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MANUAL FOR HEALTH WORKERSPRIVATE 

MALARIA - EPIDEMIOLOGY AND CONTROL
FORWARD
Malaria is probably the most common parasitic disease in Zimbabwe.  Each year, Zimbabwe records up to one million clinical cases of malaria and up to one thousand deaths: it is believed that out of a population of ten million people, four and a half million may be potentially exposed to the disease. Malaria costs Zimbabwe huge sums of money each year, not only in efforts to cure and control the disease but also in lost productivity when people are ill.

Though malaria is such a big problem, in reality little is known about it in this country: much of what is believed about malaria has its origins rooted in the past when knowledge was less than it is now. While it is known which are the most common vectors and parasites, there are many misconceptions about malaria such as where and when transmission can occur leading to many erroneous beliefs: many people still believe that malaria can be caught in Harare and Chitungwiza, which is extremely unlikely: grass cutting is still advocated by many health staff as a way of controlling malaria, and often malaria outbreaks are reported during the middle of the winter or at very high altitudes.

This manual covers the basic facts about malaria transmission and control and gives examples of problems in the field. It is hoped that after reading this manual, health workers in the field should be able to evaluate their own situations more precisely, and should a malaria outbreak occur in their area, then they should be able to deal with it in a rationale, effective and cost efficient way.

The manual does not deal with diagnosis and curing malaria except in outlining the problems with clinical diagnosis. If knowledge on treatment is required, there are many other manuals which cover this topic in depth.

This manual was compiled during work done with G.T.Z (Deutsche Gesellschaft für Technische Zusammenarbeit) on malaria outbreaks throughout the country and with Save the Children Fund (UK) and ODA (Overseas Development Agency) who have sponsored a community based malaria project in Binga. Much of the experience needed to write this manual came during these projects as well as work done with Blair Research Institute in Gokwe.

My thanks go to all people in NGOs, government (at central, provincial, district and clinic level) and the people at grass roots level who have helped me along the way.

Tim Freeman

31 January 1995

THE MALARIA PARASITEPRIVATE 

Malaria is caused by a small parasite that lives in red blood cells. The parasite is an organism known as a protozoan and has the scientific name Plasmodium. Other protozoans known to cause disease in people in Zimbabwe include Entamoeba, (amoebic dysentery), Giardia, Trichomonas and Trypanosoma (sleeping sickness).

There are four species of Plasmodium which affect man of which three are found in Zimbabwe.

1) Plasmodium malariae
2) Plasmodium vivax (Not found in Zimbabwe) 

3) Plasmodium falciparum 

4) Plasmodium ovale
In Zimbabwe, Plasmodium falciparum is the most common (over 96% of all infections) and also the most dangerous. Plasmodium malariae and Plasmodium ovale are found rarely, and are not as dangerous as Plasmodium falciparum, but they may cause a recurring type of malaria. In this manual only Plasmodium falciparum will be considered.

The parasites of malaria can only be transmitted from one person to another by certain species of mosquitoes, though occasionally they can get into another person through the direct passage of blood from one person to another such as in a blood transfusion.

THE LIFE CYCLE OF Plasmodium falciparum
Fig. 1 shows the main elements of the life cycle of the parasite.

1) A person catches malaria when bitten by an infected mosquito. The infective stage of the parasite is known as a sporozoite: sporozoites live in the salivary glands of mosquitoes. When a mosquito bites its host it first spits out saliva which contains an anticlotting agent so that blood will not clog and block its proboscis. If a mosquito is infected with sporozoites, the sporozoites will be spat out with the saliva when the mosquito feeds, and enter the blood.

2) Sporozoites get carried round in the blood until they reach the liver: here they invade the liver cells.

3) The sporozoites grow and reproduce within the liver cells, until such time as the liver cells die and burst, releasing parasites now known as merozoites into the blood. The liver stage takes 5( to 7 days. Each sporozoite produces about 30 000 merozoites.

4) Merozoites invade and multiply within the red blood cells. Every two days, the red blood cells burst and merozoites are released which reinvade other red blood cells. Each merozoite which invades a red blood cell produces about 16 new merozoites. After two or three cycles the infected person begins to feel ill. Fever is caused as the immune system attempts to fight the many parasites in the blood: fever coincides with the release of parasites from the blood cells. From the time a person gets bitten by a mosquito until illness is felt (incubation period) takes at least 9 to 14 days.
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Fig. 1 - Life Cycle Of Plasmodium falciparum
5) After several cycles, or about ten days after leaving the liver, the merozoites start producing gametocytes which are  infective to mosquitoes. Gametocytes can survive in the blood for about three weeks, though some survive up to three months. Gametocytes are so called because they are gametes like sperm and ova, and have two forms - male and female.

6) If an infected person is bitten by a vector mosquito, gametocytes pass into the mosquito stomach where they fuse to form a "zygote". The zygote then invades the stomach wall and forms a cyst on the outside of the stomach wall. This process takes about 2 days.

7) Within the cyst the parasite reproduces. Each cyst produces one thousand sporozoites which then migrate to the mosquito salivary glands where the whole cycle can now be repeated.

Important Notes
1) The shortest possible period for the whole life cycle to be completed is 25 days (9 days in the mosquito plus 16 days in a person): in Zimbabwe it is likely to be much longer than this. For malaria to become a huge problem in any area, one infected person must infect a huge number of mosquitoes who in turn must infect a large number of other people.

2) The weakest part of the life cycle is that within the mosquito. Fig. 2 shows the sporozoite development time within vector mosquitoes. The graph shows that in optimum conditions sporozoite development may take as little as nine days at mean temperatures above 27(C but can take 26 days or more at mean temperatures of below 20(C. Vector mosquitoes in Zimbabwe live at the most 30 days in natural conditions, but the majority die out much earlier. It is very unlikely that at below 20(C sporozoites can develop before vector mosquitoes die, therefore below mean temperatures of 20(C it is extremely unlikely that malaria transmission can occur, and even up to temperatures of 21-22(C transmission is likely to be extremely slow. Severe outbreaks of malaria in Zimbabwe are usually associated with mean temperatures of over 23(C.
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Fig. 2 - Plasmodium falciparum Development Times In Mosquitoes
3) High temperatures of 35(C and over also disrupt sporozoite development. This may slow transmission down during the hot season prior to the rains.

4) Most anti-malarial drugs are unable to destroy mature gametocytes, and this means that although a person can be cured of malaria, the person will remain infective to mosquitoes. Only one drug is known to destroy Plasmodium falciparum gametocytes and this is Primaquine which is no longer available in Zimbabwe, though up to the late 1980s, it was government policy to give a single does of Primaquine after treatment. However, Chloroquine does destroy early maturing stages of gametocytes, so if Primaquine cannot be used, early treatment of malaria is essential. The only other method of keeping potential carriers of gametocytes away from vector mosquitoes is by increased health education in personal methods of protection against mosquito bites to isolate them from spreading the disease.

5) Primaquine is also the only drug that is able to destroy the liver stages of the parasite. This is not important in Plasmodium falciparum, but in the other species of malaria liver stages often remain in the liver to cause recurrent attacks of malaria much later (often several years afterwards). One reason that Primaquine is out of favour is that in multiple doses needed to kill off the liver stages, this drug is expensive and has bad side effects especially to people with deficiency diseases such as glucose-6-phosphate dehydrogenase (G6PD).

THE MOSQUITO VECTORS
Mosquitoes are small flying insects with two wings and are related to flies. Female mosquitoes suck blood before laying eggs as the blood is needed for egg development. Male mosquitoes do not bite people and feed on blood.

A vector is any animal that transmits a disease from one host to another. Mosquitoes transmit a variety of diseases in man besides malaria including Yellow Fever and filariasis (elephantiasis). As far as is known, in Zimbabwe only malaria is transmitted by mosquitoes, though there is some possibility that there are a few viral diseases that are also transmitted but these are rare.

Mosquitoes have a four stage life cycle.

1) Eggs are laid in water by female mosquitoes. The eggs float on the surface of the water.

2) Eggs hatch to form "larvae" plural ("larva" singular) which grow in four stages (instar) like other insects.

3) The larvae grow in water and change into "pupae" which is a resting stage. The pupae are able to move around but they do not feed. Within the pupae the larvae change into adults.

4) The pupae hatch out to form adult mosquitoes.

Mosquitoes can be divided into two groups known as Anophelines and Culicines (Figs 3 and 4). ONLY Anopheline mosquitoes are able to transmit malaria. 

There are over 100 species of mosquitoes in Zimbabwe, and about 38 of these are Anopheline mosquitoes. Of the Anopheline mosquitoes only four species are important in Zimbabwe in the transmission of malaria. These are known as Anopheles funestus and three species that belong to a group of mosquitoes known as the Anopheles gambiae complex. Anopheles funestus is now no longer considered a problem in Zimbabwe because it has been greatly affected by the National Malaria Control Programme. The Anopheles gambiae complex still remains in large numbers so that malaria is still a big problem today.

Anopheles gambiae complex is known as a complex because in Zimbabwe it is made up of four different species of mosquito which are identical to each other in terms of outward appearance. The four species are known as

1) Anopheles gambiae s.s. This mosquito tends to live in forest areas, and therefore is not found in large numbers in Zimbabwe. However, it feeds on humans and transmits malaria easily. It is the main vector for malaria in other parts of Africa.

2) Anopheles arabiensis. This mosquito lives in more open areas, bites man, and transmits malaria. It is Zimbabwe's worst vector for malaria. Anopheles gambiae s.s and Anopheles arabiensis are generally found the whole year round in hot areas of Zimbabwe below 900 metres in height. However, in the wet season, it is believed that they migrate into higher areas, and reach up to about 1200 metres.

3) Anopheles quadriannulatus. This mosquito is found all over Zimbabwe the whole year round. However, it feeds mainly on animals and does not transmit malaria. This mosquito gives malaria workers a problem because it cannot be distinguished from the other species without specialised laboratory techniques: finding Anopheles gambiae complex does not necessarily mean that malaria is a problem in an area because they could be these non vectors.

4) Anopheles merus. This is a mosquito which breeds in salty water. It was thought that is was only found in the S.E.Lowveld, but recent work suggests that it may also live in the Gokwe and Binga areas, where it is breeding in artesian wells and springs which have salty or mineralised water. It is known to be a vector of malaria in Kenya, but its status as a vector in Zimbabwe is not yet known.

Anopheles gambiae complex usually breed in small, sunlit protected pools of water, which are usually fairly newly formed, for example hoof prints, car tracks and any other small depressions. They do not usually live in running water, though they may be found hiding in weeds. However, they often breed in small pools along the edges of rivers and larger ponds, which have become separated from the main body of water. They can also be found in shallow wells and cattle troughs. It appears that these mosquito larvae are very vulnerable to "predators" which include fish, tadpoles and many other insects such as dragon fly larvae, so that they require protected places which have not been invaded by other organisms. The only way to make sure that they are not breeding in a particular type of water body is by checking.

All mosquito eggs, larvae and pupae can be seen with the naked eye (Fig. 4 shows the approximate sizes of the larvae). Culicine larvae are often more difficult to see than Anophelines (especially in muddy water) because they rest under the water surface. They are easy to distinguish from other animals living in water because they wriggle rapidly like a snake when disturbed (hence the Shona name "zvigurahura"). When disturbed they swim to the bottom of the water and can remain like this for several minutes so the best way to look at them closely is to catch them with a large soup spoon (scoop). With practice it is also possible to recognise Anopheles gambiae complex from other anopheline larvae: the small larvae of Anopheles gambiae complex (i.e first and second instar) have a very dark black head with a bright silver collar behind the head. Another very common anopheline mosquito called Anopheles pretoriensis is similar to Anopheles gambiae complex with a dark brown head and white collar, but if the two types of larvae are seen together it is fairly easy to distinguish which is which. If one starts looking for the larvae it is always surprising where they can be found! 
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Fig. 3 - Anopheline Mosquito
Adult Anopheline mosquitoes are easily distinguishable from Culicine mosquitoes because they do not sit parallel to their resting surface. They are also usually slimmer in build and the head is in line with the rest of the body: the head of Culicines normally lies down at an angle to the rest of the body. Anopheles gambiae complex can often be identified from other Anophelines with a bit of practice: their legs are predominantly black with thin white rings at the bottom of each leg segment and with white speckles along the length of the legs. If the legs appear to have white "socks" at the end of the legs then they are not Anopheles gambiae complex. The wings of Anopheles gambiae complex are black along the front edge broken up with white sections (see front cover of this booklet). 

It is not possible to distinguish between the different species of the Anopheles gambiae complex without specialised laboratory techniques: for such confirmation you need to send specimens to Blair Research Institute in Harare, but you need to contact them first so they can instruct you how they would like them sent. However, for practical purposes, if you find Anopheles gambiae complex where malaria transmission occurs, then it doesn't really matter which species you are dealing with: they need to be destroyed. The same is true for Anopheles funestus: Anopheles funestus is also a member of a group of similar mosquitoes which are very difficult to distinguish. If by some rare chance you find Anopheles funestus then deal with them wherever possible, but their larvae are much more difficult to find as they can submerge for long periods of time.
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Fig. 4 - Culicine Mosquito
FACTORS AFFECTING THE DISTRIBUTION OF THE MALARIA VECTORPRIVATE 

The following information applies in particular to Anopheles arabiensis, but it is believed that Anopheles gambiae s.s and Anopheles merus have a similar distribution and are affected by similar factors. Only Anopheles quadriannulatus is believed to survive at higher altitudes and appears more tolerant to winter temperatures. As Anopheles quadriannulatus, is not a vector it will not be considered here.

In Zimbabwe it is believed that Anopheles arabiensis can only survive the winter period as larvae, though in other parts of Africa adults are thought to be able to survive through winter and drought periods. This means that in Zimbabwe, it appears that Anopheles arabiensis can only survive throughout the year where there is permanent water.

It is believed that temperatures of below 5(C or frost kill off Anopheles arabiensis larvae, therefore larvae may only survive in permanent water where these temperatures do not occur which are usually the lowest lying areas of Zimbabwe, believed to be below 900m in the north and 600m in the south.

Apart from being killed off by low temperatures, the rate at which Anopheles arabiensis can develop is also dependent on temperature. Fig.5 shows the number of days it takes for Anopheles arabiensis to develop from egg to adult at different temperatures. 

[image: image6.wmf]
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Fig. 5 - Anopheles arabiensis larval developmental times
Fig.5 shows that the developmental time for Anopheles arabiensis larvae may range from seven days at mean daily temperatures of 35(C to sixty days at mean daily temperatures of 15(C. The development of larvae is so slow at low temperatures that it is possible to find huge populations of larvae breeding with no adults to be found anywhere because they have all died off. At low temperatures, not only does development take a long time, the survival of the larvae also becomes more difficult as there is a much greater period during which the larvae are exposed to natural hazards such as predators.

The importance of these figures is that it gives information necessary for the most economic way in which to carry out source reduction (destroying larvae) if this type of control is being considered. There is nowhere in Zimbabwe with daily temperatures that average over 35(C, so for practical purposes, it is doubtful that Anopheles arabiensis ever develops in less than ten days. If an environmental control or larviciding programme is being undertaken the data suggests that treatment every ten days should suffice. Similarly, if larvae are taking 60 days to develop at low temperatures, then source reduction might best be undertaken at this time, as treatment need only be carried out at two month intervals.

Lastly, two other factors in terms of malaria transmission in Zimbabwe need to be considered in regards to Anopheles arabiensis.

Where adult Anopheles arabiensis are found in areas of potentially adverse winter conditions during summer periods, it is assumed that the adults have migrated into them from lower lying areas where winter conditions are more favourable. It is believed that the adults migrate along river beds after the winter and are perhaps helped in their migration by prevailing winds.

Larval development is also affected by high temperatures. Temperatures of 41-42(C will kill larvae, and that at temperatures of 35(C and above, larval development is impaired to the point where resulting adults are smaller than normal and less sexually viable. Temperatures of 40(C and over are often reached along the Zambezi and even more frequently in the south of the country as one travels south below 1000m. This point is often overlooked, but in 1992 (during the drought), vector larvae were noticeably absent from pools in the lower lying areas of Gokwe where they would have normally been found. During this period mean monthly temperatures of 5(C above normal were recorded: malaria figures for the areas were much below normal during this period, but returned to normal by the end of May despite no extra rain falling. This observation might also explain why malaria is also at a low level during October and November even in areas where there is plenty of water.

MALARIA TRANSMISSION
For malaria transmission to take place, people must come into contact with infected mosquitoes and vice versa. Some relevant facts are as follows:

1) The malaria vector mosquitoes of Zimbabwe only feed during darkness.

2) Anopheles arabiensis rarely flies more than about half a kilometre from their breeding sites and often is much less than this.

3) An adult vector mosquito can live for about a month but it is usually much less than this.

4) A female vector mosquito usually bites a person every three days so that throughout its life time it is unlikely to bite more than ten people: for it to transmit malaria it must usually bite a person with malaria very early on in its life.

5) Without water, malaria vector mosquitoes cannot survive and breed: without mosquitoes malaria cannot be transmitted.

It must be appreciated that for a person to catch malaria within their houses mosquito breeding sites are usually nearby. However, in Zimbabwe, malaria occurs in the hottest regions of the country and many people do things at night when it is cool. In many places fetching water and bathing may be done at night: both activities take people to water and potential breeding sites: in this situation people are going to the vector mosquitoes and the mosquitoes themselves need never fly away from their breeding sites to look for people!

Similarly, many business centres in the country are built with easy access to water. In many of these business centres are bottle stores and beer halls to which people go at night. Another frequent occurrence in rural areas are weekend church meetings: often these church meetings are held near water.

With the situations described above, malaria often becomes very focalised. People often complain that there is malaria in places where there is no water: on further investigation it is usually possible to find that the source of the infection may be a long distance away, but people are going to this place for many kilometres around because it is the only source of water available.

Permanent water bodies in low lying areas (below 900mN and 600mS) of Zimbabwe are a huge problem for malaria. At these places vector mosquitoes are able to breed the whole year round. When the rains come they then migrate from these permanent water bodies and spread into every puddle and temporary water body in the area. This occurs in the rainy season, and it is during this time that malaria transmission reaches its peak (January to April) and malaria is most easily caught.

Malaria transmission is basically seasonal throughout the country even in the lowest lying areas. Though some low lying areas may have some degree of perennial transmission, it is very low in intensity so transmission only peaks in March/April as in the rest of the country. For practical purposes the transmission cycle can be as follows.

September to November
For much of the country this is the hottest time of the year. The country is dry with few permanent water sites. In the lowest parts of the country temperatures might be so high as to discourage both mosquito and parasite development: in other parts of the country which are cooler, winter temperatures might have been so cold that vector mosquitoes have not survived. Humidity is also low affecting the survival of adult mosquitoes. In general few cases of malaria can be detected anywhere in the country during this period, but it is assumed that gradually the number of people being infected is gradually increasing.

December to April
This is the period of the rains. Anopheles arabiensis favours newly formed pools of water, and during this period they are formed in huge numbers so the population of Anopheles arabiensis explodes and so does transmission. Malaria transmission therefore increases until the end of the rains to give peaks of cases during March to April. It should also be noted that with the rains is usually a decrease in temperature, so areas which are warm enough for malaria transmission during September to November may not be warm enough during January to April: this is the situation in Harare.

May to August
The rains have finished, temperatures fall and malaria cases drop off rapidly, though it can be possible to record positive cases until the middle of July in lower lying areas, even though transmission may have ceased a few weeks earlier. The reason for this is that even though sporozoites can no longer develop in mosquitoes when temperatures drop below the threshold of 20(C, some mosquitoes will already be infective and may live another two weeks or more infecting new people during this period. Since the 

incubation period is 9-14 days, positive cases of malaria might therefore be detected up to five weeks after transmission in general has stopped in a particular area. The exact time during which transmission stops will depend on altitude and the higher up the earlier this is.

WINTER SURVIVAL OF Plasmodium falciparum
It must be remembered that for malaria to take place both infective people and vector mosquitoes must be present in the same place. The weakest part of the malaria life cycle in Zimbabwe is the winter period during which malaria transmission cannot take place. During this period the only way in which the parasite may survive (if people are being treated) is by remaining as gametocytes within the blood until they are picked up by a vector mosquito the following season. It is presently believed that gametocytes do not live longer than about three months and as stated above people may become sick five weeks after transmission has stopped. Therefore where winter periods of temperatures of 20(C and below are longer than about four and a half months it is unlikely that the parasite will survive from one transmission period to the next. This is particularly noticeable in the south of the country where winters are long but summer temperatures may be higher than 23(C (which are eminently suitable for malaria transmission) but no malaria occurs. It has previously been stated in other works on malaria that malaria transmission is dependent only on the distribution of vector mosquitoes: while this is true to some degree it is not the whole truth. There are many places in the world such as Mauritius where there are plenty of vector mosquitoes, but because there are no infected people there is no malaria. This may also apply in Zimbabwe: temperature patterns may exist in some places which allow vector mosquitoes to survive but winters are too long to allow the survival of parasites.

DISTRIBUTION OF MALARIA IN ZIMBABWE
As previously discussed, the distribution of mosquitoes is determined by temperature and rainfall and to some extent humidity and the development of sporozoites by temperature: the higher the temperature and rainfall the greater the problem of malaria. As also discussed Plasmodium falciparum malaria transmission stops when temperatures drop below 20(C which limits malaria transmission of Plasmodium falciparum to the tropics. Zimbabwe is on the southern fringes of where malaria can occur and temperatures of 23(C and above only occur at lower altitudes. 

Temperature changes with height (in Zimbabwe a reduction of about 1(C for every 150m increase in height), and therefore the higher the altitude the less possibility of transmission. Zimbabwe can be divided into different types of areas in terms of malaria being a problem. Fig. 6 shows the altitude zones of Zimbabwe.

Areas of Zimbabwe below 900m above sea level in the north and below 600m in the south of the country
These are the most severe malaria areas in the country and usually have malaria every year but the length of the malaria season gets gradually shorter the higher the altitude. The only areas in Zimbabwe with temperatures greater than 20(C all year (i.e possible year round transmission) are below 600m in the north of the country along the Zambezi Valley. However, most of the Zambezi Valley is very dry which stops mosquitoes breeding, so generally throughout all these areas malaria begins to rise in November and reaches a peak in March or April during the rains. From May onwards the risk of getting malaria becomes less and less as winter sets in.

People within these areas may have some degree of immunity which might stop them suffering from complicated malaria, but immunity should never be counted on (See Immunity Section).

The north of the country usually has a more severe malaria problem than the south of the country. The main reason for this is that the south of the country has greater temperature extremes than the north, i.e winters are colder and longer but summer temperatures might be higher for similar altitudes. The reasons for this is that the south of the country is affected predominantly by cold S.E winds while the north is affected more by warmer N.E winds. Also the south of the country tends to have less rain. 
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Fig. 6 - Altitude Zones Of Zimbabwe
The districts with the greatest risk of catching malaria in the north of the country are Binga, Hwange, Gokwe North, Kariba, Mudzi and the lower parts of Gokwe South, Kadoma, Hurungwe, Guruve, Centenary, Mount Darwin, Nyanga and Mutasa. In the south of the country, Chiredzi is the worst affected district followed by Beitbridge and Chipinge at lower altitudes.

Even within the above areas, malaria is not distributed evenly: those areas with permanent water such as dams and rivers usually have more severe malaria than those which do not. Some of the worst malarial areas are along Lake Kariba.

Areas of Zimbabwe between 900-1200m in the north and 600-900m in the south of the country
In these areas malaria may not occur on an annual basis, or transmission is so low that no one notices it. In these areas few people have any immunity so when malaria comes, it is often epidemic in nature and many people may suffer and die in a short period of time. Such outbreaks have occurred in recent years in Mberengwa, Lupane, Hurungwe, Gokwe South and Mutoko.

Areas of Zimbabwe above 1200m in the north and 900m in the south of the country.
In these areas malaria does not usually occur and if malaria cases are found it has usually been caught elsewhere, or someone has brought an infected mosquito with a bus or car into the area (transport malaria). While some of these areas in the non malarial zone have high temperatures i.e 23(C or above during the rains, the winter season is either too long or too cold to allow the vector mosquito to survive and consequently few people in these areas carry parasites with which to infect any incoming vector mosquitoes that might reinvade. In these areas of high temperatures it is always better to be fully alert during the wet season just in case parasites and vectors are brought into an area early in the rainy season and transmission becomes established.

However, it must be noted that temperatures worldwide are increasing including in Zimbabwe. The altitudes mentioned above are only estimates and as temperatures increase, so the altitudes at which malaria may occur and become a problem may also increase. Similarly, temperatures as well as rainfall change from one year to the next and this results in malaria being of differing intensities even in the lowest lying areas of the country. In recent years, both 1988 and 1993 saw malaria transmission increase drastically compared with other years both in intensity and distribution.

A very severe malaria outbreak occurred in Gokwe South in 1992 and this was at 1300m, though it must be noted that this was exceptional. This was during the drought year where temperatures increased dramatically throughout the country during the rainy season due to lack of rain. Also the infected area was at the top of an escarpment: the bottom of the escarpment is quite a severe malarial area. The vector mosquitoes only had a short distance to travel to the area where the outbreak occurred.

ASSESSING MALARIA TRANSMISSION POTENTIAL
Using the kind of information in this manual it is possible to create models of various areas and calculate whether malaria is possible within a given area and how much of a problem it might become.

Many people still wish to believe that in Harare and Chitungwiza malaria might be caught, so it is a good example to look at the transmission potential of Harare to show that it is extremely unlikely that malaria can ever become a problem.

In Harare all the months from April to September have temperatures of below 20(C. Even should the vector mosquitoes survive in Harare it is very unlikely that the parasites would survive within the human population over the six month winter period with mean daily temperatures of less that 20(C.

As far as is known vector mosquitoes do not survive over winter above an altitude of 900m, therefore for vector mosquitoes to occur in Harare they must either migrate (which is unlikely as it is far away from possible winter survival areas) or they must be brought in i.e by a vehicle such as a bus.

Should an infected mosquito be brought into Harare from October to December, it might bite one or two people who might become sick: the mosquito itself would have difficulty in finding a suitable place to lay its eggs as this is the dry season so it is unlikely that the mosquito would survive another generation.

Should an infected mosquito be brought into Harare in January and find a place to lay its eggs, the temperature of Harare would be about 21(C, so it would take at least three weeks for those mosquitoes to develop into adults. This would now be towards the end of January. The new adult mosquitoes would then start to bite local people: it is unlikely that any of these mosquitoes would find a person infected with malaria in Harare as Harare is not a malaria area. However, just supposing that these newly hatched mosquitoes were able to find a person who had just returned from a malarial area and was infective to mosquitoes: these mosquitoes in turn would now take at least three weeks before they become infective themselves. If these mosquitoes had actually found this infective person on their first meal, then perhaps if they managed to live a month, each mosquito might be able to infect about three people each. These people would now be infected by the middle of February and would not get sick until the end of February.

By this point in time temperatures in Harare are gradually falling. The second generation of mosquitoes would not hatch out until at least the third week of February, and should they find infective people to infect them, they would not become infective until mid March by which time temperatures in Harare have already begun to reach that critical level of 20(.

What this is saying, is yes, Harare can theoretically have malaria transmission, but there are so many factors against it, that even in ideal conditions only a few individuals might become infected: certainly there is little or no chance of a full scale outbreak.

Harare is therefore an area capable of "Transport Malaria" and people who live in places around Mbare Msika may possibly get bitten and catch malaria from mosquitoes brought in by rural buses from the Zambezi Valley. However, after this occurring, there is little likelihood of these mosquitoes ever being able to establish themselves long enough to cause an outbreak: temperatures and lack of people with parasites in their blood are against them from the beginning.

This is believed to be the situation for all areas above 1200m in altitude, and even areas above 900m in the north and 600m in the south, there are so few people with parasites in their blood that even when vector mosquitoes do invade it takes special circumstances for a major outbreak to occur.

FACTORS AFFECTING TRANSMISSION POTENTIAL WITHIN AN AREA
Malaria has to start from somewhere: it does not appear out of thin air. During 1994 a number of malaria outbreaks occurred in areas where for previous years there was considered to be no problem. Why had these outbreaks occurred? A number of situations are listed below, each which may increase malaria transmission potential within an area.

1) Two Short Winters In Succession
Malaria grows exponentially, which means that in a period of time, it doubles in growth with each successive period. Two malaria outbreaks occurred in Mberengwa and Mutoko in 1994: both these areas had been thought to be almost malaria free for several years but on investigation it was found that malaria had been in both areas the previous year (1993). However, in 1993, the number of cases had been few. It appears that in 1993 the parasite got into the human population for the first time in several years but the season was not long enough for the number of malaria cases to appear troublesome. However, the winter of 1993 was extremely mild and it appears that the parasite managed to survive the winter giving a much greater "pool" of parasites than previous years. Therefore in 1994 there were a much greater number of parasites starting the season than previous years leading to high number of malaria cases during the 1994 season.

2) Changes In Environmental Conditions
One of the factors that affects malaria is the environment. In some places where previously there has been no problem with malaria outbreaks start to occur, and often these are to do with environmental changes: these environmental changes are usually related to water projects which increase mosquito breeding sites.

For malaria transmission to occur, water is needed for vector mosquito development and therefore any body of water may become a potential breeding site. Water sources can be categorized as follows.

Dams
While it is unusual for mosquitoes to breed in dams due to being devoured by a large number of predators including fish, a number of situations can arise where dams become problems.

When dams first fill, they often fill rapidly creating a large temporary expanse of water without predators: in this situation mosquitoes might even breed in the middle of the dam. This is what is thought to have happened in the recently built Manyuchi Dam in Mberengwa District where a severe malaria outbreak occurred in 1994. With new dams under construction throughout the country in potentially malarial areas, this factor should be taken into consideration.

Even when dams become full, there are often numerous small places where mosquitoes might breed: at the edges where animals leave footprints which fill with water leaving a small separated puddle of water: in weeds where these become very dense excluding fish an other predators from entering and in the case of earth dams where seepage occurs through the dam wall often forming marshy ground below the dam wall.

Small dams may become good breeding sites as they dry up: often they become well puddled by livestock in their last stages of drying up completely leaving many potential breeding sites.

Rivers
Many rivers in Zimbabwe in malarial areas dry up. Rivers become problems as they dry up and leave pools along their length some of which may be perennial. In Gokwe, it has been observed that villages lying alongside river beds have much higher incidence of malaria than those away from rivers: it is expected that this should be the same throughout the country.

Even when dry, a river may still be a problem as many people in Zimbabwe dig shallow wells along river beds. It has been observed in Gokwe that people dig several wells in the same locality, and often some of these become discarded and become sites of vector breeding.

Springs
Throughout the country there are a number of springs both natural or as in the case of Gokwe man made artesian wells. Some of these springs produce cold sweet water while others may be hot and produce salty or mineralised water. In all these cases, water normally comes out of the ground uncontrollably which often results in areas of flooding with many small pools of water in which vector mosquitoes might breed.

Man Made Water Points
Deep wells, boreholes and stand pipes are not usually breeding sites for mosquitoes despite run off which usually occurs forming pools of water at the soak aways: the reason being is that women often use these localities for washing, and mosquito larvae are rarely found in soapy water. Problems occur only when it rains: rains often dilute the soapy water and may create temporary sites of mosquito breeding. Since water points are usually a site of much human activity they should be looked at especially after rains. 

Irrigation Schemes
Overhead irrigation schemes should not cause any difficulty normally, but irrigation systems in open channels may become huge problems, especially if the channels are earth and not concrete. Channels are often choked with weeds and if not maintained or under used may have small pools along their length in which vector mosquitoes might breed. The end of the channels are often the most dangerous as water only reaches them infrequently, or in other situations, runoff from the irrigation system is not catered for resulting in pools of water where the water leaves the irrigation system.

However, two factors limit malaria transmission around irrigation schemes; firstly the use of insecticides for crop protection, and secondly people are discouraged in general from working in irrigation schemes at night to stop theft, but as witnessed in Siabuwa in Binga, an irrigation system is next to a main road through which many people travel at night.

Temporary Pools
Temporary pools can form nearly anywhere, especially where soils are clay and the terrain is flat. However, local changes in environment can produce temporary pools in very dangerous places.

Pools of water can often be observed by the side of roads even where soils may be sandy in nature: road making often disturbs the local soils, and often material from other areas is brought in which is less permeable to water. Classically, Anopheles arabiensis utilises such pools, and with their proximity to roads where people travel (if travelling at night people will usually use roads in preference to paths), these pools can become centres for transmission. Bridges often aggravate this situation, as people are usually forced to use a bridge to cross a river: bridge building often results in river bed disturbance with the creation of pools.

3) Human Activity
Any activity that occurs around water at night in malarial areas must be considered extremely dangerous in terms of malaria transmission: this brings people into contact with vector mosquitoes when they are most active. Such activities include:

Fetching Water And Bathing
Malarial areas are hot, and in many places such as Gokwe and Binga water is fetched at night. In Binga in particular it has been noted that many people wash at night away from homes at the source of water. If water is fetched from river beds or dams then these activities are very dangerous.

Brick Building And Gardens
For the same reasons stated above, many people will make bricks and work in their gardens after dark. Brick making and gardens are usually done with close access to water, but worse still both activities increase breeding sites because they involve the digging of holes (borrow pits in the case of brick building, and ponds to store water in the case of gardens). In both situations, these holes are often ideal breeding sites for malaria vector mosquitoes. Brick making and gardens are also usually the site at which water is fetched, bathing is done, and also the site at which domestic animals come to drink. In this environment everyone is crowded into one small place: it just takes one infected person to come to such an environment and the whole community may become infected with malaria.

Guarding Fields At Night
In some areas of the country such as Binga where there are many wild animals, people sleep in their fields at night to protect them. If these fields are near breeding sites then this activity is dangerous.

Fishing
Fishing may be carried out at night for a variety of reasons, in some cases because it is illegal. If the fishing is done from boats in the middle of a big lake such as Lake Kariba this activity may be fairly safe, but if carried out near the side of the dam, then contact with vector mosquitoes is likely to occur. Fishing activities at night are a problem not only for people living in malarial areas but also those visiting malarial areas. Most people coming from Harare for a fishing trip usually also camp with near access to the dam.

Beer Halls and Bottle Stalls
Business centres in rural areas are usually built with easy access to water, and often in newer business centres, drainage is extremely poor, so that when it rains there are numerous puddles around. Most business centres have bottle stores or beer halls, and even in the remotest areas these are usually open at night and patronised by villagers for many kilometres around. 

Church Services
A common feature of rural areas in Zimbabwe are church weekend retreats. During these meetings, often large numbers of people come together in one place: to cater for all these people, these meetings are often held near to places of water such as rivers or dams.

Other
Another situation that bears mentioning to the above examples is when people get funnelled into one place: one such example occurred at Manyuchi Dam in Mberengwa. At the Manyuchi Dam, there are only two access roads to the whole dam. One access road leads to the dam wall where there is a National Parks Office and the other road leads to the other side of the dam: it was this road that local villagers used and poachers came to being the furthest away from authority. With the poachers came people to buy fish who would often stay several days until enough fish was purchased. In this situation many people were concentrated in one place along the lake shore increasing malaria transmission potential enormously.

Immigration
Immigration includes not only non-immune people coming into malarial areas as often quoted in Gokwe, but people coming from malarial areas into areas which are not so malarious. In the latter case there are probably two examples of this seen firstly in Gokwe where a big malaria outbreak took place near to an army camp in 1992: the soldiers had returned from Mozambique and brought with them chloroquine resistant malaria, and secondly in the above example of the Manyuchi Dam: it is believed that many people from all around the country including such places as Gokwe came to the Manyuchi Dam to buy fish. It is quite possible that Manyuchi Dam parasites were brought in from outside.

4) Water and sanitation
Water and sanitation probably has the effect of reducing malaria transmission because people are given "safe" sources of water such as boreholes which are not usually problems for mosquito breeding. However, occasionally things go wrong. One such circumstance occurred in Mutoko in 1994 where a malaria outbreak occurred in an area not formally considered malarial. It was thought that one of the transmission sites of this outbreak occurred around a borehole producing sweet water and was used by several surrounding villages. The borehole however, had been placed in the middle of a vlei which become flooded during the rains giving many suitable breeding sites for vector mosquitoes. It was believed in this case that a "safe" water point had been put into an unsafe place. Similar examples can also be found in Binga District where boreholes have been placed at the bottom of dam walls: in the case of where dam walls seep, it is possible to find a borehole located in the middle of a swamp.

IMMUNITY
Immunity refers to the bodies ability to fight a disease before a person gets sick. With many diseases full immunity or protection is got after one exposure to the disease (e.g measles): this is not the cases with malaria.

To become fully immune to malaria requires that a person get the disease many times on a regular basis. Immunity is difficult to measure, but some people believe that full immunity to malaria takes five years or more after exposure for at least eight months of the year. Few if any people in Zimbabwe are exposed to malaria of this intensity.

However, it is believed that many people in Zimbabwe may develop partial immunity: this immunity does not stop people getting sick but it usually stops the disease from becoming too severe and causing death. Partial immunity must never be assumed in people and it may require many infections before it is developed so therefore only people living permanently in the very low lying areas of Zimbabwe are likely to develop any kind of useful immunity. It is for these reasons that children under five in low lying areas are particularly susceptible to malaria and are often the first ones to die when malaria transmission becomes intense.

Immunity to malaria is also not life long: even should a person become fully immune to malaria, he must remain living in a malarial area to maintain this immunity. If a person with immunity to malaria then lives in a non malarial area he is likely to lose his immunity!

Immunity to malaria in Zimbabwe should never be assumed, even in the lowest lying areas of the country. Malaria is often focalised as mentioned earlier, and even in areas of the highest malaria transmission it is possible that some people are rarely exposed to the disease because their activities keep them away from potential transmission sites!

DRUG RESISTANCE
Resistance is when a disease organism is no longer killed by a normal dose of a drug usually used to cure it. Chloroquine is the most commonly used drug in Zimbabwe to cure malaria and can be found in nearly all rural shops. Throughout the world, there are many strains of the parasite which are no longer killed by chloroquine and this includes Zimbabwe. Fortunately, chloroquine resistance is still not very common in Zimbabwe so that chloroquine will usually work in most circumstances. However, this is not always the case. When using chloroquine as a treatment, if the symptoms of the disease return within a few days, it is necessary to make a thorough investigation as other circumstances may be responsible for the relapse besides resistance.

In deciding whether it is necessary to use alternative treatment it should be established if

1) The patient concerned has actually taken a full course of chloroquine: it is still fairly common for people to take only an initial course of treatment and then stop as they feel better.

2) There are other factors that might have caused the chloroquine to fail such as vomiting or internal problems which might stop the chloroquine being absorbed properly.

3) The case being dealt with may not be malaria at all if not confirmed with a blood slide.

4) Having other chloroquine resistant cases being reported in the area.

The most important thing about chloroquine resistance is to educate people that should they not get better within a few days of treatment they should return to the health institution immediately.

Other reports around the country suggest that there have been some cases of resistance to both Fansidar and quinine. Quinine resistance is extremely rare anyway in the world, and Fansidar resistance is not yet known in Zimbabwe. It is sad to say that some health workers report resistance to these drugs because patients do not appear to get well as quick as expected. It should be noted that chloroquine as well as being an antimalarial is also a antipyretic which brings down the temperature giving the impression that a person is getting better: even with chloroquine it takes several days for parasites to be completely cleared from the blood. Fansidar and quinine do not have this antipyretic ability, and when giving Fansidar, the slowness in temperature coming down is often attributed to resistance.

THE CLINICAL PICTURE OF MALARIA IN ZIMBABWE
National Data
Zimbabwe has a population of about million people, and of those people, it is believed that four and a half million are possibly exposed to malaria where they live. Many other people also become exposed to malaria during their visits to malarial areas. This section looks at the type of malaria data available in Zimbabwe and what it can tell us.

Table 1 shows the numbers of various diseases reported during 1990. The figures are typical of many years and show that clinical malaria in Zimbabwe is the third (in other years fourth) major cause of out-patients each year in hospitals and clinics throughout the country. Both Acute Respiratory Infections (A.R.I) and Sexually Transmitted Diseases (S.T.D) are comprised of many different causitive organisms meaning that the malaria parasite is probably the most common single disease organism in the country.

TABLE 1
1990 OVERALL OUT-PATIENTS FOR ZIMBABWEAN HOSPITALS
((((((((((((((((((((((((((((((((((((((((((((((((((((((((
( Disease                       (  Numbers    (  %     (
((((((((((((((((((((((((((((((((((((((((((((((((((((((((
( All Other Diseases            (  4 397 330  (  39.5  (
( Acute Respiratory Infections  (  2 363 950  (  21.2  (
( Sexually Transmitted Diseases (  1 050 826  (   9.4  (
( Clinical Malaria              (    656 850  (   5.9  (
( Injuries                      (    583 758  (   5.2  (
( Skin Diseases                 (    509 073  (   4.6  (
( Diarrhoea                     (    421 912  (   3.8  (
( Eye Diseases                  (    416 931  (   3.7  (
( Bilharzia                     (    214 587  (   1.9  (
( Scabies                       (    204 728  (   1.6  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((((
(Figures obtained from Central Statistics Office)

Table 2 shows the number of clinical cases of malaria and malaria deaths reported in the last few years. The records seem to suggest that 1988 and 1993 were years of more intense malarial transmission than other years.PRIVATE 

Table 3 should be compared with Table 2 as it shows the number of slides examined at Blair Research Institute and the number of positive slides found.

TABLE 2
REPORTED MALARIA CLINICAL CASES AND DEATHS FOR ZIMBABWE
((((((((((((((((((((((((((((((((((((
( Year  ( Clinical Cases (  Deaths (
((((((((((((((((((((((((((((((((((((
( 1980  (     14 587     (   357   (
( 1981  (     17 062     (   338   (
( 1982  (     28 628     (   245   (
( 1983  (     51 290     (   243   (
( 1984  (     29 905     (   289   (
( 1985  (     43 564     (   424   (
( 1986  (     76 514     (    ND   (
( 1987  (    468 561     (   297   (
( 1988  (    970 001     (   336   (
( 1989  (    543 821     (   365   (
( 1990  (    656 850     (   357   (
( 1991  (    597 318     (   513   (
( 1992  (                (   500   (
( 1993  (    803 109     (   946   (             

((((((((((((((((((((((((((((((((((((
(Figures Obtained From The Central Statistics Office)

TABLE 3
MALARIA BLOOD SLIDE SUBMISSIONS TO BLAIR RESEARCH INSTITUTE

1895 - 1990

(((((((((((((((((((((((((((((((((((((((((((((
(      ( NUMBER OF ( NUMBER OF ( PERCENTAGE (
(      (  SLIDES   ( POSITIVE  (  POSITIVE  (
( YEAR ( SUBMITTED (  SLIDES   (   SLIDES   (
(((((((((((((((((((((((((((((((((((((((((((((
( 1985 (   32 175  (   10 340  (    32.1%   (
( 1986 (   49 165  (   10 018  (    20.4%   (
( 1987 (   55 899  (    6 465  (    11.6%   (
( 1988 (   95 588  (   29 362  (    30.7%   (
( 1989 (   99 547  (   16 318  (    16.4%   (
( 1990 (   95 541  (   10 774  (    11.3%   (
( 1991 (   90 802  (   10 142  (    11.0%   (
(((((((((((((((((((((((((((((((((((((((((((((
Analyzing The Available National Data
Clinical Cases Of Malaria
Looking at Table 2 it should be noted that the number of malaria cases reported from 1987 to 1993 increases drastically from the years of 1980 to 1986. The first question that has to be considered is whether this increase is real i.e has malaria increased drastically in the last few years, or is it imagined i.e has some factor made the figures increase without malaria increasing.

It must be remembered that since Independence, the malaria control programme in Zimbabwe has actually expanded and that any great increase in malaria from 1986 to 1987 seems unlikely. In fact, 1987 was a drought year and in reality malaria should have decreased from 1986, not increased. The only thing that occurred in 1987 that might account for this huge increase in reported cases of clinical malaria is that of the introduction of the T5 reporting system i.e many more institutions were reporting their out-patients than 1986. This example shows how reported cases of malaria might be misleading and should never be taken on face value before a number of factors have been taken into consideration.

Blood Slide Data
The most major problem with clinical cases is that of over diagnosis. Malaria is a very difficult disease to diagnose and even very experienced health staff have problems diagnosing malaria with any great certitude. The only way to make sure that a clinical case of malaria is actually a malaria case is by taking a blood smear. Many of the blood slides in Zimbabwe have been examined by Blair Research Institute: Table 3 shows that many of the blood slides submitted are in fact negative. Though Blair Research Institute receives slides from all over the country and in different years may get slides from different places, for practical purposes Table 3 gives some idea of the malaria situation countrywide and shows that perhaps 1985 was a bad malaria year countrywide despite only 43 000 clinical cases being reported.

If positivity rates can be used as a measure of infection, then to get a rough idea of what the real malaria situation might be, it is fair to multiply the positivity rates by the number of clinical cases. This is what has been done in Table 4 and shows us a completely different picture of what might be happening nationally. If this method is justified it shows us that 1988 was in fact a much worse year than previously thought compared with other years. The data also shows up other possible incongruities. While more malaria cases were reported in 1990 than 1989, the positivity rate of 1989 was higher and using the method above, 1989 now appear a more serious malaria year than 1990.

TABLE 4
EXTRAPOLATED NUMBER OF MALARIA CASES
((((((((((((((((((((((((((((((((((((((((((((((((((((
( YEAR  ( Clinical Cases ( Pos Rate (   CC X PR    (
((((((((((((((((((((((((((((((((((((((((((((((((((((
( 1987  (    468 561     (   11.6   (    54 353    (
( 1988  (    970 001     (   30.7   (   297 790    (
( 1989  (    543 821     (   16.4   (    89 186    (
( 1990  (    656 850     (   11.3   (    74 224    (
( 1991  (    597 318     (   11.0   (    65 704    (
((((((((((((((((((((((((((((((((((((((((((((((((((((
( CC X PR = Clinical Cases x Positivity Rate       (
((((((((((((((((((((((((((((((((((((((((((((((((((((
The data as presented in Table 4 is that of national figures. It is interesting to take this method further and compare what is happening in each of the provinces. Table 5 shows the number of clinical cases and positivity rates reported in each province in 1991.

Data presented in this way in Table 5 suggests that while Manicaland reports nearly as many clinical malaria cases as Midlands, Midlands accounts for up to 56% of the cases while Manicaland only 3.5%.

Obviously there are a number of problems with looking at the data in this way. Positivity rates are determined on slides submitted from each province and it is known that submissions of blood slides from clinics around the country are very erratic: from Midlands, slides may be submitted from the clinics with the worst malaria problems, while those in Manicaland from clinics with the least problems. Similarly, positivity rates will vary from one part of the year to the next, and clinics may submit slides from periods when malaria transmission is low and not send slides when they are busy dealing with real malaria cases.

TABLE 5
ESTIMATED NUMBER OF MALARIA CASES IN ZIMBABWE BY PROVINCE FOR 1991
(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
(                     (CLINICAL(  BLOOD (  BLOOD(     %(  NO OF (     % (
(                     (CASES OF( SLIDES ( SLIDES( SLIDE(MALARIA (    OF (
( PROVINCE            ( MALARIA(  TAKEN (    POS(   POS(  CASES ( TOTAL (
(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
( Manicaland          ( 96 701 ( 10 612 (   290 (  2.7 (  2 610 (  3.4% (  

( Mashonaland Central ( 80 964 ( 11 608 ( 1 180 ( 10.2 (  8 258 ( 11.4% (  

( Mashonaland East    ( 41 672 ( 11 836 ( 1 153 ( 13.0 (  5 417 (  7.7% (  

( Mashonaland West    ( 72 364 ( 16 974 ( 1 740 ( 10.3 (  7 453 ( 10.3% (  

( Masvingo            ( 45 972 (  7 786 (   249 (  3.2 (  1 471 (  2.0% ( 

( Matabeleland North  ( 37 720 ( 22 344 ( 3 756 ( 16.8 (  6 337 (  8.7% ( 

( Matabeleland South  ( 10 312 (  5 841 (   177 (  3.0 (    309 (  0.4% (  

( Midlands            ( 96 847 (  3 801 ( 1 597 ( 42.0 ( 40 675 ( 56.1% (
( Bulawayo            (  9 180 (        (       (      (        (       (
( Chitungwiza         ( 13 781 (        (       (      (        (       (
( Harare              ( 75 655 (        (       (      (        (       (
(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
( TOTALS              (581 168 ( 90 802 (10 142 ( 11.0 ( 72 530 (       (
(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
This data is not presented to show that Manicaland has little malaria, rather that malaria data on the surface should never be accepted on face value. The problem becomes even more critical when data is viewed at a district level: Table 6 and 7 shows data presented at the Kadoma Debrief Meeting in 1992 from Mashonaland West Province which is fairly typical of all malaria data throughout the country. Two districts have been highlighted, that of Chegutu (probably a non malarial area) and at the other extreme Kariba (a serious malarial area).

The malaria figures reported from Mashonaland West have been divided into two groups, from January to June which constitutes the major season of malaria and July to December which for most of the country is essentially known to be malaria free or very little malaria. However, the first observation which stands out, is that for both of the districts the clinical malaria figures for the malaria "free" period are almost equal to the periods in which malaria is known to be common. However, when one combines the reported positivity rates with those of clinical cases to get expected number of real cases the malaria trend in the districts becomes as expected with peaks of malaria in March and April. The comparisons can be seen in Fig. 7. Clinical malaria cases in Chegutu show no clear pattern of malaria throughout the year, but when the clinical cases are multiplied by positivity rates, the expected trend for malaria becomes apparent in both districts.

TABLE 6
MASHONALAND WEST
REPORTED MALARIA FIGURES FOR 1991 BY DISTRICT FOR CHEGUTU AND KARIBA
Chegutu District
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  MON  (     CC  (     SE  (  PS  (   PR  (    TRC  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  Jan  (    673  (    152  (   2  (  1.3  (      9  (
(  Feb  (    858  (    209  (   2  (  1.0  (      9  (
(  Mar  (    901  (    350  (   7  (  2.0  (     18  (
(  Apr  (    793  (    150  (   2  (  1.3  (     10  (
(  May  (    876  (    135  (   3  (  2.2  (     19  (
(  Jun  (    708  (    169  (   2  (  1.2  (      8  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  ST   (  4 809  (  1 165  (  18  (  1.6  (     73  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  Jul  (    913  (    402  (   5  (  1.2  (     11  (
(  Aug  (    894  (     71  (   1  (  1.4  (     13  (
(  Sep  (    552  (    169  (   0  (  0.0  (      0  (
(  Oct  (    570  (    103  (   0  (  0.0  (      0  (
(  Nov  (    801  (     50  (   0  (  0.0  (      0  (
(  Dec  (    597  (    130  (   0  (  0.0  (      0  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  ST   (  4 327  (    925  (   6  (  0.7  (     24  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  GT   (  9 136  (  2 090  (  24  (  1.2  (     97  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
For Codes See Table 7

TABLE 7
Kariba District

((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  MON  (     CC  (     SE  (  PS  (   PR  (    TRC  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  Jan  (    415  (    229  (  21  (  9.2  (     38  (
(  Feb  (  1 037  (    383  ( 110  ( 28.7  (    298  (
(  Mar  (  1 484  (    444  ( 135  ( 30.4  (    451  (
(  Apr  (  1 475  (    488  ( 109  ( 22.3  (    329  (
(  May  (    788  (    150  (  33  ( 22.0  (    173  (
(  Jun  (    514  (    215  (  12  (  5.6  (     29  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  ST   (  5 713  (  1,909  ( 420  ( 22.0  (  1 318  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  Jul  (    557  (    347  (  10  (  2.9  (     16  (
(  Aug  (    431  (    168  (   4  (  2.4  (     10  (
(  Sep  (    390  (    204  (   8  (  3.9  (     15  (
(  Oct  (    510  (     42  (   4  (  9.5  (     48  (
(  Nov  (    621  (    103  (   3  (  2.9  (     18  (
(  Dec  (    409  (     62  (   3  (  4.8  (     20  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  ST   (  2 918  (    926  (  32  (  3.5  (    127  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
(  GT   (  8 631  (  2 835  ( 452  ( 15.9  (  1 445  (
((((((((((((((((((((((((((((((((((((((((((((((((((((((
CC  = Clinical Cases Reported

SE  = Number Of Blood Slides Examined

PS  = Number Of Positive Blood Slides From Those Examined

PR  = Positivity Rate i.e PS/SE x 100

TRC = Number Of Possible Real Cases i.e PR x CC.

ST  = Six Month Sub Total.

GT = Grand Total For Whole Year.
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Fig. 7 - Malaria Cases In Chegutu and Kariba Districts
The lessons of this section is that malaria data should never be taken literally, and that without blood slide data, clinical malaria figures are often completely useless. However, it must be noted that in the above examples from Mashonaland West, clinical malaria figures in Kariba tend to follow the expected trend of transmission much closer than those of Chegutu. One of the reasons for this is that clinical staff in Kariba are used to dealing with malaria on a daily basis whereas, clinical staff in non malarial areas such as Chegutu may rarely see real malaria cases resulting in poor diagnostic skills. Clinical malaria figures with no particular trend are rarely those of a malarial area.PRIVATE 

PREVALENCE DATA
Since 1983, four prevalence surveys have been conducted countrywide in 1983, 1987, 1991 and 1993. Of these surveys, only the results for 1983 was published, and of the three remaining surveys only 1991 was analyzed in any great detail at Blair Research Institute. During these prevalence surveys, people of different age groups were sampled at different randomly selected sites around the country. At each location 500 people (four groups of 125 people from different nearby locations) had blood smears taken during the month of March. The percentage of people found positive with malaria equals the prevalence rate. Fig. 8 shows the district results for the 1991 National Prevalence Survey.
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Fig. 8 - 1991 National Prevalence Survey By District
The general trends shown by Fig. 8 are that the north of the country is generally worse in terms of malaria than the south, and that prevalence is generally higher in the lower lying areas. For other aspects the data give misleading information.

1) It might look on the surface that Binga is far worse than any other district in the country: Binga is a bad malarial area and even possibly the worst but not by the margin represented in Fig. 8. Many of the districts represented have areas which are below the escarpment and areas which are above such as Gokwe, and the districts of Mashonaland Central. The highest actual prevalence rates in the country were recorded in Gokwe North but these were diluted by the results from Gokwe South: similar situations are found in Mount Darwin, Guruve and Centenary.

2) Even within a district, malaria is focalised as discussed previously. As the points selected in prevalence surveys are random it is a matter of luck whether one strikes a really bad transmission point or a place where there is virtually no transmission. The results from the 1991 survey shows areas in Binga District at altitudes of between 500-600 metres ranging in parasitaemia from 6% to 50%. Similar situation are found in all the other low lying district.

3) Certain districts have a prevalence rate higher than might be expected such as Mazowe, Bindura, Makonde, Bubi, Umzingwane and Gwanda. All these districts recorded positive malaria cases in places that were not expected. However, when these results were found, no one followed them to see whether they may have been caught locally or imported which is the most likely scenario. Worse still some of these results may have been the result of poor microscopy. When the 1991 survey was carried out, slides were first examined by district staff and then by staff of Blair Research Institute: in several districts there was a huge discrepancy between district diagnosis and Blair Research Institute diagnosis.

The lessons to be learnt again from this data is never take data at face value: do not accept data that contradicts common sense until all factors have been fully investigated.

The questions that should be asked in terms of malaria data are:

1) Does the data make sense in terms of what is known about local conditions?

2) Is clinical data supported in any way by blood slide data?

3) Can the blood slide data be trusted? Is the local microscopist reliable?

4) Have positive cases of malaria been followed up to ascertain if the cases have been caught locally or imported.

DATA REQUIREMENTS FOR GOOD SURVEILLANCE
Records in regards to malaria throughout the country are of very poor quality, partly for the reasons mentioned previously, but also that little data is collected in any systematic way. For malaria to be effectively and economically controlled, good information is required about its yearly distribution pattern in terms of transmission and its effect on various age groups which give some indication of immunity. The following is a set of recommendations which cover the gathering of malaria information necessary to make judgements about any given locality.

Blood Slides
The only good indication of a malaria case is a positive blood smear. Taking slides not only gives information on locality of the disease and its distribution amongst age groups, it also helps clinic staff in diagnosis. When a nurse always diagnoses malaria without confirmation, diagnostic skills can never be improved. It is recommended that:-

1) Blood slides be taken from all suspected malaria patients from all clinics from July to December.

As stated previously, malaria parasites do not materialise out of thin air: they must come from somewhere in the population. Taking blood slides from July to December helps local health staff locate possible malaria transmission points in their catchment areas, and gives some indication of the future transmission potential of the following malaria season. If no positive cases can be found during this period it is most unlikely that any severe malaria outbreak will take place.

During this period, real malaria cases are extremely few, even in the low lying areas such as Binga. As most districts have microscopists there is usually little problem in examining all clinical cases during this period: as clinical staff hone their diagnostic skills with incoming slide results, the number of slides needing to be taken should gradually be reduced.

It cannot be over emphasised that it is much more important to take blood slides when the malaria situation is not known than to take slides in the middle of a malaria outbreak where malaria transmission has been established as occurring.

2) From January to July each district should attempt to take as many blood slides as possible within the constraints of the district and availability of microscopists.

Few districts of the country have the capacity to take blood slides of all suspected malaria cases so it is necessary to come up with a strategy that allows blood slides to be taken in a systematic way from all clinics. Such strategies include taking the slides from the first 100 clinical malaria cases each month or requesting clinics to take one out of five clinical malaria cases presenting at a clinic. Any system adopted must be easily understood by clinic staff, be practicable and must be enforced.

The best type of systems are those that will produce a known quantity of slides each month such as 100 per clinic. To be able to quantify how many slides a district can examine it must be remembered that a trained microscopist can examine (properly) 50 microscope slides a day if he has no other duties. Into this calculation must be considered illness, time off etc.

3) From July to December, all positive cases of malaria should be followed up by local health staff (e.g E.H.T). If positive cases from a clinic remain few, then follow ups should continue after December.

Positive cases of malaria should be interviewed to ascertain where they may have caught the disease. The age group of 2 years to 14 years can normally be assumed to have caught the disease in the locality of their households. Positive cases during this period (based on experience in Gokwe) should be less than 10 per clinic per month: if numbers are higher than can be adequately dealt with, then follow ups should concentrate on adults for the reasons stated above.

The positive cases should be counselled and given health education. Even if indications are that the case is imported, it is important to stress to the person that they may now be a carrier of malaria and infect the rest of the population. Health education should emphasise that the person should remain away from potential mosquito breeding sites after dark and personal protection as discussed in the next section. The strategy here is to isolate possible carriers from potential transmission sites and hence the rest of the community.

4) Along with the taking of slides it is most important that blood slide submission forms are completed correctly especially the village (kraalhead) of residence (this includes hospitals).

Three copies of the blood slide submission form need to be made, one to remain at the clinic and the other two sent to the microscopist examining the slide. After the slides are examined, one copy of the blood slide submission form needs to be filed at the District and one returned to the clinic of origin as soon as possible. Once returned to the clinic, the completed blood slide submission form should be filed (to be kept as a permanent record) and the original form thrown away.

Blood slide submission forms are the most important document available when attempting to assess a malaria outbreak as they give information on age, sex, locality of cases and when they occurred. It cannot be stressed enough that these forms should be filled out correctly, especially the address. It is very important that cases of malaria can be followed up and that any local health staff should be able to locate any given malaria case with ease from the address on the form. To record cases as having come from a particular hospital or clinic is unacceptable unless they actually live there.

5) With the above recommendations it is also recommended that 10% of all slide examined by any given microscopist be re-examined by other microscopists. Any completed blood slide submission form should have the name and signature of the original microscopists examining the slide.

There are many cases around the country where microscopist diagnosis has proved to be faulty. The above system is not intended to be a "witch hunt" rather a method of improving the diagnostic skills of microscopists. Slides submitted for re-examination should have their comparative diagnosis periodically checked by District Environmental Health Staff. 

Slides should not be submitted to Blair Research Institute: their role is quality control and should only be used if there are problems which cannot be overcome by district staff.

6) Besides microscope slide results it is important that T5 forms be kept at each health institution as a permanent record. As described previously, clinical cases of malaria compared with slide results can give a realistic picture of a particular area: either record without the other usually does not give the complete clinical picture unless slides are taken of all clinical cases.

7) Another useful activity is that of an active survey. However, it must be said that in areas of low parasitaemia it is possible that no parasite might be found even though they may be parasites in the population. It is felt that active surveys are usually more useful if carried out at selected sites rather than randomly so that particular situations can be analyzed.

OTHER USEFUL RECORDS
Deaths
Deaths give a good indication of the severity of malaria, but it must be remembered that hospital records (T9s) record only people who died at the hospital and not elsewhere: often many people die outside of hospital and these are not usually reflected in clinical records.

By law, all deaths should be reported to the police, and it is recommended that liaison is made with the police regarding deaths, so that police records may be incorporated into malaria surveillance.

It is appreciated that in many cases, deaths are not reported at all. In this case, if possible, E.H.T should be encouraged to set up their own surveillance system whereby deaths are reported informally either by the families themselves or by neighbours. The system is not meant to be intrusive, and there is no need to follow up these cases, but deaths during the malaria season may give some indication of the severity of malaria in any given area.

Feeding schemes have been in place in many places throughout the country due to droughts. Many malarial areas have these feeding schemes and children being fed are recorded. In Binga District it was found useful to look at these records as they showed up deaths in young children who were neither reported to the local clinic or police.

Chloroquine Usage
An analysis of the Government Central Medical Stores will show that from 1990 to 1994, they issued enough chloroquine to the Ministry of Health to treat one and half million adults each year. Since the highest number of clinical malaria cases was 800 000 (of different age groups) in 1993, this represents a lot of chloroquine unaccounted for. Obviously, some of the chloroquine expires and is destroyed, but these figures show that chloroquine is being used elsewhere. Two possible unaccounted uses are Village Community Workers (VCW) and School Health Masters (SHM). The discrepancies seen on a national scale are usually reflected in every health institution in the country and it is often worthwhile to analyze Pharmacy Records of health institutions during a malaria outbreak.

There does not seem to be any consistent policy throughout the country regarding VCW and SHM, but in many districts these two groups of people are issued chloroquine by the Ministry of Health. In some areas VCW are heavily patronised while in others they are not: chloroquine records of clinic pharmacies will quickly give an indication of this situation. Where VCW are used, malaria cases as reported by a clinic may not be representative of the clinic catchment area.

Unfortunately the situation regarding VCWs and SHMs is often poorly regulated and often there are no records about who has been given what. In terms of malaria surveillance it is important that not only do the VCWs and SHMs keep records, but also the clinic issuing the drugs so that the VCWs and SHMs can be monitored.

It is also worth commenting at this point that a clinic is a surveillance point. If VCWs and SHMs treat malaria and they are commonly used, it is possible that a malaria outbreak might occur and the local clinic might not be aware of it. It is usually better it VCWs and SHMs are only issued chloroquine when transmission is actually known to occur and not before.

INVESTIGATING A MALARIA OUTBREAK
Based on the ideas discussed, the following is a check list of information which will help to evaluate any malarial area or outbreak in the country.

1) Temperature Patterns
These can be obtained from the Meteorological Department in Harare and occasionally from the local weather station. There are few weather stations in the country, so one must choose the nearest to the area under investigation and calculate what local temperatures might be by adding or subtracting (depending whether the area is higher or lower than the weather station) 1(C for every 150m in altitude.

Important points to look at

a) Months of the year with mean monthly temperatures of below 20(C. Areas with five or more months of under 20(C are unlikely to have malarial problems.

b) The prevailing temperatures of the rainy season. If temperature conditions are under mean daily temperatures of 23(C, malaria is unlikely to be severe (probably absent) unless the year under investigation is much warmer than normal.

2) Proximity To Known Malarial Areas
If it is considered that vector mosquitoes do not survive winters at higher altitudes, then vector mosquitoes must invade higher altitudes for malaria to occur. The further away an area is from possible permanent breeding grounds of mosquitoes then the more unlikely it is for the mosquito to invade.

Similarly, it is believed that vector mosquitoes migrate by moving from one breeding ground to another i.e not far from water. Therefore areas close to rivers are always more likely to be invaded than those away from rivers. This was noticeable in 1993 in Shamva and Sanyati where malaria is not normally a problem.

3) Soils
Clay soils do not drain easily while sandy soils allow water to pass through. Areas of clay soils are always likely to be worse malaria problems that those with sandy soil as surface water may remain for a long time.

4) Terrain
Hilly areas tend to lose water quickly because of run off. Flat areas may form large numbers of pools because there is no where for the water to run to. In flat areas, malaria may be widespread, while in hilly areas it might be restricted to the valley bottoms such as in Honde Valley in Manicaland.

5) Surface Water
Any permanent water bodies in the area may harbour vector mosquito breeding sites. Dams and rivers (either permanently running or with permanent pools) are usually the worst problems. Water bodies in close relationship to where people live or business centres always need special attention especially those with bottle stores or beer halls that remain open late.

6) Water And Sanitation
Areas with good water and sanitation are likely to be less of a problem that areas without. In areas with plenty of wells, boreholes or piped water systems there is little need for people to visit possible dangerous breeding sites. Other activities to be considered, gardening, brick making and fishing.

7) Social Habits Of The Local Population
Any night time activity must be considered suspect, especially associated with water. In some areas people favour bathing at water sites while in other areas at home.

8) Who Is Getting Malaria
It may be found that only certain groups of the population may be getting sick. In one part of Gokwe in 1992 it was noticed that in a particular area only older men were getting sick: it was found that all these men were guards of a new bridge: below the bridge was a breeding site.

Young children are often the best indicator of local transmission as they rarely move far away from either home or school. If only adults are suffering, then imported malaria should be suspected. If women appear to suffer more than men then night time activities such as water fetching should be suspected.

The best indicator of transmission occurring near to households is that whole families will get sick at the same time. If this is not the case, transmission should be suspected as occurring elsewhere.

9) History Of Malaria In The Area
It is still very rare to have a malaria outbreak in an area that has never previously had one. One important indicator of how things might go during a malaria outbreak is to see what has happened in the past.

The most important forms are the T5 and blood slide submission form. It is sad to say that often clinics may be lacking any good data: if this is the case other clinics in the area need to be looked at as well. Mission hospitals often have better records that anywhere else: if one of these is near, their records should be investigated.

Blood slide submission forms are the most important documents. Evidence of positive cases of malaria need to be looked for for yearly patterns. Areas of annual malaria should have records of positive cases throughout the year.

It is possible in some years to find data going back twenty years or more. If blood slide data is not available, hospital records should be checked. In-patient records are better than out-patient records as people are usually hospitalised for good reason and therefore are a better indicator of malaria severity than out-patients.

10) Views Of The Local Population
The most important people are health staff who have worked in an area for a long time, even clinic orderlies should be consulted if there are no long term individuals such as E.H.T in the area. There knowledge of local conditions is often invaluable.

CHOOSING CONTROL OPTIONS
There is a tendency in Zimbabwe to treat all malaria outbreaks in the same way by spraying them. Spraying has one major advantage that it gives a local community confidence that local health teams are doing something about their problem. While spraying can be a useful method of control, often it is not the most effective either in terms of cost or efficacy: other types of control should be seriously considered especially if focalised transmission sites of the disease can be identified.

Every situation must be judged separately. Some control methods are suitable in some places and others in other places. Some control methods are suitable for malaria outbreaks whereas other control methods have a slower impact and are more suitable for long term control and prevention.

METHODS OF MALARIA CONTROLPRIVATE 

Malaria can be controlled in many different ways, but all the malaria control methods fall into one of five categories as listed below.

1. Methods to prevent mosquitoes feeding on man
a) Mosquito Repellents.

b) Physical Barriers - clothes, netting and wire screens.

c) Mosquito fumigants - mosquito coils.
d) House siting i.e choosing an area free of mosquitoes

e) Avoiding breeding sites of mosquitoes after dark (behaviourial avoidance).

2. Destruction of adults mosquitoes
a) Pesticides - Residual Insecticides - wall and screens.
b) Chemical fogging.

c) Trapping

3. Destruction of mosquito breeding sites by environmental methods
a) Filling in of breeding sites

b) Draining swamps and other water bodies

c) Altering river courses

d) Covering water sources

e) Altering banks to make them steeper and deeper

f) Covering the water in wells or toilets with polystyrene balls

g) Removing or adding shade plants

h) Addition or removal of water weeds

i) Periodic flooding by making the water level go up and down and flushing

4. Destruction of mosquito larvae
a) Insecticides

b) Oils

c) Predators - Fish, dragonflies and frog tadpoles

d) Parasites - Nematodes, fungi and bactéria
5. Control of malarial parasite
a) Prophylactics (Preventative Drugs)

b) Curative Drugs

METHODS TO PREVENT MOSQUITOES FEEDING ON MAN
For malaria transmission to occur people must come into contact with infected mosquitoes. Prevention of mosquito bites is the simplest form of control on an individual basis. The process works two ways: people pick up the disease from infected mosquitoes, but mosquitoes also pick up the disease from infected people. The reduction of man/mosquito contact is therefore important for people who have not got the disease, but even more important for those who have recently had it. In terms of transmission a single infected person is much more dangerous than a single infected mosquito: an infected person may infect several thousand mosquitoes, but a mosquito can only infect perhaps up to seven people in a lifetime.

Mosquito Repellents
A mosquito repellent is any substance which is applied to the skin or clothes which repel mosquitoes and stops them biting. There are a number of commercial repellents, but only three are available in Zimbabwe, citronella oil, dimethyl phthalate (DMP) and N,N, diethyl-m-toluamide (DEET). Citronella oil is the oldest of the repellents in Zimbabwe, it has a very strong smell but only lasts about twenty minutes meaning that it must be continually applied. DEET is one of the most modern repellents and can last for up to 10 hours. DMP is not usually found on its own, and sometimes comes in conjunction with DEET  (this is the case of the Mosquito Repellent Vaseline).

It is recommended that only repellents containing DEET be used and promoted unless a person is sensitive to DEET. It is also recommended that DEET repellents should be used twice in one day, once before dark and once before sleeping so that a person remains protected all night.

DEET comes in many different types of formulations from oils, creams, aerosols, vaseline and solid formulations. Trade names available in Zimbabwe include Tabard, Autan, Sketopel, Repellent Vaseline and Mosbar: all these repellents should fairly similar repellency and the major difference between any of them is price. The other major consideration is portability because many of the different repellents can leak, especially the oils: for a repellent to be of use one should be able to carry it around so it is available whenever necessary, especially outside.

Two repellents in Zimbabwe need special mention: Repellent Vaseline and Mosbar. These are the cheapest repellents on the market in Zimbabwe: most of the other repellents are imported and expensive.

Repellent Vaseline appeared on the market in 1994: it is  vaseline with a mixture of DEET and DMP. It has been a great success and has been readily accepted as many people in Zimbabwe use ordinary vaseline on a daily basis. However, it has many side affects which discourage people from using it in the most effective way. Firstly, most people will only use it once in a day as they do normal vaseline, secondly, it tends to make people feel hotter and thirdly, in warm areas where malaria is most common it melts when hot: the packaging of the vaseline is poor and if the vaseline melts it also leaks from the packet meaning that it is not very suitable for carrying around.

Mosbar has been on the Zimbabwean market for some years now and is made of DEET and an insecticide (relatively harmless to man) called permethrin. It looks like a bar of soap, and is often referred to as a "repellent soap" but this is very misleading: it is not a soap and to use it as a soap is very wasteful. Its similarity to soap is that it is dipped in water and then rubbed on the skin (but not washed off). The main advantage of Mosbar is that it is very cheap as one bar may last a single person one month or more of continual use: it is also very portable i.e it can be carried around with little difficulty meaning that it is available whenever required. The main difficulty with Mosbar is that requires much health education to get people to use it: while it is very easy to persuade people to use Repellent Vaseline because they are familiar with vaseline, it is much more difficult to persuade people to use Mosbar the first time around. However, if the health education is good and people start to use Mosbar, they normally require little persuasion to use it again. Another possible advantage of Mosbar is the permethrin it contains: permethrin is often used to control scabies: constant use of Mosbar should theoretically kill off scabies mites.

It should be noted that:

1) While all repellents containing DEET are very good, one will always find people who say it does not work for them: do not be misled by such people, repellents do work for the majority of people. There are many possible reasons why DEET does not work for some people from not using it properly, sweating profusely or perhaps they have skin oils which inhibit DEET's action. If a repellent does not appear to work for a particular person you should always recommend that they try a different formulation.

2) Repellents can cause an allergic reaction in some people especially on the face: sometimes the problem is in the formulations in which case recommend another DEET formulation, or it may be the DEET so it may be necessary to recommend Citronella Oil which is not as good.

3) There is some evidence that DEET has some long term harmful effects in some people. The evidence is still not conclusive: for the moment the decision therefore is whether it is more important to protect a person from malaria which might kill in the short term or face possible long term effects which may never happen.

4) DEET and other synthetic repellents only work over a very short distance: it is necessary therefore to use the repellent on all exposed parts of the body, and even clothes (especially socks) where biting is intense. There is no known substance that can work over a large distance to repel mosquitoes besides fumigants discussed later: beware of anything sold that claims that "You open the top and the mosquitoes go away".

5) Repellents such as DEET are "plasticisers" meaning they attack types of plastics such as watch faces. Avoid rubbing the repellents on plastics.

6) Bathing will wash off repellents: it is recommended that people in malarial areas are encouraged to bath before it gets dark.

Repellents represent one of the cheapest forms of self protection which most people in Zimbabwe could afford. If they are still considered too expensive for some families there are natural alternatives which can be considered. They include some local plants such as Ocimum (Shona - Rukovhi) and Lippia (Shona - Zumbani). The leaves of these plants can be broken up and rubbed on the skin. At present little is known about their effectiveness though some work is presently been done at Blair Research Institute, but generally it is considered that they do not last as long as commercial repellents. Until more is known about these natural repellents it is suggested that only commercial repellents be recommended unless there is no other alternative available.

Physical Barriers
Physical barriers are anything that keep mosquitoes physically away from people: these include screens, curtains, mosquito nets and clothing. Apart from clothing, most mosquito barriers are a type of mesh which allows air to circulate: the right size of mesh is a bit of a balancing act between what allows the most air to pass through and what keeps out insects. To enhance their effectiveness they can be treated with insecticides (see next section).

1) Screens

The gauze or screens are usually made of metal or plastic and are used in window frames or doors where they need to be tight fitting to be effective: these are normally only appropriate in European type housing. While screening is expensive, if well maintained they will last for years and represent a good investment.

2) Curtains

These can be hung over windows, or along eaves (the gap between the top of the wall and the roof) in rural houses. Most curtains are not tight fitting and to enhance their effect as a deterrent to mosquitoes they can be sprayed with insecticides, so that the mosquitoes are killed as they try to find a way to enter the house. Rural houses made of pole and dagga are a particular problem because the poles used are rarely of the same length meaning that the eave is not a regular height. As there is now a growing trend for rural householders now to build their homes out of bricks, a little thought before a house is built can make it very easy to design a house where eave curtains can easily be hung as well as a curtain over the door allowing both good air circulation and well as protection against mosquitoes.

3) Mosquito Nets

This is the most common form of barrier method. They are usually expensive in the short term for rural people, but if looked after properly they can last a very long time. They keep mosquitoes from biting, and also act as a barrier against all other animals such as mice and snakes.

To improve the effect of mosquito nets, they can be sprayed with an insecticide which kills mosquitoes as they try and find a way into the net. The insecticide also kills cockroaches, bed bugs, and probably head lice and the scabies mite. The other advantage of treating with insecticides is that mosquitoes are also inhibited from biting through the net, so if part of the body comes to rest against the net when a person is sleeping it does not matter. Insecticide treated mosquito nets not only protect people sleeping under the net but by also killing off vector mosquitoes can reduce local transmission of malaria. Unlike spraying houses, insecticide treated mosquito nets don't rely on mosquitoes resting on the walls of the houses, and are therefore more likely to kill mosquitoes.

The only disadvantage of mosquito nets is that they only give protection when someone is inside the net!

4) Clothing

Clothing acts as a barrier to mosquitoes biting, though some mosquitoes seem capable of biting through almost any clothing and therefore clothing which is loose fitting i.e not lying against the body is likely to be more effective than thick tight clothing. The other difficulty with clothing is that most malaria transmission occurs in very hot places and it is difficult to persuade people to wear long clothes which cover the body: in this respect, once again loose fitting clothing is more suitable by giving both air to the body and a gap between the clothes and the body through which mosquitoes cannot reach. To enhance this effect, clothes can also be sprayed with insecticide in the same way as mosquito nets which both kills and inhibits mosquitoes biting.

The only difficulty with clothing is that it is difficult to protect exposed parts of the body such as the face and hands except by the use of repellents. 

Mosquito Fumigants
A fumigant is any substance that when burned or heated releases smoke or vapours which repel and sometimes kill mosquitoes.

Traditional fumigants include the burning of dung but the most commonly used fumigant are mosquito coils or sticks. Mosquito coils are made of a variety of natural and synthetic insecticides which tend to inhibit mosquito biting, repel mosquitoes and in some cases actually kill them: generally though, they are not that effective, in the long term are very expensive, can only be used indoors and there is some evidence that continual use can cause respiratory problems.

Another alternative which is now available in Zimbabwe are electrical heating devices which heat small pads (vapour mats) of insecticide. These are a much better alternative than mosquito coils for people who have electricity as they do not produce smoke and are therefore not as irritant. One pad may last several hours so it is often possible to set one going just before sleeping and it will still be working when daybreak comes: the pads change colour when they are no longer effective. To overcome the problem with electricity, some of these devices use a candle or paraffin wick, but these are not yet available in Zimbabwe.

The major problem with fumigants is that they are of only any use when used indoors and compared with other personal methods of protection are relatively expensive.

House Siting
The closer a house is situated to a potential mosquito breeding the greater the chance of vector mosquitoes entering into houses. Therefore for practical purposes it is always better to situate a house as far away as possible from mosquito breeding grounds (i.e at least one kilometre). Similarly, it is always better to site a house upwind of a breeding site so that vector mosquitoes are not inadvertently carried with the wind: it therefore necessary to determine the prevailing wind patterns before siting a house. In the long run it is generally cheaper to site living quarters away from breeding grounds than to control mosquitoes in areas near to breeding grounds.

Avoiding Breeding Sites of Mosquitoes After Dark
Despite the National Malaria Control Programme with its annual spraying of houses each year, malaria transmission in many areas remains high. There is growing evidence that one reason for this is that people are coming into contact with vector mosquitoes outside their homes when carrying out various night time activities.

The interesting thing about Zimbabwe is that it is generally a dry country for most of the year with few permanent water bodies. However, people need water and inevitably congregate at available water points. Malaria transmission may appear very widespread, but when it is considered that many people rely on few water points, this can lead to very focalised areas of transmission.

Malarial areas are usually hot, so activities such as water fetching is often carried out at night: bathing usually requires privacy so many people also bath at night. Both of these activities involve water, and often water which is suitable for mosquito breeding such as rivers, river beds and dams.

Similarly, many new business centres are built with easy access to water so shops and beer halls are within easy reach of water points and breeding sites: many people (in particular men) go to beer halls at night. In Zimbabwe it is common to find weekend church gatherings: with so many people in one place, organisers find it prudent to hold such meetings within easy access to water. Evidence from Gokwe and Binga suggests that there is so much human night time activity that vector mosquitoes might never need to come into peoples house at all!

It is felt that one of the most powerful methods of reducing malaria transmission is Zimbabwe is by the curtailment of night activities: either people should be encouraged to stop night time activities or if they must continue to move around at night they should use repellents. Sign posts at potential places of human activity at night could prove a useful strategy of both informing people and deterring people from their night time activities.

DESTRUCTION OF ADULT MOSQUITOES
Residual Insecticides
There are a huge range of insecticides available which will kill mosquitoes: many are expensive and many are dangerous to man as well as insects. Only a few are really suitable for malaria control.

Insecticides can be divided into two types; those types which have a residual action i.e long lasting and those which have a knockdown or short lasting action. The latter will not be considered in depth: they are generally expensive because they require continual use. Many people spray their rooms with an aerosol insecticide before going to sleep: an insecticide used in this way immediately knocks down and kills all flying insects in a room, but the action is short lived, and by the time a person is asleep the insecticide has worn off and other insects can enter safely from outside.

Residual insecticides while being more expensive than knock down insecticides are much cheaper in the long term as some may last over a year: these are the types of insecticides which have been used by the Ministry of Health for the last forty years in the National Malaria Control Programme.

Until a few years ago the who country was sprayed with DDT (dichloro-diphenyl-trichloroethane). This was a very cheap long lasting insecticide. However, it has several characteristics which have gone against its use. Firstly it does not break down and has got into food chains: it is believed that it has killed off many predators such as birds of prey (the DDT becomes concentrated at the top of the food chain). Secondly, DDT comes as a powder and when sprayed leaves a white film over everything: many rural householders did not like this. Thirdly, many insect species have become resistant to it, and therefore in Zimbabwe, while it killed vector mosquitoes it did not kill other nuisance mosquitoes and other household pests such as cockroaches: it was very difficult to persuade rural householders that it was doing what it was meant to do when they didn't see things dying in their houses.

It should be noted that it is illegal to buy or use DDT. In many parts of the world DDT is banned, and even in Zimbabwe the only people who have a licence to use it are the Ministry of Health and Veterinary Department for Tsetse Fly Control; and even these departments now rarely use it.

The insecticides now favoured for use in malaria control for spraying houses and mosquito nets etc are known as the synthetic pyrethroids. These insecticides while being extremely toxic to insects are very safe to people. There are a number of them on the Zimbabwean market and the most effective ones registered for mosquito control come under the brand names of Cislin and Crackdown (deltamethrin), Icon (lambdacyhalothrin) and Fendona (alphacypermethrin). These particular ones are known to last for up to a year and have now all been used by the National Malaria Control Programme in various parts of the country. Other similar and older insecticides are also available, but generally they are either more expensive or don't last as long, so for any residual applications only the above are recommended at present.

One problem with these insecticides is that they appear very expensive for what you get. However, they are very powerful and small amounts spray vast areas: in final calculations it will generally be found that these insecticides gives you the best value for money in both coverage and residual action. It is sad to note that a number of health authorities in the country have bought what appear to be cheaper alternatives such as fenitrothion which is not a synthetic pyrethroid. These insecticides come in much bigger bottles and appear much cheaper: but when application rates are worked out they are usually found to be more expensive (See section on handling insecticides).

The other problem with synthetic pyrethroids is that while they are very safe to humans they are particularly toxic to fish: they should not be sprayed anywhere near rivers and ponds holding a lot of aquatic life.

In terms of a malaria outbreak, residual spraying can work quickly and extremely well in the right circumstances i.e if it can be proved that transmission is occurring in peoples houses. If this is the case during an outbreak, whole households will get sick within a short period of each other and breeding sites will often be found in close proximity to houses. If transmission is occurring elsewhere, residual house spraying will have no effect at all, and this is usually indicated if only certain people within households are getting sick.

It should also be noted that certain health authorities spray alternatively in six month periods with synthetic pyrethroids and other insecticides (usually fenitrothion). The basis of this is that it is believed to reduce possible resistance of insect pests to the synthetic pyrethroids although to date there has been no record of any public health pest being resistant to them so far.

Fogging
This can be a particularly useful method of killing adult mosquitoes where vector densities are found to be very high during a malaria outbreak. Fogging machines atomise the insecticide to produce a cloud of insecticide which looks like smoke. The insecticide can now penetrate every hidden corner in a village and kill off every mosquito around.

This method has not been used in Zimbabwe as conditions of high vector densities are usually found. Fogging machines are also very expensive, fogging kills every insect in the vicinity and is of very short duration: however, it is a method to bear in mind in particular situations in the future.

Trapping
This is only mentioned here in that during research mosquitoes can be trapped with various attractants such as carbon dioxide and ultra violet light. However, for practical purposes, there is still no cheap effective trap on the market for mosquitoes and seems unlikely to be in the near future. Odours for mosquitoes similar to odours used in traps for Tsetse fly have not been identified. Anyone who can identify such odours and produce an effective trap should become very rich!

DESTRUCTION OF MOSQUITO BREEDING SITES BY ENVIRONMENTAL METHODS
Environmental control refers to any method which either destroys mosquito breeding sites or modifies them in such a way that mosquitoes (in particular vector mosquitoes) are inhibited from breeding. Most of the methods are common sense, but others require a detailed knowledge of the breeding habits of the particular vector mosquito one is trying to destroy. However, for practical purposes, it is normally better to destroy all mosquito breeding sites in any given area as people do not appreciate the effects of their activities if they continue to be bitten albeit by other species of mosquito. An outline of some of the methods are stated below.

Filling In Of Breeding Sites
This is the most obvious form of environmental control: any water body large or small can be filled in. Experiences from Gokwe suggest that An. gambiae complex often favour small puddles, and it is often found that the smaller the puddle the larger the number of larvae. Filling in these small holes is a very easy task even for small children.

As a rule in rural areas, any water body that is not being used for any purpose should be filled in, though admittedly such types of water body are few and far between.

Draining Swamps And Other Water Bodies
Swamp draining is one of the most successful methods of destroying breeding sites in many places, though in most cases it can only be carried out by large scale enterprises and is usually not suitable for the household level.

Altering River Courses
Rivers that meander normally slow down on the inside of bends and speed up on the outside of bends. In this situation silt is deposited on the inside of bends while eroding away the outside of the bends. In this type of situation, puddles can be formed with the changing of the river bank, and one way to stop this problem is to straighten out the river or stream so that it remains fast flowing along its length. On a household level this can be practised on small streams.

Covering Water Sources
Few mosquitoes will breed in total darkness and covering up water sources is a good way to reduce local breeding. One constant source of problems are septic tanks which often become cracked allowing the entry of mosquitoes: septic tanks can produce huge numbers of mosquitoes and should be regularly checked.

Altering Banks To Make Them Steeper And Deeper
As rivers become silted or dry up or cattle drink from various water sources the banks gradually become shallower and shallower. During this process many small puddles are formed which become isolated from the main body of water and become ideal breeding sites for mosquitoes in particular An. gambiae complex. This situation can easily be dealt with by deepening the edges of the water body by removing the silt from the edge of the water and at the same time filling in the puddles. This allows predators in the water to deal with the larvae naturally.

Covering The Water In Tanks Or Toilets With Polystyrene Balls
Sometimes pit latrines or Blair toilets become flooded and become breeding sites for mosquitoes. In this case they can be treated with small polystyrene (Kaolite) balls. If the whole water surface is covered with these balls, mosquitoes do not breed.

Removing Or Adding Shade Plants
This method has been very successful in other countries where malaria vector mosquitoes breed in shady places.

Pools which are found in the shade below trees, often breed enormous quantities of mosquitoes, though in Zimbabwe, rarely malaria mosquitoes. These are difficult to treat without filling them in. If a pool of water is necessary, one such alternative is to remove the shade plants over the pond but in the process it might encourage malaria mosquitoes to come and breed. Usually it is better to treat such ponds in other ways such as larvicides.

Addition Or Removal Of Water Weeds
Various types of water weed may encourage mosquito breeding by affording protection to larvae, while other types of weed inhibit larval breeding by forming dense mats on the surface of the water so that the larvae cannot get to the surface to breed.

One such weed that encourages larval breeding is the filamentous algae known as Spirogyra. This weed forms tangled masses of thin strands of vegetation through which larvae can easily move through but is too tangled for anything much larger such as fish. Wherever this algae is found it should be removed.

There are many different weeds that float on the surface of water, some of which inhibit larvae while others appear to have no effect. Scooping is the only way to learn about which plants appear to discourage larval breeding and which have no effect. Floating weeds which appear to discourage larvae can easily be transferred to other ponds without them.

Periodic Flooding By Making The Water Level Go Up And Down
This is particularly suitable for slow moving streams which tend to form stagnant pools along their length. A small dam can be built which is broken weekly to flush out all the small pools below the dam.

Other Environmental Control Methods
The following do not come under the headings above and are usually applicable to nuisance mosquitoes in Zimbabwe. While these have no direct relevance to malaria control they reduce night time biting: when being bitten it is difficult to know what is biting especially if it is dark!

If water is stored in containers or tanks at the house, and these containers are open to the outside, they should covered at all times or be drained at least once a week, and allowed to dry completely for the whole night to kill off larvae.

Tin cans, car tyres and any other objects which can collect water should be stored in such a way so that they cannot collect water.

In very wet conditions, some mosquitoes may breed at the base of leaves such as banana plants, or in hollows of tree trunks where water has collected. If this situation is found, the simplest method of control is to fill the leaf base with sand.

Important Notes On Environmental Control
1. Before any environmental control activity is undertaken it should be ascertained if there is a problem in the first place: often water bodies that look like potential breeding sites are not as they have enough predators to control the situation naturally. Similarly a water body may only be a problem in a particular place such as where cattle drink, and in this case only the particular areas need to be sorted out.

2. As Anopheles gambiae complex can breed within in week in ideal conditions, it is important that all environmental control activities which are temporary in nature are monitored on a weekly basis and previous control activities repeated when necessary.

3. People often complain that mosquitoes are biting and there are no apparent breeding sites in the vicinity. As mentioned previously, most mosquitoes entering houses are usually coming from close by and one method of tracking down potential breeding site is to wait for evening and listen for frogs: frogs normally need moisture to survive and if their calls can be heard it means that water is very close by so one only needs to follow the sounds of the frogs.

4. Environmental control methods should always be considered in preference to any other control method. While environmental methods can be expensive in either equipment or time, they are generally the most permanent.

5. Many environmental control methods can be ideal for villagers as it costs nothing except time. Many of the above methods can be carried out in school children: in one school in Gokwe children were sent out from the school once a week for a distance of about one kilometre. As the children returned to school, they were expected to search out every puddle and look for larvae: where larvae were easily destroyed they were encouraged to do so immediately, and where they could not to report the breeding site to their teachers who could then take action. The school concerned believed that malaria was reduced drastically.

6. As a general rule, most Anopheles gambiae complex, do not fly more than about half a kilometre from water. Therefore most mosquitoes coming into a house to bite are coming from very near. If all these breeding places are destroyed or altered, mosquitoes should disappear, and with them malaria. However, for this to be affective, a large area must be cleared at the same time with everybody helping. Even if all breeding sites are destroyed in one place, mosquitoes can still pass through treated areas from outside by jumping from one water body to another, even though when they lay their eggs, the eggs may not survive. Wind may also bring in mosquitoes from long distances, though if the wind is too strong the mosquitoes won't fly.

However, it is believed that most mosquitoes stay within a fairly small area, with only a few migrating. Therefore by destroying breeding sites at home, this should reduce the number of mosquitoes coming to the house, even though neighbours may be doing no such control.

The best service the local population can do, is that if they find a mosquito breeding site and they don't know what to do about it they should report it to the local health authorities, who can then advise on the best course of action.

DESTRUCTION OF MOSQUITO LARVAE
This covers any method that can directly destroy the larvae in their breeding sites and is generally known as larviciding.

Insecticides
There are three chemical insecticides commonly used in Zimbabwe called Abate (temephos), Coopex (permethrin) and Reskol (fenitrothion). Reskol is an older insecticide and will not be considered here: Reskol should only be used where the other two larvicides are shown to be ineffective.

Abate and Coopex are both registered by WHO as being suitable and safe enough to use in water that might be used for drinking by both people and animals.

Coopex is generally cheaper than Abate but is not as selective as Abate in action: fish in particular are very susceptible to Coopex but this is generally not a problem as malaria vector larvae are rarely found with fish.

Coopex is easily degraded by organic matter and if mosquitoes are breeding in sewage ponds etc, it will not be very effective and Abate should be used.

If a water body needs spraying but is full of other animals, it is strongly recommended that Abate is used in preference to Coopex, but normally water bodies with a variety of life rarely need spraying at all unless there are lots of puddles at the edges.

Coopex has a strange characteristic that any one using it should be aware of. It works very well at the lowest suggested application rates in normal conditions, but when a sprayer returns much later it may appear that it has not worked as many live larvae and pupae might be found. Experience has shown that generally these living larvae and pupae do not respond normally (they will appear sluggish and not dive down when disturbed) and will not develop further. Pupae normally live about two days before developing into adult mosquitoes: after spraying they might still be found five days later but have not developed into adulthood. It is always worthwhile to remove a number of sprayed larvae from a sprayed pond and put them in a container covered with netting to observe if any of the larvae develop further. As stated above the one exception to the above is sewage ponds, and even very high doses of Coopex might not work.

Source reduction is a slow method of control and is not usually suitable for quick results required in an outbreak situation as it kills only larvae, leaving adults to continue transmission. If source reduction were the only method used to control an outbreak it might take six weeks to see a reduction in cases (Some adults might be expected to live for another four weeks, plus another two week incubation period of the last people to get bitten by infected mosquitoes). However, Coopex permethrin was used in an outbreak in Gokwe in 1992 and malaria cases were reduced much quicker than expected: one possible explanation for this is that permethrin tends to float on the top of water and it is thought that possibly adults picked up the permethrin and were killed as they tried to lay eggs.

Oils
Certain health authorities use old engine oil to treat ponds. This is usually done to save money and is generally false economy. Once old engine oil is used the water becomes generally useless for anything, and the oil often tends to collect on one side due to the wind leaving areas free of oil in which larvae may still survive.

However, oils can be useful in such situations where effluent is leaking such as from a septic tank i.e water that is of no value to anyone.

It is worth mentioning that long ago special oil formulations were widely used. These were a mixture of oils, thin oils to facilitate spreading of the oil over a water surface and thick oils to kill the larvae. Cyanamid (formerly Shell Chemicals) still has some of this (Malariol) in stock if anyone feels that they have a situation that justifies its use - the only problem with this oil is that it leaves a water body with rainbow colours on its surface as does any other oil.

Predators
These include fish, dragonflies and frog tadpoles. Most open bodies of water usually have enough predators to deal with mosquito larvae but occasions do arise where this is not the case and these are usually man made in origin such as disused fish ponds, swimming pools etc. If such bodies of water must contain water then they should be stocked with fish, but it must always be remembered that if the pool is not concrete lined then the edges must be continually dealt with in case small protected pools are formed at the edges which might breed larvae. It should also be noted that Anopheles gambiae complex are often the first animals to move into a newly formed body of water before other animals move in. Sometimes they may be found with tadpoles, as mosquitoes and frogs have laid their eggs at the same time, but the mosquitoes are normally able to develop faster than the tadpoles which may only be ready to start to eat the larvae after the adult mosquitoes have already hatched out.

Another situation of interest was at the Manyuchi Dam in 1994. The dam filled for the first time in 1994 after being only half full in 1993. It expanded so rapidly that it is believed that the vector mosquitoes may have been able to breed in the dam itself for a short time as there were not enough predators in the lake to kill off of the larvae breeding.

Parasites
These include nematodes, fungi and bacteria. In the wild there are many natural parasites of mosquitoes and these are sometimes utilised by commercial companies. Parasites are usually very specific as they usually have only a few hosts which they are able to parasitise. For mosquitoes the most common parasite used is a bacteria, but presently there are none of these biological agents available in Zimbabwe but one has been recently tried out at Blair Research Institute.

CONTROL OF MALARIAL PARASITES
Drugs can be used either curatively or preventively. In this section curative drugs will not be covered as this is adequately covered in other available literature.

Pyrimethamine/dapsone is the presently recommended drug for prophylaxis in Zimbabwe and is sold under the trade names of Deltaprim and Malasone. The only time this drug is not recommended is in the first three months of pregnancy as there are presently some unsubstantiated fears that it may cause abnormalities in the growing foetus: during this period it is normally recommended that pregnant mothers should use chloroquine.

In the past it has been government policy to recommend prophylactics only to people who live and work in malarial areas but normally reside outside in non malarial areas. It has been believed that most people living in malarial areas have some kind of immunity and that by giving them prophylactics their immunity will be impaired. However, it must be remembered that in Africa one out of twenty children do not reach the age of five due to malaria, and that in Zimbabwe there is no strong evidence of widespread immunity.

Recent work carried out in the Gambia in West Africa suggests that pyrimethamine/dapsone is not a particularly good prophylactic and allows parasites to survive at low levels: the remarkable thing about this was that even though parasites might be in the blood the person affected did not get ill. It appeared that this situation allowed the development of immunity without causing sickness.

Infant mortality in rural areas is often difficult to gauge as many families might bury their young children without reporting the fact to local authorities. However, there is evidence that malaria still might cause a significant number of deaths in Zimbabwe especially in under fives. With the information from the Gambia it is worth considering the use of prophylactics in young children even in heavily affected malarial areas, though there is little point in an older person who has lived in a malaria all his life starting to take prophylactics.

Prophylactics might also be considered an alternative during malaria outbreaks: this was the case at Manyuchi Dam where Midlands Province used prophylactics as their major control strategy in the area.

It is also worth noting that many people believe that if a person uses prophylactics and still succeeds in catching malaria then the symptoms will be much worse: this is not true: if anything symptoms will be reduced and less life threatening.

There has been a tendency by some doctors and pharmacists to encourage people to take pyrimethamine/dapsone on a five day cycle instead of a weekly cycle: this should not be encouraged as dapsone can be extremely toxic and if taken more than once weekly can build up to toxic levels.

No prophylactic in the world is 100% efficient. Prophylactics should never be used as the only form of malaria prevention.
MALARIA CONTROL METHODS NOT RECOMMENDED
One of the most commonly publicised methods of controlling malaria in Zimbabwe is that of slashing grass. It is believed by many people that slashing grass deprives the adult mosquitoes of somewhere to hide during daylight hours and therefore stops them coming into houses.

This method of malaria control was first advocated in Zimbabwe in 1909 for white settlers: these settlers were advised to remove all vegetation for 200 metres in every direction from their houses as it was believed that adult mosquitoes would not fly over open spaces.

Many people in rural areas slash grass around their houses for a few metres: it is unlikely that this will have any effect on adult mosquitoes who can easily fly over such short distances cleared or otherwise.

Another preventative device sometimes mentioned is that of an electric buzzer which is hung around the neck. These buzzers make a noise like a female mosquito as it is believed that female mosquitoes do not like to come near each other. Remembering that there are over 100 species of mosquito in Zimbabwe, it is unlikely that any buzzer can hope to mimic 100 different species of mosquito at the same time.

USING INSECTICIDESPRIVATE 

DOING COSTINGS
There are a huge range of insecticides available on the market, and even when one has identified the right type of insecticide, there is often several choices to choose from.

With ever increasing economic constraints, the final choice of insecticide must be governed not only by performance but also by cost, and being able to do a cost analysis and comparison is extremely important to get the most insecticide coverage for the money available. If one is intending to spray as town the size of Victoria Falls or Kariba the savings can run in thousands of dollars with careful analysis.

To compare the cost of insecticides one must first choose a particular parameter to work out, such as the cost per metre squared, per "standard" hut in the case of residual spraying or the cost per hectare in the case of larvicides.

The first problem to overcome is that each manufacturer gives different information regarding their product and when reading technical manuals such as WHO recommendations, the information given might be different again.

For each product being considered five bits of information are required.

1) Application Rate - the amount of the active ingredient of the insecticide to be applied to a given surface area. This is usually quoted as milligrams per square metre (mg/m2). The problem with this is that manufactures rarely quotes this figure on their insecticide labels, and the application rates recommended by the manufacturer may be different to that found in WHO manuals. The first job to do is decide on the application rate that is required and whether the application rate recommended by the manufacture is the same as other sources.

2) Concentration Of Insecticide - Few insecticides are sold as active ingredient and are usually diluted with other chemicals. There are many reasons why this is done, but the major consideration is safety as many of the insecticides are extremely toxic and if were handled "neat" would likely be very dangerous to a person handling them. The composition or concentration of an insecticide is usually quoted as a percentage. A 2% solution means that in every 100 grams of insecticide there are 2 grams are active ingredient.

3) Cost Of Insecticide - Packaging of insecticides comes in all different sizes. To compare insecticides it is usually easiest to work out how much one litre (if a liquid) or one kilogram (if a solid) would cost of all the insecticides under consideration.

4) Dilution Rates - When one uses an insecticide it is usual to dilute it with water before use unless one is using Ultra Low Volume Spraying which is rare in control of health pests.

5) Spraying Rates - When the insecticide has been diluted, the spray rate is the amount of diluted mixture needed for a particular area to be sprayed.

To do a costing, Cislin (deltamethrin) will be used as a primary example as this is the insecticide which has been used by the Ministry of Heath for several years and then it will be compared with the other major contenders on the market. However, the prices used in these examples are completely fictitious as prices vary considerably even from month to month and will also depend on the quantities one is purchasing.

Cislin normally comes in one litre containers and its label has the following information relevant to costing.

1. Composition/concentration        2.5% deltamethrin

2. Dilution Rate For Mosquitoes     60 ml in 5 litres of water

3. Spray Rate                       5 litres over 100m2
The information tells us that in every litre of Cislin there are 25 grams of deltamethrin (2.5%  times 1 litre or 1000 grams of mixture (0.025 x 1000)). Since 60ml of the insecticide will spray 100m2, it therefore follows that one litre of the insecticide will spray 1666m2 of surface (1000ml ( 60ml times 100m2 (1000x100/60)).

From this the application rate can be worked out as 25 grams of active ingredient are being recommended to cover 1666 square metres. To get this figure in milligrams per metre square one must first multiply 25 by one thousand to convert into milligrams. Therefore 25000mg is divided by 1666m2 which gives 15mg/m2 which corresponds to the generally accepted application rate for deltamethrin, meaning that the manufacturer is recommending the same application rate on his label as generally recommended for malaria control.

With this information it is now easy to calculate a cost per square metre. If a bottle of Cislin costs $150 per litre and we know that one litre will spray 1666m2, then the cost per metre squared is $150 divided by 1666m2 which gives a price of 9 cents a metre squared.

Often in Zimbabwe, costs are estimated by the price of spraying a "standard" hut. For costing purposes a rural hut is considered to be 55m2, therefore to spray one hut would cost 9c times 55m2 which would be $4.50 per hut. If there are 1000 huts to be sprayed then it is easy to get a cost for the job under consideration. A similar procedure can be carried out using other insecticides to see which gives the best value for money.

Costings should also take into account residual action. It might be found that at a single application that permethrin or fenitrothion is cheaper than the other long lasting residual insecticides but they only last a short time. However, if spraying is being considered towards the end of the malaria season such as in March, then perhaps a long lasting residual action is not required and it may be more cost effective to use a shorter acting insecticide.

Details Of Some Of The Residual Insecticides Available In Zimbabwe Suitable For Malaria Control
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( Trade     ( Active            ( Type Of     ( Composition/   ( Application ( Activity (
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( Cislin    ( deltamethrin      (   Liquid    (      2.5       (      15     (    9 +   (
( Crackdown ( deltamethrin      (   Liquid    (      1.0       (      15     (    9 +   (
( Icon      ( lambdacyhalothrin (    Solid    (     10.0       (    25-30    (    9 +   (
( Fendona   ( alphacypermethrin (   Liquid    (      6.0       (   22.5-30   (    9 +   (
( Responsar ( betacyfluthrin    (    Solid    (     10.0       (      30     (    9 +   (
( Coopex    ( permethrin        (    Solid    (     25.0       (     500     (    3 +   (
( Reskol    ( fenitrothion *    (   Liquid    (     53.3       (  1000-2000  (    3 +   (
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( * fenitrothion is the only insecticide listed here which is not a synthetic pyrethroid(
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When carrying out costing, it cannot be emphasised enough that research is important. Before buying any insecticide, it is necessary to talk to places like Blair Research Institute and Department of Epidemiology but also to all the chemical companies involved for details of all products available: there may be new products not mentioned here. Secondly, prices are extremely flexible and when buying bulk, discounts can be negotiated. Thirdly, some health authorities have made the mistake of buying direct from the chemical companies and have not told them what they insecticide is for: with negotiation with head office Ministry Of Health and Child Welfare and the insecticide companies involved, it should be possible to buy insecticides tax free.

APPLICATION OF INSECTICIDE
It has been noted that many of the spray pumps with health authorities are fitted with different sizes of spray nozzles, yet despite of this individual spraymen, will adopt the same spraying rhythm which results in completely different application rates. Application rates which are too high are a waste of insecticide and application rates which are too low may not do the job they are supposed to.

In terms of many residual insecticides, many manufacturers will recommend that five litres of mix be sprayed on 100m2 of surface. Breaking this down it means that every litre will spray 20m2 and each one square metre will require 50 cm2 of mixture.

Different types of nozzles will release different rates of water. If it is not known what output a nozzle has, this should be measured by releasing water from a spray pump into a measuring cylinder over a set period of time such as thirty seconds to calculate the output per second. This should be repeated several times until consistent readings are obtained.

If a particular type of nozzle releases 50 cm2 per second then it can be seen that in each second enough water is released to spray one square metre. If output is 25 cm2 per second, then it takes two seconds to spray one square metre etc.

Once outputs have been established it is then possible to practice spraying in the correct fashion using pure water. It can be calculated how long it should take to spray a particular size area, so spraymen can practice covering that area in the required time until they have it perfect. If it is found that it is difficult to spray at the required rate then a different nozzle needs to be chosen.

Nozzles normally used for residual house spraying are not suitable for larviciding where one litre of larvicide may only be needed for 100 m2 of water or one metre square requires only 10 cm2 of mix. Therefore if a nozzle puts out 25 cm2 a second this would spray 2.5 m2 of water per second which is very difficult to control and spray accurately. A smaller nozzle in this case would be appropriate: the alternative (where no other nozzles are available) is to dilute the insecticide much more than the manufacturer recommends so that less active ingredient is coming out per second.

MONITORING INSECTICIDE APPLICATIONS
Residual Insecticides
It has been found in certain parts of the country that coverage has been poor (either in houses not sprayed or poorly sprayed) and the following monitoring ideas may be of interest.

Unlike DDT, synthetic pyrethroids leave no visible residue, so when visiting a sprayed hut, it is difficult to determine if the hut has been sprayed properly or not. Synthetic pyrethroids are unselective and kill all insects: if cockroaches are found in a hut after it has been sprayed, it is most unlikely that the hut has been sprayed properly. This method was used in Gokwe in 1992, and using this as an indicator, it was found that possibly over 10% of the houses sprayed appeared not to have been sprayed properly.

The above method while giving an indication that insecticide has actually been sprayed, still gives little indication whether the correct dosage had been used as cockroaches are more susceptible to synthetic pyrethroids than mosquitoes. Two ways to get an indication of the right application rates:

1) By taking wall scrapings  which are sent to a laboratory for analysis (a laborious method and time consuming business)

2) By asking the insecticide companies to add a fluorescent powder to their insecticide. These fluorescent powders show up under an Ultra Violet lamp and give an immediate indication of whether a place has been sprayed and the spraying application rate.

Considering the enormous cost of the spraying programme, and repeated rumours around the country of the insecticide being lost, mislaid or stolen, extra care needs to be taken to monitor the situation. The true efficacy of the spraying programme can never be evaluated if the insecticide is not where it is supposed to be. In the latter situation the cost of adding fluorescent powders and a couple of UV lamps is insignificant to the total cost of the programme.

Larvicides
It is never desirable to put insecticides into water and long term residual action is of no use as water is generally replenished meaning that the insecticide will be lost after a short period of time. When using larvicides it is always best to carry out a small field trial the day before actual spraying to determine the lowest quantity of insecticide that is required to do the job. It should also be remembered that what is important is that the larvae do not mature so that outright kills (as mentioned in the larviciding section under Control) are not always absolutely necessary.

When monitoring larviciding activities it is always necessary to return within twenty four hours to assess the effect of the spraying and where possible take samples away in containers which are covered in netting to ascertain whether adult mosquitoes have been able to mature.

SPRAYING STRATEGIES
Residual Insecticides
It is believed that most of the newer synthetic pyrethroids will last between six months to one year, but many factors may affect the life span (such as alkaline soils) so that it is always best to assume the shortest scenario when planning a spraying campaign especially if the spraying campaign might take two months to complete.

If a spraying campaign is to start early in the dry season before the rains come, it must be remembered that the higher the area the shorter the malaria season. Therefore with early spraying, it is often better to spray higher areas before lower areas so that the insecticide might last the longest in places with the longest season: obviously though, other factors must be taken into consideration such as accessibility of areas when the rains come if spraying might be running late and into the rainy season.

As mentioned previously, malaria is effected by temperature, and temperatures differ from one year to the next. Areas above 1000m in altitude in the north and 700m in the south rarely have malaria in successive years so it is rather pointless to spray such areas unless there is strong evidence to suggest otherwise. In terms of these areas it is better to keep a reserve supply of insecticide which should only be used if there is evidence of an outbreak occurring: it is much cheaper to have good surveillance than to spray such areas on the off chance that there might be a malaria outbreak.

It is difficult to give general priorities in terms of areas to be sprayed as each area is different. Priorities can only be based on good surveillance and it might be possible to find areas even within fairly established areas which are not a problem.

Larviciding
Larviciding can be a very powerful control strategy if used correctly. Two strategies of larviciding can be considered.

The first is using larvicides to destroy mosquitoes during the winter. In favour of this approach is that during the winter, mosquito breeding is extremely limited (i.e few possible breeding sites), and development of the larvae may take as long as two months requiring very infrequent spraying. This method was considered very successful in South Africa during the 1930s.

The second larviciding strategy is to spray during the malarial season around potential trouble spots. However, during the summer mosquito breeding might be completed within a week (though more probably ten days) and therefore for larviciding to be useful it must also be carried out weekly, which while being still very cheap in insecticide, is very time consuming and consequently expensive if health staff are used. However, one strategy which is being utilised in Gokwe is to involve responsible members of the community (e.g Head Masters of schools). If local people can be trained in larval recognition and spraying, then larviciding can be carried out with little cost to the Ministry of Health and Child Welfare.

It should be noted, that in reality, if someone is properly trained, most cases of larval breeding can be dealt with just as quickly and more permanently by environmental methods.

USEFUL ADDRESSESPRIVATE 

AGRICURA (PVT) LTD
Suppliers Of - Icon, Abate

Address
62 Birmingham Road,




P.O.Box 2742, Southerton, Harare

Telephone
Harare 662571/4,
Fax
Harare 668779

BAYER ZIMBABWE (PVT) LTD
Suppliers Of - Responsar, Autan

Address
Off Martin Road, Msasa




P.O.Box AY78, Amby, Harare

Telephone
Harare 487245/7
Fax
Harare 487242

CYANAMID (Formerly Shell Chemicals)

Suppliers Of - Tabard, Fendona

Address
Cnr Manchester/Crastor Rd




P.O.Box 553, Southerton, Harare

Telephone
Harare 665601

Fax
Harare 668400

ECOMARK LTD (Rousself Uclaf/Agriva)

Suppliers Of - Cislin, K Orthrin, Crackdown, Coopex, Abate

Address
64/66 Crastor Rd




P.O.Box 2699, Southerton, Harare

Telephone
Harare 665711, 
Fax
Harare 665715

EMNET (PVT) LTD
Manufacturers Of - Mosquito Nets

Address
Cnr Neill Ave/Hives Rd




P.O.Box AY 207, Amby, Harare

Telephone
Harare 486994,486857
Fax
Harare 487051

LANCASTER INDUSTRIALS
Manufacturers Of - Mosbar

Address
9 Trojan St, P.O.Box 379, Bulawayo

Telephone
Bulawayo 70181

Fax
Bulawayo 67750
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