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The performance of serological tests for Leishmania infantum
infection screening in dogs depends on the prevalence of the
disease
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ABSTRACT
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Dogs are considered the main reservoir of Leishmania infantum. This protozoan causes
visceral leishmaniasis (VL), an uncontrolled urban zoonosis in Brazil. Serological tests and
polymerase chain reaction (PCR) on peripheral blood were performed to identify infected
dogs in scenarios of higher and lower prevalence of the disease (Teresina and Vitória). Onehundred infected and 57 non-infected animals from Teresina and 100 non-infected animals
from Vitória were studied. Animal selection was not dependent on previous serology. The
sensitivity (Teresina) and specificity (Teresina and Vitória) were as follows: indirect antibody
fluorescence (IFAT) cut-off of 1:40 (IFAT 1:40): 96%, 18%, and 76%; IFAT 1:80: 90%, 33%,
and 93%; direct agglutination test (DAT): 96%, 33%, and 98%; fast agglutination screening
test (FAST): 93%, 68%, and 100%; immunochromatographic assay with a recombinant
rK39 antigen (rK39): 88%, 74%, and 98%; enzyme linked immunosorbent assay (ELISA):
91%, 79%, and 98%; rapid dual-path platform test (TR DPP®): 98%, 60%, and 98%; and
blood PCR: 29%, 93%, and 97%, respectively. In the high transmission area, none of the
tests adequately discriminated L. infantum-infected from non-infected dogs. However, in the
high transmission city, the area under the receiver operating characteristic (ROC) curve of
FAST, DAT, ICrK39, ELISA and TR DPP® was high.
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INTRODUCTION
New World visceral leishmaniasis is caused by Leishmania (Leishmania)
infantum (syn. L. (L.) chagasi) transmitted through the bite of infected female
sand flies. Lutzomyia longipalpis, the main vector of the parasite in the Americas,
is well adapted to urban and peri-urban environments1. Dogs may also get sick and
are considered the main reservoir of the parasite and are responsible for disease
maintenance, both in urban and peri-urban areas2. In Brazil, the disease became
urban during the 1980s. Although the highest prevalence of human VL occurs in
the Northeast region of the country; during the last 30 years, the disease has spread
to new endemic areas in all regions of Brazil3.
The Brazilian VL surveillance and control program recommends periodic
serological screening of all dogs, followed by the removal and sacrifice of those
that are seropositive4. However, the accuracy on the identification of infected dogs
remains controversial because they may not show clinical signs of the disease,
which may delay early diagnosis5,6. Furthermore, community intervention was not
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significantly effective for the dog elimination strategy7.
Recent systematic reviews stress that the effectiveness of
such actions must be proven, in particular because several
diagnostic assays fail to actually detect the infection8.
Several tests are used on the diagnosis of L. infantum
infection in dogs. Although extensively evaluated
with good results in the Old World and Brazil, for the
serodiagnosis of L. infantum in dogs, direct agglutination
test (DAT) and fast agglutination screening test (FAST)
are not used in Brazil9-11. The Brazilian Ministry of Health
distributes a rapid dual-path platform test (TR DPP®) for
screening, followed by enzyme linked immunosorbent
assay (ELISA) for confirmation 12. However, despite
using three recombinant antigens (rK39, K26 and k9,
fused together in a recombinant protein called k28)13, TR
DPP® sensitivity remains rather disappointing, particularly
among sub-clinically infected animals14. By contrast, little
is known about the performance of serological techniques
in areas of distinct disease prevalence. Moreover, the
specificity of both TR DPP® and ELISA can be low15,
thereby compromising the efficacy of these screening
methods in Brazil. Additionally, several conventional
serological tests are limited due to their cross reactivity
with other parasitic diseases16. Therefore, more efficient
tests must be identified and combined with others for the
improved identification of naturally infected animals6.
Then, more sensitive and specific tests may become new
tools for the screening and confirmation of the disease,
which could actually increase the effectiveness of this
controversial VL control program.
Despite their lower sensitivity, laboratory methods
considered gold standards for VL confirmation are
parasitological approaches17. Detection of parasites in
tissues, organs or cultures establishes the conclusive
diagnosis of L. infantum infection in dogs12. However, in
addition to the possibility of false-negative results due to
the lack of sensitivity, these direct methods are difficult to
perform and are invasive. Finally, concentration methods for
direct examination, such as QBC®, or faster parasitological
exams, such as microculture, if automated, similar to
bacterial culturing, may be useful in the near future18,19.
Molecular methods are highly sensitive and specific, but
have disadvantages of requiring more complex laboratory
facilities, as well as more qualified technicians20.
To assess the diagnostic accuracy of different techniques
to diagnose L. infantum infection in dogs, the present study
evaluated the area under the curve (AUC), sensitivity,
specificity and agreement of different serological tests used
in routine laboratory settings and of an in-house polymerase
chain reaction using peripheral blood (PCR blood). The
study is unique since it does not use any prior serological
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screening for animal selection and it was performed in areas
of higher and lower prevalence of L. infantum infection.
MATERIALS AND METHODS
Study area
The study was conducted in Teresina, Piauí State,
Northeast Brazil, the city in which VL began its urbanization
in the country over 30 years ago, as well as in Vitória,
Espírito Santo State, Southeast coast, where VL had not
been reported until the completion of this study; although
recently, disease transmission has been identified in Vitória
and the transmission of cutaneous leishmaniasis exists in
its outskirts21,22. Teresina and Vitória are State capitals and
have over 800,000 and 300,000 inhabitants, respectively.
Three major epidemics of human visceral leishmaniasis
have affected Teresina in the beginning of the 1980s, 1990s
and 2000s.
Animals
The study included 257 domestic dogs of different breeds
and ages, with and without compatible signs of canine visceral
leishmaniasis (CVL). The number and types of signs varied
largely, from localized to systemic, including pigmentation,
ulcers, blepharitis, hairless areas, palpable lymph nodes,
splenomegaly, paleness, wasting and bleeding. The animals
were divided into three groups. The first group comprised
100 dogs with (n=89) and without (n=11) clinical signs of
L. infantum infection, from Teresina, Veterinary Hospital of
the Federal University of Piauí, donated by their owners for
scientific study, all of which had Leishmania spp. amastigotes
demonstrated in tissues. The second group consisted of 57
stray dogs with (n=10) and without (n=47) clinical signs
of CVL, also from Teresina, in which Leishmania was not
identified after extensive examination (see below). Finding
such dogs was particularly troublesome due to the small
number of dogs captured by public services at the time and
also because parasites were found in many donated animals,
leading to a less than expected sampling of non-infected
animals in the endemic area. The third group comprised 100
stray dogs, with (n=17) and without (n=83) clinical signs
suggestive of CVL, from Vitória, in which all parasitological
examinations of bone marrow, lymph nodes, liver and spleen
by culture method, as described below, were negative. The
statistical power was over 88% for distinguishing proportions
of 90% and 80% for a sample size comparing 100 with 100
dogs. When the sample size was adjusted to compare 100
with 57 dogs, the power was reduced to 86%. The dogs
from the two last groups were sacrificed to obtain livers and
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spleens for parasitological examination and identification of
subclinical infection. These animals would be sacrificed by
public services as part of the rabies control program.
Clinical evaluation and sample collection
After clinical evaluation by a veterinarian, 10 mL of
blood were collected from the jugular vein for serology and
40 µL of blood were collected from the tip of the ear on filter
paper for DNA extraction (IsoCodeTM, Schleicher & Schuell,
Keene, NH). To obtain specimens for parasitological
assessment, an aspiration biopsy from the bone marrow and
popliteal lymph nodes and scrapings from intact or injured
skin of the ears or nose were obtained. The samples were
stained with Giemsa and studied using a 100 x objective.
After confirmation of Leishmania infection, the dogs were
compassionately sacrificed, and aspiration biopsies of the
liver and spleen were performed immediately. Sacrifice
was performed by intravenous administration of ketamine
hydrochloride 10% (15 mg/kg) and acepromazine 0.2%
(0.5 mg/kg). After sedation for approximately 15 minutes,
20 mL of 10% potassium chloride at 100 mg /kg were
administered intravenously.
Bone marrow, popliteal lymph nodes, liver and
spleen samples were inoculated in Novy-Macneal-Nicole
(NNN) media enriched with insect Schneider’s media,
supplemented with 5% fetal bovine serum (inactivated at
56 ºC for 30 minutes), 10 U/mL penicillin, and 10 mg/mL
streptomycin. Cultures were incubated at 26 ºC in a BOD
incubator. Every 5 days, cultures were examined using an
optical microscope with a 40 x objective to confirm the
presence of Leishmania promastigotes, and this procedure
was repeated until parasites were found (positive culture) or
until day 30 of incubation, when, if no promastigotes were
found, the cultures were considered negative.

Direct agglutination test (DAT)
The protocol used for DAT (Royal Tropical Institute,
Amsterdam, Netherlands) was described by Schallig et al.23.
Sera were diluted from 1:50 to 1:51,200. After addition of
samples, the plate was incubated in an orbital shaker at
room temperature for 18 hours. The test was considered
negative when compact blue dots formed on the bottom of
the well, and the test was positive when there were large
diffuse stains. The cut-off value was 1:400.
Fast agglutination screening test (FAST)
FAST (Royal Tropical Institute (Amsterdam,
Netherlands) is a DAT variant and it is interpreted in the
same way. The difference is the presence of a greater antigen
concentration of 2 x 108 parasites/mL and a single dilution
(1:100), allowing a result in 4 hours24.
The rK39 immunochromatographic test
The selected test was Kalazar DetectTM (InBios, Inc.,
Seattle, WA, USA), performed according to the manufacturer’s
instructions. This is a fast qualitative test characterized by
a specifically adapted immunochromatographic assay for
CVL diagnostic. It was conducted on paper strips and results
were determined within 10 minutes.
Dual-path platform fast test (TR DPP®)
The selected test was a TR DPP ® kit for CVL
(Bio-Manguinhos, Rio de Janeiro, Brazil). It is also an
immunochromatographic assay, but with three recombinant
antigens (rK28). The tests were conducted using a serum
sample following the manufacturer’s protocol.

Indirect immunofluorescence reaction (IFAT)

Polymerase chain reaction (PCR)

An indirect immunofluorescence kit for CVL (BioManguinhos, Rio de Janeiro, Brazil) was used. Serum
samples were diluted from 1:40 to 1:640 in phosphate
buffer saline (PBS) and tested. The cut-off points were 1:40
and 1:80 dilutions, which are the cut-off used in Brazil for
the diagnosis of canine L. infantum infection and human
diagnosis of visceral leishmaniasis.

Filter papers with peripheral blood collected from
the ears were placed in 1.5 mL Eppendorf tubes. Then,
500 µL of ultra-pure water were added, stirred in a vortex
and the tip of the IsocodeTM was transferred to another
sterile 0.5 mL microtube. Next, 100 µL of ultra-pure
water were added. The material was then heated in a
hot water bath at 95 ºC for 30 minutes. At the end of the
incubation, the sample was agitated in a vortex and the
tip of the IsoCodeTM was removed. The 100 µL of eluate
containing the sample DNA were stored at -20 ºC for
further analysis. The method dismisses additional DNA
extraction and it has been used for human L. infantum
infection identification 25. The NanoDrop TM apparatus

Enzyme-linked immunosorbent assay (ELISA)
ELISA for canine VL (CVL) (Bio-Manguinhos, Rio
de Janeiro, Brazil) was used. Serum samples were diluted
1:100, and tests followed the supplier’s recommendations.
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(Thermo Scientific, Wilmington, USA) was used for DNA
quantification.
The region between the 18S and 5.8S genes, known
as ITS-1, from the rDNA was amplified using “LeF”
(5’ – TCCGCCCGAAAGTTCACCGA – 3’) and “LeR”
(5’ – CCAAGTCATCCATCGCGACA – 3’) primers. DNA
amplification was performed in a final volume of 25 µL
containing 2.5 µL of Taq polymerase 10 x buffer (160 mM
(NH4)2SO4, 670 mM Tris-HCl pH 8.8, and 0.1% Tween-20);
1.5 mM MgCl2; 100 µM of dATP, dCTP, dGTP and dTTP;
0.2 µM of each primer; 0.5 units of Taq polymerase
(Platinum™ Taq DNA Polymerase, Invitrogen, Carlsbad,
CA, EUA); and 5 µL of DNA. The reactions were run in
a Mastercycler Gradient™ (Eppendorf, Vienna, Austria)
using the following program: initial denaturation of five
minutes at 94 ºC, and 40 cycles of one minute at 94 ºC for
melting, 30 seconds for primer annealing, and 45 seconds
at 72 ºC for extension, and a final four minutes elongation
at 72 ºC. Positive controls were DNA from cultured
L. infantum from dog bone marrow. A 25 µL mix containing
all reagents, except DNA, was used as a negative control.
DNA amplification was visualized by electrophoresis on 1%
agarose gels stained with GeL Red (Biotium, Hayward,
CA), photographed under UV lights.
Statistical analysis
To estimate the sensitivity and specificity, the 95%
confidence interval for proportions (Cornfield), the kappa
agreement index, and the ROC curves were calculated with
Stata® software (College Station, TX, USA). Performance
was evaluated by calculating the AUC, also with Stata®.
AUC is a plot of sensitivity versus false positive rate,
which gives a precise estimation of the test performance.
To estimate the post-test probability (the probability of
infection after the test result), a Bayesian conditional
probability model was used in a Microsoft® Excel spread
sheet, Redmond, WA.
RESULTS
Table 1 shows the sensitivity, specificity and AUC for
each diagnostic test. The sensitivity was high, except for
blood PCR blood. The highest were: TR DPP® followed
by IFAT 1:40 and DAT tests, and FAST. ELISA, IFAT 1:80
and rK39 presented intermediate sensitivity. Blood PCR
detected less than 30% of the infected dogs.
The specificity was very different for the higher and
lower transmission areas. In Teresina (high prevalence),
the specificity values were very low for all tests, except for
blood PCR. Specificity for ELISA and rK39 were modest
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and worse for FAST and TR DPP®. The other tests were
positive for most non-infected dogs. By contrast, in Vitória
(lower prevalence), the specificity was excellent for FAST
and DAT, rK39, ELISA and blood PCR. They were less
relevant for IFAT 1:80 and modest for IFAT 1:40.
The test with the greatest AUC, in Teresina, although
modest, was ELISA, followed by FAST, rK39 and TR DPP®.
The others presented disappointing results, with very little
information for post-test probabilities. By contrast, the tests
provided excellent information in Vitória. IFAT 1:40 and
blood PCR provided less information.
Agreement among the tests, using separate specificities
for the higher and lower transmission areas, was considerably
greater in Vitória than in Teresina. According to a standard
classification26, in Teresina, none of the tests presented
an excellent correlation, and the only reasonable to good
agreements were between all pairs of tests for DAT, FAST,
rK39, TR DPP® and ELISA, and were poor for IFAT 1:40
and IFAT 1:80. Blood PCR presented poor agreement with
all evaluated tests. However, in Vitória, agreement was
excellent among all serological tests, except IFAT 1:40
(Table 2).
The presence of clinical signs had little impact
on test performance and it was only associated with
immunofluorescence assays. Among dogs with signs of
disease, the sensitivity of IFAT 1:80 was higher (93% versus
69%), and in the lower transmission area, the specificity of
IFAT 1:40 was significantly increased when there were signs
of disease. The other tests were not changed by the presence
of clinical presentation in any of the two cities (Table 3).
In the post-test probability simulation, in view of the
pre-test probability (probability of infection before the test
result, given by the prevalence or assessment on clinical and
epidemiological grounds), the tests, when positive, were
only relevant in Vitória. In Teresina, no test was sufficiently
informative when positive, because they only slightly
increased pre-test probabilities or prevalence. Additionally,
in Teresina, for all tests, false-positive percentages were
high, particularly when prevalence was below 20-40%.
In situations of high pre-test probability, tests contributed
little to clinical diagnosis. Under these circumstances, IFAT
1:40 had the poorest performance, as measured by the AUC
for serological tests (Figure 1A). However, when negative,
IFAT 1:40 presented fewer false-negative dogs than the
other tests (Figure 1B). Blood PCR also presented poor
performance to exclude infections with a negative result.
In Vitória, FAST presented excellent results; however,
with minimal pre-test or low prevalence probabilities
(below 5%), it increased post-test probabilities to over
90%. A slightly worse performance was obtained for rK39,
followed by ELISA, TR DPP® and DAT. IFAT 1:40 poorly
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Table 1 - Sensitivity, specificity and area under the indirect immunofluorescence reaction curve (IFAT) in the 1:40 and 1:80 dilutions,
DAT and FAST direct agglutination tests, rK39 and TR DPP®, ELISA and PCR of peripheral blood for the diagnosis of L. infantum
infection in dogs in endemic and non-endemic areas
Test

Sensitivity
(95% CI)*

Specificity
(95% CI)

Area under the curve
(95% CI)

Teresina (parasite -)

18 (09 – 30)

57 (51 – 62)

Vitória

76 (66 – 84)

86 (81 – 91)

Teresina (parasite -)

33 (21 – 47)

62 (55 – 69)

Vitória

93 (86 – 97)

91 (88 – 95)

Teresina (parasite -)

33 (21 – 47)

65 (58 – 71)

Vitória

98 (93 – 99)

97 (95 – 99)

68 (54 – 80)

81 (74 – 87)

100 (96 – 100)

97 (94 – 99)

Teresina (parasite -)

74 (60 – 84)

81 (74 – 87)

Vitória

98 (93 – 99)

94 (90 – 97)

Place
Teresina (parasite +)**

IFAT 40

Teresina (parasite +)
IFAT 80

90 (82 – 95)

Teresina (parasite +)
DAT

96 (90 – 98)

Teresina (parasite +)
FAST

96 (90 – 99)

93 (86 – 97)

Teresina (parasite -)
Vitória
Teresina (parasite +)

rK39

88 (80 – 93)

Teresina (parasite +)
TR DPP®

98 (93 – 100)

Teresina (parasite -)

60 (46 – 72)

79 (72 – 85)

Vitória

98 (93 – 100)

98 (96 – 100)

79 (66 – 89)

84 (79 – 91)

98 (93 – 100)

94 (91 – 98)

Teresina (parasite -)

93 (82 – 98)

61 (55 – 67)

Vitória

97 (91 – 99)

63 (58 – 68)

Teresina (parasite +)
ELISA

91 (84 – 96)

Teresina (parasite -)
Vitória
Teresina (parasite +)

PCR blood

29 (21 – 40)

* 95% confidence interval. ** Parasitological exams.
Table 2 - Estimated concordance by the kappa index among diagnostic tests for L. infantum infection in endemic (Teresina, green)
and non-endemic areas (Vitória, yellow)
IFAT 1:40 (%) IFAT 1:80 (%)
77
(68 – 86)

IFAT 1:40

DAT
(%)

FAST
(%)

rK39
(%)

66
(56 – 76)

67
(58 – 77)

64
(54 – 74)

70
(60 – 80)

64
(53 – 74)

17
(09 – 25)

83
(75 – 91)

80
(72 – 88)

78
(69 – 87)

79
(71 – 88)

74
(65 – 83)

21
(11 – 32)

91
(85 – 97)

85
(78 – 92)

92
(87 – 97)

85
(78 – 92)

25
(15 – 35)

90
(84 – 96)

91
(85 – 97)

88
(81 – 95)

30
(19 – 40)

87
(80 – 94)

88
(81 – 95)

28
(17 – 39)

87
(80 – 94)

26
(16 – 36)

TR DPP® (%) ELISA (%)

IFAT 1:80

60
(43 – 78)

DAT

24
(03 – 45)

36
(17 – 56)

FAST

27
(12– 42)

33
(17 – 49)

48
(33 – 63)

rK39

21
(08 – 34)

32
(17 – 47)

43
(29 – 57)

71
(59 – 83)

TR DPP®

22
(05 – 39)

32
(15 – 50)

40
(23 – 58)

51
(36 – 66)

54
(40 – 68)

ELISA

21
(08 – 34)

32
(17 – 47)

40
(25 – 54)

68
(56 – 80)

66
(54 – 79)

63
(50 – 76)

PCR blood

03
(-04 – 07)

-02
(-09 – 05)

05
(-001 – 10)

14
(06 – 22)

12
(02 – 21)

09
(02 – 16)
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PCR blood
(%)

28
(17 – 38)
16
(07 – 25)
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Table 3 - Symptomatology association with the sensitivity, specificity and area under the curves of IFAT 1:40, IFAT 1:80, DAT, FAST,
rK39, TR DPP®, ELISA and PCR of peripheral blood for the diagnosis of canine L. infantum infection in endemic (Teresina) and
non-endemic areas (Vitória)

Test
IFAT 1:40
IFAT 1:80
DAT
FAST

Presence of
symptoms

Sensitivity
(IC 95%)1

Specificity
(Teresina)
(IC 95%)

Area under the
curve (Teresina)
(IC 95%)

Specificity
(Vitória)
(IC 95%)

Area under the
curve (Vitória)
(IC 95%)

Asymptomatic

85 (55; 98)

20 (10; 33)

52 (41; 64)

79 (69; 87)*

82 (71; 93)

2

Symptomatic

98 (92; 100)

00 (00; 46)

49 (47; 50)

44 (14; 79)*

71 (53; 88)

Asymptomatic

69 (39; 91)*

35 (22; 50)

52 (38; 67)

95 (88; 98)

82 (69; 95)

Symptomatic

93 (86; 97)*

17 (00; 64)

55 (38; 71)

78 (40; 97)

85 (71; 100)

Asymptomatic

92 (64; 100)

31 (19; 46)

62 (52; 72)

98 (92; 100)

95 (87; 100)

Symptomatic

97 (90; 99)

50 (12; 88)

73 (51; 95)

100 (66; 100)2

98 (96; 100)

Asymptomatic

85 (55; 98)

67 (53; 79)

76 (64; 88)

100 (96; 100)

92 (82; 100)

2

Symptomatic

94 (87; 98)

83 (36; 100)

89 (72; 100)

100 (66; 100)

97 (95; 100)

Asymptomatic

77 (46; 95)

71 (56; 83)

74 (60; 87)

99 (94; 100)

88 (76; 100)

Symptomatic

90 (81; 95)

100 (54; 100)

95 (92; 98)

100 (66; 100)

95 (92; 98)

Asymptomatic

100 (75; 100)

59 (44; 72)

79 (73; 86)

99 (94; 100)

99 (98; 100)

Symptomatic

98 (92; 100)

67 (22; 96)

82 (62; 100)

89 (52; 100)

93 (82; 100)

ELISA

Asymptomatic

100 (75; 100)

80 (67; 90)

90 (85; 96)

99 (94; 100)

99 (98; 100)

Symptomatic

90 (81; 95)

67 (22; 96)

78 (57; 99)

89 (52; 100)

89 (78; 100)

PCR blood

Asymptomatic

46 (19; 75)

92 (81; 98)

69 (55; 84)

97 (91; 99)

Symptomatic

26 (18; 37)

100 (54; 100)

63 (59; 68)

100 (66; 100)

rK39
TR DPP

®

2

2

2

2

71 (57; 86)
2

63 (59; 68)

(1) 95% confidence interval; (2) 97.5% one-sided confidence interval. * p< 0,05

increased post-test probability, assigning to many healthy
dogs a positive results (Figure 2A). In Vitória, all of the
serological tests have also presented good performance
for negative results, except for blood PCR, which was not
useful when negative (Figure 2B).
DISCUSSION
This study showed that the level of L. infantum infection
(or prevalence of transmission) in dogs affects the specificity
of serological tests, excluding blood PCR. A critical
characteristic was the selection of the study population,
which used parasitological diagnosis instead of serological
assays for screening, avoiding selection bias commonly
seen in performance studies tests. This bias is due to the
biological relationships of serological tests, which measure
the amount of antibodies. In this way, the present findings
are a true characteristic of serology for the diagnosis of
L. infantum infection, because sensitivity estimates were
not inflated by selection of animals that were previously
seropositive and the specificities were not exaggerated by
selection of animals known to be negative.
Despite the widespread belief that sensitivity and
specificity are stable properties, this study shows that
both, in particular specificity, are strongly influenced
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by infectious diseases prevalence. From 1995 to 2013,
seroprevalence of L. infantum infection in dogs in Teresina
shifted from 1.6% in 1996 to 41% in 2011, with an average
prevalence of 9% per year. Introduced in 2006, the Brazilian
strategy of measuring seroprevalences only in areas where
human cases are registered certainly biased the prevalence
estimations. In other endemic Brazilian cities, as well as in
other countries, seroprevalences also varied widely, from
3% to 57%27-30. Therefore, L. infantum infection estimated
by seroprevalence among dogs is quite unstable in different
locations, and over time in the same location.
TR DPP® presented the greatest sensitivity, although it
was not significantly different from IFAT 1:40, DAT or FAST.
With the lowest proportion of false-negatives, few infected
dogs would remain in an area screened with TR DPP®,
confirming its choice as the standard screening test. In the
city of Teresina, the most specific test was blood PCR, much
more than the other tests, including ELISA, which is used
as the confirmatory test in Brazil. However, ELISA had the
best specificity among all of the serological tests in this high
transmission scenario. IFAT 1:40, removed from the federal
screening system since 2010, presented a very low specificity,
indicating that most of the dogs that were eliminated during
the 30 years of its use were actually uninfected animals. IFAT
1:80 and DAT also presented low specificity in Teresina.
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Figure 1 - Probability of having visceral leishmaniasis
according to prevalence. Positive (A) and negative results (B)
of the serological test, and PCR from peripheral blood from
infected dogs from endemic regions and non-infected animals
from endemic areas (Teresina). (Legenda) Brown: indirect
immunofluorescence reaction titers ≥ 1:40; gray: indirect
immunofluorescence titers ≥ 1:80; yellow: direct agglutination
test (DAT); light blue: screening test for direct agglutination test
(FAST); orange: immunochromatographic test with recombinant
antigen (rK39); purple: polymerase chain reaction of -peripheral
blood; red enzyme immunoassay (ELISA) black: fast test (TR
DPP®); and green: non-discrimination line

Figure 2 - Probability of having visceral leishmaniasis according
to prevalence. Serological test positive results (A) and negative
results (B), and PCR from peripheral blood of infected dogs
in an endemic region (Teresina) and non-infected animals
from a non-endemic area (Vitória). (Legenda) Brown: indirect
immunofluorescence reaction titers ≥ 1:40; gray: indirect
immunofluorescence titers ≥ 1:80; yellow: direct agglutination
test (DAT); light blue: screening test for direct agglutination test
(FAST); orange: immunochromatographic test with recombinant
antigen (rK39); purple: polymerase chain reaction of the
peripheral blood; red enzyme immunoassay (ELISA) black:
fast test (TR DPP®); and green: non-discrimination line

In Vitória, FAST was the most specific test, but it was not
significantly different from DAT, TR DPP®, ELISA or blood
PCR. The higher specificity of blood PCR, together with its
stability in Teresina and Vitória, suggests that if designed in
an appropriate format for mass screening in poor resources
regions, this would be a good candidate for L. infantum
infection confirmation for dogs in the future.
None of the tests had a ROC that could be an excellent
performance, in Teresina, according to an accepted
classification31. ELISA had the greatest ROC curve, perhaps
due to the balance between sensitivity and specificity,
confirming the findings reported by Peixoto et al.32. ELISA
was followed by FAST and rK39. In contrast to Teresina,
the tests performance in the lower transmission scenario was
good, showing that the serological diagnosis of L. infantum

infection in dogs in non-endemic areas is a good strategy.
TR DPP® had the best discriminatory capacity, but all
tests, except IFAT 1:40 and blood PCR were excellent.
Nevertheless, with its high specificity, in Teresina and
Vitória, the ability of blood PCR to identify L. infantum
infection was weak in both scenarios, prohibiting its use
as the sole screening test.
One of the most relevant results of this study is the
mediocre performance of all serological tests in the high
transmission setting of VL, whereas it was excellent
in an area where the disease was not present or had
low rates of prevalence. For serological tests, the most
plausible explanation for the poor performance in the
high transmission setting is that none of the tests could
distinguish infection from immunity. In this manner, both
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ill and infective dogs have antibodies, as do dogs with
subclinical infection before the illness presents itself and
those that resolve the infection and remain immune33. It is
not known which of these categories is the most common
in endemic areas because the only study on the natural
history of L. infantum infection was conducted with pups
imported from non-endemic areas that, consequently, had
no chance of having developed early natural immunity34.
Therefore, this study shows that when the prevalence of
disease increases, immune dogs generate false-positive
results and decrease the serological specificity, and thus,
the ROC curve area and likelihood ratio.
From the public health point of view, this study indicates
greater caution when interpreting seroprevalences as the
true prevalence. This is due to the variation of specificity
according to prevalence35. Infection status estimates using
non-serological tests through random surveys (instead of
selective) may be the main instrument to correctly interpret
serological results.
The use of confirmatory tests is the adopted strategy
in Brazil to decrease the number of false positive culled
dogs. However, the use of a second serological test as
confirmatory in a system in which the screening test is
also serological would not eliminate the false positive
problem because both serological tests measure the same
biological characteristic (antibodies) and are, therefore,
strongly related, as this study shows. PCR improvement, kit
development and standardization of molecular techniques
for peripheral blood36, skin37, conjunctiva38, or all would
ease this task. Similarly, the development of faster culture
methods, such as microculture 39 would also be very
valuable. Furthermore, the weak association of illness and
serology suggests that clinical signs may not be very helpful
for predicting infection or infectiousness14,16.
Post-test probability exercise illustrates several
epidemiological situations and may shed light on the best
test to use. In the lower pre-test probability situation for
screening dogs without clinical signs in endemic areas,
the use of TR DPP® or FAST, followed by a molecular or
parasitological test, may represent the best option due to the
good specificity of PCR. An elevated pre-test probability
in an endemic area represents a situation in which dogs
have clinical evidence of disease, although this cannot add
much information because the gain of post-test probability
is small. However, a negative result substantially reduces the
probability of infection. A lower pre-test probability occurs
when testing animals with no or few signs of CVL in a nonendemic area. Under these circumstances, a positive result
may confirm the diagnosis, but with the threat of L. infantum
introduction in the area, a confirmatory diagnosis may be
required. Finally, only a single positive test in a dog that is
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highly likely to have the disease in a non-endemic area is
sufficient for establishing the final diagnosis, in the same
way as a negative TR DPP® would exclude the diagnosis.
The most important study limitation is that the results
cannot be directly applied to locations with unknown
degrees of infection due to the instability of the serological
performance. Another issue is the actual meaning of the dogs
considered not to have L. infantum infection in an endemic
area because they might have an actual but undetectable
infection. Nonetheless, the specificity of blood PCR in the
endemic area was high and statistically similar to that of the
non-endemic area, suggesting that most of these animals
were not infected and did not represent a transmission risk.
Therefore, many seropositive dogs from endemic areas may
be similar to those with other cryptic parasitic diseases, such
as toxoplasmosis and erlichiosis. It is even possible that a
portion of the population of seropositive dogs, identified in
routine screening, represents a pool of resistant animals that
increases herd immunity, in such a way that their removal
could increase transmission40.
In conclusion, the specificity variation of serology
according to prevalence requires random periodic surveys
through non-serological tests to accurately measure the
chance of infection of seropositive animals. It is indeed
important to develop new mathematical models to obtain
the true prevalence from seroprevalence. However, it is
important to acknowledge that there has been considerable
progress in the official strategy of using TR DPP® and ELISA
in Brazil, compared to exclusive use of the ineffective IFAT
1:40. Although it is the most accurate of the tests, the use
of serology as a confirmatory test for another serological
test used for screening is controversial because it does not
solve the false positive dilemma due to the high correlation
between serological tests, such as for TR DPP® and ELISA.
This challenge imposes the necessity of investing in research
and technology in molecular or parasitic methods. Because
of the lack of evidence that removing seroreactive dogs
would decrease VL transmission, the poor performance of
tests in Teresina stresses41 that Brazilian VL control program
using seroreactive animal culling should be re-evaluated
due to the weakness of the available technological tools.
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