MORE ABOUT MALARIA

Malaria is a disease of humans caused by infection of red blood cells with
apicomplexan parasites of the genus Plasmodium. The parasite is transmitted to humans
through the “bite” of female anopheles mosquitoes.

“For centuries, malaria has outranked warfare as a source of human suffering. Over
the past generation it has killed millions of human beings and sapped the strength of
hundreds of millions more.” This is a direct quotation that President John F. Kennedy
made in 1962 on the first day of issue of the U. S. malaria eradication postal stamp. This
statement issued from Camelot was made during a period of optimism following the
heels of the declaration of eradication of malaria in the United States. This was acheived
thanks to a progress in a war against a disease that may have been unparalleled in human
history and that was made possible by the insecticide dichlorodiphenyltrichloroethane
(DDT) and the antimalarial drug chloroquine, both first widely used during World War
II. In 1951, the National Malaria Society was disbanded because its goal had been
realized. Asa Chandler, in 1955, stated that the prediction “that 90 per cent of the malaria
in the world can be wiped out by 1960 is not a pipe dream.” In 1957, the World Health
Organization carried the war around the globe as they launched a worldwide eradication
program. Although when Kennedy spoke on the topic in 1962, the lofty goal of near-
complete global eradication was not realized by 1960, the war was faring well with many
decisive battles won: complete eradication in the US along with a great reduction in the
number of cases or complete eradication across parts of Europe, the middle east,
southeast Asia, Africa and Central and South America. The optimism regarding the
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declared “Away with all pests! Our force is irresistible!” Although as pointed out by
President Kennedy, that malaria continued “to be a heavy drag on man’s efforts to
advance his agriculture and industry,” it looked as though this dreaded killer could and
would be defeated. Indeed, by 1965 the overall number of cases of malaria had been
reduced to fewer than 100 million, down more than 70% from the 350 million that were
estimated to have been present in 1948. The culmination of the optimism surrounding
the war in the eradication of malaria may have arrived in 1967 when the Surgeon General
of the United States, William H. Stewart declared that it was time to close the book on
infectious diseases and direct our financial and human resources elsewhere; toward
chronic diseases such as cancer and heart disease, the “new dimensions” in health care.
Unfortunately, the good guys don’t always win. Far more people die of malaria now
than in 1960. Every year more than 10% of people in the world will contract malaria. As
this is written in 2004, it is estimated that in Africa alone, one child under 5 dies of
malaria every 30 seconds; 3,000 dead children every day; over one million children every
year. Malaria accounts for 1 in 5 deaths of African children under 5 making it one of the
3 greatest killers among infectious diseases. Collectively, AIDS, tuberculosis, and
malaria infect over 300 million people and lead to more than 5 million deaths annually.
Malaria is the leading killer of children. To add insult to injury, new evidence suggests
that infection with the HIV virus may make a person more susceptible to development of
malaria. This is extremely disconcerting in sub-Saharan Africa, where each individual
receives an estimated 300 infectious mosquito bites each year. Although malaria occurs
throughout much of the world, especially in the tropics, Africa has been particularly hard
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accounting for 10% of Africa’s overall disease burden, 40% of their public health
expenditure, and 30-50% of hospital admissions. Additionally, malarial infection during
pregnancy is a major problem in sub-Saharan Africa. Malaria during pregnancy is
estimated to cause up to 10,000 maternal deaths each year, 8-14% of low birth weight
babies, and 3-8% of all infant mortality.

Additionally, malaria continues to exert an exceedingly heavy burden on the
economies of Africa and the general well-being of her people. Malaria places an
increasing burden on the nutritional resources as well as the human resources on a
continent that is plagued with starvation. Each degree (°F) rise in temperature results in a
7.2% increase in heat production by the human body. In other words, “a single acute day
of fever caused by malaria requires approximately 5,000 calories, or an energy demand
equivalent to two days of hard manual labor.” Almost 3 kg of rice are required to
support the energy lost in the form of heat from a single day of acute fever. If malaria
had been eradicated as hoped in the early ‘60s, it is estimated that Africa’s gross domestic
product would currently be 100 billion dollars greater than it now is. Worldwide, about
800 million people are suffering from malaria, over twice as many infections that were
estimated to occur in 1948. Malaria is arguably, the most important human disease that
has ever existed. What went so horribly wrong in our campaign against this dreaded
disease? Simply put, the problems were the appearance of drug resistant parasites and
insecticide resistant mosquitoes.

The Disease
The primary symptom of malaria is periodic boughts of intense fever, called
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simultaneously, releasing iron and other pigments and toxins into the blood stream along
with the malarial parasites that are then free to invade new red blood cells. These
paroxysms, which may last for up 10 or 12 hours, may be divided into stages. The first
stage that occurs as the fever begins to rise is the cold stage during which time the
patient, suffering bone-numbing chills, shivers violently and the teeth chatter. As
observed by Harvard’s tropical disease expert Andrew Spielman, one “who feels the ice
of malaria will shake with a violence that can propel an iron bed across the floor.” The
cold stage may last anywhere from a few minutes up to an hour or more. During the cold
stage, the skin is pale and often blue. The patient often becomes anxious and may
become nauseous and vomiting may occur. By the time this stage subsides, the
temperature will have risen to from 103 to 106 °F.

The second and longest sage of the paroxysm is the hot stage during which an intense
headache sometimes accompanied by delirium occurs as the temperature may reach 106
°F or even higher. The pulse is rapid and throbbing and the skin tends to become hot and
red and to exhibit a burning sensation. The hot stage, although variable in duration,
typically lasts about 6 hours. Near the end of the hot stage, nausea and vomiting, if
present, begin to subside.

During the final stage of the paroxysm, the sweating stage lasting from two to four
hours, the temperature falls back to normal and the pulse becomes normal. The patient
sweats profusely during this stage.

As was the case with C. parvum some of these merozites mature into male
microgametocytes and female macrogametocytes. A female mosquito of the genus
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from an infected human. The macrogametocyte is fertilized by sperm produced from the
microgametocyte to form the diploid zygote called the ookinete. The ookinete burrows
into the gut wall of the mosquito where it transforms into an oocyst. Within the oocysts
sporozites are produced. Eventually the sporozoites migrate to the salivary glands of the
mosquito where they accumulate. A person becomes infected when a mosquito
inoculates sporozoites into their subcutaneous tissue while taking a blood meal. Once
within the human, the sporozoites enter the circulatory system and travel to the live,
where they divide for a time in liver cells called hepatocytes before ultimately taking up
residence in the red blood cells. Within the red blood cells the parasites divide and
eventually the red blood cells rupture, releasing the parasites to invade new red blood,
and thus the life cycle is complete. Interestingly, parasite-induced lysis of the red blood
cells becomes synchronized. The simultaneously rupture of red blood cells leads to the
paroxysms of fever described above.

There are four species in the genus Plasmodium that cause malaria in humans: P.
ovale, P. malariae, P. vivax, and P. falciparum. Of these four, P. vivax and P. falciparum
are the most common, and far and away, P. falciparum causes the most serious form of
the disease. Plasmodium ovale is rare accounting for fewer than 1% of all cases of
malaria and appears to be restricted to tropical west Africa and isolated pockets in the
western Pacific. Plasmodium malariae occurs around the world, but in a patchy
distribution with foci of occurrence in Panama, India, and central and west Africa. It
accounts for about 7% of human cases of malaria. Plasmodium vivax accounts for about
43% of cases of human malaria and occurs worldwide in tropical and some temperate
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responsible for about 40% of cases of malaria among US military personnel during the
war in Vietnam. Plasmodium falciparum accounts for _of all cases of malaria and for a
couple of reasons is the most virulent of the four species occurring in humans.
Plasmodium falciparum was the species of malarial parasite that was once endemic in the
continental United States. Parasites representing these four species may be easily
differentiated based on appearance when observed in a blood smear by a parasitologist.
In addition they tend to cause slightly different forms of the disease that may give clues
to physicians as to the offending species. Plasmodium falciparum causes what is
sometimes referred to as malignant tertian malaria and P. vivax casuses what is known as
benign tertian malaria. Both are referred to as tertian malaria because the paroxysms of
fever occur with a periodicity of 48 hours. Tertian is the Roman term for third. Romans
had the custom of referring to the day of an event as the first day; thus, the paroxysm
occurring 48 hours later would be occurring on the tertian or third day. Malaria resulting
from infection with P. falciparum is referred to as malignant because of the relatively
higher virulence of P. falciparum, although the terms malignant and benign are rather
misleading as anyone who has ever suffered from “benign” malaria can tell you. It is
more appropriate to refer to the two tertian forms of the disease as falciparum and vivax
malaria. Plasmodium malariae exhibits periodicity of paroxysms of 72 hours and is thus
referred to as quartan malaria.

The pathology associated with malaria pretty much boils down to the destruction of
red blood cells. This ultimately leads to anemia; sometimes very severe anemia. In
addition to the destruction of red blood cells by the parasite, the spleen of the infected
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of red blood cell production in the bone marrow are suppressed, exacerbating the anemia.
In the most severe cases, up to 80% of red blood cells may be lost in these ways.

At the same time, the rupture of red blood cells by the parasites leads to the release of
a lot of pigment, iron, and other substances directly into the blood stream. These
substances get deposited in the tissues, especially in the liver. In addition to liver
damage, the release of these substances may lead to kidney damage and deposition of
these substances in the skin may lead to jaundice, a yellowing of the skin. Additionally,
the high level of stimulation of the immune system leads to excessive production of cells
associated with the immune response. This “over-working” of the immune system may
lead to enlargement of internal organs, especially the spleen.

There are two unique features associated with falciparum malaria that render it one of
the most deadly of all diseases: cerebral malaria and blackwater fever. Red blood cells
infected with P. falciparum possess proteins on their surface, that are deposited on and
just under the cell membrane by the parasite. Red blood cells effected in such a way are
said to be “knobby.” The knobby red blood cells have a tendency to adhere to capillary
walls, which may lead to blockage. This is particularly a problem in the brain and may
lead to a condition known as cerebral malaria. Symptoms of cerebral malaria include
intense headache. The body temperature may rise to over 108 “F. Psychotic symptoms
often accompany this intense fever. Convulsions may occur, especially in children.
Eventually the patient may lapse into a coma and die. All of this may occur within a
period of hours. More than 500,000 African children develop cerebral malaria each year.
Of these, approximately 50,000-100,000 die and another 35,000 suffer permanent
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Blackwater fever describes a condition associated with falciparum malaria in which
massive numbers of red blood cells are destroyed by the body’s immune system. These
are in addition to those destroyed directly by the parasite. The breakdown of these blood
cells releases large amounts of iron and other substances into the blood. It is the kidney’s
job to get rid of such wastes; however, with an onslaught like that described above, the
kidney’s are simply overwhelmed. The immediate cause of death associated with
blackwater fever is usually renal failure and the mortality rate of blackwater fever is 25-
50%. Blackwater fever gets its name from the very dark color of the urine resulting from
the presence of wastes in the blood.

Fortunately malaria is treatable as will be discussed later. Even when left untreated, if
the patient survives, the paroxysms will usually subside within a few weeks to a few
months, although, the parasite, which may be acquired by mosquitoes and transmitted to
other persons, may remain present for quit some time, even a few years. With P. vivax
and P. malariae relapse and recrudescence may occur, respectively. In the case of
relapse, the patient appears to have fully recovered, then all of sudden the disease re-
occurs. This is a result of the presence of two populations of parasites occurring the in
the liver. One population leaves the liver and initiates the normal course of events as
previously described; whereas, another population of parasites reside in the liver in a kind
of inactive state, only to become active months to years later. Recrudescence associated
with P. malariae is simply a result of the presence of a low-intensity, chronic infection
that may “flare up” again months or years later. There have been documented cases of

recrudescence with P. malariae occurring more than 50 years after the initial infection. If



there is an up side to infection with P. falciparum it is that once you are cured, you are
cured; there is no relapse or recrudescence.

A certain degree of protective immunity is associated with malaria. The protection,
however, is temporary and incomplete. It results from a low-grade chronic infection that
follows an “active” infection and serves only to protect the person from “superinfection.”
In other words, it doesn’t absolutely prevent the disease but it lessens the likelihood that a
person with a low-grade chronic infection will develop further symptoms, or if they do
so, they will tend to be less severe. This partial protective immunity resulting from the
low-level chronic infection, called premonition, lasts only as long as the residual
infection persists, usually about 2 years for P. falciparum, 5 years for P. vivax, and
several more years for P. malariae. Interestingly, the same residual, low-grade infection
that makes recrudescence possible, also instill a certain degree of protective immunity.
Once the residual infection has completely disappeared as a result of a successful
immune response, treatment, or both, the protective immunity disappears shortly after
departure of the parasites; however, in many instances the rate of re-infection is so high
that low-grade infections persist for very long periods of time so that natives of highly
malarious areas enjoy some degree of long-term immune protection. Additionally, native
Africans, especially, in areas where the parasite is extremely common tend to have
inherent genetic resistance to infection with malarial parasites. These two lines of partial
defense against malaria held by-and-large exclusively among African natives of regions
of high malaria prevalence, led to West Africa being dubbed by the British as the “white
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Treatment of malaria infections is a very complex and dynamic issue, and this
complexity has been exacerbated by the emergence of drug resistant strains of malaria.
The traditional drug of choice for the treatment of malaria is quinine. Quinine is an
alkaloid extract from the bark of the South American, tropical shrubs of the genus
Cinchona. Much debate surrounds the initial application of quinine as an antimalarial
compound. One very colorful story is recounted in several textbooks that when the wife
of the Viceroy of Peru, the fourth Count of Chinchon, contracted malaria in 1638, local
Jesuit missionaries provided Cinchona extract for her successful treatment. Afterwards
she and/or her physician are reported to have carried the plant to Europe where it was
introduced. Further research reveals that there is no actual historical precedent for this
tale, although the Swedish botanist Linneaus placed enough stock in the story to give the
genus name Cinchona to the bush. Note that in addition to missing the factual truth,
Linneaus apparently missed the spelling of the name a bit as well. Unfortunately, this
tale 1s well enough engrained in legend that it has made its way into several textbooks
where it is presented as fact. In any event, it appears that the antimalarial properties of
Cinchona were first known in Peru and the first documented account of its use was in the
treatment of a Jesuit missionary, Juan Lopez in 1600. Bark of Cinchona is commonly
referred to as Jesuit’s bark.

The traditional “modern” drug of choice for the treatment of malaria, since its
discovery in the 1930s, is chloroquine. Prior to chloroquine, quinine was the drug of
choice. The first confirmed reports of resistance by the malarial parasites to chloroquine
came from south-east Asia and South America during the late 1950s. Today, chloroquine
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alternative anti-malarial drugs include fansidar, mefloquine, halofantrine, atovaquone,
proguanil, artesunate, and various combinations of these and others. Resistance has been
documented to virtually all of these and they exhibit varying degrees of side effects.

Of course, prevention (prophylaxis) is the best cure. If you are planning a trip abroad
you should consult with your physician, or preferably a tropical disease expert. Also,
take some initiative. It may be helpful to check out the WHO or CDC websites for their
most recent recommendations to travelers before visiting your physician. As stated
earlier, treatment (as well as prophylaxis) is a complex issue. It would be impossible for
your personal physician to “keep up” with all of the current recommendations regarding
the treatment and prophylaxis of malaria all over the world.

Malaria in History

The term malaria, was first used by Horace Walpole in 1740, is derived from two
Italian words that literally mean “bad air.” Malaria has been with us as long as we have
been human. Ancient Chinese texts describe three demons that supposedly represented
various aspects of the disease malaria: one carried a hammer, another a pail of cold
water, and the other a stove representing headache, chills, and fever, respectively. By the
5™ century BC, Hippocrates was able to differentiate various forms of the disease based
on periodicity of the fevers. The early Greek city states were often located in low-lying
wet areas and very early on, the disease malaria became associated with damp, night air.
Of course, know we know that the relationship to damp, night air and malaria is
coincidental resulting from the fact that mosquitoes are most active at night and are most
abundant in wet places. It wasn’t until 1880 that parasites of the genus Plasmodium were
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French Army physician, Charles-Louis-Alphonse Laveran, thus making the first
circumstantial link of the parasite to the disease. In 1884, the plasmodial parasites were
definitively implicated as the agent of malaria when C. Gerhardt demonstrated that
inoculation of a healthy patient with blood from a malarious patient would induce malaria
in the healthy individual. Prior to Laveran’s finding it was widely believed that malaria
was caused by a bacillus bacterium; a belief that persisted even sometime after
demonstration of the parasites and their ability to cause malaria. However, by the turn of
the century it was clear that Plasmodium spp. were the cause of the disease.

Although the parasite that causes malaria was known, the mode of transmission of the
parasite remained a mystery. Mosquitoes had been suggested as the vector of malaria,
although no evidence had been revealed to support the association. Two American
physicians, John Crawford in 1807 and Albert Freeman Africanus King in 1882, was of a
firm conviction that the mosquitoe was the guilty liaison in transmitting whatever agent it
was that caused malaria. Incidentally, Dr. King was Professor of Obstetrics at George
Washington University and had attended President Lincoln on the night of his
assignation. An Englishman, Patrick Manson, also had adopted the idea of mosquitoe
transmission of malaria and persuaded an officer in the Indian Medical Service to pursue
evidence of the mosquitio-malaria link. On the evening of August 16, 1897, Surgeon-
Captain Ross made medical history when he observed the malarial parasite in Anopheles
mosquitoes that had feed on a malarious patient. This still did not definitively “nail
down” the mosquitoe-malaria link. In 1898, Ross was able to find malarial parasites in
the salivary glands of mosquitoes that had fed on sparrows infected with Plasmodium
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implicate the mosquitoe of the vector of malaria; it strongly suggested that the parasite
was transmitted by the bite of the mosquito. Up until this point, Ross’ mentor, Manson
had adamantly contended that the parasites contained in the mosquito were passed to
humans by the ingestion of water that had been contaminated with the parasite spores
originating from dead mosquitoes. Interestingly, Ross never went after the golden-ring
which was the demonstration of transmission of malaria from mosquito to human. For
his contributions to our understanding of malaria which he referred to as “million-
murdering Death” in his journal, Ross received the Nobel Prize in Medicine in 1902 and
was knighted in 1911.

Later in 1898, Italian zoologists Giovanni Grassi, Amigo Bignami, and Guiseppe
Bastianelli published the demonstration of the life cycle of P. falciparum in humans.
Thus, by the turn of the century we knew the enemies and the terrain of the battlefield
had been surveyed to a great extent. There were some early successes in the local control
of malaria, notably in Malaya, Staton Island, New York, Brazil, Cuba, and most
impressively in the Panama Canal Zone. These early successes were achieved primarily
through mosquito control using larvacides (agents used to kill mosquito larvae).
Mosquito larvae breath through a tube that extends to the surface of the water and looks
something like a little snorkel. Most larvacides work by forming a thick film on the
surface of the water. The breathing tubes of the mosquitos, called trachea, become filled
with the oily substance leading to slow suffocation. The first recorded use of larvacides
for mosquito control was in 1793 in Philidelphia where oil (probably whale oil) was used
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the late 19" century. Another early weapon in mosquito control was the drainage of
wetlands, that serve as breeding habitat for mosquitoes.

Ironically, the major impetus for malaria control has not been the desire to end or
minimize human suffering, but rather to promote economic well-being and military
might. Gee, why else would we unleash such havoc on the environment? One of the
most successful early attempts at malaria control and the first big test of the value of our
new knowledge concerning the transmission cycle of malaria was that associated with
construction of the Panama Canal. Since conquest of most of Central America by
Europeans in the 16" century, Panama has been an area of keen interest and there had
been an interest in building a trans-isthmian waterway to connect the Atlantic and Pacific
Oceans. In the early 19" century after Panama declared its independence from Spain and
became a part of Columbia, interest in building a canal and/or railroad across the isthmus
peaked. Between 1881 and 1903, the French attempted the construction of a canal but
failed. The French apparently failed to appreciate the tenacity of the foes malaria and
yellow fever, although they were apparently warned. One local resident, LeBlanc, is
recorded to have warned the head of one of the French canal companies, Ferdinand de
Lesseps that, “if he attempted the construction of a canal across the isthmus, there would
not be trees enough there to make crosses to place over the graves of his laborers.” This
turned out to be unfortunately prophetic in that 1,480 employees of French canal
companies are recorded to have died of malaria alone between 1881 and 1904. Mortality
rates from malaria for the “first company” in, between 1881 and 1888, ran around 2%.

Finally between 1904 and 1914 the American Canal was successfully constructed
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William Crawford Gorgas. After Gorgas lead a mosquito control program in Havana,
Cuba that reduced the rate of malaria from over 90% in 1899 to less than 5% in 1904, the
U. S. Surgeon General appointed Gorgas head of the Sanitary Department of the Canal
Zone. Gorgas’ campaign against mosquitos, involving the use of larvacides, the draining
of swamps, and treatment of infected people, reduced hospital admission rates for malaria
among canal workers from 828 per 1,000 in 1906 to 76 per 1,000 in 1913. It is estimated
that Gorgas’ efforts saved the US 39.5 million man-days of labor, 80 million dollars, and
71,000 lives during construction of the canal. For his efforts, described by Sir Malcolm
Watson as “the greatest sanitary achievement the world has seen,” Gorgas was knighted.
Larry Roberts and John Janovy, Jr. pointed out the sad commentary on our cultural
memory revealed by the fact that Gorgas’ name is remembered by so few while the
names of generals and tyrants responsible for great bloodshed are remembered by so
many.

We now had substantial precedent to carry on, but it wasn’t until World War II that we
apparently had sufficient impetus to discover, or at least fully utilize, the truly “big guns”
that might be used in the war against malaria. For centuries, diseases have exerted a
greater impact on the outcomes of military conflicts than have bombs or bullets, and as
stated by Lieutenant Commander Allan Richards, malaria has been the arch enemy. It is
likely that more crusaders were lost to malaria than were killed at the hands of “infidels.”
In the Civil War, one command of 878 men near Savannah recorded 3,313 cases of
malaria in 14 months! It has been estimated that overall during the Civil War, 50% of
white soldiers and 80% of African-American soldiers serving in the Union Army

contracted malaria.



It was during World War II, that the United States Army faced defeat in the South
Pacific. Not defeat by the Japanese Army, but rather defeat by Ross’ old “million
murdering death,” malaria that caused 5 times as many deaths as did combat among U.S.
troops in the South Pacific theater. At about the time of the fall of Bataan, when quinine
ran out because the Japanese occupied Indonesia and had cut off the Allies’ access to
Chinhona plantations, 85% of the U.S. troops had malaria. In April, 1942, the annual
case rate of malaria on Efati was 2,678 per 1,000 and on Guadalcanal in November of the
same year the rate was 1,800 per 1,000. In all, over 500,000 American soldiers had
malaria during WWIIL. It became clear that the mosquitos had to be defeated before the
Japanese could be. Thus, the next major campaign of the war was mounted against
malaria. And thanks to DDT, of which its powerful insecticidal properties had been
recently discovered, and the new antimalarial drug, Atabrine (quinacrine), a synthetic
substitute for quinine, we won the war against malaria and were able to go ahead and
defeat the Japanese. Malaria rates were quickly reduced to below 50 per 1,000
throughout the South Pacific among American troops. At about the same time that
Atabrine was created by the United States, a new and even better antimalarial drug that
had first been synthesized by the by the Germans in 1934, fell into the hands of the
Americans in North Africa in 1943 and was quickly copied. The drug was to become
known as chloroquine.

World War II was not the last time that malaria would be a major player in warfare.
During the Korean War, 6,119 cases were reported among personnel in Korea, and
20,000 more were reported in personnel, after their return home. During the war in

Vietnam, entire divisions were incapacitated as a result of malaria which was second only



to combat in the hospitalization of troops and resulted in more lost man-days than did
combat wounds. Over 16,000 cases of malaria were diagnosed in military personnel,
after they had returned to the states.
The Home Front

With the war against the axis powers won, and national moral and confidence riding
high the war against malaria turned to the home front. As indicated earlier, malaria was a
major health threat throughout much of the continental United States well into the 20™
century. But thanks to treatment of infected persons, screening, improved sanitation, use
of larvacide, and especially destruction, through draining, of wetlands that serve as
breeding ground for Anopheles mosquitos, by the turn of the 20" century malaria had
nearly vanished from the northern and mid-western states. By 1914, malaria had been
totally eradicated from Canada and had been pushed as far south as Washington D.C. in
the United States. However, malaria was particularly tenacious in the deep south and
southeast, thanks to warm, wet conditions that were conducive to mosquitos and to
extreme poverty that was inhibitive to success of control efforts. During the first quarter
of the 20" century, malaria was widespread across the southeast with annual mortality
rates for malaria reaching as high as 50 per 100,000 despite aggressive mosquitoe control
efforts throughout much of the south. Rates of infection were consistently higher among
African Americans than among whites and tended to run much high among the poor. The
hardest hit states were Arkansas and Mississippi, particularly in the Mississippi Delta
regions of those states. In Mississippi, the annual mortality rate from malaria once
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What factors were responsible for the eradication of malaria from the United States?
The quick, textbook answer is often DDT. And it is true, that a massive spraying
campaign launched in 1946 was probably responsible for the ultimate eradication of
malaria from the continental United States by 1951. However, it is important to note that
malaria prevelance and mortality and been exhibiting a steady decline well before the
campaign began with DDT in 1946. Mortality associated with malaria had decreased by
over 90% between 1935 and 1945. It is apparent that DDT was not the magic bullet. It
was treatment of infected persons (more accurately the mass distribution of quinine),
installation of window screens and screen doors, improved sanitation, improved
socioeconomic conditions, use of larvacides, removal of vegetation along waterways, and
first and foremost drainage of wetlands that provided the lion’s share of the demise of
malaria in the United States. Substantial control, and in some instances eradication, of
malaria had previously been achieved in the absence of DDT; Malaya, Brazil, Cuba, the
canal zone, and the Midwestern and Northeastern United States, to name a few.

A New Weapon or A New Problem

In any event, DDT (dichlorodiphenyltrichloroethane) Fig undeniably provided a
formidable weapon against mosquitos. DDT is one of a group of pesticides including
Chlorodane, Heptachlor, Endrin, Aldrin, Dieldrin, and Toxaphene, known as chlorinated
hydrocarbons. DDT is a residual insecticide which means that after it is sprayed onto a
surface, it will continue to kill pretty much any insect that lands on that surface for the
next six months. DDT is a type of neurotoxin known as a sodium channel modulator and
exerts its lethal effect on insects by disrupting the balance of the flow of sodium and
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cells) known as the nerve impulse and thus causing the nerves to continue “firing.” DDT
was first synthesized in 1874 by Othmar Ziedler, a doctoral student at the University of
Strasbourge, but it wasn’t until 1939 that its insecticidal properties were discovered by
the Swiss chemist Paul Miiller while searching for an agent to prevent moths from
damaging wool clothing. In addition to moths, Miiller and his team found that DDT
killed a vast array of insects. Miiller received a Nobel Prize in 1948 for his re-discovery.
DDT has been referred to as the entomological equivalent to the atomic bomb.

Early successes with DDT were exceedingly impressive. Successes in the control of
malaria and other arthropod borne and parasitic diseases were observed in Casablanca,
Naples, Okinawa, Brazil, the Philippines, and elsewhere. Early civilian success in
malaria control as a result of DDT were likewise observed in the United States, Cyprus,
Greece, Puerto Rico, Venezuela, British Guiana, and Italy. Soon, DDT was being
applied everywhere. Residual contact spraying referred to the application of DDT to
surfaces inside houses, virtually all surfaces. Thousands of homes in the United States
were sprayed in this way. By 1944, DDT was being produced in the United States at a
rate of 2 million pounds per month. It didn’t take long for the farmers to recognize the
value of DDT as an agricultural pesticide. From 1943 until it was banned in the U.S. in
1972, 1.3 billion pounds of DDT were applied in the United States. By 1983, a mind-
numbing 4 billion pounds of DDT had been sprayed worldwide in agricultural
applications and 1 billion pounds had been sprayed to control insect-borne diseases. It
has been estimated that were all of the DDT that has been sprayed, evenly distributed
across the planet it would be equivalent to 2.5 mg of DDT/ square meter of the Earth’s
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There is only one drawback with DDT as a mosquito eradicating agent. It doesn’t
work. One early striking example of this was found on the Island of Sardinia. Sardinia,
an island with a population of about 1.2 million people was riddled with malaria, with a
reported 10,000 cases in 1946. In an effort to eradicate the vector of malaria on Sardinia,
Anopheles labranchiae, and rid the island of malaria forever a massive control effort was
mounted by Italy and the Rockefeller Foundation with DDT the primary weapon. This
effort involved 25,000 field workers, 5 airplanes, 2 helicopters, several hundred
automobiles, and 256 tons of DDT dumped from the air over the entire island, sprayed
from the streets, and sprayed by hand in over 2 million rooms in 300,000 homes. Five
years and millions of dollars later, the result was that malaria was gone but the mosquito
remained. How had the mosquitos survived this chemical onslaught? Simple.
Resistance. Insects have shown a remarkable capacity to develop genetic resistance to
insecticides. This resistance may then be passed on to their progeny. Only a very few
resistant mosquitos are required to provide seed for a new thriving population of
insecticide resistant mosqutos. Not only was resistance to DDT noted in Sardinea in
1950, but also in Greece in 1951. By 1951, it was clearly evident that mosquitos
possessed the genetic capability, and would when placed under the heavy guns of natural
selection, develop resistance to DDT. By this time, the cold reality was beginning to
dawn upon the brightest and best malariologists that eradication of malaria was not
possible; at best, we could hope to control the disease.

While vector control through insecticides offers the most powerful weapon against
malaria, the use of such agents is fraught with difficulties. First of all, insecticides are

toxic to humans in varying degrees. Secondly, mosquitos are prone to develop resistance



against virtually all insecticides, with the potential exception of the oil larvacides which
kill the mosquitos mechanically, as are cockroaches, lice, ticks, and other insects as well.
In fact, among most of the insecticides used for the purpose of malaria control (DDT,
Gamma Benzene Hexachloride, Dieldrin, synthetic pyrethroids, dichlorvos, and various
organophosphate insecticides such as malathion), DDT is the among the least prone to
stimulate resistance.

Likewise, parasite resistance to antimalarial drugs has been a problem of an equal
magnitude to that of insecticide resistance in mosqutos. By 1960, malarial parasites with
resistance to chloroquine had appeared in South America. This resistance soon spread
around the globe, due largely to the widespread use of chloroquine in prophalaxis to
prevent infection in travelers and the broad-scale distribution of among the general
population. In New Guinea and other other places chloroquine was even added to table
salt and distributed. Primaquine, another drug that had long been used for the treatment
of malaria, was shown to be subject to resistance as early as 1950. In 1963, chloroquine
resistance was noted in parasites infecting U.S. troops fighting in Vietnam. This lead to a
major campaign by the United States government to develop new drugs. The result was
mefloquine and halofantrine, but resistance developed against these as well. Since 1960,
hundred of compounds have been screened for antimalarial activity and several drugs
have been developed, but none are free of the problem of the development of resistance
by the parasites against their activities, although only against chloroquine is there wide-
spread resistance. Ironically, none are as safe and effective as chloroquine was in the
1950s. Today, in parts of the world, there are multiple drug resistant Plasmodium

parasites being vectored by multiple-insecticide resistant mosquitos. Ironically, one of



the most effective drugs in the treatment of malaria remains quinine, although it is not
often used because of relatively severe side effects.

One of the greatest hopes lies in the development of a vaccine against malaria;
however, the prospects of one being developed in the near future are slim. In the 1970s,
efforts began to develop a vaccine yet despite the expenditure of efforts of some of the
most brilliant malariologists in the world and the expenditure of millions upon millions of
dollars no vaccine exists. Nevertheless, research continues toward the development of a
vaccine. Notable among current efforts in vaccine development are those of the malaria
research team at U.S. Navy Research Institute in Bethesda, Maryland, lead by Dr. Steve
Hoffman. Hoffman and his group are using cutting edge molecular biology techniques in
the quest for a vaccine and there have been some successes. Expermental vaccines have
demonstrated the ability to confer at least temporary protection to their recipients. In
time maybe there will be success and hundreds of millions of humans may be spared the
suffering of this dreaded disease. The discovery of an effective vaccine will surely land
yet another dedicated malariologist in Stokholm someday.

Counting the Cost

Physcian and historian of science, Margaret Humphreys observed that “The
disappearance of malaria is one of the hallmarks of America’s rise to world leadership,
domination, and prosperity.” But at what cost? The pioneering environmentalist, Rachel
Carson stated that “The ‘control of nature’ is a phrase conceived in arrogance, born of the
Neanderthal age of biology and philosophy, when it was supposed that nature exists for

the convenience of man.”



One of, if not the most successful measures leading to the eradication of malaria in the
U.S. was the drainage of large areas of wetlands, or swamps. Other than providing
exceedingly good mosquito love nests, what do wetlands, marshes and swamps, provide?
Wetlands are extremely rich ecosystems supporting a rich diversity of life and playing
important roles in the ecology of major ecosystems. Wetlands also provide invaluable
habitat for migratory birds and are home to many threatened and endangered species.
Since Europeans arrived in the United States, 120 million of the original 215 million
(55%) acres of wetlands have been lost. This loss may have well paved the road to our
victory over malaria in the United States. In the 19" century much wetland in the
northeast and Midwestern United States was sacrificed for the sake of mosquito control.
Likewise, during the 1930s hundreds of thousands of acres of marsh and swamp-land
were lost as a result of impoundment, diversion, and mainly drainage projects conducted
by the Tennessee Valley Authority (TVA) and Roosevelt’s Works Progress
Administration (WPA). It is difficult to measure the extent of the devastation that the
environment has sustained as a result of loss of these wetlands. An unfortunate truth is
that most of these wetlands that were drained in the name of mosquito control, would
have been drained in agricultural reclamation projects anyway.

Like insecticide resistance by mosquitos, the environmental, as well as potential long-
term human health, problems associated with DDT were realized early on. One of the
primary problems with most insecticides is that, as the name implies, they don’t just go
after one or a few types of insects. Most insecticides employ, the “kill ‘em all, let God
sort ‘em out” approach, such that in addition to killing mosquitos, insecticides kill many

other organisms that may play vital roles in the maintenance of healthy ecosystems.



Insects play important roles in food webs and many serve as pollinators of plants,
including food crops for humans.

An example of an unintentional deleterious effect of DDT is found with a situation
that occurred in Borneo during a malaria control program of the 1950s, when many
thatch-roofed houses were sprayed with DDT. The DDT killed a parasitic wasp that
controlled the populations of a certain caterpillar. In the absence of the wasps, the
caterpillar population exploded leading to the destruction of many roofs as a result of
destruction by the hungry little caterpillars. Likewise acute DDT toxicity lead to a huge
die-off of cats in the area leading to an explosion of the local rat populations which
threatened an outbreak of bubonic plague. These examples just go to show you that when
you attempt to apply artificial measures of control to natural systems, the repercussions
are unpredictable at best and may be catastrophic.

Pesticides such as DDT may have more insidious effects on natural systems. DDT has
been demonstrated to be devastating to bird populations, causing both acute toxicity
(immediate death) and thinning of egg shells, leading to declines in avian populations.
Pesticides such as DDT accumulate in the tissues of carnivorous birds (birds higher in the
food chain) in which they inhibit the transfer of calcium in the oviduct during the
formation of the egg shell. This leads to thinner-shelled eggs that get broken in the nest
before hatching. Resultant population declines nearly drove the peregrine falcon, bald
eagle, and brown pelican to extinction. The reason that this particular deleterious side
effect of DDT and other chlorinated hydrocarbon pesticides effects birds at higher levels
in the food chain is a phenomenon known as biological magnification, or

biomagnification. Application of even low levels of pesticides can lead to the



accumulation of exceedingly high levels of the pesticides in organisms higher in the food
chain in the ecosystem. Plankton and small herbivorous invertebrates consume the
pesticides. In turn, secondary consumers such as frogs and small fish consume huge
numbers of these tiny primary consumers. These secondary consumers gain only a small
portion of the energy bound up in the primary consumers, but they accumulate and store
virtually all of the pesticide. Likewise, larger fish consume many smaller fish, getting
only a small amount of energy from each one that they consume but all of the pesticide
that it contains. In this way the concentration of pesticides becomes greatly magnified as
increasing concentrations accumulate in animals at the top of the food chain, such as fish
eating birds. For instance, one study which showed the degree to which these pesticides
may be accumulated in organisms in an ecosystem contaminated with chlorinated
hydrocarbon pesticides found the original concentration in the water was 0.02 parts per
million, whereas the accumulation in the tissues of fish-eating birds typically reach 1600
to 1700 parts per million (concentrations as high as one million times that of the original
concentration in water have been recorded).

Likewise DDT and other pesticides may cause acute toxicity in songbirds, leading to
rapid death. In the most stunning example, one group of wildlife biologists found that in
one instance, the application of DDT to control Dutch Elm Disease (a disease of trees
caused by a fungus that is native to Europe and that is spread from tree to tree by the
European elm bark beetle, Scolytus multistriatus) resulted in 90% mortality in robins
within 17 day after application.

In 1963, while the campaign of global eradication of malaria was at its peak, the

classic book Silent Spring was published by Rachel Carson. This book first called the



attention of the general public to the dangers of the indiscriminate and broad use of
pesticides. Although scientists had begin to accumulate evidence of the devastating
environmental effect that DDT may have as early as the mid-1940s, the general public
remained almost wholly unaware of the dangers until the publication of Silent Spring. In
Silent Spring, Carson as implied by the title revealed in common terms the devastating
effects that DDT and other pesticides were having on songbird populations and the
potential health problems that such agents threatened humans with. Carson pointed out
that pesticides stored in human tissues, particularly fat tissue, may lead to serious health
problems later down the road. A very recent study published by epidemiologists at the
National Institute of Environmental Health Sceinces finding that DDT may be related to
increased rates of preterm births, smaller babies, and decrease in the period of milk
production by the mother may well be moving in the direction of vindication of Carson’s
dark prophecies. All of these factors ultimately lead to increased numbers of infant
deaths. It was estimated that the increases in infant mortality as a result of DDT use in
sub-Saharan Africa may offset the decrease obtained through malaria control.

Rachel Carson, through the publication of Silent Spring, single handedly ushered in a
new age of environmental awareness and action. Carson is truly a heroine of modern
environmentalism. Justice William O. Douglas said of Silent Spring, “we need a Bill of
Rights against the 20"™-century poisoners of the human race. The book is a call for
immediate action and for effective control of all merchants of poison.” The movement
spurred by Silent Spring ultimately led to the passage of the National Environmental
Policy Act that to this day provide a powerful tool maintaining the integrity of the

environment. This legislation requires that whenever federal actions are proposed, the



impact of the actions upon wildlife, especially endangered species, be considered before
the actions are initiated.

The use of DDT was banned in the United States in 1972; however, other pesticides
that are potentially very harmful both to human health and to the environment quickly
filled the void. The main class of insecticides now used in the United States is
organophosphate insecticides. Organophosphate insecticides exert their toxic effect by
blocking the enzyme acetylcholinesterase which is responsible for disabling the
neurotransmitter acetylcholine. When a nerve impulse reaches the end of an axon (nerve)
it must bridge a small gap to the next nerve or effector organ (muscle). Bridging this gap
is facilitated by the release of the chemical neurotransmitter (or transmitter of the nerve
impulse) acetylcholine. The acetylcholine carries the message across the gap and cause
the next nerve to fire, thus sending the impulse along or causing a muscle to contract.
Immediately after delivering the message, the acetylcholine must be destroyed or the
nerves will continue to fire and the muscles will continue to contract.
Acetylchonlinesterase is responsible for destruction of the acetylcholine and it is the
activity of acetylchonlinesterase is inhibited by the presence of organophosphates.
Interestingly, the inhibition of acetylcholinesterase activity is the same way that most
military nerve gases exert their effects upon humans. Currently about 30,000 tons of
organophosphate insecticides area applied to 60 million acres of agricultural crops
annually in the United States. An additional 8,500 tons are used each year in non-
agricultural applications. This use of organophosphates accounts for about half of all
insecticide use in the United States. A recent report by the CDC suggested that the

majority of Americans show some level of exposure to organophosphate insecticides,



based on urine tests for the detection of specific metabolites resulting from the
breakdown of organophosphate insecticides in the human body. Whether or not this
exposure is a cause for alarm is yet to be determined. The majority of this exposure is
thought to result from the ingestion of food products contaminated with the pesticides or
from residential use.

Environmentalists always seem to come off as threatening to many facets of society
and, ironically enough, to many scientists. It is important to point out that Carson did not
completely oppose all use of pesticides, rather she condemned their indiscriminate usage.
The famous malariologists Robert Desowitz passionately pointed out that “Led by the
Silent Springers, there developed a revulsion to all things chemically insecticidal. It was
not recognized that DDT used for medical purposes never killed an osprey. It was the
intemperate use by agriculturists that caused the insecticides to spill over into the
environment.” It is true enough that approximately 80% of all DDT dumped onto Earth
was done so for agricultural purposes and that much of the 20% used for disease control
was sprayed inside of homes where it poses relatively minimal environmental threat. On
the other hand, the war against mosquito control cannot always claim prudent useage of
the weapons at their disposal. As pointed out by Carson, “No responsible person
contends that insect-borne diseases should be ignored. The question that has now
urgently presented itself is whether it is either wise or responsible to attack the problem
by methods that are rapidly making the problem worse.....the insect enemy has been
made stronger by our efforts. Even worse, we may have destroyed our very means of

fighting.”



There are other options to mosquito control. One novel approach is the stocking of
voracious predators of mosquito larvae, particularly mosquito fish (Gambusia affinis), in
waters. Other biological control mechanisms that offer some prospects of successful
control include predaceous mosquitos of the genus Toxorhynchites, predaceous copepods,
parasitic roundworms of the genus Romanomermis, and the fungus Lagenidium
gigannteum. Even such biological control measures are not without their environmental
risks. Ecosystems exists in a delicate and almost incomprehensibly complex balance and
it is next to impossible to assess the ecological implications of the introduction or
removal of species from the mix.

West-Nile Virus (A wake-up call)

Recently, we in the United States, have received a wake-up call concerning vector-
borne infectious diseases. Malaria has apparently been gone, as an endemic infection, in
the United States for over 50 years now. In my parasitology lectures, I always pose these
questions to my students: Is malaria entirely gone? Might malaria ever come back in the
US? And, if malaria were to return to the U.S., would we be willing to do what was
necessary to eradicate it again. Obviously, the last two of these are rhetorical questions
and no one lacking a crystal ball can provide the answers with any degree of certainty.
To answer the first question: Yes and no. Every year there are cases of mosquito
transmission of malaria in the continental United States but in most cases these involve a
handful of people and the source of the infections can usually be traced to someone
bringing malaria in from an endemic region. However, small outbreaks of endemic
(local) transmission by mosquito continue to occur in the absence of an obvious index

case (outside source). Since 1992, 11 outbreaks involving 20 cases of probable locally



acquired mosquito-transmitted malaria resulting from infection with P. vivax have been
documented by the CDC. Seven cases of locally acquired malaria were documented in
Palm Beach County, Florida in 2003, 2 cases were documented from northern Virginia in
2002, 2 cases from Long Island, New York, and 1 case from Georgia in 1996. During the
Virginia outbreak, mosquitos (Anopheles quadrimaculatus) collected in the vicinity of
the outbreak tested positive. The outbreak in Palm Beach was the first case malaria with
extended transmission since 1986. In reference to the recent outbreak in West Palm
Beach, the CDC stated “This outbreak demonstrates the potential for reintroduction of
malaria into the United States despite intensive surveillance, vector-control activities, and
local public health response to educate clinicians and the community....However, prompt
reporting of patients with malaria to public health authorities and adequate assessment of
risk factors got malaria in all cases allows initiation of an appropriate public health
response to prevent reestablishment of malaria transmission.”

Given the high degree of sanitation, limited mosquito populations (relative to areas
such as central and southwest Africa) and the excellent public health system in the United
States it seems unlikely that malaria will once again become re-established as a major
disease; however, a major breakdown in our political and social infrastructure and/or a
minor shift in mosquito distribution and prevalence as a result of climatic change from
global warming could tilt the balance of odds against us very quickly and dramatically.
Given either of these events, it seems likely that malaria could once again gain a foothold
in the United States. It is, at least hopefully, unlikely that we are in for a major disruption
of our social infrastructure through catastrophic events in the near future, although the

events of September 11, 2001 demonstrated with stark reality how quickly and easily this



could conceivably happen. On the other hand some degree of climatic change through
global warming appears to be a near certainty. It is estimated that the Earth’s mean
global surface temperature will rise by at least 2.5 °F in this century, possibly as much as
10 °F. Mosquitos thrive on warm temperatures and in wet environments. This is the
primary reason that malaria is most problematic in tropical regions. Even a slight
increase in the overall global temperature may enable various Anopheline mosquitos to
extend their geographic range considerably and may set the stage for the movement of
more efficient mosquito vectors of malaria across North America. Likewise, concomitant
changes in global weather patterns may have a profound influence on the distribution of
certain mosquitos. It is impossible to predict the extent to which global warming and
changes in precipitation patterns will effect the distribution of insect vectors of various
diseases, but undoubtedly, these factors further exacerbate the problems of long-term
control of such diseases as malaria.

In 1999, the West Nile virus appeared in New York City. Symptoms of human
infection with this virus usually range from none to mild flu-like symptoms in healthy
immunocompetent individuals. This disease is known as West Nile fever. However, in
young, elderly, and immunocompromised persons the virus may cause a severe form of
meningoencephalitis (inflammation of the brain, spinal cord, and associated nervous
tissue) that may be fatal. This mosquito-borne pathogen soon spread across the United
States like wild fire. From 1999 through 2001, there were 149 confirmed human cases of
infection with West Nile Virus responsible for 18 deaths. In 1999 West Nile virus was
found in New York, Connecticut, New Jersey, Maryland, and Washington D.C. By the

end of the year in 2000, Vermont, New Hampshire, Rhode Island, Pennsylvania,



Virginia, and North Carolina were added t the list of states affected. By the end of the
year in 2001, West Nile Virus was wide spread throughout the eastern US reaching as far
south as Louisiana and as far west as lowa. By the end of 2002, West Nile virus had
been reported from all of the contiguous 48 United States with the exceptions of
Washington, Oregon, Nevada, Utah, and Arizona. In 2002, there were 4,156 human
cases of infection confirmed from 44 states. In 2003, West Nile Virus was confirmed
present in each of the lower 48 states except for Washington and Oregon. There were
9,306 cases with 240 deaths. Sixty eight percent of these cases were reported as West
Nile Fever and 30% were reported as West Nile encephalitis or meningitis.

West Nile virus is here to stay. The most frightening thing about the invasion of the
West Nile virus in the United States is that it exposes our vulnerability to the
establishment of vector-borne, particularly mosquito-borne diseases. The next time it
may be something even worse! Could malaria run rampant over the U.S. similar to the
way that the West Nile virus has? It is conceivable but unlikely. The one factor that that
renders West Nile virus so aggressive in its spread is the utilization of non-human hosts
as reservoirs for infection. The West Nile virus, in addition to infecting humans, infects a
wide range of birds and other animals, facilitating its spread and making control difficult
and eradication virtually impossible. At least, the 4 species of Plasmodium infecting
humans, are exclusively human parasites.

What if malaria were to become re-established in the United States. Would we be
willing to take the same steps that we once did to get rid of it? The response of the
Americans to the appearance of the West Nile virus answers that questions and is best

summed up in a chapter heading in a recent book by Dickson Despommier:



“Letusspray.” The most commonly used larvacides are the organophosphate Abate,
methoprene (an insect growth regulator), several oils (both mineral and petroleum based)
and Dimilin (a chitin synthesis inhibitor). The most commonly used pesticides to kill
adult mosquitos are organophosphates such as malathion and naled, natural pyrethrins
(extracts of the dried flower heads of chrysanthemums which work as a potent neurotoxin
to vertebrates and invertebrates), and the synthetic pyrethroids permethrin, remethrin, and
sumithrin. Incidentally, 133 cases of acute insecticide-related illness associated with
mosquito control were identify by the CDC from 1999-2002. Of the 133 reported cases,
95 (71.4%) were associated with organophosphate insecticides, mainly malathione, and
the remainder were associated with pyrethoids. Despite our best efforts and the
expenditure of a huge amount of money and human resources, the West Nile virus
continues to proliferate in the United States.
The Present Situation

Although the situation is grave, public health workers are far from having surrendered
in the fight against malaria. In 1998, the World Health Organization in conjunction with
UNICEF, the World Bank, and the United Nations Development Programe initiated a
campaign called Roll Back Malaria. The goal is to cut the global burden of malaria in
half by 2010. An emphasis is being placed on Africa, as this continent is the hardest hit.
Thus far, international spending on malaria has tripled since 1998 to 200 million dollars
annually and comprehensive control strategies have been developed in over 30 African
countries. To date, the Global Fund to fight AIDS, Tuberculosis, and Malaria has
committed 30 million dollars toward the implementation of these control efforts. Funded

efforts include distribution and use of mosquito nets treated with insecticide, intermittent



preventive treatment in pregnant women, and improved access to treatment with the
currently most effective medications. Eighteen effected countries have reduced or
eliminated tariffs and taxes on anti-malarial products such as mosquito nets and
insecticides, thereby making these tools available to a greater number of people.

In this age of progress, subsequent to sending humans to the moon, initiating the
exploration of mars, and sequencing the entire human genome, it is interesting to
compare the goals and rhetoric of the current malaria control campaign underway to the
malaria eradication program launched in 1957. The word eradication has all but been
deleted from our vocabulary in tropical medicine. When Ronald Ross demonstrated the
mosquito to be the vector of malaria, he penned these words in his journal deep in the
tropical night of August 16, 1897 after two years of toiling over his microscope which
literally eventually corroded beyond the point of use as a result of Ross’ own sweat:
This day designing God
Hath put into my hand
A wondrous thing. And God
Be praised. At this command
I have found they secret deeds

Oh million-murdering Death

I know that this little thing
A myriad men will save—
Oh death where is thy sting?

Thy victory oh Grave?



In the 1950s and 60s we waged full-scale warfare against mosquitos and the parasites that
they transmit and we suffered total and abject defeat. Despite our best efforts a child
endures the sting of death every 30 seconds. In the heart of the “dark continent,” victory
goes to the grave.

Now we fight again with a new perspective. The rhetoric has turned from eradication
to control; from destroying the mosquito to living with the mosquito, and malaria. In the
history of humanity, only one disease has been eradicated; smallpox. Interestingly, there
is some debate as to whether it has truly been eradicated. If it has, why is there still dire
need of a smallpox vaccine? Smallpox is caused by a virus; not even a living organism.
And, smallpox is passed directly from person to person with no arthropod vector. Never
has a vector-borne or parasitic disease been eradicated from Earth. But it is part of the
human condition to hope; and to strive ahead in the face of defeat as Icarus ascending
into the sun.

In the words of Rhett Butler in Gone With Wind: “ 1 have always been a sucker for
lost causes, once they are truly lost.” So let us join together to follow the dream of
Camelot and “together, let us eradicate disease!” But we may need to change our battle

plan a bit and we may need to do it one child at a time.



