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IT iz probably true that anti-mosquito
measures are the most efficient methods of
malaria control, but in many instanees their
cost has been prohibitive, particularly if it
is necessary to apply them in raral areas in
the tropics, where ecomomic resources are
low, and the cost per capita of the measures
“would be high, Considerable work in at-
tempting Lo control malaria in roral native
populations has been dohe by British work-
ers in India, Malaya, and other parts of the
Last, and by the Italians in Italy, using
anti-malarial drugs alone, or in combination
with anti-mosquite measures. We have
been interested in the possibilities of drug
ecntrol of malaria, without the nse of anti-
masguito measures for two reasons: it seems
logical to assume that a great reduction in
the number of infected mosguitoes might
follow a reduetion in the malarial parasite
* rate by means of drugs adminiztered to a
given population ; and we wished to investi-
cate the possibilities of the newer synthetic
anti-malarial drugs, under eonditions which
made ontlays for mosquito control measures
impossible,

In 1929 the Republic of Panama sranted
ug the privilege for an indefinite period of
using some villages located near the middle
of the Chagres River basin for an experi-
ment in drug control of malaria. At the
heginning of our investizations the towns
selected had no means of communication
with the outside world except by small dug-
ot canoes propelled by paddle and pole,

The houses of the villagers were of the usual |
type eommon in the tropics, with thatehed |
roof, side-walls of eane, and dirt floor. The
villages were located along the river banks,
just above flood level. There was no zani-
tation ; water for drinking and cooking was
obtained from the river, which was also
used for bathing and laundering. Thers
was no loeal medical attention and no drigs
were available in any of the towns. The
river with its small branches and many
shallow lagoons, filled with aguatie vereta-
tion, provided large bresding arveas for the
larvae of anopheline mosquitoes, These vil-
lages eould be reached from our laboratory
in Panama City in about one and one-half
hours, by antomeobile and outhoard motor.
boat.

At the beginning of our experiment, we
knew that two large-scale construction proj-
ccts would soon be under way near the vil-
lages, one of which wasg the Madden Dam
acrozs the Chasres River, some few miles
above the villages, and the other of which
was the Madden IMighway from Panama
City to Madden Dam, a distance of about
24 miles. The imminence of these projects
and the probability that other changes
wonld take place in the towns themselves,
such as the installation of latrines, better
schools, and the introduction of our own
medieal gerviee, made them especially suit-
able for long-continued observation. We
have limited our experiment to 10 succes-
give years of observations. The towns se-
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lected all lie between the Madden Dam and
the eastern boundary of the Panama Canal
done, and are situated on the banks or
tributaries of the Chagres River. The
towns of Hanta Rosa, Guavabalito and
Gatuneille are on the right (north) bank
of the river; Las Guaecas lieg opposiie Santa
Rosa on the left banlk, at the junction of the
Chagres and its Moja Follo tributary. This
latter town is almost surronnded by water
full of aguatic vegetation, making ideal eon-
ditiens for anopheles mosquite breeding,
In Febrnary, 1937, the town of Agna Clara
was added to the number of towns under
observation. This town dates from 1936,
when a group of people who formerly lived
on (Gatun Lake cleared the jungle from
several hilliops just aeross the eastern
bonndary of the Canal Zone at boundary
marker No. 50. The elevation of this town
iz about 100 feet, and the distance from
Hunta Hosa is about one and one-half miles.

Dring  these investirations, we used
chiefly the population located along the
Madden Highway, in the towns of Chilibre,
Aguas Buenas, and Buepos Aires as con-
trols, These towns are loeated about 5 miles
to the south of the left bank of the Chagres
River, and about 150 feet higher than the
river fowns.

The populations of just sueh rural areas
as these in which our observations wers
made are the sources from which large
business organizations must draw  their
labor forees,

Burvey METHODS

Blood parasite survers made monthly in
all villages during the ten-year period have
been used to measure our results. The
thick-film technigue of Barber and Komp
(1929%) has been used throughout the
period, and the staining and examination
of the films has been done by experienced
technicians, most of whom have heen with
us throughout the experiment. It was
fomnd that not all the inhabitants of the
villages conld be surveyed at any one sur-
vey doring the month, but during the dayvs
for the period of treatment and during in-
spections, we were able to collect blood-films
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from all the permanent inhabitants. The
migratory habits of some of our people have
been a source of mueh inconvenience to us,
It was impossible to examine or treat indi-
viduals adequately who did not reside per-
manently in the towns, and such persons
might be undiscovered ecarriers of sexual
malarial parasites, capable of infecting
mosguitoes.

TrEATMENT METIIODS

Dharing the first vear of onr observations
(Sept. 1930-Aug. 1931) we used gquinine
snlphate in all villages. A native Pana-
manian graduate nurse (assisted by sehool
teachers and the ecorrvegidors (mavors) of
the villages) was supplied with the list of
names of those found positive in each
monthly survey., Twenty prains (1.28 gm)
of quinine sulphate to each positive per day
for a period of 10 dayz constituted a conrse
of treatment during the first vear,

During the second year (Sept. 1931-Aung.
1932) quinine was nsed in the same manner,
but in addition, plasmoechin simplex in
doses of (L01 gm twice a week was given to
all positives in all the villages under treat-
ment except New San Juoan.

During the third year (Sept. 1932-Aug.
19347, quinine sulphate was used in the
same dosage throughout the vear in New
San Juan, but in the four other villages
under treatment we nsed gquinine sulphate
during the first 4 months, and atabrine 0.1
o three times a day for & days from Janu-
ary 1833 to August 19338,

Turing this latter period, one of us
(W, H. W. K.) stayed a weelk during each
month in the villages, and personally ad-
ministersd the atabrine to all those found
positive in the preceding monthly survevs.
It is only during this period that we are
abzolutely sure that the druz was adrminis-
tered according to scheduls. It 13 well fo
mention that during this period bleod-films
were taken at the completion of freatment
from all persons who received the drug; in
every case but one these films were negative
for asexual parasites at the end of the 5-day
course of atabrine, Creseents, which are
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little aflected by atabrine, were of course
present in many cases.

During the fourth year (Sept. 1933-Ang.
1934} tablets of quinine sulphate 15 grains
(0.972 gm} a day for 5 days were given to
positives in New San Juan, followed 2 days
later by plasmochin simplex 0.01 gm twice
a day over a succeeding period of 5 days.
The populations of Santa Rosa, Guava-
balito, Gatuneillo and Las Guacas were
treated with atabrine (.1 pm 3 times a day
for § davs, followed 2 days later by 5 days’
eourse of plasmochin simplex (L01 g twiee
a day.

These treatment methods were continued
in the towns named up to and ineluding
August 1940, The town of Agua Clara was
added to the atabrine-plasmochin treated
villages in February 1937,

During the fourth year (Sept. 1933-
Aug. 1934) a definite policy of using non-
medical personnel for the administration of
the drugs was established. Hix native givls
who were residents of their respective wvil-
lages were selected by the river supervisor
{an intelligent native man}, after ecnsul-
tation with the people of each willage.

2Th

These “nurses’™ were under the direction
and ingpection of a medieal member of our
staff, and thus soon suceeeded in oblaining
the necessary cooperation and administered
the drugs in a fairly satisfactory manner.
Weekly ingpection trips to the villages by
the medieal staff made it possible to ex-
amine and freat cases of clinieal malaria
that developed between the monthly bleod-
film surveys.

PrEsEnTATION OF DMATA

For the period from Sept. 1930—Sept.
1940 the monthly and annnal malarial
parasite rates, the annual rainfall, inei-
denee of malaria by age-groups, incidence
of species of parasite, numbers of ereseent-
earriers and heavy infections, the incidence
of malaria in infants, records of anophe-
line collections and dissections, and ihe
relation of all these to the results of treat-
ment can be more easily and briefly pre-
sented in tables,

Table 1 shows that the malarial parasite
rate, as determined by the moeonthly blood-
film examinations, bears no direct relation
to the seasomal rainfall, becanze anopheles
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mesquite producetion s not dependent upon
rainfall in our village areas, as most of the
larval breeding oceurs in lagoons and baelk-
waters of the Chagres River, which are
always filled with aguatic vegetation, ex-
cept during infrequent periods when this
vegetation is washed out by flood-walers.
"Water impoundment behind Madden Dam,
which was begun Sept. 1934, has exerted
more influence on mosquite production than
any other single factor, The gates of this
dam are sometimes elosed for months, and
during snch periods the only water released
15 that which passes through the hydro-
electrie plant at the dam. This impound-
ment eanses a low water level, and sluggish
current, Conditions of stagnation are most
favorable for the growth and spread of
agquatie vegetation, which at such times
covers the river near all its small tribm-
taries and in all its many shallow lagoons,
The production of Anopheles mosquitoes is
tremendonsly inereased while such eondi-
tions exist.

TABLE II

AVERAGE MONTOLY FPARASITE EATES., TEEATED
GROUPS COMPARED WITH UUNTLEATED
CoNTROL GROUDS

Parasite rate
L enr Treated Control
Fronpa Froups

193031 21.6
1051-32 16,5 17.5 {12 montha)
10a0-33 16.8 27.0 (18 menthe)
196534 128 20.5 (8 months)
103425 158 &2.5 (12 montha)
1935-26 116 18.5 (12 montha)
183627 lig 16.2 (12 months)
193728 6.6 16.4 (1 aurvey)
1493832 B0 B0.8 (1 survey)
153840 12.2 2.7 (4 surveys)

These eontrol records are from various
areas on the Madden Dam Highway where
the migratory population made a very poor
control group. Many of those who had
malarial attacks went to Panama City for
treatment and were not caught in the blood-
film survevs.

The cumulative rate is obtained by divid-
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TABLE IIT

Mapsriar, Paragrre Rares, AnvnTt BaTes Cox-
PARED WITH CUHILDEEN 'S {15 YEARS AND UNDER)
Rates, TAESE KATES ARE CUMULATIVE
For TEE YEaR. TEams 1035-1040

Adults| Children | Total
% % T
Initial survey 1829, No
treatment or contral
megsures® ar.z 5.5 45.6
Cum, reeords Sept. 1935
Ang. 1036, All villages | 281 41.5 0.3
Cum. reeords Sept, 1936 |
Ang. 1957, Allvillages | 30,3 | 427 G065
Clum. records Sept, 1857— '
Aug. 1938 Allvillagea | 212 | 284 25,0
Clum. records Sept. 1935— '
Aung. 1035, All willagea | 25.0 0.8 27.49
Cunn, records Sept. 1058—
Aug. 1840, All villages | 37.0 420 39.9

* The rates found in the initisl survey represent
but one examination, while the cumulative Tates
imelude 12 monthly awrveys, and all positives dis-
eovered,  This shows very elearly thet = =ingle
survey wneovers only a fraction of the annual
malariz rate, even when drig control is in use.
Oue favorable effect of treatment ia shown in the

decreasing ehildren ’s rate relgtive to the adult rate,

as treatment progressed. Tsually ebildren show a
parasite rate almost double that of adults, After
eontinned treatment, the two rates beesme more
nearly equal.  This is partislly explained by the
faet that children are more likely to be present at
surveys, and ean be more thoroughly cxamined and
treated.

ing the total number of individuals posi-
tive during the vear by the total number
of persons examined,

It iz seen from the last line in Table TV
that from 1 to 5 examinations of the same
individual during the year give average
annual parasite rates of 193 per cent, while
12 eonsecntive monthly examinations of the
same individual increase these rates to 47.6
per cent. These data mean that approxi-
mately hsll the population of our area
kad malarial parasites in the blood at least
onee during the year.

The table alzo indicates one of the diffi-
cultiss encountersd in surveying and treat-
ing native population groups in the field,
either in villages or in labor eamps. Our
river supervisor lives in one of the towns,
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TABLE IV

Tore: Stwvey GROUPE.

CONTREOL OF MALARIA IN PANAMA WITH DRUGS

ALL VILLAGES

1 to & surveys G to 11 surveys 12 surveys
Fer i Per NI Per
Vears® Mo, gx- H‘?,‘ cent No. ex- I i cent Mo, ex- = % cent
amined [.:l:m pnai- amined PP pogi amined I:'.'-"T- posi-
LYE, tive tHve tive Are tive
1685-50 740 152 198 | 378 197 320 230 134 582
193637 623 133 213 | 420 230 4.0 190 &3 431
193738 &80 100 14.5 | 410 156 38.0 171 G 368
103850 4 185 17.7 383 155 4.5 145 i 43.0
193940 aR3 135 206.6 i 407 226 55.5 71 42 G056
Totals | 3378 663 19.3 | 1805 964 534 804 383 47.6

¥ The intervals are from Scpt. 1 to Aug. 31 of the following vear.

has motor-hoat transportation, and often
visits all fowns even outside of the regular
freatment periods following blood-surveys.
Our medical staff visits the towns on an
average of 4 times a month. ¥Yet with all
these opportunities to colleet blood-films
from these not present on resular survey
days, we found it impossible to seeure
blood-films from every individual for 12
sueeessive months, Some of this diffieuliy
may be explained by the habits of the popu-
lation. Bome of the inhabitants move from
the towns, and others take their places;
others have residences in the towns, but
divide their time beiween these homes and
their farms, which may be several miles
Irom the villages; other persons examined
arg transienl visitors over a period of
weeks or months. The persons examined
in 6 to 11 surveys and in 12 survevs per
vear, a total of 2609 individuals, formed
the permanent population of the area dur-
ing the period of the survey. The re-
mainder, 3,378 individuals, were transients
who made satisfactory treatment of the
perasons  examined very diffienlt beeanse
their presence in the villages inereased the
chanees that mosquitoes wonld become in-
feeted, for many of them were untreated
carriers of sexual forms of the malarial
parasite

For the past 3 vears a steady diminution
in the population of our towns has been
taking place. However, enough inhabi-
tants remain to show the benefits of drug

control of malaria, In Auvgust, 1940, the
atabrine-treated towns had a parasite rate
of 11.5 per cent; the quinine-treated town
a rate of 12.7 per cent; the Madden High-
way unireated eomtrol group, mostly sehool
children, a rate of 32,7 per cent; and Rio
Peseado, another nntreated group, a rate
of 65.1 per cent. The number of heavy
infegtions found was also mueh higher in
the control areas than in our treated fowns.

The age group from 5 to 10 years and
from 10 to 20 years always have the high-
est rates, proving the importanee of ma-
laria in young adult labor foree.

Both Tables ¥V and VI show that inei-

TAELE V

CUMULATIVE INCIDEXCE 0F MALARIA BY AGE
GROUPE FoR TeEN YEARS IN THE TREATED
ViLLages, MIGRATORY AND PERMA-
HENT INHABITANTS

Atabrine- Chuinine-
TPlasmoelin Plasmochin
Aga in =2 o

= e L= & -k
FUATH E E E‘E g E § %
Boog gl g moad
= fa? [P [=% By o
] 660 162 243 G35 190 299
S-10 307 17T 4446 358 173 446
10=20 T18 205 413 618 274 44.3
Si—4) 200 237 279 811 215 26.5
4060 452 146 32.8 336 60 17.8
Orver 6 122 40 32.7 140 21 15.0
Totala 320% 1055 3240 2022 033 318
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TABLE VI
INDvIDUALE SUenvevep 12 Covgsoumive MovTES*

Tetals

Chagres Mew Ban Juan Controlsi
A o . e il z : .

ges BEz- Posi- Posi- Ex- Posi- Posi- | BEx- Toszi- FPosi- Ex- DPosi- Poal.
amined tive tive aminad tive tive | amined tive tive amined tive  tive

YEATR No. No. % No. Ne. No. No. % Na. Nao. o
=5 185 65 304 114 4% 430 279 114  40.8 228 - 862
510 135 71 538 60 41 594 204 112 540 1020 285 7.7
10240 69 43 632 88 88 TRT 107 73 GB2 1028 415 40.2
2044 63 BF 365 o B34 480 113 47 4148 263 67 288
4060 S0 1% 320 15 6 40.0 its] 85 384 11% 25 o204
Over 60 15 5 333 i 4 Bhd 32 10 312 25 4 164
Totals Ij 497 288 459 203 15% BOS 800 381 476 2713 876 360

t Controls: Madden Highway schools, € surveys; Chilibre (town on Madden Highwayd, 1 survey;

Rig Feseado, Gatun Liake shora, 1 aurvey.

I
denee 18 highest in ages 5 to 20 and that
thosze above 60 years of age, who have spent
their lives in these highly endemic eenters,
are not immune to malaria.

In addition to the fizures given above,
the Buenos Alres sehools (on the Madden
Highway) were examined 4 times (Oet,
1839, Jan., May and Ang. 1940). The num-
ber of positives found was 203, No treat-
ment was given in this arca, exeept quinine
sulphate, which was provided for the posi-
tives, to be used if they so desired. There
was no supervigion of treatment. The re-
sults of the survey show that of the 203

TABLE VII
Inmvipuans (405 POSITIVE rok MALARIA WEHO
Weke BURVETED REGULARLY ¥or 12 (ox-
SECUTIVE MoNTHE. FERIOD oF BEPT. 1,
19a5-Aua, 31, 1040

Times | ey oppg | HEW Bam | opitihre | Total
poaitive Juan
1 s DT 3 201
g 54 | @b 5 94
a 27 15 a A0
4 i3 13 a a7
15 8 7 2 17
[ 1 4 4 k|
7, 2 ] 0 a
& 1] 1] 1 1
a 1] 1] 1 31
Tatals 288 156 a8 | 405

positives, 115 were poszitive onee; 55 twice;
23 three times; and 10 four times. Thus
A2, or 43.3 per cent, were positive from 2
to 4 times.

We believe that the larger proportion of
positive findings is due to relapse, not to
new infeetions. This is well shown in those .
who were repeatedly positive over long |
periods. These repeaters were certainly |
lesz tolerant to malaria than others living
in the same area, for they kept a high para-
site rate even though they were subjected
to treatment at frequent intervals. Certain
families, regardless of the location of their
homes, show wvery low tolerance to the
disease, and these people defeat our efforts
to attain a further reduetion in malarial
parasite rates.

Mixed infeetions are no denbt more
eommon than is indicated in Table VIII,
as it iz olten necessary to examine blood-
films made on successive days to diseover
such infeetions. Table VIII shows that P.
foloiparum infections eonstitute the major-
ity of our positives and that P, wipaz and
P. malarine infections are more common in
the Madden Highway groups than in the
Chasres River villages.

The erescent rates among P. felciparum
infeetions seem wvery high, wet during 9
years of our observations only ahout 43
heavy crescent-carriers were found in the
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TABLE VIIL

SPECIES 0F MALARIA PARASITES FOURD IN
£.03% Posrmives

J =
ol
Hpetioa of o =] Al g
parasites 4 @ oSE| A L
g |EE|Em| o | &
& |=shlEE| & | 2
F. faleipgruom ... | 782 | 744 | 584 | 54 | 2,108
P. vivax | iaz 25| 135 | 21 405
P. malariae ... | =1 10 52 4 87
P. faleiparum & |
P.owivax s | DO B 04 4 273
. faleiparom & |
P. malarige .| 15| 10| 16| 1 42
P. vivax and F. |
malarize ... 2 1 11 0 14
P. faleiparum, vi- |
vax & malarize | A & Bl 0 10
Totala .o i 1,076 | 933 | B46 | B4 | 2,030

* Five yearas records of Chilibre and Madden
Higliway schools,  Infrequent surveys.

t One aurvey, August 1940, in a town on Gatun
Lake, A peried of ten years for New SBan Juan
and the Chagres villages. Monthly surveyes.

b Chagres River villages. Of course this
fignire was obtained from the results of
single examinations; if a series of exami-
nations had been made in the same indi-
vidualg, probably more would have been
found. However, it i3 not an easy task 1o
find in any one sarvey a suitable crescent-
carrier for mosquito infection experiments.
This is true of the untreated eontrol areas,
as well as of the treated groups. The

TABLE TX

IXGInERCE 0F F. FALOIPARUM CRESCENTS I FIVE
CHAGRES RIVER VILLAQES AND IN MADDEN
HIGHWAT CONTROL OROUPS

. Chagres Meadden Rin
TR Villages | Highway | Peseado

1931-32 13.2 28.7 l
193233 20,2 4.5

103334 288 17.9 |
193435 g 2 253 |
1035-38 2.5 15.3

1056=37 ans 21.7

1937=33 44.0 o273

1938-29 ar.a 5.6

15930840 a1 4.8 | 350
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crezeent rate is apparently hirher in these
freated proups. but this may be only the
result of more freguent examinations. The
gametoeyte carrier is still a great problem
in areas where drug control is attempted.
Table X shows the interesting and im-

TABLE X

ANXUAL PERCENTAGE OF HEAVY MALARIAL IH-
FECTIONS DURING THE PasT TEXN YEARS

Five Chagrea Madden High-
Years River villagea way and Dam
(treated} [eongrals)

1930-31 16.7 .5
105132 11,6 #.9
103233 21.8 186
1055=34 15.0 12.2
1034-35 0.0 174
1035-36 15.0 11.%
1936-37 1%.3 1inG
1037-32 17.3 Lo
1935-3% 20.4 120
1930—40 23.1 | 10,3

portant fact that a greater percentage of all
malarial infections were ““heavy’’ among
the ecases fonnd in the treated Chagres
River groups than in the ynireated control
gronps.  Heavy infections were more nn-
merous in the treated groups after 10 years
of treatment than they were in the early
vears of our worl, Yet the average annual
malarial parasite rate in the treated groups
in 193540 was only 12.1 per cent, while in
the initial survey made in 1929 the rate was
46.5 per cent.

We believe that a partial explanation of
this otherwise discouraging fact lies in the
possibility that treatment of all parasite-
positive cases rids so many of them of
parasites that immunity i lost. When
such individnals with lowered immunity
become newly infected, they are more
likkely to be elinieally ill, with many para-
gites in the blood, than are others who
retain a few parasites at all times buot
rarely become actively ill.

Of the 20 infants found pogitive in the
eontrol areas, the first infeetion of at least
one was found in each month of age from
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TABLE XTI

BUrrveys oF Inraxts 12 MonTHES OR LESS OF AGE.
Sepr. 1930-Ava, 1940

Chagrea
e | Sl | we %
Period _t::wna -:'é E *E E
ER ERHE T vl | Ea
[ - R~ - R S ] o = M
i R I Il I v
1935-36 | 858 3 1201 | 0 i
1036-47 a5 b 4 i
1037-28 | 53 1 1 0
164539 65 1 0 1
193040 | 42 1 7% i 3
Totals | 272 18 20 4 6 | 14
Por eont 5.9 200 | 0.0 | 70.0

the second to the twellth. The highest in-
cidence was 4 in the seventh month, but
too few infections were vecorded to give the
result significance. Of the 20 infants
found positive, five had P. vivaz infections
and 15 had P. [eleiperum inlections, a
ratio which iz quite comparable to that
existing for these {ypes in the genecral
population, .

The infant rate of infection 15 a yard-
gticl with which to measure transmission.
Table XI shows an infant rate of 5.9 per
eent among the babies in the treated villages,
surveyved 12 times a vear, as compared with
a rate of 20 per cent among infants living
in the eontrol areas, which are surveyed
only at infrequent intervals,

Crorrcan Varmamong v Mananrta Iscl-
pENeE 1% Popunarions UNDER
OpsERvATION

During the 10 wears of our observations,
great fluciuations in the malarial parasite
rate have besn noted, in both our treated
towns and in the control greups, The chart
which will he found on page 112 of our
fifth annual report (1536} indicates these
fluctnations for the first five-year period,
and Table T of the present paper shows the
variations i the rates observed in the
treated population sinee 1935, The exist-
enee of sueh Auctnations iz undeniable, as
shown in the chart and the table, but the
anthors are not in agreement as to their
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causes. The first author (H. C. C.) be-
lieves that they are cansed by uwnusaal in-
ereases in the numbers of anopheles mos-
guitoes in the villages, owing to favorable
ponditions for larval production cansed by
periodie lowering and stagnation of the
waters of the Chagres River. Sueh favor-
able conditions recur annually at the be-
sinning of the dry season (January), and
have heen partieularly marked sinee the
beginning of impoundment of water behind
Madden Dam (Sept. 1834). Unfortunately
no data as to moesquito prevalence at various
seasons of the year are available, except
for the last two years of cur study (Hept.
1938-8ept. 1940)., The figures for these
years show that mosquito produetion is |
heaviest doring the dry season (Janmary-
May), when low water, sluggish ecurrent
and bright sunlight combine to malke Iar-
val bresding conditions very favorable, In
support of the idea that inercased mos-
guilo production iz responsible for high
malarial rates, it is pointed out that two
notable peaks of incidence oeeurred in the
villages along the Chagres River, in the
midst of the breeding areas, at the begin.
ning of the dry season in 1933, and again
in 1935, Binee 1935, only one sueh pealk
has ceeurred, and this increase began in
August, 1939, and continued for several
months thersafter. In 1936 and 1937,
malarial rates were higher in the first 5
months of the year, ecorvesponding with the
dry zeason, but in 1938 and 1939, higher
rates were obtained in the second half of
the wear, partienlarly in 193%, when a para-
gite rate of 17.5 per cent was found in
August in the 4 Chagres River villages,
This was higher than any rate noted in
these willages zinee the great epidemie of
the first 4 months of 14935, when parasite
rates as high as 288 per eent wers obtained
in the 4 Chagres River wvillages. This
relatively high rate of 175 per cent
oecurred in the early part of the rainy
geason, and was more than three times as
high as the rates found during the dry
season months of March, April and May of
the same year, when they averaged about
.4 per cent.
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The evidence that eyelical variations in
malarial parasite incidence is due to some
other factor than mosquito abundance is
contained in the tables showing parasite
rates obtained during the past 10 vears.
In Table IT1 the high parasite rate of 43.6
per eent. for the initial surveys (ineluding
New Ban Juan) is mentioned. These sur-
veys were made in September and Decem-
ber, 1923, during the heavy rainy season,
3 vears before Madden Dam was completed.
The next surveys were mads a year later
(Sept. 1930}, revealing a parasite rale in
the same population of only 16.2 per cent.
Meanwhile no treatment had been given.
This diminution in parasite rate, which
was not in any way influenced by treat-
ment, was apparently the normal decline
from a peak of high incidenee, in which
we had unwittingly made our initial sar-
veys, Inereases in parasite rate were noted
during the first vear of our treatment, until
in August 1931 they reached another peak
with a rate of 27.8 per cent, in spite of
{reatment, They declined thereafter almost
steadily, even through the dry seaszon, until
1933, when high rates were again found,
which eontinued throughout the year in
spite of intensive treatment of 4 towns with
atabrine, personally administered by one
of us (W. H W. K). In 1934, rates
dropped precipitately, even through the
dry season, and remained at low ficures
thronghout the vear. Then in the first 4
months of 1935 we experienced an epi-
demie, when rates rose to high levels (283
per cent in the treated towns) during the
dry season {January through Mareh), and
declined rapidly thereafter (see chart on
p. 112 of cur fifth year’s ebservation). No
significant inereases were noted in 1936,
1937, or 1938, and none oceurred in 1939
until August, when the rate ineressed to
17.5 per cent from 6.9 per cent in the pre-
ceding month. Thus 4 dry seasons passed
without any signifieant rises in parasite
rates; the first such inerepze occurred in
Aungunst, 3 months after the raing had begun.
Apparently, judging from this experience,
an epidemic may oeccur ab any season of
the year,
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If river conditions favoring inereased
production of anopheles mosquitoes are the
canse of inereased parasite rates, such in-
creased rates should receceur each dry
season, after the completion of the Madden
Dam (September 19343, which impounded
water during the dry seasom. However,
with the exception of the epidemie in the
early months of 1935, the next 5 years
passed with no significant rise in parasite
rates in any dry season. The first notable
inerease came in the month of Angust 1939,
several months after the rains had begun.

If mosquito density were the answer to
the problem of eyeclical inereases, towns
along the river bank should have the high-
est parasite rates, as they are nearest the
source of mosquitoes. The town of Las
Gugeas, which is nearly surrounded by
water and in which the highest density of
mosguitoes was found in 1932, has had con-
sistently the lowest rate of any of our
villages. On the other hand, New San
Juan, which lies gsome 2 or 2 miles to the
north of the Chagres River, has had con-
sistently the lowest density of mosquitoes
of any of our towns. Yet at times the
parasite rate in New San Juan has been
higher than in any of the other villages.

Malarial parasile rates in our area ex-
hibit large variations over periods of vary-
ing lengths. Ome of us (W. H. W. K.)
believes that these variations are caused by
great inereases in new infections, following
4 losz of telerance, which may be due to
natural eauses or to treatment. Relapses
certainly play a part in the increases noted,
but they are believed to be significant as
compared to the numbers of new infeetions
found during epidemic periods.

The same author believes that the in-
creased numbers of “heavy  infeetions®?
noted as oceurring since our drug treat-
ment was begun is also due to a deerease
i folerance brought about by ridding the
population of its parasites. When malaria
attacks sueh a non-immune population, the
numher of clinical cases is higher than in
a control group, which has had little or
no treatment. This point is brought out
strongly in our fifth annual report (2), and
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is confirmed by the fizures in Tabls X
which show a steady inerease of “‘heavy
infections’ among our treated population.

Whatever may be the cause of the eyelieal
variations which oceur in the malarial para-
site rate, their existence must be considersd
in evaluating the results of eontrol mea-
gures. By an unfortunate chanee, our
initial surveys made in 1929 showed high
rates, and mueh of the success of our efforts
has heen referred back to these high rates
ag g base-line. If, however, we had made
pur initial surveys in September 1930, we
would have been much less eneouraged by
our Tesults, as the 1930 fizures, 16.2 per
cent, were low. In faet, they were a frae-
tiom lower than the average monihly rate
for the 12 months ending August 1932,
after two years of treatment with quinine
and plasmochin (Table 1 of our second
year's observations, 1932).

T order to reach satisfactory eon-
clusions in regard to the value of anti-ma-
laria measures, the natural trend of the
disease must be observed over a period
sufficiently long to pass through several
eyeles of the disease. Otherwise, what may
appear to be a suecess may be only a swim-
mine with the tide. In order to correctly
evaluate a drug, it shonld be administered
over a period long enough to include one
of the eyelical upswings of the malaria rate.
Omly if it iz suceessful under these condi-
tions ean it be considersd of any value in
community malaria eontrel or prevention.”’
The value of our observations iz enhanced
beeanse they have been made over a period
of time long encugh to encounter a number
of mormal eyclieal variations. There has
been a steady diminution in average annual
parasite rate, as determined by monthly
surveys in the treated groups. As shown
in Table T the averare annual rate for thess
groups was 21.6 per cent, in the first year
of treatment. Nine vears later, in 1939-
1940 this rate was reduced to 12.1 per cent.
A comparable decrease was not noted in
the control groups, so far as fizures for
these groups are available. We believe that
the reduction in the annual parasite rate
in our treated groups is a fair measure of
the sneeess of onr work.
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BUMMARY

1. This report deals with an experiment
in the eontrol of malaria with drugs alone,
eondueted in a rural region of high en-
demieity in Panama, where no anti-mos-
guito measures were used. The experiment
has extended over a period of 10 years.
The population eoncerned were native Pan-
amanians, with a large negroid strain, liv-
ing in six villages located on the banks of
the Chagres River belween Madden Dam
and the eastern boundary of the Canal
Fone; and a control group living about five
miles away on Madden Highway, PBreeding
of A albimanwus, the principal malaria
vector, was abundant in the aquatic veze-
tation along the river-banks and in the
many laroons and backwaters near the
towns., Sueh breeding became extremely
abundant at periods of low water, caused
by the impounding of water behind Madden
Diam, which resulted in slow current and
semi-stagnant conditions in the river.

2. During the entire period of vur studies,
no correlation between the monthly ma-
larial parasite rate and monthly rainfall
wag noted. The annual rainfall wvaried
from 73.32 inches to 123.15 inches, with an
annual average of about 100 inches.

3. The population involved in our studies
was divided into three groups, two of which
were treated, and the other used as & con-
trol. In all our work, only those indi-
viduals who were found parasite-positive,
as indieated by examination of blood-films,
were treated.  Mass treatment of the popu-
lation was not attempted at any time. The
control group was provided with quinine
sulphate, whieh was taken voluntarily, with
ne attempt at supervision of freatment. -
This method was used in the control groups
throughout the course of the experiment.

From September 1930 to September 1932,
the two treated groups were given guinine
sulphate alone, or with plasmochin, In
September 1932, one group was treated
with atabrine 0.1 gram 3 times a day for
5 days, followed 2 days later by plasmochin
gimplex 0.01 gram twiee a day for 5 days
The other group was treated with quinine
gulphate (tablets) 0.972 grams a day for &
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days, followed 2 days later by plasmochin
simplex 0.01 gram twice a day for 5 daye.
These methods of treatment were eontinned
from September 1932 to September 1940

During the eourse of these experiments,
one ease of quinine ldiosynerasy was noted.
Plasmochin simplex, given either following
quinine or atabrine, gave trouble in many
instances when administered twice a day
for 5 days. We found ome family the
members of which eannot take plasmochin
in any quantity without experiencing ab-
dominal distress,

4. Blood-film surveys for malarial para-
sites wers made monthly thronghout the
entire ten-year period, to measure our re-
sults, The thick-film technique of Barber
and Komp (1)} has been used, and the
staining and examination of the films have
been done by experienced technicians.

5. Administration of {reatment during
the first years was in the hands of a native
graduate nurse, assisted by the local school
teachers and civil anthorities, One of the
staff also had charge of the administration
of the drugs in the Chagres River towns.

A definite policy was later established of
employing native girls to pive the treat-
ments under the supervision of the river
supervisor. Thus the administration of
the drugs was by non-medieal personmel
visits of inspeetion were made by a member
of our staff 4 days a month,

6. During the later years, large shifts
of population in our towns interfered seri-
ously with the continnity of our work., The
population has deelined in number steadily
sinee about 1938, Many families have
moved to Madden Highway, where better
transportation and school facilities are
available. Greatly inereazed labor demands
mm the Panama Canal Zone have drawn
many of our villagers from the river towns,
A large number of these people had been
permanent inhabitants of the towns from
the early years of our worlk.

7. The part playved by new infections, as
compared with relapses from previous in-
fections, is believed to be relatively small.
In the guinine-plasmochin treated group,
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516 per cent of all positive for malarial
parasites were positive from 2 to T times
during a year’s chservations. In the ata-
brine-plasmechin treated group, this per-
centare was 45.6 per cent. A eertain por-
tion of the pereentage of repeated positives
18 doubtless due to ingufficient or inecm-
plete treatment, but in the main it is
the result of low tolerance to the disease,
Persons repeatedly positive keep up the
parasite rate, even thongh given frequent
complete courses of trestment. These in-
dividuals defeat our efforts to effect a
further reduction in the parasite rate. We
believe that they represent cases of relapse,
In most instanees, rather than new infee-
tions, Bome confirmation of this view is
found in the low monthly parasite rates,
and the low percentages of infections in
infants, which point to low transmission
rates.

8 During the past 10 years, the inei-
dence of the several species of malaria para-
sites among all positives has been as
follows: P, falciparum, T7.8 per cent; P.
vivar, 19.3 per esnt; P. malarige, 2.9 per
cent,

The percentage of crescent-carriers in P,
faleiporwm infections has inereased rather
than diminished from wear to year; how-
ever, exeeedingly few carriers are found
in any year which are good subjeets for
mosgquito infeclion experiments. The per-
centage of heavy infeetions found among
positive individuals has not deereased in
the treated groups; however, the majority
of positives in these gproups show very few
parasites in the films, while positives in
control areas show many parasites, requir-
ing less time to diseover them.

9. Surveys of infants under one year,
from 1935 to 1940, show positive rates of
5.9 per cent in the 272 examined in the
treated areas, as against 20 per cent of 20
examined in the control areas,

10. The highest parasite rates were found
in the age-gronups from 5 to 10 vears, and
from 10 to 20 years. The latter group con-
tains the young adults who form a large
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percentage of any tropical labor foree.
Adequate treatment of this latter group is
necessary, therefore, to maintain its effi-
pieney under conditions of hard labor and
exposure. Such treatment ean be admin-
istered .in the field with small personnel
and little expense.

11. Non-medical personnel selected {rom
camp or villags residents can be instructed
to administer anti-malarial drogs in oa
reasonably satisfactory manner. However,
a physician qualified and interested in
tropical and industrial medicine should
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supervise such non-medieal personmel, mak-
ing visits at least once a week to the areas
under treatment.

12, We consider guinine sulphate and
atabrine to be of equal therapeutic value
in the treatment of malaria. In our work,
atabrine has the advantage that it is pre-
ferred to quinine by the native population.
1t is, of course, considerably more expensive
than an equivalent course of quinine treat-
ment. We do nol believe that plasmoehin
has played a very important rele in our
work.
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