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On July 1, 1966 work on immunological® as-

pects of malaria wvas initiated at the University
“of-1llinois under a contract with the Agency for

International Development, The general long
range objective of the research is the eventual
development of ‘a vaccine for the prevention
and treatment of human malaria.

‘I'he contract represented a farsighted realiza-
tion by AID that'additional tools besides insec-
ticides' and chemo-therapeutic drugsi would be
needed in the future struggle against malaria—
a view which is daily conﬁrmed by reports of
resistance to insecticides by malaria mosquito
vectors and by the increasing evidence of the
ineffectiveness of malaria drugs which swere for-
merly so: useful in treating the disease in hu-
mans.

‘The decision to support the program at the
University of Illinois, in additibn to being far-
sighted, required courage, The contention of
the Illinois group that malaria vaccination was
theoretically feasible was not a view that was
universally held by malariologists.

It is well kKnown that once an individual has
recovered from an infection of mumps or
whooping cough, he is resistant to a recurrence
of the chscase even il reexposed to the infec-
tion, 1t was observations of this sort that led to
the deyelopment of vaccines against a whole
range of bacterial and viral diseases from' chol-
exato yellow fever,

But malavia is not caused by bacteria or vi-
ruses. It iy a parasitic disease caused by a proto-
zoan, a. minute pretoplasmic  acellular or
unicellular animal. Obsevyations in malarious
arcas indicate that it fails toinduce immunity,
particularly in children, for about 10 years. In
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other words, those who survive 10 years of con-
stant exposure to malaria acquire some natural
immunity to the infection. This.is hardly a very
promising basis on which to plan a yaccine!

But the Illinois group was convinced that the
failure to deyelop inununity after natural infec-
tion could be overcome artifically if due con-
sideration is given to. the changes which' the
protozoat parasite goes throu"h in the human

body.

Encountering Malaria

The first encounter that man experiences
with malaria is at the time that the mosquito
injects sporozoites (infective protozoa) into
his blood. The number of sporozoites injected
by a mosquito_ is highly variable and good esti-
mates of daily exposure in endemic areas are
not ayailable, However, analysis of sporozoites
indicates: that the amount which a person is
likely to acquire by mosquito bites is not sufli-
cient to stimulate an immune reaction.

Nor is there sufficient time for the sporozoite
to induce immunity. In less than an hour it
changes into an exoerythrocytic stage (in the
tissue rather than in the blood) in the liver,
where it is 1o longer available to the body's im-
mune system.

Under experimental. laboratory conditions,
however, scientists at the University of Illinois
and clsewhere hayve shown that a high degree of
unmunity can be induced artificially by the spo-
rozoite stage and after it enters the blood stream
before the parasite enteis the liver and trans-
forms 1nto the trophozoite or vegetative stage.

\We have here in malaria immunity a situa-
tion which contrasts sharply with the experi-

ence of microbial immunologists. It appears
that it is possible to induce a bcttcr immunity,
to malaria by artificial means than that which
nornially occurs as a result of exposure to natu-
el infection. :

[t has been found that sporozoites which have
been weakened by ultra violet and Xeray or
Killed by fréeze-thawing or careful dehydration




These microdissections of mosquitoes provide researchers with valuable information about the malaria-carrying insect,

can be used to vaccinate against infection. The
amount of sporozoite antigen (the chemical
that produces the immune reaction) required,
the method of antigen preparation, and the im-
munizing schedule ol vaccine injections are all
critical factors in achieving a successful immun-
ity.

In general, the body-parasite relationship de-
scribed {or the sporozoite stage also applics,
with mach modification, to the trophozoite
(bloaod) stages.

Without belaboring the details, which are be-
yond the scope of this article, the implications
for the future development of a vaccine aie sev-
eral. It is necessary to determine which of the
various stages of the life cycle are potentially
useful as sonrces of antigen and which are sus-
ceptible to the immune vesponse. Once specific
aniigens have been prepared and demonserated
w be clicctive immunizing agents, the problem
hecones one of developing the practical tech-
nology for the production of adequate amounts
of antigen.

At the University of [Hinois, sporozoite anti-
gens have heen preparved and tested in mice and
found o be effective in stimulating resistance
W ointectien in 99 percenc of the nmmunized

mice. Trophozoite antigens have also been pre-
pared in a partially purified form and demon-
strated to be highly cffective in mice. A single
injection stimulates resistance in over 90 per-
cent of the immunized mice, enabling them to
survive and recover from what otherwise would
have been a fatal inlection.

The work with trophozoite antigens in mice
has been translated into tests to protect mon-
keys against a virulent strain of primate ma-
laria. This work has bheen successful and gives
confidence that results obtained in the mouse-
malaria system can eventually be applied to
man on an experimental basis—perhaps within
five vears.

But there are a number of problems which
must be overcome.

The tsk of preparing adequate amounts of
sporozoite antigen involves the laborious and
diflicult maintenance of anopheles mosquitoes,
infecting them by feeding on animals whose
blood contains gmuetocytes  (infective cells) ,
storing the infected mosquitoes in a healthy
condition uatil oocysts (the developing stages
of malaria in the mosquits midgut) and spovo-
coites bave developed, then maiatly i ecting
out the wifected mosquitoes’ salivary elands and
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DrioM. R. Ronquillo scruhmzes an'in vitro tissue culture
ofithe anopheline. mosquito.

preparing them for antigen injections or using
them for the infection of mammals.

This tedious process has been routinized suf-
ficiently to provide material for the experimen-
talistudies which have established the pottntnl
immunizing ability of the sporozoite antigens,
It is nbwnus however, that the method is not
suitable for the large scale production needed
[orvaccines.

{n'order to solve this bottleneck, in wvitro
(i.e.in the test tube) tissue cultures of anophe-
line  mosquitoes  were undertaken in  1969.
Methods have been developed to rear moscui-
toes bacteria-free (aseptically) through their en-
tive life ¢ycle including blood' feeding. Asepti-
cally reared mosquito: larvae haye provided a
source of tissues which are maintained in an an-
tibiotic [ree/nutrient medium where they un-
dergo considerable development and prolilera-
tion. .

‘These  tissue

cultures:  appear,  [rom

preliminary results, to provide an adequate’ en-

vitonment for/the development of the oocyst
and sparozoite stages. An immediate task is to
seale up in witro production of the sporozoite
velated anrigens and to developsimilar methods
for trophozoite and cametocyte production.

Gurretitly, the method for preparing trophos
Zoite Antigens requires a source of inlected
I_lli_!(f:f,i.

il ave bled ac iotie when a high per-

contage of cheir reds blood cells ave infected.
1

Thocntected ved cellsave treateds by possiages

Aeonorolledl Tase oressure svstem o T his

disrupts the red cell membranes: and' releases
the parasites. After appropriate jashing and
centrifugation, the trophozoites are subjected to
a second treatment at high pressure. ‘Che second
treatment  disintegrates  the parasites and  en-
ables their separation from contaminating hem-
oglobin and /other materials to take place by
passage through a chromatographic column.

Although each of the two vaccines has been
tested by/itself and found rto be effective, they
have not yet been tested together, We are now
working on methods to combine both antigens
in one polyvalent vaccine which svould both
stimulate resistance to the infection at the time
it enters the body and suppress an infection
after it has reached the blood stage.

Using Multiple Antigens

Immunologists. have known for some time
that immunization with multiple antigens in-
jected at the same time is less effective than pre-
senting each antigen by itself. On the other
hand, the effectiveness of the antigen can be im-
proved markedly by purifying the active sub-
stance so that it is free of extraneous:matter.
Purification, therefore, is an important step in
the preparation of a polyvalent vaccine, A num-
ber of methods are being investigated as poss*-
ble purification steps.

Another complicating factor encountererl
during the monKkey trials is the finding that pro-
tective immunity was induced only in thosc
monkeys which hac been injected with a combi:
nation of antigen mixed with adjuvant. Adju-
vants are catalysts which enhance antigenic ac-
(tivity,  Though = not  required = for/ the
stimulation of immunity in mice, they inay be
needed for primate immunity. A wide' varicty
‘of adjuvants are used in human vaccines and
trials to find safe and effective adjuvants for use

with' malaria antigens will have to/be under-

taken.

It is exceedingly difficult to predice, with any
coniidence, when an cffective human malaria
vaccine will be available. Our résearch group
has already fulfilled the conditigns of the ATD
contract, which pm\’:dt_s finangial support for
the testing of vaccines in 1T101]Lt.ys after encour-
aging proteceivity is induced/in laboratory ro-
dents. On the busis of laboratory results and the
theoretical’ considerations  outlined  above, a
human vaceine appears. [easibles The Gnal ac-
complishment will depengl on our success in
solving thie practical problems of antigen pro-
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duction andieffective aniunization. Rt
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