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ABSTRACT

The sensitivity (SE) of cytological examination of spleen and lymphnode smears by optical microscopy 
(OM), antibody-ELISA (enzyme-linked immunosorbent assays) and real-time (rt) PCR (polymerase chain 
reaction), for diagnosing asymptomatic canine Leishmania infantum infection was investigated in 110 
apparently healthy dogs from southeast Spain. The percentage of OM, ELISA and rtPCR positive dogs were 
2% (2/110), 27% (26/97) y 67% (39/58), respectively, although the percentage of rtPCR-positive dogs were 
35-41% in individual tissues and 9% in blood. The estimated SE (95% confidence interval) of OM relative to 
the rtPCR and ELISA tests was 5% (0-12) and 8% (0-18), respectively. Results confirm that most apparently 
healthy dogs from L. infantum endemic areas are infected, that approximately only one third of these infected 
dogs develop antibodies and that very few have parasite loads that are high enough to allow detection by OM. 
As a result, the degree of agreement between rtPCR, ELISA and OM for L. infantum diagnosis in subclinnically 
infected dogs is low.
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RESUMEN

Se investigó la sensibilidad (SE) del examen citológico mediante microscopia óptica (MO) de improntas de 
bazo y linfonodo, de la prueba de anticuerpos ELISA (inmuno-ensayo ligado a enzima) y de la PCR (reacción 
en cadena de la polimerasa) a tiempo real (tr), para diagnosticar la infección asintomática por Leishmania 
infantum en 110 perros aparentemente sanos, del sureste de España. El porcentaje de perros positivos a MO, 
ELISA y PCRtr fue 2% (2/110), 27% (26/97) y 67% (39/58), respectivamente, aunque el porcentaje de PCR-
positivos osciló entre 35-41% para cada tejido individualmente y 9% en sangre. La SE estimada (intervalos de 
confianza del 95%) de la MO en relación a la PCRtr y al ELISA fue 5% (0-12) y 8% (0-18), respectivamente. 
Estos resultados confirman que la mayoría de perros aparentemente sanos de una población endémica de L. 
infantum están infectados, que aproximadamente solo la tercera parte de éstos desarrolla anticuerpos frente 
al parásito y solo unos pocos tienen suficiente carga parasitaria en tejido linfoide como para ser detectada 
mediante MO. Consecuentemente, el grado de concordancia de la PCRtr, el ELISA y la MO en el diagnóstico 
de leishmaniosis canina asintomática es escaso.

Palabras clave: citología, ELISA, Leishmania infantum, microscopía óptica, PCR.

direct detection of the parasite and it is routinely 
used in clinical practice to confirm infection in 
dogs with clinical signs (Gomes et al., 2008; 
Maia and Campino, 2008). Under a trained eye, 
OM specificity (SP) may be close to absolute 
instead, sensitivity (SE) can be greatly variable 
depending on the presence or absence of clinical 
signs and other factors such as the quality and 
number of samples and OM fields examined 
(Saridomichelakis et al., 2005). Reported se 
of OM in lymphoid tissue and bone marrow 
smears relative to the PCR, ranged from 30% 
to 95% in dogs with CVL symptoms and was 
8% to 39% in asymptomatically infected dogs 
(Ikonomopoulus et al., 2003; Saridomichelakis 
et al., 2005; Moreira et al., 2007). Moreover, 
OM se in blood smears is significantly lower 
compared to tissue and a recent report detected 
amastigotes in 0.28% of blood smears from 
L. infantum-infected and mostly symptomatic 
dogs (Giudice and Passantino 2011).

Subclinically infected dogs are important 
control wise as they may transmit infection to 
sandflies (Molina et al., 1994). Among them 
OM-positive dogs are likely to have a greater 
parasite load, be more efficient transmitters 
and possibly have a greater risk of developing 
disease, although this has not been investigated. 

INTRODUCTION

Leishmania infantum and its American 
counterpart, L. chagasi (syn. L. infantum) are 
zoonotic protozoan parasites transmitted by 
phlebotomine sandflies, which cause Canine 
Visceral Leishmaniosis (CVL). They target 
the monocyte-macrophage cell lineage and 
there is now evidence that infection in endemic 
areas is widespread with 40-80% of dogs 
being positive to highly sensitive polymerase 
chain reaction (PCR) tests (Solano-Gallego 
et al., 2009). Most PCR-positive animals 
are latently infected and asymptomatic, and 
the many do not have circulating antibodies 
detectable by epidemiologically useful indirect 
immunofluorescence (IFI) and enzyme-linked 
imunosorbent assays (ELISA). Seropositive 
dogs however, have a greater risk of developing 
clinical Leishmaniosis compared to infected 
seronegative expressing protective cell-
mediated immunity (Baneth et al., 2008; Miró 
et al., 2008; Gomes et al., 2008; Solano-Gallego 
et al., 2009). 

Diagnosis based on cytological examination 
by optical microscopy (OM) of stained 
lymphoid tissue and bone marrow smears 
remains a reference technique because it allows 
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A further problem is that clinical signs of CVL 
can be highly variable leading to uncertainty 
when classifying dogs as symptomatic or 
asymptomatic (de Ybañez et al., 2009). In this 
scenario is important to have more information 
on the value of cytological examination in 
infected yet healthy-looking dogs. The present 
study addresses this issue as part of a wider 
investigation of CVL in southeast Spain. 

MATERIALS AND METHODS

Study population and sampling 

The study included 110 Leishmania 
asymptomatic, ≥1 year-old pet dogs from Murcia 
in southeast Spain where CVL is endemic 
(Chitimia et al., 2011). Animals collected by 
the local authority from owners not willing to 
keep them, were clinically examined to identify 
symptoms of CVL (Solano-Gallego et al., 2009, 
de Ybañez et al., 2009), prior to euthanasia by 
intraperitoneal sodium pentobarbital infection. 
Immediately after EDTA-blood, popliteal 
lymphnode, spleen and nasal skin samples were 
taken and transported in ice to the laboratory. 
Within two hours of taking the samples, spleen 
and lymphnode smears were prepared on 76x26 
mm2 glass slides, dried in air and fixed in 
methyl alcohol ready for staining, blood tubes 
were centrifuged to separate plasma for ELISA-
antibody analysis and it was stored frozen like 
remaining blood and tissue and later used for 
DNA extraction and PCR testing. 

L. infantum laboratory diagnosis 

Tissue smears were stained using the rapid 
panoptic method following manufactures 
instructions and preparations, sealed with a 
24x50mm2 coverglass, were examined by 
two members of the research team unaware 
of the dog’s PCR and ELISA status, at x1000 
magnification to identify amastigotes appearing 
as round to oval 2–5 μm in diameter basophilic 

bodies with internal organelles including the 
nucleus and kinetoplast (Ash and Orihel, 2007).

Two commercial ELISA kits namely, 
Ingezim® (Ingenasa, Spain) and Civtest® 
(Laboratorios Hipra, Spain) were used to detect 
anti-leishmania antibodies and antibody optical 
densities were used to classify samples as 
negative, positive or inconclusive, in undiluted 
plasma samples, as instructed by manufacturers. 
The SE and SP of Ingezim has not been reported 
in contrast, Civtest SE and SP in relation to the 
IFI test, is claimed by manufactures to be 98% 
y 96%, respectively. 

DNA from tissue and blood samples was 
extracted using a robot (Maxwell® 16, Promega). 
A specific and highly sensitive TaqMan probe 
real time PCR was used to detect L. infantum 
kinetoplast DNA sequences, using 300ng of 
template DNA and 40 cycle sets, as described 
by Mary et al., (2004) with modifications by 
Martín-Ezquerra et al., (2009). Test were carried 
out in duplicate and a threshold amplification 
cycle (CT) was estimated for each sample as a 
semiquantitative measure of parasite DNA load 
(Gomes et al., 2008). Samples with CT values 
ranging 1-35 and 36-40 were considered clear 
and weakly positive, respectively. 

Statistical analysis

EpiInfo 6 (CDC Atlanta, USA) was used to 
assess differences in the proportion of positive-
test results according to dog explanatory 
variables including sex, age and breed using 
Yate’s corrected chi-squared test, to compare 
CT means using non-parametric analysis of 
variance and to calculate percentage agreement 
and kappa coefficients (k) for diagnostic test 
comparisons. K ranges from 0.00 (agreement 
as expected by chance) to 1.00 (complete 
agreement) and values >0.81, 0.61-0.80, 0.41-
0.60, 0.21-0.40 and >0.00-0.20 indicate almost 
perfect, substantial, moderate, fair and slight 
agreement, respectively (Thrusfield, 1998).  
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RESULTS

Frequency of OM, ELISA and PCR positive 
dogs 

Amastigotes were observed in macrophages 
in three samples from two dogs including 
two lymphnode and one spleen smears hence, 
the percentage of OM Leishmania-positive 
asymptomatic dogs was 2% (2/110), with a 
95% confidence interval ranging 0-4%. Both 
dogs were 2 year-old males and included a 
purebred Mastín and a crossbred (Table 1).

The percentage of dogs testing PCR-positive 
in at least one tissue or blood sample was 67% 
(39/58), and was 41% (22/54) in spleen, 42% 
(22/52) en lymphnode, 35% (15/43) in skin 
and 9% (7/79) in blood (Table 1). Although 
the percentage of PCR-positives did not differ 
statistically according to sex, age or breed, it 
was numerically greater in 1 and 2 year-olds 
compared to older dogs, males than females 
and crossbreds compared to purebreds (p>0.05) 
(Table 1). The mean CT for PCR-positive 
samples did not vary significantly according to 
the sample type and the overall mean, minimum 
and maximum CT for positive samples were 31, 
12 and 40, respectively, and 89% (59/66) and 
21% (14/66) of samples had CT≥22 and CT>35, 
respectively.

As shown in table 1, the percentage of 
antibody-positive dogs to any of the two 
ELISA tests was 27% (26/97) and was 22% 
(20/92) to Ingezim and 25% (24/96) to Civtest 
(p>0.05). Seroprevalence was greater for males 
than females according to Ingezim and no 
other significant differences in seroprevalence 
were observed according to other explanatory 
variables examined (p>0.05) however, 
seroprevalence increased numerically with age, 
and was greater in males than females and in 
pure compared to crossbred dogs (Table 1).

Relationship between OM, ELISA and PCR 
results and estimated OM sensitivity

OM-positive dogs were seropositive 
according to both ELISA tests and the only one 
of these two dogs tested by PCR was positive in 
spleen and lymphnode tissue, with CT values of 
17 and 12, respectively. Moreover, all ELISA-
positive dogs tested by PCR were PCR-positive. 
Assuming that both OM positive dogs were 
PCR-positive, the ratio of OM-positive to PCR-
positive would be 2/40, so OMs SE and 95% 
confidence interval (CI) would be 5 (0-12)%. 
Similarly, OM-positive to ELISA-positive ratio 
would be 2/26 and OM SE (95% CI) relative to 
ELISA would be 8 (0-18) %.

Overall, 92% (84/91) of dogs had identical 
Ingezim and Civtest ELISA results, 5 dogs 
were Civtest positive and Ingezim negative and 
the opposite was the case for 2 dogs and k= 
0.79 indicating substantial agreement between 
ELISA tests (Table 2). 

Agreement between PCR results according 
to sample type was lower and the percentage 
of identical results ranged from 70% for spleen 
and lymphnode and 63% for lymphnode and 
blood (table 2); k (s.e.) ranged from 0.11 (0.06) 
for lymphnode or spleen and blood and 0.53 
(0.14) for spleen and lymphnode, indicating 
slight and fair agreement, respectively (Table 
2). 

Comparisons between ELISA, PCR and 
OM indicated extensive variation in the % and 
degree of agreement and the later was either 
slight or fair in all cases (Table 2); the % of 
agreement was highest for ELISA-Ingezim and 
blood PCR (83%) and the degree of agreement 
was highest for ELISA-Civtest and tissue PCR 
(0.37) and lowest for OM and tissue PCR (0.02) 
(Table 2).
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Table 2. Percentage agreement and kappa results for ELISAb, rtPCRc and OMd tests for 
diagnosing Leishmania infantum infection in dogs. Study in 110 asymptomatic dogs in Spain 

between the years 2008-2011

Test and sample %
agreement

kappa

k s.e. a degree of
agreement

ELISAb 
  Ingezim; Civtest 92 0.79 0.10 Substantial
rtPCRc

  Spleen; lymphnode 77 0.53 0.14 Moderate
  Spleen; skin 67 0.28 0.15 Fair
  Spleen; blood 64 0.11 0.06 Slight
  Lymphnode; skin 64 0.28 0.15 Fair
  Lymphnode; blood 63 0.11 0.06 Slight
  Skin; blood 70 0.17 0.08 Slight
ELISA Ingezim; tissued rtPCR 57 0.24 0.10 Fair
ELISA Ingezim; blood rtPCR 83 0.35 0.10 Fair
ELISA Civtest; tissued rtPCR 65 0.37 0.12 Fair
ELISA Civtest; blood rtPCR 78 0.28 0.09 Fair
OM; Ingezim 80 0.15 0.05 Slight
OM; Civtest 77 0.12 0.04 Slight
OM; tissued rtPCR 34 0.02 0.02 Slight
OM; blood rtPCR NAe NA NA NA

aStandard error, bEnzyme-linked immunosorbent assay, creal time Polymerase chain reaction, cOptical microscopy, dpositive 
in spleen, lymphnode or skin, dNot applicable since OM positives were not PCR tested in blood

study in Brazil reporting L. chagasi-positive 
lymphnode smears in 39% of 23 asymptomatic 
dogs examined (Moreira et al., 2007). Study 
discrepancies could be related to differences in 
the incidence of infection between study areas 
and in the stage of infection of the animals 
examined: Possibly, the dogs in Murcia had 
lower exposure and parasite load, and/or were in 
an earlier phase of infection compared to those 
in the Brazilian study. Host-parasite differences 
between L. chagasi and L. infantum influencing 
diagnostic sensitivity have not been described 
and they are considered the same species with 
the former originating from L. infantum carried 
over by European dogs. Some variability 
between studies could also be related to the 

DISCUSSION

The present study provides a quantitative 
estimation of the percentage of L. infantum-
infected asymptomatic dogs testing positive to 
cytological examination by OM of lymphoid 
tissue smears, rtPCR test and antibody-ELISA. 
The percentage of OM positive dogs was 2% 
in contrast, 67% were rtPCR-positive and 
27% were ELISA positive. The estimated 
se (95% CI) of OM was 5(0-12)% and 8(0-
18)% relative to the PCR and the ELISA test, 
respectively. A similarly low se was reported 
by Saridomichelakis et al (2005) in a group 
of 52 L. infantum PCR-positive asymptomatic 
dogs infection and contrast with those in a 
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To conclude, the study provides evidence 
that parasitological diagnosis by microscopical 
observation of lymphoid tissue smears may lack 
sensitivity to diagnose infection in clinically 
healthy L. infantum infected dogs and that the 
rtPCR test is the preferred method because it 
detects infected dogs that typically have or 
do not have an antibody-mediated immune 
response. Whilst OM has little epidemiological 
value in terms of estimating infection prevalence 
it could be useful in combination with other 
techniques, to improve our understanding of 
parasite transmission and possibly, to identify 
dogs requiring close monitoring and other with 
untypical CVL clinical signs in need of treatment, 
particularly where other more sophisticated 
diagnostic tests cannot be performed. 
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