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Executive Summary 

Classically, Leishmania chagasi, a New World equivalent of Old World 

L. infanturn, causes visceral leishmaniasis (VL). It, atypically, caused a 

sudden outbreak of cutaneous leismaniasis (CL) in a new suburb of 

Liberai, in Northern Costa Rica. One case of the many was VL. We 

aimed to shoe why cases were cutaneous rather than visceral. A 

computerized database was set up and the population at risk and their 

livestock were surveyed. Nutritional status of children under h e  age of 6. 

those most at risk was examined. It was high and considered the main 

reason for selfcuring CL rather than debilitating death-threatening VL 

occurring. Holding chickens, then pigs and dogs are main risk factors: 

they attract the vectors. Sem-diagnosis by an ELlSA and a PCR facility 

were set up in Costa Rica for diagnosis and surveillance. This created an 

increased and sustainable capacity to monitor CL and VL. We revealed 

continued presence of the parasite in new foci, a continuing threat 

Parasites 6rom cases of CL and VL were characterized, compared and 

shown to be the same organism, L. infanrum. I t  is difficult to determine 

the impact of the project as the sudden out break had subsided before the 

project began. No further outbreaks have o c c d .  The project did 

instigate grrater awareness and interest in this disease by the local 

medical and public health authorities and the population itself. 
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Preface 

This preface is intended to give readers of this repon a general background to rhc 

leishmaniases caused by the parasite named LPishmimia hiw~.ani chagari (=l d chaparir. 

uhich appears to be the New World equivalent of the Old World parasite L doionown: 

infmrmm (=L d infonrum) and, probably, the same r y e  of organism or a v e p  closc vanant of 

it. lnael is one of the many Old World countries where L. d in/muum occurs and uticrc i~ 

causes typical human infantile vixeral leishmaniasis (TI). Tiwugh rhc parasile and rhc 

d i m  have been well mdied in Israel over many years and. more reccarly. alw rhc 

neighbouring Palestinian Authority, no human cases of cutaneous leishmaniasis (CL) witbout 

concomitant s i p  and ssmp1oms of VL have ever been recorded. Hourver. .h main m s n  

for uadenaking the project beiig reported hem was k a u s e  all rhe in CLW Rica 

recorded prior to the onret of the pmjm that were shoum to be caused by u b u  uas 

cons ided  to be L. d chgmi  were human cares of curaneous Ieishrnaniaris (CLi uitbout 

Qpical si&ns and qmptoms of VL and no human cases o f j m  \;r had k e n  C D L ~ ~ .  Al 

the time of the onset of the projecl there appeared to be recrudevencc o f \ l  in 1-1 (Banedl 

rr a l ,  1998) and the neighbounng territories iAMeen er a l .  2002). This allowed for a 

comparison berueen the two situations. one Old N'orld the orher New World. 411 rhc VL 

c a d  by L d inrbnrum is zoonotic ~ i t h  infected domestic dogs sening as rhc medicall!. 

imponant reservoir of the disease in man and feral cmids. e. g.. foxes. jaskrls a d  %~I\-es. are 

the pumtive n a n d  animal reservoir o i  the disease in domestic d o g .  Domesaic dogs aith 

infections of L. d i+nrurn have k n  found in mosr Old N'orld f ~ i  and dome& jags nh 

Lnfsrtions of 1. d chaga-~i have h n  found in wn?e Sew N'orld foci hut this does ~nililde 

Cssu  Rjca. 
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.A11 leishmanjases. are vec~or-bome diseases as \bell u kmg m n o s .  F e d e  m 3  

flies of different species of the genus Phlrboromus are their vectors in the Old IVorld and 

those of ihe genus Lucomyia sene as such in the Sew World. 

Human cutaneous (CL) and iixeral (VL) leishaniases urrc hm qxmed in he Old 

World. Two npes of \'L were described: one occurzing chictly as epidemics in India and. 

later, Sudan and Em Africa that affected mainly young adults and uas c a d  b>- 1ri.rhmunia 

dono~~ani donovani (= L dono~,ani); the other distributed much more uidely rhroughom mon 

of the tropics and subtropics of. both. h e  Old and New World.  ha^ affected mainly iniancr 

and young children and was caused by L. d injawrun. L. d i j m m  has not been recnrded in 

tho% parts of India where L. d donormi docs. 

A few years after CL and these two types of VL were ciescrikd in ibc Old World. 

both. CL (Lindenberg, 1909) and VL iMigone. 191 3 )  ur re  alu, rrponcd in he Ye- World: 

the former firstly in Brazil; the laner firstly in Paraguay. The leishmania1 parante responsible 

for that CL named " L  brarilienris" (= L. brcilienris) (Vianna 191 1 ). suggari-q that it 

originated in and was indigenous to h e  New World. Since then, a nl~mber of different species 

and subspecies of Leishmania have been described to cover h e  \miom  pa of leishmania) 

parasite isolated from the different npes of CL encountem3 in ibc S e w  World. all of uhicb do 

appear to have originated in and are specific 10 the Sew World (Lainson and Shaw. 198': 

Schr..~ and Greenhlan. 1995). The leishmanial parasite mponsible for \I encoun~ed in he 

New World uas named, though much later. "1 Chgnsi' (= L donormi chogari) (Marque 

da Cunha and Chagas. 1937j. u-hich sugeened hat  i t  also originated in and uar indigcncu to 

he New World. However, uith regard to the c a x  of \Z descrikd by Sfipac (3iiyne. 19131 

and i t s  cause. the pa ti en^, then 47-years old. while having been admined to and mazed in a 

hospital in Asuncion, Pampa?. had been born in Padw ILaly. and had p u n  up and navelled 

uidely in  Italy 3s young man. He had immigraled 10 Brazil uheD in his thima. had lived in 

Sanro for many years and then moved to San Paulo and had worked on the railuay running 

beween Sao Paulo and the city of Corurnba. the capital city of Siano Gmsso State before 

displaying patent VL. This cast- hinor). poses the possibility of this case of \I having been 

ooe r;f Old World origin u u x d  by 1. d : n i i  L !  ha3 r e r i ~ d  qannpomatic for 

yea? and had became patent oning to irnmunccsuppresion acquired much later. %s 

pssibilit). is suppned by more recent repons describing w-hat are cnnsided to be 
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. . . . . . aqmplomatic as% uirh cnpric iniscric.~. s o m  oiwhich do Lwt,:t. :x:t: : :zc.  .-i:::.;~::! 

ob\ious cases with patent infections. 

Human VL is a sporadic disease in Lann .2menca The rechnicai repon c i a  UXO 

Expen Committee cires 14 counmes where cases had k n  recorded IHHO. 1490'1. It infemj 

chat in Bolivia Brazil, Colombia Honduras and Panama the causative agenr has definirely 

been s h o w  to be 1. d chagati and in .-entin& Ecuador, El Salvador. Guatada  \lesico. 

Nicaragua Paraguay, Suriname and Venezuela it is the putsrive causari\.e agefir. :t also 

inferred that in Brazil, El Salvador and Venezuela domestic dogs arr the p v e n  medicali? 

important reservoir host and in Brazil New World foxes. i e . .  Cerabqwn rhous and 1)ralopx 

ve~ulus. have been found infected and accredired aith being [he feral animal rcscnair horn 

(Lainson and Shaw. 1987). and a few opossums, I. e.. Dideiphls sp. have also been found 

infected with L d chogri .  During the renure o f h i s  projccl Corn Ria was added to h i s  list 

of countries m-here human VL has been recorded. This uas after the fim and only 

autochthonous case of VL from Cona Rica \\as reported (Carrillo er d . 1W1.  the cause of 

which was shown ro be L. d chagari (=L.  d inhnlum). 

The classical portrayal of 1. d donovunr and L. d i n l h u m  as tbc c a w  of human \I 

and d l  the other species of Leishmania as the cause of CL uas  changed someaha~  a h  

increasing numbers of cases of CL uirhout concomimt si-m and qmptoms of 1 1  tlw urn 

shoan to have been caused by L. d. infanrum were reported from s e v d  Old World counmm. 

These included: France (Rioux er a / .  1986): Spain (Callego er d.. 20011; I d y  (Gramiicia er 

01.. 19871; Greece (Frank er 01.); Azabaijan (Gasan-7ade er d. 1P901: and Pakiaan ~ R a h  ct 

01.. 1992). Though, the dermatotropic behaviour of, both. L d i n f m m  iki&nhamou ad 

Foures. 1935; Benhamou er a / .  1915) and L d donowi (Cahill. 1964) had been merdcd 

much earlier. Soon after the relatively men1  rediscover\ of CL caused by L d m f a m  in 

the Old World, CL. wirhout concomitant signs of VL. c a d  by L d c h g m i  uas d : ~ ~ v d  

in h e  New Horld. in Bradi (Oiiveira Nero er ai.. iFE6). Cosla %ca ,iz;&oo ri ui.. ;':6Q;. 

Honduras (Pence zr 0 1 .  191). and Nicaragua (Belli rr d. 1999). In fact. in Corn  Rica h e  

f im cases of CL caused by L. d chage~i \vere discovered before b e  fin! and only case of VL 

caused b! ir NZ. 

Indim \:L is considered tc k anthr~pnoric.  Vo animal resenoir has eLer been 

expo.& and the infecred human population is assumed to be the source o i ? m k  



T4-'1101~06(-ICl4? P4CE - b 

transmission a d  inkt ion.  In Sub zqd ..j .-Zfrica. VL :s. ?issib!\-. ;sne!i: zs ; ~ _ c l ! - r  

identified as L d donot.anl (Schnur r.1 oi . 198 1 )  have heen isolated fmm a number ai 

diffe-ent b p s  of wild animal, e. p., Genrrra genrrro. Felix s e n d .  ,4nicanrhrz .r:lorird. 

A c o v  olbigew. and Rorrus rarrus. (Hmgmdal and Hc!mman. 1.369: .UN>& and &mm. 

1987) and alw from domestic dogs (Slutinpa er d . 1980). All the \I causcd b? L 3 

infanrum is zoonotic with infected domestic dogs serving as the medically imponant --ou 

and feral canids. r, g.. foxes, jackels and wolves. being the purati\-e n a n d  animal r r s a r ~ i r .  

Cenrral a d  South .American VL is also zoonotic, again. uilh infected domestic dogs sen+ 

as the medically imponant resen.oir and feral canids , e. g .  S e w  World foxes. C e r k v n  

rhous and Lyralopx verulus, being the suggested nanual m o u  (2ainwnand Shaw. 1387: 

Schnur and Greenblan. 1 9 9 ) .  However. more men1 research and thinking p r o p  lbal L d 

chugasi is, acrually. Old World L.  d ~nfanrum imponed into Latin M c a  from the Old 

World, possibly. on many occasions (Momen rr a / . !  1943: hfauricio er a l .  2000).  If dt is  is so. 

then Ladn American feral canids. supposedly. got their infections hom eirha imponcd 

infected domestic dogs and'or their infected mmers. The reverse situation is h@l to k rhe 

case in the Old World with domestic dogs having acquired dKu infections from i d  canids 

and humans gening their infections from h e  infected domestic dogs. 

In addition to L. d chagari ( = L  d injnnrm), two othcr species of L c i s h W  wxur io 

Cosm Rica, both of which are associated with S e w  World CL: L b r d e n r i r p a u m ~ n r i c  (=L 

panamemir. the cause of most cases of simple CL in Corn  Rica and 1. brciienric 

brcilensic (=L. brarilrmis), which also has only been the c a w  of simple CL in Cos~ll Rica 

but cm cause muco-cutaneous leishmaniasis [MCL). wne of uhich has btm recorded in 

Costa Rica so far. (Peraza rr d .). Since most cases of leishma~asis causcd by L d chgasi  in 

Costa Rica are ca%s of CL and since L. b. pu-mit. the cause of mosr casa of simple CL 

in Corn  Rica and L. b. brailensis have alw k n  isolmed from domcnic dogs. a l t e i ~  in 

Bmzll (Pirrnez er ul.. 1988: Falqueta crul.. 199:: Reithinger and Da\ies. j W!. o m  csnmt 

attirm the identi? of ¶he causadve apenrs oiCosla Rican Ci anci wouid be cdxs ui iaur*: 

leishmaniasis uithout characterizing and identihi% rhe parasites. S o  caws of  canine 

leishmaniasis have been reponed in Cona Rica. There is no firm e \ i d e n a  for the c\ist+rw ef 

species of thc ' L  mexicow 'comp!ex in Cosu Rice rZeledon rr oi . 198 i 1. 
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Purpose of the Project 

The origin and reasons for rhis project are as fotlo\bs. From t 986 to 1987. &ere uas an 

outbreak of an '-unusual cumeous d i m "  in Costa Rica h s  o c c d  in mmc 0it.k 

neighbowhods of the reum Liberia, which is in the Prot~nce of Guanacme, a semi-arid 

region of north-west Costa Rica. About '00 individuals were &w:td. #dm u-ere mint!- 

children. T h s  was sha \v~  to have been an a~pical form of CL. M o n  of h e  cam w m  h r n  

Nammh. a neighburhod developed in I 97%. with a population of 1200 irbbitanrs. sku! 

five percent of who wert Nicaraguan i m m j p S .  Scartered wts hd been seem since 19% 

but h s e  were thought 10 have been cases of nodular ulfaurile tdxrculoid leproq-. The lcsiom 

upre chronic small round nodules or papules or eq-hematous plaques. somc o i  w-tuch Wed 

s p o n w u s I y .  Thirty-nine individuals airh skin lesions were skin l a b d  w i l h  Icishmanm, 

28(7; .8%) of wha reacred positively, as did 5 (22.7?%) om of 22 control subjecls n h  had no 

signs or histories of skin lesions. F o ~ r h r e e  iadi\iduals were examined, nrr? of u b  had 

amastigotes in heir stained dermal rissue srnears and four of uho yielded positit-e cultures. 

The pmrnasrigales prowd dilficulr lo culti~aie in Senekjie's medium. One mgio uas senr 10 

the Onsaldo Cruz hstiture on Rio de Janeiro, Branl. uhen: i~ uas idcntifid as L d in'jnruln. 

In~uIation of eiber aspiwres fiom patimts' lesions or c u l m d  pmmastigoles inlo hamnm' 

noses and fwr did not produce lesions. The disease \\as thought lo have k e n  impned b? h e  

Xicaraguan immigrants (&ledon el d l . ,  19891. Published repom of S i c q u a n  VL (Duane 

ill. .) and C L (Belli er LI!. . 1999) on]! a p p x i d  after &is supposition *.as eupresxrf. The 

relative suddenness of h e  outbreak dmribed above lends credence to ik idea of impmition 

but b subliminal level of idtction may aluays hake been presenl in C~lsra Rica as p r t r a y d  

by h e  scattered cases seen since 1976. which u-as prior to the ourbrmli of 1986 to lye?. Chc 

of hese possibil~ties doe5 nor exclude ihe h e r  and halh ma?. b v e  k e n  in effect in C3su 

Rica a1 h a t  m e .  The tacc hat X m t h  had ken deb-eloped nor long k f a w  ctK ourhealr 

might: hve  k n  the m n  for the uuihrzak In Israel. ourbrraks of leisbmaolasls appear 1s 

follow apicdtural and suburban development owing to tk art end an^ m o i l  ~lach-cbkv~ t.1 4 i I  . 

2003; Schnw, trr ~ i l . ) .  .As mentioned. no cases of \'I urre encounrtd in Costa Risa at that 

rime md onl? one infantile c a ~ e  has hem mrdd since Wn. S d  flies c~llecred in latrim 

close 10 houses \\ith animal ba~t and C D C  t q s  inciudtj i r c .  r'cingidpli, u-hiih iz 

mducipphi tic and has been pm\,en lo k the veclcrr of L d r- iwg~~cr t = I  J iqrlntrcm 1 in 
. . 

Boli~ia, Brazil and Colombia (H'H0. ; 900). Lu ~;.urrii. which i s  dm , ? -~ !~pph~ ! rc ,  md L L  



Four points mentioned in the above account of Corn Rican CL caused b! i d 

chagai  (=L. d infanrlrm) caught our interest: the relative suddenness of the ornbwak; the 

quite large number of individuals involved: the fact that &e causative agent ofthis CL nas L~ 

d chogai (=L. d infanturn); and. at the time. there had not been and w r r e  no known cases of 

VL in Costa Rica. As stated, h e  only case reported so far (Carrillo er ol.. !%! n c c d  

during the tenure of this project and none have k e n  recorded since then. On c*rnparin.g h i s  

situation with !he classical one associated with of 1. d infinrum in the Old W'odd, as 

described above, we assumed h a t  the circumstances in Corn Rica were e..ctpuonal. Our 

staled aims at the time of u~iting our project proposal *ere: *To snuiy Ihe epidemiologj of 

the human Leishmaniases: as)mptomatic infections, cumenus lcsiom (CLI and 

disease (VL), caused by LPishmonio injanrwn (=L.chogmi) in Corn Ria .  a region u-bm ibe 

parasite has recently been discovered. to discem whether human h o n  parasitic or sand fly 

vectorial factors govern the dermatotropic and viscerotropic nam oirbe clinical sparnun. In 

doing so. to transfer technical methodolop for this to Cosm Rican c o l l c a p s  and d ~ h c m  

in its use. The following subsidiap objectives would be undemken to achieve h s . : .  Tht 

human population would be surveyed for signs and symptoms of leishmaaiasis. Tbc 

nutritional and immunological stam of normal, possibly aqmptomatic and ciinicalh- obbious 

cases would be determined and comlated with disease manifmatiom. 2. Leisbmanid mains 

n-ould be isolated born human caxs and sand flies and characterized by as many parsmecas 

as possible to determine wheher parasite variation parallels rbe different b m  clinical 

conditions. 3. To determine. experimenmlly in laboratory animal models. ukdm rhe distinct 

composition of saliva from different npes of sand flies hat  is injected uitb rhc infecting 

parasites at transmission influencn and is related to h e  clinical and pahlogical situation 

seen in human cases.'. However. as described in the preface. similsr situations u r n  alw 

beginning arise in some o i  the neighbourinp Cenmi . k r i c a n  and %ii* .%iirr;tzrr crGrr;cs 

and. also, many Old World countries where L. d infamum is endemic. nus  u ~ d d  mean that 

our findings would be more widely significant. In f a c ~  while doing fieldwork in Costa Rica 

for the fint time in 1997. we travellei to Sfsnapus and Leon in Sicamp and met with 

Xicaragxin doctors. public heelth \%-erkerr and wearch scientists uorking on leishmanias~s to 

Q and form a network oipeople aorkine on this np oi!eish~aniaris. :Since this wt\vorh 

caold no1 k ccvered by this irS.4ID-CDR project. Dr Schnur conIa~led cclleagues at &e 
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. ~ KHO conscming Lnding Tor this hut the!. wrhile shouing &I Lnreres~ ?.;vex z - z : c  re xs;c: 

his.) Since there were no recorded cases of VL in Corn Rica and hence no Cona Rican 

visceralizing strains and there was. supposedly. the possibilip of hoh  in Sicarqua I D m e  ..I 

al., 1994 : Belli er ul.. 1999). invol\ement Nicaraguan researchers would niw help iacii~rare 

our studied. We also planned to visit Dr Carlos Ponce's group working in Tegucigalpa (Pence 

er a/.. 1991) after the Israeli-Costa Rican fieldwork done in 1998 bu~ this \&as delayed kcdux 

of grant 'cash flow problems' and uhen planned in wmection u i h  the lnarliCosta Rican 

fieldwork done in 1998 was pre\rnted bxaw of the delamtion caused by Hurricane 

George. Drs Harry Noyes and Michael Chance ofthe Liverpool School of Tropical Medicine 

had worked together m i h  Dr Carlos Ponce and his team in Hondunrs and had amassed a 

number of mains of L. d chagclri (=L. d infmtum) that had ken nored in Liverpool iZoyes 

et a / . .  1997) On one occasion on returning lo I m t e l  afier doing fieldwork io C o n a  Dr Schnw 

visited Dr No)es and Dr Chance. intending to get some of the those sbaix. specially 

\isceralizing ones, but by then they had had a wld norage failure and all rhcir Honduran 

mains of L. d. chugmi (=L. d infanrum) had been Ion. 

In remspect. our -red aims were too ambitious and depended on irnrher and 

continuing outbreaks of h i s  t)pc of leishmaniasis. This is what uas nsnrmaJ u d d  h a p p  at 

that time but did not. The proposal mas submined in Aupurt. 19%. was accepcd &a rum 

and a half y e m  and mas officially m e d  in J a n u q .  1997. Our fira \-isit to and fielduork 

done in Cona Rica took place in late Sept: early Oct..1997. ten to eleven years &a the 

outbreak in Liberia Guanacaste. had occurred. S o  funhcr outb& have occurred since then. 

This meant that there were too few cases of CL and essentiall!-, no cases of \Z to-- out 

our full commiunents regarding studying h e  human population. The paucity of cases alse led 

to a warcity of mains for the comparative studies between dcrmatotropic and \ i r n w o p i c  

strains that were undenaken. 

- 
1 ne i e i s h ~ ~  were iirji dejciibsj k~iii b5s p:ci;: =s s\zu+; L!C cb:ic.s 

s i p  and s!mptoms of either CL or VL. .All the other indi\iduals in the ppulations \$-ere 

generally considered to be normal. healthy and ununfected. However. ai th the ad\pnt of the 

Ieisbmmin skin us1 and, later. serological testing for anti-leishrnanial a n t i M e s  and h e  

general zme\ ing  of populations in places where leishmaniavs are endemic. numbers cf 

individuals without current or preylous zliniial sigm and pmptoms of  leishwmiasis at-re 

found to be positive by hese tcsts. The! wwre assumed to k asmptomatic cases that 'had had 
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md might nili nave subliminal iniecrions. Surveying in h i s  \say. 4sc shouzj d-21 Cqez \re- 

usually significantly more as)mptomatic cases in a populations hn palenr ones. This r a i d  

the questions of why do some indi\iduals remain aqmpromatic while o l h m  develop patent 

disease and m-hy do some of those  hat develop patent disease get CL ui theu~ patent sips and 

emproms of VL and vice v e m ?  This could be owing to differences among \ arious parasite 

populations within a leishmanial species like L d chogasi (=L d i~fannun! or diffcrcovs in 

general health and immuno-competence among various human horn. Variation in ihe deliver?. 

of the parasites by the sand fly vectors has also k n  propounded. This uhoie aspxt  is more 

of an academic and medical interest hn one char needs consideration in terms of 

development 

All leishmaniases seem to circulate in nature at a subliminal c ~ p r i c  lmrl  uith 

'sudden' ourbreaks and. in some cases. even large epidemics. e. g.. India and Sudan occuming 

from time to time. These outbreaks seem to be linked to and follow. quire quickly. afia 

upheavals and the m o i l  they cause ro the environmen~ climatic changes. some lealing lo 

famine and poor health and immunological resinaace, d m c t i v e  eanhquakes. land 

prepararion for apiculiure and suburban de\celopment and form clearaoce for &her. d ihe 

building of roads and railuays, etc. and. of c o w .  uar. By rmd!ing leishmaniares in such 

places and undersfanding urhat actually occun to he existing natural equilibrium rhar mggm 

and causes an outbreak. one might te able to develop ways to pre\mr same of chose 

conditions from occurring or avoid them if and when they do begin to occur in funm 

innances. Once an outbreak has occurred the main problem is 10 manage ir madifally 

treatment of the cases. if n e c e s m .  and by measures to contain the outbreak like spra>ing 

against the sand fly vectors and using repellents and bed necs. With large epidemics as seen in 

India and Sudan ~s is not 9. In the case of the outbreak at Liberia in C o a  R i a  it was 

essentially over before h i s  project began and did nor cause significant and dangerous VL. The 

CL encountered did cure. pass and leave residual protection to re-infection. Howb-er ir could 

have deveioped into something more threatening to the popuiarion oiand m u n j i n g  iicreria 

and did desemed attention and surveillance until i t  uas  clear lhar there would be no re- 

occurrence. Though it  looked exceptional ar its onseL it did f i t  inro he general panern seen 

elsewhere uith regard to i .  d chagEi ( = i .  d i ~ f a r ~ u m )  in Latin -4menca once czses of CL 

caused by L. d chagasi !=L. d iniionrvm, were found io mcur in other Central &XI Sod! 

American counuies and the first case of VL in Cona Rica w a s  r e p n e d  lreier lo preface 

above). 



Methods and Results 

I. Field s w e v s  in foci of leishmaniasis caused bv L. d r b s i  I = L. d intbm~rn:l 

A computerized database was set up at the Veterinay Department of h e  

National Universip in Corn Rica at the sbvi of the project using a computer acquired 

through the project. This was used extensively in surve>ing h e  human population at risk 

in the region where leishmaniasis caused by L. d rhogar; (=L d iqiiyuwti ~ s s  

endemic. 

Two main m e y s  were carried out that included the evaluarion of rhe 

nutritional srarus within communities where cases oileishmaniasis had occurred. 

Ebduation of nutritional mtu w a s  done in collaboradon uith Dr Mario Calw. a 

dematolopist employed at the hospital in Liberia The fim w a s  done in 1997. Data 

collexion cards were prepared for recording epidemiological. anlhropometric and 

clinical infomiation. These were in Spanish and not presented here. .-\ census of h e  total 

human population and inventor). of its priman domcstic animals was  carried out in 

Nazareth. the suburb of the city Liberia in the Prmince of Guanacasca nodxrn  Calm 

Rica where the outbreak of CL caused by L d rhngari (=L d infanrwn~ m u d  

originally. Liberia is 70 km from the Nicaraguan bordcr. A map of the sutrurb w a s  

d r a m  up. showing the dimihution of the residences from which rhe 70 recorded cases 

of CL came. Sixp--four of the cases came from among 773 inhahitan& belonging to 142 

households situated in the northern halfof the suburb (OR=19.>: C1=5.5-80.9) Six 

cases came from among 1.005 inhabitants belonging to 187 households sitlrated in rbe 

somhem half  map and Tables 1 and 2). .4nalysis of the data, indicated that h e  mean 

n m m r  of households with chickens \bas p a c r  in rhe oonh of tbe suburb Lhan in its 

somh ( p  < 0. 051, ~ i t h  numerically. more chickens in mosl northern houwholds (p < 0. 

05) {Tabie ?i. Tlx: presence of pigs appeared to he sipificanli! associa~ed uith riK 

presence of caxs  (OR4.29; CI=1.0-16.9). as w-as the p e n c e  of dogs (OR=:.?: 

CI=l.@-5.2) (Table 1). Collection of sand flies. actively by aspiration and passively 

using CDC light traps. showed that the s p i e s  Lu l ~ n g i ~ l p i r .  tbe pmven vec!or of L 

d. chagari (=L d rnluntumi in other pans of Latin .-\merica u* abundant in L* 

different areas of the nonhern half oithe suburb but was not found in six coi;titinp s i ! ~  

set up in the southern half iXla61. The datl su~eested an association benr-een kw?s 



T.4-MOL;-%-CI4-t41 PAGE - I t  
w i ~ 5  10 or a c r e  chckcns and b e  prcsence of h z  puta:ive vec:or. C>xLen c o o p  n ~ k  

more than 10 chickens seem to be atuactive lo Lu. longipnlpis. a~parendy. pla!ing a 

role in the epidemiology of the disease. In rhree households n k r e  chicken coops upre 

removed the sand flies disappeared and in NO more the sacd fly population feu 

considerablj-. L m a e  of Lu. longiplpis were found in a soil sample collectc3 from 

under a chicken coop on one occasion.. This nas in irvlf interesting as the breeding 

sites of Lu. longiplpis. like all other species of sand fly. have yet to k definitely 

determined. We hgothesized that the vector is associated uith households  ha^ b v e  

chicken coops with suAicient numbers of chickens, as  as more common in tbe 

northern part of the suburb, and that keeping chickens is a risk f m r  (Figs I ,  2 aod 

Table 5) as are dogs and, supposedly. pigs (Tahle 2). Orber animals. e . g .  c o w  and goats 

also amacted Lu. longiplpis but hey  were not pment in tbe a m  in sipificant 

numbers (Table 2). Households nirh six or more persons and m n s  having l i v d  in cht 

area more than five years were also considered a risk factor, increasing the chamrs of 

acquiring the disease (Table 4). The presence of latrines did not appear to be a risk 

factor (Table 4) even though Lu. longiplpir n a  somelimes found r rs t iq  in h. The 

vector population increased considenbly after the end of the rainy wason. llus uas 

clearly shown, later. by two yearlong d i e s  done the year ?OO@: one in the SUM of 

Kazareth (Fig, 5 ) :  the o h  in the suburb of Pueblo Nucvo (Fig. 4 ) .  A specific residence 

u;i., selected in each suburb for consistency h u g h t  the year The ova-all cunaitution 

of several captures of Lu Iongiplpis in shon periods of h e  during rbc p e r i d  1999- 

2000 is given in Table 6. Female sand flies urrc d l y  far feu= lhan male send flies 

in collections. for Lu longiplpis and the much smaller numbers of somc o h  species 

of sand fly caught together nith Lu longiplpu,  1. e . ,  Lu cmennenris. Lu chL?pmtensu 

and Lu. shonnoni (Table 7). None of the female sand flies caught were infmed uilh 

promanigotes and no isolations of leishmanial parasites could be ma&. This fined \vith 

the general reduction and disappearance disease in the suburb of Sararrth prior to and 

during the project and its almost non-esistence in tfie suburb ~i Pueblo Sue\-o. L ! h a  

Evaluation of nutritional natus nar  carried out in children undcr the age of 

six. This \\as the age -mup considered most at risk as cases of VL in Nicaragua :e.d :o 

be ir! this age ?cup. 465, hcmes u-ere \-!sited r!d 275 c b i l d .  ~ ! e r  h e  m e  - ?<six \\ere 

weighed and :heir heigho were measured. Their numtional status e tcmincd  us1r.g 

the wight  and height for age parameters. according to the Xational Center for Health 
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Statistics reference standard ( T s b i ~  8.4 ). This c\:duadcn shcued her :ie ar;:?:!onsi 

status of the children up to six years of age in K m h  \\.as generally g d  

The second similar survey was done in 1998. This time a census of rhe rod  

human population and inventory of its primaq domestic animals was carried out in 

Puet!o Nuevo. another the suburb of the city Liberia, h e  one u t K ~ +  Lhe firn and on]! 

case of VL reported in Costa Rica had occurred. 352 homes. encompassing 1.4% 

inhabitants, were \isired and A 224 children under he age of sir u-ere ueighed a d  

measured to determine their nutritional status. Again. wight and height ior age 

parameters and h e  National Center for Health Sutistics reference standard were used 

for assessment (Table 86). This evaluation showed that he numtional nam of he 

children up to six yean of age in Pueblo Nuevo uas also generally g d .  

It is thought that the general g d  n h t i o n a l  status of the children and orher 

citizens of Costa Rica accounts for the almost absolure non-eaistence oiVL and Lhe 

occcxnce of only self-curing CL when leishmaniasis caused b?. L. chogasi ( = L  

in fm~um)  did occur in Costa Rica Even the cares of CL were rela~ivel? feu  and had 

duindled since h e  time of the original outbreak. This conmsts uith oher Latin 

American countries like neighbowing Nicaragua nhere numtional scatus is W l ? -  

lower and \'L has occurred more freqwndy (Belli er a/ .  . 19991. Ha\* said this. it is 

pointed out that the tim human caw of \'L seen in Corn Rica uas  recorded as being a 

15-month old eutrophic and immunosompetent child uith clarsical signs oi lhe  distav  

(Carrillo er a / .  1999). The strain of Leishmnnia isolated from rhar case. h o u n  as he 

LVCR or Dixon suain. has been now been fully characterized and is uithout d c u h  a 

suain of L d chagari (=L. d infanrwn) (see Scction D). 

11. K e u  foci of leishmaniaxs caused br L. d choparl( =L. d infwrnim I .  

In the absence of ne\\ cares of either CL or VL caused by L d c ~ g o r r  (=L d 

injanrum) occurring in [he immediate \-icinir). of Lihena an acthe search fo: cases in 

areas more dismr from the c i n  n s  bgun. Ficld srud~es done ?r? !?9P ar!d 19%. during 

61*-!er \isits by DFS Schnur w d  U'uhurg. e x y d  new active cases in ne\v foci. 

indicating h-r L d chaps; ( = L .  d i+mrn~ was SCI! circu!atln_e at !hat !!me and 

posing a risk ro the human population. \\'bile CL is nor a life-threatening disease as is 
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VL, i t  is a chronic disfiguring disease that can cause substantial d imes .  and -&re is 

d%zys rhe risk of its :rogsshg to k o m c  fu!minating V I  under failing immunip 

In 1998. one definite human case of CL %as diagnosed a El Salto. u b c h  is 

near but not pan of Liberia. This \%-as an 18-year old woman uith a large lesion on her 

left cheek. Numerous amastigotes urn seen in h e r  nained smears of her dermal tissue 

aspirate. Usually the parasites are ven scanty and only- detected by c u l m .  We failed to 

isolate the smin because her c u l m s  had become contaminated. Since the 18-year old 

woman %as positive by her smears, we could have retuned for a second anempl 

However. she had been peatl!. bothered by her lesion and had even med to wea h e  

lesion by applying bane? acid to it. To alleviate her problem, Dr Zeledon mated ber by 

injecting Glucandme into the lesion. 4 second suqea case uas seen a El Salto. This 

w a s  a schoolgirl uith a vew diffuse lesion on her nose. No amastigores u r n  seen in tbe 

naiad smears of her dermal tissue aspirate. H o  cultures were also conraminated. Four 

Nspect cases of CL were encountered in Pueblo Nuevo. Amanigotes un-e n~ seem in 

their stained preparations and their culnrres were also contaminated. 

In 1999, two more d e f i ~ t e  cares u.ere diagmsed among five  spa^^ cass 

seen in two more new foci; I s  .Arena de Liberia and La Carana de Liberia Guanaarnt 

Province. The definite case from '4rena de Liberia was a 41-year old male uith a 

nodular lesion on his shoulder. His smears were negative but the culnms un ps i t i \ r  

(the Diego s h i n ) .  The definite case La Carana dc Liberia uas a 19-year old male 

with a nodular lesion on his aural pinna His smears and c u l m  u r r r  positive (he 

Luismi main). This provided us uith our rim Corn Rican isolates from cases of CL for 

comparison U I ~  the one fmm the infanfile VL case From Pueblo Sue\.o. Liberia 

Multifarious characterization and comparison of the suains from the cases oiCL and 

V l  uas c n i e d  out (see Section 111). The s k i n s  from ;he cases of CL and *k of 

VL were injected into Syrian hamslers kept at the Veretinar). 1 m m t e  in  Heredia Ccsu 

Rica. to maintain their infecuvity and 0bsen.e and compare their specific tissue m p i n r  

in experimental animals. They were also sent to Dr Scbnur in Israel and deposited in rhe 

leishmania1 strain bank of the WHO'S Jerusalem Reference Cenm for h e  

Lsirhaniases housed in h e  D c p m ~ c n t  of Parasi:alo~ of the Hehrew Cniversin- 

Hadassah Medical School. Dr Zeledon's group saw another four suspect ever of CL 
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aIie; this but they \vex not cordmed to k v e  jeen def-rille c a s .  SG dedniie oi r~s;<i: 

cases of leishmaniasis were seen during the field studies undenaken in 2000. 

111. Leishmanial strain chmcterizauon 

Various methods, encompassing biological [infecti>ir). and beha\iow in 

laboratory animals (Schnur and Zuckerman. 1977)]. serological [antigenic anal!sis by 

Excreted Factor (EF) sero~ping (Schnur and Zuckerman. I97T)l. biochemical [enqme 

analysis (Rioux zr 01.. 1990)l and molecular biological [DNA m s i s  Eiwn-er a d  

JafTe, 1999)l parameters were used to characterize. identi& and compare h e  mains 

isolated from Costa Rican human caws of CL and VL. At the narr of h e  projec~ no 

molecular biological t e c h n o l o ~  ua available in either h e  Corn  Rican p u p ' s  or he 

Israeli p u p ' s  laboratories. Several different polymerase chain reaction (PCR) 

techniques were incorporated into b e  Israeli p u p s  leishmania1 main w i n g  capaDility 

(Jacobson er 01.. 2003; Schnur, el 01.). The permissi\.ely primed intergenic pol>morptuc 

(?PIP)-PCR which uas developed in the Israeli _groups laboratory. uas rhe mosi useid 

one as it was able lo distinguish h e  different species of Leirhmnia and differentiate 

PPIP-PCR sub-opes uithin them (Tig. 5 ) .  

Before the two Costa Rican mains fmm human cases of C L  i e. Ihc Diego 

and Luismi maim. were a\,ailable. a Honduran strain from a human case of C L  Nain 

HN1 9.1 (WHO code =MHOM/HN11993 194), uas compared uith he main isolated 

from the Costl Rican case of VL. i e, the LVCR or Dixoo main. This ard rhe 

strain HK I 9.1 were identical by EF setonping and both telonged to Ihc EF s u b - w p c  

B2. Later. he Diego and Luiuni suains were also shoun to belong to EF s u b s a m p  B:. 

In fact. all the srrains of L. d infamum and L d rhogar; i = L .  ilfannrmi npe  in h i h i  \\y 

have belonged to the EF sub-seror)pc B:. 

Enzyme electrophoretic anal!.sis u-as done in starch gel and 15 enAmes urn 

examined to construct enz\-me files: malate dehydrogenase. hDH. EC I .  1 . 1  .)- : malic 

-me. ME, EC 1. I .I .JO : isociuate dehydmgenase. ICD. EC 1.1 . I  .4f : ci- 

phosphogluconate deh>drogenase. PGD. EC i . ; . i .i-l : glucoie-6-phoschatc 

dehylroeenase, - G6PD. EC 1 . I .  I .J9 ; glutamate dehydrogenax. GLCL). EC 1 4.1 5 . 
Y.4CH diaphez:. CIA. EC 1.5.2.2 ; ncc!scside phosphc~y!ar-. ?;Pi. EC 
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2.4.2.1 : purine nucleoside phdsphon l a x .  SP;. EC 1.4.1.' . g l u ~ m = ! e + x ~ o x e u : r  

transarninases. GOTI and GOT?. EC 2.6.1 . I  ; phosphoglucomutau. PGN. EC 5.4.2.2 : 

fumarate h > - d r a m ,  FH. EC 4.1.1.2 ; mannose phosphate isom-. MPI. EC 5.? ! .8 ; 

glucose phovhate isomerase. GPI. EC 5. j . l .9 .  The e n q m e  profiles o f h e  LVCR or 

Dixon strain from the Costa Rican human c u e  of \I and che Luismi suain from a Co-% 

Rican human case of CL- n-ere identical to one another and to that of the A H 0  

reference strain of the Old World species L. irJmm. ie. .  main 

MHOX%~!1980~'TPTI, and. therefore belonged to the zymodeme M 0 5  1. The enz?mc 

profile of the Diego snain, also from a C o r n  Rican human case of CL. uas identical to 

that of the other three mains in the electrophoretic mobilities of I4 of the I5  ?ma 

examined but differed in the electrophoretic mobility of its malatc dchydrogmaw 

(MDH). This put it into the ?moderne MOK-34. Leishmanial mains of both 

qmodemes  have been isolated in the Old World from. bo& human cases o i \ 2  sod 

CL, and also cases of canine leishmaniasis. Howver.  suains h m  he ~ m o d a n e  MOS- 

34 have mainly been isolated from human cases of CL, All the Latin .*can strains of 

L. d chogasi (=L.infanrum) examined in this nay  until now have belonged to rbc 

zymndeme MON-I. The Diego main is che T i t  exception. 

For PPIP-PCR anal>sis, suains were mass cultured as prornastigotes in 

Schneider's Drosophila medium supplemented ~ i h  10% FCS, ~ a s h e d  ad collacted h) 

centrifugation and had their DN.4 extracred from the pellets according to E i s e n m  

and Jaffe (1999). The PCR reactions were performed also as d-bed Eiocabapa  

and Jaffe. 1999) with minor changes. i e., using 20 nuul  of genomic D\ 4 and 

amplified with 5 uM of  the single leishmanial-specific primer. ZB (5' C A G  GAG CGC 

GCA CAC GCA C 4 C  ACG). and 2 U ofrecombinant T q  DS.4 poh- (MBI 

Fermentas. .4mhem. NW. The PPIP-PCR results are given and compared in Fig. 5 .  The 

U'HO reference strain ofthe Old World s p i e s  L. i n i i .  1.e. main 

MHOM/m; I980!IPT1, uas PPIP-PCR ppe Li.4 I .  In fact all IIK Old World main< of 

L. infanrlmm examined by this method bave k e n  his PPIP-F'CR ~ p e .  Suain H S  19.1 

(MHOW'HN~1987~HN194) from a Honduran human case o fCL PPIP-F'CR displa!.ed 

the same PPIP-PCR profile as snain IPTl but had an exna band of a p p r o .  5 C ~ 3  il i ~ c  

profile, indicating 2nd d i f f c n t  and new PPIP-PCR bp. L~.A\= tempor-? 

designation). Ho\vever. the LVCR or Dixon suain from the Costa Rican human case oi 

VL and the Diego rmin  !?om a Costa %cz? h m z ?  c s c  d C L .  ..v\-Ll!e s!x.+ag ~~e s a i t  
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PPIP-PCR profile theiefox kar.lng ihe saiie PPIP-PCR nv. ~ i .4 '  := : c x p r z ?  

designation). were different because their profile lacked the faner-running component o i  

approximately 420bp of the doublet present in the profiles ofthe orher strains e x a m i d .  

The PPIP-PCR Qpe L~A' might be specific to the Neu World and even to Corn  kca 

for the time being it is. bur more suains need to be checked from othe Yen and Old 

Uorld foci. Howe\.er. it is. apparently, not an indicator o f a  strain's predisposition to 

dermato- or \iscero-tropim. 

N. Leishmania1 strain tropisms 

A. develop men^ of an exDerimental model to m d v  h e  oftropisms 

Syian hamsters were used for this. The effect of conisone acetate on IIK 

bodlweight of hamners HTS assessed during its nrice upek1)- suku~aneous injarion 

over 10 weeks. One experimenral group got doses of 1 m u  1 M@n bod?uzight; awrhcr 

got doses of 2mg'lOOg bodyweight. A moderate loss ofweight uas o h - e d  in IIK 

mared _goups compared uith an unueated rhe contrul group. .A11 rhe treated tramners 

sun-ived this immuno-suppression. The dose of lmgjl O O p  bod!weight \\as used on 

animals in observing and comparing experimenral infections caused by mains o i l  d 

chagasi (=L. infanrum) isolated from human cases of eithcr CL or I'L. Thus. I2 

hamaen were treated uith conisone acerale at the dosage of lmgilOOg bod!-\~eight. 

.hother 32 were left untreated. Four groups of 16 hamners wcre ananged. 8  of uhich 

were treated and 8 ofuhich were not. The follouing four stiains o f L  d chagatr (=L. 

in/anrum) isolated from human cases were studied: M H O M N  1987 m-029 from a 

Honduran case of I'L: MHOMN-1993!W?4-194 horn a Honduran caw of CL: 

hfl-IOWCR!I998Dixon from a Cosra Rican case of\.T: and MHOXOCR- 1- Luismi 

from a Corn Rican case of CL. One strain UTS injected into one group of 16 hamsten 

Each hamster received 10' promastigotes that urre injmed intradermally into its mse 

Two hamaen treated uith conisone aceute and two left unmated from each p u p  

were sacrificed at 4 days and at 4.8 and 10 u w k s  post-infeaion. Srnean and culnurts 

were made oftissues from the nasal skin at the sire if infection. the spleens. and t i e  

li\-e;s cfrhe acin-a!s. T?ue sazples r v m  d e n  f x ~  each o f t h e r  orga-i far cx!: .~~ ;:: 

Senekjie's biphasic medium to incrsase the chance of isolating the w k i i e s .  Duplicate 
. . 

cg!mres cf c'!!P~ %ph!er !?PI?  he weec \$.ere z!cn rnade Ln Se~ekjie'r '.L~bzsic 



medium but no smears were made from hese. Four samples were taken from each of t h e  

2:gr5 rcr.4 &p! i c~ :e  2 ~ p l c s  sf LT:-.'S ...it-. cc!!rt!cc! Ed 2c.d  51 - 4 s  $2: 

PCR in the event of over-all negative results. The smears were mined uith G ~ m s a ' s  

stain and checked microscopically for parasites. 

411 four sbains were able to infect hamncn. Treatment uith mmsooe a c c w  

seemed to have little effect on the course and degree of infeaon. The infections urn 

somewbat patchy and there was some contamination of cultures. l e a h g  gaps in che 

general picture. The results are summarized in Tables 9 and 10. From h i s  stud!-. Suain 

MHOhI/HN!I993HN-194 from a Honduran case of CL appeared to be only dcrmato- 

tropic, causing a patent infection uith parasites visible in stained smears at che site of 

infection by 4 days. This became crytic and uas detecraed only by culnm at 4 IO 8 

weeks and had. possibly, disappeared by 10 weeks. Prior to iu employment in che *!- 
this study of tropisms, it u z  checked for its infectbit). in Syrian hamsen in Cona Ria 

and Israel. In both cases, \iscralization did occur but only after a \-m prolonged perid 

of many months to a year. The other three sbains did visceralire in che time period of 

this study (Table 9B). S m i n  MHOhi,'Hh':1987~'Hh'-029 from a Honduran case of \-L 

did cause a palent infection u i h  parasites visible in mined nncars at che site of 

infection by 4 days but, owing to conlamination i t  is difficult to know- if it became 

cryptic or just disappeared. It also caused a patent visceral infection in he spleen a d  

liver by 4 days that was b l l  patent at 8 and 10 weeks (Table 9.41. Snain 

MHOht~CFL'1998rDixon from the Cosm R i m  case of VL caused a paunt infarion 

~ i l b  parasites visible in nained smears at the site of infection by 4 &!s h a t  cronuaucd 

as a patent infection throughout h e  10 week period. It  alu, caused a patent v i d  

infection in the spleen by 4 days h a t  remained patent for all 10 weeks and also in che 

h e r  from the eighh week that continued inlo the tenth week (Tabie i0.41. S t m  

MHOMiCR~I999~'Luismi from a Corn R i m  case of CL caused a patent infation with  

parasites visible in mined smears at the site of infection by 4 days This became q p u c  

and detected only by culture by 4 weeks and had. possibly. d i s a p p e d  by 10 w p e b .  I t  

also caused a parent visceral infection in the spleen and liver by 4 days h a t  uas still 

parent at 8 and 10 weeks (Tahie ii!B). The Corn Rican mains from h e  case o i  VL. 

MHOSiCR 1998Dison. and the case oiCL. .\lHOSI CR 1W'Luismi. behaved quire 

similarly in hamsters and, ifan:thing. the forn~cr strain. u%ich \;scedizd i ~ ,  its humIan 
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host appared !a k mere dermarcxr~pic in h&?mncrs rhm dw larter ETZ. uh!ii: \r s 

dermaro-uopic in ils human host (Table I OA and B.). 

a. ieis'nmanial suain dissemination panems in S \ ~ i a n  Mmners 

During the early pan of he project a-ben Central American mains of L. d 

chugari (= L. d infanrum) from human cases of either CL or \I were una\ailahle. some 

pertinent srudies in line aith the overall aims of this project were done using orher n - p  

of strain. The biochemical smcnrral differences seen among excreted factor (EF) - 

surface lipophosphoglycan (LPG) born different species of Leishmania Iha~ coder EF 

seroiypes might be involved in determining h e  varia6on seen in leishmania1 pararite 

tissue nopisms in humans and animals and, through this. h e  different clinical conditions 

aith which the different species of LeiFhmanio art m i a r e d .  In an old dissemination 

study predating this project (Schnur and Zuckennan. 1977). hsu EF subsemppe r\: 

strains of L. major from Israel disseminated in S!ian hamnm a f k  inuasplenic (IS) 

injection of recently isolated, infective culrure promastigotes. causing patent idection in 

the skin of their body exbemities (nose. lips, paw.  tail and also rmes and 

epididymides). Under the same conditions. nro EF sub-sero~pe B: stra~ns of i 

donovani, one from India the other from Ethiopia. did nol. They d i s s t m b ~ e d  onl) in 

the  sera (spleen, liver, bone marrow. lymph glands, lenes. epidibmidcr kidneys. 

adrenal glands. lungs. diaphragm). This suggened that there might be a link hchseen EF 

seronpe and amanigote dissemination panem. Within he p r o j m  ihe iollouing 

experimental study a a s  done lo rr). and verie this. Some strains ~ p l n g  as L *or by 

enqme and DN.4 analysis are EF sub-serobpe 8: and, hercfore. serologically like the 

strains of L donovani mentioned. One of these from Kenya aas also injected IS into 

h m m  in the same manner to observe its dissemination panern. ahich was wn 

similar to that of the EF sub-serohpe A,  shains of L. *or studied prrniously. *ire 

8: EF &x~ror] .p.  Ucwever, I! ! ~ k  !~.cgcr, ! .L?qe..' ef !? \v&_c. !? C=.se not -n l  r-.-.-' 

cutaneous disease in he M y  extmnities. Also. hone mamow infection uas only mpt ic  

and heart blood *as infected. ,411 o i  these suains initiated infection in he spleen. an 

unnatural site. This and the inconpin-  between EFLPG serohpes .and subsequent 

dissemina~ion panems of the amasdpotes should be considered when rp-ul-ulatir~ on -& 

role of EFs and LPGs in infection. dissemina~ion and clinical outcome of icfxdar.. li 

should be noted that the EF sub-serohpes of rra Cenval .American swains. he 
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HX-194 from a H o i l d m  case o i  CL and ~ \ e  strain L\'CR or DLYOS frcn L !  CCS:~ 

Rican case of VL had the same EF subsero@pe, Bl. bur their tropisms in humans urre  

quire differenr. Uhen these strains were brought 10 J e d e m  u ~ r e  injeered inm- 

periloneally into hamnen ro check and maintain their infecti\i?. The examination of 

the spleens of the hamsters many months afier showed hea\y infections of amastigores 

in the spleens of the animals injecred uith the Costa Rican main from the human case 

of VL and mild infections of amanigores in the spleens of animals infected uith the 

Honduran strain from the human caw of CL. There were no ob\ious s ips  of c u m n e o ~ ~  

infections in anv of the hamsters. 

The role of domestic dogs as b e  medically imponanr reservoir of \I aod CL 

caused by L d chagosi (= L,  d inranrum) was described in the preface but tbe sndy of 

leishmaniasis in dogs was nor u~ inen  inro the projecr proposal. Houtvcr. since h i s  was 

pertinent lo the projeer. some work u z  carried our on dogs, mainly in 1-1 but also in 

Cost Rica. Dr. Luis Araya \isired rhe Hebrew Cnivenie-Hadassah Medical School 

from Seprember I"-30', 1997. and uas trained in the inununo- and rro-diapwsis of 

human and canine VL. On his r e m  10 Costa Rica he survqed dogs from the regions 

of Cosra Rica uhere leishmaniasis endemic. In the abseuce of Corn R i m  s n a i ~  of L 

d chagosi (= L. d infinrwn), he prepred anrigen by culruring a Honduran stmin of L d 

chagosi (= L. d infinrum). He collecred and examined 158 ura from dogs from 

Nazareh. Guanacasre Province, 15 ( I R < )  of uhich u~rc positive. using the ELlS.4 

developed in Israel (Rachamim er 01.. 1991). A further 120 sera usc collected dogs 

from Nazareth char were 10 have been be rested for anti-leishmanial anribdies but no 

more has been reponed on them. In endemic foci. the n u m b  of m s i t i \ ~  dogs 

rend ro be much Fearer lhan rhe numkrs of iniec~ed people an3 peopk with si-pificanr 

tiues of ani-leishmanial anribodies. Thus. the presence and n u m b s  of positive dogs are 

good indictors of the presence and depee of L. d chagui i= L a mibnnm~ in =ma! 

and suspected foci of the disease. 

As sired. L. d chopmi i= L 2 it;fcn:~.iii) h m  rhe Sex World ieis!!~a-:a! is 

essentially ihe same ai L. d infunr~m fram the Old World and srdies done in Israel on 

!he l r i sbmzi~ses  i t  cases  in h ~ r n z n ~  2nd c%ines cm k cornpzd !o ~ - h z !  ..rl_c -=I? 1~ 
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Costa Rica. A major difference is that in Costa Rica a!i :he human ca=s caw& cj? i .i 

chagusi (= L. d i&nlum) but one have been CL without concomimt VL. S o  c a w  of 

human CL uithout concomitant VL caused by Old World L 1nfru111im have keen 

recorded in Israel. They have been relatively feu  and have all been caws o i  infatile 

VL. Though cases of CL uithout concomitant VL have been recorded in orher 

Mediterranean counbies and other parts of the Old World (see preface). S e d i w t i c  

surveys of dogs in endemic foci in Israel showed that a number of them had observable 

titres of anti-leishmanial antibodies. A few people did also and h e y  are h u g h t  lo have 

been a.ymptomatic cases. The wro-positive dogs usually went on to develop patent 

canine VL. This might be another interesting difference compared with Cona Rica as MI 

cases of canine ieishmaniasis have been reported from lhere not even from those fmi 

dere  the human cases were seen. It  is not known if any of he aro-positive dogs bled 

by DT Araya did become patent cases of canine \I. During he time of he prqlecc. 57  

mains were collected in lmel  h m  dogs and many more have been collecud since. .MI 

of them have been EF subserot)pe B2 by serobping. Eleven of thcm w r r r  also 

characterized by enqme electrophoretic analysis using I5 enz?me ?-gems. The)- all 

displayed the same enzyme profile hu identified them as mains of L d infwt~wn 

belonging to the qmodeme MON-I. In these rrspects. Costa Rican and Israeli soaim 

are alike. Some of the Israeli were also characterized by various DXA anal>=. u k c h  

confirmed their identity. During the time of h e  project hme h l i  human infantile 

cases of \T were also recorded. Their leishmanial Nains upre L inbnrum and identical 

in character to he characterized canine strains, and h e  suains L\.CR or Dixon and 

Luismi isolated from the Costa Rican human cases of \Z and C L  being EF sub 

serotype 81 and belonging to the qmodeme MOS-I. One main isolated from a 

Palestinian infantile case of VL. was different. It  w a s  EF subserohpc B: bur irs -me 

profile uas  different and showed this main to belong to a new qmodeme of L 

infamum. q-modeme htON-281. The soains examined by h e  PPP-PCR a m  PPIP- 

FCR iype Li.4 iike ail the other Gid Xorid suains o i i  inrbnrum c k ~ e d  'Fy the ??I?- 

PCR. The strains LVCR or Dixon and Luimi  from Costa Rica. and HX-1% from 

Honduras (Fig. 5 )  were not. The situation in lsrael remains classical u~ith man! more 

dogs being infected han  humans and all caws being very young chlldrer? \'L 

Jackals and foxes are ofien cited as being one natural m i n d  m o i r  knz nf L 

infimum in the Old World. This includes endemic regions in Israel. Serc4Lqrmsis ci 

sera from 5;  jackals and 20 foxes. usinp the same ripe of ELlSA as t!at inr;dwed in 



TA-MOL:-96CI4-142 P.4CE - 22 
Costa h c a  exposed 4 (7.69b) sero-positve jackds and I :?"! se r@-p~i l i \ e  6 s  h i  !k7 

strains of L. d. in/anrum were isolated. 

VI. .4 nm~tomatic  cases leishrnanln (5lontenem) skin testine and serology 

At the beginning of the project before we had any Costa R i a  or em!  

Honhuran mains. cultures were seeded with skin lesion aspirates from the 10 parients 

nilh suspected CL from Nazareth, Liberia. However. they had remained negatiw. even 

thougb nine of lhem had skin tened positively. Their mined tissue smears had been 

negative. Generally, in Costa Rican cases of CL caused by L d chogari (=L d 

in /mum) ,  amastigotes tend to be m e  and are rarely seen in mined m. Homrva. 

as skin tern were positive in nine cases. it is possible that immunity to mfection W 

also been acquired and the few parasites that might have been here originally had km 

eliminated. The tenth case, a seven-year old child. had a skin lesion @pica1 of CL and 

his skin test was negative so he might not have been a case. This small p u p  s f  subjects 

had also been tested to determine the eacacy of the skin ten antigen (leisbmanin) prior 

to mass t&g in field surveys. Since the original out break in X-th had ended and 

no new cases were appearing there. the search for aqmptomatic casa by leishmanin 

skin tesling and serology was abandoned. Even mien the new cases mentioned m r r e  

exposed in other foci, these were very small scanered communities hat  would not have 

permined a meaningful sun-ey. 

C'U. The effecl of sand flv saliva in establishine leishrnanial infecliom 

Various srudies were carried our on sand fly saliva and same of its effects 

regarding leishmaniasis. 

1 .  Hoa macroehaee chernotaxis: Expenmental inoculation 01 mall nu t t k r s  

of iriective metacyclic promastigotes fail to initiate iniectionr in susceptible rneuse 

mains bur small numbers inoculated by female sand fly vectors can give flourishing 

infections. Leishmanial promastigoies are naturally inoculated into vertebrate hon skin 

:og&er with vector saliva that ccntains p h m x c l o g i d l y  aaicc roclponcnn !ike 

vasodilators and platelet aggregation inhibitors. These components iaci!ira!e r!e !w.-a!isr. 

of bid in !he skin. prevent hemosrasis and assure adequate bled for the feeding Saw3 



fly saliva also exacerbates expenmental cutaneous leishmaniasis caused by se\erai 

different species of Leishmuniu. Different mechanisms. i.e.. inhibition ci antigen 

presentation, reduction of nitric oxide iNOi production in macrophages cMr) dec ted  

with amastigotes and enhancement of interleukin (UtJ secretion might coniribure to 

this. .hother plausible mechanism enhancing of CL by sand fly saliva is its etiect on 

leishmanial promastigotes. Saliva from Lu. longiplpis inhibits p r o m d p t e  dnision 

possibly, promoting metacyclogenesis and enhancing parasite infecti\in. 

Microporous membranes were used to study !he cbemotactic effect of sali\a 

on murine MC. In virro, MOs gravitated touards increasing concentrations of saliva. 

Saliva also increased the percentage of c u l m  M)s hat became infected with 

promastigotes and increased the amastigote load in these cells. Saliva p robbh .  rrduces 

the exposure of promadgotes to naruml killer cells dwi= n a n d  nanrminion by 

amacting M+s to the site of inoculation of the parasites, aiding their quicker quake 

e n q .  Saliva might also enhance lesion development by shonening the generation rime 

of dividing intracellular amastigotes. 

The vasodilator maxadilan. which is found in rhe saliva of Lu longipolpis tlx 

vector of Kew World VL. is similar to the calcitonin gene-related peptide (CGRP! but 

much more vasoactive. Maxadilan has k e n  cloned and characterized a d  it is possible 

to ten rhe phamacological activities of the recombinant peptide in in pure form. It  

stimulates IL-6 but inhibits rumor necrosis factor fTNF)-a production in m u r k  

peritoneal M+s. It also exhibits a dosedependent inhibition of T-cell proliferation on 

stimulation with Con-.4 or aT cell receptor (TCR). I t  inhibits proliferation ind ied  by 

alloandgen in a mixed lynphoc)?e reaction and suppresses delayed-npe h!persensi~ivin 

in mice. Therefore. maxadilan. uhich is the in saliva of Lu. Ionpipolpis. is considered to 

be responsible, at lean pmally. for the exacerbation of CL. However. i t  is ce&nly net 

the only rnolscule of consequence in exacerbating leishmaniasis. The d i v a  of Cosu 

Rican Lu. longiplpis is v e p  I O U  in maxadilan and ths saliva of Ph p r p l ~ ~ i .  one ~ i t k  

vector of in the Old World. iacks maxadilan all together. Both ppes of saiixa exacehte  

leishmanizsis \ e r )  sfficientl!. suggesting that !hsrt =e orher Cactors and rnsrbaisr?.~~ 
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1. Effect of sand fly saliva on ~ h o ~ h o r \ . i a t i ~ ~  of Xlgs and i e i s l l ~ m i d  

ororejns: We showed that saliva fmm the Old World species of Phleboromur. some of 

which are vectors of leishmaniases. and that of Lu. longipalpis. the Old World vector o i  

L. d chogari (=L d injonrum). contained significant levels of endogenous protein 

phosphame (PP) acti\lty that was heat labile. inhibitable by okadaic acid and 

calyculine-A and did not require divalent cations (PP-lQ.4-like). Funhmnorr. 

Phleboromur saliva was shorn to modify the lex-els of phosphoylatioa of spccific 

cellular proteins in M+s and leishmanial promastigotes. F'rotein pbosphonlation and 

dephosphol).lation reactions. mediated by protein kinavs (PK) and PPs. rrspcctively. 

tr iger signal hansduction events that conml diverse cellular responses to M internal 

and external signals. Our m d y  was the first demonmation of the ability of an inscct's 

saliva to specifically influence protein phosphorylation, a key process in eukar?.otic mll- 

signal transduction.While studying the effect of sand fly sali\a on protein 

phosphorylation we noted a dose dependent inhibition of exogenous (Sir and 

leishmanial parasites) PPIEA activity by saliva bom Phleboromus spp.. in uhich 

endogenous PP activiy had been abrogated by boiling. We also demonmated chat sali\a 

dam-regulated the expression of the inducible nitric oxide qnthasc (LUOS) gene and 

reduced nitric oxide (NO) production in murine M+. Since NO is toxic IO intarellular 

parasites, its down-regulation may be a key mechanism by uhich tbe di\a of Ph 

papa~ar i  exacerbates CL. 

>. Sand flv salivary eland adenosine. A h P  and wotein oborphatas: acti\in.: 

Female phlebotomine sand flies inject saliva into the skin of their m d a n  horn. 

including humans, when they probe in the skin for blwd. This prevents hemoaasis. La 

the caw of sand flies serving as vectors of leishmaniarer the saliva also pomota  

leishmanial Infections by suppressing mammalian macrophage imunolo@cel hmcticn. 

This is v e n  imponant for the sun-ival of leishmanial amastigots. uhich li\-e 

inuacellularly in mammalian host macrophages. The saliva of Pk Pqaari. a vector 

banmining Old World CL. contains adenosine and 5'-.L!.iP. We showed ha t  i n  saliva 

and. also. pure adenosine down-regulate the expression of the inducible niiric oxide 

(YO) qnthase gene in activated macrophqes. b 'e alw showed rhar sali\e h m  p k  
.. . 

popatas; inbibits the pduc t ion  of YO. \\hereas that of Lu ionprpiapir a t ~ i ~ 7 r  CI i i 

chagari (=L. d rnfanrum). does not. These experimental results. d e n  t o g e k .  war 
that salivar).- adenosine is rebqmnsible for do\*n-regulation of NO s)-nhais. T i  wirra 
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oil kwh, Lie geixs Phicborom~o aid ~ ! e  gtr,l;s L1;::or7:;;.: :\ex six\\? :c 7s.wsi 

significant levels of heat labile endogenous protein phosphatase-1 2A- like acti l in rhat 

is ~nhibited by okadaic acid and cal>culine a and does not need divalent cations. 

4. 

and 5'-AMP: By liquid c h m o t o p p h y .  LW, and mass specuophotomelr\. and b) 

bioassays: we showed that homogenates of salivary glands from Ph papurasi contain 

largequantities of adenosine and 5'-AMP. I. e . ,  about lnrnol per pair o f s a l i v ~  g l a d .  

These purines. many of which. 75-80%. are secreted by the glands after a b i d  nxal. 

display \,asodilaton. and anti-platelet acti\ities. This probably assins ibc sand tlies' 

obtaining blood meals. The d i v q  5'-AMP is responsible for he protein phosphatase 

inhibitor in the salivary glands of PA pqwrar i  reported earlier. This was shoun to be 

arrifacrual in nature owing to alloneric modification of he phosphame substme 

employed, i e . ,  phosphoclase a, by the fi-iP. 

Impact Relevance and Technology Transfer 

It is difficult to determine the impact of the project as the sdden  out break of 

leishnaniases caused by L. d chogari ( = L  .d inJawwn) ha t  initiated he project had subsided 

by the time the project began and no M e r  outbreaks have occwrcd s k e  h. Hoarver. he 

project did instigate a wa t e r  awareness of and interm in this disease by h e  I d  medical and 

public health aurhorities. The fact that there were almon no cases of VL might ha\r d ~ x d  

the imponance the disease in the communitl\ if ib potential dangen \\ere mt gives gres!cr 

coverage. The project aas ven. useful in this rnpect. The project alu, r e \ -ded  h wnrioucd 

presence of the parasite in hitheno unknown foci and this could have lead to fwhr  

outbreaks. In fact, this h e a r  remains. Should new @utbre&r occur. there is nou- increaced 

expsrrise to deal nith them and for maintaining good sur\-eillanz for earl! aaareness shcdd 

they occur. In terms of development as stated earlier, outbreaks of IsishmaniaGs ofter; aw 

to fo'low agiculwal and suburban development owing to the a n e n h t  turmoil ihes+ create. 

In situations like that in and around Liberia Guanacaste Pro\ince. sur\.e)ing sites to k 

developed. teforehand. for their potential to k o m e  the sires o i o ~ n h a l r s  c r i  lei-han13sis. 

could iead lo  appiying preventarive measures to reduce an6 eier; stem the diseaw kcex ..\ciri, 

begins and before a communin enters a ne\\-ly developed area The outbreak at Likna.  

Guanacaste Pro\.ince. a p p e d  lo k unique arid u n i l j i  b e a u %  A: *it . r u t a d d  b -  -. - id35 ire:< 
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case of CL ather than VL. ..\I that ::me. Old '&orid L Li :.?!in~u.m and Sew U-orid L ,i 

chugari (=L. d infinturn) were generally considered to cause only infantile \'L. However. at 

abour the same time ofthe Costa Rican outbreak, similar situarions were occurring elseuhere 

in Latin America and L. d. in/on~urn was found causing CL as uvll as \'L in many Old World 

foci. Thus, the 'Costa Rican' situation was much more universal and knowledge gained 

through this project has a much wider significance. The isolation. characurizatron and 

identification of stiains from, bolh. Costa &can human -of CL and VL haw added to h e  

m a t e r  pool of information showing that they are caused by rhe same cpe of kijhmanial 

parasite and that factors other than the parasites are responsible for whether there 1s viuero- 

or dermato- tropism. 

Collaboration was established rogether with Dr Mario Calvo. a dermamlogin a ihe 

hospiral in Liberia, Guanacaste Province. and his colleagues. The?. constan*- m c y d  ihe 

local population for potential of cases CL and collaborated in h e  numtional mdics. This also 

increased ongoing local public awareness. We visited doctors. public heal& workers and 

research scientists working on leishmaniasis in Managua and h a  Nicaraguan and bad 

planned to visit Dr Carlos Ponce's group in Tegucigalpa Honduras to tr)- and form a ncnrork 

of people working on leishrnaniases caused by L d chagari (=L. d in/onrwn). This risit was 

chwaned. initially. by 'cash flow' problem and then by the advent of Hunicaiac George. H'e 

also contacted colleagues at the UTIO concerning funding for h i s  nerutork bur ~ h q  urn 

unable to assin us. 

Uhile the focus at Nazareth where the ori@ ombreak had m c d  haf b e m m  

devoid of cases. new foci of  CL caused by L .d chogaci (=L d iyimrvmj w urposed at 

Pueblo Nuevo, El Salto. La Arena de Liberia and La Carana de L i b i a  H o u a ,  \-cry few 

cax were seen and ven  few strains of L d chugmi (=L d ir$amm) uar isohcd. Howmrr. 

those that were characterized and identified. confining hat  h e  causafive agent is. eaentiall). 

like L d ~nfbnturn from the Old Horld and rhat it is responsibie ior . b o ~  ii anti Ci. 

A computerized epidemiological database encompassing all h e  sun? data uas 

established at the National L1niversir)-. Two major !ech?nologies urn also wi up in thc Costa 

Kcan !abon!ories: a y n e m  for doing ELlSAs and a PCR facilir) . Prior to rhe heginning o i  

the project there were no functioning molecular biological methcds k i n g  used in the fmli 

laboratories. During the project. various PCR-base methods were enahlished ior diagmns of 
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cm azd h e  cbaractenmton a!' 1eishar.ial ~solales. Oc? of hem. ~ ! c  ?P!?-?CR \\= 

produced there. The project ended before thew technologies wuld he uansferrcd lo Corn 

Rica uhen Corn Rica was removed from h e  list of counmes able to acquire CS-UDCDR 

Roject Activities and Outputs 

Four project joint meetings were held in Corn Rica. These w e  held in 

conjunction with the field studies in which lsracli parmen panicipared. uhich o c c d  

during the years 1997-2000. It  war, during the field nudies of 1997 lhar our \isit to 

colleagues in neighbouring Nicaragua was made. Dr Zeledon came to Ismel on run 

occasions. They were at times of international meetinp held in Europe rhat he and 

I a l i  partners anended. His first visit co-incided with he First World C o u p e s  on 

L ~ i ~ h m a ~ a S e S  held in Istanbul, Turkey, in 1997. His second \isit co-incided nith he 

Third lnremational S)mposium on Phlebotomine Sand Flies held in htontpellia. 

France, in 1999. Dr Schnur and Dr Warburg also anendad these ruo meetings. Resulrs 

of our Costa Rican field nudies were presented at the second meting (see & u m s  at 

k end of this repon). Dr Zeledon also anended the Fiflemh International Congress ior 

Tropical Medicine and Malaria held in Cartagem Colombia in 1OOO uhrre he 

presented more project fieldwork resulcs (see abstracts at he end of this repon) 

A number of Corn Rican and Israeli studenu and other p m n n e l  recci\d 

baining and some acquired higher degrees. Dr Luis. .b!a mas wined in Ismel Ln h e  

immune and d i a g n o s i s  of human and canine VL and esrablishcd he ELIS.4 

developed in Israel in Costa Rica Mr Johnny Peraza was wid  ar a technician to \rork 

uith leishmania1 parasites in most aspects penaining to he labomon rearch o i  this 

project. Adaeze Okeke. a medical student under Dr Greg Lanzan, of he Cniversin of 

Texas. Galveston, spent six \veeh, at the Vererinar) M r i n r t e  in Heredia and 

participated in a survey of p a  cases of Corn Rican human CL caused by L d chopasi 

i=L.  d i+nfum) and in fieldwork in Pueblo Suevo. Wing his \isit to C a  Rica 

in1 998. Dr Schnur demonstrated EF seronping to Dr Zeledon's l ab r a toy  stat?' a d  

mined inem in its use. Tney rhen umppd mains in the Cosia Rican 'bani ci 

leishmanial strains. The following students nudied and worked heir  h g k r  degrees 

xithin the conisxt ofihc projet. >is Ancirca Crbina uorknj for her .\I. Si .  Js&w : h i s  
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in Costa Rica. In Israel. Oren Katz completed his M. Sc. and kgan his Ph. D.. RON Z a  

completed his M. Sc.. Tamar Grossman worked for her Ph. D.. AWelmqieed NareRjdin 

completed his M.P.H. 

Three full papers associated uith this project have been published. One paw 

has been submined for publication. .4 further paper on the characmization and 

comparison of the Costa Rican strains from cases of CL and \I is in preparation. Fi\e 

abstracts of presentations given at inremational meetings have also been published (see 

abstracts of publications at the end of this repon). 

Project Productivity 

The project did achieve many of its goals like the finding new foci of Costa 

Rican human CL caused by L .d chagari (=L d infmrum) and isolate mains from the 

neu, cases and characterize and comparr them including their dissemination tehaliour 

in laboratory animals. This shou8ed that the same leishmanial entin was responsible for 

both. It so indicated thal nm'tion status appears to be a major factor in rbc outcome o i  

infection. However. because the sudden out break of leishmaniases carried @- L a 

chagari (=L. d infinrum) that initiated dK project had subsided by the time the p j e a  

began and no further outbreaks occurred it uas impossible to carry out sow of rbc aims 

like searching for asymptomatic cases. Also. the earlier lack of Corn Ricao leishmania1 

strains meant h a t  other -dies using nonCom Rican u t rc  carried out. bm lheEe did 

produce useful results. Transfer of technology uas achieved aad many personnel u rn  

traiud and some srudent acquired postgraduate d e p ~  There uas no pombilir?. of 

continuing the project otherwise there would have been funher M e r  of PCR 

technology. Inmany resects the projec~ aims were over ambitious and dcpzdd on a 

return and continuance of the disease. 

Future Work 

Costa Rica was removed from the list of counmes able to acquire CSAIDCDR 

hnding and ae were unable to can). our hnher collaborative research. 
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Abstracts of Publications and Presentations 

I .  Waitumbi, J. & Warburg, A. 1998. Sand fly saliva inhibils protein phosphame &\it) and Nnic 
oxide production by murine macrophagcs. I+CI lmmun 66: 1534 -1 537. 

Abswocr: 

Lekhmmio parasites, transmitted bv phlebotomine sand flies. M obligate imna l luh r  
parasires of macrophagcs. The sand fly Phleboromur popuasi is dK b m o r  o r L ~ u h r a  au,>v. a 
causative agent o f  cutaneous leishmaniasis in the Old World and its saliva eu~&les parasite 
proliferation and lesion p u d ~  in cxpcrimcntal cutaneous lcishmaniais. Here ue s b u  ' h t  

Phleboromupqporasr saliva contains a potent inhib~tor of protein phosphalav - I and v e i n  
phosphatax - 2.4 ofmurine macrophages. We further dcrnonmate that Ph *as: sali\-a down 
regulates the expression ofthc inducible nitric oxide qnthaw gene and reduces ntmc oxide 
produnion in murine macmphagcs. Panial biochemical characterization of the protein phosphatase 
and nitric oxide inhibitor indicated that it i s  a small. ethanol-soluble mlecu lc  miscant lo bcilinc 
proteotysis, DNAse and RVAv treatments. Wc susest tha~ the Ph ppruti s a l i \ q  pmtcin 
phosphaw inhibilor interferes with the activated rnacmphaps' abilip lo uansmit signals to the 
nucleus. thereh! preventing the uprcgul?rio!! cf the induced niuic oxide syd-cast gene and Lahibiting 
the production o f  nitric oxide. Since n ~ ~ r i c  oxide 1s toxic to ~nuacellular pararites rhc s a l i \ q  p x e i n  
phosphatase inhibitor ma) be the mechanism b? which Fh ppaarr saliia e u c e h t c s  cu;kxcus 
!:isLz--isis. 
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2. Ribeiro, J.M.C.. K a Q  O., Pannell, L., Wairumbi, J. & Warburg. '4. 1999. Sali\ar)- plandsoi 
the sand fly Phleborornuspqwrasi contain pharmacolo_eical amouncs of  adenosine and 
5'-AMP. J E x p  Biol, 202: 155 1-1 559. 

Abstract: 

Salivary gland homogenata of the sand fly Phleboromvrpppmari conrain large 
amounts of adenosine and 5'-AMP, ofthe order of I nmol per pair of glands. ns demmmatcd 
by li\uid chmatogrphy, ultraviolet spectrophotomeuy. mass ~ l r o m c t q  and bi0asa)r. The 
purines, 75-80%fwhich are secreted From the glands following a b l d  meal. have 
varodilatory and anti-platelet activities and pmbabl) help the fly to obtain a b l d  meal. 
Salivary 5'-rU1P is also responsible for the pre\iously reponed protein phosphaw inhibitor in 
the salivary glands of P -mi. which is shown to be artificial in n a m  as a result of 
alloneric modification by AMP ofth phosphame submate used @hosphon.lau a). 

3. Katz, O., Waitumbi, J.. Zer. R. & Warburg A. 2000. Adenosioe. AhG' and protein 
phosphatase activir). in sand fly saliva. .4m J Trop .!fed HIX, 62: 145-150. 

Abstract: 

4 S  they probe the skin for blood sand flies inject saliva thac pmmn haooaaris. SMd 
fty saliva also promotes leishmaniasis by suppressing immunologk fuoctioas of-. 
Saliva of Phleborompopmmi, the vs tor  of Old World cutanoms Icishmankis, contains 
adennsinc and AMP. We show that Ph popormi saliva as well as p r e  sdcnosine doun-regulate 
the expression of the inducible nitric oxide WO) qnthase gene in activated macmphagcs In 
addition Ph popormi, bul not Lur;on+ longipalpis, saliva inhibill the prcducti~n ofWO. 
T i m  togelher. these data suggen that salivary adenosine is rtsponsibk for the b u n -  
regulation of NO synthesis. Saliva of both gene- Phleboromw and Lucomyio amtlin 
significant levels ofendogenous protein phosphaurw-IRA-like activity that is b Iabik. 
inhibitable by okadiac acid and calyculine a, and does require divalent cations. 

I .  Bader, K. A., Schnur, L. F., Nasercddin, A., Pratlong, F., Dedet, 1.-P.. Shah- L.. Y o m i .  0.. 
& Greenblart, C. L. Palestinian infantile visceral leishmaniaris: a case caused by a genetic 
variant o f  la i rhmunia  infnnrum belonging to a new   mode me. Full paper submined to  
Trop. Med In11 Hlrh. 

A Palestinian case of infantile biwcral leishmaniasis (R'L) from the Jenin Diarict is 
described. The parasite causing it was isolated, characterized and identified s Lelthnwfril 
i ~ f m u v m  by excreted factor (EF) sero~ping.  enzyme variant ekeclrophoresis and b> appl)ing 
various molecular biological techniques that targeted kinetoplast (XDXA) and nuclear (nDNA) 
DXA. The parasite was identical to the WHO reference sw in  of L. i n f m m  in mosl respects. 
including its enqme  profile, except for the faster e l ~ t r o p h ~ r e t i c  mobilit?. of i ts  malate 
dehydrogenaw (MDH). which also differed from all the other h u n  electrophorehc nriants of 
MDH found among strains of L infunrum, This designated it the reference main ofa  neu 
qmodemc o f L  inimnun. qmodeme SIOX-28l. The WLP profile pnerated from 18 kDN.4 
PCR amplification product after digestion with the endonucluru Rcof displa!ad a unlquc 200 
bp silmponent thar made h e  parasite geneticall! different alw. Three mains isolate.! from 
domestic dogs from the Jenin Dimict mere also L :nldntum by serological and gexti; anabs~s. 
indicating that infected domest~c dogs are the medically imponant r e x w o ~ r  o i  humm IVL in 
that region. 
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5. Schnur, L.F. 1998. Relevance of EF and LPG seroQpes to infkction by and dissemination o i  
leishmania1 parasites. .4h-c1racrs, Trpanoflrnia>ic and 1 e i s h m ~ n i ~ i . c  ~\clnr,porrurn. !.krcxhcn. 
France) A b m c t  102. 

Absrract: 

Different species of Leishmania exhibit distinct capabilities of infecting and disseminating 
in mammalian horn like Syian hamsters. The! also have different excmed factor (EF) scmnm 
that correlate with and are,~pmbably, determined by the biochemical muctural d i f f c r c ~  in ihe 
various ~ p = s  ofsomatic lipophosphoglycans (LPG) associated with different species o i  
Leishmania. Two Israeli EF subsemtype 4 1 strains disseminated to cause patent infections in the 
skin ofthe tmdy extremities. i.e.. nose. lips, ears, p a w  and tail, of Syian hamserr  following 
inuasplenic (IS) injection of recently isolated. infective culture prornanigotrs: uhcrcas. Indian 
and Ethiopian EF subsem* 8 2  strains of 1. donovani did not under the same c~mditions. 
However, some mains s h u n  to be L major by enzyme and DSA analpis arc EF s u b s c m ~ p e  BZ 
like L. donovani. Syrian hamsten wcrc infected IS with one of k s c  liom Kenya to see if it uould 
disseminate like EF subsemtype A1 mains of L. W o r  or like EF subserotpz B1 mains of 1. 
donovoni. Its dissemination pattern uas  congruent with that ofthe EF subscmr)pc .9 I mains o fL  
major, despite its being EF subserotype B? like L. dono~.ani. These various mains mrc all able 
to initiate infection at the spleen, an unnatural site. This abiliy to initiate infectinn at non-dcrmal 
sites and the lack o fconpence  between EFLPG Qpes and ammigore mpisms should kc 
accounted for when speculating on the role played by LPGs and Efs in initiating leishmanial 
infections in mammalian hosts and on the st).le of their dissemination. 

6. Katz, 0.. Waitumbi, 1. N. & Warburg, A. 1998. Effect of sand fly saliva on protein phospha~avs 
and h e  phosphorylation state of Leishmania proteins. ..lbsnoc~s. 4-fh Jfeering o i r k  
.4merican Society o f  Tropical .\ieedicine and H~giene. (San Juan. Pucno Rico I. Ahtract 166. 
p. 168. 

Abstract: 

We have recently shoun that salivary gland hornogenates (SGH) of the sand fl! 
Phlebofomuc paptrari contain a potent inhibitor of protein phosphalav (PP) land P E A  activir) 
in rnurine rnacmphagcs. Leishmania promastigotes pmliferating and differentiating in the 
alimentary tract ofthe sand fly are exposed to saliva -+ten Infected females fake sugar meals. 
Therefore we tested for possible PP inhibition in Leishmania prornmigotes ex& to SGH. 
Firstly, an in vcro phosphor) lation assay was emplcy+d to quantitate the effut  of Ph .Pc,%crm; 
SGH on protein pnosphoryiation. Autondio@apny oipromastigote i!-sates i n c u b ~ t d  uith g m m a  
-AT" revealed hro protein hands of approximate size 40 and 42 kD that ur rc  phosphor) lated to a 
significantly higher degree in the presence of SGH. Secondly. u e  rneasud  rhe cifect of SGH on 
PPI 1 PPZA-like activity in pmmanigote lysates Ph. Paparari SGH u r n  found lo decnhv  the PP 
activity of L. major in a dose dependent manner. SGH ofothcr species of Old N'orld sand flies 
were found to have a similar effect uhercas SGH of L w r o ~ i o  iong{d.wu. o .Vex iibrid sand 
fly, did not habe PP inhibitory activir) at all. SGH ofall sand fly species tesed e-hib~ted 
sndogenous PPI ' PP.?A-like acti\.ih that uas totall? atdished b! n\f cal!culin .a or 100 nhl 
okadaic acid and inhibited by the Ph. Paparam SGH PP inhibitor. Phasphar?!riion ard 
dephosphonlation of proteins are crucial processes in cellular sign uansduction and their 
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modulation by sand f ly  saliva may constitute a key mechanism go\eming Lelrhmonro -mu* 
differentiation and infectivir) 

7. Schnur. L.F. 1998. Incongruip beween leishmania1 excreted factor (EF) ! lipophosphoplycan 
(LPG) serotypes and amastigote dissemination panerns. . .4bsnacrs. I'rh .Iteerinz oqfrhe 
.Imericon Society of Tropical ,\ledicine ond figtent-. (San Juan. Pumo Rim!. Ahmast 632.  
p328. 

Abstract: 

The various leishmanial species produce distinct bps of nrcmed fsctor (En. ku 
confer serotypes on them that correlate with and are determined by rhc biochemical smnud 
differences of their diverse lipophosphoglycans (LPG). The species also exhibit dinincl 
capabilities of infecting and disseminating indifferent mammalian specis. TUQ EF s u k m m p  
A l  s m i n s  o f  L m j o r  from Israel disserninated in hamsters, causing patent infection in rhc skin 
of their body ernmities (nose. lips, paws, tail) after inbasplenic (IS) injection of -@ 
isolated, infective culture pmmmigotes. Under the same conditions. two EF subxronpc B: 
mains o f  L. donovani from India and Ethiopia. did nor They disseminated in thc v iscm only 
(spleen, liver. bone marrow. I)mph glands, rmcs, epidiemides. kidneys, sbmrl glads, lunp. 
diaphragm). Some m i n s  typing as L. m j o r  by enzyme and DNA mabsis are EF subsror)p 
BZ and serologically IBc L, donovani. One from Kenya was also injected IS into h a a s  to 
observe its dissemination pnern, which was v e ~  similar to that of lbe EF s u b s a q p  .4 I 
strains of L. m j o r ,  despite its BZ EF subsemppc. How-ever, i t  t& longer. 18 bmus 12 uuks. 
to cause patent cutaneous d i m  in the body exucmities, also. born manow infection uas on? 
c ~ p i c  and hean blood infected. Al l  ofrhese maim initiated infcclion in rhc splem, an 
unnatural site. Th i s  and the incop i r )  between EFlLPG semt)pes and subsequent amamigwe 
dissemination panerns should be considered when speculating on rhe mle of EFs and LPG~ 

8. Zeledon, R., Rojas, J.C.. Castm, R. & Schnur, L.F. 1999. Leishmaniasis caused Leishmania 
infmum (= L. chagnrn in an endemic area o f  Cona Rica . .4bsnacrs. P lnrenruio~i  
$mposium on Phleboromine Sandflies. (3fontpellier, France). Abmact 0 4 2 .  

LPithmania infmm also named L chagasi in thc New Worid bm -rh. k samr 
rpecia i s  associated, classically, with infantile visceral kidunaniasis GI). M m  - th~  ud 
incrrasingly, i t  has also been the cause human cutaneous. leishmaniasis (CL) a i h u t  c m o m i m r  
patent VL. In Corn R i q  L injmrrum has been asscxiatcd exclusively. with human CL. u i th  one 
exception that was an infantile caw of VL. A sme) of the total human populuicln aod thcir p r i m q  
domestic animals war carried out in the suburb ofNazamh in the n o h  C m  R i a  toun o i  
Llkri,, where c!*aec!~s !eishmz".=sis caused by L. i~?,fm&m i s  cndcmii. By chaning rhe dimibmkn 
of the cases, it lxcame evident that most oithe cases (64 70) were fium the nonhem half of the t o w  
(OR=19.3: Cl15.5-80.9). The) came from I.(' households that toulled 77;  individuals Onl) 6 caws 
were from in the southern half. These came fmm 181  households that totalled i.005 inhabitmrr. The 
mean number of houwholds with chickens was greater in the nonh lhan in thc south (r < 0. 051. uith 
nurnericalh more chickens in mon nonhern household (p < 0.05). The prcwnce of p i g  uas 
significantl? associated uith the presexe of a s  IOR4.9: C1=1.0-j6.9). hi m a s  he presene of 
dogs (OR=:.;; CI-1.0-52!. The \ector, Lucomi~o lo~gi,w(crls w s  ebundmt in three di f femt arcs 
o f  the northern half o f  the town bur was nor iound in sin collecting sires in the southern half. The data 
suggesx an association krween houses nith 10 or more chickens and ihe presence o i h e  vecter On 
one occasion, larvae of Lu Ionglpolp~ were ieund in a soil sample collected bencath a chicken c w  
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We hypothesize that the vector i s  ass~iated with households that have chicken crvps ui th  suficlent 
numters of chickens. as was more common in the nonhem part of the toun. 

9. Zeledon. R.. Rojas, J.C.. Castro, R. & Schnur. L.F. 2000. Biology o f  Luf;omv~o iong~poipu and its 
role in the transmission o f  leishmaniasis caused by cutaneous and \.isceral ieish?laniasis 
caused by Leirhmania infanturn (= L. chagal? in C e n d  America Absnacrr. ;' 
Infematioml Congress.for Tropical .\!edicine and.4ialuria. ( C a m g e m  Colombia). .-\bsuact 
(in press). 

Abstract: 

L u  longiplpu i s  considered to be the most important vestor of American visceral 
leishmaniasis caused by L chagai in South and Central America. In a few plsctr such as 
northwestern Colombia, i t  seems to be replaced by L u  e t w i  ut ich  could also m as =tor. L u  
longiplpir occurs primarily in dry, semiarid habirats nnd has bem detected from Mexico to 
Argentina. I t  i s  accepted today that L u  longipalpir i s  a species compkx composed of at kaa hx  
sibling species. In Central America L u  longipalpu has bem awociated uith the ~anrmissioo of two 
clinical forms of leishmaniwis, produced by the.same parasite, a cutaneous can ukaated papular or 
nodular type, and a classical visceral form, mainly in small children. The etiological agent h s  bem 
identified as L. infmrum MON-I (J.P.Dedet. p e ~ n a l  communicalion) identical to sbainr present in 
the Meditmancan am. Most cases have been reponcd from Honduras and Nicaragua uhm botb 
clinical forms are common, and from Costa Rica where there i s  a predominacc of the cuweous form 
and only one case of visceral leishmaniasis has been described. Since 1987 ur canfirmed ihe prevnce 
o f  this parasite in an endemic area in the suburb of Nazareth in rhc nonhrm Coaa Rican toun of 
Liberia, Province of Guanacane, at 70 Lm fmm the h'icarapan border. M m  recenth. ut c a d  a r t  

a census-inventory of the human population and domestic animals as u e l l  as a sme? of children's 
nutritional status. A register of the clinical cavs and oftheir households was also pinpointed in a 
chan. L u  longipalpu was captured in several mategic points of rhc town and urn aspects o f  its 
population dynamics are at present under observation. I t  -as abundant in three diffacat sku o i h e  
northern half ofthe toun, both by manual collecting and by using CDC light traps. but uas rt@ found 
in s i r  other collecting places in the southern halC Some other spccics of sand flies captured. to&w 
uith L u  longiplpu, but in m a l l  numbers were: Lu cqvnnensu. L u  cLiajrmenru and Lu S.hwwm 
The number o f  infected persons and of households with urws uas significanlt) h i m  in the ncrchern 
area. The mean number orhouseholds with chickens was grata in the nod .  uith numericall). more 
chickens in most northern households. Chicken coops with more lhao I 0  chickens vans KO be most 
anractive to this sand fly, apparently playing a role in the epidemiology o f h e  diwaw. In  three 
households where chicken coops were removed the sand Ilia disappeared and in two mere ihe 
population fell considerably. The presence of p i p  was also significanth~ associated aith rhc presence 
o f  cases as u a s  the prewnce o f  d o g  when anal)zcd sutisticall! as risk factors (M Ratios! Orher 
animals such as mws and goats also anracted the sand fly but be? were wt present iii sifnifi;a~.; 
numbers in t h e m .  Households with six or more p n s  and persons ul th more than t ibe !ran in 
the area. were also considered as risk factor increasing the chancn of acquiring h e  diwaw lk 
presence of latrines was not a risk factor. elen though Lu. Imgipalpis uas found m i m e s  resing 
within them. The vector population increased considerabl? afim the end of the rain) wason. Lanae of 
this spcies were found on one occasion in a roil sample collected beneath a chicken cmp. 





Fig. 1 

Chi-Square Test and F i h e f s  Exact Test for the 
relationship betwen the presence of leishrnanlasis cases 

and chicken densnies in the households 



Fig. 2 

O.R. and corresponding confidence i n t e ~ a k  for the 
relationship betwen the presence of leishmaniasis cases 

and different chicken densMes in Me households 



Fig. 3 

Jan Feb Mar Apr M ~ Y  Jun Jul A ~ Q  Sept Oct NOV Dec 
FEhqALE!; 0 0 8 3 24 24 15 3 33 63 12 9 

MALES 88 50 LW 153 201 255 186 180 172 165 102 84 
TOTAL 88 50 105 156 225 278 201 183 205 228 114 93 





Fig 5. 

* PPIP - PCR profiles of Costa Rican strains 

' PPIP - Permissively Primed lntergcnic Polymorphic PC:R 

BESI AVAILABLE COPY 



Table 1: Distribution of cases of cutaneous lelshrnaniasls 
caused by Leishmania infamum in the town of Nazareth. 

Liberia, Costa Rica. 

North 64 91.43 142 43.16 773 43 48 

South 6 8.57 187 56.84 1.005 56.52 

Total 70 1w.w 329 9w.w i . n e  tw.w 

Area 

(*)significant at 99% level 
I-test for equality of means (North vs. South! 

Cases (") 
No. I X 1 No. I % I No. I Si 

Households Inhabints 



Table 2: Distribution of domestic animals in the town of Nazareth, 
Liberia, Costa Rica, and comparison of the North and South areas 

of the town 

Chickens 41: 2.461 31C 1.455 72! 2.10! C! 

Cats 4 1 0.246 17 0080 58 0 . 1 7 6 r )  

COWS 0 0.000 12 0.056 12 0.036 

W s  121 0.725 134 0.629 255 0.775 

Ducks 32 0.192 59 0.277 91 0.277 

Goats 1 0.006 4 0.019 5 0.015 

Oigs 17 0.102 13 0.061 30 0.091 

North Area 

(*) significanl at 95% level 
(") significant a1 99% level 

1-test for equalrty of means (North vs Som)  

South Area 1 Total 
Animal Animals I 

NO. house NO. 
Animals I 

house NO 
Antrruh I 

h o  Use 



Table 3: Comparison of me two areas in rektlon to househot& with 10 or 
more chickens and the presence of chicken coops with 10 or more chkkem 

Households with 10 or 
more chickens (') 

14 268 19.14 12 1 TI 14~75 

Condition 

Chicken coops with 10 or 
more chickens (") 12 24 1 20.06 10 132 13.20 

) Significant at 9546 level 
(") Significant at 99% level 

1-test for equality of means (North vs. South) 

North Area South A f 8 ~  

Houses Chickens Mean H o w s  Chii*ent Mean 



Table 4: O.R. for potential risk factors in relation to the pres.mce d 
cutaneous leishrnanlasls cases caused by Leishmania infanturn in two 

areas of the town of Nazareth, Uberla, Costa Rlca 

Houses with 6 or more persons 2.32 ( 1.09 - 4.98)' 2.20 ( 0.97 - 5.13 )' 

I 
Persons with more than 5 3.30 ( 1.49 - 7.47 )" 3.55 ( 1.46 - 8 78 )" 
years in the area 

Condition 

Presence of lettines 0.37 (0.15 - 0.89)' 0.42 (0.15 - 116) '  

Presence of pigs 4.29 ( 1.02 - 16.92 )' 3.50 ( 0.67 - 17.80 )' 

Both Areas 

Presence of dogs 2.30 1 - 5.17 ) 2 10 ( 087 - 5.30 1' 

North Area 

(') Siginificant at 90% level 
(') Significant at 95% level 
(-)Significant at 99% level 

ChSquare test 

0.R 1 C.I. ( 0.R I C.I. 



Table 6: Rrruliador dr lam prurbrr Chl-Curdrrdo y Exact. dm Flrhrr para ID rrlacl6n 
ontro Ir pnrencla de crrcn y dlfenntu rengoa para la cantldad da galllnae. O.R. y aur 

Ilmliu dm conflanu a1 00% 

MUIIOY de 5 
Meriov de 6 
Menor do 7 
Menos de 8 
Menos de 9 
Merlor de 10 
Menos de 11 
Menoa de 12 
Menos de 13 
Menor de 14 
Menos de 15 
Mer~or de 16 
Menos de 17 
Menos de 18 
Menor de 19 
Merlos de 20 

ltarika 

5 y mas 
8 y mas 
7 y mas 
8 y mar 
8 y mbs 
10 y mas 
11 y mas 
12 y mas 
13 y mas 
14 y mas 
15 y mas 
18 y mas 
17 y mas 
18 y mas 
19 y mas 
20 y mas 

I 
- ~ 

Slpnllcence 0 R 

O R  upper 
Chl- Flsher 

Square Exact 
~ I I Lower 



Table 6 

Total number of Lufzomyia longlpalpis obtained from several captures in short 

periods of time during year 2000. 

N" % 

Males 1160 85.5 

Females 1 96 14.5 

Fed females 82 41.8 

Gravid females 9 4.6 

Total 1356 100.0 

Table 7 

Sand Ry species captured during monthly densrty experiments in House 140a of 

the town Nazareth. Liberia. Costa Rim. during 1999-2000 

Species N ' % Males % Females % 

Lutzomyia longipalpis 506 92.5 460 90.1 46 9.9 

Lutiomyia cayennensis 30 5.5 20 66.6 10 33.3 

Lutzomyia chiapanensis 4 0.7 3 75.0 1 25.0 

Lutzomyia shannoni 7 1.3 6 85.7 1 14.3 

TOTAL 547 100.0 489 89.39 58 10.6 



Tabie 8 

A 
Nutritional status of 375 children ( 174 girls and 201 

boys) under 6 years of age in Nazareth. Liberia. Costa 
Rica using the parameter weighVage (wla). 

Status No children % 

Normal 177 47. i 

Mild malnutrition 125 33.3 

Moderate malnutrition 16 4.3 

Severe malnutrition 1 0.3 

Overweight 

Obestty 

Total 

Nutritional status of 224 children ( 103 girk and 121 bop) 
under 6 years of age in Pueblo Nuevo. Liberia. Costa 
Rica, using the parameter weight I age (wla). 

Status N' of children 9t 

Normal 117 52.2 

Mild malnutrition 60 26.6 

Moderate malnutrition 5 2.2 

Severe malnutrition 0 0 

Over weight 40 17.9 

cbes;?i. 2 no 

Total 224 IX.6 



TABLE 9 

Infectivity and dissemination of: 
(A) strain MHOMIHN11987/HN-O29 from a Honduran human case of visceral 
kishmaniasis; 
(B) strain MHOMIHN11993/HN-194 from a Honduran human case of cutaneous 
leishmaniasis. 

Organ J W  sm c u s m  cu sm r u s m  c u m  a m  cu m cum 

Time of sacrifice 
Treatment 

Spleen I - +' - +. - - - - - - - +' - 

4 days Week 4 Week 8 Week 10 
C ' NC C NC C NC C NC 

Skin I X + . x -  X - X - X - X -  - X - 

Nasal Aspirate I - n d -  nd - nd - n d  n d  - nd - nd - - 

'Key: C = cortisone; NC = cortkone; cu = culture: sm = smear. = suggestive 

forms; ' = amastigotes; = promastigotes; nd = not done: x = contaminated: = 

parasites djd not survive one week; t = hamster died 

Organ 

Spleen 

Liver 

Skin 

Nasal Aspirate 

c u s m  c u s m  w sm c u s m  w sm c u m  cum cum 

- - - - - t x - - - -  t - - 

- - - - - - - -  . - ? - 

+ +P + +p + - + -  + - ? - 

+ nd + nd + n d + n d  + nd ? nd 



TABLE 10 

lnfect~lty and dissemination of: 
(A) strain MHOM/CR/1998lDixon from a Costa Rican human case of visceral 
leishmaniasis; 
(B) strain MHOM/CR/1999Ruismi from a Costa Rican human case of cutaneous 
leishmaniasis. 

Organ I c u s m  c u s m  c u s m  cum cum cum cum cum 

Time of sacrifice 
Treatment 

Spleen I - -  + -  . +I-~ - - - +I- - - - + - +' 

4 Days Week 4 Week 8 Week 10 
C' NC C NC C NC C NC 

Liver 

Skin 

Nasal Aspirate + nd 4+ nd - nd 2 + n d - n d  - nd - nd - n d  

B 

Organ 

Spleen 

Liver 

Skin 

'Key: C = cortisone: NC = cortisone: cu = culture: sm = smear; = suggest& 

forms; a = amastigotes; = promastgotes: nd = not done: x = contaminated: = 

parasites did not survive one week; t = hamster died 

Nasal Aspirate 
nd - +d nd - n d  - nd - nd - nd - nd 

nd 


