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Abstract

One of the measures to control visceral leishmaniosis (VL) in Brazil is the identification and culling of the canine
reservoir. There is much controversy concerning this strategy, including the proper identification of positive dogs and
the fact that the host-parasite relationship changes over time make it more challenging. A dynamic cohort of 62 dogs
was followed every three months using serological and parasitological examinations and PCR. Positivity by PCR was
higher than by serology and by parasitological examinations and showed a tendency to decrease over time, while serology
tended to increase after six months. Concomitant positivity in all tests was observed in 10.4% of the samples, and
negativity in 29.1%. Overall sensitivity ranged from 43.6 to 64.1%, and was not uniform over time. The proportion of
dogs with or without clinical signs was not different by cytology or PCR but PCR was able to identify a larger number
of asymptomatic dogs compared to ELISA and immunochromatography. PCR can be useful for surveillance of areas
where cases of canine VL have not yet been detected and in which control strategies can be implemented to limit the
spread of the disease. Despite the advance in diagnostic tools CVL diagnosis remains a challenge.

Keywords: Cohort studies, diagnosis, Leishmania infantum chagasi, parasitological evaluation, PCR, serology.

Resumo

Uma das medidas de controle da leishmaniose visceral (LV) no Brasil se baseia na identificacio e eliminacio do
reservatério canino. Existe considerdvel controvérsia relativa a esta estratégia incluindo a correta identificacao dos cies
positivos e a variacio temporal da relagio hospedeiro-parasita, o que torna esta medida ainda mais desafiadora. Uma coorte
dinimica de 62 cies foi acompanhada trimestralmente utilizando-se métodos soroldgicos, parasitolégicos e a PCR. A taxa
de positividade por PCR foi maior em comparagio a dos métodos soroldgicos e parasitolégicos, e mostrou tendéncia a
diminui¢io com o passar do tempo, enquanto que a positividade sorolégica apresentou tendéncia a aumento, apds seis
meses. Observou-se positividade concomitante em todos os testes em 10,4% das amostras e, negatividade concomitante,
em 29,1%. A sensibilidade geral variou de 43,6% a 64,1%, nio sendo uniforme ao longo do estudo. A proporc¢io de
cies com e sem sinais clinicos que foram positivos ao exame parasitolégico ou 2 PCR nio foi estatisticamente diferente.
Contudo, foi possivel identificar como positivos um maior niimero de animais assintomdticos por meio da técnica
de PCR, em comparacio aos testes ELISA e imunocromatogrifico. A PCR pode ser bastante util para a vigilancia
epidemioldgica de 4reas onde casos de LV canina ainda ndo tenham sido descritos e onde estratégias de controle podem
ser implantadas para limitar a disseminagio da doenca. Nio obstante o avanco nas ferramentas diagndsticas, diagnosticar
a LVC continua um desafio.

Palavras-chave: Estudo coorte, diagnéstico, Leishmania infantum chagasi, avaliagao parasitolégica, PCR, sorologia.
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Introduction

Visceral leishmaniosis (VL) is the most severe form of
leishmaniosis, and the domestic dog is the main reservoir for
Leishmania infantum (Syn. chagasi), which is transmitted to
humans by the sandfly (DESJEUX, 2004). One of the control
strategies for VL in Brazil is the serological screening with
subsequent culling of seropositive dogs (COSTA & VIEIRA,
2001; PALATNIK-DE-SOUSA et al., 2001; BRASIL, 20006).
This approach has been the object of controversy due to the
lack of scientific evidence in reducing the incidence of VL, the
variability in the diagnostic techniques used and the long delay
between a positive diagnosis and the elimination of the infected
dog (COURTENAY et al., 2002; REITHINGER et al., 2002;
COSTA, 2011; GRIMALDI et al., 2012a; OTRANTO &
DANTAS-TORRES, 2013).

The characteristics of the diagnostic methods are important
parameters for the detection of an infected and infectious dog when
selecting a test for use in the large-scale control of infected dogs
(QUINNELL etal., 2013). In general, the parasitological examination
presents low sensitivity (ALVAR etal., 2004; OLIVA et al., 2006;
REIS et al., 2006; LAURENTI, 2009), while PCR has high
sensitivity (SOLANO-GALLEGO et al., 2009). Specifically in
Brazil, the immunofluorescent-antibody test (IFAT) and the
indirect enzyme-linked immunosorbent assay (ELISA) have been
widely used for canine visceral leishmaniosis (CVL) mass-screening
surveys (GONTIJO & MELO, 2004; METTLER et al., 2005)
until 2012, when a novel immunochromatographic assay (Dual-
Path Platform — DPP®) was introduced for mass-screening
(GRIMALDI et al., 2012b).

The sensitivity of any diagnostic method seems to vary during
the course of the disease, as well as among individuals. At the
beginning of the infection, before seroconversion or the onset
of clinical signs, parasitological examinations and PCR are more
sensitive; however, with disease progression, the variation among
individuals and their ability to control the disease leads to higher
seroconversion and parasitemia, and the detection of positive
dogs tends to be best performed by serological and parasitological
examinations (QUINNELL et al., 2001; OLIVA et al., 2006).

Culling is compulsory in Brazil as soon as a positive dog is
detected (BRASIL, 2006). However, the controversial performance
of the diagnostic tests used in mass screening approach has taken
place among researchers, veterinarians and the Brazilian Ministry
of Health. Therefore, the aim of this study was to contribute to this
discussion by testing the performance of four diagnostic techniques
(direct parasitological examination, immunochromatography-DPP*
CVL rapid test, PCR and an in-house indirect ELISA) to identify
the canine reservoir of VL, considering the evolution of the disease
over time in an urban endemic scenario.

Materials and Methods

Study area and study design

This study was conducted in the municipality of Aracatuba, in the
state of Sao Paulo, Brazil (latitude 21°2° 3” §; longitude 50° 5 587 W),
a town with 179,717 inhabitants in 2005 (IBGE, 2013), when the
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cohort study was conducted (NUNES et al., 2008). The region
has a tropical climate with dry winters and rainy summers. In the
cold months the average temperature is 18 °C and in the warmer
months is greater than 22 °C (ROLIM et al., 2007).

Since the identification of VL in the municipality of Aracatuba
in 1999, dogs are regularly screened by serology by the municipal
Zoonosis Control Center. Positive dogs are euthanized with the owners’
permission, in compliance with state law (SAO PAULO, 2006).
As part of VL control measures, vector control based on insecticide
spraying was also used in the surround area whenever a human
case was confirmed. The dogs included in this dynamic cohort
study replaced seropositive dogs that had been previously removed
by the Zoonosis Control Center. Once the owners had agreed to
take part in the study, visits were scheduled every three months,
when data regarding sex, age, breed and the presence of external
clinical signs were collected and biological samples were taken
(NUNES etal., 2007). Therefore, dogs were included at different
times in this study and it was executed during a total of 27 months.

Dogs were resident in the Alvorada neighborhood, which had
a CVL prevalence of 10.3%. Most of these dogs” owners did not
use any repellent or topic insecticide to prevent sandflies bites

(unpublished data).

Sampling and CVL diagnosis

During each visit, new dogs that had been replaced by the
owners were included in this cohort. Thus, to give more consistency
to the diagnostic tests performance analysis, we excluded dogs
that had less than three samplings in this study. Serum samples
were selected using archived material (NUNES et al., 2008)
kept at—80 °C. Serological evaluation was performed by indirect
ELISA as described by Lima et al. (2005) and by a quick
immunochromatographic assay based on Dual-Path Platform
technology (DPP°CVL rapid test, Fiocruz/Bio-Manguinhos
Unit, Brazil). DNA was extracted from total blood samples using
the phenol/chloroform method and PCR was performed using
specific Leishmania primers for kDNA amplification (120bp),
as previously described (NUNES et al., 2007). Parasitological
examination was also performed using popliteal lymph node fine
needle aspiration cytology stained with a quick Romanowsky-type
stain (Pandtico rdpido®, Laborclin-Brazil). Indirect ELISA and
PCR were performed during the collection period (2002-2005)
and the immunochromatographic assay (DPP*CVL rapid test)
was performed in 2013.

Statistical analysis

Sensitivity and specificity were calculated using the parasitological
evaluation as gold standard and the kappa coeflicient (k) was
determined in order to evaluate agreement between the tests
(CONRATHS & SCHARES, 20006). Fisher’s exact test was
used to compare the proportions of CVL positivity by different
diagnostic techniques, and also to assess their relationship with
the occurrence of clinical signs.
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Ethical issues

This study was approved by our institution’s Ethics and Animal
Welfare Committee (CEEA, UNESP; procedural no. 30/04).

Results
Sampling and diagnostic methods validation

The dogs were followed up for 27 months, on a quarterly basis,
and 10 samplings were performed, totaling 303 biological samples
obtained from 62 dogs. However, one limitation of this study was
that, due to the refusal of some owners to permit popliteal lymph
node aspiration on every visit, the parasitological examination
was performed only on 54 dogs, representing 44.2% (134/303)
of the total number of samples.

PCR presented the highest of positivity percentage (46.5%),
followed by parasitological examination (29.1%). The serological
assays exhibited the lowest percentage of positivity, with 20.5% for
indirect ELISA and 14.5% for the immunochromatographic assay.

If the parasitological examination is taken to be the gold
standard, this means that only 134 samples could be evaluated.
Among these, the sensitivity of PCR (64.1%) was higher than
that of ELISA (43.6%) and immunochromatography (46.2%),
although its specificity was lower (PCR 61.8%; ELISA 86.3%;
immunochromatography 88.2%). The diagnostic sensitivity of the
tests was also calculated for each sampling session (Table 1) and
higher values were observed within the first year of the follow-up
period. Thereafter, many samples were lost. No significant difference
was observed between test sensitivities (p > 0.05). Considering the
gold standard and the cumulative results of the four diagnostic
methods, concomitant positivity in all tests was observed in only
10.4% (14/134) of the samples, and concomitant negativity in
29.1% (39/134).

CVL diagnosis over time

Only 4.8% of the dogs (numbers 4, 67 and 70) remained
negative in all tests up to the end of the follow-up period. Amastigote
forms of Leishmania were detected in the popliteal lymph node

cytology of 20 dogs, although 40% of them (numbers 40, 41, 42,
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43,47, 65,77 and 87) did not remain positive in the subsequent
sampling session (Figure 1). Among the 23 dogs that presented
positive results by the immunochromatographic assay, 26.1%
(numbers 8, 16, 30, 42, 47 and 63) presented seroreversion.
Moreover, when assessed by means of ELISA, only two out of
the 31 dogs (numbers 51 and 76) presented seroreversion, but
they seroconverted in the subsequent evaluations, while 9.7%
(numbers 8, 49 and 53) seroreverted and seroconverted again by
the end of the study (Figure 1).

PCR presented rather inconsistent results: out of the 53 positive
dogs, 35.8% (numbers 8, 9, 16, 17, 20, 29, 30, 31, 34, 38, 42,
43, 50, 52, 60, 65, 76, 92 and 93) presented as seronegative
afterwards, and 20.7% (numbers 5, 11, 18, 25, 26, 41, 45, 49,
57, 62 and 74) presented intermittent results, sometimes positive
and sometimes negative (Figure 1).

One difliculty inherent to cohort studies is the loss of
individuals over time. One hundred and sixteen dogs had initially
been selected for this study but, in addition to the expected loss,
dogs were included at different time points, thus resulting in
an average follow-up of 12 months. Consequently, few samples
were taken in the last sampling sessions, which interfered with
the percentage positivity.

Agreement among CVL diagnostic methods

The strength of agreement between the parasitological
examination and the other tests was considered to be fair, whether
for immunochromatography (k=0.371), ELISA (x=0.331) or
PCR (k=0.238). The serological tests (immunochromatography
and ELISA) showed moderate agreement between each other
(k=0.460). On the other hand, poor agreement was observed
between PCR and immunochromatography (k=0.097) and
between PCR and ELISA (x=0.186).

CVL diagnosis and external clinical signs

The onset of external clinical signs (cutaneous lesions,
lymphadenopathy, onychogryphosis and weight loss) was observed
in 46.7% (29/62) of the dogs during the follow-up period (see time
points highlighted in gray in Figure 1). Considering all the time

Table 1. Sensitivity (S) of immunochromatography (DPP), indirect ELISA and PCR for diagnosing visceral leishmaniasis in dogs over time
(27 months), taking the parasitological examination as the gold standard. Aracatuba, SP, Brazil.

Follow-up lymph node cytology DPP ELISA PCR
(months) total positive n/total S (%) n/total S (%) n/total S (%)
0 25 3 0/3 0.0 0/3 0.0 0/3 0.0
3 28 12 5/12 41.7 3/12 25.0 8/12 66.7
6 30 9 4/9 44.4 3/9 33.3 6/9 66.7
9 16 5 3/5 60.0 3/5 60.0 2/5 40.0
12 18 5 3/5 60.0 5/5 100.0 4/5 80.0
15 10 2 1/2 50.0 1/2 50.0 2/2 100.0
18 5 2 1/2 50.0 1/2 50.0 2/2 100.0
21 0 0/0 0.0 0/0 0.0 0/0 0.0
24 1 1/1 100.0 1/1 100.0 1/1 100.0
27 0 0 0/0 0.0 0/0 0.0 0/0 0.0
Cumulative 134 39 18/39 46.2 17/39 43.6 25/39 64.1
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Figure 1. Individual results from visceral leishmaniasis diagnosis among 62 dogs from which at least three samplings were possible during

the 27 months of the experimental period. Diagnosis was performed every three months by means of popliteal lymph node cytological test
(CYTO), immunochromatography (DPP), ELISA and PCR. The time at which the onset of clinical signs was observed is shown on the plot.
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points combined, during the period of observation of the clinical
signs, ten dogs were positive by cytology, 14 by DPP, 19 by
ELISA and 22 by PCR. Concomitant positivity was verified in
9.6% of the dogs, whereas concomitant negativity was observed
in 6.4% (Figure 2). Moreover, in five dogs (#18, 66, 72, 77 and
104), a positive diagnosis by at least one method was achieved
only 3 to 12 months after the onset of clinical signs. Despite the
presence of clinical signs, cytology was negative in 58.3% of the
dogs over time, whereas DPP was negative in 44.8%; ELISA in
31%, and PCR in 10.3% of the dogs.

Among the remaining 33 dogs with no clinical signs, eight were
positive by cytology, seven by DPP, 12 by ELISA, and 27 were
positive by PCR (Figure 2). No difference was determined between
the proportions of dogs with or without clinical signs that were
positive by cytology (p=0.1806) or by PCR (p=0.4826). However,
the proportions of positivity by ELISA (p=0.0126) and by DPP
(p=0.0084) were higher in dogs with clinical signs.

Discussion

Sixty-two dogs from an urban area that is endemic for VL were
followed up, thus allowing us to observe variations in the CVL
diagnosis according to the diagnostic method and disease progression
over time. This is an essential difference to similar reports, in which
the diagnostic comparison is usually made by cross-sectional studies,
evaluating samples taken at only one time point (ASHFORD etal., 1995;
SOLANO-GALLEGO etal., 2001; REITHINGER etal., 2002;
MOREIRAetal.,2007; FALQUETOetal.,2009; GRIMALDI etal.,2012b;
SILVA et al., 2013).

A limited number of longitudinal studies have been conducted
in Brazil on cases of naturally infected dogs. These studies
involved different designs with different diagnostic techniques
(QUINNELL etal., 2001, 2003, 2013; FRANCA-SILVA et al., 2005;
OLIVAetal., 2006; CARSON etal., 2009; GRIMALDI etal., 2012a;
COURA-VITAL et al., 2013), and this makes comparisons with

the data presented here more difficult.

100+
804
60

40

Positive dogs (%)

20+

CYTO DPP ELISA
@ clinical signs

PCR Concomitant None
3 no clinical signs

Figure 2. Proportion of dogs positive for visceral leishmaniasis in a
27 months follow-up study according to the occurrence of external
clinical signs and according to the diagnostic test: popliteal lymph
node cytological test (CYTO), immunochromatography (DPP),
ELISA and PCR. “Concomitant” indicates simultaneous positivity in
all four diagnostic tests, whereas “None” indicates absence of positive
results in all tests. Aracatuba, SB, Brazil.
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Overall, we detected low sensitivity ranging from 43.6 to 64.1%.
This result may have been an underestimate, because of the low
number of samples that we were able to include in this study,
the low sensitivity of the parasitological test that was used as the
gold standard (MAIA & CAMPINO, 2008; LAURENTT, 2009),
and the complex relationship between Leishmania and the canine
host, thus leading to changes to test sensitivity over the clinical
course of the disease.

The evolution of CVL is diverse in the population and
depends on the host-specific immune response and the parasite’s
pathogenicity (GRIMALDI etal., 2012a), thus making its diagnosis
even more challenging. The sensitivity of a diagnostic technique is
very important with regard to detecting the canine VL reservoir
(QUINNELL et al., 2013). In our study, PCR on blood samples
was seen to have greater sensitivity than the DPP or ELISA tests
within the first six months of the follow-up period (Table 1).
This was possibly because the dogs may have only recently been
infected, since the owners had replaced them within the last four
months (NUNES et al., 2008), but it is more likely to have been
influenced by the sample size. Although blood samples might not
be the best biological sample for detecting DNA by PCR, blood
collection is less invasive and it can be a useful approach when dogs
have just been introduced into an area, resulting in early detection
of the canine reservoir. Nevertheless, although PCR techniques
are fast, expertise and equipment are required for them to be
performed, thus restricting their mass use in developing countries.

After six months of follow-up, the serological tests (DPP or
ELISA) obtained higher sensitivity values in our study. Furthermore,
among dogs with a positive VL diagnosis, only 16.1% presented
reversion of positivity according to ELISA and 26.1% as seen on
immunochromatography. On the other hand, PCR showed that
positivity was reverted in 35.8%, thus suggesting that despite its
high sensitivity, positive results are more consistent when using
serological evaluation than when using PCR performed on blood
samples. Oliva et al. (20006) also observed several cases of dogs
found to be positive by nested-PCR that were negative by other
tests, but most of the dogs remained negative until the end of the
study (32 months). Another follow-up study conducted in Italy
also detected high variability among the diagnostic techniques over
time among naturally infected dogs (PARADIES et al., 2010).
Grimaldi et al. (2012a) observed similar sensitivity for the DPP
test (47%), but their reversion rate was also higher (50%), either
because they used a different sample (whole blood instead of serum)
or because the dogs surveyed could be more resistant to infection.

Rapid tests like DPP are practical and can be performed at the
owners’ home when using whole blood, thus giving the owners the
chance to actually see the results. However, the Brazilian Ministry
of Health currently recommends its use with serum samples. Thus,
DPP is performed in a laboratory and positivity is confirmed
by means of an ELISA test (EIE-Bio-Manguinhos®) in order to
ensure greater sensitivity and specificity (ARRUDA et al., 2013).
Silva et al. (2013) observed greater sensitivity for DPP (93%)
than was seen from the data presented herein. However, their data
were derived from only one time point, while ours were based on
a longitudinal study, in which positivity was influenced by the
course of the disease.
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The ELISA and DPP tests more readily detected symptomatic
positive dogs than asymptomatic ones. It is widely agreed that
immunity against VL depends on how the host responds to the
infection, either by a Th1 or Th2 immune response. Symptomatic
dogs tend to mounta Th2 response, leading to a B-cell polyclonal
activity and then to hypergammaglobulinemia (BARBIERI, 2006;
REIS et al., 2009). Since these serological assays detect IgG, it is
more likely that they will detect symptomatic than asymptomatic
dogs, in contrast to PCR or cytological tests, which detect the
parasite itself.

Forty percent of the parasitologically positive dogs turned
out to be negative in the following evaluations. This could be
due to the parasite distribution within the host, thereby leading
to low diagnostic sensitivity, or it could be due to the recovering
from infection. In fact, two of the parasitologically positive dogs
(numbers 42 and 47) showed seroconversion according to DPP
and two (numbers 42 and 43) turned out to be PCR-negative
over time (Figure 1). Detection of the canine reservoir by PCR
also showed a proportion of dogs (35.8%) that later on presented
as seronegative and, although technical flaws may have influenced
this result, a considerable number of dogs may have cleared the
infection, as previously postulated by Dye (1996). However,
when PCR presents greater positivity than the gold standard test,
a decrease in specificity may occur, and vice versa (CONRATHS
& SCHARES, 2006), as observed in our study.

Regarding the ELISA test, the lower sensitivity (43.6%) and
specificity (86.3%) observed in our study, in comparison with others
(QUINNELL et al., 1997, 2001; REITHINGER et al., 2002;
ALMEIDA et al., 2005; ROSARIO et al., 2005), may have been
because we included all the samples collected over the entire period
and not just single samplings. Methodological differences, such
as the antigen and reagents used, are likely to have contributed
to this difference as well. Similarly, immunochromatography
presented lower sensitivity in dogs with or without clinical signs,
in comparison to the data reported by Grimaldi et al. (2012b).

The relationship between infection and serological data changes
during the course of the disease (QUINNELL et al., 1997) resulting
in variation in the percentage of positivity, as well as the sensitivity
of each diagnostic technique. At the beginning, parasitological
examinations and PCR are more sensitive; with the evolution of the
infection, symptomatic dogs present an increase in serum antibody
levels and parasite load (QUINNELL et al., 2001, 2003). In our
study, despite the effect of the sample size, this effect was observed,
with greater positivity according to parasitological examinations
and PCR in the first nine months, which subsequently decreased.
In contrast, ELISA and immunochromatography showed low
positivity at the beginning, with a gradual increase until a maximum
peak of positivity at 12 months, which later decreased. Furthermore,
PCR was able to identify a larger number of asymptomatic dogs,
in comparison to immunochromatography and ELISA. It may
provide a useful diagnostic test when considering surveillance
in areas where cases of CVL have not yet been detected and in
which control strategies can be implemented, thus limiting the
spread of the disease.

One of the limitations of our study is that although the total
follow-up period was considerable (27 months), the period that
each individual dog was followed up was variable and occasionally
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was less than six months. Despite this, we were able to confirm
that positivity for CVL varied depending on the diagnostic
technique and on the evolution of the disease. In general, the
serological evaluation by means of immunochromatography and
ELISA showed greater potential for mass-screening identification
of infected dogs in endemic areas, although more than one test
should be performed in order to ensure proper identification
of the canine reservoir. Despite the advance in diagnostic tools,
diagnosing canine VL remains a challenge.
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