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Abstract. Jequie, a community of about 144,500 inhabitants located in the State of Bahia, Brazil, is endemic for 
both visceral and cutaneous leishmaniases. In the present epidemiologic study, the urban and inhabited periurban 
areas of the town were divided into 140 clusters of0.25 km2 each. The seroprevalence of canine Leishmania antibodies 
was investigated using an enzyme-linked immunosorbent assay as a screening test since its sensitivity was significantly 
higher than that of an indirect immunofluorescence assay. A total of 1,681 dogs was surveyed in 34 randomly sampled 
clusters. The overall prevalence of Leishmania antibodies in the dog population was 23.5%, with intracluster preva-
lences ranging from 0% to 67%. There was no correlation of these seroprevalences with the intracluster densities of 
canine populations, or with the distances from individual clusters to the town center. Moreover, the Leishmania 
transmission did not seem to follow any clear-cut spatial pattern, since large disparities in the seroprevalences of 
contiguous clusters were Curiously, human cases of visceral leishmaniasis have never been observed in some 
clusters with a relatively high prevalence of canine seroprevalences. Eight parasite isolates from seropositive dogs 
were found to belong to the same serodeme and zymodeme as Leishmania (L.) chagasi. The implications of these 
findings with respect to the epidemiology and control of American visceral leishmaniasis are discussed. 

American visceral leishmaniasis (A VL) is usually caused 
by Leishmania (L.) chagasi, which is transmitted by the sand 
fly Lutzomyia longipalpis. Domestic dogs and foxes are pre-
sumed to be the major vertebrate reservoirs of the parasite.1• 2 

The infection is endemic in many areas of Central and South 
America, and the disease typically affects 
children due to a compromised immune system. 3 More than 
90% of AVL cases reported in the New World have occurred 
in Brazil,4 where a total of 20,191 cases was recorded before 
1990.5 From the public health viewpoint, the most important 
epidemiologic aspects of A VL in Brazil are that the number 
of reported cases is increasing'· 6 and new foci are continu-
ally emerging.1 

The importance of ecologic and demographic in 
the natural sylvatic cycle of L. chagasi has been emphasized. 
Since the insect vector can adapt to altered environments, 
the epidemiology of A VL also changes. 8 It is believed that 
when infected foxes (Cerdocyon thous and Lycalopex vetu-
lus) come to feed near human dwellings, they are bitten by 
Lu. longipalpis living in the peridomestic environment. 
These sand flies then become infected and subsequently 
transmit the parasite to dogs or humans living nearby. 1• 8 In 
theory, it should be possible to virtually eradicate AVL by 
interrupting the peridomestic transmission cycle. However, 
this has not happened with the current control methods when 
applied to old endemic foci.9 These results indicate that our 
knowledge of the ecology and epidemiology of A VL is in-
complete and that new control strategies are needed. 

Some of us have previously documented that the town of 
Jequie, State of Bahia, Brazil, is an endemic focus for both 
visceral and cutaneous leishmaniases. 10 In this area, Lu. lon-
gipalpis has been found both in and around houses (Sherlock 
I, unpublished data). The diseases are geographically dis-
tributed in the following manner: patients with cutaneous 
leishmaniasis live and/or work in rural areas near a forest, 
while patients with visceral disease live predominantly in an 
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urban area. 10 Infected dogs were also found in Jequie. 11 

These findings prompted us to study the epidemiology of 
canine visceral disease in the town of Jequie. 

The goal of the present work was to investigate the ser-
oprevalence of, and to identify the Leishmania species re-
sponsible for, canine leishmaniases in Jequie. Furthermore, 
an enzyme-linked immunosorbent assay (ELISA) and an in-
direct immunofluorescence assay (IFA) were compared as 
screening tests for Leishmania antibodies. 

MATERIALS AND METHODS 

Area. Jequie municipality, with a surface area of 3,113 
km2, is situated at 13°52'S and 40°4'W, 112 km from the 
Atlantic Ocean and 216 m above sea level. It is a region 
with a semi-arid tropical climate, with an annual average 
temperature of 24°C and rainfall of 50 cm yearly. The natural 
predominant vegetation consists of small deciduous trees, 
shrubs, cactus, and grasses. However, some rural areas of 
the municipality are covered by tropical rain forest or sec-
ondary woodland, with rainfall of between 70 and 100 cm 
a year. The population was 144,572 inhabitants in 1991, of 
which approximately 21 % live in rural areas. The urban and 
periurban inhabited areas of the town were divided in 140 
clusters of 0.25 km2 (Figure 1). 

Animals. The sera of seven dogs experimentally infected 
with Leishmania12 and of 39 dogs naturally infected, all with 
parasitologically positive bone marrow or spleen aspirates, 
were used in a study to compare the ELISA and IFA. The 
sera of 102 healthy dogs (domiciled in an area nonendemic 
for leishmaniases) were used as negative controls. 

In the present survey, we used the single-stage cluster 
sampling technique for selection of a sample from the dog 
population to estimate the proportion (P) of anti-Leishmania 
seropositive dogs. 13 The clusters were of unequal size (in 
terms of population) and a sample was drawn by the single 
random method. In each selected sector, all domiciled dogs 
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FIGURE I. Urban and periurban areas of the town of Jequie, State of Bahia, Brazil. The dotted areas represent the sample clusters. 

were listed and a venous blood sample was collected, with 
verbal agreement of the animal owners. Serum samples were 
stored at -20°C for later analyses. A total of 1,681 dogs was 
included in the present study, covering a period from May 
to December 1991. 

Serologic assays. The ELISA was carried out as described 
by Voitier and others14 using microtiter plate wells coated 
with a soluble extract of L chagasi promastigotes, sera of 
dogs diluted 1:400, and a 1:5,000 dilution of goat anti-dog 
immunoglobulin G (lgG)-peroxidase conjugate (Sigma 
Chemical Co., St. Louis, MO). Positive and negative control 
sera were included in each assay. The ELISA results from 
control animals had a normal frequency distribution (Kol-
mogorov-Smimov normality test d = 0.217, P < 0.01 and 
Lilliefors P < 0.01). Values greater than the mean plus three 
standard deviation values of the results obtained from 102 
healthy dogs were considered positive. All sera were tested 
in duplicate and those yielding positive results were retested 
at least once. 

The IFA was carried out as described by Evans and others9 

using L mexicana promastigotes adsorbed to microscope 
slides, sera of dogs diluted 1:40-1:320, and a 1:80 dilution 
of goat anti-dog IgG-fluorescein conjugate (Sigma Chemical 
Co.). Positive and negative control sera were tested on each 
slide. 

Parasite isolates. During the epidemiologic survey in Je-

quie, a total of 50 Leishmania isolates were obtained from 
seropositive dogs. The primary isolation was made by cul-
ture of a sample obtained by aspiration of spleen and/or bone 
marrow, using NNN medium containing an overlay of mod-
ified liquid liver infusion tryptose medium and incubated at 
25°C.15 Two weeks later, each isolate was transferred to 
Schneider's Drosophila medium supplemented with 20% 
heat-inactivated fetal calf serum and maintained at 24°C. 16 

Eight parasite isolates from the dogs (stock codes: 
MCAN/BR/911755; MCAN/BR/91/1194; MCAN/BR/91/ 
1373; MCAN/BR/91/1439; MCAN/BR/91/1486; MCAN/ 
BR/92/578; MCAN/BR/92/1036; MCAN/BR/92/1075) were 
typed by monoclonal antibodies and/or enzyme electrophor-
esis analyses. 17 

Statistical analysis. For comparison of specificities and 
sensitivities of serologic screening assays, the McNemar test 
was used and 95% confidence intervals (Cls) were calculat-
ed using the normal distribution for proportion. The Leish-
mania antibody levels from experimentally and naturally in-
fected dogs were compared by the nonparametric Wald-Wol-
fowitz runs test. The x2 distribution fitness was used for anal-
ysis of cluster seroprevalence differences, while 
seroprevalence differences among sex subsets were com-
pared by the x2 test. 18 The correlation between cluster sero-
prevalences and canine population densities was tested by 
linear regression. 19 
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FIGURE 2. Results of enzyme-linked immunosorbent assay (ELISA) and indirect immunoftuorescence assay (IFA) for Leishmania antibodies 
in the sera of 46 infected and 102 healthy dogs in Jequie, Brazil. Infection was ascertained by the isolation of Leishmania parasites from bone 
marrow and/or spleen. The solid horizontal lines represent the cutoff values for each method. O.D. = optical density. 

For calculation of the proportion p, i.e., an unbiased es-
timate of P (proportion of seropositive dogs in the popula-
tion), the following formula was used: 

where 11;.. = total number of seropositive dogs in the alh 
sample cluster, n.. = total number of dogs living in the alh 
sample cluster, and c = total number of sample clusters. Its 
variance is: 

1 - f c 
s2 = :L (na2. (Pa - p)2) 

c·M2-(C - 1) .. -1 

where C = total of inhabited ·clusters, f = c/C = sample 
fraction among the clusters, M = I:;_ 1 na/c =average cluster 
size, and Pa = proportion of seropositive dogs in the ath · 
sample cluster. 

RESULTS 

Comparison between ELISA and IFA. The levels of 
Leishmania antibodies in the sera of 102 healthy dogs and 
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TABLE 1 
Comparison of enzyme-linked immunosorbent assay (ELISA) and 

indirect immunofluorescence assay (IFA) as screening tests for 
canine Ieshmaniases 

ELISA !FA 

Negative Positive Negative Positive 

Samples No.(%) No.(%) No.(%) No.(%) 

Uninfected 
(n = 102) 101 (99) 1 (1) 102 (100) 0(0) 
Infected 
(n = 46) 1 (2) 45 (98) 10 (22) 36 (78) 

46 dogs with proven Leishmania infection, as detected by 
ELISA and IFA methods, are shown in Figure 2. The spec-
ificities were 99% (95% CI= 97-101%) and 100%, respec-
tively, for ELISA and IFA (Table 1). This difference was not 
statistically significant (P = 1.0, by McNemar test). On the 
other hand, while the ELISA recognized 45 of 46 infected 
dogs, only 36 of them were positive by IFA. These results 
correspond to sensitivities of 78% (95% CI = 66-90%) and 
98% (95% CI= 94-102%) for the IFA and ELISA, respec-
tively (Table 1). This difference in sensitivity was statisti-
cally significant (P = 0.0077, by McNemar test). The serum 
negative in the ELISA was also negative in the IFA. There 
was no significant correlation between serum titers by IFA 
and the strengths of reactions in the ELISA (r = 0.54, P > 
0.05). In addition, no statistically significant differences in 
Leishmania antibody levels of experimental and of naturally 
infected dogs were observed (P = 0.83, by Wald-Wolfowitz 
runs test). 

Seroprevalence. The sera from 395 of 1,681 dogs (923 
males and 758 females) were positive for Leishmania anti-
bodies when tested by ELISA (Table 2). This corresponded 
to a Leishmania infection seroprevalence of 23.5% (95% CI 
= 22-25%). There were no differences in sex distribution 
between the infected and noninfected dog subsets (P > 0.05, 
by x2 test). The seroprevalences through town clusters 
ranged from 0% to 67% (Table 2), suggesting a large het-
erogeneity in the transmission of Leishmania within the ca-
nine population of the town (P < 0.001, by x2 frequency 
distribution). Furthermore, the seroprevalence was not relat-
ed to the distance from the town center, with the main central 
cluster (16-H) showing an infection rate of 28%. When the 
canine population density among each sample cluster was 
analyzed, no correlation with seroprevalence was detected (r 
= -0.25, p > 0.05). 

Parasite identification. Eight Leishmania isolates from 
seropositive dogs were identified as L. chagasi by their pat-
tern of reactivity with species-specific monoclonal antibod-
ies and/or by enzyme electrophoresis analyses. 

DISCUSSION 

The emergence of AVL as an increasingly important pub-
lic health problem in tropical America appears to be due to 
different factors. The massive destruction of primary forests, 
together with rapid human population growth and the con-
comitant development of new farmland and rural settle-
ments, have led to conditions that support large populations 
of Lu. longipalpis. 8 New migrants typically settle in hastily 

TABLE 2 
Seroprevalence of canine Leishmania infection in clusters of the 

town of Jequie, state of Bahia, Brazil, as determined by enzyme-
linked immunosorbent assay 

Dog sera 

Sample No. positive/ Population 
cluster no. tested % positive density• 

5-1 15/32 47 178 
6-1 1/24 4 96 
7-1 12/49 24 196 
7-L 12149 24 196 
8-L 20/38 53 157 
8-M 6/11 55 44 
9-H 5/22 23 88 
9-L 10/28 36 112 

10-L 22/52 42 208 
11-L 12/52 23 208 
12-L 0/8 0 32 
13-D 9/27 33 108 
13-H 30/102 29 408 
14-F 36/162 22 648 
14-H 21/94 22 376 
15-M 11159 19 236 
16-H 17/61 28 244 
16-M 11/84 13 336 
17-N 21/68 31 272 
18-G 4/41 10 164 
18-H 5/42 12 168 
19-G 11/67 16 268 
19-H 3/63 5 252 
20-B 1/3 33 12 
20-J 20/138 14 552 
20-N 22177 29 308 
21-1 17/86 20 384 
21-0 10/40 25 168 
22-B 4116 25 64 
23-H 3/22 14 88 
24-L 11121 52 84 
24-0 6122 27 88 
25-1 3/15 20 60 
26-M 416 67 24 
Total 395/1,681 23.5 197 

•No. of dogs/km2• 

constructed shanty towns on the periphery of large cities, 
which are overcrowded and have inadequate housing and 
poor sanitation. Many of the new migrants bring with them 
dogs, chickens, and pigs, which they keep in or around their 
houses. These conditions create an excellent habitat for vec-
tors, and the density of these insects in both houses and 
animal shelters may reach very high levels. 1• 8• 20 As a con-
sequence, A VL has recently begun to appear in periurban 
areas of major Brazilian cities such as Fortaleza,21 Natal,7 
Sao Luis,22 Terezina,6 and Rio de Janeiro,5 where dogs alone 
seem to be the major reservoir of the parasite. 

Although control of A VL has been achieved in some areas 
by 1) diagnosis and treatment of human cases, 2) elimination 
of infected dogs, and 3) vector control, these methods re-
quire constant vigilance to be effective.23• 24 As a conse-
quence, the relative ineffectiveness of these control measures 
represents another factor contributing to the increasing rel-
evance of A VL as a public health problem in Brazil. 9 Fur-
thermore, L chagasi infection in dogs is not uniformly le-
thal. 25• 26 The studies referred to above suggest that 1) sub-
clinical infections with L. chagasi may occur commonly in 
dogs, as they do in humans;27 2) some dogs may develop 
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immunity or resistance to leishmanial reinfections; and 3) 
destruction of all infected (seropositive) dogs in a commu-
nity may be unnecessary and perhaps even unwise, since 
some of the animals will spontaneously recover and may 
actually become immune. 

In the present paper, an ELISA and IFA were compared 
as screening tests for canine Leishmania infections. Their 
sensitivities were 98% and 78%, respectively, with similar 
specificities (approximately 100%) for both methods. The 
better performance of the ELISA agrees with the results ob-
tained by Evans and others,9 who showed that of 405 dogs 
tested in northeast Brazil, 17% were positive by IFA and 
38% were positive by ELISA. The latter test, therefore, 
should be preferred over the IFA for the identification of 
infected dogs, and was used in the canine seroprevalence 
study described here. 

The seroprevalence study showed a general rate of 23.5% 
(95% CI = 22-25% ), indicating that canine infection is more 
frequent than human visceral leisl,tmaniasis in this endemic 
area: a three-year accumulated incidence of 130 human cases 
per 100,000 inhabitants was observed during roughly the 
same time period in this area. 10 This agrees with the report 
of Alencar, 28 who suggested that the infection of dogs with 
Leishmania occurs more frequently than human disease in 
Brazilian endemic areas. In the present study, all seropositive 
dogs were killed as recommended by the Brazilian National 
Health Foundation. 

We did not find any correlation between canine population 
density and cluster seroprevalence, which argues against an 
important effect of host population density on Leishmania 
transmission. Furthermore, the heterogeneity in the sero-
prevalences of different town clusters did not indicate any 
spatial pattern of Leishmania transmission among dogs in 
the town, with seroprevalence varying in contiguous sectors 
from 47% to 4% (for instance, clusters 5-1 and 6-1, Figure 
1). These observations agree with those of Jaffe and others,29 
who when studying an endemic focus in northern Israel, 
found 10% of the dogs with canine leishmaniasis in contrast 
to another village (1.6 km away), where none of the 24 dogs 
examined was infected. 

A total of eight isolates were identified as L chagasi, the 
only species found among dogs in the Jequie area until now. 
Since both visceral and cutaneous leishmaniases occur in the 
study area10 (although the second is

0
predominantly a rural 

disease), we can not exclude the possibility that some of the 
dogs were also infected with Leishmania species other than 
L chagasi. 

The Brazilian federal government program for controlling 
visceral leishmaniasis in Jequie relies on the painless killing 
of dogs that have Leishmania antibodies and on spraying 
with DDT the area located within a 500-m radius of reported 
human AVL cases. The program started in 1991 resulted in 
the examination of approximately 4,000 dogs per year, but 
it has not had a clear-cut effect on the incidence of human 
AVL, which varied from 42 cases in Jequie in 1992, eight 
in 1993, 23 in 1994, and 70 in the first six months of 1995. 
The present paper adduces two reasons for these results that 
do not completely invalidate the program rationale. First, the 
screening test used was the IFA. As shown herein and else-
where,9 this assay is much less sensitive than the ELISA, 
and may have missed up to 34% of the infected dogs. 

Second, only dogs living in clusters where human cases 
had been previously reported were included in the program. 
In Jequie, this means about one-third of the total canine pop-
ulation. The present data, however, indicate a much more 
extensive spreading of canine infection in the town. In fact, 
dogs with Leishmania antibodies were found in 33 of the 34 
clusters studied (Table 2). In some of these clusters, no hu-
man A VL case had been reported. These dogs, not included 
in the official control program, could be contributing to the 
dissemination of the infection, both within the town and to 
other districts. In fact, migration of dogs between different 
areas of Jequie has been observed (Paranhos-Silva M and 
others, unpublished data). 

It is clear, therefore, that to conclusively assess the impact 
of the elimination of infected dogs on the incidence of hu-
man A VL, all infected dogs in the studied area should be 
killed. The identification of areas with canine infection to be 
subsequently included in a program for A VL control, or in 
a study aiming at evaluating such program, could be easily 
accomplished by population screenings such as the one de-
scribed herein, in which just a random sample was studied. 
This could avoid the wasting of efforts by directing the con-
trol procedures to areas directly affected by canine leish-
maniasis, and, most importantly, by preventing areas with 
infected dogs to be neglected by the program or study, since 
this could seriously compromise the interpretation of results. 
The present study in which a 14% sample of the Jequie 
canine population was studied indicates that virtually all 
dogs (approximately 12,000 animals) should be screened for 
Leishmania antibodies. We should point out that a careful 
cost-effectiveness analysis should be done before such strat-
egy is implemented in any endemic area. 
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