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Summary : 

Twe nty-five  do g s (beagle s) we re  infec ted  with Le ishma nia  infa ntum 

by the  intrade rmal ino c ulatio n o f an estimated  5 -8 ,000 metac yc lic  

pro mastigo te s harvested  from the  midguts o f 3 2 0 e xpe rime nta lly 

infec ted  P. p e rnic io sus. De ta ils are  g ive n o f the  methods o f infec -

ting  the  flie s and  harve sting  the  pa ra site s. All do g s deve lo ped  

sma ll, se lf-he a ling  c hanc res at the  site s o f ino c ula tio n. Parasite s 

we re  iso la te d  from lymph no de s, bone  marro w o r sple e n o f 21 

do g s, 12 o f whic h deve loped  sig ns o f d ise a se  and  ra ise d  IFAT 

titre s to  Le ishma nia . Nine  o f the  21 remained  healthy over a  five -

ye ar o bse rvatio n pe rio d . Six o f the  nine  we re  sho wn to  have  a  

c e ll mediated  immune  re spo nse  to  Le ishma nia . No  pa ra site s we re  

iso la te d  from four o f the  25 d o g s, two  o f whic h had  a  demons-

trable  c e ll mediated  immunity and  another had  lo w tra nsito ry IFAT 

titre s. The  fourth had  c hanc res at the  site s o f ino c ula tio n. The  re sults 

sho w that do g s c an be  re a d ily infec ted  with pro mastigo te s fro m 

the  midguts o f sa nd flie s. Ho we ve r, a  high pro po rtio n deve lo p  a  

c e ll mediated  immunity and  sho w no  sig ns o f d ise a se . It is sug g e s-

ted  that se ro lo g ic a l surve ys o f do g s fo r c anine  le ishma nia sis reveal 

ne ither the  true  prevalenc e  o f infe c tio n nor the  inte nsity o f transmis-

sio n. The  e ffic ac y o f c o ntro lling  human visc e ra l le ishma nia sis c au-

se d  by L. infa ntum  by de stro ying  se ro po sitive  do g s is que stio ne d. 
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T
here are tw o main d ifficulties in testing v ac-

c ines against canine leishmaniasis exp erimen-

tally in d o g s. Th e first is that d o g s ap p ear 

generally to resp o nd to infectio n in o ne o f tw o w ays 

b e c au s e o f inherent d i f f e re n c e s in su sc ep tib i l i ty 

(Lano tte e t a l., 1979; Vid o r e t a l., 1991; Dy e e t a l., 

1992; Cabrai e t a l., 1992; Pinelli e t a l., 1994) w hich 

are ev id ent by the immune resp o nse. A cell med iated 

immunity is asso c iated w ith inap p arent infectio ns, 

w hereas there is no ev id ence o f p ro tectio n by circula-

ting antibo d ies (Liew and O 'Do nnell, 1993) constantly-

high lev els o f w hich usually ind icate suscep tibility 

* Department of Biology. Imperial College at Silwood Park, Ascot, 
Berks SL5 7PY, UK. 

** Faculty of Veterinary Science. Utrecht University, Institute of 
Infectious Diseases and Immunology. Department of Immunology, 

Yalelaan, Box 80165, 3508TD Utrecht, Netherlands. 
*** Centro Nacional de Microbiologia, Servicio de Parasitologia. 

28220 Majadahonda (Madrid), Spain. 
° Medical Research Council External Scientific Staff. 

Résumé : UN NOUVEAU MODÈLE DE LABORATOIRE : L'INOCULATION AU 
CHIEN DE PROMASTIGOTES DE LEISHMANIA INFANTUM  OBTENUS DANS 
L'ESTOMAC DE PHLÉBOTOMES EXPÉRIMENTALEMENT INFECTÉS 

De s do se s de  5-8 000 p ro ma stig o te s mé ta c yc liq ue s de  Le ishmania  

infantum, o b te nus da ns l'e sto ma c  de  320 Phlebotomus pe rnic io sus 

e xp é rime nta le me nt infe c té s, o nt é té  ino c ulé s e n intra -de rmiq ue  à  25 

c hie ns de  ra c e  Be a g le . Le s mé tho de s utilisé e s p o ur infe c te r le s 

Phlé b o lo me s e t p o ur o b te nir le s p a ra site s so nt e xp o sé e s e n dé ta il. 

To us le s c hie ns o nt p ré se nté  un p e tit c ha nc re  sp o nta né me nt g ué ris

sa b le  a u p o int d'ino c ula tio n. Le s p a ra site s o nt é té  iso lé s à  p a rtir de s 

g a ng lio ns lymp ha tiq ue s, de  la  mo e lle  o sse use  o u de  la  ra te  de  2 I 

c hie ns. Pa rmi c e ux-c i, 12 o nt dé ve lo p p é  de s lé sio ns a p p a re nte s e t 

a tte int e n immuno fluo re sc e nc e  de s titre s d'a ntic o rp s (IFAT) é le vé s e t 

ne uf so nt re sté s e n b o n é ta t dura nt le s c inq  a nné e s d'o b se rva tio n, 

ma is six de  c e s ne uf c hie ns o nt e u une  ré p o nse  immune  à  mé dia tio n 

c e llula ire . Auc un p a ra site  n'a  p u ê tre  iso lé  de  q ua tre  de s 25 c hie ns, 

de ux d'e ntre  e ux a ya nt c e p e nda nt une  ré p o nse  immune  à  mé dia tio n 

c e llula ire  e t un tro isiè me  un titre  IFAT fa ib le  e t tra nsito ire . 

Ce s ré sulta ts mo ntre nt q ue  le s c hie ns p e uve nt ê tre  a isé me nt infe c té s 

a ve c  le s p ro ma stig o te s d'e sto ma c s de  Phlé b o to me s. Ce p e nda nt 

b e a uc o up  dé ve lo p p e nt une  ré p o nse  immune  à  mé dia tio n c e llula ire  

e ! ne  mo ntre nt p a s de  sig ne s c liniq ue s. Ce la  sug g è re  q ue  le s 

e nq uê te s sé ro lo g iq ue s sur le s c hie ns p o ur la  le ishma nio se  c a nine  ne  

ré vè le nt ni la  vé rita b le  p ré va le nc e  de  l'infe c tio n ni l'inte nsité  de  la  

tra nsmissio n. La  p ro p hyla xie  de  la  Le ishma nio se  visc é ra le  huma ine  à  

Le ishmania  infantum  p a r de struc tio n de s c hie ns sé ro p o sitifs e st 

re mise  e n q ue stio n. 
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w ith, eventually , signs o f d isease invariably fo llo w ed 

by d eath if no treatment is g iv en. O bserv atio ns by 

Lanotte e t a i. ( 1979) and Po z io e t a l. ( 1981) o n natu-

rally infec ted clogs sug g est that a few d o no t fall 

exactly into these catego ries. So m e initially have high 

antibo d y titres w hich then fall, p resumably as a cell 

med iated immune resp o nse d ev elo p s, and such d o gs 

may nev er sho w clinical signs o f d isease; o thers at 

first seem to be resistant, p ro bably because o f a cell 

med iated immune resp o nse that, ho w ev er, may o cca-

sio nally break d o w n and b e fo llo w ed by rising anti-

bo d y titres and clinical signs. In v accine trials, kno w n 

suscep tible d o gs sho uld b e used but, at the mo ment, 

there is no w ay to select them. 

The seco nd p ro blem is to give a standard, repeatable 

challenge that will result in a pred ictable infection in 

unv accinated , co ntro l d o gs. Infecting d o gs by the bite 

o f exp erimentally infected sandtlies is not o nly tech-

nically difficult, but also has the d isad vantage that it 
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is neither standard no r rep eatable. It is unlikely that 

infected flies d epo sit a co nstant number o f metacyclic 

p ro mastig o tes at eac h infecting bite. Pro mastig o tes 

fro m the statio nary p hase o f cultures o f Leishmania 

infantum Nico lle ap p ear to g ive unp red ictable results 

(A branches et al., 1991) , altho ugh recent ad v ances in 

manipulating cultures to p ro d uce almo st pure p o p u-

latio ns o f metacyclic p ro mastigo tes (Bates & Tetley , 

1993) may p ro v id e parasites w hich are mo re infec -

tious than tho se o f co nv entio nal cultures. A mastigo tes 

(Lano tte et al., 1979; Keenan et al., 1984; A branches 

et al., 1991) mo re co nsistently infect d o gs than meta-

cyclic p ro mastig o tes fro m statio nary p hase cultures 

but. it may be argued , amastigo tes are no t the fo rms 

o f the parasite against w hich d o gs need to be p ro tec-

ted by vaccinatio n. Mo reo v er, ino cula are extrao rd i-

narily high (e.g . 10 8 amastigo tes p er kg. bo d y w eight) 

(A branches et al, 1991) w hich, as Vid o r et al. ( 1988) 

no ted , must be several o rd ers o f magnitud e hig her 

than the numbers o f p ro mastigo tes d ep o sited by the 

bite o f an infected fly. 

Faced w ith the p ro blem o f ho w to infect d o gs exp eri-

mentally , w e c ho se the intrad ermal ino culatio n o f 

p ro mastigo tes harvested fro m the midguts o f co lo ni-

z ed sand flies infec ted b y feed ing o n a leishmanial 

d o g . The clinical and immuno lo g ical resp o nses o f a 

samp le o f the ino culated d o gs w ere recently d escri-

bed by Pinelli et al. ( 1994) . In the present paper, w e 

give details o f ho w w e p rep ared the infective d o ses 

and rep o rt the results o f ino culating 25 d o g s. The 

metho d s are given in sufficient detail fo r the p ro ce-

d ure to be rep eated . W e co nc lud e that this challeng e 

is the best at present available, altho ugh rearing large 

numbers o f sand flies, infecting them, and harvesting 

the p ro mastigo tes d em and levels o f exp ertise w hich 

are no t read ily available. 

MATERIALS AND METHODS 

S
A N D FLIES. T w o l ab o rato ry c o l o n i e s o f 

Phlebotomus perniciosus N ew stead w ere used . 

The first generatio n reared fro m flies co llected 

o n the island o f Go z o , Malta, w as used fo r a test feed 

o n a leishmanial d o g . The sec o nd g eneratio n bred 

fro m females caught near Murcia, Spain, w as used in 

the exp eriment to infect d o g s. The sand flies w ere rea-

red at A sco t by feed ing the females o n rabbits and 

the larvae o n an aero bically c o m p o sted mixture o f 

equal parts o f rabbit faeces and rabbit pellets (Killick-

Kend ric k & Kill ick-Kend rick, 1987; Law y er et al, 

1991) . Fo r the exp eriment, they w ere taken to Madrid 

as p up ae and kep t until adults emerg ed . 

D O G S. The d o g s w ere all beag les ac c o m m o d ated at 

the Barajas (Mad rid ) kennels o f the Llo rente Institute. 

Befo re the exp eriment, they w ere v accinated against 

d istemp er, hep atitis, lep to sp iro sis and arbo v iruses. 

Tw enty - six w ere u sed fo r the exp erim ent and 19 

w ere kept as co ntro l, uninfected d o gs. 

PA RA SITE. Sand f lies w ere infec ted w ith Leishmania 

infantum (Laveran & Mesnil) by permitting them to 

feed o n a d o g fro m the env iro ns o f Madrid w ith a 

natural infectio n. The co d e number o f the iso late is 

MCAN/ ES/ 88/ ISS441 D O BA . 

INFECTION OF SANDFLIES. The d o g w as tranquilized w ith 

1.6 ml Co m b elen (Bay er) g iv en intramuscularly . To 

co nf irm that a high p ro p o rtio n o f sand f lies w o u ld 

b e c o m e infected w hen fed o n the d o g , a test w as 

m ad e w ith the Maltese flies w hich w ere o f ferred a 

b lo o d m eal by putting the head o f the d o g insid e a 

large g auze cag e (42 c m 3 ) o f flies fo r 55 mins. O n the 

fo llo w ing day, fed females w ere transferred to a small 

g auze cag e (14 c m 3 ) that w as env elo p ed in a c lo sed 

p lastic bag co ntaining a d amp p iece o f abso rbent co t-

to n w o o l. The flies w ere maintained o n 50 % sucro se 

at 28°C fo r sev en d ays w hen their mid guts w ere d is-

sected and examined for promastigotes. Of 17 
females examined , 16 (93-8 % ) w ere infected co nfir-

ming that the d o g w as suitable fo r infecting flies fo r 

the exp eriment and that the anaesthetic ( C o m b elen) 

had no no ticeable effect o n the d ev elo p ment o f the 

parasite in the fly. 

Eight days after the test feed , the Spanish P. pernicio

sus w ere o ffered an infecting b lo o d meal. To ensure a 

lo ng perio d o f anaesthesia, the clog w as g iven an ini-

tial d o se o f 2 ml C o m b elen i.m. su p p lem ented 50 

mins later by a seco nd d o se o f 1 ml i.m. The head o f 

the d o g w as kep t fo r 2h 30 m ins in a larg e c ag e 

c o ntain ing hu nd red s o f f lies. The c ag e w as then 

enc lo sed in a p lastic bag and left o vernight at ro o m 

temp erature (22-23°C) . 

O n the fo llo w ing d ay , all fed f em ales in the c ag e 

w ere tubed individually and transferred to six small 

cag es each o f w hich w as again env elo p ed in a plastic 

b ag co ntaining d am p co tto n w o o l . The flies w ere 

g iven 50 % sucro se, chang ed daily, and w ere maintai-

ned at 26- 27° C . Flies rem aining in the larg e c ag e 

w ere killed and co unted . Befo re the b lo o d meal, the 

cag e had co ntained 1,636 flies o f w hich 939 (57 % ) 

w ere females. O f these, 533 ( 58 % ) had eng o rg ed . 

PREPARATION OF A SUSPENSION OF PROMASTIGOTES. Nine 

days after the sandflies had engo rged , a test w as mad e 

to see ho w w ell pro mastigo tes from the midguts o f 14 

flies survived in sterile p ho sp hate bufferred saline, pH 

7.2 (PBS) , kept co o l w ith crushed ice. The parasites 

w ere still actively mo tile o n the fo llo w ing day. 

Ten d ays after the infecting feed , infective d o ses o f 

p ro mastig o tes w ere p rep ared fo r 26 d o g s and fo ur 

co ntro l hamsters at an arbitrarily d ec id ed rate o f 10 
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flies per animal, plus 10 in case o f w astage, i.e. 310 

f em ale flies (p lus fo ur later to rep lac e f lies sp o ilt 

during d issectio n) . The flies w ere caught w ith mo uth 

aspirato rs in hatches o f 15 and narco tized w ith C O 2 . 

They w ere w ashed in a d ish o f PBS co ntaining just 

eno ug h d etergent fo r them to sink. A fter tw o rinses in 

PBS, they w ere g ro up ed in hatches o f five in small 

g lass Petri d ishes o f PBS kept chilled by stand ing o n 

ice. Dissectio ns o f the midguts o f the flies w ere d o ne 

by three exp erienced d issecto rs w ho w ere g iven the 

w ashed flies five at a time. The guts w ere d issected 

out in co ld PBS and then transferred to three small 

tissue grinders stand ing in crushed ice. Each gut w as 

bro ken as it w as put in the grinder. The time fro m 

the first flies being killed until the end o f the d issec-

tio n w as 6 h 20 mn, w hich inc lud ed o ne break o f 

25 mn. The av erage time to d issect o ne fly w as three 

and a half minutes and the three d issecto rs d issected 

at a co llective rate o f abo ut 50 flies/ h. 

PREPARATION OF A SUSPENSION OF SANDFLY SALIVA. A sus-

p ensio n o f sand fly saliva w as p rep ared acco rd ing to 

the m etho d o f Titus and Rib eiro ( 1988) . Saliv ary 

g land s o f 22 female P. perniciosus w ere d issected out 

and ad d ed to 20 µl o f 1 % bo v ine serum albumin in 

w ater at pH 7.0. They w ere then fro zen in liquid N 2 . 

CALCULATIONS OF HARVEST AND PREPARATION OF DOSES. 

The d issected midguts w ere p o o led and the susp en-

sio n w as gently gro und and mad e up to 2 ml. Co unts 

o f p ro mastigo tes w ere mad e bo th in a haem o cy to m e-

ter and by the m ic ro b ead m etho d o f Cenini et al. 

( 1989) . The p ro p o rtio n o f mo rp ho lo g ically reco g ni-

z ab le m etac y c l i c p ro m astig o tes ( Ki l l i c k- Kend ric k, 

1986) w as estimated by the examinatio n o f smears 

w hich w ere allo w ed to dry then f ixed in methano l 

and stained in Giemsa's stain. 

A fter the pro mastigo tes had been co unted , the suspen-

sio n w as diluted to 8.0 ml with co ld PBS. It w as then 

divided into tw o equal lots, to o ne o f w hich sandfly 

saliva w as ad d ed . The previously prepared frozen sus-

p ensio n o f salivary g land s w as thaw ed , 2 µl o f PBS 

w as ad d ed and the so lution w as mixed by mechanical 

agitation. 20 µl o f this so lution w as added to 4 ml o f 

the suspensio n o f pro mastigo tes giving a co ncentratio n 

o f saliva equivalent to half a g land per d o se o f 0.1 ml. 

INOCULATION OF DOGS. Tw enty -six d o gs w ere g iven tw o 

intrad ermal injectio ns, each o f 0.1 ml, in the inner 

surfaces o f each thigh. O ne d o se co ntained pro masti-

g o tes alo ne w hereas the o ther co ntained p ro masti-

g o tes and the saliva su sp ensio n . Th e su sp ensio ns 

w ere kep t co o l w ith crushed ice thro ugho ut the ino -

culatio ns w hich to o k 1h 20 mn to co mp lete. 

INOCULATIONS OF HAMSTERS. A bo ut tw o and a half ho urs 

after the last d o g w as ino culated , fo ur y o ung ham-

sters w ere injected intradermally w ith the same d o ses 

as the clo gs. The animals w ere regularly w e ig hed 

until their w eig hts b eg an to fall. They w ere then 

killed and their v iscera w ere exam ined fo r amasti-

g o tes by culture and imp rints stained in Giem sa' s 

stain after fixation in methano l. 

EXAMINATION OF DOCS. O ne do g d ied accidentally. The 

o ther 25 d o g s w ere regularly exam ined fo r clinical 

signs o f leishmaniasis. Do gs w hich d ev elo p ed advan-

ced signs w ere killed fo r humanitarian reaso ns. Sent o f 

the d o gs w ere period ically tested for leishmanial anti-

bo d ies by the indirect fluo rescent antibo dy test (IFA T) 

(see Pinelli et al.. 1994). Titres >1/ 80 w ere co nsid ered 

p o sitiv e. All d o g s w ere su b jec ted to o ne o r m o re 

attempts to iso late leishmaniae by the culture in NNN 

med ium o f bo ne marro w , sp leen juice o r tissue from a 

popliteal lymph no d e. Three years after the intrader-

mal inoculation o f pro mastigo tes, samples o f the do gs 

w ere examined w ith a range o f immuno lo gical tests to 

assess their cell med iated immune respo nses (Pinelli et 

al.. 1994; Pinelli. unpublished o bservatio ns). 

RESULTS 

P
ROPORTION OF SANDFLIES INFECTED. Fif ty -three 

(94.6 % ) o f 56 sand flies d issected and exami-

ned 3-9 days after engo rg ing o n the leishma-

nial d o g w ere infected w ith pro mastigo tes. 

HARVEST OF PROMASTIGOTFS. Estimates by tw o co unting 

metho d s o f the numbers o f p ro mastigo tes harvested 

from 320 sandflies are sho w n in Table I. The figures 

fro m the haemo cy to meter co unt (3 x 10 6 ) are lo w er 

than tho se from the micro bead metho d (4.72 x 10 6 ) . 

Fro m these figures and the pro po rtio n o f metacyclic 

p ro mastigo tes seen in stained smears (7 % ) , it is esti-

m ated that eac h d o g and ham ster w as ino cu lated 

w ith 5,250 ( hae m o c y to m e te r) to 8,260 ( m ic ro b ead 

m e th o d ) m etac y c l i c p ro m astig o tes . half o f w hic h 

w ere in a susp ensio n co ntaining sandfly saliva o f half 

a g land . 

INFECTIONS IN CONTROL HAMSTERS. All fo ur hamsters ino -

culated w ith the same d o ses o f p ro mastigo tes as the 

d o gs b ec am e infected co nfirming that the pro masti-

go tes, kep t co o l o n crushed ice, retained their infecti-

v ity until 2h 25m n af ter the last d o g had b e e n 

ino culated . 

D O G S. O ne co ntro l d o g d ev elo p ed signs o f leishma-

niasis befo re the exp erimental d o gs w ere ino culated . 

It is assum ed to hav e b een infected befo re it w as 

b o u g ht. Th e kenne ls w ere sp ray ed regularly w ith 

insecticid es and the remaining 18 co ntro l d o gs remai-

ned c l inically , p arasito lo g ic al ly and sero lo g ic al ly 

negative. The results o f o bserv atio ns o n 25 ino culated 

d o gs are summarized in table II. 
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Table I. - Estimates by two different methods of numbers of L. infantum promastigotes harvested from 310 experimentally infected 
P. perniciosus 

* Alter dilution to 8 mls. 

Table II. - Parasitológica 1, clinical and immunological observations on 25 dogs experimentally infected by intradermal inoculations of 
infantum promastigotes harvested from the midguts of experimentally infected P. perniciosus. 

a Cell mediated immune response (Pinelli et al., 1994; Pinelli, unpublished observations) (n.e. • not examined). 
b Dogs were killed when they developed severe clinical signs. 
c At first developed a CMIK then, 3 years after inoculation, clinical signs appeared and it was killed 19 months later. 
d First clinical signs 5 years after inoculation. 
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SITES OF INOCULATION. All d o gs d ev elo p ed leishmanial-

like lesio ns at the sites o f injectio n o f pro mastigo tes, 

b o th w ith and w itho ut ad d ed sand f ly saliv a. Th e 

lesio ns w ere typically abo ut 1 cm in d iameter, c m s-

ted , red and dry, w ith a sw elling o f the surro und ing 

skin. They ap p eared 6 -14 w eeks after ino culatio n and 

healed sp o ntaneo usly three to four mo nths later. No 

attempt w as mad e to d emo nstrate parasites and the 

lesio ns w ere left und isturbed . 

ISOLATION O F PARASITES FROM DOGS. Parasites w ere iso la-

ted from the sp leen, po pliteal lymph no d es o r b o ne 

marro w o f 21 (84 % ) o f the 25 exp erimental d o gs. 

CLINICAL SIGNS OF LEISHMANIOSIS. Tw elv e (48 % ) d o g s 

d ev elo p ed clinical signs o f the d isease. 

SEROLOGICA L RESULTS. Sixteen (64 % ) d o g s d ev elo p ed 

po sitive I FA T titres (> l / 80) . 

CELL-MEDIA TED IMMUNE RESPONSES. Three to fo ur years 

after ino culatio n, 15 o f the d o gs w ere examined w ith 

a range o f immuno lo g ical p arameters (Pinelli et al., 

1994; Pinelli, unp ublished o bserv atio ns) . Peripheral 

b lo o d mo no nuc lear cells o f eight d o g s w ith no clini-

cal signs exhibited pro liferative resp o nses to leishma-

nial antig ens, w h e re as the cells o f six d o g s w ith 

clinical signs did no t. O ne d o g (n° 16 ) w as unusual in 

that it at first d ev elo p ed a cell med iated immune res-

p o nse but later d ev elo p ed clinical signs and w as put 

d o w n after a further 19 mo nths. 

C O M BIN ED RESULTS l iab le II) . O f the 21 d o g s fro m 

w hich parasites w ere iso lated , 12 had clinical signs 

and a po sitive IFA T (Gro up 1 in table II) . Eleven o f 

the 12 p ro gressed to sev ere signs and w ere killed . 

Nine o ther d o g s (Gro up 2 in table II) w ere parasito lo -

gically po sitive but had no clinical signs and w ere still 

healthy after five years. Six o f the nine w ere sho w n 

to hav e had a cell med iated immune resp o nse co rres-

p o nd ing to that o f "asymp to matic-resistant" d o g s o f 

Pinelli et al. ( 1994) . O ne o f the nine (n° 13) had a 

high IFA T titre fo r three y ears w hich then fell to 

negativ e levels. A no ther (n° 44) had a raised IFA T 

titre in the seco nd year w hich then fell, and a third 

(n° 43) had an antibo d y titre o f 1/ 640 in the fifth year 

but no signs o f d isease; no assessment w as mad e o f 

its cell med iated immune resp o nse. 

N o ne o f fo ur d o g s fro m w hich parasites w ere no t iso -

lated (Gro up 3 in table II) had clinical signs. Ev id ence 

that tw o o f them ( n o s 12, 23) receiv ed infective d o ses 

o f p ro mastigo tes is that bo th d ev elo p ed a cell med ia-

ted immune resp o nse (Pinelli et al., 1994) . This res-

p o nse o f the o ther tw o d o g s in this g ro up w as not 

examined , but o ne (n° 29) initially had a titre o f leish-

manial antibo d ies o f 1/ 160 that, in the fo llo w ing year, 

fell b e lo w the cut-o ff po int. The o nly ev id ence that 

the last d o g (n° 41) w as infected is that c hanc res 

aro se at the sites o f ino culatio n. Its IFAT titre never 

exc eed ed 1/ 80 ; it w as no t o ne o f the samp le exami-

ned fo r a cell med iated immune resp o nse. 

With tw o excep tio ns ( n o s 16 and 26 in Gro up 1), the 

d o gs can b e classified into suscep tible and resistant 

d o g s (table II) . Suscep tib le d o g s had d emo nstrab le 

parasites, clinical signs and persistent circulating anti-

bo d ies ; six o ut o f sev en examined w ere sho w n no t 

to hav e d ev elo p ed a cell med iated immune resp o nse. 

O ne, ho w ev er, (n° 16) had a cell med iated immune 

resp o nse w hich later failed to pro tect it, and ano ther 

(n° 26 ) had a negativ e cell med iated im m u ne res-

p o nse but no clinical signs until five years after ino -

culatio n. Thirteen resistant d o gs, fro m nine o f w hich 

p arasites w ere iso lated , had no clinical signs and , 

w ith three excep tio ns ( n o s 13. 43, 44) , had negative 

lev e ls o f an t i b o d i e s ; all o f e ig ht e x am i n e d had 

d emo nstrable cell med iated immune resp o nses. 

DISCUSSION 

v id ence that 21 o f the d o gs b ec am e infected 

after ino culatio n o f an estimated 5-8,000 meta-

J cyclic p ro mastigo tes is that parasites w ere iso -

lated fro m them . Tw o o f the rem aining fo ur fro m 

w hich parasites w ere no t iso lated , and w hich sho w ed 

no clinical signs o f leishmaniasis, are p resum ed to 

hav e b een infected because they had chancres at the 

sites o f ino culatio n and d ev elo p ed a cell med iated 

immune resp o nse. A third d o g had a titre o f leishma-

nial antibo d ies o f 1/ 160 fo r o ne year. Ev id ence fo r 

the infectio n o f the fourth d o g is the ap p earance o f 

chancres at the sites o f ino culatio n. W e co nckid e that 

all 25 d o gs w ere infected by the ino culatio n o f pro -

mastigo tes harvested fro m midguts o f sand flies. Since 

the co urse o f infectio n in the d o gs w as variable in 

spite o f being given standard d o ses, w e assume that 

the o utco m e w as d etermined genetically rather than 

by the number o f parasites ino culated . 

The resp o nses o f the ino culated d o gs mimic nature in 

several resp ects. The chancres at the sites o f ino cula-

tio n w ere like skin lesio ns in a co ho rt o f 50 d o g s 

intro d uced into the Cév ennes, an end em ic area o f 

canine leishmaniasis in France, and kep t und er o bser-

v atio n fo r tw o y ears by Vid o r et al. ( 1991) . These 

lesio ns w ere in p laces co m m o nly bitten by the lo cal 

v e c to r (Phlebotomus ariasi T o n n o i r ) and w e re 

und o ubted ly at the sites o f b ites. O f the 50 d o g s, 

chancres w ere seen in 29, and L. infantum w as cultu-

red fro m the lesio ns o f 15 o f 23 clo gs exam ined . 

Tw enty d o g s w ith chancres sero co nv erted and nine 

remained sero lo g ically negative during the perio d o f 

o bserv atio n. 
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In an experimental transmissio n o f / .. infantum to a 

clog by the bite o f a single sandfly, Rio ux et al. ( 1979) 

reco rd ed a delay o f 16 mo nths befo re the first clinical 

signs w ere ev id ent. Most o f the incubatio n perio d s o f 

the d o gs in the present study w ere 18-24 mo nths and 

thus o f the sam e o rd er. A no ther similarity w ith the 

natural history o f the d isease is that, in nature, d o gs 

w ith neither signs o f leishmaniasis no r circulating anti-

bo d ies have been fo und w ith a cell med iated immune 

resp o nse (Cabrai et al, 1992; Pinelli et al. 1994). 

The d o gs w ere ino culated intradermally because this 

w as the c lo sest to putting the p ro mastigo tes in the 

p lace they w o uld b e d ep o sited by a biting sandfly. It 

is kno w n that Langerhans' cells migrate from the ep i-

d erm is to the d erm is and transp o rt p ro m astig o tes 

fro m there to draining lymph no d es ( see rev iew by 

Moll, 1993). This may b e an essential step in p resen-

ting antigens and , if the individual has the capability , 

o f in itiating a c e l l - m e d i ate d i m m u n e r e s p o n s e . 

Intradermal ino culatio ns o f metacyclic p ro mastigo tes 

are clearly mo re natural than intraveno us, intraperito -

neal o r intrahepatic ino culatio ns o f many millio ns o f 

am astig o tes ( Lano tte et al. 1 9 7 9 ; Ke e n an et al. 

A branches et al, 1991) . 

W e ad d ed sand f ly saliv a to half o f the ino c u lu m 

b e c au se Titus and Ribeiro ( 1988) sho w ed that the 

d ev elo p m ent o f cultured p ro mastigo tes o f L. major 

Yakimo f f & Scho kho r in the skin o f mice w as enhan-

ced by the add itio n o f the saliva o f Lutzomyia longi-

palpis (Lutz & Neiva) (see also Theo d o s et al, 1991 ; 

Samuelso n, 1991) . Ho w ev er, w e have no ev id ence to 

suggest that the infectivity o f the p ro mastigo tes har-

vested from midguts w as affected by the add ition o f 

sandfly saliva. Chancres ap p eared at sites o f ino cula-

tion o f p ro mastigo tes w ith and w itho ut ad d ed saliva. 

This may be because the susp ensio n o f p ro mastigo tes 

to w hich no saliva w as ad d ed nev ertheless co ntained 

so m e saliva released from g land s escap ing from the 

tho rax w hen the head w as cut o ff befo re d raw ing out 

the midgut. 

A ltho ugh the p ro mastig o tes harv ested fro m exp eri-

mentally infected sand flies w ere highly infectiv e to 

the d o g s, infecting large num bers o f sand flies and 

harvesting the parasites d em and high levels o f exp er-

tise. Several asp ects o f the metho d s w e used are w o r-

thy o f no te. Firstly, there are no d ifficulties in rearing 

hund red s o f P. perniciosus w hich is an easy sandfly 

to breed in the labo rato ry [see references in Killick-

Kend rick et al. ( 1991) , also Read y & Cro set ( 1977) 

and Mo lina (1991) ] . W e used the seco nd generatio n 

o f mo re than 1500 flies o f w hich nearly 1000 w ere 

f em ales. Sec o nd ly , d o g s w ith le ishm aniasis infect 

w id ely d ifferent p ro po rtio ns o f sand flies (Rio ux et al, 

1972; Grad o ni et al, 1987; Mo lina et al, 1994) and it 

is necessary to m ake preliminary tests to select a sui-

table d o g . Third ly, mortality o f eng o rg ed sand flies is 

m in im iz e d if they are lef t u n h an d l e d f o r 24hrs . 

Survival thereafter is g o o d pro v id ing the flies are kept 

at a co rrect temp erature and high relative humid ity , 

and are g iven fresh sucro se so lutio n daily. This sugar 

so lutio n sho uld be co ncentrated to minimize bacterial 

and fungal co ntaminatio n. Fo urthly , the d issectio n o f 

the midguts to harvest the p ro mastig o tes w as slo w , 

ev en for exp erienced d issecto rs, because all the flies 

w ere gravid . A ltho ugh d issectio ns w o uld hav e b een 

easier if females had been permitted to lay their eggs, 

this w as no t feasible because, in the labo rato ry , mo st 

o f the flies w o u ld u n d o u b te d ly hav e d ied at. o r 

shortly after, o v ipo sitio n. Lastly, sev en ho urs elap sed 

b e tw een the d issectio n o f the last sand fly and the 

ino cu latio n o f the ham sters, till o f w hic h b e c am e 

infected . Thro u g ho u t this time, the su sp ensio ns o f 

p ro mastigo tes, at pH 7.2, w ere kep t chilled w ith ice. 

These co nd itio ns ap p ear to hav e b een ad equate fo r 

the survival o f the metacyclic p ro mastigo tes. 

Future stud ies sho uld b e aimed at p reparing cryo p re-

serv ed stab i lates o f m e tac y c l i c p ro m asti g o te s o f 

kno w n infectiv ity , titrated in hamsters. This w o uld 

pro v id e stand ard ised d o ses o f parasites to challeng e 

d o g s immunised w ith putative v acc ines. Technically , 

it w o uld be simpler to w o rk w ith cultured pro masti-

go tes than w ith p ro mastigo tes harvested from exp eri-

mentally infected sand flies. An essential prerequisite 

is to d e te r m i n e w h e t h e r o r no t san d f l y sal iv a 

enhanc es the infectiv ity o f cultured metacy c lic p ro -

mastigo tes o f L. infantum. 

In dev ising a mathematical mo d el o f canine leishma-

niasis, H asibed er et al. ( 1992) p o stulated the exis-

tence o f tw o kinds o f clogs, type A and type 13. W hen 

e x p o se d to infectio n by L. infantum, typ e A d o g s 

w ere d ef ined as initially w itho ut clinical signs but 

sero lo g ically p o sitiv e, ev entually d ev e lo p ing sig ns 

and b ec o m ing infectio us to sand flies. Ty p e B d o g s 

w ere said to b e animals w hich, altho ugh nev er infec-

tio us to sand flies and w ith few o r no clinical signs, 

also b ec o m e sero lo g ically po sitive but self cure. O ur 

resu lts b ro ad ly su p p o rt this g ro u p i n g , al th o u g h 

d e m o n strab l e antib o d ie s in ty p e B d o g s m ay b e 

ep hemeral and . unless the clog is kept und er co nstant 

o bserv atio n, may not be d etected (D y e et a/., 1993) . 

Recent o bserv atio ns suggest that the assumptio n by 

Hasibed er et al. ( 1992) that typ e B d o g s nev er infect 

sand flies is no lo ng er tenable. Mo lina et al. ( 1994) 

sh o w e d that so m e d o g s w ith no c linical sig ns o f 

leishmaniasis can infect sand flies, a find ing w hich is 

no t o nly impo rtant in mo d elling the d isease but also 

questio ns the value o f attempting to co ntro l human 

v isceral leishmaniasis caused by I. infantum (o r 

cbagasi" ) by surveys o f d o g s fo llo w ed by the d es-
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tructio n o f tho se assumed to be infectio us to sand -

flies. In the p resent w o rk, p arasites w ere iso lated 

from nine o f 1 3 d o g s classified as resistant (= type 13) 

(Gro up 2 in table II), but no attempt w as m ad e to see 

if they w ere infectio us to sand flies. 
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