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Abstract Visceral leishmaniasis (VL) is a serious chronic dis-
ease with a lethality rate of up to 10 % in humans. In urban
areas of Brazil, dogs are the main reservoirs of the etiological
agent (Leishmania infantum) of VL, and the Brazilian Ministry
of Health recommends the euthanasia of animals that are sero-
positive in both the immunochromatographic dual path plat-
form rapid test (DPP™; Bio-Manguinhos) and the enzyme-
linked immunosorbent assay (ELISA) with an L. major-like
antigen (Bio-Manguinhos). Vaccination is an additional tool
in the control of canine VL, but the use of Leishmune®
(Zoetis Industria de Produtos Veterinarios, Sdo Paulo, SP,
Brazil), which contains the fucose mannose ligand (FML)
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isolated from L. donovani, is not currently recommended by
the Brazilian Ministry of Health because vaccinated animals
may exhibit positive serology and there are reservations re-
garding the efficacy of the vaccine. The aims of the present
study were: (i) to verify the abilities of the fast agglutination
screening test (FAST), the direct agglutination test (DAT), the
indirect fluorescent-antibody test (IFAT), the DPP rapid test,
and ELISA tests with L. major-like and FML antigens to dif-
ferentiate between L. infantum-infected and Leishmune®-vac-
cinated dogs, and (ii) to analyze the sensitivities and specific-
ities of the different methods. The reactivities to these tests of
Leishmune®-vaccinated dogs (n=71), asymptomatic (7=20)
and symptomatic (»=20) naturally infected dogs, and unvac-
cinated healthy control dogs (n=5) were compared. None of
the Leishmune®-vaccinated dogs tested seropositive in FAST
and DAT, although one dog was reactive to DPP and four dogs
to ELISA/L. major-like and IFAT tests. While 69 (97 %) of
vaccinated dogs reacted to ELISA/FML, only one was sero-
positive in both ELISA/L. major-like and IFAT tests.
Individually, all immunodiagnostic tests presented high speci-
ficities and positive likelihood ratios (LR+), and high specific-
ity values were obtained when the tests were considered in
pairs. However, sensitivity and LR- values were low for
ELISA/L. major-like and IFAT tests individually, and for all
pair combinations of tests except for FAST with DPP.

Keywords Canine visceral leishmaniasis - Immunodiagnostic
tests - Leishmune™ canine vaccine - Seroconversion

Introduction

Visceral leishmaniasis (VL), also known as kala-azar, is a
serious chronic disease, the lethality rate of which can be as
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high as 10 % in humans (Werneck et al. 2003; Belo et al.
2014). The etiological agent in the Americas is Leishmania
infantum (syn. Leishmania chagasi) (Mauricio et al. 2000). In
urban areas of Brazil, dogs are the main reservoirs of the
parasite, and one of the strategies adopted for the control
of VL is the identification and subsequent euthanasia of
infected dogs (Romero and Boelaert 2010). The Visceral
Leishmaniasis Control and Surveillance Programme
(VLSCP), which is sponsored by the Brazilian Ministry
of Health, recommends that diagnosis of canine VL
should be based on a dual path platform (DPP®™)
immunochromatographic test together with an enzyme-
linked immunosorbent assay (ELISA) (Ministério da
Saude do Brasil, 2011).

According to mathematical models, vaccination of the ca-
nine population represents one of the most effective ap-
proaches for reducing the incidence of human and canine
VL (Dye 1996). Leishmune®™ (Zoetis Industria de Produtos
Veterinarios, Sao Paulo, Brazil), the first second-generation
vaccine to be developed against canine VL, comprises the
fucose mannose ligand (FML) isolated from L. donovani plus
a saponin adjuvant. This vaccine, which was licensed in Brazil
in 2003 (Luz et al. 2013), has proven efficient in blocking the
zoonotic VL transmission cycle, but questions have been
raised concerning the difficulty of differentiating infected
dogs from healthy Leishmune®-vaccinated dogs using the se-
rological assays specified by VLSCP. It has been suggested,
therefore, that the vaccination of dogs could make it more
difficult to implement the surveillance and control program,
and might occasionally result in the euthanasia of healthy
vaccinated dogs (Ministério da Satde do Brasil, 2005;
World Health Organization 2010).

The objectives of the present study were: (i) to verify the
abilities of the fast agglutination screening test (FAST), the
direct agglutination test (DAT), the indirect fluorescent-
antibody test (IFAT) test, the DPP-CVL rapid test, and
ELISA tests with L. major-like and FML antigens (ELISA/
L. major-like and ELISA/FML, respectively) to differentiate
between L. infantum-infected and Leishmune®-vaccinated
dogs, and (ii) to analyze the sensitivities and specificities of
the different tests with the aim of selecting the most appropri-
ate for application in a surveillance and control program in
which vaccination with Leishmune® forms an integral part.

Materials and methods

The study was submitted to and approved by the Ethics
Committee for Animal Research of the Universidade Federal
de Sao Jodo del Rei under protocol number 35/2010. All pro-
cedures involving experimental animals were conducted ac-
cording to Brazilian regulations and the guidelines issued by
the Colégio Brasileiro de Experimentacdo Animal (COBEA).
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Animal groups

Four groups of animals were studied. Group I consisted of
71 Leishmune®-vaccinated dogs (39 males and 32 females)
belonging to the Military Police of Belo Horizonte, MG,
Brazil, and included animals of various breeds (German
Sheppard, Belgian Sheppard and Labrador) between 9 months
and 9 years of age. Members of this group were tested in
October 2010 for anti-Leishmania antibodies using ELISA
and IFAT diagnostic test kits for canine VL (Instituto de
Tecnologia em Imunobioldgicos, Bio-Manguinhos) and all
were found to be seronegative. Subsequently, the animals re-
ceived three doses of Leishmune®, with 21-day intervals be-
tween each dose, followed by annual booster doses as recom-
mended by the manufacturer. The last booster dose was ap-
plied between August and December 2012 and blood sam-
pling was performed at least 45 days after. In 2011, however,
one female animal was pregnant and one male dog was absent
from the kennel and their booster doses could not be admin-
istered. Group II comprised 20 serum samples obtained from
naturally infected dogs, clinically classified as asymptomatic
(Mancianti et al. 1988), that were positive for polymerase
chain reaction (PCR) of Leishmania minicircle kinetoplast
(k) DNA (kDNA PCR) and for the direct parasitological ex-
amination of skin and spleen fragments (using Giemsa stain).
Group III comprised 20 serum samples from naturally infected
dogs, clinically classified as symptomatic (Mancianti et al.
1988), that were positive for the same tests as described for
group II. The animals from groups II and III were mongrel
dogs (males and females) of variable ages that had been eval-
uated in a previous study conducted in Belo Horizonte by
Teixeira-Neto et al. (2010). All 40 dogs, except one from
group II, were seropositive for ELISA and IFAT, positive for
PCR-RFLP (L. infantum DNA) and positive for the parasito-
logical test, which confirmed the presence of amastigotes in
the tissues. Although the serum samples of groups II and III
were from dogs with confirmed infection, they were submitted
to the same tests as those from dogs of the other two groups.
The control group IV consisted of five unvaccinated healthy
animals (males and females) that had been born and raised in
breeding kennels at the Universidade Federal de Ouro Preto,
Ouro Preto, MG, Brazil. Absence of infection was determined
by negative serological, molecular and parasitological tests
(Teixeira-Neto et al. 2010).

Immunodiagnostic tests

Samples of blood (2.5 mL) were collected from animals of all
groups and transferred to 10 mL sterile tubes containing no
anticoagulant. After separation, serum samples were stored in
the freezer at - 20 °C until required for analysis.

FAST and DAT tests were carried out according to the
methods described by da Silva et al. (2005). DAT was
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performed initially using serum samples diluted 1:100 and
1:200, and those presenting a positive reaction were assayed
in serial dilution from 1:100 to 1:102400 in V-bottom micro-
plates. IFAT, DPP and ELISA/L. major-like assays were per-
formed using IFI-LVC, DPP-CVL rapid test, and EIE-LVC
kits, respectively, according to the instructions provided by
the manufacturer (Bio-Manguinhos). ELISA/FML assays
were performed according to the method described by
Cabrera et al. (1999) with minor modifications. Briefly, 96-
well polystyrene microplates were coated with FML antigen
(2 ug/well) diluted with carbonate bicarbonate buffer (pH 9.6)
and incubated at 37 °C for 1 h and then at 4 °C overnight. The
microplates were washed four times with phosphate buffered
saline containing 1 % skimmed milk and 0.05 % Tween
(PBST) using an automatic microplate washer (TP-Washer
NM, model 3.4e; Thermoplate, Sdo Paulo, Brazil). Serum
samples, along with positive and negative controls, were di-
luted 1:100 with PBST and aliquots (50 uL/well) were trans-
ferred in triplicate to the coated microplates. Incubation was
carried out at 37 °C for 1 h, after which the microplates were
washed again as described above. An aliquot (100 uL) of
peroxidase-conjugated specific anti-IgG was added to each
well and the microplates were incubated at 37 °C for an addi-
tional 30 min and then washed as described earlier. The sub-
strate supplied in the EIE-LVC kit was added to the wells
(100 pL/well) and the plates were left at room temperature
for 30 min. The reaction was blocked with 2 M sulfuric acid
solution (50 puL/well) and the optical density (OD) determined
at 450 nm using a microplate reader (TP Reader NM, model
1.4; Thermoplate, Brazil). The cut-off point was taken as 3 X
mean OD value of the negative controls provided in the kit,
while the limits of the grey area were considered to be cut-off
point£1.2 x cut-off point. Samples were classified as reactive
(OD above grey area), non-reactive (OD below grey area) and
indeterminate (OD within grey area).

Statistical analyses

Analyses were performed using R Statistical Software (ver-
sion 2.15.1). The specificities of the individual immunodiag-
nostic tests were estimated with reference to groups I
(Leishmune®-vaccinated dogs; n=71) and IV (control healthy
dogs; n=5), while sensitivities were determined by consider-
ing groups II and IIT (asymptomatic and symptomatic infected
dogs) taken together as reference (2=40). The confidence in-
tervals of the values obtained were calculated using the
Wilson score method with asymptotic variance (Newcombe
1998). Specificities and sensitivities were also determined for
pairs of tests when performed in series. The specificity of
ELISA/FML was not calculated because the antigen
employed was the same as that of the vaccine Leishmune®.
Positive and negative likelihood ratios (LR+ and LR-,

respectively) and diagnostic odds ratios (DOR) were calculat-
ed for all of the immunodiagnostic tests except for ELISA/
FML.

Results

Figure 1 shows the results of immunodiagnostic tests applied
to all four groups of animals and demonstrates that the prob-
ability of a Leishmune®-vaccinated dog testing positive for
infection by L. infantum is low.

Of the 71 vaccinated dogs investigated, only one presented
positive results in the ELISA/L. major-like and IFAT assays
conjointly. Two of the vaccinated animals were seronegative
in all of the tests applied. Overall, 28 (70 %) of the naturally
infected dogs and 4 (5.6 %) of the Leishmune®-vaccinated
dogs were seropositive in the ELISA/L. major-like test. In
the ELISA/FML test, 30 (75 %) of the naturally infected dogs
and 69 (97 %) of the Leishmune®-vaccinated dogs were
seropositive.

Within the group of asymptomatic infected dogs, two
animals (10 %) were seronegative and eight (40 %) were
seropositive for all immunodiagnostic tests. However, nine
dogs (45 %) showed seropositive responses in the FAST,
DAT, IFAT, DPP and ELISA/L. major-like tests conjointly,
while 12 dogs (60 %) presented positive results in the
FAST, DAT, IFAT, DPP and ELISA/FML taken together.
The dilutions of the seropositive DAT samples in asymp-
tomatic infected animals varied between 1:400 and
1:51200. Within the group of symptomatic infected dogs,
14 (70 %) were seropositive for all immunodiagnostic tests,
while one animal was seronegative for DAT, ELISA/
L. major-like and ELISA/FML, and another was seronega-
tive for DAT and IFAT. The dilutions of the seropositive
DAT samples in symptomatic infected animals varied
between 1:3200 and 1:10200.

When assessed individually, all of the tests presented high
specificities, with the FAST and DPP tests exhibiting the
highest sensitivities followed by the DAT, IFAT, ELISA/
FML and ELISA/L. major-like tests (Table 1). According to
the paired analyses, high specificity values were obtained for
all combinations of tests, whereas the sensitivity values were
low for the majority of combinations (Table 1). The results of
the paired analyses are particularly important considering that
the Brazilian Ministry of Health recommends that a definite
diagnosis of infection should be based on seropositivity in at
least two of a series of tests.

The FAST and DAT tests exhibited the highest LR+ and
DOR values, followed by the DPP test, whereas ELISA/
L. major-like presented the lowest values. The FAST and
DPP tests exhibited LR- values below the accepted cut-off
point (Table 2).
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Discussion

The present study examined aspects related to the ability of
immunodiagnostic tests to differentiate between dogs natural-
ly infected with Leishmania infantum and Leishmune®-vacci-
nated dogs, and sought to determine the quality of such tests in
a context in which the vaccination of dogs with Leishmune®
would be employed as a VL control strategy. The results for
all four groups of animals studied revealed that the probability
of a Leishmune®-vaccinated dog testing positive for infection
by L. infantum was low. These data support the hypothesis of
Palatnik-de-Sousa et al. (2009) that vaccination with
Leishmune® should not interfere negatively with the measures
proposed in the Brazilian Program of Surveillance and
Control of Visceral Leishmaniasis. Moreover, if a campaign
of vaccination with Leishmune®™ was to be implemented, the
erroneous euthanasia of a vaccinated animal presenting a false
positive result would be essentially prevented since the guide-
lines of the Brazilian Ministry of Health require positive diag-
nosis to be based on two sequential tests, i.e., an initial screen-
ing using a DPP test followed by confirmation with the
ELISA L. major- like test (Ministério da Satde do Brasil,
2011).

Additional evidence in support of the hypothesis has been
provided by Barichello (2010), who showed that 89.8 and
97 % of Leishmune®-vaccinated dogs (n=39) were seroneg-
ative for Leishmania according to ELISA/L. major-like and
IFAT tests conducted using kits produced by Bio-
Manguinhos, and 100 % of the vaccinated dogs tested nega-
tive according to tests performed using the ELISA/S7 test kit
produced by Biogene. Even though the choice of appropriate
tests to avert the unnecessary euthanasia of dogs represents an
extremely important issue, discussion in the literature of this
aspect is not particularly enlightening. In the present study, all
combinations of tests presented high specificity but most

@ Springer

showed low sensitivity. The combination offering the highest
values of specificity and sensitivity was FAST+DPP, whereas
the combination with the lowest values was ELISA/
L. major-like+1FAT.

The results obtained with ELISA/FML demonstrate that
the production of specific anti-FML antibodies had been in-
duced by natural Leishmania infection and through vaccina-
tion. Although the 36 kDa glycoprotein nucleoside hydrolase
(NH36) is the main epitope of the FML antigen complex
(Santana et al. 2002), detection of significant amounts of
NH36 antigens in the other immunodiagnostic tests employed
would not be expected since the glycoprotein represents a very
small fraction of the parasite proteome. Indeed, NH36 is not
considered an important antigen as determined by proteomic
analysis of Leishmania (Dea-Ayuela et al. 2006; Forgber et al.
2006). Thus, differences between the results obtained with
ELISA/FML and the other tests within the group of
Leishmune®-vaccinated dogs reflect the differential affinities
of the antigens (Palatnik-de-Sousa et al. 2009).

The variation in the results of the asymptomatic group was
greater than that observed in the symptomatic group and this
may be explained by the enhanced cell-mediated immunity
and the reduced humoral immune response presented by
asymptomatic animals, which could be expressed as a dimin-
ished sensitivity to the serological tests (Bourdoiseau et al.
1997; Cabral et al. 1998). Other researchers have reported a
reduced proportion of seropositivity in serological tests car-
ried out with asymptomatic animals (Dye et al. 1993;
Quaresma 2007), while Reis (2001) observed a variation in
antibody titers in both the IFAT and the ELISA/extract tests in
asymptomatic animals.

Consistent results within the four groups of animals
assessed in the present study were obtained using the FAST,
DAT and DPP tests, while those produced by the ELISA/
L. major-like and IFAT tests showed the highest variabilities.
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Table 1 Sensitivities and specificities of individual and paired

immunodiagnostic tests

Test Sensitivity Specificity
(confidence (confidence
interval) interval)

Analyzed individually

FAST* 0.92 (0.80-0.97)  1(0.95-1)
DAT® 0.87 (0.74-0.95) 1 (0.95-1)
ELISA/L. major-like® 0.70 (0.55-0.82)  0.95 (0.87-0.98)
IFAT? 0.80 (0.65-0.89)  0.95 (0.87-0.98)
DPP°® 0.92 (0.80-0.97)  0.99 (0.93-1)
ELISA/FMLS' 0.75 (0.60-0.86)  Not applicable

Analyzed pairwise

FAST+DAT 0.81 (0.59-0.92) 1 (0.99-1)
FAST+ELISA/L. major-like ~ 0.65 (0.44-0.80) 1 (0.99-1)
FAST+IFAT 0.74 (0.52-0.86) 1 (0.99-1)
FAST+DPP 0.86 (0.64-0.94) 1 (0.99-1)
FAST+ELISA/FML 0.69 (0.60-0.83)  Not applicable
DAT+ELISA/L. major-like 0.61 (0.41-0.80) 1(0.99-1)
DAT+IFAT 0.70 (0.48-0.85)  1(0.99-1)
DAT+DPP 0.81(0.59-0.92) 1(0.99-1)
DAT+ELISA/FML 0.65(0.44-0.82) NA

ELISA/L. major-like+IFAT 0.56 (0.36-0.73)  1(0.98-1)
ELISA/L. major-like+DPP 0.65 (0.44-0.80) 1 (0.99-1)
ELISA/L. major-like+ELISA/  0.52 (0.33-0.71)  Not applicable

FML

IFAT+DPP 0.74 (0.52-0.86)  1(0.99-1)
IFAT+ELISA/FML 0.60 (0.39-0.77)  Not applicable
DPP+ELISA/FML 0.69 (0.48—-0.83)  Not applicable

? Fast agglutination screening test

® Direct agglutination test

¢ Enzyme-linked immunosorbent assay with L. major-like antigen

9 Indirect fluorescent-antibody test

¢ Dual path platform CVL rapid test
PEnzyme-linked immunosorbent assay with fucose mannose ligand

antigen

This disparity may be explained by the sources of the antigens
used in the tests, since the L. donovani promastigotes
employed in FAST and DAT, and the L. infantum recombinant
proteins employed in DPP, originated from species of the
L. donovani complex, while the antigens in the IFAT and
ELISA/L. major-like test kits produced by Bio-Manguinhos
originated from the L. major complex. According to Barbosa-
de-Deus et al. (2002), detection of heterologous antigens by
VL-induced antibodies may occur, although the reaction is
less intense and less specific than that observed with homolo-
gous antigens (Rajasekariah et al. 2008).

Since the specificities of the tests employed in this study
were relatively high, the positive and indeterminate results
obtained with IFAT and ELISA L. major-like assays for sev-
eral of the Leishmune®-vaccinated dogs may indicate poten-
tial infection. Indeed, the possibility that some group I dogs
might be infected by Leishmania must not be neglected be-
cause the protection conferred by the vaccine varies between
95 and 98 % (Borja-Cabrera et al. 2002, 2008). Alternatively,
since no diagnostic tests for canine VL are 100 % specific
(Gontijo and Melo 2004; Ministério da Saude do Brasil,
2011), the occasional occurrence of false-positive reactions
must be expected (Ferreira et al. 2007; Oliveira et al. 2008).
In this context, it is important to emphasize that all group I
animals presented seronegativity in the more specific tests,
namely FAST, DAT and DPP, with the exception of a single
animal in the DPP test.

Regarding the low sensitivity values established for some
of the immunodiagnostic tests, it is possible that some infected
dogs could have been in the initial stages of infection in which
parasites were present in the skin but seroconversion had yet
to occur. These findings are in agreement with de Queiroz
et al. (2010) who reported that 87.5 % of asymptomatic dogs
showed seronegativity in two different tests, while PCR of
skin samples revealed 100 % positive results.

In the present study, FAST exhibited values for sensitivity
and specificity (92 and 100 %, respectively) that were higher
than those of the other tests and well within the range (80 to

Table 2 Likelihood ratios (LR) and diagnostic odds ratios (DOR) of immunodiagnostic tests

Test LR+ (confidence interval) LR- (confidence interval) DOR (confidence interval)
FAST* 140.85 (8.87-2235.22) 0.09 (0.03-0.23) 1639.28 (82.53-32560.34)
DAT® 133.34 (8.39-2118.22) 0.14 (0.06-0.29) 1551.86 (78.05-30853.56)
ELISA/L. major-like® 13.30 (5.02-35.27) 0.32 (0.20-0.51) 42.00 (12.49-141.25)
IFAT? 15.20 (5.78-39.95) 0.21 (0.11-0.39) 72.00 (20.21-256.49)
DPP¢ 70.30 (10.01-493.63) 0.08 (0.03-0.23) 925.00 (93.00-9200.04)

* Fast agglutination screening test
® Direct agglutination test

¢ Enzyme-linked immunosorbent assay with L. major-like antigen

9 Indirect fluorescent-antibody test

¢ Dual path platform CVL rapid test
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100 %) reported in previous studies (Hailu et al. 2006;
Schallig et al. 2002). In contrast, the observed sensitivity of
DAT (87 %) was below literature values, which range from 93
to 100 %, while the specificity of the test (100 %) exceeded
the previously reported values of 91 % (Silva et al. 2006) and
95 % (Ferreira et al. 2007; Hailu et al. 2006; Veeken et al.
2003).

The sensitivity of the ELISA/L. major-like test was esti-
mated at 70 %, a value that is low in comparison with the
figure of 94.54 % declared by the producers of the EIE kit
(Bio-Manguinhos). In contrast, the specificity of the test was
95 %, a value that is higher than that (91.76 %) claimed by the
manufacturer. In a similar manner, IFAT exhibited a sensitivity
of 80 %, a figure that is lower than the 90 % quoted by the
producers of the IFI kit (Bio-Manguinhos), and a specificity of
95 %, a value that is higher than the 80 % stated by the
manufacturer. With respect to the DPP-CVL rapid test, the
determined sensitivity of 92 % was within the range (89.7—
93.1 %) stated by the producers (Bio-Manguinhos) of the kit,
whereas the specificity of 99 % was above the declared range
0f 93.8-97.9 %).

The sensitivity of ELISA/FML determined in the present
study was lower than that established by Cabrera et al. (1999)
who recorded values of 100 % for both sensitivity and
specificity in symptomatic and asymptomatic dogs. In
contrast, Candido et al. (2008) reported sensitivity and speci-
ficity values for ELISA/FML of 90 and 93.3 %, respectively,
for oligosymptomatic dogs, and of 86.7 and 96.7 % for symp-
tomatic animals. These authors suggested that the discrepancy
between the two studies arose because they had employed an
anti-dog IgG conjugated to peroxidase for the detection of
antibodies while Cabrera et al. (1999) had used protein A
conjugated to peroxidase. It appears that the application of
peroxidase-conjugated protein A presents advantages because
it not only reacts with all classes of IgG but also partially
reacts with IgA and IgM (Surolia et al. 1982). Additionally,
peroxidase-conjugated protein A increases the difference in
the absorbance of the serum from infected and healthy dogs,
thus facilitating the discrimination of seropositive animals and
improving the sensitivity of the assay (Lima et al. 2005). This
explanation is applicable to the present study since the ELISA/
FML test employed peroxidase-conjugated anti-IgG and the
established sensitivity of 75 % was well below the value re-
ported by Cabrera et al. (1999). In this context, it is notewor-
thy that ELISA/FML yielded negative results with serum sam-
ples from two Leishmune®-vaccinated dogs that presented
seronegativity in all of the other tests.

The differences in sensitivity and specificity observed in
the present study may be attributed to modifications in the
technical procedures and variations in the batches of serolog-
ical kits employed. Additionally, the symptomatic and asymp-
tomatic dogs studied were considered positive for Leishmania
on the basis of assessments made using molecular and/or
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parasitological assays, and these are able to identify infection
earlier than serological tests. According to Reithinger et al.
(2002), the type of antigen used (evolutionary form or species)
and possible changes in standard methods, such as incubation
time and microtiter plates employed, may influence the sensi-
tivity and specificity values of immunodiagnostic tests.
Moreover, depending on the antigen used, the sensitivity of
immunodiagnostic tests may vary from 95 to 99.5 % while the
specificity may fluctuate from 97.1 to 100 % (Badar6é and
Duarte 1996). It is important to emphasize that, in order to
make meaningful comparisons between different studies, the
confidence intervals of the sensitivity and specificity values
must be reported, although such information is frequently
missing from publications. Moreover, the percentages of sen-
sitivity and specificity normally reported in the literature typ-
ically represent approximations of the true values, which will
vary according to the number of dogs studied and random
variables associated with the study.

The low values for sensitivity and LR- obtained in the
present study indicate that dogs that are truly infected with
Leishmania may not be identified by immunodiagnostic tests.
This issue is as relevant as the finding that Leishmune™-vac-
cinated dogs could be seropositive for the parasite, since every
infected dog that is not diagnosed as such increases the prob-
ability of transmission of the infection to humans and to other
dogs and, thereby, reduces the effectiveness of the surveil-
lance and control measures. The guideline requiring that
Leishmania infection should be confirmed through two posi-
tive serological tests tends to aggravate this problem and
should be reevaluated. Indeed, if the combination of serolog-
ical tests recommended by the Brazilian Ministry of Health
were applied, 35 % of truly infected dogs would be recorded
as negative. It is important to stress that the low sensitivity of a
test is an intrinsic characteristic of the method employed and is
not associated with vaccination status.

Currently, there is considerable controversy regarding the
distinction between Leishmune®-vaccinated and infected
dogs through the application of immunodiagnostic tests.
Some researchers have claimed that it is not possible to dif-
ferentiate between these two groups of animals using indirect
ELISA (de Amorim et al. 2010; Fernandes 2013).
Furthermore, Marcondes et al. (2011) stated that commercial
polyclonal antibodies for total IgG, IgG1 and IgG2 are not
able to distinguish infected and vaccinated dogs. The same
group (Marcondes et al. 2013) has recently reported that an
in-house ELISA, as well as the official serological tests
adopted by the Brazilian Ministry of Health, exhibit cross-
reactivity up to 6 months after the first dose of vaccine.
Cross-reactivity in Leishmune®-vaccinated dogs, as revealed
by official serological tests, has also been recorded by Aratjo
(2006) and Andrade et al. (2009). According to these re-
searchers, seropositivity is typically detected in assessments
performed near to the time of vaccination, but such reactivity
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tends to diminish with time (Araujo 2006; Andrade et al.
2009; Marcondes et al. 2011, 2013). In the light of this evi-
dence, it is important to monitor vaccinated dogs for an ex-
tended period. In the present study, for example, Leishmune™-
vaccinated dogs became seronegative in various tests after
3 years of vaccination even when receiving annual boosters.
However, these dogs were not submitted to molecular or par-
asitological tests before the study to verify if they were para-
site-free. The two animals that were seronegative in all tests
received the last booster dose at the same time, indicating that
the interval between booster injections did not interfere with
the results. The explanation for this lack of response is prob-
ably that these dogs were highly resistant and had a cell-
mediated immune response together with an absence of anti-
body response. It is important to emphasize that the
Leishmune®™-vaccinated dogs belonged to the Military Police
and received high quality care. However, since these dogs
lived in a Leishmania-endemic area, it is not possible to state
with total certainty that they were risk-free, although potential
exposure to infection would have been minimal since the an-
imals spent most of the time in kennels rather than roaming
free.

The results presented herein verify that FAST, DAT and
DPP assays provide higher values for sensitivity, LR+ and
DOR compared with ELISA/L. major-like and IFAT tests
when applied to symptomatic and asymptomatic infected
dogs. Furthermore, our study demonstrates that the probability
of Leishmune®-vaccinated dogs being assessed as seroposi-
tive in these tests is minimal. Hence, the DPP method pres-
ently recommended by the Brazilian Ministry of Health is a
suitable diagnostic test for canine VL and should continue to
be applied if a campaign of immunization with Leishmune® is
authorized.

The present study has also shown that ELISA/L. major-like
could be replaced by either FAST or DAT in the future, since
the latter exhibit higher LR+, DOR and specificity values in
Leishmune®-vaccinated dogs and higher sensitivity values in
naturally infected dogs. Although the antigens used by FAST
and DAT are imported, and hence more costly, the tests are
simple and rapid and, since refrigerated storage facilities and
sophisticated equipment are not required in their application,
they could be used most effectively in areas with poor infra-
structure (El-Harith et al. 1988; Silva et al. 2006;
Organizacion Panamericana de la Salud, 2006; Sundar and
Rai 2002). Naturally, the cost-benefit of these methods must
be evaluated by the health authorities along with the applica-
bility of the tests in areas that are endemic for Leishmania and
other infections. Finally, FAST and DAT may be used as fur-
ther evidence in cases where Leishmune®-vaccinated dogs
have shown seropositivity in other tests. It should be noted
that, while ELISA/FML may demonstrate the occurrence of
seroconversion against the FML antigen, this must not be
understood as evidence of vaccine-induced protection. The

significant originality of the present study resides in the de-
tailed analyses of the performance of different serological tests
in Leishmune®-vaccinated dogs, the results of which repre-
sent a novel contribution to knowledge regarding the sensitiv-
ity and specificity of immunodiagnostic methods.
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