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ABSTRACT @ OPEN ACCESS

Over the last eight decades, malaria has been virtually eliminated in the First World, but it remains a
significant problem in Southeast Asia, and it is a scourge in Africa. As such, much of the world’s focus
is on other diseases. The purpose of this paper is to refamiliarize clinicians worldwide about this deadly
disease that has become virtually synonymous with Africa but is of little more than historical significance
for First World countries. Included is a brief review of the biology of Plasmodium species, including
the lifecycle involving humans, the typical clinical presentation, and a section on current controversies
in malaria diagnosis and management. There is a review of some promising therapies and approach
to this disease that still kills over half a million people every year, predominantly in Africa. The intent
of this paper is to serve as an overview for the clinician who desires to keep up with this disorder that
he is only likely to encounter in foreign travelers or recent immigrants from low to middle income
countries (LMIC) or intends to lead a group into a LMIC. This is not intended to be an exhaustive review
of any particular area of malaria biology, control, treatment, etc.
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Introduction

Before WWII, no one thought of malaria as an African disease. Anopheles mosquitoes were worldwide and
malaria has been a significant cause of death on every continent except Antarctica. The name of the disease
shows the lack of recognition that prevailed until the twentieth century. Any fan of Jane Austen remembers
Mr. Woodhouse (Emma) lamenting the “bad airs” (mal aria) in London. Potomac Fevernow means political intrigue
in the US capital, but in the early years of the US, it meant the danger that politicians faced if they stayed in
the swampy capital created along the meandering Potomac River by usurping some land from Maryland and
Virginia so that no one state could lay claim to the US capital. There were probably other vector-borne diseases,
but malaria was the most common cause of Potomac fever. In his book 7he Mosquito: A Human History of
Our Deadlliest Predator', Timothy Winegard convincingly shows how much of Western Civilization has been
shaped by malaria and the fear of swamp fever. Hannibal marched his troops and elephants over the Alps,
but he could not attack Rome because of the mosquito infested swamp around the city, so he dared not set
up a siege. Alexander the Great withdrew from his planned attack on India because malaria had ravaged his troops.
In the battle of Vicksburg in the American Civil War, General Grant was able to purchase all the quinine
available, so malaria decimated the southern troops holding out in that city along the Mississippi River.

Though Yellow Fever was a deadly disease during the building of the Panama Canal, malaria was a much
more common cause of morbidity and mortality (7he Path between the Seas: The Creation of the Panama
Canal, 1870-19174, David McCollough). The danger of vector-borne diseases was controversial at the turn of the
20" century until Reed and Goethals convincingly proved that mosquitoes were the problem and were able
to change the Panama death zone into a healthy environment by draining standing water or placing small
drops of oil on the almost stagnant waters that could not be drained. The war against malaria in America
and most of the First World countries was won by draining swamps and DDT (dichlorodiphenyltrichloroethane).
By eliminating the Anopheles mosquito, malaria was eradicated in most of the world, but that is not true in
Africa. In South Sudan, there are expected to be over 8.3 million cases out of 12 million inhabitants in 20252

Biology of the disease:

Malaria is caused by blood parasites of the genus Plasmodium. Though there are approximately 156 named
species of Plasmodium which can infect various species of vertebrates, four species are considered true parasites
of humans: P. falcjparum, P. vivax, P. ovaleand P. malariae. Their life cycles are portrayed below. These plasmodia
have two obligate hosts: the Anopheles mosquito and man. The female Anopheles mosquito cannot reproduce
without a human blood meal. When an infected mosquito bites the human, she inoculates sporozoites that
reproduce in liver cells (see graph below from CDC). The incubation period of three to seven days is the
time the sporozoites are reproducing in the liver cells, forming a schizont. When the schizont ruptures, the
parasites are released into the blood stream where they infect erythrocytes (red blood cells). The simultaneous
rupture of thousands of erythrocytes results in spiking fever and chills, giving us the clinical picture of malaria.
Then another mosquito bites, taking in the gametocytes of the plasmodia and the cycle continues.
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Fig. 1: The malaria parasite life cycle pictured graphically involving two hosts as mentioned above. This graph was taken from CDC bulletin: DPDx Malaria 13 Dec 2024.
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Immunological response:

The immune response to malaria is complex, probably because the plasmodia responsible have the ability
to change the antigens on their surface, rendering the normal immune response ineffective in protecting
the host*. If a patient has a typical bacterial infection, like Streptococcus pneumoniae, the immune response
is brisk and effective. The IgM response begins within days. As the IgM wanes at around 4 to é weeks, the
memory T cells take over with the production of IgG so another attempted attack by the same organism is
easily thwarted. Not so in malaria. In my first few years in South Sudan, | was amazed to see children come
in with 40C fever, large spleens, and verified Plasmodium falciparum (PF) infection six weeks after we had
successfully treated them for the same problem. It is one of the aspects of this disease that made it so
difficult to come up with a vaccine, though there appears to be an effective vaccine on the horizon®.

Clinical Presentation:

During peak malaria season in South Sudan, over half the patients seen in a busy clinic may have malaria.
Fever is virtually universal, though the patient may present during an interval between the ruptured
erythrocytes and may look healthy. Close to 80% of patients have headaches and/or myalgias. Respiratory
problems are also common, though they tend to come in waves, suggesting that co-infection with viruses
may be more of the stimulus than the malaria itself. Vomiting and diarrhea occur in over half the cases.

One of the most common findings on physical exam is an enlarged spleen. Splenomegaly is common in
South Sudan. In certain areas, where a specific sandfly proliferates, such as around Malakal and Torit, a large
spleen in a chronically sick person could mean Kala Azar, a severe form of Leishmaniasis, but that is limited
to certain locales. For most of South Sudan, chronically enlarged spleens are from repetitive malaria
infections and often will reduce using Fansidar (sulfadoxine and pyrimethamine) and Prednisone. But in the
acute setting of high fevers, myalgias, headaches, the presence of an enlarged, tender spleen is virtually
diagnostic of malaria. In acute malaria, the spleen may not be palpable unless the patient takes a deep
inspiration, but if it is enlarged, it is usually tender. The chronically enlarged spleen, often designated TSS
(Tropical Splenomegaly Syndrome), typically has little pain associated with palpation.

Laboratory confirmation:

The two most common methods of identifying the plasmodia associated with acute malaria are mRDT
(malaria rapid diagnostic test) and blood film for malaria. Though the malaria RDT is cheap by First World
standards, in LMIC spending around $1/test can greatly impact a hospital’s budget when there may be more
than 500 tests ordered/week. mRDT is a western blot test that detects the presence of specific antigens of
Plasmodium. That makes the test simple to perform, but it can lead to limitations because of the
documented ability of Plasmodium falciparum to alter the antigens on its surface®. Felke, et al, reported that
20% of blood film (+) cases were missed by mRDT®. Obonyoh, et al, had remarkably similar data from Yei,
South Sudan, though the study design was different’. Another shortcoming in some mRDT is that many sold
in East Africa test only for P. falciparum. Other species of Plasmodium—ovale, malaria, vivax—were formerly
primarily western African parasites, but they are now being readily identified in East Africa. For all those
reasons, in our hospital, we primarily use blood smears for malaria during clinic hours and reserve mRDT for
clinicians on call at night.

The microscopy in identifying Plasmodium species takes some work, but the decreased costs/test and the
superior sensitivity make it worthwhile, so we are including the slide preparation technique from Obonyoh, et al.

The thick and thin smear preparation is as follows:
1 The ring finger is cleaned with alcohol swab, then dried. The finger is pricked using a blood lancet.

2 A small drop of blood approximately 6 microlitres is applied for the thick film and small drop of blood
approximately 2 microlitres for thin film which is spread using a clean glass slide positioned at 30 to 45
degrees to allow the blood to run along the plane. Push gently to make the thin smear. A good thin smear
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is V shaped with feathered ends. Using the same spreader, gently mix the 6 microliters of blood in a circular
motion, starting from inside going outside and then to the center. A good thick smear is round.

3 The smear is air dried for five minutes. The thin smear is fixed using absolute methanol.

The thick and thin smear is then heat-fixed for at least 2 to 3 minutes. The slide is allowed to cool. It's then
stained using 10% Giemsa stain solution. After staining, the slide is rinsed in water and dried for examination
using a microscope. At least 200 oil fields should be examined before a slide is declared negative. Both
asexual and sexual parasites are counted as positive.
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Fig 2: These are blood smears identifying P. falciparum. a) Is a thick blood film showing the ring structures that are diagnostic. b) is a thin blood smear showing the ring
structures c) shows a gametocyte of P. falciparum as well as ring structures in the lower segments. These were taken from CDC bulletin: DPDx Malaria 13 Dec 2024.

Scope of the problem:
Like all bullies, malaria picks on the vulnerable. Most of the 600,000 deaths attributed to malaria every year
occur in Africa, particularly in pregnant women and small children.

New cases of malaria per 1,000 people at risk, 2024

Malaria is a life-threatening disease caused by parasites that are transmitted by certain types of mosquitoes.
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Data source: World Health Organization (Global Health Observatory), via World Bank (2026] OurWorldinData.org/malaria | CC BY

Fig 3: As the map above clearly shows, malaria is primarily an African disease. Much of the developing world still suffers from this deadly disease, but the overwhelming
burden is in Africa. Approximately 93% of malaria deaths occur in Africa, and 76% of those deaths are in children under 5 years of age. Goals to reduce infections and
deaths from malaria have failed; the number of deaths worldwide appears to be increasing, with Africa bearing an increasing percentage of those deaths’.

Medical Research Archives | https://doi.org/10.18103/mra.v14i6.7562 5



https://doi.org/10.18103/mra.v14i6.7562

THE EUROPEAN SOCIETY OF MEDICINE

P. falciparum infection increases the risk of abortion (miscarriage) 3-4-fold', figures that seem consistent
with our experience, competing with PID (pelvic inflammatory disease) as the most common cause of
abortion in our hospital. In response, we are much more aggressive with the treatment of pregnant women
with malaria, particularly in the first trimester. We find they often do not have fever but are usually tachycardic
and often have pelvic pain. Also, women who have malaria at term are often admitted because the malaria
will frequently start labor. Worldwide, it was estimated in 2015 that 303,000 women died during pregnancy,
with 99% occurring in LMIC. It is estimated in Africa that upwards of 30,000 maternal deaths occur annually
as a complication of malaria™. P falciparum is the most dangerous and destructive of the Plasmodium species
that cause malaria, but P ovale, P vivex, and P malaria are also frequent causes of malaria in South Sudan
and East Africa’, and may increase the risk for miscarriage and maternal death. Treated mosquito nets have
been effective when used properly, but many in South Sudan find them more useful for storing grains than
covering their beds.

As the world experienced during the Covid-19 pandemic, controversies and poor medical practices abound
where ignorance reigns. One of the most common misconceptions in South Sudan regarding malaria is an
assumed synergistic association with Typhoid fever. South Sudanese frequently speak of having “malaria-
Typhoid” as though it was one disease. Much of that confusion arises because of the widespread use of the
Widal test. The Widal test is a nonspecific marker of inflammation that, in the context of the typical signs
and symptoms of Typhoid fever (infection by Salmonella typhi), added some assurance to the diagnosis
when used decades ago. It was never intended to be a standalone test for Typhoid fever and has been
superseded by far better and more specific tests S. typhi. It has been demonstrated to be neither sensitive
nor specific’. Modes of transmission and epidemiology strongly repudiate the association. Malaria is a
vector-borne disease transmitted by the bite of an infected female Anopheles mosquito. Salmonella typhi,
the causative agent in Typhoid fever, is transmitted through contaminated food or water. Virtually all deaths
from malaria occur in Africa; the vast majority of deaths from Typhoid fever occur in Southern Asia with
about 80% of the documented cases, using blood cultures or IgM measurements, occurring in India. If there
was a synergistic relationship between malaria and Typhoid, we would expect an endemic area for one
would be endemic for the other, as it is with HIV and TB, but in fact, that is not the case.

More specific tests for Salmonella typhi also repudiate the association. In a study reporting the seeming
association, Widal tests for patients with documented malaria were often positive, but more specific tests
for Salmonella typhi were negative and authors conclude, rightly | think, that the Widal tests in that context
were false positives''. Looking at blood cultures for S. typhi, the simultaneous infections were exceedingly
rare, and the overlap no greater than would be expected randomly. Obonyoh, et al used IgM antibodies to
look for S. typhi infection at the same time that they did blood films for malaria®. Whereas over 75% of the blood
films of these acutely ill patients were (+) for PF or other species of plasmodia, less than 5% of the patients
tested had objective evidence of S. typhi infection. In truth, much of the propagation of the “malaria-
Typhoid” association has been by unscrupulous medical providers in South Sudan who want to sell Ceftriaxone
to treat “Typhoid” when they treat for malaria, but the practice has no basis in science and needs to end.

Treatment of Malaria:

One of my first assignments upon arriving in South Sudan in 2009 was to dump the contents of all our
supplies of Chloroquine into the latrine. Chloroquine had been the backbone of therapy for malaria for
decades, but the plasmodia had grown resistant, so the government outlawed Chloroquine. If Chloroquine
was found in our pharmacy, we would have been fined.

That vignette leads to another controversy: what is the best drug for acute severe malaria? Quinine has been
an effective treatment for malaria for centuries. But early in the 21 century, Artesunate was introduced for
cerebral malaria and the results were overwhelming. This chart comes from a review in 20122,
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Table 1: Artesunate compared with quinine for treating severe malaria

Patient or population: Children with severe malaria
Settings: Malaria endemic areas
Intervention: Artesunate
Comparison: Quinine
Outcomes lllustrative comparative risks* Relative effect No of Quality of the Comments
(95% Cl) (95% Cl) Participants evidence
Assumed Corresponding (studies) (GRADE)
risk risk
Quinine Artesunate
Death 109 per 83 per 1000 (71 RRO0.76 (0.65to | 5765 high
1000 to 98) 0.9) (4 studies)
Neurological 11 per 14 per 1000 (8 to | RR1.23(0.74 to | 4857 moderate
sequelae at day 28 1000 22) 2.03) (1 study)
Neurological 28 per 38 per 1000 (28 RR1.36 (1.01to | 5163 moderate
sequelae at discharge | 1000 to 51) 1.83) (3 studies)
Time to hospital See See comment Not estimable 113 Moderate
discharge (days) comment (3 studies)
Hypoglycaemia 30 per 19 per 1000 (13 RR0.62 (0.45to | 5765 high
episodes 1000 to 26) 0.87) (4 studies)
*The assumed risk was calculated by dividing the total number of events in the control group (across studies) by the total number
of patients in the control group (across studies). This was numerically very similar to the median control group risk but is easier
to link with the corresponding forest plot. The corresponding risk (and its 95% Cl) is based on the assumed risk in the comparison
group and the relative effect of the intervention (and its 95% Cl). Confidence interval; RR: Risk Ratio

Table 1 showing the superiority of IV Artesunate to IV Quinine *?

There was a new sheriff in town. Two predictable things occurred. One was that the use of Artesunate shot
up dramatically. The other was that clinicians were not particularly diligent in making sure Artesunate was
followed up with ACT (Artemisin Combination Therapy—a group of medications that are artemisin based,
but that have another drug working through a different, complementary mechanism). Artesunate rapidly
clears susceptible plasmodia from the blood but is not as effective in eradicating the organisms completely.
ACT completes the process and provides a deterrent to resistance. The next predictable thing was that
sensitivity to Artesunate declined. A study in Lancet' of over 5000 patients enrolled from 2005-10 showed
a significant difference in mortality, but much smaller than previous studies. In a study where data was
collected from 2008 to 2012™, Artesunate again was shown to be the preferable drug, but there was no
statistically significant difference, though admittedly the numbers were small (92). A bench study showed
emergence of Artesunate resistance with the potential for absolute resistance’™. By 2021, we started seeing
Artesunate treatment failures, but almost never in patients treated with Quinine. Now Uganda Clinical
Guidelines has both Quinine and Artesunate as first line drugs for severe malaria.

Quinine has far more side-effects than Artesunate. Hearing is virtually always acutely impaired (full recovery
is the norm). Some people have become psychotic while taking the medicine. Given orally, Quinine must
be taken three times/day for 5 days, and probably does need another drug, such as Doxycycline, to
complete the killing of the plasmodia, whereas ACT is once or twice/day for three days. There is no question
that ACT is far easier to give, but in the severe, acutely ill patient, Artesunate is losing its position of
prominence. It appears that Artemisin-based therapies are poised to go the route of Chloroquine.

During the malaria season in South Sudan and many malaria endemic countries, the wards, particularly
Pediatric, are packed with patients. Therefore, simplicity in administration is vital. The more crowded the
ward and the more complex the regime, the greater the chance for dosing error. In dosing Quinine, | used
the same method we used in Gidel, Nuba Mountains, Sudan. We did not use a loading dose. Advocates for
a loading dose point to a study showing result in quicker clearance of the plasmodia'®, but it greatly increases
the complexity of the regimen, a significant concern in African hospitals that are often inundated with
patients during the rainy (malaria) season. Moreover, electronic monitoring does not exist, and electronically
controlled drips are rare, whereas the acuity of patients is high. Therefore, the more complex the regimen
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is, the greater the chance for errors. The Gidel method takes advantage of the concentration of IV quinine
and the desired daily dose. Quinine comes in a 2 ml vial, 300 mg/ml. The desired dosing is 30 mg/kg/day.
Therefore, to calculate the ml of Quinine to put into the drip, multiply the weight in kg by 0.1. Put more
simply, shift the decimal point to the left one space. A 36-kilogram woman gets 3.6 ml of Quinine (1080 mg)
into a litter of dextrose over 16 hours. If there are no liter bags of Dextrose, split the dose into 1.8 ml in 500
ml Dextrose over 8 hours times two. For children 30 kg and below, | use 500 ml of Dextrose over 16 hours.
The simplicity of calculations makes it easier for Clinical officers to properly dose and makes it easier for
nurses to pick up any errors of calculation. We give that dose over 16 hours for two main reasons. First,
Quinine itself is cheap, but the Dextrose in which it is dripped is expensive, so we can reduce that cost.
Second, most patients are admitted during the day and evening, so they are usually recovering by the time
rounds are made. Following the Quinine drip, if the patient is substantially recovered, | switch to ACT if the
patient has not taken a full course (3 days) in the last month.

Severe complications of Malaria:

In his book 7he Mosquito: A Human History of Our Deadlliest Predator', Timothy Winegard implies that
vector-borne diseases, particularly malaria, were able to wipe out armies, overwhelm siege strategies, and
kill a high percentage of those infected. Today, that is no longer true, though over 600,000 people die
annually to the disease. The majority (75%) are children under five, but the overall incidence of death from
malaria is about 0.2%°. Those who die tend to have one or more severe complications of malaria. The most
common is anemia. There are multiple reasons why Africans tend to be anemic compared to their
counterparts in first world countries: malnutrition, inadequate iron replacement in pregnancy, parasites
(particularly hookworms). But clearly malaria plays a significant role by the repetitive lysis of red blood cells".
The death rate from malaria is greatly accelerated in anemia, particularly when the hemoglobin is less than
3. Many African children die from this complication because blood banks are rare in the countries most
affected by malaria. In South Sudan, the majority of transfusions must come from relatives, many of whom
are unable (anemia, transmittable diseases such as HIV, Hep B or C) or unwilling (inordinate fear or
misunderstanding). We always offer donors replacement with FeSO, but fear often dominates the parent’s
choices. This lack of transfusible blood is correctable, but the problem remains as one of the most common
reasons for death in children with severe malaria. As the graph below shows, in areas where malaria is
holoendemic (year-round without seasonal variation) or hyperendemic (yearly severe epidemics), severe
anemia is the leading cause of death, particularly in young children, the most vulnerable group.

A

Severe anaemia

Holoendemic Cerebral malaria
) Cerebral malaria
Hyperendemic
Mesoendemic
Severe anaemia

Cerebral malaria

Hypoendemic Renal failure

Unstable Severe anaemia

| | I ] [N | | | 1 1
1 2 345 10 20 40 60

Years
Fig 4: Relationship of severe falciparum malaria manifestations to age in regions with different levels of malaria transmission (Used by permission of
Dr. Day and Dr. White's estate)'”
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A second significant cause of death is cerebral malaria. This is not defined by the presence of convulsions,
for convulsions are common in children under five and far from rare in adults. Cerebral malaria implies the
comatose state of at least one hour. A recent review out of Kampala, Uganda'® stated that cerebral malaria
has an incidence of 1.2%/year in endemic areas such as sub-Saharan Africa. Though various mechanisms
have been proposed, it appears likely that the main culprit is reduced local perfusion caused by sequestered
plasmodia-infected RBC's leading to ischemia and hypoxia to brain cells despite the overall increase in
cerebral perfusion. Untreated, death is virtually universal; death occurs in 15-25% of patients treated for
cerebral malaria and a similar amount may be left with permanent neurologic injuries. It was in this severe
group where Artesunate made its mark as a superior drug to Quinine, but its superiority has now faded.

A third complication is known as Blackwater Fever. It is caused by severe hemolysis resulting in renal failure
in some patients. Some have attributed this complication to Quinine, but more recent studies show no
difference in those treated with Artesunate vs Quinine. The graph above suggests that Blackwater Fever is
not as often a complication in children under five years, but more recent studies report that children are
more commonly afflicted than adults'. Unlike the graph above, the highest incidence reported in the latest
review involved the local populations in endemic areas rather than the less frequently exposed. Some have
proposed an autoimmune component in Blackwater Fever because it is reportedly more frequent in those
who have had malaria multiple times, but since the majority of those in hyperendemic areas have suffered
with malaria multiple times, teasing out an autoimmune component would be difficult.

Prevention:

At a hospital staff meeting in Yei, South Sudan, | asked who had been sick with malaria that year. Every staff
member (but me) had been sick with malaria. It is one of the reasons | believe the data showing 300
infections/1000 people/year in South Sudan is actually low, and that the actual number is more in keeping
with the WHO bulletin regarding South Sudan, where an estimated 8.3 million cases occurred in a
population of 12 million?. | also asked who was the most vulnerable to malaria, and they all pointed to me.
| was trying to get them to take Doxycycline, a cheap drug that is very effective. The one time | had malaria
in my 17 years here was when our hospital ran out of Doxycycline during malaria season. The CDC lists the
following drugs as adequate prophylaxis for malaria.

Atovaquone-Proguanil (Malarone): A daily pill starting 1-2 days before travel, taken while in the area, and
continuing for 7 days after leaving. It is highly effective and well-tolerated, making it great for last-minute trips.

Doxycycline: A daily pill starting 1-2 days before travel and continuing for 4 weeks after leaving. It is cost-
effective but requires strict sun protection due to photosensitivity and is not safe during pregnancy.
(Photosensitivity is mentioned because it is in the Tetracycline family, but | have never had any problems
from taking it, nor have | seen problems with photosensitivity in the many patients taking Doxycycline for
various reasons in South Sudan.)

Mefloquine: A once-weekly pill taken starting 2 weeks before travel and continuing for 4 weeks after
returning. It is generally avoided if you have a history of certain neuropsychiatric conditions.

Chloroquine: Only used in regions with chloroquine-sensitive malaria (e.g., parts of Latin America). Taken weekly.

Tafenoquine (Arakoda): Taken as a loading dose before travel, weekly during, and a final dose after
returning. Approved only for adults.

Sulfadoxine and pyrimethamine (Fansidar) is given to pregnant women monthly to prevent malaria. Some
South Sudanese have used this drug for protection against malaria even while not pregnant. It is safe and
well-tolerated, but not as effective as the above medications.

What is on the horizon? Therapies: As Artesunate and Artemisin-based therapies lose their efficacy and
Quinine-based therapies are unpopular because of side-effects, the need for new therapies in facing one of
mankind’s oldest and most fearsome enemies is apparent. Al generated molecular modeling, particularly
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looking at interrupting the liver phase of the Plasmodium lifecycle, are on the trail®®. Advances in vitro
systems such as organoids, micro-physiological platforms, and induced pluripotent stem cells (iPSC)-derived
tissues are transforming malaria research by overcoming the limitations of traditional models. These
innovations enable more accurate study of parasite biology, particularly liver-stage infection and dormancy,
accelerating drug discovery and therapeutic development. These current efforts are aimed at prevention,
but there is the hope of more interventional drugs as our current regimes lose steam.

Vaccines:

Though for decades vaccines for malaria proved elusive, there are now two approved vaccines and a third
in trials that looks promising. Though WHO maintains that the two vaccines are equally efficacious, Al
generated data has RTS,S vaccine efficacy from 36-55% and R21 having an efficacy up to 77%. A new vaccine,
PfSPZ-LARC, is estimated to have over 90% efficacy?', though that is yet to be proven in clinical trials. The
cooperation with vaccines in Africa has varied over time. Polio was well received; the Pentavalent vaccines
for children has been less enthusiastically received. Part of that was people in South Sudan had visible
reminders of the cost of polio, and malaria is a better known and appreciated threat. But we must not squander
the trust of the African population who generally remain skeptical of western medicine. The marginal success
of the first introduced vaccine (reduced hospitalizations, but not infections) may undermine the confidence
of the people. We are hoping for better results from R21, in line with the results from Burkina Faso®.

Mosquito control: Significant progress has been made in less toxic parasite-sprays using oil-based therapies
rather than toxins. This would seem to be a great investment for WHO and other groups aiming to reduce
the burden of malaria in Africa and other LMIC. The data from the 1960’s supporting the banning of DDT
has come under suspicion, but some reports say that the potency of DDT had been so reduced that it may
not have helped Africa. | remain skeptical. Vector control is what enabled the US and Europe to become
essentially malaria free. Africa was too low on the list to get DDT in the post-WWII zeal to rid the world of
malaria, so about half a million children die every year out of fear of harming some birds. | love birds. | enjoy
seeing the trains of pelicans flying over South Carolina beaches when | am back in the US, and perhaps the
banning of DDT had some role in that, but in the cost/benefit analysis that we have been trained to use in
medicine, | find it hard to balance that benefit with the over half million African death annually. Africa is
owed a better place at the table when the next round of vector control becomes available.

Which leads to a final controversy. Why does Potomac Fever mean political intrigue and indoctrination
instead of malaria? Why is the study of malaria more of an academic than practical concern in the First
World? Because Anopheles mosquitoes have been virtually eliminated in America and Europe without
causing any notable environmental concerns. According to Winegard', no ovine or other species is
dependent on mosquitoes for survival, nor have any species been affected by the loss of the Anopheles
mosquito in North America. There is work on the Aedes mosquito has been altered by CRISPR techniques
to produce sterile offspring and mosquitoes in general are considered great targets for CRISPR
technology?#. That mosquito transmits some nasty viruses such as chikungunya (giving prolonged
arthralgias for months—I have self-diagnosed myself as having about 12 years ago and it was nasty for
almost a year), yellow fever, and Dengue, but deaths are far less frequent than those caused by malaria.
Why are we stalling about seeking to eliminate Anopheles mosquitoes in Africa over theoretical
environmental concerns when more than half a million people die every year? Because Africa is the dark,
and in many ways, forgotten continent, so attempts to clear the breeding grounds of the Anopheles
mosquito were late coming after WWII. Then DDT was banned, based upon data of environmental impact.
Some experts have reviewed the data upon which those recommendations were made and found means of
using DDT with greater safety?, but in fact, there is no political will to resume DDT use in Africa. In a letter
to the editor of South Sudan Med F, | point out that if there was a disease resulting in the death of 50,000
American or European children every year (the estimated annual death toll in South Sudan from a population
of 12,000,000, equivalent to over 1.4 million deaths in America), there would be a tremendous outcry for a
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solution, and there would be little patience for theoretical concerns. Yes, the CRISPR solution is
controversial. CRISPR technology has been used to insert functional genes into the genome of patients born
with dysfunctional genes. The results have not been overwhelming, but they have been predominantly
positive. Experience suggests that the downside of CRISPR technology is the inserted gene tends to lose
expression over time. Scientists have come up with a gene that could be inserted into the DNA of male
Anopheles mosquitoes that does not harm males but is fatal for female embryos’. As we know, it is the
female mosquito that bites. The result would be more and more males carrying the lethal gene and seeking
to breed with fewer and fewer females until Anopheles mosquitoes became extinct. A more likely scenario,
given our experience with CRISPR, is that for several years, there would need to be reintroduction of the
gene in multiple localities across sub-Saharan Africa and much of Southeast Asia because of the likelihood
of reduced expression over time. Environmental advocates have held up this potential solution by stating,
quite truthfully, that once the gene is released, we will not be able to withdraw it. But the chance that the
inserted gene could somehow cross over into other mosquito species, much less other animals, is miniscule.
The far more likely problem is that reintroduction of the gene will need to be frequent and widespread and
will present its own technical challenges. Still, in 2026 it is probably the most reliable possibility of ridding
Africa of the Anopheles mosquito.

Do we need newer and more effective drugs for malaria? Absolutely. Do we need better vaccines for
malaria? Of course we do. But the solution of the dilemma in the building of the Panama Canal and elimination
of malaria from Washington, DC involved the elimination of Anopheles mosquitoes, and ultimately that will
be the case in South Sudan and Africa. And Africa without malaria might surprise the world.

Conclusion:

The reasons for the persistence of malaria as one of the leading causes of death in Africa are multi-factorial.
To reduce the morbidity and mortality from malaria will require new vaccines, more effective drugs, but the
ultimate solution requires the eradication of Anopheles mosquitoes. Which steps do we need to take? We
need to take all of them—nets, sprays, and CRISPR. One look at the map of the predominance of malaria
cases speaks volumes concerning attitudes today. If 600,000 Americans or Europeans, including over
400,000 children, were dying every year from a particular cause, the response and call for intervention would
be overwhelming, reminiscent of the calls for vaccine production during the Covid-19 pandemic. The lack
of urgency and the continued kowtowing to radical environmental concerns holding back needed
interventions reflects a functional racism. Bye the by, so does the continued use of a demonstrably
inadequate measurement for malnutrition that has been shown to exclude far too many needy children from
receiving appropriate care? %
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