypes have been described, e.g. P. inui inui XE "Plasmodium inui inui: malaria in animals"  and P. inui shortii XE "Plasmodium inui shortii: malaria in animals" ; P. cynomolgi cynomolgi XE "Plasmodium cynomolgi cynomolgi: malaria in animals"  and P. cynomolgi bastianelli XE "Plasmodium cynomolgi bastianelli: malaria in animals" ; P. knowlesi knowlesi XE "Plasmodium knowlesi knowlesi: malaria in animals"  and P. knowlesi edesoni XE "Plasmodium knowlesi edesoni: malaria in animals" . Monkeys from the New World may be infected by P. simium XE "Plasmodium simium: malaria in animals"  and P. brasilianum XE "Plasmodium brasilianum: malaria in animals"  among others. Anthropoids may also be infected: P. pitheci XE "Plasmodium pitheci: malaria in animals"  (orang utans) and P. schwetzi XE "Plasmodium schwetzi: malaria in animals"  as well as P. reichenowi XE "Plasmodium reichenowi: malaria in animals"  in the case of gorillas and chimpanzees. Gibbons may be infected by P. hylobati XE "Plasmodium hylobati: malaria in animals" . P. simium and P. schwetzi are very similar to P. vivax. P. simium can even be regarded as a strain of P. vivax. P. simiovale is similar to P. ovale. P. brasilianum is very similar to P. malariae and may be the same. It is possible that the P. malariae parasite was introduced at the time of the first contact of the West with South America, or was accidentally imported later at the time of the slave trade. The parasite would then have infected South American monkeys and subsequently developed features of its own as P. brasilianum.
Some of these animal malaria parasites are used in experimental research of the malaria problem. P. cynomolgi is often used as a model for P. vivax infections. Another much-used model is P. falciparum infection in Aotus monkeys. P. fragile and P. coatneyi can cause cerebral lesions in Rhesus monkeys (Macaca mulatta XE "Macaca mulatta: malaria in animals" ). These parasites are often used as an animal model for severe P. falciparum infections. 

In summary:

· P. falciparum is genetically closely related to P. reichenowi.

· P. falciparum can infect Aotus monkeys. This is used as a model, e.g. for the study of vaccines.

· P. knowlesi, P. fragile and P. coatneyi are used as animal models for P. falciparum (Rhesus monkeys). 

· P. vivax is related to P. cynomolgi, P. simium, P. schwetzi and also to P. fragile.
· P. ovale is similar to P. fieldi and P. simiovale and may also infect chimpanzees.

· P. malariae is related to P. brasilianum (possibly even identical) and is identical to P. rodhaini.

3 History XE "Malaria: historical note" 
3.1 History, discovery of the parasite

Malaria was a well-studied disease in the West until the middle of the 20th century. Until that time the disorder was still endemic in North America and large parts of Europe. It was a significant impediment for the European nations during the colonial period. Malaria also played a large part in the wars of the 19th and 20th centuries. For many years it had been known that people who died of malaria had large amounts of black pigment in their liver, kidneys, spleen and bone marrow. Yet the cause of this disorder long remained a riddle. In 1880 the French army doctor Charles Louis Alphonse Laveran discovered malaria parasites in fresh blood from a chronic malaria patient in the coastal town of Bone (Annaba), Algeria. He also observed exflagellation (see below), which normally only takes place in the stomach of the mosquito. The names which were given to the microscopic organisms were “Laverania falcipara XE "Laverania falcipara: malaria, historical note" ” and “Oscillaria malariae XE "Oscillaria malariae: malaria, historical note" ”. At that time there were as yet no staining techniques, and microscopes were quite primitive with a limited magnification. In 1884 the German Ernst Karl Abbe, together with Carl Zeiss, developed the oil immersion lens and a few years later the optical condenser, which allowed a greater magnification and clearer, sharper views. The Russian Dimitri Romanowsky developed a staining method based on methylene blue. The findings of Laveran could now be verified by others. Laveran received the Nobel prize in 1907. 

cd_1048_034c.jpg

3.2 History, staining methods

The study of dyes led to the development of various techniques for staining bacterial preparations and histological sections. Romanovsky stains are based on a mixture of basic dyes (positively charged) such as methylene blue, and anionic dyes (negatively charged), such as eosin. The positively charged dye will bind to negative structures (nucleic acids, ribosomes), and the negative dye will attach to positively charged structures (many cytoplasmic proteins). The specific mixtures, techniques and variants were named after those who developed them, e.g. Giemsa, Wright, May-Grünwald.

3.3 History, discovery of transmission

The transmission of malaria had for long been a mystery. One of the researchers was the Briton Sir Ronald Ross. He left for India with a personal mission to prove transmission via insects. In 1897, after three years of hard work, he demonstrated the parasites in mosquitoes which had bitten patients. Later he also demonstrated the transmission of avian malaria via mosquitoes (Plasmodium relictum transmitted from one sparrow to another via Culex fatigans XE "Culex fatigans: malaria, historical note" ). He was able to describe the complete development of the parasite in the mosquito and also demonstrated that transmission took place via the bite of the mosquito (and not via the presence of dead mosquitoes in drinking water, as his mentor Patrick Manson had initially thought). For this he received the Nobel prize in 1902. Subsequently the Italian Giovanni Battista Grassi and Patrick Manson confirmed that human malaria could be transmitted by Anopheles mosquitoes by carrying out extensive experiments in Italy and by allowing Manson’s own son to be bitten by Anopheles mosquitoes which had fed on a patient with P. vivax malaria. 

4 The malaria genome sequencing project XE "Malaria: malaria genome sequencing project" 
During the life cycle, the parasite is haploid with the exception of a brief phase after fertilisation. In 1996 an International project was started to sequence the complete genome (23 Megabase) of P. falciparum. It is estimated that P. falciparum has about 5200 genes. The exact number depends upon the type of software used to search the databank. The nuclear genes are located on 14 chromosomes. Besides the nuclear genome, there is DNA in the mitochondria and in the apicoplast. The apicoplast is a left-over from a plastid of a green alga which once, in the course of evolution, is thought to have been an endosymbiont (cf. photosynthesis in the chloroplasts of plants). The apicoplast is transmitted via the macrogamete.

The Sanger Centre (UK), The Institute for Genomic Research (TIGR) in Rockville, Maryland (USA) and Stanford University in Palo Alto, California (USA) cooperated in this project. A large proportion of the costs are being borne by the Wellcome Trust Foundation and the NIH (National Institutes of Health, USA). A rough genetic map was produced by the end of 2000. A nearly complete genome sequence of the 3D7 reference strain of P. falciparum was published in the October 2002 issue of Nature. 
5 Life Cycle of parasites XE "Malaria: cycle" 
When a mosquito alights on the skin, it attempts to pierce a small blood vessel with its proboscis in order to suck blood. To prevent the blood from coagulating, the mosquito first injects some saliva. As well as vasodilating agents this saliva also contains anticoagulantia and enzymes such as apyrase which inhibit blood platelet aggregation (apyrase hydrolyses ADP, a substance which promotes the aggregation of thrombocytes). However, the saliva may also contain micro-organisms. When a human is bitten by an Anopheles infected with malaria, parasites (sporozoites) [Gr. sporos = seed, spore; zoon = animal] are introduced into the human body. These sporozoites pass into the liver within 30 minutes. A certain protein of the parasite, (the circumsporozoite protein, CSP), plays an important role in the penetration of the sporozoite into a liver cell. The parasites reproduce asexually (schizogony) in liver cells [Gr. schizo = split, divided; etymology similar to schizophrenia]. This is called exo-erythrocytic (or pre-erythrocytic) reproduction. This part of the life cycle was first described by Shortt and Garnham in 1948. The parasite grows and undergoes several nuclear divisions without the cytoplasm dividing. It reaches a diameter of 30-70 µm. The form of the parasite produced in this way is called a liver schizont. No malaria pigment is present (see below). Division of the cytoplasm then follows and the multinuclear schizont splits into many thousands of small offspring (merozoites) [Gr. meros = part; cf. polymer]. Every successful sporozoite can produce some 20,000 merozoites. These initially measure only 0.7 µm. After some time the infected liver cells burst and the merozoites enter the blood stream. While the parasites are still reproducing in the liver, there are no symptoms. Neither the sporozoites, nor the liver forms are sensitive to most of the drugs used in prophylaxis. The minimally required time from infection to the appearance of the first merozoites, is the prepatent period. The incubation period is somewhat longer because signs and symptoms do not appear until the parasitaemia is sufficiently advanced.
In the case of P. vivax XE "Plasmodium vivax: malaria, cycle"  and P. ovale XE "Plasmodium ovale: malaria, cycle"  only some of the infected liver cells burst. The parasites in the liver cells which do not burst (hypnozoites) [Gr. hypnos = sleep; cf. hypnosis] may remain for years and are responsible for new attacks of the disease if reactivated. The trigger which reactivates the hypnozoites is not known. The existence of hypnozoites in P. vivax was only demonstrated in 1985, via fluorescence microscopy. Reactication of these "sleeping" forms explains delayed exacerbations of the disease after treatment with chloroquine. Chloroquine kills the blood forms, but not the liver forms which are responsible for a renewed exacerbation later. Hypnozoites are not present in P. falciparum XE "Plasmodium falciparum: malaria, cycle"  and probably not in P. malariae XE "Plasmodium malariae: malaria, cycle" . This is important for treatment, because hypnozoites are not sensitive to chloroquine, quinine, mefloquine or artemisinin. Accidental inoculation with infected blood (blood containing trophozoites) may lead to infection, e.g. transfusion malaria or malaria via shared contaminated syringes by drug users. Since the infection in these cases is not transmitted by sporozoites, there are no liver forms. Liver forms are also absent in congenital malaria. This is important for treatment (no primaquine for congenital malaria with P. vivax or P. ovale). The chronic nature of infections with P. malariae is traditionally explained by assuming that the parasite can induce a very low parasitaemia for many years, which is below the detection threshold of normal diagnostic methods.

The merozoites carry certain proteins on their membranes (MSP-1 or merozoite surface protein-1). This MSP-1 binds to the surface of the erythrocyte. The merozoites subsequently penetrate the red blood cells. Precisely how the parasites penetrate the red blood cells without haemolysing them is not yet completely understood. They apparently use an unusual actin-myosin molecular motor (acto-Pfmyo-A). They remain in a vacuole in the erythrocyte. Some researchers think that there is a pathway between the extracellular space and the vacuole containing the intracellular parasite. This system could explain how macromolecules get into the parasite (erythrocytes have no capacity for endocytosis). This concept is, however, controversial and could possibly be due to an in-vitro artefact. The MSP-1 protein is highly variable and the parasite may change the structural details even within the course of a single infection. The parasite thus escapes the host's immunological defence mechanisms. 

In the red blood cell the parasite feeds on haemoglobin. The form of the parasite is now known as a trophozoite (Gr. trophe = nutrition). The young parasite possesses a digestive vacuole with lysosomal enzymes. This vacuole contains proteinases (plasmepsin and falcipain). The vacuole can be clearly seen in a blood smear and explains the ring shape of the young parasite. The breakdown of haemoglobin results in an iron-containing pigment: haemozoin. This can be seen after 12-24 hours as malaria pigment (see below: diagnosis). The vacuole disappears as the parasite becomes older. The trophozoites will once more reproduce asexually and lead to the formation of a multinuclear parasite (schizont). The latter divides to form merozoites. Each schizont produces 8 to 24 merozoites, depending on the species, within a time span of 48 hours (P. falciparum, P. vivax, P. ovale) or 72 hours (P. malariae). The infected red blood cells burst after a while so that once more merozoites appear in the blood from where they will penetrate into new erythrocytes within a few seconds. This bursting (lysis) of the red blood cells is accompanied by a bout of fever. If the development is synchronous (all parasites being at the same stage of development) the fever will follow a typical pattern (see below). This is, however, unusual. The development from merozoite to schizont takes place in the peripheral blood and all stages can be observed. In P. falciparum usually only very young forms (ring forms) can be observed in the peripheral blood because older parasites adhere to the endothelium of blood vessels in deep organs (e.g. the brain).

After a few days some of the merozoites transform into male or female gametocytes. These are necessary for sexual reproduction of the parasite. Generally at least two schizogonous cycles must be completed before gametocytes appear. The trigger for the production of gametocytes is not known. Gametocytes are responsible for transmitting the disease but do not themselves cause symptoms. Adult P. falciparum gametocytes are not sensitive to chloroquine and quinine, while those of P. vivax, P. ovale and P. malariae are sensitive. This means that following adequate treatment of P. falciparum there may still be gametocytes in the blood, and this may continue for several weeks. This does not mean that the treatment has failed. One interesting hypothesis is that chloroquine might significantly increase the gametocytaemia of chloroquine-resistant P. falciparum, resulting in an increased infectivity for Anopheles. This could, therefore, contribute to the rapid spread of chloroquine resistance. 
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If the gametocytes are ingested during a bite from an Anopheles, the male gametocyte will quickly divide mitotically 3 times and develop several flagellae (exflagellation) [L. flagellum = whip]. After ten minutes microgametes [Gr. gamos = marriage] are formed from one male gametocyte. A microgamete is approximately 20 µm long and actively motile. Exflagellation is triggered among other things by a fall in temperature and by higher pH (between 8 and 8.3). The latter, however, only applies in vitro. The acidity in the insect’s stomach is always approximately the same as that of the blood ingested. A certain substance in the insect, the gametocyte-activating factor, plays a role in the activation which makes alkalisation unnecessary. This factor is a small molecule (xanthurenic acid). This heterocyclic double ring originates from the catabolism of tryptophan and is a by-product of the synthesis of ocular pigment in the insect. The substance is present in higher concentrations in malaria vectors than in human blood. That is one of the reasons for the absence of gametocyte activation in humans.

The peak of exflagellation occurs within 25 minutes after the blood meal. The female gametocyte will undergo a slight change in shape and is then called a macrogamete. The gametes are anisogamous (they differ in size). Within 3 hours after the blood meal the microgamete and macrogamete will fuse in the mosquito’s stomach to form a diploid zygote (fertilised ovum) [Gr. "zygotos”: yoked together]. Thus fertilisation occurs in the insect!

In the following 5 hours the zygote will undergo meiosis, resulting in 4 haploid parasites. During meiosis cross-over may occur between homologous chromosomes, which results in genetic recombination. Since in natural infections parasites are often of different genotypes, this is a mechanism for maintaining diversity within one species. Later the parasite will become motile. This form of the parasite is now called an ookinete (Gr. oon = egg; kinetos = movement). The blood in the mosquito’s intestine is separated from the midgut epithelium by a semi-permeable membrane (like a dialysis membrane). Because this membrane envelops the food, it is called the peritrophic membrane (Gr. peri = around; trophe = nutrition). The ookinete penetrates this chitinous membrane which lines the inner side of the mosquito’s intestine. To do this the parasite secretes a prochitinase, an enzyme which will be converted to an active form by the mosquito’s digestive enzymes (trypsins). The ookinete subsequently migrates through the mosquito’s intestinal wall, mainly via certain epithelial cells (Ross' cells) which contain fewer microvilli than other nearby intestinal cells. The ookinete does not penetrate the basal membrane which encloses the intestinal cells on the haemocoel side. All the steps described above are essential for the maturation of the parasite and the midgut is therefore an important barrier. Only a few gametocytes in the blood meal will become successfully penetrating ookinetes. Once the ookinete has penetrated the intestine, it attaches to the outer side of the intestine. There the ookinete changes into an immobile oocyst. This is initially quite small (6-8 µm). It then grows to a diameter of 40-60 µm. After approximately a week (depending on the temperature) and after repeated mitotic nuclear divisions in the oocyst, countless 10-15 µm long fusiform parasites are produced. Thousands of sporozoites are formed, which after rupture of the oocyst will migrate to the mosquito's thoracic three-lobed salivary glands. They seem to have a preference for the distal-lateral and medial lobes of the salivary glands. The sporozoites mature in the salivary glands and are then ready to be injected into a human during the insect’s next blood meal.

Note 1

The trophozoite has no carbohydrate reserves and needs to consume glucose continually. The glucose metabolism in infected red blood cells is 50-100 times higher than that in non-infected cells. This probably contributes to the hypoglycaemia which is often seen in severe infections. The parasite does have mitochondria, but these play a minor role in the provision of energy (the last word on this has not yet been said). Glucose is converted by anaerobic glycolysis to pyruvate and then to lactate. This latter step, as in humans, is catalysed by the enzyme lactate dehydrogenase (LDH). The parasite’s LDH is clearly different from that of humans and forms the basis of a diagnostic test (see below). Some glucose is processed in the hexose monophosphate shunt, which serves to produce NADPH. NADPH is necessary for the protective antioxidant glutathione, for reductive biosynthesis and for the de novo production of purines (see also G6PD-deficiency). Purines are necessary to produce parasitic DNA and glutathione is needed as a protection against oxidative stress. This may explain why G6PD-deficiency should offer relative protection against malaria and why this deficiency occurs frequently in malaria regions. However, opinions are divided on this subject.
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Note 2

In 1999 it was shown that Plasmodium berghei XE "Plasmodium berghei: malaria, cycle"  uses two different kinds of ribosome, one which is active in the mosquito and one in its normal rodent host. Whether this is also the case with other parasites is as yet unclear. 

6 Geographical distribution XE "Malaria: geographical distribution" 
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Many lay people regard malaria as a purely tropical disease. However, the distribution of malaria used to be world-wide. Today, it still occurs in some 100 countries. The situation varies from region to region. Until 1938 there was still P. vivax malaria ("polderkoorts") in Belgium, and in the Netherlands as late as 1958, although there was an unexplained (possibly autochtonous) case of P. malariae infection in a child in Zealand in 1969. The WHO declared the Netherlands officially malaria-free only in 1970. It is chiefly the pollution of surface waters which makes reproduction of Anopheles mosquitoes difficult. Yet Anopheles plumbeus XE "Anopheles plumbeus: malaria, geographical distribution" , a vector which preferably breeds in water in hollow trees (and car tyres), Anopheles atroparvus XE "Anopheles atroparvus: malaria, geographical distribution" , a brackish water mosquito, and its close relative A. messeae XE "Anopheles messeae: malaria, geographical distribution" , still occur in the Low Countries. [A. atroparvus prefers water with a chloride concentration of 800-2,500 ml/L. If the chloride concentration rises above 8,000 mg/L, the larvae die]. Anopheles atroparvus is able to transmit Plasmodium vivax malaria, but cannot transmit Plasmodium falciparum. Anopheles plumbeus was previously an exclusively zoophilic vector, which in recent years has fed more and more on humans. This mosquito can transmit tropical falciparum malaria. In the last century there were important changes in the lifestyle of humans, resulting in less human/mosquito contact. Effective therapy is also available. All these factors mean that malaria has disappeared in Northwest Europe. Cases in Western countries are generally dealt with swiftly and satisfactorily, and one person with malaria very rarely leads to the infection of others. Chronic reintroduction of the disease in Europe is thus very improbable. To maintain an infectious disease it is necessary for one infectious case to lead to one other infectious case, otherwise the disease will die out in the area. In Europe there are at present insufficient gametocyte carriers and vectors to ensure the continuation of the disease.

Malaria is a very important public health problem. The number of clinical cases is estimated at 150 to 300 million per year. Of these, approximately 1 million, mainly young children die every year in Africa alone. Most lethal infections are due to Plasmodium falciparum. The disease causes symptoms such as fever, shivers, headache and muscular pain, anaemia and splenomegaly. Involvement of the brain often leads to death. For some years P. falciparum has been developing increasing resistance to chloroquine and other anti-malaria products. This, of course, makes treatment difficult. Many mosquitoes which are responsible for transmission of the disease are becoming resistant to a number of insecticides and this makes vector control difficult.

*

· P. falciparum XE "Plasmodium falciparum: malaria, geographical distribution"  is the most common form in sub-Saharan Africa. It occurs chiefly in Africa, tropical South America and Southeast Asia. The parasite occurred previously in the Mediterranean basin. It does not occur outside the tropics and subtropics.

*

· P. vivax XE "Plasmodium vivax: malaria, geographical distribution"  has the widest distribution area (previously as far as London, Norway, Denmark, New York, southern Canada and even Siberia). In 1922 the number of cases in Texas was estimated at 500,000. It is the most common form in certain regions (e.g. Maghreb countries). P. vivax preferentially penetrates young red blood cells (reticulocytes). To this end the merozoites have two proteins at their apical pole (PvRBP-1 and PvRBP-2). In 1976 Miller discovered that Plasmodium vivax uses the Duffy blood group antigens (Fya and Fyb) as receptors to penetrate red blood cells. These antigens do not occur in the majority of humans in West Africa [phenotype Fy (a-b-)]. As a result P. vivax does not occur in West Africa. Duffy blood group negative erythrocytes are, in vitro, also resistant to infection with P. knowlesi (monkey malaria). 

*

· P. ovale XE "Plasmodium ovale: malaria, geographical distribution" : chiefly West Africa, less elsewhere in Africa and sporadically in the Far East.

*
· P. malariae XE "Plasmodium malariae: malaria, geographical distribution"  is not very common anywhere.

7 Epidemiological classification - stable versus unstable malaria XE "Malaria: epidemiological classification - stable versus unstable malaria" 
There is no completely satisfactory epidemiological classification of malaria. Stable malaria means that the clinical disease is characterised by preferentially affecting children and achieving a protective "immunity" in adults. Stability does not mean that there can be no variation in transmission. In some regions seasonal malaria occurs. In other areas there is unstable malaria: transmission differs greatly from year to year and sometimes epidemics occur. The disease then also occurs in older persons. This is important in many respects, including the fact that irregular control of malaria may lead to changes in the immune status of the population. Sometimes malaria may appear again in a region. For example: in 1972 the disease was eradicated in South Korea following an intensive eradication campaign with case detection and vector control. In 1993 one case of P. vivax was observed. There then followed 22 cases in 1994, in 1995 there were 107 cases, 356 in 1996 and more than 1600 in 1997. In 1995 all cases were still limited to the border area with North Korea, but in 1996 there was also transmission outside the demilitarised zone. After entomological surveys had shown that Anopheles sinensis XE "Anopheles sinensis: malaria, epidemiological classification"  was the chief vector, measures were taken to control the disease.

8 Vector XE "Malaria: vector"  

8.1 Vector, Anopheles mosquitoes
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Malaria is transmitted by Anopheles mosquitoes. This applies to the malaria of all mammals. Avian malaria on the other hand is chiefly transmitted by Culicinae. There are some 400 Anopheles species, 40 of which are good vectors while 28 are poor vectors. Anopheles mosquitoes are relatively small (8 mm), two-winged insects (Diptera; Gr. di = two and pteryx = wing) sometimes with a typical posture while feeding: head down and the lower body upwards. [There are exceptions to this such as Anopheles culicifacies XE "Anopheles culicifacies: malaria, vector" , which, as its name suggests, is similar in posture to Culex.] As with many mosquitoes there are countless scales on the body and wings. In Anopheles there are darker and lighter coloured scales arranged in groups, which produces a distinctive marking on the wing (a speckled pattern). Culex mosquitoes on the other hand are of an even colour. Anopheles mosquitoes undergo induced color change based on perception of the background against which they are cultured. When larvae are reared on either a black or white background, they become pigmented dark or pale. The degree of darkening depends in part on the length of time the larvae have been cultured on a black background and the degree of fat body development. This color change phenomenon is called homochromy. Anopheles mosquitoes are active at night. They do not buzz much and are not easily noticed. Every species of mosquito has its own characteristics as to behaviour, reproduction, biting habits, etc. This is of course important for mosquito control.
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Many invertebrates have an open circulation, in which blood pumped by the heart empties via an artery into an open, fluid-filled space, the haemocoel, which lies between the ectoderm and the endoderm. The fluid contained within the haemocoel is referred to as haemolymph or blood. The blood is not circulated through capillaries but bathes the tissues directly. This blood circulation is of minor importance for oxygen transport. Instead they have a tracheal system in which respiratory gases are transported directly to tissues through air-filled tubes. Most insects have a large capacity for aerobic metabolism.

*

Genomic DNA from both males and females of the PEST strain of Anopheles gambiae XE "Anopheles gambiae: malaria, vector"  was sequenced. The PEST strain was derived from a cross between a laboratory strain and a field-collected isolate of A. gambiae. This strain was choosen for several practical reasons.

*

At tropical temperatures the first oviposition occurs 2 to 3 days after the first blood meal. Each time the females lay about 100 eggs in water (they are not attached to one another, unlike the eggs of Culex mosquitoes which lie in groups). The eggs cannot survive drying out, unlike those of Aedes. After they have laid their eggs the females will once more be searching for a blood meal. The interval between sucking blood and laying eggs is called the gonotrophic cycle. The period of this cycle is important in determining vector capacity. The more often the mosquito feeds on blood, the more risk there is of becoming infected with parasites. At lower temperatures the gonotrophic cycle is longer, some 4 or 5 days. This reduces the risk of disease transmission because: (1) the number of times that the mosquito can take up or inject parasites is smaller, (2) the speed of development of the parasite is dependent on temperature and is slower in a cold climate, and (3) the mosquitoes have a greater chance of dying before they become infectious. If the lifetime of the mosquito is shorter than the development time of the parasite (extrinsic incubation period) there will be no transmission of the disease. If vector control is by means of insecticides, an attempt is being made to make the average life span of the mosquitoes shorter than the extrinsic incubation period of the parasite. Thus the majority of female mosquitoes are killed before they become infectious. How can this be measured? One way to ascertain the age structure of an insect population is to determine the proportion of females who have laid eggs at least once. This can be done by examining the ovaries. Specific attention is paid to the shape of the trachea (breathing tubes). In nulliparous insects these have a different shape to those of insects which have already laid eggs. They exhibit a scar, caused by the swelling of the eggs. 

8.2 Vector, Anopheles larvae and pupae

CD_1094_008c.jpg CD_1094_010c.jpg

CD_1094_009c.jpg CD_1093_068c.jpg

After 2-3 days legless larvae emerge from the eggs. There are four larval stages. The larvae of Anopheles lie parallel with the surface of the water, unlike Culex larvae. They breath air via small caudal openings (spiracles) [the larvae also have dorsal "gills", but these are actually osmoregulatory organs]. This surface position makes them susceptible to chemicals which float on water, e.g. oil with special dispersion detergents to use less product per hectare). Yet larvae can also to a limited extent take up oxygen dissolved in the water, so an oil film with mechanical protection is only of limited benefit. The larvae are filter feeders and have oral tufts of hair (“mouth brushes”). They feed on all kinds of microscopic organisms. For example they can take up dead Bacillus thuringiensis var. israelensis. The spore of this bacterium contains toxins which kills the larva and this is used for vector control (see also onchocerciasis). The entomopathogenic Bacillus sphaericus may also be taken up. 

After 7-20 days a larva will form a pupa. This pupa is quite active (motile) but does not feed. The rate of development of the larva and pupa is highly dependent on temperature. Malaria transmission quickly increases if the average temperature rises. A feature of the pupa is the two trumpets with which the animal breathes. Anopheles sexes can be distinguished easily in the pupal stage. This is often desirable in the laboratory, so that sexes can be separated before adulthood to avoid mating of adults intended for genetic crosses and otherwise to determine sex before adulthood. Claspers are present only in the male (visible on the rear of the pupa). After eclosion, the adult insect appears. Metamorphosis can be disturbed by various pesticides with a hormonal action. The metamorphosis is affected to an important extent by the corpora allata, small lobes near the insect brain. These corpora release what is called the juvenile hormone, a sesquiterpene. Methoprene (Altosid®) is a juvenile hormone analogue which prevents metamorphosis (the actual hormone is too unstable to be used). The shedding of the old cuticula is also under hormonal control. The brain excretes an activation hormone, called the prothoracicotropic hormone. This acts upon the prothoracic gland, which in turn excretes ecdysone, a steroid hormone. Due to the effect of ecdysone the old cuticula is separates enzymatically from the new cuticula which is forming underneath (apolysis). After the old cuticula has been discarded (ecdysis) the new one, which is still soft, quickly hardens under influence of bursicon, a hormone.

8.3 Vector, ecological habitat of the Anopheles mosquito

The ecological habitat which larvae need, varies greatly from one species to another, from permanent water surfaces to temporary puddles, fresh or brackish water, edges of streams or still water, in the open sun or in deep shadow, from pure water to polluted water, marshes or small water collections in plants, trees, rocks, hoof-prints or rubbish. Larvae are generally rare on large water surfaces, lakes or fast rivers (except at the edges). No larvae will be found in flowing water. The characteristics of the breeding grounds are precisely defined for each Anopheles species, so that if the local vector is known, the breeding grounds can be targetted for selective control.

8.4 Vector, mosquito diet

Like all two-winged insects mosquitoes can only feed on liquid food. They suck plant juices and nectar, but females need blood to make eggs. Without blood no or few eggs can be laid. Only the females suck blood. The life of a male mosquito consists of a constant search for sex and nectar. The mouth parts must not be confused with the palpi and antennae. The long palpi lie on either side of the proboscis. The antennae have a distinctive structure (plume shaped and hairy in the male).

*

Mouth parts
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The structure and action of the mouth parts of a female are important for the transmission of malaria. The mouth (proboscis) consists of 7 parts. Above is the upper lip (labrum) and below is the larger U-shaped lower lip (labium) which ends in a blunt thickening (labellum). The labrum and labium enclose a space containing 2 awl-shaped serrated mandibulae, 2 similar maxillae and 1 hollow hypopharynx. The cavity in the hypopharynx is the extended outlet from the salivary glands. When a female bites, the blunt labellum is placed on the skin. This cannot penetrate the skin and the labium bends backwards. This allows the other 6 mouth parts to penetrate the skin. Saliva is injected to prevent the blood from coagulating and blocking the mouth parts. It is in this saliva that the sporozoites are to be found.

8.5 Vector, sensitivity of the mosquito to infection with plasmodia

Some mosquitoes are sensitive to one species of malaria parasites and resistant to another. Thus for example P. vivax XE "Plasmodium vivax: malaria, vector"  can develop successfully in A. atroparvus XE "Anopheles atroparvus: malaria, vector" , but P. falciparum XE "Plasmodium falciparum: malaria, vector"  from tropical regions is not capable of forming oocysts in this mosquito. P. falciparum from Southern Europe which has now been eradicated could develop in this mosquito. Penetration into the mosquito salivary gland cells is receptor-ligand dependant. This specificity explains why certain parasites can only be transmitted by certain Anopheles. For example, the complete sporogony of P. cynomolgi XE "Plasmodium cynomolgi: malaria, vector"  can be completed in Anopheles freeborni XE "Anopheles freeborni: malaria, vector" , but the parasites cannot penetrate the salivary glands of the insect. Some mosquito species can cause lysis of ookinetes in their intestines or encapsulate them in a melanotic capsule. There are certain peptides (defencins, similar to the cecropins of other insects) in the haemolymph of mosquitoes. These are being studied for their protective effect on the mosquito. Our knowledge of the protective mechanisms of Anopheles sp. against parasites is not complete.

8.6 Vector, biting behaviour of mosquitoes
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Different mosquito species have widely varying habits: some bite chiefly animals (zoophilic) and others humans (anthropophilic). They may live and bite outside (exophilic and exophagic respectively) or come into houses and bite there (endophilic and endophagic respectively). Anopheles mosquitoes are good flyers: they can cover several kilometres in one night. This is of course of great importance for their control. If there are lots of animals around the houses, malaria transmission by zoophilic vectors will be reduced. Contact with endophagic mosquitoes can be reduced by mosquito nets. Endophagic mosquitoes will often rest on walls after a blood meal. Residual insecticides which are applied there will kill the vector. There are also techniques for controlling adult mosquitoes outside houses. Vector control of malaria targets the larvae and the adult insects. Eggs and pupae are difficult to control.

8.7 Vector, how does the mosquito find her prey?

Mosquitoes are attracted by an increased CO2 concentration, or to put it better, by a CO2 gradient. Yet CO2 is an aspecific attractant, since all animals breath out CO2. This is therefore a problem for mosquitoes which have a preference for a specific host. Dilution in the atmosphere limits the range of this substance to approximately 20 metres. The warmth of the skin, lactic acid and moisture (breath) play a part over short distances. Every animal produces a number of volatile substances in its skin, breath, faeces and urine. A number of the substances (kairomones) are used by the mosquito to find its prey. The skin has various microhabitats (armpits, groin, soles of the feet, scalp, and so on) which are colonised by various bacteria (staphylococci, micrococci, coryneforms, etc.) These bacteria can convert some substances in sweat and sebum into attractants. The presence of Brevibacterium epidermidis XE "Brevibacterium epidermidis: malaria, vector"  plays a part in the typical smell of sweaty feet (comparable to the smell of Limburger cheese, in which Brevibacterium linens XE "Brevibacterium linens: malaria, vector"  produces the typical odour). This odour is highly attractive to mosquitoes. The details are complex, however. Thus Anopheles gambiae prefers to land on the feet, while A. atroparvus XE "Anopheles atroparvus: malaria, vector"  prefers to bite the face.

Various methods have been developed to find attractants. The substances may be identified by the measuring the activity of receptors in the mosquitoes’ antennae when they are in a stream of air in which the attractants occur. In the laboratory the chemicals are separated in a gas chromatograph. With the purified chemicals, one can perform electro-antennography, or single-cell recordings with micro-electrodes on the olfactory receptor cells of the insect. Potential mosquito repellents may also be screened and researched in this way. Perhaps one day certain cocktails of attractants can be used to make mosquitotraps effective.

8.8 Vector, resistance to insecticides in malaria vectors

Malaria vector control is primarily based on the use of insecticides. Appropriate monitoring of vector resistance to insecticides is an integral component of planning and evaluation of insecticide uses in malaria control programmes. Pyrethroids and DDT, two important insecticides used for vector control, block the nerve-impuls conduction by preventing a para-type sodium channel from returning to the closed-gated configuration after an action potential. An important mechanism that confers resistance to pyrethroids and DDT, known as knockdown resistance or kdr, was first described in the housefly Musca domestica XE "Musca domestica: malaria, vector" . It has been reported that a single mutation in the S6 transmembrane segment of domain II in the para-type sodium channel sequence is the molecular basis of kdr in Musca domestica. Recently, the para-type sodium channel gene has been characterized for different insects, including the African malaria vector Anopheles gambiae. Mutations in this gene have been linked to knockdown resistance. For A. gambiae, diagnostic PCR tests have been developed for the detection of the kdr-mutation. 

8.9 Vector, examples of important vectors

CD_1074_059c.jpg

This is not a all-inclusive list. In bold, important species.

1. North American 

· A. albimanus XE "Anopheles albimanus: malaria, important vectors" 
· A. freeborni XE "Anopheles freeborni: malaria, important vectors"  

· A. quadrimaculatus XE "Anopheles quadrimaculatus: malaria, important vectors"  

2. Central American 

· A. albimanus 

· A. albitarsis XE "Anopheles albitarsis: malaria, important vectors"  

· A. aquasalis XE "Anopheles aquasalis: malaria, important vectors"  

· A. argyritarsis 

· A. aztecus XE "Anopheles aztecus: malaria, important vectors"  

· A. darlingi XE "Anopheles darlingi: malaria, important vectors" 
· A. pseudopunctipennis XE "Anopheles pseudopunctipennis: malaria, important vectors"  

· A. punctimacula 

3. South American 

· A. albimanus 

· A. albitarsis 

· A. aquasalis 

· A. argyritarsis XE "Anopheles argyritarsis: malaria, important vectors"  

· A. bellator XE "Anopheles bellator: malaria, important vectors"  

· A. braziliensis XE "Anopheles braziliensis: malaria, important vectors"  

· A. cruzii XE "Anopheles cruzii: malaria, important vectors"  

· A. darlingi XE "Anopheles darlingi: malaria, important vectors"  

· A. neivai XE "Anopheles neivai: malaria, important vectors"  

· A. nuneztovari XE "Anopheles nuneztovari: malaria, important vectors"  

· A. pseudopunctipennis XE "Anopheles pseudopunctipennis: malaria, important vectors"  

· A. punctimacula XE "Anopheles punctimacula: malaria, important vectors"  

· A. triannulatus
 XE "Anopheles triannulatus: malaria, important vectors" 
4. North Eurasian 

· A. atroparvus XE "Anopheles atroparvus: malaria, important vectors"  

· A. messeae XE "Anopheles messeae: malaria, important vectors"  

· A. pattoni XE "Anopheles pattoni: malaria, important vectors" 
· A. sacharovi 

· A. sinensis XE "Anopheles sinensis: malaria, important vectors"  

5. Mediterranean 

· A. atroparvus XE "Anopheles atroparvus: malaria, important vectors"  

· A. claviger XE "Anopheles claviger: malaria, important vectors"  

· A. hispaniola XE "Anopheles hispaniola: malaria, important vectors"  

· A. labranchiae XE "Anopheles labranchiae: malaria, important vectors"  

· A. messeae XE "Anopheles messeae: malaria, important vectors"  

· A. sacharovi 

· A. superpictus
 XE "Anopheles superpictus: malaria, important vectors" 
6. Afro-Arabian 

· A. culicifacies 

· A. fluviatilis XE "Anopheles fluviatilis: malaria, important vectors"  

· A. hispaniola 

· A. multicolor XE "Anopheles multicolor: malaria, important vectors"  

· A. pharoensis XE "Anopheles pharoensis: malaria, important vectors"  

· A. sergentii
 XE "Anopheles sergentii: malaria, important vectors" 
7. Afrotropical 

· A. arabiensis XE "Anopheles arabiensis: malaria, important vectors"  

· A. funestus XE "Anopheles funestus: malaria, important vectors"  

· A. gambiae XE "Anopheles gambiae: malaria, important vectors"  

· A. melas XE "Anopheles melas: malaria, important vectors"  

· A. merus XE "Anopheles merus: malaria, important vectors" 
· A. moucheti XE "Anopheles moucheti: malaria, important vectors"  

· A. nili XE "Anopheles nili: malaria, important vectors" 
· A. pharoensis
8. Indo-Iranian 

· A. aconitus XE "Anopheles aconitus: malaria, important vectors" 
· A. annularis XE "Anopheles annularis: malaria, important vectors" 
· A. culicifacies
· A. fluviatilis
· A. jeyporiensis

· A. minimus

· A. philippinensis

· A. pulcherrimus XE "Anopheles pulcherrimus: malaria, important vectors" 
· A. sacharovi XE "Anopheles sacharovi: malaria, important vectors" 
· A. stephensi XE "Anopheles stephensi: malaria, important vectors" 
· A. sundaicus XE "Anopheles sundaicus: malaria, important vectors" 
· A. superpictus

· A. tessellatus XE "Anopheles tessellatus: malaria, important vectors" 
· A. varuna
 XE "Anopheles varuna: malaria, important vectors" 
9. Indo-Chinese hills 

· A. annularis

· A. culicifacies XE "Anopheles culicifacies: malaria, important vectors" 
· A. dirus XE "Anopheles dirus: malaria, important vectors" 
· A. fluviatilis
· A. jeyporiensis

· A. maculatus XE "Anopheles maculatus: malaria, important vectors" 
· A. minimus

· A. nigerrimus
10. Malaysian 

· A. aconitus XE "Anopheles aconitus: malaria, important vectors" 
· A. balabacensis XE "Anopheles balabacensis: malaria, important vectors" 
· A. campestris XE "Anopheles campestris: malaria, important vectors" 
· A. dirus

· A. donaldi XE "Anopheles donaldi: malaria, important vectors" 
· A. flavirostris XE "Anopheles flavirostris: malaria, important vectors" 
· A. jeyporiensis

· A. letifer XE "Anopheles letifer: malaria, important vectors" 
· A. leucosphyrus XE "Anopheles leucosphyrus: malaria, important vectors" 
· A. ludlowae XE "Anopheles ludlowae: malaria, important vectors" 
· A. maculatus
· A. mangyanu XE "Anopheles mangyanu: malaria, important vectors" 
· A. minimus XE "Anopheles minimus: malaria, important vectors" 
· A. nigerrimus XE "Anopheles nigerrimus: malaria, important vectors" 
· A. philippinensis XE "Anopheles philippinensis: malaria, important vectors" 
· A. subpictus

· A. sundaicus
· A. whartoni
 XE "Anopheles whartoni: malaria, important vectors" 
11. Chinese 

· A. anthropophagus XE "Anopheles anthropophagus: malaria, important vectors" 
· A. balabacensis

· A. jeyporiensis XE "Anopheles jeyporiensis: malaria, important vectors" 
· A. pattoni

· A. sinensis
 XE "Anopheles sinensis: malaria, important vectors" 
12. Australasian 

· A. farauti type 1 XE "Anopheles farauti type 1: malaria, important vectors" 
· A. farauti type 2 XE "Anopheles farauti type 2: malaria, important vectors" 
· A. hilli XE "Anopheles hilli: malaria, important vectors" 
· A. karwari XE "Anopheles karwari: malaria, important vectors" 
· A. koliensis XE "Anopheles koliensis: malaria, important vectors" 
· A. punctulatus XE "Anopheles punctulatus: malaria, important vectors" 
· A. subpictus
 XE "Anopheles subpictus: malaria, important vectors" 
Note: Anopheles gambiae complex

Mosquitoes which are identical as regards size, colour, pattern, morphology, may nevertheless differ in behaviour, adjustment to the environment, and DNA such as the banding pattern on the polytene giant chromosomes of the larval salivary glands or the ovarian nurse cells of adult mosquitoes. Polytene chromosomes are found in salivary glands of Diptera. Their enormeous length (2 mm in Drosophila) is much longer than metaphase chromosomes. The polytene chromosomes consist of 100 or more copies of DNA, arranged side by side. The DNA is said to be endoreduplicated. Examination of these chromosomes by Feulgen staining and light microscopy reveals alternating highly and moderately dense regions, called bands and interbands. Polytene chromosomes can be also be analysed by staining with antibodies. The expanded length of polytene chromosomes, relative to metaphase chromosomes, allows a much higher resolution mapping of morphological chromosome features than is possible with G- or Q-banding (staining with Giemsa or Quinacrine) The high local DNA concentration of aligned DNA sequences make polytene chromosomes ideal targets for in situ hybridization with specific sequence probes. The lesser density of interbands suggests that the chromatin in these regions is less condensed and may correspond to euchromatin of normal interphase nuclei. Conversely, the bands probably correspond to the condensed heterochromatin. Electron micrographs allow the fine definition of banding patterns. 

Morphological identical mosquito species were found to be in fact different species since genetic exchange between them is no longer possible or leads to sterile hybrids. Such mosquitoes may be found in the same region (sympatric mosquitoes). One can often differentiate sibling species by electrophoresis. Proof of speciation is based on the lack of heterozygosity of the diagnostic iso-enzymes in species which breed in the same environment, and also by culture experiments. Nowadays molecular markers are used on dried specimens. In this way six closely related species were identified in the most important African vector, Anopheles gambiae. These mosquitoes form the Anopheles gambiae species complex. They are mosquitoes which cannot be morphologically distinguished from each other. 

· Anopheles gambiae XE "Anopheles gambiae: malaria, Anopheles gambiae complex"  sensu strictu, an anthropophagic and endophilic fresh water mosquito which flourishes preferentially in rather moist regions. An excellent vector for malaria.

· Anopheles arabiensis XE "Anopheles arabiensis: malaria, Anopheles gambiae complex"  is anthropophilic, but in the presence of livestock this mosquito prefers cattle. Its behaviour while resting can vary greatly (endophilic or exophilic). If they are exophilic, spraying the inside of the house with insecticides will not be effective. The mosquito lays its eggs in fresh water. 
· Anopheles quadriannulatus XE "Anopheles quadriannulatus: malaria, Anopheles gambiae complex"  is zoophagic and exophilic. No control measures are necessary for this fresh water mosquito since it is not a malaria vector. 
· Anopheles bwambae XE "Anopheles bwambae: malaria, Anopheles gambiae complex"  occurs only in a very small area, in the Semliki Forest in the Rift Valley. It is an anthropophagic mosquito which breeds in geothermal fresh water streams and is for the most part insignificant.

· Anopheles melas XE "Anopheles melas: malaria, Anopheles gambiae complex" , anthropophagic and endophilic, occurs on the coast of West Africa. Its capacity as a vector is considerably lower than that of A. gambiae and A. arabiensis. It is a brackish water mosquito and thus is not found inland.
· Anopheles merus XE "Anopheles merus: malaria, Anopheles gambiae complex"  breeds on the coast of East Africa both in fresh and brackish water, and is more exophilic than endophilic. 
Note: Anopheles gambiae and Brazil

One could have the impression that the geographical distribution of mosquitoes is stable. However, sometimes insects are imported into new regions where they can flourish and become pest species. Just such a case occurred in 1930. In March of that year larvae of Anopheles gambiae were found in a very limited area in Natal, Brazil. This mosquito originated in Africa, however, and until then had never occurred in America. The local authorities were informed but showed no interest and refused to co-operate in control measures. In January 1931 there was a malaria epidemic with 10,000 cases. The size of the infested area increased. In 1938 the number of patients rose to 100,000 cases with 14,000 to 20,000 deaths. There was severe disturbance of everyday life. The cotton harvest was not picked due to the huge numbers of people who were sick, and the food supply was threatened. The President, Getubio Varga, intervened and appointed Fred Soper as leader of a huge eradication campaign. He was an energetic and extremely gifted man. After setting up laboratories, a training school, a cartography department and a surveillance system, the foci were charted and the region was divided into small units. Teams were trained and made repeated visits to every focus and individual dwelling. Spraying was carried out with copper aceto-arsenite (Paris Green) and drainage projects were completed. Oil was poured regularly on water surfaces to kill the larvae. Ships, aeroplanes, trains and cars on the roads were fumigated upon leaving the epidemic region. In one year he was able to drive the mosquito back to two small foci which were then brought under control. The mosquito was eradicated from the continent, a notable achievement in the time before DDT existed.

8.10 Vector, extrinsic incubation period of the parasite

The development of plasmodia (from gametocytes to sporozoites) in a mosquito takes at least 9 days (sometimes as much as 30 days, depending on the temperature). After an infected blood meal a female mosquito will pass through at least 4 or 5 egg-laying periods (and blood meals) before it becomes infectious. There is thus ample time over several days to destroy the vector before she can transmit. Mosquitoes which are infectious are already “middle-aged". They may sometimes survive a month or more, but often the life span is much shorter. This long period before a mosquito becomes infectious is a weak point in the cycle of plasmodia. For example: at a temperature of 30°C at least 70% of mosquitoes need to survive every day if more than 1% of mosquitoes are to survive the 10-day development period.

A practical example can be seen in "airport malaria". Sometimes (due to lack of decontamination or resistance to insecticide) infected mosquitoes are brought to northern airports in aeroplanes. If such a mosquito can remain active due to high environmental temperatures (in a hot summer), bites someone and injects sporozoites, it will already be at least 10 days old. Adding the incubation period for P. falciparum and the time between the first fever and making the diagnosis (in northern regions one does not think quickly of the possibility of malaria), it can then be assumed that the mosquito which caused the disease will probably already be dead when the diagnosis is finally made. Patient's delay and doctor's delay are important factors in lethal malaria. One mosquito can infect several persons (for example if the blood meal is interrupted the mosquito will bite several times), also possibly outside the airport (carried by the wind, or flying). Also, several mosquitoes may be introduced. Due to these factors, clusters of airport malaria may occur in hot summers. The risk that descendants of an infected (or non-infected) mosquito would survive in Europe and find a gametocyte carrier and cause infections again after the incubation period, is very small.

Note on Diptera

The diversity of insects which can transmit pathogens can be overwhelming. Certain mosquitoes are of importance to malaria. To be able to place them taxonomically, the following explanation is given (for more details see entomology course). The order of Diptera (two-winged insects) is subdivided into two large suborders: Nematocera (“segmented antennae”: antennae with many similar segments; 26 families all together, such as mosquitoes, simulids and ceratopogonids) and Brachycera (“short antennae”, with 104 families all together). The Brachycera are divided in the Cyclorrapha (“round seams”, which refers to a larval characteristic; 85 families, e.g. tsetse flies (Glossina sp), fruit flies (Drosophilidae), house flies (Muscidae); hover flies (Syrphidae), blow flies (Calliphoridae), Sarcophagidae and tachinids) and the Orthorrapha (19 families, exemplified by the horseflies; tabanids belong to this group, as do the robber flies (Asilidae) and long-legged flies (Dolichopodidae). In the higher flies (Cyclorrapha), pupation occurs inside the skin of the third last larval stage, which is known as the puparium. About 20% of all fly species, representing more than 20 families, are parasitoids. This means that their larvae develop inside the bodies of hosts, which are killed in the proces. Those insects (e.g. tachinids) are of immense importance in the control of natural populations of pest insects.

*

Nematocera are subdivided into: 

· Culicidae

: mosquitoes 

· Psychodidae
: sandflies (Phlebotomus)

· Ceratopogonidae
: biting midges (Culicoides)

· Simuliidae

: buffalo gnats or blackflies 

*

Not biting humans and of no direct medical importance:

· Tipulidae

: crane flies

· Chironomidae
: midges or thunder flies 

· Cecidomyiidae
: gall midges

· Mycetophilidae
: fungus gnats

· Blefaroceridae
: net-winged midges

· Trichoceridae
: winter gnats

· Bibionidae

: St Marks flies, March flies, fever flies

*

Biting mosquitoes are divided into three large subfamilies :

· Anophelinae: Anopheles
· Culicinae: Aedes, Armigeres, Eretmapodites, Haemagogus, Uranotaenia, Culex, Culiseta, Mansonia, Coquillettidia, Sabethes
· Toxorhynchitinae: no direct medical importance: do not bite humans, thus not actually “biting” mosquitoes. The predatory larvae are sometimes used in vector control.

9 Physiopathology XE "Malaria: physiopathology" 
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The incubation period may be short (minimum 1 week for P. falciparum XE "Falciparum falciparum: malaria, physiopathology" ) to very long (several years for P. ovale XE "Plasmodium ovale: malaria, physiopathology" ). In falciparum malaria the parasitaemia can be very high: up to 80% of erythrocytes may contain parasites, but even 5% is sufficient to result in severe disease. These situations may be life-threatening. The other malaria parasites produce much lower parasitaemia (maximum 2 %). They do cause severe illness, but are practically never life-threatening.

The rupture of the red blood cells (haemolysis) is accompanied by fever, muscle pain and general malaise. Massive haemolysis may cause kidney failure. Parasitised red blood cells are removed by the spleen. Splenomegaly will result. Anaemia occurs due to the destruction of erythrocytes, suppression of the bone marrow and excess activity of the enlarged spleen (hypersplenism). In falciparum malaria there will often be a drop in glycaemia. The hypoglycaemia can be corrected by administration of glucose.

Erythrocytes which contain schizonts of P. falciparum, develop small knobs on their cell membranes. These consist, among other things, of a histidine-rich protein. With this they cling to the walls of the capillaries and to the vascular endothelium of the post-capillary venules in the brain. The low local O2 pressure and high CO2 pressure are optimal for further maturation of the parasite. Infected red blood cells are less easily distorted and more rigid than normal erythrocytes. This impedes the bloodflow, which can lead to cerebral malaria. Other organs too may be affected, for example the placenta and the intestines (resulting in abdominal pain and diarrhoea). Red blood cells which contain schizonts of P. malariae XE "Plasmodium malariae: malaria, physiopathology" , also develop knobs on their membranes, but these cells do not adhere to the vascular endothelium. 

There are two groups of parasites in P. falciparum infections: (1) the young forms in the peripheral blood which can easily be observed in a thin blood smear, and (2) the mature group which is attached to small blood vessels and which cannot be seen. Falciparum schizonts are rarely found in peripheral blood, but these are important for the development of cerebral malaria. The whole mechanism of cerebral malaria has not to date been fully explained. As well as the attachment of parasitised red blood cells to the vessel walls (cytoadherence) other mechanisms possibly also play a part. Normal red blood cells sometimes attach to parasited cells, which impairs the microcirculation. All kinds of released chemical substances (cytokines, oxygen radicals, etc.) may also play a part. Cytokines such as tumour necrosis factor (TNF-α) increase the expression of receptor molecules on the endothelium and will contribute to the cytoadherence and flow obstruction which characterise falciparum malaria. When the schizont is mature and the red blood cell ruptures, glycosyl-phosphatidyl inositol anchors (GPI-anchors) are released, which stimulates the production of TNF-α from macrophages. This mechanism ("malaria toxin") is similar to the release of TNF-α by endotoxins in Gram-negative septicaemia.

Increased intracranial pressure is found in some patients, but certainly not in all. Increased permeability of the vessel wall may play a part, but oedema of the brain is not the general rule. The role of certain immunological mechanisms is being investigated. The final answer will require further study. There is still no good animal model for cerebral malaria, which makes research difficult.
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Carriers of the sickle cell anaemia gene (heterozygotes for haemoglobin S) have relative protection against severe infection with P. falciparum and thus have a survival advantage (in homozygous patients, malaria may be fatal). See balanced polymorphism and the Hardy-Weinberg equilibrium. The same advantage probably applies to persons deficient in G6PD (a red blood cell enzyme). This may explain why these two conditions are so common in Africa. In Papua New Guinea ovalocytosis is common. These red blood cells have an oval shape and cannot be penetrated by P. falciparum parasites. Heterozygotes are thus protected against P. falciparum (homozygosity is not compatible with life). Haemoglobin C (chiefly West Africa) and haemoglobin E (chiefly Southeast Asia) do not protect against P. falciparum infections. The data on the influence of thalassemia on the clinical severity of malaria are contradictory (many mutations lead to thalassemia, an important confounding factor).

While circulating in human blood Plasmodium falciparum exhibits antigenic variation. On the surface of the infected red blood cell a certain protein is expressed: the P. falciparum-infected erythrocyte membrane protein 1 (PfEMP-1). The parasite is able to make many variants of this protein. By interchanging which variant of PfEMP-1 is present, the parasite can evade the immune response to these immunodominant antigens. PfEMP-1 also inhibits antigen presentation by dendritic cells. The proteins can bind to endothelial receptors [such as ICAM-1 (intercellular adhesion molecule type 1), VCAM-1 (vascular cell adhesion molecule-1), ELAM-1 (E-selectin), CD36 and thrombospondin]. The PfEMP1 proteins are the gene products of what are called var-genes, of which there are 50 to 150 present in the genome of the parasite. There are also some other variant multigenic families, the products of which can be expressed on the surface of infected red blood cells. Antigenic variation has important implications for the development of vaccines. The repertoire of proteins which are expressed in the Anopheles mosquito is far less pronounced, probably because the vector has no adaptive immune system. 

*

There seems to be several genetic factors that influence the final clinical outcome of an infection. Persons with a gain-of-function mutation in the promoter-region of “inducible nitric oxide synthase” (NOS2), the enzyme which synthetizes NO, have a 75-85% lower risk of severe malaria. NO is a strong vasodilator. High NO levels may be protective against P. falciparum infection by inhibiting cytoadherence. This suggests that the therapeutic potential of NO in the treatment of severe falciparum malaria should be evaluated. Preliminary data suggest that certain TNF-alpha alleles and certain promoters (DNA regios) confer protection against severe malaria. The mean number of complement receptor 1 (CR1, syn. CD35) molecules on erythrocytes in normal individuals is 100-1000 molecules per cell. There seems to be a direct interaction between PfEMP1 on infected cells and a functional site of CR1 on uninfected erythrocytes. This 'stickiness' between PfEMP1 and CR1 contributes to rosetting, and rosetting probably relates to obstruction of blood vessels. Complement-receptor polymorphism probably influences this interaction and therefore the severity of a malaria attack. Certain blood group antigens (e.g. Knops) are located on CR1. The relationship between malaria severity and Knops blood groups (cfr McCoy, Swain-Langley) is being studied at present. A large case-control study of malaria in West African children showed that a human leukocyte class I antigen (HLA-Bw53) and an HLA class II haplotype (DRB1*1302-DQB1*0501), common in West Africans but rare in other racial groups, are independently associated with protection from severe malaria. In this population they account for as great a reduction in disease incidence as sickle-cell trait. These data support the hypothesis that the extraordinary polymorphism of major histocompatibility complex genes as well as other genes has evolved primarily through natural selection by infectious pathogens.

10 Clinical picture XE "Malaria: clinical picture" 
10.1 Clinical picture, classic acute uncomplicated attack

Most clinical episodes of malaria are characterised by fever with aspecific symptoms. Certainly in children the presentation can be very misleading. Any fever should bring the possibility of malaria to mind. There is a danger, however, that in time every fever episode will be regarded as malaria and other important diagnoses are then likely to be missed.

P. falciparum XE "Plasmodium falciparum: malaria, clinical picture" : typical incubation time: 7 to 30 days. If a person is taking chloroquine and if the parasite is partially resistant, there may be temporary suppression of a malaria attack. The fever is generally irregular. If the attack is not treated, after a few weeks a regular fever pattern will develop with peaks every 2 days (tertian malaria, so called because the fever reappears on the third day). This is rare in everyday clinical practice, however. At the beginning of the attack the symptoms are similar to influenza: general malaise, tiredness, muscle pain, headache but in general without respiratory tract problems or runny nose. These symptoms are not very specific. After a while the muscle pain and headache become worse. Sometimes there is also abdominal pain and diarrhoea. Rarely there is a classic attack: this lasts for approximately 12 hours and occurs every 48 hours. At first cold shivers with high fever occur, followed by an intense feeling of heat and fever, leading to a sweating stage with a drop in fever. Most falciparum attacks do not follow this classic pattern, however. So what is referred to as a classic attack is paradoxically not the general rule.

P. vivax XE "Plasmodium vivax: malaria, clinical picture"  and P. ovale XE "Plasmodium ovale: malaria, clinical picture" : the incubation time is a few weeks to years. The awakening of dormant parasites in the liver (hypnozoites) explains late relapses. The fever is sometimes regular (every 48 hours), especially in cases of recrudescence (tertian malaria). In 1922 P. vivax was introduced for the treatment of neurosyphilis. The bacterium which causes syphilis has little resistance to heat, it was hoped that the high fever would kill the bacteria (Treponema pallidum).

P. malariae XE "Plasmodium malariae: malaria, clinical picture" : the incubation time is 3 weeks to many years. The very late attacks are probably not due to awakened hypnozoites (to date these have never been detected) but due to the activation of blood parasites which are present at a very low concentration. Fever peaks may occur every 72 hours (quartan malaria). 

Mixed infections: mixed infections do occur, but for reasons which are unclear they are much less common than would be expected based on the prevalence of the individual species. Under-reporting may play a part, but this is probably a real phenomenon (partial cross-immunity to heterologous species?, biological interference?).

10.2 Clinical picture, the natural course of malaria in the autochthonous population

Children are very susceptible to infection. The highest mortality is found in children below the age of 5 years. Gradually, after repeated infections, a partial immunity develops in those who survive. There is a high degree of tolerance to the infection in adults, provided that they live in a stable malaria region. This semi-immunity (premunition) is maintained by repeated infections and mild latent infections. It disappears after approximately 6 to 24 months if there is no further infection (e.g. a stay in a non-malaria region). This partial immunity is reduced during pregnancy. A pregnant woman is at increased risk of hypoglycaemia and cerebral malaria. Malaria is an important cause of severe (sometimes spectacular) anaemia in the mother, low birth weight, premature birth, abortion and increased perinatal death. Chondroitin sulphate and hyaluronic acid, both present in abundance around the syncytiotrophoblasts of the placenta, are mucopolysaccharides (glycosamine glycanes) which act as receptors for red blood cells infected with P. falciparum. Infected cells accumulate in the placenta, resulting in reduced placental function. Probably there are also other receptor molecules. The placental barrier is very seldom passed. Congenital malaria is not common and occurs chiefly in neonates of non-immune women. Neonates of semi-immune women receive transplacental anti-Plasmodium antibodies. Due to this passive resistance in the first 3-6 months they are at a lower risk of malaria. AIDS has no direct influence on malaria, although if routine blood transfusions are given for severe anaemia, there is a risk of infection by this route.

Several observations of humans infected with both malaria and helminths suggest that co-infection provides a benefit to either parasite. The evidence indicates that malaria patients co-infected with helminths are protected from severe malaria, possibly through skewering of the immune response towards T helper (Th)2 immunity.

10.3 Clinical picture, acute severe malaria
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Acute severe falciparum malaria is a medical emergency. This encompasses:

· Coma (the patient cannot be woken)

· Repeated generalised convulsions

· Hypoglycaemia: reduced consciousness, aggressive behaviour

· Severe anaemia: weakness, polypnoea, pale mucosae

· Tendency to spontaneous bleeding (pronounced thrombocytopaenia)

· Circulatory collapse (shock); cf. algid malaria

· Pulmonary oedema (dyspnoea and bilateral crepitations) ± ARDS

· Haemoglobinuria (dark urine)

· Kidney failure: the urinary flow should be monitored and kept above 400 ml/24h.

· Acidosis (chiefly due to lactic acid): rapid deep respiration. If too many salicylates are given, this may exacerbate the acidosis (not unusual in febrile patients).

Other important signs are: confusion without coma, extreme generalised weakness, jaundice, very high fever (hyperpyrexia). The priorities are cerebral involvement, severe anaemia, hypoglycaemia and kidney failure, and the presence of hyperparasitaemia. The degree of parasitaemia correlates with the severity of the symptoms: the higher the parasitaemia, the greater the risk of severe symptoms. It should be borne in mind that the parasitaemia (the percentage of parasitised cells that are found in a smear preparation) changes by the hour. This is because the red blood cells with mature P. falciparum parasites (schizonts) attach themselves to the small capillaries of deep organs, and are not found in a thin blood smear. A parasitaemia of 0.5% is already severe, 2% is pronounced, and patients with a parasitaemia of more than 10% have a relatively poor prognosis. Over 25% is often fatal. Another consideration is that a parasitaemia of 3% in someone who still has a normal red blood cell count, is different from a parasitaemia of 3% in an anaemic patient.

Hypoglycaemia may quickly lead to general deterioration and coma. It is common in children (up to 25%) and pregnant women. Glucose may be life-saving. If the glycogen store in the liver is low (malnutrition) the risk of hypoglycaemia increases [glycogen is converted to glucose = blood sugar]. The conversion of glycogen to glucose is also inhibited by certain cytokines which are released during infection with P. falciparum XE "Plasmodium falciparum: malaria, clinical picture, acute severe malaria" . [Hypoglycaemic effects of TNF-α and possibly interleukin-1 and TNF-β]. The parasites themselves also use glucose for their metabolism and contribute to the hypoglycaemia if they are present in large numbers. Quinine can stimulate the secretion of insulin from the pancreas and in this way can also contribute to hypoglycaemia.

The term “algid malaria” (L. “algidus" = cold) is obsolete. The condition is characterised by hypotension with progression to shock. The patient is clammy and often feels cold. There is no fever. Often there is septicaemia with Gram-negative bacteria. Mortality is high. As well as therapy with quinine, treatment with antibiotics and IV fluid administration is of great importance. Shock seldom occurs in malaria if there is no septicaemia. Splenic rupture can also cause hypovolaemic shock, however.

Splenic rupture. This may occur spontaneously or after an unobserved trauma. This complication can occur in P. falciparum, P. vivax XE "Plasmodium vivax: malaria, clinical picture, acute severe malaria" , P. ovale XE "Plasmodium ovale: malaria, clinical picture, acute severe malaria"  or P. malariae XE "Plasmodium malariae: malaria, clinical picture, acute severe malaria" . The presence of intraperitoneal fluid is suggestive in this context. In these cases ultrasound can often detect a splenic haematoma, splenic rupture or intraperitoneal fluid. A diagnostic peritoneal lavage may be indicated.
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Cerebral malaria is the main cause of death (80 %) in falciparum malaria. This complication occurs chiefly in non-immune persons (children, travellers). Cerebral signs include confused behaviour, psychosis, convulsions, stupor, coma, paralysis. Unlike meningitis, there is no real neck stiffness (pain) or photophobia (intolerance to light) but neck retraction and opisthotonos may occur. Sometimes the difference between neck stiffness and neck retraction is not clinically clear. It is typical of the coma that it develops swiftly in 75% of cases and also quickly disappears. If a child survives cerebral malaria it has approximately a 10% chance of significant sequelae. Children with cerebral malaria and with a normal eye fundus have a good prognosis, while papiloedema and retinal bleeding suggest a guarded prognosis. Repeated generalised convulsions should not be regarded as "normal" febrile convulsions. Severe convulsions with contraction of the abdominal muscles and compression of the stomach, may cause reflux of gastric acid and food into the pharynx. Aspiration of gastric contents into the lungs is a real danger as this may result in Mendelson’s syndrome or aspiration pneumonia. IM phenobarbital is sometimes given as a prophylactic measure (a dose of 3.5 mg/kg up to 10 mg/kg). If there are convulsions, these are stopped by administering diazepam (Valium®) IV or paraldehyde IM. Paraldehyde should be drawn up into a glass syringe (not plastic). A CT scan or MRI scan of the brain of patients with cerebral malaria shows few abnormalities except fpossibly an increased cerebral volume. Herniation of the brain stem is a rare event.

If confronted by a febrile coma or confusion with fever in the tropics, glucose must be administered (preferably IV), quinine therapy should be instituted and a lumbar puncture carried out without hesitation (to rule out meningitis). Of the persons who will die in hospital due to cerebral malaria, 50% of the fatalities occur within the first 12 hours after admission. At autopsy countless petechiae can be seen in the brain. Small ring-shaped haemorrhages also occur around cerebral blood vessels.
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Note: Febrile convulsions 

Febrile convulsions are generalised tonic-clonic convulsions. They only occur in children between the age of 6 months and 5 years and will not be repeated during the same fever episode. They occur during the phase in which the fever is rising fast. They always last less than 15 minutes (including postictal coma) and there is never postictal hemiparesis. It is important to differentiate between febrile convulsions and convulsions during fever (e.g. cerebral malaria, meningitis, cerebral abscess). Approximately 2% of children have a tendency (possibly genetic) for febrile convulsions. The risk that epilepsy will develop in this group of patients is no greater than in children without febrile convulsions. Brief and sporadic attacks have a good prognosis. No maintenance therapy with anti-epileptic agents must be instituted in cases of febrile convulsions.

Severe anaemia occurs due to haemolysis (of both parasitised and non-parasitised red blood cells – the latter via immune-mediated mechanisms), due to excessive action of the spleen i.e. hypersplenism (until weeks after the infection), due to possible haemorrhages (low blood platelets, splenic rupture) and due to disturbed production of new blood cells in the bone marrow (dyserythropoiesis), including that due to TNF-α. Malaria pigment interferes with the differentiation of blood cells in the bone marrow and can contribute to the anaemia.

Hyperpyrexia should be treated by cooling the patient and administering paracetamol. It is assumed that malaria fever is caused when lysis of the red blood cells releases malaria pigment (haemozoin) which is absorbed by the reticulo-endothelial system. This in turn releases endogenous pyrogens (cytokine network). The concentration of tumour necrosis factor in the peripheral blood correlates with the severity of the malaria. In cases of repeated malaria attacks the liver, spleen and bone marrow are stained black by the enormous amounts of haemozoin.
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Black water fever is a severe but life-threatening complication. Acute massive haemolysis occurs. It has been observed after taking halofantrine, artemisinin-derivatives and after irregular use of quinine. The precise mechanism is not known. The parasitaemia is generally very low. There is high fever, jaundice, back pain, shock and very dark urine. Renal insufficiency occurs: the urine production is very low (oliguria) or zero (anuria). Mortality is very high. When quinine was no longer used prophylactically, black water fever became very rare. As this product is increasingly back into use, it can be assumed that this complication will again become more common. Differential diagnosis should be made with leptospirosis and viral haemorrhagic fever. Acute renal failure may also be caused by shock, hypovolaemia with reduced renal circulation, DIC (diffuse intravascular coagulation), obstruction of the renal glomeruli by parasitised red blood cells and by the precipitation of released haemoglobin in the kidney (pigment nephropathy). The combination of these factors can result in acute tubular necrosis. Glomerulonephritis may occur in chronic quartan malaria, but this complication plays no part in acute renal problems.

Pulmonary oedema is a common complication of severe malaria. The dividing line between overhydration and dehydration is narrow. Adults easily develop non-cardiogenic pulmonary oedema if there is limited fluid overload, but on the other hand dehydration and hypovolaemia may lead to hypotension, shock and renal failure. As a guideline the central venous pressure should be kept around 5 cm H2O. If intensive invasive monitoring is available (e.g. Swan-Ganz catheter in an intensive care unit) an attempt should be made to keep the pulmonary capillary wedge pressure around 15 mm Hg. [The PCWP reflects the pressure in the left atrium]. Pneumonia is observed quite often if coma lasts for longer than 3 days. ARDS (acute respiratory distress syndrome) may occur. This is caused by diffuse damage to the vascular endothelium and the alveolar epithelium. There is a rapid progression towards dyspnoea, arterial hypoxia, bilateral patchy pulmonary infiltrates due to pulmonary oedema with a protein-rich fluid. The treatment is both aetiological and symptomatic: artificial ventilation, with or without intubation or an endotracheal cannula, possibly with NO, high-dosed oxygen and positive end-expiratory pressure (PEEP). Surfactant administered via aerosol might be helpful in this situation, although it is often not available. Further data is needed.

10.4 Clinical picture, chronic falciparum malaria

Where P. falciparum is partially resistant to chloroquine, the parasite may be suppressed, but will remain present. This may lead to a whole range of clinical pictures, from asymptomatic parasitaemia through to mild aspecific symptoms, to significant chronic malaise and fatigue. Curative therapy with Malarone®, for example, produces rapid improvement.

10.5 Clinical picture, hyperreactive malaria splenomegaly (HMS)

Some adults have a very strong immunological reaction to P. falciparum infection. The level of IgM in the blood is very high. Due to the polyclonal immune stimulation, all kinds of auto-antibodies can appear. Immune complexes are formed, and are removed by the reticulo-endothelial system, which leads to splenomegaly and sometimes enlarged liver. In these individuals the spleen swells and also breaks down normal, unparasitised blood cells. The number of parasites is very low, but very high concentrations of anti-Plasmodium falciparum antibodies can be detected. The splenomegaly disappears after curative therapy with, e.g. quinine + tetracyclines followed by months or even years of adequate malaria chemoprophylaxis (impregnated mosquito net + efficient chemoprophylaxis in a malaria region), but recovery is very slow. In rare cases splenectomy is necessary. Steroids have no place in the treatment. 

The disorder may be very similar to a certain indolent splenic lymphoma (e.g. splenic lymphoma with villous lymphocytes). The latter disorder is related to B-cell chronic lymphocytic leukaemia and occurs chiefly in elderly persons. The disease is often accompanied by significant cytogenetic abnormalities and monoclonal “villous” B-lymphocytes in the peripheral blood. It is likely that in HMS, excessive stimulation of the B-lymphocytes by malaria antigens increases the risk that oncogenic mutation may occur, followed by clonal growth of these cells. The extent to which this aetiopathogenetic mechanism is similar to the MALT lymphomas (mucosa-associated lymphoid tissue) which are sometimes seen in chronic infection with Helicobacter pylori XE "Helicobacter pylori: malaria, clinical picture, HMS" , is unclear.

10.6 Clinical picture, Burkitt’s lymphoma
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This very malignant tumour originating from B-lymphocytes generally presents with swelling of the jaw and mouth ulcerations (African endemic form), but may be located primarily in the abdomen or the brain (cosmopolitan, non-endemic form). There are no blast cells in the peripheral blood, but in a closely related form there is a leukaemic phase (ALL-type [acute lymphoblastic lymphoma]). Histologically a monotonously uniform picture can be recognised, consisting of small cells with round to oval nuclei containing two or more prominent nucleoli. The basophilic cytoplasm may contain clear fat vacuoles (Oil Red O positive). There are many mitoses. The histological picture is sometimes described as a starry sky. The stars are macrophages. Metastasis occurs chiefly to the brain and bone marrow. The disease occurs almost exclusively in children. Infection with the Epstein-Barr virus (cf. mononucleosis) probably plays an important part in the endemic form of Burkitt’s lymphoma. Epstein-Barr viral DNA is found in more than 90% of African Burkitt’s lymphomas. Only one protein, EBNA-1, [Epstein-Barr nuclear antigen-1] is expressed. Repeated malaria attacks may have a mitogenic effect on infected B-lymphocytes increasing the risk of degeneration. The reciprocal chromosomal translocation 8q24 ( 14q32 is considered as typical. A cellular proto-oncogene (c-myc) of chromosome 8 is hereby translocated to chromosome 14, next to the genes coding for the heavy chains of immunoglobulins. The proto-oncogene can also be translocated either next to the kappa genes (κ) coding for the light chains on chromosome 2 or the lambda genes (λ) for the light chains on chromosome 22. This repositioning to chromosome 2, 14 or 22 disturbs the control of the c-myc gene and gives rise to malignant growth behaviour. [Translocations of the gene bcl-2 from its normal place on chromosome 18 to a place next to the genes for the heavy chains on chromosome 14 is also sometimes found in the related follicular lymphoma. Normally the gene product bcl-2 prevents cellular apoptosis (programmed cell death]). Nevertheless the pathogenesis of Burkitt’s lymphoma is not yet completely clear. 

The tumour can be treated with cytostatic drugs. Good results with IV cyclophosphamide (Endoxan®) among other drugs, are not unusual (the target dose 1-1.5 gram/m2 IV every 3-4 weeks with 2 doses in remission). The alkylating cyclophosphamide should not be confused with the immunosuppressive cyclosporin! During treatment gout and haemorrhagic cystitis sometimes occur as complications. Allopurinol protects from the risk of hyperuricaemia during tumour lysis. If available, methotrexate (15 mg/m2 P.O. for 3 days) and vincristine (1.5 mg/m2 IV per week) may be given in addition. Citrovorum factor (leukovorin) is not necessary during brief administration of methotrexate. Combinations of several cytostatic drugs are sometimes used, e.g. CHOP or hyper-CVAD, cytarabine, L-asparaginase. CHOP consists of: cyclophosphamide 750 mg/m2 IV day 1, doxorubicin 50 mg/m2 IV day 1, vincristine 1.5 mg/m2 mg IV day 1 and prednisolone 100 mg/m2 per day for 5 days. Neurotoxicity such as polyneuritis during use of Vinca alkaloids is an inherent danger. Bone marrow suppression should be carefully monitored. Doxorubicin is cardiotoxic. Surgical debulking is sometimes carried out. Monoclonal antibodies (Mabthera®, Rituxan®) aimed at the B-cell specific CD-20 antigen which is expressed by 95% of all B-cell lymphomas, are almost never available but can be used in low-grade lymphomas. In the differential diagnosis, the possibility of a deep mycosis (e.g. rhinophycomycosis, mucormycosis) or a chronic abscess of the tooth, jaw or sinuses should be borne in mind. 

10.7 Clinical picture, nephrotic syndrome in P. malariae
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Chronic infection with P. malariae XE "Plasmodium malariae: malaria, clinical picture, nephrotic syndrome"  may, via immunological mechanisms (chronic immune complex glomerulonephritis) cause a nephrotic syndrome, characterised by oedema and proteinuria (> 3.5 gram per 24 hours). There is often significant hyperlipidaemia, and lipid bodies are sometimes found in the urine (which appear in polarisation microscopy like bunches of grapes with a Maltese cross pattern). If a kidney biopsy is carried out, it should be borne in mind that severe bleeding will occur in 1% of cases. The treatment of nephrotic syndrome is difficult. A curative malaria treatment is of course indicated, but will not produce any improvement of the kidney problems. Salt restriction and diuretics are indicated (both thiazide and loop diuretics). Albumin IV and treatment with an ACE-inhibitor [angiotensin-converting enzyme-inhibitor] such as enalapril (Renitec®) is only possible in better settings. In significant hypercholesterolaemia simvastatin is beneficial but expensive (Zocor®, a HMG-CoA reductase inhibitor). Patients with advanced nephrotic syndrome lose coagulation inhibitors through the urine (protein S, C, antithrombin III) and are therefore at increased risk of thrombosis, chiefly in the vena renalis. Steroids and immunosuppressives are of little benefit in this disorder. An important challenge is to distinguish the entity from minimal change glomerulonephritis (electron microscopy needed to confirm "minimal change").

11 Diagnosis XE "Malaria: diagnosis" 
11.1 Diagnosis, general

When can one assert that someone has the disease "malaria"? There are several problems and the question has still not been fully resolved. The demonstration of malaria parasites in the blood is essential, but insufficient in itself. Many people will develop an acquired immunity after several years of exposure, and may harbour parasites without exhibiting symptoms. The degree of parasitaemia may help, but there is no absolute criterion (the higher the parasitaemia, the more chance that malaria is in fact the diagnosis). There are patients with malaria for whom the thick smear is negative (luckily this is rare in a good laboratory). There are no pathognomonic clinical signs. An accurate diagnosis is becoming more and more important, in view of the increasing resistance of P. falciparum and the high price of alternatives to chloroquine.

11.2 Diagnosis, clinical aspects

No single clinical sign permits the diagnosis of malaria. Yet malaria must always be considered in cases of fever in the tropics. Since the symptoms can be quite diverse, a clinical diagnosis is unreliable in itself. Microscopic confirmation of the diagnosis is often not possible in many regions and situations. It is of the greatest importance that other important diagnoses are ruled out before instituting a blind anti-malaria therapy. All too often fever is considered as malaria without considering alternative diagnoses.

The presence of parasites does not rule out an additional diagnosis: e.g. someone with fever may well have some malaria parasites in a thick smear, but this does not rule out meningitis or pyelonephritis. Chronic carriers are people who, in spite of the fact that they have malaria parasites in their blood, have no symptoms of this. When such people develop another infection their symptoms are often attributed to the malaria parasites in their blood, although these are not responsible. The absence of parasites in a single preparation does not rule out malaria, but does make the diagnosis of P. falciparum highly improbable. Where there is strong clinical suspicion it is best to repeat the test 12h later. 

11.3 Diagnosis, microscopy

11.3.1 Thick smear 

cd_1047_059c.jpg cd_1047_058c.jpg cd_1047_057c.jpg 

A thick smear concentrates the parasites 10 to 25 times. It is rather more difficult to interpret than a thin smear preparation and often does not permit species identification. 
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A thick smear contains no intact red blood cells (haemolysis due to the distilled water used in the staining). If a thick smear is positive, a thin smear should be examined. Sometimes parasitaemia is estimated in a thick smear and expressed as +, ++, +++. This form of record is of course quite subjective and confusing and is best avoided. If the thick smear is positive, it is then best to count the percentage of parasited cells in a thin smear preparation. The parasitic density can also be roughly determined in a thick smear, by counting the number of parasites per 200 leukocytes and multiplying this by 30. It is assumed that on average there are 6000 leukocytes per µl blood and that there is one leukocyte per 500 red blood cells. For example: 5 parasites per leukocyte (1000 parasites for every 200 leukocytes) corresponds to a density of 30,000 parasites per µl. Roughly 30,000 parasites per µl corresponds to a parasitaemia of 1% (a moderately anaemic person). If the thick smear is found to be negative in a reliable laboratory, and if there is nevertheless strong suspicion of malaria, the test is repeated every 12 hours for 48 hours. One great disadvantage of the thick smear method is that reliable technical expertise is needed which should be monitored (e.g. quality control). The argument that a lab technician has carried out the test for years and thus has plenty of experience, is absolutely no guarantee of quality or reliability. The test also requires plenty of time if the parasitaemia is low, or before a negative result can be concluded.

11.3.2 Thin blood smear

This shows the presence of undistorted parasites. The thin blood smear permits identification and also calculation of the parasitaemia (% of parasitised red blood cells). This is necessary to start appropriate therapy (P. vivax is treated differently from P. falciparum). If the parasite cannot be identified it is regarded as a P. falciparum as a safety precaution. Mixed infections do occur. For staining, Giemsa is used with a slightly alkaline pH. It is a good habit to prepare the buffer solutions each day in the morning (interaction with CO2 from the atmosphere changes the pH of older solutions). Phosphate buffers are mostly used. 

1. First a stock solution is made of KH2PO4. This is made by placing 9.078 g KH2PO4 in one litre of purified water. This stock solution can be used for weeks if correctly stored (in a closed bottle).

2. A stock solution of Na2HPO4.2H20 is also made by mixing 11.877 g with one litre of purified water. If one uses the anhydrate (Na2HPO4) in place of Na2HPO4.2H20, only 9.474 g per litre is used. This stock solution can also be used for weeks if correctly stored (in a closed bottle).

3. To obtain a buffer with a pH of 8, add 5.5 ml of KH2PO4 solution to 94.5 ml of Na2HPO4.2H20 solution and dilute with 900 ml of distilled water. One then has 1 litre of buffered water with a pH of 8. This can then be used for the malaria blood smears for the rest of the day.

4. For the leukocytic formula it is best to stain with a slightly acid pH of 6.4. For this a different phosphate buffer is used. This requires different ratios. Now 26 ml of the Na2HPO4.2H20 solution is mixed with 74 ml of the KH2PO4 solution and then 900 ml water is added.

An alternative to Giemsa is acridine orange, but the day-to-day use of this technique is quite unpleasant and it is necessary to have a special microscope (ocular filter, halogen light, interference filter above the condenser). [This latter filter restricts transmission to some narrow spectral bands].

P. falciparum XE "Plasmodium falciparum: malaria, diagnosis"  infection is characterised by:

· small ring shapes, sometimes double chromatin specks

· accolé forms (parasites adherent to the membrane of the red blood cell)

· several parasites per red blood cell

· few or no schizonts

· banana-shaped gametocytes (the name "falciparum" comes from L. "falx" = sickle and "pario" = bring forth; they are sickle-shaped). Sometimes the red blood cell also contains inclusions (Garnham’s bodies) as well as the gametocyte. 

· High parasitaemia may occur in P. falciparum and is unusual in the other forms (parasitaemia > 2 % is suggestive of P. falciparum).

P. vivax XE "Plasmodium vivax: malaria, diagnosis"  preferably penetrates young (therefore large) erythrocytes.

P. ovale XE "Plasmodium ovale: malaria, diagnosis"  is often found in a thin smear preparation in rather oval-shaped, sometimes distorted red blood cells.

P. malariae XE "Plasmodium malariae: malaria, diagnosis"  trophozoites sometimes have a typical band shape. The mature schizonts have a daisy head appearance.
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In well-stained preparations the nuclei of the parasites are always stained red and the cytoplasm blue. The presence of malaria pigment is very characteristic of the older stages of Plasmodium sp. P. falciparum often contains a single black dot. P. vivax often contains countless fine golden yellow/brown specks of malaria pigment. In P. ovale and P. malariae the pigment inclusions are many and brownish black. Countless fine red spots in the red blood cell (Schüffner’s dots) can be seen in P. vivax and P. ovale (the more mature the parasite, the more dots). In P. ovale the dots are sometimes called James’s dots. Sometimes a few flecks can be observed in P. falciparum (Maurer’s dots or clefts). P. malariae almost never exhibits dots (Ziemann’s dots). The visibility of these dots depends to a great extent on the acidity (pH) with which the thin slide preparation is stained (slightly alkaline: pH = 8 is best). The acidity is important because blood smears are usually stained for haematological tests with a slightly acid pH. With such a stain, the dots will not be seen clearly if at all.
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Note: Ratio gametocytes/trophozoites

In an infected person, countless parasites can often be seen in the peripheral blood. Since gametocytes are the only forms which are responsible for transmission in nature, it is remarkable how few gametocytes are generally found. Often the number of gametocytes is only a small percentage of the number of trophozoites. Yet higher gametocyte densities must lead to higher transmission. Why gametocytes occur in such low proportions compared to the number of trophozoites is still not clear. Generally there are more female than male gametocytes, certainly early on in an infection. This is explained by the fact that one male gametocyte can form 8 viable male gametes, unlike the female gametocyte. This is in fact the case when infections are monoclonal, yet in mixed infections the ratio would have to be 1/1 according to population genetics. Later in the infection agglutinating antibodies are produced which immobilise male gametes and thus inhibit their function. Agglutination of female gametes has no effect on their function. To compensate for this the parasite produces more male gametocytes later in infection, possibly under the influence of increasing concentrations of erythropoietin. The latter hormone increases as anaemia increases. A single haploid clone of P. falciparum can produce both male and female gametocytes. Precisely how this works is not clear. Plasmodium falciparum gametocytes need 7-10 days for maturation. The sex ratio is determined by the erythropoietin content 7-10 days before they mature. It is interesting to note that P. falciparum exhibits increased infectibility in humans with sickle cell anaemia, regardless of the gametocyte density. This is explained by the chronically increased erythropoietin in this disorder, which leads to a higher percentage of male gametocytes. Nevertheless much study is still needed before the details will be fully understood.

*

Note: Inclusions in red blood cells 

· Malaria parasites

· Babesia sp. (sometimes not easy to differentiate from Plasmodium)

· Bartonella bacteria

· Superposition of a blood platelet on a red blood cell (the commonest source of mistakes)

· Precipitations of dyes (artefacts) 

· Howell-Jolly nuclear residues (in asplenia, acute haemolysis or bleeding, bone marrow invasion, etc.)

· Pappenheimer bodies: iron inclusions, in sideroblastic anaemia and post-splenectomy among other conditions

· Basophilic granulation: RNA, prominent in thalassaemia, lead intoxication, antimitotics, megaloblastic anaemia

· Reticulocytes: young red blood cells

· Cabot rings: e.g. in megaloblastic anaemia

· Heinz bodies: precipitated denatured haemoglobin (G6PD deficiency, unstable Hb)

11.3.3 QBC (Quantitative Buffy Coat)

A special glass capillary tube is filled with 20 µl blood (a droplet via a finger prick). The inner side of this tube is coated with anticoagulants and the dye acridine orange. Acridine orange will bind to the DNA in the nuclei of the malaria parasites, and also to ribosomal RNA. Afterwards the tube is centrifuged (10,000 g x 5 minutes). The blood cells are thus separated according to density. The buffy coat is the part of the centrifuged blood which contains platelets and white blood cells (buff = pale yellow). In the tube is a longitudinal plastic float with the same density as the buffy coat. The float serves to spread the buffy coat and adjacent cells and press them in a thin layer against the wall. Since parasitised red blood cells are lighter than non-parasitised ones and heavier than white blood cells, infected red blood cells will be found on top of the red cell column, just below the white blood cells, right against the buffy coat. The parasites in this layer can be observed using a fluorescence microscope. However, be aware that Howell-Jolly bodies (nuclear residues) may look similar to parasites. This technique is much quicker than reading thick or thin smears but requires training and appropriate apparatus. Nevertheless, its use can considerably reduce the workload of the laboratory staff especially in larger hospitals where many samples are processed every day. No species identification can be obtained using QBC. With QBC there is quite wide inter-observer variability. The specially prepared disposable tubes need to be available as well as a microhaematocrit centrifuge and a microscope with a UV-lens. The thin tubes sometimes break.

11.4 Diagnosis, antigen detection
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Several antigen detection tests have been developed (Parasight®, Malaquick®, ICT Malaria Pf® [Immunochromatographic Test]). The material for the test kit consists of a simple strip (similar to urine dipsticks) and some dropper bottles with reagents. These tests detect the histidine-rich protein, the PfHRP-II antigen. The abbreviation stands for Plasmodium falciparum Histidine Rich Protein. This protein is a constituent of the nodules on the membranes of red blood cells which are infected by P. falciparum. The test makes use of two antibodies which are specific for the PfHRP-II antigen. Both are attached to a paper strip. One of the antibodies is coupled to colloidal gold and applied to the place where the blood sample is to be applied. The second antibody is fixed elsewhere on the strip, in a band where the test result is read. Approximately 10 µl blood is applied (a droplet from a finger prick. Some blood may also be applied via a capillary tube containing EDTA). The red blood cells are lysed. If there is PfHRP-II antigen in the blood, this binds to the antibodies labelled with gold. After administration of a buffer the gold-labelled antibodies migrate with the capillary flow along the test strip and then cross the band containing the second antibody. If the blood sample is positive the antigen antibody complex labelled with PfHRP-II binds to the second antibody and a clear purple band is produced. This does not occur with a negative sample. A control band must always be visible.

The test is quite quick and simple to carry out and needs no technical apparatus. The sensitivity is 90-95% for parasitaemia of more than 100 parasites/µl. Low parasitaemia is thus often missed. The test remains positive so long as there is still antigen in the blood (that is even if the parasites have already disappeared due to adequate therapy). The ICT Malaria Pf® test can only detect P. falciparum XE "Plasmodium falciparum: malaria, diagnosis,antigen detection" . The presence of rheumatoid factor may lead to a false positive result (a problem with Parasight®). P. vivax XE "Plasmodium vivax: malaria, diagnosis,antigen detection"  does not cause cross reactivity. The chief problem, however, is the high price. A curiosity: using Parasight® malaria antigen was found in Egyptian mummies, which is an argument for the presence of this infection in antiquity. 

An antigen detection test has also been developed for P. vivax. Using the latter test both P. falciparum and P. vivax can be detected, as well as mixed infections, on the same paper strip (ICT Malaria P.f/P.v®). The result is the presence of one or more horizontal stripes on the strip (as with a urine dipstick). In mixed infections the presence of P. vivax may not be discovered. In view of the simplicity of the test, this technique should in future be of benefit to frequent travellers in isolated tropical regions. It should be noted that these tests do not produce any quantitative information (including no parasitaemia). This is important in regions where chronic carriers are common.

The test "OptiMAL" is based on the detection of parasitic lactate dehydrogenase (pLDH). This quick test (10 minutes) consists of a dipstick coated with monoclonal antibodies to pLDH. Differentiation of the parasite species is based on antigenic differences between various pLDH isoforms. The pLDH is only produced by live parasites (also by gametocytes). The specificity and sensitivity of the test varies from study to study. The test may be positive due to the presence of circulating gametocytes when these people have been clinically cured and no longer have trophozoites or schizonts.

11.5 Diagnosis, serology 

Serology can only be carried out in reference hospitals and is of no importance for the individual diagnosis in acute fever. The antibodies are positive from the tenth day, so at the beginning of the attack they will be negative. The presence of antibodies only shows that there has been contact with the parasite. This does not mean that there is sufficient immunity. There will be high titres of antibodies in the tropical hyperreactive splenomegaly syndrome. Malaria type IgG antibodies penetrate the placenta and will give the neonate temporary and partial protection against malaria during the first months of life. Antibodies after infection remain positive for a longer time.

11.6 Diagnosis, indirect aspects

Signs of haemolysis include yellow serum, dark urine while faeces have a normal colour, high LDH and low haptaglobin. Often there is also thrombocytopenia. Sometimes there is malaria pigment in white blood cells. The percentage of neutrophils containing malaria pigment is a measure of the severity of the situation (e.g. more than 15% is a high percentage). Monocytes which contain malaria pigment have little clinical prognostic value.

11.7 Diagnosis, test therapy

In endemic regions fever, muscle pain, or even generally feeling unwell are often attributed to "malaria". An anti-malaria treatment is then instituted, without obtaining confirmation of the diagnosis or often even without considering alternative diseases. The argument given is that such a treatment can do no harm, that the diagnosis of malaria is always probable because the disease is common, and that this is a good strategy for first-line care. Each of these arguments can be defended to a certain extent, but in this way often useless and sometimes expensive treatments with potential side effects are administered. Not recognising and treating other diseases (borreliosis, rickettsiosis, kidney infections, amoebic liver abscess, pneumonia, septicaemia and so on) is a daily reality in many tropical regions. The over-diagnosis of malaria often leads to under-diagnosis of other treatable disorders. It is sometimes stated that fever which does not disappear after three days adequate therapy, is not malaria. The problem with this attitude is of course "adequate": the problem of drug-resistant malaria and malaria accompanied by complications (e.g. septicaemia).

12 Treatment XE "Malaria: treatment" 
12.1 Treatment, specific anti-malaria drugs

12.1.1 General

Most people are not very interested in the history of a particular medicine. Quinine, however, is rather different and occupies a special place. For 300 years this was the only specific treatment for malaria. It has now been used for 360 years. It was being used long before Ehrlich wrote down the principles of chemotherapy. The story of its discovery, the important part which quinine has played in the colonisation of the tropics, its role in both World Wars and during the Vietnam war, and the present come-back of this product all make it unique. At present quinine and related products are used in the treatment of P. falciparum malaria, as an antiarrhythmic, as a muscle relaxant and as a flavouring (Schweppes!). There are also some minor applications such as the treatment of babesiosis.

The bark of a certain tree in Peru has been used in traditional medicine since time immemorial. According to the legend in 1638 in Lima, in what is now Peru, Anna del Chinchon, the second wife of Don Luiz Fernandez de Cabrera Bobadilla y Mendoza, count of Chinchon, the Spanish Viceroy of Peru, was successfully treated with this bark for a “malaria attack”. Historians very much doubt the authenticity of this story. According to the notes of a certain Augustinian priest, Antonio de la Calancha (1633) the "fever bark" had come from Loxa, 700 km further north, in present-day Ecuador. The cinnamon coloured bark was finely ground and then given to the patient with hot water or warm wine. There were also reports of other acts of healing, such as that of a certain Don Juan Lopez de Canizares in 1630. The Jesuits brought the bark of this plant with them to Rome (Father Bartolomé Tafur) and Spain (Father Alonso Messias Venegas). The first load of bark was sent to Europe in 1641, to Seville, the only port which could then accept goods from the New World. In Rome the effect of the bark was tested under the supervision of Cardinal Juan de Lugo and Gabriella Fonseca, the personal physician to Pope Innocent X. In 1654 the Peruvian bark was introduced into England, but the British protestants objected to testing a “Catholic potion”. Oliver Cromwell refused to use it, and is said to have died of malaria in 1658. A few years later the British doctor Robert Talbor healed King Charles II with his “secret drink”. In 1678 he was sent by the same English King to France where he successfully treated the son of the French king Louis XIV (1638-1715). He revealed his formula to the French (quinine with opium in wine) in exchange for 3000 golden crowns and a pension for life. The formula was published after his death. In 1677 the tree bark was included in the London Pharmacopoeia as “Cortex Peruanus”. In 1692 the Chinese emperor K’ang Hsi of the Manchu dynasty was successfully treated with it, due to which the new Westerners were looked upon favourably in his country. This had far-reaching historical consequences for western influence in China, and for Christianity in particular.

It is possible that malaria was a disease imported into the New World by the Westerners. It would therefore be strange if the Indians had already used the bark for this new illness. Nowhere is it reported that the Indians used quinine bark against fever. Although intermittent fevers (ague) were then well known, the difference between malaria and other causes of fever did not really become clear until the germ theory became generally accepted at the end of the 19th century. No one identified “malaria” as such, no one knew what Cinchona alkaloids were, let alone quinine. It is a fact that Indians who worked in the cold highlands, drank warm quinine tea so that they shivered less. Quinine suppresses striated muscular tissue in two ways: directly by prolonging the refractory period after muscle contraction and indirectly by heightening the threshold at the neuromuscular junction. This is illustrated by the fact that small amounts of quinine increase the severity of myasthenia gravis symptoms. Quinine can also be used in the treatment of myotonia congenita and leg cramps at night. It was probably due to the observation that quinine reduces shivers, and that malaria is often accompanied by fever, that this was administered. It may have been pure chance that precisely this agent also killed the parasite and brought healing.

cd_1048_054c.jpg   CD_1092_074c.jpg

In the first half of the 18th century (1735-1738) France organised a scientific expedition in order to determine the form of the earth by measuring the length of an arc of a meridian and thus establishing the flattening of our globe towards the poles. On this expedition, which was led by Charles-Marie de La Condamine, there was a botanist, Joseph de Jussieu. In 1735 he described the tree as a member of the Rubiaceae, the same plant family as coffee. Initially he gave it the name Quinquina condamine XE "Quinquina condamine: malaria, treatment" . This caused confusion since another tree, the Quina-quina (Myroxylon balsamum XE "Myroxylon balsamum: malaria, treatment" ), the source of peru balsam, could also be used for medical purposes. He brought specimens back to Europe. In memory of the noble lady mentioned above, the quinine tree was named Cinchona after her by Linnaeus (the misspelling was due to Linnaeus in 1739 and was included in his book "Genera Plantarum"). In 1820 the Frenchmen Pierre Pelletier and Joseph Caventou isolated pure quinine from the bark (etymological origin of “quinine”: from "Chinchon" or from the Inca "Kinia" = bark?). They received 10,000 francs for this from the Paris Institute of Sciences. Quinine could not yet be synthesised, however, and so its supply remained dependent on continuous importation of the bark from South America. A large proportion of the harvest was transported to the port of Paita to be shipped north from there to Panama. It was then taken overland to Portobello, to again be shipped westwards to Havana and then to Spain. Part of the load regularly rotted and became worthless. Some of the bark was smuggled. Often the cargo was mixed with useless bark from other trees. It was thought that the bitter taste of the quinine bark was important to its healing power. All kinds of bitter tree barks were therefore sold as authentic quinine bark. Massive harvesting of the wild trees endangered further production. In 1795 the explorer Willem Alexander von Humboldt (1769-1859) recorded that in that year alone near Loxa 25,000 wild trees perished. Exhaustion of the natural supplies was partially counteracted when it was discovered that after pollarding new branches formed, which after 6 years had bark containing a higher concentration of the active product. An attempt was made to set up plantations. The export value of Cinchona bark was very high. Bolivia, Peru, Ecuador and Colombia tried to benefit from their monopoly positions. However, this threatened the British and Dutch overseas interests. In 1852 Justus Hasskarl, director of a Dutch botanical garden on Java, organised a secret mission to obtain seeds from the trees in South America. The next year he returned with a bag of seeds, for which he was knighted. The quinine content in the bark proved to be disappointingly low, however. Apparently the different varieties of Cinchona trees also differed in the amount of alkaloids which they produced. It proved a difficult genus for botanists and taxonomists. There were more than 40 species and each had several varieties. With the help of a Bolivian Aymara Indian, Manuel Incra Mamani, in 1865 the Australian Charles Ledger smuggled seeds from the quinine tree (Cinchona ledgeriana XE "Cinchona ledgeriana: malaria, treatment" ) out of Bolivia. After the British government refused to buy the seeds (they did not trust Ledger), he sold them to the Netherlands for 20 dollars a pound. This was the best investment ever. A huge series of plantations was set up with these seeds on Java. Some plantations were started in the Nilgiri hills in India. After selective breeding of the plant it was possible to produce large quantities of quinine. The amount of quinine in the bark rose from 0.3% to 8%, sometimes in exceptional cases to 13% and even 18%. In 1930 the Dutch plantations produced 22 million pounds of bark on Java, which covered 97% of the world-wide need for quinine. Only four of approximately 40 species of the Cinchona, are of direct practical importance in the production of quinine. Cinchona ledgeriana, C. officinalis XE "Cinchona officinalis: malaria, treatment" , C. calisaya XE "Cinchona calisaya: malaria, treatment" , C. succirubra XE "Cinchona succirubra: malaria, treatment"  and to a lesser extent C. pubescens XE "Cinchona pubescens: malaria, treatment" , are the chief sources. Traditionally the barks are classified according to colour: yellow Cinchona is obtained from C. ledgeriana and C. calisaya, red Cinchona from C. succirubra and brown Cinchona from C. officinalis.

The plants grow between 10°N and 22°S, with the exception of plantations in India, where they are cultivated up to 17°N. Cinchona is generally cultivated at heights above sea level of between 1000 and 2000 metres. High humidity and a continuous supply of water throughout the entire year are important. As with many plants the trees are short and squat at the outer limits of their growth zone. Below 1000 metres they quickly become diseased. In the wild they can grow to 20 metres high and live for 80 years under optimum conditions. In plantations they rarely reach more than 6 metres. Approximately 1500 trees are planted per hectare. They are propagated via seed or using vegetative methods (grafting). The plant is a cross pollinator and there is self sterility. Maintaining genetic purity is therefore a problem. Trees propagated from seed from a tree with a high yield produce a heterogeneous population with a generally low yield. In Indonesia C. ledgeriana is usually grafted onto C. succirubra. This became the basis of the commercial procedure for obtaining clonal material. Infections can have catastrophic results in monocultures (cf. potato blight and the famine in Ireland). Phytophthora palmivora XE "Phytophthora palmivora: malaria, treatment" , Pythium vexans XE "Pythium vexans: malaria, treatment"  and Pellicularia salmonicolor XE "Pellicularia salmonicolor: malaria, treatment"  are important pathogens for quinine trees. Recently Phytophthora cinnamoni XE "Phytophthora cinnamoni: malaria, treatment"  has become a major problem in Rwanda and Kenya. The control of such pathogens in plantations is therefore strict. Recognition of this genetic weakness has meant that the question of maintaining the largest possible natural genetic reservoir is taken seriously by protecting the trees living in the wild.

Quinine is obtained from the bark of the tree. The highest concentrations are found in the outer layers, the epidermis and periderm of the branches and trunk. The root bark contains lower concentrations. If careful the outermost bark layer can be scraped off without touching the cambium. The trees will then renew their bark. It was noticed early on that Cinchona-alkaloids develop a red colour after they have been in direct sunlight for a time. It was also observed that the bark on the shady side was richer in alkaloids than that on the sunny side. This led to the technique of “mossing”. The bark was protected by local application of moss to the trunk. This produced a considerably higher yield of alkaloids. By stripping the bark longitudinally followed by mossing, trees could be harvested continuously. However, this requires a great amount of manual work and is not economic. Nowadays the trees are felled. As an alternative, after heavy pruning two or three new shoots can be left to grow and these can be harvested seven years later, or pruned again. The bark is removed and dried in the shade. After being ground, the powder is mixed with lime and water and then follows extraction, e.g. with hot toluene. The alkaloids can then be isolated with diluted sulphuric acid. The quinine is purified by means of crystallisation. Nowadays in-vitro callus and suspension cultures can be produced from the plants, but commercial in-vitro culture is not economically attractive.

As well as quinine the bark also contains variable amounts of related alkaloids such as cinchonine, another product with anti-malaria activity. Indeed, 36 different alkaloids have been isolated, but most are present only in trace amounts. Due to the presence of asymmetric carbon atoms (in particular carbons 8 and 9) in the molecule, various enantiomers can be distinguished: quinine (8S, 9R), quinidine (8R, 9S), epiquinine (8S, 9S) and epiquinidine (8R, 9R). Below are the percentages of the alkaloids obtained via the present standard extraction and via boiling Peruvian Cinchona calisaya bark in either water or 70% alcohol. It has been found that as a percentage of the total number of alkaloids, quinine is more or less constant at approximately 85%: 

 Alkaloids
Standard
Water
Alcohol

Quinine 
5.40% 
 3.00%
4.50%

Quinidine 
0.75%
 0.40%
0.60%

Cinchonine 
0.14%
 0.09%
0.12%

Cinchonidine 
0.09%
 0.06%
0.07%

Epiquinine 
traces
 traces
Traces

Epiquinidine
0.08%
 traces
Traces

Much was changed by the second World War. In 1940 the German army seized the entire European reserve supplies of quinine when they took Amsterdam. For the West, obtaining Cinchona bark from the plantations in Southeast Asia became impossible when in 1942 the Japanese occupied Indonesia. There was a small Cinchona plantation in the Philippines, but a few weeks later this also fell into Japanese hands. The last allied aeroplane to leave the Philippines, however, had 4 million Cinchona seeds on board. These were sent to Costa Rica to be planted. Plantations were also set up later in other countries: Kenya, Rwanda, Congo, and so on. However, it would take several years before there could be any harvest. The American government sent the botanist Raymond Fosberg from the Smithsonian Institute to South America to secure a new supply of bark, originating from trees living in the wild. He succeeded in part, but he was never able to find Cinchona ledgeriana. In the meantime alternatives had to be found, for malaria took a huge toll during the conflict in the Pacific. The stereochemistry proved very important to the activity of the product. In 1908 Rabe was able to determine the chemical structure of quinine. It had 4 chiral centres. Synthetic production of quinine proved to be very difficult, but was eventually achieved in 1944 by Woodward and Doering of Harvard University. However, large-scale production was not economically viable. This led to investigation of alternatives. One alternative to quinine was mepacrine but this product had various unfortunate side effects and the first cases of resistance had already been observed in New Guinea. 

In 1934 resoquine was discovered by the German H. Andersag, who worked in Bayer’s Elbersfield laboratory. This was considered too toxic, however. The following year he synthesised sontoquine, a derivative of resoquine. It was assumed that this would be less toxic. In the meantime the allies had also discovered resoquine and had also not investigated it further due to problems with toxicity. Meanwhile French doctors during the Vichy regime were carrying out clinical trials with sontoquine in Tunis. After the allies took North Africa and found specimens of sontoquine and the data from the studies, there was renewed interest in the product. The product resoquine was renamed chloroquine. [Do not confuse resoquine with resorcin or resorcinol = dihydroxybenzene]. Clinical trials showed that it was clearly superior to atebrine and that the toxicity was not so bad as expected. Preparation of chloroquine in the laboratory was also economically viable. It quickly became the first choice agent and quinine was pushed into the background. In 1950 in Brazil, Mario Pinotti introduced the strategy of adding chloroquine to cooking salt (as was also done with iodine). This method of medicated salt (with chloroquine or pyrimethamine) was known as the Pinotti method.

The synthetic preparation of primaquine was perfected after the war. The British war programme led to the development of proguanil, which itself served as a model for the development of pyrimethamine. Pyrimethamine in combination with sulphadoxine was introduced in 1970 under the name Fansidar. After World War II it was hoped that malaria would be definitively eradicated. The use of chloroquine and the world-wide campaign to eradicate malaria (WHO [World Health Organisation]), led initially to a considerable reduction in malaria infections all over the world. After the anti-malaria campaign diminished due to various circumstances, the resistance of Anopheles to various insecticides and the development of chloroquine-resistant and multiresistant P. falciparum, malaria once more became one of the major problems.

Due to the great initial success of chloroquine, in the late ’50s there was no longer so much need for quinine as an anti-malaria agent. The Cinchona plantations would have gone bankrupt and cultivation would have stopped, had it not been that quinidine, the stereo-isomer of quinine, was discovered in cardiology as an anti-arrhythmic agent. It proved difficult to synthesise quinidine chemically. Quinidine occurs in the tree bark, but in small amounts. It was possible to convert quinine chemically to quinidine (via the intermediary quininone and its epimer quinidinone). For this reason the plantations were kept going. By the time quinidine fell out of use due to the development of other anti-arrhythmics, quinine was once more in demand for malaria treatment. 

*

Whereas World War II led to the discovery of some new anti-malaria agents, the Vietnam war stimulated a huge programme for the discovery of new drugs. The Walter Reed Army Institute of Research of the United States army investigated thousands of constituents. This research resulted in mefloquine (Lariam®) and halofantrine (Halfan®). Research in China produced artemisinin, pyronaridine and benflumetol. In 1976 Trager and Jensen at the Rockefeller University in New York, developed a method of culturing P. falciparum in vitro. This brought research into the molecular biology of the parasite, the resistance patterns and new drugs into the fast lane. In 1997 Claudia Golenda, Jun Li and Ronald Rosenberg of the Walter Reed Army Institute of Research (Washington) and the NIH [National Institutes of Health, Bethesda] described a continuous in vitro culture method for P. vivax. This technique used a high concentration of Duffy-positive reticulocytes in the culture medium. The expected increase in chloroquine-resistant P. vivax could therefore now be studied in the laboratory. No single treatment regimen nowadays gives a 100 % guarantee of cure. More and more combination chemotherapy will come into use in the near future (quinine + doxycycline, quinine + clindamycin, quinine + Fansidar, atovaquone + proguanil, mefloquine + artesunate, artemether + lumefantrine, and so on). 

The chronology of anti-malaria medicaments

· 17th century: quinine (actually a mixture of various Cinchona-alkaloids administered in warm wine)

· 1925: Plasmoquine = Pamaquine, Praequine

· 1932: Atebrine = Mepacrine, Quinacrine

· 1934: Chloroquine (Germany, Sontochin)

· 1944: Proguanil = Paludrine®

· 1950: Pyrimethamine = Daraprim®

· 1952: Primaquine

· 1955: Amodiaquine = Flavoquine®, Camoquine®

· 1969: Artemisinin (only in China)

· 1971: Sulphadoxine/pyrimethamine = Fansidar®

· 1986: Mefloquine = Lariam®

· 1987: Artemether and Artesunate (also outside China)

· 1988: Halofantrine = Halfan®

· 1992: Atovaquone (experimental)

· 1997: Etaquine – Tafenoquine (experimental) 

· 1999: Co-artemether (artemether + lumefantrine) 

· 1999: Atovaquone / proguanil = Malarone® commercialised
12.2 Treatment, overview

Broadly speaking, anti-malaria drugs can be divided into four major classes

· Blood schizonticides

· Antifolates

· Antimitochondrials

· Redox process-based agents
Blood schizonticides

When the malaria parasite leaves the liver and penetrates an erythrocyte, it can at last begin a haemoglobin diet. However, it cannot use the iron-containing haem group. What is more, released ferriprotoporfyrin IX (syn. = haemin) is toxic for the parasite. It contains trivalent iron (ferric = Fe3+). Normally the parasite polymerises haemin to non-toxic malaria pigment. Chloroquine, quinine, mefloquine and halofantrine interfere with the detoxification of haemin in the digestive vacuole of the parasite. The drugs prevent this detoxification so that haemin can generate free radicals and membrane damage follows. It is therefore logical that the drugs are not active against the parasitic stages which precede the blood forms (sporozoites, liver forms) and which do not consume haemoglobin. 

Antifolates

Folic acid is an important metabolic factor. Humans obtain this vitamin from the food they eat. The malaria parasite, on the other hand, must produce it for itself. Para-aminobenzoic acid (PABA) is used at an early stage of the biosynthesis of folic acid by the enzyme dihydropteroate synthetase. This step is inhibited by structural analogues of PABA, such as sulphonamides and sulphones, e.g. sulphanilamide, sulphadoxine and dapsone. The next synthesis step is catalysed by dihydrofolate reductase. This step is prevented by pyrimethamine, trimethoprim and cycloguanil (prodrug = proguanil), to such an extent that tetrahydrofolate – the end product – is not formed. The combination of these two sequential inhibitors forms the basis of Fansidar® (similar to cotrimoxazole). Resistance to both antifolates is easily developed, however (a specific point mutation in each gene is sufficient). 

Antimitochondrial products

Although artemisinin derivatives and 8-aminoquinolines cause mitochondrial swelling, this organelle is not their chief target. Some antibiotics such as tetracycline and clindamycin prevent protein synthesis by mitochondrial ribosomes (these are similar to the ribosomes found in bacteria). They are slow-acting. Atovaquone is a naphthoquinone which specifically destroys the electron transport chains of Apicomplexa. The molecule is rather similar to ubiquinone (coenzyme Q) which plays a role in the energy transfer between cytochrome B and C1. The enzymes of Plasmodium falciparum are 1000 times more sensitive to atovaquone than the corresponding enzymes in humans. Resistance can easily develop if it is used in monotherapy.

Redox reactions

Primaquine and etaquine exercise their action via redox-active quinone metabolites. They are selectively toxic for the pre-erythrocytic stages and are the only medicaments which kill hypnozoites. Etaquine has in addition a pronounced blood schizonticidal action.

12.3 Treatment, anti-malaria drugs

12.3.1 Quinine XE "Quinine: malaria, treatment" 
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This is a powerful product, which acts upon the schizonts of the parasites in the blood (it is a schizonticide). It thus acts chiefly in the second half of the maturation cycle: on the parasites which are sequestered in the small blood vessels (not on the young ring forms in the peripheral circulation). Quinine also possesses gametocytocidal activity against P. vivax, P. malariae and P. ovale (but not against gametocytes of P. falciparum). Although it was earlier claimed that quinine had a weak antipyretic action (used for example in Latepyrine-quinine®), this is questioned nowadays. Besides treatment of P. falciparum malaria, quinine is also used to reduce muscle cramps. Quinine is available in several forms. It is a substance consisting of 2 parts: a base (the active part) and another chemical group (important for solubility). The 2 components together are called the salt. Some confusion may arise as regards the dosage of quinine, depending on whether this is expressed in mg of the base or in mg of the salt (generally the salt is used). 


Salt in mg
Base in mg

Quinine bisulphate
100
59

Quinine dihydrochloride
100
82

Quinine sulphate
100
82

Quinine base is 82 % of the total substance if the salt is the dihydrochloride or sulphate, but is only 59 % if the salt is the bisulphate. Quinimax® is a product frequently used in Africa. Some 100 mg tablets contain only 59 mg of quinine base, however, and a very small amount of other substances. This may lead to under-dosage.

Quinine sulphate XE "Quinine sulphate: malaria, treatment"  is administered orally. It is absorbed well in the intestines. An obsolete product is Arsiquinoforme®. This combination drug contains 62% quinine in the form of quinine formiate and quinine acetarsolate. Each 225 mg tablet contains 18 mg of pentavalent arsenic. Quinine bihydrochloride XE "Quinine bihydrochloride: malaria, treatment"  is injected, preferably by slow IV (infusion with glucose because of the risk of hypoglycaemia). IM injections may lead to sterile abscesses, but can be used where necessary if there are no alternatives available. For IM injection, it is best to use a diluted solution (60 to 100 mg/ml) in place of the concentrated solution (300 mg/ml). Quinine administered via IM injection is absorbed well even in severe malaria. Treatment with quinine is unpleasant (bitter taste, cinchonism) and poor compliance after the acute phase is common.

Treatment regimens

The basic regimen is 10 mg salt/kg, every 8 hours, orally or slow IV. This should be continued for at least 4 days, preferably 7 to 10 days. This is an unpleasant treatment. Because there is still a risk of relapse if quinine is used in monotherapy, another product is generally combined with it, e.g. tetracycline or vibramycin. Sometimes treatment with Fansidar® is given after a few days, which shortens the treatment period. In the case of cerebral malaria it is best to give a loading dose (first administration = double dose or quinine bichlorhydride 7 mg salt/kg IV over 30 minutes; or once 20 mg/kg IV over 4 to 8 hours). P.S. Please note that the bichlorhydride is given, and not the monochlorhydride. The latter is less water-soluble. Sometimes there is a brief increase in the parasitaemia after beginning therapy. This does not directly mean that the therapy has failed.

If a patient vomits within an hour after swallowing the medication, the whole dose should be repeated. If vomiting occurs longer than one hour after ingestion, no new dose is necessary. In hepatic or renal insufficiency the normal dose of quinine is administered for the first 48 hours. The dose is then reduced to half or one third (administration of quinine is then every 24 hours). There is controversy over this, however, (probably much less of a reduction is necessary). ECG monitoring is recommended during quinine therapy in patients with existing kidney failure (watch in particular for QTc-prolongation and arrhythmia). If haemodialysis is required, quinine should be administered after (rather than before) although little or no quinine is removed by this procedure. Dose adjustment during haemodialysis is not necessary. Classic haemodialysis cannot be used therapeutically in quinine intoxication.

Side effects of quinine
Quinine is a substance with highly irritating properties (also for the gastric mucosa: nausea is not uncommon). Capsules are therefore best taken after a meal. Quinine may also increase the secretion of insulin from the pancreas, with the risk of hypoglycaemia. Quinine allergy is not common. What is common is a range of side effects such as tinnitus, temporary deafness for high frequencies, headache, nausea and palpitations. These toxic phenomena are known as cinchonism. This reduces the patient’s compliance. Quinine increases irritability of the pregnant uterus. In case of need one must not hesitate to use quinine in a pregnant woman with malaria (malaria itself can lead to abortion, preterm labour or death in utero). To prevent an impending premature labour, a tocolytic agent can be given, such as the (2-mimetic ritodrine (Pre-par®), fenoterol or salbutamol. Quinine and primaquine may be used therapeutically in persons with porphyria (Fansidar® is contraindicated in these patients). Prolongation of the PR, QRS and QT intervals may occur during the use of quinine (as with quinidine). If the patient has atrial fibrillation, conversion to sinus rhythm may occur, with possibly arterial embolic complications. Atrial fibrillation which has already been present for more than 48 hours is a contra-indication for quinine. Congenital long QT syndrome and Brugada syndrome are equally formal contra-indications for using quinine. Both syndromes are caused by molecular abnormalities in the cardiac Na+ -ion channels. In congenital long QT syndrome the activity of the channels is increased, while they function less well in Brugada. The latter, an autosomal dominant inherited syndrome, results in episodes of sudden syncope, with a right bundle branch block and ST-elevations in the right precordial leads (V1-3) on the ECG. Isolated episodes of ventricular fibrillation occur without other signs of organic heart disease. The syndrome may be suppressed on the ECG by beta-blockers, and made more prominent by ajmaline, flecainide and procainamide. It is responsible for many cases of sudden death. Quinine is a common cause of drug-associated TTP-HUS (thrombotic thrombocytopenic purpura - haemolytic uraemic syndrome)., e.g. in patients who take quinine against nocturnal leg cramps.

Overdosage of quinine may lead to very severe situations such as deafness, delirium, bradycardia, hypotension, respiratory arrest or death (lethal dose approximately 8 gram). Overdosage may also lead to blindness via a direct toxic effect on the retina and possibly also due to spasms of the retinal blood vessels and subsequent retinal ischaemia. The half-life of quinine in the blood is short (12 hours). Most of the quinine in blood is bound to proteins. The bound fraction increases from 80% to 90% in acute malaria (increase in acute phase proteins). Overdosage is thus less dangerous in active malaria. The total quinine blood level is of much less importance than the blood level of free quinine, which is much more difficult to measure. 95% of the quinine is converted in the liver and then eliminated via the kidneys.

Note: Quinidine

Quinidine is the dextro-diastereomer (optically active stereo-isomer) of quinine. It has the same anti-malaria properties, but has a more pronounced action on the myocardium. With quinidine there is a narrower margin between the therapeutic and toxic plasma levels. It is used as an anti-arrhythmic agent (e.g. Quinidine durette 250 mg tablet). In emergencies it can be used for malaria treatment. The dosage is the same as that for quinine. A loading dose may be given. N.B.: 10 mg quinidine gluconate = 6.25 mg quinidine base. 

Anecdote: 

Unlike the majority of other bitter products which occur naturally, the bitter taste of quinine is short-acting with no annoying after-taste. It is therefore used as a flavouring to produce tonic water. The British colonialists in India often drank gin and tonic. The present-day tonic water contains approximately 15 mg per litre, however, only enough to give a bitter taste. Copious drinking of gin and tonic in order to prevent malaria, is thus only an excuse for drinking gin. 

Note: quinine resistance
Why is there almost no quinine resistance? The product has been used for 360 years. This is in stark contrast to the resistance to other malaria drugs or antibiotic resistance in bacteria, where the “useful life” of a product is measured in years or a few decades. The concept of a standard dose was only developed in the twentieth century. Earlier the duration of treatment and the dosage were left to the discretion of the doctor. This, together with the fact that the concentrations of alkaloids varied greatly from plant to plant and that quinine was never pure, meant that malaria was treated with a therapy which must have produced the most varied blood levels. Yet no wide spread quinine resistance has been reported. The answer to the question why there is virtually no quinine resistance, could be very important. Is the target molecule of quinine so special that mutation is not possible? It would then be very helpful to know this target. It could also be that there is quinine resistance, but that it was not, and has not been recognised. However, this is doubtful. Is it that the present recommended dose is much higher than that which was formerly necessary? Is it the fact that “quinine” is actually a mixture of various active products, which prevents resistance developing? Resistance to combined therapy requires multiple, simultaneous mutations which is less readily achieved than that to single products. It is, however, possible that quinine has not previously been used at levels which create sufficient evolutionary pressure. The majority of malaria cases in Europe and America were P. vivax infections. Even in British India, P. vivax represented the lion’s share of infections. In P. falciparum endemic regions, only a few fortunate people were able to take quinine and then only when they had to (because of unpleasant side-effects). Few used quinine as a prophylactic agent (compared to the indigenous population). What is more, quinine has a short half-life, so that the parasite was only exposed to subtherapeutic concentrations for a short time. Probably its limited use is the reason for the absence of resistance, and with continuous use on a large scale, quinine resistance may yet become a reality in years to come.

12.3.2 Chloroquine XE "Chloroquine: malaria, treatment" 
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The trophozoite in the red blood cell breaks down haemoglobin using lysosomal enzymes. In this digestive process ferriprotoporphyrin IX (haemin) is released from the haemoglobin protein chains. This porphyrin is toxic to the parasite and is usually polymerised to non-toxic malaria pigment. The weak base chloroquine accumulates in the acid lysosome and binds to ferriprotoporphyrin IX. In this way detoxicification of the latter is prevented and the parasite is killed. Since the liver parasite does not feed on haemoglobin and the effect of chloroquine is to prevent detoxification of the haem ring, this drug is not active at the pre-erythrocytic stages of Plasmodium sp. Outside the cell, chloroquine as well as hydroxychloroquine are present mainly in a protonated form, that, due to their positive charge, cannot cross the plasma membrane. However, the non-protonated form can enter the cell. Inside the cell, the molecule gains a proton (H+) in a manner inverserly proportional to the pH, i.e. the lower the pH, the more chloroquine will bind an extra proton. Chloroquine will be concentrated in acidic cell organelles, such as Golgi vesicles and lysosomes, where due to the low pH, most chloroquine molecules will be positively charged. Since chloroquine is a weak base, the pH will rise. By increasing this pH, several enzymes such as acid hydrolases can be inhibited. Post-translational modification of newly synthesised proteins can be disturbed.

Chloroquine is available in tablet form as chloroquine sulphate XE "Chloroquine sulphate: malaria, treatment"  (Nivaquine®) and as chloroquine diphosphate XE "Chloroquine diphosphate: malaria, treatment"  (Resochine®). Other brand names are Daramal®, Anochlor®, Promal®, Avlochlor®. Hydroxychloroquine sulphate XE "Hydroxychloroquine sulphate: malaria, treatment"  (Plaquenil®) is different and is used in rheumatoid arthritis. It is used in psoriasis patients (at the same dosage). The injectable form is chloroquine dihydrochloride. There is a combination tablet of chloroquine 100mg + proguanil 200 mg (Savarine®), which makes compliance easier for prophylactic use (1 tablet daily). The dose is always expressed as base (not as salt). This allows easier comparison between the different products. Nowadays most Nivaquine® tablets contain 100 mg. It is also highly advisable to check the current dose per tablet in the region where you are working, so as not to cause accidental overdosage or underdosage.

· Chloroquine diphosphate 250 mg tablet = 150 mg chloroquine base 

· Chloroquine sulphate 200 mg tablet = 150 mg chloroquine base 

· Chloroquine dihydrochloride 50 mg/ml = 40 mg base/ml  

Chloroquine is a powerful schizonticide. It has strong affinity for various tissues and organs. It is fast-acting and remains in the blood for many days. A brief treatment is therefore possible. The excretion of chloroquine and its metabolites occurs mainly via the kidneys and is slightly improved by acidification of the urine (500 mg vitamin C every 4 hours). Chloroquine may be given orally, SC, IM or SLOWLY IV (infusion). Never inject an ampoule of chloroquine IV rapidly as a bolus. It is essential that rapid infusion is avoided. Chloroquine bihydrochloride IM is well absorbed (>80% even in severe malaria). The injections are not painful.
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There are several different treatment regimens. Orally 25 mg/kg is given spread over three days. The following is practical for an adult weighing 60 kg: first, 6 tablets of 100 mg base, followed after 6 hours by another 3 tablets, after 24 hours by another 3 tablets and after 48 hours by another 3 tablets: 6-3-3-3. If parenteral therapy is required due to coma caused by chloroquine-sensitive P. falciparum, chloroquine bihydrochloride may be given IM or IV. The total dose should be 25 mg base/kg. There are several regimens, e.g. 10 mg base/kg over 8 hours, followed by 15 mg base/kg over 24 hours. Another frequently used regimen is 3.5 mg base/kg SC or IM every 6 hours. Parenteral administration should be discontinued as soon as oral administration is possible. In moderate renal impairment (creatinine clearance > 10 ml/min) no adjustment of the dose is necessary.

Chloroquine is cheap and not very toxic in normal use. Some people are allergic (pruritus, rash) or suffer nausea. People with psoriasis are more at risk of side effects. A reversible precipitation of chloroquine in the cornea may occur, resulting in small opacities. This may result in seeing haloes around objects, blurred vision or photophobia. This form of keratopathy may become manifest quite rapidly (a few weeks after beginning treatment). After discontinuing the medication it is completely reversible. Chloroquine accumulates in melanin-containing tissues. Chronic use may lead to abnormalities of the choroid and retina (chorioretinitis). This toxic retinopathy is not reversible. The abnormalities are always bilateral and symmetrical. Often there is maculopathy (bull’s eye) with central and paracentral scotomata, but constriction of the peripheral field of vision may also occur. The total cumulative dose before such problems occur is generally 100 gram chloroquine or more. Hydroxychloroquine has rather lower retinal toxicity. Tinnitus, hearing loss and neural deafness have been reported as possible rare side effects. Sometimes a proximal "chloroquine myopathy" occurs. The muscular weakness in myasthenia gravis is exacerbated by chloroquine and this disorder is a formal contra-indication for the use of this product. Breast feeding may be continued without change while taking chloroquine.
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Chloroquine has a narrow safety margin (just 30 mg/kg may be fatal). In case of overdosage myocardial depression, hypotension, severe arrhythmias and tissue hypoxia may occur. ST-segment abnormalities and T-wave inversion occur. Broadening of the QRS complex (>0.12") and ventricular arrhythmias have a poor prognosis. The patient may become comatose, vomit and aspire the stomach contents. In acute intoxication diazepam is given (Valium® 1 mg/kg) and adrenalin (= epinephrine) or dopamine if these are available. First protect the airways and correct any existing cardiovascular disorders and then consider gastric lavage if the overdose was recent. Introducing activated carbon into the stomach is also beneficial. Acidification of the urine, osmotic diuresis, haemoperfusion and haemodialysis are of little use. After oral ingestion of an overdose the effect is evident approximately 1 hour later. Death follows after a further 2 to 3 hours.

The individuals within a population of parasites are not identical. Drugs do not have an equal effect on each variant. The larger the population and the shorter the life cycle of an organism, the faster mutations will become manifest. Of course Anopheles and Plasmodium have changed more in recent decades than have humans (evolutionary pressure due to insecticides and drugs). The first signs of chloroquine-resistant P. falciparum infections occurred in the ’60s, more or less simultaneously in Colombia and Thailand. This resistance spread progressively and is now a significant problem in many countries (see map with zones A, B and C). There are three grades of cloroquine resistance (RI, RII, RIII). In RI the parasitaemia after therapy is so low that it falls below the detection threshold, to rise above it again within 28 days. In RII the parasitaemia is reduced by at least 75 %, but the parasites remain detectabable in the peripheral blood. In RIII chloroquine has no effect on the parasitaemia. In spite of the presence of this resistance, chloroquine still has a place in treatment. It is still active against other plasmodium species. Only some falciparum parasites are resistant and only some have type RIII resistance. In non-urgent situations, therefore, this product may still be used. Recently chloroquine-resistant P. vivax strains have been discovered (Papua New Guinea, Indonesia, India, Brazil, Guyana). To date P. ovale is still 100% susceptible to nivaquine. The first chloroquine-resistant P. malariae has been reported (Malaysia, 2002).

Note: molecular basis of resistance

The molecular basis of resistance is still not fully understood. Resistance to chloroquine is said to be due to a reduced accumulation of the product in the lysosome of the parasite. In vitro this is reversible with verapamil. On chromosome 7 of the parasite is the gene pfcrt which codes for the protein PfCRT (Plasmodium falciparum chloroquine resistance tranporter). This is a transmembrane protein in the digestive vacuole. The protein facilitates the transport of positively loaded organic cations (efflux of protonated amino acids). Resistant mutants have a reduced efficiency of this amino acid transport, so that more H+-ions remain in the lysosome, which becomes more acid. The mutated protein has an increased affinity for chloroquine, so that these molecules are pumped out of the digestive vacuole. The roles of other mutations, e.g. pgh1 and pfmdr (P. falciparum multidrug-resistance transporter) for example, have not yet been fully clarified.

Note: chloroquine and non-malaria disorders 

As well as for malaria, chloroquine is also used for a number of other disorders: rheumatoid arthritis, polymorphous light eruption, discoid lupus erythematosus, cutaneous sarcoidosis, hepatic amoebiasis, Q fever, cutaneous porphyria tarda etc. Chloroquine also exerts direct antiviral effects by inhibiting pH-dependent steps of the replication of several coronaviruses, Borna virus, Mayaro virus and retroviruses (there is even a very modest anti-HIV activity). Chloroquine inhibits the uncoating of hepatitis A virus. Certain flaviviruses will be inhibited by affecting the normal proteolytic processing of the flavivirus prM protein (precursor of membrane protein). Chloroquine has immunomodulatory properties, such as suppressing the production and release of TNF-alpha and interleukin-6.

Example: 

The porphyrias are a group of disorders characterised by disturbed production of haem. Most are autosomal dominant and inherited, and there is quite variable expression of the disease. Porphyria cutanea tarda can also be acquired, however, (oestrogens and excessive alcohol play an important role). The disorder generally becomes evident around the age of 40 to 50 and is characterised by hepatic abnormalities and significant skin fragility (chiefly the hands, legs and face. Blisters, erosions and scabs appear on skin exposed to sunlight. A very dark skin (hyperpigmentation) with sclerodermoid changes may occur. It is important for the patient to stop drinking alcohol, and to avoid oestrogen and iron preparations. Hepatic siderosis is generally present and repeated phlebotomies are indicated (400-500 ml every 1 or 2 weeks, until Hb < 11 g%). Generally 4-10 litres of blood are removed before a therapeutic effect is achieved. Chloroquine is used in the treatment of porphyria cutanea tarda. A low dose is used (125-250 mg twice a week). N.B.: daily administration of chloroquine causes acute liver toxicity and massive porphyrinuria. Chloroquine complexes with uroporphyrin and increases excretion from the liver. A clinical effect can be expected within 4-6 months (biochemical remission is slower). The risk of hepatoma is probably reduced by the treatment.

12.3.3 Amodiaquine XE "Amodiaquine: malaria, treatment" 
CD_1078_078c.jpg CD_1078_079c.jpg CD_1075_037c.jpg cd_1051_029c.jpg CD_1075_038c.jpg cd_1051_026c.jpg

CD_1112_048c.jpg cd_1092_073c.jpg cd_1092_075c.jpg CD_1092_068c.jpg

This is similar to chloroquine. Amodiaquine is converted to an active metabolite (desethyl-amodiaquine). 200 mg of amodiaquine base is equivalent to 260 mg amodiaquine hydrochloride XE "Amodiaquine hydrochloride: malaria, treatment" . The product has no taste (unlike chloroquine which is bitter). Long-term use causes grey skin pigmentation in white people. Sometimes there are severe side effects (agranulocytosis in approximately 1/2000, liver toxicity in approximately 1/15,000). Amodiaquine (Camoquine®, Flavoquine®, Malarid®) are therefore still only used rarely. There is less resistance to amodiaquine than to chloroquine. Since the product is eliminated slowly, a single dose of 600 mg was (and is) sufficient. Amopyroquine (Propoquine®) is an amodiaquine analogue, but is little used and then only IM. Its safety during pregnancy is uncertain.

12.3.4 Pyrimethamine with or without sulphonamides
· Pyrimethamine XE "Pyrimethamine: malaria, treatment"  (Daraprim®) was previously used as a preventive agent, but leads to rapid resistance if it is the only product used. The mechanism of action is the same as that of proguanil. The product is also used in the treatment of toxoplasmosis. In long-term administration megaloblastic anaemia may occur (folic acid antagonism).

· Maloprim® or Deltaprim® The combination of pyrimethamine (12.5 mg) with dapsone (100 mg) was and still is used as prophylaxis in some regions, including Zimbabwe and South Africa. It is only slightly effective and the indications diminish from year to year. Dapsone is removed from the body quite rapidly (t½ = 28 hours). It cannot be used as a curative drug.

· Fansidar® is a combination product of pyrimethamine 25 mg and sulphadoxine 500 mg per tablet (Mekalfin® is another commercial name). Sulphadoxine is a long-acting sulphonamide (t½ = 8 days) which in case of allergy may cause severe skin lesions (erythema multiforme and Stevens-Johnson syndrome). For this reason it is best not used for prevention. Plasmodium falciparum has developed resistance to this product in some parts of the world. The curative dose for an adult of 70 kg is 3 tablets taken as one dose. The action is slow. The idea behind the combination of pyrimethamine with a sulphonamide is the sequential inhibition of tetrahydrofolic acid formation which is necessary for purine and pyrimidine (DNA precursors) synthesis. Theoretically there is a risk of icterus (and kernicterus) if pregnant women use it, but this risk is very limited.

12.3.5 Mefloquine XE "Mefloquine: malaria, treatment"  (Lariam®, Mephaquin®, Eloquine®)
This is a long-acting product (after 2 to 3 weeks half of the dose is still present). There is also a combination of mefloquine + pyrimethamine + sulphadoxine (Fansimef®). Mefloquine has a rather slow onset of action. 

Mefloquine, curative use

The curative dose of mefloquine for an adult is 500 mg orally, to be repeated after 12 hours and after 24 hours (sometimes 750-500-250 mg is also given). In Europe the dose is expressed as the base (250 mg base = 274 mg mefloquine hydrochloride) while in the USA it is expressed as the salt (250 mg salt = 228 mg base). Therefore, a 500 mg dose in the USA gives approximately 10% less active drug than in Europe. There is no injectable form. The action of mefloquine upon the myocardium is the same as that of quinine. There must be an interval of 12 hours between the last dose of quinine and taking mefloquine (quinine is removed rapidly from the body). During treatment of an attack mefloquine may be given if there is renal insufficiency (a common problem in severe malaria). At curative doses there are quite often unpleasant side effects, such as nausea, insomnia, tremor, anxiety and more rarely convulsions or psychotic episodes.

Mefloquine, preventive use

Mefloquine plays an important role in prophylaxis. The product is 98% bound to plasma proteins. Breakdown to an inactive metabolite occurs in the liver. Excretion is mainly via the liver and biliary route, and to a very limited extent via the kidneys. The plasma half-life is 2 to 3 weeks. Ingestion of 1 tablet per week produces stable blood levels after 7 weeks. This may be drastically shortened by taking a loading dose over 3 days (1 tablet per day x 3 consecutive days). Traditionally it is said that mefloquine prophylaxis should be started before departure. This guideline is based on the consideration that intolerance to the drug can be monitored in this way. It is safe to begin the medication 15 days before departure so that 3 tablets are taken before leaving. In this way 75% of the side effects can be detected. At the prophylactic dosage (adults one 250 mg tablet per week) side effects occur in 2 to 3% of people, which require that the prophylaxis be discontinued. Rarely (1 in 12,000 to 15,000) preventive dosages may trigger epilepsy or psychosis may occur. Epilepsy and arrhythmias (including the use of beta-blockers, calcium antagonists and digitalis) are contra-indications for the use of this product. The product was initially not recommended in pregnant women, but in practice has proved to be safe in the second and third trimesters. The prophylactic use of mefloquine used to be limited to 3 months, but new data indicate that the product is safe if taken for longer. It is best if people who carry out critical motor operations (e.g. aeroplane pilots) do not take mefloquine. In 1994 an anecdotal case was described, of a central anticholinergic syndrome (delirium and stupor, mydriasis, hyperpyrexia) after taking mefloquine. This was very swiftly reversible after injecting 2 mg physostigmine (a cholinesterase inhibitor similar to prostigmine).

Mefloquine, resistance
The first case of mefloquine resistance was described in Thailand in 1982. There is already mefloquine resistance on a small scale in many countries, but this can be significant locally: e.g. the cure rate in East Thailand was only 41% in 1993. P. falciparum malaria can thus sometimes occur in spite of correct prophylactic use of mefloquine. Mefloquine does not kill sporozoites (therefore P. vivax and P. ovale malaria are still possible after leaving an endemic zone and after discontinuing mefloquine).

12.3.6 Halofantrine XE "Halofantrine: malaria, treatment"  (Halfan®)
This is fast-acting, effective and has few side effects. The dose for an adult is 500 mg, repeated after 6 and 12 hours. It is recommended that non-immune individuals repeat this after one week. High-dose halofantrine is used in Thailand. Absorption is highly variable and is considerably increased if the medication is taken with fatty food. At present, however, the advice is to take Halfan® on an empty stomach. There is a syrup for children. The maximum concentration is reached 6 hours after oral ingestion. The half-life is 1-3 days for halofantrine itself and 2-4 days for the active (debutylated) metabolite (longer in active malaria than in healthy persons). [Desbutyl-halofantrine is being evaluated as a potential prophylactic agent]. Excretion is chiefly via the faeces. 
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In Southeast Asia resistance is common, but in other regions this problem is still limited. There is limited cross resistance with mefloquine. Cases of insufficient clinical response (5% of cases) are usually due to inadequate absorption. Sometimes Halfan® is used as the drug of first choice, or as a stand-by treatment for travellers, but this has been superseded by Malarone. It should be stressed that halofantrine cannot be given IV. Use in severe malaria might therefore be problematic (possibly via gastric tube). During treatment with halofantrine there is prolongation of the PR-interval and the QT time. Severe cardiac problems have been described in people who previously had a cardiac conduction disorder. Prolonged QTc time, thiamine deficiency, conduction disturbances, ion deficiency (hypokalemia, hypomagnesaemia) and concomitant administration of quinine or mefloquine are contra-indications. If there is a falciparum malaria during mefloquine prophylaxis, Halfan® is not a good choice due to possible cross-resistance and cumulative cardiotoxicity. Other products which may also cause QT-time prolongation, such as cisapride [Prepulsid®], terfenadine [Triludan®], tricyclic antidepressants such as clomipramine [Anafranil®] and amitriptyline [Redomex®] are best avoided during Halfan® administration. An ECG is therefore advisable before administration of Halfan®. Halfan® cannot be used as prophylaxis. [A reminder: the QT-time is the time from the beginning of the Q-wave to the end of the T-wave. The correction for cardiac rate using Bazett’s formula (QT/(RR) gives the QTc.] If there is a prolonged QT-time (longer than 440 msec) there is an increased risk of ventricular tachycardia, more specifically "torsade de pointes". This is characterised by polymorphous QRS complexes which vary in amplitude and appear to oscillate around the isoelectric line.

12.3.7 Qinghaosu XE "Qinghaosu: malaria, treatment"  and Artemisinin derivatives XE "Artemisinin derivatives: malaria, treatment" 
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Qinghaosu (“essence of qinghao”) originates from a Chinese plant, Artemisia annua (sweet wormwood). This is a plant with composite flowers related to absinthe and tarragon. As the name suggests it is an annual plant, from which seeds need to be collected each year for the next cultivation. The leaves and flower heads contain the highest concentration of drug and are harvested. The variant which grows in South China and North Vietnam contains a high concentration of active constituents (up to 1.5% dry weight), unlike the variants which grow outside this zone (Europe, Virginia). From it are produced artemisinin and the derivatives artesunate (the hemisuccinate), arteether (the ethyl ether) and artemether (the methyl ether). (A reminder: an ether has the formula R-O-R’). Artelininic acid is a more water-soluble derivative (artelinate). The products are rapidly converted after ingestion to the equally active dihydro-artemisinin. Inhibitors of the cytochrome P450 (CYP 3A 4/5) such as grapefruit juice, increase the plasma levels of artemether to a significant extent (e.g. double). After oral administration there is a significant first-pass effect in the liver. The plasma half-life of artemether and its active metabolite is very short: both 1 hour. 

The active molecule is a sesquiterpene lactone with a peroxide bridge [sesquiterpene = a molecule formed from 3 isoprene units; a lactone = a cyclical ester, R-COO-R’]. The endoperoxyde bridge (-O-O-) is important to the activity of the molecule. Nevertheless the mechanism of action is more complicated than purely aspecific oxidative damage to the parasite by free radicals.

The substance is not active upon liver stages, but upon both the immature sexual and the early-stage asexual blood forms. It does not kill mature gametocytes of P. falciparum. Since it reduces the number of gametocyte carriers, it helps to prevent malaria transmission. These drugs are used chiefly in Asia (including China, Thailand and Vietnam). They are also available at present in many African countries. One important advantage of artemisinin derivatives is the very rapid action (faster than quinine). Artemisinin and artesunate may be administered as suppositories if the patient is too ill to take oral medication (e.g. Plasmotrim Rectocaps®). The bio-availability of the drug via this route is approximately equal to that of the oral form. Artemisinin induces an enzyme which strongly promotes its own breakdown. In monotherapy relapse is frequently seen (depending on the dose and duration of therapy). Should these products be used wrongly, swift appearance of artemisinin-resistant falciparum strains can be expected. Neurotoxicity has been observed in animal trials (selective damage to certain brain stem nuclei and to the auditory nuclei in rats, dogs and Rhesus monkeys treated with IM artemether and arteether). Apparently no ototoxicity or neurotoxicity occurs in humans. The drugs also suppress reticulocytosis, but the clinical importance is still unclear. During treatment with artemether a transitory bradycardia and prolonged QT-interval was observed in approximately 1% of cases, but with no direct clinical repercussions. Artemether and dihydroartemisinin reduce the number of parasites by approximately 10,000 for each asexual cycle. After two cycles (3 days’ treatment) there is a 108-fold reduction of the parasitaemia. Five days’ treatment can result in a 1012-fold reduction in the parasitic biomass. In functional asplenia artemether is less effective. People who are heterozygous for haemoglobin E have a swifter parasite clearance with artemisinin derivatives than those without this haemoglobin variant. 

Artemisinin is poorly soluble in water and oil, but can be given as suppositories. 

The derivative artemether XE "Artemether: malaria, treatment"  (Paluther®, Arteminth®, Cotexcin®, Artenam®) is oil-soluble and can be used for IM administration (e.g. 600 mg/day x 5 days; recommended dose 3.2 mg/kg IV on day 1 followed by 1.6 mg/kg per day x 5 days). It should be protected from light during storage. The ampoule must be clear (there is sometimes a cloudy precipitate). There is also an oral form. Absorption improves considerably with concurrent ingestion of grapefruit juice (possible role of intestinal CYP3A4). The fixed combination of artemether with mefloquine produced good results in Southeast Asia. 

Artesunate XE "Artesunate: malaria, treatment"  (Artenam®, Artesunate®, Arsumax®, Artemax®, Arinate®, Plasmotrim®) is the fastest-acting artemisinin derivative. It can be administered parenterally (IV, IM), rectally or orally. The dose for adults is 200 to 400 mg on day 1, 100-200 mg/day once daily on the following days to a total of 5 days. Since the molecule is not stable in water, the dry powder (60 mg) should be dissolved just before the injection with 0.6 ml sodium bicarbonate and 5.4 ml dextrose or dextrose/physiological fluid. 

Arteether XE "Arteether: malaria, treatment"  (Artecef®, a mixture of α- and β-enantiomers; beta-arteether is also known as artemotil) is at present only available in the Netherlands for IM administration. For children 2.4 mg/kg IV is given on day 1, then 1.2 mg/kg per day from day 2 to day 5 inclusive. 

The combination of dihydroartemisinin and piperaquine, a chemical related to chloroquine, is known as Artekin XE "Artekin: malaria, treatment"  in China. Dihydroartemisinin-piperaquine is believed to be one of the most effective drug combinations to treat malaria. 

12.3.8 Lumefantrine XE "Lumefantrine: malaria, treatment" 
Lumefantrine (= benflumetol) was registered in China in 1987 for the treatment of P. falciparum malaria. It is an arylamine alcohol which was synthesised at the Chinese Institute of Military Medical Sciences. The half-life in the blood is approximately 4 days. The product is not active on the liver stages or gametocytes. Lumefantrine, like chloroquine, probably destroys haem polymerisation (a detoxifying pathway for the parasite). It is synergistic with artemether. The combination artemether-lumefantrine is used at a ratio of 1:6. Each tablet contains 20 mg artemether and 120 mg lumefantrine. This combination is also known as co-artemether XE "Co-artemether: malaria, treatment"  (Riamet®, Co-Artem®). This combined product has been available since 1999 in Switzerland and in various African countries. There is as yet no paediatric syrup or injectable form. The recommended dose for an adult is 4 tablets once per day for 4 days (semi-immune person). For an adult with little or no immunity to malaria the advice is to take 4 tablets at the time of diagnosis, 4 tablets 8 hours later, 4 tablets 24 hours later and 4 tablets 48 hours later (i.e. 4 x 4 tablets). 
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Lumefantrine is a lipophilic molecule with very low toxicity. It is a yellow powder which is only partially soluble in water. Absorption in the intestine is highly variable from person to person and is greatly increased (up to 16-fold) by fatty food (similar to halofantrine). Since people who are ill generally do not eat much, this has important consequences. Early in the treatment very little lumefantrine is absorbed. In combinations such as co-artemether, the artemether is responsible for the initial important reduction in the number of parasites and the low residual numbers of parasites is then cleared up by lumefantrine.

12.3.9 Primaquine XE "Primaquine: malaria, treatment" 
Primaquine is an 8-aminoquinoline [quinoline = bicyclic N-containing aromatic structure consisting of a benzene ring with a pyridine ring]. It is inactive upon asexual blood forms. It does have an important, though only partial, causal prophylactic effect (on both P. falciparum and P. vivax), but only if it is taken 24-48 hours (max. 96 hours) after inoculation with sporozoites. It acts upon the exo-erythrocytic stages of the parasites (liver schizonts). The half-life is relatively short (4 hours). For causal prophylactic use a daily dose of 15-30 mg may be taken. These regimens are not, however, very popular and there has been little experience of them. Chemoprophylaxis with primaquine can be stopped 3 days after leaving a malarious area.
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In cases of P. vivax or P. ovale malaria, hypnozoites still remain in the liver after therapy with chloroquine. These may be destroyed by primaquine. Generally 15 mg base per day is used for 14 days [26 mg primaquine biphosphate = 15 mg primaquine base]. This is contra-indicated in pregnant women and where there is a significant deficiency of G6PD (glucose-6-phosphate dehydrogenase), an enzyme in the red blood cells (risk of haemolysis). In significant G6PD-deficiency no primaquine is given, or 0.75 mg/kg once per week for 8 weeks or 30 mg once per week for 15 weeks. There are P. vivax strains (e.g. P. vivax Chesson) which are less sensitive (India, Southeast Asia) and here 22.5 mg is given per day for 21 days. This therapy is certainly sensible for those who are finally returning from the tropics or from a malaria region. Sometimes what is called terminal prophylaxis is used. Primaquine can sometimes cause nausea, especially high doses taken on an empty stomach. Nausea is much less common if primaquine is taken with food. Primaquine also acts on gametocytes and in some circumstances (e.g. refugee camps) may be given to reduce transmission. Older products which are structurally related to primaquine [8-aminoquinolines], such as pamaquine (Plasmoquine, Praequine), rhodoquine (Plasmocide), quinocide, pentaquine and isopentaquine are almost never used any more.

Mild methaemoglobinemia (usually <13%) is frequent with primaquine, but as long as the concentration of methaemoglobin is less than 20%, there will be no clinical consequences. There is a spontaneous recovery after two weeks. People who have an inborn deficiency in methaemoglobin reductase are very susceptible to primaquine-induced methaemoglobinemia.  

12.3.10 Etaquine XE "Etaquine: malaria, treatment"  or tafenoquine XE "Tafenoquine: malaria, treatment" 
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Etaquine or tafenoquine is a new 8-aminoquinoline, derived from primaquine. It has a half-life of two weeks, which is much longer than the half-life of primaquine. It may be taken orally and has low toxicity. It is active against P. falciparum and P. vivax. It is an effective schizonticide and is also active on the pre-erythrocytic stages, including the hypnozoites of P. vivax. The mechanism of action is still unclear, but it probably disturbs the action of the parasites’ mitochondria and the Golgi complex. There is also inhibition of the polymerisation of haematin to haemozoin (as with chloroquine). The product is administered as tafenoquine succinate. A dosage of 100 mg base corresponds to 125 mg salt. Ingestion with food increases the absorption by 50% and reduces the gastro-intestinal side effects. Absorption is slow, reaching a maximum plasma concentration after 12 hours. Tafenoquine is concentrated in red blood cells (3 times higher than in plasma). Tafenoquine is not eliminated via the kidneys. The optimum curative dosage has not yet been determined, but 300 mg per day x 7 days yielded a cure rate of 100% (P. vivax). A possible role in the treatment of P. falciparum is being investigated, although problems with its slow onset of action have still be to overcome. It is also effective as a causal prophylactic agent. People with G6PD-deficiency may develop severe haemolysis after ingestion. Development of methaemoglobinaemia (3-15% metHb) is common, but generally subclinical. Nevertheless account should be taken of this by mountain climbers, pilots or individuals with underlying cardiopulmonary disease. The product is not yet on the market.

12.3.11 Proguanil XE "Proguanil: malaria, treatment"  (Paludrine®) and chlorproguanil XE "Chlorproguanil: malaria, treatment"  (Lapudrine®) 

These are biguanides which are converted in the body to the active product cycloguanil. The enzyme which catalyses this oxidative activation is probably mephenytoin hydroxylase. Absorption is delayed by simultaneous ingestion of magnesium trisilicate (e.g. stomach powders). The concentration of proguanil in red blood cells is 6 times higher than that in plasma. There is genetic polymorphism for the conversion of the prodrug to the active product. Persons are "extensive metabolisers" or "poor metabolisers". One way to determine this is by measuring the proguanil/cycloguanil ratio in the plasma. Poor metabolisers have a lower plasma level of the active form (= higher P/C ratio) and theoretically are more at risk that the drug will fail. Nevertheless, the importance of phenotype status is not really known. There is also a lack of clarity concerning the various metabolites of the product. Approximately 20% of the population of Southeast Asia are said to convert proguanil to cycloguanil scarcely if at all. In Kenya this is 35%. This does not, however, appear to diminish the efficacy of Malarone®. Chlorproguanil has chlorcycloguanil as its active metabolite. The combination of chlorproguanil with dapsone is also known as Lapdap®. It is used as a cheap, short-half-life antifolate. It may be combined with artesunate (combination known as "CDA"). Proguanil is excreted via the kidneys.

Note: Proguanil 

Proguanil is a biguanide. The term “pro” refers to the fact that this is a “prodrug”. The term biguanide refers to the part of the lateral chains where the five nitrogen atoms are found. During metabolism the side chains are converted to a triazine ring, from which the name ‘cycloguanil’ comes.
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Cycloguanil XE "Cycloguanil: malaria, treatment"  is a powerful inhibitor of dihydrofolic acid reductase in the parasite. That is how the synthesis of nucleic acids in the parasite is disturbed. It has a slow action, and therefore cannot be used in monotherapy as a curative agent in an acute attack. There is swift development of resistance if proguanil is taken as the only prophylaxis. The therapeutic role of proguanil has changed recently, since the confirmation that atovaquone has fulfilled its initial promise (synergistic effect). As a prophylactic proguanil is given as one dose of 100-200 mg per day and chlorguanil as 20 mg per week.

12.3.12 Malarone XE "Malarone: malaria, treatment"  
Atovaquone XE "Atovaquone: malaria, treatment"  (Wellvone®, Mepron®) is a lipophilic hydroxynaphthoquinone. A related product (lapinone) was discovered 50 years ago, but at that time was abandoned since it could only be given parenterally. A fatty meal increases the absorption of atovaquone in the intestines. In the blood the molecule is highly protein bound, but there are probably no significant interactions with other protein-bound drugs. Atovaquone is eliminated by the liver and can therefore be used in renal impairment. Malarone® cannot, however, be used as prophylaxis in renal failure because the blood levels of proguanil/cycloguanil are much higher. Simultaneous use of Malarone® and rifampicin is not recommended (blood levels 50% lower). Its safety during pregnancy is not known.
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Atovaquone is a powerful schizonticide for P. falciparum and P. vivax. It inhibits the mitochondria of the parasite (inhibition of the electron transport) and the de novo pyrimidine synthesis. It has a half-life of 2-3 days in adults and 1-2 days in children. On monotherapy recrudescence occurs very quickly. To avoid this problem it is combined with proguanil (brand name of the atovaquone + proguanil combination = Malarone®). These products are synergistic. The combination of atovaquone + doxycycline is also active. Absorption of Malarone® via the intestine improves if it is taken with food. The recommended curative dose is 1000 mg atovaquone + 400 mg proguanil, once daily for 3 days (adults). In practice the curative regimen for an adult is: four tablets once daily for three days. An adjusted dosage is used for children, e.g. children from 11-20 kg: 1 tablet per day for 3 days, children 21-30 kg: 2 tablets par day for 3 days, children 31-40 kg: 3 tablets per day for 3 days. Malarone is not given to children weighting less than 10kg. The combination (250 mg atovaquone + 100 mg proguanil daily) can also be used for malaria prophylaxis. The dose is then 1 tablet per day, beginning the day before travelling and then taken daily until 7 days after return. There is also a causal prophylactic effect. There is no known cross-resistance with other anti-malaria products. The first cases of Malarone resistance were reported in 2001, i.e. very soon after introduction of the drug. The product is also being studied in toxoplasmosis, babesiosis, leishmaniasis, microsporidiosis and in Pneumocystis carinii pneumonia. In the treatment of babesiosis it proved more active in some animal studies than the combination of clindamycin/quinine.

12.3.13 Miscellaneous products
· Tetracycline, minocycline and doxycycline are antibiotics which are active against malaria parasites, but are very slow-acting. For this reason they are never given as monotherapy, but in combination with quinine. They very much reduce the risk of relapse. Doxycycline has the advantage that it only needs to be administered once daily. It is also more potent than tetracycline itself, probably due to its high fat solubility. It is sometimes used for malaria prophylaxis in mefloquine intolerance, e.g. in Southeast Asia or South America (100 mg per day beginning 1 day before arriving in an endemic zone). 

· Clindamycin XE "Clindamycin: malaria, treatment"  (Dalacin®) is also active against plasmodia, but is a second choice drug (risk of pseudomembranous colitis due to Clostridium difficile). The dose of clindamycin is 10 mg/kg for 3-7 days. It is given together with quinine.

· Sometimes cotrimoxazole XE "Cotrimoxazole: malaria, treatment"  is used as third choice (together with quinine).

· Fosmidomycin XE "Fosmidomycin: malaria, treatment"  is being studied at present for its anti-malaria properties. Fosmidomycin, a phosphonic acid derivative, blocks 1-deoxy-D-xylulose 5-phosphate (DOXP) reductoisomerase, a key enzyme of the DOXP pathway in the apicoplast of P falciparum, thereby inhibiting the growth. The drug is well tolerated in people. The optimal treatment schedule is still to be determined, although a dose of 1,2 gram every eight hours for a minimum of 5 days seems promising.

· Azithromycin XE "Azithromycin: malaria, treatment"  (Zitromax®) was developed in 1988. It is a macrolide related to erythromycin. The molecule has a ring structure of 15 atoms, including 1 nitrogen (the letters ‘az’ in azithro refer to the nitrogen). In some studies a prophylactic effect was demonstrated (83% after daily ingestion of 250 mg, 64% after weekly ingestion of 1 gram). Azithromycin is stable in an acid environment (unlike erythromycin) and can easily be taken orally. High intracellular concentrations are reached, even in the white blood cells (100 times the serum concentration) and there is long-term retention in the tissues. The tissue half-life is 50-90 hours, which makes one dose per day possible.

· Atebrine XE "Atebrine: malaria, treatment" . Atebrine was developed in Germany in the 1930s. It was widely used for malaria prevention during World War II (of strategic importance in the Pacific). In the USA it was named quinacrine and in England it was called mepacrine. It quite often caused stomach problems, nausea, vomiting, dizziness and yellow discoloration of the skin. High doses can cause acute toxic psychosis. Aplastic anaemia occurs in 1/20,000 cases. Psoriasis may become worse during treatment. The product has a disulfiram effect and taking alcohol during its use is not advisable. It passes the placental barrier. The use of atebrine has now been almost abandoned. It is still sometimes used to treat tinidazole-resistant Giardia. 

· Pyronaridine XE "Pyronaridine: malaria, treatment"  (PO, IM, IV) is an acridine derivative, just as mepacrine. It is closely related structurally to amodiaquine. Although it was synthesised as early as 1970 in China, at present it is being regarded elsewhere as experimental. The recommended dose is 1800 mg over 5 days. Studies in Africa produced favourable results, but in Thailand there was frequent recrudescence after treatment.

· Nitroquine XE "Nitroquine: malaria, treatment"  is being evaluated for its activity against various Plasmodium species.

· Artemisone is a semi-synthetic artemisinin-derivate ("second-generation"). Initial studies showed a lack of neurotoxicity in vitro and in vivo animal models. Artemisone is metabolized into an active metabolite. Formulation work has indicated stability problems with the present formulation. These problems have postponed clinical use until they can be overcome. 

· Isoquine is an amodiaquine-like compound that has been redesigned and synthesized to remove the structural cause of toxicity of its class while retaining full antimalaria activity. This second-generation aminoquinoline retains the easy synthesis of amodiaquine from inexpensive precursors, and promises a new generation of affordable, well-tolerated, and effective antimalarials. It is possible that it will avoid cross-resistance to its chemical cousin chloroquine (and amodiaquine). 

· Arteflene is a new product, still in the clinical trial phase. It is a synthetic bicyclic sesquiterpene peroxide, derived from a substance which is present in the Chinese plant Artabotrys uncinatus. The half-life is quite short (3 hours). It has an active metabolite.

· Piperaquine is a new Chinese synthetic drug belonging to the bisquinolines. The combination with dihydroartemisinin (Artekin) is very promising. Trimethoprim can also be added to this combination. Piperaquine is a highly lipid-soluble drug. Its clearance is greater in children than in adults.

· Other miscellaneous substances. Iron chelators (deferoxamine), pentoxifylline, mannitol and other products have been studied as adjuvants in malaria treatment, but have not to date proved convincing. Naphthylisoquinolines form a new group of experimental anti-malaria agents. Various studies are at present evaluating their potential. Various trioxanes and tetroxanes, highly active in vitro, are being evaluated (an oxane is a cyclic ether). Licochalcone A is a substance obtained from Chinese liquorice (Glycyrrhiza inflata) and is at present being studied for its activity against Plasmodium species. It may also be active against Leishmania sp. The bark of Enantia chloranta (Annonaceae) contains some active anti-malaria products, but toxicity studies and in-vivo studies still have to determine a possible therapeutic use. Since the severity of cerebral malaria correlates with the concentration of tumour necrosis factor, and the latter plays a role in the physiopathology, trials are currently being carried out with CytoTAb®, an anti-TNF product. Triclosan, an antibacterial agent which is sometimes used in anti-acne products, deodorants, toothpastes and mouthwash, is an inhibitor of fatty acid synthesis in P. falciparum (and also active against Toxoplasma gondii). More research is necessary to determine any clinical relevance. Non-infected red blood cells do not produce membrane lipids. When a malaria parasite finds itself in a red blood cell, however, it must synthesise membrane lipids. Phosphatidylcholine is the most important of the phospolipids among the membrane lipids. To produce this, choline is taken up from the plasma by means of a transporter. This step can be blocked by a new experimental agent (G25). 

· Malarex XE "Malarex: malaria, treatment"  is extracted from the Brazilian tree Peschiera fuchsiaefolia XE "Peschiera fuchsiaefolia: malaria, treatment" , a source of traditional remedies against fever. The active compound is the alkaloid voacamine. The efficacy of this compound is not clear at the moment.

· Falcipain XE "Falcipain: malaria, treatment"  is a critical protease used by the parasite to breakdown proteins in the red blood cells. A treatment based on falcipain inhibitors might be possible in the future if a non-toxic inhibitor would be identified.

Note: Apicoplast and new therapeutic drug targets

This cellular organelle may possibly form a binding site for new drugs. Various metabolic reaction chains are present in this organelle. In 1998 it was demonstrated that in some Apicomplexa the “shikimate pathway” is present. The name “shikimate” comes from “shikimi no ki”, the Japanese name for star aniseed (Illicium religiosum XE "Illicium religiosum: malaria, treatment" ), from which shikimic acid was first isolated. The shikimate pathway is a biochemical reaction chain which occurs in algae, higher plants, fungi and various micro-organisms. It does not occur in mammals, however. It is important for the synthesis of aromatic amino acids such as phenylalanine, tyrosine and tryptophan, as well as for the production of ubiquinone and other substances. In the Apicomplexa it possibly supplies folic acid precursors which are needed for growth. The herbicide glyphosate (“Round-up”) is a known inhibitor of an enzyme from this reaction chain and can block the growth of parasites. It also appears that the apicoplast synthesises isoprenoids in a manner which clearly differs from that of mammals. Isoprenoids are used for the production of cholesterol, steroid hormones, coenzyme Q and for enzyme prenylation. Humans synthesise these substances via what is called the “mevalonate pathway”, known as a target for cholesterol-lowering substances such as HMG-CoA reductase inhibitors (statins, e.g. simvastatin = Zocor®). The apicoplast on the other hand, uses what is called the “methylerythritol or DOXP pathway” (1-deoxy-D-xylulose-5-phosphate). Fosmidomycin is a substance which actively blocks these reaction chains in P. falciparum. It is hoped that better knowledge of the biochemical details will lead to new therapeutic products for the treatment of, for example, toxoplasmosis, cryptosporidiosis and malaria.

12.4 Treatment, brief survey of side effects

· Mefloquine (Lariam®). Not used in cardiac arrhythmias, epilepsy or psychiatric disorders. Insomnia, dizziness, tremor, agitation, psychotic behaviour, nausea. Not to be used together with beta-blockers, calcium antagonists, digitalis or quinine (cumulative cardiotoxicity).

· Chloroquine (Nivaquine®). Pruritus is common in black-skinned people (chloroquine has affinity for melanin-containing tissues). Regular eye check-up is advised to detect retinopathy during long-term use (years). Contra-indicated in psoriasis or in myasthenia. Cardiotoxic if given in rapid IV administration. Reduced immune response after rabies vaccination (not for other vaccinations)

· Proguanil (Paludrine®). Almost no side effects. Rarely aphthous oral lesions.

· Pyrimethamine/Sulphadoxine (Fansidar®). Severe dermal and mucosal lesions (leading to Stevens-Johnson syndrome). Do not give if allergic to sulphonamides.

· Quinine (Quinimax® and others). Bitter, tinnitus, transitory hearing loss, nausea. [Thrombocytopaenia has been described as a rare complication, but P. falciparum malaria itself very frequently causes a drop in the blood platelet count]. Do not use with digitalis, quinidine effect on the heart, not in long QT-syndrome or Brugada syndrome, conversion of atrial fibrillation to sinus rhythm possible. Overdosage: blindness, deafness, cardiorespiratory problems, death. Quinine is a common cause of drug-associated TTP-HUS (thrombotic thrombocytopenic purpura - haemolytic uraemic syndrome).

· Halofantrine (Halfan®). Almost without side effects, but, rarely, severe cardiac problems (conduction disorders). Potential candidates can be excluded by taking an ECG before starting treatment.

· Doxycycline (Vibramycine®). Photosensitivity possible, candidosis of mucosa, not given to pregnant women and young children.

12.5 Treatment, drug resistance

In chloroquine sensitive P. falciparum XE "Falciparum falciparum: malaria, drug resistance"  the drug is concentrated in the parasite. There is only slow outflow (t½ = 50 minutes) of chloroquine from the sensitive parasite. In resistant parasites t½ for outflow = 1 to 2 minutes. Resistance is thus not due to inactivation, breakdown or neutralisation of chloroquine. The parasite quickly pumps the product away to the blood, so that the concentration of chloroquine within the parasite is low. At present this cannot be counteracted in humans (in vitro reversible with verapamil). The resistance potential is a function of the total biomass of the parasite. The lower the total biomass, the lower the probability of resistance. PCR technology [polymerase chain reaction] is required to differentiate a recrudescence (or relapse) in an endemic region from a re-infection with the same species. Several polymorphic loci are analysed. Every combination of alleles which is tested, is in itself rare and permits differentiation between strains.
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The problem of chloroquine resistance in P. falciparum became manifest in the 1960s in South America (Colombia and Brazil) and in Southeast Asia. Gradually the resistance spread to other continents. Resistance also developed against other drugs, including Fansidar®. The situation is evolving rapidly and is getting worse. The highest resistance is found in some regions in Southeast Asia, including Cambodia, the Thailand-Cambodia border, and the Thailand-Burma border. It is only a question of time before these resistant strains spread further geographically. There are several reasons for this increasing resistance. Important factors include inadequate individual patient compliance, treatments that are are often discontinued prematurely, frequent underdosing, earlier mass-treatment campaigns reaching only part of the population and therapy being sometimes only partly administered, as well as the use of chloroquinated salt (Cambodia). Among the causes of the swift increase in geographical spread are the large-scale migrations of today, and the ability to move rapidly from place to place. Some products are eliminated slowly from the body (e.g. mefloquine t1/2 = 2 weeks) so that for some weeks a subtherapeutic level of the product is present in the body. When malaria parasites are exposed to such low concentrations, partially resistant strains have a selective advantage. The occurrence of subclinical cases functions as a source and reservoir for transmission of parasites with reduced sensitivity. Since the cost price of alternative drugs is generally higher than that of traditional treatments, under-dosing with new drugs will become even more important in future. New drugs are developed only slowly. Combination therapies with for example artemether-mefloquine, co-artemether, atovaquone-proguanil, comparable to the present-day quinine-doxycyclin, will become more common in future. The principle behind this approach can be compared with the present combination treatments for AIDS, tuberculosis and leukaemia. 

Direct consequences of the increasing resistance of P. falciparum malaria: 

· an increase in mortality and morbidity

· a delayed initial therapeutic response

· a shorter interval before recrudescence occurs.

Example:
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Evolution of cure rate of falciparum malaria in Thailand

If the distribution of anti-malaria agents could be more strictly regulated in malaria regions, the rate at which resistance is spreading might be slowed down. However, the availability of these drugs via the private sector works against this proposal. As regards prophylaxis, this could either be limited to strictly selected groups and provoking the use of stand-by treatments. The use of primaquine could be promoted to counteract transmission (primaquine is a gametocytocide). 

13 Prevention XE "Malaria: prevention" 
13.1 Prevention, external agents
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Anopheles mosquitoes only bite in the evening and at night. It is possible to protect oneself by wearing protective clothing and using an undamaged mosquito net. Effectiveness is increased by treating the net with pyrethroids (insecticides) such as permethrin (Permas®, Peripel®), lambda-cyhalothrin (Iconet™) or deltamethrin (K-Otrine®). This will increase further in importance in the future. The substances are derived from pyrethrum, a product originating from Tanacetum cinerariifolium XE "Tanacetum cinerariifolium: malaria, prevention"  (= Chrysanthemum cinerariifolium) and C. coccineum XE "Chrysanthemum coccineum: malaria, prevention" , herbaceous composite-flowered plants (fam. Compositae) which are similar to large daisies. In emergencies where mosquito nets are logistically difficult (e.g. camps after heavy floods), impregnated blankets can be used. These will probably be less effective than impregnated bednets. 

Note: Pyrethrum

· The term “pyrethrum” refers to the powder made from the dried flowers of Tanacetum cinerariifolium XE "Tanacetum cinerariifolium: malaria, prevention" . 

· The term “pyrethrins” refers to the 6 insecticidal components which are found in the powder. All 6 are organic esters formed from one of two acids (chrysanthemic and pyrethric acid) and one of three keto-alcohols (pyrethrolone, cinerolone, jasmolone). Pyrethrins are unstable molecules which degrade within a few days in light and warmth. They can be stored in a refrigerator at –4°C.

· The term “pyrethroids” refers to the semi-synthetic derivatives of pyrethrins. These products have the advantage that they are much more stable than pyrethrins.

· The plants with the highest concentrations of active constituents grow well in sunny, semi-arid regions at 1600-2000 metres above sea level. Kenya, Tanzania and Ecuador are important producers. They are best harvested during a warm, dry period when the flowers are fully developed. The plants are dried after harvesting, and finely ground. Extraction may be with kerosene, paraffin or alcohol. 

· Often a synergist is added, such as piperonal butoxide or various oils.

· Pyrethroids have low toxicity for mammals including humans but are highly toxic, e.g. to fish. They are sometimes used for illegal “chemical” fishing. 

Fine-mesh gauze can be applied to windows and ventilation shafts. One good argument for using a mosquito net is the fact that it also protects from nuisance insects such as Culex mosquitoes and bedbugs. In regions where there are few Culex, people are not so ready to use a net: after all they cannot see or hear any mosquitoes. (Anopheline mosquitoes fly noiselessly.) 
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Insecticides based on pyrethrum can be dispersed by means of spraying (spray gun), evoparation (heated electric plate) or burning (mosquito coil, e.g. with esbiotrin). Insecticides can also be applied to the walls or to the curtains by the windows. There are also various insect repellents. DEET (N,N-diethyl-m-toluamide, now called N,N-diethyl-3-methylbenzamide) is moderately active and can be applied as an alcoholic solution to the skin. This produces a sticky effect when the alcohol evaporates, however. The effectiveness is only moderate. DEET is absorbed through the skin and is eliminated quickly via the urine. There is no accumulation in the body. Other repellants include KBR 3023 (Autan active®) which has the same effectiveness as DEET, but is non-irritant and does not affect plastic (spectacles), dimethyl phtalate (low activity) and ethohexanediol. Essential oils such as citronella, cedar, eucalyptus, neem (obtained from the tree Azadirachta indica XE "Azadirachta indica: malaria, prevention" ) and geranium are short-acting and not very effective. People who need to stay in regions which are heavily infested with mosquitoes, can apply permethrin to their clothing. Taking extra vitamin B and electronic buzzers are of no use.

The product containing IR3535 (ethyl butylacetylaminopropionate) has been subjected to well- controlled field studies. The results demonstrate a protection time for the product of up to three hours or more against mosquitoes. Case studies are not a valid substitute for repellent field studies. Only field studies are to be used to establish efficacy of insect repellants.

13.2 Prevention, taking pills

Chemoprophylaxis is in the first instance intended as prevention of P. falciparum malaria. No single drug which is taken preventively, is 100% active against sporozoites and no single drug prevents the formation of liver forms (except primaquine). While taking the drugs no vivax or ovale malaria will occur, but after they have been discontinued an attack with these plasmodia is possible in the following months or years. In view of the extensive resistance of P. falciparum, at present no 100% satisfactory protection against this latter parasite is possible. Advice as to whether or not to take medication, and which kind of drug to take, will depend on the region and differ from person to person (short journeys, resident, local population, pregnancy, young children, allergy, chronic diseases, use of other drugs and so on). Recommendations vary from country to country.

In regions with only P. vivax XE "Plasmodium vivax: malaria, prevention"  and/or sensitive P. falciparum XE "Plasmodium falciparum: malaria, prevention"  (WHO zone A) chloroquine 300 mg/week will suffice. In zone B a combination of chloroquine (Nivaquine®) 300 mg/week and proguanil (Paludrine®) 200 mg/d is recommended. If necessary chloroquine 100 mg/day can be taken with proguanil 200 mg/day (= 1 tablet of Savarine® daily). For shorter stays in zone C (<3 months) mefloquine is recommended (Lariam®, 1 tablet per week). An alternative is doxycycline 1 tablet per day (beginning 1 day before departure until 4 weeks after return). Malarone, 1 tablet per day beginning 1 day before departure until 7 days after return, is an easy and effective prophylaxis, but the drug is expensive. For longer stays, the combination Nivaquine®/Paludrine® is advised during the first years, together with the availability of a stand-by treatment in case of a breakthrough. For people who live for many years in such regions it is optional to discontinue the Nivaquine®/Paludrine®, but to still have a treatment on stand-by (e.g. Malarone®, quinine vibramycin, artemether). An annual eye examination to check for chloroquine toxicity is recommended for people who take Nivaquine® for many years. In practice this is sometimes difficult to achieve. The local population should not take chronic chemoprophylaxis (most people are semi-immune). There are some high-risk groups: e.g. pregnancy (during pregnancy, in particular in the second and third trimesters and also immediately post-partum, the immunological resistance to malaria falls). The advice that is given here should take into account the general state of health and local guidelines.

In summary: 

· Zone A 
: Chloroquine 300 mg per week

· Zone B 
: Chloroquine 300 mg per week + Paludrine 200 mg per day, or Savarine 1 per day

· Zone C
: Lariam 1 tablet per week, or Vibramycin 100 mg per day, or Malarone 1 tablet per day
As alternative or supplement: 

· Personal physical protection (impregnated mosquito net, repellents, clothing that covers, insecticides in rooms)

· Stand-by treatment (Malarone, artemether, quinine + vibramycin)

13.3 Prevention, vaccination

It has been possible to protect humans against malaria by vaccinating them with irradiated sporozoites. This method is not practical, however, on a large scale. To date there is still no effective vaccine available. Research into a vaccine is based on a number of possibilities. An immune response can be triggered against sporozoites, against liver forms, against erythrocytic forms and/or against gametocytes but this does not necessarily have a protective effect. An effective malaria vaccine is not likely to be developed in the foreseeable future.

SPf66

Most initial work in developing a vaccine was carried out by studying the proteins found in sporozoites (circumsporozoite surface protein). The idea was that stimulated antibodies, aimed at invariant repetitive amino acid sequences which occur in natural proteins, would eliminate the sporozoites, in the hope of preventing infection (stopping the infection before the liver phase). The repetitive sequences have little or no immunogenicity, however, because they are similar to proteins which are present naturally in the human body. Even if antibodies can be produced, sporozoites only remain in the circulation for 30 minutes. There is therefore little time to neutralise all parasites by means of antibodies. Still, experiments were irradiated sporozoites were used as antigen showed important protection. If sporozoites could be cultured en masse, this would be a watershed. Another route was followed in the development of a cocktail of synthetic antigens. In 1987 Manuel Patarroyo (Colombia) demonstrated that a synthetic peptide vaccine (SPf66) is immunogenic and protects Aotus monkeys against challenge infection with P. falciparum. It also proved safe and partially protective in test subjects in Latin America. It was subsequently tested (double-blind, randomised and placebo-controlled), first in La Tola, Colombia (39% effectiveness) and then (independently) in Idete and Kilombero, Tanzania, regions with high transmission, and in Gambia. In 1994 the results became known. The effectiveness of 3 injections against clinical malaria was 31% (Tanzania) and 0% (Gambia) and the incidence of parasitaemia was the same in test subjects as in the control group. There was no adequate pre-erythrocytic immunity. Other later trials were equally disappointing. 

RTS,S

In 1997 the first favourable results became known of a vaccine formed from a fusion protein of 

· part of the circumsporozoite antigen of P. falciparum (called RTS, a polypeptide consisting of amino acids 207-395) and

· hepatitis B Surface Antigen (HBSAg) (a protein chain with 226 amino acids). The vaccine was administered with an adjuvant (AS02). The new product is at present still in the experimental phase. The initial results suggest a safe, immunogenic pre-erythrocytic vaccine which offers significant protection against natural P. falciparum infection.

A randomised and controlled study in the Gambia on 306 volunteers showed RTS,S/AS02 to be safe, immunogenic, and to provide significant protection against natural P. falciparum infection. Larger trials are being planned.

13.4 Prevention, vector control

13.4.1 General

Mosquito control is a speciality in itself and includes the use of insecticides, treatment control of breeding grounds and biological control. Each ecological region requires its own individual approach: savannah, primeval forest, agricultural areas with or without irrigation systems, the margins of uplands, desert margins and oases, city environments, coastal and marsh regions. There are many difficulties: interventions need to be maintained over large areas for very long periods of time, mosquitoes quickly become resistant to insecticides, many people will not allow their houses to be sprayed, high costs, shortage of staff, ecological collateral damage due to insecticides, political instability which interferes with long-term planning. Border regions with rapid expansion and unstable social situations, e.g. mining (precious stones, gold), as in Thailand or Brazil, have their own specific problems. An exclusively technical approach will not be possible without simultaneous improvement in the social and economic conditions of the population at risk.

Genetic basis of insecticide resistance

There are three major enzyme families implicated in insecticide resistance: (1) carboxylesterases, (2) glutathione transferases and (3) cytochrome P450s. Genomic analysis of Anopheles gambiae reveals a considerable expansion of these supergene families in the mosquito.

13.4.2 Biological control

To date the effectiveness of biological control methods (e.g. with fish which eat mosquito larvae, such as gambusias (Gambusia affinis XE "Gambusia affinis: malaria, prevention, biological control" ) and guppies (Aplochelius)) has still not been clearly proven. Some fish within the Nothobranchius XE "Nothobranchius sp.: malaria, prevention, biological control"   and Cynolebias XE "Cynolebias sp. : malaria, prevention, biological control"  genera, have drought-resistant eggs, and can be placed where water has collected temporarily ("instant fish"). Toxorhynchites XE "Toxorhynchites sp. : malaria, prevention, biological control"  mosquitoes are large metallic-coloured insects with a curved proboscis [Gr. "toxo" = bowed; "rhinos" = nose) which they use to drink plant juice and nectar. They do not suck blood. The larvae are predatory upon other mosquito larvae, but to date the use of this natural enemy has not produced convincing results.

A female mosquito copulates only once and stores the sperm in a spermatheca. If insemination takes place with a sterile male there can be no reproduction. The massive release of sterile male mosquitoes is a technique which has shown good results against other insect species (screw worms, tsetse fly), but would be of limited use agains malaria transmission. 

A certain spider (Evarcha sp. XE "Evarcha sp. : malaria, prevention, biological control" ) are only 8 mm long, but stalk female mosquitoes far bigger than themselves. The young spiders particularly target mosquitoes which are full of blood, puncturing their abdomen, killing the mosquito and siphoning out the blood. Because they target Anopheles gambiae mosquitoes -the most effective malaria vector on the planet- the spiders offer the possibility of biological control of malaria mosquitoes. 

13.4.3 Genetic control (experimental)

Among the 400 species of Anopheles mosquitoes, only a limited number can be infected with plasmodia. The other mosquitoes are genetically resistant to this infection. If the natural mosquito population could be replaced by a genetically resistant population it would stop the transmission of malaria. There are a number of problems, however. First, the mosquito genes which make the parasite’s cycle in the mosquito impossible would have to be isolated and understood. It would then be necessary to find a way to bring those genes into a natural vector and to make them function properly. Thirdly and most difficult, the transgenic mosquito must have a competitive advantage over the natural vector in the Darwinian battle for survival. It is highly unlikely that a mosquito strain selected in a laboratory would be able to compete with wild-type mosquitoes. New, malaria-resistant mosquitoes would probably not be able to force out a natural population (so they would need to have a selective survival advantage). They should of course also not transmit other diseases. Fourthly, the Anopheles gambiae populations have various subpopulations which do not mix much. This partially sexual isolation of the natural mosquito populations would make the transgenic vector method extremely difficult. 

One possible approach would be to spread a gene which codes for resistance in the mosquito in a wild population, e.g. if it can be coupled to transposons (these small DNA sequences are not inherited according to Mendel’s law, i.e. all the progeny contain the elements, cf. the transposon P in Drosophila). A reasonable amount of work has already been carried out on the transposon Minos which can penetrate the genome of Anopheles stephensi. Research into the use of Wolbachia, intracellular bacteria related to rickettsia, is a hot topic. They take their generic name from the microbiologist Wolbach of Harvard Medical School (1920). These non-pathogenic symbionts can quickly spread in a natural population. They cause a reproductive imbalance in mosquitoes (an infected population replaces a non-infected one). Thus, for example, Wolbachia pipientis XE "Wolbachia pipientis: malaria, prevention, biological control"  infects gonadal tissue from both male and female mosquitoes. [Symbiont-free insects can be cultured in the laboratory by feeding them tetracyclines]. An infected female can pair successfully with both infected and non-infected males and her progeny are themselves fertile whereas a non-infected female can only pair productively with a non-infected male. Insemination of a non-infected female by an infected male leads to non-viable ova (cytoplasmic incompatibility). An infected female lays infected eggs. The general consequence is that infected females have a reproductive advantage. A mosquito population infected with these bacteria quickly replaces a virginal population. Transgenic Wolbachia which interfere with the maturation of malaria parasites in a natural vector, are a theoretical possibility which is being studied. In the genus Anopheles there are, however, no Wolbachia known which infect natural populations. The last word about such transgenic mosquitoes has not yet, however, been said. If the public outcry against genetically manipulated food is a guide, any method which uses transgenic malaria vectors will have to be able to convince public opinion that there is no better alternative.

Examples of malaria control measures

AIM OBJECTIVE / ACTION
PROTECTION OF INDIVIDUAL / FAMILY
PROTECTION OF COMMUNITY


Reduction of human—mosquito contact
Screening of houses,
mosquito nets, repellents, covering clothing
Selection of site for housing
Zooprophylaxis

Destruction of adult mosquitoes
House spraying with insecticides (aerosol)
Residual insecticides in houses

Ultralow volume spraying (outside)

Destruction of mosquito larvae
Sanitation around the home
Emptying water containers intermittently
Larvicides on water surfaces

Interrupting irrigation, sluices

Biological control

Source reduction
Sanitation around the home
Small scale drainage
Environmental sanitation, water management

Large scale drainage

Destruction of malaria parasites
Early diagnosis and treatment
Chemoprophylaxis
Diagnosis and treatment facilities

Chemoprophylaxis of target groups (pregnant women) Mass treatment campaigns

Social participation
Motivation of individuals
Health education,

Community participation in projects


Exercises XE "Malaria: exercices" 
1. Sierra Leone. A child weighing 20 kg suddenly develops fever. The mother decides to wait and see. The next day the general condition is poor and chloroquine is given. The day after the child is in a stupor and is brought to the local hospital. The child has a fever of 40°C. It is comatose. There is no neck stiffness. A thick smear is positive and a thin blood smear confirms parasitaemia with P. falciparum of 7 % (percentage of parasitised red blood cells). What do you do?

2. Indonesia. A pregnant woman presents with P. vivax malaria. What do you do?

3. Niger. A local man comes to ask your advice. He wants protection against malaria but cannot take chloroquine due to eye problems. What do you suggest?

4. Laos. One of your colleagues develops fever every 3 days. A thin blood smear shows some trophozoites of P. malariae. Should Nivaquine and Primaquine be administered?

5. Zambia. A mother brings you a very ill child: fever, tachypnoea. A thin blood smear shows some sparse gametocytes of P. falciparum. What do you do?

6. North Angola. A man aged 40 comes to ask for your help. In recent months he has felt very weak, is easily tired after normal exertion and has pain under the left ribs. You palpate an enlarged spleen and you notice pale conjunctivae. There is no leishmaniasis in the region. Blood analysis shows haemoglobin at 5 g/dl. No malignant cells are seen. There is no lymphadenopathy. There is no ascites, no previous history of haematemesis, no signs of portal hypertension, also no spider naevi, gynaecomastia or polyneuropathy. The stools contain no eggs of schistosomes. What do you think and what do you do?

7. A Belgian development assistant arrives in Central Africa. It is his first journey abroad. Three days later he develops fever to 40°C. He was taking Nivaquine and Paludrine and thinks that he cannot have malaria. What do you think?

8. Malawi. A patient is admitted with falciparum malaria. He is treated with quinine IV and vibramycin PO. The fever drops but his general condition deteriorates. The blood pressure drops. He remains conscious, the urine production is 700 ml per 24 hours. On the fourth day he is very seriously ill. What would you do?

9. Nicaragua. A woman is brought in with high fever. Her general condition is not so good. Your colleague thinks that it might be severe malaria and quickly injects an ampoule of Nivaquine® IV. The woman then loses consciousness and dies shortly afterwards. What has happened?

10. Can people who are carriers of sickle cell anaemia get malaria?

11. Central African Republic. When the supply of tetracycline has been used up, can you then use streptomycin in the treatment of malaria, while you wait for new supplies?

12. A Bolivian woman has lived all her life in the high mountains. One day she goes to the eastern, low-lying part of the country for 3 weeks. She takes mefloquine as prophylaxis. Five months after her return to the high mountains she develops fever. Can this be malaria? Explain your answer.

13. Angola. A man, 50 kg, is admitted with coma and fever. There is no neck stiffness. A thin blood smear from peripheral blood shows parasitaemia of 2% Plasmodium falciparum (all trophozoites). What do you do?

14. Congo. A 50- year-old missionary develops malaria (P. falciparum). She takes 3 x 2 tablets of Quinimax per day for 3 days, yet on the 4th day there is still fever and there are still parasites in the peripheral blood. What do you think?

15. Does a thick smear have high specificity or high sensitivity for the diagnosis "malaria"? Explain.

16. Guinea. The symptom “fever” is often equated with the disease "malaria". This sometimes happens without a search for focal signs (pain upon percussion over a kidney, tachypnoea-dyspnoea, neck stiffness, etc.). For this reason chloroquine is often given indiscriminately. Give a number of arguments for and against this approach. Your answer should include frequency of infection, chronic carriers, toxicity and cost price of drugs, resistance, missing other diagnoses, frequency and importance of other diagnoses, cost price and time to obtain microscopic diagnosis, the reliability of this diagnosis, lack of motivation, poor information and training of local staff.

17. Peru. A man has never been in a malaria zone. He is admitted with fever and a thick smear is positive for Plasmodium. Could the fact that a few weeks ago he underwent a bloody operation, be of importance? Are there other possible explanations? If this proves to be P. vivax, should primaquine be given?

18. Gabon. A man is suffering from neck pain and takes an Artenam® tablet. The discomfort disappears. It is usual in the area to regard such discomfort as "mini malaria". What effect might this human behaviour have on the development of resistance of malaria parasites to this drug?

19. Thailand. A German woman travels to the border with Myanmar for several days to visit the hill tribes. She stays overnight in the jungle. As malaria prevention she takes mefloquine, 250 mg per week. Two weeks after her journey she is admitted in Bangkok with confusion, hallucinations and psychotic behaviour. The physical examination is normal. She is afebrile and the glycaemia, the ionogram and the blood count are normal. The thick smear is negative. Are there probable alternative diagnoses apart from mental decompensation due to culture shock?

20. The above-mentioned woman gives birth 6 months after her return to Europe. The baby develops massive haemolysis a few weeks after birth. The diagnosis is congenital P. vivax malaria. Do you require extra information and what treatment do you administer? Other remarks?

21. Tanzania. A married couple travel to various wild parks. The man takes mefloquine as prevention, but the woman takes nothing against malaria. On the tenth day they both develop nausea, watery diarrhoea and abdominal cramps. The man blames this on the side effects of the drug while his wife thinks she is developing a malaria attack. What are your reflections?

22. Rotterdam. A Dutch woman returned from Laos 6 weeks ago. Might her discomfort in the liver region be explained by the presence of hypnozoites?

23. Amsterdam. A Dutch man returned 8 weeks ago from a world tour. Three weeks ago he was successfully treated by you for P. ovale malaria. Is the infection definitively cured? What if this was a P. vivax malaria? Can a P. vivax malaria attack still occur after this treatment, and if so how long afterwards? Is this important if one day he wants to give blood?

24. Gabon. Would you advise a priest who was treated last year in Belgium for tropical splenomegaly syndrome, to take malaria chemoprophylaxis for a long period?

25. Malawi. A Danish development worker has been taking chloroquine/proguanil as chemoprophylaxis for 18 months. She has never had malaria. She feels great, but is complaining of small painful and recurring ulcers on her oral mucosa. Do you need any further information?

26. Vietnam. During the Vietnam war American soldiers took what was called the CP-pill once a week. This contained 300 mg chloroquine and 45 mg primaquine base. The results as regards malaria prophylaxis were disappointing. Can you think of some reasons for this?

27. Southeast Asia. After working for a long time in a rural area, you notice that there are fewer malaria cases in families which keep their water buffaloes and cattle around their houses at night or where the pigs sleep under the stilts of their dwellings. Some ideas of what might be happening here?

28. Vietnam. An important local vector is Anopheles dirus, a mosquito which is very sensitive to light and thrives well in the forest. In many places the forest has been felled and replaced by commercial plantations of fruit or rubber trees. The latex is tapped from Hevea brasiliensis very early in the morning, preferably before sunrise. The latex is placed in coconut shells which are thrown away on the ground after use. What might be the possible effect of this activity upon malaria transmission?

29. India. The anti-malaria product Mekalfin (= sulphadoxine 500 mg + pyrimethamine 25 mg per tablet) is often sold over the counter. Each box contains 2 tablets. What might be the consequences of this on the efficacy of Fansidar on P. falciparum? Any comments?

30. Germany. After a quarrel a woman swallowed 15 chloroquine tablets in a suicide attempt. Two hours later she is in a coma. Her blood pressure is 80/?. Do you insert an endotracheal tube and organise oxygen and stand-by mechanical ventilation? Do you insert an IV line and give physiological fluid? Do you administer 60 mg Valium IV? Do you give adrenalin? Do you carry out gastric lavage?

31. Thailand. An adult man weighing 65 kg (blood volume approximately 5 litres) has parasitaemia of 5% P. falciparum (not resistant to Riamet®). Say he has an RBC of 4,000,000 per µl. How many parasites does he have in his body? If he is treated with a three-day course of co-artemether and it is assumed that only artemether is responsible for destruction of the parasites in the first 3 days, how many parasites will lumefantrine remain after day three ?

