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Epidemiological and Clinical Features of Leishmania (Viannia)
braziliensis American Cutaneous and Mucocutaneous
Leishmaniasis in the State of Espirito Santo, Brazil
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Between 1985 and 2000, epidemiological surveys of the American tegumentary leishmaniasis (ATL) were
carried out in several rural and urban communities in Espirito Santo, Brazil. A total of 100 stocks of Leishmania
(comprising isolates from both human and canine hosts with ATL) were identified by two methods of molecular
characterization, using specific monoclonal antibodies and multilocus enzyme electrophoresis. Parasite isolates
from 19 municipalities were found to bel ong to the same zymodeme and serodeme type as of the L eishmania (Viannia)
braziliensis reference strain. In contrast, our genotyping studies have shown intra-specific variation among these
parasites (comparisons of the variability of the internal transcribed spacers between the small and large subunits of
the rRNA genes of the 22 stocks studied revealed at least 11 genotypes). Two main clusters of L. (V.) braziliensis
genotypes wer e observed, representing parasites collected from different endemic regionsin the state, where trans-
mission reflects distinct eco-epidemiological features. Infection with this pathogen was associated with the charac-
teristic disease forms, but neither the clinical outcome nor the response to treatment could be related to the genetic
polymor phism of the isolates, as defined by using the proposed methodol ogy.
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Leishmaniasis is a serious health problem in Brazil,
where endemic regions have been spreading further afield
and there has been a consistent rise in the numbers of
recorded cases of American tegumentary leishmaniasis
(ATL) inrecent years(Tablel). Control of leishmanisisin
the New World is complicated by the variety of different
Leishmania species (reviewed by Grimaldi & Tesh 1993),
and by thefact that each of these parasites showsaunique
epidemiological pattern (Lainson & Shaw 1987, Shaw
2002). Until effective vaccines are available, envi-
ronmental -oriented control measures (such as vector and
reservoir control and epidemiological surveillance) and
chemotherapy of leishmaniasis will continue to be the
best options for prevention and containment of the dis-
ease. Current problems however are (i) the fact that, al-
though insecticides are quite useful in controlling
phlebotomine sand flies in the domestic environment,
sustained vector control utilizing large scale insecticide
spraying in developing countriesis costly and not feasible
(Dye1996); (ii) Leishmania spp. readily acquiresresistance
to antimonial drugs (Jackson et a. 1990, Grogl et al. 1992);
and (iii) response to treatment varies considerable,
probably depending on the parasite speciesinvolved and
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the clinical form or stage of the disease (Marsden 1985,
Nettoetal. 1990, Navinet al. 1992).

From an epidemiological point of view, the various
human pathogenic |eishmanial species need to be identi-
fied and their geographic distribution and transmission
cycledetermined. In many endemic regionsin the Ameri-
cas, two or more parasite species are often sympatric
(Grimaldi et al. 1989). Studies have also revealed genetic
polymorphism in natural populations of different Leish-
mania species (Cupolilloet al. 1998, Mauricio et al. 2001,
Ishikawaet al. 2002), which could explain the plasticity of
these parasites and of their ability to adapt to changing
ecological conditions(Cupolillo et a. 2003). Likewise, the
intra-species variability could have a relationship with
clinical pleomorphism of the disease (Guerbouj et al. 2001).
In fact, many of these parasites are capable of producing
inthe human host avariety of clinical manifestationsrather
than a localized skin disease. For instance, a proportion
of clinical infections leading to nasal metastasis is most
associated with L. (Miannia) brazliensis (Grimaldi et al.
1987), but cases of this mutilating mucosal granulomata
have also been reported as being associated with L. (\V.)
panamensis (Saraivaet al. 1985), L. (V.) guyanensis (San-
trich et al. 1990), and L. (L.) amazonensis (Barral et al.
1991). Consequently, parasite identification isimportant
for the diagnosis of the disease, and for the evolution of
therapy and prognosis.

ATL isendemic and widely distributed in the state of
Espirito Santo, Brazil. Therapid increasein cases (Tablel)
coupled with evidence of transmission in the perido-
miciliary environment (Ferreiraet al. 2001) has prompted
cals for adding preventive measures to the current na-
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tional control policy of diagnosis and treatment. During
the first epidemic, several cases of the disease were de-
scribed from patients working in deforested areas or liv-
ing in newly established communities (Machado 1913).
However, environmental changes often modified the oc-
currenceof ATL in the state, where new epidemicsin non-
forested areaswere reported (Barroset al. 1985, Mayrink
et al. 1985). Dogs and horses have been found infected
with L. (V) braziliensis and were implicated as domestic
reservoirs of infection for humans in a number of foci
(Falqueto et al. 1986, 1991). L. (L.) chagasi associa-ted
with visceral leishmaniasis (VL) in humans and dogs has
also beenrecorded inthe state (Grimal di et al. 1989). Natu-
ral infections of spiny-rats (Proechimys iheringi) were
detected in asecondary forest located in the municipality
of Viana, but the three isolates were identified as a new
enzymatic variant of L. (L.) forattinii (Falqueto et . 1998),
probably transmitted by Lutzomyia gasparviannai (Fal-
queto et al. 1985).

Thisreport isan attempt to summarizein brief the data
accumulated to date on the epidemiological and clinical
aspects of the L. (V.) braziliensis ATL in Espirito Santo,
including its known geographic distribution, zoonotic
reservoirs, and insect vectors. Included are results of our
present work (based on molecular typing of 100 parasite
strains collected over a 15-year period from 19 muni-
cipalitiesin the state) as well as datafrom other recently
published studies.

MATERIALSAND METHODS

Ecological description of the study areas - The ecol-
ogy of ATL in Espirito Santo has been described in detall
inpreviouspublications(Falqueto et a. 1986, 1991, Ferreira
etal. 2001). Thetransmission cycleof L. (\V.) braziliensis
occursin areas situated at medium and lower elevations
(50-750 m above sealevel). Theendemic foci are common-
place in small-scattered settlements, near mountains ar-
eas heavily deforested, but showing few remnants of the
original vegetation. These rural villages are made up of
well-dispersed houses and the space between houses is
occupied by coffee and banana plantations. ATL is also
found in old established com-munities close to important
cities, like Vitériaand Guarapari, on theAtlantic Coast. In
the study areas (Figure), most transmission of the dis-
ease was in the peridomicile of houses; the maintenance
cycle seems to involve domestic animal reservoirs (ca-
nine and equine) and phlebotomine sand flies with
peridomiciliary habitats.

Examination of patients - Clinical and |aboratory ex-
aminations of the subjects coming from different regions
in the state, during the period from 1985 to 2000 were
performed at the Medical Parasitological Section of the
Federal University of Espirito Santo. All necessary in-
formation on patients was recorded on registration cards
prepared by the authors. House visits were also made in
the endemic areas to search for unreported leishmanial
cases. All consenting subjects with suspiciousATL were
examined at the health posts, where specimens for smear
and culture were taken for further detailed examination.
Diagnosis was based on: (i) clinical appearance of the
lesion; (ii) the positive Montenegro skin test (MST), indi-
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cating previousexposureto leishmanial parasites; (iii) the
direct demonstration of the parasitein the lesion through
examination of stained smears; and/or (iv) by isolating
the parasite from tissue fragments, using in vivo and in
vitro systemsasdescribed (Falqueto et al. 1991). The M ST,
which measures the cutaneous delayed-type hypersensi-
tivity (DTH) reaction to Lei shmania-derived antigens, was
performed as described by Sokal (1975). The antigen
(leishmanin), provided by the Fiocruz, Biomanguinhos
Unit (Rio de Janeiro, Brazil), consisted of pooled heat-
killed cross-species promastigotes suspended in PBSwith
0.5% phenol. Aninduration diameter of equal or morethan
5 mm was considered positive.

Furthermore, analyses of specific cell-mediated immu-
nity [asdetected by measuring in vitro lymphocyte prolif-
eration and gamma interferon (IFN-y) production] and
humoral immune responses (measurements of specif-ic
antibodies) were performed in 10 subjectswith either ac-
tive ATL or cutaneous scars (in those who one or two
months earlier had recovered from infection). The meth-
ods followed for peripheral blood leukocyte (PBL) pre-
parations and assessment of recall proliferative and IFN-
y responses were those as described (Turetz et al. 2002).
Cell proliferation was expressed as stimulatory index (SI)
and was considered positive if > 2.5; IFN-y in super-
natants of cultures of stimulated cells were measured by
ELISA. Antigen-specific serum antibody concen-trations
were determined using a standard ELISA technique
(BadarO et d. 1986). Thesolubleleishmania antigens(SLA)
from L. (\.) braziliensis promastigotes was made as de-
scribed (Amaral et al. 1996), and used at different concen-
trationsfor ELISA and blast trans-formation assays.

| solation of parasites- Primary isolation was made by
culturein vitro of samples from the cutaneous lesions of
hamsters, previously inocul ated with the material obtained
by lesion biopsiesfrom patients or domestic animalswith
ATL. Stockswereinitially cultivated in NNN blood-agar
medium overlaid with Schneider’s Drosophila medium
(Sigma), supplemented with 10% heat-inactivated foetal
bovineserum, FBS (Grimaldi et al. 1989). Positive culture
containing promastigotes were expanded for growth in
Schneider’s medium containing 20% FBS and incubated
at 25°C.

Parasite characterization - The World Health Or-
ganization (WHO) recommended reference strains for
Leishmania species and parasite isolates used in this
study are maintained at the DIFIOCRUZ Leishmania
Type Culture Collection (registration no. 731, at the WFCC
World Data Center on Microorganisms Directory). Stocks
were stored as stabilates at —190°C, in liquid nitrogen con-
tainers, using 8% glycerol in Schneider’s medium con-
taining 30% FBS. Monoclonal antibodies used for typing
leishmanial parasites (serodeme analysis) were group- or
species-specific for members of both Viannia and Leish-
mania subgenera and have been described before
(Grimaldi et al. 1987, 1989, 1991). Characterization of the
Leishmania was performed with an indirect radio-immune
binding assay, using whole parasite lysates as antigen,
asreport previoudly (Grimaldi et al. 1987).
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All stocks used in this study were characterized by
multi-locus enzyme electrophoresis (MLEE). The meth-
ods used to prepare sampl es and study the electrophoretic
mobility of some enzymesin agarose gelswere performed
asprevioudy reported (Cupolillo et al. 1994). Sampleswere
tested for the activity of thefollowing enzymes:. aconitate
hydratase (ACON, E.C.4.2.1.3), glucose-6-phosphate
dehydrogenase (G6PDH, E.C.1.1.1.49), glucose phosphate
isomerase (GPI, E.C.5.3.1.9), isocitrate dehydrogenase
NAD and NADP (IDHNAD & IDHNADR E.C.1.1.1.42),
malate dehydrogenase (MDH, E.C.1.1.1.37), malicenzyme
(ME, E.C.1.1.1.40), manose phosphate isomerase (MPI,
E.C.5.3.1.8), nucleosidase (NH1 & NH2,E.C.3.2.2.1), 6-
phospho-gluconate dehydrogenase (6PGDH, E.C.1.1.1.43),
phospho-glucomutase (PGM, E.C.1.4.1.9), leu-pro
dipeptidase (PEPD, 3.4.13.9), and leu-gly dipeptidase
(PEP2, E.C.3.4.11.1). Leishmanial isolateswith the same
electromorphs were classified into the same zymodeme
(Cupolillo et al. 2003). Experiments using genomic restric-
tion fragment length polymorphism (RFLP) analysis of
the internal transcribed spacer (ITS) between the small
(SSU) and large (L SU) subunits of therDNA locus (PCR-
RFLPITSrDNA) of selected parasite strainswere doneto
examine genetic polymorphism in this group. High
resolution electrophoresis using the Genephor®
apparatus was carried out in 12% polyacrylamide gels
following the manufacturer’s instructions (Amersham
Pharmacia Biotech). The restriction enzymes used were
those found to produce clear distinct banding patterns
useful for grouping the isolates in genotypes (each
genotype grouped isolates with the same banding pattern
for al the restriction enzyme used) and were subjected
to numerical analysis, as described elsewhere (Cupolillo
etal. 1995, 2003).

RESULTS

Parasite characterization - Table Il shows results of
parasite identification, correlated with some epide-
miological and clinical data, of the 100 Leishmania stocks
isolated, classified according to their origin and geographic
distribution. For comparison, in the characterization of
the parasites, the WHO recommended reference strains
were also included. Based on the characteristic reactivity
of specific monoclonal antibodies (Grimaldi et al. 1987,
1991), we were ableto characterize and classify 62 of the
100 Leishmania isolates (31 from human cases and 31
from infected dogs) collected in various municipalities.
The apparent antigenic similarity among isol ateswas dem-
onstrated using alarge panel of cross-reacting monoclonal
antibodies. These strains presented reactive patternsvery
similar to that of the L. (V.) braziliensis reference strain
(MHOM/BR/1966/M2903), thereforethey wereidentified
as this parasite species.

Results from agarose gel electrophoresis confirmed
the specific identification made with the serodemeanalysis
for al isolates. The strains also had the same enzymatic
profile classified as zymodeme | OC/Z27, which included
thereferencestrain. In contrast, comparisonsof the PCR-
RFLPITSrRNA of the22 stocks studied (Tablell) reveaed
at least 11 genetically variant strains (genotypes), each
representing parasite(s) with unique ITS fragment pro-
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files. Most of the genotypes were seemingly unique and
localized to aparticular endemic focus, but genotype A16
contained someisolatesthat were made from both human
and canine hostsin three study areas. It isalso of interest
that some L. (V.) brazliensis isolates from cases of cut-
aneous (n = 4) or mucosal (n = 1) disease represented the
same genotype (B1).

Prevalence and geographical distribution - ATL
represents an increasing public health threat in Espirito
Santo, where new foci are continually emerging; during
1995-2000 there was an incidence rate of 7.4-30.1 per
100,000 inhahitants (it is estimated 460 new cases annual -
ly inapopulation of 3 million). However, itislikely that
the numbers of recorded cases of ATL for the state (Table
1) isstill underreported. Furthermore, frank disease repre-
sents only a proportion of total infections as detected in
themunicipality of Itarana(Falqueto et al. 1991).

Theknown geographic distribution in the state of ATL
associated with L. (V.) brazliensis (based on clinical
descriptions of cases and parasite isolations) is sum-
marized on the map shown in the Figure. The disease oc-
cursup to 850 m elevation; foci have been found in nearly
all municipalities. ATL ishighly prevalentinthemid-west
and southeast regions of the state; most of the cases
were reported from Afonso Claudio, Brejetuba, Ibatiba,
Irupi, luna, LaranjadaTerra, and SantalL eopoldina, where
recent epidemics have been recorded (Tablelll). Mucosal
disease isrelatively common, occurring in up to 15% of
the cases.

TABLEI

Cases of American tegumentary leishmaniasis (ATL)
reported to the Brazilian National Health Foundation
(Funasa), Health Ministry from 1980 to 2000

Numbers of recorded cases of ATL for

Southeast State of
Year Brazil region Espirito Santo
1980 4560 634 62
1981 5153 508 78
1982 5890 542 124
1983 5038 609 251
1984 6161 575 224
1985 13,654 844 279
1986 15,545 963 257
1987 26,253 1218 288
1988 25,153 2017 273
1989 21,129 2241 573
1990 24,753 2347 670
1991 28,450 3386 728
1992 24,668 3854 722
1993 27,454 4771 893
1994 35,103 3763 490
1995 35,748 2605 287
1996 30,030 2369 208
1997 31,303 2294 404
1998 21,801 2945 646
1999 32,439 3983 884
2000 34,722 3059 548
Total 455,007 45,527 8889
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TABLE 1l

American tegumentary |eishmaniasisin Espirito Santo, Brazil. Origin and results of molecular typing of

100 Leishmania isolates collected from 19 municipalitiesin the state

Number of isolates Clinica Siteof isolation P Species® Genotype €
(source) form@ (zymodeme) @ (nr stocks)
7 (5 patients, 2 dogs) CL Afonso Claudio L.(\V.) brazliensis (227) A12(1), A16(1)
1 (patient) CL AguaDoce do Norte L.(\V.) brazliensis (227) A1(1)
1 (patient) CL Alfredo Chaves L.(\V.) brazliensis (227) ND
3 (patients) CL Anchieta L.(\V.) brazliensis (227) ND
1 (patient) CL Aracruz L.(\V.) brazliensis (227) B4(1)
1 (patient) CL Cachoeiro de ltapemirim L.(\V.) brazliensis (227) ND
11 (4 patients, 7 dogs) CL Cariacica L.(\.) brazliensis (227) ND
1 (patient) CL Conceicéo do Castelo L.(\.) brazliensis (227) A16(1)
1 (patient) CL Domingos Martins L.(\.) brazliensis (227) ND
3 (patients) CL Fundéo L.(\V.) brazliensis (227) B3(1)
3 (patients) CL Guarapari L.(\V.) brazliensis (227) ND
1 (patient) CL Ibiragu L.(\V.) brazliensis (227) ND
1 (patient) CL Itaguagu L.(\V.) brazliensis (227) A9(1)
10 (6 patients, 4 dogs) CL Itarana L.(\V.) brazliensis (227) A7(2)
4 (patients) CL Muniz Freire L.(\V.) brazliensis (227) A13(1),A16(1)
1 (patient) CL Pancas L.(\V.) brazliensis (227) ND
13 (7 patients, 5 dogs, 1 horse) CL SantaLeopoldina L.(\V.) brazliensis (227) B2(4)
2 (1 patient, 1 dog) CL Serra L.(\V.) brazliensis (227) B10(2)
35 (6 patients, 29 dogs) CL, ML Viana L.(\V.) brazliensis (227) B1(5)

a: leishmaniasisin humansor domestic animals (CL = cutaneous|eishmaniasis; ML = mucosal leishmaniasis); b: municipalitiesin the
state of Espirito Santo; c: stock identification established by isoenzyme and/or serodeme (monoclonal antibodies) analyses as
described by Grimaldi et a. (1991); d: the zymodeme number of the Instituto Oswaldo Cruz is given; classification was established
by numerical zymotaxonomic analysis as described by Cupolillo et a. (1994); e: denotes identity between isolates by use of all
polymorphic rDNA results; the two genotypic groups were classified by numerical analysis as previously reported (Cupolillo et al.

2003); ND = not done

TABLE Il

Annual incidence rates (1995-2000) of American tegumentary
leishmaniasisoccurringin highly endemic foci in the state of
Espirito Santo, Brazil 2

Coeficient/ 100,000 inhabitants

Locality Averagerate (range)

Brejetuba 281.15 (0.00-909.81)
Irupi 267.47 (19.60-649.23)
Santa L eopoldina 215.62 (42.40-376.31)
luna 190.16 (52.19-415.75)
I batiba 174.79 (23.59-430.58)
Afonso Cléaudio 126.06 (23.37-282.39)
LaranjadaTerra 110.83 (0.00-309.15)

Espirito Santo (total) 17.00 (7.42-30.09)

a: as reported to the Brazilian National Health Foundation
(Funasa), Health Ministry

L. (V.) brazliensis showing a homogenous pattern
either by serodeme analysis with specific monoclonal
antibodies or by zymodeme analysis were detected in 19
of the 78 municipalities. These data.confirm preliminary
results on the presence of this parasite in some endemic
areas (Falqueto et al. 1986, 1991), but also extend its
geographic distribution in Espirito Santo. In addition, both
L. (\V.) brazliensis(based inthisreport) and L. (L.) chagasi
(Grimaldi et al. 1989) can occur simultaneously within
common endemic foci, such as those located in the
municipalities of Pancasand S&o Gabriel daPalha. Inthe

distribution of the 11 L. (V.) braziliensis genotypes, most
of them were specific to some geographic localities, but
one genotype (A16) wasdistributed in three municipalities
(Afonso Cléudio, Conceicéo do Castelo, and Muniz Freire)
which are contiguous geographic locations. Moreover, at
|east two distinct genotypes of this parasitewerelocalized
toaparticular study area, such asin Afonso Claudio (A12
and A16) and Muniz Freire (A13 and A16).

Clinical characteristics of patients- A total of 1217
personswith ATL wasexamined (Table1V). Their disease
was acquired in many different endemic foci in the state.
Inthisgroup of infections, avariety of L. (\.) brazliensis
genotypes were represented (Table 11). Although the
infections affected people of both sexes and of all age
groups, the maximum incidence of the cutaneous disease
occurred in the second decade of life. The number of
lesions per person ranged from 1 to 6 (except for 14 patients
with multiple skin lesions), but single skin ulceration
occurred in most (65%) of the 1116 ATL patientsexamined.
The characteristic ulcerous lesions with raised margin
produced by L. (V.) braziliensiswere most common (91.1%
of the cases) on the lower and upper limbs (62.7%), the
head and neck were affected in 24.9% of the patientswhile
12.4% had lesions on the trunk. Infiltrative plaque-like
(7.5%) and verrucose warty (1.4%) lesions were oc-
casionally seen.

Themajority (70%) of patientswithML (n=101) were
intheir 50'sand 60’ sand had a cutaneous scar after clinical
cure of aprimary lesion; 12% had an active skin lesion
associated with the mucosal damage at thetimethey were
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Geographic distribution in the state of Espirito Santo, Brazil of
American tegumentary leishmaniasis, based on the cases reported
between 1980 and 2000 (stippled area); [ highly endemic localities
(see Table I1l). A municipalities where stocks characterized as
Leishmania (Viannia) braziliensis in this study were isolated: 1,
Afonso Claudio; 2, Agua Doce do Norte; 3, Alfredo Chaves; 4,
Anchieta; 5, Aracruz; 6, Cachoeiro de Itapemirim; 7, Cariacica; 8,
Conceicdo do Castelo; 9, Domingos Martins; 10, Fund&o; 11,
Guarapari; 12, Ibiragu; 13, Itaguagu; 14, Itarana; 15, Muniz Freire;
16, Pancas; 17, Santa Leopolding; 18, Serra; and 19, Viana. Also
shown is the two distinct groups of L. (V.) braziliensis genotypes [A,
strains from rural localities where various vectors (Lu. Intermedia,
Lu.migonei, and Lu. whitmani) are involved in the transmission of
the disease; and B, strains from urban areas where transmission is
related with a cycle involving Lu. Intermedia] found in the state
(Cupolillo et al. 2003).

examined, but the remaining had no detectable signs of a
previousATL. Most of the patients had only one mucosal
site affected (78.2%) and, inthiscase, generally located at
the nose; the remaining presented multiple mucosal
lesions (2, 3or 4 sites affected). Nasal mucosalesion was
detected in almost all the cases, the other lesion sites
being the palate, pharynx, and larynx. The larynx was
involved in 3.9% of our patients, in general associated
with multiple mucosal lesions. Clinically, the affected mu-
cosae presented diffuse infiltration with an irregular and
bulged surface. When the larynx was involved, lesions
frequently affected the epiglottis, a process that results
in a horse and weak voice.

The study subjects recovered following antimonial
therapy [who had received distinct courses of aregime of
17 mg of meglumine antimoniate (Glucantime, Rhodia
Farma, Brazil) per kg body weight per day for 10 con-
secutive days], but the response varied considerably de-
pending on theclinical form or stage of the disease. Those
cases with cutaneous lesions recovered most easily; the
mean timeto clinical healing inthisgroupwas50.2 £ 17.3
days (versus 80 + 23.9 in the group with ML). However,
similar levels of relapse were observed in both groups
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during the follow-up period (Table IV). These patients
were further treated with higher doses, finally achiving
cure. Side effects (such aslocal pain at the site of injec-
tion, arthralgias, astenia, mialgias, nausea and vomiting,
haematol ogical abnormalities, and/or alterationsin elec-
trocardiogram) were noted in a high proportion (about
80%) of treated patients.

In the present study, we have evaluated both T cell-
mediated and humoral immune responses of 10 subjects
(aged from 12 to 72 years) who had acquired ATL in
localities (Cariacica, Brejetuba, and Viana) of endemic L.
(V) braziliensisinfection. Positive parasite-specific recall
lymphoproliferative (themean + SD of S| =6.5+ 5.3; range
6-17) and IFN-y (mean = SD of IFN-ylevels= 126 + 74 pg/
ml; range 90-320) responseswere observed in all patients
with active or healing disease (at the end of therapy),
while these responses measured at short term (2 months)
after cure from ATL were not above those of the healthy
control individuals. The MST identified all the patients
with active or healed ATL, although the reaction sizes
varied among individuals tested (diameter of induration
elicited by leishmanial antigensranging from 8to 30 mm)
and were apparently not related with lesion devel opment.
Also the Ag-specific 1gG antibody responses detected
by ELISA inthese patients were variable (the mean + SD
of absorbancevalues=0.38+ 0.37, range 0.14-1.2 at 1:640
serum dilution), but significantly (P < 0.05) above the
serum levels (0.07 + 0.02) found in healthy control
subjects.

DISCUSSION

Thereisincreasing evidence that some of the human
pathogenic New World Leishmania can be maintained in
both sylvan and urban transmission cycles. If so, thetwo
cyclesinvolvedifferent vertebrate hosts. In Espirito Santo,
the armadillo (Euphractus sexcinctus) and the paca
(Agouti paca) are the presumed reservoir hosts in the
sylvatic cycle of L. (V.) brazliensis (Falqueto 1995),
whereas dogs and possibly equines (Falqueto et al. 1986,
1991) are the major vertebrate hosts in the peridomestic
cycle of this parasite. The most interesting evidence
obtained in a survey carried out in the municipality of
Itarana (Falqueto et al. 1991), on the role of dogs as a
major reservoir of L. (\.) brazliensisinfection for humans,
came from the comparison between individuals with
leishmanial infection and their cohabitation with dogs
presenting cutaneous leishmaniasis. Furthermore, in-
tervention measures (such as active case detection and
prompt/effectivetreatment of patients; control of potential
reservoir host by performing euthanasia of infected dogs;
and vector control by insecticide spraying in domestic
and peridomestic areas) undertaken in the same endemic
focus reduced transmission/morbidity drastically, since
no new case was detected during a 2 years follow-up.

In this report, attempts to isolate parasites from
cutaneous or mucosal lesions by the culture of biopsy
specimens were successful in 51 human cases and 49
domestic reservoirs (48 Canis familiaris and 1 Equus
caballus). All theisolatesidentified asL. (\V.) braziliensis
were detected in 19 municipalities, showing that this
pathogen is responsible for human and canine cases of
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TABLE IV

American tegumentary leishmaniasisin Espirito Santo, Brazil. Clinical manifestations of Leishmania (Viannia) braziliensis
infection in humans

Cutaneous disease

Mucosal disease

Feature (1116 patients) (101 patients)
Age of patients (years), median (range) 20(1-91) 51(8-82)
Patient sex ratio 3m: 2f 3m: 1f
Duration of disease (months), median (range) 2(1-96) 24 (1-576)

Location of lesions

Number of lesions, median (range)

Lesion size, median (range)
Lesion type

Most on limbs (62.7%);
resttrunk (12.4%)
and head (24.9%)

1(1-6) single (65%) and
multiple (d” three, 91.9%)

15cm(0.1-17)
Ulcerouswith raised margin (91.1%);

Most nasal alone (73.2%));
rest nasal together with other site;
oropharynx and/or larynx (3.9%)

Single (78.2%) and
multiplemucosal sites (21.8%)

rest plague-like infiltrative (7.5%)
and verucose warty (1.4%)

Skintest & median (range)
Cure post-treatment P

Mean healing time (days)
Relapse

15 mm (5 - 80)

58.8%, up to 2 courses,
90%, up to 3 courses

50.2+17.3
68 cases (6.1%)

21 mm (5-70)

47.1%, up to 3 courses;
92.9%, up to 5 courses

80+ 239
7 cases (6.9%)

a: diameter of induration elicited by leishmanial antigens; b: of closely observed cutaneous and/or mucosal lesionsfollowing antimony-

based (Glucantime®) chemotherapy.

ATL in the state. There was a clear correlation between
the human disease and the relatively high prevalence and
widedistribution of theinfectionin dogs (48 isolateswere
made from infected dogs in six study sites). Perhaps the
most interesting information resulting from the molecul ar
characterizationisthe similarity of the stocksderived from
both human and canine cases of ATL. The apparent
homogeneity of these parasites was confirmed at the
genotypelevel (taking in consideration that someisolates
made from both human and canine hosts in three study
areas represented the same genotype), suggesting a
possible domestic reservoir of this parasite.

L. (V) braziliensis has been associated with anumber
of different sand fly species (reviewed by Grimaldi & Tesh
1993). It is unclear whether all of the incriminated sand
fliesareimportant vectors, or if someare merely incidental
hosts. Incrimination of a particular sand fly species as a
vector isdifficult, since severa criteriaarerequired (Young
& Lawyer 1987). Lu. intermedia is probably the main
vector of L. (V.) braziliensisin Southeast Brazil, while Lu.
migonel and Lu. whitmani are of secondary importance
(Rangel et al. 1984, Mayoet al. 1998). A search for suspect
vectors was conducted in the municipality of Afonso
Cléudio, inthemid-west region of Espirito Santo (asample
of 13,363 specimens belonging to 28 species was col-
lected). The five most abundant man-biting species col-
lected were Lu. intermedia (24.3% of the total), Lu.
migonei (22.3%), Lu. whitmani (15.4%), Lu. fischeri
(14.9%), and Lu. monticola (5.8%). Analysis of the
distribution of these speciesat different altitudes provided

evidence that Lu. fischeri and Lu. monticola were not
involved in the transmission of the disease, whereas Lu.
migonel and Lu. whitmani might act as secondary vectors
of L. (V.) braziliensis and Lu. intermedia was probably
the principal vector of the parasite (Ferreiraet al. 2001).
Alsointhemunicipality of Itarana, the results confirmed
that Lu. intermedia isthe most commonly found sand fly
species inside the houses and in the peridomiciliary
dependences (76%) and may beimplicated inATL trans-
mission (Falqueto et al. 1991). Evidence from our genetic
analysis(Cupolilloet a. 2003) indicated ageographic struc-
turing for some L. (V.) brazliensis genotypes. The iso-
lates from Espirito Santo (showing two separate groups
of genotypes) were considered as being involved in two
transmission cycles. One group of parasites comprising
isolatesfrom urban areaswasless diverse, compared with
the other group comprising isolates from rural areas.
The clinical features of the ATL cases recorded here
were similar to those reported in other studies (Marsden
1985, Saraiva et al. 1989). L. (V.) brazliensis caused a
variety of clinical lesions and the overall prevalence of
mucosal diseasein the state appeared to be lessthan 10%
of patients. Most of the patients had an ulcerated skin
lesion, but therewas variation in the size and depth of the
ulceration and this influenced the response to treatment.
Occasionally we observed satellite nodules around the
main lesions that eventually evolved to the disseminated
form of the disease (Turetz et al. 2002). The specific
treatment certainly speeded healing, but response to
antimonial therapy wasvariable, probably depending more
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on the immune status of the patient (Saraivaet al. 1989),
rather then any particular parasite strain involved
(Guerbouj et al. 2001). Our genotyping studies did not
identify agenotype specifically associated with antimony
refractoriness in those patients that did not responded
well to treatment. Thekey questionfor L. (V.) brazliensis
in thisrespect isto establish the minimum dose of pen-
tavalent antimonial that will cure the skin lesion rapidly
and prevent mucosal relapse (Marsden 1985). ATL caused
by this pathogen in Rio de Janeiro responds well to
antimony and, in either cutaneous or mucosal disease,
high cure rates were obtained with 5 mg/kg/day of
glucantime® (Oliveira-Neto et a. 2000). Conversely, we
have al so observed spontaneous healing in some patients
who for various reasons have never taken specific
treatment. Patients with active or healing disease so far
studied exhibit anti-Leishmania antibodies and parasite-
specific cell-mediated immune responses. Results similar
to ours were previously reported, studying distinct leish-
manial infections (Carvalho et al. 1985, Sassi et al. 1999).

The association of L. (V.) braziliensis with mucosal
lesionsisinterpreted as evidence of parasite determinants
of disease expression. Our genotyping studies indicate
that such a fine degree of biological diversity in
Leishmania seems unlikely to be related with disease
expression. A clonal popul ation contained several isolates
from humansthat devel oped skin and/or mucosal lesions.
Clinical data have also provided evidence for the
participation of host factors (such as genetic background
and immune response) in the outcome of leishmanial
infection in humans. The magnitude of the immune
responses and hypersensitivity to leishmania antigens
tend to be greater in individual with ML than those with
cutaneous disease (Carvalho et al. 1985, Saraiva et al.
1989), but in this study comparisons between groups did
not show significant difference for skin induration diam-
eters(TablelV).

In conclusion, the species definitely associated with
ATL in Espirito Santo is L. (\.) brazliensis. The asso-
ciation of certain genotypes of this pathogen with spe-
cific transmission cycles could beinterpreted as evidence
of an adaptation of different clones to the vector species
involved in the study sites. The presence of the same
genotypes in humans and dogs in the same area is sug-
gestivethat intra-specific transmission cycles (related with
Lu. intermedia, Lu. migonei, and Lu. whitmani) could be
defined using molecular technology. Thisinformationis
expected to yield new approaches oriented towards el uci-
dating transmission of the disease and eventually to im-
proved parasite control.
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