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Abstract. Direct observation of Leishmania parasites in tissue aspirates has shown low sensitivity for the detection
of canine visceral leishmaniasis (VL). Therefore in the last quarter century immunoenzymatic tests have been devel-
oped to improve diagnosis. The purpose of this study was to develop a fast recombinant K28 antigen, naked-eye quali-
tative enzyme-linked immunosorbent assay (VL QI-ELISA) and a quantitative version (VL Qt-ELISA), and to display
it in a kit format, whose cutoff value (0.156) was selected as the most adequate one to differentiate reactive from
nonreactive samples. Considering 167 cases and 300 controls, sensitivity was 91% for both assays and specificity was
100% and 98.7% in QI-ELISA and Qt-ELISA, respectively. Positive predictive values were 100% and 97.4% for
QI-ELISA and Qt-ELISA, respectively, and negative predictive values were 95.2% for both ELISAs. Reagent stability,
reliability studies, including periodic repetitions and retest of samples, cutoff selection, and comparison of rK28 ELISAs
with rK39 immunochromatographic test, were the international criteria that supported the quality in both kits. The per-
formance of both ELISA kits in this work confirmed their validity and emphasized their usefulness for low-to-medium

complexity laboratories.

INTRODUCTION

Visceral leishmaniasis (VL), a severe infectious vector-borne
disease, is caused by Leishmania infantum, an obligatory intra-
cellular protozoon. In Latin America, autochthonous VL cases
have been reported in Argentina, Bolivia, Brazil, Colombia,
El Salvador, Guatemala, Honduras, Mexico, Nicaragua, and
Venezuela.! In Argentina, 103 cases have been diagnosed
since 2006 in Misiones, Corrientes, Santiago del Estero, and
Salta; mortality rate was 9-10%,? primarily due to late diag-
nosis and treatment.

In this region, VL is a zoonosis, with domestic dogs as
the main reservoirs in the transmission cycle. The develop-
ment of diagnostic tools to detect the disease in dogs is
considered one of the keys for effective control measures
of VL.** The gold standard in VL diagnosis is the visuali-
zation of Leishmania amastigotes in tissue samples, such
as bone marrow or lymph nodes and spleen aspirates, by
means of smears, cultures, or histopathology.’ The detec-
tion of the parasite demands both long time devoted to
the search, as well as operators who are skilled in this pro-
cedure. Rapid and more efficient serological tests have been
developed and validated as a tool to supplement the micro-
scopic diagnosis.®’

Immunoserologic studies for VL in dogs, such as direct
agglutination test (DAT),® indirect immunofluorescence assay
(IFA),* enzyme-linked immunosorbent assay (ELISA),%’ poly-
merase chain reaction,” and immunochromatographic tests®’
(ICTs) were adapted from assays validated in humans,'*"?
with different levels of performance in canine VL.

A recombinant fusion protein with tandem repeats of
k39 kinesin regions and K26/HASPbl when used in ELISA
was found to detect high levels of antibody responses in
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infected patients.!*'® A new-generation fusion antigen—
named rK28—used for ELISA and for ICT has shown sensi-
tivity and specificity values similar to or higher than those
described for rK39. Hence, this antigen has been proposed
as a new option, especially in regions where rK39 has shown
low levels of sensitivity. Furthermore, the validity of this
ELISA test in canine leishmaniasis has not been reported.
Chagas disease is the most common disease in Argentina that
cross-reacts with diagnostic tests for leishmaniasis in humans
and dogs.'” This situation was a compelling factor driving the
current study, aimed at finding more specific serological tools
to diagnose leishmaniasis, without cross-reactions in subjects
with Chagas disease. An easy-to-handle kit that does not
demand specialized laboratory equipment to be used in the field
is a realistic option for the control of VL in Latin America.

The goal of our study was to develop two ELISA proto-
cols for canine VL using the recombinant K28 protein. This
antigen was used in a conventional in-house ELISA protocol
for equipped laboratories. Other protocol was an ELISA with
a commercial substrate—coated plate that can be visually eval-
uated in the field. The latter involves two basic adaptations:
1) a dehydrated rK28 antigen—coated plate, which is stable at
refrigerator temperature and 2) a diluted conjugate ready for
use and suitable for mass distribution.

MATERIALS AND METHODS

Sample collection. Positive and negative standard control
sera: a total of 467 coded samples of sera from dogs of vari-
ous ages and breeds were used. Aliquots of fresh samples
and samples diluted in glycerol [9/10 glycerol-1/10 phosphate
buffer 10x (pH 7.2-7.4)]'® stored at —40°C and —20°C were
used for rK39 ICT and ELISA, respectively.

The criteria for VL cases (N = 167/467) used as sources of
VL reactive sera were dogs that had lived in VL-endemic
areas and that had parasitological evidence of L. infantum
infection, detected either by culture or tissue microscopic
observation. Ten of them came from Para and Minas Gerais,
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Brazil, both VL-endemic areas, whereas the remaining cases
(N = 157) came from Posadas, Misiones, in Argentina.
Control dogs were classified in three groups: group 1 was
subdivided into subgroups A and B, according to geographi-
cal, epidemiological and clinical criteria, as follows (Table 1).
Group 1: dogs living in the city of Buenos Aires (N = 121), a
non-endemic area for VL, treated at the Zoonosis Institute
“Dr. Luis Pasteur.” These included groups of (A) healthy
dogs (N = 80) and (B) ill dogs (N = 41), affected by infec-
tious and other diseases including distemper, brucellosis, bac-
terial infections, and noninfectious pathologies as neoplasm,
anemias, renal failure, urolithiasis, Cushing syndrome, heart
disease, vestibular syndrome, prolapsed organs, and inflam-
matory diseases; group 2: Trypanosoma cruzi-infected dogs
(N = 108) from rural areas of Santiago del Estero and
Chaco, both endemic Argentinean provinces for Chagas dis-
ease, which were diagnosed using two or three serological
tests.'>? Group 3 corresponds to T. cruzi-noninfected dogs
living in Chaco (N = 71) in the same area as those dogs men-
tioned in group 2.

Laboratory procedures. Trypanosoma cruzi serology in
dogs was performed by using 7. cruzi antigens in IFA, ELISA,
and indirect hemaglutination assay to evaluate the infection
status of dogs."

VL serology in dogs was performed using rK39 ICT
(Kalazar Detect Canine Rapid Test, lot no. JM 1062 and
PM 1020 from Inbios International, Inc., Seattle, WA) with
manufacturer’s instructions to process 151/167 case sera sam-
ples and 296/300 VL noninfected control dog sera.

Two immunoenzymatic tests were used: a quantitative
ELISA protocol (VL Qt-ELISA), using o-phenylenediamine
(OPD) as substrate and a naked-eye qualitative ELISA (VL
QI-ELISA), using a commercial ABTS 2-component per-
oxidase substrate kit (KPL, Inc., Gaithersburg, MD). The
results of both ELISA protocols were compared with those
obtained with the rK39 ICT (Canine Kalazar Detect;
Inbios International, Inc.). The recombinant K28 antigen
(rK28)"'® was supplied by the Infectious Disease Research
Institute (Seattle, WA). The lyophilized sample of rK28 anti-

gen was restored to 1 mL, in 10 aliquots and stored at
—70°C. Plates were coated with 100 pL/well rK28 antigen in
various dilutions (0.25-2.5 pg/mL) to choose the minimal
titer to be used. It is always advisable to use the rK28 anti-
gen in excess; in this case, 2.5 pg/mL was used to determine
the title conjugate.'®

Two reactive (high and low absorbance values) and two
nonreactive sera were chosen as controls.

For the in-house quantitative OPD ELISA method, the
procedure described above®' was used without significant
changes: plates were washed 4x after each step, rK28 antigen—
coated plates stored at —20°C were blocked with phosphate-
buffered saline (PBS)-Tween 20 0.1% (w/v), bovine serum
albumin (BSA) 1% (v/v), plus 1/400 PBS-Tween 20 (0.1%)
and BSA (0.1%), and serum samples diluted in the same vol-
ume of glycerol were added; the plates thus prepared were
shaken as usual for 1 hour; after that, peroxidase-conjugated
AffiniPure Rabbit Anti-Dog IgG (H+L) (Jackson Immuno-
Research Laboratories Inc., West Grove, PA) was added in
dilutions of 1/50,000 in serum diluent buffer (PBS/0.1% BSA/
0.1% Tween 20).

The cutoff point to determine reactivity was calculated by
using 300 nonreactive VL control sera as follows: 1) the
99th percentile of negative sera, 2) mean value of the negative
controls plus two standard deviations, and 3) the intersection
point of the sensitivity and specificity curves for different cut-
off values.

Standardized requirements to validate a diagnostic kit for
quantitative measures are as follows. The evaluation meth-
odology for diagnostic tests was carried out according to
Fegan®? and Banoo and others.”® Results of these tests
should be reproducible, considering that 1) the same sample
was processed several times by one operator (internal consis-
tency, reliability), 2) the same sample was processed by two
or more independent operators (interoperator reliability), 3)
the same sample was processed by the same operator during
successive days (periodic variability), and 4) the same sample
was evaluated by two different assays (test-retest). In case 1,
six VL-positive sera and five negative control sera were

TABLE 1
Sensitivity and overall specificity for rK28 VL Qt-ELISA, rK28 naked-eye VL QI-ELISA, and rK39 ICT

Dog sera origin (N = 466)

rK28 VL* ELISA ICT

Qt-ELISA QI-ELISA rK39

Cases Sensitivity
(N =167)

Controls
(N =300)

Group 1

healthy dogs, n = 80

B) Buenos Aires city T. cruzi-noninfected dogs affected by other

pathologies, n = 41
Group 2

Misiones Province, Argentina (n = 157); Para and Minas Gerais states,
Brazil (n = 10) (VL-endemic areas) VL-infected dogs

Reactive sera/nonreactive sera (%)
(95% CI)

152/167 (91.0) 152/167 (91.0) 131/151 (86.7)

(85.6-94.9) (85.6-94.9) (80.3-91.7)
Nonreactive sera/nonreactive sera (%)

80/80 (100) 80/80 (100) 80/80 (100)

A) Buenos Aires city (non-endemic areas for VL and Chagas disease)

41/41 (100) 41/41 (100) 39/40 (97.5)

104/108 (96.3)  108/108 (100)  107/108 (99.1)

Chaco and Santiago del Estero provinces (endemic areas for Chagas

disease) T. cruzi-infected dogs, n = 108
Group 3

Chaco Province 7. cruzi-noninfected dogs, n = 71
Overall specificity, N = 300 (%)

(95% CI)

71/71 (100) 71/71 (100) 68/68 (100)
296/300 (98.7)

(96.6-99.6)

300/300 (100)
(98.8-100.0)

294/296 (99.3)
(97.6-99.9)

ICT = immunochromatographic test; QI-ELISA = qualitative enzyme-linked immunosorbent assay; Qt-ELISA = quantitative ELISA; VL = visceral leishmaniasis.
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evaluated three times on the same plate and on the same
day. In case 2, five positive and five negative control sera
were evaluated by two operators on the same day. In case 3,
the assay was carried out during three consecutive days,
using the same number of control sera as in 2. In case 4, the
results of 50 randomly selected case samples were compared
with both rK28 ELISAs and the rK39 ICT for an expected
concordance of 90% or higher.

In cases where results from the original and duplicate from
each serum showed differences higher than 15%, ELISA
was repeated twice, and the mean of those new four values
was used.

For the naked-eye VL QI-ELISA protocol, rK28 antigen—
coated plates were blocked, washed 4x and stored at —20°C
until used. Samples were diluted as described, and a 1/7,500
dilution of the same conjugate and ABTS Peroxidase Sub-
strates (A+B) (KPL, Inc.) were used as recommended. Blue
green—colored and non-colored wells corresponded to reac-
tive and nonreactive sera, respectively. The time devoted to
process one plate was 3 hours.

The most relevant steps in the development of the naked-
eye VL QI-ELISA kit were both the coating/dehydration of
the antigen on the plate and a stable dilution of the conjugate.
1) The rK28 antigen was added to the flat-bottom plates,
dehydrated overnight inside a laminar flow, packed within a
metallic envelope, and stored at 4-8°C and tested monthly
to determine its expiration date; and 2) a stable preserva-
tion solution containing a phosphate 0.1 M pH 7.5, BSA
1% buffer-thimmerosal 50 mg/mL was used to dilute the
anti-dog IgG peroxidase to determine the best dilution (1/50
t01/300) that remains usable at 4-8°C for the longest period.

Concordance of results between VL Qt-ELISA, VL
QI-ELISA, and rK39 ICT was quantified according to the
Youden’s index.**

Data analysis. Statistical analyses of sensitivity, specificity,
and positive/negative predictive values for each diagnostic
test were calculated according to Altman and Bland.**°

For calculating predictive values, a 20% VL canine preva-
lence in Posadas was a necessary requirement to calculate
those values during the study period, 2010-2012, (V. Fragueiro
Frias, C. Romagosa, A. Sinagra, C. Luna, C.A. Pravia,
V. Negri, R. Gacek, F.A. Infran, O. Almada, T. Rottoli,
L. Esquivel, M. Quaglino, A.M. Ruiz, L. Tartaglino, and A.
Riarte, unpublished data).

The ¢ test for unpaired samples and the % test were applied
according to the type of analysis required. A P value < 0.05
was considered significant to determine differences between
samples. All statistical measures®~® were performed using
GraphPad Prism 5 (La Jolla, CA).

RESULTS

ELISA standardization. Visceral leishmaniasis Qt-ELISA.
With rK28 antigen, used in excess (2.5 pg/mL), a titer of 1/
50,000 of the peroxidase conjugate was chosen as the most
adequate concentration for a quantified colorimetric reac-
tion. Once this conjugate value had been selected, the min-
imal concentration was chosen for the antigen so that the
test was positive for case samples. Two candidate antigen
concentrations (0.25 and 0.40 pg/mL) used in the reaction
showed appropriate results when testing VL case sera. To
retest the concentration of rK28 antigen, 66 randomly selected

Mean: 0.664 Mean: 0.658
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95% CI: 95% CI:
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Figure 1. Optical densities (ODs) obtained from 66 randomly
selected serum case samples by rK28 quantitative visceral leishmani-
asis enzyme-linked immunosorbent assay showed no differences by
using 0.25 and 0.40 pg/mL rK28 antigen concentrations. Horizontal
lines represent mean and 95% confidence interval [CI].

case sera were used. Since no differences were observed in
absorbance values (neither mean nor median values) for both
concentrations, 0.25 pg/mL was selected (Figure 1). Three
cutoff values—0.312, 0.156, and 0.100—were determined
(according to Materials and Methods) and the value of 0.156
(the mean value plus two standard deviations), was selected as
the best one to discriminate case versus control populations.

Reliability studies for VL Qt-ELISA showed no differ-
ences in systematic repetitions of samples on the same day
(Figure 2A), interoperator repetitions (Figure 2B) and peri-
odic repetitions of samples (Figure 2C). The test-retest
of 50 case samples showed a concordance of 96% (48/50)
between rK39 ICT and VL Qt-ELISA and of 94% (47/50)
between rK39 ICT and VL QI-ELISA (data not shown).

Visceral leishmaniasis QI-ELISA. The 1/7,500 conjugate
dilution was selected as the minimum concentration that
showed a visibly clear discrimination between reactive and
nonreactive control sera 10 minutes after the addition of
ABTS Peroxidase Substrates (KPL, Inc.), for both 0.25 and
0.40 pg/mL rK28 antigen concentrations.

A 1/50 diluted conjugate remained stable for 120 days
at 4-8°C since no significant differences were observed
when peroxidase-conjugated anti-dog IgG was prepared at
a 1/7,500 titer to be used in the assay from a pure batch and
a refrigerated 1/50 dilution.

The case—control design that compares VL Qt-ELISA and
VL QI-ELISA data is represented in Figure 3. True positive
cases and negative controls, as well as false positive and false
negative data are represented in Figure 3A. The optical den-
sity dispersion of cases and controls can be clearly visualized
in Figure 3B.

Table 1 shows the confidence intervals for sensitivity
and specificity in both VL Qt-/QI-ELISAs in comparison
with rK39 ICT. A sensitivity of 91.0% (152/167) for case
samples was obtained for both ELISAs and 86.7% (131/
151) for rK39 ICT. The specificity of samples from healthy
and ill dogs from the non-endemic area and from 7. cruzi-
noninfected dogs from the endemic area was 100% for
both ELISAs, and 97.5% (39/40) for rK39 ICT, because a
dog from a non-endemic area was affected by a condition
unrelated to Chagas (brain neoplasm). The specificity of
samples from 7. cruzi-infected dogs was 96.3%, 100%, and
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FIGURE 2. Standardized requirements to validate a diagnostic kit. Reliability of rK28 quantitative visceral leishmaniasis enzyme-linked immu-
nosorbent assay by means of (A) serial replications (confidence interval 95%), (B) interoperator replications, and (C) periodic replications.

99.1%, respectively for Qt-ELISA, QI-ELISA, and rK39
ICT, respectively. Overall specificity levels of 98.7% (296/
300), 100% (300/300), and 99.3% (294/296) were obtained for
Qt-ELISA, QI-ELISA, and rK39 ICT, respectively.

Stability of plates coated with rK28 antigen stored at —20°C
for VL Qt-ELISA or dehydrated and stored at 4-8°C for VL
QI-ELISA has been demonstrated for 1 year.

Positive predictive values of 97.4%, 100%, and 98.5% were
obtained for Qt-ELISA, QI-ELISA, and rK39 ICT, respec-
tively, and the corresponding negative predictive values were
952%, 952%, and 93.6%. In sera samples from T. cruzi-

infected dogs, positive/negative predictive values were 97.4%/
87.4%, 100%/87.8%, and 99.2%/84.2% for Qt-ELISA, QI-
ELISA, and rK39 ICT, respectively.

The reproducibility values corresponding to Youden’s indexes
for Qt-ELISA, QI-ELISA, and rK39 ICT were 0.90, 0.91, and
0.86, respectively.

DISCUSSION

The serological diagnosis of infectious diseases is key to
carry out a differential diagnosis for leishmaniasis, to study
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qualitative ELISA (VL QI-ELISA) by using case samples (167) and controls (300). (A) Comparative data between Qt-ELISA and QI-ELISA.
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design. Cutoff was calculated by three methods and only one (0.156) is shown. Trypanosoma cruzi-infected dogs came from Argentinian endemic
Chaco and Santiago del Estero provinces. This figure appears in color at www.ajtmh.org.

susceptible populations, and to evaluate clinical treatments,
all essential factors for surveillance of infectious diseases.
Serology for VL and Chagas disease has become an irre-
placeable ally for control in vector-borne diseases, due to the
low sensitivity when it comes to detecting the respective par-
asites in tissues.

Among various options for canine VL serology, the immuno-
enzymatic assays using Leishmania crude,”*’ chimeric,?®
rK39,% or rK28°° antigens have offered a number of sero-
logical tools. In this study, we presented two kits, a VL
Qt-ELISA, a conventional OPD version ELISA, and an
innovative naked-eye VL QI-ELISA to diagnose canines,
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discriminating VL infected from noninfected dogs, the most
important reservoirs in domestic cycle of Leishmania. The
sensitivity attained was 91% for both versions, and specificity
was 100% for naked-eye VL QI-ELISA kit, which represents
an increase in specificity compared to the quantitative Kkit;
they have shown a good performance, both for field research
and for VL canine diagnosis.

In Latin America, including Argentina, there is an
eco-epidemiologic overlapping of endemic areas between
Chagas disease and VL.*! Thus, a great amount of sera from
T. cruzi infected and noninfected dogs from endemic and
non-endemic provinces was used to determine the overall
specificity in both kits. Most sera from 7. cruzi-infected dogs
were nonreactive to either ELISA. Only four sera from
Santiago del Estero and Chaco showed cross-reactivity and
achieved a specificity of 96.3% and 100% for Qt-ELISA and
QI-ELISA, respectively, in the T. cruzi-infected dog group.
In spite of this feature, the overall specificity of rK28 Qt-
and QI-ELISAs showed a great performance (98.7% and
100%, respectively).

Regarding adaptation of ELISAs for humans to the canine
diagnosis, those tests did not guarantee their usefulness in
canine sera. In this study, an ELISA tool used for humans
was standardized for dogs. A number of methodological pil-
lars sustained our data: 1) we selected the best cutoff point
to enhance specificity without decreasing sensitivity; 2) the
naked-eye VL QI-ELISA was supported by the antigen per-
formance, the standardization of the reagents, and the reli-
ability of the assay, by means of the quantitative version of
OPD; and 3) high positive and negative predictive values for
both ELISAs have indicated their strength, demonstrating
VL infection when serum is reactive and absence of infection
when it is nonreactive, suitable for field studies.

In dogs, rK39 ICT has proven effective in the VL diag-
nosis (Inbios International, Inc.) showing a variable speci-
ficity of 77.8-100%. Low yield with the same antigen was
observed with VL dipstick test (Rapydtest, Wokingham, United
Kingdom).” In this study, although rK39 ICT showed a good
efficiency, sensitivity was higher in Qt- and QI-ELISAs.

In the last 15 years, the usefulness of novel synthetic fusion
proteins,'* as well as developments in molecular biology'® in
human diagnosis, have triggered advances and a great deal
of knowledge, with more effective immunochromatographic
tools, so that the use of these techniques has strengthened
VL control, especially in massive screening studies,'’ induc-
ing very significant progress in surveillance, diagnosis, and
epidemiology in human VL all over the world. Serologic
assays confined to human diagnosis, such as IFA. ELISA
based on crude or recombinant antigens, DAT, and freeze-
dried DAT, are nowadays also being used for canine diagno-
sis.® The sensitivity/specificity values, the comparison between
techniques,® and the detection of cross-reactions and reliabil-
ity® often drew an incomplete quality profile in the VL canine
diagnosis. In this article, we made an attempt to improve
that profile. Reagent stability, adjusted intra-/interoperator
variability, cutoff selection, and comparison with ICT tools
were the international criteria that supported the quality
in both kits.>? The low cross-reactivity (less than 4%) with
T. cruzi-infected dog sera suggested the potential good per-
formance of the kits in the VL epidemiological area.

This powerful current phase II study has used near
500 canine sera samples. The usefulness of these tests in

areas that are distant from big cities could contribute to
the diagnosis and knowledge on VL prevalence in dogs in
endemic areas.”5%

The naked-eye VL QI-ELISA version presented here does
not required skilled personnel or complex laboratory equip-
ment. Good performance and effectiveness in the diagnosis of
VL canine reservoir are based on an easy, user-friendly, sen-
sitive, and specific assay for medium-complexity laboratories.
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