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THE CONTROL OF PHLEBOTOMUS IN PERU WITH DDT
MARSHALL HERTIG* axn G. B. FAIRCHILD?

INTRODUCTION

Before the advent of DIVT there was no satisfactory contlrol method against
Phisbotomus sandflies. At best, temporary protection was afforded by repel-
lents, bednets and the treatment of rooms with pyrethrum sprays or aerosols.
Weekly spraving of fuel oil on the outer walls greatly decreased sandflies within
houses (1) but this method was of Bmited application on account of its obvicusly
disagreeable features.

Our interest in the control of Phlebolomus with DDT began in January 1944
Although primarily engaged in testing repellents in the sandfly-bartonellosis zone
of the Rimae Valley in Peru (2, 3) we made two trials of residual DDT. The
walls of two adobe huts with an abundant sandfly population were sprayed
ingide and out with DIV in kerosene.  Although unforeseen clreumstances put
an carly end to these experiments, in both cazes sandflies were not seen nor were
bites received [or about a weel:.

Worl: with DDVT was econtinued when one of us (3. IL) went to the Mediter-
ranean in July 1944 in connection with Phlebolomus and sandfly fever (4).
There were a number of zamall local outbreaks of sandfly fever among American
troops in the Naples area associated with Phlebotomus popalast. At that time
residual DYDT was being emploved on an increasing seale in Italy and it became
the practice 1o apray the interiorvs of quarters generally, and in any case, wherever
sandfly fever oceurred.  In all cases which came under obzervation, 1t was noted
that whenever the gpraving was adequately done, i.e., complete coverage with
5 per cent DDT in kerosene at the rate of at least one gallon per 1000 square feet,
there were no further cases of sandfly fever and usually no sandflies atb all eould
be found in the spraved quarters. On investigating the unsatisfactory results
in the case of one extremely large building with very high ceilings, it was found
that inexperieneed personnel had applied irregularly only o fraction of the DDT
needed. A subsequent spraying reduced the sandflies to negligible numbers.
In the area south of the Arno River, a number of buildings, particularly stables,
had been sprayed with DDT in connection with malaria control. It was unusual
to find any sandflies at all in such cases, whereas unsprayed stables frequently
contained numerous sandflies, mostly P perfilicwi and P. pernieiosus,

It was not feasible to undertake controlled experiments in human habitations
inn Ttaly, but several small-scale tests were carried outf in stables in Bagnoli, near

1 This work was initiated under & contract recommended by the Committes on Medien!
Research between the Office of Seientific Rezearch and Development {the contract having
heen assumed leter by the Ofiee of Lthe Surgeon General) and the Gorgas Memorial Labo-
ratory.

# Major, Banitary Corps, Army of the United States,

: Medica]l Entomologist, Gorgaz Memorisl Leboratory, Pangms, R, de P.
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Naples, The buildings were of stone, frequently with bomb rubble nearby.
Sandfly catches were of the order of 10 to 20 at one visit, mostly P. perniciosus
with some . papefasi. It had already been observed that buildings sprayved
inzide could usually be expected to harbor no sandflies. It was desired to deter-
ming whether or not . barrier to the entry of sandflies could be ereated by out-
side spraying.  Accordingly, only the outer walls, together with any immediately
adjacent rubble, were sprayed. Sandfly catches were greatly reduced. They
were frequently sero and rarely exceeded three or four. An unfreated stable
maintained its normal sandfly level.

A fow preliminary laboratory tests of the toxicity to sandflies of residual DDT
were also made at this time (4). Sandflies were exposed to DDT in glass jars
which had been rinsed with a kerosene solution, drained and allowed to dry
severil weeks previously.  Exposures of 6 to 15 minutes gave knockdown without
recovery in the ease of P. perniciosus and P. parroli var. ilalicus, while P. papa-
tasi required 15 to 40 minules. In all cases, however, agitation began within
about three minutes, and after about six minutes Auttering of the wings and lack
of coordination were common. At this stage there was frequently noted a
characteristic “stumbling™ on alighting, the sandfiy going down on one side and
then quickly recovering itz normal position. The behavior as to feeding, ovi-
position or other funetions of those sandflies which recovered, was not [ollowed.

The duration of the effect of the DDT in the Italian work could not be deter-
mined. The longest period of observation was a seant two months from the time
of application to the decline of the sandfly season in Oetober. In no case was
there evidence of the effect wearing ofl.

Controlled experiments in Palestine with P. papainsi (4) showed that spraying
the inner walls of houses gave practically complete protection from the bites of
sandflies and constituted the most effective single method of house spraying.
DDT applied outside gave roughly 75 per cent control. It was recommended
that in practice living quarters be sprayed inside, and in addition the outside of
doors, windows and other openings, logether with a little of the surrounding
outer wall.

The work in 1taly and Palestine established the effectiveness of “house-control”
and pointed to the possibility of achieving area-conirol by applying DDT to
those ouldoor structures or objects which serve as sandfly breeding and resting
places. It was felt at that time that several features of the habits and life-cycle
of Phlebotomus would operate in favor of control by this method, namely, the
Imited flight range from breeding places; the characteristic short flights with
relatively long pauses both at shelters and near a blood meal; the long life-cyele
with a correspondingly slow replacement rate.

We returned to Peru in 1945 at the invitation of the Perovian Ministry of
Publiz Health to study further the possibilities of area-control (5).  Peru offered
a number of advantages for this work, There was an abundant sandfly popula-
tion the year round which had been under more or less continuous study from
1937 to 1942 by one of us (6) and later by an associate, Dr. Aristides Herrer.
Furthermore, we had the active interest and generous cooperation of various
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Government agencies and private individuals and groups who have been much

concerned with sandfly-borne diseases as a public health problem®.  We were in
" Peru from June to September 1945. The experimental areas were revisited in
March and April 1947,

Several small-scale preliminary experiments were carried out at Sureo, a
village in the Rimac Valley about 40 miles from Lima at an altitude of 2013
meters. Sandflies, mostly P, verrucarum with a few P. peruensis, are abundant
in most of the houses seattered around the periphery.  We have sandfly data for
some houses covering several years.

Field headguarters and laboratory were established in a railway coach!. We
had the able and enthusiastic assistance of Doctor Herrer and Sefiores Caballero
and Puertas!, all with years of experience in sandfly work in that region.  When
abroad at night we protected ourselves with Army insect repellent. Our three
associntes had had bartonellosis and used repellent only oceasionally when sand-
flies were particularly annoving. The conch was sprayed with DDT. So far
as we are aware we have never been bitten by Phlebofomus in any of our Peruvian
worls,

Criteria for sandfly abundance. For the purpose of estimating sandfly abun-
dance as accurately as possible to check the results of our experimental work,
we made use of a number of different methods, alone or in combination. While
from a statistical point of view it might have been betier to employ but one
standard method, the time at our disposal and other cireumstances beyond our
control made it seem advizable to employ whichever method promised the most
information in any siven case,

(1) Indoors. a. House cotehes. The simplest method iz to make catohes
in houses and associnted animal shelters during the day, with the aid of tobaceo
smoke and a flashlicht. However, ihe mumber of sandflies which remain in a
house aiter the night's activity depends partly on the construction. A dark
house of adobe or masonry, with few openings, particularly between the walls
and roof, will harbor more sandflies than one made of cane, sheet metal or boards
with many openings. Where cooking is done over an open fire very few sand-

*We sre indebted to many individuals and organizations [or innumerable kindnesses

and sourtesies as well as meterial aid, and especially to the following: Dr. Constantine J.
Carvallo, Minister of Pablic Health, at whose original invitation our work was underteken,
and his suceessors, Doctors Ozear Trelles and Alherto ITurtado, whe continued to follow
our work wilh interest; Tir, Teldmaco 3. Battistiod, who placed at our disposal the facilities
and personnel of the Nationgl Tnsticute of Hygiens and Pablic Tealth; Dr. Aristides Herrer,
of the Institute's staff, and his feld assistant, 8r. A. Caballero, who rendered invaluabla
serviee during their active participation in these studies; Mr. G. W. Morkill, Geueral Man-
ager of the Central Railway, whose liberal aid included the railway coach which was our
field headguariers, and the losn of the sarviees of Sr. M. Puertas, formerly a field assistant
in the sandfly work of the Instilute; Fmpresas Electrieaz, Lima, and Christiani and Nielsen,
sontractors for the project st Autisha, and especially Mr. &, Becher-Jensen, Chief Engineer,
and Dr. Lais Vésgques L., the camp physicizn; the officers of the Corporacion Peruana del
Santa, especially Sr. David Dasso and Mr. Berton Jones, Chiel Enginesr of the project at
the Cation del Pate, Dr. G, Gorbitz, Chief Medical Officer, and Sr. Martin Arroyo, Sanitary
Inspeetor.
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flies remain, even though they may enter and feed in great numbers at
night,

b, The charaeleristic bites of Phichotormus sive a rough index of sandfly ac-
tivity during the previous night. On sensitive individuals, particularly chil-
dren, the bites wre red spots, bwo or three millimeters in dismeter, distributed on
face, neck and forearms. They are distinet in the morning but may fade by
noomn.

e, Hites reported.  The people are thoroughly {amiliar with sandily bites and
distinguish them with aceuraey from those of other inseetz. Onee friendly
relations have been established, eonsiderable confidence ean be placed in the
reports of inkelligent individuals.  In the areas where we worked there are practi-
cally no mosquitoes of any sort which might lead to confusion,

For our experimental work we selected houses known to yield consistently
good catches, Z.e., of the order of 60 to 80, rarely falling below 40, and at times
totaling 100 to 150 or even more sandflies at one time.  However, even in “good
sandfly houses” the catches may vary a great deal from day to day depending on
weather and other conditions. A rainy or windy night checks sandfly activity
and may be reflected in reduced catches the following day.

(2) Ouldoors. a. Domestic animal shelters. Those animal shelters which
have a roof are comparable to houses as daytime resting places for sandflies.
This eategory, however, includes only poultry houses and hutches for guinea-pigs
or rabbits.  In Peru cattle, horses and burros are kept in open corrals, not stables.
Pigpens are usually small enclosures of loose-laid stone.  Daytime zearches of the
walls of corrals or pigpens reveal very [ew sandflies, which is true of outdoor
stone walls in general. While smoke which penetrates the inner recesses may
cause the sandflies to move, the irregular and intercommunicating spaces permit
them to avoid the daylight and they can rarely be seen even with a flashhight®.
However, beginning at five or six o’cloek in the evening, sandflies come out of
hiding and may be seen resting in the interstices or actually on the surface of the
wall preparatory to taking flight. Smoke hastens the proeess of emerging from
the inner recesses.  Pigpens are espeeially profitable for night observation since
attractive hosts, resting places and probably also breeding places are closely
associnted and sandflies can easily be found throughout the night.

. Stone walls, eaves and other shelfers nof associated with hosts.  Btone boundary
and retaining walls laid without cement were the principul outdoor sandfly
shelters in our experimental areas, Especially favorable were thick walls with
many dark recesses free of alr eurrents, and with year-round sourees of moisture,
guch as nearby irrigation ditches, or in the case of retaining walls, irrigated ter-

¢ We have obsarved in the case of various Panamenian species of Phlebotomus Lhal while
colleeting with smoke a number will fly out, even into bright sunlight, from hiding places
in magonry recesses, tree bultresses or animal burrows, a phenomenon which is rare with
Peruwisn species. 1L may be noted for sandflies in genersl that while their resting places
are usually dark, it is in many cases & metter of chonsing a spol away [rom the source of
light rather than seeking the lowest possible light intensity. Sandflies often peneirate
small ereviess bul many scem to prefer to rest on an open surfaee rather than avail them-
selves of nearby crevices, Az & result, it often happens that sandflies may easily be seen
on Lhe far side of rooms or shallow caves withoul the aid of artificial light.
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races. Az indicated in the preceding paragraph it is only in the evening that
sandflies can be demonstrated in stone walls. Certain stretches of wall con-
sistently harbored more sandflies than others and thus served as convenient
ohservation points,

In our present work we regarded stone walls merely as shelters and identified
no parlicular spots as breeding places. Nevertheless these walls undoubtedly
included breeding places and most stone walls may be considered potential
breeding places.  Crevices in steep rocky slopes and the spaces beneath large
boulders would fall into the same category as stone walls from the standpoint
of sandfly shelters and poteniial breeding places, but actually we had to deal with
very few such situations. Several dry, uninhabited caves were consistently
good sandfly shelters, readily cheeked in the daytime.

¢. Outdoor biting rate. Quiescent or sleeping persons and animals may be
bitten in the open throughout the night, except when rainy or windy. We
believe that the only really satisfactory method of determining the outdoor
sandfly population iz an animal-baited trap which would measure the sandfly
activity of the entire night®. In the absence of suitable traps, the most feasible
method was to obzerve the biting rate on burros during early evening, We
found these animals quite attractive to sandflies. A tethered burro was ex-
amined with a flashlight at frequent Intervals and the number of sandflies biting
‘or merely resting on the animal were noted.  Most of them would alight on the
udder or male genitalia, with a few on the front legs and oceasionally also on the
face.  As many as 15 or 20 were counted at one time. Feeding takes three to
gix minutes, but sandflies may remain without changing position even longer,
whether they feed or not. The hight causes httle disturbance. At each in-
spection those sandflies which were judged to be new arrivals were counted.
In general, burros are more attractive than man, the ratio being of the order of
twenty to one as between burro and observer. A wave of outdoor biting begins
between five-thirty and six o’clock and continues until about seven or at times
until eight o’clock, after which there are usually very few bites, even in the
abzence of wind or rain. We have few data for the period after midnight. In
previous work we have obzerved or had reports of a sudden increase of bites
indoors after two or three o'cloelk in the morning.  Biting rateg tend to be highest
near houses or particular portions of stone walls where sandflies are known o
emerge nightly, and are lowest in open fields or away from normal hosts and
good resting places.

In house catches there are eonsiderable variations in the proportions of freshly
fed females, 1.e., thoese with red blood and those which fed one or two nights
previously and have black intestinal econtents. We have taken this as & rough
index to the preceding night’s activity and as an aid in distinguishing isolated
wave of sandflies. A low proportion of females with red blood would indicate
that relatively few had entered the previous night, while the others would rep-

# Tn Panama horse-haited traps opersted in conneetion with mesquite studies roquently
catch large numbers of Phlshotomus {as many az 200, meatly P, panamensiz end P. suis).
Even though sandflies can easily escape through the wire sereening, they may be found on
the lower wooden penels.
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resent females which had remained for several days alter feading. T iz unusual
to find one with both red and black blood. In previous studies in the general
region (6) a total of over 13,000 sandflies from daytime house catches consisted
of 54 per cent fed females, 258 per cent unfed, and 18 per cent males. The pro-
portion of those freshly fed was not reeorded, but in our present work we have
noted that in houses not disturbed by collecting for several days, sbout one-third
of the fed females show red blood.  The proporiions of unfed females and males
to the total are extremely variable and are apparently greatest when breeding
places are immediately associated.  We have ineluded both unfed females and
males in our totals bul have been unable to extract from their proportions any
particular significance for these experiments. Unfed females varied from less
than 1 per cent to about 20 per cent of the total, while males rarely exceeded 3
per cemt.  Although we have only scanty information on the relative activity of
sandilies which have fed and those which have not, it has been noted that unfed
females make up the great majority of those seen leaving a house or outdoor
shelter early in the evening and of those found abroad during the night., Trom
our present work there are indications that engorged sandflies may remain con-
tinuously for two or three days, but probably not longer, in the house where
they have fed, before seeking outdoor shelters or breeding places.

EXPERIMENTAL WORK

Our first experimental work was done in and around Sureo in June and July
1945, Here we used more or less isolated houses or groups of houses to test the
degree of control obtainable by applying DDT to the surroundings of the houses,
to their outside walls, or to their interiors, in various combinations,  Since we
were “fecling our way™ as it were, we modified the tests in various ways to give
additional information and answer specific questions which arose during the
eourse of the worlk,  For this and the additional reason that this works illustrates
problems whieh arise in dealing with sandflies, a group unfamiliar to most
American entomologists, we have thought it advisable to record these experi-
ments in considerable detail.

In all eases DDT was applied as a 5 per eent solution by weight in kerosene
(5.6 ounees or 160 grams of Technical Grade DT to the gallon). In getting
the DD into selution compressed air, when available, liberated st the bottom
of the mixing tank was the most convenient way of securing continuous agl-
tation. A wet spray was delivered by 4-gallon evlindrical pressure sprayers of
conventional type, the disk nozzles having a 60-wire-gauge aperture (Figure 3)
The rate of movernent of the nozzle and its distance from the surface, about 18
inches, were roughly regulated to give coverage of at least onegallon per 1000 square
feet. In practice the sprayving was done so that the surface was seen to be wet
without an excess running down, with an actual coverage approaching an average
of 1.5 gallons per 1000 square feet. All surfaces, whatever their nature, were
sprayed as nearly as possible at the same rate and as though they were flat and
unbroken. In the case of stone walls no account was taken of irregularly pro-
jeeting stones and no special treatment was given to openings in the wall.  Thus
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the outer surface of any individual stone would be wet while the spray might
not be ohvious on the rounded sides leading into the wall.

Area conirol, isolated houses at Sureo (see sketch map; Figures 1, 2).

1. House P (Figure 2). A small adobe house, surrounded by nearly level
cultivated fields with stone boundary walls, had been known for some time to
have a good sandfly population. The adobe walls were gmoothly finished and
whitewashed inside and on two sides outside. There were two stories of one
room each occupied by two families totaling six or eight persons. The anly
domestic animals were a dog and a few guinea-pigs and chickens which ghared
the lower floor with the family.

Preliminary obeereations, 30 Moy to 25 June 1855, This house had served as & catehing
clation in the Institute’s work since May 1945. On the basis of partial eatches (34 to 70
sandfiies, average 54) together with estimates on aeven aeeasions hetween 30 May and 22
June, the sandflies were rated &3 abundant. A pareful estimate on 23 Jupe gave & tofal of
over 170 sandflies, and on 25 June, over 160.

We made no thorough nighttime exploration of the 230 yards of stone wall near this
homse, but there was found one small streteh (Station 2) aboutd three yards in length with &
small irrigation ditch at its base, 60 yards from the house, which on several ingpestions never
fuiled to show sandflies emerging in the evening. Mo estimate was made of the nightly
total fram this piece of wall, Three or four aandilicz eould be sean at any one time begin-
ning about five-thirly, with an increase shortly thereafter, so that 10 to 20 could Lo secn &t
one inspection up to about eight-thirty, which was the latest for which we have data,

20-94 June. Beginning 20 June, evening biting rates were taken with one or two burros
during successive periods of 15 minutes at six stations wilhin the experimentel ares. Twao
stations were near the house; the most distant one (Btation 2, 60 yards) was near the stone
wall known to herbor many sandflies, Maost of the observations were under way by six
o'olock and were over before eight, The distribution of bites as between the different
stations was thoroughly capricious, with no one station eonsistently attracting its pro-
portion of the total. For example, the sxtremes for the entire 2eries oseurred on the same
evening with two burros attracting 112 and 32 sandilics in 15 minutes at Station 1, and not &
gingle sandily at Station 4, while on the following pvening these Lwo stalions wers equal with
51each. Farthe ive evenings before spraying the averages for the different stations ranged
from 17 to 40, with an overall average of 26 sandfiies per gtation per Li-minute period.

25 June. DDT. All the stone walls in the arce around the house wers sprayed with
DIFT for a maximum distanee of about 30 yards,  The walls were mostly hetween three and
four feet high. Eoth sides as well as the top were aprayed. The house was left untreated
Lo serve ag an index of the results. The sprayed boundary walls were the gole barriers to
any sandfics entering the area.  {Actually, this first spraying left an open approsch from

PLATE 1
FXPERIMENTAL AREAS, Burco, PERU

These two overlapping views (note corner of ceinetery with gate) include part of the
ares shown in the sketch map,

Fievre 1. House Vis the neatest one of the row along the highway. Station 7 isinthe
Tower left foreground.

Freume 2. Honze P, middle distance: Station 2, under trees Ncar corner of cometery,
left. After treatment of house and surronnding stons walls with DDT, House P remained
wirtually free of sandflies, while in Houze V, 75 vards away across &0 open field, they con-
tinued to be abundent.
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the sandfiy shelier a1 Btation 2 Any azndflies alvesdy within the srea which managed to
avold a 3[]1".1}"0&'. surfanee, or wers al |'m—3r35-' in the howse jtae r, woere free Lo CATTY ON their nor-
gl gelivities,

i e o @ Seli Howse eafehes. Onothe firer s davs alee sprayiong two or more of
cne grengr msde complete hooze satehes smeanting 1o 120, 73, 18, 14, 21 and 4 respeetively.
Theae entehes comprized all the sandflies which could be made 1o meveal themselves by
means af tobaeeo sieke Dudiligenl searches repeated several times, o process which roguined
fromm thivty minutes Lo an bowr, A “eomplete’® careh docs not e Ul thers are oo mars
spndflies hiding ina house.  This s partienlody true when the sanedilies ave very abundand,
gince the more sandfies there are the more there will be in the lnaeceszible hiding places,
Further, the greater the time spent in makiog caplures, the more smake is emploved, with
Lhe reault that some sandfies become narealized snd remain immobilized or Call, ot resaver
later.  The catebes on the frst theee days ineluded aoly 3 females with red hlood compared
with 181 with Llack intestingl contents and 17 unfed, aml probably represented chicfly
samiiflics which were already in the howse before the spraving. On the next three davs
thers wore a todal of Twith red blood, with blaek and 20 nnfecd.

A Swwee fo 2 ey, Banddflies continged Lo coeese in sustamary nombers from the arone
will sl Btation 2o whieh was 30 verds curside the speaved arca. Huees vales dropped sharply
Bginning with the oight of the spraying, with the exeeplion of e ansprased Station 2,
Cra Tivee nighis belween 23 June and 1.July thiz station sversped 23 sandfies inis IS einaie
prriced (21 For the preceding live nightal while the other fee stations in the spoaved area
wveraged only 2.5, Aspol (Btation 71 150 varvds from che house, where on 19 June o grazioge
Barra was being Bitben by anany sandfiies, gave a biting vate of 14 on 25 June.,  One baceo at
three stations ian orchard-garden (Garden 11 30 1o 75 vards (eom U bowse, on 26 Jone
aldraeted over G0 snondllies inoone hoar,

Cloptred Boeczes . A mamber of houses within 200 vards were lonown in former years and on
the basiz al recent work by the Distitnte to heve many sandflics.  They continued abundant
during 1his period by the report of Che secupants, with characteristic bites obvions, One
house in partiealar, Houze V' (Figaee 1), was loeatlsl 75 vacds across an open field from
Homae P oand gbout 80 vards from the nearest sprayed wall, Our frst aclusl eatehes ware
rade en 4 July when over 100 were eaeht, and co Lhe following day when 67 were canght
aned ar leazt 30 more seen, at o time when sandilies in House bl deopped bo g wery Tow
level, A house on the other zice of the villame on 27 June vielded 65 saniflies. The weather
was consiatently faverable for sandily setivity during the whole period before and after
apraying and eur dats indicste that sandllies eontinned to be normally slandang imemedi-
ately ontaide the spraved area.

S fuly. Sprayed ween extended. 25 apndflios were eaupht in Hewse 10 While there ol
been s marked drop alter sprayving, it was obyionz that an appreciable number of sandilics
sUill bl Ceee secess Lo Lhe house, Inoview of the extremely limited srea which had been
spriyed and the epen approneh eonoene stde from o known sandiy shelter, the spraving was
extended on 3 July on all walls up lo s maxieoem of 63 yards from the house,  Thiz elosed
Lhe open approach and ineluded (e wall at Station 20 Af the latier point the spraying on
o siade hacl just been conpleted o e after five e'elock. A pumber of 2andfioz were zeen
to emerge suddenly Drom the other side showing consideralde agitation bat ne ather avmp-
toms, MNooawndilics s all were Towmd Iater i the evening., (Verous evening ingpections
during the next two months always moee completely neguiive resalis) The burro rate for
that pvening w2 mero at the four stations teated, while it averamed 15 in Garden 1, 50 10 73

vards away.

g fuly. Howse eatehes on 4, 5, 6, 10 and 14 July were 7,9, 3,3, 7 respeetively.

I§ e o 13 August. There was & sudden ineresse of sandfies in House 1P, with eatehos
on TEand 24 July amomding to Tiand 92, Hali the fed females on the Grst date showod sed
Blowal aoned on 1he second, ondy abont one-azeventh,  On 27 July the esteh bad declined 1o
A, two-thinds with red Tlomwd, and on 31 July, 18 with none fresbly fed, and reached »
eewe] whieh averaged B sandifies insix eatehos in the first two weelos of August,
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Burro rates during the July rise sveraged only £ sandflies on each af two evenings, 23
and 31 July, On 3 end 8 Aupnst the rates averaged 3.

We have no explanation for the sudden rise in the house eatehes nor for their
suhsequent decline. The nearest dwelling, House V, which by that time had
entered into a second spraying experiment (see Experiment 1T}, aleo showed a
slight rise but reached a level only half that of House P. - Burro rates in orehards
and gardens in this second experiment also showed a slight porresponding rise.
We considered the possibility that sandflies were breeding in the foundations of
the house itself, bul the composition of the catches did not support this view.
(ur assoviates who made the observations during this period informed us that
there had been considerable wind at night, even though the customary calm of
carly evening had prevailed during the burro observations. While sandflies
ordinarily do not fly at all when it is windy, in previous work they have been
seen to alight in nurbers on buildings at speeds approaching violence, apparen iy
blown there by the wind which was sufficient to move the wings of those at rest.
Wind-borne waves of sandflies could easily be carried over low walls on which
they would normally alight if left to their own devices. During the July rige the
extreme variation in the proportion of sandflies showing red blood points to the
possibility of waves rather than steady local production or infiltration. Never-
theless, we have no satisfactory explanation for this peak.

20-22 Augusi, Catches on these three dates were 22, 38 and 538, (House WV had 146 on 28
August.) The burro rate, however, averaged only 5 on 20 August, and on the following
evening there was only 1 bite in 75 minutes st five stations, compared with 37 for the same
period at Station 7, 55 yards outside the sprayed area.

22 August. Howse P sproyed. Tt was deeided to modify Lhis experiment 50 as to include
house-control.  As we were nesring the end of our stay in Peru, the results were to be
checked by our associates at spproximately weckly intervals.  (Hee also Experiment IT1.)
The house wes thoroughly spraved as follows : all inner walls on both flaors; the edgea of the
sheet metal ceiling (roof) of the upper fAlnor; the entire wooden eciling of the lower floor; the
ontside of windows and doors and & little of the outer wall surrounding theso Openings.

{(in the same cvening & burre near the house attracted only 1 sandily in two separate
15-minute periods, while at Station 7 there were 30 in 22 minutes.

28 August lo § September 1945, House eatches were zero on 23 and 27 Augnst. On 5
September the house could not be entered but a burro attracted o total of 8 sandilics at six
stations. This house was vaeated & few days Iuter and remained unoceupied for several
months. We have no further observations for this period. Meanwhile in the neighboring
Haouse ¥V, eight eatches hetween 21 August snd 10 November averaged 82 ssndilies, with
extremes of 40 and 170, In November 1945 the Institute's Phlsbotomus work was shifted
to other places in the Rimae Valley and we had no further reports or observations at Sureo
antil we revigited the place in company with our three Poruvian associates in March and
April 1947, ¥

28 Murch to 10 April 1857, Touss P had been vacant off and on for about a year but had
heen continuously cccupied since Oetober 1946 by people who had eooperated with us and
our agsociates in previous work. The fields had been eultivated continuously. The oceu-
panis informed us that they had had “no bites' and that there had been “no sendflies™
during their five months in the house, pointing out in the same breath that their neighbors,
indicating Houses V, T and C and seversl others known to us, had somplained sonstantly
aboul the sandflies.  Their story was supported by cireumstantial aesounts which included
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the information that they were not hitten when sitting outdoors in the evening,  Thorough
segrch of the upper floor on 26 and 30 March ¥ielded no ssndilies at all. None of the oceu-
pants showed sandfiy bites, The occupants of the lower lloor were not at home on these
visits. On 10 April four of our group made a thoreugh seareh of both Aocra, which netted
ane sandflv.,  An attempt fo messure the biting rate with three burros and s horse that
anme evening was spoiled by high wind and rain.  Thers weore no bitez at gll on any of the
animals either in the experimental ares or at Bation 7, from five-thirty to seven o’clock,
when the teat waa abandoned on account of the weather, No sendflies were seen in the
wall 2t Station 2 at several thorough inspections with smoke, slthough in & retaining wall
al Slation 7 asndfies appeared spontancously or with amoke, but refused to take flight oo
aceounnt of the weather.

Oin 10 April & hurried, partial eatel in House V yielded about 150 sandflics with as many
more estimated to be present. 1o two nesrby houses, G and T, 80 and 70 sandfies wore
caught, with more sson.  In one of these houses the children's faees showed many biles,
while in the other 72 bites were counted on one wormen’s forearm.  The peportz of the people,
will known to our associates, indieated that this was the usual situstion. On 30 March, a
house ot Matueans, several miles higher up the valley, koown in other vears to barbor meny
sandflies, showed sandflies to be normally sbundent.  Our associates had found the sandfy
level normal in their work elsewhers in the genoral region.

We thus had indications that sandflies were and had been at their normal
level of abundance not only in the general region but in the immediate vicinity,
75 to 200 yards, of House P.  We are unable to assign any reason for the virtual
absence of sandflies in the latter place except the DDT applied to the walls 21
months, and to the housze, 19 months previously.

I1. Area-control: group of houses, including House V (see map; Figures 1, 2).
Ten dwellings in a crowded row along the highway were known to have many
sandfies.  On account of open fires, house eatehes were usually very low in all
but House V, the first house in the row, located diagonally across an open field
75 , ards from House P of the previous experiment. Three narrow orchards and
mardens (Gardens 1, 2, and 3) with stone or adobe walls extended from the rear
of { hese houses for about 70 yards. In front of the houses were the highway and
railway embankment, with cultivated fields and gardens beyond.

Prefiminary obsereations,  Burro rates on 26 June sod 3 July 1945, at thres stalions in
Carden 1 nearcal both Houses V and 1, averaged about 15 per 15-minute period.  Tests on
the open paved highway were oegative,

Over 100 sendfies were ceaght in House ¥V oon 4 July.  Four other houses were searched,
with very low eatches, typical of houses with open fires.  Reports of the oceupants together
with hites which could be spen, indiested thet sandllies were plentiful during the night.

4July 1845, DDT. The garden walls and other stone walls aszociated with these houses
were aprayed for g mavimum distanee of sbout 75 yards. The side of the railway embank-
ment facing the houses had irregular stretches of retaining wall and projecting boulders,
which woere sprayed. The houses were lelt unlrested,

5 July to 10 November. House catehes on 5 and 6 July in House V were 117 and 56, A
cateh of 19 an 14 July wag followed by a moderate rise (coincident with the sherp increase
in House P) with [our catches from 18 July to 1 August, of 32, 17, 45 and 43. Thereafter
catches did not fall below 40 during the period of observation up to 10 November. There
were two high praks, one 21-25 August, with 146 and 94 sandflies (which coineided with the
rige in Mouse P terminated by spraying), the other repregented by a catch of 170 on 25 Sep-
tember, with a deop to 2 within Lwe days,

Throughout this period the other houses were sampled [rom time to time, but the catehes
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ware g0 low before the spraving that the low eatches afferwand were without significance.
The highest were L6 and 10 in two houses on 23 Angost.  Usually they did oot excesd twao
ar three. The people in other than TTonse Voreported a marked reduction of biles immedi-
ately after the spraying, with confused information thercalter. We have prefereed Lo
take the ratehez in House ¥V as the most reliable house index in this experiment.

46 July. On the evening of the spraying the burre cote in Garden 3 was zero; on the
following evening a burre in Garden 1 sttracted 5 sandiies in 50 minetes, Gerden 2, 7 in
45 minutes, Garden 3, 4 in 45 minutes, eo overall average of & little over 1 sandfly per 15-
minute peried, The maximum in any one period was 4, compared with two high periods
af 30 and 47 hefore spraying.

Beginning % July, burre rates were taken in these three gardens weekly up Lo 20 August,
They sversged & little over 2 sandflica per 15-minute period.  Garden 3 on 25 Seplember
gave a rate of nearly 2 and on 15 October, sbout 3. There was a slight rise in the period
from 17 t0 26 July, rates an these two dafes sveraging nesrly 5, while theroalter the average
wag less than 1. Our last burro rates outaide the sprayed area, at Station 7, were on 21 and
22 Augusl, when they sversged 7 and 22 respectively per 15-minute period.

In this experiment the burro rates in the gardens, which were practically
enclosed by spraved walls, dropped promptly and stayed at a low level.  On the
other hand, it was realized soon after the experiment was under way that the
houzes were msufficiently protected on one flank. The sprayed portions of the
railway embankment did not constitute a raised barrier which might intercept
those sandflies coming from walls beyond the railway. The reduction, if any,
of the sandflies in this group of houses was transient.  Ewen though the people's
reports indicated that there may have been some reduetion of sandfly bites in
those dwellings beyond House V, the catehes in the latter indicated that sandflies
were atill abundant.  This houze had a special status in several respects. 1t was
the only pood daytime sandfly shelter of the ten houses, which in itself would
tend to coneentrate the sandfly population.  As the first house of the row, it was
exposed on three sides and could conceivably intercept a disproportionate share
of the sandflies coming [rom the unspraved walls beyond the railway. It was
decided not to modify this experiment but to leave House ¥V as a control for
House F.

26 Marek to 10 April 1347, There have slresdy been mentioned the extreme abundance
of zandflies in House V on 10 April, with high catehes in Houses Cand T, Reports indieated
that the other houses in the row of ten, which were not entered, had asndflies 1o nocmal
abundance,

111. House ond ouddoor walls sprayed. House G (see map), an isolated house
470 yards beyond House P, between the highway and the railway track, stands
on a narraw terrace with stone retuining walls above and below.  Terrace and
walls are about 40 yards in length.  Below and beyond the highway are irrigated
pastures; above the house is the rather bare railway embankment and a steep
rocky slope. A small orehard occupies one end of the terrace.  The house 1s a
tiny adobe hut, smoothly finished and whitewashed inside, with rough adobe
outside. A& cane lean-to against the retaining wall provides additional living
quarters. There are two chicken coops and one guinea-pig huteh, small dark
structures of stone and mud. A dog was the only other domestic animal,
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This place in previous work had had & consistently high sandfly population,
with frequent eatches of 100 or more.  This was one of the two places which we
sprayed with DDT in January 1944, the small house alone being treated.  After
a week in which no sandflies were found the hut was temporarily vacated. Ob-
servations were continued for another four weeks without finding any sandilies.
We have few data for this place in the intervening period up to August 1945.
The rainy season of December 1944 to Mareh 1945 had been far below normal
in precipitation. Our Peruvian associates had found sandflies abnormally low
in some places, including Surco and Matucana, This was true not only of house
catches but of caves. At House G there had been a low catch of 16 in Decernber
1944 (influence of previous treatment unknown) with even less on two occasions.
in May 1945. It may be remarked that those houses which showed high catches
at the latter period, and which we sclected for our work, were associated with
continuously eultivated and irrigated Gelds or gardens. The terrace on which
Housze G iz located 3s dry except during the rainy season.

Preliminary obserrations. ouss G was not visited unmtil August 1045 when ssndflies
were onee more found abundant,  Several small caves slong the railway, 20 fo 250 yards
away and shout the same distance from House P, also had their normal quota of sandfiies,
atlesse 20 or 30, On 21 Aupust a total of 94 sandfies were canght at House G, maost of them
in the houze, On the same evening a buree attracted 48 sandflies in 110 minules, during
which time various sandilies were seen on walls, doors and windows of the house and on
the chicken eoops. A few were seen cmerging from stone walls,

23 August 1845, DDT. There were estimated to be 25 sandfiea in the house, and & few
were gperl in a chickern enop.  No catehes wers made, The whole place was sprayed as
fallowa: the inner walls of the house, together with the outside of doors and windows and a
little of the outer wall around them and along the eaves; the cane lean-to inside and out;
bed frames eod aome bedding wherever found ; the outside of chicken and guinea-pig shellers
and all shone walls within about 15 vards of the houze,  Varions boulders along the highway
were &lao sprayed.

The evening of the spraying, a burro stationed &t the house for one hour sttracted anly
ane sandfly; during the next hour in the orchard just outside the sprayed aren there were 3
sandilies. The weather was favorable and at Station 7 there were 30 sandflies in 22 minutes.

23 Augusl. Ounthe day after spraying there were no sandfiies in the house, while one was
sepn in s shicken coop.

#7 August. At our last visit before leaving Peru, there were no zandflies pither in the
houze or in the gnimal shelters, The people reported that ihey were bitten ogcasionally
while in the orehard but not within the spraved srea,

§ September to 27 November 1845 &r. Ceballero made ten searches of hotwse and snimal
shelters, with completely negative results. COn 19 September, 5 and 8 October, burros
attracted only an occasional sandfly, the tolals not exceeding 4 in any evening.

86 Mareh to 0 April 1847, We had no further information until 26 March 1947, when
four of our group visited the place. We were greeted with the informalion that “there
aren’t any maore sandflies.”  Aceording to the oceupants’ secount there had heen very few
bites since the spraying 19 monthz before. Tour bites were counted on the neck of the
woman. She slept in the semi-open lean-fo and in other yesrs usually showed numercus
bites. A thorough sesrch netted only two unfed sandflies in the guinea-pig huteh. On
a0 Mareh a beief gearch vielded no sandflies.  Another thorough search was made on 16
April. Two zandflies were seen in the guines-pig huteh and two unfed females were caught
in a smell ehieken coop; the house and larger ehicken coop were negative, No biles were
chserved on the woman, The two captured sandflies were alive 24 hours later. On each
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of these three vista the nearby caves harbored their normal sendfly guota: 35 were caught
on the first visit, with at least as many esfimated to be present on the last Lwo oceasions.
The high catehes on 10 April 197 in Houses, V, T and O bave already been mentioned, A
burro test at Mouse G on the evening of 10 April failed on aecount of the weather, a2 it had
elzewhere that ssme evening.

The treatment of Houses P and G had been similar Lo the extent that in both
eases, houses and animal shelters, {.e., the sources of a blood meal, had been
aprayed together with nearby stone wall shelters and potential breeding places,
In both cases the results were eomparable in that observations and reports,
though admittedly very incomplete, pointed consistently fo a very low level of
sandfly activity after the spraying, a condition which certainly prevailed during
our own observations 19 months later. This effeet was sharply localized, since
sandfies were at a high level in the immediate vicinity and also in the general
rerion,

V. Outer walls of house sprayed. House M, an isolated adobe house with
cane-and-thateh roof, was located on a hillside on the far side of the village from
the other experimental houses.  The walls inside and out were smoothly finished
with adobe, not whitewashed. The boundary walls nesrest the house were
mostly of smooth adobe, although stone walls and rocky surfaces were liberally
distributed over the hillside. Chickens and a dog shared the one room with
the family of three.

Prelimingry obserpations. Tn May 1945 four house ecatches had averaged 86 sandfies.
OLher isolated houses on the same hillside were also known to have many sandflise.  On
26 June 1945 a burro at the bouse attracted 5 zandflies in 15 minates, snd 15 5t a stone wall
within 20 yards. The counts at four olher stations on this hillside averaged 11, On the
following morning 68 sendiflies were eaught in the house, and two days later just hefore
spraying, 15

20 June, DDT. Ouoly ihe outside of the house itseli was gprayed, ineluding the lower
side of the projecting thateh, At five-thirty that evening sbout 10 seodflies were counted
in the house. A burro stationed outside attrected 11 sandffies o 65 minutes.  Meanwhile
at the pearby stone wall another burro attracted 20 in 06 minutes. AL the latter point a
loeel resident hed 25 hites while our observer, unprotected by repellent, was bitten only
once or twice.

30 Jene to 14 July.  Omn the dav after the spraying only one sandfiy could be found in the
houwse, OF six eatches in the nexl two weels, four were zero, while two catehes totaled 1
and 3.

18-37 July. On 18 and 18 July the eatehes were 7 and 8 respectively, but dropped Lo an
average of 3sendilies on three later eatehes in this peried.  The people reported thal bites
wore few or none.

-8 Angusl. Two catches were 10 and 11 respactively.

& August, Sccond spraying. Th was thoughl likely that the efeet of the DT on the
raw adobe was leasening.  The outer walls of the house were spraved as hefore,

037 Awgust. One sandily was caught the day after the speaying.  Four other sparches
in August netted one sandfly on one cccasion. The people reported that there were no
hites,

§ September to 80 November 1845, 5r. Caballero made eleven searches in Lhis period.
Turing September the eatehes averaged 1 sandfiy, in October, 4, and in November, 5. The
highest catch wes 95 four were zero, The lest three cstehes in Nevember averaged 7 sand-
flies.
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No further information was available until on our return to Surco, 26 March 1947, we
found that the roof had burned in August 1046 and that the place had then been abandoned.
Mo information eould be seeured sbout the zandily abundanee prior to that time,

Y. Inside of lving quarlers sprayed, We are indebied Lo 3r. Caballero for the following
data: He had a roomn in Tornsmesa, the first village below Bureo in the Rimae Valley, 35
miles from Lima, altitude 1500 meters.  Sandflies wore annoving, with cstehes of the order
of 15, The walls were unwhitewashed adobe.  On 17 Mav 1946 the inner walls of this room
were sprayed with § per eent DIFE in kerosene. The application was made with some
diflisnlty zod probably ireepularly, with a howsehold heod zpraver. No sandflics were
Foured duriog the 111 days up to 3 September, when with the reappearance of & few asndflies,
sprayving with pyrethrum or other material was begun.

SANDFLY CONTROL EXPERIMENTS IN CONSTRUCTION CAMPS

Consiruelion projects reprosent one of the most important public health
problems of the Peruvian sandfly regions.  Great numbers of non-immune work-
men and their families are required to live in areas from which it ie not feasible
to remove them at night. The problem s acute during actual construction
but persists as an inseparable part of operation and maintenance, We therefore
felt that early trials of aren-control with DDT in such places were o prime ob-
jective, These considerations, together with the willing and effective cooper-
ation of the management of two large projects, made it desirable to carry out
such trials of area-control on a practieal scale concurrently with those being
run with izolated houses at Surco.

V1. Austisha. A hydroelectric project had been under construction for sev-
eral years at Autisha in the Santa Eulalia Valley, a tributary of the Rimae, about
50 miles from Lima at an altitude of 2200 to 2400 meters. The workmen’s eamp
housing 80 persons was spread out over about 14 acres of steep hillside (Figure
4).  The buildings were mostly of emoothly plastered and whitewashed adobe
or of sheet metal, all with openings between walls and roof. The hillside was
partly terraced with retaining walls of loose-daid stone.  This ares had formerly
been cultivated with irrigation but was mostly dry, though an irrigation ditch
above the camp was maintained as part of the water supply. There were a few
cultivaied gardens,  Around the periphery of the camp were scattered a number
of pigpens, small enclosures of stone.  The buildings were of a type which would
normally harbor few sandflies and few were found in daytime searches. Maxi-
mum eatches were six or eight sandflies.  The pigpens and stone walls were our
principal index of sandfly abundance, which in general was rather low. Searches
were made on three evenings between 7 and 11 July 1945,  Catehes or counts in

PLATE 11
WoREMEN"s CaMP AT AUrisua, Preu

Froure 3. Loose stone wall being sprayved with DDT-kerosene zoluticn.

Yicuse 4. General view of eamp, 1945, By 1947, when construetion work had been
finizhed, the rows of barracks o the middle distance had been demolished., Permanent
maintenanes personnel oceupied baildings in right foreground.  The latter had few sand-
flicz a yesr after the last application of DT, while they were shundant in a reccotly con-
atructed, wnspraved hut just outside ihe photogreph, left foreground,
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pigpens ravely execeded 250 Various stretehes of wall would vicld one or twn
per vard,  The sandflios were practically all Poeerrgeanram, Fome of the work-
men elaimed they were mueh itlen By sandflies, bt we had ne satisfaclory
tlata on this point. Mosouiloes are rare ad that altitude.  Evening observations
with fwo horses were maude on 7 July.  They attracted only one or two sandflies
in the two hours of olservation, even when stationed near oowall sohere sandlies
were seon. Buarros were notoavadlable,

T spite of the low zandity density per dwelling, bartonellozis had heen serions
m the early years of the project, though mose of the worlomen wers immune
b TG, New eazes amounied Lo only one or two per month,  However, cu-
taneous leishmaniasis, known locally a2 wle, wasz o currend problem, with 15 or 20
new cases per menth, Although this camp was Tar from ideal for a sandfly-
romtrol experiment, eompared with the heavily infested houses in Buaeeo, the
ibality of ohserving the long-term effeets on sandlly-borne diseases made the
project worlh while,  The enginecrs in charge? and the camp physician, Th.
Lais Visguez L., undertook to repeat the application of DT at regular intervals
and fo follow the vesulis, both as to sandilies and diseise.

frors

=53 July 10480 DT The pigpeos and redsining walls, whish probaldy dnedoded
most ol the sandily hibding places, were Eatriboted aeotnd aod throngh the camp in aneh

away wE Tointereept most of the saedfies entering the areas Al Chese straetures of Teoss
stone togethee with large projecting boulders, were apraved wich S per eend DT in kero-
sene {Figure 3l The buildings themselves wore not spraved with the exeeption of bed Tranues,

mgtiroszes ar other bodding,  The lnbter was done for Bedbag and les conival, partly as a
gootl-will mezagree audd partly 1o aveid confusioe 10015 Ingect bites reporied.  Some D037
nnwvoidably reached walls near beds. One pigpen with connts averaging 25 sandlies was
left nunsprayved as o coniral,

Noprnre sancdflies wore seen in the spraved stene walls,  The conlrol pigpen deepped 1o
2o §sandilies, rising toan average of aboa S after nmonth, The werlimer: were delizhiod
sl reporied nearly somplere freedom Trem biles of soy sorl,

Tt appeared to us that under the conditions peculinr to this carap, 8 very high
degree of aren-control had been achieved by the very economica] method of
treating only cerlain selected outdoor struetures and objects.  The whole Lread-
ment had required only aboul 25 pounds of DIV, T was our recommendation,
based on our evaluation of the Bureo vesults at that time, that the same outdeor
treatment be repeated every six weeks, with beds to be sprayed when insect
bites were onee more reported. However, for various reasons, the subsequent
sprayings nehuded not enly the outdoor wallz and pigpens bat all the buildings
Loth inside and cut. The first such spraving was in October 1945 about three
monlhs aiter our treatment, when reports of inseel Bites were inerensing, along
with o slight ineresse of sandflies in the control pigpen, and was repeated in
Deeember 1945 and Murch 1946, The eases of uta under treatment had dropped
for abwonh fonr in fh‘lnhr}r TG swith no new eases of (*_'Lrhm- nka or ]:.-LL]'[(]nu”(:ﬁi.ﬁl
whieh were very scarce thereatter, although unflortunadely we do not have exact
data.  The divertors and medical stalf of the construction work were unanimous
in pronouncing the whole DDT project o thorough sueeess,
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O 31 Meeredh 1T tloe ennep wns wisibind with Doctors Herree and Vidagues,  The eon-
straetion had lermioated io Alareele UG ancd the camge ol been ahandoned exeem Jor o
few Twilics of maintennnee personnel, Most ol the workinon's bareaeks bad been de-
malizhed.  No DXL hocl beea applied Toe o Tull vesr. The residents reparied that afier
the speayving was cizeontinued 1hers bad beon zome sandles bl eab many,  Dayrime

gearehes o the houses wocd in eoversd stane chicken coops, vielded only one sandfy in s
vieant house,  The chicken coops, which did not exizt when we began our wark, were it
against vetgindog wallz gnd weee of o tvpe which would normally bacbor sandfies. Daring
thee evening pralonged searehes of the saome walls amd other ploees whero we baal foumd sand
fliea in 1945 vielded a total of anly two under o large rock, The anly oceapied plepe
ronfioss adole house, was negative bath b day and b night, The “coamteel™ pizpen Dind
b obditerated by delirig Trom road construction. A cane bt had been bl within six

n,.i

ot b sgrringt o redsiniog wall jus) above the cancp and porhaps 50 vards Trom Che spesaed
aree and within 100 vards of the permanent residences, Marlv in the evening s doeen e so
snmuillies wore seen within o few momends cmergiog frone the wall, The people were being
Bittes sl on the Tallewing meening onge obild sleowed nomezens bates, On the 2zme morn -
g gearches of the heuses amd animal shelters in the sprasved aren agsin netiod only one
apmdlly. Mo bites were goted or reported. A cave alopr the hishway shoat zomile from
the eamp and Tarmerly wsed Tar storing explosives, bl over L saodlies,

In 3ts later phases, this project wiz comparalide to Houses P oand G al Sureo
in thad DT was apphied to botl houses and culdoor sfone walls. A vear aficr
the last applicetion no sandifies af all weee fonnd inowalls known to harbor Shem
biiore spraying. 1 3s troe that o the most part there were no longer any im-
mediately wlineent sourees of & blood meal.  However, sandflies had not adoained
event Lhedr former modest level within the part of the sprayed aven which was
sl oecupied, while at the only available observation peint just outside the
arca, they were abundant.

VIT, The Cadien del Paols in the Santa River Valley, Department of Aneash,
abiout 251 miles novth of Lima and ac an allitude of TI00 to 180 melers, is the
site of an extensive hydrocleetrie project, whieh has heen ealled the “Peruvian
TVAS The canyon itself s a very deep narrow gorge about ten miles long
which is normally uninhabited.  Above it lies o broad, well popolited valloy,
Lnown a2 the Callejon de Huavlas,  Tmmediately below the canyvon is the small
railbewd toovn of Tluallanea inoa less densely populited part of the Santa Valley .
The region lies inoa notorions bactonellosis gone, 10 was sueveyed in 1042 (79
al which time P perrivearions was very abundant af eertain haciendas and touns
above the eanyon, while the town of Hua'lanea had o rather sparse sandily popu-
lation,  [6 was anbieipalsd that Bartonellosis might be serious in worloen's
cammps alonit o be established ol the upper endd of the canyvon, which turned ot
actially to be the case,

We visited the aren in July 1945 10 company with Dr. [Terer. Faery faeilily
was placed at eur dispozal by the Corporacidn Peruana del SBanta® and by the
Chiel Medical Ofheer, Dee Guillermo Gorbitz. There wore o total of about
00 worlmen in addition to their families housed in seven or elght camps in
the canvon and near Huallanes, The buildings were moestly of adobe, smoothly
plastered or whitewnshed.  Bartonellosis had been and =30 was g seriows prob-
lem. O comp at the apper end of the canyon e boeen abandoned on seeound
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ol the high incidence of Bartonellosis with several Tutal eases. The eanyon is
below the leishmaninsiz gone,  Malarvia, which i ondemie above and below the
eanyvon, had been effeetively controlled sinee 1942 by antilarval measures.

Beginning n October 1 Dr. Gorbitz had earvied oud o limited sandfly
control experiment with s small quantity of YT abiained commercially.  In
effeet this was a house-contro] experiment in which living quarters at one of two
comparable camps weve spraved. There was good control in the sprayed camp
while sandflies and hartonellosis comtinued at o normal rate in the other.  We
were able to see The Girbitg® report which was later published (8],

I seavehing for o community suitable for an avea-conleol project we made o
survey of villages in the Callejon de Huavias, where sandfiies had been found
abmncdant in 1912 Fven thoush our seareh was made ot 1he same G of e
vear and freguently in the same houses, sandfiies weore rather seavee, a sitiation
eomparable fo that previously noted for certain parts of the Rimae Valley.
Sandfly density per dwelling was also low i the camps in the canvon, although
towas obviously safficient fo cause o continuning bartonellosis problem.  We
inally selected one camp, Los Cedros, with a population which varied between
150 and 300 persons, which was comparable 1o the Aulisha earp in constrction
and terain, except that there were fewer good stone walls,  Again the sandily
density did not Tend itself [or a clear-eat sandfly eontrol experiment, but we had
the opportunity to obzerve e long-term ellect on bartonellosis,

Un 21 July 145 spraying was carried onl as at Autisha, with 5 per cent DDT
in Kerosene applicd 1o loose stome walls and boulders within a cading of about 50
vards from the camp.  The buildings wese untreated exeept Tor bedbuoe control.
The chicf sanitary inspector. Sro Aartin Arrovo, who had had mueh experience in
Phichotoae: field worlk, earried out semi-weekly searches for sandflies, whieh

i
i

were completely negative after sprayimg. [t was arranged that the spraying was
tn be repeated with DT which we lefl for that purpose, and the observations
tor be comtinned under the diveetion of Dy, Girbile.

The area was visited early o Apeil 147 in company with De, Herrer. We are
indebted to Dr. Girbita for the privilege of reading a veport which he has pre
pared for publication and Lo him and 2. Arroyo {or the data which follow,

The camp at Los Cedros was sprayved again in Oclober and November 1045,
January, March, April and May 1916, The first three of these applieations
inelded the outside of windows and doors, after which the inner walls were
sprayed.  In the period Mareh through July 1945, this camp had had 11 eases
of bartonellosis,  Oaly three later eases were known among the residents of
this camp, one cach in Seplember 1945, March and Apeil 1946, OF these three
cases, al least one and pechaps s3]l were contracled elsewhere. Meanwhile,
within several months after owr visit in Inly 1945, Dy, Girbitz had been able Lo
arrange o commercial supply of DT, 2o thal by Febrnary 19468 the interiors
of all buildimgs of whatever nodure, under his jurisdiction, and in addition the
entire town of ITuallanea, were being treated with DD in kerosene,  The inter-
vals between spraying varied at first, butl had been finally established atl four
monils as the routine. AL certain camps stone relaining and other walls im-
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mediately associated with buildings have been sprayed, but for the most part
the freatment has been eonfined to buildings,  Sinee April 1946 only one or two
cazes of bartonellosis have come to Dr. Garbitz® attention and these were con-
tracted in another part of the valley.  Frequent searches for zandflies have been
maintained but no sandflies have been found in sprayved buildings. One new
camp had been in operation for several months at a point near the old camp
which had been abandoned on aecount of bartonellosiz.  The buildings, which
had walls of straw matting, had been routinely sprayed. There had been no
cages of bartonellosis. Several small caves about 200 yards from one camp
had been visited regularly and had usually yielded a fair number of sandfiies.
20 or 30 were seen by us on our only visit. No general survey of the region was
attempted by us on our brief visit in 1947, although at the two points where
gearches were made, we found sandflies abundant. These were the town of
Huaylas, situated at an altitude of 2800 meters in a small mountain valley high
above Huallanea, and a cave near Chancos at the upper end of the Callején de
Tuaylas.

In evaluating the effects on bartonellosis in o project of this =ort, it must be
borne in mind that there is usually a decline after the peak of the first year or two
on account of the inerease of Immunes. Such a deecline had been In progress
from the end of 1943 through 1944, Nevertheless, there had been and still
continued a considerable turnover of personnel with constant recruiting from a
non-endemic area. In any case, the extensive spraving with DDT reduced
sandfiies to the vanishing point in living quarters and coincided with the virtual
cessation of bartonellosis.  All concerned felt that after the general spraying of
DDT was instituted, they had ceased to have either a sandfly or a bartonellosis
problem. It was planned to maintain the current DIDT program for the duration
of the eonstruetion work.

DISCTIESION

These preliminary experiments and control projects hawve certain obwvious
shorteomings by reason of their limited number and extent, and the lack of pre-
clze, contmuous measurement of results throughout. Mevertheless, there
emerges 4 conalstent patiern of results, all supporting the practicability of area-
control of Phlebotomus with DDT. These results considered in relation to sand-
fly habits and life history, show the following to be vulnerable points which may
be exploited in practical control work:

. Sandflies may be dended their sources of a blood meal tn houses and animal
shelfers. The data here reported, while not primarily coneerned with house-
spraying, tend to confirmn its great effectiveness in the protection of persons
while indoors. It has been our Invariable expericnes both in the Mediterrancan
and in Peru, that only rarely can any sandflies be found in a room or stable which
has been adequately treated with DDT.  All available evidence indieates that
bites are correspondingly rare. How long this effect may last is not known.
In the Mediterrancan area during observations lerminated by the end of the
sandfly season, undiminished effectiveness persisted for about two months. In
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Peru, an adobe room remained free of sandfiies for nearly four months, An
adobe house sprayed only outside (a method less effective than treatment of the
interior) had very few sandflies for at least three months after a second spraying.
At the Cafion del Pato, where the sandfly control program has become principally
one of house spraving, the results indicate that on whitewashed or plaster walls
DDT may remain effective for at lesgst four months, Tt may be noted that this
period would cover practically the entire sandfly season in femperate regions
such as the Mediterranean and North Ching. The significant point is that with
DT it iz possible to establish o protective barrier arcund the prineipal hosis
which few sandflies are able to pass for long periods of time.

b. Sandfiies may be denied their principal outdeor sheliers and breeding plocea,
Stone walls known to be sandfly shelters ceased completely Lo harbor them after
spraying. The factors operating here are the same as those in sprayed houses,
namely, the flight habits which involve resting for relatively long periods on sur-
[aces at or near the entrances.

In this connection, those inner surfaces of stone walls which DDT may reach,
even in reduced amount, may prove to play a very important role.  Suech sur-
faces of non-absorbent stone are frequently well protected from light, rain, air
currents and dust, with, it may be assumed, a correspondingly low rate of loss of
DIXT toxieity. It iz on Just such surfaces that sandflies would spend a large
proportion of their adult life. The eombination of these factors would operate
to prolong the period of effective toxicity of the sprayed surfaces.

Handflies alight and rest on objects in their line of flight., Above-pround
objects such as stone walls treated with DDT would act as barriers and reduce
the number of sundflies entering or moving about In an area.

These considerations would apply only when the entrances to sandfly shelters
are associated with surfaces capable of retaining a residual eoating of DT, such
as stone, masonry or wood, which, however, are characteristic of most sandfly
situations.  We have no information applicable where entrances are in open soil,
4% in the case of animal burrows®.

¢, The vesults are sharply localized within the sprayed area.  This would mean
in practice that control measures would need to be undertaken only within a
limited radius of the area to be protected, probably a few hundred yards at most,

7 Semi-desert regions where rodent burrows are the principal shelters snd breeding places
conatitute apecial cases.  We have o mind the situation deseribed by Russian investigators
{3 in Turkmenistan, whers rodents sre the prineipsl hosts and alzo apparently the reser-
voira of cutansous leishmaniagizs.  Superficially the terrain, sandfly and dizsase relstion-
shipa of the sall desert near the Dead Bea elosely resemble thoese of Turkmenistan and may
prove Lo be essentially the asme.  For the protection of settlements in such regions there
oeewr to ns the Tollowing methods as worthy of trigl: Tn addition to house spraying, the
treatment of o belt of the surrounding desert with (a) DEDT dust, with special attention to
the rodent burrows and the clumps of vegetation under which they sre often located; (b}
DI¥T seroacls; {e) wetisble DT spraved on desert wvegetation in the attempt to secure
& residusl effect.  The firat two of these methods could be expeeted to be more effective if
the work is done during thoss hours of the evening or night when the greatest proportion
of the sandfly population is abroad.
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d. The long life-cyele of Phlebotomus would mean thal o saendfly population
reduced by DDT could be replaced only slowly., Where breeding places are effec-
tively denied to sandfiies, normal production could not besin until the effect of
the DDT had worn off. Replacements would not be available until after the
additional period of weeks or months required for the development of a new
generation. Any shortage of gravid females would tend further to delay sandfly
TeCOVery.

In the several cases where combined housze and outdoor spraving reduced sand-
flies to an extremely low level and where recovery had not oceurred after a year
or a year-and-a-half, it appears to us that the local sandfly populations were
delivered a paralyzing blow. Unfortunately we do not know when the effective
toxieity of the DDT ended and when the process of sandfly recovery began.  The
part played by infiltration from ouiside the sprayed area is also unknown. The
factors involved obviously require the most scarching study. The ability to
deliver such a blow with one application of DDT is of the greatest practical
importance. It should be the goal of future study to determine the conditions
under which comparable results may be obtained and the most economical
methods of achieving them.

The most striking results were obtained when the treatment of houses and
animal shelters was combined with outdoor spraying. It is possible that a com-
parable reduction of the sandfly population eould be obtained by either of these
methods alone if a sufficiently great area were involved to minimize the effects of
incomplete control at the periphery.

It 35 of particular importance Lo explore the possibilities of house gpraving
alone, since there are various advantages in treating houses whatever the nature
of the sandfly problem. If malaria is also present, this alone would dictate the
treatment of houses in any case. The advantages of controlling flies and other
houschold inseets are well known and, far from being mere by-produets of house
spraying, are important in themselves. From the standpoint of sandfly control
alone, house spraying gives immediate and long-lasting protection. In speaking
of house spraying in relation to area-control, we have in mind the trestment of
every house and animal shelter in the area, that is, every structure housing
sources of a blood meal.  The method of spraying should be the treatment of the
inner walls primarily, together with the outside of doors and windows. The
problem would be to determine whether or not a campaign of house spraying
alone could reduce the entire sandfly population so as to vield a satisfactory
degree of area-control within the time required for the eurrent sandfly generation
to exhaust itself. Tt might be [ound that a high initial degree of arca-counirol
resulting from combined house and outdoor spraying, could be maintained there-
after by house spraying alone.

Our work was done in the tropics with a continuously abundant sandfly popula-
tion throughout the year. It is reasonable to expect that control would be a
somewhat simpler problem in temperate regions where the sandfly season is fre-
quently limited o four or five months. A pre-season application of DT, able
to operate with maximum initial toxicity and lying in wait, so to speak, for the
over-wintering generation, eould coneeivably eripple the summer generations.
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SUMMARY

Experiments to test the possibility of area-control of Phlebofomas with residual
DT were carvied ouf in Peru, 1945 to 1947

1. The results furnish additional support for the effectiveness of house spraying
in protecting persons indoors.

2 Treatment of stone walls (the principal outdoor shelters and breeding
places) produced marked reduction of sandflies.

2. Treatrnent of stone walls combined with house spraving reduced sandflies
to an extremely low level. This effect still persisted after twelve to nineteen
maonths,

4. The results were sharply localized within the sprayed areas, sandflies oceur-
ring in normal abundance in houses or eaves 75 to 200 yards distant.

5, Practical control programs in camps of two large construction projects gave
an extremely high degree of sandfly control, followed by the virtual cessation of
new cases of cutaneous lelshmaniasis or bartonellosis.

6. Analysis of the results in terms of the habits and life-history of Phlebotomus
supports the possibility of achieving practical control by methods applicable to
many of the Phlebotomus regions of the world.

a. Their flight habits make sandflies vulnerable to residual DDT throughout
their adult life.
b. The long life-eyele delays the recovery of a depleted sandfly population.
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