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The ohservations made during the past year (September 1938
o August 1939) are a conlinuation of those begun in 1930, and
carried on uninterruptedly sinee that time. Our previous re-
ports (1-8) contain the details of the location, terrain, the popu-
lation involved, and their conditions of life, and should be con-
sulted for these data. They also contain our observations on
malaria as we have encountered it in the group of persons under
ohservation, together with a deseription of the methods used in
attempting to control the dizease under field conditions. Our
aim, as already stated, is to determine the feasibility of control
by drug treatment alone, in an area in which anti-mosquito
measures are too costly to be practicable. Commereial ventures
in the tropical lowlands must operate in such areas as these,
and from such populations they must draw their labor. Any
method of controlling malaria, which iz always the cause of the
areatest morbidity among such a labor supply, to be practicable
under such conditions must be easily applied and not too costly
to offset the benefits it brings.  We believe that a partial control,
which is obtainable by the use of drgs in the manner outlined
in our previous papers, is relatively easily attained.

Our previous reportz should be consulied for the details of
the methods used in attempting to control malaria in the area
under observation. We have not varied these methods during
the past year. The obzervations contained in the present report
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simply continue those previously reported. In addition to the
observations on malaria incidence during the year, we have heen
fortunate during the past year in obtaining information, lacking
in previous years, as to the numbers of larval and adult Anopheles
present in the area concerned, during the various seasons of the
year. The new data have been compared with the monthly
malaria rates in the various towns, and some interesting correla-
tions, and some more interesting lack of correlation, have been
found. The past year has been an exceedingly dry one, rainfall
being much below normal in almost all parts of Panama. This
has caused a diminution in the flow of the Chagres River, along
the banks of which our towns are located. Backwater conditions
in the river resulted, very favorable to mosquito breeding, IHigh
densities of these mosquitoes have been encountered, in some
instances accompanied by high infection rates. In other areas,
high infection rates were not accompanied by high incidence
of Anopheles mosquitoes. In such eases, other factors besides
mozquito density enter into the picture, and will be discussed later.

BURVEY METHODS

All the inhabitants of the towns who can be reached on survey
days are surveyed every month, the thick-film technique of
Barber and Komp (9) being used, The staining and examining
of the films is done by experienced technicians, many of whom
have been doing this work sinee the inception of our observations.
In addition to the persons whoze blood-films are taken on the
regular survey days, many persons not then available have been
surveyed by one of us during the remainder of the month, =o
that our records are somewhat more complete for all persons
under observation than they have been during previous years.

TREATMENT METHODS

The following statement Is taken with slight modifications
from our previous annual report (8). ‘““The population of the
area under observation was divided into two groups. The first,
living in the towns of Agua Clara, Santa Rosa, Guayabalito,
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Las Guacas, and Gatuncillo, and comprising about 350 ‘regular’
inhabitants, was treated with atabrine 0.1 gram three times a
day for a period of five days (total 1.5 gram), followed by plasmo-
chin simplex (L0l gram twice a day over a succeeding period
of five days. This treatment was administered to all those found
positive in the monthly surveys. The second group consisted
of approximately 550 inhabitants of New San Juan, a village
situated on a small tributary of the Chagres River, about two
miles from the nearest Chapres River willage. Here, quinine
sulphate, 15 grains daily for 5 days, is administered by two native
women to all the positives found during the monthly surveys.
During the following week, plasmochin simplex 0.01 gram twice
a day for 5 days, is administered by a ‘supervisor,” an intelligent
native man who has been doing the same work for a numhber of
years past. One of us visits all the towns one day a week, ex-
cluzgive of the survey day, during the period of plasmochin ad-
ministration,.and another of us is in almost daily contact with
the inhabitants of the Chagres River villages.” In these latter
villages, treatment is given to all clinical cases as the need arises,
50 that they are in a better position to profit from such anti-
malaria measures than are cases occurring in New Han Juan.

RESULTS OF MALARIA SURVEYS 1N 1935-1939

Table 1 shows the monthly malaria parasite rate, compared
with the rainfall as recorded at Madden Dam, a few miles north
cast of the area in which the villages are situated. Totals for
three previous years are given at the bottom of the table.  Again
no correlation of malaria rate with rainfall ean be noted. Five
inches less rain fell in June 1939 than did in June 1938. The
total rainfall for the year was 28.55 inches less than in the year
previous. Mosquito production in our area is not directly
dependent on rainfall, as most of the larvae are found in the
vegetation-covered lagoons and backwaters of the Chagres Hiver,
which are full during the entire year.

A total of 1826 examinations were made during the year, and
malaria parasites were found in 418 cases, a rate of 5.5 per cent,
which is somewhat higher than the rate of 23.5 per cent found
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TABLE 1
Monthly wmaloria parastte rales compared with roinfoil of Madden Dam

MOKTH Snaas |Wmwmsvsuaw| SEERE LIRS

Beptember, 1938, ... ... .. 4.0 . & T7.45
Owotober, 1938.. ............. i | 5.6 15.52
Movemnber, 1038, .. ..., ..., 4.7 | 16.0 12.73
Docemdyer, 3938 o oo oo 3.2 I 13.7 | 14.25
JAnnary, 1989 . e e 6.9 | 14.8 [ 0.02
February, 1030 . ... .. 11.8 12.0 | 0.01
Mlareh; 3039 L CFian SR 5.5 .1 .06
April, 1939, . . 5.4 5.5 0.11
iy F i L 5.4 2.9 3.20
Jume, 1980, 8.1 4.6 { 11.16
Sl B s e .9 [ 6.7 { T.05
At 198D o o 17.5 6.4 20.8t | 11.83

Fodilase e e s T2l 9.8 2008 | B3_58
Totals, 198T-38 o000 6.7 6.6 | 16.4 | 112.13
Fobala, 1986-370.  voorome i 7.4 14.4 I 16.2 | 8533
Totals, 1935-36. . ... c.connnn 9.1 12.8 [ 18.5 | 110.13

* Rainfall in inches.

1 Buenos Aires sebool cnd village on Madden Highway .

200 ehildren, 22.8 per eent positive. 835 aduales, 164 per cent positive. 375
people, 2008 per cent positive.

TABLE 2

Parasite index.  Adulfz (over 15 years) versus children (15 years and wnder),
civmulative resull for the year

: ADULTS CHILDREN

| o ;
Lixnmined | Praitive

1er aent Emmi.nud.| Pasitive | Prr oont

Chapres villages (5).......] 353 41 5.7 204 il 2.5
Mew Ban Juan.............| 303 74 4.4 268 02 3.2
Madden highway®....._.... ) 14 16.4 200 fi4 221

Totala,,.......cooveven..| 741 174 241 553 237 278

* A single survey in Auguzt of Buchos Adrves lacated on Madden Highway.

during the previous 12 months of 1937-38, and is accounted for
by the sharp rise in rates during the last months of the year.
Table 2 shows the parasite rate for 1219 persons, the average
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number of “permanent”’ inhabitants in the two treated groups.
The Chagres group received atabrine and plasmochin, and the
population of New San Juan received quinine sulphate and
plasmochin.  These two groups are divided into adults and
children, and the rates are cumulative for the year. That ig,
of the 353 persons examined during the year in the adult Chagres
group, there were 91 positive examinations, giving a per cent
of 25.7.

Table 3 shows the number of persons examined in the monthly
survey one to five times, six to eleven times, and those examined
in all the 12 monthly surveys during the year. This table in-

TABLE 3
Parasite index.  Three survey groups, Al arcas
I I To SaupvEYs gz LI sdaveys 17 coMPLETS SUAVEYS
LOCATION | ; Fer E Por e : I'er
Exatn- | Posi- Eaam-| Posi- Exsita-| Puosic
foed | tive | o8t il | wive | ot | fi?;:?iufé LN
Chagres villagea. . ... ._. 348 | 59 | 16.% | 216 | &0 | 37.0 | BZ | 34 | 41.4
MNew Son Juan..........| 345 | 64 | 18,5 [ 167 | 75 [ 4.9 | 60| 2V | 45.0
Madden highway*.......| 375 | 78 | 20.8 :
Totals................| 1060 | 201 | 18.8 383 | 155 404 | 142 | 61 | 2.9

* Behool children of Buenoz Aires and some neighborhood adalis,

dicates that, as might be expected, the more times an individual
is examined, the more often malaria parasites are apt to be found.
The number examined in all twelve surveys during the past vear
was somewhat less than the number so examined in the previous
year, 82 as against 92, but there was little difference in the rate
of positives, 41.4 in 1938-39 as against 38.0 per cent in 193738,
The slight rise noted in the past year is owing to the inecrease of
positives found during the last few months of the period. The
decreased number of those examined 12 times out of a possible
12 times, indicates that the population is becoming inereasingly
migratory, because of hetter transportation faeilities, and this
fact and its influence on our work will be referred to later. The
increase in rate of positives during the past few months indicates
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that we are passing out of the period of low incidence which has
existed during the past several years, into a period of higher
incidence.

In table 4 the cumulative malaria rate by age-groups is given.
The total number of individuals examined is 1594, This in-
cludes many individuals examined only onee during the course
of the 12 monthly surveys, and includes the survey of school
children and adults living in the former control areas of Chilibre,
Buenos Aires, and Madden Dam IHighway.

TARLE 4
Cumulative dneldence of malarie by age groups. A areas combined
CHAGHES SEW BAN JUAN  |MADDEN HIGHWAT FOTALA

e - | I o T [T

Blela B lels |3 lela|Blels

B | B E |2 & E | = E gi |8 [ R

d (&8 | Al8lE |a|82 | EB|lE]E
05 years. ........ 145 27| 18.6) 122 25| 22,9 36 4 | 11.1| 303 59| 10.4
& 10 years, i E5 3L A7.5| &6 &7 43.0) 126 25 | 19.8) 295 03| 21.5
10-20 vears, . ...... 138| 40| 35.5) 119 46] 36.8| 158 43 | 2.2 415( 138| 33.2
20-40 years. .......| 179 36; 20.1| 158 40| 25.1| 230 5| 13.1 377 &1 21.4
40-60 years. .. .....| T8 23] 28.2( 63 11| 17.4 Ial L 6.8 -157( "3h| 223
Qwver 60 years. .. 240 6l 250, 23 4 17.4) 0 O 0.0 47 10| 21.2
Ry, Y R 47| 172) 26,6 572 166) 20.0 375 78 | 20.8 1584 416] 26.1
1987-8 totals. ., 700) 203 28.6) 561| 116 20.7| 287| 47 | 16.4] 1557| 266| 23.5
19G6-T totals. . ... . G30| 223| 35.0( 600| 222 37.0| 12300 445| 35.9
1935-6 totals .. ... GRS 244 35.4( ¥10| 230 33.ﬁ| | 1398 483| 34.5

Totals for the three previous years are given at the bottom of
table 4. They indicate a slight but definite increase for the
present year, to 26.1 per cent, from the low of 23.5 per cent in
1937-38. It iz of greal interest to note that the positive rate
for the school children examined in the former control area was
20.8 per cent, which compares very favorably with the rate of
18.8 found among those in the treated villages, who were ex-
amined from 1 to 5 times only during the vear. When it is con-
sidered that most of those examined in the former control areas
were school children under 15 years, who normally have a higher
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malaria rate than adults, who comprized the bullk of those ex-
amined 1 to 5 times in the treated areas, the difference in per-
centage of those found positive in these two groups is even less
marked. Again it is noted that the highest ineidence oecurred

TABELE 5
Mudividunls swrveyed (2 consecufive monihe.  Fnieved by age grouwps
CHAGTES | NEW SAN JUAN TOTALE
AR E | pex 15 E Per cont | Exa i L
iT'l.ur.:Tl Pasilive 1:-:2::1;?2.& 'ifl.i.l:i'.l- Pasilive ];;Eﬁ'[?u i.nlj:?- Positive ps.\;iﬁf::ln
means
-5 an 14 a6.8 25 1% 42.8 i 26 a9.4
5-10 17 a 2.9 17 5 47.0 e 17 5.0
m-20 | & 2 40.0 a 2 10,0 1d 40.0
20-40 | 14 i 1.0 i 3 a0 20 10 1.4
40-60 | 6 2 35.3 1 1 1000 | ¥ 42,8
Ohear & | b i3 ST R 1 33.3 | i 1 1.0
FE - = S R - — e
Taotals. | B2 At | 41.4 ] a7 45.0 | 142 61 429
TABLIE &

Fadividunls (1) showing malario who were survcyed 0 18 consaculive
mondhily surveys

HUMEER OF TIMES CHAGRES VILLAQES NEW BAN JUAN
FORMTIVE (AT A MR E-TLARRGOE L) (QULHIHJ’.-I'LAEIHI!:-I;:IEIN:I TOTLLE
1 16 &3 bt
b 5 rf 12
2 2 b )
4 3 1] 3
i ] 1 1
B i 0 0 0
7 I 1 ] 1
Totals | i 34 6l

in the age-group 10 to 20 wyears. Low rates were obtained in
the age-group 0 to 5 years, showing that the increase in total
malaria had struck hardest in the later age-groups.

Table 5 shows the cumulative malaria rate in the 142 persons
who were examined in every consecutive survey over 12 months.
The data are presented by age-groups. The number of persons
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examined 12 consecutive times was somewhat less than in the
previous year. Of the total of 142 persons, 81 or 57.1 per cent
were negative for parasites at every examination. This is a
somewhat lower per cent of nepative cases as compared with
the rate last year, 63.2 per cent, and it was obtained among a
smaller sample of the population.

Table 6 shows the number of times 61 persons, examined 12
times, and found positive in at least one of the 12 consecutive
surveys, were found parasite-positive during the 12 surveys.
In this table, all persons, whether in the atabrine-treated or in
the guinine-freated group, are included.

TABLE 7
I'mdeviduals (82) surveyed 10 or 11 moendkly surveys
e | T EAtuecHIN) | (QUININE PLARMOCHTH) | TaTALS
1 12 ' 14 26
2 14 & 22
3 i T 3
4 3 1l +
5 0 3 3
i 1 1 2
Totald i il 24 : 2% 62

Table 7 shows the number of individuals examined in 10 or 11
of the 12 consecutive surveys during the year. There were fewer
persons positive in successive months in the quinine-plasmochin
treated village, New San Juan, than in the atabrine-plasmochin
treated villages, although the numbers in each group are too
small to be of much significance.

OBREERVATIONS ON TYPES OF MALARIA TARASITES, CREBCENT
INCIDENCE, INTENRZITY OF INFECTIONS, AND
EPIDEMIC CONDITIONS

The results in table 8, which shows the species of malaria par-
agileg found in individuals during the wyear, are based on the
number of individuals found positive, instead of on the number
of positive slides.
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Table 9 shows the incidence of each species, whether or not
it oceurred mixed with another. It is interesting to observe
that a great increase in number of guartan malaria positives
oceurred during the past year. This increase was sharply lo-
calized in the control areas surveved only once during the vear,
in July 1939 (see table 8, column 3). It was also largely confined
io children. It is believed that this inerease in quartan malaria
followed the introduction of new cases from Colombia and Haiti.

TABLE 8

Species of malerio porasifes found in tndividucle during (he year

CHAGRES HEW 54N MADDEN

ArECIER OF PABASITES TILLAGES ITAN HIGHWAY TOTALS
: : AT |
T LCE TN o s D i e ms | 134 3¢ | 25
e T L A B L L LD S L ey B 17 T fit
I’.mraire.ri-::e:............................._ T a3 32 42
P faleiporwm and P, sdves. 00 14 11 0 25
P faleiparwm and P, malariae. ..o i 1 a0 | T
P. sivax and P, moloriae. ... 1 1 L] : 1
E L e UG s T2 166 T2 ALG
TABLE O
Ineidence of eqch specics faken separvaiely
RPECIES HUOMEER FER CENT OF TOTAL
Pofaleiparum, ... oo e e 31 a9
et 1 1 TF e e e e R e P s bt 190
R R ¢t S S e & [ 11.1
el i s s b e e s 432 | 1000

The percentage of faleiparum infections decreased somewhat
during the vear, in spite of the sharp inerease in positive rate
during the last two months of the period.

Table 10 shows the incidence of crescents among the faleiparum
pozitives. The crescent rate in all P. foleiparum infections was
glightly less, 35.8 per cent, in 1938-193% than the rate, 44.0 per
cent, during the previous year. The percentage of crescents
found in the atabrine-plasmochin treated towns was slightly
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higher than in the quinine-plasmochin treated fown, reversing
the conditions found last year. However, the numbers were
too small to be of great significance.

Table 11 gives the incidence of “heavy’” infections found in
the surveys. A “heavy” infection is one in which one or more

H

TAELE 10

Creseent rale in P, faletpaorum ooses

I NUMRBER OF i HUMIER GF . PER CENT OF
LOCALITY F. TAIJ:‘]P.\.RUH' CREBCENT GCHEMENT
LAHKE | CANIRIEING CALRIETS
Chagres WaHla g o b G e 128 ; 51 29,0
MewBan Inan. o0 e Lo 146 { 52 35,6
Madden Highway ... ... .. ... 29 { 10k 25 6
e 1 313 [ 112 358
Feeder enses?:
Eiora A L AERE . o s e e e 14 srescent cerriers 4
DB AN AN, e B S e b 12 erescent carriers -
Madden Highway. ... .. ... ..., 3 ecreseent carriers -

2% crescent carriera +

TABLE 11
Heavy infeetions found in surveys
[ HUMBER OF HUMEBER OF IFER CENT o0
LOZALITT INFECTIONS HEAVY IN- MEAYY TH-
I FOUND FECTIONS FECTIONS
Chapres Villages . .. ... ... ...... 172 aT ‘ 21.8
Plew B n s o e s e 166 2 19.2
Madden Highway ... ...........ooooon.. 78 10 [ 129
- L b i = Y
Do Rl i i s B 416 | 79 15.9

parasites are found in each thick-film microscopic field. The
rate, 18.9, is somewhat higher thiz year than it was last year,
17.3 per cent. As will be mentioned later, in the discussion of
epidemic conditions at the end of the year, there was a sharp
merease in number of heavy infections at the beginning of the
epidemic,
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INFECTIONS IN INFANTS

Table 12 shows in tabular form the number of infants under
12 months of age surveyed during the year. Sixty-five infants
are included, some of which were examined only once during their
first vear of life. Only one of these infants, a child from New San
Juan, showed P. falciparum parasites in large numbers in its
7th and 8th months. The parasite rate for these infants was,
therefore, 1.5 per cent for the year. Apparently the epidemic
which will be described in the next paragraph had not extended
{0 the infants and small children, by the end of the period covered
by this report. In all the towns, 21 infants were examined, an
average of 2 times during the months of July, August and Septem-
ber 1939, and all were found negative.

EPIDEMIC CONDITIONS DURING LAST MONTHS OF PERIOD

Table 13 shows the rates in all the villages for the 13 months,
September 1938 to September 1939. It is necessary to include
the last month in this discussion, as the epidemic did not appear
in some of the towns until after the end of the year September
1938-August 1939.

In previous reports, we have stressed the possibility that
epidemic conditions might arise suddenly in our population,
which has been deprived of a great portion of its natural im-
munity as a consequence of the intengive treatment of all persons
showing malaria parasites, which has been in effect in the past.
Such an epidemie, long predicted and long overdue, has appeared
during the last few months of the year. As will be noted in the
malaria rates as shown in table 1 for the Chagres River villages
{column 1), there was a sudden rise in August to 17.5 per cent,
from a rate of 6.9 per cent during the previous month. This
rise was owing to high parasite rates encountered during August
in three of the four towns situated along the banks of the Chagres
River, namely, Santa Rosa, Guayabalito, and Gatuncillo. This
rise occurred most sharply in the two villages of Santa Rosa
and Gatuncillo. In July the rates were respectively 5.4 and 4.3
in these two towns. In August the rates were respectively
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20.6 and 21.4. There was nearly six times as much malaria in
Santa Rosza in August as in July, and five times as much in August
in Gatuneillo, as in the preceding month.

At the time of writing this report (October 1939), survey figures
for September 1939 were complete, and show a marked rise in
three towns, Las Guacas (12.0 per cent), Guayabalito (32.0
per cent), and New San Juan (21.8 per cent), in which increases
in malaria rate were not noted in August 1939. This increase

TABLE 13
Chagres river villuges
bk : - : : ==
| Banrza | - - L |3

AMCETE avags ctli?li | moas: | ‘T;:EET GFIE;;;D Pt el

i | LR Y
Beptember, 1938.......... 2.5 3.9 3.1 1.4 i | 4.0 6.8
Oetober, 1988....... 00| 0.0 5.9 2.7 4.1 | 11.1 5.5 5.6
November, 1838 .. _,..| 2.3 [1X1] 5.9 n.n | 7.5 | 47 | 16.0
December, 1938, ........, 0.0 04 4.5 3.0 4.7 S B L
January, 1939 ... B8 28 540 | 12.3 6.5 6.9 | 14.8
Febraary, 1939...........| 2.3 10.1 3.1 ' 23.4 146 | 11.8 12.0
Maurch, 1939,.. ... ... ... 2.3 .0 B4 3.5 7.4 &b | 843
HL e N T R R (R 17 5.0 1.1 12,3 5B 5.4 | 5.5
A L e S | 11 2.1 8.2 ) 6.8 5.6 5.4 9.9
Juoe, 1989 .o ivins]| B2 6.8 7.8 0.5 | 10.4 &.1 4.
Tuly:desg. o | 50| 00| 54| 4ax|1sa| &n| &7
August, 198D .ol 4.4 2.3 | 29.8 21.4 160 | 17.5 6.5
Toraleiaviinmnpnid gt | e 9| sl sl e as
September, 1989, .. .....,.| 12.0 | 19| 233 | 14.8 | 32.0 | 17.6 | 21.8

was greatest in New San Juan, where rates rose from 6.5 per cent
in Angust to 21.8 per cent in September.

The epidemic of the summer of 1939 was slow in appearing,
and from the figures given ahove, it is shown that it did not
strike all towns with equal severity at the same time. In this
respect the present epidemie differs from that deseribed in our
fifth year’s report (5), in which all towns were affected simul-
taneously. However, rates in some of the towns were nearly
as high as those encountered in the epidemic of 1935. For
instance, the rate in January 1935 for Guayabalito was 34.4 per
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cent. In the present epidemie, it was 32.0 per cent In
September 1930,

A portion of the epidemic was undoubtedly owing to relapses
from previous infections, but many new infections occurred in
individuals previously negative throughout the preceding year.
Thus in the months of July, August and September, Guayabalito
had 22 new cases out of a total of 48 positives. In July and
August, Santa Rosa had 20 new cases out of 28 positives. In
August, Gatuneillo had 5 new cases out of 11 positives. In
September, New San Juan had 30 new cases out of 52 positives.
All these 77 new cases were in individuals previously negative
throughout the preceding 12 months. In other words, durmg
the three months of July, August, and September 1939, 55.4
per cent of all positives in these towns were new cases. This is
conclusive evidence of epidemic conditions.

Another evidence of these conditions was the number of heavy
infections encountered during this period. Santa Rosa had 9
heavy infections out of 28; Guayabalito had 8 out of 58; Gatun-
cillo had 3 out of 19. New San Juan, in September 1939 had
13 heavy infections out of a total of 52 positives, giving a rale
of 25.0 per cent heavy infections. Im 12 previous months there
was a total of 277 positives, of which only 27 were heavy infec-
tions, a rate of 9.8 per cent heavy infections.

Unfortunately, no record was kept of the number of clinical
cazes of malaria which oeceurred during this epidemie, but it is
known that such cases were much more frequently encountered
among the population during surveys and at the visits made to
the towns between surveys. In a population such as ours,
many persons give little evidence of a malaria infection, and our
visits are too few to make it possible to discover every clinical
case as it oceurs.

LOCAL CONDITIONS FAVORING ANOFHELES BRELDING DURING
TIE YEAR

Conditions on the Chagres River between Madden Dam and
Gamboa with regard to mosquito breeding in 1939 were greatly
different from those of previous years. Near the end of the rainy
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season (on December 16, 1938) approximately six times the
normal flow of water released from Madden Lake into the
Chagres River. This increased outflow caused the washing
away of vast areas of aquatic vegetation which supported mos-
quito breeding in the vicinity of the villages along the banks
of the river. The floating plant, Pistin stratiotes (water-lettuce)
in which Anopheles bachmanni breeds, was almost entirely swept
away, and Cabomba aguatica, an attached floating plant, a fav-
ored breeding-place of Anopheles albimanus, was secured from
the surface. Thus, in January 1939, at the beginning of the
dry season, the Chagres River in the vicinity of the town of
Banta Rosa was practically free from areas of anopheline pro-
duetion.

Water discharge from Madden Lake was continued through
January and February at a rate greater than that of the previous
year. This was done to raise the level of Gatun Lake previous
to the passage of the United States Fleet through the Panama
Canal. DBy the month of March, when outflow was reduced,
the result of this earlier outflow was to leave the river with a
low gradient between Madden Dam and Gamboa. This gradient
was 18 per cent less than in March of the previous year.
Cabomba appeared on the surface in quantity in the latter part of
March, and numbers of 4. albimanus larvae appeared in it. The
low gradient of the river favored the persistence and spread of
this aquatic plant. At the end of the long dry season in May,
water usually enters the Chagres from Madden Lake. During
the present scason, however, water was held in storage in Mad-
den Lake for more than four months after the beginning of the
raing in May, and the Chagres during this period was put into a
mild state of stagnation, which further favared mosquita pro-
duction. The center of larval breeding shifted upstream towsard
the native villages.

Heavy emergence of 4. albimanus came in the third week of
April, approximately one morith before the first rains. Fmer-
gence continued at a slightly reduced rate through the first part
of the rainy scason, supplying the villages of Santa Rosa and
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Guayabalito with a quantity of both fresh and mature adult
females.

The number of A. albimanus females taken in house collec-
tions in Santa Rosa, which is situated near the areas of intense
anopheline produetion, during the months April through July
averaged between 10.7 and 16.6 per house per collection, as com-
pared with less than one anopheline per house per collection in
New San Juan, which is located one and one-half miles from the
Chagres River.

Table 14 shows the average numbers of Anopheles mosquitoes
captured per house per day, in the town of Santa Rosa, from
November 1938 to August 1939.  This table shows that the peak

'
TABLE 14
Heasonal ﬂ.l'_lu'i"l.n:'ilu:'t'i"l.CG of anophelines fn Sanie Rope 1838-1938,  Average ricnber af
mosquitocs per iouse per day

1w | 1

May | June | July ..’nu.

I\.'u:.v.l Diee, | Jon. | Fab. | Mar, | Apr,

MilEkousess. o Feel3atas [ 5 4ok | 107 166 > 1260 9.3
All houses minus e 23.] 9.1 | 3.5 | 4.3 C:- & |3l 3.4 8.6 7.5 4.b
House no. 230 .o en i 6.7 1|7.':‘ 32.4 35.4| 21.3) 35.6| 22.0

* Owing to unavoidable turnover in personnel, figures for June are incomplete,
and ave not included in Lhe table.

of seasonal abundance in this town oceurred in May 1939, It
also shows the peculiar attraction of one house (No. 23) for
Anopheles mosquitoes. This house was nearly three times as
altractive as the average house in the rest of the community,
during the months of greatest emergence of mosquitoes. Many
factors worked together to increase the attractiveness of this
house. It was an old eane-walled, thatched-roofed house, set
in the midst of a grove of mango treez. It was in 4 damp loca-
tion, and was kept more damp by the practice of throwing slops
from the kitchen on the ground at the back door. Ii housed a
population of 10 persons, many of whom were young children.

A rather direct correlation between the attractiveness of a
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house to Anopheles mosquitoes, and the number of cases of
malaria occurring in it, is shown in table 15.

Houses 23, 26, and 29 were the most attractive to mosquitoes
of all the houses in Santa Rosa. It will be seen that all ten of
the inhabitants of house 23 were positive al some time during
the year 1938-1939, while less numbers were found positive in
the other two houses which were less attractive. Of the 20
individuals living in these three houses, 17, or 85.0 per cent were
positive for malaria during the year. Of the 59 remaining per-
song, living in the 20 other houses, only 20 were positive, or 34.0
per cent.

While the evidence seems rather conclusive that there is a
correlation between anopheline abundance and malaria infee-

TABLE 15
The correlation between malario positives und anopheline prevalence in Sania Roza
MOSGUITOES PER
HOTEE HUMEER IHITATITARTS roacrovE, 1038-103% ”%U:E}fﬂ‘ﬁif%f:g’"'
| APIIL, MAY, JONE, 1002
23 1 10 2.0
26 £ 4 10.7
it 4 a 11.0
Bemaining 20 houses al 20 5.5

tions in Santa Rosa, the same correlation does not hold in the
town of New San Juan. As mentioned in our second annual
report (2) for 1931-1932, very few mosquitoes could be found in
the houses in this town. This is also true of the present season.
During 1932, the greatest number of Anopheles taken in a single
house in New San Juan was 6, and the greatest total on any one
day was 19, out of a total of about 90 houses examined. Yet
the malaria rate in New San Juan was 18.1 per cent for the
year September 1931-August 1932. During the present, season,
while complete figures on anopheline density were not obtained
in New San Juan, it can be stated that there was no increase in
numbers of mosquitoes per house, immediately preceding or dur-
ing the sharp rise in malaria parasite rate which occurred in



NINTH YEAR'® ORSERVATIONS ON MALARIA IN PANAMA G5

September 1939, This rise brought the rate from 6.5 per cent
in August to 21.8 per cent in September 1939,

SUMMARY

The present report is the ninth of a seriez of observations on
malaria in a native population in Panama. This population
has been under observation and treatment with various drugs
since 1931,

Ag in previous years, no correlation with annual rainfall is
shown in the monthly malaria parasite rates. The parasite rate,
cumulative for the 12 months, shows that there was a small
increase in the number of persons, examined at every monthly
survey, who had parasites in their blood during the past year
{41.4), as compared with a similar group in 1937-1938 (38.0).
The slight increase is owing to the epidemic conditions which
appeared during the last months of the period.

The incidence of the various speciez of parasites found was
nearly the same as in previous vears, although the percentage of
P. falciparum decreased slightly, in spite of the epidemic at the
close of the year. A foeus of quartan malaria was discovered
among the inhabitants of the former control area.

As an evidence of epidemic conditions, in which yvoung children
are not so heavily positive as in endemic areas, the parasite rate
among 65 infants less than a year old was only 1.5 per cent.
Among 21 infants examined an average of twice during the
epidemic months of July, Aupgust, and September 1939, none
was positive.

In spite of continuous treatment with three potent drugs an
epidemic oceurred during the last few months of the period of
obzervation, This epidemic has been prophesied for a number
of vears past. Iis oceurrence gives additional point to the state-
ments made in previous years concerning the necessity of having
a knowledge of the loeal eyele of malaria, before evaluating con-
trol measures. Our monthly parasite rates show that little ae-
tive malaria was present in our population before July 1939.
Had our observations ceased at this time, we might have con-
gratulated ourselves on the success of our treatment methods.
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But again, as in the early months of 1935, an epidemic wave
swept the parasite rates twice to three times as high as they were
in preceding months.  Along with this increase in parasite rate,
there was a concomitant rise in number of new infections, and
in number of heavy infections. Clinical cases also appeared in
numbers, Epidemic conditions continued at the end of the
prezent year of observation.

For the first time since our work hbegan, data were obtained
on the relation of mosquito density to malaria rates. In one
town a close correlation appeared between numbers of Anopheles
and numbers of positive cases. However, this correlation did
not hold true in another town, where malaria was prevalent,
although Anopheles were few.

A parallel between stagnant river conditions, inerease of aquatic
vegetation, and Anopheles production was found in the Chagres
River area during the spring months. The inecrease in mos-
quitoes observed came somewhat earlier than did the increase in
malaria rates in the river villages; but no inerease in mosquitoes
was noted in New San Juan, although this town also experienced
epidernic conditions.

Az the epidemic observed during the past season oceurred dur-
ing the last few months of the period, it is planned to continue
our observations, to obtain further information regarding its
course, and the relation of mosquito density to the malaria

rates in the villages under observation.
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