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In the last few years the number of human cases of American visceral leishmaniasis in the Metropoli-
tan Region of Belo Horizonte (MRBH), Minas Gerais, Brazil has increased, indicating an elevation in
the transmission rate of the disease. The total number of notified human cases in the MRBH since 1994,
when the first case was identified, up to 1999 was 345 of which 223 (65%) were from the city itself,
indicating an urbanization of the disease in this region of Minas Gerais. The age distribution of visceral
leishmaniasis cases in the MRBH shows a higher prevalence in children from 0-4 years old, responsible
for 28.9% of the notifications. Clinical and immunological findings from dogs infected with Leishmania
chagasi are described. The majority of these animals showed no sign of the disease. Sera from all in-
fected dogs showed detectable Leishmania-induced high titles of antibodies based on the results of an
indirect fluorescent antibody test. Samples of isolated Leishmania from human and dogs were charac-
terized as L. (L.) chagasi by biochemical and molecular techniques.
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American visceral leishmaniasis (AVL) in Bra-
zil is considered to be a zooanthroponosis formerly
restricted to rural and peri-urban areas. With the
emergence of foci of the disease in urban areas,
visceral leishmaniasis (VL) has assumed an im-
portant role in public health (Marzochi et al. 1994).

Leishmania (Leishmania) chagasi is the etio-
logical agent responsible for the disease in several
endemic areas of VL in Latin America (Lainson &
Shaw 1987, Grimaldi & Tesh 1993).

AVL manifestations in humans differ little from
the clinical/epidemiological forms existing on other
continents. Symptoms include fever, anemia,
hepatosplenomegaly and progressive weight loss,
although the disease is quite sensitive to treatment
with antimonial drugs (Marzochi et al. 1994). The
mortality rate for untreated cases varies from 75-
95%, although the existence of an asymptotic and
subclinical form has been acknowledged (Marzochi
et al. 1985, Badaró et al. 1986). According to the
Ministry of Health, more than 1,000 human cases
occur annually in Brazil.

The domestic dog is an important reservoir and
is responsible for the endemic/epidemic nature of
the disease. Foxes belonging to the species
Lycalopex vetulus in the northeast (Deane & Deane
1954) [Now it may be referred as Cerdocyon thous
(Courtenay et al. 1996)] and C. thous in the Ama-
zon (Lainson et al. 1969, 1987, Silveira et al. 1982)
southeast region (Silva et al. 2000), and Central
Brazil (Mello et al. 1988)  act as natural hosts and
are responsible for the disease in sylvatic environ-
ments. Human beings are a weak source of L. (L.)
chagasi infection for phlebotomine sand flies and
transmission largely depends on the presence of
infected dogs (Lainson & Shaw 1987). Domestic
dogs and foxes may present an intense cutaneous
parasitism that allows sand flies to become infected
easily (Deane & Deane 1954). However, there are
probably other sources of infection and it is pos-
sible that man is involved in the transmission cycle
(Badaró et al. 1994, Nascimento et al. 1996).

The pattern of clinical signs of the disease in
dogs may vary considerably as animals which are
apparently healthy, or with inapparent infections,
can present signs at several stages of the disease.
An important characteristic of leishmaniasis in dogs
is the presence of clinically inapparent disease for
long periods. The constant presence of infected
dogs also contributes to spread the disease during
migrations of human beings from endemic to non-
endemic areas (Arias et al. 1996).
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In the last few years, the number of human and
canine cases of AVL in the Metropolitan Region
of Belo Horizonte (MRBH) in the State of Minas
Gerais (MG), Brazil, has increased, suggesting an
increase in the rate of transmission of the disease.

The general objective of this study was to de-
termine the distribution, prevalence, incidence and
symptomatology of AVL in humans and dogs in
endemic area of MRBH. In addition, we used dif-
ferent molecular techniques for the characteriza-
tion of parasite isolates from these hosts.

MATERIALS AND METHODS

Study area - MRBH is located in the area of
MG known as the “Zona Metalúrgica” and occu-
pies an area of 6,000 km2 composed of 24 coun-
ties. Belo Horizonte (BH) is the state capital and
has an estimated population of 3,753,092 inhabit-
ants. The economy of the region is based on in-
dustries, agriculture, trade and mineral extraction
and 30% of the population of MG live in this area.

Mountains surround the county and being lo-
cated between latitudes 18-20oS and longitudes
43-45oW presents a tropical climate, with a rainy
summer and dry winter.

Canine survey - One hundred and sixty-four
domestic dogs, consisting of 83 males (50.6%) and
81 females (49.4%) from several districts of BH
and nearby municipalities within the MRBH were
studied from 1998 to 1999.

Animals were examined for the presence, num-
ber and localization of ulcers on their bodies. Pe-
ripheral blood samples were collected for serologi-
cal diagnosis of the animals. IFAT was used to
detect antibodies in sera of all studied dogs using a
kit for canine leishmaniasis (Fiocruz/Bio-
Manguinhos).  Serum dilutions from 1:40-1:640
were used.

For parasitological diagnosis, dogs were se-
dated with 10 mg/kg of Ketamine and 1 mg/kg of
Xylazine (Ketalar + Rompum) by intramuscu-
lar injection. Aspiration of bone marrow from the
tibia was performed using a 20 ml syringe with 18
gauge needle. In dogs showing any type of lesion,
a small fragment of the ulcer was taken for micro-
scopic preparation and culture in NNN medium.
In the case of ulcerated lesions, part of the mate-
rial was inoculated in hamsters (Mesocricetus
auratus) and eventually seeded in NNN/LIT.

Human survey - A retrospective study of inci-
dence data for human VL in MRBH between 1994
and 1999 was carried out. The data were obtained
from the Secretaria Estadual de Saúde. To establish
the annual incidence for the period, we considered
the information relative to age, sex, symptomatol-
ogy, clinical, parasitological or immunological di-
agnosis, and the confirmed address of all patients.

Isolation and characterization of parasites -
Fourteen isolates were analyzed: 10 from dogs (9
from bone marrow, 1 from skin lesion), and 4 from
the bone marrow of AVL patients. Leishmania
parasites obtained from dogs and humans were
cultured in NNN/LIT supplemented with 10% of
foetal bovine serum at 26oC. Parasites in the sta-
tionary phase were harvested by centrifugation at
3,000 rpm for 10 min at 4oC and washed several
times with sterile phosphate buffered saline (pH
7.2).

Multi-locus enzyme electrophoresis - Isoen-
zyme electrophoresis was performed using a sys-
tem of 11 enzymatic loci (6PGDH, E.C.1.1.1.43;
GPI, E.C.5.3.1.9; IDH, E.C.1.1.1.42; G6PDH,
E.C.1.1.1.1.49; MDH, E.C.1.1.1.37; NH,
E.C.3.2.2.1; PGM, E.C.1.4.1.9; PEP-D,
E.C.3.4.13.9; ME, E.C.1.1.1.40; IDH, E.C.1.1.1.42;
ACON, E.C.4.2.1.3) using 1% agarose gel elec-
trophoresis as described by Momem and Salles
(1985), and Pacheco et al. (1994).

kDNA analysis and Southern blot hybridization
- Extraction and analysis of kDNA restriction pro-
files was carried out according to Pacheco et al.
(1986). Purified kDNA preparations (1 µg) were
digested with the restriction enzymes Msp I and
Mbo I in the appropriate buffers according to the
manufacturer’s instructions. After electrophoresis,
fragments were transferred to nylon membranes
using the method of Southern (1975). Probes com-
posed of cloned minicircles from L. (L) chagasi
were radiolabeled with ∝ 32P dATP using the ran-
dom primer method (Kit Fiocruz, Brazil) to an spe-
cific activity of about 109 dpm/µg according to a
modified protocol (Pacheco et al. 1994).  Hybrid-
izations were carried out at 65ºC overnight, mem-
branes were washed in 0.1 X SSC/0.5% SDS at
65ºC three times, 30 min each and exposed to
X-ray films overnight with an intensifying screen
at -70ºC.

RESULTS

Characterization of human disease - By 1999,
345 autochthonous cases had been diagnosed in
MRBH, being 223 (65%) in the county of BH
alone. The distribution and incidence rate of the
disease is shown in Table I.

Seventy six percent of registered cases in BH
in 1994 occurred in people under 14 years old.
However the age distribution of the 345 notified
cases of AVL in MRBH from 1994-1999 shows
the highest prevalence among children from 0-4
years old with nearly 28.9% of the notifications.
The second highest prevalence was observed in the
economically productive 15-29 age group, mostly
among males (Table II). The VL lethality rate in
MRBH between 1994-1999 was 11.5% (Table III).
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The Figure shows the distribution of AVL cases
according to evolution, cure, death and relapse. Past
or present fever, generally the commonest human
visceral leishmaniasis symptom, was reported by
all patients. Hepatomegaly and splenomegaly were
the most frequent manifestations of the disease and
hemorrhage the least common (Table IV).

Canine survey
Serological test - The indirect immunofluores-

cence test was positive in 106 (64.6%) out of 164
dogs examined from areas where AVL was the only
type of leishmaniasis. Anti Leishmania positive
titers higher than 1:640 were observed in 78
(73.6%) dogs.

TABLE I

Cases of visceral leishmaniasis and incidence (1/100,000 hab.) from Metropolitan Region of Belo Horizonte
between 1994 and 1999

Case number/incidence (1/100,000)

Municipality 1994 1995 1996 1997 1998 1999 Total

Belo Horizonte 29(1.4) 46 (2.2) 48 (2.3) 47  (2.2) 24 (1.13) 29 (1.4) 223
Brumadinho - - - 1    (4.9) 4   (15.72) 4   (15.3) 2
Caeté - 1   (2.9) 2   (5.7) - 1   (2.81) 2   (5.56) 9
Contagem - - 1   (0.2) - 3   (0.58) 1   (0.2) 6
Esmeraldas - 1   (2.9) 1   (3.8) - - - 5
Ibirité - - 1   (1.0) 3   (2.92) 2   (1.67) 14 (11.1) 21
Itabirito - - - - - 1   (2.7) 1
Jaboticat. - - - - - 1   (1.13) 1
Nova Lima - - 2   (3.6) - 2   (3.4) 5   (8.18) 9
Ribeirão Neves - 1   (0.6) - 3   (1.7) 4   (1.8) 7   (3.0) 15
Rio Acima - - - - 1   (12.7) 1   (12.43) 2
Sabará 1 (1.06) 2   (2.1) 8   (8.3) 3   (3.0) 6   (5.7) 5   (4.64) 25
Santa Luzia - - - 3   (1.72) 5   (3.1) 9   (5.5) 17
Vespasiano 1 (2.0) 2   (3.9) 1   (1.9) - 1   (1.56) 4   (6.12) 9

Total 31 53 64 60 52 83 345

Source: Secretary of Health of the State of Minas Gerais. Calculated incidence based in a projected population by
the Health Ministery.

TABLE II

Distribution of cases of visceral leishmaniasis by age group in Metropolitan Region of Belo Horizonte
(1994-1999)

1994-1999

Age group Female Male Total
(years) No. (%) No. (%) No. (%)

<   1  6 (35.3%) 11 (64.7%) 17 (4.9%)
1 - 4 42 (50.6%) 41 (49.4%) 83 (24%)
5 - 9 21 (43.7%) 27 (56.3%) 48 (13.9%)

10 - 14 11 (42.3%) 15 (57.7%) 26 (7.5%)
15 - 29 25 (33.3%) 50 (66.7%) 75 (21.7%)
30 - 60 11 (19.6%) 45 (80.4%) 56 (16.2%)
> 60   2 (18.2%)   9 (81.8%) 11 (3.1%)

Ignored 10 (33.3%) 19 (66.7%) 27  (8.4%)

Total    128 (37.1%)    217 (62.9%)   345 (100%)

Source: Secretary of Health of the State of Minas Gerais

Clinical data - Signs of VL were detected in
only 34 (32%) out of 106 positive dogs and in 72
(68%) the infection was inapparent. Two or more
concomitant signs of the disease were seen in the
majority of dogs from AVL areas.  The pattern of
clinical signs observed for the disease most com-
monly included weight loss, apathy and emacia-
tion.

Parasitological diagnosis - Leishmania para-
sites were detected in 34 (97%) out of 35 dogs ex-
amined. However, the only negative dog had an
IFAT of 1:40, and the others presented values
higher than 1:640. Amastigotes were detected in
biopsies of all five skin ulcers examined in dogs
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(100%).  Imprints of ear skin from dogs with ap-
parent and inapparent infections showed large num-
bers of Leishmania amastigotes.

Promastigotes were observed in culture after
about 10 days with a low index of contamination
when bone marrow was used. Thirty (86%) out of
35 myelocultures were positive in NNN/LIT me-
dium. However, culture for skin fragments were
positive in only three (50%) out of six biopsies from
dogs with positive imprints.

Characterization of the parasites - Parasites
were isolated in a NNN/LIT culture medium. Af-
ter in vitro cultivation, the parasites were charac-
terized as L. (L.) chagasi by the following bio-
chemical techniques: (i) isoenzyme analysis, (ii)
restriction analysis of kinetoplast DNA (KDNA),
and (iii) molecular hybridization.

DISCUSSION

Several zoonoses have assumed increasing pub-
lic health importance due to their urbanization.
However these urban rates have increased without
the incidence of the diseases being reduced in ru-
ral areas. Alterations in rural environments and the
constant migratory movements of the population
to the periphery of cities have facilitated this pro-
cess. Leishmaniasis is a good example of this phe-
nomenon. In the last few years it has become an
important public health problem in several coun-
tries, not only because of the invasion of areas
which used to be free of the disease, but also be-
cause of its re-emergence in old endemic foci
(WHO 1990). In the peri-urban and urban areas,
dogs are the major reservoir of the parasite
(Marzochi et al. 1994), and their introduction could
indeed be responsible for the origin of new foci.

The destruction of the environment with in-
creasing social crisis and resulting migration are
factors which favor the urbanization of the leish-
maniases in MG. From 1989 to 1999, the greatest
causes of deforestation in the MRBH were animal
husbandry and agriculture. According to State In-
stitute of Forests, Department of Forest Inspection
and Control, MG, Brazil, the deforestation intended
for the planting of eucalyptus trees used in blast
furnaces has increased in this region due to the great
number of iron and steel plants, in addition to the
use of wood in households, civil construction and
sawmills

In the last five years, the number of recorded
cases of AVL in the MRBH has increased signifi-
cantly, possibly indicating an increase in the trans-
mission rate of the disease. The emergence of AVL
in the MRBH follows the trend towards urbaniza-
tion of the disease observed since the 1980s in the
Northeastern region of Brazil, where it was for-
merly endemic only in rural areas, and in the South-

TABLE III

Visceral leishmaniasis lethality in Metropolitan
Region of Belo Horizonte between 1994 and 1999

Year Lethality

1994 17.2%
1995 11.7%
1996  7.7%
1997  8.2%
1998 13.5%
1999 10.3%

Source: Secretary of Health of the State of Minas Gerais

Source: Secretary of Health of the State of Minas Gerais

Distribution of visceral leishmaniasis in Metropolitan Region
of Belo Horizonte in accordance with its evolution

TABLE IV

Frequency of symptoms in visceral leishmaniasis
patients from Metropolitan Region of Belo Horizonte

between 1994 and 1999

Symptom Frequency

Fever    94.2%
Emaciation    61.6%
Haemorrhage    10.2%
Headache    19.7%
Anaemia    69.7%
Diarrhoea 19%
Without courage    59.5%
Without appetite    45.9%
Nausea/vomiting    27.6%
Muscle ache    19.7%
Cough    30.9%
Edeme    14.3%
Skin dry    12.9%
Splenomegaly    77.2%
Hepatomegaly    77.2%

Source: Secretary of Health of the State of Minas Gerais
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east, where urban human cases were reported in
the cities of São Paulo and Rio de Janeiro (Iverson
et al. 1983, Marzochi et al. 1994).

The clinical manifestations seen in AVL pa-
tients of the MRBH are similar to the classic de-
scriptions in the literature (Deane & Deane 1937,
Alencar & Aragão 1955) as well as more recent
observations (Marzochi, et al. 1994, Costa et al.
1995, Silva et al. 1997). These same authors stated
that AVL is a  disease that preferentially affects
children below 9 years of age, this being the preva-
lent age group among our study population, with
particularly high prevalence in younger children
between 1-4 years of age. In accordance with pre-
vious authors, the clinical symptoms most fre-
quently observed by us were fever, hepatosplenom-
egaly, anaemia and intense weight loss. From the
begining of the outbreak in 1995 to 1999 we have
observed a progressive increase of the disease
among adults. The disease also occurs predomi-
nantly in males.

We observed that the transmission of AVL in
the MRBH may be occurring in the peri-domicile
or in the intradomicile, due to the infection in chil-
dren with less than 1 year old of the notified cases,
a fact that has been observed in other kala azar
areas in Brazil (Nascimento et al. 1996).

Treatment of AVL normally involves the ad-
ministration of N-methyl-glutamine, a drug which
is well tolerated by patients and gives excellent
results (Berhe et al. 1993). The data show that treat-
ment was successful in around 88.2% of patients,
with only 1.2% presenting leishmaniasis relapse.
We also observed a mortality rate of 10.6% among
patients, probably due to delays in seeking medi-
cal attention and diagnosis of the disease. Labora-
tory confirmation involves detection of Leishma-
nia parasites as well as serological tests, which
normally give high rates of positivity in the pres-
ence of active disease. Careful consultation by a
physician, followed by a thorough physical is nec-
essary, examination supported by the epidemio-
logical and laboratory data used to confirm diag-
nosis of VL cases. This is due to the fact that in
VL-endemic areas diagnosis may be complicated
by the presence of infected but asymptomatic per-
sons as well as people suffering from various other
diseases that may give false positive results to se-
rological tests such as malaria, schistosomiasis,
leprosy, and others pathologies (Silva et al. 1997).

In BH the prevalence of infection in dogs is
higher than in man, a fact which has been observed
in other endemic areas in Brazil. The canine se-
rum prevalence based on IFAT in dogs examined
by the health municipal secretary from 1994 to
1998 was 3.6%.

The clinical aspects of canine AVL in the ani-
mals studied in BH are similar to those observed
in dogs in Rio de Janeiro (Marzochi et al. 1985),
the Northeast region of Brazil (Deane 1956,
Alencar 1959, Alencar & Cunha 1963) and the
Mediterranean (Adler & Theodor 1935, Malamos
1947).

The proportion of dogs with inapparent infec-
tions in RMBH was 68%, similar to that observed
in Rio de Janeiro (63.2%) by Marzochi et al. (1985),
in Malta (60%) by  Adler and Theodor (1935), in
Greece (50%) by Malamos (1947), and in Tuscany,
Italy (50%) by Pozio et al. (1981). The proportion
encountered by Alencar and Cunha (1963) in the
State of Ceará, Northeastern Brazil, was even
higher: 86%.

Weight loss was one of the most striking clini-
cal manifestations as was also observed by Laveran
(1917), Donatien and Lestoquard (1935), Alencar
et al. (1956), Alencar (1959), and Marzochi et al.
(1985) in naturally infected animals.

Cutaneous alterations that are frequently re-
ported in canine AVL were observed during the
present study. Small single or multiple cutaneous
lesions were observed. These were scabbed and
highly symmetrical, without pruritis and could be
seen on several different areas of the body, includ-
ing ears, snout, paws and genitals. Large numbers
of parasites were found in local biopsies, suggest-
ing that these areas of the body may be the points
at which inoculation of the parasite by the sand fly
vector occurs. These same observations were de-
scribed by Vidor et al. (1991). The intense cutane-
ous parasitism, the presence of dogs in the
peridomestic habitat and dispersal of these animals,
whether by human agency or as strays,  confirm
the epidemiological importance of this animal as
the major source of infection for Lutzomyia
longipalpis  in transmission of AVL to man and
other animals. Nevertheless, it is interesting to note
that in AVL foci dogs often show no signs of dis-
ease although they may present large numbers of
amastigotes in parasitological examinations of bone
marrow and skin scrapings. These animals there-
fore have an important role in the epidemiological
cycle of AVL.

Our results show that high antibody titers oc-
cur in infected animals. The IFAT test presented
titers equal to or greater than 1:640 in 73.6% of
the positive dogs, even in those that showed no
signs of infection, but where the parasite could be
detected in bone marrow and skin, as in previous
studies (Pozio et al. 1981, Marzochi et al. 1985).

Biochemical and molecular characterization of
canine and human isolates of Leishmania spp.,
originating from different neighborhoods of BH,
confirms that L. (L.) chagasi is the species respon-
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sible for canine and human AVL in BH, as in foci
thoughout this parasite’s wide geographic distri-
bution in Latin America.
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