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FART 1

During the past five vears, 1930 to 1934, an area lying in the mid-
basin of the Chagres River in Panama has been observed and
studied with regard to malaria, and various sorts of treatment
have been given the inhabitants in an effort to control the disease.
The topography, elimate and other physical factors of this area
have been sufficiently discussed in previous reports (1, 2, 3). The
ares is typieal of much of the Caribbean coastal lowlands of
Central Ameriea, and the population of the five river villages and of
the eontrol town 5 miles away iz fairly typical of the small rural
communities in this part of the world. The only marked differ-
ence lies in a somewhat stronger negroid element in these people
than is usual. Taken as a whole, villages of this type form the
reservoir of native labor which must be used by commercial
companies in developing the resources of the country. Hence
any factor which lowers the efficiency of such labor must be
fought.

Malaria is the most serious cause of lowered efficiency in such
a population. It eannot be entirely eliminated, but by various
means it can be reduced to negligible proportions, as is witnessed
by conditions in the Panama Canal Fone, which lies within 7
miles of our towns. The costly measures of control used there
are not economically feasible in our area, so our efforts have been
directed toward a reduction of malaria, either by direct attack on
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the parasite by drugs, or by breaking the chain of infection in the
mosquite by antigametoceyte treatment. Our efforts have been
concentrated on the seed-bed of malaria, the young children and
adolescents, in an attempt to decrease this great reservoir of
infection, from which the discase is spread.
In this attempt we have used several drugs and combinations
of drugs over the four-vear treatment period. These various
methods may be here briefly summarized:

Quinine sulphate to all positives found in monthly surveys, without
adequate supervision; September, 1930 to December, 1931.

Quinine sulphate to all positives found in monthly surveys, without
adequate supervision; combined with plasmochin simplex 0.01
gram twice weekly to all inhabitants; January, 1932 to Septem-
ber, 1932,

Alabrine, 1o a seleeted group, without supervision; August, 1932,

Quinine sulphale, to all positives, without adequate supervision;
Oetober, November, and December, 1932,

Alabrine, 1.0 gram over a five-day period, under strict supervision,
to all positives who could be reached ; January, 1933 to August,
1933 inclusive.

Atabrine, same dosage, unsupervised, to all positives; September
to December, 1933,

Atabrine, 1.0 gram over a five-day period, and plasmochin simplezx,
supervised treatment, in 4 towns; quinine sulphafe treatment,
unsupervised, and plasmochin simplex 0.2 gram over five days,
supervised, in 1 town.  Both treatments over the period from
January, 1934 to August, 1934 inclusive.

The control towns during this period were as follows:

Septernber, 1930 to December, 1931, Chilibre, unsupervised gui-
nine sulphaie.
January, 1932 to December, 1932, New Ban Juan, unsupervised
quinite sulphale,
January, 1933 to August, 1933, New San Juan, unsupervised gui-
nine sulphale.
January, 1934 to August, 1934
Chilibre, unsupervised quinine sulphale.
New San Juan, unsupervised guinine sulphate (no atabrine),
but with supervised plasmochin simplex,
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The results of these efforts are here briefly summarized :

Malaria parasite surveys, using the thick-film technique, are
the yard-stick by which our results are measured. These surveys
are made monthly, and beginning in September, 1930 were fol-
lowed by treatment with quinine sulphate supplied under the
supervision of a native community nurse, who was supposed to
give each adult sufficient quinine sulphate for a ten-day course
using 20 grains a day. Children received proportionate doses.

Before this trestment was instituted, we had as a base-line
several surveys made at various times during the previous year.
These showed a rather high malaria rate. Combining the figures
for the initial surveys made in each town, we find a malaria
parasite rate in 599 persons of 45.6 per cent. Two later surveys,
made in June and August, 1930, before treatment was started,
show malaria. parasite rates of only 23.0 and 18.3 per cent, in 469
and 387 persons, respectively. The comparatively low rates
found in these later surveys strongly indieate that the primary
survey was made at a time of unusual prevalence of malaria,
probably at the erest of one of the eyclical variations in malaria
rate which have occurred several times during our own work, as
will be shown.

If we use the initial surveys as our base-line, our results are
encouraging. But if we use the later surveys, made just before
treatment was instituted, the results of a year's work are disap-
pointing, The eombined malaria parasite rate in September,
1930 was 16.2 per cent; in September, 1931 it was 23.1 per cent.
A similar, but much more marked inerease oveurred in Chilibre,
our eontrol town, which rose from 10.1 per cent in September,
1930 to 43.1 per cent in September, 1931. The inefficacy of the
treatment used was due probably to the objections of the people
to quinine, with consequent failure to take enough of the drug
to reduce the parasite rate. It should be mentioned that all
treatment was voluntary, at that time and ever sinee, during all
of our work.

During the three-month period between September, 1931 and
January, 1932, treatment was continued on the plan outlined
above; In January, 1932 the administration of plasmochin simplex
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was begun in 4 of the towns, in addition to quinine sulphate.
Two control towns reecived quinine sulphate only. The plas-
mochin, given for its sterilizing effect on gametoeytes, and not
because of its curative power, was administered by ourselves twice
weekly, in doses of 0.01 gram, for a period of nine months, from
January to September, 1932 inclusive, to all the inhabitants of
the 4 towns who could be reached.  About 390 out of 630 persons
took 75 per cent of this treatment, and almost all the remainder
received some plasmochin, '
Again our results, as compared with parasite rates in our two
control towns, were not satisfactory. Table 1 shows these rates
in the quinine-plasmochin group of 4 towns, the quinine control
town, and in Chilibre, a town used as a control, in which only 0.01
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gram of plasmochin per week for four weeks was given to all
positives, in addition to quinine sulphate.

The control towns show a greater proportional reduetion in
malaria parasite rate than does the guinine-plasmochin treated
group of 4 towns. The plasmochin apparently had some effect
on the oteyst rate in Anopheles, for in the 4 plasmochin-quinine
towns, it was only half that found in New San Juan, which re-
ceived no plasmochin. Apparently the cffeet was not great
enough to show any marked decrease in malaria parasite rate.
The same decrease in parasite rate occurred in Chilibre, and also
to a much greater extent in New San Juan, which received no
plasmochin; so it is probably unsafe to refer much of the decrease
in the 4 plasmochin-quinine treated towns to the use of
plasmochin.
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Chur control over the administration of the quinine sulphate
supplied was defeetive, as iz shown by the following figures:
between January, 1932 and September, 1932, 535 persons having
malaria parasites in their blood were found in our 4 plasmochin-
quinine treated towns. Eighty of these could not be followed up
in the succeeding month, leaving 445 whose history iz known in
the suceceding month; 317 of these were negative, but 138, or
30.53 per cent, were positive for two succeszive months, showing
that they had not taken sufficient qguinine sulphate, in addition
to their plasmochin, to sterilize the blood. This fact helps to
explain our fairly constant parasite rate throughout the first
eight months of this period.

During the peried from the end of September, 1932 to January,
1933, the administration of plasmochin was stopped, and quinine

TAEBLE 2
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sulphate only was supplied for all those found with positive
bloods, with one wvery important exception. In August, 1932,
after the monthly survey, 32 persons who had positive blood
were freated with the new synthetic drug, atabrine. Little
supervision could be exercised over its administration, but
evidently the drug was effective, for all persons so treated were
negative at the survey made a month later. At least half of this
number remained negative for the four following months. Tak-
ing this many positives out of circulation, so to speak, reduced the
malaria parasite rate in our 4 treated villages during the next four
months (September to December, 1932) to the lowest level it had
ever attained hitherto. Table 2 gives these rates.

While the parasite rates in New Ban Juan, s confrol town re-
eeiving no atabrine, rose steadily from August, 1932 to December,
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1032, the rates in Chilibre, another conirol town which also
received no atabrine, fell nearly to the same level as did those in
our 4 treated towns. So, as is quite usual in this sort of work, it
is difficult to determine the exact part played by treatment in
effeeting this reduetion in our treated towns.

In January, 1933, the reduction in rate, however it was caused,
was completely cancelled, and after rising to 17.7 per cent in the
4 treated towns in January, 1933, it remained stationary for the
following eight months, being 16.3 per cent in August. The
parasite rates for New San Juan were consistently higher, but also
stationary, ranging from 28.8 in January to 28.6 in August.
During this period the senior author made a very earefully con-
trolled study of the value of atabrine in reducing the malaria
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parasite rate. This drug was used in the 4 river villages, and the
towns of New SBan Juan and Chilibre were used as controls, which
received no atabrine, but were supplied with quinine sulphate for
the treatment of all positives. About 400 persons whose blood
showed parasites were treated in the 4 villages over a period of
elght months (January to August, 1933). The dosage for adults
was 0.3 gram daily for five days, and the senior author personally
adiministered the drug, visiting each person treated three times
daily. Contrary to our early expeectations, atabrine did not re-
duce the malaria parasite rate, as more than half of all cases
treated during the last four months were “blood positive” relapses
after treatment faken during the first four months. Some of the
cases showed parasites in the blood every other month during the
eight-month period, having been treated at each reappearance of
the parasites,
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No plasmochin was given as a routine during this period (Janu-
ary to August, 1933). During the suceeeding four months,
guining sulphate was supplied to all blood positives, under
inadequate supervision. The parasite rate in the 4 villages de-
creased from 18.1 per cent in September to 11.6 per cent in De-
cember, 1933,

Table 3 gives the parasite rates in the 4 atabrine-treated river
villages, and in the two control towns.

ATABRINE-PLASMOCHIN BXPERIMENT, 14934

In view of the poor sueeess of our attempt to reduce the parasite
rate with atabrine alone, as recorded in our previeus paper (3),
it was hoped that the addition of plasmochin in therapeutic doses
might be of aid, both beeause of its sterilizing effect on gameto-
eytes, and because of its curative powers. Knowing from much
previous experience the futility of atterapting drug control with-
oul supervising its administration, the two drugs were dispensed
personally by some responsible person. The same four villages
as were used in the atabrine test were used for the atabrine-
plasmochin experiment, and the same two townsz, New San Juan
and Chilibre, were used as controls,

In the 4 atabrine-plasmochin treated towns, treatment of all
persons found blood-positive in the monthly survey was begun in
January, 1934, using atabrine (1.0 gram) and plasmochin simplex
(0.2 gram) over a period of five days. These drugs were person-
ally administered to each positive ease, and ecareful records of
guch treatment were made. In New San Juan, no atabrine was
used, but 150 grains of quinine sulphate in capsules or tablets
were distributed to each person with positive blood, immediately
following the survey; 0.2 gram of plasmochin simplex was admin-
iztered persomally, during five days of the week following the
quinine sulphate distribution. Records of this treatment were
likewise carefully kept. In Chilibre, a control town, quinine
sulphate (150 grains) in eapsules was given to all blood-positives,
to be taken without supervision, after each monthly survey.

During the firat month, treatment with atabrine-plasmochin
wag given personally by the senior author. During the succeed-
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ing seven months this treatment was supervised by an intelligent
Panamanian laboratory attendant, who kept records of his
treatment. Ile also supervised the giving of the plasmochin in
New San Juan, from January to August, 1934, No supervision of
any kind was given in Chilibre, where quinine sulphate alone was
used, and we have good reason to believe that much of the drug
was not taken.

In order to determine whether the reduetion in malaria parasite
rate following drug treatment iz due to our efforts, we must
select o datum or hase-line from which to measure the amount
of reduetion; we must have adequate controls, which are essential
in any sort of experiment; and we should have an accurate
knowledge of the seasonal or yvearly variations in parasite rate,
in both treated population and in controls. This latter requisite
i3 one which has often been neglected by workers in the field of
malaria control, and such neglect has caused many to take undue
credit for causing a reduction in parasite rate, which was not at all
due to their efforts, but was simply a manifestation of a down-
swing in the malaria eyele. The choosing of a proper base-line
1s intimately connected with this last consideration. The more
observations we have made hefore the beginning of our work, the
greater is the possibility of interpreting eorreetly any variation in
malaria rate which may oceur during the course of treatment
work. Our treatment work began this vear (January, 1934) at
the end of a period of unusually high parasite rates, and at the
beginning of a period of diminishing parasite rates. All our towns,
no matter how much or how little treatment they received, par-
ticipated in this reduetion in rate. In 1933, on the contrary, the
rates either remained stationary, at a rather high level, or in-
creased, no matter what treatment was given. Iven without
this knowledge of the course of parasite rates during the previous
months, the declining parasite rate in our control town, Chilibre,
during 1954 shows that we must not attribute all our success in
reducing the parasite rate to the treatment we used.

Putting aside for a moment the effeet of seasonal variations on
our rates, we shall try to measure the immediate effects of treat-
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ment by noting the number of persons showing parasites in the
bloed in the monthly survey following treatment. In addition to
this effect of treatment, we have an unique check on the amount
of treatment received in the selective action of plasmochin cn
pametocytes, especially on the crescents of estivo-autumnal
malaria. Plasmochin simplex (L2 gram administered over five
days should elear the blood of sexual parasites, 2o it becomes easy
to determine how many persons with estivo-autumnal infections
failed to take the drug. I'or persons showing crescenis in the
survey immediately following their treatment are thereby known
not to have received adequate amounts of the drug. With these
eriteria in mind, we may examine the results of the treatmenis
with atabrine-plasmochin and with quinine sulphate-plasmochin,
in our treated towns. Taking the atabrine-plasmochin treated
towns first, we treated altogether 159 ecases of “parasitacmia
with atabrine and plasmochin in the dosage stated above; all
these persons were surveved in the month following treatment.
Of these cases, only 4 showed asexual parasites in the following
survey, and only 1, a small child, showed the presence of crescents.
All the eases showing positive bloods at the survey following the
treatment period oecurred in one town, Gatuneillo, which con-
sistently had the highest rate of any town in our group during the
whole period of our study.

The suceess of the treatment in immediately ridding the blood
of parasites is sufficiently evidenced by the figures given ahove.

The immediate effect of the treatment on erescents is also quite
marked, as may be shown by comparing the pereentage of caszes
in which crescents appeared in the bleod in cages treated with
atabrine alone, in 1033, with the percentage of similar cases in
1934, when plasmochin was added. In 1933, 311 cases of para-
sitaemia cauzed by estivo-autumnal parasites in our 4 villages
were treated with atabrine alone. At the monthly survey follow-
ing treatment, 18 or 5.8 per cent showed crescents.  In 1934, 158
cases were ireated with atabrine-plasmochin, with only 1 case in
which ereseents were present at the following survey, a rate of
0.6 per cent.  These results must be viewed with caution, how-
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ever, as in 1933 there were many more cases with heavy infections,
and henee more liable to produce crescents later, than there wers
in 1934,

In spite of the fact that the addition of plasmochin to the treat-
ment with atabrine reduced the number of malaria earriers, the
erude ereseent rate based on all persons surveyed, whether treated
or not, remained nearly as high as it was in 1933, the figures being
24.1 per cent for 1934 and 29.5 per cent for 1933, among all cases
of estivo-autumnal malaria. This may be explained by the fact
that many persons showed both crescents and rings at their first
positive examination, although they may have been negative
previously for all forms of the parasite.

The effect on the relapse rate (blood-parasite relapse only)
is difficult to judge, complicated as it is with the effect of a
naturally diminishing malaria parasite rate. Of the 99 caszes of
parasitaemia treated during the first four months of the eight-
month treatment period, and who could be followed up thereafter,
39 cases again showed parasites in the blood at some time during
the period following their initial treatment. This is nearly 40
per cent of all such cases.  Among these 39 persons, there were 10
who, at 2 surveys, not necessarily consecutive, following their first
treatment, had positive bloods. MMost of these persons were
treated at the second reappearance of their parasites, but showed
parasites a third time, in spite of such treatment.

This is a somewhat lower rate of blood-parasite relapse than
was experienced in 1933, when atabrine alone was used, but even
20 1t does not lead us to think very favorably of the efficacy of the
combination of atabrine and plasmochin in preventing blood-
parasite relapse. Under the conditions of our work it is nearly
impossible to obtain accurate data as to the elinical attack rate,
g0 we are foreed to depend on the blood parasite rate as our
measure of efficacy of drug treatment.

Dring the first month of the combined atabrine-plasmochin
treatment, the senior author administered the drogs personally to
15 persons who had shown malaria parasites in the blood on
many oceasions during the previous year, but who at the time
{January, 1934) had npegative bloods. Of the total of 15 who
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received the two drugs, in an attempt at sterilization of the blood,
6 persons showed parasites at some time during the suecceeding
seven months, 2 of them in the month immediately following the
treatment.

TOEICITY OF PLASMOCHIN

During the eourse of our previous work with atabrine (3), no
toxic symptoms of any kind were noted in any of the 400 cases so
treated. It was far different with plasmochin. During January,
1934, all treatments with atabrine and plasmochin were adminis-
fered by the senior author. Of 25 persons so treated, 2 had
severe toxie reactions, necessitating the withdrawal of the drugs.
During the four months period, January to April, 1934 inclusive,
in which combined atabrine-plasmochin treatment was given, we
had knowledge of 13 cases showing symptoms of toxicity following
such treatment. These symptoms ranged in severity from mild
epigastric discomfort to the most severs gastric and abdominal
pain; diarrhoea; nausea and vomiting; and headache. Some
reactions were of such severity and duration asz to lead the
sufferers to seek mediecal attention. These symptoms usually
set in before the five-day treatment period had ended, but some-
times they were delayed in onset until several days later. Ho
numerous and severs were such cases that they caused alarm
among our villagers, and we thought it best to discontinue the
combined administration of the two drugs. So in May, 1934,
atabrine alone in the same dosage (1.0 gram over five days) was
iven under supervision, while plasmochin simplex (0.2 gram over
five days) was given, not under striet supervision, during the weel
following the atabrine treatment. Apparently this method of
giving the drugs separately, although in the same amounts as
before, reduced the number of reactions. In May, we had one
of the few cases of blackwater fever we have observed in our
villages, in a boy of twelve years, whose symptloms came on
shortly after he had completed a course of atabrine and plas-
mochin, given in separate weeks. The child recovered rather
promptly, and was negative for malaria parasitez at the next
monthly survey. We realize the loophole for error to ereep into
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our results in not carefully supervising the administration of
plasmochin ag we did the atabrine, but economie considerations
overruled in the matter, as we could not afford the expense of
maintaining the required supervision.

We feel that the toxicity of plasmochin renders it unsuitable for
mass administration, without adequate medical supervision.
This opinion is shared by many other workers (4), (5), (6),
whose experience with the drug has been similar to our own.

TREATMENT WITH QUININE AND PLASMOCHIN {E—Eﬁﬁ.-' gaN JT.ULN}

In our largest town, New San Juan, no atabrine was adminis-
tered, but quinine sulphate in capsules (15 grains daily for five
days) was given to all persons found blood-positive. The
administration of this drug was not strictly supervised until the
last four months of the eight month’s period.

In addition to quinine sulphate, 0.04 gram of plasmochin sim-
plex was administered to all positives during five days of the week
following the quinine treatment period, under striet supervision,
accurate records being kept of the amount of drug taken.

From the fact that 9 persons out of 53 pesitive in January, 1934,
were again found positive in February, it seems certain that many
persons failed to take their quinine ration, for plasmochin simplex
alone in the dosage indicated is insufficient to render parasite-free
a case showing a ““1 plug” infection (showing 1 parasite or more
per microscope field in thick film). The record improved as more
supervision was provided. Of 65 cases treated during the first
four months, which could be followed up, 26 eases later showed
parasites again in their blood, or 400 per cent, nearly exactly
the same percentage as was found among the 99 persons treated
and followed up during the same period, in the 4 villages in which
atabrine-plasmochin was used. There were 7 cases out of the
26 blood-parasite relapses who showed parasites at 2 surveys
following their first treatment.

In spite of the facts that quinine sulphate, a less potent drug
than atabrine, was used in New San Juan, and that the whole
project was much less elosely supervised, the results of the quinine-
plasmochin treatment were mueh similar to those attained with
atabrine-plasmochin,
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As in those towns, our results are likewise complieated by the
faet that we did our work during a period of naturally diminishing
malaria rates. A word of caution must be injected here against
attributing all the improvement in blood-parasite rates to drug
treatment of any sort. In the course of our work, we found dur-
ing the first four months a total of 24 persons with positive blood,
who for one reason or another could not be given subsequent
treatment, yet who were found negative at the later surveys. In
the ordinary course of events, had these persons been treated, the
freeing of their blood from malaria parasites would have been
attributed to the drug treatment.

TREATMENT WITH QUININE SULPHATE ALONE (CONTROL TOWX,
CHILIBRE )

Chilibre is not altogether an ideal town to use as a control, as
the racial composition of its population differs somewhat from
that of our river towns, and the floating population, beeause of
its accessibility by motor road to Panama City, is much greater
than is found in those towns.

Most unfortunately, we have no record of the course of malaria
rates in this town over the period from September, 1933 to Decem-
ber, 1933 inclusive. No funds were available to continue surveys
and treatment during this period. We do know that the survey
made in August, 1953 showed the high rate of 45.1 per cent, and
that the crude rate in January, 1934, when surveys and treatment,
were resumed, was 30.8 per cent. Knowing the course of ma-
laria rates in New San Juan during the period September to
Diecember, 1933, it is logical to assume that malaria rates did not
materially decrease in Chilibre, but probably remained at a
relatively high level.

The individual records of the inhabitants are not so complete
as they are in our 5 river villages, as in many cases only two or
three monthly examinations out of a possible eight, from January
to August inclusive, could be made, In order to avoid either a
dilution or an enrichment of malaria parasite rates, eaused hy the
inclusion of a large floating element, the records of 334 persons
present at two or more monthly surveys are used as the basis for
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computing the malaria parasite rates in this town. Comparison
of erude rates with rates obtained from “regular” inhabitants
(those present 2 or more times out of 8 surveys) show that the
crude rates are slightly lower, but never more than 3 per cent, and
usually less than 1 per cent, lower than rates among the regular
inhabitants.

The striking difference immediately noticeable between the
individual records among the Chilibre folk, and those in our 5
river towns, lies in the far greater number of persons who remained
positive over two or more months.  While in our 5 river towns we
have only 26 records among 910 persons who were positive for
two consecutive months, whether treated or not, in Chilibre among
334 persons we find 34 such cases; in addition we find 8 persons
positive for three successive months; 4 for four successive months,
3 for five suceessive months, and 1 apiece for six and seven
months, No doubt many of the 34 persons pesitive for two
suceessive months only would have graduated into higher classes
had they been present at every monthly survey. From the
standpoint of the sueeess of quinine treatment this is a very
disappointing showing, but as proving the thesis advanced that
a natural reduetion in malaria parasite rate was taking place, it is
ideal material. In the 5 treated villages we had only 2.8 per cent
of our “regular” inhabitants positive at two successive monthly
surveys. In Chilibre, 51 persons out of 334 “regulars” or 15.2
per cent, were positive at two or more successive surveys.  Surely
these people who remained so uninterruptedly positive could not
have taken a great deal of the quinine which was furnished them.

And vet in spite of this lack of treatment, the rates among our
“regulars” in Chilibre fell from 34.0 per cent in January, 1934, to
13.2 per cent in August, eight months later. This reduction is
nearly as great (61.2 per eent) as that which oceurred in our
treated towns; taking these as a whole, their parasite rate
dropped from 18.4 to 8.0 (65.5 per cent) in the same period of
eight months.

The reduction in malaria parasite rate followed a period of
rather high rates in all towns, including the control, and descended
from the high rates in a regular, orderly manner, in all towns,
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meluding the control. At last we have attained the goal so long
desired, for we now have parasite rates in our treated towns of
approximately 8 per cent, which we feel iz more or less of an
irreducible minimum. Quite probably, judging from the data
given above, a large unknown part of the reduetion in rate was
due to natural causes, and it is questionable whether or not in an
unfavorable season, the rates can be held so low. When we view
the future in the light of past experience, and note that several
times since Septernber, 1930 the parasite rates in our five villages
have rizen to nearly 30 per cent, and that in Chilibre they have
gone over 40 per cent on three occasions, we must come to the
conelusion that our present vear's work is of the nature of a
progress report.  In order to ascertain whether it is possible, in
the face of rising malaria rales elsewhere in the immediate
vicinity, to keep the rates in our treated villages within bounds,
by means of treatment, we must continue our treatment along
present lines during the coming vear, until in what we feel to be
the normal course of events an upswing in malaria parasite rate
oeeurs in our control town. There is no present indieation that
this has yet oceurred at the time of writing, for in October, 1934,
the rate in our control town dropped to 9.4 per cent, even lower
than the rates in some of our treated towns.

PART II, OBSERVATIONZ ON MALARIA RATES AND ASSOCQIATED
PHENOMENA IN gOME NATIVE VILLAGES IN THE
REPURBRLIC OF PANAMA

The observations reported in this second part eontinue the
record of surveys begun in 1930, and continued to August, 1934.
The malaria parasite rates in all instances are those found in a
population which was under some form of therapy for the entire
period, and henee are modified by the results of such treatment.

Malaria surveys, using the thick-film technique (7), (8) were
made in 5 villages lying on the banks of the Chagres River and
one of it tributaries. An individual record card was kept for
each individual whose blood was examined in any survey, and in
this manner an aceurate estimate of the numbers of permanent
inhabitants could be made. This record showed a population of
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910 persons in 1934. In addition, we examined at least onee
during the year from September, 1033 to August, 1934 inclusive,
approximately 318 persons, friends, relatives, or temporary
inhabitants of the 5 towns. In addition to the observations made
in these 5 towns, we made exactly similar surveys and records in
another town, Chilibre, lying about 5 miles away, during the
eight months from January to August, 1934, inclusive. This
town had a much greater floating population, as is evidenced by

TABLE 4
4 BIVER VILLAGES l REW 8aN ITAN CHILIBRE [CORTRAOL)
RATH Mum- | Num- : Por | Mum- | Mum- | Per | Nume! ¥ume | T
borex- | ber cant | boeree- | ber tent | herex-|  ber oant
i:‘u:‘.‘tinud poasitive pesitive jaminoed |:||x=ir.i\'{;ip{;q'i:i,-.-'o:||.u|.|.n|.'-:i positive pastbive
frens " . :
September.........| 388 | 71 |18.3 | 304 | 87 [u28.6
Qetober. __........] 368 40 11.0 246 | B3 | 33.7
Movember. ..., ..| 364 | 40 (110 283 | 70 | 279
Decemaber.. ...... .. 354 | 41 | 116 | 262 | =7 | 258
183 |
January. ...........| 384 | 83 (164 285 65 |92m DG [ 60 [ 30.8
Febriary . ..., .| 384 | 38 9.9 281 ( %6 |1%.8 | 171 | &5 [322
Mareh-fcaconisl sag | sl 0.6 210 22 | 10.5| 208 | 20 | 19.2
7, e T a2 9.1 250 36 12.0 141 20 15.2
MAF: e o BTO | BB 10.3 257 158 vO P 25| 3z 14.2
L T e e 241 a2 6.4 266 17 G.4 | 204 41 .4
A I e L B il R 6.4 327 30 9.1 214 | 47 | 22.0
ANeuEts o vean [ R ET0EL 20 T.8| 203 | 24 B!\ BOLE) R [E1aid
g ] s - =1 I 470 | 10.7 13,313 | 564 17.0 1,604 | 329 | 20.5
! | | |

the fact that we had 544 individual cards in our file, of which only
337 could be counted as permanent inhabitants. The inelusion
of this floating population, both in Chilibre and in our 5 towns,
in our monthly malaria parasite surveys, did not materially alter
the rates as calenlated upon the findings among the permanent
inhabitants, so in the following tables such erude rates, including
all persons surveyed, will be given. It is thought well to give
separately the rates for the 4 river villages, Santa Rosa, Guayaba-
lito, Gatuneillo and Las Guacas, for New San Juan, and for
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Chilibre, because each town or group of towns received different
malaria treatment. Table 4 gives the crude malaria rates in
these localities for the period from September, 1933 to August,
1934,

Unfortunately, lack of funds prevented us from making surveys
in Chilibre, during the four months from September to Decem-
ber, 1833 inclusive. However, it probably was a period of high
incidenece, for the survey in August, 1933 showed a rate of 45.1
per cent, and the next survey thereafter in January, 1934 showed
30.8 per cent.

The most striking single observation to be made on the above
fizures is the abrupt drop In parasite rate which occurred in all
localities in the spring of 1934, The combined rate for the 4
villages and New San Juan fell abruptly from 19.1 to 11.1 from
January to February, 1934. The surveys made in February were
the first made after vigorous treatment under supervision was
instituted here in January, 1934, so that doubtless a part of the
decreaze must be attributed to treatment. However, a similar
but not so abrupt decreaze oceurred in Chilibre, beginning a
month later here, and being spread out over two months, March
and April, during which the rates dropped from 32.2 per cent
(February) to 15.2 per cent (April). No change in the method
of treatment was made during this period, and our records show
that a great deal of the drug could not have been taken by those
to whom it was distributed.

The steady decreasze in parasite rate in the 4 river villages and
in New San Juan, continued without a notable break from
January to August. With the exception of two surveys, made in
June and July, the rates in Chilibre, our control town, did likewise.
Parenthetically it should be stated that this decrease continued
to the time of writing (October, 1934) when the rate in Chilibre
further decreased to 9.4 per cent.

From all these fipures it is evident that we have just passed
through one of the eyelical down-swings of the curve of malaria
parasite incidence. How long this will eontinue, and how great
its effect will be on the possibility of controlling malaria rates
indefinitely, the future will disclose.
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OBSERVATIONS ON TYPE OF MALARIA PARASITE, CRESCENT INCI-
DENCE, INTENSITY OF INFECTION, AND IMMUNITY

Table 5 shows the relative incidence of the various species of
malaria parasites found during the year beginning September,
1933 and ending August, 1934, The number of positives found
monthly in the 4 river villages and New San Juan are combined
in this table.

TABLE 5
Hpeeles of malavia pavesiles in lwelve monthly surveys of § river fowns

—

TOTAT TOTAL Toran TTAL PER CENT | CAREACENTS

AT POETTIVES A | ERTIAN NUARTAN TERTIAN | 1N ALLE.A.
caBEd

1953 s 2
Jeptember...........| L8 140 16 2 10.1 27.1
Cotober, ..o, ., | 123 L] 16 4 1320 20,4
Nowvember: ... o0 | 119 104 9 1 7.6 305
December. ..........0 108 04 12 | 2 b B 2.7

1554 i i

IET b A T b 1048 1 | 1 4.8 | 23.2
February. ... .. ..., ol 74 a7 17| i 20 24 6
Murshiiatsniiseigl 4R i 12 i 2 22,6 25.6
i L | 13 24 1 354 | 0.3
DY, o | b6 42 14 0 25.0 7.1
JuEesaani iall o o it a0 T 2 17.9 20.0
Tl e S s 5s | 38 16 1 291 15.8
Hgunt iy 50| a7 13 0 | 260 13.5
al by e B 1] | H40 175 16 16.49 228
Tricr G - e B0 1 NI N 7 (O (N 8 0.0 | 29.2
1918 ces vt g v Bl TeE | LES v 14 2 13.2
1930-31. ... ... .......| 1,024 Tl I 264 4] g4 2.9

Table 6 shows the same data for the period from January, 1934
to August, 1934 inclusive for the control town, Chilibre. No
surveys were made during the 4 months previous to January, 1934,

Several interesting comparisons may be made between table 5
and table 6. I'irst, in our 5 river towns, as the general parasite
rate decreased, the number of tertian cases inereased. This did
not. occur in Chilibre, where there was a deerease towards the end
of the year. Becond, the percentage of cases harboring erescents,
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among all estivo-autumnal cases, was greater in the 5 river towns,
which received thorough treatment with plasmochin, than it was
in Chilibre, in whieh no plasmochin was administered. The dif-
ference was small, but in view of the general adequacy of the
plasmochin trestment, it i3 somewhat surprising that the drug
was not more effeetive in reducing the crescent rate.

The erescent rate in the 5 river towns was 22.8, which 1s slightly
lower than the rate last vear, 29.2. 1t should be noted that in all
our 5 river towns we found during the year only one person, a
small girl, whom we eould consider a good infector of Anopheles.

TABLE &
Speetes of malaria parasdie in eighl monthly surveys, Chilibre
e TOTAL TOTAL ToTAL | ToTal FER CENT r.:;:l;;;:‘]‘rﬂ-
BATE PORITIVE FALCLE, | TIFax i MALARIAK VIVAX | IN FALCIP,
1 CARER
1034 | o |
TR, (e il 45 15 0 20 | 222
Fehruary: s i 53 45 12 0 21,8 163
Mareh,,...o......... EH] 26 13 [ 22:3 .0
7o 11 1 A e 20 2 5 0 17.2 16.7
W e 52 21 11 ] a4 4 8.6
RIS 41 3l 10 ] 24 4 10.3
UL o e s i 47 a8 & i 17.0 18. 4
LT iy 11| P e T 25 23 2 1] 8.0 By
511 R o | osr | e 1 2.2 | 17.9

Thiz may be accounted for on the basis of the observations made
on the same subject last year. We stated then “that the inei-
dence of erescents in eases of estivo-autumnal malaria seemed to
vary with the intensity of the infection. Heavy infestations,
especially in children, were usually accompanied or followed by
large numbers of erescents.” The number of heavy infections
noted in 1933-1934 was very small, as compared to those noted
during the previous year. The appearance of crescents alone,
without any antecedent infection to account for them, was again
noted during the past year. The child mentioned above had
been negative for ten months previous to the monthly survey in
which she wag found to have a heavy crescent infection.
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INVECTION IN INFANTS

During the year from September, 1933 to August, 1934, the
bleod of thirty-five infants under one year of age, living in our 5
river towns, was examined for malaria parasites, on at least one
oeCasion,

Only one child, a girl five months old, showed a heavy falei-
parum infection with erescents, on one oceasion.  This record is
much lower than was the case in 1933, and indieates that transmis-
gion was not very active during the first eight months of 1934,

INTENSITY OF INFECTION

During the year from September, 1933 to August, 1934, out of
& total of 1,031 positive bloods found in our 5 river towns, there
were 155 “plus” infeetions (1 parasite or more to each thick-film
field) or about 15.0 per cent. In Chilibre, the control town, out
of 328 positive bloods there were 37 “plus” mfections, or 11.25
per cent.

Az mentioned in former publications, the element of chance
must be reckoned with here, as the survey, made only onee each
month, may pick up one infection at its height, and another at a
time when parasites are few in the peripheral eirculation. Several
more instances of the rapid rise in numbers of parasites from
“negative’ to “plus” infeetions in a few days, as noted in our
previgus publication, were noted.

IMMUNITY

FFurther work has not led us to withdraw from the position we
took in our previous publication on the subjeet of immunity, as
being a family trait. It is hoped to make this matter the subject
of further study and publieation, so that only two instances
supporting the theory will be mentioned here.

The first concerns the relation of several “positive” families in
one town (Gatuncillo) to the consistently high malaria rate in
that town. There are 3 families there totalling 16 individuals, in
whom malaria seems to be intractable, as parasites reappear aft
intervals in their blood in spite of eontinued and repeated treat-
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ment.  Judged by negative blood-films at the termination of
treatment, this was sufficient to sterilize the peripheral blood.
There are 92 permanent inhabitants of this town in which these
16 individuals live. Subtracting 16 from 92 leaves 76 persons,
among whom during twelve months 634 blood-examinations were
made. The rate among these 76 persons was 14.2 per cent, while
in 159 examinations made among the 16 individuals, the rate was
32.7 per eent.  This means that the 16 individuals had 2.3 times
the number of positive blood-examinations per person as did the
other 76 inhabitants, and accounted for 35.0 per cent of all the
positive examinations made.

COne of our towns, Las Guacas, offers an extreme contrast to
conditions in Gatunecillo, in that it has had consistently the
lowest parasite rate of all our towns, during the entire period of
our work. Thinking that the low rate might be explained on the
basis of a different age-grouping in Las Guacas, the inhabitants
were classified az to age, and 1t was found that the proportion of
children fourteen yvears of age and under was practically the same
in both Las Guacas and in Gatuncillo, being 30.0 and 30.4
per cent respeetively, Yet in Las Guacas 28 children from
birth to fourteen yvears of age had 20 cases of positive blood during
the vear, or 0.7 per child, while in Gatunecillo 40 children from
birth to fourteen years old had 82 cases, or 2.05 per child. So
the difference in rate iz not due to a difference in age-grouping,
but to the presence in Gatuneillo of a group of persons who con-
tinued to retain their parasites, in spite of all treatment. There
are in Las Guacas, several [amilies with numbers of small children,
one with 6, another with 5, and two with 3 children apiece. Yet
in 168 examinations made during the year among these L7 chil-
dren, only 10 proved to he positive, and these were found in 5 of
the children. Contrast these with the record of 11 children in 3
families in Gatuneillo, all fourteen years old or less, who in 118
examinations made during the vear, at monthly intervals, showed
30 positive, or 33 per cent of all examinations, and in which only 1
child of the 11 did not show parasites at some time during the
Fear.

Las Guacas is slightly moere aceessible from the highway to
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Panama City than is Gatuneillo, so that visitors are possibly more
frequent, so that infeeted persons among them might serve as
foel, And, too, Las Guacas, surrounded as it is on three sides by
shallow, vegetation-covered lagoons, has a much higher Anophe-
line dfmmtg.r than does any other town on the river, as was noted
in previous reports.  Yet its rate continues low in spite of both
these unfavorable factors.

We are inclined to believe that the difference between the two
towns is due to the presence in Gatuneillo of eertain families which
lack specifie immunity to malaria infeetion, and to the presence
in Las Guaecas of families which possess this immunity, which is
seemingly a family trait. Whitmore (9) noted sumlenr family
incidence in his studies of blackwater fever. Simmons and St.
John (10) in the Philippines, noted that malaria was mostly
confined to certain families, which could be readily discovered by
spleen examination. Tt is planned to investigate all our material
obtained over the last four years, with reference to the theory of
family immunity and its converse, for it may prove to be an
unportant factor in the problem of malaria control by drug
treatment.

BUMMARY AND CONCLUSIONS

The present paper reports four year's work with drug control
of malaria, in an unsanitated area in Panama. Various eombina-
tions of anti-malarial drugs were used including quinine sulphate
alone or with plasmochin, and atabrine alone or with plasmochin,
None of the methods used were particularly successful in reducing
the malaria rate, except possibly the combination of atabrine and
plasmochin.  Monthly survevs over four years indicate the
presence of cyclical variations in malaria parasite rate extending
over several vears. If treatment of any sort happens to be given
during a down-swing in rate, success is nearly sure to follow; but
if it is given on an upswing in rate, apparently nothing ean stop
the natural course of the ecyele. Even atabrine, the most useful
drug we have to date, was unable in 1933 to reduce materially
the parasite rate during a period of eight months,

The effect of the addition of plasmochin to atabrine and to



CONTROL OF MALARIA WITIL ATABRINE AND PLASMOCHIN 153

quinine in 1934 is obseured by the greater effect of the naturally
decreasing malaria rate, as evidenced by eomparative rates in our
- control town, 1t will be necessary to eontinue the administration
of hoth drugs during the next up-swing of the parasite rate, in
order to ascertain its effeet.

Although we feel that the reeent improvement in malaria
parasite rate is not due solely to our efforts, we have no doubt
but that the general health of our villagers is much improved over
its eondition in 1929, before our work started. At that time
there was mueh more evidenee, in the form of anemia, cachexia
and other indications of malarial infection, of the ravages of the
disease. By continued work we have reduced the numbers of
chronie infections, and have tanght the people to apply for diug
treatment for their fevers, and have effected a consequent material
improvement in general health conditions which may enable them
to resist suceezsiully the next onslaught of the disease.

Part II of the paper summarizes the malaria parasite rates
found in twelve monthly surveys in 5 towns in the valley of the
Chagres River, and ecompares the percentages with those found
in previous yvears. The evidence of our conirol town indicates
that 1934 was a vear of naturally declining parasite rates. The
possibility that immunity is a family trait is discussed, and several
llustrations are given in support of the theory.
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