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Abstract
Aiming to improve the diagnosis of canine leishmaniasis (CanL) in an endemic area of the Northwest region of São Paulo State,

Brazil, the efficacy of parasitological, immunological and molecular diagnostic methods were studied. Dogs with and without

clinical signs of the disease and positive for Leishmania, by direct parasite identification on lymph node smears and/or specific

antibody detection by ELISA, were selected for the study. According to the clinical signs, 89 dogs attending the Veterinary Hospital

of UNESP in Araçatuba (SP, Brazil) were divided into three groups: symptomatic (36%), oligosymptomatic (22%) and

asymptomatic (22%). Twenty-six dogs from an area non-endemic for CanL were used as negative controls (20%). Fine-needle

aspiration biopsies (FNA) of popliteal lymph nodes were collected and Diff-Quick1-stained for optical microscopy. Direct

immunofluorescence, immunocytochemistry and parasite DNA amplification by PCR were also performed. After euthanasia,

fragments of popliteal lymph nodes, spleen, bone marrow and liver were collected and processed for HE and immunohistochem-

istry. Parasite detection by both HE and immunohistochemistry was specifically more effective in lymph nodes, when compared

with the other organs. Immunolabeling provided higher sensitivity for parasite detection in the tissues. In the symptomatic group,

assay sensitivity was 75.61% for direct parasite search on Diff-Quick1-stained FNAs, 92.68% for direct immunofluorescence,

92.68% for immunocytochemistry and 100% for PCR; the corresponding values in the other clinical groups were: 32, 60, 76 and

96% (oligosymptomatic), and 39.13, 73.91, 100 and 95.65% (asymptomatic). Results of the control animals from the CanL non-

endemic area were all negative, indicating that the methods used were 100% specific.
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1. Introduction

American Visceral Leishmaniasis (AVL) is an

infectious disease of chronic evolution caused by the

protozoan Leishmania (Leishmania) infantum chagasi,

mailto:mdlauren@usp.br
http://dx.doi.org/10.1016/j.vetpar.2006.12.012
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which is transmitted mainly by the vector Lutzomyia

longipalpis, with incrimination of Lutzomyia evansi in

parts of Colombia and Venezuela and Lutzomyia cruzi

in Mato Grosso State in Brazil (Santos et al., 1998).

Dogs are considered the main domestic reservoir of

the parasite, constituting part of the epidemiological

cycle of human transmission (Deane and Deane,

1955a,b; Laison and Shaw, 1987), with Brazil

accounting for more than 90% of VL cases described

in the New World (Grimaldi and Tesh, 1993). Canine

leishmaniasis (CanL) and human visceral leishmaniasis

(VL) occur endemically in many states of the North,

Northeast and Mid-West regions of Brazil. They are

also found in the Southeast states of Minas Gerais, Rio

de Janeiro and, more recently, in the Northwest area of

São Paulo State (Yamamoto et al., 1988; Evans et al.,

1990; Costa et al., 1991; Paranhos-Silva et al., 1996;

Tafuri et al., 1996; Feitosa et al., 2000).

According to the clinical signs, Mancianti et al.,

1988 classified dogs infected with L. infantum as:

symptomatic, those presenting more than three clinical

signs; oligosymptomatic, from one to three clinical

signs; and asymptomatic dogs, with no clinical signs.

The most frequent clinical signs found were lympha-

denomegaly, weight loss, dermatological changes and

onychogryphosis. However, CanL is considered to have

an extraordinary pleomorphism of clinical signs and

mimesis with other diseases, showing nonspecific

microscopic lesions similar to those observed in other

infectious and immunomediated disorders (Ferrer,

1999).

The classic methodology for leishmaniasis diagnosis

includes direct microscopic identification of the

parasites on Diff-Quick1-stained preparations, parasite

isolation in culture medium and parasite inoculation in

experimental animals. In endemic areas, serological

tests are used for diagnosis and also as tools in

epidemiological studies, the most employed techniques

being complement fixation (Costa et al., 1991), indirect

immunofluorescence (Vexenat et al., 1993) and ELISA

(Mukerji et al., 1991). Recently, immunohistochemistry

for specific identification of the parasite (Ferrer et al.,

1988), and polymerase chain reaction (PCR) for the

detection of Leishmania DNA (Harris et al., 1998), have

been used with high sensitivity.

Increasing numbers of VL cases have been detected

in the Northwest area of São Paulo State. Considering

the involvement of dogs as a reservoir of the disease, the

present study regarding the sensitivity and specificity of

parasitological, immunological and molecular diagnos-

tic methods was undertaken with the aim of improving

disease diagnosis in dogs. To this end, both direct
parasite exposure by conventional staining or specific

parasite immunolabeling, as well as parasite DNA

detection by PCR, were applied to fine-needle aspirate

(FNA) biopsies of popliteal lymph nodes and samples of

lymph node, spleen, bone marrow and liver fragments

from dogs naturally infected with L. (L.) infantum

chagasi.

2. Materials and methods

2.1. Animals

Dogs with or without clinical signs of the disease and

showing parasites in lymph nodes smears and/or

positive ELISA tests were selected for the study.

According to clinical signs, 89 dogs attending the

Veterinary Hospital of UNESP in Araçatuba (SP),

Brazil were divided into three groups: symptomatic

dogs, >3 clinical signs (n = 41); oligosymptomatic

dogs, one to three clinical signs (n = 25), and

asymptomatic dogs, with no clinical signs (n = 23)

(Mancianti et al., 1988). Lymphadenomegaly, weight

lost, skin changes, onychogryphosis and apathy were

the main clinical signs observed. Dogs from the kennel

of the Medical School of São Paulo University

recovered from areas with no records of autochthonous

cases of leishmaniasis (n = 26), were used as negative

controls. The dogs were anesthetized with sodium

thiopental 25 mg/kg; blood samples were drawn by

jugular puncture. Euthanasia was performed by

intravenous injection of 19.1% potassium chloride.

The sera were stored at �20 8C for enzyme-linked

immunosorbent assay (ELISA).

2.2. Tissue fragments

After euthanasia, fragments of popliteal lymph

nodes, spleen, bone marrow and liver were collected

and fixed in 0.01 M phosphate buffered 10% formalde-

hyde solution, pH 7.4. Paraffin embedded sections were

stained with hematoxylin and eosin (HE), or processed

for immunohistochemistry (IHC), in order to evaluate

tissue parasitism.

2.3. Fine-needle aspiration of lymph node

Samples of popliteal lymph nodes were aspirated

with a thin needle, transferred to polypropylene tubes

and stored at �20 8C for PCR. Slide smears were also

prepared, stained with Diff-Quick1 and examined by

optical microscopy, for parasitism evaluation. Addi-

tional smears were fixed in acetone/alcohol solution and
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stored at �20 8C for direct immunofluorescence (DIF)

and immunocytochemistry (ICC).

2.4. Enzyme-linked immunosorbent assay (ELISA)

Microplates were sensitized with 10 ml/well of L.

(L.) infantum chagasi total antigen (20 mg/ml) in

0.05 M carbonate buffer pH 9.6, at 4 8C overnight

(Riera et al., 1999). After blocking for 2 h with 200 ml/

well of 0.01 M phosphate buffered saline (PBS) with

10% fetal calf serum (FCS), 100 ml/well of samples

diluted at 1:400 in 0.01 M PBS with 0.05% Tween and

10% FCS were incubated at room temperature for 3 h.

The microplates were then washed three times with

0.01 M PBS containing 0.05% Tween. Next, 100 ml of

peroxidase labeled secondary antibody was added to

each well and incubated at room temperature for 1 h.

After further washing, 100 ml/well of 0.4 mg/ml o-

phenylenediamine (OPD) and 0.4 ml/ml hydrogen

peroxide was added. Color development was carried

out in a dark chamber for 5 min at room temperature;

the reaction was interrupted with 50 ml/well of 1 M

H2SO4, and absorbance was measured at 492 nm using

an ELISA reader. The reaction cut-off was determined

as previously reported by Voller et al. (1980).

2.5. Direct immunofluorescence

Smears of popliteal lymph nodes previously fixed

and stored at �20 8C were incubated with fluorescein-

conjugated hamster anti-L. (L.) infantum chagasi

polyclonal antibody (Moreira et al., 2002) diluted

1:250 in Evans Blue solution; incubation was carried

out in a humid chamber at 37 8C for 30 min. After this

period, the slides were washed three times in 0.01 M

PBS, mounted with cover slips using glycerine as a

mounting medium and observed under a fluorescence

microscope. The reactions were compared against both

positive (lymph nodes smears with high numbers of

amastigotes, as revealed by Diff-Quick1) and negative

(lymph nodes smears of dogs from a non-endemic area)

controls.

2.6. Immunohistochemistry

Paraffin-embedded sections were dewaxed and

rehydrated. The antigen was retrieved by steaming in

10 mM citric acid solution pH 6.0 for 3 min in a pressure

cooker. Endogenous peroxidase activity was blocked

with 3% hydrogen peroxide (H2O2) in water (three

changes, 10 min each) followed by 2.5% hydrogen

peroxide in methanol (three changes, 10 min each).
Nonspecific interactions of secondary antibody were

blocked with 1.5% normal swine serum in 0.01 M PBS

with incubation for 1 h in a humid chamber at 37 8C.

Nonspecific ionic interactions were blocked with a

solution of powdered skimmed milk, 60 g/L diluted in

distilled water and incubated for 30 min at room

temperature.

Immunolabeling was performed with mouse anti-

Leishmania polyclonal antibody diluted 1/3000 in

0.01 M PBS containing 1% bovine serum albumin;

incubation was carried out in a humid chamber, first at

37 8C for 1 h and then at 4 8C overnight. After washing,

the sections were incubated with biotinylated secondary

antibody and then with streptavidin–peroxidase com-

plex from LSAB kit (Dako, USA), both incubations

were performed at 37 8C for 30 min. Color reaction was

developed for 5 min at room temperature using as

substrate 3-3-diamenobenzidine (Sigma, USA) at

60 mg/100 ml 0.01 M PBS containing 1% hydrogen

peroxide. The sections were counterstained with

hematoxylin, dehydrated and mounted in resin.

For immunocytochemistry reaction, the smears of

popliteal lymph nodes previously fixed and stored at

�20 8C, were directly incubated with 3% hydrogen

peroxide to block the endogenous peroxidase and the

reaction followed the same steps as immunohistochem-

istry.

2.7. Polymerase chain reaction (PCR)

2.7.1. DNA purification of parasites in culture and

clinical samples

Promastigotes of L. (L.) infantum chagasi, L. (V.)

braziliensis and L. (L.) amazonensis obtained from

culture were used as positive controls for the reaction.

Samples of FNA popliteal lymph node and controls

were washed by centrifugation in sodium citrate (SSC)

buffer at 1400 rpm for 5 min. Lysis buffer (375 ml of

0.2 M sodium acetate, 25 ml of 10% sodium dodecyl-

sulfate and 5 ml of 20 mg/ml K proteinase) was added

to the pellets, followed by incubation at 37 8C
overnight. The lysates were treated with phenol/

chloroform/isoamyl alcohol (25:24:1); DNA was

precipitated with ethanol, dried and resuspended in

200 ml of TE buffer.

2.7.2. Primers

The pair of primers was prepared according to

Rodgers et al. (1990), with initiators (13A and 13B) that

amplify the DNA fragments of kinetoplast minicircles;

this region is preserved in the different species of

Leishmania.
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Table 1

Sensitivity of enzyme-linked immunosorbent assay (ELISA), cytol-

ogy, direct immunofluorescence (DIF), immunocytochemistry (ICC)

and polymerase chain reaction (PCR) of lymph node FNA biopsies of

dogs with different clinical signs

Diagnostic

method

Clinical signs

Symptomatic

(%)

Oligosymptomatic

(%)

Asymptomatic

(%)

ELISA 87.80 68.00 95.65

Cytology 75.61 32.00 39.13

DIF 92.68 60.00 73.91

ICC 92.68 76.00 100.00

PCR 100.00 96.00 95.65

Assay specificity was 100% for all the diagnostic methods in all the

clinical groups.
2.7.3. DNA amplification

PCR consisted of: Taq buffer (50 mM KCl, 10 mM

Tris pH 8.4), MgCl2 standardized concentration of

1.5 mM, dNTPs (dATP, dCTP, dGTP and dTTP),

initiators 13A and 13B, Taq DNA polymerase and

DNA, in a final volume of 50 ml.

The samples were amplified in a thermocycler

(PTC-100 MJ-Research) using an initial denaturation

step of 95 8C for 5 min, followed by 30 cycles of

94 8C for 30 s, 54 8C for 45 s, and 72 8C for 30 s,

with a final extension at 72 8C for 5 min; the

samples were then kept at 4 8C until the next step.

Amplification with primers 13A and 13B resulted in

products of 120 base pairs (bp). Negative (tube

without DNA) and positive (DNA from Leishmania

culture) controls were performed for each experiment.

After amplification, the PCR products were subjected

to 2% agarose gel electrophoresis, stained with

ethidium bromide and photographed under ultra-

violet light.

2.8. Statistical analysis

The results of the different diagnostic methods

were submitted to statistical analysis using the SPSS

software (version 8.0) for Windows to determine the

sensitivity and specificity of each test. The gold

standard test was considered the direct search for

parasites in fine-needle aspiration of popliteal lymph

nodes.

In order to evaluate the of concordance index

between two diagnostic methods, Kappa measurement

was employed, where 0 indicates no concordance and 1

total concordance. Clinical status was compared based

on the results from the different diagnostic methods

using the Pearson chi square test. The Fisher test was

applied when the expected values were below 5 and the

results were considered significant, showing at p value

<0.05.

3. Results

3.1. Enzyme-linked immunosorbent assay (ELISA)

The detection of anti-Leishmania antibodies in

serum by ELISA was positive in 37/41, 17/25 and

22/23 dogs of the symptomatic, oligosymptomatic, and

asymptomatic group, respectively. All 26 control dogs

were negative. Thus, ELISA test sensitivity for each

clinical group was 87.80%, symptomatic; 68.00%,

oligosymptomatic; and 95.65%, asymptomatic; assay

specificity was 100% (Table 1).
3.2. Tissue fragments

3.2.1. Popliteal lymph nodes

Optical microscopy of lymph node sections stained

with HE showed Leishmania amastigotes in macro-

phage cytoplasm in 18/41 (43.90% sensitivity), 10/25

(40.00% sensitivity) and 9/23 (39.13% sensitivity) dogs

of the symptomatic, oligosymptomatic and asympto-

matic groups, respectively. In contrast, immunohisto-

chemistry presented higher sensitivity, revealing

parasite presence in 27/41 (65.85% sensitivity), 17/25

(68.00% sensitivity), 17/23 (72.73% sensitivity) dogs of

the symptomatic, oligosymptomatic and asymptomatic

groups, respectively. For both assays specificity was

100% (Table 2).

3.2.2. Spleen

HE from spleen samples showed positivity in 11/41,

7/25 and 8/23 dogs of the symptomatic, oligosympto-

matic and asymptomatic groups, respectively, with

corresponding sensitivities of 43.90, 40.00 and 38.13%.

Immunohistochemistry of samples indicated positive

diagnosis in 25/41, 16/25 and 16/23 dogs, respectively,

and assay sensitivities of 60.98, 64.00 and 69.57%. For

both assays specificity was 100% (Table 2).

3.2.3. Bone marrow

HE stained tissue revealed the presence of amasti-

gotes in symptomatic, oligosymptomatic and asympto-

matic dogs at ratios of 11/41, 3/25 and 5/23, with assay

sensitivities of 26.83, 12.00, and 21.74%. Immunohis-

tochemistry permitted the identification of amastigote

parasites in 24/41 symptomatic, 8/25 oligosymptomatic

and 11/23 asymptomatic dogs, with assay sensitivities

of 58.54, 32.00 and 47.83%. For both assays specificity

was 100% (Table 2).
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Table 2

Sensitivity of hematoxylin and eosin (HE) and immunohistochemistry (IHC) methods in lymph node, spleen, bone marrow and liver of dogs with

different clinical signs

Organs Diagnostic method Clinical signs

Symptomatic (%) Oligosymptomatic (%) Asymptomatic (%)

Lymph node HE 43.90 40.00 39.13

IHC 65.85 68.00 72.73

Spleen HE 36.59 28.00 34.78

IHC 60.98 64.00 69.57

Bone marrow HE 26.83 12.00 21.74

IHC 58.54 32.00 47.83

Liver HE 26.83 12.00 13.04

IHC 53.66 40.00 56.52

Assay specificity was 100% for all the diagnostic methods in all the clinical groups.
3.2.4. Liver

HE staining of liver samples revealed the presence of

Leishmania amastigotes in 11/41 symptomatic, 3/25

oligosymptomatic and 3/23 asymptomatic dogs, with

corresponding sensitivities of 26.83, 12.00 and 13.04%,

and 100% assay specificity. Immunohistochemistry of

liver identified amastigotes in 22/41 symptomatic, 10/

25 oligosymptomatic and 13/23 asymptomatic dogs,

with corresponding sensitivities of 53.66, 40.00 and

56.52%; the assay specificity was also 100% (Table 2).

3.3. FNA of popliteal lymph node

3.3.1. Cytological examination

Diff-Quick1 staining of popliteal lymph node FNA

revealed the presence of typical Leishmania amasti-

gotes in 34/41 symptomatic, 8/25 oligosymptomatic

and 9/23 asymptomatic dogs, with assay sensitivities of

75.61, 32.00 and 39.13%, respectively; assay specificity

was 100% (Table 1).

3.3.2. Direct immunofluorescence (DIF)

Parasite search by direct immunofluorescence in

popliteal lymph node smears showed positive reaction

in 38/41 symptomatic, 15/25 oligosymptomatic and 17/

23 asymptomatic dogs. All the controls showed

negative results. DIF sensitivities for the symptomatic,

oligosymptomatic and asymptomatic groups were thus

92.68, 60.00 and 73.91%, respectively, and assay

specificity was 100% (Table 1).

3.3.3. Immunocytochemistry (ICC)

Immunolabeling of Leishmania amastigotes by

immunocytochemistry was positive in 38/41, 19/25

and 23/23 dogs of the symptomatic, oligosymptomatic

and asymptomatic group, with assay sensitivities of
92.68, 76 and 100%, respectively. No reaction was

observed in the control group, demonstrating 100%

assay specificity (Table 1).

3.3.4. Polymerase chain reaction (PCR)

For the standardization of PCR, samples of L. (L.)

infantum chagasi, L. (L.) braziliensis e L. (L.)

amazonensis were utilized. Agarose gel electrophoresis

revealed DNA amplification of a 120 bp from all

species. DNA samples from popliteal lymph node FNA

subjected to PCR demonstrated that 41/41 of the

samples were positive in the symptomatic group

(Table 1). In the oligosymptomatic and asymptomatic

groups, PCR showed positive reactions in 24/25 and 22/

23 of the samples, respectively. The presence of the

120 pb band was not found in any of the control

samples. These results show that PCR sensitivity was

100.00, 96.00 and 95.65% for the symptomatic,

oligosymptomatic and asymptomatic groups, respec-

tively, and that assay specificity was 100%.

Comparative analysis of assay performance for the

various diagnostic methods showed that ELISA and

immunocytochemistry were most efficient in samples of

asymptomatic dogs ( p < 0.05). Direct identification of

parasites by Diff-Quick1 staining and direct immuno-

fluorescence were more efficient in smears from

symptomatic dogs, followed by asymptomatic and

oligosymptomatic dogs ( p < 0.05). PCR was found to

be highly efficient for all the clinical manifestations of

CanL.

4. Discussion

Of the 89 dogs studied, 41 (46.1%) were diagnosed

as symptomatic, 25 (28.1%) as oligosymptomatic and

23 (25.8%) as asymptomatic, according to the
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classification of Mancianti et al. (1988). According to

the present results, the most frequent clinical signs

found for both symptomatic and oligosymptomatic dogs

were lymphadenomegaly, weight loss, dermatological

changes and onychogryphosis.

Serum testing for anti-Leishmania antibodies by

indirect immunofluorescence (IF) and ELISA coupled

with clinical evaluation, is a widely used strategy for

CanL diagnosis. ELISA shows higher sensitivity and

specificity in comparison with IF (Evans et al., 1990;

Mancianti et al., 1995). In the present study, ELISA was

employed in conjunction with routine histological

parasite detection, as part of the procedure used to

define symptomatic, oligosymptomatic and asympto-

matic dogs. The reaction cut-off was based on the

arithmetic mean of OD values from 26 healthy dog sera,

plus three standard deviations (Voller et al., 1980).

Since a CanL-positive serological test implied eutha-

nasia of the canine in question and in view of the fact

that contact with the parasite and the subsequent

humoral response does not necessarily indicate active

infection, a high cut-off value was selected in order to

avoid false positives. In the present work, ELISA assay

sensitivity indicated a more pronounced anti-Leishma-

nia humoral response with specific antibody production

among the asymptomatic dogs, followed by sympto-

matic and oligosymptomatic dogs. The between-group

variation regarding the frequency of positive results in

the ELISA assay presented here, agrees with observa-

tions reported by Pinelli et al. (1994), who detected the

immunosuppression of antibody production by Leish-

mania antigen in symptomatic dogs. Serological results

at variance with direct parasite evidence have been

discussed by Lanotte et al. (1979) and Slappendel

(1988), who observed that Leishmania-positive dogs, as

defined by direct cytological evaluation, were negative

for IF.

With respect to the etiological diagnosis of the

disease, direct parasite detection in HE stained paraffin-

embedded sections of lymphoid organs was more

effective in popliteal lymph nodes, regardless of the

clinical group analyzed, followed by the spleen and

bone marrow. Such results agree with the findings of

Keenan et al. (1984), who reported the identification of

amastigote forms within lymphoid organ macrophages.

However, immunohistochemistry proved to be a more

sensitive assay for parasite detection when compared

with the routine histological evaluation, especially in

lymph nodes (Ferrer et al., 1988; Ramos et al., 1994;

Azedeh et al., 1994; Ferrer, 1999).

Several authors pointed out that microscopic

evaluation of liver sections stained with HE is not very
sensitive for parasite detection (Keenan et al., 1984;

Duarte et al., 1989). In the present study, immunolabel-

ing of liver samples showed improved sensitivity in

comparison with routine histological evaluation in all

the clinical groups studied. Analyzing the present data

regarding sensitivity, it is possible to conclude that

immunohistochemistry provided improved diagnosis,

especially for asymptomatic dogs. Sotto et al. (1989),

while comparing the histopathology and immunohis-

tochemistry of human skin biopsies for cutaneous

leishmaniasis diagnosis, found 16% positivity by direct

examination of skin scrapings from cutaneous lesions,

20% by histopathological evaluation and 64.5% by

immunohistochemical evaluation, thus demonstrating

that the last method presented far greater sensitivity

than the others.

Present data on parasite identification by HE or

immunohistochemical staining of paraffin-embedded

tissue sections indicate that popliteal lymph nodes were

the most suitable for a clearer etiological diagnosis of

CanL, among the organs tested. Having established this,

aspirates of popliteal lymph nodes from naturally

infected dogs were used as a target to test additional

methodologies, studied with the aim of facilitating and

accelerating disease diagnosis.

Direct parasite search by cytological analysis of

lymph node smears was more sensitive in the sympto-

matic group, possibly because in this case the immune

response triggered by infection may not have been

sufficient to control parasite burden, as mentioned by

Ferrer (1999) and Pinelli et al. (1999), thus facilitating

detection due to the large number of intact parasites

displayed in the tissue. In contrast, the lower sensitivity

indexes found for this technique in the asymptomatic

and oligosymptomatic groups, may reflect a large

destruction of amastigote forms as a consequence of a

more effective immune response (Pinelli et al., 1999).

Direct immunofluorescence evaluation of lymph

node smears resulted in sensitivity values of 92.68,

73.91 and 60.00% for the symptomatic, oligosympto-

matic and asymptomatic clinical groups, respectively,

thus indicating improved diagnostic performance when

compared with direct cytological evaluation. This was

also observed by Moreira et al. (2002) in a comparative

study of lymph node aspirates from dogs with negative,

suspected or positive CanL diagnosis; and by Sotto et al.

(1989) in tissue samples from patients with cutaneous

leishmaniasis.

In the present study, immunohistochemistry proved

to be highly efficient at revealing the presence of intact

parasites in lymph node smears, as it gave positivity

indexes of 100, 92.98 and 76.00% in the asymptomatic,
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symptomatic and oligosymptomatic groups, respec-

tively, with 100% specificity. Not only was its overall

sensitivity high, but it specifically allowed for 100%

correct diagnosis of asymptomatic dogs and should,

therefore, be considered an important tool for inclusion

in routine diagnostic practices. According to Ferrer

(1999) and Gradoni (2002), the ideal diagnostic method

for CanL should be low-cost, fast, and show high

sensitivity and specificity ratios. Although immunohis-

tochemistry is not considered a low-cost assay and

requires considerable time to perform, its excellent

diagnostic performance both in terms of specificity and

sensitivity is a sound argument to grant its use as a

routine diagnostic assay.

PCR applied to lymph node aspirates presented

sensitivity indexes of 100, 96 and 95.65% in the

symptomatic, oligosymptomatic and asymptomatic

groups, respectively. This method did not show

significant sensitivity differences between the clinical

groups of dogs from the Araçatuba (SP) region, where

CanL is endemic. Ashford et al. (1995) reported 100%

sensitivity for PCR in dogs diagnosed by positive

parasite culture, as did Reale et al. (1999), in a group of

dogs that were serum-positive and -negative for CanL.

These data might suggest that PCR should be

considered a golden diagnostic test. However, accord-

ing to the study performed by Berrahal et al. (1996) in

Marseille, France, which is a CanL endemic region, the

detection of Leishmania DNA in skin samples by PCR

was efficient in 89% dogs with clinical and biological

signs of the disease, in 63% with a history of

leishmaniasis and diagnosed as clinically cured after

treatment and in 80% of asymptomatic dogs, of which

56% were serum-positive for anti-Leishmania anti-

bodies by immunoblotting. The primers described by

Rodgers et al. (1990) and synthesized for the present

analysis amplify regions of kinetoplast DNA that are

considered efficient for the characterization of the

Leishmania genus, as they contain multiple copies of

minicircles common to all Leishmania species. High

PCR sensitivity when amplifying Leishmania kineto-

plast DNA was mentioned by Lachaud et al. (2002) in

their work on symptomatic and asymptomatic dogs.

The comparative analysis of the diagnostic perfor-

mance of cytological evaluation, direct immunofluor-

escence (DIF), immunocytochemistry (ICC) and PCR

applied to lymph node aspirate showed that parasite

detection by direct cytological examination, despite

being a fast, low-cost method that does not require

sophisticated equipment, presented low sensitivity.

Greater sensitivity indexes were obtained with the

immunolabeling methods DIF and ICC, especially with
the latter (Sotto et al., 1989; Ferrer et al., 1988; Moreira

et al., 2002). The best sensitivity results were obtained

with PCR, showing that it is a very efficient method for

CanL diagnosis. However, this test requires sophisti-

cated equipment and well-trained laboratory personnel,

particularly in order to avoid sample contamination,

since this technique is able to detect small amounts of

parasite DNA (Roura et al., 1999). Additionally, this

method detects amplified parasite DNA and not the

intact parasite and does not reflect the severity of the

infection nor the disease stage.
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endemica de calazar, no Ceará. O Hosp. 48, 1–76.
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ANEXO-27 
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Aplicação da técnica de imunofluorescência direta para o diagnóstico da 

leishmaniose visceral canina em aspirado de linfonodo 
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1. Introduction

Leishmania (Leishmania) chagasi is the etiologic agent of visceral
leishmaniasis (VL) in Brazil and dogs are the major domestic reser-
voirs of this protozoan disease (Deane and Deane, 1962). Due to its
anthropozoonotic characteristic, the Brazilian VL control program
emphasizes serologic surveys with elimination of seropositive dogs
as an attempt to reduce human disease (Vieira and Coelho, 1998;
Palatinik-de-Souza et al., 2001). In the past 5 years, more than two
million dogs were screened and more than 160,000 seropositive
dogs were eliminated. Despite this effort, the Ministry of Health
has not been able to reduce the incidence of human disease to an
acceptable level. One of the alleged reasons for that is the long delay
between sample collection, sample analysis, and culling of infected
dogs (as long as 80 days). In addition, the current diagnosis method
adopted by the Ministry of Health as the gold standard for VL
screening surveillance (immunofluorescence antibody test) lacks
sensitivity and specificity, requires well trained lab technician, a flu-
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(VL) control programs in Brazil include the infected dog elimination but,
nce of human VL is still increasing. One of the reasons is the long delay
lysis, control implementation and the low sensitivity of diagnostic tests.
ymptomatic dogs, the diagnosis of these animals is important considering
Hence, a rapid and accurate diagnosis of canine visceral leishmaniasis is
llance program. In this study we evaluated the performance of rK39 anti-
phic format to detect symptomatic and asymptomatic Leishmania chagasi
the results with those using a crude antigen ELISA. The sensitivity of rK39

s. 95%, respectively, while the specificity was both 100%. Our results also
test was able to detect infected dogs presenting different clinical forms.

© 2008 Elsevier B.V. All rights reserved.

orescent microscopy, and is labor-intensive and time-consuming.
Hence, a rapid, sensitive and accurate diagnostic test would repre-
sent an essential tool in mass-screening survey for interventional

programs.

A rapid immunochromatographic test for qualitative detection
of anti-Leishmania antibodies has recently become available. This
test is based on a recombinant Leishmania K39 antigen (rK39), a
repetitive immunodominant epitope in a kinesin-related protein
that is highly conserved among viscerotropic Leishmania species: L.
(L.) donovani, L. (L.) infantum and L. (L.) chagasi (Burns et al., 1993).
This dipstick test has been shown to be very sensitive and specific
for human VL diagnosis (Sundar et al., 1998; Jelinik et al., 1999;
Bern et al., 2000; Zijlstra et al., 2001; Carvalho et al., 2003) and
there are also some publications using it for the diagnosis of VL in
dogs (Mohebali et al., 2004; Otranto et al., 2004; Toz et al., 2004;
Mettler et al., 2005). In Brazil there are only two publications about
this issue with conflicting results and none of them included dogs
in different stages of the disease: asymptomatic, oligosymptomatic
and with full blown disease (Reithinger et al., 2002; Da Costa et al.,
2003).

Symptomatic dogs usually produce high levels of specific anti-
bodies which can be easily detected (Deplazes et al., 1995).
However, the sensitivity of antibody detection is generally lower in
early or in asymptomatic canine infections (Leontides et al., 2002).

http://www.sciencedirect.com/science/journal/0001706X
mailto:rdietze@ndi.ufes.br
dx.doi.org/10.1016/j.actatropica.2008.04.023
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3. Results

We compared the sensitivity of the rK39 dipstick and ELISA using
crude antigen in two different scenarios: in the first one the sera
of all positives dogs were tested regardless their clinical forms of
the disease. The sensitivity was 83% and 95% for rK39 and ELISA,
respectively (Table 1). The specificity for both tests was 100% and
the agreement between the tests was high, demonstrated by a �
value of 0.81.
206 E.M. Lemos et al. / Acta

Due to the high prevalence of asymptomatic dogs in endemic areas
of VL, the diagnosis of these animals is very important considering
their vector infectivity capacity (Molina et al., 1994; Guarga et al.,
2000). Here in, we evaluated the performance of a commercially
available rK39 dipstick test (Kalazar DetectTM) for the detection of
specific anti-L. (L.) chagasi antibodies in dogs with and without signs
of VL. We also compared the results with those obtained by ELISA
using crude antigen.

2. Materials and methods

2.1. Samples

Blood samples were taken from 76 infected dogs from two dif-
ferent VL endemic areas in Brazil, Araçatuba, São Paulo and Belo
Horizonte, Minas Gerais. The diagnosis of VL was based on the
presence of Leishmania amastigotes in bone marrow aspirates. Ani-
mals were classified clinically according to the presence/absence
of signs of VL as follows: asymptomatic—without signs of dis-
ease; oligosymptomatic—with at most three clinical signs including
opaque bristles, localized alopecia and moderate weight loss;
symptomatic—with the following signs of disease: opaque bristles,
severe weight loss, onychogriphosis, cutaneous lesions, apathy and
keratoconjunctivitis (Mancianti et al., 1998). As controls, we tested
serum from 33 clinically healthy animals from a non-endemic area.
All control animals were also negative by both parasitological and
serological methods (ELISA).

All procedures described in the present work were carried out
in compliance with current Brazilian regulations relating to Exper-
imental Biology and Medicine as described in the guidelines issued
by the Colégio Brasileiro de Experimentação Animal (COBEA).

2.2. Kalazar Detect test

The Kalazar DetectTM (InBios International, Seattle, WA, USA) is
an immunochromatographic qualitative antibody assay against L.
(L.) chagasi rK39 antigen. Twenty microliters of serum mixed with
two drops of buffer was placed on the pad of the dipstick. Follow-
ing the manufacture’s instructions, a test was positive when two
bands, a control and a positive test bands, appeared within 10 min.
The test was negative if only the control band appeared. The test is
qualitative and the manufacturer indicates that a faint band should
be considered positive. The result of a dipstick was considered not
valid if the internal control was not stained. An investigator blinded

to the dogs underlying disease evaluated all tests.

2.3. ELISA

L. (L.) chagasi (MHOM/BR/1070/BH46) parasites were cultivated
in LIT medium supplemented with 10% fetal calf serum at 26 ◦C. The
promastigotes pellet was collected by centrifugation, washed three
times with phosphate-buffered saline (PBS) and lysed by freeze
thawing. The parasite suspension was homogenized using a tissue
grinder in an ice bath. The homogenized material was centrifuged
at 10,000 × g for 20 min at 4 ◦C. The supernatant was collected and
used as crude soluble antigen.

Briefly, MaxiSorp plates (Nalge Nunc Intl., USA) were coated with
10 mg/ml of L. (L.) chagasi crude antigen and held overnight at 4 ◦C.
Plates were washed three times with PBS and blocked with 100 �l
of PBS containing 10% fetal bovine serum (FBS) for 2 h at 37 ◦C. After
washed three times, the serum samples diluted 1/80 in PBS-T con-
taining 10% of FBS were added to wells and incubated for 3 h at
room temperature. The well was washed three times and bound
antibodies were detected using canine anti-IgG peroxidase conju-
gated (Sigma Co., USA) diluted 1/5000 after incubation, for 1 h at
a 107 (2008) 205–207

Table 1
Performance of rK39 dipstick and ELISA using crude antigen in the diagnosis of
canine visceral leishmaniasis

CVL
(n = 76)a

Controls
(n = 33)b

Sensitivity (95% CI) Specificity (95% CI)

rK39 dipstick
Positive 63 00 83% (72.2–90.2) 100% (87.0–100)
Negative 13 33

ELISA test
Positive 72 00 95% (86.4–98.3) 100% (87.0–100)
Negative 04 33

a Dogs with parasitological proven infection.
b Healthy dogs with both negative parasitological test and ELISA serology.

room temperature. Plates were then washed three times and incu-
bated with o-phenylenediamine (OPD)–H2o2 in citrate buffer for
5 min. The reaction was stopped with 50 �l of 1 M H2SO4, and the
optical density (OD) was read at 492 nm. Positive and negative con-
trols sera were run in each plate to standardize the readings and
plate variations. The cut-off point between negative and positive
results was calculated as the mean of the negative controls plus 3
standard deviations.

2.4. Statistical analysis

The sensitivity and specificity for each test were calculated
by using the formulas: sensitivity = True positive/(True posi-
tive + False negative) × 100% and specificity = True negative/(True
negative/False positive) × 100%. In addition, the degree of agree-
ment between the evaluated tests was determined by calculating
� value. � Value express the agreement beyond chance; a � value
of 0.60–0.80 represents substantial agreement, whereas � value of
>0.80 represents almost perfect agreement beyond chance (Altman,
1991).
In the second scenario the sera was stratified according to the
clinical forms of the disease (asymptomatic, oligosymptomatic and
symptomatic). In this condition the ELISA presented higher sen-
sitivity in all groups of animals compared to the dipstick. In the
asymptomatic group the dipstick was able to detect 12 out of 16
(75%), whereas ELISA detected 15 out of 16 (94%). In the oligosymp-
tomatic group, 15 and 16 out of 17 animals were positive in the
dipstick (88%) and ELISA (94%) test, respectively. For symptomatic
dogs, the dipstick detected 36 out of 43 animals (84%) and the ELISA
detected 41 of out 43 dogs (95%) (Table 2).

In order to evaluate the rK39 dipstick cross-reactivity, it was also
analyzed 25 sera from dogs presenting different parasitic diseases

Table 2
Performance of rK39 dipstick and ELISA in the diagnosis of canine visceral leishma-
niasis according to the clinical forms of the disease

Number of positive dogs/total (%)

Asymptomatic Oligosymptomatic Symptomatic

rK39 dipstick 12/16 (75%) 15/17 (88%) 36/43 (84%)
ELISA test 15/16 (94%) 16/17 (94%) 41/43 (95%)
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such as cutaneous leishmaniasis (5), ehrlichiosis (3), toxoplasmosis
(5) and Chagas disease (12). The rapid test showed cross-reactivity
with ehrlichiosis (1 out of 3 sera) and Chagas disease (3 out of 12
sera) altering the specificity from 100% to 93%.

4. Discussion

In the present study we evaluated the performance of dipstick
rK39 for diagnosis of dogs presenting different clinical forms of
VL. Our results showed that the rK39 was able to detect 83% of
VL dogs regardless the clinical form of the disease. These findings
were similar to those obtained by Reithinger et al. (2002) which
demonstrated that the sensitivity of rK39 dipstick varied from 72%
to 77% in the VL diagnosis in dogs. However, Da Costa et al. (2003)
described a better performance of rK39 test showing a sensitivity
of 96%.

Concerning the different clinical forms, the ELISA presented a
higher sensitivity to detect VL dogs despite the presence of symp-
toms. On the other hand, the dipstick showed lower sensitivity for
diagnosis of asymptomatic compared to oligo- and symptomatic
dogs. Our results corroborate those reported by Mettler et al. (2005)
that demonstrated low sensitivity of rK39 test in detecting asymp-
tomatic dogs naturally infected by L. (L.) infantum.

Although the ELISA demonstrated a better performance com-
pared to rK39 in the diagnosis of infected dogs, the technological
expertise (i.e. training personnel) necessary to perform the dipstick

tests and the requirement for specialized laboratory equipment are
minimal compared to ELISA. Another advantage of dipstick tests is
that the dog owners can see the results by themselves, which will
contribute to a better working relationship between local commu-
nities and people carrying out the surveys. In addition, from the
epidemiological point of view, a rapid test allows interventions to
be implemented in real time. Furthermore, it can be used to confirm
VL in dogs at veterinary clinics.

Finally, we believe that, even being less sensitive than the ELISA,
the rK39 dipstick could be used as a screening tool by the Brazil-
ian VL control program due to its simplicity and the possibility of
eliminating infected dogs without any further delay.
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ABSTRACT

OBJECTIVE: To analyze the accuracy of the diagnosis of two protocols of 
indirect immunofluorescence assays for canine visceral leishmaniasis.

METHODS: Dogs from the seroepidemiological survey conducted in an 
endemic area of the cities of Araçatuba and Andradina, in Northwestern São 
Paulo state, in 2003, and in a non-endemic area of the metropolitan region of 
São Paulo, were used to assess two protocols of indirect immunofluorescence 
assay (IFA) for leishmaniasis: one using a Leishmania major heterologous 
antigen (IFA-BM) and another using a Leishmania chagasi homologous antigen 
(IFA-CH). Two-graph receiver operating characteristic (TG-ROC) analysis 
was used to estimate accuracy. TG-ROC analysis compared 1:20 dilution 
readings of the homologous antigen (IFA-CH), considered as reference test, 
with IFA-BM dilutions (heterologous antigen).

RESULTS: The 1:20 dilution used in the IFA-CH test showed the best 
contingency coefficient (0.755) and the highest strength of association between 
the two variables studied (chi-square=124.3). Thus, it was considered the test 
reference dilution in comparisons with different IFA-BM test dilutions. The best 
IFA-BM results were obtained from 1:40 dilutions with the best contingency 
coefficient (0.680) and highest strength of association (chi-square=80.8). With 
the change in the cut-off point, recommended for the IFA-BM 1:40 dilution 
in this analysis, the specificity parameter value rose from 57.5% to 97.7%, 
even though the 1:80 dilution showed the best sensitivity estimate (80.2%), 
with the new cut-off point. 

CONCLUSIONS: TG-ROC analysis can provide important information about 
diagnostic tests, in addition to offering suggestions on cut-off points that can 
improve test sensitivity and specificity estimates and assessing these tests in 
terms of the best cost-benefit ratio. 

Descriptors: Leishmaniasis, Visceral, diagnosis. Dogs. Fluorescent 
Antibody Technique. Diagnostic Techniques and Procedures. Sensitivity 
and Specificity. Seroepidemiologic Studies.
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American visceral leishmaniasis (AVL) affects 88 
countries, with 90% of cases occurring in India, Ban-
gladesh, Nepal, Sudan and Brazil.a

In Brazil, AVL is considered endemic in 19 states, es-
pecially in the Northeast region, where a higher num-
ber of cases are reported and transmission patterns 
have changed.

At first, this disease was considered predominantly 
rural and peri-urban. Nowadays, it has been recorded 
in major urban centers such as Rio de Janeiro, Belo 
Horizonte, Araçatuba, Southeastern Brazil, and Co-
rumbá, Central-West Brazil.10,b,c

In the state of São Paulo, the first report of the human 
disease’s autochthony was made in the metropolitan 
area of São Paulo, in 1978.10 However, at that time, 
it was not possible to identify the reservoir and vec-
tor in the links of transmission chain. In 1998, in the 
city of Araçatuba, the presence of Leishmania sp. was 
detected in direct parasitological examination of dogs 
with clinical suspicion of canine visceral leishma-
niasis (CVL), subsequently identified as Leishmania 
chagasi. These facts, in addition to the presence of the 
vector insect, Lutzomyia longipalpis, notified in 1997, 
confirmed the autochthony of CVL in dogs living in 
the urban area of Araçatuba. In 1999, in this same city, 
the first autochthonous human case was reported.b

In general, official CVL surveillance and control pro-
grams recommend canine serological surveys should 
be made, aiming to know the disease’s epidemiologi-
cal situation in areas with active transmission or with 
potential transmission, with the concomitant identifi-
cation of serologically positive dogs for subsequent 
destruction.b,c Studies emphasize the importance of 
test sensitivity and specificity parameters to assess 
the impact of destroying dogs, when compared to the 
serological methodology employed.3 Studies assess-
ing the results obtained from epidemiological surveys 
performed in Belo Horizonte,1,2 using a kit obtained 
from the Leishmania major antigen, suggest that the 
use of indirect immunofluorescence assay (IFA) could 
compromise the effectiveness of the CVL Control 
Program. This is because IFA does not detect infected 
animals, due to false negative results, while it identi-
fies non-infected dogs (false positive) with the result-
ing recommendation for destruction, according to the 
disease’s Control Program.

INTRODUCTION

a World Health Organization. Tropical disease research: progress 2003-2004. Seventeenth Programme Report of the UNICEF/UNDP/World 
Bank/WHO Special Programme for Research & Training in Tropical Diseases. TDR 2005. Geneva; 2005. (Programme Report, 17). Disponível 
em: http://www.who.int/tdrold/publications/publications/pr17.htm 
b Camargo-Neves VLF, Glasser CM, Cruz LL, Almeida RG.  Manual de Vigilância e Controle de Leishmaniose Visceral Americana do Estado de 
São Paulo. São Paulo: Ministério da Saúde. Secretaria de Estado da Saúde; 2006. 
c Ministério da Saúde. Departamento de Vigilância Epidemiológica. Secretaria de Vigilância em Saúde. Manual de Vigilância e Controle de 
Leishmaniose Visceral; 2006.

The present study aimed to analyze the accuracy of 
two protocols of indirect immunofluorescence assays 
for canine visceral leishmaniasis.

METHODS

Tests were performed in two sample groups.

Group A was comprised of 94 serum samples of male 
and female dogs of different ages and breeds, of which 
74 came from a seroepidemiological survey conducted 
in the cities of Araçatuba and Andradina, an endemic 
area in Northwestern São Paulo state.

A total of 20 seronegative dog samples from the city 
of São Paulo were added, an area considered to be 
without transmission at the time of collection (2003).

All dogs were assessed in terms of their clinical status, 
in addition to their having been serologically assessed 
for CVL diagnosis using IFA and direct parasitologi-
cal examination. In this way, group A dogs were con-
sidered the reference population, of which 50 showed 
positive diagnosis, clinically classified as: symp-
tomatic (30 dogs), oligosymptomatic (18 dogs) and 
asymptomatic (two dogs). There were 24 dogs with 
negative diagnosis that belonged to the endemic area 
and 20 that belonged to the non-endemic area.

Group B was comprised of 160 paired samples of se-
rum and blood, collected on filter paper, from dogs 
belonging to the same cities and participating in the 
AVL serological surveys. A total of two IFAs were 
compared: one using promastigote Leishmania ma-
jor forms (heterologous antigen), (IFA-BM, Bioman-
guinhos, Fiocruz – Oswaldo Cruz Foundation Im-
munobiological Technology Institute), and the other 
using promastigote Leishmania chagasi forms (ho-
mologous antigen) (IFA-CH, Laboratório de Patolo-
gia de Doenças Infecciosas, Faculdade de Medicina 
da USP – São Paulo University School of Medicine 
Laboratory of Infectious Disease Pathology). In both 
assays, samples were assessed semi-quantitatively, in 
1:20, 1:40, 1:80 and 1:160 dilutions. Assays were per-
formed in duplicate and samples were re-numbered, 
so that readings could be made as a blind test.

IFA readings were made in a fluorescence microscope 
with a magnification of x400, with the reading crite-
rion adopted according to the density of fluorescent 
parasites and defined by a number of plus signs: 1+, 
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a The readings of the immunoflorescence reaction on the microscope (x 400) can be seen in the online version of Revista de Saúde Pública, 
available from www.scielo.br/rsp 
b Schoojans F. MedCalc statistic for biomedical research: software manual. Mariakerke: Medcalc Statistical Software; 1998.

2+, 3+ and 4+, resulting in a score. This score was 
converted into percentages, so that the quantitative 
variable became continuous, thus enabling the use of 
the Two-Graph Receiver Operating Characteristics 
(TG-ROC) technique.7 The readinga made with IFA-
CH, which served as parameter for comparison: as a 
general rule, the microscope visual field was divided 
into four quadrants, each filled with fluorescent para-
sites equivalent to 25% fluorescence or 1+. Frequency 
distribution analyses for each serum dilution versus 
clinical forms, calculating chi-square and contingency 
coefficients extracted from contingency tables, were 
made for each set of results obtained from IFA-BM 
and IFA-CH readings. MedCalc statistical packageb 
was used for this analysis.

Cut-off point estimates, in addition to sensitivity and 
specificity parameters, positive and negative predic-
tive values and effectiveness were obtained using 
graphic analysis, created by the CMDT statistical 
package8’s TG-ROC technique.7

RESULTS

The readings of the IFA-CH and IFA-BMa indicate the 
immunofluorescence reaction with the IFA-CH ho-
mologous antigen is more specific than that with the 
IFA-BM heterologous antigen, which shows a non-
specific background reaction that usually prevents a 
correct reading.

Results found on Tables 1 and 2, referring to group 
A samples, show the distributions of readings of the 
clinical diagnosis variable versus the serum dilution 
variable in the different categories, in both assays 
(IFA-CH and IFA-BM).

Of all the samples analyzed from 94 group A serums, 
95.4% (42/44) were non-reactive with IFA-CH, in 
1:20, 1:40 and 1:80 dilutions, and 90.9% (40/44) in 
1:160 dilution (Table 1), when results from both as-
says were compared. Yet, for IFA-BM, non-reactive 
results were: 36.3% (16/44) in 1:20 dilution, 50.0% 
(22/44) in 1:40 dilution, 56.8% (25/44) in 1:80 dilu-
tion, and 52.2% (23/41) in 1:160 dilution (Table 2). In 
addition, there was no specific correlation between the 
different stages of disease and distinct reaction read-
ing fluorescence levels, once all clinical forms were 
distributed into all reading ranges, varying from < 
25% (weakly positive) to 3+ (75%).

The IFA-CH 1:20 dilution (Table 1) showed the 
best contingency coefficient (0.755) and the high-
est strength of association between the two variables 
studied (chi-square = 124.3). In addition, it was con-

sidered the assay’s reference dilution and used for the 
comparative study with different IFA-BM dilutions. 
For this assay, the best results were obtained with the 
1:40 dilution, which showed the best contingency co-
efficient (0.680) and the highest strength of associa-
tion (chi-square=80.8) (Table 2).

TG-ROC graphic analysis on Figure 1 shows the sen-
sitivity and specificity parameter values, represented 
on the y axis, whereas the x axis shows the values of 
readings in plus signs, which were converted into per-
centages (values of cut-off points). TG-ROC graphic 
analysis compares the homologous antigen (IFA-CH) 
1:20 dilution readings, considered as reference assay, 
with the readings of each heterologous antigen (IFA-
BM) dilution (1:20, 1:40, 1:80 and 1:160) (Figure 1).

Figure 2 was constructed by applying the new cut-off 
point value of the 1:40 dilution (Figure 1B), estab-
lished by the analysis of group A TG-ROC, to group 
B’s canine population. All the 160 paired samples of 
serum and blood, collected on filter paper, had already 
been assessed in 1:40 dilution, once this dilution is 
recommended on the IFA-BM kit label. However, at 
this dilution, fluorescence-reactive results that showed 
1+ or 25% fluorescence were not seen as positive, once 
the cut-off point considered was equal to 26.70%, thus 
>25%. Figure 2A shows that the estimates of sensi-
tivity and specificity parameters were 98% and the 
new cut-off point was 39.5%. The same cut-off point 
procedure was performed with the same dogs, whose 
blood was collected on filter paper, with sensitivity 
and specificity values of 73% and new cut-off point 
value of 37.2% (Figure 2B).

Table 3 shows the new estimates of sensitivity and 
specificity values, positive and negative predictive 
values, effectiveness and IFA-BM incorrect classifi-
cation, based on the cut-off point provided by the TG-
ROC analysis and using the IFA-CH 1:20 dilution as 
reference. The new cut-off points shown on Figure 1 
resulted from new values for sensitivity and specific-
ity parameters.

DISCUSSION

The TG-ROC graphic analysis7 enables the cut-off 
point value, associated with the combination of sen-
sitivity and specificity parameters, to be found. In this 
way, the diagnostic assay accuracy allows the dis-
tinction between ill individuals and non-ill (healthy) 
individuals.

In the present study, the TG-ROC graphic analysis 
was applied to group A population, comparing two 
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diagnostic assays: one specific, using homologous 
antigens (IFA-CH), and the other using a heterolo-
gous antigen (IFA-BM). The best distinction between 
seronegative dogs (healthy) and seropositive dogs 
(probably ill) occurred with the IFA-CH 1:20 dilution, 
which showed the best contingency coefficient and 
chi-square (Table 1), whereas the 1:40 dilution was 
the one that best separated these two sub-populations 
for IFA-BM (Table 2).

In this way, the new cut-off point suggested at IFA-
BM 1:20 and 1:40 dilutions (Figure 1), above 25% 
(1+), disregards 1+ results as positive, resulting in a 
negative character. In this case, with group A popula-
tion, there is a significant difference between assays 
when their results are analyzed comparatively, with-
out the cut-off point adjustment. This can be explained 
by the characteristics of cases near the cut-off point, 
which usually have low antibody titers and represents 
the range where cross-reactivity is usually observed. 
Studies that assessed the immunoenzymatic assay 
(ELISA), using different antigen extracts and includ-
ing dogs from the CVL-endemic area, found the exis-
tence of cross-reactions with other parasitic diseases 
(Chagas’ disease, dirofilariasis and babesiosis), with 
both L. chagasi homologous antigen and L. amazon-
ensis heterologous antigen. However, when recom-
binant rk-39 and rk-26 antigens were used, no cross-
reactivity was observed.15 Another study5 showed the 
occurrence of cross-reactions when three serological 
methods for CVL were compared: IFA, ELISA, and 
direct agglutination test (DAT). After analyzing 234 
dog samples in the endemic area of Minas Gerais, 
IFA and ELISA specificity indices were low, 52% and 
64% respectively, showing cross-reactions with dog 
serums infected with T. cruzi, L. braziliensis and E. 
canis, whereas DAT specificity was high, 95%, show-
ing only one animal with E. canis, seropositive for 
CVL. Likewise, in other studies performed in Corse-
ga, in the Mediterranean Sea, authors found 100% 
specificity for DAT.5,13 In contrast, there were yet other 
studies, using serum samples from dogs infected with 
Babesia sp. and from a dog with ehrlichiosis, that did 
now show cross-reactivity when samples were sub-
mitted to IFA for CVL.16

The best estimate for the specificity parameter value 
was found in the 1:40 dilution (Sp=97.7%), even 
though the 1:80 dilution shows the best sensitivity pa-
rameter estimate (Se=80.2%) (Table 3). These results 
show the possibility of choosing dilution cut-offs and 
making more adequate decisions for the cut-off point. 
As an example, the 1:40 dilution with a cut-off point 
higher than 26.7% shows the best specificity estimates 
and positive predictive value, preventing truly nega-
tive dogs from being destroyed. On the other hand, 
when the 1:80 dilution is selected, with better sensi-
tivity index (80.2%) and lower specificity (79.5%), 
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Figure 1. Sensitivity ( ) and specificity ( ) TG-ROC 
analysis after new cut-off point in IFA-CH and IFA-BM (group 
B samples). Andradina, Araçatuba and São Paulo, Southeas-
tern Brazil, 2003.
Note: TG-ROC analysis was performed with a new standard 
of cut-off point found in the 1:40 dilution (cut-off point > 
26.70%).  3A – Serum samples: cut-off point= 39.52% and 
values of Se=Sp= 98%. 3B – Blood samples collected on filter 
paper: Cut-off point= 37.20% and values of Se=Sp= 73%.
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the positive predictive value also decreases (53.2%), 
increasing the possibility of healthy dogs being de-
stroyed. Regardless, the decision to be made implies 
knowledge about the costs and benefits the selected 
cut-off point may offer.

Table 3 shows values for incorrect classification of 
about 20%, 18% and 17%, in 1:20, 1:40 and 1:80 dilu-

tions, respectively, indicating that this parameter must 
also be assessed in combination with sensitivity and 
specificity. Comparison of results obtained in each 
of the IFA-BM dilutions with the IFA-CH (reference 
assay) 1:20 dilution shows that many serums did not 
show agreement, probably due to antigenic differences 
in the two antigens and the decrease in antibody avid-
ity, or yet due to a question of equivalence zone of the 
antigen-antibody reaction between serums analyzed. 
Thus, a decrease in sensitivity in the 1:20 and 1:40 
dilutions was observed, compared to 1:80 and 1:160 
dilutions, which show the incorrect classification pa-
rameter of 11%. The choice of the 1:40 dilution with 
a cut-off point above 25% would be better, because, 
although the estimate of sensitivity is 68.3%, the con-
fidence interval is within the 1:80 dilution confidence 
interval, which shows a specificity of 80.2%. In addi-
tion, in the 1:40 dilution, the specificity parameter es-
timate is the one that shows the highest value, 98.0%, 
and the incorrect classification varies very little be-
tween the two dilutions (0.18 and 0.17).

In the literature, some authors consider that the best 
IFA dilution cut-off is 1:80.12,14,15 In the case of the 
IFA-BM, used in visceral leishmaniasis surveillance 
and control programs, the 1:40 dilution is usually rec-
ommended as dilution cut-off, although considering 
the 1+ reading as positive. Thus, the estimated sensi-
tivity and specificity value of 57.50% results in a dif-
ference in specificity of almost 40% and, after reclas-
sification, specificity was 97.50%.

Studies have observed high levels of sensitivity and 
specificity in serological tests used in canine surveys. 
Review studies1 on CVL diagnosis with IFA show 
sensitivity values varying between 90% and 100% 
and specificity of 80% for serum samples. Other au-
thors12 indicated IFA sensitivity and specificity values 
of 98.4% and 100%, respectively.11 Moreover, other 
studies compared serological sample results from 86 
dogs with positive parasitological examination, in five 
laboratories that made CVL serological diagnosis, us-
ing IFA and ELISA. Sensitivity varied between 98.8% 
and 100% and specificity between 94.7% and 100% 
for IFA, while sensitivity varied between 98.8% and 
100% and specificity between 96.5% and 100% for 
ELISA. Considering the similarity among the results 
of this study, there seems to be sampling bias, once 
test comparison is made using known serum panels, 
i.e. these studies do not use samples of populations 
from endemic and non-endemic areas, hindering the 
actual test assessment and causing an over-estimation 
of parameters.

However, actual sensitivity and specificity parameter 
values, observed on Figure 2 and Table 3, are closer to 
the values expected for dog populations that show the 
disease status homogenously distributed, i.e. ill indi-
viduals (symptomatic, oligosymptomatic and asymp-

Figure 2. Sensitivity ( ) and specificity ( ) TG-ROC 
analysis after new cut-off point in IFA-CH and IFA-BM (group 
B samples). Andradina, Araçatuba and São Paulo, Southeas-
tern Brazil, 2003.
Note: TG-ROC analysis was performed with a new standard 
of cut-off point found in the 1:40 dilution (cut-off point > 
26.70%).  3A – Serum samples: cut-off point= 39.52% and 
values of Se=Sp= 98%. 3B – Blood samples collected on filter 
paper: Cut-off point= 37.20% and values of Se=Sp= 73%.
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tomatic ones) and healthy individuals, as observed in 
group A population. On the other hand, group B popu-
lation was comprised of a majority of truly positive 
dogs, showing sampling bias and, as a result, distort-
ing sensitivity and specificity values. This fact usually 
occurs in studies performed with tests where non-ran-
dom samples are used to assess diagnostic kits.

Another relevant question concerning the use of IFA-
BM in serological surveys is their use in samples col-
lected on filter paper. This assessment was made with 
group B serums (Figure 2). This group was comprised 
of paired samples of serum and filter paper, although 
the majority of cases showed strongly positive results, 
that is, IFA readings above 2+ (50%). In this way, 
TG-ROC analysis showed very high sensitivity and 
specificity estimate values (98%) for serum samples, 
whereas the referred values were 73% for blood 
samples on filter paper, indicating a 25% difference 
between serum use and filter paper. There are several 
studies comparing results of IFA performed in paired 

samples of serum and eluates. Some studies2,4 report 
low values for the sensitivity parameter of IFA with 
eluate, when compared to the ELISA method with se-
rum. On the other hand, different authors found high 
agreement of results of this assay in serum and eluate 
samples.15

These considerations are important when assessing di-
agnostic tests, especially as regards the sample used in 
the comparison. To avoid such bias, studies on valida-
tion of diagnostic tests9 suggest guidelines on all vari-
ables that must be controlled to assess these tests.

In conclusion, the present study shows how TG-ROC 
analysis can provide important information about di-
agnostic tests, in addition to its offering suggestions 
on cut-off points that can improve the estimates of test 
specificity and sensitivity parameters and assess them 
in terms of the best cost and benefit. Finally, it pro-
vides more consistency when making decisions in the 
analyses of seroepidemiological survey results.

Table 3. IFA-BM results for dilutions with TG-ROC analysis cut-off points versus IFA-CH (group A samples) 1:20 dilution. 
Andradina, Araçatuba and São Paulo, SP, Brazil, 2003.

IFA-BM
Sensitivity Specificity Predictive value Predictive value 

Youden 
index

Incorrect 
classificationCut-off points 

(x0)

1:20 dilution 68.00 93.22 91.67 71.93 0.64 0.20

x0= 30.67% (55.37;80.03) (85.73;100.00) (83.09;100.00) (60.26;83.59) (0.46;0.86)

1:40 dilution 68.30 97.72 96.97 70.49   0.62 0.18

x0=26,70% (55.37;80.03) (93.32;100.00) (91.12;100.00) (59.04;81.93) (0.47;0.76)

1:80 dilution 80.20 79.54 53.19 77.77 0.60 0.17

x0= 24,17% (68.91;91.08) (67.62;91.46) (43.10;63.27) (65.63;89.92) (0.44;0.76)

1:160 dilution 88.46 47.61 72.64 76.92 0.36 0.11

x0=24,14% (79.77;97.14) (32.51;62.72) (56.52;78.76) (60.72;93.11) (0.18;0.53)
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RESUMO

Realizou-se uma minirrevisão sobre os estudos que correlacionam o 

diagnóstico parasitológico e sorológico para a leishmaniose visceral 

americana (LVA) canina, correlacionando também os achados diagnósticos 

com o estado clínico do reservatório doméstico. Além disso, discute-se a 

sensibilidade e especificidade de cada método e o antígeno utilizado; a 

aplicabilidade de cada técnica, em especial as sorológicas, para a utilização em 

programas de vigilância e controle da LVA.

PALAVRAS-CHAVE: diagnóstico laboratorial; leishmaniose visceral americana; 

reservatório doméstico; sorologia.

ABSTRCT

A brief revision on the studies that correlate parasitic and serologic diagnosis 

was performed for canine american visceral leishmaniasis (LVA), also 

correlating diagnostic findings with the clinic state of the domestic reservoir. 

More than that, the sensitiveness and the specificity of each method is 

discussed as well as the antigen employed; application of each technique, 

especially serologic ones, for use in the Surveillance and prevention control 

program for LVA.

KEY WORDS: laboratory diagnosis ; american visceral leishmaniasis; domestic 

reservoir; serology.
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INTRODUÇÃO

Atualmente, no Brasil, a leishmaniose vis-

ceral americana (LVA) apresenta caráter endê-

mico-epidêmico, com média anual de 3 mil a 4 

mil casos novos, distribuídos desde Roraima 

até o Paraná. Considerada doença predomi-

nantemente rural, nas últimas décadas a LVA 

vem sofrendo processo de urbanização, no 

qual cidades de médio ou grande porte têm 

sido acometidas por verdadeiras epidemias, 

como é o caso de Santarém (PA), São Luiz 

(MA), Teresina (PI), Natal (RN), Aracajú (SE), 

Montes Claros e Belo Horizonte (MG) e 

Corumbá (MS).¹ Essa mudança no padrão de 

transmissão da doença deve-se principal-

mente à urbanização do vetor, à participação 

do cão como reservatório doméstico da L. (L.) 

chagasi e à degradação ambiental, juntamen-

te com o processo migratório da população 

para os grandes centros urbanos.

No Estado de São Paulo, a presença de 

Leishmania sp em exame parasitológico 

direto de cães com suspeita clínica de LVA foi 

detectada, em 1998, no município de Araça-

tuba, sendo posteriormente identificada 

como L. (L.) chagasi. Esse fato, aliado à pre-

sença do inseto transmissor, Lutzomyia 

longipalpis, detectado em 1997, confirmou a 

autoctonia de LVA em cães em território 

paulista.² Em 1999, no mesmo município, foi 

relatado o primeiro caso humano autóctone 

no Estado.²

Os programas de vigilância e controle de 
3,4LVA  preconizam a realização de inquéritos 

sorológicos caninos, visando conhecer a 

situação epidemiológica da doença nas áreas 

com transmissão ativa ou com potencial de 

transmissão e, ao mesmo tempo, identificar 

os cães sorologicamente positivos para poste-

rior eliminação. Entretanto, BRAGA e colabo-
5radores  enfatizam a importância dos parâ-

metros sensibilidade e especificidade dos 

testes diagnósticos, quando avaliam o impac-

to da eliminação do cão frente à metodologia 

empregada.

A correlação entre o estado clínico do cão e 

sua infectividade para o flebotomídeo tam-

bém deve ser considerada nas discussões 

para a adoção de medidas de controle da LVA 

canina, uma vez que PINELLI e colaborado-
6

res  observaram que animais assintomáticos 

e sintomáticos graves apresentavam respos-

tas imunes, celulares e humorais bastantes 

distintas, favorecendo ou não a infecção do 

vetor. De qualquer forma, faz-se importante 

mencionar o trabalho de BARATA e colabora-
7

dores  que demonstraram a infecção do vetor, 

criado em laboratório, em cães soropositivos, 

apresentando diferentes formas clínicas da 

doença.

DIAGNÓSTICO PARASITOLÓGICO

O diagnóstico laboratorial da LVA canina 

baseia-se em métodos parasitológicos e soro-

lógicos. Apesar de discordâncias entre alguns 
8,9,10

autores , o exame parasitológico é conside-

rado, ainda, o teste ouro para o diagnóstico da 

doença. A observação direta de formas amasti-

gotas do parasito em esfregaços de aspirado de 

linfonodo, medula óssea, baço, fígado, pele e 

sangue corados por Giemsa, Leishman ou Panó-
®

tico  é uma forma segura, simples, rápida e 

pouco traumática para o diagnóstico da enfer-

midade (Figura 1).

A especificidade desse método é de 100%, 

mas a sensibilidade depende do grau do para-

sitismo, do tipo de material biológico coleta-

do, do seu processamento e coloração, além 

do observador. A sensibilidade pode ser de 

50% a 83% em amostras de medula óssea, 

entre 30% e 85% em amostras de linfonodo e 
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entre 71% a 91% quando ambos os tecidos 
8,9

estão combinados.  Quando o parasitismo é 

intenso não há problemas para um diagnóstico 

rápido e seguro; contudo, em muitos casos, 

especialmente em animais assintomáticos, nos 

quais apenas poucas formas amastigotas estão 

presentes nos tecidos, o diagnóstico parasito-

lógico torna-se difícil e duvidoso. Esse proble-

ma pode ser solucionado com a utilização de 

técnicas mais sensíveis para a detecção de para-

sitos, tais como a imunofluorescência direta 

(RIFD) e a imunohistoquímica.

10MOREIRA e colaboradores  compararam a 

RIFD com a pesquisa direta de parasitos em 

esfregaço de punção aspirativa de linfonodo 

poplíteo de cães de área endêmica de LVA. De 

60 cães com sinais clínicos da doença, 30 foram 

positivos no exame direto, 22 suspeitos e 8 

negativos; quando submetidos à RIFD, 56 mos-

traram-se positivos e 4 negativos. Os resulta-

dos mostraram que a RIFI apresentou alta 

sensibilidade quando comparada com a pes-

quisa direta de parasitos, sendo útil para con-

firmação dos casos suspeitos (Figura 2).

Figura 1 . Esfregaço de material colhido por punção aspirativa em linfonodo poplíteo de 
cão sintomático, naturalmente acometido por leishmaniose visceral, mostrando formas 
amastigotas de Leishmania intracelulares e extracelulares coradas pelo Giemsa.

Figura 2. Reação de imunofluorescência direta positiva mostrando formas amastigotas do 
parasito em esfregaço de aspirado de linfonodo poplíteo de cão naturalmente acometido 
por leishmaniose visceral, marcadas pelo anticorpo policlonal anti-Leishmania conjugado 
com fluoresceína.
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Técnicas de imunohistoquímica ou imu-

nocitoquímica são métodos altamente sensí-

veis e específicos para a detecção de Leish-

mania sp em tecidos. Para tanto, pode-se 

utilizar qualquer tecido fixado e processado 

pelas técnicas usuais de microscopia, sendo 

que a pele, o fígado e os órgãos linfóides são 

os mais utilizados.
10

MOREIRA e colaboradores , trabalhando 

com cães com e sem sinais clínicos da doença e 

diagnóstico laboratorial positivo para LVA, 

mostraram que a detecção de parasitos por HE 

e imunohistoquímica foi mais eficiente em 

biópsias de linfonodo, quando comparado com 

os outros órgãos. Posteriormente, os autores, 

trabalhando com material obtido por meio de 

punção aspirativa de linfonodo poplíteo, 

mostraram que as técnicas de imunomarcação, 

tais como a imunofluorescência direta e a 

imunocitoquímica, aumentaram a sensibilida-

de para a detecção de parasitos e foram 

eficientes no diagnóstico de cães oligossinto-

máticos e assintomáticos (Figura 3).

O diagnóstico parasitológico pode também 

ser estabelecido por meio da detecção do para-

sito por cultivo em meios específicos. Biópsias 

ou punções aspirativas de diferentes órgãos ou 

tecidos são colocadas em meios de cultivo, em 

geral bifásicos (ágar sangue de coelho com LIT, 

RPMI ou Shineider), nos quais formas amasti-

gotas do parasito, presentes no material bioló-

gico, transformam-se em formas promastigo-

tas, podendo ser observadas em microscopia 

de contraste de fase (Figura 4).
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A

B

Figura 3 .  Reação de imunohistoquímica 
mostrando formas amastigotas de Leishmania 
extracelulares (A) e intracelulares (B) em 
esfregaço de aspirado de linfonodo poplíteo de 
cão naturalmente acometido por leishmaniose 
visceral.
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O crescimento das formas promastigotas 

leva de 4 a 6 dias. Dessa forma, a leitura da 

cultura é feita semanalmente, sendo que após a 

terceira semana de observação o resultado 

final já é concluído. Como os meios de cultivo 

são ricos, a falta de adequação na esterilidade 

durante o processo da coleta de material e 

semeadura nos meios pode levar ao crescimen-

to de bactérias e fungos que impedem o cresci-

mento de Leishmania, diminuindo, assim, a 

sensibilidade do teste. Embora as culturas 

sejam úteis para o isolamento e identificação 

do parasito, são pouco utilizadas na rotina 

diagnóstica. 

DIAGNÓSTICO SOROLÓGICO

A detecção de anticorpos circulantes anti-

Leishmania utilizando técnicas sorológicas 

constitui um instrumento importante no diag-

nóstico da LVA canina. Animais doentes desen-

volvem resposta imune humoral e produzem 
8

altos títulos de IgG anti-Leishmania.  A soro-

conversão ocorre aproximadamente três 

meses após a infecção. 

Entretanto, os testes sorológicos devem ser 

interpretados com cautela, uma vez que não 

são 100% sensíveis e específicos e falham em 

detectar cães infectados no período pré-
11

patente da doença.  Animais com menos de 3 

meses de idade não devem ser avaliados por 

meio de métodos sorológicos, pois podem apre-

sentar resultados positivos pela presença de 
5

anticorpos maternos.  Existem contradições 

na literatura quanto à possível correlação 

entre os títulos de anticorpos e a severidade 

dos sintomas.

Muitos testes sorológicos podem ser utili-

zados, tais como: fixação de complemento, 

aglutinação direta, imunofluorescência indi-

reta (RIFI), imunoenzimático (Elisa) com 

diferentes modificações e western blot, 

entre outros.

Os testes sorológicos de RIFI e Elisa repre-

sentam os principais instrumentos usados no 

sorodiagnóstico da LVA humana e canina, 

uma vez que são empregados nos programas 

nacional e estadual de vigilância e controle da 
3,4

LVA (PVCLVA)  para identificação de reserva-

tórios infectados. Entretanto, apesar da 

doença estar associada, habitualmente, a ape-

nas uma espécie de parasito, L. (L.) chagasi 

– o que, teoricamente, deveria facilitar a 

Figura 4. Formas promastigotas de Leishmania em meio de cultivo, 
observadas em contraste de fase. 

Correlação entre o diagnóstico parasitológico e sorológico na LVA canina/Laurenti MD



Bepa 2009;6(67):13-23

página 18

padronização de um antígeno específico para 

ser usados nesses testes –, ainda hoje não 

existe um consenso na literatura especiali-

zada quanto ao emprego de um antígeno 

para o uso no sorodiagnóstico da LVA huma-

na e canina.

Dependendo do antígeno empregado e das 

condições da RIFI, sua sensibilidade pode 

variar entre 90% e 100% e a especificidade, 
12,13

entre 80% a 100%  (Figura 5). A especifici-

dade dessa prova, assim como de outras pro-

vas sorológicas, é prejudicada pela ocorrência 

de reações cruzadas com doenças, principal-

mente aquelas causadas por tripanosomatí-

deos, como o agente causador da doença de 

Chagas. Portanto, seus resultados não devem 

ser utilizados como indicadores de infecção 

leishmaniótica específica, particularmente 

em áreas onde a doença de Chagas é endêmica 

(Figura 5).
14

ZANETTE , trabalhando com 50 cães para-

sitologicamente positivos, mostrou sensibili-

dade de 98% e especificidade de 91% para a 

RIFI utilizando como antígeno promastigotas 

de L. (L.) chagasi, e ótima concordância com o 

diagnóstico parasitológico (Kappa=0,893). 

Com relação à ocorrência de reações cruzadas, 

o autor mostrou que 42,9% das amostras de 

soros de cães chagásicos foram reagentes 

para RIFI com antígeno de promastigotas 

de L. (L.) chagasi, assim como 50% das amos-

tras de soros de cães com toxoplasmose. Não 

houve reação cruzada com erliquiose, babesio-

se e neosporose.

Na tentativa de otimizar os testes sorológi-

cos empregados no programa de controle da 
15 

leishmaniose visceral, SILVA trabalhou com 

amostras de soro e papel de filtro colhidas de 

cães de área endêmica para LVA, com diagnós-

tico clínico e parasitológico positivo. A RIFI 

foi avaliada quantitativamente, pelo número 

de formas promastigotas marcadas, nas dilui-

ções de 1/20, 1/40, 1/80 e 1/160, utilizando-se 

o kit comercial produzindo por Biomangui-
®nhos  e um ensaio in house utilizando pro-

mastigotas de L. (L.) chagasi. O ensaio in house 

com os soros mostrou-se capaz de separar 

todos os verdadeiros negativos dos verdadei-

ros positivos e apontou para uma eficiência 

de 60% a 76% para o kit comercial. Quando 

compadados os resultados da RIFI do kit 

comercial empregada em soros e papel de 

filtro, observou-se que o melhor ponto de 

corte para o papel de filtro seria a diluição de 

1/80, o que seguramente diminuiria o núme-

ro de falsos positivos. 

Figura 5. Reação de imunofluorescência indireta 
(RIFI) positiva mostrando formas promastigotas 
de Leishmania marcadas pela fluoresceína. 
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A comparação da reatividade entre as técni-

cas de RIFI e Elisa no sorodiagnóstico da LVA 

canina no Estado do Pará, utilizando amastigo-

tas de L. (L.) chagasi preparadas no Instituto 

Evandro Chagas, por aposição de fragmentos 

de baço de hamster infectado cronicamente, e 
®os kits da Biomanguinhos  mostrou soroposi-

®tividade de 8,5% pela RIFI Biomanguinhos  e 

0% pela RIFI com amastigotas, diferença esta-

tisticamente significante. O Elisa Biomangui-
®nhos  mostrou reação positiva em 4,2% das 

amostras (p<0,05). Considerando que na área 

estudada não há relatos da ocorrência de LVA 

humana e canina, ao contrário da situação da 

leishmaniose tegumentar americana, a qual 

tem elevada incidência, concluiu-se que o

teste da RIFI utilizando amastigotas de L. (L.) 

chagasi como antígeno foi mais específico, pois 

não apresentou quaquer resultado falso positi-

vo. É possível que as taxas de 8,5% e 4,2% de 

soropositividade obtidas com a RIFI e Elisa 
®Biomanguinhos , respectivamente, represen-

tem reações cruzadas de cães infectados com 
16

leishmânias dermatrópicas.

O teste de Elisa pode apresentar, depen-

dendo também do antígeno empregado, uma 

sensibilidade que varia entre 80% e 99,5% e 
12,13

uma especificidade entre 81% e 100%.  A 

sensibilidade e especificidade desse método 

dependem do tipo de antígeno empregado e de 

mudanças no protocolo. As técnicas que utili-

zam antígenos totais são limitadas em termos 

de especificidade, por apresentar reações cru-

zadas não somente com tripanosomatídeos, 

mas também com organismos filogenetica-
14mente distantes.  A utilização de antígenos 

recombinantes ou purificados melhora a sensi-
17bilidade e a especificidade da técnica.

18MOREIRA e colaboradores , empregando 

antígeno específico, lisado total de formas pro-

mastigotas de L. (L.) chagasi, no ensaio de Elisa 

para o diagnóstico sorológico de cães positivos 

parasitologicamente, mostraram sensibilida-

de de 87,8% para cães sintomático, 68% para 

cães oligossintomáticos e 95,65% para assin-

tomáticos, e especificidade de 100%. O Elisa 

mostrou boa correlação com o diagnóstico 

parasitológico, principalmente quando técnicas 

de imunomarcação foram utilizadas. Já ZANE-
14

TE  mostrou sensibilidade de 94% e especifici-

dade de 84,4% para o ensaio de Elisa, utilizando 

também antígeno específico em cães natural-

mente infectados por L. (L.) chagasi, com boa 

concordância com o diagnóstico parasitológico 

(Kappa=0,788). Porém, prováveis reações 

cruzadas foram observadas com doença de 

Chagas (64,3%), erliquiose (7,7%) e co-infecção 

por erliquiose e babesiose (83,3%).

A utilização de antígenos recombinantes 

tem sido empregada por alguns grupos de pes-

quisa tanto no diagnóstico da leishmaniose 

visceral humana como canina. Há poucos estu-

dos que relatam o uso de teste imunocromato-

gráfico rápido anti-rK39 no diagnóstico da LVA 

canina em inquéritos caninos (Figura 6).
19

BADARÓ  mostrou sensibilidade de 99% 

com Elisa utilizando antígeno bruto e rK39 em 

soros de cães com LVA aguda. Em 467 soros 

coletados em inquérito canino realizado em 

área endêmica para LVA, somente os animais 

com rK39 positivo tinham evidência parasito-

lógica de infecção por Leishmania. De acordo 

com os autores, esses resultados indicam que o 

antígeno rK39 pode ser usado como indicador 

da presença de LVA canina aguda.
20Em estudo  realizado em Minas Gerais, com 

1.798 cães, o desempenho do teste rápido anti-

rK39 realizado em campo e no laboratório foi 

comparado. O TRALd em campo demonstrou 

sensibilidade de 85% e especificidade de 88%; 

já em laboratório, a sensibilidade foi de 92% 

e a especificidade foi de 94%, com aumento 

de valores preditivos frente ao diagnóstico 
20

parasitológico. GENARO e colaboradores , 
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controle

Teste Positivo

Teste Negativo

utilizando animais experimentalmente e natu-

ralmente infectados por L. (L.) chagasi, mostra-

ram que quando um animal é positivo para o 

TRALd, confirma o diagnóstico de infecção por 

L. chagasi, sendo que a sua utilização poderia 

gerar uma diminuição dos ani-mais sacrifica-

dos que apresentassem outras patologias.

Comparando-se a utilização do TRALd com 

o Elisa com antígeno bruto, concluiu-se que o 

teste cromatográfico anti-rK39 é capaz de 

detectar infecção ativa em cães com diferentes 

formas clínicas da doença, uma vez que a sensi-

bilidade do TRALd foi de 83% com especifici-
21

dade de 100%.
14 

ZANETTE trabalhando com amostra de 

50 soros de cães naturalmente acometidos 

por LVA, mostrou sensibilidade de 86% e espe-

cificidade de 91,1%. O teste imunocromato-

gráfico apresentou uma boa concordância 

com o diagnóstico parasitológico (Kap-

pa=0,769). Reações cruzadas foram observa-

das com erliquiose (7,7%), co-infecção por 

erliquiose e babesiose (50%), toxoplasmose 

(10%), neosporose (12,5%) e co-infecção 

toxoplasmose e neosporose (23%).

CONCLUSÃO

Depois de duas décadas de tentativas de 

controle da LVA no Brasil, o número de casos no 

País aumentou nitidamente e verifica-se a sua 

expansão para áreas urbanas.
3,4

Os programas brasileiros , iniciados há 

mais de 40 anos em algumas unidades federa-

das, são compostos pela integração de três 

medidas de saúde pública: diagnóstico precoce 

e tratamento, com a distribuição gratuita do 

medicamento específico; controle de reserva-
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Figura 6. Imunocromatografia (Kalazar Detect Test) mostrando reação positiva e negativa 
para o antígeno rK39. 
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tórios domésticos; e controle vetorial. Como 

método diagnóstico da LVA canina os progra-
3,4mas  adotam duas reações: Elisa e RIFI, 

®
produzidos por Biomanguinhos . Estas são 

realizadas pelo Laboratório de Saúde Pública, 

em áreas de transmissão de LVA, a fim de detec-

tar cães infectados, fonte de infecção para o 

vetor, para a realização da eutanásia e avalia-

ção da prevalência da LVA canina. 

Em relação aos métodos sorológicos 

empregados em inquéritos epidemiológicos, 

cujo objetivo é conhecer a prevalência da doen-

ça em áreas endêmicas ou com potencial de 

transmissão da LVA, os parâmetros de sensibi-

lidade, especificidade e valores preditivos das 

técnicas sorológicas empregadas são de extre-

ma importância para se evitar interpretações 

errôneas, com resultados falsos positivos ou 

negativos. Embora a sorologia seja apenas um 

método indireto de medir a infecção, não defi-

nindo o grau de parasitismo, a presença da 

doença ou ainda o potencial de transmissão 

que o cão possa ter para o vetor, diminuir o 

número de resultados falsos positivos e negati-

vos seria muito importante para a eficiência do 

programa.
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