The Physician

Malaria Ravages Sweden
Linnaeus the Physician

A

worried mother sits at the end of a broad, wooden bed, looking in silence at her three-year-old
daughter who is sleeping fitfully between worn
sheets. The little child has a high temperature. The
woman stands up and gently strokes her child’s sweating
brow. You yourself are standing in a dark corner of the
room next to a plastered stove. At your side is your wellknown 18th-century guide, Carl Linnaeus. Although
you know that the woman can neither hear nor see you,
you cannot help whispering when you turn to Linnaeus.
“Have you any idea why the girl is ill?” you wonder. “It
is the ague, unfortunately a common illness in this part
of the world,” Linnaeus replies.
Actually you do not know which town you are in, but
you realise it must be either in Skåne, or along the coast
of Sweden, or round Lake Mälaren or Lake Vänern, because it was there that malaria, called the ague, was prevalent in the 18th century. Judging by the house you are
in, you conclude that you cannot have landed in Skåne
but must be somewhere in central Sweden. The house is
built of timber and boards, the window in the bedroom
is fairly large and also has a high ceiling, even though
the beams take up some space. If it had been a house in
a town in Skåne, the walls would have had small, leaded
windows and the ceiling would have been lower.
Anders Celsius was the inventor of the 100-degree thermometer scale that he described in an essay in 1742. This
thermometer was made for Linnaeus in the late 1770s.
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You look round the small bedroom. The broad bed to get rid of the foreign particles. However, much later in
stands in the darkest corner, furthest in. It is the sleep- his life, Linnaeus changed his opinion about the cause of
ing place for both the parents and the little girl. Beside it the ague and believed more in the theory that bad air lay
is a narrower bed for the family’s two older children. On behind the disease. The name malaria comes from the
the opposite side of the room, near the window, where Italian words mal(a) aria, bad air.
the light is strongest, is a bench fixed to the wall with
Suddenly, the woman leaves the bedroom and Lina wooden table in front of it. In another corner is the naeus signals you to follow her. You pass through her
spinning-wheel. On both sides of the window there are parlour and come out into the small kitchen. Those
wooden shutters that can be closed to reduce the draught rooms are all that the house consists of. You note that it
from the window. Draughts and cold are two common does not smell bad in the house, the wooden floorboards
problems in 18th-century homes – not to speak of the seem to be newly scrubbed in all the rooms and only a
bedbugs and other vermin.
fresh mixture of cooking smells and smoke meets you in
The diseases are the worst thing. There is a lack of the kitchen. The draught from the floor is evident since
medical knowledge and effective medicines. Almost half the fire sucks up air. The woman stirs a copper pot with
of all children die before the age of ten because of infec- a wooden spoon but before you can look more closely,
tious diseases and under-nourishment. The most serious Linnaeus tugs at your sleeve and suggests that you go
of the diseases is probably smallpox, which spreads in out into the backyard. Through a door straight out of
epidemics every third to fifth year. Mostly small chil- the kitchen you step into the cobbled yard. The strong
dren are struck down. The effects are disastrous; in some stench of the town hits your nostrils. A couple of stray
epidemics half of the people infected die. But those dogs bark in the street. The backyard is enclosed on one
who survive have developed a
side by the neighbour’s house
life-long immunity to the virus.
and on the other side by the
“Nothing is dearer than life, nothing outhouses that belong to the
Malaria and tuberculosis are
more pleasant than health, nothing craftman’s family you have just
other common infectious diseases that claim many lives.
more miserable than disease, nothing visited.
Linnaeus glances at the girl
“By the way, that theory you
more horrible than death.”
in bed and tells you that he has
had about the ague and clayey
written a scientific paper about
soil was not so silly,” you say
the ague. It was this thesis that won him his doctorate thoughtfully. Then you tell him that now, in your own
in medicine in 1735. On his journey to Lapland three time, it is known that the illness is caused by one-celled
years earlier, he had noted that the ague did not exist parasites that are spread to humans by mosquitoes. So,
in the north of Sweden. That is why he wanted to dis- even though people in the 18th century had no idea eiprove the contemporary medical theories about the dis- ther about malarial parasites or about the role played
ease. The ague was thought to arise as a result of badly by mosquitoes, Linnaeus drew a conclusion in his first
prepared or raw food, lack of exercise, lasting anxiety or thesis that was considerably closer to the truth than the
chilling of the belly after meals – among other theories. other theories of his time. After all, he saw some sort
Linnaeus raises his eyebrows and waves his arms in the- of connection between clayey soils and the occurrence
atrical indignation. “These theories really seem illogical of malaria. Clayey soils can, in fact, be connected with
if you know that the same factors have evidently not led marshes and stagnant water, which in turn can be conto the ague further north in Sweden,” he says, and ex- nected with mosquitoes and thus the risk of malaria.
plains that he has tried to find the real cause by looking
Linnaeus listens intently. “Interesting, but there are
for a common factor in the areas affected.
plenty of mosquitoes in the interior of Norrland too,
His investigations resulted in a theory that the ague but no malaria. How do you account for that?” “Good
occurred because of particles of clay in the blood. The question. And I have a good answer, too,” you exclaim
common factor he found was that areas affected by malar- happily. You explain that it was simply too cold in the
ia often had clayey soils and this exposed the inhabitants north of Sweden for the type of malarial parasite that
to clayey drinking water. According to Linnaeus’s theory, existed in Sweden in Linnaeus’s time. The malarial parathe clay particles got stuck in the blood vessels, and the site, Plasmodium vivax, requires a temperature of at least
attacks of fever occurred as a reaction to the body’s need 15 degrees to survive and is therefore restricted geo© 2007 Swedish Centre for School Biology and Biotechnology, Uppsala University, Sweden. Noncommercial, educational use only, refer to source.
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graphically to the warmer parts of Sweden. In addition,
there are, in fact, only a few species of mosquito that can
spread malaria to humans. You tell Linnaeus that there
are 47 species of mosquitoes in Sweden and only five of
them can function as the host for malarial parasites. All
five species belong to a family called Anopheles. “Two of
these five species are found in Norrland, but most mosquitoes there belong to quite a different family.”
For once Linnaeus scratches his head thoughtfully.
“So these five species of malarial mosquitoes are still in
Sweden in the 21st century?” he asks. You nod and tell
him that malarial mosquitoes can be found, for example,
in half of all the barns in southern Sweden. “But why
doesn’t malaria still ravage the parts of Sweden where it
is warm enough for Plasmodium vivax? Linnaeus asks in
surprise. “To start with we can thank the cows for breaking the contact between parasites and humans,” you say,
explaining that cattle took over the role of the prime
source of nourishment for mosquitoes. The reason was
that better and better houses were built for people in the
19th century at the same time as the cattle got their own
buildings separate from the houses. People’s homes were
lighter, drier and better insulated. The cowsheds were
darker and damper, offering a more favourable environment for mosquitoes. For them it did not matter whether they sucked blood from cows or people. But for the
mosquito parasites this was a great setback, because they
need access to both humans and mosquitoes to survive.
Other reasons why malarial parasites did not survive
in Sweden were increasingly better standards of health
and living. In addition, the average summer temperature
was unusually low between 1860 and 1930, which was
bad for the parasites. Yet another reason could be that
there was extensive draining of wetlands in the 19th century. Large areas were drained in an effort to make agri-

A

culture more effective, and this reduced the number of
egg-laying sites for mosquitoes. “The last case of Swedish
malaria occurred in the 1930s,” you tell Linnaeus.
You both stop by a well in the middle of the yard,
and you look questioningly at Linnaeus. “It suddenly
struck me when I saw this well. Where do people go
to the toilet when they live so close together in town?”
With a smile, Linnaeus points to the privy at the bottom
of the yard. Then he makes a sweeping gesture towards
the row of outhouses and explains quickly what they are
used for. “That’s the washroom. And that’s the ironing
room. Over there they make small beer. And there’s the
toolshed. After that come the hen house and the pigsty,
and furthest down by the cabbage patch is the privy,”
he reels off the names and also mentions that the excrement is used as manure for the vegetables in the cabbage
patch. “I’ll show you round properly later, but to be
honest I would like to hear more now about malaria
research in your time.”
You cast a glance at your watch and suggest at once a
meeting with a young research student who is working
on a new medicine against malaria. Linnaeus agrees immediately and before either of you can say Jack Robinson, you have defied the laws of nature and are standing
in the middle of a pharmaceutical laboratory at Uppsala
University. The corridor is lined with cupboards full of
flasks, pipettes and test-tubes.
The research student, Kristina Orrling, comes to
meet you in the corridor. Linnaeus and she shake hands
warmly – a meeting between two quite different eras,
yet characterised by a common curiosity, the desire to
learn more about how to tackle malaria.
Orrling explains that she is trying to build a molecule that will prevent malarial parasites from destroying
the red blood cells in humans. When malaria parasites

B

A. Common mosquito (Culex) and B. Malaria mosquito (Anopheles). Malaria mosquitoes keep their body at an angle to
the surface, which common mosquitoes do not do.
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The picture to the right shows part of the enzyme plasmepsin (blue-green).
This enzyme is made by the malaria mosquito, making it possible for
the parasite to break down haemoglobin. When the haemoglobin is
broken down, the parasite gets access to nourishment.
Kristina Orrling is working on building a molecule that
will attach itself to the plasmepsin and block the enzyme’s
activity. When the enzyme is blocked, the parasite dies
of lack of nourishment. The figure shows the structure of
the molecule by means of a line formula and where it
attaches to block the enzyme.
The DNA sequences of the malaria parasite (Plasmodium falciparum) and of a malaria mosquito in Africa
(Anopheles gambiae) were mapped in 2002. The malaria
parasite has 5,300 genes and the malaria mosquito 14,000
genes, while humans are reckoned to have about 25,000 genes.
DNA analyses make it easier to understand how different drugs
against malaria work and to develop effective new drugs.
are transferred from mosquito to human, they spread in
the bloodstream and invade the red blood cells where
they find their nourishment. “The molecule I want to
build will block the parasites’ ability to get nourishment
from the blood cells,” she says.
Her research can be described as an extreme variant of construction work – at the molecular level. The
building material for the molecule she is working on is
bought via specialised product catalogues and databases
on the Internet. Linnaeus looks with interest when she
shows him a thick catalogue of more than 25,000 chemical compounds from which molecules can be built. As
with all manufacture of pharmaceuticals, the challenge
lies both in succeeding in creating active molecules that
are effective and in managing to steer these molecules to
the right place in the body. “In this case, we also have to
steer the molecules into the parasite itself, inside the red
blood cells,” Orrling explains.
When she has created a molecule that might work,
she sends it to a research group in Florida. They test
whether the molecule really has the right effect and also
that it does not have any undesirable side-effects if it is

used as a medicine. Orrling explains that research on
malarial medicines is being carried out in many parts
of the world. Vaccine against malaria is also being researched. The need is great, partly because of the disease’s catastrophic effects in many developing countries
but also because of the growing resistance that the parasites have developed to existing drugs.
However, Orrling points out that, unfortunately,
there is very little money for malaria research compared
with, for example, cancer research. “You see, cancer
strikes mainly in the Western world, unlike malaria.” At
the same time she emphasises the positive aspects of the
field she is working in. “After all, there is hope; it has
been possible to eradicate malaria from Europe.” You
can see from her expression that she sees pharmaceutical chemistry and malaria research not only as an urgent problem but also as something fascinating and fun.
“You get involved in many subjects in science,” she says.
Linnaeus smiles in recognition of her enthusiasm. “I’m
really pleased to see that there are knowledgeable and
inquisitive people in your time,” he whispers in my ear.
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The State of Medicine in the 18th Century

H

ow did people think in the 18th century 18th century infectious diseases were the most common
when the risk of being struck down by var- cause of death. Diseases like smallpox, scarlet fever, tuious diseases and dying young was so much berculosis, typhus, dysentery and malaria were common.
greater than it is today? And when there Plague epidemics also broke out. The last outbreak of
were hardly any physicians or effective treatments. In the plague hit Sweden in 1710, when a third of the
Sweden the average length of life in the latter part of population of Stockholm died in six months.
the 18th century was only 44
Epidemics of smallpox
years, even though the large
occurred regularly, affectpercentage of children who
ing mostly small children;
died is not included. About
many adults had already
20 per cent of all children
had the disease and were
died before their
immune. The
first birthday.
disease was
The greatest
combated
risk of an early death
in the 18th
was to live in towns,
century by
where the mortality rate
taking ative i n f e c t i o u s
was considerably higher than in the
matter from a sick person
countryside, undoubtedly because inand giving it to a healthy
fectious diseases spread more easily in denseone – a very risky method
ly populated areas and also
of obtaining immunity.
because of bad hygienic conTowards the end of the
ditions and a lack of clean
century infectious matter
water. That is why the first
from cowpox was given to
“Cupping, purging and the like
hospitals established in the
people by vaccination. A
th
18 century were in the big
comprehensive vaccination
should only be used when all else
towns in Sweden.
program has now eradicathas proved useless”
th
In the 18 century, peoed smallpox entirely.
From Diaeta naturalis
ple did not know that diseases
An important theory in medican be spread by bacteria and viruses, even though at cine, humoral pathology, with its roots in Antiquity,
that time there were good microscopes where bacteria maintained its importance well into the 19th century.
could be studied. Instead, it was believed that diseases Illnesses affecting in both body and soul were considwere spread by bad air, an explanation that applied to ered to be due to an imbalance between the four bodily
malaria as well as to the bacterial disease tuberculosis, fluids: blood, yellow bile, black bile and phlegm. Blood
for example. Linnaeus argued that infectious diseases was the most important one since it contained the force
could be caused by tiny insects – one step on the road of life. Illnesses could be cured by restoring the balto understanding that infectious diseases are due to mi- ance between the fluids by diet and a change in lifestyle.
cro-organisms.
Bleeding, treatment with leeches, emetics, laxatives and
The diseases that cause most deaths in the Western enemas were also used. Some of Linnaeus’s treatments
world today are vascular diseases and cancer, but in the reflect this attitude. Of course, knowledge of the bal44
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ance of fluids in the body is still important even though
we have abandoned the theories of humoral pathology.
Linnaeus considered that smells and tastes were also
of great importance for curing illnesses. Brain diseases
could be cured with smells, and illnesses in the rest of
the body with tastes, theories that he developed in Clavis
medicinae duplex, The Double Keys of Medicine.
Medicines were often still prepared in the 18th century using traditional recipes, some of which had been
preserved since ancient times. They sometimes included
strange ingredients like fresh cow dung and ground
amber, but the basis of preparing medicines was above

all a wide range of medicinal plants. The first medical
regulation in Sweden came in 1688 and towards the end
of the 17th century there was an apothecary’s guild in
Sweden which officially controlled competence, quality,
price and security. Many medicinal plants were grown
by apothecaries or were picked wild, but many other
ingredients were also imported.
Linnaeus realised that the best thing was to avoid falling ill. He was very interested in preventive health care
and a healthy lifestyle, which in many cases agrees with
what we believe today. In Dietae naturalis he writes:

“All excess is injurious. Aquavit is a poison. Smoking, chewing tobacco and snuff are poisonous. Do no harm to your neighbour. Eat
to maintain your strength, not to fill your stomach to overflowing.
Take light exercise up to a third of the day. Cupping, purging and
the like should be used only when all else has proved useless.”
From Dietae naturalis

1. The narrative text uses words that Linnaeus
could hardly have known if he had visited our own
time. Note these words and use them as a basis for discussing the development of science and technology.
2. When people live close together with animals, there is a risk that diseases will be transmitted
from animals to humans. Give examples of such illnesses. In recent years, the occurrence and spreading of viral diseases has been discussed in particular.
How can these diseases be combated?
3. Fighting diseases in developing countries
can take place on several fronts. Discuss the
importance of social development, health care and
medical research in fighting diseases like malaria
and HIV.

5. Mankind has always used plants from nature to relieve and cure illnesses. Use a Flora of medicinal plants and look for such plants in your surroundings. Photograph them or make a herbarium
by gathering plants, pressing them in a plant press
and mounting them on cardboard. Find out about
the effects these plants were traditionally thought to
have and investigate whether any of them are still
used in preparations sold in pharmacies or health
food stores.
6. Linnaeus started a doctor’s practice in
Stockholm after returning from his three-year-long
journey to Holland, England and France. Many of
his patients were rich young men who had caught
syphilis. How was syphilis treated in those days and
how is it treated today?

4. Find out more about medicines used in the
18th century. Give examples of medicines made from
plants and still in use today.
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Medicinal Plants

P

lants have been used as medicine since time immemorial and are still necessary for preparing
drugs. About one third of today’s drugs contain
substances that come from the plant kingdom.
The first medical regulation in Sweden dated 1688 stated
that medicinal plants should if at all possible be grown
in Sweden. Linnaeus was very interested in medicinal
plants and worked hard to replace expensive, imported
medicines with domestic products. In the 18th century,
there was extensive cultivation of medicinal plants by
apothecaries. In 1749 Linnaeus wrote his Materia medica, containing a list and description of a large number
of medicinal plants – an important reference book for
physicians at that time.
Swedish medicinal plants
were important for apothecaries
for a very long time. In the early
20th century large quantities of
wild plants such as
alder buckthorn
bark, oak bark,
camomile flowers, yarrow flowers, buckbean
leaves, bilberries, wormwood, marsh
Purple cone flower (Echinacea
angustifolia). Certified herbal medicine for the relief of cold symptoms.

tea, ergot and shield fern root were gathered.
During the Second World War, it was difficult to
import medicinal plants, so school pupils were urged
to gather plants that the pharmacists then bought. After the war, drug production increased rapidly and the
active substances could be produced pure. Examples of
plants used to produce drugs are: opium poppy (morphine against pain), foxglove flowers (heart medicine)
and yew (cancer).
When pure active substances could be produced,
medicinal plants disappeared from the pharmacies but
reappeared in the form of nature-cure medicines. Our
knowledge of the effects of various nature-cure medicines and how they interact with normal medicines is gradually increasing. For example,
we know today that nature-cure medicines
based on St. John’s wort affect enzymes in the
body so that other drugs are broken down more
quickly. Women who take both contraceptive pills
and St.John’s wort medicines reduce their protection from pregnancy because the St. John’s wort
breaks down the contraceptive hormones too
quickly. St John’s wort is considered to be
effective for slight depressions, anxiety
and short-term insomnia.
What medicinal plants do you
know about in your country?
What are they used for?

Definition of nature-cure medicines on the
home page of the swedish medical products
agency: “Nature-cure medicines are a sub-category
of medicines in which one or more active constituents have a natural origin, are not over-processed
and are based on a plant or animal content, bacterial
culture, mineral, salt or salt solution. Nature-cure
medicines may consist only of products suitable for
self-care in accordance with well-tested domestic tradition or tradition in countries that, in matters concerning the use of medicine, are close to Sweden.
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Yew (Taxus baccata). Medicine for treating ovarian and
breast cancer.

Perforate St John’s wort (Hypericum perforatum). Certified
nature-cure medicine for minor anxiety and temporary insomnia.

Lily-of-the valley (Convallaria majalis). Contains substances effective for cardiac insufficiency.

Foxglove (Digitalis purpurea). Medicine for
cardiac insufficiency, auricular fibrillation and
irregular heart activity.
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Mail from the Rain Forest

L

ie shivering in my bed under the mosquito net. nuts and the like. Other people haven’t always treated
My temperature is 39.8°C. The sweat is pour- them well and many people didn’t even think of them
ing off me, my head is pounding and I feel mis- as human until recently. That’s why they don’t have the
erably weak. Haven’t got much food or liquid same access to schools and health care as the rest of the
down and what I did get down came up again pretty population. They are often used as cheap labour.
quickly. I’ve probably got malaria, but I can’t be sure as
Here in the rain forest where it is hot and humid,
there’s no way I can get a blood test here. But since the mosquitoes abound – mosquitoes that spread the masymptoms I have indicate malaria, I’ve just started a ma- larial parasites. They like to lay their eggs in stagnant
laria cure. Three tablets morning and
water and there are plenty of such
The
sweat
is
pouring
off
me,
evening for six days. Right now I feel
places here, as it is always humid
really miserable, almost so that I doubt my head is pounding and I and often rains. The mosquitoes are
whether I can take another breath, but
busiest in the dusk and during the
feel miserably weak.
I know the medicine usually works
night, when I try to stay indoors or
quite quickly, so I’ll soon feel better.
put on a long-armed shirt if I go out,
Being hit by malaria is, after all, a risk you run when to lessen the risk of being bitten. I also take a tablet of
you go to the tropics. But it’s no fun at all.
Lariam every week to reduce the risk of getting malaria.
Yet I know that I’m lucky to have a bed to lie in But a lot of the people here don’t have those possibilicovered by a mosquito net, and access to medicine that ties; perhaps they don’t have any clothes to wear, and
will make me well again quickly. I’ve also got people to the pygmies’ huts have no doors to close to stop the
look after and feed me and clean water to drink. That’s mosquitoes from coming in.
not at all likely for many people living here. Malaria is
Many pygmies have never been to school, so they
a very common disease here and it isn’t unusual for it to don’t know how different diseases spread and how to
lead to death.
protect themselves against them. Many of them still bePerhaps you’re wondering where I am. I’m in the lieve that illnesses come from evil spirits and witchcraft
southwest of the Central African Republic, near the little and that it is some person that makes you ill.
town of Bayanga. There is tropical rain forest all around
Sleeping under sheets and a mosquito net gives you
us, fantastically green and beautiful. This is considered good protection against malaria, but far from everybody
by scientists to be the species-richest area in the world. can afford to buy such things. Nor does everybody know
Well, nature may be really fantastic here, but life isn’t that it is mosquitoes that spread malaria. This lack of
easy for the people. This is an under-developed coun- knowledge creates more problems even if you manage
try and you see that everywhere around you. Generally to go to the clinic and get medicine. It can be difficult to
speaking, everyone is poor, the roads are bad, there is understand how to take the medicine in the right way if
political unrest now and then, there are no industries, you can’t read or count, and people often don’t take the
the state has no money so the civil servants haven’t been whole dose but stop when they start to feel better. Then
paid for several years, and that means, for example, that not all the parasites in the blood die and even if you feel
schools and health care don’t function very well etc.
well, it won’t last. On top of that, mosquitoes can transThe people I have been in contact with in the first mit parasites to other family members and neighbours.
place here are the pygmies, who are thought to be the If you know that mosquitoes breed in stagnant water,
native inhabitants of the African rain forests. They are ponds, holes and old tin cans, for example, you can try
short in stature and live off what the rain forest has to to avoid having them near the house. So you really need
offer. Their huts are made of branches and leaves. They knowledge to be able to stop malaria spreading.
hunt with simple tools and gather edible leaves, roots,
The symptoms of malaria can differ quite a lot from
48
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person to person, but peaks of fever are very common.
Your body can also ache, and you feel weak, dizzy and
sick and get diarrhoea. Children are particularly hard
hit. As so many people here are poor, many children
are undernourished, so they don’t have much resistance
and quickly get very weak when they catch malaria. It
attacks and breaks down the red blood cells, which leads
to anaemia. Little children can become anaemic after
only a day or two. If they don’t get medicine quickly,
there is a grave risk that they will die.
The clinic at Bayana has neither electricity nor microscopes, so they can’t do blood tests to identify malaria. If a patient comes with symptoms like a temperature, diarrhoea, a headache or the like, they are often
given, for safety’s sake, a malaria cure, a worm cure and

a penicillin cure. The problem is that the malarial strain
here is resistant to chloroquine, so the parasites don’t
all die from the treatment and the malaria comes back
after a while. If the patient is very weak and vomits a lot,
he or she gets medicine by intravenous drip. The medicine doesn’t cost much, but many people can’t afford
this treatment. When women are pregnant, they run a
greater risk of getting malaria. As malaria can cause a
miscarriage or serious damage to the child, they are encouraged to take malaria prophylaxis throughout their
pregnancy.
It is very difficult to estimate how many people here
get malaria, but I can certainly say it’s very common.
Ellen Carlsson worked as a teacher of Swedish children in Bayanga, Central African Republic, between 2005 and 2006.
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The Life Cycle of
the Malaria Parasite

Mosquito bite

Invasion of
the liver

Invasion of
erythrocytes
The gametocytes form
male and female cells.
Fertilisation takes
place in the
mosquito´s intestine
Gametocytes

W

hen a mosquito of the Anopheles family that is infected with microscopically
small one-celled malaria parasites (protozoa of the Plasmodium family) bites a
human, the parasites get into the blood stream. They are
carried by the blood to the liver and penetrate the liver
cells. There they multiply for one or two weeks, after
which they spread into the blood stream again and penetrate the red blood cells, where they mature and multiply for two days. After that, the blood cells explode. The
parasites immediately invade new blood cells and new
48-hour cycles commence. Peaks in temperature occur
when the blood cells explode, which is why the disease
expresses itself in recurrent fever with a couple of days’
interval. There are other species of malaria parasites that
have a 72-hour life cycle, and then we speak of a threeday fever. One particularly dangerous kind of malaria
parasite can block the fine blood vessels of the brain.
The parasites get their nourishment by breaking down
the haemoglobin in the blood cells. Haemoglobin is the
substance that transports oxygen to all the parts of the
body. The decomposition of haemoglobin takes place
by the parasite secreting a special substance, an enzyme,
called plasmepsin. Kristina Orrling, whom you met in
the introductory section, is working on building a molecule that will attach itself to the parasite’s enzyme and
block the decomposition of the haemoglobin, with the
result that the parasite will die of lack of nourishment.
Some of the parasites that are in the blood move into
a sexual phase (gametocytes) These can be taken up by
an uninfected mosquito when it bites an infected person, and are then transformed in the mosquito’s intes50
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tine into male and female cells (gametes). A male and a
female cell coalesce to make one cell. First, the chromosome number in this cell is halved (meiosis), after which
a large number of divisions take place (mitoses) when
complete parasites are formed, which then make their
way into the mosquito’s salivary glands. From there they
are injected when the mosquito bites a human.
People who suffer from repeated infections may develop a certain immunity and the malarial attacks gradually become weaker. That is why children suffer most
as they have not developed any immunity. Among animals, it is only apes that can be infected with the same
malarial parasites as humans. Parasites can only develop
if the temperature is 16-33 degrees C.
In the areas where malaria is common, there is a hereditary disease called sickle-cell anaemia. This disposition leads to deformed blood cells that parasites do
not like. People who have a double set of genes can fall
dangerously ill, while those who have a single gene have
a certain protection against malaria.
This microscope-photograph shows red blood cells (light grey),
some of which contain malaria parasites (dark patches).
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Anti-Malaria Drugs

L

innaeus mentions several plants that he considers are effective against malaria. The foremost
one, in his opinion, is the cinchona tree. The
Inca Indians in South America used the bark of
this tree when they had attacks of fever, and from the 17th
century cinchona bark was imported into Europe from
South America. Linnaeus named the cinchona tree Cinchona officinalis, which is included in Species plantarum,
printed in 1753. “Officinalis” means “used as a medicine”. Up to the mid-1950s, medicine from cinchona
bark was the only drug available against malaria.
Early in the 19th century, people learnt how to
produce the active constituents from cinchona bark and
it was then possible to manufacture medicine with a
constant dose. Not until 1967 was the exact chemical
formula of quinine known; quinine is an anti-malaria
drug made from cinchona bark.
In order to understand how quinine works, you need
to know the life cycle of the malarial parasite and how
the parasite affects the human body. The parasite breaks
down the haemoglobin in the red blood cells in order to
release amino acids that it uses as nourishment. A haemoglobin molecule consists of four chains of amino-acids. Each chain contains a haem-group, a specific group
containing an iron atom. When the haemoglobin is
broken down, a form of iron is created that is poisonous
for the parasite, but which is normally put out of action
by the parasite by two haem-groups binding together to
make a harmless group. This action is prevented by quinine. Parasite can become resistant to quinine through
the formation of a pump that transports the drug away
from the parasite.
Quinine can have severe side-effects: damage to the
heart and to the central nervous system (tinnitus). A
similar molecule, chloroquine, which has fewer side-effects, was therefore developed and replaced quinine in
the 1950s. This drug has been of great importance for
fighting malaria, but unfortunately the parasite has developed resistance to it as well.
What advantages and disadvantages does
vaccination have compared with treatment
with drugs for malaria?

It is vital that a molecule that is to be used as a drug
has the right structure. The quinine and quinidine molecules are both found in cinchona bark. They have the
same number of atoms and the same sort of atoms but
different structures. They also have different medical effects: quinine damages malarial parasites while quinidine has little effect on parasites. However, it is effective
against heart diseases.

Artemisinin
How can drugs kill parasites without damaging human
cells? After all, both parasites and humans have the same
type of cells, called eukaryotic cells. The explanation is
that quinine works on a mechanism found in parasites
but not in human cells. A drug recently brought into use
is artemisinin. Artemisinin is poisonous to malarial parasites in much lower doses than to mammalian cells.
Artemisia annua contains artemisinin, which is the active substance in an old Chinese medicine. The importance
of this plant for fighting malaria has been rediscovered
and Artemisia annua is now cultivated in China. World
Health Organization (WHO) recommends all countries
that have malaria-resistance problems, or the form of malaria that causes brain damage, to use preparations that
include artemisinin.
But artemisinin is not grown in sufficient quantities
and is too expensive for many people to use. Methods
for preparing a preliminary stage of artemisinin with
the aid of gene-modified yeast have therefore been developed. The yeast produces artemisinin in a higher content than the plant, but this method needs to be developed further before it can be used commercially.

Synthetic drugs
Synthetic drugs are also being developed with specific
effect mechanisms that, for example, affect the parasite’s
ability to get nourishment or to neutralise the poisonous
iron formed when the haemoglobin is broken down.

Vaccines
Several different effect mechanisms for vaccines are being tested to develop vaccines for young children and
pregnant women, for example, but so far no vaccine has
been produced that gives adequate protection.
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Chloroquine is effective against malaria
Resistance to chloroquine

Malaria – a Deadly Threat to Poor People

E

very year about 500 million people fall ill with
malaria. This disease is found in more than
100 countries and is a real threat to 40 per cent
of the world’s population; 1-2 million of those
who get malaria die every year, most of them children,
in Africa south of the Sahara.
In Sweden malaria has been reduced to something
that we can take pills against when we go on holiday to
exotic places in the world. Things are different for millions of adults and children in Africa. For them, malaria
is a daily, deadly threat; 90 per cent of approximately
500 million cases of malaria occur in Africa. It is the
main cause of death for children under the age of five in
Africa – it kills a child every 30 seconds. And those who
survive run the risk of brain damage.

It is possible to cure malaria
There are drugs for treating malaria, but older drugs
have to a large extent become ineffective because the
parasites have become resistant to them.
In recent years, a new drug, artemisinin, has been
developed that has proved effective. Treatment with
ACT (artemisinin-based combination therapy) takes
only three days.
The two greatest obstacles to giving artemisinin to
everyone are that there is a shortage of the drug and
that the countries that are hardest hit by malaria cannot
afford to give their populations free treatment. The cost
of treatment can exceed a month’s wages in many of the
world’s developing countries.
52
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Medical aid
One of the aid organisations that provides medical aid is
Médicins Sans Frontière (MSF). At present this organisation has malaria programs in about 40 countries and
treats about 1.8 million malaria patients a year. Malaria
is the most common disease that the teams treats, and in
all the projects ACT is used to cure the disease.
MSF considers that the greatest problems in the fight
against malaria are not technical, medical or scientific,
and claims that it is possible to produce and distribute
enough ACT for people in need of treatment to get it.
But political willpower and action are needed if this is
to happen. The responsibility for curing malaria cannot
be placed on a poor family but on governments and the
international community, which can and must allocate
enough resources to treat all children and adults who
suffer from this disease.
Mosquito nets are important
for preventing malaria.
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