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Abstract.
Malaria has prehistoric origin as a lethal human infectious disease. At about 10,000
years ago, malaria disease started having a major impact on human survival,
coinciding with the start of civilization of agriculture in the Neolithic revolution. Malaria
can be transmitted—with varying degrees of efficiency—by more than 100 species of
Anopheles mosquitoes. Despite the progress of the last decades, the WHO report
established that in 2018 there were 228 million cases of malaria worldwide and
405,000 global deaths. Until now, there is no effective vaccine available to prevent
malaria, but there are many prescribed antimalarial medications to prevent the
spreading of the disease. In high-burden countries, the most vulnerable populations
at risk for malaria tend to be women and children and people living in poverty.
Children are especially at risk, because they have not yet built up the partial immune
protection that adults acquire from multiple, sustained infections. Also, pregnant
women are at risk because of placental infection (30 million women living in SubSaharan Africa, with more than 200,000 newborn deaths each year, WHO 2016).
Malaria and HIV (human immunodeficiency virus) co-infections occur in more than 3
million cases annually and result in 65,000 additional deaths. Malaria disease was
endemic until 1945 throughout much of southern Europe. The Balkans, Italy, Greece
and Portugal were particularly affected. Despite the substantial number of imported
malaria cases in the last decade in European countries, autochthonous transmission
has not been widely observed in Europe, probably as a result of early diagnosis and
treatment, afforded by efficient healthcare systems. In December 2019, WHO
published its world malaria 2019 report with the regional and global trends, The
majority 93% of malaria cases in 2018 were in the African Region (213 million),
followed by the South-East Asia Region (Indonesia, Laos, Malaysia, the Philippines,
Singapore, Thailand, Vietnam, etc) with 3.4% of the cases and the Eastern
Mediterranean Region (Egypt, Jordan, Syria, Labanon, Tunisia, Lebanon, etc) with
2.1%. Despite 50 years of research, the complexity of Plasmoidum falciparum
confounded all attempts to eradicate the organism. This very complexity has pushed
the boundaries of vaccine development to new heights, Novel vaccine such as
RTS,S/AS01E are on the edge of licensure, but old techniques have resurged with
the ability to deliver vialed, whole organism vaccines. This review contains some
important facts on global malaria infections and the historial background for the
development of therapeutic drugs and prevention measures that control the vector
transmissions..

1

Introduction: History of Malaria as a lethal infectious disease
Malaria has prehistoric origin as a potentiallly lethal human infectious
disease. The first evidence of malaria parasites (Plasmodium falciparum) was
found in mosquitoes preserved in amber that are approximately 30 million
years old. About 10,000 years ago, malaria started having a major impact on
human survival, coinciding with the start of civilization of agriculture in the
Neolithic revolution. Two Egyptian mummies who died more than 3,500 years
ago have provided clear evidence for the earliest known cases of malaria at
an international conference on ancient DNA.1,2
More molecular studies have confirmed the high prevalence of malaria
mosquitoes in ancient Egypt. Herodotus wrote that the builders of the
Egyptian pyramids (circa 2700–1700 BCE) were given large amounts of garlic
probably to protect them against malaria. The Pharaoh Sneferu, the founder
of the 4th dynasty of Egypt (2613–2589 BCE), used bed-nets as protection
against mosquitoes and Cleopatra (VII), the last Pharaoh of Egypt, similarly
slept under a mosquito net. The presence of malaria in Egypt from around
800 BCE onwards has been confirmed using DNA-based methods.3-5

Figure 1. Malaria as a disease has been recorded in the Ebers Papyrus from
Egypt, ca. 1570 B.C., on clay tablets of the Ashurbanipal library in
Mesopotamia at around 2000 B.C., and in the Nei Ching Chinese medical text
dating from 2700 B.C. Malaria DNA has been found in two mummies from the
ancient Egyptian capital of Thebes, providing clear evidence for the earliest
known cases of the disease. Using special techniques from molecular biology,
such as DNA amplification and gene sequencing, researchers identified
ancient DNA for the malaria parasite Plasmodium falciparum in tissues from
two Egyptian mummies.
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For thousands of years, traditional herbal remedies have been used to
treat malaria in China, India and African countries.6 The first effective
treatment for malaria came from the bark of the cinchona tree, which contains
the antimalarial compound Quinine. Malaria was linked to mosquitos and their
parasites in the early 20th century. Mosquito control measures, widespread
use of insecticides, swamp drainage, covering open water sources, indoor
residual spraying and use of insecticide treated nets was initiated, reducing
substantially malaria infections and premature children deaths.6
Malaria's probable arrival in Rome in the first century AD was a turning
point in European history. From the African rain forest, the disease most likely
traveled down the Nile to the Mediterranean, then spread east to the Fertile
Crescent, and north to Greece. Greek traders and colonists brought it to Italy.
From there, Roman soldiers and merchants would ultimately carry it as far
north as England and Denmark.7,8

Figure 2. Malaria ravaged ancient Rome during the 1st and 3rd centuries AD.
Malaria was a significant pathogen that caused widesprea death in ancient
Rome, found at remains from 3 Italian cemetries dating back to between the
1st and 3rd century BC of the Roman Empire. Analysis of DNA extracted from
teeth found evidence of malaria parasites.
For the next 2,000 years, malaria infections flourished in crowded
population settlements, and in areas with swamps and large lakes of standing
water. Millions of people in agricultural areas were getting seasonally malaria
fever, and millions were chronically weak and with high temperature which
prevented to work in the fields. Greece was a country affectd very badly by
malaria for centuries. Many historians speculated that malaria was one of the
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important causes that contributed to the fall of the Roman Empire. Rome and
Italy in general witnessed malaria epidemics for many centuries that
devastated the fertile, marshy croplands surrounding the city, causing local
farmers to abandon their fields and villages. The Roman Campagna (a lowlying area surrounding Rome in the Lazio region of central Italy, with an area
of approximately 2,100 square kilometres) remained sparsely settled for
centuries until finally cleared of malaria in the late 1930s. 9
In India and China, population growth drove people into semitropical
southern zones that favoured malaria. India's oldest settled region was the
relatively dry Indus valley to the north. Migrants to the hot, wet Ganges valley
to the south were disproportionately plagued by malaria, and other mosquitoand water-borne diseases. Millions of peasants who left the Yellow River for
hot and humid rice paddies bordering the Yangtse encountered similar
hazards. Due to the unequal burden of disease, for centuries, the
development of China's south lagged behind its north. Malaria was
subsequently imported to the New World (USA, Canada, Latin America, etc)
by African slaves initially protected by age-old genetic defenses (sickle cell
anemia). Deforestation and ―wet‖ agriculture such as rice farming facilitated
breeding infectious mosquitoes. By 1750, both viva types of malaria were
common from the tropics of Latin America to the Mississippi valley to New
England (Canada). Malaria, both epidemic and endemic, continued to plague
the United States until the early 20th century.10,11
Malaria, together with HIV/AIDS and tuberculosis, has been one of the
major public health challenges undermining development in the poorest
countries of the world. Global estimates showed that 20% of the world‘s
population suffer from malaria in the last decades in 100 endemic countries.
In particular,.African countries were responsible for approximately 90% of one
million malaria related deaths annually in 2000. Most of these deaths occured
in sub-Saharan Africa, where young children were the most affected. Malaria
was responsible for 20% of childhood deaths in Africa and indirectly
contributed to illness and deaths from respiratory infections, diarrhoeal
disease and malnutrition. In 1988 the WHO started the programme Roll Back
Malaria, a global partnership founded in 1998 by WHO, the United Nations
Development Program (UNDP), United Nations Children‘s Fund (UNICEF),
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and the World Bank with the goal of halving the world‘s malaria burden by
2010 (treatments with effective antimalarial drugs, based on Artemisinin,
using bed nets impregnated with insecticides and selected insecticides in
outside ares where mosquitoes can multiply. Progress in the fight against
malaria since 2000 has resulted in a 58% reduction in malaria mortality - with
more than 6.2 million malaria deaths averted between 2001- 2015. However,
malaria remains a major cause and consequence of poverty and inequity
worldwide. In Third World countries, malaria impedes economic development,
undermines food security, stops children going to school, and absorbs the
capacity of national systems to respond effectively to health security threats.
[Malaria

World,

https://malariaworld.org/blog/roll-back-malaria-partnership-

releases-new-strategies-guide-global-efforts-toward-malaria ].

Figure 3. Despite the intial success to halve the deaths from malaria in Africa
the global numbers of infection are increasing. The RBMP needs serious
money to buy nets, insecticides, and effective drugs to get back on target.
State and private donors must increase their support for the Global Fund
providing the best funding mechanism for the procurement of malaria tools.

Malaria prevention and control in Europe
There is historical evidence that the infectious disease Malaria arrived
to South Europe via the Nile Valley during the Neolithic period (4,000–3,000
BC).

Malaria was widespread in almost 50% of Earth‘s land surface until the

mid-19th century and affected almost 90% of the world‘s population. Malaria
cases and epidemics were a regular occurrence as far north as Scandinavia
in Europe and as far north as Canada in North America until the beginning of
the 20th century.12,13
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Mediterranean countries suffered from malaria due to large areas with
lakes, wetlands and stagnant waters and high temperatures in the summer.
Greece was a country affectd very badly by malaria for centuries. A WHO
communication report for Greece (1948) described the malaria cases in the
coutry during the 1930s, with a high rate of mixed infections and mortality at
73.7 deaths per 100,000 inhabitants.14,15
Malaria disease was endemic until 1945 throughout much of southern
Europe. The Balkans, Italy, Greece and Portugal were particularly affected. In
1955, the 8th World Health Assembly agreed ―that the United Nations WHO
should take the initiative, provide technical advice, and encourage research
and coordination of resources in the implementation of a programme for the
worldwide eradication of malaria. As a result WHO launched the Global
Malaria Eradication Programme (GMEP), which was highly successful in
eliminating malaria from several regions of the world, including Europe.
Malaria was eradicated from Europe in the 1970s through a combination of
insecticide spraying (among others, DDT), drug therapy (antimalaria drugs)
and environmental engineering (better design of dams, covering wetlands,
extensive irrigation schemes that allow for alterations in level and flow of
water, and flushing of reservoirs to reduce mosquitoes).The European Region
was malaria free in 1975. The last indigenous cases at that time occurred in
Macedonia in 1974. Nearly all malaria cases reported by EU/EEA countries
for 2018 were imported. Infections occur among recent immigrants from
malaria-endemic countries and more settled migrants and their families who
have travelled to visit friends and relatives in malaria-endemic home countries
(Africa and the Americas). Most of the imported malaria cases in France and
the United Kingdom are linked to travel routes from West Africa.16
After 1975 Europe passed through a period with very small numbers of
imported malaria cases. Over the past decade, the number of imported
malaria cases recorded annually has ranged from 24 to 45, the majority from
immigrants and those travellers to malaria endemic countries who have not
taken the appropriate chemoprophylaxis.
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Figure 4. Malaria was eradicated in most areas of the Earth after combination
of insecticide spraying (among others, DDT), drug therapy (combination of
Artemisinin and other antimalaria drugs), bed nets with insecticide, and
environmental engineering with better design of dams, covering or drying
wetlands, extensive irrigation schemes, better flow of stagnant waters, and
flushing of reservoirs to reduce mosquitoes.

Malaria came back to Europe by the late 1980s and early 1990
because of refugees and movement of populations. Local malaria
transmission had been re-established in the Caucasus, the Central Asian
republics and, to a lesser extent, in the Russian Federation, following the war
in Afghanistan and the dissolution of the former Soviet Union. In Turkey, a
sharp increase in the number of malaria cases in the 1990s was linked to a
large of influx of Iraqi refugees during the First Gulf War; in 1994, the country
reported a peak of over 84,000 cases of malaria. Between 1995 and 2005,
malaria control activities succeeded in greatly reducing the burden of the
disease across the European countries. In 2000, 8 countries reported just
over 32,000 cases of malaria, while in 2005, only 5,000 cases were reported
in European Region-wide. These numbers showed that the goal of malaria
elimination was within reach in Europe.17
Despite the substantial number of imported malaria cases in European
countries, autochthonous transmission has not been widely observed in
Europe, probably as a result of early diagnosis and treatment, afforded by
efficient healthcare systems. But current climatic conditions (higher summer
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temperatures) are conducive to malaria transmission in several areas of
Southern Europe, and climate change might favour mosquito proliferation and
parasite development, further facilitating malaria transmission. In the last
decade Western European countries witnessed continuing massive influx of
refugee and migrant populations from endemic areas (Syria, Iraq, Turkey,
Iran, etc) that could contribute to building up of infectious malaria parasites.

Figure 5. DDT, is and organochlorine substance with supperior insecticidal
properties (discovered 1939) for mosqitoes and it was the most widely used
as pesticides in agriculture in the world (1946 and 1972). DDT was used
against mosquitoes to control malaria and leishmaniasis. For environmental
reasons it was banned in 1975. DDT is classified as ‗probably carcinogenic
(class 2A according to IARC-WHO), exposure to high concentrations can
supress the immune system: DDT is persistent, and its widespread use have
meant that DDT residues can accumulate in organic tissues and can be found
in the environment. The WHO decided to reuse DDT (under special protection
measures) in special areas for the fight against malaria and other parasitic
diseases as the most effective insecticide.

Worldwide transmissions. The WHO Malaria report 2019
In the last decade there is substantial progress in globally reducing the
cases of malaria infections. But it must be noticed that worldwide more than 1
billion people still live in areas where malaria is endemic and can be
transmitted among the populatios. In 2015, more than 200 million cases of
malaria occurred worldwide, with 90% in the African Region, 7% in SouthEast Asia and 2% in Eastern Mediterranean. The WHO has recorded
substantial reductions in malaria infections between 2000-2015. In 15 years
the incidence rate of malaria has decreased globally by 41%. The massive
burden of high numbers of cases in Sub-Saharan Africa is due mainly to the
mosquitoe Plasmodium falciparum. The Democratic Republic of Congo and
Nigeria are the most populated states with high levels of malaria transmission.
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Three Asian countries (India, Indonesia, and Pakistan) account for more than
80% of Plasmodium vivax cases.18-21
In December 2019, WHO published its world malaria 2019 report
[https://www.who.int/news-room/feature-stories/detail/world-malaria-report2019 ] with the regional and global trends in burden of trtansmission malaria
cases and deaths in adults and vulnerable children for the year 2018. Some of
the main data and estimates of the report are described below:
Global estimates, in 2018 there were 228 million cases of malaria (the
range was 206–258 million), compared with 251 million cases in 2010. The
majority 93% of malaria cases in 2018 were in the African Region (213
million), followed by the South-East Asia Region (Indonesia, Laos, Malaysia,
the Philippines, Singapore, Thailand, Vietnam, etc) with 3.4% of the cases
and the Eastern Mediterranean Region (Egypt, Jordan, Syria, Labanon,
Tunisia, Lebanon, etc) with 2.1%.
Sub-Saharan African countries (19 countries) and India carried almost
85% of the global malaria burden. Also, 6 countries accounted for more than
50% of all malaria cases worldwide: Nigeria (25%), the Democratic Republic
of the Congo (12%), Uganda (5%), and Côte d‘Ivoire, Mozambique and Niger
(4% each). In the period 2015-2018, only 31 countries, where malaria is still
endemic, reduced case incidence significantly and were on track to reduce
incidence by 40% or more by 2020.
Malaria deaths in 2018, there were an estimated 405,000 deaths from
malaria globally, compared with 416,000 deaths in 2017, and an estimated
585,000 deaths in 2010, a substantial decrease in 18 years of 180,000.
Children (under 5 years) are the most vulnerable group affected by malaria. In
2018, children‘s deaths accounted for 67% (272,000) of all malaria deaths
worldwide. The African Region is again the area with the majority of childrens‘
deaths (94%) from malaria, although this region witness a substantial
decrease of 180,000 fewer deaths in the last 18 years. In 2018, Nigeria
accounted for almost 24% of all global malaria deaths, followed by the
Democratic Republic of the Congo (11%), the United Republic of Tanzania
(5%), and Angola, Mozambique and Niger (4% each).
Malaria is responsible for adverse maternal, infant and child health. In
2018, it is estimated that about 11 million pregnancies in moderate and high
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transmission sub-Saharan African countries have been exposed to malaria
infections. These pregnant women exposed to malaria infections delivered
about 872,000 children with low birthweight (16% of all children). Malaria
infections are responsible for anaemia to children under 6 years of age. In the
children who were positive for malaria, 9% had severe anaemia and 54% had
moderate anaemia; in contrast, in the children without malaria, only 1% had
severe anaemia and 31% had moderate anaemia. Severe anaemia among
children (under 5 years) with malaria was found in Senegal (26%), Mali (16%),
Guinea (14%) and Mozambique (12%).
In the last decade there is substantial progress in many countries to
eliminate or prevent new cases of malaria. In 2018, 49 countries reported
fewer than 10,000 malaria cases (there were only 40 countries in 2010).
Paraguay and Uzbekistan were awarded WHO certification of elimination in
2018, Algeria and Argentina achieved certification in 2019. In 2018, China, El
Salvador, Iran, Malaysia and Timor-Leste reported zero indigenous cases.

Figure 6. The World Malaria Day is celebrated every year on 25th April. After
more than a decade of steady advances in fighting malaria, progress has
leveled off. According to WHO‘s latest World malaria report, no significant
gains were made in reducing malaria cases in the period 2015 to 2017. The
WHO African Region continues to account for approximately 90% of malaria
cases and deaths worldwide. It is alarming that in 10 African countries hardest
hit by malaria (Burkina Faso, Cameroon, Democratic Republic of the Congo,
Ghana, Mali, Mozambique, Niger, Nigeria, Uganda and United Republic of
Tanzania) there were an estimated 3.5 million more cases of malaria in 2017
over the previous year.
10

The Greater Mekong Subregion (GMS) is comprised of six countries:
Cambodia, China's Yunnan Province, Lao PDR, Myanmar (Burma), Thailand
and Vietnam, and for many decades was one of the most threatening area in
Asia of widespread malaria infection cases in the local population. Since the
initiation of the WHO's Mekong Malaria Programme, malaria situation in the
area has greatly improved, reflected in the continuous decline in annual
malaria incidence and deaths.The GMS is a natural economic area bound
together by the Mekong River, covering 2.6 million square kilometers and a
combined population of around 326 million.22
But recent efforts to fight malaria in the GMS have yielded impressive
results. According to the latest WHO 2019 report, the six GMS countries cut
their malaria case incidence by an estimated 54% between 2012 and 2015.
Malaria death rates fell by 84% over the same period (WHO, World Malaria
Report 2019)

Figure 7. Since 2000, malaria-affected countries and their development
partners have made remarkable progress in reducing the total number of
malaria cases and deaths. However, the toll of malaria remains unacceptably
high. Every two minutes, a child dies of this preventable and treatable
disease. And each year, more than 200 million new cases of the disease are
reported. [WHO 2019 world malaria report, https://www.who.int/newsroom/feature-stories/detail/world-malaria-report-2019 ].
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Global investment for malaria research and prevention
Health

organizations

in

most

countries

and

the

international

organizations like UN-WHO, invested substantial amounts of money for
malaria prevention programmes and supported systematic research for
antimalarial medicines, malaria vaccines, protective antimalarial nets and
efficient insecticides exterminating the mosquitoe papasites. In 2018, an
estimated US$ 2.7 billion was invested in malaria control and elimination
efforts globally by governments of malaria endemic countries and international
partners (in 2017 the investment was US$ 3.2 billion). Nearly 75% of
investment in 2018 was spent in the WHO African Region, 7% in the
Americas, 6% in South-East Asia Region and 5% each for Eastern
Mediterranean Region and Western Pacific Region. The investment of US$
1.8 billion came from international funders. The USA was the largest
international source of malaria financing, providing US$ 1.0 billion (37%) in
2018. OECD country members of the Development Assistance Committee
together accounted for US$ 300 million (11%). The United Kingdom of Great
Britain and Northern Ireland contributed around US$ 200 million. The US$ 1.0
billion was channelled through the Global Fund to Fight AIDS, Tuberculosis
and Malaria. The Global Fund was created in 2002 to raise, manage and
invest the world's money to respond to three of the deadliest infectious
diseases the world has ever known. The investment of Global Fund until now
have saved 32 million lives and provided prevention, treatment and care
services to hundreds of millions of people, helping to revitalize entire
communities, strengthen local health systems and improve economies. Part of
the international investment directed US$ 663 million to fund basic research
and product development for malaria in 2018, an increase of US$ 18 million
compared with 2017. Funding for drug research and development (R&D)
increased to the highest level ever recorded, from US$ 228 million in 2017 to
US$ 252 million in 2018. This increase was a result of private sector industry
investment in several Phase II trials of new chemical pharmaceuticals with the
potential for single- exposure radical cure of malaria.
[WHO, 2019 World Malaria report, https://www.who.int/news-room/featurestories/detail/world-malaria-report-2019 ]
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Antimarial drugs, vaccines, diagnostics and vector control
In the next decade, the global funding for malaria will need to be
distributed amongst product areas as follows: 23 •
Antimarial Drugs: It has been decided that the antimalaria campaign must
focus on single exposure radical cure and prophylaxis. The projections
indicate that funding can decrease by 23% in 2013-2014 to around $180
million in 2015, but then funding will need to be maintained at that level until at
least 2022.

Figure 8. There are various antimariaql drugs. The Artemisinins are the
most effective antimalarial group of drugs known. These agents have been
used in traditional Chinese herbal medicine for more than 2,000. Malaria
remains prevalent in the tropics despite the WHO's attempts to eradicate the
disease. A key problem is the evolution of new strains of the malaria parasite
(Plasmodium sp.) that are resistant to current drugs like chloroquine.

Vaccines: Funding for vaccine development will account for approximately
32% of funding needs over the next decade and will need to increase from
their 2011 level of $150 million to $200 million in 2013. Steady increases
thereafter to $250 million per year by 2017 will be required to make
substantial progress toward all of the Malaria Vaccine Technology Roadmap
targets. The complexity of the malaria parasite makes development of a
malaria vaccine a very difficult task. Recent progress has been made with the
completion of a Phase III trial of the RTS,S/AS01 candidate vaccine and
review by the European Medicines Agency (EMAS) and WHO. There is
currently no commercially available malaria vaccine.
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Diagnostics: There has been only a doubling of funding since 2009 instead
of the quadrupling of funding recommended in Staying the Course, and now
funding needs to double again immediately to around $34 million per year.
Thereafter, diagnostics funding will gradually decrease and remain steady at
around $15-20 million/year for the years after 2018. •
Vector control products: The two most important and broadly applicable
measures for malaria vector control are insecticide-treated nets (ITNs) and
indoor residual spraying (IRS). Vector control funding needs to almost double
immediately to $52 million per year in 2013 and must increase steadily to a
peak of $100 million in 2018.23
Also, the WHO 2019 malaria report establish the needs of various
commodities to be delivered in the affected countries in order to achieve the
golas to fight malaria. Between 2016 and 2018, a total of 578 million
insecticide-treated mosquito nets (ITNs) and long lasting insecticidal nets
(LLINs) are being promoted by WHO. LLINs are nets treated in the factory
with an insecticide incorporated into the net fabric which makes the insecticide
last at least 20 washes in standard laboratory testing and three years of
recommended use under field conditions. With LLINs therefore the time
consuming method of retreating old nets is no longer necessary. Of these
protective nets 50% are going to Côte d‘Ivoire, the Democratic Republic of the
Congo, Ethiopia, Ghana, India, Nigeria, Uganda and the United Republic of
Tanzania. In 2018 about 197 million ITNs were delivered of which more than
87% were delivered to countries in sub-Saharan Africa. Globally, 80% of ITNs
were distributed through mass distribution campaigns.

Figure 9. Long-lasting insecticidal nets (LLINs) have played an important role
in the remarkable success in reducing malaria burden over the past decade
and widely used by people at risk of malaria. WHO recommends nets are
used for coverage for all people at risk of malaria.
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The 2019 WHO report estimated that 412 million Rapid Diagnostic
Tests (RDTs) must be sold in a global scale for the needs of malaria control in
2018. Artemisinin-based combination therapy, the report estimated 3 billion
treatment courses of artemisinin-based combination therapy (ACT) were
procured by countries over the period 2010–2018. An estimated 63% of these
procurements were reported to have been made for the public sector.
Specialized health preventine therapies. Intermittent preventive therapy or
intermittent preventive treatment (IPT) is a public health intervention aimed at
treating and preventing malaria episodes in infants (IPTi), children (IPTc),
schoolchildren (IPTsc) and pregnant women (IPTp). The intervention builds on
two tested malaria control strategies to clear existing parasites (treatment
effect seen in mass drug administrations) and to prevent new infections
(prophylaxis).
The WHO international campaign against malaria concentrated its
efforts on pregnant women and children. To protect women in areas of
moderate and high malaria transmission in Africa, WHO recommends IPTp
with the antimalarial drug sulfadoxine-pyrimethamine. In 2018, 31 million
children in 12 countries (Africa‘s Sahel subregio, in particular Cameroon,
Guinea, Guinea-Bissau and Mali) were protected through Seasonal malaria
chemoprevention programmes. This programme is the administration of
doses of long-acting antimalaria drugs at monthly intervals in areas of
exclusively seasonal transmission of malaria, in order to maintain drug
concentrations in the blood of the patients. These ddrugs are: a treatment
dose of amodiadiaquine plus sulfadoxine-pyrimethamine to children 3-59
months of age, and at monthly intervals during the malaria transmission
season (maximum for 4 months)
Malaria surveillance systems. The WHO recomments malaria surveillance
systems for regular monitoring and evaluation of the antimalarial methods and
measures in the various areas of the world. The WHO developed the Global
Malaria Programme (GMP), in collaboration with the University of Oslo, to
standardized malaria modules for aggregate and case-based collection of
routine

data

with

associated

data

elements,

dashboards

of

key

epidemiological and data quality indicators, reports and a curriculum for
facility-level data analysis to facilitate data analysis and interpretation.
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Figure 10. Additional antimalaria chemoprevention. 31 million children in
Africa‘s Sahel subregion, and in particular Cameroon, Guinea, Guinea-Bissau
and Mali, were protected through seasonal malaria chemoprevention
programmes with the administration of antimalaria drugs at monthly intervals
during the crucial malaria transmission seasons. [https://www.pmi.gov/howwe-work/technical-areas/seasonal-malaria-chemoprevention ].
Resistance monitoring of the four insecticide classes. (organochlorines,
carbamates, organophosphates, pyrethroids). In the last 20 years, antimarial
health and administrative officials reported data on insecticide resistance
monitoring to WHO. Of the 81 malaria endemic countries that provided data,
resistance to at least one of the four insecticide classes in one malaria vector
from one collection site was detected. Resistance to pyrethroids – the only
insecticide class currently used in ITNs – is widespread and was detected in
at least one malaria vector in more than 2/3 of the sites tested. Resistance to
organochlorines was detected for at least one malaria vector in almost 2/3 of
the sites. Resistance to carbamates and organophosphates was less
prevalent. Resistance to pyrethroid insecticides, the only class available to
treat bed nets, is now ubiquitous in African malaria vectors and resistance to
other insecticide classes used for adult mosquito control is increasing. 24
Malaria control: importance of effective health system. The scale-up of
malaria interventions during the past decade highlights the importance of
strong health systems in developing countries. Effective health treatment
provides individual benefits by curing infection and preventing progression to
severe disease stages. Recent analyses of the effectiveness of malaria
service delivery have assessed supply-side determinants, including diagnosis,
staff training, and availability of antimalarial medicines at the health facility
level. A recent comprehensive analysis of available data on effective
coverage of malaria case management for 43 countries in Sub-Saharan Africa
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found considerable international variations. Effective national coverage for
malaria case management was found to range from 8-72 % in the SubSaharan Africa region, for a variety of reasons. 25

Despite 50 years of research only in 2015 an affordable
Malaria vaccine
Despite 50 years of research, the complexity of Plasmoidum falciparum
confounded all attempts to eradicate the organism. This very complexity has
pushed the boundaries of vaccine development to new heights, but until now
we do not have affordable malaria vaccine that can provide durable and highlevel protection against infections. Novel vaccines such as RTS,S/AS01E are
on the edge of licensure, but old techniques have resurged with the ability to
deliver vialed, whole organism vaccines. Improvements were achieved with
novel adjuvants multistage and multiantigen approaches and transmission
blocking. In recent years, there has been substantial progress in the
development of single antigen pre-erythrocytic vaccines that point to the
feasibility of developing a high efficacy vaccine that could make a major
impact on malaria control. A highly effective malaria vaccine is still a major
objective of global health research, and will likely require a multi-stage
product. New vaccine technologies and the increasing success of antigen
discovery approaches now make accelerated design and development of a
highly effective multi-antigen multi-stage subunit vaccine feasible.
Several malaria vaccine projects have been underway in a bid to
address the huge burden posed by malaria. In 2015, the European Medicines
Agency (EMA) for the immunization of children against malaria approved the
RTS, S/AS01 vaccine, which is currently the most clinically advanced malaria
vaccine. Phase 3 clinical trials conducted in various sites in Africa showed
that the RTS, S/AS01 vaccine has a protective efficacy of 45% in children in
the first twenty months after vaccination.26,27,28
In 2018, the WHO through a large scale pilot malaria vaccine
implementation program aimed to introduce this vaccine in three sub-Saharan
countries with the highest transmission cases (Ghana, Kenya, Malawi). The
Malaria Vaccine Implementation Program (MVIP), intended to initiate the
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roll-out of the RTS,S/AS01 malaria vaccine in 3 sub-Saharan African
countries.29
The plans for malaria vaccines was originally presented in the 2006
global malaria technology roadmap. By 2015, the landmark roadmap was to
have registered a first-generation vaccine with a protective efficacy of more
than 50% against severe disease and death and with duration of protection
greater than one year. The current frontrunner is the subunit vaccine RTS,S in
combination with a proprietary adjuvant, AS01 (produced by GlaxoSmithKline
and the Malaria Vaccine Initiative). The phase III study was contacted with
15,460 children (11 centers in 7 countries in Sub-Saharan Africa). The results
showed a reduction of 18–28% against all malaria episodes without a booster,
and a reduction of 26–36% with a booster at month 20.30
This malaria vaccine received a positive scientific opinion in July 2015
from the Committee for Medicinal Products for Human Use of the European
Medicines Agency. A further study in 43 African countries for 4 years to test
the efficacy of the vaccine RTS,S/AS01E showed that the vaccine‘s protection
and its long-term public health effect reported a rate of initial protection of
80% against infection in children ages 5–17 months and a rate of initial
protection of 65% percent in infants ages 6–12 weeks.31

Figure 11. After 30 years in the making, RTS,S is the first and to date the
only, vaccine that has demonstrated it can significantly reduce malaria in
children. In clinical trials, the vaccine was found to prevent approximately four
in 10 malaria cases, including 3 in 10 cases of life-threatening severe malaria,
Malaria is a constant threat in the African communities where this vaccine will
be distributed. The poorest children in African countries suffer the most and
are at highest risk of death. The Vaccine RTS,S will save children, including
those who may not have immediate access to the doctors, nurses and health
facilities [by GlaxoSmithKline and the Malaria Vaccine Initiative].
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The RTS,S vaccine being short when used in combination with other
malaria control strategies, has the potential to avert up to 700,000 deaths over
a 10-year period. After considering all of the safety data from the clinical trials,
the WHO issued a positive policy recommendation for starting to plan a series
of large-scale implementation vaccination strategies. Also, the cost of the
vaccine is very important. A vaccine that costs around US$1 per dose would
be most attractive for internationa application. However, if the ideal vaccine
may have multiple antigens to target different parasite stages, its production
costs may increase. The cost-benefit tradeoffs must be evaluated early to
avoid producing a vaccine that might be very effective but is too expensive for
widespread adoption. Despite progress in vaccine research, there are still
problems in understanding of why acquired immunity to Plasmodium is slow to
develop, it is incomplete, and short-lived after immunisation. The protozoan
parasites of malaria have evolved multiple strategies to evade attacks from
the mammalian immune system, such as encoding and switching between
dozens of genes that encode different cell surface proteins. Almost all
successful vaccines are directed against viruses, very few act against
bacteria, and almost none act against protozoans. The probability of early
success in malaria vaccines (several are in the stage of human filed trials) as
a whole at this stage is quite high. The combination of a wealth of candidates
and a poor success rate highlights the importance of having standardized
processes for comparing candidates.32,
The RTS,S vaccine is the product of one of the big pharmaceutical
company GlaxoSmithKline (GSK after decades of research. After 2015 a
WHO pre-qualification was granted, GSK applied for marketing authorisation
in countries in sub-Saharan Africa on a country-by-country basis. These
regulatory and policy decisions would, if positive, enable countries to begin
implementation of RTS,S through their universal immunisation programmes.
Both a WHO policy recommendation and WHO pre-qualification are
requirements for Gavi, the Vaccine Alliance, to support eligible African
countries for introducing RTS,S into local immunisation programmes
supported by UNICEF.33

19

[**The GAVI, Global Alliance for Vaccines and Immunisation – today Gavi, the
Vaccine Alliance) established in 2000. GAVI is a global health partnership of
public and private sector organizations dedicated to ―immunisation for all‖.The
GAVI shares the 90% of cost developing countries pay for vaccines, which
has resulted in more than 460 vaccine campaigns and against virulent
diseases. GAVI for 20 years has promoted vaccination to 760 million children
in the world‘s poorest countries, preventing more than 13 million deaths
[https://www.who.int/workforcealliance/members_partners/member_list/gavi/en/. ].

History and epidemiology of Malaria in Greece
The infectious disease Malaria was implicated in the history of ancient
Greece and by its widespread transmission in the 4th century BC influenced
the decline of many city-state populations. Greece has been cursed by
malaria until recently. In the last decades of the 20th century Greece was
directly responsible for some 5,000 deaths/per year and, at a conservative
estimate, over a million infectious cases a year (population was 7 million).
From 1880 in Greece, prevention and control of malaria has been in the
center of the state health system. Drainage of swamps for the settlement of
refugees from Turkey was one milestone in the 1920s and 1930s.34

Figure 12. Areas of Greece with historial prtecendence of maria, before the
elimination of malaria in 1974, Pervanidou D. KEEΛΠNO, Κέντρο Ελέγτοσ και
Πρόληυης Νοσημάτφν, Hellenic Centre for Surveillance and Intervention
[https://docplayer.gr/11015525-Epidimiologika-dedomena-nosimaton-poymetadidontai-me-diavivastes-stin-ellada.html. Sudre B, Rossi M, Van Berkel
W, et al. Mapping environmental suitablitiy for malaria transmission , Greece.
Emerging Infectious Diseases 19(5):7984-787, 2013.
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Following the liberation of Greece from the Ottoman Empire in 1830
and until the eve of the 20th century, the small new country remained under
the siege of malaria, During 70 years the deadly disease at times becoming
out of control caused large numbers of farmers to witness high temperatures
and deaths in the worst cases. From 1882 to 1887, the Greek Army suffered
enormous losses due to malaria; approximately 42,000 soldiers were treated
in the Military Hospital of Athens. At the population level, from 1899 until
1906, 2,147 individuals, especially neonates and young children died of
malaria.The sanitary campaigns against malaria in Greece started in the
beginning of the 20th century. The year 1905 was a particularly difficult one.
According to well known malaria medical experts Savvas and Kardamatis
estimated that there were 250,000 new cases of malaria in Greece that year.
The annual mortality from malaria in Greece was 8-10 (per 10,000
inhabitants) in the period 1925-30, compared to less than 1.8/100,00 in
Europe. In 1925-1930 malaria mortality increased annually in urban areas
with a total of 5,847deaths reported. The situation was even worsein in rural
areas, with 25,554 deaths in 5 years and 152,642 patients were admitted to
public hospitals. The numbers of malaria must have been actually greater,
given that thousands of poor Greek villagers never had access to state
hospitals.35,36,
Greece was considered to have the highest prevalence of malaria
among all European countries during the early 20th century, with one of the
largest epidemics (affecting 960,000 people) occurring in 1905. Malaria was
endemic throughout the country up until the 1960s. Following the WHO Global
Eradication Programme, the country achieved official malaria-free status in
1974. The elimination of malaria in 1974 was attributed to an integrated
malaria control programme which included: passive and active case detection,
radical treatment of malaria infections (with chloroquine plus 14 days
primaquine), and vector control consisting of indoor residual spraying. Also,
between the 1960s and 1970s, Greece experienced dramatic improvements
in the socio-economic conditions in rural areas, including increasing prosperity
and better housing conditions, greater availability of medical care, improved
environmental sanitation and new educational facilities, Between 2009 and
September 2012, locally acquired cases of P. vivax infection were reported in
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Greece, mostly from the agricultural area of Evrotas, Lakonia but also
sporadically from five other regions suggesting that conditions in these areas
are

favourable

for

local

transmission

of

malaria,

The

continuous

implementation of the integrated preparedness and response plan for malaria
that covers all aspects from surveillance and laboratory diagnosis to vector
control and the reorganization of public health infrastructures are necessary to
prevent transmission and control the disease in the long term. However, the
impact of the severe economic crisis on current health-care, public health
infrastructures and vector control constitute a great challenge for the future.
The current threat of renewed sustained local malaria has not materialised in
the last decade in Greece and in Europe in general. 37-41

Artemisinin: global impact on the treatment of malaria
Antimalarial drugs were developed for many decades. The first one
was Quinine that was isolated from the bark of the cinchona tree in 1820.
Other antimarial drugs were chloroquine, proguanil, mefloquine, and
atovaquone. Tetracycline/doxycycline and clindamycin also have antimalarial
activity. Use of any of these agents as monotherapy has led to drug
resistance and treatment failure.
Artemisia annua is a common herb found in many parts of the world,
and has been used by Chinese herbalists for more than 2000 years in the
treatment of malaria. Artemisinin and its derivatives are a new class of
antimalarials derived from the sweet wormwood plant Artemisia annua. In
1967, a plant screening research program (during the ―Cultural Revolution‖ in
China), under a secret military programme code-named "Project 523", was set
up by the People's Liberation Army to find an adequate treatment for malaria;
the program and early clinical work were ordered of Mao Zedong. In the
course of this research in 1972, Dr. Tu Youyou discovered Artemisinin in the
leaves of Artemisia annua and extracted succesfullly the sensitive chemical
compound and tested in mice and in human volunteers.42,43.
Initially developed in China in the 1970s, this class of antimarial drugs
gained global attention in the 1990s. Artemisinin and its derivatives,
artesunate, artemether, and dihydroartemisinin, are the most rapidly acting of
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all antimalarials and have the fastest parasite clearance time, rapid resolution
of symptoms, and an excellent safety profile. They have activity against all
Plasmodium species. Because of artemisinins‘ rapid elimination, they are
used in combination with an agent that also kills blood parasites but has a
slower elimination rate and a different mechanism of action. The goal is to
prevent and delay the development of resistance and reduce recrudescence.
The superiority of artemisinin-based combination therapy (ACT) over
monotherapies has been documented. In 2006, ACT was recommended as
first-line therapy for treatment of uncomplicated P. falciparum and unknown
species of Plasmodium malaria by the World Health Organization in malariaendemic

countries.

Artesunate

was

recommended

to

replace

quinine/quinidine for treatment of severe malaria in endemic countries in
2010. Artemisinins can be used alone, but this leads to a high rate of return of
parasites and other drugs are required to clear the body of all parasites and
prevent recurrence.

Figure 13. Artemisinin was discovered by the Chinese Dr. Tu Youyou, one
of the 2015 Nobel Prize winners in Physiology or Medicine, together with
many other Chinese scientists, artemisinin, artemether and artesunate, as
well as other artemisinins, have brought the global anti-malarial treatment to a
new era, saving millions of lives all around the world for the past 40 years.
The sweet wormwood plant Artemisia annua contain high concentrations of
artemisinin.
The World Health Organization (WHO) is pressuring manufacturers to
stop making the uncompounded drug available to the medical community at
large, aware of the catastrophe that would result if the malaria parasite
developed resistance to artemisinins. The WHO has recommended
Artemisinin combination therapies (ACT). As short-acting drugs, Artemisinin
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compounds are given with one or two long-acting drugs like amodiaquine,
mefloquine, sulfadoxine/pyrimethamine or lumefantrine.

Combinations are

effective because the Artemisinin component kills the majority of parasites at
the start of the treatment, while the more slowly eliminated partner drug clears
the remaining parasites.44,45,46

Conclusions
According to the WHO, Malaria is a life-threatening disease caused by
parasites transitted through the bites of infected female Anopheles
mosquitoes. Despite the progress in combating transmission of malaria all
over the world and the complete eradication in many areas of the globe, in
2018 there were 228 million malaria cases of malaria worldwide and 405 000
deaths, in particular in children of Africa (under 5 years of age) that accounted
for 67% (272,000) of all malaria deaths worldwide. International funding for
malaria control, disease prevention and immunisation increased to an
estimated US$ 3 billion per year in the last decade. Most malaria cases and
deaths occur in sub-Saharan Africa. WHO experts on malaria indicate that
regions of South-East Asia, Eastern Mediterranean, Western Pacific, and the
Americas are also at risk because of migration and movement of large
numbers of refugees. Despite extensive research a vaccine for malaria was
very difficult to establish. Finally, scientists discovered the RTS,S/AS01
(RTS,S), which is a vaccine that acts against Plasmodium falciparum, the
most lethal parasite prevalent in Africa. In 2016, the vaccine was
recommended by WHO for pilot introduction in selected areas of 3 African
countries. The Phase III trial (conducted from 2009 to 2014), enrolled
approximately 15,000 young children and infants in 7 sub-Saharan African
countries. The efficacy of the RTS,S vaccine was established, and children
who received 4 doses of the vaccine had a significantly lower risk of
developing malaria, including severe malaria. The Lancet commission on
malaria eradication noticed ―…Despite increased investment, technological
improvements, and a massive reduction in deaths annually, the path to
achieving worldwide malaria eradication has been difficult…‖. 47
Malaria has been eliminated in more than 100 countries in the past
century with extensive efforts in the filed of prevention and medical
24

therapeutics. Of the 106 countries with ongoing transmission in 2000, 57
reduced malaria incidence more than 75% by 2015, in line with the World
Health Assembly target for 2015. An additional 18 countries reduced
incidence by more than 50% also achieving target 6C of the Millennium
Development Goals of the UN. These dramatic declines in malaria infections
can be attributed to the scale-up of effective malaria control tools and
anhtimalarial technologies coupled with renewed political leadership and
financial commitment worldwide.
The adoption of the WHO Global Malaria Control Strategy in 1992 and
the launch of the Roll Back Malaria initiative in 1998 stimulated increased
financial investment in malaria research and vector control. Notably, longlasting

insecticide-treated

nets

(LLINs),

rapid

diagnostic

tests,

and

artemisinin-based combination therapies (ACTs). The creation of the Global
Fund to Fight AIDS, Tuberculosis, and Malaria stimulated the fight against
lethal infectious diseases. The first Global Malaria Action Plan for a malariafree world 2008–2015 served as a valuable guide for countries and partners
to mobilize resources. Between 2005 and 2014, global investment for malaria
control increased from US$960 million to US$2.5 billion annually, leading to
dramatic declines in the global malaria burden and rapid shrinking of the
malaria map. With the end of the Millennium Development Goals in 2015 and
the transition to the era of the Sustainable Development Goals, the malaria
community has once again committed to the vision of a malaria-free world.
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