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. I. OpsERvaTIONS ON Mavaria CONTROL WITH ATABRINE

After the infroduction of atabrine some few years ago, the
first very favorable reports as to its efficacy in controlling the
syvmptoms of malaria gave hope that it might be the long-hoped-
for means of ridding the tropics of their greatest curse, We shall
not review the already extensive literature on the drug, but will
quote a typieal example from an article by A. L. Hoops (1}, who
used it among estate laborersin Malacea. He states:

The points in favor of the use of atabrine in place of quinine are: (1)
The fever is usually reduced as quickly as with quinine. . . .. (23 No
parasites of any deseription were found in the blood of any hospital eaze
ont the conelugion of the treatment.  (3) The treatment is short, simple,
and effective, one 14 grain tablet 3 times a day for 5 days only, as against
a prolonged eourse of quinine.  {4) The drug is not unpleasant to take,
and is not depressing. It is well tolerated, even by pregnant women and
voung children, and in blackwater fever, . ... {5) Relapses are rare
after atabrine, while with quinine the relapse rate is high, (6) Last,
but not least, atabrine is a powerful preventive of malaria in the sense
that most of those treated with it, being cured, are rid of the infection
and eompletely non-infective to their fellows.

We agree with Hoops with regard to points 1, 3, and 4, but unfor-
tunately our own work in Panama has rather definitely shown
that his conclusions regarding relapse and cure are unfounded.
The following data, upon which our conclusions are based, are
submitted for judgment.

As a preliminary to field trials, during the spring of 1932 the sen-

'Read st the joint meeting of the American Society of Tropical Medicine and
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ior author observed a series of 20 cases of malaria treated in Gorgas
Hospital with atabrine alone. The results were startlingly good, so
far as clinieal cure was coneerned. However, in the great majority
of estivo-autumnal cases, crescents were found in thick films taken
on the day of discharge from the hospital. Knowing from this
experience that atabrine would reduee the fever and free the
blood of all but the sexual forms of the parasite, it was given a
limited trial in the field. In August, 1932, a series of 32 cases
among native Panamanians living along the Chagres River were:
treated with atabrine, being given the usual treatment of one 13
grain tablet three times daily for five days. In every case the
blood was freed of asexual parasites by this treatment. The
majority of these cases could be followed during the succeeding
eight months, their bloods being examined by the thick film
method monthly. Of 24 individuals so followed, 19 relapsed,
and only 5 showed no recurrence of parasites during the 8 months
period.

One source of error which was not guarded against in this first
trial was in the adminmistration of the drug. Only the first dose
was personally administered, the remainder being left to be taken
aceording to instructions. IHowever, as all cases were found
negative for agexual parasites seven days after the treatment was
supposed to have been completed, it 15 certain that a large per-
centage of it was taken. To guard against this souree of error,
which was thought to be one eause of the high relapse rate, it was
determined to give the drug personally in any subsequent trial.
In January, 1933, the regular monthly blood survey which has
been made during the past three years was carried out in five
towns along fthe banks of the Chagres Hiver and its tributary
the Gatuncillo.  One week after this survey was made, all persons
in four of the villages, known hereafter as the treated wvillages,
who were found posifive for malaria, were visited three times a
day for five suceessive days, and were given 14 prains of atabrine,
personally administered, at each visit. Af the end of the five-
day period, & blood-smear was obtained from each person. One
village, the largest of the five, was not visited except at the time
of the monthly survey, but was used as a control. Here quinine
sulphate, in ecapsules or tablets, was distributed by a native
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woman of the place, to all those found positive during the pre-
vious survey.

This method of procedure was followed out. during the suceeed-
ing seven months, in three of the four villages under atabrine
treatment. It was found impossible to include the inhabitants
of the smallest village, containing about 70 people, in the list of
those receiving the drug at the hands of the senior author, be-
cause of the relative inaccessibility of the town, making it im-
practicable to visit it three times a day, and still cover the rest of
the ground satisfactorily. During eight months, 400 ecases of
malaria were treated in the four villages. For various reasons
it was impossible to follow up with blood examinations more

TABLE 1
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than 329 persons. Excluding also those 71 persons treated in the
smallest village, who did not receive personal attention, there
remain 281 persons, who were followed up during eight nmnthq
and who will form the basis for discussion of the results of freat-
ment. Table 1 shows the number of “regular inhabitants"
ewammed in the three treated towns, and in the control town, the
number and per cent positive. If we omit from econsideration
the rates for January, which of course were obtained before the
treatment with atabrine was begun, we find a difference of 5.8
per cent in favor of the three treated towns, during the seven
months from February to August, 1933. This very small differ-
ential in favor of the treated towns is due, as will be shown, to the
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high percentage of relapses in the treated cases. Table 2 shows
the number of persons examined each month during the eight
monthg period; the number positive; the per cent positive; the
number treated, who were followed up during the sueceeding
months of the period; the number of times relapses followed treat-
ment and were again treated during the period; and the number
treated each month who remained negative thereafter.

Table 2 shows that in this sort of work, it is impossible to treat
all those found positive in the monthly surveys, because of their
ahsence during the succceding treatment period. Also, no
positives showing crescents only were treated, as atabrine is

TABLE 2
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kmown not to affect crescents. There were 51 such untreated
erescent positives. The remaining difference, 203, consisted in
part of those treated, but not followed up, and in part of those
who received no treatment for one reason or another. Of this
latter group, there were 97 untreated positives. Fifty-cight were
negative the following month, 18 were positive, and in 21 the
blood was not examined during the following month. The
number, 97, who received no treatment, may seem unduly large,
but iz explained by the fact that many positives were found
during the five-day treatment period, rather than at the regular
survey time, and henee too late to receive full treatment.
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HRelapses requiring a second course of treatment appeared two
months after the first treatment. As time went on, the number
of relapses increased, until in June, July, and August they out-
numbered those who were treated during those months for the
first time. This is graphically shown in figure 1. This chart
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shows quite definitely that a very large percentage of our treated
cases relapsed within such short intervals after their original
treatment that they made up in some instanees more than half
of the total number treated in any one month. The number
remaining negative after treatment was very amall, becoming
smaller as the time-interval increased from the date of original
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treatment to the date of the termination of the treatment
period. This is shown in the last column of table 2,

RELAPSER

The first question that comes to mind in connection with this
high rate of relapses, is whether these cases are reinfections or
true relapses. We hope o show in various ways that a large
percentage, at least, of the cases treated more than once were irue
relapzes. The first method of proof consists in showing the
malaria rates in a selected group of persons in the four villages
under treatment. There were 117 persons in these villages who
were examined every month from January to August, 1933,

TABLE 3

Niunber of positives in pergons found positive or negative in Janiaory, whe were
exanrined for seven months thereafter

HUMBER OF |

HrMBEIT Ex':.!;';?;ﬁlfxﬁ : AVHRAGE
THEREAFTER

Teotal examined in Javuary and followed

up for geven suceceding months_ . ... 117 |
Positive dm:Japuary: coviu e idi i 25 T3 3.0
Megative in JANWETY. vvvnvivn vosvacnsns] L+1] |
Remaining negative themzlfter -, I a3 | ]
Becoming positive thereafter, . . ... .., | 5 | 11',I'i" | 1. lf'J

inclusive, During January, 92 of this 117 were found negative.
Thirty-three persons remained negative during the succeeding
seven months, while 59 became positive during the same period.
During these seven maonths, there were 107 cazes in these 92
persons originally negative in January, or an average of 1,16
attacks per person in this group.

During January, 25 of the same 117 persons examined 8 times
were positive.  Only 2 persons were negative for seven months
thereafter, while 23 were positive during the same period.  Du-
img this period of seven months, there were 73 cazes in these 25
persons originally positive in January, an average of nearly three
attacks per person in this group. To put it another way, of the
92 persoms out of 117 who were negative in January, 59 were
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positive at some time later during the seven following months, or
64.1 per cent. Of the 25 who were positive in January, 23, or
92.0 per cent were positive thereafter.

This material iz presented in table 3. A second method of
showing that these cases were actually relapses iz to caleulate,
from the known figures, the probability that a person having
malaria in January would have it again during the succeeding
seven months,

A theorem in probability states that if the separate probabilities
of each of several independent events are vespectively pl, p2, p3,
etc., the probability of their all ocourring together is P equals
pl X p2 ¥ X p3... TFrom this theorem let us see what is the
probability that those having malaria in January will have it
again in the succesding seven months,  The total number exam-
ined & times, from January to August, iz 117,

The number positive in January is 25,

The number negative in January is 92,

The number remaining negative thereafter is 33,

The number becoming positive thereafter, during the period
February—August, is 59.

-

R

pl 18 — 214
ol is 17, or

a%,

117,

P2 18 or 504

Pis 214 x .504, or 108,

117 x 108 is 12.6 the probable number who, having malaria in
January, will have it again later. Aectually there were 23 such
cases among the 25 who were first positive in January, nearly
twice the expected probability.

In addition to this mutually supporting evidence, there is the
accumulation of evidence over the last three years that certain
families among our villagers are more prone to show malaria
parasites in their blood than are other families. There are
hall-a-dozen such families in our treated villages in which, during
the eight months of our study, we could always find one member
with positive blood. The members of these families, in spite of
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repeated treatment, relapse time after time, and are found among
the list of those to be treated, month after month. As will be
seen from table 2, 18 persons were treated three times during
eight months, and 3 were treated four times apiece. In each
instance, the blood at the close of treatment was negative for

malaria parasites.

TARLE 4
Individual records af persons freated three or more fmes tn elght months

Haun TANTARY | n:,':'::' | MARCE | AFPRIL | MAY JUNE JOLY ATHELEHT
3G G — |Cr(5) | T — S ALTs | BA-£
D C.. .| BA-B0 — | Es+ = BEA-26 - = =
o ) CoT O B e Rk N i - |[BAaZ| =
(B BEA-i - — EA-6 | = — Es 4 |
G 1.....| BAd Cr{5) = EA-f = | S EA-f | BA-Z
BB = HA-T = A4 = — TEA-f —
(B O - | T-17 | EA-1 EA 4 — - — Ea +
Lo .| EA=E — 1BEA1 EA-f — = EA-{ -
L G.....| BA=T - EA-f = Cr(2) | BEA-2 =
P.M.....|EA+ RS |t | i
B e Ay - - | BA-3 - EA-4 - EA-f
e W 6 L EA 4 == - = T-10 - Tf.
| Fd EA 4+ = A0 = EA-5 = EA +
] b EA + -— — 1 —_ | BAf - EA-f
M.V.....|Ce(8) | EA S - — | BA+4 - T-f -
[ P e | - Ea—43 | Crid) | T-T — EA-26
Fealvize EA + = Tt - EA-f

Explanation of symbals: BA, estivo-autumnal rings; Cr, crescents; T, tertian
schizonts; —, negative. Numbers after symbols designate number of parasites
found in entire thicl film. %" designates approximately I parassite in 10 fields;
4" desipnates | parasite per field or more; ‘44" designates 25 or more per
field.

The presence of such family groups, in which malaria persists
for long periods in spite of any form of treatment, seems to us to
be the erux of the whole situation with regard to malaria control
by drugs. This type of family and of individual is not amenable
to drug treatment, and the persistence of infection in them, even
after vigorous and long-continued treatment, is the stumbling-
block in all attempts to eontrol malaria by means of drug ad-
ministration. As anillustration of this fact, table 4 is presented.
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The records of some of the families showing high malaria inei-
dence over the eight-months period are next shown, to illustrate
the tendency of the disease to “run in families.”” This tendency
may be the explanation of the so-called “malaria houses,” in
which the disease seems to show a predilection for certain dwell-
ingz. We have noted that this tendency is rather a matter of
family, for we have observed several instances during the past
three years of susceptible families moving from one town to
another, taking their malaria with them. (See table 5.) Of the
209 times individuals in these groups were examined, they were
positive 89 times, or 42.6 per cent,  All these families were under
atabrine treatment throughout the eight-months period.

TABLE &
Malaria ineidence in cerloin non-tmmune families

The first number indicates the number of individuals examined, the second, the
number of individuals found pozitive in esch manth.

Haun I‘:'I‘::r RN .-.um:rri aver, | sae | gone | me i.tr-{-.usfr TOTAL

1 1 ey
Galvan_ .........]3—1 |6—3|6—2 |6=1|86—1 |52 |58 |5=%| 4215
Colpsa, .. ........ 4—1 | 5— | 5—2 | 5—2 | 6—3 | 5—2 | 6—1 | 6—4 | 42—10
Gondols, ..., | 4=8 | 4= | =3 | 40 | 3—] | 3—2 | 2—0 24—13
Herpandex. ... .| 2—2 | 3—2 | 8—2 [ 2—1 | 8—2 | 2—1 | 3—3 | 31 | B—12
Torres. ..........| 3—2 | 5—3 | 5—2 [ 41 | 5—0 | 6—8 | 2—0 | 5—3 | 36—13
Vasquez. ........| 4—4 | 5—3 | 6—0 | 6—3 | 6—3 | 6—1 | 6—2 B—1 | d6—17

On the other hand, there are families which show a high resist-
ance to malaria, and whose members are very zeldom ill, or show
parasites in the blood, It is obvious that in these families there
must be some factor producing a high individual immunity, for all
these people live under practically identical conditions as to
housing, absence of sereening, and exposure to mosguito bites.

BEELF-CURE A8 AN ELEMENT IN EVALUATION OF EFFICACY
OF ATABRINE

It iz well known that malaria is a disease which shows a marked
tendency to get well of itself. We found among the 594 positive
bloods in our “regular” inhabitants of the four treated towns, 96
positives showing ring-forms in one survey, and not treated, who
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were negative in the sueceeding survey, a per cent of 16.2. In
other words, one out of every six persons found positive in one
survey would be negative, without treatment, in the succeeding
survey. Of course, this means that atabrine got a good deal of
eredit for elearing up positive bloods to which it was not: entitled,
for about 1 in 6 of the atabrine-treated persons would have
cleared up without such treatment,

TABLE &
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THE CONTROL TOWN

In estimating the results of atabrine, the diseussion has hitherto
been confined solely to the results obtained by its use in the four
towns under treatment. In our control town, quinine was
distributed by & native woman to all found positive in the sur-
veys. The malaria rate, with the exception of one month, was
consistently higher than that in the atabrine-treated villages.
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Unfortunately, because of our infrequent visits, we have little
information as to the incidence of clinical malaria. However, the
number of “plus” infections in the control town was higher than
in the atabrine-treated towns, the pereentages being 24.8 and
20.0 respectively. This is not much greater than the rate found
in the treated towns, but it does not tell the whole story. In
only 3 cases in which a full course of atabrine was taken was the
blood positive during the month following the treatment. On
the other hand, in the control town there were many individuals
whose blood remained positive for many months in suecession.
Table 6 compares the treated towns with the control town in this
respect.

The effect of treatment is noteworthy in reducing the number
of persons positive over long periods. This can be shown if we
take that portion of each table which contains those individuals
examined 12, 11, and 10 times during twelve months, and the
columns denoting 9 times, 8 times, 7 times and 6 times positive
during the twelve months; we find that in the four treated towns
there were only 7 persons who had malaria 6 or more times, out of
189 persons examined 10 to 12 times. In the control town, there
were 17 persons who had malaria 6 or more times, out of 46
persons examined 10 to 12 times. The percentage of persons so
positive was 3.7 and 36.9 respectively, showing that in the control
town nearly 10 times as many persons had 6 or more attacks than
did those in the treated towns.

This indicates that sufficient quinine was not taken by the
inhabitants in the control town, which received no atabrine, to
sterilize the blood, so that many individuals remained positive
from month to month over relatively long peviods. When it is
remembered that in every case treated with atabrine save 3, the
blood was negative during the succeeding month, some of the
records from the control town show well the lack of good results
from quinine distribution, There were 28 individuals in the
control town who had positive bloods for three or more suecessive
months, Table 7 shows the age-distribution in this group, and
the number of times each individual was positive at successive
monthly examinations.
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Contrast this with the results of treatment with atabrine, in
which only 3 persons treated were positive for two successive
months, The table also shows that the lower age-groups, as is
well known, show the highest incidence of malaria. No individ-
ual over the age of thirteen, in the 274 *regular” inhabitants
of the town, showed parasites in the blood for more than two
successive months, The element of chance enters into the
formation of the table to a large extent, for in many instances the
succeszion of months is broken by the omission of one examina-

TABLE 7

Showing number of Wmes suscessively postiive in eontrol town

NUMIEE OF TIMES EACH WAB
AGE HuMnEE OF INIVIDTALS POMITIVE AT
BUOCESSIVE EXAMINATIONE

1 2 3—0

2 1 3

3 3 d—i—4

4 3 f—h—H8

1 3 J—d—h

7 3 F—d—d

) 2 S

49 4 3—3—1—4
14 3 4—1—5
12 2 4—i
13 2 33

28 i

117 positive cxaminations,
Averare number of months snecessively positive is £2)

tion, the record of successive positives being taken up again
when examinations were resumed. The great majority of the
individuals showing a long succession of positive examinations
were children, and illustrate the fact that quinine sulphate,
unless administered in some disguising medium, is an unsuitable
drug for the treatment of malaria in young children. As a
matter of fact, so is atabrine, for its bitter taste makes it open
to the same objection as quinine. In our own work this difficulty
was overcome by suspending the atabrine in syrup of yerba
santa (eriodietyon) and administering it with a medicine-dropper.
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In addition to the control town situated near the four treated
villages, several towns and localities along the Madden Dam
Highway, some 5 miles from our river fowns, were surveyed
monthly during the year. These towns were also under quinine
treatinent, it being dispensed to all positives, who were visited
twice a month, sufficient quinine being left with each to cover the
intervening period.  These towns supply a goodly portion of the
labor for the construetion of the new Madden Dam., The popu-

TABLE 8
Malaria rates tn Madden Dam Highwnoy localities
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BT e 1o |1 T O e ! 3.022 40 195

lation is of the same type as that in our river towns, many of
whose people have moved to this locality in the past year, to be
nearer their work. Table 8 shows the results of the monthly
surveys made in this avea, for the twelve months from September,
1932, to August, 1933. Unfortunately, no survey was made in
this area alter August, 1933, although in this latter month there
was a sudden and sharp rise in malaria rate to twice its usual
incidence, This rise was not shared by any of our river towna.
These fizures are for the whole population examined, as no
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separation was attempted between “regulars” and the total
number examined, Therefore the figures given must be com-
paved with those for the whole population in our four river
towns, which are given in the row just below the totals for the
Madden Dam Highway localities. It is seen that even without
atabrine treatment these towns have a lower rate than the four
river towns.

THE PRODUCTION OF CRESCENTS AFTER ATADRING ADMINISTRATION

The erescents of estivo-autumnal malaria appear in the blood
shortly after the beginning of the fever, and may persist for long
periods of time, appearing in “showers” from time to time, and
varying greatly in numbers from day to day. Guinine is known
to have little or no effect upon the production of erescents, nor
does it affect their power to infect mosquitoes. Atabrine is like

TABLE 9
- e o
E I :
E}:f;;:[‘l:cnélglx:':}"r‘“ NUMBEL SHOWING i PFREILCENT SILOW- NI{::;::!‘; :I:_::J: rER CENT WiTh
THEATMENT CRESCENTIR. | MHOCRESCENTE | vwo wrRES LATER LR R,
1 S — . |-
| 32.3 14 3.6

251 a1

quinine in both respects.  During the eourse of our work we had
the opportunity to perform two infection expertments on two
individuals who had had five days of atabrine treatrnent, and
whose blood contained erescents only. In each case abundant
infection of Anepheles albimanus resulted.  Several workers have
reported that crescents are produced in greater numbers after
atabrine treatment than after quinine, but we feel that their ob-
servations are too few upon which to base such a broad generaliza-
tion. In our work, blood-specimens were taken at the end of the
last day of treatment, to determine the effectiveness of the drug.
Table 9 presents our findings.

Of the total showing erescents after treatment was completed,
only 3 showed at least 1 per microscope field (6 ¢ oeular and 100 3
objective), and hence might have proved good wveetors of the
discase. None of the 14 with erescents two weeks after freatment
showed enough to be considered good infectors of anopheles.
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As we have no observations on the course of the erescent eurve
during the period between the completion of treatment and the
next monthly examination, it is impossible to say how many of
those showing light crescent infections became possible infectors
during the period. In addition to the 81 estivo-autummnal cases
showing crescents after treatment, there were 3 cases showing
tertian schizonts before treatment, who showed crescents only,
at the completion of treatment, proving that they had mixed
infections. All 3 of the heavy crescent-carriers were young
children, who had “plus” estivo-autumnal ring infections at the
time treatment was started.

Undoubtedly a course of plasmochin administered either with
the atabrine or after this treatment was completed would have
reduced the number of erescent-carriers, and hence the number of
human vectors. It was deemed unwise, however, to complicate
the study of one drug by the use of another, with different prop-
erties and effects. In a few cases, not reported in detail, we
used plasmochin, and in every case in which crescents were
found before this treatment, the blood was freed from them in
five days, using s dosage of 4 centigrams a day. However, we
observed two cases of severe abdominal eramps in two adult
women after the use of this dosage for a period of only two days.

THE RELATIVE COST OF ATABRINE AND QUININE

Using an arbitrary figure of 180 grains of quinine sulphate,
given over a period of five days, as a dosage equivalent in effect
to 1 gram of atabrine given over the same period of time, we can
cstimate the relative cost of the two drugs. The Panama Canal
obtains quinine sulphate powder at $6.32 per avoirdupois pound.
Atabrine, for 1 gram, the five-day treatment, eosts about 30 cents,
duty-free in Panama. The cost of 180 grains of quinine sulphate
is abouf 15 cents. So that atabrine is a little more than two and
one-half times as costly as quinine.

BUMMARY AND CONCLUSIONS

Atabrine was used over a period of eight months in the treat-
ment of 400 persons living in native villages in Panama, and who

THE AMERICAN JOURNAL OF TROFICAL MEDICING, vou. xIv, xo. §
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showed malaria parasites in the blood. The predominant type
of malaria was estivo-autwmnmal (malignant tertian). Two hun-
dred and eighty-one out of the 400 persons freated were subse-
quently followed up during the eight months. Among the
“regular” inhabitants of the treated towns, the parasite rate dur-
ing the eight months, as determined by the thick-film method,
was 21.6 per cent, as against a parasite rate of 27.5 per cent
among the “regular” inhabitants in a eontrol town. In August,
after eight months of atabrine treatment, the rates were 18.6 and
31.8 per cent, respeetively. The small difference in rate, even
after intensive treatment, is aceounted for by the high relapse
rate oceurring in treated individuals, Atabrine has no effect on
the viability of creseents, nor does it prevent their appearance
in the blood, The cost of the drug is about two and a half times
that of an equivalent course of quinine sulphate. In view of the
small differential in parasite rate brought about by its administra-
tion, the use of atabrine does not seem to be a practicable method
of malaria control under the conditions existing in cerfain native
villages in Panama.

II. OpsErvaTions oN Marnaria RaTtes anp Associatep PHE-
NoMENA IN CERTAIN NaATIVvE VILLAGES IN THE
RErURLIC oF PANAMA

The observations reported in this second part of our paper are a
continuation of the record of work done in 1930, 1931 (2) and
1932 (3), and bring it up to the end of August, 1933. As the
experimental treatment work done during the last eight months
of the period has already been described, it will not be discussed
further, except to camtion the reader that the parasite rates
obtained were those found in a population part of whom at least
were undergoing treatment for malaria.

The usual monthly surveys were made throughout the year,
in five villages situated along the banks of the Chagres River,
having a population estimated at 800. As already related, during
the first eight months of 1933 atabrine was used in four of the
villages, Santa Rosa, Guayabalito, Gatuncillo and Las Guaeas,
and quinine was distributed under rather inadequate supervision



MALARIA TN PANAMA 297

m another, New San Juan. Table 10 gives the combined rates
for all inhabitants of the five towns, for the period from Septem-
ber, 1831, to August, 1933. The lowest incidence found in any
of our 36 monthly surveys, which ocewrred in the fall and early
winter months of 1932, is followed by a strikingly abrupt rise
to a relatively high rate in January, 1933, which persisted in
spite of all efforts at control by intensive treatment in four of
the five villages. This tendency of the malaria curve to show
large eyelical variations, apparently unrelated to any demonsatra-
ble external factor, is, strikingly illustrated by this sudden rise
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A MY Chmbined malaria rates in five Chagres River villages
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alter a period of quiescence. These variations must be carefully
allowed for in any evaluation of eontrol measures, as otherwise
undue eredit may be given for reductions in incidence which are
not caused by the measures used. Adequate controls are o prime
requisite in this type of work. During our work with atabrine,
happily for the experimental conditions, the malaria rate in our
control areas remained at a fairly constant high level throughout
the period of our observations.

In addition to the rates obtained in the five Chagres River
villages, some localities along the Madden Dam Highway have
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heen surveyed monthly over a period of thirty months. These
vates are compared for the years 1931, 1932 and 1933 in table 11.
They also show, even more strikingly than our river villages, the
great drop in rate which occurred in the latter part of the year
1932, and the sudden rise which began in January, 1933.

OGEESERVATIONS ON TYFE OF MALARTA FPARARITE, CRESCENT INCI-
DENCE, INCIDENCLE IN INFANTS, CLINICAL INCIDENCE,
INTENSITY, AND IMMUNITY

Table 12 shows the relative incidence of the various species of
malaria parasites found during the period from September, 1931,

TABLE 11
Combined malavia rates in Madden Dam Highwoy localities
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Febroary. .. .........; 469 | 82 [ 17.9 || February..........- 732 | 92| 13.5
Mareh. . .o oo.oiesea| 481 VL] 147 Mareh . ..ooue.. .0 752 1138 1184
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T it » s ol | T 148 W dnly. o T 1 S B8 e
Aupgust, ... B34 95 ] 149 Angustioi il | T4 [ 287 31.8 3

to August, 1933. There is apparently no significant difference
from year to year in the proportions of the various species of
parasite. -

The incidence of crescents in cases of estivo-autumnal malaria
seemed to vary with the intensity of the infection. Heavy infes-
tations, especially in children, were usually accompanied or
followed by large numbers of crescents. As already noted, the 3
most potent crescent-carriers found in our four treated towns
during 1933 were young children, who were recovering from
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“plus” infections. The appearance of erescents in the blood
without any apparent antecedent infeetion was a eurious phe-
nomenon noted, In 56 instances among the positives in our
“regular” inhabitants in the five towns, crescents alone, unac-
companied by ring-forms, were found in the blood at the monthly
survey; in every ease the preceding monthly survey showed the
blood negative. This doubtless means that an infection, either
newly acquired or latent, ran its course during the preceding

TABLE 12
felatdve incidence of lypes of molario fn five river lowns
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month, leaving the crescents behind as the only evidence of its
existence. Table 13 gives the incidence of crescents by months,
in the five river towns, and in the localities along the "'vIadden
Dam Highway, for the period from September, 1931, to August,
1933, inclusive.

Of particular interest, as partially answering the argument of
those who hold that atabrine treatment causes the appearance of
more crescents than does quinine, is the comparison of the cres-
cent rates in the four river towns for the seven months of the
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TAELE 13
Fneidence of P folelparum crescents
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treatment period, with the rates in the road towns, which re-
ceived quinine only, for the same period. The ereseent rate in
the road towns was 35.5 per cent, and 32.8 per cent in the ata-
brine-treated towns.
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Of special interest, as showing the probability of contracting a
new infection durmg the year, is table 14 showing the incidence
among infants one year old and under, in our four river towns,
and in our control town, New San Juan. Altogether, 55 infants
were examined during the year, 26 in New San Juan, and 29 in
our four river towns. The youngest age at which infeetion was
discovered was one month and nine days. In this ease, while
mosquito-borne infection is not inherently improbable, the pos-
sibility of a congenital infeetion cannot be ruled out, as the mother

TABLE 14
IJ‘J-IT-‘!HI?MS lJrlr maﬂ::riu. in i'nfan !s—_lfﬂz.:,;r rirer tnieng
AGE WHEN FARASITES WERE HNUMOEIE OF EXAMINATIONA NUMBER OF PORITIVE EXAMI-
FOIHR COF INFANTE OF BTATRD AGE KATIOND
micnths
-1 1
1-2 14 1
2-3 14
31 1% 1
45 , 13 2
a4 14 g
67 13 1
-5 12 L
B~ i)
2-10 ]
10-11 4
11-12 3
128 ?

also had the same type of malaria at the time of the survey. In
3 cases, 2 infants had pesitive blood twice, and 1 had positive
blood for three months, so that in all there were only 6 new in-
fections discovered among 29 infants ranging in age from less
than one month fo twelve months. This gives a rate of 20.7 per
cent among these children, which is probably somewhat lower
than the expeeted rate, for the number of children in the higher
age-groups 1s small eompared to the number in the lower age-
ErOURS,

The examinations of infants living in New San Juan were few
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and scattered. The earliest recorded infection occurred at the
age of four months, and another was found at six months.

INCIDENCE OF CLINICAL MALARIA

In a highly tolerant population, such as we are dealing with in
Panama, it is often puzzling to determine the amount of actual
illness caused by malaria. In all of our many visits and stays in
the villages, we have found very few instances of acute illness
caused by malaria. Undoubtedly the disease does cause a cer-
tain amount of discomfort and lowering of efficiency, but acute
clinieal malaria is rare, so far as our limited observations go, when
compared with the relatively high rate of infection, as shown by
blood examination. Qur visits were too few to enable us to oh-
tain aceurate data regarding the incidence of elinical malaria,
sufficiently complete for analysis. During the past three years,
we have not learned of a single death from malaria in any of our
five river towns. This of itself bespeaks a high tolerance for the
disease.

INTENSITY OF INFECTION

During the year from September, 1932, to August, 1933, in our
four treated towns we have found 116 infections which we char-
acterize ag “plus,” meaning those in which the blood showed
more than one parasite in each mieroscopie field, in thick films,
out of a total of 594 positive bloods, or about 20.0 per cent. In
the control town, there were 113 “plus” infections out of 456
positive bloods, or 24.8 per cent.

The element of chanee enters here, for our examinations, made
only onece each month may encounter the infection at a time
when the parasites may have left the peripheral eirculation. In
many instances the senior author has examined the blood of
persons complaining of “fever,” who had been reported negative
in the monthly survey made from three to eleven days previously,
and found it with a “plus” infection. This illustrates the rapid-
ity with which an estivo-autumnal infection may increase in
the blood. The record, in all such instaneces found, was the case
of a ten-year-old girl, who three days after being reported nega-
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tive, was found with a “plus” infection. Altogether, we ob-
served 10 eases of this sort, and in only 2 of them had the blood
been positive during the preceding month. "Table 15 presents
these cases in tabular form.

In & number of instances, being led astray by the fewness of
parasites found in certain persons at the monthly survey, no
treatment was given them during the usual treatment period the
week following., At the time of the next monthly survey, these
individuals were found with clinical malaria, and required im-

TALBLE 15
Fliustrations of rapid rise of estivo-autumnal infections
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p Tl e LT T 4 Double plus 3 months
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IR R e [i7 Plus 1 month
AN e el (i Few Positive preceding month
el SoRE o T T ¥ Plus 9 months
R Gl e ) T Double plus 10 months
i Lo e 7 Flus 2 months
e o e S S| L3 Diouble plus Pesitive preceding month
T e B Flus 1 month
BB M s e s 11 | Double plueg | 1 month
A S 11 Faw 1 month

mediate treatment. There were also many instances in which
the infestation, very light at the time of the survey, had de-
veloped to clinical proportions in the six intervening days be-
tween examination and treatment period.

IMMUNITY

The problem of the existenee of individuals and families with a
low tolerance to malaria is diseussed in the first part of this
paper. Mention was made of individuals and families who, on
the contrary, are extremely resistant to infection. It is hoped
to follow up both sets of people, to determine if possible whether
this difference may be dependent on some inheritable factor,
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The existence of individual immunity is & demenstrable fact,
but the reasons therefor are obseure. As an example, we present
the case of one J. A., a girl, the eldest of seven children, ranging
in age from one and one-half years to twelve years, all living in
the same dwelling with the mother, aged thirty-four. The
mother had malaria parasites in her blood at one examination
out of twelve monthly examinations during the year. The
6 younger children were positive over the greater part of the
time. Apparently immunity increases with age, as the 3 youngest
children were positive half to three-quarters of the time. In
extreme contrast to their cases, the eldest child, examined in every
month of the yvear, proved uniformly negative.

Tneidentally, the findings in this family illustrate the futility
of trying to control malaria by merely distributing quinine, with-
out adequate supervision. The mother of these children was the
person entrusted with the distribution of quinine to all those
found positive in our monthly surveys in the control town.

What appears to be immunity may be in large degree a matter
of chanee, for in 3 instances we have records going back over a
period of years, during which the individuals were uniformly
negative. Two were in adult women aged forty-nine and forty-
seven respectively, and one was in a girl aged twelve. The
forty-nine-year-old woman had been previously negative for
seventeen months, but was found in bed with fever, and showed
large numbers of malaria parasites, in May, 1933. The forty-
seven-year old woman had been negative for fourteen months,
but in April, 1933, suffered a severe attack of estivo-autumnal
malaria. The girl had been negative for twelve months past,
but eventually became infected, showing high temperature and
great prostration.

It seems that the severity of elinical symptoms is greater in
these “‘primary”’ cases which oceur after a long period of freedom
than it is in cases which increase to clinical proportions from time
to time in the courze of a more or less continuous latent infeetion.
Thiz and similar observations by other workers would lead us
to believe that there is a certain element of danger in successful
control of malaria to the inhabitants of any circumseribed area
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lying within a region of high endemicity. If continued freedom
from parasites means a gradual loss of tolerance, the inhabitants
of such an oasis may suffer severely from epidemics of malaria
originating from introduced cases, so that their last state would
be worse than their first. This possibility must always be borne
in mind, and thought given as to the best metheds of preventing
such a calamity.

THE ANNUAL PARASITE RATE

In former reports we have shown that the annual parasite rate
determined by examinations made at monthly intervals, is very
high, so that as the number of monthly examinations increases,
the number of individuals found positive increases. This
means that nearly every inhabitant of our five villages, if he
could be examined at monthly intervals throughout the year,

TABLE 16

| HUOMBEE OF TIMES EXAMINED

i N I ey oy e e [ EIENEY
Number of persons. .. .. ........ |.}1 44 |67 172 [s4 [77 l67 s [s0 T
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s | | e e | it | e o i PRt | St i ot P | e
Per cent positive. . ... . ... .|2:*.533.nlaz_visz.563.1,?30}??.??9.351_3 a0.3

would doubtless show parasites in his blood one or more times.
Under such conditions, any control method, no matter how efli-
cient, would be slow in showing any immediate effect, considering
the great reservoir of parasites which exists in such a population.
Table 16 gives the parasite rates found as the number of times
the inhabitants were examined, increased. The most interesting
phenomenon brought out by this table is the existence of a group
of 15 highly immune persons, all of whom had been examined
12 times during the year, and none of whom showed parasites in
the blood.
SUMMARY

The observations made during the year from September, 1932,
to August, 1933, on the malaria rates among the inhabitants of
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five villages in the mid-basin of the Chagres River in Panama are
surpmarized. With regard to the parasite rate, a notable de-
crease occurred during the late fall and early winter months of
1932, followed by a sudden rise in January, 1933, to a relatively
high rate, which persisted to the end of the period. The propor-
tions of the three types of parasite during the preceding year and
in the yvear under consideration are given, showing that estivo-
autumnal malaria, the most common, increased slightly during
the last year, forming 89.2 per cent of all malaria found. Cres-
cent incidence showed a very small vanation from month to
month, averaging 29.2 per cent for the period. A rafe of 20.7
per cent was found in a small number of infants examined. The
ineldence of clinical malaria, intensity of infection, immunity,
and associated phenomens are discussed. The high annual
parasite rate of 803 per thousand was found in persons examined
12 times at monthly intervals throughout the period.
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