African trypanosomiasis 

1 Summary XE "African trypanosomiasis: summary" 
· Difference between Gambian (western) and Rhodesian (eastern) trypanosomiasis 

· Restricted to well defined regions in Africa, determined by tsetse fly vectors

· Early stage: transient sore, fever, oedema, lymphadenopathy, splenomegaly

· Late stage: central nervous system abnormalities, abnormal cerebrospinal fluid

· Diagnosis: always try to detect the parasite

· Repeated thick smears, Buffy coat, mini anion exchange column technique (mAECT)

· Lumbar puncture, lymph node aspiration

· Indirect: serology (CATT), clinical evidence 

· Difficult to treat: Pentamidine, Suramin, Arsobal, Eflornitine

· Importance of early diagnosis and follow-up

2 General XE "African trypanosomiasis: general" 
African sleeping sickness is caused by infection with a unicellular parasite. There are two subspecies of these parasites: the West African or Trypanosoma brucei gambiense XE "Trypanosoma brucei gambiense: african trypanosomiasis, general"  and the East African or T. brucei rhodesiense XE "Trypanosoma brucei rhodesiense: african trypanosomiasis, general" . They cannot be differentiated from each other on morphological grounds. There are subspecies, which is a bit confusing. Trypanosoma brucei gambiense type 1 is genetically distinct from T. b. brucei en T. b. rhodesiense. T. b. gambiense type 2 resembles T. b. brucei.
Transmission takes place through the bite of an infected tsetse fly (Glossina). [Since they are transmitted via tsetse saliva, they are also known as "salivaria", as opposed to Trypanosoma cruzi, which belongs to the "stercoraria" because it is transmitted via the faeces of a bug]. In exceptional cases mechani​cal transmission takes place via other biting flies (tabanids). Congenita​l infections are rare. Sexual transmission seems to be extremely rare.
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African trypanosomiasis or sleeping sickness occurs exclusively in Africa. The area of distribution lies between 14( north of the Equator and 29( south of the Equator. It occurs locally in 36 countries, with a collective population at risk of about 50 million people. There are some 200 areas where the infection is concentrated. The areas of distribution of West African and East African trypanosomiasis show little overlap (e.g. in Uganda). The disease is characterised by fever, lymph node swelling, general malaise and inflammation of the central nervous system. If left untreated, the disease has a fatality rate of practically 100%. There is possibly an increasing resistance to the medications used at present, which is very curious if one consideres the number of cases treated. It was estimated in 1997 that in Africa there were about 300,000 new cases per year. Some estimates for 2003 put the total number at 500,000, but this is probably an overestimate.

*

Note: Other Trypanosoma infections

Trypanosomiasis does occur in South America, but there it is a totally different disease (Chagas' disease, Trypanosoma cruzi XE "Trypanosoma cruzi: african trypanosomiasis, general, other infections" ). This must not be confused with African sleeping sickness. Several human infections with trypanosomes were found in India and Malaysia. They were probably due to accidental zoonotic infections with (?) Trypanosoma lewisi XE "Trypanosoma lewisi: african trypanosomiasis, general, other infections" , a rat parasite, or T. evansi XE "Trypanosoma evansi: african trypanosomiasis, general, other infections" , a parasite of buffalos and cattle. A number of human infections with T. vivax XE "Trypanosoma vivax: african trypanosomiasis, general, other infections"  and T. congolense XE "Trypanosoma congolense: african trypanosomiasis, general, other infections"  have also been reported. Such infections are very exceptional. Herpetosoma sp. are insect parasites related to trypanosomes. A few infections in humans have been described, though such situations are quite rare.

3 History XE "African trypanosomiasis: history" 
African sleeping sickness has apparently been endemic in some parts of Africa for a very long time. The first historical note of this disease comes from the Arabian historian Ibn Khaldun, who described how in 1374 A.D. Sultan Mari Djata of Mali died of an illness which, according to the description, is at least compatible with this disease. The disease was observed and described in 1803 by the English doctor Thomas Masterman Winterbottom, who was working in Sierra Leone. He was struck by the frequent occurrence of swollen cervical lymph nodes in sick persons. Slave-traders also knew about this and avoided buying people with cervical lymphadenopathy.

In 1843 David Gruby in Paris discovered a parasite in the blood of a frog and proposed the name "trypanosome" ("Trypanosoma sanguinis XE "Trypanosoma sanguinis: african trypanosomiasis, history" "). In 1881 Griffith Evans, a veterinary surgeon in India, found trypanosomes in the blood of sick camels and horses. These animals died of a serious disease, known locally as "surra". The surra parasite was later given the name "Trypanosoma evansi". The next major step was taken by the British army medical officer Dr. David Bruce, famous because of his work on brucellosis. After the elucidation of Malta fever in 1884, he was transferred to South Africa. In 1895 Bruce, working in Zululand, discovered that trypanosomes were responsible for a cattle disease (nagana). The parasite species was subsequently named after him (Trypanosoma brucei brucei XE "Trypanosoma brucei brucei: african trypanosomiasis, history" \b ). Bruce also suspected that the disease was transmitted by tsetse flies and thought that there was a reservoir in antelopes. After the Boer War (1899) he continued his investigation in 1903-1906 in, among other places, Uganda. The next breakthrough with respect to the aetiology of human trypanosomiasis came in 1901, when Dr. Forde discovered a motile parasite in the blood of a sick captain of a river boat in Gambia. He was unable to identify the parasite and the patient was repatriated to England. In 1902 the parasite was identified as a trypanosome by Dutton in Liverpool. Because of the patient’s origin, the Italian researcher Aldo Castellani gave the parasite the name T. gambiense. In 1903 Castellani found trypanosomes in the cerebrospinal fluid of persons who had died of East African sleeping sickness, but did not initially recognize their significance. In 1909-1910 Trypanosoma rhodesiense (after the former Rhodesia) was described by Stephens and Fantham. The taxonomy has subsequently been slightly modified. Three subspecies of Trypanosoma brucei are now described: Trypanosoma brucei brucei (not pathogenic for man), Trypanosoma brucei gambiense XE "Trypanosoma brucei gambiense: african trypanosomiasis, history"  and Trypanosoma brucei rhodesiense XE "Trypanosoma brucei rhodesiense: african trypanosomiasis, history" .
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*

Apart from the great rinderpest or cattle plague (viral) and nagana epidemics in South Africa at the end of the nineteenth century, there were also epidemics of human trypanosomiasis. It is possible that the great epidemics since then have arisen through the conflict between two different ecosystems (the natural one with its original vegetation, fauna and vectors and the artificial human ecosystem with its animals, exploitations and cultivations). From 1896 to 1906 there was a major epidemic in the Congo with more than 500,000 fatalities. Another epidemic raged around Lake Victoria and killed two thirds of the local population (between 1900 and 1920 about 250,000 people died of what was probably a T.b. rhodesiense epidemic). Between 1924 and 1926 trypanosomiasis was a major cause of death in Central Cameroon. In the 1980s there was a flare-up in Uganda with many thousan​ds of cases. After an initial phase of decline in the 20th century, the disease (principally T. b. gambiense) has now regained its former range (Congo, Sudan, Uganda, Angola). 

*

The connection between the terrible rinderpest epidemic and sleeping sickness has been rather extensively investigated. Rural East Africa and the Sahel before 1887 were dominated by vast grasslands with enormous numbers of cattle. Grazing maintained the grassland biotopes. In 1887 rinderpest was introduced into the continent for the first time via Eritrea. The indigenous fauna had no resistance. This viral disease, related to measles and distemper, had an enormous mortality rate in cattle and in wild (cloven-hoofed) animals. The epidemic spread with lightning speed, resulting in the collapse of practically all cattle stock (for example: Botswana 1891: 400,000 head of cattle; only 20,000 in 1892). The grasslands quickly disappeared and the resulting bush with its thorn bushes and small trees was ideal for tsetse flies resulting in an increase in sleeping sickness. The wild animal stock recovered more quickly than the domestic cattle. An alternative hypothesis states that after the massive die-off of cattle, livestock restocking occurred. The large-scale movement of these cattle could be linked to the introduction of the disease in new areas. 

4 Parasite XE "African trypanosomiasis: parasite" 
4.1 Parasite, general
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There are numerous organisms related to trypanosomes that live in the sap of plants (Phytomonas for example). All kinds of insects drink plant sap. Such parasites were possibly ingested by various insects. It is assumed that later, in the course of evolution, when insects were able to feed on the blood of land animals, a transmission to these animals took place and that Trypanosoma sp. developed. The parasites are pleomorphic in human blood. Some are elongated and slender ("slender trypomastigotes") and others are shorter and stumpy. Reproduction in man occurs via longitudinal binary cleavage. 
4.2 Parasite, kinetoplast
The parasite has only one nucleus, is elongated, contains a giant mitochondrion and has a single flagellum. At the base of the flagellum is the basal body. This lies adjacent to the kinetoplast. The latter is a compact DNA (deoxyribonucleic acid) structure, located in the very long mitochondrion. This mitochondrion is almost as long as the entire trypanosome. The name of the Order to which the parasite belongs – Kinetoplastida - refers to this organelle. Between the basal body and the flagellum there is an undulating membrane which is required for movement. The microscopic recognition of all these structures is important, for example when in doubt about a suspect structure in a microscopy preparation. In a buffy coat and/or a fresh blood slide preparation the parasites can be seen to move rapidly ("trypanon" = to drill or bore and "soma" = body). In the form of the parasite such as it occurs in man (trypomastigote), the kinetoplast lies in a posterior position and the flagellum points towards the front, rather like a bowsprit on a large sailing vessel. The parasite occurs in the salivary glands of the tsetse fly as an epimastigote (kinetoplast located just in front of the nucleus). The varying location of the kinetoplast is possibly related to different metabolic requirements in the various hosts.
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The DNA in the kinetoplast (kDNA) stains like that of the nucleus (recognizable on a smear). The structure of the DNA in this kinetoplast is very complex. There are numerous (about 40) large DNA loops ("maxicircles") and even more (some 5,000-10,000) small DNA loops ("minicircles"). These form a gigantic tangle. For replication the parasite requires a specific "disentanglement enzyme" (type II topoisomerase). This latter enzyme could be a target in the development of new drugs. 

Several mitochondrial genes appear to be incomplete. In 1986 it was discovered that “editing” of the genetic information takes place in pre-messenger RNA (ribonucleic acid) after transcription of the maxicircle-DNA. Certain RNA-bases (uridines) are removed or inserted in order to form a "mature" mRNA. In 1990 it was discovered that very small, so-called guide-RNA or gRNA molecules play a major role in this editing. Most gRNAs are coded in the minicircles. After the discovery of kRNA-editing, RNA-editing was also found in other organisms.

*

One hypothesis is that kRNA-editing has a regulatory function in gene expression and in mitochondrial metabolism. Some transcripts are found principally in the procyclic (insect) forms, others mainly in the blood stages. The mitochondria of the parasite in the bloodstream contain no cytochromes and lack various enzymes of the Krebs cycle. There are significant differences in the energy production of the parasite: (1) in glucose-rich mammalian blood (principally anaerobic glycolysis in glycosomes [cellular organelles which contain the first 7 enzymes of glycolysis and which are unique to the Kinetoplastida. In most Eukaryota glycolysis takes place in the cytosol]) and (2) in the insect, which lacks glucose, the parasite’s energy comes mainly from aminoacids (e.g. proline) and the metabolism is mainly aerobic. Hence, there is possibly a cyclic activation and repression of various metabolic pathways in the mitochondria, depending on the host. There is, clearly, insufficient understanding of the details. If a glycosome inhibitor could be developed, this might eventually open up new therapeutic possibilities.

Another illustration of the importance of the mitochondrion in trypanosomes is found in Trypanosoma evansi. This trypanosome causes "surra", a disease in camels and horses. The kDNA of this parasite has a different structure in its mitochondrion (for example, it has no maxicircles). As the maxicircles play a crucial role in the functioning of the mitochondrion, it is reasonable to assume that T. evansi cannot go through a maturation cycle in an insect. A consequence of this may be that a change of host cannot occur here. Indeed, the parasite appears to be transmitted only by a mechanical vector, e.g. biting flies (Tabanidae) or vampire bats. 

*

More than a billion years ago the ancestor of trypanosomes probably merged with a type of green algae. This would have enabled it to harness the Sun's energy. This would have had a tremendous advantage. When trypanosomes became parasites, they no longer needed to photosynthesize. The symbiont degenerated and some of its genes passed to those of the trypanosome. At this moment, the genes are vital for the survival of trypanosomes. Several microorganisms, including the malaria parasite, seem to have absorbed others in the past. Both the cellular powerhouses called mitochondria and chloroplasts, which plants use to turn sunlight into chemical energy, are thought to have originally been free-living bacteria. The leftover plant genes were found by analysing the genomes of T. brucei. So far 16 genes have been found that have their closest relatives in plants. Researchers suspect that more wait to be discovered. Plants use the equivalent genes to photosynthesize, using carbon dioxide to make sugars. Trypanosomes use them to break sugars down, in a unique cellular system.

4.3 Parasite, polyamine metabolism

The parasites defend themselves against oxidative stress by means of a polyamine conjugate, trypanothione (two glutathione molecules linked by spermidine). For the parasite, this substance has the same function as glutathione has for man. Studies have been carried out to determine whether trypanothione can be a target for drugs. The polyamines spermidine, spermine and putrescine have various functions in the cell (including synthesis of trypanothione). Polyamines are organic substances that contain two or more amino groups. DFMO (di-fluoro-methyl-ornithine; Eflornitine®) is a therapeutic substance that interferes in the polyamine metabolism of the parasite. DFMO inhibits the conversion of ornithine into putrescine, a precursor of spermidine. Ultimately, the synthesis of trypanothione is disturbed and the parasite is damaged.

4.4 Parasite, sex?

The parasites replicate in humans by asexual mitosis. Experimental arguments for a possible sexual reproduction in T. brucei were first proposed in 1986. There is, however, as yet no definite proof of this (possibly artefacts). In the laboratory tsetse flies were infected with 2 different clones, after which hybrid parasites were isolated, which indicates exchange of genetic material. This could be important for a better understanding of the natural parasite populations, e.g. via the various iso-enzyme patterns that occur in nature. Even if these laboratory data were confirmed, it remains an open question how important this is in nature. Further studies are required. 

4.5 Parasite, antigenic variation

When the parasite is present in an individual, it is covered with a thick monotonous layer of a single type of glycoprotein, VSG or Variant Surface Glycoprotein. These glycoproteins consist of 400-500 aminoacids and various saccharide groups and are anchored into the cell membrane with a so-called GPI-anchor (glycosyl-phosphatidyl-inositol). Ten percent of the proteins of the trypanosome consist of VSG. The entire VSG surface of a trypanosome is recycled every seven minutes by a process of VSG endocytosis and exocytosis. When the parasite is transferred to the tsetse fly, the VSG coating disappears within 4 hours and is replaced by an invariant glycoprotein ("procycline" or PARP). After the parasite has completed its cycle in the fly and arrives into the latter’s salivary glands, the VSG coating reappears. The VSG coating is of vital importance for the parasite when it is in the vertebrate host. This explains why only metacyclic trypanosomes (the mature forms in the salivary glands of the insect) are infectious. When an antigenically homogeneous population of parasites is in the human body, antibodies against the VSG of this population are produced. The immune system lyses the parasites (( fever episode). Infections with trypanosomes would be cured quickly, if the parasite population could not constantly change its surface antigens. 
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The parasite has about 1000 genes that code for different VSGs and thus has a vast repertoire of surface antigens. Most of these genes are located on some hundred minichromosomes in the nucleus of the parasite. The parasite also has about twenty chromosomes of "normal" size. These do not condense during mitosis. At any one time only one VSG gene per parasite is active. A few trypanosomes in a population have a different VSG (heterologous variants). After destruction of the first, dominant population by the immune system, the heterologous parasites increase in number until the variant VSG has induced antibodies and a new cycle of destruction begins. A third population of minority variants then emerges. This antigenic variation is a very important factor in the development of the disease and explains various symptoms (including its chronic course, fluctuating parasitaemia and fever episodes). 

The order in which antigenic variants appear is partially pre-determined. Alteration of surface antigens is not induced by antibodies but occurs spontaneously. The genetic mechanism that the parasite uses for this is very complex. The gene that is to be expressed is duplicated from a locus on one of the chromosomes to a subtelomeric locus (close to one end of a chromosome). The mRNA originating from the gene on this latter locus is subsequently coupled ("trans-splicing") to a small mRNA fragment that is coded elsewhere. This small fragment (mini-exon) is the same for all VSGs. The mechanism for mutually exclusive activation of the VSG genes is still not known. Some other genetic mechanisms are linked to this. An unusual DNA-pyrimidine base ("J"; compare with A, T, G and C) is present in small quantities in the trypanosome genome and occurs more frequently in the telomeres. The unusual nucleotide is present only in the blood form, not in the procyclic form. The significance of this is not yet known.

It is important for the parasite to keep the population in the host as homogeneous as possible in order to use the VSGs economically. However, when parasites infect a host, diversity is advantageous. Hence, some 20 different variants can be present in the saliva of a fly. Any one of these variants is capable of infecting a host provided there are no antibodies present from a previous infection. If the host is immunologically naive to trypanosome antigens, the same VSG eventually dominates the first parasitic population. 

4.6 Parasite, flagellar pocket

In their mammalian host the parasites have a simple metabolism. They use several biochemical substrates of their host, but this poses a practical problem. Since the parasite is coated with a thick monotonous layer of glycoproteins, how can it absorb the necessary metabolites? At the base of the flagellum there is a small invagination ("flagellar pocket"). This site is accessible to macromolecules, but not to macrophages. Endocytosis can take place here. The receptors in this pocket are possibly also variable. This invagination, since it is the site of an important interaction with the host, may turn out a weak spot of the parasite which can be exploited therapeutically. Trypanosomes have no receptors for the uptake of albumin, but do have receptors for the uptake of LDL (Low Density Lipoprotein). LDL is essential for the parasite. Suramin binds LDL. This may explain the action of this medicament (interference with the normal LDL uptake in the flagellar pocket) and perhaps also explain the concentration of this molecule in the parasite via this receptor-mediated mechanism.

4.7 Parasite, lysis by serum

T. b. brucei cannot infect humans since it undergoes lysis in human serum. There are two distinct circulating trypanosome lytic factors (TLFs) in human blood. TLF1 is a lipid-rich subtype of high density lipiprotein (HDL), whereas TLF2 is a lipid-poor particle complexed with IgM. TLF2 is a lipoprotein composed of apolipoprotein A-I, haptoglobin-related protein (Hpr) and IgM and is composed of less than 1% lipid. Persons suffering from Tangier disease (analphalipoproteinaemia; HDL deficiency) do not produce TLF1. 

The hpr-gene is present in the genomes of humans, Old World monkeys and chimpanzees. Of these primates, only chimpanzee serum is not trypanolytic. A functional Hpr is not synthetised by the chimpanzee because the chimp hpr-gene has a single-base deletion that results in a frameshift. Hpr is 94% identical to haptaglobin. Its physiological function, aside from a role in trypanolysis, is not known. TLF1 is completely inhibited by haptaglobin, whereas TLF2 is not. Therefore, it is possible that TLF2 may be the only active factor in vivo, considering that normal serum levels of haptaglobin are likely to completely inhibit endogenous TLF1 activity. Haptoglobin is a heterotetrameric protein consisting of two alpha-subunits and two glycosylated beta-subunits. There are 3 common types of haptaglobin in human populations, namely Hp 1:1, Hp 2:1 and Hp 2:2. All are inhibitory for TLF1. Haptoglobin binds free haemoglobin in human plasma. In individuals with severe haemolysis, haptaglobin decreases in plasma with the formation of haptaglobin-haemoglobin complexes that are cleared via the liver. In contrast, Hpr does not bind haemoglobin and Hpr serum levels remain constant at 25-50 µg/ml in normal and haemolytic sera. Individuals who have a haemolytic disease have high levels of TLF1 activity, which has been revealed as a consequence of depleted haptaglobin.

Parasite lysis by TLF1 and probably also TLF2 requires their uptake by receptor-mediated endocytosis in the flagellar pocket. After uptake, both lytic factors apparently need to enter an intracellular acidic vesicle to be activated. Lysis is inhibited by reagents that prevent acidification of lysosomes, even though TLFs are still delivered to the vesicles. The mechanism by which trypanosomes resist lysis by normal human serum is not known in detail, but it is thought to be associated with a defect in uptake and processing of TLF1 and TLF2. This may be the result of altered TLF receptors or other mechanisms.

*

Note: SRA-protein

The gene SRA encodes a "serum resistance associated" protein. This gene is expressed in T. b. rhodesiense but not in T. b. brucei. The expressed gene can be used to identify rhodesiense group trypanosomes infectious to human beings that are present in animal populations. T. b. gambiense does not contain the SRA gene, which suggests that this organism resists lysis through a different mechanism. 

4.8 Parasite, plastid-related genes

Trypanosomes harbour numerous genes sharing apparent common ancestry with bacteria and/or plants. Many of these horizontally acquired genes seem to function in the glycosome. The glycosome is being studied as a possible therapeutic drug target. How did the trypanosomes acquire these "foreign" genes? Trypanosomes fall within the Phylum Euglenozoa, which includes the beautiful euglenid algae. These algae have chloroplasts, green plastids surrounded by three membranes. This is thought to reflect an engulfed eukaryotic algal endosymbiont similar to the apicoplast in Plasmodium parasites. Chloroplasts themselves are thought to have arisen form an endosymbiotic merger of a cyanobacterial prokaryote with an eukaryote. Although there is no evidence of a plastid in trypanosomes, the presence of such genes suggest that lateral gene transfer from some photosynthetic organism(s) occurred in the distant past. It is possible that the ancestors of the currect trypanosomes had plastids, but that they lost their passengers during evolution. There are known examples of plastid loss, e.g. in oomycetes and possibly in ciliates. Bodonids are free-living bacteriovorous kinetoplastids. Some kinetoplastids contain their own bacterial endosymbionts (e.g. Crithidia oncopelti). It is conceivable that independent endosymbionts could have been an alternative source for some of the "foreign" genes. If further phylogenetic analyses of lateral transferred genes consistently point to a single genetic source, the endosymbiont hypothesis will be supported. If the genes derive from multiple independent lineages, multiple independent gene transfers from ingested food items will be more probable.

5 Life cycle of trypanosomes XE "African trypanosomiasis: life cycle" 
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It was initially suspected that transmission was purely mechanical (as in the case of T. evansi, which is transferred by biting flies or when carnivores bite their prey and get wounded in the mouth). In 1909 the German physician Dr. Kleine carried out transmission experiments from human patients to apes and monkeys. He, like Bruce, showed that infected tsetse flies were vectors. However, he also discovered that the parasite had to be present in the fly for a minimum period before it could cause infection. He subsequently showed that only the metacyclic forms in the salivary glands of the insect were infectious. When a tsetse fly bites an infected human patient, it can ingest parasites. After their arrival in the insect’s stomach, many (99%) of the parasites die because of interactions with specific lectins in the insect’s stomach (lectins are proteins that bind specifically to certain saccharides, such as are present on glycoproteins). The presence of bacterial endosymbionts in the insect possibly plays a role in whether or not an infection is produced in the fly. If the parasites survive, they become slender again ("procyclic trypanosome"). They must then manage to get into the salivary glands. It was initially thought that there were two ways for the parasites to do this. They may first pierce the intestinal wall and then penetrate directly into the salivary glands (this is now no longer accepted as a hypothesis), or they may undertake a complex migration in the insect. They would then migrate distally in the intestine around the posterior free extremity of the peritrophic membrane, then swim back between the intestinal wall and the peritrophic membrane. When they reach the level of the proventricular valve, they penetrate the peritrophic membrane that is being formed and swim up the oesophagus into the proboscis. Finally, they penetrate the hypopharynx and pass into the salivary glands. During this migration they change morphologically into “mesocyclic forms”. In the salivary glands they replicate as "epimastigotes". These then become infectious "metacyclic trypanosomes". However, the last word on this subject has not yet been said.

After about 3 weeks the fly can transmit parasites into its next victim when taking a blood meal. In man, the parasites multiply outside the cells, namely in blood, lymph and cerebrospinal fluid. Some can survive in certain areas (plexus choroideus in the brain), from whence they can cause further flare-ups. 

6 Reservoir XE "African trypanosomiasis: reservoir" 
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There is a definite animal reservoir for T. b. rhodesiense XE "Trypanosoma brucei rhodesiense: african trypanosomiasis, reservoir"  in cattle, bushbuck and various antelopes. The existence of an animal resevoir for T. b. gambiense XE "Trypanosoma brucei gambiense: african trypanosomiasis, reservoir"  was previously unknown, but it is now accepted (dogs, pigs). The epidemiological significance of this reservoir is still not well known.

7 Vector XE "African trypanosomiasis: vector" 
7.1 Vector, general
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Tsetse flies (Glossina sp.) are blood-sucking insects that occur only in Africa.

The name tsetse is derived from the sound that the insect’s flying makes. The insects have a prominent proboscis and a typical wing veining. When resting they fold their wings over their back like a closed pair of scissors. The genus Glossina is now divided into three subgenera: the fusca XE "Glossina fusca: african trypanosomiasis, vector" -group (subgenus Austenina), the palpalis XE "Glossina palpalis: african trypanosomiasis, vector" -group (subgenus Nemorhina) and the morsitans XE "Glossina morsitans: african trypanosomiasis, vector" -group (subgenus Glossina).

Like many insects they secrete a "peritrophic membrane" ["peri" + "trophe" = "around food"] in the intestine. This secretion takes place at the transition from the anterior intestine to the midgut (proventricular valve). This membrane consists of chitin and a glycoprotein matrix and functions as a very fine sieve. Small molecules can pass through it, but bacteria or large food particles cannot. It offers some mechanical protection to the middle intestinal cells (the intestine contains no lubricating mucus producing cells). An additional function is the compartmentalisation of the digestive process. A first portion of the food is found in the endoperitrophic cavity, a second portion in the ectoperitrophic cavity. Small food molecules diffuse through the peritrophic membrane. Absorption takes place through the microvilli of the intestinal cells. It was previously assumed that trypanosomes could not pass through the peritrophic membrane, but this assumption has become increasingly doubtful. 

*

Both male and female tsetse flies take blood every 3-4 days. The females live longer than the males, usually 2-3 months, though exceptionally up to 6 months. In an endemic area usually fewer than 1% of the flies are infected. A female mates only once in her life. The reproduction is exceptional in that only 1 egg is fertilized at a time (with sperm stored in the female's spermatheca). The fertilized egg produces a larva, which further develops in the "uterus" of the fly until it is mature. This maturation takes place in the “uterus”. The larva feeds on the secretions of a number of "milk glands" that open into the “uterus”. The secretions from these glands can only continue as long as the fly feeds regularly on blood. The pregnant fly searches for a shady spot with loose soil to give “birth”. After the larva is deposited, it digs itself in and rapid pupation takes place within about 15 minutes. (Tsetse flies never lay eggs!). The pupa, like the larva, has two typical posterior projections that have a respiratory function (polypneustic lobes). Because the larva quickly digs itself in, it is less vulnerable to control measures. Control of the insect must thus be aimed at the adult animals. Some 3-13 weeks later (depending on the temperature) the new adult fly emerges. The insect is thus viviparous or live-bearing (no eggs are laid in the environment). In nature a female tsetse fly deposits only about 6 to 12 larvae during her lifetime (1 about every 10 days). 

*

There are several different species of tsetse flies, each with its own ecological preference. Accurate knowledge of the resting places is essential for meaningful control measures. [For example, the maximum height at which the flies rest on tree trunks determines the area where insecticides should be applied. Large numbers of the insects are frequently found on the lower 30 cm, but this varies according to the season].
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7.2 Vector, West African trypanosomiasis

Tsetse flies of the palpalis-group (Glossina palpalis XE "Glossina palpalis: african trypanosomiasis, vector, West African trypanosomiasis" , G. tachynoides XE "Glossina tachynoides: african trypanosomiasis, vector, West African trypanosomiasis" , G. fuscipes XE "Glossina fuscipes: african trypanosomiasis, vector, West African trypanosomiasis" ) prefer dense vegetation (e.g. on riverbanks) as a habitat where exactly the right conditions of humidity, warmth and light prevail and where there is a blood supply (near animals or humans). Humans are frequently bitten when working/standing close to the water’s edge.

7.3 Vector, East African trypanosomiasis

This disease is transmitted by tsetse flies of the morsitans group (Glossina morsitans XE "Glossina morsitans: african trypanosomiasis, vector, East African trypanosomiasis" , G. pallidipes XE "Glossina pallidipes: african trypanosomiasis, vector, East African trypanosomiasis" , G. swynnertoni XE "Glossina swynnertoni: african trypanosomiasis, vector, East African trypanosomiasis" ). These insects are widely distributed over the East African savanna. They are more zoophilic (they prefer animals to man) and the infection is a zoonosis. Important reservoirs are the bushbuck, hartebeest and cattle, but also animals such as lions and hyenas. 

*

Note: Mechanical transmission

In areas where there are many other biting flies (Stomoxys XE "Stomoxys sp.: african trypanosomiasis, vector, mechanical transmission" , Tabanus XE "Tabanus sp.: african trypanosomiasis, vector, mechanical transmission" , Haematopota XE "Haematopota sp.: african trypanosomiasis, vector, mechanical transmission" , Haematobia sp. XE "Haematobia sp. : african trypanosomiasis, vector, mechanical transmission" ), mechanical transfer of parasites can occasionally occur via these insects (i.e. without the parasite undergoing maturation in the vector).

8 Clinical XE "African trypanosomiasis: clinical" 
8.1 Clinical, infection by T.b. gambiense XE "Trypanosoma brucei gambiense: african trypanosomiasis, clinical" 
8.1.1 Inoculation
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Any bite from a tsetse fly, whether infected or not, produces a local reaction. When the bite is infected, a small local wound can appear after 1 or more weeks, in general after 5-15 days (trypanosomal chancre or sore or trypanoma). This often remains unnoticed in the local population, though it can sometimes reach quite substantial dimensions (2-5 cm). In infected Europeans, it is described at a frequency of 25-40%. It involves a central blister or ulcer surrounded by red infiltrated skin. The lesion is not really painful. When it has healed after 1-3l weeks a depigmented scar can remain. The infection develops slowly if there is no medical intervention. The patient’s condition gradually deteriorates, ultimately leading to his/her death after six months or more. There are two quite artificially separated stages: a preliminary haemato​lymphatic stage and a second stage with symptoms of meningoencephalitis. The boundary between these two stages is determined by the findings in the cerebrospinal fluid. The distinction is important for treatment. Asymptomatic human carriers are rare.

8.1.2 Haematolymphatic stage 

The haematolymphatic stage lasts 6 to 12 months, but sometimes longer. It is characterised by intermittent, unpredictable bouts of fever separated by irregular intervals of days to a month or even more, headache and general malaise. The lymph nodes swell, especially those in the neck (Winterbottom sign). These glands are soft, mobile and not painful. They are present in fewer than half of the patients in the early stage, and in fewer than 25% in the late stage. Oedema sometimes occurs (face), as well as pruritus (itching) and transient red spots or a circinate rash (trypa​nides). This rash can be seen without difficulty on a white skin (reported in 50%) but is difficult to see on a dark skin, The liver and certainly the spleen can be clearly enlarged. There is moderate to severe anaemia. Neurological disorders (personality changes, increased sensitivity to pain, especialy deep hyperaesthesia ("Kerandel sign") can already be present in the first stage. This condition gradually evolves into increasing neurolo​gical collapse, characteristic of the menin​goencepha​lopa​thic stage. 

*

The condition is characterised by a chronic course with flare-ups and quieter periods. These flare-ups are to be interpreted as destruction of the trypanosomes, followed by the development of a new population of parasites carrying a different surface antigen. Lysis of the parasites releases large quantities of antigen into the bloodstream. These form immune complexes with circulating antibodies which then precipitate, resulting in perivascular inflammatory symptoms (including vasodilation with increased vascular permeability and oedema). Successive generations of parasites each have a different glycoprotein on the outer membrane. It is to this outer membrane that the antibodies attach themselves. Whenever a new glycoprotein emerges, the immune system always has to start again from scratch, with the production of new antibodies. This explains the pronounced increase in the immune globulins (especially IgM) in blood and cerebrospinal fluid. The high IgM serum concentration thus results from chronic polyclonal B cell stimulation. Aspecific cross-reacting and auto-antibodies can also be produced, making the diagnosis more difficult. Meanwhile time goes on and the infection worsens. 

8.1.3 Meningoencephalopathic stage

In the meningoencephalopathic stage there is a progression over 3-6 months, ending in death. Personality changes increase and the patient usually loses interest in his/her surroundings. Psychosis sometimes occurs. The patient develops tremor, paraesthesia, increased sensitivity to pain, gait disorders, speech​ difficulties and reversal of the diurnal wake/sleep rhythm. Ataxic dyskinesia is present in most patients. Basal ganlia involvement can produce clinical features which overlap with those of Parkinson's disease. Weight loss and endocrine abnormalities with e.g. impotence are common. Damage to the hypothalamus (paraventricular and supraoptic nuclei) may lead to disturbance of the normal sleep pattern. The patient progressively deteriorates and develops stupor (sleeping sickness!). The patient can still be woken up, but will quickly go “back to sleep” again. This is finally followed by coma and the patient dies of malnutrition, concomitant infections and destruction of the central nervous system. This disease is not to be confused with neurosyphilis, tuberculosis, AIDS with cerebral toxoplasmosis or cryptococcal meningitis, alcoholism or schizophrenia.

Histopathological changes include leukoencephalitis with demyelinisation and accentuation of the periventricular areas. There is a characteristic infiltration of lymphocytes and plasma cells around cerebral blood vessels (perivascular cuffing).

8.2 Clinical, infection by T.b. rhodesiense XE "Trypanosoma brucei rhodesiense: african trypanosomiasis, clinical" 
Infection with T. b. rhodesiense evolves much faster. The incubation phase is shorter (1 to 3 weeks). An inoculation chancre often occurs. There is quite high fever and there are also signs of damage to numerous organs (jaundice, myocarditis or pancarditis, encephalitis). There is usually no obvious lymph node swelling. Heart failure occurs. The disease evolves to a fatal outcome within a few weeks or months.

9 Diagnosis XE "African trypanosomiasis: diagnosis" 
9.1 Diagnosis, detection of parasites
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In the peripheral blood there is usually a normal white blood cell count (no leukocytosis or leukopaenia), a normal blood platelet count and a slight normocytic anaemia. The erythrocyte sedimentation rate is quite high. The diagnosis is best made by detection of the parasite. The sensitivity of the conventional parasitological techniques is, however, quite low. The parasite can be found in fluid from the inoculation chancre, blood (direct examination, thin smear, thick smear, buffy coat), lymph node fluid (needle aspiration) or cerebrospinal fluid (lumbar puncture). In a wet blood smear, the motility of the parasites attracts the eye, but the sensitivity of the technique is too low. A Giemsa-stained thick blood smear is more sensitive, but parasites are frequently deformed in this preparation and are therefore easily missed. Lymph node aspiration is done with a dry needle. After puncture the needle is left in place for a while and the node is massaged. A syringe is then fitted to the needle and after aspiration the fluid is put on a microscope slide for direct examination (the motile trypanosomes can then be observed). Several samples will often be needed, as the parasites are not present in large numbers and appear in the blood in intermittent waves. Concentration techniques (buffy coat from a centrifuged microhaematocrit tube or quantitative buffy coat test (QBC) can facilitate the diagnosis. In better equipped laboratories a mini-anion exchange column technique (mAECT) is used (Lanham or Lumsden method). Such a column contains diethylaminoethyl-cellulose (DEAE-52). The separation of blood cells from trypanosomes depends on a difference in surface charge of the blood cells and the parasites. This charge is pH-dependent (importance of iso-electric point). When blood is mixed with a particular buffer (PSG = Phosphate-Saline-Glucose) added to column, the red and white blood cells adhere to the DEAE gel particles. In this buffer, the trypanosomes are at their isoelectric point (= neither positive nor negative charge) so flow through the column. The eluate containing the parasites is collected and centrifuged. The sediment is examined microscopically to determine if parasites are present. The type of buffer and the temperature at which the test is carried out are of very great importance. The more the disease advances, the less frequently are trypanosomes found in the blood, though they are then found more often in the cerebrospinal fluid. The parasites can be cultured in vitro in a specific medium (KIVI; Kit for in Vitro Isolation). In theory as few as 1 trypanosome can be detected in 5 ml, though in 50% of the tested cases the culture remains sterile. The blood is initially mixed with the toxic anticoagulant polyanethol sulphate. The latter also has anti-complement activity. An antigen-capture ELISA (Enzyme Linked ImmunoSorbent Assay) also exists, but there are at present too many false positive results with this.

*

Comparison of detection thresholds 

Technique
Sensitivity

Fresh blood preparation (10 µl)
6000 trypanosomes/ml

Thick drop (10 (l)
2000 trypanosomes/ml

Buffy coat (70 (l) 

600 trypanosomes/ml

QBC (Quantitative Buffy Coat Test)
16 trypanosomes/ml (to be confirmed, probably less sensitive)

MAECT (500 (l)
6 trypanosomes/ml (extreme; in reality usually 100/ml required)

PCR (Polymerase Chain Reaction)
10 trypanosomes/ml (to be confirmed)

KIVI

1 trypanosome per 5 ml.

9.2 Diagnosis, serology

Antibodies can be detected serologically. Several techniques (immunofluorescence etc.) have been developed. There are also methods for use in primitive rural conditions. A cheap and practical method is a direct agglutination reaction of trypanosomes on a plastic card, with macroscopic read-off (CATT = Card Agglutination Test for Trypanosomiasis). This is a good screening method in population studies for T. b. gambiense XE "Trypanosoma brucei gambiense: african trypanosomiasis, diagnosis, serology" . A drop of blood (finger prick) and a drop of reagent that contains blue-coloured parasites of a known serotype are mixed on a white plastic card. The card is mechanically shaken for 5 minutes and then immediately read. When the test is positive (presence of antibodies) the trypanosomes agglutinate and form a blue clot. CATT must not be confused with the CIATT (Card Indirect Agglutination Test for Trypanosomiasis). Another method is to take a blood drop on very small filter papers (confetti) and examine this later in a laboratory. The patient should be called back later if the result is positive. Antigen-detection methods (ELISA) have also been developed, but are not yet in routine use. A problem arises in persons who have a positive serology, but who are asymptomatic and in whom no parasites are found (wait and see with follow-up or treatment with suramin or pentamidine?). After successful treatment the antibodies remain for years. Antibody detection therefore cannot be used for detecting relapse or reinfection. It is hoped that in the future we shall be able to prove a cure by monitoring reductions in the levels of circulating antigens, either directly (e.g. ELISA) or by PCR or variants of these. Such tests remain to be validated by further clinical investigation. Further invention of genetic detection methods will possibly also facilitate the detection of resistant parasites, which may then of course influence treatment. 

Note : CATT Supply

For CATT supply, one can contact 

Mr Eddy Magnus, Unit of Applied Technology and Production

Institute of Tropical Medicine, Nationalestraat 155, B-2000   Belgium

Tel : 32.3.247.63.68

9.3 Diagnosis, clinical

A correct diagnosis can sometimes be reached even though parasites cannot be detected. These "clinical cases" are patients from an endemic area, with clinical symptoms of late stage trypanosomiasis and lymphocytes in the cerebrospinal fluid. Such "clinical cases" may amount to no more than 5% of the total number of trypanosomiasis patients. 

9.4 Diagnosis, IgM in cerebrospinal fluid 

Antibodies should if possible be detected in the cerebrospinal fluid (technically difficult). Determining the IgM content in the cerebrospinal fluid can be very difficult or even impossible to carry out in endemic areas and under field conditions. An experimental latex agglutination test for detection of IgM was developed at the Institute of Tropical Medicine, Antwerp, Belgium. Blood-CSF barrier dysfunction is usually absent or mild and occurs in very advanced late-stage disease. It is possible to calculate and plot diagrams of the quotients CSF/serum concentration for IgG, IgA and IgM (demonstration of intrathecal production of antibodies). Especially intrathecal IgM production will be present in late-stage sleeping disease (occurs in 98% of people with leukocyte counts higher than 20/µl). Similar patterns do occasionally occur in Lyme neuroborreliosis, neurosyphilis, mumps meningoencephalitis and in non-Hodgkin lymphoma involving the central nervous system.

*

Usefulness of the lumbar puncture: 

A lumbar puncture is important :

· sometimes in order to make a diagnosis

· in order to determine the stage (main purpose)

· in order to monitor therapy. 

In the 2nd stage the cerebrospinal fluid is characterised by: 

· white blood cell count (WBC) > 5 per mm3, (normally <3)

· protein > 45 mg%, 
(normally 15-45 mg%)

· IgM increase, (difficult to carry out; Latex IgM)

· Sometimes trypanosomes and/or Mott cells
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In African trypanosomiasis, the cerebrospinal fluid can contain numerous lymphocytes. Some of them will have developed into plasma cells containing cytoplasmic vacuoles filled with accumulated immunoglobulines. These cells are also known as morula cells or Mott cells.

Control lumbar punctures should be carried out for late stage West African trypanosomiasis every 6 months for 2 to 3 years after diagnosis and therapy. In East African trypanosomiasis they should be carried out more frequently (every 3 months, certainly in the first year). Good follow-up is essential. Recurrence often presents as a deterioration in results obtained with the cerebrospinal fluid (increased lymphocyte count). Parasitological proof of recurrence is often lacking. Immediately after treatment the lymphocyte count in the cerebrospinal fluid increases (so-called "cerebrospinal fluid storm"). This should not be regarded as a recurrence. There is no permanent protective immunity. Reinfection can occur.

10 Treatment XE "African trypanosomiasis: treatment" 
10.1 Treatment, general

There are several different treatment schemes that are determined by the vertical control programme that is or was in place in many areas. Anaemia and any other infections should be treated first. The specific therapy is not simple. Drugs that do not penetrate into the cerebrospinal fluid and the brain are useful in the early stage (prior to invasion of the central nervous system). Drugs that do penetrate the blood-brain barrier must be used in the late stage. A number of drugs were developed many years ago. There is an urgent need for better, cheap drugs. There is also a need for clinical studies to compare different therapeutic regimens. 

In May 2001, the pharmaceutical company Aventis signed an agreement with WHO to guarantee a gratis production of pentamidine, melarsoprol and eflornitine for at least 5 years. Médecins Sans Frontières (MSF) would be responsible for the logistical part of storage and transport of the drugs. Shortly afterwards, Bayer joined this partnership, providing suramin and reconsidering a decision to halt production of nifurtimox.
The blood-brain barrier is the boundary formed by the continuous “tight junctions” between the endothelial cells of the brain capillaries. There is a basal membrane between endothelial and neighbouring cells. Pericapillary astrocytes surround the whole complex. This barrier restricts the migration of polar substances from the blood to the brain. The barrier is important for maintaining the composition of the fluid surrounding the brain. There are special transport systems that allow certain aminoacids, glucose and specific macromolecules to enter the brain. In addition there is also passive diffusion of lipophilic low molecular weight substances. This high degree of access control provides substantial protection for the brain, but also has implications for drugs. However, the blood-brain barrier is not inert. Although fenestrated capillaries in the choroid plexus allow a more direct exchange between blood and cerebrospinal fluid, their area occupies only 1/5000th of the total exchange surface. There are also a few other small regions of the brain where there is no barrier, namely the area postrema, organum vasculosum of the lamina terminalis, the subfornical and subcommisural organs, the eminentia mediana of the hypothalamus and the neurohypophysis. 

10.2 Treatment, drugs that do not penetrate into the brain
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· Suramin XE "Suramin: african trypanosomiasis, treatment"  (Bayer 205®, Germanine®, Naphuride®, Moranyl®, Antrypol®). The compound was developed in 1920. It is best administered by slow intravenous infusion, as intramuscular administration (10% solution in distilled water) is very painful. Suramin is excreted extremely slowly by the body. This is important in allergy (exfoliative dermatitis). It can cause substantial proteinuria. When a test dose of 200 mg is tolerated well, the daily dose is 20 mg/kg (max. 1 g per dose; 1 g of the base = 10 ml of a 10% solution). This is to be repeated 5 times with intervals of a few days. There are several treatment regimens, such as 1 g on days 1, 3, 7, 14 and 21 (in adults) or on days 3, 10, 17, 24 and 31. Fever sometimes initially occurs due to lysis of trypanosomes. Suramin also kills Onchocerca volvulus filaria. Patients with active onchocerciasis can exhibit severe side effects to suramin. Suramin is frequently used for reducing the total number of trypanosomes, in order to reduce toxicity when Arsobal is administered.

-

· Pentamidine XE "Pentamidine: african trypanosomiasis, treatment"  was developed in 1941. It is less active than suramin and not active against T. b. rhodesiense. There are two water-soluble salts: pentamidine isethionate XE "Pentamidine isethionate: african trypanosomiasis, treatment"  (Pentacarinat®), to be dissolved in sterile distilled water (not with physiological saline) and (hard to obtain): pentamidine dimethane sulphonate XE "Pentamidine dimethane sulphonate: african trypanosomiasis, treatment"  (Lomidine®), already dissolved as 4% base. Intramuscular injections are painful and are best given with the patient lying down since they cause a drop in blood pressure. If possible, slow IV administration is better. Rapid IV injection causes acute hypo​ten​sion and should be avoided. Hypoglycaemia can sometimes occur (release of insulin from the pancreas). This medicine is also used in pneumocystosis in AIDS patients. The dose is 3-4 mg base/kg/day for one week or every 2 days with a total of 10 injections (in adults). Alternatively, injections can be given on days 1, 3, 5, 13, 15 and 17. To calculate the dose: 1.7 mg salt is approximately equivalent to 1 mg of base. The usual dose for an adult person is between 150 and 300 mg per injection. Adrenalin and fluid are given intravenously if acute hypotension occurs.

-

10.3 Treatment, drugs that penetrate into the brain

· DFMO XE "DFMO: african trypanosomiasis, treatment"  (Eflornitine, Ornidyl®). Di-fluoro-methyl-ornithine XE "Di-fluoro-methyl-ornithine: african trypanosomiasis, treatment"  or DFMO was first used for trypanosomiasis in 1985. It is very water soluble. This substance penetrates quite well into the cerebrospinal fluid. An IV treatment for 2 weeks should be sufficient. This used to be followed by 4 weeks of oral administration, though the additional benefit of this is probably limited. Oral administration is an alternative (second choice) if no venous route of administration is possible. Oral ingestion frequently causes osmotic diarrhoea. The drug is expensive and if supplies are limited it is best reserved for melarsoprol-resistant cases. Unfortunately it is active only against T. b. gambiense. The dosage regimen is 100 mg/kg/6 hours IV x 2 weeks via physiological fluid infusion. This requires a large quantity of product per patient (about 1/3 kg per person). Concentrations in cerebrospinal fluid in children seem to be lower than in adults. Children possibly require a higher dose. [ Note: topical eflornitine is also being studied as a depilatory product in cosmetics.]

-

· Melarsoprol XE "Melarsoprol: african trypanosomiasis, treatment"  (Arsobal®) was developed in 1949. This trivalent arsenic compound is insoluble in water or alcohol. It is therefore dissolved in propyleneglycol. This solvent is highly irritant to tissues. It causes phlebitis and chemical cellulitis when administered paravenously. Melaroprol is available in ready to use vials (3.6% solution). This may only be given by very slow IV infusion. The syringe must be perfectly dry, as otherwise flocculation occurs. Melarsoprol penetrates into the cerebrospinal fluid to only a very limited extent. It can nevertheless be used in late stage disease. Melarsoprol as such is quickly eliminated from the plasma. It also has a significant trypanocidal activity (measured via bioassay) in plasma and cerebrospinal fluid for up to several days after administration, although melarsoprol can then no longer be detected with HPLC (high performance liquid chromatography). The molecule is probably transformed into biologically active metabolites such as melarsene oxide, etc. The pharmacokinetic properties are not sufficiently known. Toxicity results in encephalitis. This manifests itself as a sudden violent neurological deterioration at the end of the first series or during the second series of injections. The higher the number of lymphocytes in the cerebrospinal fluid, the greater the risk of very severe neurological complications (fatality-rate approximately 50%). An (auto?)-immune reaction, rather than a direct toxic effect, is possibly involved here. It is therefore best to administer prednisolone before using melarsoprol. Another toxic effect of melarsoprol is polyneuropathy (analogous to heavy metal intoxication). This results in diminished sensitivity and/or paraesthesias in hands and feet. In this case melarsoprol should if possible be stopped and vitamin B (e.g. thiamine) administered. Resistance to melarsoprol occurs. Melarsoprol should never be given without first trying suramin (less Jarisch-Herxheimer-like reactions). There are several quite complicated treatment schemes. One injection per day for 3-4 days is sometimes given, followed by 1 week’s rest. This can be repeated three times (total = 9 to 12; usually 3 x 3 ampoules for an adult person). A more cautious scheme uses half the dosage at the beginning. In April 2000 it was shown in quite a large study (500 patients) in Angola that a regimen with ten daily injections of 2.2 mg of melarsoprol/kg bodyweight in combination with prednisolone was easier and cheaper and just as good as the conventional interrupted schemes for treatment of T. b. gambiense.
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Note 1: BAL

The letters “BAL” in Arsobal refer to British Anti-Lewisite (B.A.L.). W. Lee Lewis was the inventor of lewisite, a war gas that was used together with chlorine gas, mustard gas (yperite) and phosgene in the First World War and later by Japanese troops in Manchuria. This blistering and deadly substance is chlorovinyl dichloroarsenene and hence contains arsenic. Arsenic binds SH-groups in various proteins. A metal-chelator, dimercaptopropanol = dimercaprol = B.A.L., was used by the British as antidote. The molecule contains two SH-groups that bind to arsenic (competition with the SH-groups on proteins). This is the origin of the five-membered ring in the above formula. The damaged enzymes can subsequently be repaired (e.g. by glutathione, see G6PD-deficiency).
Note 2: Acute arsenic toxicity 

Acute arsenic toxicity must not be confused with chronic arsenic poisoning. The latter occurs in some regions such as Bangladesh because the ground water there often contains high concentrations of this substance.

Note 3: Drug Supply

One can contact 

Dr Jean Jannin, WHO CDS/CSR, 20 Avenue Appia, 1211 Geneva 27, Switzerland

tel 41-22.791.3779; fax 41-22.791.4878

10.4 Treatment, summary

T. b. gambiense: early stage: 

· Or DFMO 100 mg/kg IV 4 times per day for 14 days 

· Or Pentamidine 4 mg base/kg/day IM on days 1 to 7

· Or Suramin test dose 5 mg/kg, then 20 mg/kg/day (max. 1 g) IV on days 3, 10, 17, 24, 31

· Or Pentamidine 4 mg base/kg IM on days 1, 3, 13, 15, 17 + Suramin 20 mg/kg on days 1 and 13

*

T. b. gambiense, late stage: 

· Or DFMO 100 mg/kg IV 4 times per day for 14 days

· Prednisolone 1 mg/kg, starting 1 day before the rest of the medication, followed by

· Suramin or Pentamidine 1 to 2 injections, followed by

· Arsobal 3-4 series of one injection per day for 3-4 days with 7-10 days’ rest period in between

· Or Arsobal 2.2 mg/kg/day for 10 days with prednisolone throughout the whole period

*

T. b. rhodesiense 

· Suramin test dose (check urine for protein and cylinders), then 1 g per week for 6 weeks. The first dose can be given fractionated over 2 days. Quicker alternative scheme: days 1, 3, 6, 14, 21

· Arsobal may be supplemented with prednisolone

· A high (double) dose of DFMO gives a favourable result in 50% of cases, if combined with suramin

10.5 Medication, summary

Suramin: 

· First test dose + ivermectine if onchocerciasis is suspected. 

· Check urine. Then 10% solution by slow IV infusion, maximum 1 g per infusion

· Maximum 5 injections. Example: Days 1, 3, 7, 14, 21

Pentamidine:

· 4 mg base/kg/day IM or slow IV infusion; max 300 mg base per infusion.

· Glucose if hypoglycaemia. Example: 10 daily injections

Ornidyl® 

· 100 mg/kg/6 hours daily IV infusion for 14 days or second choice-orally. Expensive. 

Melarsoprol:

· Prednisolone before and during treatment! 

· Usually preceded by Suramin or Pentamidine. 

· Exclusively by IV infusion; usually 3 series of 3 ampoules (adults): 3 x 3

· 1 week’s rest between series. 

· Dose = usually 3.6 mg/kg, maximum 200 mg. (various schemes)

· New scheme: 2.2 mg/kg for 10 consecutive days.

· Stop in case of polyneuropathy or reactional encephalopathy
10.6 Medications, seldom used

· Diminazene XE "Diminazene: african trypanosomiasis, treatment, medications seldom used"  (Berenil®). Discovered in 1955. Officially registered only for veterinary use. Can be administered intramuscularly (less painful than IM Pentacarinat®). Daily dose 5-7 mg/kg, to be repeated after 2 and 4 days. Can be useful in cases of resistance, but in view of the official restriction it is used very rarely. It was initially considered to be quite neurotoxic, but in practice this does not appear to be such a big problem. Other commercial names for diminazene are Veriben®, Ganasegur®, Ganaseg®, Azidine®. Cross-resistance between diminazene, used in the treatment of animal trypanosomiasis, and melarsoprol used in the treatment of African trypanosomiasis in man can be selected with relative ease. Both drugs, or their active metabolites, can enter trypanosomes via the P2 aminopurine transporter, and loss of this transporter can impair uptake of the drugs into parasites. It is therefore possible that melarsoprol resistance is linked to selection of diminazene resistance through treatment of animals. At present, this is still a hypothesis. Since selection of resistance to diminazene in animals might lead to melarsoprol resistance in humans, caution must be exercised in the choice of trypanocide used to clear cattle of trypanosomes. Therefore, although resistance to isometamidium and homidium can arise more quickly in cattle than can resistance to diminazene, these drugs could be better choices in terms of implications for human health. 

Cd_1092_069c.jpg

· Nifurtimox XE "Nifurtimox: african trypanosomiasis, treatment, medications seldom used"  (Lampit®): Cf. Chagas' disease. Very difficult to obtain outside South America. Its place in therapy is not very clear. Sometimes used in cases of melarsoprol resistance (several schemes, including 15 mg/kg/day PO for 60 days). Toxic to the central nervous system (more toxic at higher doses such as 30 mg/kg/day).

· Cymelarsene XE "Cymelarsene: african trypanosomiasis, treatment, medications seldom used" . Structurally very closely related to melarsoprol.

· IMOL 881 XE "IMOL 881: african trypanosomiasis, treatment, medications seldom used"  (experimental). Is yet to be evaluated.

· Trybizine XE "Trybizine: african trypanosomiasis, treatment, medications seldom used" . This is a diamidine that can cure acute trypanosomiasis in cattle and rodents. It was developed in China. Attempts are being made to synthesise analogues that are less toxic and that pass through the blood-brain barrier

· Megazol. XE "Megazol : african trypanosomiasis, treatment, medications seldom used"  A fairly active, but still experimental 5-nitro-imidazole derivative. However, the substance is mutagenic in the Ames test. Megazol does not contain arsenic. [The Ames test screens possible carcinogens. The test uses a specific histidine synthesis deficient Salmonella strain. If the tested substance causes mutations that restore the ability to produce histidine, the substance is regarded as potentially carcinogenic]. 
· Experimental. The surface glycoproteins (VSG) are anchored in the cell membrane with a glycosyl phosphatidyl inositol (GPI) anchor (see above). When GPI synthesis is blocked by elimination of any single gene along the biochemical pathway, the parasite dies. A search is now being made for suitable inhibitors of an enzyme from this reaction chain that is specific to the trypanosome. Trans-sialidase is another enzyme that is being closely investigated. Trypanosomes are themselves unable to produce sialic acid. In trypanosomes, many enzymes of the pentose phosphate pathway and several other pathways are related to cyanobacterial isoforms rather than to those of eukaryotes. This association has led to a suggestion that the ancestors of trypanosomatids harboured a now lost endosymbiont at some time in their evolutionary past. The pathway's third enzyme (6-phosphogluconate dehydrogenase) is essential to trypanosomes. The search is on to determine if structural differences to its mammalian counterpart could be exploited in design of selective inhibitors. DB289 is an experimental, orally available prodrug, which is converted after absorption into a trypanocidal dicationic form. Acidocalcisomes are membrane-bound acidic cell compartments rich in calcium and pyrophosphate. Inhibitors of such acidocalsisomes (e.g. pamidronate, a bisphosphonate) could be useful, but have still to be tested in formal trials.

· Veterary: Homidium, isometamidium and diminazene are drugs used in cattle, sheep and goats. Suramin, quinapyramine and melarsomine are used in horses, camels and buffalos.
10.7 Treatment, follow-up

After treatment, the patient should have a regular follow-up for 2 to 3 years for possible relapse (T. b. gambiense: check every 6 months). The first sign of relapse is often an increase in the cell count in the cerebrospinal fluid, followed by a rise in its protein content. Recurring fever, drowsiness and chronic headache are also signs of relapse.

11 Prevention and control XE "African trypanosomiasis: prevention and control" 
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African trypanosomiasis is a very serious disease for the individual patient. A major danger of sleeping sickness is the risk of attaining epidemic proportions. Systematic detection and treatment of cases requires active searching (specialised mobile service, vertical strategy). An initial screening with CATT (Card Agglutination Test for Trypanosomiasis), and detection of suggestive clinical signs is generally used for Trypanosoma brucei gambiense XE "Trypanosoma brucei gambiense: african trypanosomiasis, prevention and control" . If one or both of these is positive, a lymph node aspiration is carried out. If negative, this is followed by a parasitological blood examination. If positive, a lumbar puncture should be carried out. 

Passive treatment of patients who come to the hospital is less expensive but also less effective. There are in fact infected persons who can sometimes remain asymptomatic for a long time. Their role in the epidemiology is yet to be elucidated. It is practically impossible to control the disease by treating only the ill patients. Chemoprophylaxis with pentamidi​ne is not used, except in very exceptional situations. 

Vector control can yield good results. Active participation of the population is needed in order to set up and maintain tsetse fly traps. These usually consist of a piece of textile of a certain colour, size and shape, that may or may not be impregnated with an insecticide ("imitation cows"). Various models have been developed. One of the more frequently used types is the biconical Challier-Laveissière trap. Other types used for control include for example Vavoua, Ngu, Lancien, pyramidal and bipyramidal traps. Some traps are preferentially used for sampling (glue traps, epsilon and F3 traps). Mobile electric traps can also be used for this latter purpose. Older, no longer used traps include Morris, Harris, Moloo, Swynnerton and Langridge traps. The effectiveness of various traps is increased by baits and attractants (octenol, acetone, butanone, carbon dioxide (CO2), propylphenol, methylphenol). The use of pour-on insecticides on cattle looks very promising. The insecticide is applied directly to the hide. Cattle-dips, where cattle walk or swim through insecticide-containing water, were primarily developed for tick control (control of “East Coast fever”, a severe infection caused by Theileria parva XE "Theileria parva: african trypanosomiasis, prevention and control" ), but could also play a role in tsetse fly control.

*

PATTEC (Pan-African Tsetse and Trypanosomosis Eradication Campaign) is a sharply focussed campaign committed to tsetse eradication. It was launched in October 2001. PATTEC has as objective the eradication of tsetse flies and trypanosomiasis from Africa through the progressive creation and subsequent expansion of tsetse-free zones. On February 19, 2002, the International International Atomic Energy Agency, responding to a declaration calling for the eradication of trypanosomiasis from the Organisation of African Unity in July, 2000, stated an intention to release sterile males in 37 countries.

*

PAAT (Programme Against African Trypanosomiasis) is a broad based international inter-UN agency forum, which embraces all those concerned with tsetse and African trypanosomosis research and intervention. 

*

Sterile Insect Technique (see also control of New World Screwworm).

Female tsetse flies copulate only once in their lifetime. If this is with a sterile male, they cannot reproduce. The mass release of sterile male tsetse flies to control the insect population raises ethical problems. The sterile males are, indeed, not refractory to trypanosomes and their release thus temporarily increases the number of potential vectors. This technique was nevertheless used, for example in Zanzibar from 1994 to 1998. After a preliminary reduction of the tsetse fly population (Glossina austeni) with traps and screens, several million insects were produced over several years in the Tsetse Trypanosomiasis Research Institute in Tanga, Tanzania. Approximately 70,000 sterile male flies were released weekly. This led to the complete disappearance of the natural vector population. The intention was especially to control the animal disease nagana. Since Zanzibar lies tens of kilometres off the continental African coast, future reinfestation is unlikely.

*

Experimental

Tsetse flies contain bacterial symbionts, including rickettsia-like organisms, in the epithelium of the midgut and also in aggregates of certain cells, so-called mycetocytes. Transgenic symbionts are being studied to obtain tsetse flies resistant to trypanosomes. The development of a vaccine is difficult due to the antigenic variation of the parasites. 

Exercises XE "African trypanosomiasis: exercises" 
1. Central African Republic. A patient is given a rapid IV injection of pentamidine. He suddenly falls down. Is this probably the consequence of an allergic reaction to the product?

2. In an epidemic of sleeping sickness in Congo it is proposed that all pigs in the region should be slaughtered. What do you think?

3. Belgium. A technician receives a blood smear in the laboratory. She has no clinical information. After a few minutes she notices an elongated blood parasite. Her answer is: "Trypanosoma rhodesiense". What do you think?

4. Congo. Why do a lumbar puncture in trypanosomiasis?

5. Congo. In any screening programme for trypanosomiasis a lumbar puncture should be done in every investigated person. Do you agree?

6. Congo. A man has had fever for 10 weeks. He is emaciated. You notice swollen lymph nodes in the neck. Do you think of malaria, trypanosomiasis, tuberculosis or HIV (human immunodeficiency virus) infection? Give arguments for your opinion.

7. Does using a mosquito net offer good protection against African trypanosomiasis?

8. Your lady friend visited a wildlife reserve in Tanzania 11 days ago. She now has a painful ulcer on her right arm, and also has high fever. What do you think and what do you do?

9. Because of increasing international air travel there is the possibility that sleeping sickness could be brought into Europe and in time could give rise to local epidemics. What do you think about this statement? 

10. A mission sister in Zambia has high fever. She has constantly taken malaria prophylaxis. Should one think first of sleeping sickness?

11. Congo. An Italian businessman visits the Equator region for the first time. He stays there for 6 weeks and gets fever. He is treated for suspected P. falciparum malaria. The spleen is swollen to 17 cm. There are no swollen cervical lymph nodes. When examining him you notice 2 structures on a thick smear that morphologically resemble trypanosomes. What do you do? Should you give melarsoprol?

12. In earlier times numerous slaves from trypanosomiasis areas were transported to America. Why did T. b. gambiense not become endemic there?

13. Trypanosomiasis is currently spreading in areas with civil unrest. Any connection?

14. Madagascar. A colleague reports on a blood smear from a local patient with fever: "gametocytes of T. brucei brucei". What is your interpretation of this information?

15. Congo. A 30-year-old woman is diagnosed as having late stage trypanosomiasis. The cerebrospinal fluid contains 50 white blood cells per mm3. One week after the start of the treatment a new lumbar puncture is carried out. The fluid now contains 100 leukocytes per mm3. Is this to be interpreted as failure of the therapy? Why was a lumbar puncture carried out?

16. Congo. Patients A and B both have trypanosomiasis. You are told that the cerebrospinal fluid of patient A contains 20 WBC (white blood cells)/mm3 and that of patient B 2000 leukocytes/ml. What do you think?

17. How would you outline the management of the clinical problem of “confused patient”, based on information about blood pressure, body temperature, history of acute infections or chronic problems, relevant medication, neurological evaluation including eye movement, glycaemia, thick smear test, blood examination, sickle cell test, CATT, HIV-status, lumbar puncture, VDRL results and cranial X-ray? 
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