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Foreword
 

In August 1984, the Agency for International Development (AID) 
announced a major breakthrough in the development of a vaccine 
against the most deadly form of malaria in human beings. The vaccine 
should be ready for use around the world, especially in developing 
countries, within five years. 

The vaccine could have a tremendous impact on hum,.ai health; it 
could drastically reduce the 150 million malaria cases that occur each 
year. Its development was possible due to the Agency's investment of 
more than $35 million to support 43 malaria research projects over the 
past 20 years. That research, combined with U.S. financial and technical 
assistance, commodities and training, has saved perhaps hundreds of 
millions of lives. 

The United States traces its participation in global eradication and 
control programs to the early 1900s. International efforts initially con­
centrated on controlling the mosquito that causes malaria. Many impres­
sive successes were achieved; malaria was eradicated in several countries. 
But as circumstances developed, including increased mosquito resis­
tance to pesticides, the disease incidence that had dropped to all-time 
lows suddenly began to climb. In some countries, they soared. It was 
apparent that alternatives had to be found. 

In the mid-1960s, AID defied critics who said that a malaria vaccine 
was not worth the investment it required by supporting research on 
such. We now know several different vaccines are necessary to prevent 
the four malarias that affect humans in different parts of the world. 
The AID malaria vaccine research network continues its search for 
these vaccines. 

Vaccines will be an extremely valuable tool in our arsenal against this 
terrible disease. With effective and efficient planning and coordination, 
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viii • Foreword 

the vaccine will help prevent the debilitation and killing of millions of 
people every year. 

But we are also wise enough to realize that vaccines are not a panacea. 
Research in other areas, including vector control, new drugs, improved 
operational methods and better equipment, needs equal attention. All 
these research efforts must be coordinated to mttnt a successful attack 
on malaria, and they must make full use of the capabilities of the private 
sector as well as research centers and universities in developing countries. 

This book reviews the role research has played in seeking means to 
control malaria. It is the second in a series that focuses on science and 
technology as tools in economic and social development of the low­
income countries of the world. It reminds us of the crucial role research 
must continue to play if"we are to help these countries overcome their 
development constraints. 

Special acknowledgment must be given to Alexanderina V. Shuler 
for her preparation of this volume. She researched existing material, 
interviewed several key persons substantively involved in malaria re­
search and control and eradication programs, and wrote the manuscript. 
A preface by Ms. Sliuler recognizes some of the principal actors who 
had a role in international, as well as AID, antimalaria efforts. 

Nyle C. Brady 
Senior Assistant Administrator for 

Science and Technology, AID 
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Preface
 

June 4, 323 B.c. Alexander III of Macedon falls ill with high fever 
and chills. In his biography of the Greek conqueror, Alexandre, Jacques 
Benoist-Mechin (1964) reports that prior to lapsing into a feeble condi­
tion during which he could barely move, Alexander suffered sleepless 
nights and could hardly talk. On June 13, he died at age 33. 

Alexander's symptoms "could be identical to those of falciparum 
malaria," world renowned malariologist Dr. Leonard J. Bruce-Chwatt 
of the University of London's Wellcome Museum of Medicine says. 
"Certainly, the guess of malaria is well justified." 

The history of humankind reveals that malaria has played a major 
role in world events. Documentation of the debilitating effects of the 
disease appears in the early works of Chinese and Hin:lu writers as well 
as of Hippocrates, Plato and Pliny the Elder. Battles have been lost, 
civilizations have disappeared with blame laid to malaria. 

Malaria evidently has been the world's no. I public health problem 
for centuries, but it was not until the early 1950s that it was officially 
labeled such by the World Health Organization. As late as 1981, malaria 
still was present in 104 countries and 1.4 billion people were exposed 
to infection. Malaria annually kills an estimated 5 million people and 
infects another 300 to 400 million, most of whom live in the developing 
countries in the so-called malarious zones of the world, extending from 
64°N to 32 0S. 

Over the past 50 years, chemotherapy and vector control have made 
it possible to eradicate indigenous malaria in 37 countries, including 
the United States. In other countries, especially in South America and 
Asia, malaria incidence has dropped substantially. But the emergence 
of drug-resistant parasites and the increasing prevalence of insecticide­
resistant mosquitoes, combined with administrative, financial and other 
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problems, have caused a resurgence of malaria in many areas. In many 
developing countries, the incidence of malaria has again reached alarm­
ing levels. The statistics that are known are warning enough. The prob­
lem must be addressed now to prevent the figures from reaching the 
levels of the early part of the century. 

Political will and national commitment, in terms of money and people, 
are part of the solution. To achieve worldwide control of malaria, mas­
sive research programs are necessary to find new and better control 
techniques while other efforts are incorporated into national primary 
health care programs. 

Only when policymakers, government leaders, program designers, 
researchers, administrative officers and development workers recognize 
the impact of malaria on their respective areas of work and the need 
for a self-sustaining, integrated antimalaria effort, will developing coun­
tries achieve economic and social development goals, and will the sup­
port for a long-term sustained effort be forthcoming. 

Many individuals who have spent their lives working in the field of 
malaria provide the basis for this book. Some are active in positions in 
the public und private sector throughout the world; man),are retired. 
But they have two basic things in common: an intense interest in malaria 
events and developments, and a remarkable dedication and determina­
tion to control and conquer malaria. These are the experts that can 
make the eradication of malaria possible. 

My thanks go to James M. Erickson, Office of Health, AID; Albert 
E. Farwell, AID retired; Melvin Griffith, AID retired; and Edgar A. 
Smith, AID retired, for sharing their malaria expertise and experiences, 
and to Dr. Leonard J. Bruce-Chwatt, for granting permission to print 
his poem, "The Ballad of the Plasmodium," which wraps up this monog­
raph in 63 lines. 

Special appreciation goes to Larry Cowper, Office of Health, AID; 
Lee M. Howard, Pan American Health Organization; Donald R. 
Johnson, U.S. Public Health Service, retired; and John Daly, Office of 
the Science Advisor, AID, for their contributions of background infor­
mation as well as considerable time spent reviewing the manuscript. 

Alexanderina V. Shuler 
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The Ballad of the Plasmodium 

Plasmodium has a lot in store
 
And works in stages by the score.
 
Anopheles that probes your skin
 
Pumps many sporozoites in,
 

They lose no time, move into liver
 
And settle down before you shiver,
 
Some hypnozoites go to sleep
 
A late relapse intending keep.
 

But others grow, divide like mad
 
And move from liver into blood.
 
In red cells do their very worst
 
Expanding to make each cell burst
 

As merozoites they are vexed
 
By being greatly undersexed.
 
Their life is tedious, rather stale
 
Without a female and a male.
 

This truth they soon will realize
 
And change assuming larger size
 
So now, when a mosquito bites
 
It must suck up gametocytes
 

And microgametes being sucked
 
Can now perform the amorous act
 
When in the stomach of the gnat
 
They find a macrogamete fat.
 

Their love's great feat is now complete
 
As female forms ookinete
 
Then losing all her self-control
 
She goes through insect's stomach wall.
 

And there encysted feels more able
 
To raise a new plasmodial stable
 
When thousand sporozoites fit
 
Will prove that she has done her bit
 

To salivary glands they wend
 
And start again; there is no end.
 
The moral of this age-old story
 
Is that we can't aspire to glory
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Until our principal objective 
Will make control more effective 
We try to fight Anopheles 
With our weapons in a mess 

Since DDT that was the norm 
Is now refusing to perform 
And most of new insecticides 
Have some unwelcome costly sides 

By now Plasmodium falciparum 
Is causing very great alarum 
Although this protozoan vulture 
Can now be grown in vitro culture 

Thus faced with chloroquine resistance 
We must depend on more assistance 
And find a new medicament 
To solve our dire predicament 
A compound that in all event 
Is active, cheap, polyvalent 

Perhaps we need a proper vaccine 
With antigens that science mucks in 
And adjuvants that will not itch 
And antibody, God knows which 

Or to develop other means 
To fight those vicious little fiends 
To fight those vicious little fiends 
Which no one who is sound of mind 
Can be defending from Mankind. 

Dr. LeonardJ.Bruce-Chwati 
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Malaria: Ancient Scourge 
of Humankind 

By the time man appeared on Earth, the Anopheles mosquito was a 
well-established form of life. Paleolithic and neolithic studies indicate 
that prehistoric man-at least in warmer areas-experienced malarial 
chills and fevers. It is possible that malaria originated in Africa, con­
sidered by anthropologists to be the cradle of the human race; migrants 
may have carried the disease to the shores of the Mediterranean, to 
Mesopotamia, to the Indian peninsula and to Southeast Asia. 

Unraveling Malaria's Secrets 

It was not until the 1600s that any significant scientific or medical 
advances related to malaria were made. In the mid-1600s, Europeans 
discovered that Peruvian or Jesuit bark, later known as cinchona, suc­
cessfully treated intermittent fevers, specifically those associated with 
malaria. Another 200 years passed before quinine, the active ingredient, 
was extracted from cinchona bark. 

Malaria got its name from Itilian speculation that the disease came 
from the nial aria or bad air of marshes. The term was first used in 
scientific literature by John Mcculloch, a British physician, in 1829. 
Despite historical association between swamps, mosquitoes and fever, 
the precise method of transmittal of malaria remained a mystery until 
the late 19th century. It was Alphonse Laveran, a French army surgeon 
stationed in Algeria in 1880 who first observed (with a microscope) 
malaria parasites attacking human red blood cells. Patrick Manson, a 
Scottish physician, expressed a belief in 1884 that mosquitoes serve as 
hosts of human parasites found in the blood. 
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2 • Malaria:Meeting the Global Challenge 

In 1897, England's Ronald Ross confirmed that a mosquito is the 
vector, or carrier, of malaria by observing malaria parasites of humans 
(see Appendix A) developing in a mosquito and by demonstrating trans­
mission of a typical malaria parasite from infected birds to healthy birds. 
Italy's Giovanni Battista Grassi identified the female Anopheles mosquito 
as the vector of the parasites of human malaria and verified the life 
cycle of the human parasites in anophelines. No single species of 
Anopheles is universal and only 85 of 400 known species have been 
verified as spreading malaria (Herms et al. 1961). 

All female Anopheles mosquitoes seek warm-blooded animals and hu­
mans to obtain blood for subsistence and to mature their eggs. Once 
the female has fed on a person infected with the malaria parasite, the 
parasite begins its sexual cycle, which takes place in the mosquito's gut 
(Figure 1). Immature male and female cells (gametocytes) of the parasite 
in the human blood are sucked into the stomach of the mosquito where 
they mature, fuse and form cysts. The infective stage of the parasites 
(sporozoites) develop in the cysts, which rupture and release the 
sporozoites. The sporozoites eventually enter the ducts of the mosquito's 
salivary glands and the mosquito is capable of infecting the next human 
it bites. The parasite enters a three-phase asexual cycle (blood or 
schizogonic cycle) in humans. 

1-UNIAN CYC1.E iOSQU IlO CY(:l.l 
L.. .. ::: 1 

6.: I I SIOIN R. 1\11 11 I . 1 U/l 

Figure 1. The malariaparasite goes from a mosquitos stomach to its salivary glands 
and into the blood of a bite victim. Vaccines are aimed at three stages of its life cycle. 
(Drawing ty Michael Reingol, courtesy of Scicilce Digest) 
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A human bitten by infected Anopheles mosquitoes will almost certainly 
contract malaria because as many as 1,000 sporozoites enter the victim's 
blood. Within an hour, the sporozoites reach the liver where asexual 
division (merozoite stage) begins. Six to 12 clays later, merozoites are 
released and enter red blood cells. Here, the merozoites multiply and 
invade more red blood cells. For a female Anopheles to be infective, it 
must survive the time required for the parasite to complete its sexual 
cycle. The fact that many anophelines prefer to feed around dusk or 
at dawn, and usually seek an indoor surface on which to settle to digest 
the blood meal, is significant to control efforts. 

Female anophelines will enter houses repeatedly for blood meals to 
mature successive batches of eggs. As long as mosquito resistance to an 
insecticide does not develop, spraying-under ideal circumstances-will 
kill mosquitoes before they become infective. An effective residual insec­
ticide can reduce the numbers of mosquitoes enough to interrupt trans­
mission of malaria. 

Focus on Control 

United States armed forces occupying Havana, Cuba, in the aftermath 
of the Spanish-American War (1898) were plagued by malaria and yellow 
fever. Surgeon General of the U.S. Army George Sternberg, who carried 
Laveran's discovery of parasites in human blood to the United States, 
sent an investigative team, led by Walter Reed, to Cuba. The army 
concentrated on fumigating contaminated houses, then on destroying 
mosquito larvae. By 1902, the two diseases were banished from Havana. 

The malaria challenge to the U.S. Army resurfaced in 1904 in 
Panama. As many as one-third of the workers imported to build the 
Panama Canal were ill with yellow fever or malaria at any time. As in 
Havana, repeated fumigations were conducted and stagnant water re­
ceptacles were removed. By 1916, malaria had been reduced to a minor 
public health problem in the canal zone. 

Despite the successes in Cuba and Panama, many experts continued 
to doubt the mosquito theory. Others forged ahead with programs to 
reduce malaria by eliminating the breeding places of mosquitoes. 

Between Wars 

During World War I, lack of action against malaria cost Allied and 
Central powers severe losses in the European and African campaigns. 
For example, the British army reported 160,000 cases of malaria in 
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Salonica, and another 107,000 cases in the East African campaign. 
Whole squadrons were assigned to clear mosquito-breeding sites. 

United States involvement in international antimalaria activities dates 
to 1907 when the United States participated in the Third International 
Sanitary Conference of the Inter-American Sanitary Bureau, predeces­
sor of the Pan American Health Organization (PAHO), founded to 
encourage, aid or enforce the destruction of mosquitoes and other 
vermin. One of the earliest large-scale organized U.S. efforts was in­
itiated by the Rockefeller Foundation. By 1923, 26 countries had estab­
lished national malaria research institutions thanks to Foundation assis­
tance. The international tone of malaria work was further set in 1924 
when the Malaria Commission of the League of Nations was established 
to investigate and report on the status of malaria and malaria control 
and to estimate world need for quinine. 

Between World Wars I and II, many successes in at least partially 
controlling malaria were scored. The 1930s and 1940s witnessed in­
creased emphasis on developing better engineering methods for mos­
quito breeding site reduction, continued development and exploitation 
of larvicidal methods, and an expansion of biological studies of vectors 
and their habits. Under the guidance of Drs. Fred L. Soper and D. 
Bruce Wilson, the Rockefeller Foundation eradicated A. gambiae, which 
had been introduced from Africa, from northeast Brazil by 1941. The 
United States provided its first foreign assistance to malaria programs 
in 1942 through the U.S. office of the Institute for Inter-American 
Affairs. 

It took World War II to prompt a universal search for an answer to 
the malaria problem. The U.S. military hierarchy was dismayed to dis­
cover that, in certain areas, malaria caused more casualties than military 
action. Malaria control became an overnight necessity for U.S. troops 
stationed in malarious zones. Control campaigns combining antimalaria 
drugs and antilarval measures were successfully carried out by trained 
units, whose efforts outlasted the war and were responsible for introduc­
ing modern malaria control techniques in many parts of the world 
(Johnson 1964). 

The single most important factor in triggering serious international 
control efforts was the discovery of the potent residual insecticidc, 
dichlorodiphenyl trichloroethane (DDT). DDT had been synthesized 
by Viennese pharmacist Othmar Zeidler in 1874, but it was not until 
the U.S. Army obtained samples from Paul Muller, who was at theJ. R. 
Geigy Co. in Switzerland searching for a chemical to kill the common 
clothes moth, that its full value was realized. By 1944, U.S. manufactur­
ers were producing 9.5 million tons of DDT. More than 47 million tons 
were produced in 1947. 
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Era of Malaria Eradication 

DDT provided the world with a new method to interrupt the transmis­
sion of infection. After the war, the Italian government expanded the 
antimalaria program using DDT as a residual spray on the walls of 
Italian homes. By 1949, there were only 81 reported malaria cases and 
no malaria deaths (Brown et al. 1976). In 1954, only five new cases of 
malaria were reported (International Cooperation Administration 
1956). 

DDT brought similar successes in malaria control to countries of 
Europe, Asia and South America. A U.S. program, which relied heavily 
on DDT-more than 1.36 million tons sprayed in 1948 alone-had 
eradicated malaria from the United States by 1951. Everywhere it was 
used, DDT was effective and inexpensive and had remarkably few ad­
verse effects. 

The introduction of DDT as an antimalaria tool, combined with the 
establishment of the World Health Organization (WHO) in 1948, had 
raised hopes that malaria might indeed be controlled. WHO placed 
priority on malaria and named an expert committee to set strategy and 
to investigate problems. 

In 1955, 60% of the world's population still lived in malarious areas 
tir regions that remained at risk of malaria. More than 200 million 
persons in 135 countries continued to suffer from the disease each year; 
an estimated 2 million died each year. In 1955, a global eradication 
effort of the World Health Assembly was endorsed by member govern­
ments, including the United States. 

The objective of the global eradication effort was to break the malaria 
transmission cycle, eliminate sources of parasite infection and prevent 
the reintroduction of malaria into the human population. WHO's 
reasoning was that if malaria were merely controlled, the time would 
come when the disease would make a comeback. Insecticides, WHO 
emphasized, must be used to the maximum while still effective. The 
Eisenhower administration's U.S. International Advisory Board en­
dorsed the eradication concept, and urged that the U.S. foreign aid 
program help make it possible. 

The 1957 WHO Expert Committee on Malaria produced the Sixth 
Report that became the bible of malaria eradication (Bruce-Chwatt 
1979). WHO and UNICEF, with the U.S. government providing 40% 
of their budgets, provided technical assistance and supplies to anti­
malaria programs in 29 countries. The United States, through the In­
ternational Cooperation Administration (ICA), provided large-scale 
technical assistance to 19 national programs, and financial support to 
the malaria eradication efforts of WHO, PAHO and UNICEF. United 
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States contributions to WHO and PAHO Malaria Eradication Special 
Accounts from 1958 to 1970 totaled more than the contributions of all 
other countries combined. 

Eradication of the malaria parasite does not necessarily require the 
eradication of the mosquito. If the number of infected Anopheles mos­
quitoes is reduced below the critical level of lensity that can lead to the 
elimination of the transmission of the malaria parasite (P.vivax and P. 
nalariae)for two to three years, the disease could eventually disappear 
from the huma'i host. (Some species of Plasmodium, such as P. malariae, 
remain viable for 20 years or longer in the human body.) 

End of the Eradication Era 

By the end of the global malaria eradication effort (1955-1969), the 
campaign had succeeded in protecting a billion people against the risk 
of malaria transmission. But despite many successes, the disease risk in 
90 of the 143 originally malarious countries or areas renlained'moderate 
to high. Anopheline resistance to insecticides was increasing. By 1971, 
224 species of insects were estimated to be resistant to DDT; 105 of 
them were of public health or veterinary significance (Howard 1971a). 
Dr. Lee M. Hloward, former director of the Office of Health' in the 
U.S. Agency for International Development (AID), noted that "it is 
man himself who has often permitted pesticides to fail by expecting too 
much of them and by tailure to adhere to the vigorous requirements 
of field performance." 

In the mid-1960s, environmental and conservation groups, many 
inadequately informed, raised a public outcry against many pesticides, 
claiming they were safe to neither man, beast nor the environment. 
The 1969 Report of the Secretary's Commission on Pesticides and Their 
Relationship to Environmental Health (U.S. Department of Health, 
Education and Welfare 1969), however, recognized the need and basis 
for continued use of pesticides, and recommended that DDT be used 
to prevent or control hudm diseases and other essential uses for which 
no alternative is available. 

AID noted that developing countries relied on DDT to control 
vector-borne diseases such as malaria, as well as Chagas disease, plague 
and typhus. Furthermore, the United States was the only source of 
DDT at a price and in quality and quantity to make control of such 

1. The Office of -Icalth coordinates AID malaria projects. The role of other AID offices 
is outlined in Appendix B. 
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other countries combined.

Eradication of the malaria parasite does not necessarily require the
eradication of the mosquito. If the number of infected Anopheles mos­
quitoes is reduced below the critical level of density that can lead to the
elimination of the transmission of the malaria parasite (p. vivax and P.
malariae) for two to three years, the disease could eventually disappear
from the huma'l host. (Some species of Plasmodium, such as P. malariae,
rcmain viable for 20 years or longer in the human body.)

End of the Eradication Era

By the end of the global malaria eradication effort (1955-1969), the
campaign had succeeded in protecting a billion people against the risk
of malaria transmission. But despite many successes, the disease risk in
90 of the 143 originally malarious countries or areas remaine(rmoderate
to high. Anopheline resistance to insecticides was increasing. By 1971,
224 species of insects were estimated to be resistant to DDT; 105 of
them were of public healt h or vcterinary significance (Howard 1971a).
Dr. Lee M. Howard, former director of the Office of Health l in the
U.S. Agency for International Development (AID), noted that "it is
man himself who has often permitted pesticides to fail by expecting too
much of them and by failure to adhere to the vigorous requirements
of field performance."

In the mid-1960s, environmental and conservation groups, many
inadequately informed, raised a public outcry against many pesticides,
claiming they were safe to neither man, beast nor the environment.
The 1969 Report of the Secretary's Commission on Pesticides and Their
Relationship to Environmelllal Health (U.S. Department of Health,
Education and Welfare 1969), however, recognized thc need and basis
for continued use of pesticides, ,md recommended that DDT be used
to prevent or control human diseases and other essential uses for which
no alternative is available.

AID noted that developing countries relicd on DDT to control
vector-borne discases such as malaria, as well as Chagas disease, plague
and typhus. Furthermore, the United States was the only source of
DDT at a price and in quality and quantity to make control of such

I. The Ollke of Heallh coordinalcs AID malaria projecls. The role of other AID offices
is outlined in Appendix 11.
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diseases technically and economically feasible in those countries. How­
ard (1971b) declared that "any act that directly or indirectly results 
in reducing or eliminating U.S. manufacture of DDT may be expected 
to have disastrous conseCuences for the health of populations in excess 
of a billion people in the less developed world." 

Anti-DDT pressure increased, and, effective December 31, 1972, tile 
U.S. Environmental Protection Agency cancelled all uses of DDT for 
crop production and nonlicalth purposes in the United States, but per­
mitted public health use. As U.S. aid to antimalaria programs decreased 
and as other pesticides were developed, DDT production in the United 
States gradually declined. In 1982, the United States stopped DDT 
production. Several other industrialized Countries continue to manufac­
ture DDT, but raw material and shipping costs may be prohibitive for 
developing countries. 

Researchers sought alternatives. As of 1971, more than 1,40(0 pes­
ticides had been tested through WHO's testing program for use in 
public health programs. But many were not usable as residual insec­
ticides for antimalaria programs due to a variety of reasons, including 
expense and residual characteristics that may affect ecology, wildlife or 
human health. 

One alternative to DDT is malathion. The residual effect of DDT 
75% on wall surfaces is six months or more. Malathion 50%, on the 
other hand, is often effective for only three months. Final costs-exclu­
sive of paying sprayers-is considerably greater than for DDT. For 
example, in 1977, a ton of DDT cost $950 compared to $1,350 for 
malathion. Because malathion has to be sprayed miore often, the cost 
of DDT to protect a million people was $279,000; of malathion, $1.18 
million (Phillips 1983). Propoxtir, another alternative, also is much more 
expensive than I)DT and. improperly used, is toxic to humans. 

In 1969, "the metaphorical crossroads in the history of malaria eradi­
cation" (Farid 1980), WI-O reluctantly concluded that malaria control 
is valid and indispensable as an interim step where eradication is imprac­
tical. The organization recommended that eradication programs that 
stood a good chance of sIccess be carried speedily to conclusion and 
that others should revert to control work until an opportunity for eradi­
cation could be developed. In essence, a control program should limit 
its efforts to areas with large populations or with the greatest prevalence 
of malaria. WHO stiggested that countries undertaking new antimalaria 
efforts make certain they were based on adequate pub)lic health, financial 
and human resources, and that local epidemiological conditions existed 
to maintain gains achieved. 

The ultimate goal might still be eradication where eradication was 
technically feasible. Control programs, on the other hand, have a more 
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modest objective. They aim to reduce death and illness, and to contain 
the disease at a level where it no longer is a serious public health problem 
in areas of greatest economic importance in a program not limited in 
time. Figure 2 outlines control measures. 

The Resurgence of Malaria 

The resurgence of malaria resulted from a variety of reasons that dif­
fered from place to place. Country after country had decided malaria 
was no longer a serious problem and reduced or cut their malaria 
budgets. Technical difficulties related to parasite resistance to drugs 
and resistance of vectors to insecticides were only partly responsible. 
The fact that each Anopheles species has unique habits, life cycle and 
breeding sites complicated t .e problem. 

Inadequate funding was a serious constraint. Few malaria programs 
represented more than 5% of annual national health budgets. Weak 
operational units, or the lack of them, in national malaria programs 
helped increase malaria transmission. The failure to institute effective 
surveillance in coordination with other health services, or to integrate 
them into such services where workable, is considered a primary cause 
of failure by many malaria experts who insist that, had antimalarial 
activities been integrated into basic health services, program operations 
would have continued to make gains. 
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Return to Control Programs 

In the United States, public and congressional disenchantment with the 
foreign aid program led to the U.S. government decision to reduce 
U.S. staff in overseas posts. United States funding for economic and 
social development efforts previously under AID jurisdiction was in­
creasingly channeled through multilateral organizations. A multi­
lateralization policy was spelled out in an August 8, 1970, neimo, "AID 
Policy for Malaria Eradication Multilateralization of lechnical Services." 
The intent of the policy was to make tile best use of worldwide WHO 
malaria personnel and resources. AID and IFI'W signed a new 
memorandum of understanding, in which All) agreed to help WHO 
assume increased in-country administrative, training and technical ad­
visory services, while gradually reducing the number of U.S. technicians 
stationed overseas. 

An underlying assumption of the new policy was that there were 
adequate trained personnel to carry out a decentralized malaria control 
program. It went substantially unchallenged for several years (Insect 
Control and Research 1983). Only two All) inalaria personnel transfer­
red to WHO; other experienced professionals left the program. '[le 
number of Agency technical advisors dropped to five in three countries 
byJune 1973. Simultaneously, AI[) issued a policy statement instructing 
missions that multilateralization was to take place as soon as a specific 
timetable could be established. The guidance assured A ID's willingness 
on a case-by-case basis to support country antimnalaria programs, setting 
some carefully defined preconditions regarding country interest and 
resources and the existence of a feasible plan. 

By the end of 1975, AID's bilateral assistance was phased out in 16 
of the original 18 country prograins. A generation of Agency malaria 
experts disappeared, miany Simlilly )ecause their expertise was not called 
upon. With opportunities in malariology, specifically in the research 
area, limited or nonexistent, young scientists shied away. "A major mis­
take of the eradication era was the decision of the funding agencies to 
de-emphasize research; it was thought that additional knowledge of 
tnalaria was not required to successfully execute the eradication prog­
ram," declared Chin (1977). Not only was it felt that no new information 
was needed, agreed Clay Fluff, fomier president of 'lhe American So­
ciety of Tropical Medicine and Hygiene, "but it appeared that all we 
had learned in the past could now be ignored and forgotten." In 1964, 
he told Socicty members, "... the seeds of failure were sown when the 
nature of eradication took the form it did. It assumed that we knew 
enough to abandon basic research and the training of personnel along 
lines which had proved to be efficacious ... I believe we cannot deny 
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that the eradication program greatly depleted the sources of support 
for a continuation of research and training in a highly complicated 
group of disciplines involved in the reduction of malaria" (Jeffery 1976). 

Huff further noted that the U.S. Congress "could not be expected 
to provide financial support for basic malaria research when it was at 
the same time providing millions for malaria eradication with the virtual 
promise that in 5, 6, 7, or even 10 years the disease would be extinct" 
(Jeffery 1976). 

The warnings were largely ignored. Even as health research scientists 
voiced concerti about declining support for malaria research, both AID 
and WHO agreed during the early 1970s that there was no standard 
formula for malaria eradication. The 1968 World Health Assembly and 
subsequent Expert Committees on Malaria had made it clear that each 
country would have to design its malaria program around epidemiolog­
ical conditions that might or might not permit eradication in the short 
term. 

Except for the disappearance of malaria from Tunisia and a decline 
in affected areas in Algeria and Morocco, the distribution of malaria 
shows practically no major changes since the mid-1970s (Figure 3). 
Some 60% of the people in the world live in originally malarious areas, 
and 46% still are at risk of contracting malaria. However, the increasing 
incidence of malaria has led to a certain recognition of the magnitude 
of the unfinished task, prompting "the understanding of pressing needs 
for further research into methods of malaria control" (Bruce-Chwatt 
1980). 

Callfor More Research 

The fact that the Anopheles species may constantly evolve to meet chang­
ing environmental conditions, often one step ahead of man, is reason 
enough for vital and sustained research. New tools were needed but, 
unfortunately, during the era of eradication optimism, funds for the 
research that could develop those tovis fell drastically as planners be­
came overly optimistic about known methods. 

AID's record exemplifies the funding problem. Between 1950 and 
1972, only 0.1% of the $1.2 billion AID and its predecessors spent on 
controlling malaria problems went to research. In 1968, Paul Russell, 
a prominent malariologist with the Rockefeller Foundation who re­
ceived the U.S. Legion of Merit for his malaria work in the U.S. Army 
Medical Corps in the early 1940s and later a consultant to an AID 
predecessor, noted that there did not appear to have been a logical or 
practical ratio between the funds spent trying to eradicate malaria and 
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those spent on discovering how to do so effectively and economically. 
Research efforts focused on insecticides and related hardware and on 
the technical problems impeding eradication progress. 

Despite the early imbalance of funds dedicated to malaria research, 
experts insist that "it is entirely possible that investment in research and 
development can play as great a role in malaria control as they can and 
do play in in(Lustrial development.... Al's major contribution to 
worldwide malaria control programs may well be the long-lasting effects 
of funds invested in research" (Insect Control and Research 1983). 

In 1975, WI-1 Director General Dr. Half'dan T. Niahler said, "There 
are no miracle technical solutions to the problem (of malaria) and there 
is no prospect of such solutions being developed and becoming available 
for wide application for a number of years to come." 

Ten years ago the bleak outlook may have indeed been justified. But 
increasing developing country consciousness, biotechnology develop­
mnents and research advances, including the development of a vaccine, 
promise an encouraging future. 
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Early Modern Battles
 

Impressive initial successes in anopheline mosquito control were 
achieved by draining ditches, introducing larvivorous fish or applying 
Paris green and larvicidal oil to ponds, and weekly spraying of houses 
with pyrethrum. But while malaria was reduced in many countries, 
control seemed to be the best health experts could hope for. Eradica­
tion-the complete interruption of transmission of the malaria para­
site-was another matter. 

That is, until the advent of DDT. Residual spraying with DDT initially 
worked as well as it did because it attacked the place where most of the 
transmission of malaria infection takes place-in the houses where 
people live. The chemical's long-lasting residual effects interrupted the 
vector-parasite association-the weak link researchers focus on in their 
search for new drugs and immunological methods to control and eradi­
cate malaria. And, most important, at least from the perspective of 
developing countries, DDT was an affordable solution. 

Human malaria is caused by any of four species of blood parasite of 
the genus Plasmodium (P.falciparum, P. malariae,P. ovale, P. vivax) (see 
Appendix A), which develops alternately in female ano-heline mos­
quitoes and humans. The species that affect humans are closely related 
to the species found naturally in monkeys and apes. Although Simian 
malaria can be transmitted to people, it is rarely known to happen. 

Falciparum malaria, the most lethal of the human malarias, can be 
fatal if not treated promptly. It also is the easiest to cure if attended to 
in its early stages and in absence of drug resistance. In a nonimmune 
population, the death rate during an epidemic may exceed 10%; mor­
tality reaches 50% in limited areas. In Africa, more than 25% of children 
between six months and seven years of age who contract falciparum 
malaria die (American Public Health Association 1977). 
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The acute symptoms of clinical human malaria are chills, fever, sweat­
ing, nausea, vomiting, anemia, an enlarged spleen, abdominal pain, 
headache and lethargy. Recovery takes weeks, leaving the victim phys­
ically and mentally exhausted. Falciparum malaria may also cause kidney 
failure and the accumulation of fluid in the brain and lungs. 

Turning to Malaria Research 

The 1955 WHO-stimulated malaria eradication program, which re­
ceived strong support from AID predecessors, was credited by Paul 
Russell for eradicating malaria from most of Europe, much of the Middle 
East, important areas in the Caribbean and in South America. Russell 
also noted that two of the most malarious islands in the world, Taiwan 
and Mauritius, have been completely freed from malaria (Bruce-Chwatt 
1980). 

Third world countries receiving U.S. economic assistance reported 
encouraging figures and program results. India is a good example. The 
75 million cases the country annually reported before World War II 
dropped to 100,000 by 1965. Not only did residual spraying with DDT 
eliminate malaria in the Chiang Rai Valley of northern Thailand, but 
the vector was not found in the area for nine years. Early successful 
campaigns in Italy, Cyprus, Greece, Guyana, Puerto Rico and Venezuela 
showed that the cessation of the transmission of malaria does not require 
the total disappearance of local vectors (Bruce-Chwatt 1979), and that 
Anopheles without malaria is possible, as proven in Sardinia in the late 
1940s (Jeffery 1976). 

Some experts tempered their enthusiasm with reality. AID malaria 
adviser Edgar A. Smith in a 1957 memo suggested that ICA, an AID 
predecessor, set up demonstration projects of available supplementary 
or alternativ- methods of malaria control so that the international com­
munity would be prepared "for the time when the single method of 
DDT residual spraying fails to do the job." But optimism over DDT 
overrode doubts. 

For a decade, the optimists seemed to have the upper hand. Malaria 
incidence fell drastically-to the point where overconfidence set in. 
That, combined with U.S. congressional cuts in funding, contributed 
to the fact that of the $1 billion AID and its predecessors spent over a 
30-year period to support operational malaria control and eradication 
programs, only $2 million went toward research. Limited as it was, the 
research made great contributions to control and eradication efforts, as 
v,ell as to breakthroughs in the search for a human vaccine. 

The first malaria research project supported by the U.S. bilateral 
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foreign aid program was with the Centers for Disease Control (CDC) 
to develop standards and specifications for spray equipment, insecticides 
and insecticide packaging. AID and WHO adopted the resulting stan­
dards, which are still in effect throughout the world. In the meantime, 
U.S. assistance reached its peak (1958-1962). 

By the mid-1960s, doubt about the ultimate success of the DDT 
house-spraying campaign and drug treatment approach to era, :cate 
malaria was on the rise. Resistance of some Anopheles to DDT was grow­
ing. Other insecticides, such as lindane, dieldrin, propoxur, malathion, 
fenthion and fenitrothion, were initially effective. Later, certain mos­
quito species developed resistance to a number of them ('Table 1). By 
1976, 42 species of Anopheles were resistant to one or more insecticides. 
Use of many of the insecticides for agricultural purposes increased the 
pace of the development of resistance. 

While insecticides-including DDT-continued to be extremely ef­
fective in controlling malaria, AID decided to expand its CDC agreement 
to provide for the development and testing of alternative methods. A 
second CDC agreement was made by the Agency in 1966 to develop 
serologic methods to diagnose malaria, methods that are used in many 
parts of the world today. 

Two more agreements followed, under which CDC conducted large­
scale research in El Salvador and Thailand to determine why the residual 
spray program failed to interrupt transmission of malaria and to develop 
methods that would. While neither project achieved its main objective, 
both contributed information that would be valuable in later research. 

In 1972, CDC assuned funding of the four agreements but developed 
funding problems. 'Fhe Technical Development Laboratory was trans­
ferred from Savannah to Atlanta, Georgia; the 75-member staff dropped 
to 12. In El Salvador, the Central American Malaria Research Station 
was converted to a broader-scale public health research station. 

Drug Resistance Increases 

Drug resistance development has four important elements: the degree 
of drug pressure, the duration of drug pressure, the degree of host-para­
site contact and the drug type. If drug pressure is maintained long 
enough, it may lead to the selection of resistant parasites, It is to be 
noted, however, that whenever chloroquine resistance has developed 
(Figure 4), it has been in areas where the drug was massively used for 
prophylaxis, "often in a haphazard way and as a palliative measure in 
the absence of vector control" (Wernsdorfer 1982). 

Measures initially successful in reducing transmission and the malaria 
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fective in controlling malaria, AID decided to expand its CDC agreement
to provide for the development and testing of alternative methods. A
second CDC agreement was made by the Agency in 1966 to develop
serologic methods to diagnose malaria, methods that are used in many
parts of the world toda y.

Two more agreements followed, under which CDC conducted large­
scale research in EI Salvador and Thailand to determine why the residual
spray program failed to interrupt transmission of malaria and to develop
methods that would. While neither project achieved its main objective,
both contributed information that would be valuable inlatel' research.

In 1972, CDC assumed funding of the four agreements but developed
funding problems. The Technical Development Laboratory was trans­
ferred from Savannah to Atlanta, Georgia; the 75-member staffdropped
to 12. In EI Salvador, the Central American Malaria Research Station
was converted to a broader-scale public health research station.

Drug Resistance Increases

Drug resistance development has four important elements: the degree
ofdrug pressure, the duration ofdrug pressure, the degree ofhost-para­
site contact and the drug type. If drug pressure is maintained long
enough, it may lead to the selection of resistant parasites. It is to be
noted, however, that whenever chloroquine resistance has developed
(Figure 4), it has betn in areas where the drug was massively used for
prophylaxis, "often in a haphazard way and as a palliative measure in
the absence of vector control" (Wernsdorfer 1982).

Measures initially successful in reducing transmission and the malaria
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New DDT Containers Cut Costs by Half 

Research on the effect of pressure on the suspensihility of DDT powders 
showed the suspensibility is inversely proportional to tie log of the pres­
sure to which the pow(ler is subjected. This ruled out DDT shipment in 
bags because stacking them produced pressure on the powder. 

During the 1950s, DDT was shipped in metal or cardboard druims. The 
round drums were expensive, diflicult to handle (the AID drum held 100 
lbs. and the WHOI drum 200 lbs.), took up valuable space and stacked 
poorly. Furthermore, they required two people to carry them. Breakage 
and spillage were additional problems. 

CDC's Technical Development Laboratories, under contract to AID, 
designedi a new rectangular container of cardboard lined with plastic. 
The container did not nced banding; could be carried by one person; 
could he easily stacked, thus taking less cubic space in a ship's hold; and 
could withstand storage in humid climates. 

Savings are tremendous. For example, during 1980-1982, 17,700 mil­
lion tons of DDT powder shipped to the Far East in cardboard boxes 
saved $2.56 million. It is estimated that using the box for water-dispersible 
povders has resulted in savings of more than $20 million. Current savings 
made b)yshipment in boxes instead of fiber drums amount to $145.16 
per metric ton. 

A,[
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DDT was once shipped in rounddrnms (left), which took up agreat deal of room, 
stacked poorly, broke easily, and were very expensive. New, rectangularshipping 
containers (above) have remedied those problems. (AID photos) 
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Table 1. 
AID Contributions to Antimalaria Projects in Developing 
Countries, 1950-1981 

RegionlCountry 
(Number of Projects) Loans 

Asia 
Cambodia (1) 
India(3) $ 38,000 
Indonesia (3) 28,300 
Korea (1) 
Laos(1) 
Nepal (2) 
Pakistan (5) 38,200 
Philippines (1) 
Sri Lanka (2) 16,000 
Taiwan (1) 
Thailand (2) 4,000 
Vietnam (2) 

Total (24) $124,500 

Africa 
Ethiopia(4) $ 22,500 
Liberia (1) 
Libya (1) 
Zaire (1) 

Total(7) $ 22,500 

Latin America/Caribbean 
Bolivia(1) 
Brazil (3) 16,584 
Colombia (1) 
Costa Rica (2) 1,600 
Ecuador (3) 2,000 
El Salvador (2) 2,665 
Guatemala (1) 1,550 
Haiti (3) 
Honduras (2) 2,673 
Jamaica (1) 
Mexico (1) 
Nicaragua (2) 3,934 
Panama (1) 1,421 
Paraguay (2) 1,900 
Peru (1) 

Total (26) $ 34,327 

Near East 
Afghanistan (1) 
Iran (2) 

Contributions(Thousands of $) 

U.S.-Ouned U. S. 
Grants ForeignCurrency Value 

$ 772 $ 772 
83,269 $179,172 300,441 
37,643 65,943 

68 68 
1,052 99 1,151 
6,770 11,847 18,617 
8,168 44,977 91,345 
8,974 8,974 
1,004 599 17,603 

167 283 450 
18,985 22,985 
8,596 8,596 

$175,468 $236,977 $536,945 

$ 5,607 $ 28,107 
509 509 
222 222 

1,352 1,352 
$ 7,690 $ 30,190 

$ 931 $ 931 
14,115 $ 1,696 32,395 

1,762 1,762 
1,600 

2,892 24 4,916 
10 , 2,675 

3,541 100 5,191 
32,096 32,096 
2,474 5,147 

71 71 
27 27 

2,125 6,059 
1,421 

272 2,172 
169 169 

$ 59,554 $ 2,751 $ 96,632 

$ 44 $ 44 
4,446 4,446 
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Table 1 (cont.) " 

Contributioni (Thousands of $) 

RegionlCountry U.S.-Owned U.S.
 
(Number of Projects) Loans. Grants ForeignCurrency Value
 

Near East (cont.) 
Iraq (1) 31 31 
Jordan (1) 1,923 1,923 
Tunisia (1) 534 534 
Turkey(1) 200 200 

Total(7) $ 7,178 $ 7,178 

Total (64) $181,327 $249,890 $239,728 $670,945 

Technical assistance 
and training (12) $ 6,408 $ 6,408 

Total (76) $181,327 $256,298 $239,728 $677,353 

Source: Malaria Control in Developing Countries, U.S. General Accounting Office, April 
26, 1982. 

reservoir to a low level eventually cause the population's immunity to 
malaria to drop. Combined with high drug pressure and lack of vector 
control, drug resistance occurs and spreads. The failure of drugs is 
even more significant than the failure of insecticides because drugs 
frequently are cheaper and easier to use. 

P. falciparum and P. vivax showed signs of resistance to such drugs 
as proguanil and pyrimethamine shortly after they were introduced 
into wide, especially prophylactic, use. Quinine, most commonly used 
by short-term travelers, remains an effective drug. But its scarcity and 
its high cost, as well as the problem of administering it on a broad scale, 
prohibit its use in most developing countries. 

Of utmest significance, especially from an operational standpoint, 
was the detection of P.falciparum resistance to chloroquine, a widely 
effective, ea3y-to-use and relatively inexpensive drug to help reduce the 
malaria burden in many developing countries (Wyler 1983). Malaria 
workers and researchers are urgently trying to arrest the spread of 
chloroquine-resistant malaria and find countermeasures. 

Depending on the situation, three lines of attack are suggested by 
Wernsdorfer (1982): 
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reservoir to a low level eventually cause the population's immunity to
malaria to drop. Combined with high drug pressure and lack of vector
control, drug resistance occurs and spreads. The failure of drugs is
even more significant than the failure of insecticides because drugs
frequently are che<\per and easier to use.

P. falciparum and P. vivax showed signs of resistance to such drugs
as proguanil and pyrimethamine shortly after they were introduced
into wide, especially prophylactic, use. Quinine, most commonly used
by short-term travelers, remains an effective drug. But its scarcity and
its high cost, as well as the problem of administering it on a broad scale,
prohibit its use in most developing countries.

Of utmost significance, especially from an operational standpoint,
was the detection of P. falciparum resistance to chloroquine, a widely
effective, ea3y-to-use and relatively inexpensive drug to help reduce the
malaria burden in many developing countries (Wyler 1983). Malaria
workers and researchers are urgently trying to arrest the spread of
chloroquine-resistant malaria and find countermeasures.

Depending on the situation, three lines of attack are suggested by
Wernsdorfer (1982):



Figure 4.Areas andcountrieswith chioroquine-resistantPlasmnodium falciparumJanuary 1983. (Coures ofWorldHealth Organization) 

.-

Figure 4. Areasandcountries wilh chloroquine-resistant Plasmodium falciparum,january 1983. (Courtesy ofWorld Heallh OrganizatUm)
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In areas that continue to have chloroquine-resistant malaria cases, 
aim antimalaria activities toward early detection. 

In areas where chloroquine resistance is confirmed, aim antimalaria 
activities toward intensive vector control efforts. 
In areas where chloroquine resistance is widespread, aim antimalaria 
activities at minimizing the effects, establishing a national policy on 
the use of antimalaria drugs, using alternative treatment drugs and 
intensifying antivector measures. 

Effective alternatives ar, combinations of sulfonamides and 
pyrimethamine, particularly ior radical cures and for prophylaxis. How­
ever, P.falciparumalready has indicated resistance to these drugs. For­
tunately, chloroquine resistance in Africa, where falciparum malaria is 
rampant, is limited. 

Drugs-proguanil, chlorproguanil, cycloguanil, trimethoprim, pyri­
methamine-that have been effective in curing falciparum malaria, do 
little more than suppress vivax malaria. Moreover, resistance to these 
drugs also develops quickly. Some antibiotics, such as tetracycline and 
minocycline, alone or in combination with other drugs, are used to 
suppress acute attacks as well as to ward off malaria. 

Searchfor Alternatives 

Obviously, new antimalaria drugs are needed. The Vietnam conflict 
stimulated a large volume of research. Initial research aimed at finding 
a replacement for chloroquine. Later, researchers branched into basic 
immunology and drug studies. The WHO Special Programme for Re­
search and Training in Tropical Diseases announced it had identified 
malaria as one of six major tropical diseases that desperately needed 
radically new tools. The an nou ncemen boosted research initiatives. 
WHO called for low-cost, safe and effective drugs to attack parasites at 
various stages of the cycle within the human host. 

Toward this end, various chemical classes and conmpounds are being 
studied. Mefloquine is a relatively new antilalarial drug that shows 
promise against ftlciparumn malaria. But malaria experts are being realis­
tically cautious, recognizing the speed at which drug-resistant strains 
of falciparum malaria appear and spread. New candidate compounds, 
such as triazines, have been identified for preclinical treatment. The 
Chinese are studying diamino quinazolines and qlinghaosu, the active 
ingredient of a Chinese herbal medicine used for the empirical treat­
ment of malaria rediscovered in 1971 (Wyler 1983). The Walter Reed 
Army Institute of Research is searching for a tissue schizonticide. 
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The obvious question is, why are pharmaceutical companies not in­
volved in finding alternatives? The answer is primarily economic. Drug 
firms must first meet stringent FDA requirements, then answer to their 
stockholders. Investors are not inclined toward committing the substan­
tial financial investment needed to develop and market a product that 
does not promise an equally substantial profit. Antimalaria agents fall 
into this category. Because demand would be from poor people living 
in developing countries-people who cannot afford to pay for drugs 
or any other kind of treatment-the returns would not be great. The 
costs of developing new drugs and of proving their safety and efficacy 
are increasing rapidly. It is particularly difficult for a U.S. company to 
justify the high expense when U.S. sales for a new drug will be minimal. 

"It appears quite certain that new drugs can be developed which are 
better than current ones," 3ays Pick (1982). But he also warns, "It is 
important to remember that one new drug probably will not solve the 
problem. An armamentarium of drugs must be developed which, com­
bined with other control measures, can support the world goal of reduc­
ing morbidity and mortality due to malaria." 

AID's search for a cost-effective means of protecting people from 
malaria was aided by a 1978 world conference sponsored by WHO and 
UNICEF and held in Alma Ata, Soviet Union. The conference produced 
the Alma Ata Declaration, which endorsed a multiple services approach 
to improve health, with primary health care (PHC) as the context within 
which endemic disease could be prevented and controlled. The declara­
tion further pointed out that when endemic disease is a problem, the 
public health care system should include endemic disease control. 

The PHC approach endorsed at Alma Ata promotes eight basic ser­
vices: education concerning prevailing health problems and methods 
to prevent and control them; promotion of food supply and proper 
nutrition; an adequate supply of safe water and basic sanitation; mater­
nal and child health care; immunization against major infectious dis­
eases; prevention and control of locally endemic diseases; appropriate 
treatment of common diseases and injuries; and provision of essential 
drugs. 

While malaria programs and PIHC functions have similar support 
requirements, some problems and differences need to be overcome 
before PHC systems can become effective vehicles for malaria control. 
Some experts argue that expanding the responsibilities of PHC systems 
to include malaria control can strengthen the appeal of PHC programs 
by making workers more effectively responsive to a serious health need 
of the public. Conversely, many PHC field workers already feel over­
worked and undersupported. But both agree that malaria requires im­
mediate and serious action-action that should be taken within the 
context of PHC. 
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A Regional Review of
 
AID Malaria Efforts
 

United States bilateral assistance to 76 malaria control and eradication 
projects from 1950 to 1981 totaled $677.3 million, with 79.3% to the 
Asia region, 14.3% to Latin America and the Caribbean, 4.4% to Africa 
and about 2% to other projects (see Table 2). Assistance to multilateral 
projects totaled $131 million. This chapter covers only a few countries 
that have received malaria assistance from the United States. 

Latin America and the Caribbean 

Until the mid-1940s, malaria treatment in the Latin America and the 
Caribbean region mainly consisted of quinine atid atebrine; the vector 
was attacked using larvicides and source reduction, such as draining 
mosquito-breeding sites. 

DDT was widely used in the region during the late 1940s and early 
1950s. Countries there were among the first to accept the World Health 
Assembly's 1955 global challenge to eradicate malaria, having already 
approved a resolution calling for malaria eradication in the Americas. 
At the time, more than one-third of the population was at risk to malaria 
transmission. 

Results were spectacular. Chile, Cuba, Dominica, Grenada, 
Guadelupe, Jamaica, Martinique, Puerto Rico, Saint Lucia and Trinidad 
and Tobago all succeeded in eradicating malaria by 1964. More than 
56% of the population in malarious areas were freed of the disease. 

But the successes led to complacency, and local government commit­
ment to the task of malaria control peaked in 1969. AID ended its 
annual contribution to PAHO's Special Malaria Fund in 1970, an action 
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United States bilateral assistance to 76 malaria control and eradication
projects from 1950 to 1981 totaled $677.3 million, with 79.3% to the
Asia region, 14.3% to Latin America and the Caribbean. 4.4% to Africa
and about 2% to other projects (see Table 2). Assistance to multilateral
projects totaled $131 million. This chapter covers only a few countries
that have received malaria assistance from the United States.

Latin America and the Caribbean

Until the mid-1940s. malaria treatment in the Latin America and the
Caribbean region mainly consisted of quinine ahd atebrine; the vector
was attacked using larvicides and source reduction, such as draining
mosquito-breeding sites.

DDT was widely used in the region during the late 1940s and early
1950s. Countries there were among the first to accept the World Health
Assembly's 1955 global chaIlenge to eradicate malaria, having already
approved a resolution calling for malaria eradication in the Americas.
At the time, more than one-third of the population was at risk to malaria
transmission.

Results were spectacular. Chile, Cuba, Dominica, Grenada,
Guadelupe,Jamaica, Martinique. Puerto Rico, Saint Lucia and Trinidad
and Tobago all succeeded in eradicating malaria by 1964. More than
56% of the population in malarious areas were freed of the disease.

But the successes led to complacency, and local government commit­
ment to the task of malaria control peaked in 1969. AID ended its
annual contribution to PAHO's Special Malaria Fund in 1970. an action



Table 2.
 

Insecticide Resistance in Principal Anopheline Vectors
 

Species 

A. a/bimanus 

A. aquasalis 
A. arabiensis 

A. balabacensis 

A. culicifacies 

A.fluviatilis 
A.funestus 

A. gambiae 

DDT 	 DieldinlHCH 

Colombia, Costa Rica, Cuba, Belize, Colombi2, Costa Rica, 
Dominican Republic, Cuba, Dominican Republic,
El Salvador, Guatemala, Haiti, Ecuador, El Salvador, Guate-
Honduras, Mexico, Nicaragua, mala, Haiti, Honduras, 
Panama 

-
Senegal, Sudan, Swaziland 

Sabah (Malaysia), Burma, 

Peninsular Malaysia

Afghanistan, Burma, India, 

Iran, Nepal, Pakistan, 

Sri Lanka, Thailand
 
India 

Mali 


Benin, Central African 

Republic, Liberia, Niger, 

Nigeria, South Africa, Togo, 


Jamaica, Mexico, Nicaragua 
Brazil, Trinidad, Venezuela 
Chad, Ethiopia, Kenya, 
Nigeria, Malagasy Republic, 
Mauritania, Mozambique, 
Senegal, Sudan, Swaziland, 
Upper Volta, Zimbabwe 

-

Afghanistan, India, Nepal, 
Oman, Pakistan 

Saudi Arabia, India 
Benin, Central African 
Republic, Ghana, Kenya, Mali, 
Nigeria, United Republic of 
Cameroon, UpperVolta 
Benin, Central African 
Republic, Congo, Equatorial 
Guinea, Gambia, Ghana, 

Organophosphates 

El Salvador (a,b,g,h,ij,k) 
Guatemala (b,c,i,k), 
Honduras (a), Mexico (a,b), 
Nicaragua (a,b,i) 

Sudan (a) 

India (a,b).­

-

Otherinsectides 

Costa Rica (1),
 
El Salvador (l,m),
 
Guatemala (l,m),
 
Honduras (1), Nicaragua (I), 
Mexico (i) 

-
Sudan (m) 

Nigeria (m-laboratory) 

United Republic ofCameroon, Guinea, Ivory Coast, Kenya,
Upper Volta, Tanzania, Zaire, 	 Liberia, Mauritania, Nigeria, 
Zanzibar 	 Senegal, Malagasy Republic, 

Mali, Togo, United Republicof 
Cameroon, Upper Volta, 
Zanzibar, Tanzania 
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India (a,b).
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Afghanistan, India, Nepal,
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Saudi Arabia, India
Benin, Central African
Republic, Ghana, Kenya, Mali,
Nigeria, United Republic of
Cameroon, Upper Volta
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that required PAHO to severely restrict funding for malaria programs. 
Subsequently, AID's Latin America and the Caribbean Bureau lowered 
its priority for malaria, which led to the termination of many antimalaria 
programs in the region. 

In 1984, the number of people at risk was up to 170 million; deaths 
had risen to 137.7 per 100,000. A third of the population at risk was 
exposed to falciparum malaria, the most lethal form. Malaria presents 
the greatest threat to Brazil, Colombia, El Salvador, Guatemala, Hon­
duras and Haiti. Belize, El Salvador, French Guiana, Guatemala, Haiti, 
Honduras and Surinam have detected malaria morbidity levels between 
13 and 16 cases per 1,000. Most of the falciparum infections are in 
Brazil and Colombia, where parasite resistance to chloroquine has been 
widely confirmed. In most of Central America, the vector shows resis­
tance to every residual insecticide to which it has been exposed. 

Although there is considerable anopheline and parasite resistance to 
insecticides and drugs, DDT remains effective in some countries after 
25 years of continuous use while chloroluine generally is the 
chemotherapeutic drug of choice. But before additional progress in 
controlling malaria can be made, other factors need to be overcome. 
In some areas, the vector has been incorrectly identified, ifat all. Another 
constraint is "manmade" malaria. Development projects alter the envi­
ronment in such a way that the anopheline population explodes. For 
example, roadways and highways impound water, providing a perfect 
breeding site for the vector. 

A recent review ofantimalaria programs in the Latin American region 
found them "in a state of disarray" (Management Sciences for Health 
1984). A "near-disastrous" increase in malaria incidence between 1979 
and 1983 prompted Latin American governments to revise their malaria 
strategies as recommended by experts from AID, WHO and PAHO. 
The nations of the region realize they must develop stratified programs, 
ones that are tailored to epidemiological zones, that are affordable and 
that reduce malaria to a level where it no longer constitutes a public 
health problem. 

The 1980 donor contributions for health-related programs in the 
Latin American and Caribbean region amounted to $727.8 million, 
with $26.7 million coming from the United States. Eighty-one percent 
of the total goes toward water and sanitation, leaving a minuscule 
amount for other health activities such as antimalaria activities. Some 
development experts suggested that the United State.; should increas­
ingly concentrate on establishing cooperative agreements among donor 
countries. To this end, PAHO developed a guidance manual ("Guide­
lines on Mobilization of External Financial Resources for the Health 
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Sector in the Region of the Americas," 1984) to support government 
efforts in developing proposals. 

In 1980, AID's Bureau for Latin America and the Caribbean reissued 
a regional malaria position, emphasizing that support to malaria pro­
grams should be considered in the context of rural health-care delivery
goals, competitive (in terms of benefits to be attained) with other options 
for assistance. Three years later, the Bureau suggested that a regional
initiative, in coordination with PAHO and other relevant institutions, 
could help bring malaria in the region under control. 

A team of former AID malaria experts recommended three actions 
to establish country programs: 

In collaboration with PAHO, AID should evaluate national anti­
malaria programs to identify training, research, operational and other 
needs of each country. 

Technical assistance should be provided to enable each country to 
develop programs that use a combination of control techniques ap­
propriate to the country's situation. 
In countries where the malaria problem is so great that it cannot be 
tackled within budget allowances, aid should be provided to stratify 
the malaria situation so the country can direct resources where they 
will provide the most benefit to the greatest number of people. 

Other recommendations addressed the research and training aspects 
of malaria control, including the establishment of a regional vector­
borne disease research and training center with emphasis on malaria 
and other mosquito-borne diseases. The team noted that the location 
of such a center is "critical to its success," and specified factors to be 
considered in selecting a site. The only current AID-supported program
specifically aimed at malaria control in Latin America is in Haiti, al­
though malaria control is a component in several AID-assisted primary
health care projects. Proposals are being considered for AID assistance 
to Ecuador and Belize in the field of malaria and vector-borne diseases. 

Haiti and the Dominican Republic 

Haiti and the Dominican Republic share the island of Hispaniola, the 
only Caribbean island where malaria remains a serious public health 
problem. Malaria cases in the Dominican Republic were reported to be 
about 3,600 in 1981. Numbers increased to about 5,000 in 1983, due 
in part to cases imported by migratory laborers and settlers from Haiti. 
Joint conferences and workshops have served as the impetus for the 
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Dominican Republic and Haiti planning joint antimalaria programs. 
In Haiti, about 4.5 million people (75% of the population) live in 

potentially malarious areas. Malaria has long been a serious problem 
in Haiti. A 1928 survey revealed that 23.5% of workers and 50.5% of 
children under age 14 had malaria. A Rockefeller Foundation study of 
the period 1940-1942 showed that 31% of the school-age population 
had malaria. 

In 1961, after several years of limited malaria control activities, the 
Haitian government asked AID to help plan a national campaign. Coun­
trywide spraying with DDT started the next year. A massive drug pro­
gram was initiated in 1964; by 1966, it covered 1.7 million people. Six 
years later, despite such problems as the destruction of sprayed houses 
by tropical storms, the number of malaria cases had dropped consider­
ably. The drug program was discontinued in 1970 because, although 
malaria incidence was down, transmission failed to be interrupted. 

Pleased with its success, the Haitian government made the same mis­
take other governments had-it cut back financial support of field ac­
tivities and epidemiological surveillance at the same time that mosquito 
resistance to DDT was on the rise. Malaria cases rose to the current 
level of 50,000 annual reported cases, although actual cases are esti­
mated to number more than 200,000. 

In 1977, AID provided a $6 million grant to the Haitian malaria 
program for a five-year program, bringing the total U.S. financial com­
mitment to antimalaria activities in Haiti to $32 million. 

A 1982 U.S. General Accounting Office report criticized the Haiti 
program as hampered by an inadequate understanding of the effective­
ness of various antimalaria measures. Officials were aware of vector 
resistance to DDT but lacked data about locations where the insecticide 
could be effectively applied. Furthermore, the GAO reported, anti­
malaria drugs were not being mass distributed to reduce prevalence of 
the disease. But AID insisted that some generally sound results, espe­
cially in institutionalizing effective field operations, had been achieved. 
In 1982, the Agency approved an additional $8 million as a followup 
project for 1982-1986, providing the program technical assistance, 
commodity support, operational research and training, and 35% of field 
operation costs. Fenitrothion, used in spray operations, has been pro­
vided by a Japanese government grant. P. falciparmn, the dominant 
malaria parasite in Haiti, is treated with chloroquine distributed by 
volunteer collaboraters and health institutions. 

The current program is providing basic operational research in 
biological control, and is making progress in epidemiological stratifica­
tion and in developing a responsive institution.. AID has provided tech­
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nical advisers, commodities, training opportunities, limited support to 
local costs and guidance in developing the nation's primary health de­
livery system. An example of U.S. technical input is a series of compara­
tive trials of malatnion and fenitrothion to determine relative effective­
ness. If AID had not insisted on the trials, a serious mistake could have 
been made in insecticide procurement. The epidemiological system now 
in use was developed by an AID adviser and his Haitian counterparts. 
Plans are to computerize the information so malaria workers can re­
spond rapidly to local malaria problems. 

Haiti's national malaria control agency, with support from the health 
ministry, has taken the lead in reorienting primary health care medicai 
and paramedical staff toward the seriousness and importance of malaria 
prevention, accurate diagnosis and appropriate treatment. This is being 
accomplished through workshops and seminars for physicians, nurses 
and laboratory technicians, radio messages to the general public, and 
increased contact with private practitioners and medical laboratories. 

Ecuador 

Between 1956 and 1965, AID provided support to the Ecuadoran 
malaria program through $3.2 million in grants that terminated in fiscal 
1966. The government of Ecuador contributed $10.6 million during 
the same period. In 1968, another $2.7 million was provided in loan 
funds. Despite delays that diminished the potential effectiveness of the 
program, malaria was reduced to manageable limits. 

Unfortunately, malaria cases started to increase in 1979. During 1983 
and 1984, malaria incidence rose more than 154% over the previous 
two years. More important, the virulent P.falciparum species increased 
284% between January-July 1982 and January-July 1983. 

Despite the present discouraging picture, AID involvement in 
Ecuadoran malaria efforts has a positive carryover that may help future 
progress. Of special note is the training of malaria specialists capable 
of carrying out an effective antimnalaria campaign-provided they re­
ceive financial support. The training program included alternative con­
trol methodology, one of the few programs in Latin America that did 
so. With U.S. encouragement, an excellent Health Education Section, 
later to become the Ministry of Health's Health Education Department, 
also was formed and trained. The malaria program was strengthened 
by the recruitment and training of a network of 6,000 volunteers who 
collected blood and provided treatment. 
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Asia 

Although there has been a substantial overall improvement in the 
malaria situation in Asia, the disease continues to hamper development. 
Malaria is present in Bangladesh, Indonesia, Burma, India, Thailand, 
Sri Lanka, Nepal, the Java-Bali (Indonesia) areas, Pakistan and the 
Philippines. India's malaria cases dropped from 6.5 million in 1976 to 
2.7 million in 1979. Pakistan's reported cases went from I million in 
1975 to 12,285 in 1979. Indonesia's reported cases plunged 52%; Thai­
land's, 8%; the Philippines', 17% (Karam 1980). 

Most of AID's malaria control activities are in Asia, specifically Pakis­
tan, Nepal, Thailand, Sri Lanka and Indonesia. The AID-assisted India 
program recently ended; some residual spraying activities continue. 
AID malaria assistance to India over the years totals $330 million. 

The policy of AID's Asia Bureau is that malaria control is part of 
national health planning and that PHC has a key role in program 
implementation. The Bureau recommends that integrated malaria con­
trol is the most effective way to reduce malaria and to maintain a low 
incidence in countries whose health resources are adequate to support 
commodity costs, technical and administrative needs, and requirements 
for trained personnel. 

Bangladesh 

For centuries, malaria has been a major disease problem in Bangladesh. 
During the 1950s, when the United States initially provided antimalaria 
assistance, the number of reported annual cases was 1.5 million and 
deaths 50,000. By 1970, the reported caseload for the entire country 
was 6,660. 

The national eradication effort was converted into a control activity 
in 1976. Two years later, U.S. assistance was plasecd out and the program 
was integrated into the Thana Health Complex Scheme. Unfortunately, 
an adequate surveillance system was not devised; as a result, malaria 
remains a major health problem in the Chittagong Hill Tracts and in 
Sylhet and Mymensingh 1)istricts along the Indian border. Experts con­
sidered epidemological activities inadequate to monitor the actual level 
of the disease. In 1982, Bangladesh reported 35,204 cases of' malaria 
among its populatiori of 87 million. 

AID's success in helping greatly reduce the mnmber of cases of malaria 
as well as deaths is an administrative and logistic achievement. Thanks 
to U.S. commodity assistance, one of the best vehicle maintenance and 
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Malaria is present in Bangladesh, Indonesia, Burma, India, Thailand,
Sri Lanka, Nepal, the Java-Bali (Indonesia) areas, Pakistan and the
Philippines. India's malaria cases dropped from 6.5 million in 1976 to
2.7 million in 1979. Pakistan's reported cases went from I million in
1975 to 12,285 in 1979. Indonesia's reported cases plunged 52%; Thai­
land's, 8%; the Philippines', 17% (Karam 1980).

Most of AID's malaria control activities are in Asia, specifically Pakis­
tan, Nepal, Thailand, Sri Lanka and Indonesia. The AID-assisted India
program recently ended; some residual spraying activities continue.
AID malaria assistance to India over the years totals $3:~0 million.

The policy of AID's Asia Bureau is that malaria control is part of
national health planning and that PI-IC has a key role in program
implementation. The Bureau recommends that integrated malaria con­
trol is the most effective way to reduce malaria and to maintain a low
incidence in countries whose health resources are adequate to support
commodity costs, technical and administrative needs, and requirements
for trained personnel.

Bangladesh

For centuries, malaria has been a major disease problem in Bangladesh.
During the I950s, when the V nited States initially provided antimalaria
assistance, the number of reported annual cases was 1.5 million and
deaths 50,000. By 1970, the reported cascload for the entire country
was 6,660.

The national eradication effort was converted into a control activity
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repair systems in Asia is in Bangladesh. An AID adviser assigned to the 
Agency's malaria program in the 1960s arranged for the training of 
dozens of mechanics and set up control and repair systems that continue 
to serve the country's current malaria and health services. The 
Bangladesh malaria program also had excellent census and mapping 
services. 

India 

India has had a widespread resurgence of malaria. Except for some 
mountainous areas and for some of the coastal plains, the entire subcon­
tinent is at risk to malaria transmission in varying degrees. Prior to the 
organization of a comprehensive national malaria control program in 
1953, malaria was estimated to infect 75 million people and to cause 
800,000 deaths annually. The Indian malaria program is the largest 
single organized public health effort ever carried out in any country 
against a single disease. For some years, the program employed up to 
150,000 people, and had an annual budget ofas much as $22.5 million. 

United States malaria assistance for India started in the early 1950s, 
when an AID predecessor supplied commodities, training and technical 
advisory services to the National Malaria Evaluation Program. Malaria 
cases as a percentage of the total number of cases due to all diseases 
reported to Indian hospitals and dispensaries declined from 10.8% in 
1953-1954 to 0.7% in 1961-1962-a drop of 94%. Blood smears col­
lected from fever patients throughout the country showed only 1 out 
of 400 to contain malaria parasites. By 1965, only 148,156 cases of 
malaria were reported even though the population had increased sub­
stantially since 1953. 

AID phased out all assistance to India in 1973. Three years later, the 
country was reeling under the impact of a major epidemic that was the 
result of administrative neglect, budget cuts and government concentra­
tion on an integrated health effort that did not sufficiently incorporate 
antimalaria efforts. Reported cases in 1976 totaled more than 6.5 mil­
lion; the actual number was estimated to be as high as 25 million. One 
of the first two projects reestablished when the United States resumed 
aid to India in 1975 was malaria control. 

In 1976, the U.S. General Accounting Office reported that serious 
malaria resurgence "could negate the $300 million investment by AID 
in India's National Malaria Eradication Program as well as millions in 
other development programs of which agriculture was one of the 
biggest." Furthermore, "recurring malaria in India threatens AID's fu­
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1953-1954 to 0.7% in 1961- I962-a drop of 94%. Blood smears col­
lected from fever patients throughout the country showed only lout
of 400 to contain malaria parasites. By 1965, only 148, I56 cases of
malaria were reported even though the population had increased sub­
stantially since 1953.

AID phased out all assistance to India in 1973. Three years later, the
country was reeling under the impact of a major epidemic that was the
result of administrative neglect, budget cuts and government concentra­
tion on an integrated health effort that did not sufficiently incorporate
antimalaria eITorts. Reported cases in 1976 totaled more than 6.5 mil­
lion; the actual number was estimated to be as high as 25 miIlion. One
of the first two projects reestablished when the United States resumed
aid to India in 1975 was malaria control.

In 1976, the U.S. General Accounting Office reported that serious
malaria resurgence "could negate the $300 miIlion investment by AID
in India's National Malaria Eradication Program as well as millions in
other development programs of which agriculture was one of the
biggest." Furthermore, "recurrin~malaria in India threatens AID's fu-
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ture investments in antimalaria programs in Nepal and Pakistan" (U.S. 
General Accounting Office 1976). 

The Indian government responded with a tremendous increase in 
its health budget and a revitalized national malaria effort that included 
a request for AID assistance. By 1980, India was spending 70% of its 
national health budget on the revitalized malaria program. Reported 
cases dropped to 2.5 million in 1983. Progress toward the goal of two 
cases or fewer per 1,000 people continues. 

While AID provided the necessary immediate assistance to bring the 
disease under control, the government concentrated on improving In­
dian insecticide production and commodity supply. For example, India 
reportedly uses one-third of world chloroquine production but can 
produce only one-eighth of its needs. 

Today, as for many years, India is a world leader in the field of 
malariology, with much credit going to the excellent professional re­
lationships and rapport established by U.S. and Indian scientists. For 
example, the interchanges between U.S. advisers and l)r. A. D. Ray, 
one of India's and the world's leading malariologists, promoted the 
development of field surveillance procedures and field application stan­
dards followed throughout the world today. This professional relation­
ship continues as negotiations move forward on joint operational and 
scientific research in the fields of parasitology, biological control and 
immunization. 

Indonesia 

The Indonesian government regards malaria as a major health problem 
and a deterrent to agricultural development. The government initiated 
efforts to battle the disease as early as 1919; in 1924, it established the 
Central Malaria Bureau. 

The national program started expanding in 1951, by which time 
annual malaria cases numbered 20 million, with a malaria control dem­
onstration project jointly sponsored and staffed by the Indonesian gov­
ernment with assistance from the United States and WHO. A National 
Malaria Eradication Service was set tip in 1959, and, with U.S. assistance, 
made striking progress--freeing portions of Java and Bali from 
malaria-until 1965, when, due to political and economic turmoil lead­
ing to the termination of U.S. aid, it was disbanded. The usual scenario 
took place-malaria increased fourfold between 1965 and 1968, and 
fifteenfold between 1968 and 1973. 

In 1974, a new malaria control effort was begun, with AID providing 
commodity assistance to supplement Indonesia's input. A year before 
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the scheduled five-year effort was up, malaria incidence was reduced 
to 127,590 cases on Java and Bali. Since 1980, U.S. aid for malaria 
control has lueen limited to a small project in Timor. 

Nepal 

For centuries, Nepal's fertile valleys of Rapti, Sinduli, Udaipui and 
Dang, and much of the western plains areas were economically unpro­
ductive because malaria incidence was so high as to make the areas 
virtually uninhabitable. After a vigorous AID-assisted national anti­
malaria program started in 1958, no fewer than 1.8 million people from 
the crowded hillsides resettled into the formerly neglected areas, creat­
ing a food export area. What was once Kala Pani (Blackwater Valley), 
a reference to the presence of severe malaria, is now Nepal's bread­
basket. The importance of antimalaria activities is apparent when one 
realizes that as much as 90% of Nepal's labor force is employed in 
agriculture. 

United States malaria assistance began with a series of pilot projects, 
which became the basis for the 1958 national program. United States­
funded insecticides, drugs, sprayers and vehicles, technical assistance 
teams and an intensive training program led to a reduction in malaria 
cases-from 2 million in the 1950s to about 16,000 in 1983. AID assist­
ance to Nepal's neighbor, India, also helped reduce Nepal's statistics. 
In 1982, as much as 70% of Nepal's malaria cases came from the nine 
districts along the Indian border. The effect of India's efforts to contain 
the problem was evident in the decreased numbers of cases attributable 
to migration. 

In 1971, AID began withdrawing technical assistance to Nepal. The 
government of Nepal agreed to continue funding the National Malaria 
Eradication Organization (NMEO), considered by some U.S. malaria 
veterans to be the best organized and operated program in the Nepal 
Ministry of Health. Provision was made for the orderly transition from 
an eradication to a control program. 

In 1973, the AID regional malaria officer assigned to Nepal reported 
that of the 6.8 million people living in malarious areas, 6.2 million were 
covered by the NMEO program. He also reported a slow but steady 
rise in malaria incidence and an increase in vector and parasite resistance 
to DDT and drugs. In 1975, AID and the Nepalese government signed 
an agreement for an Integrated Rural Health and Family Planning 
Project, which allocated $4.8 million for antimalaria efforts. 

A significant aspect of U.S. malaria assistance to Nepal is the positive 
effect it has had on long-term economic and social development. More 
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What AID Left Behind in Nepal 

- Malaria advisers took on a major census and mapping task, breaking 
tradition and the belief that work in Nepal could not be carried out on 
the Terai during the monsoon season. 
- AID operations adviser Larry Cowper arrived in Nepal in the 1950s 
only to be told that the hill people were not trainable as spraymien. Cowper, 
dubbed "Malaria Sahib" by the rural Nepalese as he trekked more than 
3,000 miles around the countrsicle, said "nonsense" and went about 
setting up training schedules and recruiting the hill people. Before they 
could read the markings on houses, lie had to teach them numbers. But 
then, "they were the best spraymen ever seen by any malaria program," 
Cowper said. 
, Rather than rely on often delayed and waylaid imported commodity 
orders, the program devised ways to produce sprayer spare parts in local 
blacksmith shops. 
- As the advisers went about their business, villagers changed their precon­
ceptions about malaria and became involved in planning and carrying 
out programs. Thanks to village specific programs-a kind of informal 
community health education effort-people soon realized that malaria 
was not a "visitation of the gods" and that eating fish from certain parts 
of a river did not cause the disease, nor did "walking in the dew" in early 
morning. Portable movie units presented malaria films; the projectionist 
threw in an entertainment filn. The malaria program created songs and 
plays about malaria, and several of the songs became great favorites. 
- Before the AID advisers arrived, many villagers had r.ever seen a Wes­
terner. The American presence opened a crack in the door for people to 
learn about the world and realize that people in foreign lands care about 
them and their problems. 

than 1,000 senior and mid-level staff members have been trained in the 
technical areas of entomology, parasitology and operations, as well as 
in the supply, vehicle maintenance, and logistics areas. Furthermore, 
the recruitment of Nepalese at the local level and the encouragement 
of village volunteers, which broke traditional government patterns of 
centralizing activities in the Kathmandu Valley, has been so successful 
that the practice is being followed by other government offices. 

The Nepalese government and AID believe that the success of the 
malaria program is one of the major U.S. aid program's accomplish­
ments in that country. An AID nalaria officer who served in Nepal said 
that not only was the health of the general population greatly improved, 
but the progratn reached millions of Nepalese citizens who previously 
had little or no contact with government services of any kind, setting 
a positive, responsive environment for other government programs. 
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of village volunteers, which broke traditional governmcnt patterns of
centralizing activities in the Kathmandu Valley, has been so successful
that the practice is being followed by other government offices.

The Nepalese government and Al D believe that the success of the
malaria program is one of the major U.S. aid program's accomplish­
ments in that country. An AID malaria officer who served in Nepal said
that not only was the health of the general population greatly improved,
but the program reached millions of Nepalese citizens who previously
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a positive, responsive environment for other government programs.



A Regional Review of AID MalariaEfforts • 35 

Nepali malariainspectorscollect mosqitoesfrom a cattleshedduringtheirtraining 
in the Terai of Nepal. (AID photo) 

Pakistan 

Pakistan received about $1 million in support ofmalaria control activities 
from the United States between 1952 and 1957. In 1958, WHO helped 
Pakistan develop an eradication program that initially proved very suc­
cessful. The estimated 7 million cases of malaria in Pakistan in 1961 
dropped to 9,500 by 1967. That same year, the malaria incidence rate 
began to rise. By 1975, malaria incidence was up so much that AID 
started a five-year malaria project in Pakistan with a loan for com­
modities and equipment and a grant to help meet local costs. Despite 
insecticide resistance, the project made progress. By 1981, the goal of 
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reducing malaria incidence to 500 cases per 1 million people had been 
met. While malaria continues to be a health problem in Pakistan, the 
situation generally is under control. 

In 1982, AID provided Pakistan with a five-year, $41 million grant 
to support that government's malaria efforts. The grant is helping with 
the orderly transfer of malaria control responsibilities to a general health 
service organization, and in increasing urban malaria control activities. 

The Philippines 

The U.S. and Philippines association regarding antimalaria activities 
started in 1921, when the Rockefeller Foundation provided technical 
assistance. In 1926, a malaria control section was established in the 
Bureau of Health while the Philippines was under U.S. government 
authority. Post-World War II malaria control efforts are divided into 
four periods: national malaria control, 1953-1958; resurgence of 
malaria, 1959-1965; reorganization of malaria eradication, 1966-1973; 
and malaria contiol, 1974-present. 

Conservative estimate; put the annual case load at 2 million and 
deaths at 10,000 during the 1940s. U.S. assistance, which included 
Peace Corps volunteers carrying out field and laboratory as well as 
health education responsibilities, helped cut the figures to 40,000 cases 
and 1,000 deaths by 1972, with considerable economic benefits to the 
general population. Malaria today is confined to about 20% of the land 
area, compared to about 80% of the land area considered malarious in 
1953. The Philippines reported 97,000 cases of malaria in 1981. 

United States malaria assistance to the Philippines, phased out in 
1973, has left a positive mark. United States epidemiological advisers 
shaped the direction of the program. At tie AID-assisted Malaria Eradi­
cation Training Center, 1,302 participants from 43 countries took 56 
courses and seminars between 1963 and 1972. Many center graduates 
today are in senior positions in the national malaria program and other 
health programs throughout the world. 

Sri Lanka 

Malaria continues to be the source of widespread suffering and death 
in Sri Lanka. The country is a natural incubator for malaria due to its 
year-round high temperatures, humidity and rainfall pattern, as well 
as population movements and vector potential. Explosive epidemics of 
malaria could occur at any time if the proper precautions are not taken. 
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Sri Lanka: Classic Example of How to Obtain 
Development Assistance 

The Sri Lanka malaria program is a classic in regard to multidonor 
assistance and cooperation. When malaria reached epidemic proportions 
in the early 1970s, tire government responded by preparing an operations 
plan. Next, with All) guidance, it called a inultidonor meeting to present 
its case, stating the extent of the problem, what it was prepared to do 
and how much external assistance it needed. The result: the three donors 
(the United Kingdom, the Netherlands and the United States) were able 
to coordinate their inputs, eliminating tuplication and covering all needs. 

Sri Lanka, estimated to have more than a million annual ca.es of 
malaria in the early 1950s, nearly attained malaria eradication by 1963 
when only 17 cases were recorded. DDT spraying was discontintied, 
and the program was integrated into general health services-as usual, 
without adequate ad%ance preparation. Within 12 years, malaria inci­
dence soared to 600,000 reported cases. The actual number of cases is 
estimated to be substantially higher, perhal)s as much as four times. 

The United States became a major donor to the Sri Lanka antimalaria 
program in 1977, when AID approved $12 million in training, com­
modities and construction and technical assistance. A health and en­
vironmental safeguard program developed by an AID adviser is in 
place. The safety proce(kires developed for Sri Lanka have been applied 
in programs in other counttries with similar success. 

Later, AID contributed another $4 million to the malaria project to 
cover operational costs of the Mahaweli Development Scheme, which 
moved about I million people into areas newly fieed from malaria. By 
1983, with coordinated assistance from the British, the Dutch and WHO, 
malaria was reducedl to 127,000 cases. 

AID assistance consists of support to biological control field trials and 
community participation to trat and prevent malaria and to use water 
management techniques to prevent mosquito breeding. 

Africa 

When an African gets a fever or becomes ill, the probability that the 
illness is malaria is high. The major problem area of the continent is 
the tropics, where each year a large percentage of the population is 
chronically affected by the disease. Every year, malaria kills an estimated 
I million Africans (90% of the population lives in malarious areas), 
mainly infants and children under age 14. 
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P.falciparumis endemic in virtually every country south of the Sahara 
Desert, excluding South Africa. Yet, other than drug distribution pro­
grams, little is being done to battle malaria in tropical Africa. Even 
during the eradication era, Africa was not included in the global effort. 
Pilot control projects and epidemiological studies supported by an AID 
predecessor and WHO concluded that eradication was not achievable 
within African countries' financial and logistical capability. One of the 
major contraints in any antimalaria undertaking in Africa is the poor 
infrastructure found in virtually every nation. Villages are spread out, 
many in remote, nearly inaccessible areas. The problem is compounded 
by the poverty of the people, a high rate of illiteracy and the lack of 
trained technicians and experienced administrators. 

There were dramatic results in the 17 of the 40 African countries in 
malarious areas that did initiate eradication programs. Children in pro­
tected areas of Tanzania and Kenya had less anemia, presented fewer 
clinical symptoms and were taller and less undernourished than children 
from unprotected areas. Outpatient clinic attendance in Madagascar 
and Zanzibar was reduced ten- and fourfold, respectively. Infant mor­
tality rates dropped in parts of Tanzania, Kenya and Senegal. Hospital 
deaths due to malaria in Madagascar and Zanzibar dropped (Graham 
1979). 

By 1964, most of the pilot malaria programs for Africa were discon­
tinued. AID also reduced its global antimalaria program and expected 
that multilateral organizations would assume a greater role in global 
antimalaria efforts. But in a 1973 cable to AID missions, Administrator 
John Hannah noted that "in many country programs, the management/ 
logistics advisors required to increase the (developing country) manage­
rial capability have not been made available from multilateral sources." 
Three years later, AID's Office of Health commissioned a group of 
consultants to assess the potential of malaria control programs in Africa. 
The consultants' analysis showed that only 17% of the African popula­
tion exposed to malaria received any protection. Most of those protected 
were in urban areas. 

Furthermore, the report stated, "The malaria situation in Africa, as 
important as it is, cannot be evaluated without placing it in the context 
of the general health picture," which the experts considered bleak at 
best. The consultants called for the immediate development of basic 
health services, advising that any "real progress in malaria control must 
be coupled to an improvement in basic health services." 

In 1977, the World Health Assembly drafted regional malaria pro­
gram guidelines for Africa. Noting that organized antimalaria activities 
were yet to be initiated in most African countries, the Assembly in 1979 
issued a resolution urging the international donor community to inten­
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that multilateral organizalions would assume a g:reater role in global
aminmlaria eO()I'{s. But in a 1973 cable to AID missions, Administrator
John Hallnah noted Ihat "inman)' coulltr)' progl'allls, the management I
logistics advisors rccluired to illt:l'case th,~ (developi IIg country) manage­
rinl capabiliL)' have not beenlllacle available frum multilateral sources."
Three )'eal's later, AID's DIIlcc of Health commissioned a group Df
conSll ltants to assess the llOtcntial of malaria control programs j n Africa.
The consult'lIltS' analysis showcd that only 17% of thc African popula­
tion exposed to malaria rcceived any PI'OIl'Cliun. Most of those protccted
wcre in urban arcas.

fUl'lhel'llIore, the r('p0rl stated, "The malaria situation in Africa, as
important as it is, cannot be evaluaLed without placing it in the conLext
of the general lle:dth picture." which the experts considCI'ed bleak OIl
heSl. Thc consultants called I'DI' the immediatc development of basic
health services. advising lhat any "real progress in malaria control mllst
he coupled to an impl'()vcmem in hasic health services."

In 1977, the World Health Asscmbl)' drafted regional malaria pm­
gram guidelines for Africa. Noting rlmlorganized antilllalaria activities
were yet to be ini:iatcd in most African countries, the Asscmbl)' in 1979
issued a resolution urging the imernalion:d donor communit)' to inten-
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sify efforts to develop control activities and to coordinate international 
bilateral and private voluntary resources. To date, donors have made 
little progress toward this end, except for Japan, which has developed 
its own strategy in support of malaria control programs. 

In the meantime, DDT and drugs were becoming less and less effective 
as the malaria vector and parasite developed resistance to insecticides 
and drugs. The most serious resistance levels were, and continue to be, 
in East Africa, with extension of the problem into central and southern 
Africa. The malaria parasite iswidely resistant to chloroquine, especially 
in East Africa and parts of Central Africa. Mefloquine is the newest 
antimalaria drug being used. 

In its search for the most cost-effective way to limit the impact of 
malaria on people in tropical Africa, AID's Africa Bureau has turned 
to the 1978 Alma Ata Conference's endorsement of a multiple services 
health approach, with PHC as a vehicle within which endemic disease 
could be prevented and controlled. The Bureau, recognizing the poten­
tial for improvement in the curative and preventive service capacity of 
PHC systems, developed a sector strategy that includes malaria control 
through existing PHC systems and other country health services. Bureau 
instruction to the field was that malaria control programs should be 
implemented within the framework of a national PHC system. 

In mid-1982, 53 malaria experts from 10 countries, representing a 
wide range of international organizations and the U.S. private and 
public sector, met to advise the Africa Bureau on its malaria control 
efforts. The meeting was the culmination of a series of three. Among 
its conclusions was that PHC is an appropriate public health approach
within which to control malaria. In fact, in some countries PHC is the 
only vehicle for control. The group also spelled out malaria control 
programs suitable for integration into 13HC systems and defined pro­
gram goals. These and other topics covered by the experts-constraints 
to program success, diagnosis and treatment, training, program continu­
ation beyond external assistance, and preconditions-were incorpo­
rated into the Africa Bureau's "Manual on Malaria Control in Primary
Health Care in Africa" (American Public Health Association 1982). 

In effect, the most desirable program for African countries is the 
most affordable program, which generally limits antinialaria efforts to 
chemotherapy. The approach is feasible in a region where most malaria 
cases are caused by the P.falciparun parasite. an infection that can 
usually be cleared by a single dose ofchloroquine. Limited vector control 
is encouraged, but, in fact, most African countries cannot afford major­
scale vector control activities. Furthermore, such programs, if they did 
exist, would probably be effective only in urban and semiurban situations. 

The Africa Bureau sponsors 22 PHC activities in 15 countries and a 
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regional activity in Central and West Africa, with most of the program 
in endemic areas where only rudimentary health delivery systems exist. 
The only specific malaria control project supported by the Bureau is 
on Zanzibar and Pemba islands, Tanzania. 

Near East 

AID's Near East Bureau has no specific malaria control projects. Several 
countries in the Near East have malaria problems, but some of them 
consider malaria a health problem not requiring external assistance 
(Insect Control and Research 1983). AID provides commodity support 
for chemotherapy programs through some PHC projects. 
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CCYour fever could be malaria-gelyour treatmfent herefree " (AID photo) 
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"Your fever could be malaria-get your treatment here free." (I./D photo)
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Serologic research conluctedfor All) by the CentersoirDisease Control led to methods 
that are used worldwide today. Here a bloodsample istakenjirom a youngster to determine 
whether he iscarlying malaria. (AID photo) 

Surveillance is a critical step in a successful malariacontrolprogram. (AID photo) 
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Sllroeillance is a critical step in a successful malaria control program. (AID photo)
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U.S. assistance to developing countries' antimalaria efforts included the training of 
thousands of spraymen. (AID photo) 
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U.S. assistance to developing cOllntries' antill/alaria efforts included the trailling of
thousands of sprayme1l. (AID photo)
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Spraymen traveledto remote areasby elephant, dugoutcanoe,jeep bullock, mule and-if 
all eLsefailed-foot. (AID photo) 

An Indonesiantechniciancollects mosquitolarvaetostudy in the laboratory.(AIDphoto) 
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An Indonesian technician collects mosquito larvae to study in the laboratory. (AID photo)
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The MalariaInstitute ofIndia carriedout extensive malariaresearchunderthe guidance 
of U.S. technicians. Here antimalariadrug is tested on a monkey. (AID photo) 
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The Malaria Institute ofIndia carried out extensive malaria research tmder the guidance
of u.s. techniciallS. Here alltimalaria dmg is tested 011 a monkey. (AID photo)
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Drug and Vector 
Control Research 

AID generally has not invested in research on new drugs to fight malaria, 
but did, and continues to, finance programs based on control of vectors. 
Unfortunately, the introduction of chemical insecticides and reliance 
on residual spraying led to a deemphasis on vector control and field 
research in vector biology. 

Most antimalaria drugs on the market were developed prior to 1950. 
While none is effective against all stages of the malaria parasite, they 
are essential to limit death and illness from malaria and to minimize 
the loss of human productivity. And where they are effective, drugs are 
difficult to apply on a large scale. Furthermore, parasite resistance to 
many drugs is increasing in many areas of the world. 

WHO's Scientific Working Group on Chemotherapy of Malaria, which 
works in coordination with AID and other research programs, provides 
leadership in developing new drugs and related efforts, such as evalu­
ation and delivery systems, for use in developing countries. AID does 
not directly fund drug research, but does coordinate and cooperate 
with public and private efforts. 

Effective treatment of malaria originated with quinine. Although 
quinine still has some limited use in areas of severe chloroquine drug 
resistance, it is no longer widely used, mainly because it is expensive 
and more toxic than synthetic drugs. Instead, synthetic antimalarials, 
such as choloroquine, atabrine (mepacrine), pyrimethamine, chlor­
guanide and primaquine, are available to prevent or radically treat 
malaria (see Appendix C). 

To determine the sensitivity of the parasite, it is important to choose 
a drug and to determine the length of treatment. Parasite species vary 
in virulence and response. For example, P.falciparun requires higher 
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doses than P. vivax to achieve suppression of malaria. The most widely 
used drug to treat acute malaria attacks is chloroquine. But growing 
resistance is worrying many experts and scientists. The latest reports 
of resistance are from the Kenyan and Tanzanian coasts, part of Central 
and South America and much of Asia (including Bangladesh, Burma, 
eastern India, Indonesia, Kampuchea, Laos, Malaysia, Nepal, the Philip­
pines, Singapore, Sri Lanka, Thailand, Vietnam and Papua New 
Guinea). 

Biochemical studies are providing clues about metabolic pathways of 
malaria parasites that may be candidates for drug action. Biological 
screening of several chemical compounds promise potential new drugs. 
But because development of new drugs (such as qinghaosu, halofantrine 
and pyronaridine) takes a long time, work to improve already known 
drugs continues. One example is mefloquine, which was the only drug 
found effective out of the more than 100,000 compounds screened 
during the Vietnam War (Nickel 1983), and was used to treat or suppress 
malaria. 

The Walter Reed Army Institute of Research, which discovered 
mefloquine 15 years ago, is cooperating with a major U.S. pharmaceu­
tical company in clinical trials to determine the drug's efficacy and safety 
with hopes of making it available for use in the next few years. Trials 
have shown the compound is well tolerated by humans and is safe. It 
also has a cure rate of 95% with a single dose, an important logistical 
feature especially for use in remote areas. 

Qinghaosu, the active agent of' the plant Artemisia annua, has been 
used by the Chinese for more than 1,000 years to treat malaria. Qing­
haosu-clerivatives, artemether and artesunate, appear to have strong 
possibilities to treat cerebral and other complicated forms of falciparum 
malaria. 

Research on primaquine is helping reduce the toxicity of the drug 
so that it can be used by humans and administered only once. Other 
drug research centers are concentrating on understanding the genetics 
and spread of drug resistance. 

The search for new drugs and for other malaria control methods is 
never ending and increasingly urgent as drug resistance increases, espe­
cially in the case of falciparum malaria. The situation is particularly 
critical in tropical Africa, where current vector control methodology is 
considered too expensive and logistics difficult, factors that make anti­
malaria drugs generally the only feasible existing means of preventing 
death from malaria. 
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Vector Control 

AID support of vector control programs has largely been in the form 
of commodities, such as insecticides, antimalaria drugs, pesticide appli­
cation equipment, laboratory equipment, and vehicles. It also has in­
cluded technical advisory services and training and some local currency 
support. During 1958-1972, vector control assistance amounted to $570 
million in loans and grants to some 36 countries in Asia, Africa and 
the Americas. 

AID coordinated its worldwide malaria eradication program with 
WHO (see Appendix D) and UNICEF, following the technical 
guidelines set by the WHO Expert Committees on Malaria. From 1956 
until 1969, all antimalaria programs concentrated on residual spraying 
of interior walls of houses, case detection and treatment of detected 
cases through administration of antimalaria drugs. As noted in Chapter 
1, initial success of this approach was spectacular in many countries. 
By the mid-1960s, however, progress toward eradication of malaria had 
peaked.
 

In response, WHO organized fact-finding teams in 1968 to study 
factors affecting progress, and to consider the need fora revised strategy. 
Recommendations based on visits to 12 countries, together with those 
of the Eighth International Congress of Tropical Medicine and Malaria, 
and views of the WHO Expert Advisory Panels and the Advisory Group 
on Malaria Eradication Strategy, provided the basis for the Director­
General's report, "The Reexamination of the Global Strategy of Malaria 
Eradication," presented to the 22nd World Health Assembly in 1969. 

An Assembly resolution cited the need for country-by-country strat­
egy reviews by independent multidisciplinary teams, and, as an impor­
tant feature, called for intensification of research and development of 
alternative vector control methods. 

During the 1950s and early 1960s, when DDT residual spray cam­
paigns were so successful in reducing the incidence of malaria, AID 
and WHO concentrated their research efforts on developing specifica­
tions for insecticides and spray equipment and on finding and testing 
new insecticides as alternatives. An annotated chronological list of sig­
nificant AID-supported vector-borne diseases control research and de­
velopment and related activities (excluding immunological research and 
development) is provided in Appendix E. 
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AID's Support for
 
a Malaria Vaccine
 

Geneva, Switzerland: 1965. An American physician and a scientist board 
a plane bound for the United States. The pair was returning home,
having spent a week discussing global health problems with hundreds 
of colleagues. One of the subjects that occupied them during the flight 
was the alarming resurgence of malaria in developing countries. 

Malaria remained endemic and epidemic in those parts of the world 
that housed the poorest and most susceptible people. The traditional 
tools, drugs and insecticides obviously were not as effective as when 
introduced. As drug and insecticide resistance increased, so did inci­
dence of the disease. Scientists pressed for support ofresearch to develop 
new methods and alternatives. 

By the time the plane landed in the United States, Dr. Paul H. Silver­
man of the University of Illiiois had convinced Dr. Lee M. Howard, 
health director for the Agency for International Development, that the 
time had come to explore intensively the possibility of a vaccine to help
break the grip of malaria. Silverman, a pioneer in developing concepts
of immunological responses to parasitic diseases and former adviser to 
WHO's Expert Committee on Malarial Immunology, noted that of all 
the research reports presented at the conference, not one addressed 
the possibility of a vaccine. Silverman believed this was a serious over­
sight; a vaccine could be the "missing link" in the arsenal of weapons 
to fight malaria. 

Those who believed that a malaria vaccine was possible were few. 
They stood against those who insisted that a vaccine was notjust imprac­
tical but impossible; the critics said AID would be throwing its money 
away by supporting malaria vaccine research, their skepticism founded 
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in the fact that while vaccines against bacterial and viral infections were 
common, biological complexities thus far had prevented the develop­
ment of vaccines against any parasitic disease. Up to this time, the 

protozoan that causes malaria had defied science and technology. 
Those who did believe insisted it was worth the gamble. After all, the 

optimistic scientists argued, the disease has a devastating and debilitating 
effect. Also, there were known encouraging factors in natural and ex­

perimental immunity. In 1965, the year Silverman and Howard had 
that fateful conversation, an estimated 500 million people were struck 

by malaria, causing economic and social losses that could only be guessed 
at. As many as 2 million died, most of them children. 

While some immunity does develop in infected individuals naturally, 

constant exposure to malaria does not produce partial protective im­

munity for 10 or so years. Hence the high death rate among children, 
especially infants. 

Silverman conjectured that, with proper consideration of the changes 
of the malaria parasite in its human victim, infection could be overcome 

by artificial means. He ventured that "it appears that it is possible to 
induce a better immunity to malaria by artificial means than that which 
normally occurs as a result of exposure to natural infection." He based 
his theory on the fact that scientists had found that, in a laboratory, a 
high degree of immunity can be artificially induced by the infective 
sporozoite after it enters the blood stream. 

Animal experiments in the 1940s demonstrated the principle that 
malaria could be prevented by vaccination. The vaccine, however, used 

complete Freund's adjuvant, which cannot be used for humans due to 
adverse effects. The challenge was to develop a safe, efficacious vaccine 
for people. Vaccines effective against one species of malaria parasite 
may not be effective in another system. "Until faithful models of human 
malarias have been indentified-and this can only come about after 
vaccination trials in human subjects-the net should be cast wide and 
all proven safe vaccine preparations... should be considered for trial 
in man," Silverman insisted. 

One requirement of a human vaccine for use in malaria areas is that 
it be polyvalent: that it cover more than one part of the complex life 
cycle of the malaria parasite and contain elements to protect against all 
of the four species of human malaria. Other requirements are that the 
vaccine produce an effective immune response for at least a year; that 
it be fairly easy to manufacture and store; and that it be appropriate 
for mass administration in tropical countries (Bruce-Chwatt 1979). Fi­
nally, the vaccine should be inexpensive. While this represents the ideal 

and proper goal, it does not prevent effective use of less perfect products, 
alone or in combination, as with other drugs. 
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high degree of immunity can be artificially induccd by the infccti\'c
sporolOitc aftcr it cntcrs thc blood stream,

Animal cxpcrimCllL'i in thc 19'105 dcmonstratcd thc principlc thnt
malaria could be prevcllIcd by vaccin;ltioll. Thc v"ccine, howevcr, used
complete Freund's ;UljU\'illlt. which cannot be used for humans due to
advcrse ClreCIS, The challengc was to develop a !mfc, enicacious vaccine
for peoplc, Vaccines effcctivc against onc spccies of llla];.Ifia parasite
may 1101 be cflccti\'c in anot hcr systcm. "Until faithfulmodcls of human
malarias havc becn indcntificd-and this can only come 300ut after
vaccination trials in human subjects-the nct should be cast wide amI
all proven silfc vaccinc prcpamtions ... should be considcfl."Ci for trial
in man," Silverman insisted.

One requircmcllt ofa human vaccine ftlr lise iUlllal:lria arcas is that
it be pol)'valcnt: that it cover morc than onc pan of the complcx lifc
cycle of the malaria parasitc and CClnlain c1CIllCIllS to protcct against all
of lhe four species of human Illalaria. Dlher fl.quirements arc that the
\'acdne produce an c(fcclivc immunc rcsponse for at Icast a )'car; that
it be fairly casy to nmnufnclUrc ;lI1d storc: and thilt it be appropriatc
for mass administration in tropiGlI countrics (Bruce-Chwan 1979). Fi·
nail)', the vaccine should be inexpensivc. Whilc this represcnts the ideal
and propcrgoal, it docs not pre\'cnt cn'cctive lise oflcss perlect products,
alone or in combination, as with other drugs.
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AID set out to meet the challenge. On July 1, 1966, a study on the
feasibility of developing a human vaccine began at the University of
Illinois. The Malaria Immunity and Vaccination Project proposed
studies to determine which of the stages of the life cycle are potentially
useful as sources of antigens and which are susceptible to the immune 
response. Emphasis was on sporozoite (mosquito stage) antigens, with
provision for work on erythrocytic (biood stage) antigens, in vitro (in a
laboratory) cultivation of all stages of malaria parasites, and develop­
ment of a test to assess protection in an anilial model.
 

Initial progress 
was slow. Several technical breakthroughs were re­
quired. The most significant achievement during the first five years was
the demonstration of the biological feasibility of artificial immunization
against malaria, a step that stimulated other scientists to undertake
research along the same lines. The question then was not so much
whether a vaccine was possible but when, and whether a malaria vaccine 
could be developed on a commercial scale with appropriate mass 
production. 

Using rodents and monkeys, the Illinois scientists showed that anti­gens prepared from the mosquito stage (sporozoites) can be used to 
prevent monkey malaria in Rhesus monkeys, and that antigens prepared
from blood-stage parasites (trophozoites, schizonts and merozoites) can
be used to suppress the erythrocytic phase of malaria. Other laboratories
working independently produced similar results. The immunological
protection provided in some of these preliminary antigen studies lasted 
approximately three years.

To more carefully select research projects to meet the goal of develop­
ing a malaria vaccine, AID established priority research goals. The
Agency decided to tackle the malaria problem with a two-pronged ap­
proach: a sporozoite vaccine would attack the parasite's mosquito stages;
a merozoite vaccine would attack the parasite in a more susceptible
stage-the blood stage.


The project was 
moved, along with key personnel and equipment,
to the University of New Mexico in 1972. The new three-year contract
included a work plan emphasizing antigen production and primate
studies. A subcontract with the University of Illinois through 1973 pro­vided an advantageous phasing of activities between the two universities. 
The University of New Mexico also subcontracted with Rush Memorial
Institute (Chicago, Illinois) to develop a Primate (monkey) model for 
human malaria species.

An AID-sponsored malaria vaccine workshop was held in June 1974 
to examine the problems related to the development of a malaria vac­
cine, and to review the state-of-the-art of malaria immunology and
vaccine research. Apparently, considerable skepticism about the possi­
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bility of developing a malaria vaccine still existed. But there were some 
who appreciated the worthiness and timeliness of the effort. Dr. Philip 
Russell of the Walter Reed Army Institute admitted that the meeting 
"has converted me from a disbeliever to a skeptic.... I am impressed 
with the possibility of eventually being able to prevent malaria in man 
by immunization" (National Academy of Sciences 1974). 

AID's Howard and Edgar A. Smith convened a small, select group 
of international malaria parasitologists and immunologists to assess the 
design of vaccine research. Their conclusion: there were no specific 
designs for research. Instead, the experts called for young professionals 
to work with more senior scientists to concentrate exclusively on in vitro 
cultivation of malaria parasites. 

In August, a small group of experts in the field of immunology and 
parasitology convened to advise AID in terms of research priorities, 
institutional facilities and scientists interested and willing to collaborate 
on malaria immunity research. In vitro production of erythrocytic anti­
gens was identified as the number one priority. 

AID called for additional research proposals. Four more contracts 
were signed-with Rockefeller University, the University of Hawaii, 
Parke-Davis Co., and New York University (NYU). Within six months 
of the AID/Rockefeller contract, a dramatic breakthrough, the dream 
of all scientists, was made in 1975 by Drs. William Trager and James 
Jensen when they succeeded in continuously cultivating red blood cell 
stages of the human malaria parasite, P.falciparum, in the laboratory. 
Dr. David Haynes at the Walter Reed Army Institute for Research in 
Washington achieved parallel results the same year. 

Because the project had achieved its goal well under its three-year 
contract schedule, Trager proposed a revised and expanded project 
with seven objectives, all exploiting the continuous culture system and 
aimed at facilitating the development of a human vaccine. Within two 
years, the two principal objectives were met with substantial progress 
on the remainder. The project was again revised. 

The in vitro culture technique, which eliminates the need to cycle 
malaria parasites in vivo (in living animals), meant that scientists would 
have enough parasites to work with in the laboratory. It was the first 
major step toward producing large quantities of parasite material for 
isolation and characterizztion of potential protective antigens. The feat 
was hailed as the greatest advance in malaria research and technology 
in 25 years; Dr. Sidney Cohen of Guy's Hospital in London said it 
"translated malaria vaccination to the realm of practical feasibility" 
(Cohen 1979). 

The Trager-Jensen technique also was the basis for accelerated prog­
ress in many aspects of malaria immunization research. For example, 
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a malaria vaccine using inactive disease organisms, which traditional 
vaccines use, does not work because the parasite is so complex, changing
form several times during its life cycle. Each form has different antigens.
It may be that several vaccines to suit specific needs of different parts 
of the world will be necessary.

As the Rockefeller work progressed, AID sought additional scientists 
to join its collaborative malaria vaccine reseach network of U.S. univer­
sities and private laboratories (see Appendix F). Those who joined the 
network were the Walter Reed Army Institute of Research, the Gorgas
Institute in Panama and the National Institue of Health in Bogota,
Colombia, each working on different aspects of vaccine development. 

Other workshops followed, including one in 1978 to review the AID 
collaborative network. The problems and priorities identified three years
earlier were still considered valid. But, because of the Rockefeller Uni­
versity's development of a continuous culture system and the progress 
on associated problems, a reordering of priorities and delineation of 
the problems were considered necessary. 

Other breakthroughs followed. In 1982, Dr. Michael Hollingdale of 
the Bio-Medical Research Institute in Rockville, Maryland, another in­
stitution in AID's colloborative network, achieved the in vitro culture of 
the exoerythrocytic (liver) stage of P.falciparum and P. vivax. It was 
now possible for scientists to get P. vivax merozoites not obtainable by
normal red blood cell in vitro culture methods. This tissue culture 
technology also has great potential for testing antimalaria drugs and, 
in fact, is being used for that purpose.

In the meantime, NYU Medical Center researchers, concentrating 
their work on the parasitic development in infected mosquitoes' salivary
glands (sporozoite stage), brought the malaria vaccine one step closer 
to reality. Led by Drs. Ruth and Victor Nussenweig and basing their 
efforts on previous success in protecting rodents and primates against
malaria with radiation-attentuated whole sporozoites, the NYU scientists 
in late 1982 isolated the protective antigen that is a component of the 
surface peptide, or coat, of the sporozoite. It is this peptide that prevents 
the host from recognizing the sporozoite as a foreign organism, thus 
protecting the sporozoite against attack by antigens. When test animals 
are injected with this protein alone, their immune defenses are mobilized 
to produce antibodies against it, thus providing protection against 
malaria. 

Other advances were made by other members of the AID collaborative 
network: Scripps Institute, the University of Missouri, the University
of Hawaii and the Uniformed Services University of the Health Sciences. 
The successes included the isolation of attenuated live malaria strains 
that may offer protection against the blood stage forms of malaria, and 
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the isolation of several potential antigenic molecules from the merozoite 
(blood) stage of the malaria parasite.

Large amounts of sporozoites are necessary to produce antigens for 
a vaccine. But sporozoites cannot yet be produced in vitro. Alternative 
ways to synthesize key parasite antigens therefore are the basis for a 
candidate malaria vaccine. In 1983, the NYU researchers announced 
that by using genetic engineering (recombinant DNA methodology)
they were able to identify an Escherichiacoli clone expressing the surface 
antigen of P.knowlesi, a malaria parasite of monkeys. As a result of the
isolation of theE. coli clones secreting the antigen, large-scale production 
of the antigen is possible.

The stage was set for the next step-to isolate the E. coli clones with 
the surface antigen for the human malaria parasite, P.falciparum. To 
no one's surprise, the Nussenzweigs made that announcement August
2, 1984, promising that the same isolation for P. vivax would shortly
follow. A vaccine produced by a combination of synthetic peptide im­
munotechnology and recombinant DNA studies is imminent. 

The sporozoite vaccine is seen as but one piece of the puzzle. It should 
be suitable for people going to malarious zones and to prevent malaria 
infection for short periods. However, because the parasite spends most 
of its life within cells and goes through several stages, the human host 
requires different recognition mechanisms for each stage.

The sporozoite vaccine is effective only against the first stage of the 
infecting organism, and, if through continued exposure a colony escapes
the initial immune response and moves into the next stage, clinical
disease will probably result. Neutralization of the malaria parasite by
most antibodies and cells iscomplex. The ideal vaccine-the one needed 
by people who live in developing countries-would be polyvalent, con­
taining antigens from all the stages of the parasite's life cycle to attack 
each of the parasitic stages as well as all four species affecting humans. 
Such a vaccine might have as many as eight components. Adjuvants to 
enhance antigens also will probably be needed. 

The AID network continues to work on the many possibilities. To
date, the Agency has spent $17.4 million on its quest for a vaccine. 
Until now, the state of the science in malaria vaccine research has been
the limiting factor on how quickly a prototype vaccine could be de­
veloped. With the recent scientific breakthroughs, it now appears that 
stable funding is the limiting factor. 

The next step is limited human volunteer trials in the United States 
and limited clinical field trials in several tropical countries. "Technically
speaking," says Dr.James Erickson, AID manager of the malaria vaccine 
research project, "a vaccine may be available for human testing as early 
as 1985." AID could put the first new major, effective antimalaria 
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weapon since DDT to use in developing countries by 1990. Meanwhile,
the research on polyvalent vaccines continues. 

Before proceeding to clinical field trials, however, the Food and DrugAdministration (FDA) requires background epidemiological data to be
collected at the overseas field trial sites. That takes time and money.
Two-thirds of the more than 1.4 billion people who live in malarious 
areas are not covered by any antimalaria efforts (AID 1980). AID fully
realizes the potential impact of its research, and in early 1984 doubled
its financial commitment to $22.7 million over a three-year period,
anticipating that the increase will cut in half the time to prepare the
vaccine for FDA approval for human testing.

Malaria vaccines will not be a panacea for the malaria problem. How­
ever, they should be a giant step toward wiping out the dreaded disease, 
an important component of a strategy for more effective malaria control 
and, it can be hoped, eventual eradication of malaria. 

Much depends on the type of vaccine-whether it attacks the initial
stage of infection (preventing illness) or the later stages (preventing
transmission). Where malaria transmission is low, vaccines could have 
a tremendous impact. In tropical Africa, where malaria ishyperendemic
in virtually every country south of the Sahara Desert, a combination of
vector control, drugs and vaccines are almost surely necessary to contain
the disease. The largest number of deaths in Africa are suffered by
children six months to four years old. It is unknown whether a malaria 
vaccine will induce immunity in children. 

Experts do not expect a vaccine will eliminate malaria from Africa, 
nor anywhere else for that matter. To do so would require practically
all people to be vaccinated, an extremely difficult task, unless the vaccine
is one that needs to be given only once versus repeated inoculation
 
(such as was the case with smallpox). The least a malaria vaccine would

do is reduce morbidity, a feat not to be scorned. At the same 
time avaccine is being given to people, considerable attention must be directed
 
at controlling the vector.
 

Vaccine Patents 

Several of AID's contractors in its collaborative malaria vaccine research
network have made significant breakthroughs in their search for a vac­
cine to prevent malaria. The breakthroughs have prompted the re­
searchers and their respective institutions to consider applying for patents,
raising an important legal issue in contract research: Who is entitled to 
patent rights? The funding agency? The researcher's institution?

The situation iscomplicated by changing U.S. policies on patents for 
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vaccine is hci/l!; gi\'clI tIl I>C(lplc, (()llsidcI<lllle "ttclltion IllliSI he dircctc(1
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federally funded research, new laws on the intellectual property rights 
for the products of biotechnology, and developing country distrust of 
the international patent rights system. Prior to March 1982, AID con­
tracts were governed by U.S. government-wide patent policy that gave 
AID the first option on the principal rights in any invention resulting 
from work it funded. The contractor was permitted to petition AID for 
greater rights and demonstrate reasons for giving the contractor more 
rights in the invention. 

In 1982, there was an overall change in U.S. government patent 
policy. To encourage private sector businesses to develop government­
funded research into commercial products and to market new products, 
the U.S. government changed its overall patent policy and procedures 
to give domestic, nonprofit, research organizations the right of first 
refusal to title of inventions made under government contract. The 
research institutions could then, in turn, transfer some or all of the 
patent rights to industrial partners seen as a vital part in the further 
research and development of the invention into a product. 

Before the 1982 U.S. government patent policy became effective, 
New York University filed a patent application for an invention funded 
under an AID contract. WHO and the National Institute of Health also 
had contributed to NYU research efforts, although in much lesser 
amounts than AID. 

Several months after filing its patent application, NYU indicated it 
intended to petition AID for greater rights under previous U.S. patent 
policy. NYU entered negotiations with Genentech, concentrating on a 
proposed license that would give the California-based bioengineering 
company exclusive rights to develop, manufacture and sell a malaria 
vaccine incorporating the subject matter of the NYU patent application. 
At that time, Genentech had no experience conducting clinical trials, 
obtaining FDA clearance, or manufacturing and distributing phar­
maceutical products. 

During the negotiations over patent rights, WHO reminded NYU of 
its policy regarding inventions developed as a result of WHO-supported 
projects-that WHO has a claim to a nonexclusive, royalty-free license 
for member countries. At the same time, AID requested detailed infor­
mation on the NYU-Genentech plan to manufacture and distribute the 
vaccine. 

NYU subsequently carried out the developmental genetic research it 
anticipated would be conducted by Genentech, and NYU-Genentech 
collaboration become moot. The AI D-W HO-NYU-Genentech negotia­
tions focused sharply for AID the importance of pharmaceutical com­
pany expertise to the ultimate production of a safe and efficacious 
vaccine. AID realized that such expertise would be helpful in engaging 
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in clinical trials that meet FDA standards and in the manufacture and 
marketing of safe drugs. 

However, only a few U.S. drug companies produce vaccines. 
Moreover, as Marcell Hommell, genetic engineer at the Institute Pasteur 
in Paris, points out, "many of the available vaccines against infectious 
diseases are still not extensively used in the areas where they are most 
needed, because the affected nations cannot afford their purchase and 
do not have the medical infrastructure for their distribution" (Hommell 
1983). Thus, how do you attract an appropriate industrial partner? 

Patent protection for the pharmaceutical firm isone helpful attraction 
but such protection should not bar continued coordinated research by 
the AID network of researchers. In 1983, AID maintained that its 
malaria vaccine program, which had a limited potential market and 
required highly coordinated research, justified a modification of the 
federal patent policy. The 1982 policy permits modification "when it is 
determined by the agency that restriction or elimination of the right to 
retain title to any subject invention will better promote the policy and 
objectives of this chapter" [35 U.S.C. 202(a)(ii)]. 

No one research institution is working to develop a polyvalent vaccine; 
each of the research institutions in the AID network is concentrating 
on developing a vaccine for a particular stage of the malaria parasite­
either the sporozoite or merozcite stage. Furthermore, there are several 
species of malaria parasite and different vaccines may be required for 
each. It isimportant that no barriers (including possible patent barriers) 
be in the way of developing polyvalent vaccines through scientific and 
commercial collaboration among the institutions developing compo­
nents of such vaccines. 

Because there are other donors in this area, notably WHO, there is 
considerable likelihood that patent policies will conflict. One U.S. drug 
company already has expressed its view that the WHO stance taken 
during the NYU-Genentech negotiations may be an impediment to its 
participation in the manufacture of the vaccine. AID, working collabora­
tively with WHO and other donors, can achieve a coherent position on 
the disposition of invention rights acceptable to all donors, the contrac­
tors and the industry. For AID to be successful in this objective, it must 
be able to demonstrate to WHO that its program is set up in such a 
way as to ensure that the vaccine becomes available quickly and at a 
reasonable price to the world. 

In 1983, AID Administrator NI. Peter McPherson approved a special 
patent policy relating to malaria vaccine research. The policy restricts 
contractors' rights to title to inventions arising from their AID-funded 
work. The restriction leaves considerable room for collaboration be­
tween commercial concerns and AID contractors to develop and pro­
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duce a vaccine. It also assures AID of sufficient rights to meet the needs 
of its malaria vaccine program. 

In turn, contractors have full rights to their inventions for a period 
sufficient to allow them to collaborate with an industrial partner. The 
grant of these rights would be on the condition that contractors satisfy 
certain obligations designed to promote overall objectives of AID's 
malaria vaccine program. 
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6 
Future Role in Global Malaria 
Programs 

Initial AID malaria policy was set in 1973 in a cable to AID overseas 
offices that reassured them that, while AID did not advocate resumption 
of the major external support role it earlier provided, support to anti­
malaria programs should be flexible "under certain specified conditions" 
(AID 1973). The Agency has periodically reexamined its malaria policy, 
strategy, programs and research efforts. 

Basically, AID's regional bureaus have adhered to the Agency's 
malaria policy while following their own strategies. In 1976, an AID 
internal audit summarized the global malaria situation, noting that there 
was a resurgence of malaria in countries where antimalaria programs 
had made tremendous successes; that the program machinery to battle 
malaria essentially had been disassembled; that many countries had 
failed to integrate malaria services into their general health systems; 
that declining AID inputs threatened development gains. The report 
also noted the Agency's entry into immunology research and declared 
that the undertaking merited high priority. 

The report suggested that the time was right for a task force review 
of the global malaria situation and for modification of AID strategy. 
The Asia and Africa Bureaus convened expert panels to determine 
what AID's role should be in specific countries. The Asia region had 
the most to lose from a resurgence of malaria because most of the early 
successes were scored in that part of the world. 

The Asia and Africa panels issued reports in 1977 and 1982, respec­
tively, each emphasizing that public health care (PIC) systems are the 
potential focal point for antimalaria efforts. The Asia Bureau report 
concluded that malaria control operations can be devolved to the local 
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health infrastructure where basic health services are adequate; the Af­
rica Bureau report declared that the PHC system can play a key role 
in antimalaria programs by distributing drugs. Both reports insisted 
that program success depends on ministries of health having a core 
group of malariologists, epidemiologists, entomologists, logisticians and 
administrators to carry out planning, supervision, training, supply, back­
stop and evaluation functions. 

Integrated malaria control, the most effective way to reduce malaria 
and to maintain low incidence, is recommended for countries where 
health resources are adequate to support commodity costs, technical 
and administrative demands, and requirements for trained staff. The 
Asia Bureau emphasizes that malaria coantrol is part of national health 
planning, not an independent p)rogramn. The Africa Bureau strategy 
emphasizes curative measures. 

The approach of' chemotherapy and limited vector control may be 
feasible in Africa because most malaria cases are caused by the fal­
ciparum parasite, which can be treated by a single drug (lose. Elsewhere, 
malaria may be caused by any one of several parasite species that are 
less susceptible to single-dose treatment. Hence, there is a need to tailor 
antimalaria programs to specific epidemiological situations. 

A statement by the Latin America and Caribbean Bureau in 1980 
directed that support to malaria programs be considered in the context 
of rural health care delivery goals and that support be competitive with 
other options for develol)ment assistance. 

The most recent review of AID's malaria policy was held in Columbia, 
Maryland, in June 1983. Attended by 27 of the world's leading malaria 
experts, the group took a hard look at All) strategy supporting country 
malaria control programs and discussed the implications of new ways 
to control mosquitoes or parasites, or both, and of vaccines anticipated 
to be ready for human use in the next decade. 

The workshop convened, in part, in response to a 1982 ,.eneral 
Accounting Office (GAO) report that noted U.S. financial and technical 
support to antimalaria efforts was declining at the same time malaria 
was reclaiming ground gained by earlier global control and eradication 
programs. While U.S. aid generally had been successful in meeting the 
immediate needs of' many antimalaria activities, reported the GAO, 
progress toward achieving long-term goals has been hampered. 

In light of the resurgence of malaria, the provision of antimalaria 
drugs to people via general primary health care services, and the de­
velopment of regional approaches by AID geographic bureaus, the 
GAO suggested a reexamination of Agency policy on malaria programs 
was warranted. 

AID officials recognized the value of an updated policy paper. Not 
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only would it provide AID officers guidance against which proposed 
antimalaria programs could be reviewed and approved, but it would 
serve as an approved AID position to be shared with other U.S. 
departments and agencies, foreign governments and international 
organizations. 

Finally, a revised policy would formally incorporate the elements of 
economic assistance projects as mandated by Congress: a sound policy 
framework, private sector participation, transfer of technology and in­
stitutional development-elements critical to achieve self-sustaining 
economic and social change. 

But changes and developments-specifically, the emergence of PHC 
as an approach to deliver health services, and the scientifically proven 
feasibility of a malaria vaccine for human use-prompted another 
Agency policy review. 

The Columbia workshop opened with participants noting that while 
a well-defined, up-to-date strategy is important, it is virtually "worthless" 
unless industrialized and developing country government leaders and 
policymakers are willing to make a long-term commitment of interna­
tional financial support. The reference, of course, was to the problems 
of the 1960s. 

The Agency's strategy is basically sound, the experts agreed. But they 
added that it and the accompanying criteria "are excessively rigid with 
respect to insistence on a purely economic rationale for AID support 
of malaria programs; pay inadequate attention to the need to identify 
and anticipate constraints to successful long-term malaria control; and 
are silent on the relationship between malaria control and an increas­
ingly important but widely variant mechanism for the delivery of health 
services, PHC." The group suggested revisions so the Agency would 
"have a coherent worldwide approach" (AID 1984). 

The workshop resulted in proposed revisions that were submitted to 
AID health and other officers in Washington headquarters and overseas 
missions for review. In July 1984, AID Administrator M. Peter McPher­
son approved a new AID malaria policy paper. 

The paper declares that All) malaria program assistance activities 
will concentrate on flexible control programs designed to reduce malaria 
incidence "to a level at which it is no longer considered a serious public 
health problem" (AID 1984). 

AID malaria assistance will concentrate on cost-effective control 
programs that make the most use of existing PHC systems. AID will 
emphasize: 

the design process, so projects have clear objectives and priorities; 
a choice of control tactics keyed to epidemiological conditions and to 
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technical and administrative capacity within a framework of indigen­
ous self-sufficiency; 

increased support for biomedical and applied research and training 
to enable development, adaptation and transfer of cost-effective 
malaria control technologies; 

continued support for evaluation on ongoing antimalaria programs; 

coordination and collaboration with WHO and PAHO in the plan­
ning, evaluation and support of research, training and operational 
malaria programs; 

use of technical resources available through U.S. government agencies 
and appropriate public and private organizations and institutions. 

Training, research and high-quality technical assistance "are abso­
lutely critical elements" of any AID guidelines or strategy, said the 

malaria experts at Columbia, who drew on their experience during the 
global control and eradication eras to respond to one of the most serious 
consequences of the international decline in malaria control programs­
the drop in the number of professional staff with malaria experience. 
The experts called the inadequacy of AID's malaria staffing in Wash­
ington and in the field "of grave concern." The staff, they added, "lack 
both the numbers of personnel and the technical capacity to discharge 
its responsibilities" (AID 1984). 

The scientific community has been concerned with the manpower 
needs and career opportunities in the field of vector biology for some 

time. In a 1981 letter to Victor Rabinowitch, then director of the Board 
on Science and Technology for International Development, Dr. Franklin 
A. Neva, NIH chief of the Laboratory of Parasitic Diseases, said: "Several 
of us have become increasingly concerned about the dwindling number 

of individual experts in the field... especially with respect to en­
tomologists knowledgeable about malaria" (National Research Council 
1983). 

A start at remedying the situation, the 1983 Columbia workshop 
participants suggested, would be for AID to cooperate with U.S. educa­
tional institutions to establish training programs. Furthermore, AID 
"must reconsider its overseas staffing priorities" to emphasize technical 
skills. Indeed, the policy paper declares a modification of overseas 
staffing priorities, which now "stress managerial skills to the virtual 
exclusion of malaria technical skills," is required. One remedy is to 

provide malaria-trained advisory capacity to each AID-supported 
malaria program. 

Training was singled out by the Columbia workshop as "the single 
most important requisite for the institutional development, which is 
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ous self-sufficienc)';

increased support for biomcdiGl1 and :lpplicd rese;lrch and tmining
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and appropriate public ami private organizations and institutions.
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cunsequcnces of the international decline in malaria control programs­
Ihe drop in the number uf professional staff with malaria experience.
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A. Neva, NIH chiefofthc LaboratOf)' orPar..lsitic Diseilses,said: "Severoll
uf us h:l\'e bt:col11e incrcasingl), cuncerned ..buut thc d\\'indling number
of individual experts in the field ... especially with respect to en­
IOlllologislS knowledgeahle ahullt malar;a" (National Research Council
1983).
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stalling priorities, which now "stress managerial skills 10 the virtu:1I
exclusion of malaria technical skills:' is required. One remcdy is to
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most import:llll rt.'(luisite fur thc instituliunal cle\'c1opment, which is
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essential to the generation or improvement of national capabilitiesneeded to plan and execute malaria control programs," and added thatit is equally important to ensure the development, adaptation and trans­
fer of new technologies of malaria control.
Tile policy paper provides for the cooperation with U.S. educationalinstitutions to address the problem, declaring that "only with the expan­sion of training programs for AID staff, as well as for national staffs,will malaria programs be adequately designed and implemented." Fur­thermore, each region should have a U.S. malaria specialist as coor­dinator and technical backstop to country-level malaria advisers and asconsultant in forming initial plans to establish malaria programs. Malariacontrol expertise also should be strengthened in headquarters. Fortechnology transfer beto most effective, the capabilities of researchworkers in developing countries should be strengthened, mainly

through coordination with WHO.
All malaria programs, the experts advised, should take advantage ofexisting and potential PHC systems. The policy paper states that incountries where malaria is a major threat to economic development orquality of life, "AID may provide selective support of malaria controlusing the most satisfactory available vehicle. In many countries this willbe the PHC system; in some countries, support of vertical malaria pro­grains may be necessary until the PHC system is more fully developed."However, the policy paper continues, "the presence or absence of aPHC system should not determine whether or not support should be

given to an antimalaria program."

Community participation, a 
 key element of PHC efforts, is equallyimportant to the success of antimalaria efforts, the Columbia workshopreport stated (AID 1984). The new policy paper addresses the issue,
declaring that while "AID cannot profitably try to assume responsibility
for developing community participation, a strategy ofsupporting effortsto stimulate the AID-assisted country to take the leadership in develop­ing community participation is appropriate." AID will support nationaltraining for PHC and malaria workers towards this end.Workshop participants said AID malaria policy should recognize theneed for increased biomedical research and support, and for researchon malaria vaccines as well as other antimalaria tools, such as drugsand insecticides, "necessary if the P-IC system is to play its full role."Specifically, "not less than 10% of funds allocated to malaria controlshould be devoted to research-exclusive of vaccine research." AIDsupport of a malaria vaccine research should continue "at a level whichwill ensure completion of this extremely important project." Until long­term answers are found, the workshop report continued, commodity 

Pllluu Ilule ill Glohnl Malar;(J IJrtlgrmllJ • 65

essential to the generation or improvemelll of nalional GlpalJililies
needed [0 plan and exeCUle lIlahlria contrul programs," ;Illd addL'd thai
it is equally impnrtallt to ensure Ihe de\'e1opnlellt, adaptation and Ir.ms­
reI' of new tcchnologies of lll:llaria control.

Thc policy paper provides for the cooperalion with U.S. eduGuiul1al
instilllliollS to address Ihe problem, dcclaring that "onl)' with the eX,"ll1.
sinn of training prog-rallls for AID swlr, as \\'ell as for national staffs,
will mal:lria progr.llIls be :ulequatcl)' designecl and implemented." Fur­
thermore, each region shoulcl ha\'e a U,S. malaria specialist ;IS COOl"·
dinator and technical hackslop 10 COUllll')'.lcvellllalal'ia advisers :Ille! ;IS
consultanl ill formillg inil ial plans lO eSlahlish Ilialaria progr.llUS. ~Ialaria
control expertise also should be strengthened in headquarters, For
tcchnolog)' transfer to be IlI11SI c::lfective, the capabilities of research
workers in de\'elolling COUll tries sluHlld lie slrenglhellL'(I, m;linly
through coordination with WHO,

1\11 malaria programs, Ihe I~Xpel'lS advised, shuuld take ;lclvalltage of
existing and potenlial PHC s)'stems. The polic)' papcr states thaI in
cnUllIries h'here malaria is a m;uor 111I'eal 10 ecollomic developmcnt or
Cjualil)' of life, "AID Ill;!)' pro\'ide selective support or malaria wntrol
using: the mUSI satisfanor)' :w:tilahle vchide, In lllall)' cOllntries this will
be Ihe I'HC s)'stem: in smile countries, snppnrt of\'cnicallllalari:l pro·
gmllls mOl)' be IICt:ess:ll')' untillllc PHC system is more full)' dcveloped."
I-Io\\,c\·cr. till' puliq paper CClnlillues, "the presellce or absence or a
PI-Ie S)'SlCIIl shlltlld nnt r1etcnninc whelher n .. IllJI support sltfluld he
gi\'cn tO:ln ;llilimalaria prog";lllI,"

ClIlllmUllil)' p:lI'tirip:llion, a kef c1emenl III' Pile dlims, is elJllally
impun:utl to the success of ;lIuimalaria clrllns, lhe Cnlu mhia \\'ork.~hop
repun statcd (/\111 I~U:l'I). The lIew pnliq paper addresses the issuc,
declaring th:1I while" AI0 canllut profilabJ)' t 1')' to aSSUllle responsihilit),
for de\'c1l1ping collllllunilY pan icip:uioll, :a 51 r;J(cgr flf support ingclrnrts
10 stimulate Ihe AID.assisted CllI1l11 1')' UI take Ihl' leadership in de\'e1op.
illS CUlllllllllli,)' pa rtit:ipal illil is appmpria Ie." AID will Sll ppl)rl Ilath"lal
tr.linillg for I'He and malaria \\'urkers tll\\'ards Ihis end.

Workshop panicipallts said AID mOllaria polie)' should reC()glli~l'lhe
necd fur incrcased hiUllledical research and supporl, and fill' research
on mal'lria \':lccines :IS well as utllcr alllimalaria 10015. sudl as drugs
,llld illSL'Clicides, "ncccssar)' if Ihe I'He S)'SIClll is 10 pia)' its fila rule,"
Spccificall)', "110( less lhan 10'70 of funds :IllllC:lled 10 llIalaria eul1lrol
should hc de\'oled to rese:m:h-l'xclusi\'e of vaccine rcsearch:' AID
support ora malaria \'an;ille research slIQllld cotltinuc "al a Ic\'el which
will ensure COIll plct ion or llli.~ ext relllel)' import anI pl'ttlCCI," UIltilillng.
tcrm anS\\'ers :Ire fuund, the workshop rcpOI'1 Clllltinllecl. cC)llul1odit}'



66 - Malaria:Meeting the Global Challenge 

assistance "will continue to be vital to early success of antimalaria efforts." 
The policy paper provides for continued support of malaria vaccine 

research but states that this potential tool for control "should not lead 
to the abandonment of' other cost-effective forms of malaria control." 
New research activities should be initiated to simplify malaria diagnostic 
and survey methods; to identify, evaluate and test new antimalaria 
drugs; to identify and[ test new insecticides and alternatives; to further 
investigate comprehcnsive vector control and epidcemiological determin­
ants of the malaria prob!em; and to develop test methodology for use 
in specifications necessary to ensure delivery of high-quality insecticides, 
application equipment and packaging. 

Finally, workshop participants noted that the annual levels of inter­
national concessional aid to developing countries was $35 billion in 
1981, with about 10% going to health programs. The participants anti­
cipated that the international donor community would not increase its 
support of malaria control activities unless AID took action to encourage 
cooperative efforts with potential donors and formulate proposals for 
multisource external financial and technical support. 

The new policy paper encourages continued collaboration and coor­
dination with other international agencies and organizations, especially 
WIHO, at the country, regional and international levels, and to maintain 
regular contact with financial and technical agencies regarding research 
and program efforts. 

Tremendous Gain 

Although certain aspects of the global situation of malaria may appear 
to be negative, control and eradication efforts have achieved tremendous 
economic and social gains, saved millions of lives and relieved much 
human suffering. 

Less noted, but of eclual significance, are the auxiliary benefits. Exam­
ples include irmapping and census taking where neither existed previ­
ously; development of health departments or ministries and health 
programs; strengthened images of respective governments; the de­
velopment of a cadre of health professionals and other technically skilled 
persons; improvedl governilent-to-govern ment relationships; coopera­
tion between countries having malaria as a common problem; and con­
trol of other vector-borne diseases. 

The prospects for control a~id eventual eradication are in the hands 
of policymakers, health administrators and malaria specialists. Thirty 
years of lessons provide world leaders, policymakers, project designers, 
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program managers, researchers, technicians and workers with a wealth 
of warnings and guidance. 

"Realism," implores Tibor Lepes, retired chief of WHO's Malaria 
Action Program, "must prevail over emotions and malaria and its control 
should be considered within the overall health priorities and within the 
overall possibilities of countries to support such programs until the 
endpoint, i.e., malaria eradication, is achieved" (Lepes 1981). Further­
more, recognizing that malaria has an "almost infinite ability to evade 
whatever man throws against it," as noted by Robert 0. Pick of the 
Walter Reed Army Institute of' Research in Washington, D.C., malaria 
experts have developed more realistic biological and administrative ap­
proaches to antimalaria programs, providing optimism that new success 
stories will have a long-term effect. 

AID has invested considerable time and money in the search for a 
vaccine. Is it worth it? 

Yes, say many scientists who've served on the Agency's Research Ad­
visory Committees in the last dozen years. 

Yes, say scientists and experts all over the world-many who were 
most vocal about their reservations and doubts a dozen years ago.

At the same time, nearly everyone involved agrees that future malaria 
control strategy must use all available tools. Specific answers to indi­
vidual areas based on a clear definition of the specific problems in those 
areas must be provided. Experience, say the experts, plus realistic con­
trol activities, taking into account and utilizing scientific progress, make 
for a good prognosis. 

The United States continues to participate in worldwide malaria con­
trol activities. The Agency for International Development has endea­
vored to formulate an effective policy to meet the malaria challenge, 
not just of today but tomorrow. 
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The late Haile Selassie of Ethiopia was a strong supporterofhis country'santimalaria 
program in the 1960s. (Photo courtesy of D.R. Johnson) 

Facing page: The U.S. government, through the Agencyfor InternationalDevelopment 
anditspredecessors,suppliedlargeamountsof commoditiesandequipment to antimalaria 
programv in developing countries. Top: DDT 75% wettable powder is transferredfrom 

a 100-pound drum into mixing cans. Bottom: A sprayer marked with the insignia of 
the U.S. InternationalCooperationAdministration, an AID predecessor,is used to spray 
a home with DDT (AID photos) 
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Facing page: Tile U.S. government, through the Agencyfor International Development
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Drugs help control the spread ofmalaria. But new dngs mustbefoundas resistance 
continues to develop to existing ones. (AID photo) 
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Drugs help control the slJread ofmalaria. But Tlew dnlgs 7/lust befound as resistance
continues to develop to existing ones. (AID photo)
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The AID malaria vaccine research network includes the New York University 
Medical Center. Studying electrophoreticgelsfor clues about the malariaparasite 
are (left to right) Drs. Ruth S. Nussenzweig, FidelZavala, Victor H. Nussenz­
weig, Joan Ellis and Alan H. Cochrane. (Photo courtesy of Al GeiselThe NYU 
Physician,New York University Medical Center) 

The study of dead mosquitoes in the wells of a microtiterplate has replaced the 
time-consuming microscopic examination ofindividualmosquitoes. (Photo courtesy 
of Al GeiselThe NYU Physician, New York University Medical Center) 

Future Role in Global Malaria Programs 71

The A/D malana vaccine research network includes the New York Ulllversity
Medical Center. Studying electroli!lOretic gels for clues about the malaria parasite
are (left to right) Drs. Ruth S. NlLI"sem.weig, Fidel Zavala, Victor fl. NusSell1.­
weig, jOall Ellis and Alan H. Cochrane. (Photo (ourtesy of AI Geise/The NYU
Physician, New York University Medical Center)
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The study of dead mosquitoes in the welL~ of a microtiter lilate has replaced the
time-corlSllIning microscopic examination ofindividual mosquitoes. (Photo courtesy
of Al Geise/The NYU Physician, New York University Medical Center)
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The hostdevelops symptoms when parasitesrupturebloodcells. (Photocourtesyof The NYU Physician,New York University 
MfedicalCenter) 
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The host develops symptoms when parasites rupture blood cells. (Photo courtesy ofThe NYU Physician, New York University

Medical Cf'1Iter)
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7- Anopheles gamblae 

Anopheles gambiae, principal vector of malaria in Africa. (Photo courtesy of 
Centersfor DiseaseControl, Atlanta, Georgia) 
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Anopheles gamb/8e

Anopheles gambiae, principal vector of ,nalaria in Africa. (PhotocoJrtesy of
Centers for Disease Control, Atlanta, Georgia)



Appendix A 
Malaria Parasites of Humans 

Plasmodium falciparum-Malignant Tertian Malaria. This, the most deadly 
of the human malarias, is confined to the tropics and subtropics. In Africa it 
is responsible for more deaths than any other single parasitic disease. The 
pre-erythrocytic cycle usually lasts 5'/2 days, each liver schizont releasing about 
30,000 merozoites. During the last 12 hours of the 48-hour asexual erythrocytic 
cycle the parasitized red cells sequester in capillaries of internal organs, attaching 
through 'knobs' on the red cell. The crescent-shaped gametocytes are mature 
in 10 to 12 days. Most patients surviving the acute phase of the infection, when 
25% or more ofred cells may be infected, remain infected fir 7 to 9 months. 

Plasmodium vivax-Benign Tertian Malaria. Although once common in tem­
perate countries, such as southern England, P. vivax is now found only in the 
subtropics. The pre-crythrocytic cycle lasts 8 days, each schizont producing 
about 10,000 merozoites. Some sporozoites on entering the liver become dor­
mant, as hypnozoites, which resume their development months later to cause 
true relapses. Merozoites preferentially invade young red cells with 
parasitaemias rarely exceeding 1%. The asexual erythrocytic cycle lasts 48 hours. 
Gametocytes take ,4 days to become infective to the mosquito. Relapses in P. 
vivax infections are common. 

Plasmodium malariae-Quartan Malaria. Eradicated from temperate coun­
tries, P. malariaeis now relatively uncommon. The pre-erythrocytic cycle takes 
15 days, each mature liver schizont containing approximately 15,000 merozoites. 
Merozoites are said to prefer mature red cells although parasitaemias usually 
remain less than 1%. In red cells the asexual cycle is complete in 72 hours. 
After the primary attack the infection may become chronic and persists for 
more than 50 years. 
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Plasmodium ovale. P. ovale is rare, most cases occurring in West Africa. The 
liver cycle lasts 9 days and each liver schizont produces about 15,000 merozoites. 
The asexual erythrocytic cycles takes about 48 hours. The patent parasitaemias 
always remain low. In blood smears the infected cells are oval rather than round 
and hence the specific name ovale. 

Source: Reprinted by permission from R.S. Phillips: Malaria,Studies in Biology, pub­
lished by Edward Arnoki (Publishers) Ltd., London and Baltimore (1983). 
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Appendix B 

Role of AID Offices Other than 
Office of Health in Malaria Programs 

The Office of Health in the Bureau for Science and Technology and the 
Health, Nutrition and Population Offices in the four regional bureaus have 
primary responsibility for backstopping and supporting AID-assisted country 
programs. 

The Africa Bureau, for example, is funding a radioimmunoassay against the 
sporozoite stage of malaria, conducting field tests in The Gambia. The Near 
East Bureau has an agreement between Israel, Egypt and the United States to 
study arthropod-borne diseases with emphas's on malaria. 

Another Agency office that plays an important part in U.S. antimalaria efforts 
is the Office of the Science Advisor (SC1), an important AID funding source 
for innovative disease research projects in the United States and in developing 
countries. The Office annually screens as many as 500 proposals, some of which 
are related to malaria biotechnology and immunology and to vector control. 

The National Academy of Sciences (NAS), with funding from the SCI-man­
aged Program of Scientific and Technological Cooperation (PSTC), has a re­
search program on Biological Control of Mosquito Vectors, including malaria 
vectors. An explicit objective of the program is to develop a worldwide network 
of field researchers. As of mid-1984, 13 research projects totaling $1.5 million 
had been approved. It is likely that about another $1 million of grants will be 
added to the program, which is funded through 1988. The grants are to institu­
tions in developing countries to fund research in those countries. 

The majority of the projects deal with malaria. A common theme is the study 
of mosquitoes using biochemical information to distinguish different varieties. 
Such work is being funded in Colombia, Malaysia, Thailand and Uganda. His­
torically, most studies of mosquitoes were based on morphological characteristics 
for identification. However, recent work has demonstrated that some groups 
of morphologically indistinguishable mosquitoes include several different 
species, and that the species are behaviorally and biochemically distinct. This 
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raises the possibility that the confusion between species has resulted in squan­
dering control resources on sibling species that are not serious public health 
threats, while the species most incriminated in the transmission of the disease 
breeds in relative safety. Field studies to reaffirm or challenge the belief that 
groups of incriminated mosquitoes are homogeneous is the first order of busi­
ness. If more careful identification of vectors is required for field control pro­
grams, tile development of DNA probes and other biochemical techniques 
for rapid and accurate identification of mosquitoes may greatly simplify field 
programs. 

Two other projects, in Guatemala and Kenya, are investigating plant-mosquito 
interaction and the effect of plant chemicals on mosquitoes, respectively. If 
planting specific water plants or if using simple plant extracts instead of manu­

factured chemical pesticides were effective, such approaches might bring down 
the cost of vector control programs, or bring down the costs of imported inputs 
to such programs. 

Other projects deal with more general field studies in relatively understudied 
ecolological situations. A project in Senegal, for example, is studying the ecology 
of malaria vectors ini a zone that is being improved agriculturally through 
desalinization. A second project, in Sri Lanka, focuses on tile impact of agricul­
tural development (and urbanization) on malaria vectors. Some experts note 
that land improvenent efforts involved in agricultural modernization sometimes 
also improve the land from the point of view of the mosquito. Detailed studies 
seldom have been carried out, however, and there are few guidelines for agricul­
tural engineers for approaches to agricultural-sotnd water management that 
also are sound fbr inalaria control. 

An NAS project in Mexico deals with the identification of pathogens of 
anopheline mosquitoes. lotr similar projects are funded directly by AID's Office 
of the Science Advisor. One of the projects is run by Dr. Joel Margolit of Ben 
Gurion University (Israel). Dr. Nargolit discovered Bacillus thiuringiensis israelensis 
(BTI), a bacillus found in the Israeli desert that prodluces a toxin fatal to 
mosquito larvae and to many othcr insects. The toxin also can be produced 
through in vitro culture of BTI and applied as a chemical insecticide. Dr. Margolit 
and colleagues at Harvard and Hebrew Universities are studying the chemical 
and pathological processes involved in the action of WIT. Other researchers in 
Thailand and Florida are applying novel biotech nological approaches to im­
prove mialaria control through the use of insect pathogens. 

In a cotnparative field trial, l)r. Milan Trpis is studying the effect of BTI and 
the use of three species of mosquito-larvae eating fish to control malaria vectors. 
The work, being done in Liberia runder a grant to Johns Hopkins University, 
will test tile four control mcasures separately and in comlbination in rice fields. 
Ideally, Dr. Trpis will develop a strategy by which the habitat provided by the 
flooded rice fields will not be attractive to imalaria vectors, and the fish used in 
the control will be an edible source of protein. 

Based on advice fromi an SCI-finded National Academy of Sciences workshop 
on the applications of biotechnology to development and other experts, the 
Office of the Science Advisor decided to concentrate $1 million annually on 
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biotechnology and immunology in animal systems (including humans). In col­
laboration with AID's Office of Health, several projects complementary to the 
malaria vaccine development effort have been funcled to compare two in vitro 
techniques for the cultivation of P.falciparum to increase the supply of parasites 
for research. Dr. Michael Sick of the United States Navy has been fundecd to 
work with Zambian colleagues to levelop and test sensitive new assays to qualify 
and quantify circulating antigens to malaria. Researchers in Papua New Guinea 
have been funded to carry out research preparatory to the availability of malaria 
vaccines. 

PSTC also funds work applying the techniques developed in malaria research 
to the closely related disease of cattle, babesiosis. University of Missouri research­
ers are studying populm;tt's of clones of individual parasites to try to identify 
those that do not produce symptoms of the disease, hut that induce immunity 
against the pathenogenic varieties. 

AID generally has not invested in research on new drugs to fight malaria, 
leaving that field to other agencies and the private sector. However, the Office 
of the Science Advisor recently initiated some particularly innovative efforts in 
this area. For example, it is funding researchers at Rutgers University to use 
the new in vitro techniqlues for culturing sp)oroZoites to develop and use an 
assay to evaluate the effect of different therapeutic agents on ni-laria. 

Dr. Gary Simpson of tile Lovelace Mecdical Folndation (Albuquerque, New 
Mexico) is using in vitro cultures of P. lalciparum and sophisticated chemical 
instrumentation to study the surface processes in drug-sensitive anid drug-resis­
taut organisms. Chloroquine and quinine affect P.fialciparumn through a process 
that involves attachment to the surface protein. Researchers recognize that such 
chemical reactions involve the specific forms and chemical properties of the 
drug and of the specific receptor protein. It is likely that drug resistance invol,'es 
the natural selection for plasmodia that have surfatce proteins that do not bind 
to the drug, that (to not allow the toxic transfer front tile drug to tile Plasmodium 
or that secrete other substances that interfere with the processes. If sticcessful, 
the Lovelace work may lead to the more elicient development of new drugs, 
or to the development of adjuvants to increase or restore tile efficiency of 
existing drugs. 
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Appendix C 

Status of Antimalarial Drugs 

Chloroquine and Amodiaquine (4.Aminoquinolines). The therapeutic value 
of this group of drugs is seriously reduced in areas with chloroquine-resistant 
P.falciparumand no benefit can be derived from the standard 4-aminoquinolines 
in the hard-core areas of P. fakipanum. However, P. vivax, P.malariae and P. 
ovale still respond normally to these drugs. 

Proguanil and Pyrimethamine (DHFR Inhibitors). Widespread resistance of 
P. falciparum and P. vivax renders the prophylactic use of these drugs alone 
obsolete. 

Sulfonamides (DHPS Inhibitors). These are not used alone but in combination 
with pyrimethamine (potentiating synergism) for the treatment of chloroquine­
resistant falciparmn malaria as drugs of the second line. Sulfonamides matching 
the half-life of pyrimethamine (e.g., sulfadoxine) promote drug resistance prob­
ably less than ill-matched sullonamides. These combinations should not be used 
in areas with chloroquinc-sensitive P.faciparum.They are not adequately effec­
tive to pyrimethamine-resistant P. vivax. Resistance of P. falciparum to sul­
fonamide/pyrimethamitc combinations is already widespread on the Indochina 
Peninsula and in Brazil. 

Sulfones (DHPS Inhibitors). These are not used alone but in combination with 
pyrimethamine in malaria prophylaxis as drugs of the second line. However, 
the half-life of the available sulfones does not match that of pyrimethamine. 
Their use has similar limitations to those of the sulfonamide/pyrimethamine 
combinations. 
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Quinine. It is essential as a first-line drug in severe and complicated manifesta­
tions of falciparum malaria (to be followed by effective radical treatment), and 
as a third-line drug in infections with multiresistant P.falciparum (here usually 
in association with or followed by tetracycline for radical cure). Quinine resis­
tance is still quite rare. 

Tetracyclines. These are not used alone as antimalarials, but in association with 
or following a course of quinine. They are only for treatment purposes, not 
for prophylaxis. 

Primaquine (8-Aminoquinoline). This is an important tissue schizontocidal 
drug for the radical cure (antirelapse treatment) of P. vivax and P. ovale. It is 
also increasingly important as a gametocytocidal drug against P.falciparum, 
especially in areas with chloroquine or multidrug resistance. There is no indi­
cation of primaquine resistance as yet. 

Advanced Candidate Antimalarials. Nefloquine (quinoline methanol) and de­
rivatives of Qinghaosu (sesquiterpene lactones) are the most advanced blood 
schizontocidal candidate drugs for the treatment of chloroquine and mutidrug­
resistant falciparum malaria. Their introduction into wider use may be expected 
within a few years. Other advanced candidate drugs are pyronaridine (amino­
acridine) and phenantIrene methanols. Various antibodies-already used in 
the treatment of other infections-may qualify also as alternative antimalarial 
drugs. 

Source: Wernsdorfer, Werner H. Drug resistance, current studies and future prospects. 
Scand. J. Infect. Dis., Supp. 35, 29-30; 1982. 
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Appendix D 

WHO's Role in Global Malaria Efforts 

Malaria has occupied a dominant place in the World Health Organization's 
list of health priorities since the organization was established following World 
War I. WHO seeks to coordinate the policies oforganizations supportilng g7,,)bal 
antimalaria efforts, such as AID, the U.S. Public Health Service and UNI,' F; 
promotes research; and provides technical assistance and training to requesting 
countries. 

WHO programs are guided by the World Health Assembl;, (WHA) and its 
Executive Board. The first WHA (1948), following recommendations of the 
WHO Expert Committee on Malaria of the Interim Commission, sent demon­
stration teanis to countries that 'e(uested assistance setting up malaria control 
programs. Malaria has featured in all subsequent assemblies. The eighd WHA 
meeting (1955) launched the global malaria eradication program that focused 
world attention on the disease. 

Today, the Special Program for Research and Training in Tropical Disease, 
the Malaria Action Program and the Vector Biology and Control Program are 
the WHO activities most specifically concerned with malaria and other vector­
borne diseases. The Special Program, cosponsored with the United Nations 
Development Program and the World Bank, strengthens national capability to 
carry out research related to the six major tropical disases responsible for high 
morbidity and mortality in developing countries. It receives financial support 
from more than 30 donors, most prominently the United States. In 1982, AID 
contributed $5 million to the program. Other WHO programs, such as Primary 
Health Care and Tropical Disease Research, also contribute to global antimalaria 
efforts. 

U.S. officials serving on WHO working groups and special committees influ­
ence WHO policy and programs, promote cooperation and encourage informa­
tion exchange. United States malaria assistance is coordinated with WHO 
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through joint planning and assignment of technical assistance, field evaluations 
and research and training, thus avoiding duplication and overlap with efforts 
by other donor countries and organizations. From 1957 to 1967, WHO provided 
more than $87 million in international assistance to global malaria eradication 
efforts. 

Although the Malaria Action Program, headquartered in Geneva, Switzer­
land, provides worldwide policy and program guidance, WHO malaria pro­
grams are carried out through the regional offices (ROs) in the Americas (Pan 
American Health Organization), the Eastern Mediterranean (EMRO), Southeast 
Asia (SEARO), the Western Pacific (WPRO) and Aftica (AFRO). The regional 
offices, in turn, work with requesting comntries on specific malaria problems, 
assigning country advisers or intercountry teams, or both. The regions vary 
considerably in their approach. For example, AFRO countries carry out efforts 
through existing and developing health inf'rastructure. In the Southeast Asia 
region, countries have developed effective vertical national malaria control 
services. 

WHO's Seventh General Program of Work (1984-1989) calls for "the attain­
ment of specific targets by national antimalarial programs and for the develop­
ment of WHO-supportive actions in technical collaboration, training, research and 
the exchange and dissemination of technology and operational information." 
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Appendix E 
AID-Supported Vector Control Programs 

Centers for Disease Control (CDC) Participating Agency Service Agreement
(PASA), 1955-1966. Research at the Technical Development Laboratory in 
Savannah, Georgia. sought and tested alternative insecticides as replacements
for DDT where the mosquito vector had developed DDT resistance. The project 
responded to the needs of the global malaria program as identified in the field 
and made many invaluable contributions through the development of improved 
specifications for insecticides, packaging for insecticides, compression sprayers
and nozzle tips, and provided quality control testing for individual country 
programs. 

Worldwide Malaria Eradication Research, CDC PASA, 1966-1972. This 
agreement expanded the earlier one, with the additional objectives of developing
and testing alternative methods of mosquito vector control that involved a wide 
range of biological and biochemical investigations. 

Central America Research Station, CDC PASA, 1966-1972. A malaria research 
center was set up in a tropical area (El Salvador) to address a variety of special
problems, define the problems of malaria eradication and develop practical 
solutions through new, improved or combined methods. 

While the primary objective of the project was not fully achieved, numerous 
baseline studies on malaria and the biology and ecology of the vector were 
conducted. Collected data supported later research. The project also collabo­
rated with the U.S. Department of Agriculture (USDA) and provided
epidemiological services for the Alternative Malaria Control Methods project 
conducted by the USDA Laboratory for Research on Insects Affecting Man 
and Animals (Gainesville, Florida). 
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Thailand Malaria Research Unit, CDC PASA, 1967-1972. A malaria opera­
tional research unit was established in Thailand to determine the causes of 
persistent transmission of malaria and to develop methods that would interrupt 
transmission. 

Serologic Diagnosis of Malaria, CDC PASA, 1968-1972. The objective was to 
develop simple, rapid and accurate methods for the serologic diagnosis of 
malaria. Following the project's completion, CDC field-tested the methods in 
eight countries in Africa, Asia and Central and South America. 

Intensive Review of Malaria Research, June-July 1971. AID conducted an 
intensive review of its malaria-related research activities. Each project was re­
viewed against AID malaria policy and prospects of productivity and in terms 
of organization, facilities and competence to achieve objectives. Activities were 
appraised as essential, marginal or additive in terms of achieving the objectives 
as defined in the project agreement. The review team was charged with estab­
lishing relative priorities of each project in terms of the prospects of achieving 
AID objectives. 

The team based its review on performance and accomplishments, facilities 
and staff and the continuing responsive relationship to WHO and country 
malaria programs. There was unanimous agreement that the prospects for 
future contributions to the worldwide malaria eradication effort was excellent. 
Continued support was recommended. 

The team considered overall project accomplishments to be largely academic 
and suggested a more practical field orientation. To achieve this, it was recom­
mended that all AID-supported CDC malaria research be combined as a single 
project and that a malaria research planning board with membership consisting 
of AID, WHO, PAHO, CDC, Walter Reed Army Institute of Research and 
other outside experts be established. 

The team's third area of review was on the serologic diagnosis of malaria. 
The members concluded that such methods would supplement but not replace 
conventional methods, and would be of particular value in delineating malarious 
areas and monitoring surveillance in the maintenance phase. The team recom­
mended completing the project, but felt that further epidemiological evaluations 
should be done on a collaborative basis in the field. 

After reviewing the University of New Mexico's malaria immunity and vaccine 
work, the team reported it was impressed with early results. But because im­
mediate contributions were not in the offing, the team recommended continu­
ation at a lower funding level. 

AID's Office of Health agreed with all but the last of the team's recommen­
dations. The Office felt that because of the potential for a breakthrough in 
technology, the Malaria Immunity and Vaccination Project deserved a higher 
priority. An office memo stated that the project, "admittedly a long shot," has 
"a much greater payoff potential than any of the others in terms ofrevolutioniz­
ing the approach to malaria control and eradication." The project was elevated 
to priority number one. 
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project and that ;1 malaria rt'search planning hoal"C1 with membership cOllsisting
or AID, WHO, PAI'IO, CDC, Waltcr Reed Anll)' Institute of Research and
other outsidc e"pens be eSI;lhlishcd.

Thc team's third ;Irea of re\'iew was un the serologic diagnosis of malaria.
Tile lI1clllhers collduded that such IIlt,thods would sllpplt'melil but lIotl'eplace
cOIII'entiorwlmethods, and would be of particular v,llue in dcline:uillg malarious
areas and rnonituring survcill:ll1ce in the rn;lintenallcc phase, The team recoll\­
mended completing the project, bUI felt that further epidemiological evaluations
should be done un a collaborative b;lsis in thc 1Ie11!.

After reviewing the Uuiv<:rsit), of New l\lt'xico's lIlalari:l iml1lunity and vaccine
work, the lealll reported it was impressed with e:lrly results. IilU because im­
mediate contributions Nere nOI in the oiling, the leam recollllllended Cuniillll­
:ttion :Il a lower funding levcl.

AID's Orrice of Health ,Igreed wilh all hili the I:tst of the learn's reCOl1llllen­
(lalions, The Ollicc felt th,lt because of the potcntial li)r a breakthrough In
tedlllolo!::y, the l\fal;lria 11l111Hlllity ami Vaccinalion I'rt~ect desen'ed a higher
prim·it),. An office meillo stated Ihat the project. "admittedly a long shot," has
"a much greater pa)'ull' potelltial than ;1Il)' of the others in tcrms of re\'lllutioniz­
ing the approach tu malaria control alld eraclic;nicm." The proje<:t was c1e\'aled
10 priority Ilumber Otic.
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The upshot of the review was that the vaccine research project was continued, 
albeit at a lower level; the Thailand unit was closed; CDC's serologic diagnosis 
was funded through completion of the laboratory phase; and CDC's Technical 
Development Laboratory and Central America Malaria Research Station were 
funded at a reduced level while other funding sources were found with CDC. 

CDC informed AID that it was prepared to take over funding of the two 
projects. However, CDC experienced budget problems the next year, and the 
laboratory at Savannah was moved to Atlanta with a greatly reduced stair. The 
El Salvador station was converted to a general disease research facility that 
deemphasized malaria. 

By June 1972, AID annual support of malaria research was reduced from 
five projects totaling $1.7 million to one-the malaria vaccine project-at 
$428,000. Several factors were responsible for the change in emphasis, but tile 
foremost one was the overall reduction of the AID budget and the subsequent
reordering of development priorities to make the most of limited resources.
 
The $1.7 million malaria research program represented nearly 20% of the
 
maximum legislative authorization for all AID research, with no reassurance
 
that the full authorization of $9 million would be available. There was substantial
 
pressure on the Office of Health to find other sources of funding, or else to
 
reduce or eliminate projects.
 

Panel on Perspectives in Mosquito-control Methods Suitable for Developing
 
Countries, 1972-1973. The National Academy of Sciences with funding from
 
AID's former Bureau for Technical Assistance, organized a panel charged with:
 

deciding whether there are worthwhile alternatives to conventional pesticides
 
for mosquito control in developing countries;
 
selecting approaches that seem particularly promising;
 
evaluating the state of knowledge and potential of selected approaches;
 
recommending areas in which further research and development funding
 
could have particular impact.
 
The panel's report, issued in March 1973, was entitled, "Mosquito Control-

Some Perspective for Developing Countries." The title may have been inappro­
priate in that of the nine methods discussed, only one was suitable for operational 
use; the other eight were in various stages of research and development. The 
report stimulated and guided mosquito control research along lines that could 
eventually lead to practical application in operational mosquito control programs. 

Stage VI and VII Testing of Fenitrothion, AID Grant to WHO, 1973-1976. 
The grant was to complete testing of fenitrothion as an alternative to DDT. 
The test site was Kisumu, Kenya. WHO had supported preliminary testing 
through stage five but requested AID assistance to carry the final entomological 
and epidemiological evaluations to completion. The project paved the way for 
use of fenitrothion in many AID-supported malaria programs. 
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C\':llu:lling thc Slate ul' kllllwlcdgt.· :llId IMlll.'lIlial ur scleclt.1:1 appl'll:lc!les;

rcclillullcndill!;" al'e:lS in Willdl furl her rese.. rdt allli de\'c1np"IClIl fUI,din!;"
could h;wl.' particular imJlacl.

The p;mcl's n'lJOrt, i.$SlIcd in Marl'll IYn, \\':15 clltitlecl. "Musquito Cuntrul­
SOllie I'erspecl 1\'1.' 1'111' l)e\'c1npillJ.: Cuuntries_" The tide m.. )' ha\'e been inappro­
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Siage VI and VII Tcsling or FcnitrothiOR, AID Granllo WHO. 1973-1976,
The gr.ml was In CC1l1lplt'te It'Sling or fenitWlhiCJll as :lll illlcrnati\'l' tn DDT.
The Icst site was Kisumu, Kell}';!, WHO had supl'Ul'led prclirnillar)' lestillK
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Development of Environmentally Acceptable Replacements for DDT, Con­
tract with University of Illinois and Grant to WHO, 1975. The activity started 
in 1972 as a small (under $25,000), one-year project for laboratory and field 
testing of biodegradable analogues of I)DT already synthesized at the University 
of Illinois. Several analogues tested as very clective in the laboratory and in 
simulated field huts proved inefective when tested in village huts in tropical 
countries. 

In view of the need for field testing of alternative insecticides under tropical 
conditions and the necessity for approval under tile W1lO Stage Testing System, 
the second pliase (1975- 1983) of the project was carried out under a new 
project by the WH-O Vector and Rodent Control lResearch Unit in Indonesia. 
This project was developed in response to requests from WO-l( and the In­
donesia government with tie iniiiediate objective of tinding an alternative to 
DDT in Central and Vlast Jav'd, where the niosquito vector, A. aconitus, had 
developed resistance to I)IT. 

The project more than paid [or its cost in its first year by iiemonstrating that 
malathion was not ell'ctive against the vector whereas fenitrothion was, thus 
avoiding the possible waste ofinillions of dollars on the wrong insecticide. Field 
tests of several of the biodegradable analogues of 1)I)T developed by the Uni­
versity of Illinois had discouraging results. The project was expanded to cover 
testing of otiei iiisectici(e.s, (Iifletereit application tecliniques and other methods, 
such as biological cont rl. 

During the eight-year life of tle second-phase )roiect, the Research Sub-Unit 
at Selaraiig in lIndiesia iade iiincrous contrihutions to ialaria programs 
in tropical countries, including the testing of new insecticides (the team was 
the only one in the wcirld with the comnpetence and experience to conduct Stage 
IV and V trials of new insecticides); innovative use of insecticide and spray 
equipment; and progress in devehping sU lcinentary atid alternative methods 
of malaria control. 

Vector-borne Disease Consultant WorLshop, 1975. The workshop identified 
malaria in Africa and control of the A. gambiae as a high priority, and suggested 
field visits so recoinienlations for dei. nstration programis in a self-help attack 
on vector- orne diseases could be made. Consultants urged that All) support 
additional research oi tile vector, seek inno,vative methods for vector control, 
study the eftectiveness o a coniihination of self-hel in ethids for inalaria control, 
and conduct operational rescarch oti malaria control niethods in urban areas. 
AID, the coisuhianits also suggested, shol d consider the same elements inother 
areas of' Africa, specifically iNtIify ig Iazania a ire nchi-sl)aking coti tries. 

Literature Review, National Institutes of Health PASA, 1978. G. G. Blevins 
and R.J. Davis published "Mdaria Vector (Control, A Review," a review of 
malaria vector control methods, including those being developed. 

Low-cost, Self-help Village-level Malaria Control Methods, 1978. AID's Office 
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avoiding the possible waste of millions of dollars on the wrong insecticide. Field
tests of several of the biodegradable analogues of DDT developed by the Uni­
versity of Illinois had discouraging results. The project was expanded to cover
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During the eight-ycar life of the sel'Ond-phase project, the Research Suh-Unit
at Semarang in Indonesia made numerous contributions to malaria programs
in tropical coulltries, including the testing of new insecticides (the team was
the only one in the world with the competcnce and experience to conduct Stage
IV and V trials of new insecticides); innovative usc of insecticide and spray
equipment: and progress in developing supplemelllary and alternative methods
of malaria control.

Vector-borne Disease Consultant WorLshop, 1975. The workshop idcntified
malaria in Africa and control of the A. h(JlJlbi(Jf as a high priority, and suggested
field visits so recommendations for delll ,nstration programs in a self-help attack
on vector-borne diseases could be made. Consultants urged that AID support
additional research on the vector, seck innovative methods for vector control,
study the effectivcness of a combination of self-help met hods for malaria control,
and conduct operational resean:h on malaria control methods in urhan areas.
AID, the consultants also suggested, should cousider thc same elements in other
areas of Africa, specilicallv idcutifying Tanzania alld French-speaking countries.

Literature Review, National Institutes of Health PASA, 1978. G. G. Blevins
and R. .J. Davis puhlished "l\lalaria Vector Control. A Review," a review of
malaria vector control methods, including those heing dcvelopcd.

Low-cost, Self.help Village-level Malaria Control Methods, 19'/8. AID's Office
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of Health proposed a low-cost, self-help project for the testing of various 
methods of malaria control on a local level. Although considerable interest was 
expressed in the concept, funds were not made available. 

Alternative Malaria Control Methods, U.S. Department of Agriculture PASA, 
1978-1979. The ovei'all objective of the project was to develop alternative 
malaria control methods that are not dependent on pesticides. Specific objectives 
were to denionstrate the ability to induce high levels of sterility and population 
reduction ofA. albimantsin El Salvador by releasing sterile males, to determine 
the competitiveness of the released insects in relation to the existing population 
and the ett'ect of inigration o total Ipopullition cntrol, to test various coibiina­
tions of control methods to reduce niosquito population s prior to the release 
of sterile male mosquitoes, and to evaluate, in collaboration with CI)C, tile 
effect of the reduced incs(luito populatio l oin the incidence of' malaria. 

The project developed operational approaches in the field testing of the 
reslIts of niany years of UASI)A research ;111ilpr iled coisideiable valtable 
scientific infoirmnation fio fitiure use. Ill reierence to tiec specific objectives, tie 
studies revealed a high level of comipetitiveness ill the genetically sexed strains 
of A. albimanns. Mosquito opulation reductions were observed iii the experi­
inental area, but in igratioii of fertile iisek is front outside the experiiiental zone 
prevented coniplete populatioin control. Indications were that resuIts would be 
better with a larger test area (r one withIiore eflective natural geographic 
barriers. 

Comprehensive Vector Control, 1979. Following the Asia Malaria Strategy 
Study and a renewed concerin over the resurgence of inalaria, the icalth Office 
proposed a "Conprehenisive Vector Control Project." The project would inte­
grate established vectir citiirol methodohlgies, such as source reduction, water 
managenent, larvicidiiig and :tadtiliciding with new appraches ill biological, 
genetic and cliemiical (itrol that would be enviroiiiiemtally siable and reduce 
dependence on residual insecticitdes. Ilighly acclaiied by reviewers and strongly 
endorsed by the tecliic;il tices of AI)'s three regional burctis having COin­
tries with serious nalria I)roblcilis, ie project finally was itltdetd in the fiscal 
1982 iidgci sulbinissioin, but still has nit been iiiplimiented. 

Vector-control Research Workshop, U.S. Department of Agriculture PASA, 
1982. A state-of-the-art worksiop tt set the stage fir tile proposed Comlprehen­
sive Vector Ctiniril Prtigraiii was held in (Gainesville, Iltirida, just as tile AID-
s)onstredI National AcadIy of Sciences Wiirksho ii I Piileiis Relate( to the 
Developmienit of an Antiialaria Vacitie latnched the Ali)-expanded Malaria 
hiintnity and Vaccinaliot Research lPrograiii. The participants iimade recomi­
mendations and esta lished i rities for lie research nceded ill each of tile 
key aspects tI ector cOi l incit ding insecticides, Source rediction, water and 
weed nanriagenl, sitrv'eilli iice, a tract la ts and repellents, ciiviro nme ntal 
problems, genetic control and sterile insect techniiqtues, biological control, popu­
lation dynamics and computer siniulations. 
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1982. A state-of-the-;trt workshop to set the stage for the proposed Comprehen­
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Funds for the program were never obligated and none of the recommenda­
tions of the several consultant teams or the workshop has ever been carried 
out. Considering the increasing incidence of malaria worldwide and the com­
pounding of technical problems, the need for research on vector biology and 
control is greater than ever. The lack of support can be attributed, at least in 
part, to inadquate appreciation of the difficulties and incomplete understanding 
of WHO's Reexamination of the Global Strategy for Malaria Eradication and 
the 1970 AID Policy for Malaria Eradication Multilateralization of Technical 
Services, as well as the erroneous impression that a malaria vaccine would soon 
be ready and that it would obviate the need to improve or replace control 
methods. 
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Appendix F 

AID Malaria Vaccine Research Network 

ProjectInstitution 

1. 	 Bio-Medical Research Institute 
1211 Parklawn Drive 
Rockville, MD 20852 
Investigator: Dr. Mike tHollingdale 

2. 	 Bio-Medical Research Institute 
1211 Parklawn Drive 
Rockville, MD 20852 
Investigator: Dr.Werner Zolg 

3. 	 Case Western University 
Cleveland, OH 44106 
Investigator: Dr. Masamichi Aikawa 

4. 	 Universityof Hawaii, 
School of Medicine 
3675 Kilanea Avenue 
Honolulu. HI 96816 
Investigator: Dr.Wassim Siddiqui 

Project Objectives 

To achieve the full in vitro cycle of develop­
ment of the exoerythrocytic stage of P. vivax 
and P.falciparumin suitable culture systems 
and the molecular characterization of the 
human hepatocyte receptor for plasmodial 
sporozoites. 

To take a 10-step approach to the develop­
ment of an effective red blood cell (merozo­
ites) specific malaria vaccine using DNA 
techniques (genetic engineering). 

(a) To consider the causes and effects of 
renal syndrome on Aotus monkeys; (b) to 
characterize protective antigens of human 
malarias, especially P.falciparum and P. vi­
vax, against the sporozoite stage. 

(a) To produce and enrich segmenters/ 
merozoites of in vitro cultured P.falciparum; 
(b) to put ify in vitro cultured P. falciparuim 
segmenter/merozoite antigens; (c) to char­
acterize P. falciparun merozoite antigen 
obtained through purified saponin treat­
ment and its comparison with that of natural­
released merozoites; (d) to do vaccination 
studies in Aotuls trivirgatusgriseimembrausing 
a standardized P.falciparuimantigen derived 
from long-term in vitro cultured P. falciparurn. 
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Project Objectives

To achievc thc full ill vitro cyclc of develop­
ment of the cxocrythrocytic stage of P. vivax
and P.falciparlllll in suitablc culture systcms
and the molcClllar charactcrization of the
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To take a lO-step approach to thc develop­
ment of an effcctive rcd blood cell (mcrozo­
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VtlX. againstthc sporozoitc stage.
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5. 	 Uniformed Services University of 
the Health Sciences 

Department of Microbiology 
4301Jones Bridge Road 
Bethesda, MD20014 
Investigator: Dr. Susan Langreth 

6. 	 UniversityofMissouri 
DepartmentofVeterinary 

Microbiology 
Columbia, MO 65211 
Investigator: Dr.Theodore Green 

7. 	 Universityofllinois 
225 Veterinary Medicine Annex 
1101 West PeabodyDrive 
Investigator: Dr. Miodrag Ristic 

B. 	 New York UniversityMedical Center 
Department of Microbiology 
550 First Avenue 
New York, NY 10016 
Investigator: Dr. Ruth Nussenzweig 

9. 	 Michigan State University 
Department of Microbiology 
East Lansing, MI 48824 
Investigator: Dr.James B.Jensen 

10. Scripps Clinicand 
Research Foundation 

10666 N. Torrey Pines Road 
LaJolla, CA 92037 
Investigator: Dr. Robert Reese 

(a) To locate the surface and the internal 
malaria antigens to which immune animals 
produce antibodies; (b) to characterize those 
antigenic components structurally, cyto­
chemically and immunologically; (c) to 
develop assays to assess purity of blood-stage 
antigen preparations and to screen for inter­
strain antigenic differences and variations 
in vitro; (d) to determine the structure and 
function of the knobs (alterations on the in­
fected erthrocytc surface produced by P. 

falcilmrurn infection). 

(a) To identify, isolate and characterize 
merozoite surface coat insmunogens; (b) to 
test the immunosensitivity of candidate 
immunogens in vitro and in vivo; (c) to assess 
vaccination procedures and/or adjuvants 
with immunogenic antigen, including safety 
/toxicity testing in Aotus and rabbits; (d) to 
establish baseline prevaccination reference 
data for Aotu subjects, including interval 
of activity data. 

Research on the inira-crythrocytic proto­
zoan agent, P. falciparum, to develop a vac­
cine based on soluble antigens released by 
the parasite during in fection. 

(a) To immunize with purified antigens of 
P. berghei sporozoites; (b)to characterize and 
isolate protective antigens of P. knowlesi 
sporozoites; (c) to characterize plasmodial 
antigens of sporozoites from different 
malaria species including 1'. berghei, P. knowl­
esi, P. cynomolgi, P.falciparwm and P. vivax; 
(d) to do scro-epideniological investigations 
of sporozoite-indutced immunity in Thailand. 

(a) 	 To identify, isolate and characterize 
"naturally elaborate" soluble exoantigens 
in the exhausted culture medium used to 
grow P.falcilartn; (b) to identify and char­
acterize soluble exoantigens from cultured 
P. falcipaorum that may play a role in pro­
tection against malaria and thus may be a 
vaccine candidate; (c)to use electron micro­
scopic immunolabeling techniques, deter­
mine the subcellular position of those anti­
gens that show promise as potential vaccine 
candidates. 

To identify, isolate and begin chemical char­
acterization of one or more macromolecular 
components of the asexual erythrocytic 
forms of P.falciparum, which can be used to 
induce protective immunity in owl monkeys. 
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5. Uniformed Services Universi.t.y of
the Health Sciences

Department ofMicrobiology
430 IJones Bridge Road
Bethesda, MD20014
Investigator: Dr. Susan Langreth

6. UniversityofMissouri
Department ofVeterinary

Microbiology
Columbia, MO 65211
Investigator: Dr. Theodore Green

7. University oflllinois
225 Veterinary Medicine Annex
110 I West Peabody Drive
Investigator: Dr. Miodrag Ristic

8. New York UniversityMcdical Center
Department of 1'.1 icrobiology
550 First Avenuc
New York, NY 10016
Investigator: Dr. Rutb Nusselllweig

9. Michigan State University
Department ofMicrobiology
East Lansing, MI 48824
Investigator: Dr. James B.Jensen

10. Scripps Clinic and
Research Foundation

10666 N. Torrey Pines Road
LaJolla, CA 92037
Investigator: Dr. Robert Reese

(a) To locate the surface and the internal
malaria antigens to which immune animals
produce antibodies; (b) to characterize those
antigenic componcnts structurally, cyto­
chemically and immunologically; (c) to
develop assays to assess purity ofblood-stage
antigen prcparations and to screen for inter­
strain antigenic differences and variations
in vitro; (d) to determine the structure and
function of the knobs (altcrations on the in­
fected erthrocyte surface produced by P.
ja/d/Klrllnl infection).

(a) To idelllify. isolate and characterize
merozoite surface coat immunogens; (b) to
test the immunosensitivity of candidate
immunogens ill vitro and ill vivo; (c) to assess
vaccination procedures and/or adjuvallls
with immunogcnic allligcn, including safety
!toxicity tcsting in /\0/11.1 and rabbits; (d) to
establish baseline prevaccination reference
data for Ao/w subjects, including interval
ofactivity data.

Research on the int ra-erythrocytic proto­
wan agcnt, P. fa/ci/,arwll, to dcvclop a vac­
cinc based on soluble antigens rclcascd by
thc parasite during infcction.

(a) To immunizc with purified antigcns of
P. berghri sporozoites; (b) to charactcrizc and
isolate protective allligens of P. krlOw/r.l;
sporozoites; (c) to charactcrize plasmodial
antigens of sporozoites from diffcrcnt
malaria species including 1'. berghri, 1'. kllow/­
r.li. 1'. c)'IlIJ/l/IJ/IJ/,ri, 1'. ja/cilmmm and P. vivlL~;

(d) to do sero-epidemiological invcstigations
of sporozoite-indnced immunity iu Thailand.

(a) To identify, isolate and characterizc
"naturally elaborate" soluble exoantigcns
in thc exhausted culturc medium used to
grow l'.ja/ciIHmllll; (b) to idelllify and char­
acterizc soluble exoallligens from culture:!
P. ja/cipanl1ll that may playa role in pro­
tection against malaria and thus may he a
vaccine candidate; (c) to use electron micro­
scopic immunolabeling techniques, dcter­
mine thc suhcellular position of thosc anti­
gcns that show promisc as potcntial vaccine
candidates.

To idcntify, isolatc and bcgin chemical char­
acterization of one or more macromolccular
cornponcllls of the asexual crythrocytic
forms of P. ja/cilmrrlm, which can be uscd to
inducc protectivc immunity in owl monkeys.
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11. 	 Centers for Disease Control 

Infectious Disease Center 
Atlanta, GA 30333 
Investigator: Dr. Kent Campbell 

12. 	 American Institute for Biological 
Sciences 


1401 Wilson Boulevard, Suite 701 
Arlington, VA 22209 
Program director: DorothyJordan 

13. 	 Battelle Memorial Institute 
Pacific Northwest Laboratories 
P.O. Box 999 
Richland, WA 99352 
Investigator: Dr. Richard Weller 

(a)To store, produce and partially charac­
terize selected isolates of P.falciparuon and 
their derived clones, which would be dis­
tributed upon request to investigators with­
in the AID malaria vaccine network; (b) to 
prepare various MABs against human 
malarias for use of AID network labora­
tories; (c) to determine the susceptibility of 
Sainiri sciureus monkeys to P. falcipmnrm; 
(d) to determine autigenic characterization 
of geographically diverse strains of P.falci­
parln; (e) to determine tilesusceptibility of 
different types of Aolus monkey to infection 
with d'fferent strains and species of plas­
moditim. 
(a) To develop and manage models for net­
work implementation, review and evalua­
tion; (b) to develop models for Aotus and 
related primates for biochemical/husbandry 
parameters and the standardization-central­
ization of data analysis; (c) to develop and 
manage guidelines for FDA-mandated data 
and laboratory management; (dI)to conduct 
research on the various species of Aotus to
include distribution of range in South 
America, kariotyping and testing their 
applicability as a humaninalaria model; 
(e) to develop and manage patent/legal sup­
port of network research program; (0 to 
conduct research at Institute Nacional de 
Salud, Bogota (Dr. Carlos Espinal): identify
protective antigen(s) of P. faciparunt miero­
zoites by using serun frorn Aotus inonkeys in 
which varying degrees of immunity have
been induce(d by different immunication 
schedules, and serumn fron infected patients;
evaluate pulative ncrozoite imm tinogens 
in Aotus; and breed Amus monkeys. 
(a) To modify data entry software for Sys­
ternatized Nomenclature of Pathology 
(SNOP), Systematized Nomenclature of 
Pathology (SNOVET) and/or related pro­
grains to p~rimates within AID's program; 
(b) to coordinate exchanges of primate data,
analyze all data and provide statistical back­
stop for allaspects of primate data required
by the U.S. Food and Drug Administration. 
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Infectious Disease Center
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12. American Institute for Biological
Sciences

1401 Wilson Bouievard,Suite701
ArlinglOn, VA 22209
Program director: DorothyJordan

13. Battelle Memorial Institute
Pacific Northwest L'Iboratories
P.O. Box 999
Richland, WA 99352
Investigator: Dr. Richard Weller

(a) To store, produce and partially charac­
terize selected isolates of P. !alcipan17n and
their derived clones, which would be dis­
tributed upon request to investigators with­
in the AID malaria vaccinc network; (b) to
prepare various MABs against human
malarias for use of AID network labora­
tories; (c) to deterll1ine the susceptibility of
Saimiri SciIlTt'ILI monkeys to 1'. !alci/xlnlll/;
(d) to determine a'ltigenic characterization
of geographically diverse strains of P.falci­
panlln; (e) to determine the susceptibility of
different types of /IO/ILI monkey to infection
with different strains and species of plas­
modium.

(a) To develop and manage models for net­
work implementation, review and evalua­
tion; (b) to develop models for AO/ILI and
related primates for biochemical/husbandry
parameters and the standardization-central­
ization of data analysi,; (c) to dcvelop and
manage guidelines for FDA-mandated data
and laboratory management; (d) to conduct
research on the various species of AO/IIS to
include distribution of range in South
America, kariotyping and testing their
applicability as a human malaria model;
(e) to develop and manage palemllegal sup­
port of nelwork research program; (I) to
conduct research OIL Institule Nacional de
Sal\l(l, Bogola (Dr. Carlos Espinal): idenlify
proleclil'e amigen(s) of 1'. !(/lripaTII711 mero­
zoites by using serull1 from AO/I1.1 monke~s in
which varying degrees of ill1ll1unit y have
been induced Ill' dilferem imll1l1nicalion
schedules, and serum from infected patiems;
evaluate pUlalive nwro7.0ile immLinogcns
in An/lIS; and hreed Ao/l/.\ monkeys.

(a) To modifl' dala entry software for Sys­
temalized NOIllenclalure of Pathology
(SNOP), Sl'slematized Nomenclature of
Pathology (SNOVET) amI/or relaled pro­
grams to I,rimates within AI D's program;
(b) to coordinate exchanges of primate dara,
analyze all data and provide statislical back­
SLOp for all aspects of primate data required
by the U.S. Food and Drug Administration.
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adjuvant In immunology, a substance that, when mixed with an antigen, en­
hances antigenicity and gives a superior immune response. 

antigen A substance, usually protein in nature, introduced into the body to 
stimulate the body's immune system to produce antibodies. 

Annual Parasite Incidence (API) The proportion of malaria cases detected 
on an annual basis in relation to a unit of population (usually per 1,000).

Anopheles Genus (or subgenus) of mosquito of the subfamily Anophelinae, 
which includes all vectors of human malaria. 

chemoprophylaxis The use of" a chemotherapeutic agent (drug) to prevent 
the development or progression of a specific disease. Primary chemo­
prophylaxis is the prophylactic use of a drug before infection has occurred; 
secondary chemoprophylaxis is the prophylactic use of a drug after infec­
tion has occurred but before disease has become manifest. 

chemotherapy The treatment of disease by chemical agents. 
endemic Term applied to malaria when there is a constant measurable inci­

dence both of cases and of natural transmission in an area over a succession 
of years. There are four levels of endemicity: hypoendemic, mesoendemic, 
hyperendemic and holoendemic (highest). 

entomology The branch of zoology that deals with the study of insects. 
epidemic Term applied to malaria when the incidence of cases (other than 

seasonal rises) in an area increases rapidly and markedly above its usual 
level or when the infection occurs in an area where it was not present before. 

epidemiology The study of the various factors that determine the frequencies 
and distributions of disease and infectious processes. 

erythrocyte Red blood cell. 
erythrocytic Developing within red blood cells; applied to stages ofthe malaria 

parasite. 
exoerythrocytic Outside the erythrocyte; a term applied to stages in the de­

velopment of malarial parasites that takes place in tissue cells instead of in 
red blood cells. 
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adjuvant In immunology, a substance that, when mixed with an antigen, en­
hances antigenicity and gives a superior immune response.

antigen A substance, usually protein in nature, introduced into the body to
stimulate the body's immune system to produce antibodies.

Annual Parasite Incidence (API) The proportion of malaria cases detected
on an annual basis in relation to a unit of population (usually per 1,000).

Anopheles Genus (or subgenus) of mosquito of the subfamily Anophelinae,
which includes all vectors of human malaria.

chemoprophylaxis The usc of a chemotherapeutic agent (drug) to prevent
the development or progression of a specific disease. Primary chemo­
prophylaxis is the prophylactic usc of a drug before infection has occurred;
secondary chemoprophylaxis is the prophylactic use of a drug after infec­
tion has occurred but before disease has become manifest.

chemotherapy The treatment of disease by chemical agents.
endemic Term applied to malaria when there is a constant measurable inci­

dence both of cases and of natural transmission in an area over a succession
of years. There arc four levels of endemicity: h}'poendemic, mesoendemic,
hyperendemic and holoendemic (highest).

entomology The branch of zoology that deals with the study of insects.
epidemic Term applied to malaria when the incidence of cases (other than

seasonal rises) in an area increases rapidly and markedly above its usual
level or when the infection occurs in an area where it was not present before.

epidemiology The study of the various factors that dC'termine the frequencies
and distributions of disease and infectious processes.

erythrocyte Red blood cell.
erythrocytic Developing within red blood cells; applied to stage~ ofthe malaria

parasite.
exoerythrocytic Outside the erythrocyte; a term applied to stages in the de­

velopment of malarial parasites that takes place in tissue cells instead of in
red blood cells.
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gamete Mature sexual form, male or female. In malaria parasites, gametes 
normally develop in the mosquito. 

gametocyte The sexual stage of the malarial parasite in the blood which may 
produce gametes when taken into tile mos(uito host. 

host, definitive Host in which sexual reproduction of tile malaria parasite 
occurs. The mosquito often is described as the definitive host; invertebrate 
host is preferred. 

host, intermediate [ lost in which asextal forms of the ialaria parasite devel­
ops. Man ofteni is described as tile interiediate host of ina i malaria 
parasites; vertebrate host is preferred. 

hybridoma technique If lyniphlocytes sensitized to certain antigens are fused 
with mouse cancer cells, the new cells (hybridonias) multiply rapidly and 
indefinitely, and prodtice anii antibody targeted for the original antigen. 
Selecting the progeny for a single h'lbridonia cell, a genetically uni forni 
colony of clones call be found. The antlibody produnced by this colony is 
known as a monoclolnal anti body. Application oftlil Ihl ridOnit CCinique 
provided aIbreaktlhrough ii tihe methods available lot analysis of the anti­
gtlit comJ)ositioi of imiicroorgainisrms, for rapid diagnosis and to aid in the 
developrl "I oi viccines. It issimplle and straightforward, arid can be readily 
develctl .'1 Inade availal1e for ise ill developing Countrlies. 

incidence \. - l r of' cases odf disease occurring during a given period ini 
rllili 1()tie ilti of poptilatin ill which they occur. Not to be confused 
with lpie'ileice. 

in vivo In living aiiiials.
 
in vitro In a1 lest tithe or otlier labo-ator' container.
 
malaria A disease characterized by intermittent febrile paroxysmns, anenia
 

aid slenic enlargeniei, caused by inf cliois witlh parasites, generally 
a.isigiied to the gellus Palasllodiloll, class Sporozoa. 

malaria control A-\n operatiion ainied at reducing the prevalence to a level at 
which lile disease i () lngelr is aimi j i)u)lic health problen. 'lie iItinate 
goal may le traldication ofhth iiilaia. (ontiiol camrp aigns are not time 

limited. 
malaria eradication Al operariin ,iniatd al ending tile tralnsmnission oflnmalaria 

and at eliiniialing tlie rese rvoir ol ini'leted cases. Iradication cainpaigns 
are limited itl til ild carritd out unlil there isrio resumption oftrllislis ioll. 

merozoite One of lie yollng lortIs derived rollr the splittIihg 1ipof tle schizont 
in tile hlinarn cycie of tlh inalarial llasiiodiiin. It is released into the 
circulating bloo ( and aitaicks ilew crvt'rhcic)yres. 

monoclonal antibodies I Iighly sli) cific disease-lighting molecules produced 
ill artificia lly clealed hbirid cells. "These nlecules act by cornmbining with 
antigens, with the co nintd rill'cutiles triggering the body's defense system. 
These anlibodies also canilbe cormbine d with eiziiyies or radioactive narkers 
to produce laboratory markers for their antigens. 

oocyst The encysted or encapsulated ookinete ill the wall of a iosquito's 
stomach. 

96 Glossary

gamete Mature sexual form, male or female. In malaria parasites, gametes
normally develop in the mosquito.

gametocyte The sexual stage of the malarial parasite in the blood which may
produce gametes when taken into the mosquito host.

host, definitive Host in which sexual reproduction of the malaria parasite
occurs. The mosquito often is described as the definitive host; invertebrate
host is preferred.

host, intermediate Host in which asexual forms of the malaria parasite devcl­
ops. Man often is described as the intermediate host of human malaria
parasites; vertebrate host is preferred.

hybridoma technique If lymphocytes sensitized to certain antigens arc fused
with mouse cancer cells, the new cells (hybridomas) multiply rapidly and
indefinitely. and produce an awibody targeted for the original antigen.
Selecting the progeny for a single hybridoma cell, a genetically unili>nll
colony of clones Gin be I(lund. The antibody produced by this colony is
known as a monoclonal antibody. Application of the hybridoma technique
provitlt·c! a breakthrough in Ihe methods available for analysis of the anti­
genic COIIIJ)()sition of microorganisms. lilr rapid diagnosis and to aid in the
develop''', "I of van:ines. It is sim pIc and straight forward. and can be readil y
develop!'ll 'Id made available for usc in developing countries.

incidc'nec '.":,,ber of cases of disease occurring during a given period in
rd.lII"11 III the unit of population in which they occur. Not to be confused
with prevalence.

in vivo In living animals.
in vitro In a test tube or other laboratory container.
malaria A disease characterized by imel'lnittent febrile paroxysms, anemia

and splenic enlargement, caused by infections with parasites. generally
;usigned to the genus PitH/not/iI/III. class S/IIII'IJZOrJ.

malaria control An operation aimed at reducing the prevalence to a level at
which the disease no longer is a major public health problem. The ultimate
goal may be eradication of the malaria, Control campaigns arc not time
limited.

malaria eradication :\ n operar ion aimed al ending Ihe transmission of malaria
and at eliminating the reservoir of infected cases. Eradication campaigns
arc limited inlinH' and carried out unrilrhere is nll resumplion of transmission.

merozoite One of I he young fOl'lns derivcd from the splitt ing up ofthe schizon t
in the human cycle of the malarial plasmodium. It is released into Ihe
circulating blood and attacks new l'I'ythrocytl's.

monoclonal antibodies Highly specilic disease-fighting molecules produced
in artificially created hybrid cells. These molecull's a(( by combining with
antigens. with the combined molecules triggering the body's defense system.
These antihodies also can be combined with enzymes or radioactive markers
to produce laboratory markers for their antigens.

oocyst The encysted or encapsulated ookinete in the wall of a lI\osquito's
stomach.
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parasite rate The percentage of persons showing malaria parasites by blood 
smear examination. 

paroxysm Cyclic manifestation of acute illness in malaria characterized by a 
rise in temperature with accompanying symptoms. 

Plasmodium Generic naine of the parasites of hullnll ma aria. The four species 
that cause malaria in huii mans are: .lcipartim (the most frequent and viru­
lent); inalariae (causes quailarta i nalaria, which has tit intermittent fever 
with paroxysin s rccurring oi evety fourth day); (ale (causes tertian 
malaria-intermittent fever with paroxysinis recurring on every third day, 
found in the Congo and adajaceiit areas, tencIs to encd in sponta neotis recov­
ery); and vivax (causes the mildest fotrm, with i);rltoxytSms occurring every 
other day-altholgh they ti av occur daily if Iiere are two broods of parasite 
segmenting on alternate days). 

prophylaxis Any io ethod of' protection frot or prevent ion of disease. 
recurrence Renewed maniiestation of infection (long-term relapse) believed 

due to reinfection of e rythrocytes front exoerythrocytic fims. 
residual insecticide An insecticide which, when suitably applied cn a surface, 

maintains inseticidaI activity [Or considerable titile either by contact or by 
fumigant action. 

schizont Inttracelhilar asetxual f<tiii of ilie nalari parasite, developed either 
ill tissue or ill blood cells. 

sporozoite Final stagec f sporgng it v f'I'/i intlie mosquito. The infec­himw/j 
tive fortii of the mialatria parasite Ocitrs eitlerlitt inattire oocyst before 
its rupture or it) lie salivary glatds of the mosqluito. 

stratification \n a;cxti(l tc',hnique to help select the niost appropriate in­
tervention anid to, chvteitinw the .areas where ittlervetitioll is most needed. 
Stratification eiables the ileintilicatici of te;ts with similar epidemiological 
characteristics so that a single setof control tactics cani le applied to similar 
areas. Stnhdivis;(ots illItche 1chrig sellsitivity, illsec icide susceptillility, high 
mortality and Iparasite spltics. 

subspecies Polllation of organisitms originally belonging to tile same species 
but so isolated Il,' gecograj hical barriers froii olier polulations of the 
speciesas to have itileritte tax,)ntti:.ly signiifict getietic dlivergence. 

vector Froii the Latin, "cti wholicarries." Aliy species of' iiosclititoes in which 
the Plaslodiutm cottlletes its sexual cycle in iature aicd is thus able to trails­
tImit the disease. 

vector-borne disease A disease that cannot be directly transmitted from 
Iiumai to humat but reqcuires oligatory maturatiln ot'tle disease-causing 
organismit within the body of an intermoediate host. 
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parasite rate The percentage of persons showing malaria parasites by blood
smear examination.

paroxysm Cyclic manifestation of acute illness in malaria characterized by a
rise in temperature with accompanyin~ symptoms.

Plasmodium Generic name of the parasites ofhulllall malaria. The four species
that cause malaria in hllmans arc: falcipanlln (the most frequent and vinJ­
lent); malariae (causes quartan malaria. which has all intermittent fever
with paroxysms recurrin~ on every fourth day); O\'ale (causes tertian
malaria-interlnittl'lIt fever with paroxysms recurrin~ Oil every third day,
found in the COII~O alld adjacellt areas, tends 10 end in spontaneous recov­
ery); and \'ivax (causes the mildest form, with paroxysms occurring every
other day-although they may lllTur daily if there arc two hroods of parasite
segll1entin~Oil alrernate days).

prophylaxis I\n)' lIIethod of protectioll from or prevclltion of disease.
recurrence Renewed mallifcstation of infccrion (Ion~-tenll relapse) believed

due 10 reinfectioll of eryt hrocytes frolll exoerythrocytic forms.
residual insecticide An imecticide which, when suitably ;~pplied on a surface,

maintains insecticidal activit)' for considerahle time either hy contact or by
fumigant action.

schizont Intracellular asexual form of the malaria parasite. developed either
in tissue or ill hlood cells.

sporozoite Filial stage of sporo~onyof /'/a,\11I11r1iwlI in the mosquito, The infec­
tive form of the malaria parasite O(TllrS either ill a mature oocyst before
its rupture or III jhe salivary glands of lhe mosquilO.

stratification I\n anah tical IlThnique to help selccr the most appropriate in­
tervention and to detl'l'milll' the areas where interventioll is most needed.
Stratification enables the identification of areas Wilh similarepidellliolo~ical

characteristics so lhat ot sillgle set of lOlllrol tactics call be applied 10 similar
areas. Suhdivisi'llls illllud(' drug sellSitivity. insecticide susceptihility, high
mortality alld potrasite spclies.

subspecies Population of orgotnisms originally belonging to the same species
but so isolated hy geographical barriers from olhn populations of the
species as 10 have ulldergolle I;'xonomicallv sigllificant gelletic divergellce.

vector From the Latin. "one who carries." An)' species of Inosquitoes ill which
the P/Il,llIIlIrlilllllcolnpll'tes its sexual (veil' in lIature and is rhlls able to trans­
mit the disease.

vector-borne disease i\ disease that cannot be dirl'uly transmitted from
human to humall but requires obligatory maturation of the disease-causing
organism within the body of an interlnediate host.
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