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fntrodustion—Sandflies of the genus FPhicbaiomus, represented by
about 300 species, ave widely distributed in both hemispheres in the
tropics, the sublropies, and in pares of the temperate zone az well.
Their habitats ave extracvdinarily diverse and inelude eultivated flelds,
deserts, villages, lavge cities, jungles, and mountain valleys, and range
from sea level tooak Teast 11,000 feet,  PAeboefomas sandfiies are notort-
ous pests of man in certain avens but their chiel importance mediecally
lies in their role as vectors of a number of diseases: pappataci or sand-
{ly fover in the Old World ; barionellosis in o small section of South
America; and the whele group of the leishmaniases in bath hemi-
spheres.

Habits and biology.—In reviewing the habils and biology of sand-
flies we shall not attempt a detailed wecount but rather emphasize those
points particularly related to disease {ransmission and econtrol.

The whole group is remarkably uniform in general appearance, life-
cyele, and habits. ATl species suck blood, mostly of warm-blooded
animals, although a few attack veptiles and amphibians, Like
mosquitoes, only the females bite, With lew exceptions, sandflies
are nocturnal or erepuscular, leaving their iding phu‘n;*-_, im late after-
noon or evening and returning nsus JH'. before =unrize. Certain im-
portant ﬂl”’th.Lblt‘- will he 111E=11L1:Juf=<1 Tater in connection with control.

Bi{}[}.d”lg places are typically in damp, loose soil with organie debris,
They are never aguatic and never continuonsly wet, in contrast with
Lhe ar[u‘ttm and semiaquatic breeding places of tn-:mquum-% and eli-
eotdes. They are dark, accessible ahrough cracks or other openings,
and usually protected from rain and run-ofl. Typically they are
found under large stones, in the crevices of stone walls and old
magonry, ab the base of hollow trees and tree buttresses, in animal
burrows and deep soil cracks, Burrows and soil eracks are especially
tmportant in desert and seminrid regions.

The larvae and pupae are notoriously hand to find, which makes the
actual demonstration of any particular breeding place rather diffi-

1609
BREGAE—40



1610 TROTICAL MEDICINE ANT MALARTA

cult, It is usnally necezssary to resort to washing the =01l and debris
throngh g adunted sereens, followed b flotation with salt or sugar
.'1’J‘|1H.11"|1E:~, There is -11T_';'|1~151rw!1; Jittle known about the young stages
i nadure, even of those species most stuidied as dizease veetors, T heri
15 nrrent need of detailed eeologieal stody (hroughout the whaole zand-
iy group, and especially in the matter of the breeding places,

We are dependent almoest entively on the capture of adult sandflies
for our Informalion abount species and diglribution, and as o sonrce of
experimental material.  The daytime rvesting places are relatively
ensy to demomstrate.  They include the same situations as the breed-
ing places, and in addition a variety of others. such as caves, shallow
hillside excavations, hollow trees, torether with houses, slables, and
other animal shelters where sandflies may rvemain after seeking a
Blewnd mieal.

In houses, sandflies eventually make their way to the darker corners
near the ceiling, where they may remain often in plain sight through-
onut the day. Whet her thev remain inoa bilding o nol dt‘pemlﬂ ol its
constrinetion. A darkstruetove such as one of masonry, or adobe, with
lew openings may harbor many, while those loosely made of cane, sheed
metal or boards often have no sandflies during the day even though
they may enter and feed Treely at nighe,  TF there arve open fires, few
sandflies remain indnors,  Some species do not enter houses at all.

Tt iz necessary to know where and how to look for sandflies. Searches
should be made with tobaceo smoke, which enuses the sandflies to move
and thus to reveal themselves. The slight naveotizing effect makes
them easy to capture, which iz most Lmnonwrulﬁ' ilone 1'.1111 a snetion
tnbe. At night, sandflies may be taken in the act of biting man or
domestic animals, or by means of animal-bailed traps, ov light traps, or
with adhesive or oiled paper placed in strategic spots.

Sandflies ave easily veared, and most of our information abont the
young stages is derived from such lnboratory cultures.  Eggs are laid
4 to B days after o blood meal in hatches of 20 (o 50 with 2 maximnm
of 70, They hatehin 7-10 davs.  The 4 Iarval ingtars vequire nsnally
a minimum of & to 4 weeks and often as much as several months,
Fupation takes about 10 days. Thus, the total life-cyele iz hardly
ever less than 2 months and is frequently lenger. This slow develop-
ment is one of the qmd[l}r’s wealt points, which may be exploited in
control.  Although in the laboratory females 11511.1]13,' die after ovi-
position, with good technique they may live several weeks, refecding
and laying eges several times, In nature, refeeding at least once and
probably oftener has been shown to be a normal process in the case
of zeveral species (1, ). This poini, together with the longevily of
the sandfly innature, has not vel been well studied and is of importance
i relation to disense transmission.  Just as in the case of the malaria
parasites, Leishmanie, for example, requires some time to develop to
the inlective stage.
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It climates with a cold season, hibernation takes place apparently
(o the fourth Larvel instar. So far as known there are uo overwinler-
ine adults, Lo the tropics sandilies are usually fourd the vewr round,
but, in the temperate zones the sandily seazon cenerally begins in late
spring and is usually over by mideautumn, bnosome regions Lhe sea-
son is relatively short and sharply defined. Thus in north China, in
spite of a long warm spring, sere are few sandflies before the fivst of
June. Furthermore, in the case of the Chinese sandfly, 7. elinensis,
supposed to be the principal vector of kala-azar, the speeies wppeirs to
be partly single-hrooded and decreases sharply after Lhe middle of
July. Tn any case the limited seasor, in some regions where sandfly-
horne diseases are serious, greatly sinplifies the problem of control.

Phisense pelationships-—For each of the known £ 0 ebn o -bora
diseases the transmission problem constilutes series of long ard
fascinating chaplers, which arve still not complete for any vne of them,
They have several features in cominon. T each caze there is un-
cerLainty as Lo Lhe souree of the sundiys infeetion. Tn the case sl
candfly fever there is the problem of the overwintering of the virus
Far bartonellosis and the leishmaniases the reservoirs are imperlectly
understood.  In dealing with the several transmission problems we
chall limit ourselves Lo certain goneral considerations, prineipally i
conneetion with those phases which ave still in doulit.

Sandile fever is of minor public health importance to loceanl pup-
lations but is poteniially eritical for armies composed of nonim-
anes.  Ttis known to extend frow the Mediterranean 1o the Qrient
but has net vet been identified in the Pacific Islands or in the New
World, This virus diseaze is transmitted by biting during the sand-
fly seazon,  The disease 1a nsna ly associated with P papetesid through-
out the wide range of thiz extraordinarily versatile species. Outside
s range the vectors ave not well undevstood,  Tovestigators in the
Veditermean (37, and in Russia (4), Lave secured transmissions
by the progeny of inlected Lemales, while others (5) have failed.
Ginee no aningd o ber thae man s Keown to Lo iseeplibie, and in the
absence of any demonztrated parviers or of any hiberpating adult
candflies. the overwintering of the virus in e salily Tarva remains
i gronl puosaibilily which needs further study.

Brartonellosis {{;url"]i’:-h‘:-» elisense Or VeI ]:-L'-.['ll.:_ll'IH:l., a hi=ease uf
i limited (o certain parts ol Peru, Keuador, and Colembia, has
been transmitied to rhesus monkeys by the bites of wild-caught £
verrucarum (21, There remalin unsolved, however, the prablems not
anly of the reservoir, but of the development of Barlonelle in the
sandlly,  Wild sandflies frequently exhibit o pheaomenon unique in
the history of insecis as disease vectors, namely, massive infections
of the tip of the proboscis with srganisms of unknown origin awd
pature {27, Sinee boih sexes are equally eoncerned, these infections
ave not derived from the blood meal.  Two such infected females have
vielded enliures of /3. Dacitliformiz. IU s still to be deteriined
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whether or not these probosciz infections have any relation to the
teansmission of bartonellosis. The reservoir is =till an open question.
One naturally infected feld mouse, Phylistiz sp., has been found oul
of many examined, but attompts to e feet this and other rodents have
failed. While human corriers may total 5 to 10 pereent of the local
population (6), transmizsion from person {o persen is still to be
demonstrated.  Furthermore, the speed with which the disease may
be contracter] in u very sparsely populated region seems to us to eall
For o reservolir other than man.

The hnstory of Phlebolemus anid the transmission problems of the
leishmaniases comprise one of the most unosaal chapiers in medieal
entomology. During nearly twao decades the sandfly (an insect known
to be in reasonable accord with the epidemiology), which iz eapable
of developing the flagellates of Leishuanin and providing an ap-
parently suitable mechanism of infection and known to harbor the
infection in nature, nevertheless persistently refnzed 1o transmit the
infection in the laboratory, with a few reluetant and perhaps doubtful
exceplions.  However, in 1940 and [01, the seventeenth and eighi-
eenth years of this peried of heartbreaking sandfly stubbornmess,
there appeared reports that kela-azar in Tndia (7)Y and oriental sore
in Palestine (8} Lad Leen fransmitted n number of times and with
“ridiculous ease,” to quoie coe of (he aothors (81, The difference
Between final success and provious failure apparently lay in providing
the sandflies with eertain substanees nol ;_r'l‘.'["ll i earlier oxperiments,
namely, in India, the sugar and cther substances derived from raisins,
and in Palestine, salt, These and later transmissions removed the
last doubi as o the :lE:i]f{_\,' of fhichaiomss to transmil these (wo
leishmaniases. Inoall likelihond there conld he demonstrated a similar
ability to transmit other species atl strains of leishmaniasis. At any
rate, the vast body of evidence which haz now wecumulated justifies
proceeding on the broa:l psswmption that all the leishmaniases are
transmitted by Phlebofomine unless proven ortherwise. The problem
hug become, then, one of continning the investigation of other fae-
tors, along with PAlehotomias, underlving the epidemiology of the
teishmaniases in all their bewildering varietv of terrain, climates,
cyeles, and vagaries of distrilution.  One phase of this problem of
immediate mportance appears fo us ta e the matter of reservoirs,

Tu the case of Mediterranean and Asiatic kala-azar especially, there
15 a tendency to regavd dogs or man, or hoth, as the =ole reservoirs.
However, the distribution of kala-azar, and olher leishmaniszses as
well, is euriously and sharply vestricied and spotty within endemic
vegions.  Hven in the immediate vieinity of permanent Toci, kala-azar
iy be absent in spite of the joint presence of a4 supposedly good vector
anid the highly mobile, supposed reservoirs, dogs and neople. We find
it diffieult, for example. to reconeile the epidemiology of kala-azar i
north China with man and/or dogs as the sole reservoirs {(9), The
disease is predominantly rural amld may halt abruptly at the edee of a
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city, while the sandflies do not. Tt has been repeatedly brought out in
connection with nearly all the leishmaniases that they are character-
istically rural rather than urban, and henee associated with open fields,
natural vegetation and fauna, In some cases the disease 15 acquired
int normally uninhabited or sparsely inhabited regions, as chiclers nleer
in the forests of Yueatan, espundie in the jungles of South Ameriea,
oriental sore in the salt desert near the Dead Sea.

We do not mean to imply that the reservoir problem has been over-
looked or neglected, bub rather that certain currently accepted =olu-
tions do not explain completely the observed epidemiology.  There is
one outstanding instance in which the epidemiological picture appears
tobe reasonably complete,  ITn semidesert arens of Turkmeniztan with
a high endemic rate of oriental sore, sandflies are found breeding in
the burrows of rodents, in which the werbils especially, as well as the
sandflies, show a high rate of infection with Ledshmanta tropica {10,
Some such series of relationships seems to uz to be called for in many
other situations. It can not be denied that dogs in particular, along
with man, in addition to being joint vietims, may also take an active
part in the leishmaniasis eyele, but wherever the coneept. of man and
dogs as primary and sole reservoirs fails to fit completely the epidemi-
ologry, some other reservolr or some other fuctor is sl o be genrelus]
for,

Control—In the malter of controlling Pileliofomus, the advent of
DIYTE has suddenly changed the whole situation from the melancholy
state of no control at all to the brighter one of o method which has
proved effective and economical wherever it has been tried. In con-
nection with sandfly fever in Italy in 1944 it was found thal when-
ever barracks or billetz were treated with residual DDT, sandflies dis-
al:rl'}E-J.'r.ELl and new cases of sandily fever ceased (11). In Palestine

near Lthe Dead Sea, controlled experiments showed thal spraving the
interiors of houses cave virtnally complete protection against Phle
botomas (110, Their flight habits make sandflies peculiarly volner-
able to residual DDT.  Generally characterized as weak fliers, sand-
flies advance by means of short Mghts, alighting on various objects in
their path.  Defore entering a structure in search of blood or shelter,
they usually alight on the outer walls and then with short, hopping
ithm broken 11'-. long pauses, make their way to windows or olher
openings.  Onee ing ide they may spend even more time resting on the
walls before attempting to feed. In elfeet, DDT transforms such
surfaces into lethal barriers.

The effectiveness of house-control has been established by ils invar
able suceess wherever 1t has been tried, involving various types of
idwellings, stables, and even tents, in several countries and with various
species of Phlebotomus.  With the objective of extending the method
siras to achieve area-control, 1. e, profection outdoors az well as indoors,
wie (12) began in 19845 control stilies m the sandfly-verrugn zone of
FPeru. The same leisurely, dawdling flight habitz which lead sand-
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flies to destruction in sprayed houses, ave also exhibited whenever they
leave or enter a shelter or hreeding place, a process repeated nearly
every night of their adult lives.  Lf the surfaces associated with shel-
ters and breeding places can retain residual DIVT, 10 e, if they are of
stone, cement, or wood, these vitally necessary places become death-
traps. In Peru the principal ouideor shelters and breeding places
in our experimental areas were stone walls laid without cement.

We found that treatment of all stone walls within a radius of only
6 vards reduced the loeal sandflies sharply, although the effect was
neither complete nor uniform, However, the combined spraying of
honses, animal shelters, and nearby stone walls reduced the sandfly
population to negligible numbers, an effect which persisted for at
least o vear and a half. The effect was extremely localized and sharply
defined, sinee places just outside Lhe sprayed areas continued to have
sandflies in normal abundance.  Practical frials in 2 large constroe-
lion camps were carried ont. The program became chiefly one of
spraying all bulldings, with some ouldoor stone walls, every 3 or 4
months, Control of sandilies was virtually complete, and the sandily-
borne diseases, entancous leishmaniasis in one case, bartonellosis in
the other, practically ceased. In attempting to analyze these resulls
in terms of sandfly biomomies, i appeared that the loeal saelfly popu-
lation. vulnerable to DIVT at practically every phase of adult life, had
heen dealt a devastating siroke from which recovery was very slow,
The long lite-evele delays replacement of a depleted population even
after the divect effect of the DDT has worn off.

Large-seale trials arve still necessary to give the answer to a number
ot important problems. A valley-wide DDT program is npw being
carried out in Peru, with both sandfly-borne diseases and malaria as
primary objectives, The cwrrent results are highly satisfactory, It
is pbvions that any residual DT -malaria project oo sandfly area is
ilso o sandfly-control project. IE s of prime practical importance to
determine whether the single measure of spravicg houses and ani-
mal shelters, earried ont over wide areas, ean knock oot Ul local
sad fly population. The teemendous DIFE campaign in Greeee duor
ing the past 2 or 4 yvenrs, in addition to the spectacular resulls in
milaria contral, has alzo sreatly reduoced the sandibies, aceording to
fragmentary, informal reports. 1t is fo be hoped that the Greek and
olher malaria eampaizns may be more exactly evaluated in terms of
sandily control.

1t is our opinion that sandily control with DIV iz ready for prac-
tical application, provided always that the experimental approach is

Cmaintained.  Cur Peruvian work was in the tropies with sandflies
abundant the year round.  In temperate zones, where so many of the
serions sandfly problems ave located, and where the sandily season
lasts omly 4 or 5 months, the situation seems made to order for control
with DDT. A preseason application, lying in wait for the overwin-
tering generalion and able to aperate with maximum initial toxicity,
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conld conceivably ruin the swmmer generations or prevent them
altogether,

Desert and seiarid regions where sandflies ave dependent. on ari-
mal burraws or deep soil eracks, are special cases where restdual DDT
conld hardly be ntilized. We know of no area-control sindies directed
awainst sand{lies in such situations, but it oceurs Lo us that, DINT dusts
might prove eflective, applied from the nir or from the ground. It 1s
possible that some of the wettable DDT formulations designed lor
agrieultural purposes, if sprayed on desert vegelation, wonld have a
satisfactory residual effecl.

Tt is to be hoped that practical large-scale trials and the adaptation
of control methods to special situations will not long be delayed. We
have a new and powerfil weapon and may Jook forward with confi-
denee io the effective conirol of Phlebotomus and the sandfly-borne
dizeases.
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