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INTRODUCTION

The need for normal human subjects to use in
appraising the activity of antimalarial drugs led,
in 1944, to the establishment of a clinical research
unit at the Illinois State Penitentiary, Stateville,
Illinois. Through an arrangement with the De-
partment of Public Safety,3 one floor of the prison
hospital and a portion of a second floor were placed
at the disposal of the Malaria Research Project.
Approximately 500 inmates volunteered to act as

subjects.
The studies were designed primarily to yield in-

'This investigation was carried out under contract,
recommended by the Committee on Medical Research,
between the Office of Scientific Research and Develop-
ment and the University of Chicago. The studies were

planned in cooperation with the Panel on Clinical Test-
ing of Antimalarials of the Board for the Coordination
of Malarial Studies. This work was further aided by the
participation of Army Medical officers assigned to the
project by the Surgeon General, U. S. Army.

Through a cooperative arrangement between Professor
Clay G. Huff and Dr. Frederick Coulston, Department of
Bacteriology and Parasitology, and the Malarial Research
Unit, Department of Medicine, the former group bred
Anopheles quadrimaculatus mosquitoes, supervised their
infection and the inoculation of volunteers, and deter-
mined the intensity of infection in the salivary glands of
the mosquitoes. The latter group assumed the responsi-
bility for clinical care of patients studied by both groups.
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formation concerning the effect of potential anti-
malarial agents upon the relapse rate of sporozoite-
induced vivax malaria. The observations also
furnished information on the prophylactic and sup-
pressive effects of the drugs tested, as well as data
on their toxicology and pharmacology in man.
The Chesson strain of malaria was selected for
study because its short latent period between at-
tacks ( 1) made feasible the rapid accumulation of
information. An abundance of normal volunteers,
in the younger age groups, living under standard
conditions of diet and daily routine, made con-
trolled clinical testing of antimalarial drugs pos-
sible. 'The institution being in a non-endemic
area, accidental reinoculation was not a problem.

PROPHYLACTIC TESTS

The subjects were white, male inmate volun-
teers in good physical health. They were ac-
quainted beforehand with the nature of the dis-
ease and the general plan of the study. Nearly all
men were in the age group of 21 to 40. Only those
whose stay in the institution was ascertained to be
18 months or longer were selected. Follow-up
observations could be made in nearly 100 per cent
of the subjects. Volunteers who had lived in
known malarious areas, or who gave a history sug-
gestive of previous malarial infection, or who be-
longed to one of the colored races, were excluded
in order to minimize the factors of acquired or
natural immunity.

A medical history was taken and physical ex-
aminations were made on all candidates. In ad-
dition, the following procedures were routine:
complete blood count, urinalysis, urinary urobili-
nogen concentration, phenolsulfonephthalein ex-
cretion, cephalin-cholesterol flocculation, serum
bilirubin, blood nonprotein nitrogen, blood Kahn,
blood typing, chest x-ray, electrocardiogram, and,
where indicated, erythrocyte sedimentation rate.
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Malaria parasite. The Chesson strain of P.
vivax (2) was isolated from a military patient who
presumably had acquired his infection in New
Guinea and was under treatment at the Harmon
General Hospital, Longview, Texas (3). This
strain is characterized by a high relapse rate when
treated with noncurative drugs such as quinine
and quinacrine, by a short period of latency be-
tween successive attacks, and by almost complete
absence of delayed primary attacks (1, 4). The
strain was maintained in psychotic patients at the
Manteno State Hospital, Manteno, Illinois,4
chiefly by blood inoculations from donors who had
manifested high gametocyte densities during tro-
phozoite-induced infections. Not infrequently,
however, donors were Stateville volunteers, whose
malaria had been sporozoite-induced.

Transmission. Mosquito infection was carried
out under the supervision of Drs. Clay G. Huff
and Frederick Coulston of the University of
Chicago, Department of Bacteriology and Para-
sitology. Anopheles quadrimaculatus mosquitoes
were permitted to feed on patients whose gameto-
cyte densities were such as to insure a reasonably
high incidence of infection in the biting mosqui-
toes. They were then incubated for suitable in-
tervals in the mosquito insectory at the University
of Chicago.

Inoculation of volunteers. The technique of ini-
tiating sporozoite-induced infections was a modi-
fication of that used by Coatney and his cowork-
ers (5) at the Federal Penitentiary at Atlanta, Ga.
Mosquito lots were used in which the incidence of
infection was high, as determined by random
sampling. Each patient received the bites of ten
infected mosquitoes. After feeding, the mosqui-
toes were dissected and a microscopic examina-
tion made of the salivary glands to determine the
degree of infection. Each mosquito was kept in
an individual plastic cylindrical cage 4.5 cm. in
height, the ends of which were covered by coarse
mesh. In most instances, the mosquito was per-

4 The facilities of the Manteno State Hospital were
made available for these studies through the cooperation
of Mr. Rodney H. Brandon and General Cassius Poust,
former and present Directors of Public Welfare; Drs.
Conrad Sommer and George A. Wiltrakis, former and
present Deputy Directors, Department of Public Welfare,
and Drs. Edward Ross and Walter H. Baer, former and
present Superintendents of Manteno State Hospital.

mitted to bite two or three subjects consecutively,
the first feedings being interrupted before blood
was visible in the abdomen of the mosquito. The
last feeding was permitted to proceed until the
mosquito stopped spontaneously or became en-
gorged with blood. When a mosquito refused
further feeding after it had already bitten one or
two patients in a group, a substituted mosquito
was allowed to complete the inoculation of the
given group of men. Similarly, when mosquitoes
were found on dissection to be uninfected, sub-
stitute mosquitoes were fed on the same subject.

In the multiple-bite technique, which was the
usual procedure for inoculation, each man re-
ceived, as nearly as possible, the same number of
first, second, and third bites. Men receiving no
drug and, therefore, serving as control subjects,
were inoculated at the same time as those receiv-
ing drug for prophylactic testing. The group bit-
ten by the same mosquitoes included at least one
control subject.

The technique of infecting the subjects on inocu-
lation day varied, and assumed one of several basic
patterns, as follows:

1. Most commonly the patients were inoculated
in groups of three.

2. The men were occasionally inoculated in
pairs, each pair receiving the bites of the
same ten infected mosquitoes.

3. In exceptional instances each subject was
bitten separately by ten infected mosquitoes.

Administration of drugs. Three to five volun-
teers were employed for prophylactic tests. In the
standard prophylactic procedure, the drug was ad-
ministered on the day before inoculation, the day
of inoculation, and for the following six days.
Drugs were administered in gelatin capsules at
four-hour intervals to obtain fairly constant con-
centration in the body fluids.

It was necessary to take elaborate precautions
in order to avoid errors in dosage. At the start
of observations, the exact number of capsules
required for each patient's entire course of treat-
ment was placed in individual bottles. An indi-
vidual treatment sheet was also prepared. This
sheet contained the following information: the
patient's name, the code number of the drug, the
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detailed schedule of drug administration for the en-
tire course of therapy, and the number of capsules
that should remain in the bottle at the end of each
day. The bottle and complete treatment sched-
ules were given to the nurses. The capsules re-
maining in each bottle were counted daily and
checked with the original schedule. At the time
of the daily tally, enough capsules for the ensu-
ing 24-hour period were removed from the orig-
inal bottle and each dose was placed in a single
small vial, on the label of which had been noted
the name of the patient and the hour for admin-
istration. When an individual dose was admin-
istered, the nurse signed the treatment schedule
opposite the hour for which the dose had been
scheduled.

Observations. Thick films of the peripheral
blood were taken daily after the eighth day fol-
lowing inoculation. When fever appeared, the
films were read, and, if positive, previous films
were examined. The films were of capillary blood
and were prepared and stained according to the
method of Earle and Perez (6). Sufficient area
of a film was inspected microscopically to insure
counting of all the parasites contained in 0.1 c. mm.
of whole blood. The count was then referred to
1.0 c. mm.

The oral temperature and pulse were recorded
when the thick films were made. Subjects were
admitted to the hospital when fever or symptoms
made ambulatory status inadvisable.

During the periods of hopitalization, observa-
tions were made as follows:

1. Rectal temperature, pulse, and respirations
every four hours. When the rectal tempera-
ture was above 1010 F., these observations
were made every 30 minutes.

2. Blood pressure every day.
3. Total daily fluid intake and urine volume.

4. Daily urinalysis.
5. Determination of plasma drug concentrations

every day or on alternate days; more fre-
quently if special information was desired,
as in the case of rapidly excreted or rapidly
degraded drugs.

6. Special tests necessary to detect and study
toxicity.

CURATIVE TESTS

Subjects. The volunteers were selected and in-
oculated as described for the prophylactic studies.
In a few cases inoculation was achieved by the
injection, intravenously, subcutaneously, or into
lymph nodes, of a suspension of infected mosquito
salivary glands. Many subjects had served in
tests in which prophylaxis had failed, or had be-
longed to the control group. Only patients hav-
ing primary attacks, first and second relapses,
were used as subjects in tests where it was de-
sirable to minimize the effects of immunity. Suc-
cessive clinical attacks in the same individual were
used to study the therapeutic properties of dif-
ferent drugs. Later observations (1), however,
indicated that attacks in patients whose pre-
ceding latent period was prolonged, presented a
milder therapeutic challenge to a test drug. Con-
sequently, in the later curative trials whenever the
amount of drug available was limited, tests were
restricted to subjects whose preceding prepatent
and latent periods showed no unusual prolonga-
tion.

Administration of drugs. For most therapeu-
tic tests, treatment was begun at noon of the day
after a patient had satisfied both of the following
criteria:

1. Malarial parasites had been demonstrated in
thick films of the peripheral blood for two
consecutive days. The films were made as
described above for prophylactic tests.

2. The rectal temperature had been 1020 F. or
over.

The drugs were administered at four-hour in-
tervals to obtain fairly constant concentrations in
the body fluids, except that slowly excreted or
slowly degraded drugs, such as SN43617, quin-
acrine, and chloroquine, were given less fre-
quently. The usual period of drug administration
was 14 days. The technique of drug administra-
tion was carried out as described above for the
prophylactic tests.

Observations. Interim observations when pa-
tients were neither receiving drugs nor undergo-
ing a malarial attack were made as follows:

Thick films of the peripheral blood were taken
every other day and alternate films were studied
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for the presence of plasmodia. The films were
studied as outlined above. Thus, the- onset of
peripheral parasitemia was localized within one
day. Patients were admitted to the hospital either
when they became febrile or when symptoms or
heavy parasitemia made ambulatory status inad-
visable. When parasitic latent periods exceeded
six months, observations were made once a week.

During hospitalization for therapeutic studies,
the same observations were made as are listed
above under Prophylactic Tests.

The majority of drugs studied in therapeutic
trials have been members of the 8-aminoquinoline
group of compounds. For these drugs, the follow-
ing additional tests were added to the above rou-
tine:

a. Leucocyte count every day and differential
every fourth day, oftener when indicated.

b. Hemoglobin and methemoglobin determina-
tion every day, and on occasion, twice a day.

c. Electrocardiogram after treatment.

COMMENT

Using the technique outlined, it has been pos-
sible to develop a standardized procedure for the
controlled clinical testing of new antimalarial
agents. The actions of previously known drugs
such as quinine, quinacrine, and pamaquin, have
been documented quantitatively, and used as

standards of comparison in the evaluation of new
drugs. Thirty new compounds have been tested.6
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