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1. A bstract
Insect-borne diseases contribute to high death rates, especially in developing nations around the
world. Malaria is one such disease that causes thousands of deaths annually despite being a
preventable and curable disease. Malaria is transmitted through the female Anopheles mosquito
and there are four major types of Plasmodium parasite species that can cause the disease in
humans. It is prevalent in regions such as the Americas, South Asia and Sub Saharan Africa. It is
important to analyze the methods of controlling the vector and the parasite in the regions where
malaria is most prevalent so that the ultimate goal of eliminating the disease can be achieved.
The most widely used vector control methods include indoor residual spraying of insecticides
and the use of insecticide treated bed nets. The parasite is mainly controlled with the use of
antimalarial medicines to treat the infection. While there is a need for more consistent data to be
able to understand the effectiveness of the interventions on malaria so that the most efficacious
control method can be established, in 51 out of 95 countries analyzed, a reduction has been
observed, or is projected to be observed, in malaria case incidence.
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2. Introduction
As insect-borne diseases continue to contribute to high death rates around the world, it is
important to determine how these diseases can be controlled to save the millions of lives they
take each year. One such insect-borne disease is malaria which is transmitted by the female
Anopheles mosquito and caused by the Plasmodium parasite species. Malaria is a massive public
health concern that occurs in more than 100 countries, inhabited by approximately 3.3 billion
people, which is about half of the world¶s population. Malaria, which comes from an Italian
ZRUGPHDQLQJµEDGDLU¶LVDPRVTXLWR-borne disease that is mainly prevalent in tropical regions
such as the Americas, South Asia, and Sub Saharan Africa due to increased humidity and
stagnant water, favoring breeding sites for the mosquitoes. Despite being a preventable and
curable disease, malaria caused about 655,000 deaths in 2010 and an estimated 216 million
people were infected by the disease (WHO Malaria Key F acts, web). While the incidence of
malaria had reduced from 1950 to 1960, it has reemerged as a fatal infection since 1970 in
several nations around the world and especially in developing ones (CDC Malaria F acts, web).
The groups at a higher risk include women and infants, causing increased vulnerability to severe
complications and decreased immune systems. The mosquitoes that transmit the disease have
developed resistance to insecticides which were previously used to control the spread of malaria,
causing increased numbers of cases and deaths. It is therefore essential to consider new and
effective methods in order to control the burden of malaria. Effective methods to control the
insect and the disease it transmits should be understood and developed in order to reduce and
eventually eliminate malaria worldwide. The purpose of this thesis is to evaluate what
methodologies are being currently utilized to control malaria to further reveal which method is
the most efficacious.
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3. M alaria Impact
Malaria is the number one cause of disease and death in many developing countries with the
most vulnerable groups being young children and pregnant women (CDC F requently Asked

Questions, web). It is present in a total of 106 countries and territories and about half of the
ZRUOG¶V population resides in at risk areas for malaria (CDC Malaria F acts, web). It is
considered an entomological problem as it is an insect-borne disease, an economic problem as it
can cause for reductions in work productivity due to infections, a medical issue as it is a health
concern and is treatable through the use of medicine, and a public health concern as it is a
worldwide disease capable of co-infecting with other diseases (Webb, 1883-1884).
F igure 3.1 Distribution of M alaria Worldwide

Figure 3.1: The figure above shows the distribution of malaria transmission around the world.
Malaria is predominately transmitted in Sub-Saharan Africa, parts of Asia and parts of the
Americas.
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4. B rief H istory of M alaria
The presence of malaria in the world can be dated back to over 4,000 years however the
discovery of the malaria parasite was not until 1880 (CDC The History of Malaria, an Ancient

Disease, web). Malaria parasites were first discovered in the blood of a patient by a French
military surgeon. Charles Louis Alphonse Laveran found the parasites in a blood sample on
November 6, 1880 at a military hospital. Before the discovery by Laveran, it was thought
that malaria was contracted from bad air, allowing for the name malaria to be coined, which
FDPHIURPPDODDULDPHDQLQJ³EDGDLU´LQ,WDOLDQ/DYHUDQZDVVXUHWKDWKHKDGGLVFRYHUHG
the malaria parasite when he noticed mobile elements within a blood sample of an infected
patient (CDC The History of Malaria, an Ancient Disease, web). During the next few years,
many more discoveries leading to a better understanding of malaria were generated.
The next major discovery was made by Camillo Golgi, an Italian neurophysiologist, in 1886.
Golgi determined that there were at least two distinct malaria parasites capable of causing the
disease. Through his work he realized that one parasite species was capable of causing a fever
every other day while a second species could cause a fever every third day. These
two malaria species Golgi noticed were the Plasmodium vivax and Plasmodium malariae species
which were later named by Italian investigators (CDC The History of Malaria, an Ancient

Disease, web).
In 1890, the Italian investigators Giovanni Batista Grassi and Raimondo Filetti suggested the
names Plasmodium vivax and Plasmodium malariae for the two species causing human malaria.
In 1897, the Plasmodium falciparum malaria parasite species was named by William Henry
Welch, an American physician. Further discoveries in 1897 revealed that humans infected with
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the disease could transmit the malaria parasite to mosquitoes. Along with this, Ronald Ross, a
British doctor, made the important discovery that mosquitoes were capable of the transmission of
the malaria parasites. In 1898, following the discovery that mosquitoes could transmit
the malaria parasite, the life cycles of the Plasmodium falciparum, P. vivax and P.

malariae within the Anopheles female mosquito were developed. Further discoveries enhanced
the knowledge of the disease and allowed for methods to be developed in order to control the
situation of the disease (CDC The History of Malaria, an Ancient Disease, web).

5. Introduction to Vector
A vector, in biological terms, is an organism that is capable of transmitting a pathogen in the
form of a virus, bacteria or other microorganism. In the case of the insect-borne disease, malaria,
the vector is a mosquito and the pathogen is a malaria parasite belonging to the genus

Plasmodium. Mosquitoes belong to the class Insecta, order Diptera and family Culicidae. There
are over 1,500 species that are divided into two groups known as the Anophelini and the
Culicini. Distinctions between the two groups are visible through the life stages they encounter
(WHO Manual on Environmental Management for Mosquito Control, 12-14).
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F igure 5.1: L ife Stages of A nopheles and C ulex

Figure 5.1: The figure depicts the life stages of the Anophelines and Culicines mosquitoes. The
life stages included are the eggs, larvae, pupae and adults. The differences between the life stages
for the two distinct mosquito groups can be observed (Malaria Control in complex emergencies,
133).

Human malaria is transmitted by the Anophelini mosquito. There are two main stages that a
mosquito travels through during its lifecycle. These two stages, the immature stage and the adult
stage, take place in different environments. The immature stage consisting of the eggs, larvae
and pupae, takes place in an aquatic environment while the adult stage occurs in a terrestrial
environment (WHO Manual on Environmental Management for Mosquito Control , 12-14).
The eggs of Anophelini mosquitoes are laid individually and are found on the surface of water.
The eggs are capable of floating because of the lateral air floats each egg contains. After the eggs
hatch, the immature mosquitoes enter the larval stage. Prior to hatching, the eggs are usually in
association with water for about two or three days. The larva can grow up to 10 millimeters long
6  
  

and consist of a head, thorax and abdomen. The larval stage can be found resting horizontally to
the surface of water as depicted in Figure 5.1. The final form of the immature stage is the pupa.
This stage can last for a few days before moving on to the adult form. During the pupa stage, the
mosquito is going through morphological and physiological development, but it is still not
feeding. The immature stage comes to an end as the pupa develops into the adult stage (WHO

Manual on Environmental Management for Mosquito Control , 12-14).
The adult form of the mosquito appears with the thorax coming out of the pupal skin. The
pressure inside the pupal skin builds as air enters, thus allowing the adult mosquito to expand.
The newly developed adult rests on the pupal skin for some time before its wings extend making
it capable to fly. Once the adult is formed, both males and females are capable of feeding on
juices emitted by plants, while only the females can blood feed. The emergence of the adult
mosquito completes the lifecycle of the vector. This circle of life stages can start again once the
female mosquito has developed eggs and has mated to allow for fertilization of these eggs. For
most Anophelines, the female needs to feed on blood before it can develop eggs (WHO Manual

on Environmental Management for Mosquito Control , 12-14).
F igure 5.2: A nopheles Mosquito taking Blood Meal

Figure 5.2: The figure shows a female Anopheles mosquito taking a blood meal. Only females
are capable of taking blood meals while both males and females feed on plant nectar (CDC
Anopheles Mosquitoes, web).
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5-1. A natomy of V ector
F igure 5.3: A nopheles Mosquito A natomy

Figure 5.3: The figure provides an overview of the anatomy of a female Anopheles Mosquito.
Anopheles mosquitoes are part of the Kingdom Animalia, Class Insecta and Order Diptera. They
are divided into three parts: the head, the thorax and the abdomen and they have six legs and two
wings (Enchanted Learning Anopheles Mosquito, web)

5-2. Biting Behavior and M ethod
Both male and female mosquitoes are capable of feeding on plant nectar, but only female
mosquitoes take blood meals. Mosquitoes are drawn towards humans by heat and carbon dioxide
emissions and body odors. Mosquitoes generally take blood meals at night, but they can also take
place during the day. Mosquitoes have been known to bite in forest areas, outside homes and
even indoors, showing no preference to a specific area. After the mosquito has taken a blood
meal, she needs to rest in a safe and protected area so that digestion and formation of the eggs
can take place properly (WHO Mosquitoes and Other biting Diptera , web)
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The bite the female mosquito makes while beginning to take a blood meal is generally painless.
The proboscis (labeled in figure 5.3), is composed of separate tools which consist of cutters and a
feeding tube. The mosquito cuts through the epidermis, or outer layer of the skin, then through a
fat layer and finally through a layer filled with microcapillaries, where she is able to start taking
a blood meal (CDC Anopheles Mosquitoes, web).

6. Introduction to Malaria Parasite
The malaria parasite is a microorganism belonging to the genus Plasmodium. Although there are
a vast amount of species belonging to the Plasmodium genus, there are four main species that are
known to cause malaria in humans which are identified by microscopy. These four species
include P. falciparum, P. vivax, P. ovale and P. m alariae. P. knowlesi , another type of malaria
parasite, has been identified in Malaysia and is known to infect humans but it is not one of the
major parasite species. According to the Centers for Disease Control and Prevention (CDC), P.

falciparum is most prevalent in Africa and can cause about a million deaths annually. This
species is also known to cause the most severe form of malaria. Anemia is related to the infection
with this type of species because P. falciparum can multiply very quickly in human blood.
Fatalities can occur if the parasites happen to block small blood vessels in the brain which can
cause a type of complication known as cerebral malaria. The P. vivax species is most prevalent in
Asia and Latin America but it is also found in some areas of Africa. This malaria parasite
frequently relapses, or becomes active again after a few months to several years later because it
is capable of taking a dormant stage in the liver. The P. ovale species is similar to the P. vivax
species and it is most prevalent in Africa. The parasite species found throughout the world is P.

malariae. Infection with this species may lead to severe complications such nephrotic syndrome
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if it is left untreated. Humans infected with malaria parasites are capable of having varied
symptoms; ranging from being asymptomatic, to having moderate symptoms, severe symptoms
and even possibilities of death. A basic overview of the life cycle the malaria parasite travels
through in the female Anopheles mosquito and the human body, can provide an understanding of
the different stages the parasite is capable of taking in order to infect the host and cause the
insect-borne disease, malaria (CDC Malaria Parasites, web).
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F igures 6.1: L ife cycle forms for major malaria species

Figures 6.1: The figures show the different life cycle forms that the four major parasite speices
take as they travel through the human body. It can be noted from the figures that the different
speies take different visual forms ( Link sobre la Malaria , web)
Malaria occurs throughout tropical regions of the world and especially in countries of the
Americas, Africa and Asia.
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6-1. L ifecycle of M alaria Parasite in F emale A nopheles Mosquitoes

The malaria parasite travels through distinct life cycles within the two hosts it infects; the human
and the mosquito. An Anopheles female mosquito that is not infected with the malaria parasite is
capable of ingesting the parasite while feeding on an infected human. As the mosquito takes a
blood meal, it also ingests the sexual form of the parasite known as the gametocyte from the
infected human host. The gametocytes take a male and female form known as microgametocytes
and macrogametocytes respectively (CDC Biology, web).
While inside the mosquito, the parasite goes through a cycle called the sporogonic cycle in which
the parasite multiplies. The microgametocytes and macrogametocytes unite to form a diploid cell
known as a zygote. The zygotes can then become ookinetes as they prolongate and develop
motility. The ookinetes form into oocysts as they take over the midgut of the mosquito; the
oocysts can then grow and burst to release sporozoites. The sporozoites are the form of the
malaria parasite that enters into the human body when an infected mosquito takes a blood meal,
infecting the human with the parasite (CDC Biology, web).

6-2. L ifecycle of M alaria Parasite in H umans

The lifecycle of the malaria parasite within humans is a multifaceted scheme. The female
anopheles mosquito becomes infected when it takes a blood meal and ingests gametocytes, the
sexual forms of the malaria parasites. Development in the mosquito is approximately 7 to 20
days, and results in sporozoites accumulating in the salivary glands which are inoculated into the
human blood stream when an infected female Anopheles takes a blood meal.
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The sporozoites travel from the bloodstream into the liver where they are capable of invading
human liver cells. Within the liver cells, the sporozoites are able to grow and divide over a time
span of 5 to 16 days depending on the malaria parasite species. The sporozoites mature into
schizonts which burst and release a vast amount of haploid forms of the parasite, called
merozoites. The merozoite form exits the liver cells and is capable of taking over red blood cells
within the human body. The merozoites travel through a cycle of invading the blood cells, going
through asexual replication and finally producing schizonts. Rupture of schizont releases more
merozoites into the blood and causes the classic fever associated with malaria. This cycle can last
for about 1 to 3 days, again, depending upon the species of the malaria parasite. This part of the
malaria lifecycle can cause an enormous quantity of infected cells in the human bloodstream
(NIH Malaria, web).
However, not all of the blood cells infected with the malaria parasite undergo asexual
reproduction. Some of the merozoites are capable of taking sexual forms of the parasite. The
sexual forms are called the macrogametocytes and microgametocytes which can be ingested by
other female Anopheles mosquitoes that take a blood meal on infected humans. The lifecycle the
parasite takes depends upon the parasite species. The Plasmodium vivax and Plasmodium ovale
species may continue to live in cells as dormant forms, known as hypnozoites, capable of
emerging into merozoites months or years later, causing the relapses (NIH Malaria, web).

13  
  

F igure 6.2: L ife cycle of M alaria Parasite

Figure 6.2: The figure depicts the life cycle of the malaria parasite as the infected mosquito
injects the parasite in the human body (NIH Malaria, web).
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F igure 6.3: M alaria parasite life cycle in humans and mosquitoes

Figure 6.3: The figure from the CDC presents a detailed version of the lifecycle the malaria
parasite travels through within the human and mosquito hosts (CDC Biology, web).

7. C linical Features
Humans infected with malaria can present with mild symptoms to extremely severe symptoms or
even be asymptomatic. If the disease is diagnosed and treated in a prompt and proper manner, it
may be cured. In order to properly diagnose malaria, microscopy is generally used. Microscopy
can aid in determining whether or not there are malaria parasites within the human body.
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Symptoms within the human host typically arise as the parasite invades the red blood cells. The
disease can be divided into two forms known as the uncomplicated and severe forms of malaria.
In the uncomplicated malaria form, which is rarely seen, the stages the human endures are the
cold stage, the hot stage and a sweating stage. During the cold stage the host suffers from chills
and shivering, while during the hot stage the host may experience a fever or headache. The
elevated body temperature which may arise due to the fever returns to normal during the
sweating stage, but this stage is also accompanied by a feeling of fatigue and tiredness. It is very
common for the infected person to endure a mixture of chills, sweating, fever, vomiting and body
pain. The physical symptoms may include perspiration, weakness, an enlarged spleen and liver,
and higher body temperatures (CDC Disease, web).
The second form of the disease is the severe or complicated form. In this form vital organs of the
human may deteriorate and eventually fail to function properly with infection by the parasite.
Some indications of severe malaria can include cerebral malaria in which seizures and coma may
arise, severe anemia, acute kidney failure and low blood pressure and blood glucose levels.
Malaria that has reached a severe form needs to be treated promptly to ensure that no other lifethreatening complications arise (CDC Disease, web).
Of the different types of malaria parasites, the Plasmodium vivax and P. ovale are capable of
producing malaria relapses in which a patient, who has recovered from the disease, suffers
further attacks at later times known as relapses. The relapses can occur several months or years
later and may come about without any symptoms. These two parasites can have dormant parasite
stages in the human liver that may become reactive later and cause these relapses to occur (CDC

Disease, web)
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Clinical features can be different depending on which parasite species is causing the infection.
Infection with P. falciparum can result in the most dangerous form of malaria. The most
common presenting complaints include malaise, headache and vomiting. Tender hepatomegaly
and splenomegaly are classic signs when infected with P. falciparum. The rapid development of
anemia or a decrease in the amount of healthy red blood cells causes severe complications. A
serious complication associated with P. falciparum is cerebral malaria characterized by
confusion, seizures or coma. The infections with P. Vivax and P. ovale are very similar. The
illness starts with several days of fever before the classic alternate day fever. There is a rise and
fall in body temperature which causes a vicious cycle which repeats after 48 hours, allowing for
an alternate day fever. The signs for this infection also include tender hepatomegaly and
splenomegaly. Relapses are frequent in the first two years with infection by these parasite
species. Humans infected with P. malariae can present mild symptoms along with a fever that
can occur every third day (CDC Disease, web).

8. H istory: Malaria eradicated around the world
The discovery of the parasite that causes malaria took place in 1880 and in the following years
many other discoveries and ideas pertaining to the disease were introduced. The presence of
malaria is most often correlated to the climate, including factors such as temperature, rainfall and
humidity. Malaria is most prevalent in areas with warmer temperatures, and lower altitudes and
transmission can occur year round or can follow a seasonality pattern (CDC Where Malaria

Occurs, web). The disease is persistent in areas with higher temperatures and the availability of
water so that the mosquito can survive and reproduce efficiently (CDC Where Malaria Occurs,
web). Malaria has not only existed in areas where it is most prevalent today, but it has also
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previously existed in regions of the world where it is no longer considered a threat or regions
where it has been eradicated. The following section will provide a brief history of malaria in
different regions of the world, focusing mainly on regions where it has been eradicated. All
countries of the world will not be covered but many of the major countries in each continent will
be discussed.
8-1. M alaria in E urope
Balkan countries: The Balkan countries, more recently known as Southeast Europe, include
Albania, Bulgaria, Greece, and Romania. The presence of malaria in Albania was noted during
the First World War in which soldiers fighting in Albania suffered the most from it. In order to
cope with the situation, a malaria bureau was established in the health department in Tirana, the
capital of Albania. The bureau developed entomological techniques which aided in the reduction
of transmission of malaria. The bureau developed an irrigation canal that allowed for a water
source to be diverted and manipulated in a way which allowed for a decrease in the breeding
sites of the Anopheles mosquito. In 1947, a D.D.T. residual spraying program was developed
which allowed for further reduction in the number of malaria cases. (Bruce-Chwatt et al. 36-42).
Malaria was found to be present in Bulgaria during the 1920s, with the Bulgarian troops being
the group who suffered most from the disease. It was noted that while Plasmodium vivax caused
about 85% of the incidences, the parasite species was affected by seasonality, with P. falciparum
affecting individuals during the autumn and P. vivax affecting individuals during the spring time.
About 1% of the cases were determined to be caused by P. malariae, with about 15% of the
cases being due to the P. falciparum species. While World War II was taking place, and
sometime right after it ended, it was noted that the cases of malaria in Bulgaria increased and
reached to about 144,631 cases. In order to cope with this increase of cases, The Malaria Institute
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at Burgas and other anti-malaria stations around the country called for a D.D.T spraying program
which allowed for a decrease in the number of cases over the next several years. In Greece, the
presence of malaria was also correlated to the military. Large scale sanitation methods were
implied and an anti-malaria organization worked to distribute quinine, a medicine used to treat
malaria in order to decrease the burden of the disease in Greece. A D.D.T. spraying program was
also implied and in 1946, a nationwide control program was developed in which residual
insecticides were used which helped to decrease malaria cases. (Bruce-Chwatt et al. 36-43).
In Romania malaria was widespread during World War I with infection being mostly caused by
the P. falciparum parasite species. With high numbers of infections and deaths due to malaria in
Romania, a malaria commission was triggered to develop new methods of controlling malaria in
European nations. During the 1920s several methods, including the use of larvicides and drugs
such as quinine, mepacrine and plasmoquine were used to control the disease, yet malaria
infection and new outbreaks still continued. In 1949, a nationwide anti-malaria campaign was
created which used insecticide residual spraying (D.D.T) and indoor spraying programs. Along
with insecticide spraying, larvivorous fish were introduced into bodies of water to reduce the
amount of mosquito larva and anti-malaria drugs were given to individuals already identified as
being infected with the disease. The results of the anti-malaria campaign were outstanding and a
decrease in the number of malaria cases was seen over the next years. (Bruce-Chwatt et al. 3940).
The graph below depicts the changes in the number of malaria cases in Greece over the time
span of 1954 to 1978. It can be visualized that although malaria was initially a widespread
disease with over 2,000 number of cases, over the years the prevalence of the disease decreased,
and by 1978 there were only 64 cases. The graphs for Bulgaria and Romania would follow a
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similar pattern with a large number of cases in the earlier years, and decrease of cases as time
progressed and new developments to control the disease were introduced.
F igure 8.1: C ases of M alaria in G reece during 1954-1978

Figure 8.1: The figure shows the overall trend of malaria in Greece from 1954 to 1978. The
figure shows that malaria cases decreased over the years in Greece. The data used to create the
graph was compiled from a table from the book The Rise and F all of Malaria in Europe (BruceChwatt et al. 42).
Albania, Bulgaria, Greece, and Romania are currently non-endemic countries for malaria
according to the World Health Organization.
Central Europe: Austria, Hungary and Switzerland are three Central European countries. After
the First World War, when soldiers returned back to Austria, an increase in the number of
malaria cases was observed. There were about 1,700 cases of malaria in the troops returning to
Austria from Albania, with a majority of the infections being caused by P. vivax and P. malariae.
In Hungary, during the 1930s, the most prevalent parasite species was P. vivax with few cases
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caused by P. falciparum and P. malariae. An increase in the number of malaria cases in Hungary
was seen right after World War II so a large scale D.D.T. spraying campaign was introduced in
1946 and a reduction in the number of malaria cases followed. Currently, Austria, Hungary and
Switzerland are non-endemic countries for the disease (Bruce-Chwatt et al. 45-50).
Italy: The history of malaria firstly correlates with the country of Italy as the name malaria
comes from ³mala aria´, meaning bad air in Italian. The number of cases of malaria in Italy was
very high in the early 1900s, reaching to about 203,590 cases in 1930. Over the years a decline in
the number of cases was observed, and only 28 cases were recorded in 1975. The decline in the
number of cases can be correlated with the free distribution of quinine by the government,
improved sanitation methods; the use of larvicides and the introduction of D.D.T. Italy is
currently a non-endemic country for the disease (Bruce-Chwatt et al. 51-56).
The Netherlands: In 1946 there were a large number of cases of malaria in the Netherlands, but
over the years these numbers began to decline because of the implementation of malaria control
methods such as D.D.T. and pyrethrum or pesticide spraying. Due to the selective indoor and
outdoor residual spraying, the Anopheles population began to decrease and simultaneously a
decrease in the number of malaria cases was also seen allowing for the country to become a nonendemic country (Bruce-Chwatt et al. 60-66).
Spain: In Spain, malaria was most prevalent during the 1930s and 1940s, with the number of
cases reaching 42,757 and the number of deaths being 168 in 1936. The decline of the disease
came about with the efforts of health authorities and anti-malaria campaigns. Anti-malaria
dispensaries were set up, in which the detection of malaria could be made in a more reliable
manner and indoor residual spraying was also used in the efforts of controlling the number of
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cases. By 1978 there were only 32 malaria cases and no deaths occurred. Currently, the country
is a non-endemic country for malaria Bruce-Chwatt et al.68-75).
United Kingdom: The numbers of cases of malaria were most prevalent in the United Kingdom
during the early 1900s. However, as the causes of malaria became evident in the late 1800s,
treatments and control methods were being introduced to help eradicate malaria in England.
Ronald Ross, a predominant researcher for malaria encouraged the elimination of mosquito
larval stages from stagnant water sources ( The History of Malaria in England, web). By the
1950s local transmission of malaria decreased but imported cases continue to arise with more
global travel (The History of Malaria in England, web). The country is currently non-endemic
for malaria.
F igure 8.2: Mortality Data for M alaria in U. K .

Figure 8.2: The figure represents the number of deaths due to malaria in the United Kingdom
over the time span of 1917 to 1960. The graph depicts that the number of deaths decreased over
time. The figure was created using data compiled in The rise and fall of malaria in Europe,
Bruce-Chwatt et al.141).
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Eastern Europe: In Poland, malaria cases were most prevalent in the early 1920s, with the
number of cases reducing after 1925 when diagnosis, treatment and control methods were being
enforced through health regulations. While cases remained low for several years, a new wave of
cases was introduced after World War II. In order to cope with the increase in cases, a program
for the nationwide control for malaria was developed. The program implemented D.D.T.
spraying in all homes and individuals with malaria were treated with mepacrine and
plasmoquine, anti-malaria medicines. Over the next several years, the cases of malaria were seen
to decrease, with only 3 cases reported in 1972 (Bruce-Chwatt et al. 147-150). Poland is
currently a non-endemic country for the disease.
The number of cases of Malaria in Russia and the U.S.S.R. were very high from the early 1900s
until about 1960, with the cases reaching 9,477,007 in 1934 and decreasing to 226 in 1973. The
decrease in malaria cases over the years was noted to be a result of D.D.T. spraying which was
performed indoors and usually during high transmission times. Furthermore different types of
drugs, such as quinine, acriquine, haloquine and chloridine were used for individual treatments
which also lead to the decrease in the number of cases. In 2010 there was only one case of
malaria reported in the Russia Federation (Bruce-Chwatt et al. 160-163).
8-2. M alaria in North A merica
United States: In the United States malaria cases were especially high during World War II,
reaching about 500,000 cases in the US Army (Malariology Overview, Sullivan). In 1942, the
Malaria Control in War Areas program was created to decrease the impact of vector borne
diseases, such as malaria and murine typhus. The efforts provided by this control organization
were successful and to further efforts across the nation, The National Malaria Eradication
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Program was established in 1947. This program used the application of D.D.T indoors, increased
sanitation by removing mosquito breeding sites and the spraying of insecticides. By 1949 it was
noted that malaria was no longer a major public health problem.
However, malaria cases, though not very common, still exist in the United States. Cases typically
arise when individuals have traveled to countries where malaria is persistent and are very rarely
acquired in the United States. In 2007, according to CDC, there were 1,505 cases of malaria
reported, with only one of these cases being acquired in the United States through a blood
transfusion. The other individuals acquired malaria from travel either for business purposes,
tourism, military, or while visiting friends and family. The United States is currently a nonendemic country for the disease.
Canada: Cases of Malaria were very severe in Canada during the building of the Rideau Canal in
WKH2QWDULRDUHDRI&DQDGDLQWKHHDUO\V+RZHYHULQWKHHDUO\¶VWKHLQFLGHQFHRI
malaria decreased as a result of urbanization and improvements in the socioeconomic situation of
the nation, which allowed for a decrease in the interaction between humans and mosquitoes.
Canada is currently a non-endemic country for the disease. (Berrang-Ford et al., web)
8-3. M alaria in Asia
Japan: Malaria was most prevalent in Japan following World War II with the number of cases
reaching to about 10,000 per year. During the 1960s malaria was being eradicated from Japan
with only imported malaria cases observed due to travel and foreigners visiting the country. In
1965 malaria was eradicated from Taiwan as a result of government involvement and local
interventions and measures that were taken to control the situation (K. Yip, web). Japan used
anti-malaria methods that were put forth by the World Health Organization (WHO) and with the
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help of the Japanese government and international organizations the country was able to lower
the burden of malaria (Kano and Kimura, web). It is currently a non-endemic country for the
disease.
China: In China most of the malaria cases are caused by the P. vivax species and while malaria
was persistent during the 1960s and 1970s, the numbers of malaria cases have decreased in the
nation over the years. The measures taken to reduce the cases of malaria included the
cooperation and participation of most of the population with indoor residual spraying and the use
of insecticide treated bed nets. While malaria is not a huge risk in the nation, it is observed to be
reemerging due to the relapses of the P. vivax species and the incorrect diagnosis and therefore
incorrect treatment by doctors in local villages and towns (Xiaonong 2-11). In 2010 there were
4,990 cases of malaria reported (Yayi 7). Vector and parasite control within China will be
discussed in the later sections.
8-4. M alaria in South America
Argentina: In 2010 there were only 72 malaria cases recorded in Argentina, with all cases caused
by the P. vivax species and no deaths observed due to the disease. During the end of the 1940s,
the country sought to eliminate malaria and is currently being placed in the pre-elimination phase
according to the World Health Organization. In 1907 the country decided to follow a European
elimination model in which quinine was distributed and water sources were improved. The
methods enabled the country to observe a reduction in mortality. While other methods such as
the destruction of the mosquito larval stage provided for reduction in the transmission of malaria,
the country saw the most reduction in cases with the use of residual indoor spraying. Since the
year 2000, only about 10 percent of the population residing in Argentina is at a low risk for
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malaria with the other 90 percent is in in malaria free areas ( Eliminating Malaria in Argentina ,
1-5).
Chile: Malaria was considered to be endemic in Chile until about the 1940s, when anti-malaria
methods were developed to control the situation. An anti-malaria organization of Chile was
developed and it ensured that patients with malaria were given quinine and that methods were
taken to remove larval stages of the mosquito. These methods included sanitation of bodies of
water and even the drainage of water sources that were not needed. Further reduction in the cases
of malaria was observed in the 1950s with the introduction of D.D.T. and residual indoor
spraying (Ulloa 1-31). Chile is currently a non-endemic country for malaria.
8-5. M alaria in A frica

Algeria: Malaria was a public health concern in Algeria during the 1950s and 1960s with the
number of cases reaching to be more than 50,000. An eradication program was established 1968
with the aid of the WHO and residual indoor spraying of insecticides was introduced which
allowed for a reduction in the number of cases. Algeria is now in the malaria elimination phase
according to the WHO World Malaria Report of 2008. Some imported malaria cases do come
about in the country in the present day and in 2010 there were 5 cases reported in the country
(Algeria, Egypt, Iraq and Saudi Arabia Successfully Reach Malaria Elimination Phase , web)

9. A nalysis of M ethods to Control Vector
According to the World Health Organization (WHO) report titled Malaria Vector Control and

Personal Protection, controlling the vector that transmits malaria is to date, one of the most
adequate ways to prevent the transmission of malaria (WHO Malaria Vector Control and
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Personal Protection, 2). Vector control is accomplished with the use of biological, chemical and
physical control methods along with personal protection measures taken by humans to guard
themselves from mosquito bites. Biological control works to reduce the population of the vector
by using predators, parasites, and pathogens to inhibit not only the mature mosquito, but also the
immature stages. Chemical control is achieved by using insecticides in the form of indoor and
outdoor spraying and insecticide treated bed nets. Physical control includes sanitation and water
management by either eliminating useless water sources or taking measures to clean and improve
existing bodies of water. Personal protection from the vector can be accomplished by using bed
nets and wearing full-length protective clothing. The ultimate goal of these various control
measures is to reduce the interaction of the vector and humans thus reducing malaria (Becker,
345-407).
F igures 9.1: M ajor Vector Control Methods
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Figures 9.1: The figures provide a list of the specific interventions used to control malaria within
the three major categories for malaria vector control.
The two most widely used vector control methods that will be analyzed in this research thesis
include insecticide treated bed nets (ITNs) and indoor residual spraying (IRS). Insecticide treated
bed nets are a form of chemical control and personal protection that have led to a reduction in
malaria illness and deaths in endemic regions. According to the WHO report titled Insecticide27  
  

treated mosquito net interventions, insecticide treated nets were part of a new technology that
was developed in the mid-1980s (WHO Insecticide-treated mosquito net interventions, web).
ITNs are nets treated with insecticides that repel mosquitoes coming into close proximity to
where the nets are being used. The nets are usually treated with insecticides recommended by the
WHO that can properly repel mosquitoes. ITNs need to be re-treated with insecticides typically
after three washes, long-term sun exposure or on a yearly basis ( Insecticide-treated Mosquito

Nets: a WH O Position Statement, 4). Studies and data have shown that ITNs not only protect the
person sleeping under the net but also provide some protection to people sleeping close to where
the net is being utilized. Furthermore, the insecticides integrated with the net serve as a repellent
and block mosquitoes from entering the room where the net is being used. Figure 9.2 depicts
with the numbers, how the net protects the people in close proximity to the net and how it
minimizes the contact between humans and the malaria carrying mosquito.
F igure 9.2: Insecticide Treated Bed Nets

Figure 9.2: An insecticide treated bed net not only protects the person sleeping under the net,
represented with number 2, but gives some protection to the person sleeping outside represented
with number 3, and further blocks mosquitoes from entering into the room depicted with number
1 (WHO Insecticide-treated mosquito net interventions, web).

According to the CDC, while bed nets that have not been treated with insecticides do protect the
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individual or individuals sleeping under them, nets treated with insecticides are known to be
more protective against insects (CDC Insecticide-Treated Bed Nets, web). The insecticides that
are used in the creation of ITNs are not only mosquito repellents but may also fight off other
insects that are trying to enter the room or home where the ITN is being used. The ITNs are not
consistent in size, color, shape, material or with regards to the treatment with insecticides. The
most widely used insecticides are pyrethroid insecticides that pose a very low health risk to
humans. While human health is not at risk, these insecticides do cause death in several insect
species even when a low dose of the insecticide is being used. These nets do need to be retreated
because the insecticide may breakdown especially if exposed to water or sunlight (CDC

Insecticide-Treated Bed Nets, web). The cost of retreatment and the lack of understanding of the
benefits of ITNs are two of the main reasons why people especially in the African region do not
make proper use of ITNs for protection (CDC Insecticide-Treated Bed Nets, web).
It has been acknowledged that ITN projects and programs should become national so that more
of the population at risk can be protected with the use of the nets. However, this is a challenge as
the cost of these nets and the retreatment of them is a big drawback. An example of how high the
cost can be if the implementation of nets becomes national is described in the report. In the
country of Africa, with a population of 500 million people at risk of malaria, a total of 250
million nets would be necessary for this population and taking in mind that a net might last for
five years, about 50 million nets would be needed. In order to provide the 50 million nets, the
cost would be close to US $200 million along with a $25 million yearly cost to treat the nets with
insecticides (CDC Insecticide-Treated Bed Nets, web).
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F igure 9.3 Cost of I T NS for A frican population at risk for malaria
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Figure 9.3: This figure depicts the cost of nets needed to protect the 500 million people at risk for
malaria in the African region. This figure was generated using data from the CDC website (CDC
Insecticide-Treated Bed Nets, web).
These costs are extremely high for users alone or even for single donors and government
agencies especially in the developing nations where malaria is most prevalent. Hence, the costs
of the ITNs would probably need to be distributed in such a way as to ensure that the burden is
not on one person or group alone. Some of the methods that can be implied to reduce costs for a
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sole group or person include if both donor groups and individuals using the nets share the costs,
if one group pays for the nets while the other takes care of the insecticides or if donors pay the
entire cost for some of the nets while users pay the cost for other nets (CDC Insecticide-Treated

Bed Nets, web). Though some of these methods might work, it is not guaranteed that the poorest
users in the developing nations will be able to make contributions or purchases of the ITNs
because of the high costs.
Another form of bed nets is long lasting insecticide-treated nets (LLINs) in which the
insecticides used to treat the nets are incorporated into the fibers of the nets (CDC Insecticide-

Treated Bed Nets, web). These nets can be effective to use for up to three years even if they are
washed. In countries where high LLINs coverage has been accomplished, it has been noted that
there has been a reduction in malaria cases (CDC Insecticide-Treated Bed Nets, web). The WHO
believes that these nets should be used widely by all groups at risk of malaria and not just
pregnant women or children and further recommends that these nets be given at no cost. Some
big donors and programs have begun purchasing LLINs to be distributed and along with this,
individual donors can also make donations through several organizations such as through
Malaria No More (CDC Insecticide-Treated Bed Nets, web).
F igure 9.4 Insecticide-treated Mosquito Nets (I T Ns).

Figure 9.4: The figure depicts a family sleeping under an insecticide treated net to protect
themselves from mosquitoes carrying malaria (Insecticide-treated Mosquito Nets (ITNs), web).
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Indoor residual spraying (IRS) involves the spraying of insecticides on walls and other surfaces
inside homes and other buildings. Previous research has shown that the mosquito usually rests
inside a home after taking a blood meal making IRS an effective way to kill off the vector and
even other insecticides. The insecticide treated areas may be effective for a month time span in
which mosquitoes and other insects will die upon contacting the sprayed surface (CDC Indoor

Residual Spraying, web). This method does not work to necessarily prevent all contact between
the vectors and humans, but instead prevents further transmission from occurring to other people
because the mosquito may come to rest on a sprayed area after it has taken a blood meal thus
causing its death. To see productive results it is necessary that the indoor residual spraying take
place in a large amount of homes within a given area. D.D.T. was widely used as a control
method and even helped to eradicate and lower malaria in certain areas as discussed in the
previous section. The introduction of new and more expensive insecticides resulted as D.D.T.
began to emerge as a health and environment concern (CDC Indoor Residual Spraying, web).
With the high costs of the insecticides and the issues that had risen because of D.D.T. usage, IRS
was not widely used until more recently. Indoor residual spraying is usually performed
depending on geographic region and relies on climatic conditions such as rainfall and
temperature (CDC Indoor Residual Spraying, web). IRS effectiveness depends on which
insecticide is used as some insecticides may remain effective for a year span while others may
only last for three to six months. Successful results from the use of IRS have been more recently
observed especially in South America, with almost an 80% reduction in malaria cases (CDC

Indoor Residual Spraying, web).
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F igure 9.5: M an spraying insecticides indoors

Figure 9.5: The figure depicts a man performing indoor residual spraying inside a home in a
developing nation (CDC Indoor Residual Spraying, web).

Further vector control is achieved with the use of larval control and source reduction. While
larval control probably does seem to be an effective measure at a first glance, it is not exactly
that effective as sometimes the larval stages might be very widespread and their small sizes and
unstable nature may hinder the ways in which the stage can be attacked. Moreover, there is a lack
of results and data that show the effectiveness of larval control. In the region of Africa, larval
control has not been very prominent as it is often difficult to determine where the larval stages
are and where they will mature into adults because the locations where the stages take place are
so widespread (CDC Larval Control and Other Vector Control Interventions, web). Therefore
this method, according to the WHO, should be used in areas where the larval environments are
not only fixed but are also few in numbers and can be easily detected in order to effectively
attack the larva. One way to attack the larval habitat is to use chemical larviciding in which
toxins or chemicals are applied to the habitats to reduce the source. Source reduction can further
be accomplished by filling in areas where water may be collected leading to larval habitats, or
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even by draining water sources such as swamps. Managing water sources is a main way to
accomplish source reduction. The use of mosquito fish or nematodes to kill off or paralyze
mosquito larval stages have not been determined to be very effective in most cases (CDC Larval

Control and Other Vector Control Interventions, web).
Reducing the interaction between the vector and humans can also be achieved through personal
protection. People can make proper use of ITNS or LLINs, have screens installed in their
windows and doors, use mosquito repellents and even wear long fully protective clothing to
minimize the amount of skin left available for a mosquito to come in contact with. Two other
methods to control the vector include the release of sterile male mosquitoes and the genetic
modification of mosquitoes to introduce mosquitoes that are not vulnerable to the parasite (CDC

Larval Control and Other Vector Control Interventions, web). These two methods are not very
effective as of now because of the drawbacks included with both but they might result successful
accomplishments many years from now when more studies have been conducted (CDC Larval

Control and Other Vector Control Interventions, web).
This research will now aim to review the two major vector control methods that are being
implemented in Africa, Asia and the Americas region with high malaria prevalence. Though there
are many different programs and agencies that have been established to control malaria, this
research will not cover each and every one due to the lack of resources and data available for
some of the programs but most of the data analyzed will be from the World Health Organization.

9-1. A nalysis to V ector Control Sub Saharan A frica
Malaria is mainly geographically concentrated in tropical Africa with Plasmodium falciparum
being the principal malaria parasite causing infection. It takes the lives of approximately 1
million infants and young children each year of which 90% are from tropical Africa. A host of
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government agencies and non-governmental organizations are striving to tackle malaria by
controlling the vector in the African region (World Malaria Report 2012, 70-77). The countries
within Sub Saharan Africa will be split up by region following a pattern established by the WHO
so that the methods of control and associated data can be analyzed by region first before
determining a global conclusion. Not all of the countries will be examined because for some
countries there is no data available at all while for some there is a lack of consistent data. The
following shows how the countries will be split up using the WHO splitting pattern (World
Malaria Report 2012, 63):
W est A frica: Algeria, Benin, Burkina Faso, Cape Verde, &RWHG¶,YRLUH, Gambia, Ghana, Guinea,
Guinee-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, Togo
C entral A frica: Angola, Burundi, Cameroon, Central African Republic, Chad, Congo,
Democratic Republic of the Congo, Equatorial Guinea, Gabon
E ast A frica and high transmission areas in Southern A frica: Comoros, Eritrea, Ethiopia
Kenya, Madagascar, Malawi, Mozambique, Rwanda, Uganda, United Republic of Tanzania
(Mainland), United Republic of Tanzania (Zanzibar), Zambia
Low transmission Southern A frican Countries: Botswana, Namibia, South Africa, Swaziland,
Zimbabwe

35  
  

F igure 9.6: M ap of A frica

Figure 9.6: The figure provides a map of Africa that can be referred to while vector and parasite
control methods are discussed in specific countries within this region (Map of Africa, web
image)
For each region being analyzed, a table is provided for the countries within the specific region. In
the tables the current phase and impact classification along with number of cases reported for
2010 are depicted. The countries in blue have insufficient consistent data to be able to determine
the impact of malaria, while the countries in green have seen some sort of reduction in malaria
case incidence and the countries in red have seen an increase in malaria case incidence. The
country in the prevention of reintroduction phase has three asterisks next to the country name,
while the countries in the elimination phase have two asterisks, the countries in the preelimination phase have one asterisk and the countries in the control phase have no asterisk next
to the country name. The definitions of control, pre-elimination, and elimination can be found in
Appendix Table C.
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9-1 a. W est Africa V ector Control:

T able 9.1: W est A frica: Phase, Impact and Number of C ases Reported
Countries/Ter ritories

Phase (2011)

**Algeria

Elimination

Benin
Burkina Faso
*Cape Verde

Control
Control
Pre-elimination

&RWHG¶,YRLUH
Gambia
Ghana
Guinea
Guinee- Bissau
Liberia
Mali
Mauritania
Niger
Nigeria
Senegal
Sierra Leone
Togo

Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control

Impact (2011)
>75% decrease in case incidence
2000-2011
Insufficient Consistent Data
Insufficient Consistent Data
>75% decrease in case incidence
2000-2011
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data

Number of Reported
C ases (2010)
5
No data
804,539
18
62,726
116,353
1,071,637
No data
No data
922,173
227,482
1,994
620,058
551,187
No data
934,028
617,101

Table 9.1: The table provides the phase, impact and number of cases reported data for the West
African countries. The table was generated using the data provided by the country profiles from
the World Malaria Report 2012 and 2011.
There are a total of 17 countries in the West African Region and a majority of these countries
have a lack of consistent data to be able to determine the impact of malaria. The insufficient
consistent data may be due to a lack of reporting of malaria case incidence, deaths and
availability of control methods by governments and hospitals or health centers in the different
countries. All countries, except Algeria and Cape Verde are in the control phase according to the
WHO while, Algeria is in the elimination phase and Cape Verde is in the pre-elimination phase.
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F igure: 9.7 Population at Risk, 2011 West A frica

Figure 9.7: The bar graph shows the percentage of the West African population residing in the
different countries that are in low risk, high risk and malaria free areas for the year of 2011. This
figure helps illustrate which regions need more attention such as the countries with 100% of the
population at high risk (World Malaria Report 2012, 71)

From the graph above it is apparent that most of the countries in the West African region have
100% of the population residing in regions that are at high risk for malaria with only Algeria and
Cape Verde having fewer than 40% of the population residing in low risk areas for malaria and
the rest of the population residing in malaria free regions. Both Algeria and Cape Verde observed
a decrease in malaria case incidence rates by about 75% for the time span of 2000 to 2011. For
the other countries belonging to the West African region, even though there have been many
interventions to control malaria, there seems to be a lack of sufficient data that can lead to trends
in malaria case incidence which is probably due to inconsistent reporting over the years. Cape
Verde is currently in the pre-elimination phase, while Algeria is in the elimination phase and all
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other West African Countries are in the control phase. Some studies performed over the years
have shown that malaria control methods do indeed provide some reduction in malaria cases over
the years. One such study showed that child mortality decreased from 226 to 126 from 1998 to
2009 with 25% of this reduction being attributed to the use of ITNs in Niger. While another
study showed that in several villages located in Burkina Faso ITN use increased from 0% to 73%
along with a reduction in parasite prevalence from 64% to 46%. However, more studies still need
to be performed in order to observe patterns and trends with regards to malaria reduction and use
of vector control methods to determine the effectiveness of these methods (World Malaria Report
2012, 70).
F igure 9.8: Percentage of H igh Risk Population Protected with I RS and I T Ns, 2011 West
A frica

Figure 9.8: The figure shows the percentage of the high risk population protected with IRS
(darker color) and ITNs (lighter color) for the West African countries. From this graph it can be
interpreted that more of the high risk population for a majority of the countries is protected by
the use of ITNs rather than by the use of IRS (World Malaria Report 2012, 71)
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The data for Cape Verde, the West African country in the pre-elimination phase, shows that
100% of the high risk population was protected by IRS while less than 20% of the high risk
population was protected by ITNs which may be the reason why the country was placed in the
pre-elimination phase. There is no data for Algeria probably because the country is in the
elimination phase and most of the population resides in malaria free regions or because no data
was available for the country. From this graph it seems like although IRS and ITNs are providing
protection to people residing in high risk areas for the West African Region, these numbers have
not yet reached 100% protection for most countries and furthermore the trends showing the
effectiveness of these methods on malaria control cannot be determined as of yet because of a
lack of consistent data.
9-1 b. Central Africa Vector Control

T able 9.2: Central A frica: Phase, Impact and Number of C ases Reported Data
Countries/Ter ritories

Phase

Impact

Angola
Burundi
Cameroon
Central African Republic
Chad
Congo
Democratic Republic of the Congo
Equatorial Guinea
Gabon
Sao Tome & Principe

Control
Control
Control
Control
Control
Control
Control
Control
Control
Control

Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
Insufficient Consistent Data
>75% decrease in case
incidence 2000-2011

Number of Reported
C ases
1,682,870
1,763,447
No data
No data
No data
No data
2,417,780
No data
8,566
2,740

Table 9.2: The table was created using data from the WHO country profiles from the World
Malaria Report 2012 and 2011. There are 10 countries within the Central African region, all of
which are in the control phase. There is insufficient consistent data for all countries except one to
be able to determine the impact of malaria (World Malaria Report, 2012 and 2011).
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F igure 9.9 Population at risk, 2011 C entral A frica

Figure 9.9: The figure above shows the percent of the population in the 10 different countries in
the Central African region residing in high risk, low risk and malaria free areas. The graph shows
that for most countries in this region, 100% of the population reside in high risk areas (World
Malaria Report 2012, 72).
There are ten countries within this region. Only the country of Burundi has less than 30% of the
residents living in a high risk area while all other countries have either 100% of the population in
high risk areas or more than 60% of the population living in high risk areas. For nine of the ten
countries in this region, a trend cannot be determined for the impact of malaria because of a lack
of consistent data. It was only determined that there was a reduction in malaria case incidence by
about 75% from the time span of 2000 to 2011 for one country, Sao Tome and Principe. For these
countries, similar to countries in Western Africa, trends are very difficult to determine the
effectiveness of IRS and ITN vector control methods because data is lacking or inconsistent.
Even though it seems like a majority of the population in these Central African high risks areas
are receiving interventions like IRS and ITNs, malaria deaths and hospital admission rates are
not shown to decrease because of a lack of data being reported. The World Malaria Report, 2012
states that more investigation is necessary to be able to make conclusions about IRS and ITN
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effectiveness (World Malaria Report, 2012, 72).
F igure 9.10: Percentage of H igh Risk Population Protected with I RS and I T Ns, 2011
C entral A frica

Figure 9.10: The figure shows the percentage of high risk population protected with IRS and
ITNS for the year 2011 in the Central African countries.
From the figure 9.10 it seems like ITNs are being used more than IRS in Central Africa to
protect the high risk population. IRS has not protected many people except in the country of Sao
Tome and Principe but ITNs have protected more than 40% of the population in 7 out of the 10
countries. In three of these countries (Angola, Central African Republic and Congo) less than
40% of the population at high risk was protected with ITNs and all three of these countries have
100% of the population living in high risk malaria areas. These Central African countries are still
in the control phase and all have a lack of consistent data to determine a trend except for Sao
Tome and Principe which has had a reduction in incidence of malaria cases between 2000 and
2011. It seems apparent that these countries are still in the control phase because not all of the
population residing in the high risk areas is receiving vector control interventions at a 100%
level. The World Malaria Report, 2012 states that it is not only necessary to make more
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investments into the vector control methods and other interventions but it is also necessary to
implement more surveillance and evaluation so that the burden of malaria reduces and so it can
properly be determined which malaria control method is most effective within this region.
9-1 c. E ast Africa and high transmission areas in Southern Africa vector control

T able 9.3: E ast and H igh T ransmission Southern A frica: Phase, Impact and Number of
C ases Reported
Countries/Ter ritories

Phase (2011)

Impact (2011)

Comoros
Eritrea

Control
Control

Ethiopia
Kenya
Madagascar

Control
Control
Control

Malawi
Mozambique
Rwanda

Control
Control
Control

Uganda
United Republic of
Tanzania (Mainland)
United Republic of
Tanzania (Zanzibar)
Zambia

Control
Control

Insufficient Consistent Data
>75% decrease in admission
rates (projected 2015)
Insufficient Consistent Data
Insufficient Consistent Data
50-70% decrease in admission
rates (projected 2000-2015)
Insufficient Consistent Data
Insufficient Consistent Data
>75% decrease in admission
rates 2000-2011
Insufficient Consistent Data
Insufficient Consistent Data

Control
Control

>75% decrease in admission
rates 2000-2011
50%-75% decrease in
admission rates projected 20002015

Number of Reported
C ases (2010)
36,538
35,982
1,158,197
898,531
202,450
No data
1,522,577
638,669
1,581,160
No data
No data
No data

Table 9.3: The table was generated using data from the country profiles from the World Malaria
Report 2012 and 2011. It depicts the phase, impact and number of reported cases for the East and
Southern Africa countries.

There are 12 countries in this region and all of the countries are in the control phase with 7
having insufficient consistent data to determine the trend and effectiveness of malaria vector
control interventions.
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F igure 9.11: Population at risk for malaria, E ast and H igh T ransmission Southern A frica

Figure 9.11: The figure depicts the proportion of population in the high risk, low risk and malaria
free regions of East Africa and high transmission South African Countries (World Malaria
Report 2012, 74).

From the figure above, most of the population in the East and Southern Africa region for the 12
countries is living in high risk areas. For 9 of the countries in this region, more than 60% of the
population in each country is residing in high risk areas, with 5 of these countries having 100%
of the population in high risk areas including Malawi, Mozambique, Rwanda, Zanzibar and
Zambia.
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F igure 9.12: Population in H igh Risk Regions protected by I RS and I T N 2011, E ast and
H igh T ransmission South A frica

Figure 9.12: The figure represents the percentage of high risk population protected with IRS and
ITNs in 2011 for the East and high transmission South African countries (World Malaria Report
2012, 74)

The figure above shows the percent of high risk population protected by IRS and ITNs for 2011
in the East and high transmission Southern African region. In the region it is apparent that both
IRS and ITNs were implemented to protect the high risk population, but ITNS were utilized
more. ITNs worked to protect more than 40% of the population residing in high malaria areas of
this region for 8 of the countries. All of the countries in this region are still in the control phase
for malaria as determined by the WHO. However, one country in this region, Rwanda, saw a
reduction in malaria admission rates to hospitals or other health centers by approximately 75%
for the time span of 2000 to 2011. Eritrea is on track for reducing malaria admission rates by
equal to or greater than 75% for the year of 2015 and the countries of Madagascar and Zambia
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are also on track to reduce malaria admission rates by about 50-75% by 2015. The United
Republic of Tanzania also known as Zanzibar also had a reduction in malaria case admission
rates by about 75% for the years of 2000 to 2011. In the other countries it is not possible to
determine a trend because of a lack of sufficient consistent data. While the admission rates for
malaria in Zanzibar did decrease by about 75% between 2000 and 2011, the number of
admission rates increased from 2010 to 2011, so although the country did follow a trend of
reduction, more data for the upcoming years will be beneficial to determine an exact trend.
The use of ITNs is the main method of vector control in this region. The use of vector control
methods such as IRS and ITNs might be the reason why the countries of Rwanda and Zambia
have seen malaria case reduction between 2000 and 2011. One of the reasons why Zanzibar may
have seen an increase in hospital admission rates might be due to the fact that the proportion of
people protected by ITNs in high risk areas of the country decreased in 2011 in comparison to
2009 and 2010 ITN coverage. The final conclusions for this region are that while some countries
have had reductions in admission rates related to malaria cases, and some are projected of
reducing rates by 2015, most of the countries still need more consistent data to determine trends
and the effectiveness of malaria control methods.
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9-1 d. Southern African Countries with Low T ransmission Vector Control

T able 9.4: South A frican Low T ransmission Region: Phase, Impact and Number of C ases
Reported
Countries/Ter ritories

Phase 2011

Impact 2011

Botswana

Control

Namibia

Control

South Africa

Control

Swaziland

Control

Zimbabwe

Control

>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
Insufficient Consistent
Data

Number of C ases
Reported 2010
1,046
556
3,875
147
249,379

Table 9.4: The table was generated using the World Malaria Report 2012 and 2011. It depicts the
phase, impact and number of cases reported for the countries in the low transmission South
African region (World Malaria Report 2012, 2011).
There are five counties in this region all of which are currently in the control phase for malaria.
All countries, expect Zimbabwe which does not have enough consistent data to determine the
impact of malaria, have seen a reduction in case incidence by greater than 75% between 2000
and 2011.
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F igure 9.13: Population at risk for malaria Low transmission Southern A frican Countries

Figure 9.13: The figure depicts the proportion of population living in high risk, low risk and
malaria free areas in the low transmission Southern African countries (World Malaria Report
2012, 76).
Most of the population resides in malaria free areas for the countries of Swaziland and South
Africa, but more than 40% of the population lives in high risk areas for the countries of Namibia
and Botswana.
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F igure 9.14: Percent of high risk population protected with I RS and I T Ns, 2011 Low
T ransmission South A frican Countries

Figure 9.14: The figure above shows the percentage of the high risk population protected with
either IRS or ITNs for the low transmission South African region (World Malaria Report 2012,
76).
All of the countries in this region are in the control phase for malaria according to the WHO.
Four of the countries, including Botswana, Namibia, South Africa and Swaziland have seen a
reduction in malaria case incidence by greater than or equal to 75% for the timeframe of 2000 to
2011. It was not possible to determine a trend in Zimbabwe because of inconsistent data and
moreover there were no data reports for 2000-2003 for the country. Though these countries have
low transmission rates, they are still in the control phase. In South Africa IRS is the main vector
control method and protected a great proportion of the population living in high risk areas for
malaria. In conclusion, countries within this region have observed a decrease in malaria case
incidence except for one country, but the most efficacious vector control method cannot be
determined.
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9-2. A nalysis to V ector Control in the A mericas
F igure 9.15 M ap of the A mericas Region

Figure 9.15: The figure depicts a map of the Americas region. It represents a majority of the
countries in the Americas region with ongoing malaria transmission (WHO web image).

According to the World Malaria Report 2012 there are 21 malaria endemic countries in the
Americas region. These countries include: Argentina, Belize, Bolivia, (Plurinational State of)
Brazil, Colombia, Costa Rica, Dominican Republic, Ecuador, El Salvador, French Guiana,
France, Guatemala, Guyana, Haiti, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru,
Suriname, and Venezuela, (Bolivarian Republic of).
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T able 9.5: A mericas Region: Phase, Impact and Number of C ases Reported
Country

Phase (2011)

Impact (2011)

Number of
C ases
Reported
(2010)

*Argentina
Belize
Bolivia
Brazil
Colombia
*Costa Rica
Dominican
Republic
*Ecuador
*El Salvador
French Guiana,
France
Guatemala
Guyana
Haiti
Honduras
*Mexico
Nicaragua
Panama
*Paraguay
Peru
Suriname
Venezuela
(Bolivarian
Republic of)

Pre-elimination
Control
Control
Control
Control
Pre-elimination
Control

>75% decrease in case incidence 2000-2011
>75% decrease in case incidence 2000-2011
>75% decrease in case incidence 2000-2011
50-75% decrease in case incidence 2000-2015
>75% decrease in case incidence 2000-2015
>75% decrease in case incidence 2000-2011
Increase in case incidence 2000-2015

72
150
13,769
334,618
117,650
114
3,414

Pre-elimination
Pre-elimination
Control

>75% decrease in case incidence 2000-2011
>75% decrease in case incidence 2000-2011
>75% decrease in case incidence 2000-2011

1,888
24
--

Control
Control
Control
Control
Pre-elimination
Control
Control
Pre-elimination
Control
Control
Control

>75% decrease in case incidence 2000-2011
Increase in case incidence 2000-2015
Insufficient consistent data
>75% decrease in case incidence 2000-2011
>75% decrease in case incidence 2000-2011
>75% decrease in case incidence 2000-2011
>75% decrease in case incidence 2000-2015
>75% decrease in case incidence 2000-2011
>75% decrease in case incidence 2000-2015
>75% decrease in case incidence 2000-2011
Increase in case incidence 2000-2015

7198
22,935
84,153
9,629
1,226
692
418
27
26,847
791
45,155

Table 9.5: The table was generated using data from the country profiles from the World Malaria
Report 2012 and 2011. There are 21 countries in the Americas region, with 6 countries in the
pre-elimination phase and 15 in the control phase.
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F igure 9.16 Population at risk, 2011 A mericas

Figure 9.16: The figure shows the population living in high risk, low risk, and malaria free areas
in countries of the Americas region. The figure was obtained from the World Malaria Report
2012 (World Malaria Report 2012, 79).
Most of the population in the Americas region is living in low risk or malaria free areas; however
greater than 80% of the population in French Guiana, France is living in a high risk area for
malaria. There are 21 countries that are endemic for malaria in the region of the Americas and 13
of these countries (Argentina, Belize, Bolivia (Plurinational State of), Costa
Rica, Ecuador, El Salvador, French Guiana, France, Guatemala, Honduras, Mexico, Nicaragua,
Paraguay and Suriname) have had reduction by greater than or equal to 75% in malaria
incidence. 3 of the countries (Colombia, Panama and Peru) are on track to see reduction in
incidence rates by 75% by 2015 and one country (Brazil) is on track to see reduced incidence
rates by about 50-75%. About 8% of the total population in the 21 countries is living in high risk
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malaria areas, while about 30% is living in areas with some risk. 6 of the countries in this region
are in the pre-elimination phase while 15 are in the control phase.
F igure 9.17 Percentage of high risk population protected with I RS and I T Ns, 2011

Figure 9.17: The figure presents the proportions of people protected with IRS and ITNS for the
high risk population in the different countries within the Americas region (World Malaria Report
2012, 79).
In some countries such as Costa Rica, Ecuador, Nicaragua and Venezuela, IRS or ITNs coverage
reached 100% for the high risk populations in these countries. All three of these countries saw a
reduction in case incidence between 2000 and 2011 by about 75%, while Venezuela saw an
increase in cases. The increase in cases within Venezuela may be due to climate changes or other
factors such as the falsification of data or inaccurate reporting. Even though 100% of the
population in high risk areas of Venezuela was protected by IRS, there was still an overall

53  
  

increase in cases. In Costa Rica and Nicargua there was also 100% protection provided to the
high risk population with IRS, but these countries observed reductions in case incidence. For
Haiti, there is a lack of consistent data because of a recent earthquake (World Malaria Report
2012, 79). The effectiveness of vector control methods and decreases in malaria cases is not
very clear for this region because though some countries are protecting the high risk population
with the same proportions of interventions, they are not seeing similar reductions. More in-depth
studies and effective data that is consistent is required to be able to determine how these vector
control methods work to reduce malaria in the Americas.

9-3. A nalysis to V ector Control in Asia
The Asian region will be sub-divided into the South East Asian Region, the Western Pacific
Region and the Mediterranean Region. The Mediterranean region has some African countries
that are located in close proximity to some Asian countries within the region, so these countries
will be analyzed and grouped together because of their close proximity.
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9-3 a. South E ast Asia Vector Control

F igure 9.17 M ap of South E ast Asia

Figure 9.18: The figure presents a map of South East Asia (Map of South East Asia web image).
(http://www.forensic.cc/general-info/)
The South-East Asia region of the WHO includes 10 Asian countries that are endemic for
malaria. These countries include Bangladesh, Bhutan, 'HPRFUDWLF3HRSOH¶V Republic of Korea,
India, Indonesia, Myanmar, Nepal, Sri Lanka, Thailand, and Timor-Leste, with India being the
country with the most number of cases in this region. While infection with Plasmodium

falciparum is most widely observed in the region, infection by the different parasite species
varies from country to country. For example, while cases caused by P. falciparum are more
predominant in Bangladesh, P. vivax is more widely observed as the cause for cases in Sri
Lanka. In this region, 26% of the total population of 1.8 billion people is living in areas that are
considered to be high risk for malaria with 70% living in areas that have some risk.
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T able 9.6: South E ast Asia: Phase, Impact and Number of C ases
Country
Bangladesh

Phase (2011)
Control

*Bhutan

Preelimination
'HPRFUDWLF3HRSOH¶V5HSXEOLF Preof Korea
elimination
India
Control
Indonesia
Myanmar
Nepal
**Sri Lanka
Thailand
Timor-Leste

Control
Control
Control
Elimination
Control
Control

Impact (2011)
>75% decrease in case incidence
between 2000-2015
>75% decrease in cases 2000-2011

Number of C ases
Reported (2010)
91,227
436

>75% decrease in cases 2000-2011

13,393

50-75% decrease in case incidence
between 2000-2015
Insufficient Data
Insufficient Data
>75% decrease in cases 2000-2011
>75% decrease in cases 2000-2011
>75% decrease in cases 2000-2011
>75% decrease in cases 2000-2011

1,599,986
229,819
420,808
3,894
632
32,480
48,137

Table 9.6: The table depicts the South East Asian countries. The phase, impact and number of
cases are reported in the table. The table was generated using data from the World Malaria
Report 2012 and 2011.

2 countries are in the pre-HOLPLQDWLRQ %KXWDQDQGWKH'HPRFUDWLF3HRSOH¶V5HSXEOLFRI.RUHD 
phase while one country (Sri Lanka) is in the elimination phase. The country of Sri Lanka has no
population living in high risk areas for malaria for 2011 while the countries of Bhutan and the
'HPRFUDWLF3HRSOH¶V5HSXEOLFRI.RUHDKDYHOHVVWKDQRIWKHSRpulation in a high risk
malaria area and more people in low risk and malaria free regions.
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F igure 9.18: Population at risk, 2011 for South E ast Asia

Figure 9.18: The figure above represents the population at risk for 2011 in the 10 countries of
South East Asia. The figure was obtained from the World Malaria Report 2012 (World Malaria
Report 2012, 84).
The figure above taken from the World Malaria Report 2012 depicts the 10 countries in this
region that are endemic for malaria and shows the percentage of population living in the high
risk, low risk and malaria free areas for each country. There is no population living in high risk
areas for the country of Sri Lanka and less than 30% of the population is at low risk with the rest
of the population residing in malaria free regions. For all other countries, except Timor-Leste,
there are different proportions of the population living in high risk, low risk and malaria free
areas, but in Timor-Leste there are no people living in malaria free areas. Timor-Leste has more
than 70% of its population living in high risk areas for malaria with a little over 20% living in
low risk areas. In India, a little more than 20% of the population lives in high risk malaria areas
while most of the population lives in low risk areas and about 10% of the population is in malaria
free areas. In Nepal, a very few percent of the population is residing in high risk malaria regions,
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with most of the population in low risk regions and a little over 20% of the population in malaria
free areas. The most appropriate vector control methods in this region are IRS and ITNs. The
following figure (Figure 9.19) depicts the percent of population in high risk areas that was
protected by IRS or ITNs in the different countries of this region.
F igure 9.19: Percentage of high risk population protected with I RS and I T Ns, 2011

Figure 9.19: This figure taken from the World Malaria report 2012 shows how much of the
population living in high risk areas was protected by either IRS (depicted in the darker color) or
ITNs (depicted in the lighter color) in 2011 (World Malaria Report 2012, 84).

In the country of Bhutan, 100% of the high risk population was protected by both IRS and ITN
which probably plays a role in allowing the country to be considered in the pre-elimination phase
according to the WHO. However malaria is probably not completely eradicated from the country
because there is still a larger proportion of the population residing in low risk malaria areas and
these people may not have been targeted as much with IRS and ITNs as the people in high risk
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areas. For the country of Nepal 100% of the high risk population was protected by ITNs and
greater than 30% of this population was protected by IRS yet still the country is not in the
elimination or pre-elimination phase probably because the population at low risk was not being
targeted with IRS and ITNs as much as the population in high risk areas, which is very small for
Nepal. In India a very few proportion of the people in the high risk area were being protected by
IRS or ITNs but the country is still projecting to see a decrease by about 50-75% in malaria case
incidence by the year 2015, this reduction prediction may not only be attributed to vector control
but may also factor in parasite control. For the country of India, a little over 20% of the
population is in high risk areas for malaria and only 20% of this population was protected by IRS
and less than 10% was protected by ITNs.
For the countries of Myanmar and Timor-Leste trends cannot be determined because of
inconsistent reporting of data and changes in diagnostic practices. These two countries have the
largest proportion of their populations living in high risk malaria areas as compared to the other
countries of the region and Timor-Leste actually has none of its population in malaria free
regions. Less than 40% of the high risk population in Timor-Leste is being protected by ITNs
and less than 20% is being protected by IRS, which may be attributed to why the country is still
in the control phase as not all of the high risk population is being protected. The data for
Myanmar shows that a very low percent of the high risk population is being protected by IRS
and just a little over 20% of the population is being protected by ITNs. Since the population at
high risk is reaching 40% for the country and not all of these people are being protected by IRS
and ITNs this may be the reason why the country is still in the control phase.
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9-3 b. W estern Pacific Vector Control

F igure 9.20: M ap of W estern Pacific Region

Figure 9.20: The map above represents most of the countries within the Western Pacific Region
that are endemic for malaria (Western Pacific Region, web image). (http://japanfocus.org/brantly-womack/3214)
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T able 9.7 W estern Pacific Region: Phase, Impact and Number of C ases
Country

Phase (2011)

C ambodia

Control

C hina

Control

/DR3HRSOH¶V
Democratic Republic
*M alaysia

Control

Papua New G uinea

Control

Philippines

Control

**Republic of K orea

Elimination

Solomon Islands

Control

V anuatu

Control

V iet Nam

Control

Pre-elimination

Impact (2011)
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence projected 20002015
<50% decrease in case
incidence projected 20002015
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011

Number of C ases
Report (2010)
49,356
4,990
20,800
5,819
93,956
18,560
1,721
40,682
8,169
17,515

Table 9.7: The table was generated using data from the country profiles on the WHO World
Malaria Report 2012 and 2011. It depicts the phase and impact information for the different
countries in this region along with the number of cases in 2010 (World Malaria Report 2012 and
2011).

In the Western Pacific Region there are 10 countries that have ongoing malaria transmission.
These countries include &DPERGLD&KLQD/DR3HRSOH¶V'HPRFUDWLF5HSXEOLF0DOD\VLD Papua
New Guinea, Philippines, Republic of Korea, Solomon Islands, Vanuatu and Viet Nam. Within
this region there are about 870 million people that are at some risk for malaria and cases are
usually caused by P. falciparum or P. vivax with P. vivax causing all cases in the Republic of
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Korea and central areas of China. In the year 2000 the total number of cases was about 385,000
in this region but this number decreased to 221,000 in 2011.
There are no countries that have insufficient data in this region to be able to determine the impact
and trends. The Republic of Korea is in the elimination phase and Malaysia is in the preelimination phase while all other countries are currently in the control phase.
Figure 9.21: Population at risk, 2011 in Western Pacific Region

Figure 9.21: The figure above taken from the World Malaria Report 2012, depicts the percentage
of the population in high risk, low risk and malaria free areas for each country in this region
(World Malaria Report 86).
Most of the population in Malaysia is residing in malaria free areas while almost 100% of the
population in the Solomon Islands and Vanuatu are at high risk for malaria. Over 90% of the
population in Papua New Guinea is at high risk for malaria with the rest of the population at low
risk and no population in malaria free areas. There is no population at high risk in China or the
Republic of Korea and for each country there is a greater proportion of population living in
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malaria free areas than in low risk areas. For the Philippines most of the population is at low risk
with about 10% of the population at high risk and about 20% of the population in malaria free
areas. For the other countries there are different proportions of people in high risk, low risk and
malaria free areas.
Malaysia is currently in the pre-elimination phase while the Republic of Korea is in the
elimination phase and it has also been estimated that Malaysia will see a reduction in malaria
case incidence by about 75% by 2015. In the countries of Cambodia, Yunnan province (China),
/DR3HRSOH¶V'HPRFUDWLF5HSXEOLFDQG9LHW1DPPDODULDLVIRXQGWREHPRVWSUHYDOHQWLQ
remote forested areas and affects ethnic minorities and migrants (World Malaria Report 2012
86).

ITNs and IRS seem to be the effective vector control methods used in this region, with 5
countries including Cambodia, Malaysia, Philippines, Solomon Islands and Vanuatu showing a
decrease in malaria case incidence over the years, also achieving more than 50% coverage of
either ITNS or IRS to people in high risk areas (World Malaria Report 2012).
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F igure 9.22: W estern Pacific region: Percentage of H igh Risk Population Protected with
I RS and I T Ns, 2011

Figure 9.22: The figure provides the proportion of population protected by IRS or ITNs in the
different countries within the Western Pacific Region (World Malaria Report, 86).

The countries of China, Malaysia, the Philippines, the Solomon Islands and Vanuatu had 100%
coverage by either IRS or ITNs for the high risk population, with China actually having 100%
protection for both IRS and ITNs for the high risk population which may be the reason why
Figure 9.21 depicts that there is no proportion of population at high risk for malaria for the
country. The Solomon Islands and Vanuatu both had nearly all of their population at high risk for
malaria but these countries also had 100% protection by ITNs for the high risk population and
even some coverage by IRS. Malaysia had a very small proportion of people at high risk for
malaria and 100% of this population was protected by ITNS and over 30% was protected by IRS
which may attribute to why Malaysia is currently in the pre-elimination phase and is on track to
reach more than 75% case reduction by 2015. If 100% of the high risk population is being
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protected case incidence should be seen to decrease and this is apparent for the country of
Malaysia. In the Philippines 100% of the high risk population was protected by INTs and over
10% was protected by IRS. Within this region, all countries have observed or will observe a
decrease in malaria case incidence but it is not possible to determine if IRS or ITNs are the most
efficacious.
9-3 c. E astern Mediter ranean Vector Control

F igure 9.23 M ap of E astern Mediter ranean Region

Figure 9.23: The map above depicts most of the countries within the Eastern Mediterranean
Region (Map of Eastern Mediterranean Region, web image)
There are 10 countries in this region that have ongoing malaria transmission including
Afghanistan, Djibouti, Iran (Islamic Republic of), Iraq, Pakistan, Saudi Arabia, Somalia, South
Sudan, Sudan and Yemen with a total of 23 countries in this WHO region. Most of the cases in
the region are due to P. falciparum and P. vivax. The country of Iraq has not reported any local
transmissions since 2009 and the country is currently in the prevention of re-introduction phase
along with Oman and Syrian Arab Republic. Two countries in this region are in the elimination
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phase including Iran and Saudi Arabia with the countries of Morocco and the United Arab
Emirates being certified malaria free in 2010 and 2007 respectively. In this region there is about
55% of the population at some risk for malaria and about 20% at high risk. IRS and ITNs along
with antimalarial drugs have been the reason why most countries in the region have observed a
reduction in cases.
T able 9.8: E astern Mediter ranean: Phase, Impact and Number of C ases Reported
Country

Phase (2011)

A fghanistan

Control

D jibouti

Control

*I ran (Islamic
Republic of)
***I raq

Pre-elimination

Pakistan

Control

**Saudi A rabia

Elimination

Somalia

Control

South Sudan

Control

Sudan

Control

Y emen

Control

Prevention of
reintroduction

Impact (2011)
>75% decrease in case
incidence 2000-2011
Insufficient Consistent
Data
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence projected
2000-2015
Insufficient Consistent
Data
>75% decrease in case
incidence 2000-2011
Insufficient Consistent
Data
Insufficient Consistent
Data
Insufficient Consistent
Data
Insufficient Consistent
Data

Number of C ases
Reported (2010)
69,397
1,019
1,847
0
240,591
29
24,553
**
1,620,840
106,697

**South Sudan was not part of this region in 2010
Table 9.8: Table 9.8 was generated using the country profile data from the World Malaria Report
2012 and 2011. It depicts the phase, impact and number of cases reported for the countries within
the Eastern Mediterranean region (World Malaria Report 2012 and 2011)
Of the 10 countries, one country (Iran) is in the pre-elimination phase and one country (Saudi
Arabia) is in the elimination phase. Iraq is currently in the prevention of reintroduction phase as
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there have been no locally acquired cases since 2009. The other countries are in the control phase
and for six of the countries a trend cannot be determined because of insufficient consistent data
(Djibouti, Pakistan, Somalia, South Sudan, Sudan and Yemen).
F igure 9.24 Population at risk, 2011 E astern M editer ranean Region

Figure 9.24: The figure represents the proportion of population living in high risk, low risk and
malaria free areas in the 10 countries in this region (World Malaria Report 80)

Figure 9.24 depicts the 10 countries in this region with ongoing malaria transmission and shows
the proportion of population at high risk, low risk and malaria free areas. In South Sudan 100%
of the population is at high risk. Two countries (Djibouti and Iraq) have no population in high
risk areas and the countries of Iran, Saudi Arabia and Pakistan have less than 20% of the
population at high risk. In Pakistan most of the population is at low risk while a very small
amount is in malaria free regions. In Afghanistan about 30% of the population is at high risk, and
a little over 20% is in malaria free regions with the rest being at low risk. For Sudan and Somalia
a greater proportion of the population is at high risk with a smaller percentage of people at low
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risk and no population in malaria free areas. Both of these countries are currently in the control
phase and there is not enough consistent data to be able to draw trends in malaria case reduction.

F igure 9.25 Percentage of high risk population protected by I RS or I T NS, 2011 E astern
Mediter ranean Region

Figure 9.25: The figure above represents the percent of high risk population protected by IRS or
ITNS for the year of 2011 in the 10 countries with in this region (World Malaria Report 2012
80).
The figure provides the percent of high risk population protected by IRS and ITNs for the 10
countries with ongoing transmission in this region. It does not seem like a lot of IRS was
implemented in these nations from the figure above. Only five countries had IRS protecting
some proportion of the high risk population with Saudi Arabia having about 70% population
protected which is the most for the region and may be one of the reasons why the country is
considered to be in the elimination phase. The countries of Yemen, Sudan, Somalia and Iran all
had less than 20% of the population protected, with Iran having the least percent. Iran is
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currently in the pre-elimination phase and saw a reduction in malaria case incidence by greater
than 75%.
ITNs were used in 9 out of the 10 countries excluding Iraq most likely because it does not have
any population in the high risk area and there have been no locally acquired cases since 2009.
ITN protection reached 100% for the country of South Sudan which has 100% of its population
living in a high risk area. However, while 100% of the people in the high risk area did receive
ITNs there is still a lack of consistent data that can be used to determine whether or not the
country saw a reduction in malaria case incidence. ITN coverage protected more than 80% of
the high risk population in Afghanistan and for the other countries including Yemen, Sudan,
Somalia, Saudi Arabia Pakistan, Iran and Djibouti there was less than 40% protection by ITNs. It
cannot be determined which vector control method is the most efficacious in this region because
different countries implemented the different vector control methods at different proportions.

10. A nalysis to Parasite Control
The four most well-known parasite species capable of causing malaria in humans include

Plasmodium falciparum, Plasmodium vivax, Plasmodium malariae and Plasmodium ovale.
Different methods have been developed and are presently being researched in order to control the
situation of malaria by controlling the parasite that transmits the disease within the human body.
The parasite is mainly controlled with the use of anti-malaria drugs and research on vaccines to
prevent malaria is currently being performed but no licensed malaria vaccine has been developed
as of yet (WHO Initiative for Vaccine Research (IVR), web). There are vaccine candidates that
are currently being clinically tested including the RTS, S/AS01 vaccine which is intended to
target the P. falciparum species. The vaccine is currently being aimed towards helping infants
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and young children in malaria endemic countries in the African region (WHO Initiative for

Vaccine Research (IVR), web). Since the vaccine is currently in the testing phase and has not
been implemented to control malaria for a long period of time it will not be discussed with too
much detail in the further sections for parasite control within in each specific region.
Not only is the parasite controlled with drugs once it is within the human host, but preventative
measures using drugs are also implemented in high risk areas. Preventative chemotherapy
includes implementing complete treatment courses using effective antimalarial drugs to prevent
malaria in high risk populations using two methods known as the Intermittent Preventive
Treatment (IPT) and Seasonal Malaria Chemoprevention (SMC). The WHO recommends IPT
for two vulnerable groups including pregnant women and infants (IPTp and IPTi respectively).
The WHO recommends IPTp for pregnant women in areas with moderate to high transmission
rates. It is recommended that pregnant women receive the correct dosage of sulfadoxinepyrimethamine (SP) during their visits to antenatal care centers during pregnancy. The WHO
recommends IPTi for all infants in the African region that are at high risk of infection with P.

falciparum. It is recommended that infants receive three doses of SP along with other necessary
vaccines and immunizations through a routine immunization program (World Malaria Report
2012, 6). SMC is implemented during the malaria season and works to prevent malaria by
administering a complete treatment of effective anti-malarial medicine to children between the
ages of 3-59 months (World Malaria Report 2012, 6). While these methods work in preventing
malaria, especially in the most vulnerable groups, antimalarial medicines are used in the
treatment of malaria. In order to provide effective anti-malaria medicine it is important to
correctly diagnose malaria infection and to avoid using malaria treatment that has failed in the
past (World Malaria Report 2012, 7).
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The most effective anti-malaria medicine treatment of choice seems to be artemisinin-based
combination therapy or ACT. There are currently 5 ACTs that are recommended by the WHO
that should be used in treating uncomplicated P. falciparum malaria. These include artemether
plus lumefantrine, artesunate plus amodiaquine, artesunate plus mefloquine, artesunate plus
sulfadoxinepyrimethamine, and dihydroartemisinin plus piperaquine (World Malaria Report
2012, 7).

P. vivax, as recommended by the WHO can be treated with chloroquine where there is no
resistance or by an ACT as needed. In order to prevent relapses that can occur with infection
with P. vivax, both chloroquine and an ACT along with primaquine should be used.
Resistance to anti-malaria medicine is a continuous problem which threatens the reduction and
control of malaria. It is therefore very important to continuously monitor the efficiency and
resistance of anti-malaria drugs to ensure that if needed new or alternative medicines can be used
(World Malaria Report 2012, 8) Research for new and effective anti-malaria drugs continues as
parasite resistance to the drugs available develops.

10-1. A nalysis to Parasite Control Sub Saharan A frica
Parasite control within the Sub Saharan African Region will be analyzed using the same splitting
pattern used for the vector control section. The tables and maps provided in the previous vector
control section can be referenced for each specific region.
10-1 a. W est Africa Parasite Control

Table 9.1 can be referred to while analyzing the data for this region for parasite control. The
table depicts the number of cases, impact and phase data for each country within the region.
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From the countries within the West African region, the only country in the elimination phase is
Algeria which had five cases of malaria reported in 2010. Cape Verde is in the pre-elimination
phase and had a greater than 75% reduction in case incidence between 2000 and 2011. All other
countries are in the control phase with insufficient data to assess trends. In 2010 Sao Tome was a
West African Region but it is currently in the Central African Region according to the WHO.
F igure 10.1: W est A frica: Percentage of cases potentially treated with antimalarial
medicines, 2010

Figure 10.1: The figure depicts the percentage of cases potentially treated with antimalarial
medicines and ACTs. The bars represent the number of treatments available as a percent of
malaria cases reported (World Malaria Report 2011, 55). *Sao Tome and Principe became part
of the Central African Region for 2011 but it is depicted in this region for this figure because in
2010 it was part of the West Africa region.
There were 11 countries in this region for 2010 that had 100% of the cases potentially treated
with antimalarial medicine. Cape Verde had an availability of any antimalarial medicine and
ACTs in 2010 to potentially treat 100% of the cases and it is currently in a pre-elimination phase
and the country observed a reduction in case incidence by greater than 75% between 2000 and
2011. While it may be assumed that part of the reduction in case incidence is due to the
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availability of antimalarial medicines it cannot be confirmed because there are some countries
with 100% cases potentially treated but they are still in a control phase and have insufficient data
to determine any trends in malaria reduction. Also, the country of Algeria which is in the
elimination phase and had only 5 reported cases of malaria in 2010 and had a very lower percent
of cases potentially treated with antimalarial medicine during the same year. It is therefore
difficult to entirely determine how antimalarial medicine treatment affects the impact of malaria
because data is not consistent among the different nations. More consistent data and in-depth
research is needed to be able to determine the correlation between the usage of antimalarial
medicine and reduction in malaria case incidence. In conclusion, it is difficult to determine the
most efficacious vector and parasite control method for this region. Many of the countries are
using the interventions at different proportions but similar outcomes are observed making it
difficult to determine which of these methods is the most effective. A majority of the countries
within this region have insufficient consistent data to be able to draw correlations between
interventions used and reductions observed. Therefore, more consistent data and in-depth
analysis is needed to be able to correctly determine which method is the most efficacious so that
further reductions in malaria case incidence can be observed. Currently, it can only be noted that
IRS, ITNs, ACTs and other antimalarial drugs are being used to control malaria within this
region.
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10-1 b. Central Africa Parasite Control

F igure 10.2: C entral A frica: Percentage of cases potentially treated with antimalarial
medicines, 2010

Figure 10.2: The figure depicts the number of cases potentially treated with antimalarial
medicines and ACTs for the year of 2010 in the countries within the Central African region.
There is no data provided by Congo during this year and while Sao Tome and Principe was a
country in this African region for 2011, it was not part of this region in 2010 therefore there is no
data provided for it in this figure. These bars represent the number of treatments available as a
percent of malaria cases reported (for example in 2010 there were 8,566 malaria cases reported
in Gabon and the availability of treatment with both ACTS and any antimalarial for these cases
was 100%) (World Malaria Report 2011, 53).
In five countries in this region including Burundi, Cameroon, Central African Republic,
Equatorial Guinea and Gabon there was an availability of either both ACTs and any antimalarial
medicines or at least one of the two to potentially treat 100% of the cases. Though these
countries did have a 100% availability of medicines to potentially treat all of the cases they are
still in the control phase probably because not all cases were treated or because while cases were
being treated there were new cases arising. It is also possible that while all cases could have
potentially been treated, all individuals with malaria may not have taken the medicines properly;
74  
  

there may have been a lack of knowledge on how to take the doses of medicine properly among
the individuals with malaria. All of these African countries are currently in the control phase and
there is a lack of consistent data to be able to determine the impact of malaria in these countries
(except for Sao and Tome Principe) with the use of antimalarial medicines. Therefore more
research and consistent data is necessary. In conclusion, within this region, it was determined the
IRS, ITNs, ACTs and other antimalarial medicines are currently being implemented to control
malaria, however it is not possible to determine which of these methods is the most efficacious
because there is a lack of consistent data.
10-1 c. E ast and high transmission areas in Southern A frica Parasite Control

F igure 10.3: E ast and high transmission areas in Southern A frica: Percentage of C ases
Potentially treated with antimalarial medicines, 2010

Figure 10.3: The figure obtained from the World Malaria Report, 2011 depicts the percentage of
cases potentially treated with any antimalarial or ACTs for the year of 2010 (World Malaria
Report 2011, 57).
There were eight countries in the region that had an availability of antimalarial medicines (ACTS
or any type of antimalarial) to potentially treat 100% of the cases. These countries include
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Eritrea, Ethiopia, Kenya, Madagascar, Mozambique, Tanzania (Mainland), Tanzania (Zanzibar)
and Zambia. All of these countries are currently in the control phase for malaria according to the
WHO. There is also insufficient consistent data to be able to draw trends about malaria reduction
for these countries except for Eritrea, Madagascar, Tanzania (Mainland and Zanzibar) and
Zambia. These countries have seen or are projected to see a reduction in malaria case incidence.
However, while these countries do have an availably of medicine to treat 100% of the malaria
cases, they are still in a control phase. The country of Rwanda does not have any data provided
for the cases potentially treated by medicine but the country did see a reduction in admission
rates by greater than 75%. Since the trends are very inconsistent in the region, the true
correlation between usage of antimalarial medicine and malaria reduction cannot be assessed.
More consistent data and research is necessary to determine the trends. Though the four widely
used control interventions were analyzed, the most efficacious one cannot be determined within
this region because of a lack of consistent data.
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10-1 d. Southern African Countries with Low T ransmission Parasite Control

F igure 10.4: Southern A frican Countries with Low T ransmission: Percentage of cases
potentially treated with antimalarial medicine, 2010

Figure 10.4: The figure above from the World Malaria Report 2011 depicts the number of cases
potentially treated with any antimalarial or ACTs for 2010.
In all of the countries there was an availability of antimalarial medicines to treat 100% of the
cases. In three countries both ACTs and any other antimalarial medicines were available to treat
100% of the cases including Botswana, Namibia and South Africa. In Swaziland there were
ACTs available to potentially treat 100% of the cases and in Zimbabwe there were any other
antimalarial medicines available to potentially treat 100% of the cases. Though 100% of the
reported cases could have been treated with antimalarial medicine, these countries are still in the
control phase. All countries have seen a reduction in malaria case incidence between 2000 and
2011 except Zimbabwe. This reduction may be attributed to the availability of treatment but it is
not certain because the trends are inconsistent. Though, Zimbabwe had 100% cases potentially
treated, there was not enough sufficient data to determine a malaria impact as there was for the
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other countries that had treatment potentially available for 100% of the cases. Therefore more
research and consistent data is required to be able to draw correlations between medicinal
treatment and malaria reduction. IRS, ITNs, ACTs and any other antimalarial medicines were
used to treat malaria in this region, however it is difficult to determine the most efficacious
control intervention because of a lack of consistent data.

10-2 A nalysis to Parasite Control A mericas Region
Referring back to table 9.5, 21 countries have ongoing transmission in the region of the
Americas. Most of these countries have seen a reduction in case incidence by greater than 75%
between the years 2000 to 2011 and some are on track for observing this reduction by 2015.
Haiti is the only country in the region that has insufficient data to be able to determine any trends
and three countries including Venezuela, Guyana, and the Dominican Republic are countries that
are projected to see an increase in case incidence between 2000 and 2015. All three of these
countries reported an increase in case incidence between 2000 and 2011. In this region it was
observed that IRS and ITNs were effective vector control methods but an actual correlation
between IRS and ITNs usage and the reduction in malaria cases cannot be determined because of
insufficient data. However, it was observed that in four of five countries where 100% of the high
risk population was protected by either IRS or ITNs, there was a decrease in case incidence by
greater than 75%. Chloroquine is still used in countries in this region where it remains effective.
There are 8 countries with reported resistance to chloroquine but only 3 countries reported using
ACTs.
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F igure 10.5: A mericas Region: Percentage of cases potentially treated with antimalarial
medicines, 2010

Figure 10.5: The figure above from the World Malaria Report 2011 reports the percentage of
cases potentially treated with any antimalarial medicine or with ACTS. The gray shade
represents the percent of cases treated with any anti-malaria drug while the blue color represents
cases treated with ACTs (World Malaria Report 2011, 61).

There is data with regards to the cases potentially treated with medicine for all countries within
this region except for French Guiana, Haiti, Mexico and Suriname. Bolivia, Brazil, Columbia,
Costa Rica, Ecuador, Guatemala, Guyana, Honduras, Panama, Paraguay and Peru are countries
of this region that had 100% of the malaria cases potentially treated with either ACTs or any
antimalarial. All of these countries are either in the control or pre-elimination phase and have
seen or are projected to see a decrease in malaria cases, except for the country of Guyana which
saw an increase in malaria cases over the years. Mexico is currently in the pre-elimination phase
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and saw a reduction in malaria cases between 2000 and 2011 but from the figure above it cannot
be determined how antimalarial medicine attributed to the reduction because there is either no
data for the percentage of cases potentially treated with ACTs or any antimalarial for the country
for 2010 or the country was not implementing these methods during the year. For the country of
Haiti there is also no data on antimalarial medicine presented in the figure, and the country is in
the control phase with insufficient data to draw trends about the malaria impact in the country. A
more recent figure depicting the cases potentially treated with antimalarial medicine for the year
of 2011 shows data for Mexico and Haiti.
F igure 10.6: A mericas Region: Percentage of cases potentially treated with antimalarial
medicines, 2011

Figure 10.6: The figure above from the World Malaria Report 2012 reports the percentage of
cases that were treated with antimalarial medicine. The darker shade represents the percent of
cases treated with any antimalarial drug while the lighter color represents cases treated with
ACTs (World Malaria Report 2012, 79).
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For most countries in this region excluding Ecuador, French Guiana, France, Peru, Suriname
and Venezuela almost 100% of the cases were treated with some sort of antimalarial drug and for
El Salvador greater than 90% of the cases were potentially treated. Argentina, a country in the
pre-elimination phase, had 100% of the cases treated with antimalarial medicine other than ACTs
which was an increase from about 60% of the cases treated with any antimalarial other than
ACTs from 2010. The reduction in cases by more than 75% over the years may be attributed to
the fact that 100% of the cases in the country were treated by antimalarial medicine in the year
2011 and about 60% were treated in 2010 however this is not certain as more data would be
needed to be able to determine this. In Brazil, Colombia and Guyana 100% of the cases were
potentially treated by both ACTs and antimalarial drugs but the countries are only in the control
phase and while Brazil and Colombia are predicted to see a decrease in case incidence between
2000 and 2015, Guyana saw an increase in cases. The increase in malaria in Guyana may be
attributed to climate changes such as warmer temperatures and increase rainfall (World Malaria
Report 2011, 60).
Some of the data presented in the Figures 10.5 and 10.6 show that 100% of the cases were
potentially treated in some countries by either ACTs or other antimalarial drugs, but not all of
these countries are in the pre-elimination or elimination phase and not all have seen reduction in
case incidence over the years. This may be due to the fact that just because reported cases have
been treated, it does not necessarily mean that malaria transmission has ceased. So although
cases are being treated, malaria still continues to spread and new cases arise. Furthermore, a true
trend between antimalarial medicine usage and case reduction cannot be generated because the
data is inconsistent and even insufficient at times. Though some countries that are using
antimalarial medicine to potentially treat 100% of the cases have seen a reduction in case
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incidence, there are other instances where although 100% of the cases were potentially treated,
the country remained in a control phase and did not see a reduction in cases as anticipated.
Further studies along with more consistent data are needed to determine what the trends are
between using antimalarial medicine and reducing case incidence.
In conclusion, although a majority of the countries in this region have observed a reduction in
case incidence by greater than 75% or 50% and some are anticipated to see a reduction in case
incidence, a correlation is still not clear between this reduction and the use of antimalarial drugs,
IRS or ITNs (World Malaria Report 2010 page 60). There still needs to be more in-depth studies
that can aid in determining an association between using these malaria control methods and case
incidence reduction for this region.

10-3. A nalysis to Parasite Control Asian Region
The Asian countries with on-going malaria transmission, including a few African countries that
are located in close proximity to these Asian countries, are split into three sub-regions: SouthEast Asia, Western Pacific and Eastern Mediterranean Region as previously used in the vector
control section for the Asian region. Parasite control within these regions is most-widely
achieved with the use of anti-malarial medicine including artemisinin-based combative therapy
(ACTs) and other anti-malarial medicines.
10-3 a. South-E ast Asia Region Parasite Control

There are 10 countries in the South-East Asian region with on-going malaria transmission.
Parasite control is achieved with the use of ACTs and any other antimalarial medicine. For the
years of 2010 and 2011 there were the same countries included within this region. Table 9.6 can
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be referred to while analyzing the data for this region. There are two countries in the preelimination phase, one in the elimination phase, and seven in the control phase.
F igure 10.7: South E ast Asia: Percentage of cases potentially treated with antimalarial
medicines, 2010

Figure 10.7: The figure depicts the percentage of cases that could have been potentially treated
with ACTs or other antimalarial medicines during 2010 for the South East Asia region (World
Malaria Report 2011, 67)
There were six countries in this region that had an availability of ACTs or any other antimalarial
medicine to potentially treat 100% of the cases. These countries include Bangladesh, Bhutan,
Timor-Leste, India, Nepal and Thailand all of which are in the control phase except for Bhutan
which is in the pre-elimination phase. All of these countries have seen or are projected to see a
reduction in malaria cases over the years which might be attributed to the fact that there was an
availability of antimalarial medicines to potentially treat 100% of the cases in these countries.
Though there was an availability of these anti-malarial drugs, it does not mean that 100% of the
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infected population was treated or that 100% of the infected population was using the medicine
correctly. Sri Lanka is currently in the elimination phase and it had an availability of ACTs to
potentially treat over 60% of the malaria cases and had an availability of other anti-malarial
medicines to treat over 80% of the malaria cases. The Democratic Republic of Korea only had an
availability of any antimalarial besides ACTs to potentially treat about 40% of the cases, but
even with less than 50% of the cases being potentially treated the country is currently in the preelimination phase. Indonesia and Myanmar are both in the control phase but with insufficient
data to determine the impact of malaria. Both countries used ACTs and any other anti-malarial
medicine but these medicines were only available to potentially treat less than 60% of the cases.
Though it does seem like the use of antimalarial drugs is helping most countries in this region in
reducing malaria cases, there is no direct correlation that can be developed to determine how
exactly the use of antimalarial medicines reduces malaria case incidence. There needs to be more
in depth analysis and research to determine how parasite control truly affects malaria case
incidence.
Most countries in this region are observing decreases in malaria case incidence. Almost all
countries have seen or are projected to see a reduction in malaria case incidence over the years
with an exception of two countries (Myanmar and Indonesia) that have insufficient data to
determine malaria reduction trends. Even though most countries have observed or will observe a
reduction in malaria case incidence, the correlation between the use of vector control methods
such as IRS and ITNs and parasite control methods such as ACTs and other antimalarial
medicines and malaria case reduction cannot be determined. Further analysis and more
consistent data are required to be able to draw these trends.
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10-3 b. W estern Pacific Parasite Control

There are 10 countries in the Western Pacific Region with ongoing malaria transmission for the
years of 2010 and 2011. All of the countries in the region have seen or are projected to see a
reduction in malaria case incidence by greater than 75% except for Papua New Guinea which is
projected to observe a slower decrease in malaria case incidence between the years 2000 to 2015.
All countries are in the control phase, with Malaysia in the pre-elimination and the Republic of
Korea in the Elimination phase. Table 9.7 can be referred to while analyzing the data for this
region.
F igure 10.8: W estern Pacific Region: Percentage of cases potnetially treated with
antimalarial medicines, 2010

Figure 10.8: The figure represents the percentage of cases that were potentially treated with antimalarial medicine for 2010 (World Malaria Report 2011, 69).
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Nine out of the ten countries had either any antimalarial medicines, ACTs or both to potentially
treat 100% of the cases. The Republic of Korea had an availability of any antimalarial medicine
to treat a little over 60% of the cases in the country. The Republic of Korea is currently in the
elimination phase and there was a greater than 75% reduction in case incidence between 2000
and 2011 even though there was not an availability of antimalarial medicines to treat 100% of the
cases. Although both Malaysia and Papua New Guinea had the availability of antimalarial
medicine to potentially treat 100% of the cases, Malaysia is in the pre-elimination phase with a
reduction in case incidence by more than 75% projected between 2000 and 2015 while Papua
New Guinea is in the control phase with a lower than 50% reduction in case incidence between
2000 and 2015. There may be a difference here because while 100% of the cases could have
been potentially treated in both countries, they might not have been treated to the fullest extent in
both. For example, there may have been a lack of knowledge among the people with malaria on
how to use the drugs in Papua New Guinea so while the drugs were available they were not
being used correctly by 100% of the infected population so the reduction in malaria is not as
substantial as it is for Malaysia, where the infected population may have been correctly using the
medicine. This is just an assumption and in order to determine the real reason behind this
inconsistent data, more research and data would be needed. Therefore, while the region as a
whole has seen or will see reductions in malaria cases it cannot be exactly determined how the
use of antimalarial medicine and the reduction in malaria case incidence are correlated. Further
studies and more consistent data are necessary to determine the correlation to see how parasite
control methods are affecting malaria.
In conclusion, all of the countries in this region are observing or are projected to observe a
decrease in malaria case incidence over the years. There has been substantial decreases in
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malaria case incidence in most countries between 2000 and 2011. The control methods used
include IRS and ITNs for vector control and the use of antimalarial medicines for parasite
control. Though it does seem like these methods have allowed for the countries to see reductions
in malaria cases, there is not an exact correlation that can be determined between the usage of
these control methods and malarial reduction. More research and consistent data are required to
be able to draw exact relations.
10-3 c. E astern M editer ranean Parasite Control

Currently there are 10 countries in the Eastern Mediterranean Region with ongoing malaria
transmission, but in 2010 there were only 9 countries because South Sudan was only added to
this region in 2011. Most countries are in the control phase, with Iran in the pre-elimination, Iraq
in the prevention of reintroduction and Saudi Arabia in the elimination phase. Six countries out
of the ten have insufficient data to be able to determine the impact of malaria.
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F igure 10.9 E astern Mediter ranean Region: Percentage of cases potentially treated with
antimalarial medicines, 2010

Figure 10.9: The figure represents the percentage of cases potentially treated with ACTs or any
antimalarial for 2010 (World Malaria Report 2011, 63).
There were four countries including Iran, Iraq, Saudi Arabia, and Somalia that had 100% of the
cases potentially treated with any antimalarial medicines, ACTS or both. While Iraq, Iran and
Saudi Arabia have seen or are projected to see a reduction in malaria case incidence by more
than 75%, there is not enough sufficient data to be able to determine the malaria impact for
Somalia. Afghanistan has an availability of ACTs only to potentially treat less than 50% of the
cases but while this number did not reach 100% there is still a greater than 75% decrease in
malaria case incidence in the country. Since there is a lack of consistent data between the use of
antimalarial medicines and the impact of malaria, a trend cannot be determined to see how the
use of antimalarial medicines helps to lower malaria cases. More research and consistent data are
required to be able to draw a conclusion and determine a trend. Seven out of ten countries in this
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region are in the control phase and six out of the ten countries have insufficient data to be able to
determine any trends about malaria case reduction. Afghanistan, Iran, and Saudi Arabia have
seen a reduction in case incidence over the years of 2000 to 2011 by over 75%, with Iraq
projected to see a reduction in case incidence by greater than 75% between 2000 to 2015. While
six countries do have insufficient data to be able to determine malaria reduction trends, there are
four countries that have observed or will observed reductions in malaria case incidence. The
most widely used vector control methods used in this region are IRS and ITNs and the most
widely used parasite control methods are antimalarial medicines and ACTs. Even though four
countries have or will observe reductions, the correlation between the use of vector control
methods and parasite control methods cannot be observed so it is difficult to determine which
malaria control method is the most effective in this region. More consistent data and research is
needed to develop a trend and conclude which method is the most efficacious.

11. Results and Conclusion
The purpose of this research thesis was to analyze the various methods available to control
malaria in regions of high prevalence and to determine which method could be established as the
most effective one to reduce malaria case incidence and ultimately lead to malaria elimination.
The countries with on-going malaria transmission were split into different regions depending on
location so that the analysis could be done for each region before determining the overall impact
of malaria worldwide. The regions included Central Africa, West Africa, East Africa and high
transmission areas in South Africa, Low Transmission South African Countries, the Americas,
Eastern Mediterranean, South-East Asia, and Western Pacific.
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While the most efficacious and widely used vector and parasite control interventions were
determined and analyzed, it was very difficult to establish which method or methods were the
most effective because there was a lack of consistent data to determine a trend on how these
specific control interventions aided in the reduction in malaria case incidence. The most widely
used vector control methods were determined to be insecticide treated bed nets (ITNs) and
indoor residual spraying (IRS) of insecticides and the most widely used parasite control methods
were antimalarial drugs or artemisinin-based combative therapy (ACTS). Though many
countries are observing or anticipating observing a reduction in malaria case incidence, these
reductions cannot be solely attributed to one control method over another because of a lack of
consistent data.
For the region of Africa, 44 countries were analyzed and it was determined that 32 of these
countries had insufficient data while 12 countries observed or are projected to observe some sort
of reduction in malaria case incidence.
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F igure 11.1 Impact of M alaria in A frican Regions

African  Region  Impact  
27%  of  the  
countries  have  
seen  some  sort  
of  reduction  in  
malaria  case  
incidence  

73%  of  the  
countries  have  
insufficient  
data  to  draw  
trends  

Figure 11.1: The figure depicts that a majority of the countries in the African region have a lack
of consistent data to be able to draw any trends (depicted in blue), while less than 30% of the
countries have seen or are projected to see a decrease in malaria case incidence (depicted in
green).

27% of the countries with ongoing malaria transmission in the African region observed some sort
of reduction in malaria or are projected to observe a reduction whether it be in case incidence or
hospital admission rates. 73% of the countries had insufficient data to be able to determine any
trends. While more than half of the countries did not have sufficient data, it is apparent that some
countries in the region are progressing and malaria reduction can be achieved in this region.
However, the most efficacious vector or parasite control method could not be determined in this
region. While one country, Cape Verde, had 100% of the high risk population protected with IRS
and less than 20% protected with ITNs, another country, Rwanda, had greater than 80% of its
high risk population protected with ITNs and less than 20% protected with IRS, both countries
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still observed a decrease in malaria cases between 2000 and 2011. In Sierra Leone, more than
80% of the high risk population was protected with ITNs and over 10% was protected with IRS,
but the country overall has a lack of consistent data to be able to determine the impact of malaria.
With regards to parasite control in the African regions, for a majority of the countries that have
or will observe a decrease in case incidence, there was an availability of ACTs, any antimalarial,
or both to potentially to treat 100% of the cases. Since there was no parasite control method used
at a greater proportion than the other for most countries observing or that will observe malaria
case decreases, the most efficacious parasite control intervention cannot be determined. For
Togo, there was an availability of both any antimalarial and ACTs to potentially treat 100% of
the cases but the overall impact of malaria for the country could not be determined because of
insufficient consistent data. It is therefore difficult to establish the most efficacious method in
this region for both vector and parasite control because different methods are utilized with
different proportions and sometimes different impacts on malaria are observed.
There were 21 countries analyzed in the Americas region. Of these 21 countries, 17 countries
observed or are projected to observe some sort of reduction in malaria cases, while 3 countries
saw an increase in malaria case incidence and one had insufficient data to be able to determine
any trends revealing the impact of malaria.
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F igure 11.2 A mericas Region Impact

14.3%  of  the  
countries  saw  an  
increase  in  malaria  
case  incidence  
  

Americas  Region  Impact  

4.7%  of  the  
countries  had  
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be  able  to  draw  
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81%  of  the  
countries  observed  
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malaria  case  
incidence  

Figure 11.2: The graph depicts the impact of malaria in the Americas region. A majority of the
countries within the Americas region have seen or are projected to see a decrease in malaria case
incidence (green), while three countries observed an increase (red) and one country had
insufficient data (blue).
Haiti was the only country that had insufficient consistent data to be able to determine any trends
for malaria impact which may be attributed to a recent earthquake in the country. Guyana,
Venezuela and the Dominican Republic observed an increase in malaria case incidence and this
may be attributed to climate changes or other factors such as earthquakes or inconsistent
reporting of data. Within this region, it is necessary for the countries that have observed
reductions to continue using the interventions they are currently using to ultimately eradicate
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malaria, while for the countries with an increase in case incidence, it is important to develop new
interventions to ultimately overcome changes that may be causing the increases or obtain more
consistent data. For the 17 countries that observed or will observe a reduction in malaria, it was
difficult to determine which intervention was the most effective because different countries were
utilizing the four efficacious control methods to protect the high risk populations with different
proportions in the years 2010 and 2011. For example, Costa Rica had 100% coverage of the
high risk population with IRS but only about 50% coverage with ITNs and Ecuador had about
50% coverage with IRS and 100% coverage with ITNs but both countries saw a reduction in
malaria case incidence between 2000 and 2011. Venezuela had 100% of its high risk population
protected with IRS and less than 5% protected with ITNs but the country still observed an
increase in malaria case incidence despite having 100% of the population protected with IRS.
With regards to parasite control, in Colombia, there was an availability of any antimalarial to
potentially treat 100% of the cases, and an availability of ACTs to potentially treat 80% of the
cases, while in Educator there was an availability to potentially treat 60% of the cases with any
antimalarial and an availability of ACTs to treat 100% of the cases, yet both countries are
observing a decrease in malaria case incidence. Since the data is not consistent in this region, it is
difficult to establish which intervention is responsible for allowing for reductions in malaria case
incidence.
There were 30 countries analyzed for the Asian region which includes mostly Asian countries
and a few African countries. 22 of these countries observed or are projected to observe some sort
of reduction with regards to malaria cases, while 8 countries had insufficient data to be able to
determine any trends about malaria impact.
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F igure 11.3 Asian Region Impact

Asia  Region  Impact  
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incidence  

26.7%  of  the  
countries  had  
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to  be  able  to  
draw  trends  on  
malaria  impact  

Figure 11.3: The figure depicts the impact of malaria in the Asian region. A majority of the
countries in this region have seen or are projected to see a reduction in malaria case incidence,
depicted in green in the graph while less than 30% of the countries had insufficient data to be
able to draw trends for malaria impact depicted in blue.

73.3% of the countries in this region have observed or will observe a reduction in malaria cases
while 26.7% of the countries do not have enough sufficient data to be able to determine the
impact of malaria. The countries that have observed or are projected to observe a reduction in
case incidence need to continue the interventions they are using and determine which other
interventions can aid them in ultimately eliminating malaria while for the countries with
insufficient data, more research and data is needed. Similar to the African and Americas region,
it was difficult to determine which method worked best in the Asian region. Different countries
used the four interventions analyzed at different proportions, while countries like China and
Bhutan used IRS and ITNs to protect 100% of the high risk population, countries like TimorLeste and Thailand had less than 50% of the populations protected with IRS and ITNS, but all
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four countries observed a decrease in malaria case incidence between 2000 and 2011. For
parasite control, Timor-Leste had an availability of any antimalarial medicine to potentially treat
100% of the cases and ACTs to potentially treat 40% of the cases while Cambodia had an
availability of any antimalarial medicine to potentially treat 40% of the cases and an availability
of ACTS to potentially treat 100% of the cases. While these two countries used the interventions
at different proportions, they both still observed a decrease in case incidence between 2000 and
2011. It was also observed that while Sudan, a country in the Eastern Mediterranean region, had
insufficient consistent data to be able to draw trends for malaria impact, there was an availability
of both any antimalarial and ACTs to potentially treat over 70% of the cases in the country.
Since there are not consistent patterns that can be determined with regards to control
interventions used and the impact observed, the most efficacious control method cannot be
successfully determined in this region or in the African and Americas region.
The reason why the most efficacious control method could not be determined through this
research thesis is because different countries are using the different control methods at different
proportions. With regards to the countries that are seeing reductions there is no consistent pattern
with usage of vector control or antimalarial medicines that can be the sole reason for the
reductions that have been or will be observed. Out of the 51 countries that are on the path of
malaria reduction, it was observed that the countries utilize different proportions of methods to
protect the high risk populations. The differences among the usage of the methods maybe due to
a variety of factors such as; countries not having the availability of enough interventions to
protect the entire population at risk, countries using methods that have seemed to work the best
in the past at a greater proportion, or where the countries are located and if the people infected or
at risk know how to properly use the interventions. These differences could be numerous making
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it difficult to determine why countries vary in their intervention usages and why they use certain
interventions over others. This would be a future research topic that could aid in determining
why certain methods are used more over others for each individual country. Furthermore, it is
important to consider that not all of the data being reported by individual countries is
accurate. This could explain why there is a lack of data leading to clear trends.
In conclusion it was determined that out of the 95countries analyzed, 51 countries observed or
are projected to observe a reduction in malaria case incidence. There are currently 79 countries in
the control phase, 11 in the pre-elimination phase, 4 in the elimination phase and 1 in the
prevention of reintroduction phase out of all the countries examined in these regions with
ongoing malaria transmission. From this research it is understood that while many countries are
observing reductions in malaria case incidence, a lot more data, research and collaboration
among the organizations working to reduce malaria, governments, health care facilities, hospitals
and the people of these nations is needed to determine which methods are most effective so that
they can be used continually and with greater force to help eliminate malaria in the world and
ultimately save millions of lives each year.
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12. A ppendix
Table A : Vector control data in countries that have observed or will observe malaria case
reductions
Country/T er ritory
1. Algeria

Impact

>75% decrease in case
incidence 2000-2011
2. Cape Verde
>75% decrease in case
incidence 2000-2011
3. Sao Tome &
>75% decrease in case
Principe
incidence 2000-2011
4. Eritrea
>75% decrease in admission
rates (projected 2015)
5. Madagascar
50-70% decrease in
admission rates (projected
2000-2015)
6. Rwanda
>75% decrease in admission
rates 2000-2011
7. United Republic >75% decrease in admission
of Tanzania
rates 2000-2011
(Zanzibar)
8. Zambia
50%-75% decrease in
admission rates projected
2000-2015
9. Botswana
>75% decrease in case
incidence 2000-2011
10. Namibia
>75% decrease in case
incidence 2000-2011
11. South Africa
>75% decrease in case
incidence 2000-2011
12. Swaziland
>75% decrease in case
incidence 2000-2011
13. Argentina
>75% decrease in case
incidence 2000-2011
14. Belize
>75% decrease in case
incidence 2000-2011
15. Bolivia
>75% decrease in case
incidence 2000-2011
16. Brazil
50-75% decrease in case
incidence 2000-2015
17. Colombia
>75% decrease in case
incidence 2000-2015

I RS (high risk
population
protected)

I T NS (high risk
population protected)

--

--

100% Coverage

Almost 20% coverage

Almost 70%
coverage
Less than 10%
coverage
Almost 50%
coverage

About 50% coverage

Greater than 10%
coverage
Almost 80%
coverage

Greater than 80%
coverage
--

Greater than 50%
coverage

40% coverage

Greater than 10%
coverage
Greater than 30%
coverage
Almost 100%
coverage
--

Greater than 30%
coverage
Greater than 70%
coverage
Greater than 30%
coverage
Greater than 60%
coverage
--

Greater than 10%
coverage
Greater than 10%
coverage
About 10%
coverage
Greater than 10%
coverage
Greater than 10%
coverage

Greater than 70%
coverage
80% coverage

Less than 5% coverage
Greater than 30%
coverage
About 5% coverage
About 10% coverage
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18. Costa Rica
19. Ecuador
20. El Salvador
21. French Guiana,
France
22. Guatemala
23. Honduras
24. Mexico
25. Nicaragua
26. Panama
27. Paraguay
28. Peru
29. Suriname
30. Bangladesh
31. Bhutan
32. Democratic
3HRSOH¶V
Republic of
Korea
33. India
34. Nepal
35. Sri Lanka
36. Thailand
37. Timor-Leste
38. Cambodia

>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2015
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2015
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence between 20002015
>75% decrease in cases
2000-2011
>75% decrease in cases
2000-2011

100% coverage

About 50% coverage

About 50%
coverage
--

100% coverage

--

--

Less than 5%
coverage
Less than 10%
coverage
20% coverage

About 1% coverage

100% coverage

100% coverage

Greater than 10%
coverage
Greater than 10%
coverage
--

--

--

Greater than 30%
coverage
Greater than 50%
coverage

50-75% decrease in case
incidence between 20002015
>75% decrease in cases
2000-2011
>75% decrease in cases
2000-2011
>75% decrease in cases
2000-2011
>75% decrease in cases
2000-2011
>75% decrease in case
incidence 2000-2011

--

--

Less than 5% coverage
--

---

100% coverage

100% coverage

About 70%
coverage

Greater than 20%
coverage

20% coverage

Less than 10% coverage

Greater than 30%
coverage
Less than 5%
coverage
Greater than 5%
coverage
About 10%
coverage
--

100% coverage
Greater than 80%
coverage
Greater than 30%
coverage
About 40% coverage
About 70% coverage
99  

  

39. China
40. /DR3HRSOH¶V
Democratic
Republic
41. Malaysia
42. Papua New
Guinea
43. Philippines
44. Republic of
Korea
45. Solomon
Islands
46. Vanuatu
47. Viet Nam
48. Afghanistan
49. Iran (Islamic
Republic of)
50. Iraq
51. Saudi Arabia

>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011

100% coverage

100% coverage

--

Greater than 40%
coverage

>75% decrease in case
incidence projected 20002015
<50% decrease in case
incidence projected 20002015
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence projected 20002015
>75% decrease in case
incidence 2000-2011

Greater than 30%
coverage

100% coverage

--

Greater than 60%
coverage

Greater than 10%
coverage
--

100% coverage

About 30%
coverage
Less than 10%
coverage
About 10%
coverage
--

100% coverage

Less than 5%
coverage
-About 70%
coverage

Less than 5% coverage

100% coverage
Greater than 10%
coverage
Greater than 80%
coverage
About 30% coverage
-About 10% coverage

Table A: The table provides the vector control coverage data for the high risk population in the
51 countries that have observed or will observe a decrease in malaria case incidence. For some
countries there is no data either because the intervention was not used in the country or the usage
was not reported. The table was generated using the figures from the World Malaria Report 2012
for vector control coverage for high risk populations in the different regions.
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Table B: Parasite control data in countries that have observed or will observe malaria case
reductions
Country/T er ritory
1. Algeria
2. Cape Verde
3. Sao Tome &
Principe
4. Eritrea
5. Madagascar
6. Rwanda
7. United Republic
of Tanzania
(Zanzibar)
8. Zambia
9. Botswana
10. Namibia
11. South Africa
12. Swaziland
13. Argentina
14. Belize
15. Bolivia
16. Brazil
17. Colombia
18. Costa Rica
19. Ecuador
20. El Salvador

Impact
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in admission
rates (projected 2015)
50-70% decrease in admission
rates (projected 2000-2015)
>75% decrease in admission
rates 2000-2011
>75% decrease in admission
rates 2000-2011

A ny A nti-malarial
Less than 5% cases
potentially treated
100% potentially
treated
100% potentially
treated
100% potentially
treated
100% potentially
treated
--

A C Ts

100% potentially
treated

--

50%-75% decrease in
admission rates projected
2000-2015
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
50-75% decrease in case
incidence 2000-2015
>75% decrease in case
incidence 2000-2015
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011

100% potentially
treated

--

100% potentially
treated
100% potentially
treated
100% potentially
treated
--

100% potentially treated

Less than 70%
potentially treated
Less than 70%
potentially treated
Less than 100%
potentially treated
100% potentially
treated
100% potentially
treated
100% potentially
treated
About 60% potentially
treated
Less than 70%
potentially treated

--

-100% potentially treated
100% potentially treated
100% potentially treated
100% potentially treated
--

100% potentially treated
100% potentially treated
100% potentially treated

-100% potentially treated
Less than 100%
potentially treated
About 80% potentially
treated
-100% potentially treated
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21. French Guiana,
France
22. Guatemala
23. Honduras
24. Mexico
25. Nicaragua
26. Panama
27. Paraguay
28. Peru
29. Suriname
30. Bangladesh
31. Bhutan
32. Democratic
3HRSOH¶V
Republic of
Korea
33. India
34. Nepal
35. Sri Lanka
36. Thailand
37. Timor-Leste
38. Cambodia
39. China
40. /DR3HRSOH¶V
Democratic
Republic
41. Malaysia

>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2015
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2015
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence between 2000-2015
>75% decrease in cases 20002011
>75% decrease in cases 20002011

--

--

About 60% potentially
treated
100% potentially
treated
--

100% potentially treated

Less than 70%
potentially treated
100% potentially
treated
Less than 60%
potentially treated
100% potentially
treated
--

--

100% potentially
treated
100% potentially
treated
About 40% potentially
treated

100% potentially treated

50-75% decrease in case
incidence between 2000-2015
>75% decrease in cases 20002011
>75% decrease in cases 20002011
>75% decrease in cases 20002011
>75% decrease in cases 20002011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011

100% potentially
treated
100% potentially
treated
About 80% potentially
treated
100% potentially
treated
100% potentially
treated
Less than 40%
potentially treated
100% potentially
treated
Less than 100%
potentially treated

100% potentially treated

>75% decrease in case
incidence projected 20002015

100% potentially
treated

--

---

-100% potentially treated
---

About 80% potentially
treated
--

About 20% potentially
treated
About 70% potentially
treated
100% potentially treated
About 40% potentially
treated
100% potentially treated
100% potentially treated
100% potentially treated
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42. Papua New
Guinea
43. Philippines
44. Republic of
Korea
45. Solomon Islands
46. Vanuatu
47. Viet Nam
48. Afghanistan
49. Iran (Islamic
Republic of)
50. Iraq
51. Saudi Arabia

<50% decrease in case
incidence projected 20002015
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence 2000-2011
>75% decrease in case
incidence projected 20002015
>75% decrease in case
incidence 2000-2011

100% potentially
treated

About 10% potentially
treated

100% potentially
treated
More than 60%
potentially treated
100% potentially
treated
100% potentially
treated
100% potentially
treated
Less than 5%
potentially treated
100% potentially
treated
Greater than 30%
potentially treated

100% potentially treated

100% potentially
treated

100% potentially treated

-100% potentially treated
100% potentially treated
100% potentially treated
About 40% potentially
treated
100% potentially treated
100% potentially treated

Table B: The table provides the parasite control data for the 51 countries that have observed or
will observe a decrease in malaria case incidence. The percentages represent the percent of cases
that could be potentially treated with antimalarial medicines or ACTs. For some countries there is
no data either because the intervention was not used in the country or the usage was not reported.
The table was generated using the figures from the World Malaria Report 2011 for parasite
control coverage for high risk populations in the different regions.
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Table C : Phases and Definitions
Phases
Control

Pre-elimination

Elimination

Prevention of Reintroduction

Definitions
A decrease in the burden of malaria to a point
where it is not a great public health problem
anymore.
Period of changing malaria control programs
between the control and elimination phase.
Reinforcement of better quality laboratory and
clinical services and other changes to stop
transmission in the nation.
No more mosquito-borne malaria transmission
locally. Continuous control to prevent
reintroduction of transmission is needed.
No more indigenous malaria and no local
transmission for at least 3 years.

Table C: The table provides the definitions for the phases in which the different countries are
placed according to the World Health Organization. The definitions were obtained from the
World Malaria Report for 2011 and 2012 and the Country Classification by Elimination Phase
document from the WHO website. (World Malaria Report, 2010, 2011 and
http://www.who.int/malaria/mpac/feb2012/elimination_classification.pdf).
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13. G lossary
A C Ts: Artemisinin based Combination Therapy
A nemia: lack of healthy red blood cells to be able to transport oxygen to tissues within the
body
Asymptomatic: displaying no symptoms when infected with a disease
C D C : Centers for Disease Control and Prevention
C erebral malaria: type of malaria in which brain can swell if blood cells filled with
parasites block blood vessels to the brain
Co-infecting: simultaneous infection of one organism with two diseases or parasites
D.D. T .: dichlorodiphenyltrichloroethane, white, odorless chemical insecticide widely used to
control malaria in the past
Diploid: having two sets of similar chromosomes
E ntomological: part of zoology that pertains to insects and the study of diseases related to
insects
G ametocyte: a cell that produces mature sexual cells
H epatomegaly: enlargement of the liver
H ypnozoite: form in lifecycle of Plasmodium species, specifically a dormant form
IP T: Intermittent Preventive Treatment
IP T i: Intermittent Preventive Treatment for infants
IP T p: Intermittent Preventive Treatement for preganant women
I RS: Indoor Residual Spraying
I T Ns: Insecticide Treated bed Nets

105  
  

L arvicides: a chemical used to fight off larval stages of organisms
L L I Ns: Long-Lasting Insecticide Treated Nets
M alaise: weakness or discomfort in the body typically due to an infection
Merozoites: form in lifecycle of Plasmodium species, specifically capable of starting a new
sexual or asexual development process
M icroorganism: microscopic organism that cannot be viewed with the naked eye
M icroscopy: investigation with the use of a microscope
M urine typhus: disease caused by rickettsia with symptoms such as fever, headache and
rash
Nephrotic syndrome: condition in which there is a lack of albumin or sulfur-containing
water soluble proteins in the blood
Oocysts: form in lifecycle of Plasmodium species, specifically a zygote capable of producing
sporozoites
Ookinetes: form in lifecycle of Plasmodium species, specifically a motile zygote
Pyrethroid: chemical synthetic compounds that are similar to pyrethrin or chemical
compounds insoluble in water used as insecticides
Relapses: reemergence of an illness or disease after a time period with no implications of the
disease
Schizonts: form in lifecycle of Plasmodium species, specifically a cell that can divide to
produce daughter cells
SM C: Seasonal Malaria Chemoprevention
SP: sulfadoxine-pyrimethamine
Spleenomegaly: enlargement of the spleen
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Sporozoites: form in lifecycle of Plasmodium species, specifically a motile and infective
form
W H O : World Health Organization
Z ygote: cell produced when to sexually reproductive cells unite
*The online dictionary Merriam-Webster and the Mayo Clinic website were used to develop
these definitions. There are also abbreviations provided in the glossary that can be referred
to.
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