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Over 800 Phlebolomus sandflics of five species were Ted aclificially, by the Hertie
pipette method, on o misture of Blond and Gaeellates Trom cullures of  Leisbmanic
brasifiensis, 5 far, Flagellate infections of the gul were prodoced in all fve species, with
of 1%

Az in the case of expeeimental sandy infeclions with Old Waorld species of Feiskmania
cansing buman  disease, orowth ol Lhe Oapgellates characterisiically took place at the
anterior stilion, e, in the cardia and al the proventeiculae valve, with occasional growth
forward inte he phacyvnx In addition, however, there was wsoally  atachment and
groawth in the hindgut, partcularly in the thin-walled, slightly expanded anterior portion,

Afternyis tn the infection byv demding indected
(Progchimys) and a human wvolontegr were unsuceessiul, The inocwlation of suspensiens
of triturated sandilies into spine rats, suckling white mice, and hamelers produced an

an aver-all infectian rale

transmit sandlilies on spiny  rals

infection only once, in o sackling mouse,
Acamall nummber of sodfies of two species
of the cardin were preduced in one species,

In the carly stages of our work on the
transmiszion problem of American cutaneous
leishmaniasis i Panama, we were  handi-
capped by the lack of any laboratory animal
in which a demonstrable infection could be
produced. As a result we had po convenient
means of infecting Phlebatonees sandilies for
wse in transmission experiments or for deter-
mining differential infection rates which might
give a clue to the one or more species con-
cerned in nature, What would seem to be an
obvious solution of this difficulty, pamely, the
use of human patients, was tricd. Cur col-
league, Do Phyllis T Jobosan, in 1937 and

U The work Dere reported wis supported ino part
kv w rmesearch granl (E-1231)
[nstizute of Allergy and Indectious [dseases, N.LEHL,
UAPHE Partial cosi of publication of Lhis paper
was met by Gormas Memorial Iostitule of Tropical
and Preventive Moecicine, Ine.

2 IMyesent address: UL 5. Nawval Meodical Rescarch
Trnit Moo 3, Cairn, Egvpt.

from the Mational

wag [od with Leishargnia enrietin, Infections

the other was completely negative.

1959 fed several batches of lahoratore-reared
sandilies on patients. The lesion was masked
with aluminum foil or plastic film =0 that
sandilies in zmall feeding cages had access
anly to the unuleerated border of the lesion.
While some sandlics became infected, the
methad was wholly unsuitable for any cx-
tensive zeries of labovatory experiments, Not
nnly was the feeding of the sandilies erratic
and the yield of infections dizappointingy
lowe, bt it would have been necessary to keep
on band a continuous zuccession of untreated
paticnts. We therefore resorted to artificial
mcthods of fecding and infecting sandiiies.

Materrals AND METHODS

Mewfranes. Adler and azsociates Tound it
possible to feed Phlebotfanns papatasi through
animal membranes, and with this
method that they infected the sandfies in

their serics of iranamissions of orlental sore

it was
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o human volunteers (Adler and Ber, 1941,
However, papetari was the only species of the
Near Fasl oc which
they  ever
membranes, Duriog 1957 and again in 1959,
efforts were made by Do Phyllis T Johoson
to develop a zatisfactory membrane techoigoe
for our Panamanian species. Animal  memn-
branes Lested included guinea pie mesentery
and large bowel, buman  kidney  capsule,
hunan peritaneum, and homan skin, Twenty-
thres trials were made with these membranes,
using fve different species of zandilics, Of

region
through

Mediterraneun

succerded  in feeding

approximately 150 lahoratary-reared females
offered the chance to feed through membranes,
only one sengeinering did take a meal (mixed
culture and rabbit blood, throwgh soines pis
mesentery, and it became infected,

Pepetie techmigue. o view of the uncertain
prospects for the
turned 1o the method developed in Ching by
Hertiz and Hertig (19271 and wsed sucoess-
fullyv by others [(Napier, 1930: Adler and
Theodar, 1957).

The apparatus [ Figs, [-3) consizsts essen-
tially of a capillary tube with an arifice which

use of  membranes,  we

will admit the plercing =tvlets buot not the
labium, which is pushed and bent back 1o
simulate it= position in natural feeding, This
Pipette passes through and s held by a cork
sphere which in turn is inzerted into a zlass
or plastic tube, where it serves as a hall-and-
sockel joint and maiotains whatever position
to which it may be manipulated. The other
engl of this tube holds a splic cork which is in
effect a vise ar clamp for bolding the sandily
the pipetre i=
the mixture

wings, After the oriice of
slipped  over the siylets,
fed s introduced ar the other cnd of the
pipette =o that finally the stvlets gre immerzed
in the Muid,

i he

The original desien (zee Appendiz) was
[ollowed with certain modifications, Tn the
original gpparatus, all models of which were
made by AT, Hertig, the tube was of olass,
andl the cork parts were turned on oan im-

W
P

feecling of

artifieial

Fre.. 1:
Phtetatomns sandilies) cork-lipped forceps (ot han-
fling sanciiics (= 03],

Fia, &
L fars

Apparaluas dor Lthe

Phlebolomes gowesi in position in appa
rivlus cullure-blood  mixture has been vun
into the papette. The sandiy @5 held by ils wings
in the cork wise: the sivlets He within the arinee
af the pipetie; the labium has been pushed Tack
x4

Fis. A,
{2 450,

Fhirbot o s gainaring, crporezed
provised lathe (electric fan with blades re.
moved . Since stocks of  glass tobing are
varizble in diameter, 1t was necessary Lo
turn the corks to 6t individual pieces of
tubing, In o our moilels  {made by
M.OHD methaceylate plastic tubing was nsed
(172 inch outside diameter: 578 inch inside:

current
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cut into 35-mm lengths). Since this is manu-
factured by passing through a die, both out-
side aod dnside diameters are accurate and
canstant, and all pars are thercfore inter-
changeable, The “lathe™ on which the corks
were turned was a hand dreill clamped borizon-
tallv in & vise, with the corks inserted divectly
in the drill’s chuck or in plastic tubing held
by the chuck. A photographic tripod served
as the tool resr, The cutting 1ools were Gles,
the sharpened edges of triangular files being
used to make a series of grooves to the re-
quired depth, with flat Gles and emery cloth
usedd for finishing,

[nstead of a zpbere for the ball-and-zocket
feature, one end was turned to Jorm a partial
sphere, with the rest of the cork projecting
from  the plastic tube [or  greater  case
in manipulation. In making  the wvise the
cork was turned fo il part way into the
tubes the pointed ends of a spring made
ol sheer aluminum and bent double were
pushed inta the cork, which was then splic
with a razor blade. The opposing edges of
the wvise were shizhtly beveled so as not Lo
bend the bases of the wings oo sharply and
to accommodate part of the width of the sand-
il Dl

The wvariable grain of the cork, iogether
with the primitive method of manufacture, at
times made it necessary to correct irregulari-
ties in the size or shape of the spherical por-
tion, Thiz could be done with emery cloth, or
if the it was too loose the cork could be ex-
panded by rotating or passing it near a small
flame =0 as to cause incipient charring. The
sphere was lubricated by coating it with par-
athn spread with a hot spatula,

The pipettes were made by drawing out
class tubing, selecting with calipers those [ies-
tions between 04 and 005 mm in diameter,
and cutting them inlo 7-cm lengths, The cut,
or rather break, should be made with a dia-
mond seratch so that the ends are as even as
possible® To form the arifice one end was con-

B Most digomand points have irregularities. We have

stricted i a oear approach o a micro-flame.
Cur micro-burner was in effect a minute aleohol
lamp made of a bluntly constricted piece of
plass tubing set in the covk of a small vial.
Threads or a strand of string served as a
wick. Abszorbenl cotton in the slass tube not
only held the wick in place but provided a
aleobol near the ovifice.  This
burner cave a ting hemispherical blue fame
2 or 3 mm in diameter. With the flame in
focus against a dark background under a dis-
secting microscope tilted =0 that the column
of hot gas would avoid the lenses, the end of

reservolr of

the pipette was brought near the side of the
lfame, Lighting was adjusted so that the in-
ner surface of the pipette was Cearly seen.
With the beginning of the vellow  sodiom
glow the slow constriction could be observed
and stopped av the right point, which was
learned by experience, With a hamd lens the
orifice was compared with o standard koown
to be satisfactory for a given species of sand-
ilv. OUnly two sizes are necessary for our prin-
cipal Panamanian species; the larger one for
sanguinaring and gemeczi, and the smaller dor
fanamensis, fragidod, and wlephiletor.

The hole through the ball-and-socket cork
was made by (irst piercing it with a round
needle. The track of this needle was then
followed several times with a dissecting nee-
dle af the same diameter but with a slanting,
chizsel-like cutting edge, which made several
grooves, the raised edges of which held the
pipette without play but permitted easy hack-
and-forth  adjozoment,

The striations in the plastic tube made it
cdifficult te see clearly during the maneuver-
ing of the pipette over the stylews, We there-

found that for cutting any elass, such as capilliry
tuling, slides, or cover glasses, 10 15 well 16 find and
mark a position of the diamend which will resul
it o fine, nearly invisible lne. This = aclually 2
sharp, clean gronve which may Yerow™ as a clean
crack at right angles to the surface. There should e
avoided those positions, so desirable Inowritiog on
olass, which Ytearing™ of  the
initiate many luteral, Jrregulae cracks,

cause surface  and
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fove ground windows at opposite sides of the
tukae.

'l

Metkod of speration. {11 The sandilies,
which are [ree in g releasing cage. are caught
in a small vial, Aboul 2 cc of ether vapor is
introduced with a medicine dropper. Within
15 seconds there i usually the proper descee
ol ctherigation, marked in some speciez by a
charvacteristic position of the legs. In zamg-
setrirriies the legs are extended and deawn to-
gether; o gomezi they are usually spread
wide, In any case, the period of immobiliza-
tion should be just sufficient to permit trans-
fer to the apparatus.

{2} The sapdily iz dropped from the vial
onto a white background and picked up with
fine. straight forceps tipped with cork (Fig.
Ui, The cork tips are shaped with a razor to
form two points which meet in pecfect ap-
position,  The forceps should engage legs
from both sides of the body, preferably a
single pair, =0 that no subsequent change in
pozition iz possible. Under the dissecting mi-
croscape the wings, which usually remain in
the normal position extended dorsallyv, are
brousht into the open jaws of the cork vise,
which is then gently closed so that the body
lies parallel with and close w the surface of
the cork, This is one of the most important
steps in the whole technique, 11 the wings
project teo much it permits play in the posi-
tion of the head, and combined with the in-
sect’s own movements, this makes all suhee-
gquent manipulations difficull or impossible,
Lare must alse be taken not to pull off any
legs singe  Lhis
death.

could  contribute 1o early

i3 The plastic tube, containing the pip-
ette in its ball-and-socker cork s then placed
over the cork vise, which thus holds it closed,
with the windows civing a side view of hewd
and Loy,

(41 The pipette, mancuvered so that the
tip of the proboscis liez in the funnel-like de-
pression, iz then peotly pushed s othat the
labium is bent back as the stvlets enter (he

arifice. The sandtly has regained full activity
by this time and [requently moves the stvlets
back and forth within the pipette (g, 2).

i3) The culture-blood mixture iz then
run [0 or 15 mm inte the other end of the
pipeite, which projectz 2 or 3 em, The col-
umn of blaod s then Blown the length of the
pipetie with @ stream of air frem a blowpipe.
The projecting end of the pipetle is passed
guickly through an aleohol flame o avoid
contamination of the Angers in subszequent
prrocedures,

The microscope lght should be arranged
=0 that a white backeround iz illuminated,
with the zandily subjected to as little direct
heat as possible. Usually there iz some feed-
ing at once, evidenced by the appearance of
a red streak in the thorax. Therealter, feed-
ing may either proceed slowly with intermit-
tenl “sips" cease altogether, ar proceed o
rapid enporgement within @ minute ar =0
(Fig, 3). In the latter case it seems as though
some particular position or pressure had oo
eeredl the rapid feeding vesponse, The st
sign is Lhe violent agitation of the red cells
Az they fow loward the proboscis, accom-
pnaied by the rapid wnd continuous vibration
of the pumping stroctures as seen ar the side
of the clypeos. We have tried dilizgently 1o
dizcover the triggering position. In China, A
T. Hertig thought (hat moving the styvlets
forward, as though tilting the insect’s head
upward, tended o elicit the rapid feeding
response, It has been our custom to move
the pipette about, gently pushing it on or
withdrawing it zlightly, and changing the
angle of the stvlets within the pipette. [n this
somewhat random manipulation the rigeer
ing may occur, but the secret still eludes us.
If the proboscis slips out of the pipetee iU s
necessary to use a fresh pipette, since the
slylets cannor  pierce  Uhe
Blood which quickly seals the orifice,

surface nilm of

[hring the feeding operation there was
ohserved a number of times the appearance
of spherical dropletz of a clear Huid at the
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tip of the abdomen which were held for a
moment, apparently by the setae of the cerc,
and were then propelled with some force. Al
times there was g succession of four or five
such droplets, We have assumed thal the pro-
pulsion was the result of a rapid “squeezing”
maotion of the cerci, but such motion, if i
oecurred, was too rapid 1o detect. The drop-
lets struck the wall of the plastic tube, which
permitied estimating the trajectory as drop-
ping 3 mm while traveling a borizootal dis-
tance of 2 mm. The deposition ol fecal
droplets during the act of feeding at once in-
troduces the passibility of ranzmission by
this mechanizm, particularly in view of the
frequent infection of the hindzot in this ex-
perimental series and in the lepromonad in-
fections in wild-caneht sandilies describerd in
the following paper { Johnson of af . 1963 ],

I those cases where engorgement has nat
pccurred immediately, the sandfy is inspec-
ted at intervals, with additional manipulation
of the pipette. dor about 13 minues, The
degres of engorgement s then noted and the
sundily dropped  into a moist, plaster-lined
vial, its individual history to e followed
thraughoul, O the whole lot mav be pocled
four final method ) by dropping it int a po-
rous pot through the entry tube in the bole-
ing cloth This  pot, standard
breeding vessel, 1 also satisfactory for hold-
ing adalt sandfies  (Hertiz and  Johnson,
19615, A bodled raizin iz placed on the holt-
ing cloth, Any sandflies which die or are In
distress can be fished out through the eotey
tirhe with a needle dipped in aleohol, withow
disturbing the vest.

cover. uur

In practice it i= advaniageous to have two
operators working together, one carrving the
process [rom etherization to lirst signs of
feeding, and the other taking care of subse-
quent procedures, With this teanwork sani-
Higs can be fed at the rate of aboul one every
3 minutes,

Cuftnre-Sload mfctare,  The miviare fed
to the =andliies comaisted of about 0.3 co de-

fibirinated rabbit or guinea pig blood, usually
the latler, to which was added material from
cultures of Panamanian straing of Leiskma-
nie fwazilionsis (semswe datu). The surface of
the culture slant was washed with saline,
This fluid, withdrawn with g pipelte, was
fltered throueh cotton to remove bits ol aear,
and spun down. Most of the supernate was
removed, the sediment  resuspended inoa
small amount of saline, and then added 1o
the Blood, The resulting dilution of the blood
was about one part in ten. The mixture was
checked for matile flagellates, Tn the case of
several lots salt was added as set forth helow,

Strains of Leishmania.  All together there
were used nine strains isolated from Pana-
minian and  twao from
naturally  infected, wild-caught spiny  rals
{ Pracchinvs semispinosns pangmensis). The
spin rat strains were the 12th and 15th of a
serips of 21 recovered from a total of 200 of
these radents trapped in 1936 and 1937 (An-
nual Reportz, Gorgas Memorial Laboratory ).
Since the frst strain i=olated in 1956 pro-

patfients sirains

duced w tvpical lesion in a human volunteer,
and in the abscoce of differential characters,
we have [ell that we were probably dealing
with the same parasite as that caosing the
lunin disease.

Fezardless of the strain used there were
variations in the proportion and inteosity of
the resulting sandfly infections, We attribu-
teed this to wvarious factors, such as the overs
all success of the fesding operation for a
aiven lot (with the age or physiological state
of the sandtlies themselves as a possible [ae-
tor), or to intercwrrenl infection with bae-
teria and fungi. In only one case did the sand-
flv infections reveal a consistent difference
attributable to the strain of Leislsanie. Over
a period of @ months one human strain pro-
duced the normal proportion of infections in
the four species of sandlly concerned, but the
infections were moztly wvery light, Another
human zrain produced a number of heavy
infections throughoul an equal, overlapping



LEISIALANIA INFECTION TN SANDFLIES a7

period, T the latter hali of our work we
tended to use recent human isolations, with
no strain used for more than 3 months, The
two spiny ral strains, however, bad Dbeen in
culture over 12 months in one case and [rom
1% to 25 months in the other and sl pro-
duced sandlly infections, some of which were
heavy, The age of individual transfers of any
strain ranged mostly from & to 16 days, bot
comd inlections were produced by cullures as
voung as 3 days and as old as 19 days.

Cne small Jov was [ed with Leislasia
enricitii. This strain, received through the
kindness of D, Alfonse Trejos, had been in
cilture in our laboratory for over 2 years,

It has been the peoeral experience of in-
vestizators that in Lrapsmission experfments
where adult saodilics muost be kept alive as
long as possible, the moriality tends o be
dizappoiontingly high, especially at 4 or 3
davs when the first ovipesition ocours. In our
own work other factors also operated. Sand-
ties which ingested only minimal amounts of
Blood teoded 1o die off frst. bul the principal
factor alfecting survival was probably the
degree ol injury or lrauma sustained in the
feeding operation. The loss of legs, partic-
ularly of wny twe on one side, often caased
the sandfy to “lall™ tw ooe stde, which pre-
venled recovery of normal stance and fHght,
[ the base of the wings had been sgueszed
tone close to the body the wings remained
pressed towether and flight was impossible,
With inercasing skill, there was less trauma
as the work progressed. Peak mortality of
saugwinarids and gomesi ocourred at 3 oand
4 days, but three-fourths of these two species
survived more than 3 davs, by which tome the
infection. 1f anoy, could he well established,
amd a number suevived Tron 10 o 16 days.
The mortality was considerably  higher in
the case of paramensiz, frapicdoi, and vlephi-
ledor, with peak moertality ot 2 oand 3 davs
and none surviving more than 9 days.

Sanclies which died within 2 days were
wanally dizcarded. Thoese dead or morilond

at 5 days or later were either dissected
immediately or held in the redrigerator for
later dizposition. A number of pools of tri
turated sandilies were injected into spiny
rats, suckling white mice, or hamsters. In the
altempl 1o transmit the infection hy biting,
varions sandflies which had been fed at least
4 ilays previously were transierred 1o feed-
ing cages (Hertig and Johnson, 19617 and
aiven the opportunity to refeed on the belly
of ioapiny rat or on the arm of 2 volunteer.

[n preparing a sandfly for dissection the
leps and wings were cut ofl and the body
shaken in a vial of saline to remove the setae.
The actual disscction was made on a cover
lass in a minute drop of saline, following
two generial methods:

(L% Adter cutting off the head the entire
il could vsually be pulled out by traction
at the tip of the abdomen, Tn the caze of
oravid females or those with much blood in
the stomach, or i1 the gut broke, the thorax
and abdomen were separated and  the gut
withdrawn from the anterior end of the ab-
domen. The cover glass was then inverted
over a depression slide and (he edge sealed
with  saline,  for  microscopde
Flagellates, especially 7 motile, could he zeen
casily at lower powers (1253—300 %} with
ordinary  illumination, This method of dis-
section on a cover glass and  examination
inoa wvery shallow hanging drop avoided drv-
ing, crushing, or other disturbance of the
specimen and  permitted  great Hexibility in
the subsequent handling, rapging [rom fur-
ther dissection to storage in the relrigerator,
PAL thnes the Dagellates in g dissected gt
maintained their motility for az much as 2
dayvz in the refrigerator.)

e mination,

(27 [t owas soom found that even at 3 or
4 days there tended to be concentration of
Hagzellates in the cardia (aoterior portion of
the midguty and particularly at the proven-
tricular svalve, Inoorder to make a preelim-
examination  of  the without
destroving its conoection with the esophagos

inary cardia
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and pharvynx, the head and thorax were gent-
v pulled apart, which usually resulted in the
unbroken cardia lving exposed {an operation
which we dubbed “neck-strerch™ ) 11 the in-
fection waz heavy, or for any other reason,
the pharynx and other parts of the foregat
tving within the bead could then be dizsected
out. This was most easily done by splitting
the head with the culting edze of the needle
slightly 1o one side of the odline.

Fesvrs

From January, 1933 to June, 1950, 73 lots
of Plleboiomus were fod with eultures of
L. braziliensis (5. fal), tolaling 825 females
(410 sanguinaring, 265 gomesi, 72 panamcn-
iis, A5 trapided, and 33 wephiletory. With
the exception of four lots of wild-caueht
sandflies discussed below, all were reared in
the laboratory. They were taken from breed-
ing pots in which there had been emercence
of adults for at least several davs. The ages
ranged from 1 (o about 7 days,

The great majorvity of the =andiics fed
well, excepl pleglifetor, Excluding that spe-
cies, the over-all periormance of the other
four was: 46% fully engorveed: 244 hall ta
three-quarters ecngorged (e, 0% well fad);
anolher 20% with at least some blood reach-
ing the stomuach, the expanded part of the
micgut lving in the abdomen; while in 107
blood  did oo cardia,
the slender part of the midoul in the tho-
rax, Phichotomis wephiletor was a reluctant
feeder: omly 16% [ed well, another 0
showed blood in the abdomen, and in 759
Blood was wizible only in the thoeras.

pass bevond  the

Infection rates. The infection rates, hased
on dissections of sandflies found dead  or
in distress from the second to L6th davs after
feeding, were as  follows: Sanguinaring, 13
positive out of 89 dissected, or 8270 ; eomesd,
P00 pangmensis, 19720, D300 frg-
pido, 80, BOG 0 wlephiletor, 477,
combined, 159 positive out of 106, or 819,
These wtals do not include those in which

LT

S7

the tissues were decomposed or where the
aut had Deen oversrown with bacteria or
Fungzi.

Growethk paticrn. The srowth and distri-
bution of the flagellates in the sandidy gut
followed these general lines in all Gve species:

Al 3 davs, obwvious multiplication.  with
lomg slender forms predominating, had taken
place in the blood meal. This was also ob-
served at 2 odavs in pasgmensis and b pidel
in the very few 2-day dissections which were
made. The brownish blood remaing. enclosed
in the peritrophic membrane, uspally con-
tained flagellates up o the time of final evac-
udlion at £-7 days, Gas bubbles commonly
appeared in the “empty” stomach (Fies. &,
[y, at times with oumerous  Oagellates
pressed between bubble and  epitheliom or
free in the clear liquid.

Beginning at 3 davs the hindgur was in-
vaded. Flagellates were Lvpically found zingly
or in patches and in rosettes adbering Lo the
epithelium of the unterior portion of the hind-
gut (Fig, 71, This thin-walled section, in out-
ling an elomgated triangle with the expanded
base just posterior to the opening of the Mal-
pighian tubules, we have called the “hind-
triangle.” By the fourth or fifth day the wall
of this triangle was often completely covered,
with very few [Bagellates attached elzewhere
in the hindsut. The attached forms tended
1o be short and broad. There were usually
some, and at limes many, long slender forms
in the lumen of the gut, either limited 1o the
triangle or extending o the rectial ampulla.
O zeveral occasions the lumen of the triangle
was packed with flagellates (weplifetor at 3
davs: pasmamensis, 4 davs; gemesi 4 oand 3
days: Fiz, &) and once was actually distend-
el (gemezi, 13 davs: Figo 990 The hind-
triangle infections teonded to persizt throgoh-
out the life of the sandfly.

[o the meantime, at 3 days (2 davs in
pangmensis), fagellates were beginning to
appear in the cardin anterior to any blood
remains, with a tendency to become concen-
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trated near or attached to the proventricular
valve, Occasionally at 3 davs and often at 4
ar 53 days, this region was packed and even
distended with flagellates {Fig. 430 At times,
however, the cardia was encirely free of Hue-
ellates even though they ocourred elsewhere,
Lor exwmple, 28 semgmingrins, dissected at o
and 7 days, were all infected, but 7 had no
Aagellates in the cardia. Tofections of the
cardia, once established, apparently persisted
thereafter. In the case of pemesi there was a
muirked iocrease in the proportion of cardial
infections fram 33% for the first 7 days, o
9450 (15 oul of 148) after 8 davs, with some
extremely heavy infections in the older sand-
flies (Fig. 5). The comparable propoctions
for samemimarins were 73 and 753% . The ather
three species had oo few sorvivors heyond
B daws to give significant data.

Growth forward from the cardia into the
foresut was found inoa small propertion of
the dissectionzs, This phenomenon was most
striking in the case of gosmesi, Oul of a tolal
of 47 of this species, of which disseciionz of
the head were made, six (at from 3 fo 14
dava) had flagellates in the pharynx, with
infections in three cases (g, 6.
Four of the six alse had flagellates in the eso-
phagus or esophageal diverticulum or both
(g, 31 In addition, Ove other specimens
Faael flazellates in Lhe esophazos or diverticn-

massive

lum, but none in the pharvox, In the case of
sty out of 49 head dissections there
wits anly one moderately heavy infection of
the pharvnx {at 5 days) with the esophagus
also distenced with Oagellates, Tn six other
specimens  (al 3—10 davs) dlagellates were
seen i1 the pharvox o very small oumibers,
while in =il ane other {at 7 davst, although
the pharvns was negalive, lwo flagellates
were seen in the cibarivm (huccal cavity)
and one motile Bagellate was attached 1o the
wall af the [ood channel in the proboscis,
Threee additional specimens  with negative
pharynx had organisms in the csophagus and
in ome gaze in the diverticulum az well, Four
hes] disseclions of drapidai were made; in

one (at 6 odays) the esophagus was distended
hut the diverticulum and pharynx were nega-
tive, OF eight pawamensis, one {al 4+ davs)
had a few organisms in the diverticulum with
o flagellate secn in the pharvnx, Inoall the
foregoing the infection of the cardia was well
established, with the portion just posterior
to the proventriculus often a solid mass of
fagellates.

AL times some of the original culture-blood
mixture was taken into the esophageal diver-
tieulum where it remained. On three nccasions
undizested red cells were found in the diver-
ticwlum { perapensis, at 3 and 5 davs, in the
latter case with motile Dagellates; songuin-
grizs, al 3 davs, with Magellates],

Sedis Adler and Ber (19210 found that the
addition of =salt to the infective blood meal
provided what seemed to be a crucial factor
in the transmission of Leisfmmaia fropicg 1o
human volunteers by the bite of P, papatass,
Many previous altempts, with no added salt,
had  conziztently dailed. although injections
of the =andflies had been easily produced. In
the case of the successial transmizsions they
fed the zandics through & membrane on a
mixiare of one part inactivated defbrinated
rabbit Bblosd and three parts o suspension
of Nagellates in 2.77% zaline, which would give
a concentration of NaCl of about 2,245 or
nearly three times the normal salt content
of blood.

To secure whatever benefits might accrue
from thiz technique, ten of our lots received
added =alt {119 saongwinarins, 3o gomesi, 11
erapidoi: total 166). In the first such lot
the Dagellates from jour culture tubes were
spun down and resuspended in defibrinated
ciinea piz blood o which was then added
three wolumes of 2.7%  saline, giving the
same salt comcentration used in Talestine,
Of four seegwdraries dissected at 3-6 days,
all had good infections, but the sandily survi-
val was relatively poor, which we thoozhe
might be due to the combination of blood
dilution and =alt concentration. A second lot
of sgrgiinarins was [ed a mixture of one part
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13.7%  salinge and nine paris blood  with
flagellates, giving a sall concenteation of
2.14% . None of the 45 sandfies lived more
than davs, but the twa dissected  had
moderately heavy infectionz. In the remaining
eizht lors the =alt was further reduced Lo
1.47% (one part .05 saliov o nine parts
bloody. The results were comparable with
those of our nonsalt series az to survival
(four lots fair 1o good:; four Totz indifferent],
proportion infected, degree of infection, Teed-
ing onoand inoculation into animals (all nega-
tive), and no further additions of salt were
maile.

Weld-ranght sandfics. The use of wild-
canght imstead of laboratory-reared sandilies
in the four lots mentioned above was under-
taken for the following reasons: (11 Wikd-
caunght sandilies which had fed naterally on
infecied dogs in China (Chung and Peng,
1950-517 eansmitted kala azar {Lelshmania
doovant] 10 hamsters. {2} In the successful
experimental  transmission of Lo frepros o
Palesting { Adler and Ber, 1941} and of L,
in India (Smith e af, 1941
Swaminath ef af. 1942 there were special
features—added zalt in the one case and
access of the sandfies to ralsing in the other
—which zeemed to represent the principal
factors which were lacking in an impressive
number of previous failures, (1t may be noted
that there is as wel no explanation of how
these  special factors facilitate
transmizsion.] {3 Tn Peru the common ccour-
rence, in smwlilies of both sexes, of ao infec-
tion of the proboscis with a coltivable, non-
pathogenic microorganism (Hertig, 1942 was
tiken to indicate a source nther than a Dlood

doraviani

opsrate o

Fiz. &,

Fhichotomw: trapider, &

davs afler infective meal) cavdia distended with mass of dagel
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meal, (43 TF i were & common habil of female
sandflies in general to scck
sources of liguid and food. then the seemingly

Sexrranenns’

crocial substances typilied by salt and raizin
juice would be acquived in nature apact from
an infective blood meal

The four lots were all dry-scason collec-
tions frem the same spol, 29 Febrpary 1o 22
March 1960, and tetaled 96 (30 sanguinaris:,
A7 magmezr, 19 frapidoi), They were attracted
to hovse or hueman hait and faken mostly
before they had an opportunity o feed, When
artificially fed. on the tirst to third day after
capture. their response was comparable to
that of laboratory-reaved sandBies, except
that the proportion which Ted well was higher
for sasguinarin: and drepidel than the average
for thase species amd lower in Lthe case of
gomezi. OF the five females which had vizible
remaing of a previous blood meal, one ecach
of saugwinarivs and gowmezi imbibed only a
simall amount, while three frapided fed well:
of four gravid gemezi, two Jed well, two ook
anly a frace.

Cme lot with added salt (final concentra-
tiom, 1.47% ) had no survivors heyvond 3
days, O the seven dissected at 3-3 davs,
six had mos=tly light infections of the stomach
and hind-triangle: one frapidel had the only
cardial infection; amdl one rongpiraries was
completely nesative, Two olther Tots with no
adiled salt had saomewhat better survival, Do
of the 14 dissected over half had growth of
hacteria or Tungl and only five had Hagellates.
Ir the remaining lor, without salt, every one
of the nine zpecimens dissecled was heavily
infected: one samgnimaring, al 3 davs, cardia
and esophagus distended, pharynx also in-

lales uf

L. bragsitensiz: parvis of hesd oat oright, esophegea] diverticulum Below {3 3855,

Fus. 5. Fhishoromus pomesi, 13 dayvs; ca

tieulum greatly distended with Nagellazes: proventricular

lates on walls of esophagus, The pharynx sl
Tater, was alio foured 1o he heavily infected (3 383

Fre . Phlebotones gowezi

right,

fat Ioit], es

thagus and basal part of esophageal diver-
chliterated. Neote “palisading”™ of fagel

lo the escphagus),

vilve

attuched when  dizsected

14 davs: same lot as preceding; pharvox heavily infecied; mass of Oagel

lates protruding frem postevined end (at lef) where connection with the csophagus broken in dissection

Nazellates alse st anterior end, Cardia of this sandfiy was slso massively infecterd, as in Fig 5 (w0 3833,
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Uoddaysy Magellates of Lo degsilienss forming & foose laver attached
thie wall of the “hind-trizngle™ (anterfor portion of hindout) (3w 3831

Fre 7. Phlebalomes posmess

L
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vaded:; one frafpidoi. at & davs, cardin and
csophagus distended, pharvox negalive: seven
gomezts one, al & days, cardia distended, with
flagellates alzo in esophagzus and pharvnx: an
the same day fve of the six survivors en-
gurged on A human volunteer; the unfed
female died during the feeding operation and
was Lhen dissccled: cardia distended, pharyns
negative, Fouwr of the refed lemales were
dissected 4 and 3 dave later, de, 12 and 13
davs after the original feeding; the cardia
was ddistended in all, as well as the esophagus
or diverticulum or both (Fig. 37 the pharvnx
was maderalely Lo heavily infected notwo
and negative in two, On the 13th day the
last surviver was given a second opporiumity
to refeed on the same volunteer, hut there
were no bites [elt or other signs of feeding.
It owas found dead on the [ollowing {1ath)
dav: cardia, esophagus, and divertdeulum weree
distended and the pharyny solidly packed
with flagellates (Fiz ). A suspension of this
sandilv was injected inte o suckling white
mouse and a banster; resulls were negalive.
Nooinfection developed in the volunteer.
Natural infections of wild-caught sand-
flies with leptomonad  flagellates | Johnson
ed el 1963} were discovered only after the
artilicial Teedings were terminated. Sandilies
captured in March 1961 (e, a year afier the
wild-canght feeding sevies), in the same spot,
by the same methoed and at the same season,
had natural leplomonad infections as follows:
samgwinarins, 3 out of 85, or 3.53% . pomezi
O our of 146, or 419 0 and frapidei, none
out of 29, These infection rates. logether
with the fact that infections rarely
showed  the massive concentrations in the
cardia and pharyns, indicate that there was

such
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no signibicant complication of the artibicial
feeding results by natural iofections,
Tranpmission experiments, Tn the attempt
1o transmit the infection, artifclally infected
sanidilies fed  either on spiny
{ Provefims) or, later in the series, on a
human woluoteer: to test the infectivily of
the Nagellates developing in the gul, sus-
pension: of triturated aandilies were inocu-

were rats

lated into animals. At the time these trans-
mission experiments were first undertaken we
had noe really satislactory experimental ani-
mal. Inoculations of hamsiers bad given only
negative reaults, although later attempts were
successful. A number of spiny rats bad been
found  naturally  infected with  Lefshmanis,
one strain of which had produced ina haman
volunteer a typical course of infection {Annual
Eeports, GALL., 1956, 1957, However, the
spiny ral infections could be demomstrated
only by culture of the blood drawn from the
heart: furthermere, no demonstrable infection
was ever produced by the ncculation of
Ledshmania from any source or by any roule,
even i voung animals born in the laboratory.
In spite of these discouraging conziderations
it was thought that since the natural infec-
tionz were presumably acouired through the
hites of insects  the phenomena which take
place in the skin doring and alter an insect
bite—rezulting in local phsiological orbu-
lence, a0 1o speak—might provide the oppor-
tunity for the parasites to reach the haven
of the cell zystem in which they could develop.

Sandfies from 10 lots, at 4-9 days alter
their  culture-blood meal,  were  ziven the
opportanily 1o fesd on a tofal of 12 sping
eats: 30 of the 69 females were known to
have sucked Blood {6 out of 20 saupwinaris;

Fic. & Fhichofomus gooresi, 4 days; hind-telangle packed with Magellates, shghely distended ; very few
postorior Lo portion shown, (At the richi, base of Malpighian tubules, sns buabhhles in midgut) (3 2500
Freo 9. Phichotomy: pomesy, 13 davs; hind-ipansle distenced with nf fAazellaies (w0 3600
Fui 10, Phlebofomns gomezi, 11 davs, L fagellates in  cardia  ac proventricular wvalves
eoprhageal diverticulum extending 1o right; most of csephages broken off ) gas bubbles in caedia; Malpigh

iam tubole above ©3 323,
Faz 11, frer
showing flagellates attached 1o cpithelium (% 2333).

TNASE

enrieiia

further

Fhichatames gomesd, game specimen & section: cardia cut open and  everted,
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24 out of 49 gomezil: oa few of the fed
fermales were piven a second oppoertunity and
one cich of these species refed at 12 and ¥
days, respectively, One spioy rat died with-
oul examination; the other 11 were bled and
cultures made  after periods which  wvaried
from 1 to 13 months, The results were com-
[letely negative,

Aovolunteer was exposed to the hites of 23
sandilies fram & lots. 6-135 days afier the
culture-blood meal:

Plhichotomus sanguinarizs: 2 lotz; at 4
days, exch of 4 females probed and produced
wheals, but without visibile signs of having
ingested blood: 3 of these females had heavy
cardial infections at 6 davs, one was negative
at 10 days,

Phichotawmus pomezi: 6 lots: at @ days, one
female from one ot probed and prodoced
wheals: one from another lot refused to feed
at 9 and 10 days: of 22 sandilies [rom the
rentaining 4 lotz, 12 fed fo engorgement at
7=9 davz, OF the 12 which Jed, £ were given
additional opportunities at 10-15 davs and
one probed at 12 days. Ten of the 12 were
dissected at 914 days and all were infected,
& of them heavily so (including 5 from the
wild-caught Jou previously  mentioned ).

Moo lesion or olther sign of inflection de-
veloped at any of the carefully charted feed-
ing sites on the volunteer’s arm or elsewhere.

Animad inocwdations, Sandilies which were

found dead or moribund and which were not
dissecled  immediarely were stored in omoist
plaster-lined  vialz in the refrigerator, The
spemned 1o deteriorate  little  during
such stonuee. Motilivy of flagellates was noted

rissnes

alter 2-3 days on several occasions and once
alter 7 odayz, In the attempr 1o delerming
the infectivity of the fagellates in the =andfly
aut, pools of dead sandiies, at fimes inclading
thase which
turated and inoculated inlo apnimals:

(LY ESpany rad, Trocchimya, A wotal of 18
spity vats were inoculated with 172 sandflies
(26 dissected, 22 positive) of 4 species from
23 lots (eamparnaring, 104 pomesi, 46 pana-

had been  dizsected, were 1ri-
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mensis, 160 trapided, 6). The majority, 104,
died or was diszected afrer 4-6 davs, 45 al
2=F days, 16 at 7-9 davs, and 3 from 11 1o
L3 days. Six of the spiny rats were born in
the laboratory; the others, wild-caught, had
previously given negative heart-Blood cultures.
[noculations were made intradermally at the
sicle of the nose, and in two cases also intra-
peritoneally. One spiny rat died withoot being
Biled : the
negative,

(20 Swckling wodite wice, The inoculation
of suckling white mice with cultures of Pan-
amanian human straing had been undertaken
al the suzgestion of Dir. 5. Adler. Tt was found
that intradermal inocalation in the first few
days of lfe produced infection of connective
tizzne cells with tvpical L-1} bodies ag the
site of inocalation, The infection

5

demonstrated usually within 3

caltures  [rom athers  were  all

could  he
dava, bul in
all cazes the parasites disappeared at about
the time of weaning, Baby mice were in-
oculated  with  individually  dissected  sand-
Hies from three lots, as follows: (a) Phledet-
owins yomezis One female, T4 days, heavy
inlection of cardia and pharvog; dissected
specimen friturated and part inoculated into
back of 4-day-old mouse: sacrificed after 13
days: negative, (b
arins: One female. 18 days, heavy infection
of cardia and pharynx; noculated baby mouse

Plefehotonizs sarguin-

negalive when sacrificed after 3 days. A
seconed female, 3 davs, moderate cardial in-

fection, inoculated  into d-daveold  monse,
which was sacrificed afier 7 daws; =iained
smcars positive  for Ledslmanie (the only

demonstrable infection produced in anyv ex-
perimental animal with artifcially fed sand-
flies).

i3 Hamsters, Golden hamslers were in-
vculated intradermally on the tip of the nose
from 2 lots of
gamesi, One hamster received part of the same
specimen with heavy inflection of cardin and
pharvox which was inoculated into a zuckling
mouse. stained smears wers negative on the
30th day and at the death of the hamster on

with 7 dlissected  sandilies



LEISHMANIA TNFECTION 1IN SANDFLIES

the 80th day. A sccond hamster received four
separate inoculations with g total of 6 freshly
diszerted specimens, all with heavy infections
of cardiz and hindgut: one al 5 daws, 3 at
b davs, and one each at 7 and @ dayz, Smears
were negative on the 20h and 36th davs and
at death on the 44ih day,

Leiskmania  ewrictti. A single lot, con-
sisting of 3 semguinarins and 4 goweesi fe-
males . was actilicially ded with L. oenriettii
All the sempwinoring when dissected (at 3,
&, 11, 13, and 14 davz) were pegative. Of
the 4 wesezi, one dead at F days was negative,
one at 3 days was decomposed, while the
remaining 2 at 11 oand 12 davs had heavy
infections of the cardia at the proventricular
valve (Figs, 10 and 117, with a few flagellates
al=o in the stomach of one:; but the hindgut,
caophagus, and pharynx of both were negative.
Wo further experimental work wasz done with
L. enriciis,

Litscusanon

The five species of man-biting Phlebotoms
which were fed cultures of B, beazificnsis all
developed nfections. Since the infection vate
was high and the growth pattern of the
flagellates was similar in all, there iz as yel
no basis for singling out any parlicular species
as probable vector. Their ready infectibility,
however, combined the characteristic
anterior-station  growth, supports the view
that sandlic: are respensible for transmitting
the disease, The frequent infection of the
hindgul is a departure from the “classic”
crowth patiern, but, as sel forth in the fol-
paper  (Johnson o 19435, a
similar hindzar infection iz an  invariable
feature of the leptomonad nfections of sild-
caught Panamanian sandties,

In the long history of the leishmaniasis
problem it has been repeatedly demonstrated
that experimental transmizzion requires more
than infected sandflies plus susceptible host,
Even in those few cases where valid experi-
mental fransmissions by biting have becn
achieved the special factors—raising, salt,

witl

T i
lowing i
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or the use of wild-causht saodilics—which
seemingly made critical contribulions (o their
zuccess, remain unexplained, The failure to
transmit the infection Lo either spiny rats
aor the human volunleer repents for American
cutaneous leishmaniasis the early history of
comparable failure with (0d World kala azar
and orfental =zore. It may be remarked that
all our zandfies throughout aduly life bhad
access to boiled raising and that Gve of the
heavily infected sandilies which bit the volun-
teer were wild-caught. The special factors
which permit or facilitate trapsmission of
L. Brazilicnsis arve still to be discovered.

APPENDIN

In the publication of the original article
dezcribing this rechnigue (A, T, Hertig and
M, Hertig. 1027, Sciemce 65, 323-329), hoth
the plate of drawings and the text references
to figures were deleted by the editor. This
wis ab a tme when round-crip correspondence
LBetween Peking and the United States often
took Foor 3 memths, and we knew nothing
of this deletion until the arcival of the publica-
tiom itself. The original text with the plate
wis then printed by Peking Union Medical
Codlege (PVUMUC) and circulated privately.

The late D, Charles W, Young, whe was
in charee of the “kala Arar Field Stodies”
unit at UM, on his return journey to
the U7 5. attended the ith Far
Iastern Association of Tropical Medicine, in
Caleutta in the fall of 1927, Our chiel Lech-
pician, Mr, YVang Kuo-Hslang, accompanied
. WVoung and demonstraced this technigue
at the Congress. Napier (10300 nor knowing

Congress,

of the privately reprinted article, redescribed
the technigque with ilustrations.

The orviginal plate is here ceproduced. The
fizures showing the modifcation of the appa-
ratus  Tor feeding mosquitoes  are included
for whatever historical or other salue they
may have, The mosquito apparatus was de-
veloped 1o the workable slage but was actually
used little by us, Mosquitoes in general can
be fed by simpler methods, but the technique
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Flate prepered as pert of original description of
apparatus for feeding sandfies (Hertiz and Ilertig,
[927) hut omitted from pulilication.

might find application, for example, in the
study of substances expelled from the pro-
boscis, nol ooly of mosquitoes but ol other
insects, hefore or during feeding,
M.H.
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