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Chapter 1: The Diseases’
C. Protozoan Diseases

1. Malaria

Malaria infection in humans originates from the bite of a female Anopheles
mosquito carrying the sporozoite form of a Plasmodium parasite in her salivary gland.*
Sporozoites, deposited under the skin of the host, enter the blood stream and then cross the
sinusoidal cellular layer separating the blood and liver parenchyma to infect hepatocytes in
the liver.” Temporarily safe from the host’s immune response, the sporozoites multiply
rapidly to form schizonts, each containing a second form of the parasite called merozoites.’
The schizonts rupture, spilling thousands of merozoites into the bloodstream where they
invade red blood cells and multiply until the host cells burst.” This cycle continues until “the
person dies of anemia, kidney failure, or brain damage, or until the disease is brought under
control by the person’s immune system or by drugs.”

Because transmission of the disease occurs only through bites from specific species
of mosquitos (all within the Anopheles family), malaria is common only in countries where
those mosquitos flourish, all of which are near the Equator. The geographic distribution of
the disease is shown in Figure 4, below.
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Figure 4: Malaria Prevalence, 2013’
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Five species of the Plasmodium parasite are responsible for malaria in humans:
Plasmodinm falciparum, Plasmodinm viax, Plasmodium ovale, Plasmodium malariae, and Plasmodinm
knowlesi.”" The most lethal of the five, P.falkiparum, is the dominant species in Africa.'’ P.
vivax accounts for roughly half of the cases in Latin American and Southeast Asia,'” but does
little harm in Africa.”

As yet, there exists no approved effective vaccine for malaria. Investigation and
testing of vaccine candidates is ongoing.  Only one (RTS,S/AS01, developed by
GlaxoSmithKline with support from the Malaria Vaccine Initiative) has emerged from
clinical trials, and the results were only mildly encouraging: 46% reduction in clinical malaria
incidence in children; 27% in infants."* The WHO reports that two more candidates are in
phase 2 trials, and 25 are somewhere in the drug-development pipeline.”” The Malaria
Vaccine Initiative is less encouraging; it describes RTS,S as the only project that satisfies its
requirements for a “vaccine candidate.”"®
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In the absence of a vaccine, inhibition of the spread of the disease is achieved
through vector control: protecting people in malaria-endemic countries against mosquito
bites. Two strategies are employed for this purpose: supplying residents with bednets
treated with insecticide to shield them from bites while sleeping; and reducing the number of
mosquitos in homes by spraying the walls with insecticide.'” The first of these initiatives has
been the most extensive and successful. In the past decade, bednets treated with insecticides
(ITNs) have been widely distributed (usually for free) in malaria-endemic countries. Roughly
44% of the population in those countries now sleeps under nets."® They are inexpensive to
produce, and their effect is dramatic. Studies suggest that they reduce malaria incidence by
half.” The second approach — known as “indoor residual spraying” (IRS) — is equally
effective but less widely used.”

Unfortunately, both of these approaches are threatened by increases in the resistance
of the pertinent species of mosquitos to the most commonly used insecticides.”’ To slow
the development of this resistance, the WHO recommends that distributors of the chemicals
used in IRS and the manufacturers of insecticide treated bed nets rotate the insecticides they
employ. Some countries abide by this guideline, but most as yet do not.*

Persons who, despite these efforts at vector control, acquire malaria can and should
be treated with drugs. In the early twentieth century, the drug used most often was
chloroquine. In the 1950s, P.faliparum parasites began to exhibit resistance to chloroquine,
so many health-care systems in regions dominated by that species switched to sulphadoxine-
pyrimethamine (SP).” Resistance to SP emerged soon thereafter.”* Today, most health
services outside of Latin America use artemisinin-based combination therapy (ACT) as the
primary means of treatment.”> Artemisinins are remarkably effective. For example, they
have been shown to reduce infant mortality caused by malaria by 99%.
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The use of artemisinins has been increasing fast, especially in Africa. The percentage
of persons who seek treatment at African public health facilities for malaria-like symptoms
who are given ACT has risen sharply since 2005. Unfortunately, administration of these
drugs to people who are not infected by the malaria parasite but instead suffer from other
ailments has also grown rapidly.”’” This has had two bad effects. First, the drugs do those
people no good, which causes some of them to loose faith in western medicine and makes
them less likely to rely on the health-care system in the future. Second, it accelerates the
emergence of strains of the malaria parasites that are resistant to the drugs. Fortunately,
artemisinins are less likely than their predecessors to provoke resistance, apparently because
they kill off the parasites more rapidly and thus shorten the window for mutation.”® But,
despite this advantage, resistance to them is now showing up increasingly often. (The
problem is exacerbated by continued sales of oral artemisinin monotherapies [which lead to
resistance more quickly than the combination therapies] by some Indian generic companies,
despite opposition to the practice by the WHO.?)

Pregnant women and infants can be shielded against the active form of malaria
through prophylactic administration of the same drugs. A regimen known as “intermittent
preventive treatment in pregnancy” (IPTp), which entails periodic administration of SP
during the second and third trimesters, has been shown to reduce maternal anaemia, low

Africa. See R Maharaj et al.,, "Epidemiology of Malatia in South Africa: From Control to Elimination," Souzh
African Medical Journal 103 (2013).
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birth rate, and perinatal mortality.”’ A similar regimen given to infants (IPTi) substantially
reduces anaemia and other manifestations of the disease during the first year of life.”! A
slightly different combination, when given to healthy children between 3 and 59 months old
living in areas of highly seasonal malaria transmission, has also proven highly effective.”

In combination, the vector-control programs and the increasingly widespread
distribution of ACT drugs have substantially reduced both the prevalence and mortality of
malaria. A few key indicators: Between 2000 and 2013, the total number of people
throughout the globe who had the disease in a given year declined from roughly 227 million
to roughly 198 million; infection prevalence among children in sub-Saharan Africa (the most
endangered group) declined from 26% to 14%; and the number of people who died from
the disease worldwide declined 47%.” Figure 5, below, shows where progress in the fight
against the disease has been most rapid.

Figure 5: Changes in Malaria Incidence Rates, 2000-2013**
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Source: WHO estimates

But much remains to be done. The progress made to date has not benefitted all
communities. In some parts of Africa, malaria prevalence has remained steady or even
increased.” And despite the advances that have been made, the disease remains distressingly
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common. 584,000 deaths per year — 78% of which are of children under 5 years old® — is a
high number. Figure 6, below, shows where those deaths are concentrated.

Figure 6: Malaria Mortality, 2013”7
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If we obliged to rely exclusively on our current disease-control strategies, the chances
that we will soon eradicate the disease are not good. Especially worrisome is the recent
emergence near the Mekong River of variants of P. faleiparum that are at least partially
resistant to all currently available drugs, including the ACTs.” If the offspring of those
parasites reach Africa, millions of people will die. That prospect has prompted some
observers to plead for redoubled suppression efforts in Southeast Asia, in hopes of
eliminating the deadly variant before it can spread. But purging the disease from the highly
mobile populations along the national borders in the region and from the residents of the
remote forest villages is a daunting task.”

Once again, therefore, we confront the importance of developing new, more
efficacious drugs and, better yet, a vaccine. Unfortunately, the obstacles to the discovery,
testing, and deployment of a malaria vaccine are formidable. At least in theory, three
strategies are possible. The first approach would attack the sporozoites as they enter the
body and invade and reproduce in the liver."” Ideally, this kind of vaccine would induce both
an antibody and T-cell response, similar to that observed in the development of natural
protective immunity." If successful, this type of vaccine would result in complete protective
immunity. The second approach would limit the invasion of erythrocytes and the
subsequent multiplication and pathological effects.” This approach would still permit
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infection, but would prevent at least the more severe outbreaks of the disease. The third
approach aims to prevent the spread of viable parasites to other people, thus limiting the
potential for an outbreak within a given population. Such vaccines have been labeled
“transmission blocking vaccines.”” (GSK’s drug, RTS,S, discussed above, pursues the first
of these paths,” but has had limited success.) All three approaches are hampered by a
common technical problem: Human parasites have much larger genomes than viruses.
They also undergo multi-stage life cycles and produce enormous variability in proteins,
making the development of an effective single vaccine nearly impossible.” The recent
completion of the P.fakiparum genome sequence as well as the genome sequences of model
rodent parasites may help scientists to surmount this hurdle,* but have not done so yet.

The impediments created by this technical barrier are compounded by some more
prosaic difficulties. Clinical trials of vaccine candidates must be performed on infants in
communities where malaria is endemic. Persuading mothers, many of whom are illiterate,
that they should allow their children to be treated with drugs that have not yet been shown
to be safe and effective is no easy task.” But unless we can meet these challenges, we are
unlikely to eradicate the disease.
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