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Abstract

The aim of the present study was to quantify the parasite load of Leishmania infantum in dogs using real-time PCR 
(qPCR). Bone marrow, lymph node and spleen samples were taken from 24 dogs serologically positive for L. infantum 
that had been put down by the official epidemiological surveillance service. According to the clinical signs the dogs 
were classified as asymptomatic or symptomatic. After DNA extraction, the samples were subjected to qPCR to detect 
and quantify L. infantum DNA. Out of the 24 dogs, 12.5% (3/24) were classified as asymptomatic and 87.5% (21/24) 
as symptomatic. Real-time PCR detected L. infantum DNA in all the animals, in at least one biological sample. In 
particular, 100% of bone marrow and lymph node scored positive, whereas in spleen, the presence of DNA was detected 
in 95.9% (23/24). In addition, out of 24 animals, 15 were microscopically positive to amastigote forms of L. infantum 
in bone marrow. No statistical significant difference was found in the overall mean quantity of DNA among the 
different biological samples (P = 0.518). Considering each organ separately, there was 100% positivity in bone marrow 
and lymph nodes, while among the spleen samples, 95.9% (23/24) were positive. Regarding the different clinical 
groups, the overall mean parasite load varied significantly (P = 0.022). According to the results obtained, it was not 
possible determine which biological sample was most suitable tissue for the diagnosis, based only on the parasite load. 
Therefore, other characteristics such as convenience and easily of obtaining samples should be taken into consideration.
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Resumo

O objetivo do presente estudo foi quantificar a carga parasitária de Leishmania infantum em cães pela técnica de 
PCR em tempo-real (qPCR). Amostras de medula óssea, linfonodo e baço foram obtidos de 24 cães sorologicamente 
positivos para L. infantum que foram submetidos à eutanásia pelo serviço de vigilância oficial. Segundo os sinais 
clínicos, os animais foram classificados em assintomáticos ou sintomáticos. Após extração de DNA, as amostras foram 
submetidas à qPCR para detecção e quantificação de DNA de L. infantum. Dos 24 cães, 12,5% (3/24) foram classificados 
como assintomáticos e 87,5% (21/24) como sintomáticos. A PCR em tempo real detectou DNA de L. infantum em 
100% dos animais, em pelo menos uma amostra biológica. Considerando cada órgão isoladamente, foi observada 
uma positividade de 100% em medula óssea e linfonodo, já nas amostras de baço 95,9% (23/24) foram positivas. 
Não foi observada diferença estatística entre a quantidade média geral de DNA entre as diferentes amostras biológicas 
(P  =  0,518). Considerando os diferentes grupos clínicos, a carga parasitária média geral variou significantemente 
(P = 0,022). De acordo com os resultados obtidos não foi possível eleger a mais apropriada amostra biológica para o 
diagnóstico, baseado apenas na carga parasitária. Portanto, outras características como a conveniência e a facilidade de 
obtenção da amostra devem ser consideradas.
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Leishmania infantum in the bone marrow, lymph node and spleen of dogs

Introduction

Visceral leishmaniasis (VL) caused by Leishmania infantum 
(Kinetoplastida, Trypanosomatidae) is considered an important 
vector-borne disease, as well as a serious threat to public health 
(DANTAS-TORRES et al., 2012). Although several wild species 
can potentially be infected (LUPPI et al., 2008), domestic dogs are 
considered the main reservoir for L. infantum, particularly within 
urban areas. In these animals, the canine visceral leishmaniasis (CVL) 
displays a multifaceted clinical picture, varying from asymptomatic 
to nonspecific signs (e.g. skin lesions, lymphadenomegaly, weight 
loss, splenomegaly and/or ocular lesions) (BANETH et al., 2008), 
thus impairing prompt diagnosis.

Several diagnostic tools have been applied to detect this infection 
in dogs, including parasitological, serological (MOREIRA et al., 
2007) and molecular techniques (ROLÃO et al., 2004). In Brazil, 
the official diagnosis is based on serological tests, i.e. an enzyme-
linked immunosorbent assay (ELISA) followed by an indirect 
immunofluorescent antibody test (IFAT ≥ 1:40) as a confirmatory 
test (FIGUEIREDO et al., 2010). However, these techniques 
present limitations, with results that are insufficient for a reliable 
diagnosis of CVL. Conversely, molecular methods have acquired 
considerable importance for diagnosing many diseases, including 
CVL. Real-time PCR (qPCR) has presented high sensitivity and 
specificity for diagnosing and monitoring parasite loads in different 
biological samples (MARY et al., 2004; TUPPERWAR et al., 
2008; RAMOS et al., 2012). However, based on the parasite load, 
it is still unclear which biological sample should be preferred in 
order to make a correct diagnosis (IKONOMOPOULOS et al., 
2003; BARROUIN-MELO et al., 2006; SOLCÀ et al., 2012).

Therefore, the aim of the present study was to evaluate which 
of the biological samples routinely collected (i.e. bone marrow, 
lymph nodes and spleen) for diagnosing CVL should be considered 
the most suitable for molecular detection of L. infantum, based 
on the parasite load quantified by a qPCR protocol.

Materials and Methods

Ethical issues

According to the Brazilian Ministry of Health, animals infected 
with L. infantum should be put down through the Visceral 
Leishmaniasis Surveillance and Control Program. In this study, all 
the animals were seroreactive for L. infantum in both serological 
tests (ELISA and IFAT ≥ 1:40). In addition, 15 animals were bone 
marrow smear positive. The animals were put down by the official 
epidemiological surveillance service of the city of Petrolina (state of 
Pernambuco, Brazil), in accordance with the recommendations of 
the Brazilian Federal Council of Veterinary Medicine. The present 
study received approval from the Ethics Committee for Animal 
Experimentation of the Federal Rural University of Pernambuco 
(protocol ECAE: 23082.015004/2011).

Animals

A total of 72 samples were obtained from 24 dogs that were 
serologically positive for L. infantum. The samples were acquired 
from the Zoonotic Disease Control Center of the city of Petrolina 
(Pernambuco, Brazil). The serological diagnosis was made using 
ELISA S7® (Biogene Ind. e Com. Ltda., Recife, Pernambuco, Brazil), 
in conformity with the manufacturer’s instructions. Moreover, 
the indirect fluorescent antibody test (IFAT ≥ 40) was performed 
using the protocol described by Oliveira et al. (2008). According 
to the clinical signs of leishmaniasis, the dogs were classified as 
asymptomatic or symptomatic.

In addition, samples from three healthy dogs, from non endemic 
area, that were serologically (IFAT and ELISA) and bone marrow 
smear negative were used in this study.

Sample acquisition

Before the animals were put down, a bone marrow biopsy 
was performed directly from the manubrium of the sternum, 
and samples were placed in sterile tubes containing anticoagulant 
(heparin). In addition, bone marrow smears were prepared on 
glass slides, stained with Diff-Quick® (Dade, Miami, Florida, USA) 
and examined under an optical microscope to determine whether 
amastigote forms of L. infantum were present. Each smear was 
examined for 10 minutes (100 microscopic fields) under a 100x 
oil immersion objective lens. After the animals had been put 
down, spleen fragments and popliteal lymph nodes were collected.

Because of the high degree of sensitivity inherent to qPCR, 
special care was taken to avoid cross-contamination during the 
sample collection procedure. All the materials used were separated 
individually for each animal and were decontaminated by means 
of UV radiation prior to each procedure. Since lymph nodes 
are small organs and more susceptible to contamination during 
collection, they were retrieved intact, after a smaller fragment 
was obtained under controlled conditions in the laboratory. Bone 
marrow aspirates and lymph nodes were also collected from the 
control negative dogs and subjected to qPCR.

Molecular diagnosis

DNA extraction

Genomic DNA from the bone marrow, lymph node and spleen 
tissues were extracted using the QIAamp DNA Blood and Tissue® 
kit (Qiagen Inc., Valencia, USA). The extractions were performed 
on 200 µL of bone marrow, 25 mg of lymph node and 10 mg of 
spleen tissue (manufacturer’s instructions). After extraction, DNA 
concentrations were determined by means of spectrophotometry 
in the GeneQuant® RNA/DNA calculator (GE Healthcare Bio-
Sciences Corp.; New Jersey, USA). The integrity of the DNA 
samples was evaluated by means of electrophoresis on 0.8% 
agarose gel, stained with ethidium bromide (0.5 µg/ml). When 
necessary, the DNA samples were adjusted to a concentration of 
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100 ηg/µl. All the procedures were performed using micropipette 
barrier tips to prevent contamination.

Real-time PCR

The qPCR reactions were performed using the primers 
LEISH-1 (5’-AACTTTTCTGGTCCTCCGGGTAG-3’) and 
LEISH-2 (5’-ACCCCCAGTTTCCCGCC-3’) and the probe 
(FAM- 5’-AAAAATGGGTGCAGAAAT-3’- NFQ –MGB), based 
on Francino et al. (2006). The amplification protocol consisted 
of initial denaturation at 95 °C for 3 min, followed by 42 cycles 
of denaturation (95 °C for 10 seconds) and annealing-extension 
(60 °C for 30 seconds). All assays were carried out in triplicate, 
with each battery containing a negative control (DNA from a 
serologically negative dog) and a positive control (DNA from an in 
vitro culture of L. infantum). Parasites were quantified as absolute 
counts. A standard curve was determined, with dilutions of L. 
infantum DNA from an in vitro culture containing approximately 
5.6 × 106 parasites/ml. Taking the extraction efficiency to be 100%, 
eight serial dilutions of the DNA stock were established using 
nuclease-free water. Four points were used for the curve: 0.01, 1, 
1000 and 1,000,000 parasites/ml. To prevent cross-contamination, 
all procedures were carried out in an appropriate environment 
and filter tips were routinely used in all DNA extraction steps 
as well as during qPCR. Moreover, all materials and the laminar 

flow hood were decontaminated by means of UV radiation before 
and after each procedure.

Statistical analysis

The data were subjected to statistical analysis using the 
Kruskal-Wallis test. Differences were considered to be statistically 
significant when p < 0.05.

Results

Out of the 24 dogs analyzed in the present study, 12.5% 
(3/24) were classified as asymptomatic and 87.5% (21/24) as 
symptomatic. According to the clinical evaluation, the clinical 
signs most frequently observed were dermatopathy, weight loss, 
onychogryphosis and ophthalmopathy.

The qPCR detected L. infantum DNA in all the animals, in 
at least one biological sample. In particular, 100% of the bone 
marrow and lymph node samples were found to be positive, whereas 
in the spleen samples, presence of DNA was detected in 95.9% 
(23/24). Out of the 24 animals, 15 were positive for amastigote 
forms of L. infantum in bone marrow (Table 1). No statistically 
significant difference in the overall mean quantity of DNA was found 
among the different biological samples (P = 0.518). Conversely, 

Table 1. Clinical classification, parasite load of each biological sample and results of the bone marrow cytology from dogs naturally infected 
by Leishmania chagasi.

Animal Clinical classification
qPCR*

Bone marrow smears
Bone marrow Lymph node Spleen

01 Asymptomatic 0.045 0.215 0.089 Negative
02 Asymptomatic 0.337 76.321 1.273 Positive
03 Asymptomatic 0.267 0.007 0.066 Positive
04 Symptomatic 0.015 2.908 0.228 Negative
05 Symptomatic 0.029 0.001 0.053 Negative
06 Symptomatic 0.037 0.526 0.178 Positive
07 Symptomatic 2,539.455 4,745.122 287.61 Positive
08 Symptomatic 0.051 0.015 0.092 Negative
09 Symptomatic 34,940,375.0 1,813,558.0 1,028,954.75 Positive
10 Symptomatic 0.156 28.911 6.663 Negative
11 Symptomatic 0.035 5.984 7.427 Negative
12 Symptomatic 0.789 3.225 0.391 Positive
13 Symptomatic 0.155 14.411 0 Positive
14 Symptomatic 0.023 7.559 0.188 Negative
15 Symptomatic 0.352 1.687 6.518 Negative
16 Symptomatic 127,467.672 4,290,952.0 6,705,212.5 Positive
17 Symptomatic 14,805.015 152,398.609 281,605.406 Positive
18 Symptomatic 53,881.105 937,240.438 511,766.031 Negative
19 Symptomatic 0.044 0.149 0.087 Positive
20 Symptomatic 14.778 1.388 2.042 Positive
21 Symptomatic 38.465 112,590.148 8,844.795 Positive
22 Symptomatic 2,382.702 134,308.328 11,697.836 Positive
23 Symptomatic 12,250.853 204,420.672 473,047.281 Positive
24 Symptomatic 1,159.568 208.293 83,550.594 Positive

*Results expressed as number of parasite/mL of DNA.
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considering the different clinical groups, the overall mean parasite 
loads differed significantly (P = 0.022). Animals that were negative 
in bone marrow smears presented parasite loads lower than 0.4 
parasite/ml, except sample 18, which curiously presented a high 
parasite load in the bone marrow (Table 1).

All the samples (bone marrow and lymph node) from the 
negative control animals were also qPCR-negative.

Discussion

In this study, a comparison between the mean quantities 
of L. infantum DNA detected by means of qPCR in different 
biological samples was carried out. The results reported here 
indicate that the overall mean load of L. infantum DNA did not 
differ significantly among bone marrow, lymph node and spleen 
samples collected from the dogs, but differed between the clinical 
groups (i.e. asymptomatic and symptomatic).

The tropism of L. infantum caused by lymphoid organs (e.g. 
bone marrow, lymph nodes and spleen) makes them important 
for detecting this protozoon. Different studies have demonstrated 
high positive rates of L. infantum detection in lymph nodes 
(IKONOMOPOULOS et al., 2003), spleen (SOLCÀ et al., 2012) 
and bone marrow (FERREIRA et al., 2012) using molecular 
biology tests. Some of them have suggested that lymph nodes are 
the best biological samples for molecular diagnosis of L. infantum 
(IKONOMOPOULOS et al., 2003; RAMOS et al., 2012). 
Nonetheless, few studies on parasite load quantification have 
been conducted, even though such information is extremely 
important for correctly choosing the sample to be used. It has 
been demonstrated that popliteal lymph node aspirate and 
bone marrow present higher parasitic loads than blood samples 
or buffy coat (FRANCINO et al., 2006; QUARESMA et al., 
2009; MANNA et al., 2009). In the present study, this difference 
among the parasite loads of the different biological samples was 
not detected statistically. This finding may be explained by the 
characteristics of the organs utilized, given that all of them were 
lymphoid organs, unlike in previous studies. In bone marrow 
samples from dogs that were cytologically positive, a high parasite 
load was detected (samples 07, 09, 16, 17, 20, 21, 22, 23 and 24). 
This finding showed that there was a direct correlation between 
positive parasitological tests and high loads of L. infantum DNA 
(QUARESMA et al., 2009). Curiously, one cytologically negative 
bone marrow sample (18) displayed a high parasite load. Considering 
the mean quantity of L. infantum DNA in this sample, this was 
an unusual result. However, it is important highlight that parasite 
detection by means of direct cytological examination presents low 
sensitivity (MOREIRA et al., 2007) and, although minimal, the 
possibility of operational error in this cytological analysis cannot 
be completely ruled out.

Regarding the parasite loads in the different clinical evaluations, 
the data showed that there was a positive correlation (P = 0.022) 
between symptomatic dogs and parasite loads. Previous studies 
detected higher parasite loads in the lymph nodes of symptomatic 
dogs than in asymptomatic dogs, and similar findings were obtained 
through blood samples (i.e. a higher quantity was recorded in 
symptomatic dogs than in asymptomatic dogs) (MANNA et al., 

2009). However, there is no unanimity regarding this positive 
correlation observed between symptomatic animals and high 
parasitic loads. Some studies have suggested that CVL can begin 
either as an asymptomatic condition with generalized parasite 
dissemination, or as severe clinical symptoms with a low parasite 
load (QUINNELL et al., 2003; ALVAR et al., 2004).

Several parameters should be considered in choosing the sample 
to be used. The clinical procedures used to obtain samples may 
be traumatic and painful for animals. It is known that collecting 
bone marrow is painful and invasive (i.e. special care is needed to 
avoid infection), thus making anesthesia or sedation of the animal 
necessary. Similarly, the procedure to collect spleen aspirates is risky, 
compared with other biological samples, considering that there is 
a constant possibility of inducing hemorrhage (LÉVEILLÉ et al., 
1993). Therefore, these limitations make this procedure particularly 
unsuitable for large-scale collections (i.e. places with high densities 
of animals, such as canine shelters or kennels). In turn, obtaining 
lymph node aspirates not only is easier from a practical point of 
view but also demonstrates the greater viability of this biological 
sample over bone marrow and spleen samples. In addition, this 
biological sample (lymph node) has been demonstrated to be 
useful for detecting the protozoon, independently of the animal’s 
clinical status (RAMOS et al., 2012).

Finally, based on the results relating to DNA parasite loads, it 
was not possible to indicate the most suitable biological sample for 
diagnosing CVL. However, the ease of collecting the sample should 
be taken into consideration. Thus, in view of the practicality of 
obtaining lymph node aspirates, these samples can be suggested 
to be a suitable source for making diagnoses of CVL.
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