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Summary

Canine visceral leishmaniasis (CVL) manifests itself as a broad clinical spec-
trum ranging from asymptomatic infection to patent severe disease. Despite
relevant findings suggesting changes on lymphocytes subsets regarding the
CVL clinical forms, it still remains to be elucidated whether a distinct pheno-
typic profile would be correlated with degree of tissue parasite density. Herein,
we have assessed the correlation between the clinical status as well as the
impact of bone marrow parasite density on the phenotypic profile of periph-
eral blood leucocytes in 40 Brazilian dogs naturally infected by Leishmania
chagasi. Our major findings describe the lower frequency of B cells and mono-
cytes as the most important markers of severe CVL. Our main statistically
significant findings reveal that the CD8+ T cell subset reflects most accurately
both the clinical status and the overall bone marrow parasite density, as
increased levels of CD8+ lymphocytes appeared as the major phenotypic
feature of asymptomatic disease and dogs bearing a low parasite load. More-
over, enhanced major histocompatibility complex (MHC)-II density as well as
a higher CD45RB/CD45RA expression index seems to represent a key element
to control disease morbidity. The association between clinical status, bone
marrow parasitism and CD8+ T cells re-emphasizes the role of the T cell-
mediated immune response in the resistance mechanisms during ongoing
CVL. Higher levels of circulating T lymphocytes (both CD4+ and CD8+ T
cells) and lower MHC-II expression by peripheral blood lymphocytes seem to
be the key for the effective immunological response, a hallmark of asymptom-
atic CVL.
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Introduction

Leishmaniasis is a parasitic infection of animals and humans
caused by protozoan parasites from the Leishmania genus,
Trypanosomatidae family, Kinetoplastida order [1]. Disease is
transmitted by diptera of the Phlebotomidae family, distrib-
uted widely in nature, living in sylvatic and/or domestic
environments. Visceral leishmaniasis is currently expanding
markedly worldwide, mainly in Brazil, where the typically
rural outline has shifted recently to a progressively urbanized

profile. In this context, canine visceral leishmaniasis (CVL) is
highly relevant epidemiologically, considering its increased
incidence in the last decade, in addition to the intense cuta-
neous parasite density reported in infected dogs which may
add to the spread of disease [2,3]. Besides being a reservoir of
Leishmania parasites in endemic areas [4,5], dogs are also
used as experimental models of human diseases [6], espe-
cially in the study of parasite–host interaction, immune
response and in the development of new vaccines and thera-
peutic agents [7].
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According to Mancianti et al. [8], CVL can be categorized
into three distinct clinical forms, based on the major features
observed in infected animals, which can be classified as
asymptomatic (AD), oligosymptomatic (OD) and symp-
tomatic (SD).

Several reports have focused attention on the relationship
between distinct clinical forms of CVL and disease pro-
gression, with the aim of identifying laboratory markers
to be used in follow-up studies of Leishmania chagasi
infection. We have demonstrated previously that impaired
biochemical/haematological status is associated with severe
clinical aspects of CVL, suggesting that follow-up of these
parameters could be a relevant approach during therapeutic
and vaccine evaluation [9]. Moreover, we have also described
that immunoglobulin isotype patterns are important hall-
marks for clinical status and tissue parasite density in
Brazilian dogs naturally infected by L. chagasi [10]. It has
been well accepted in experimental infection in dogs that
although hypergammaglobulaemia is observed, increased
levels of immunoglobulins, mainly IgG, do not provide pro-
tection [11]. It has been reported that effective immunity
appears to be more dependent on specific cellular immunity.
Dogs developing progressive disease revealed clear suppres-
sion of cell-mediated immunity [11]. According to Keenan
et al. [12], experimental CVL is accompanied by lower activ-
ity of lymph node T cell-dependent regions, infiltration and
proliferation of macrophages as well as hyperplasia of B
cell-dependent areas.

In vitro studies have also confirmed the impaired cellular
immune response during CVL. Brandonisio et al. [13] high-
lighted the reduced phagocytic ability of monocytes in
infected dogs compared to healthy controls. In addition,
Panaro et al. [14] demonstrated that peripheral blood
monocytes from L. infantum-infected dogs lack a nitric
oxide-mediated leishmanicidal effect.

A reduced lymphoproliferative response to Leishmania-
specific antigen has also been verified in experimentally
infected dogs [11,15–17]. Despite the results of in vitro lym-
phocyte proliferation, suggesting an impaired T cell response
to antigenic stimulation, Pinelli et al. [11] pointed out that
asymptomatic dogs display a well-preserved response to
L. infantum antigens both in vitro and in vivo. Moreover,
Pinelli et al. [17] demonstrated that asymptomatic dogs pre-
sented higher levels of tumour necrosis factor (TNF)-a com-
pared to symptomatic dogs.

The well-defined in vitro cellular immune profile
described for CVL and its relationship to clinical status
have also motivated several investigators to search further
for a possible association between ex vivo immunological
features in the context of the dichotomic clinical status of
CVL, aiming to identify laboratory markers to be used
promptly as complementary tools. Flow cytometry
analysis of canine peripheral blood cells has demonstrated
that L. infantum infection is accompanied by lowered
levels of both CD4+ T cells and CD21+ B cells,

suggesting its relationship with immunosuppression in
symptomatic dogs [18].

Despite these findings regarding major lymphocytes
subsets in L. infantum-infected dogs, categorized as asymp-
tomatic and symptomatic, it still remains to be elucidated
whether a similar pattern of phenotypic features could be
observed when L. chagasi naturally infected dogs are classified
into three major clinical groups (AD, OD and SD), according
to Mancianti et al. [8]. Moreover, in this study we have also
assessed the impact of bone marrow parasite density on the
phenotypic profile of peripheral blood leucocytes in Brazilian
dogs naturally infected by L. chagasi. Bone marrow parasite
density has been shown to be the most reliable parasitological
marker to decode the clinical status of canine visceral leish-
maniasis [10]. Our major findings describe bone marrow
parasite density as being related closely to major phenotypic
changes reported in peripheral blood leucocytes during
canine visceral leishmaniasis. The association between clini-
cal status, bone marrow parasitism and CD8+ T cells
re-emphasizes the role of T cell-mediated immune response
in resistance mechanisms during ongoing CVL.

Materials and methods

Animals

Sixty mixed-breed adult dogs of both genders, 2–6 years old,
were selected. They were maintained in the kennels of the
Institute of Biological Sciences of Federal University of
Minas Gerais or provided by the Control Zoonosis Center in
Belo Horizonte City Council, Minas Gerais state, Brazil.
Clinical preselection was carried out in the latter location.
The animals were kept in quarantine with drinking water
and a balanced feed given ad libitum. The dogs used in this
study were stray or domiciled mongrel dogs, selected based
on their serological results on indirect immunofluorescence
assay test (IFAT), used as a ‘gold standard’ immunological
test for diagnosis of CVL. Animals presenting IFAT
titres = � 1 : 40 were considered positive and included into
the infected groups. Animals with IFAT negative at 1 : 40
were considered non-infected and included as a control
group. Leishmania-infected dogs did not receive any treat-
ment for CVL. As chemotherapeutic practice for CVL is not
allowed officially in Brazil, all infected dogs must be killed.
Infection with L. chagasi was confirmed serologically in all
IFAT-positive dogs, including enzyme-linked immunosor-
bent assay (ELISA) extract and ELISA r-K39, as described
previously [19] and/or at least one parasitological examina-
tion performed at different tissue sites including bone
marrow, spleen, skin, poplyteous lymph node and liver, as
described below.

Ethics

All procedures in this study were according to the guidelines
set by the Brazilian Animal Experimental College (COBEA).
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This study was approved by the Ethical Committee for the
use of Experimental Animals of the Universidade Federal de
Minas Gerais, Brazil (CETEA).

Clinical and parasitological evaluation

The dogs were classified clinically according to the presence/
absence of infection signs: asymptomatic (AD, n = 12), with
no signs suggestive of disease; oligosymptomatic (OD,
n = 12), with a maximum of three clinical signs including
opaque bristles and/or localized alopecia and/or moderate
loss of weight; symptomatic (SD, n = 16), with characteristic
clinical signs of visceral leishmaniasis, such as opaque
bristles, severe loss of weight, onychogriphosis, cutaneous
lesions, apathy and keratoconjunctivitis; and non-infected
dogs (CD, n = 20), animals for negative serological and para-
sitological examination for Leishmania, considered here as
control animals.

Assessment of parasitological parameters was performed
by diagnoses in tissue smears (bone marrow, spleen, skin,
poplyteous lymph node and liver) carried out after necropsy
of the animals. The smears were stained by Giemsa and
examined under optical microscopy for the identification of
amastigote forms of Leishmania. Parasite density evaluation
was performed in bone marrow and the results expressed as
Leishman Donovan units (LDU index), according to Reis
et al. [10], which correspond to the number of Leishmania
amastigotes by 1000 nucleated cells. We evaluated the bone
marrow parasitism from L. chagasi in naturally infected
dogs. Tissue parasitism for bone marrow was classified ini-
tially as low (LP), median (MP) and high (HP) parasitism
based on bone marrow-specific LDU values categorized sta-
tistically into tertiles as follow: LP (0–0); MP (2–33) and HP
(46–1104) [10]. This approach further strengthens statistical
analysis on well-balanced numbers of dogs into each
subgroup. The number of animals included on each sub-
group was approximately 12–14 animals.

Blood sample collection

Five millilitres of peripheral blood from the brachiocephalic
vein was collected into tubes containing ethylenediamine
tetraacetic acid (EDTA) (final concentration of 1 mg/ml). A
haemogram was performed in each sample (Coulter MD18;
Luton, UK). All samples were maintained at room tempera-
ture up to 12 h prior to processing.

Immunophenotyping by flow cytometry

Immunophenotyping analyses of peripheral blood through
flow cytometry were undertaken as described by Reis et al.
[19]. Briefly, 1 ml of EDTA whole blood was submitted to
prefixation and erythrocyte lysis by the slow addition of 13 ml
of lysis solution [fluorescence activated cell sorter (FACS)
lysing solution; Becton Dickinson San Diego, CA, USA]

followed by incubation for 10 min at room temperature (RT).
After centrifugation (450 g for 10 min at RT), the pellet was
resuspended in 500 ml phosphate-buffered saline (PBS)
supplemented with 10% of fetal bovine serum (FBS-10%).

In 96-well U-bottom plates (Limbro Biomedicals, Inc.,
Aurora, OH, USA), 30 ml of prefixed leucocyte suspension
were incubated at RT for 30 min in the dark in the presence
of 30 ml of anti-canine cell surface marker monoclonal anti-
bodies (mAbs) diluted previously in PBS-10% in indirect
immunofluorescence procedures. A range of cell surface
markers that define major canine leucocyte subpopulations
were used, including diluted purified anti-dog CD5 1 : 800
(rat IgG2a, clone YKIX322·3), anti-dog CD4 1 : 12 500 (rat
IgG2a, clone YKIX302·9), anti-dog CD8 1 : 800 (rat IgG1,
clone YCATE55·9), anti-MHCII 1 : 200 (rat IgG2b, clone
YKIX334·2), anti-CD45RA 1 : 200 (rat IgG2b, clone
YKIX753·22·2) and anti-CD45RB 1 : 800 (rat IgG2b, clone
YKIX716·13), all purchased from Serotec (Oxford, UK).
Cells were additionally incubated in the same conditions, in
the presence of 60 ml of previous diluted fluorescein isothio-
cyanate (FITC)-conjugated sheep anti-rat IgG antibody.

Five microlitres of undiluted FITC-labelled mouse anti-
human CD21 (mouse IgG1, clone IOBla; Immunotech Co.,
Marseille, France) and 50 ml of previously diluted PE/Cy-5-
conjugated mouse anti-human CD14 1 : 200 (mouse IgG2a,
clone TÜK4; Serotec Oxford, UK) were used in direct immu-
nofluorescence procedures.

Before flow cytometric data collection and analysis,
labelled cells were fixed for 30 min with 200 ml of FACS
FIX solution (10·0 g/l paraformaldehyde; 10·2 g/l sodium
cacodylate and 6·65 g/l sodium chloride, pH 7·2).

Flow cytometric acquisition and data analysis

Flow cytometric measurements were performed on a
FACScan instrument (Becton Dickinson, Mountain View,
CA, USA). The CellQuest software package was used in both
data acquisition and analysis. A total of 10 000 events was
acquired for each preparation. Canine whole blood leuco-
cytes were identified on the basis of their specific forward
(FSC) and side (SSC) light-scatter properties. Following FSC
and SSC gain adjustments, the lymphocytes were selected
based on their characteristic FSC versus SSC gain
distribution. Fluorescence was evaluated based on the
spectra of FITC and Cy5-PE on FL1 or FL3 single-histogram
representation. The monocytes were analysed by fluores-
cence intensity detection on single histograms directly on
ungated leucocytes. For data analysis, a marker was set on the
internal control in order to confine over 98% of the unla-
belled cells.

The results were expressed in absolute counts (cell
number/mm3) that allow better characterization of cell sub-
population frequencies, considering that overall leucocyte
counts may differ between groups. The absolute counts for
lymphocyte subsets were calculated as the product of the
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percentage of positive cells (CD5+, CD4+, CD8+, CD21+)
within gated lymphocytes by the absolute lymphocyte
counts derived from the haemogram. The absolute counts
for monocytes were obtained as the product of CD14+ cells
obtained within ungated leucocytes by the total white blood
cell counts derived from the haemogram.

Statistical analysis

Statistical analysis was performed using the GraphPad Prism
3·1 software package (San Diego, CA, USA). Considering the
nonparametric nature of all data sets, the Kruskal–Wallis test
was used for between-group comparative study, followed by
Dunns’ test for multiple comparisons. Spearman’s rank cor-
relation was also computed to investigate associations
between phenotypic features with clinical status and bone
marrow parasite density. In all cases, the differences were
considered significant when the probabilities of equality,
P-values, were � 0·05.

Results

Marked anaemia and leucopenia are hallmarks of
haematological dysfunction associated with high bone
marrow parasite density during canine visceral
leishmaniasis

The assessment of haematological parameters was evaluated
according to the tissue parasitism for bone marrow was ini-
tially classified as low (LP), median (MP) and high (HP)
parasitism based on bone marrow-specific LDU values cat-
egorized statistically into tertiles as follows: LP (0–0); MP
(2–33) and HP (46–1104) [10]. Our results demonstrated
severe anaemia in HP animals, with significant decreases
in haemoglobin, erythrocytes and haematocrit, in relation
to LP (P � 0·01), MP (P � 0·05) and CD (P � 0·001)
(Table 1). In addition, white blood cell counts demonstrated
significant decreases of eosinophil (P � 0·001) and mono-
cyte (P � 0·05) absolute values in HP dogs compared to
CD/MP and CD/LP, respectively. Additionally, lower

lymphocyte counts were observed in HP compared to LP
(P � 0·05) and MP (P � 0·01).

Lower frequency of circulating B cells and monocytes
are important markers of severe CVL, whereas
increased levels of CD8+ lymphocytes appear to be the
major phenotypic feature of asymptomatic disease

In order to evaluate the immunological profile of dogs natu-
rally infected with L. chagasi we enumerated the frequency of
T lymphocytes (CD5+) and the major T cell subpopulations
(CD4+ and CD8+). Animals were classified according to their
clinical status as AD, OD and SD dogs. Our data demon-
strated that AD (P � 0·001) and OD (P � 0·05) presented
significant increases in absolute counts of T lymphocytes
CD5+ in comparison to SD. Analysis of T cell subpopulations
showed a distinct profile for CD4+ and CD8+ lymphocytes.
Higher CD4+ cell counts were observed in the AD compared
to the SD groups (P � 0·001). Conversely, increased values
of CD8+ cells were documented in AD (P � 0·01) and OD
(P � 0·05) in comparison to both CD and SD (Fig. 1).
In order to explore more effectively the balance between
this major T cell subpopulation, we have also reported
a decreased CD4+/CD8+ cell ratio in all infected dogs
(AD, P � 0·01; OD, P � 0·001 and SD, P � 0·05) compared
to CD (Fig. 1).

In addition, analysis of circulating B lymphocytes
(CD21+) revealed lower absolute numbers in SD compared
to the CD (P � 0·05) and AD (P � 0·01) groups. No signifi-
cant differences were observed for the CD5+/CD21+ cell ratio
(data not shown).

To confirm and extend our initial findings, we performed
a detailed correlation analysis of major lymphocyte subset
counts in the peripheral blood within all infected groups
(statistics shown in Fig. 1). Results from this investigation
show that as disease progresses to a higher morbidity score
(r = -0·7305, P � 0·0001) there is a sustained restoration of
CD5+ lymphocytes to normal values observed in the periph-
eral blood of non-infected dogs. A statistically significant
restoration in the absolute number of CD4+ T lymphocytes

Table 1. Evaluation of haematological parameters of naturally infected and non-infected dogs.

Haematological parameters

Parasite density

CD LP MP HP

Erythrocytes, million/mm3 6·8 � 0·8 5·6 � 0·7a 5·8 � 0·6 3·9 � 1·2a,b,c

Haemoglobin, g/dl 15·7 � 1·9 13·6 � 2·2 14·1 � 2·0 9·1 � 3·1a,b,c

Haematocryt, % 46·4 � 5·4 39·4 � 5·2 40·1 � 4·9 27·0 � 9·7a,b,c

Leucocytes ¥ 103/mm3 12·8 � 2·7 13·9 � 4·6 12·8 � 3·9 10·7 � 4·3

Neutrophils 7·3 � 3·1 7·3 � 3·4 7·0 � 3·0 7·8 � 2·9

Eosinophils 1·8 � 0·8 1·3 � 1·2 0·8 � 0·5a 0·5 � 0·5a

Lymphocytes 2·7 � 1·5 4·1 � 3·5 4·1 � 3·0 1·8 � 1·7b,c

Monocytes 1·1 � 0·5 1·0 � 0·5 0·7 � 0·3 0·5 � 0·4a,b

The results are shown as the average values � standard deviation. The superscript letters a, b and c represent statistically significant differences for

the control group (CG) and bone marrow parasite density (low: LP; median: MP; and high: HP parasitism, respectively), when p � 0.05.
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was also observed (r = -0·5504, P = 0·0002). Increased levels
of CD8+ lymphocyte counts in Leishmania-infected dogs
also correlated with low disease morbidity (r = -0·8007,
P � 0·0001). These findings corroborate earlier studies indi-
cating that asymptomatic L. chagasi infection of dogs results
in an increased CD8+ subset in the peripheral T cells com-
partment (Fig. 1).

Enhanced major histocompatibility complex (MHC)-II
density on circulating lymphocytes as well as a higher
CD45RB/CD45RA expression index may represent a
key element to control disease morbidity in
asymptomatic dogs

Expression of MHC II, CD45RA and CD45RB by peripheral
blood lymphocytes was evaluated through semiquantitative
analyses in order to verify whether disease morbidity may be
associated with an altered pattern of these constitutive cell
surface markers involved directly in lymphocyte activation,
as well as effector functions (Fig. 2). Our data demonstrated
higher MHC-II expression by circulating lymphocytes from
AD in comparison to the OD, SD and CD groups (P � 0·05).
Although no significant differences were observed for
CD45RA and CD45RB expression considered as isolated
parameters, analysis of the CD45RB/CD45RA expression
index revealed higher values in AD in comparison to the SD
and CD groups (P � 0·05). Figure 2 shows a typical profile
of MHC-II expression on single-colour histograms of

fluorescence intensity (FL-1). Representative overlay flow
cytometric diagrams highlighting the higher CD45RB/
CD45RA expression index are also shown in Fig. 2.

Bone marrow parasite density is related closely to
major phenotypic changes reported for peripheral
blood leucocytes pointed as hallmarks of the clinical
status of canine visceral leishmaniasis

In order to evaluate whether the peripheral blood pheno-
typic profile reflects the parasite load during CVL, we con-
ducted an analysis of the phenotypic features of circulating
leucocytes of L. chagasi-infected dogs, classified according to
the degree of bone marrow parasite density (Fig. 3). Our
results showed that absolute counts of the T lymphocytes
CD5+ cells were higher in LP and MP compared to HP
(P � 0·05). Moreover, the CD4+ T cell subpopulation was
higher in MP in comparison to HP, whereas CD8+ T cells was
higher in LP and MP in comparison to HP. Further analysis
of T cell subsets revealed a lower CD4+/CD8+ cell ratio in LP
in comparison to HP (P � 0·05) (Fig. 3). No significant
differences were observed for the CD5+/CD21+ cell ratio
(data not shown). A difference was also observed in B cell
(P � 0·05) and monocyte (CD14+) counts (P � 0·01),
revealing a lower frequency in HP in comparison to MP.

We have also investigated whether dogs displaying higher
bone marrow parasite density would be more likely to
develop severe CVL. Our data further support this

Fig. 1. Immunophenotypic profile of

peripheral blood leucocytes in Leishmania

chagasi naturally infected dogs categorized

according to their clinical status as

asymptomatic (AD = ), oligosymptomatic

(OD = ) and symptomatic (SD = �) dogs.

Uninfected dogs were used as a control group

(CD = �). The results are expressed as absolute

cell counts and cell ratio in box-plot format

highlighting the gap of 50% of data set mea-

surement, the median as well as the maximum

and minimum values. Significant differences at

P � 0·05 are indicated by the letters ‘a’, ‘b’, ‘c’

and ‘d’ in comparison to CD, AD, OD and SD,

respectively. Spearma’s correlation indexes

(r and P-values) are shown on the graphs.
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hypothesis, demonstrating that HP showed a higher relative
risk of belonging to the SD group (odds ratio = 82·5,
P � 0·0001).

Correlation analysis revealed that the CD8+ T cell
counts reflect more effectively the overall bone marrow
parasite density

Correlation analysis of phenotypic features and bone
marrow parasite density further confirms the association

between high cell counts and low bone parasite density
during CVL (Fig. 4). A negative correlation between T cell
subsets (CD5+, r = -0·4708; P = 0·0022; CD4+, r = -0·3580;
P = 0·0023 and CD8+ cells, r = -0·5048; P = 0·0009) was also
observed. These data re-emphasize that high CD8+ T cell
counts appear to be better peripheral markers of low bone
marrow parasitism. Moreover, our data reveal that impaired
CD21+ (r = -0·4095; P = 0·0118) and CD14+ counts
(r = -0·3132; P = 0·0500) are correlated with disease mor-
bidity in dogs infected with L. chagasi (Fig. 4).

Fig. 2. Activation status of peripheral blood

leucocytes in Leishmania chagasi naturally

infected dogs categorized according to their

clinical status as asymptomatic (AD = ), oli-

gosymptomatic (OD = ) and symptomatic

(SD = �) dogs. Uninfected dogs were used as a

control group (CD = �). The results are

expressed as average of major histocompatibil-

ity complex (MHC)-II expression reported as

mean fluorescence channel (MFC) and

CD45RB/CD45RA expression index plus stan-

dard deviation. Significant differences at

P � 0·05 are indicated by the letters ‘a’, ‘b’, ‘c’

and ‘d’ in comparison to CD, AD, OD and SD,

respectively. Representative histograms illustrat-

ing the higher MHC-II expression on circulat-

ing lymphocytes from AD are also presented.
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Discussion

Flow cytometric methods have been used largely to access
the immunological status of domestic animals, such as cats
and dogs, becoming a powerful tool in veterinary medicine
[7,19,20]. In this context, the analysis of leucocyte absolute
counts performed routinely in the veterinary clinical labora-
tory represents complementary tools to support veterinarian
physicians to evaluate clinical cases. We have previously
reported significant alterations of haematological param-
eters associated with the clinical status of CVL [9]. In this
study we have addressed this issue further, demonstrating
that severe disease is associated with altered erythroid and
leucocytic compartments, with significant decrease of red
blood cell counts, haemoglobin and haematocrit values as
well as the number of circulating leucocyte subsets (eosino-
phils, lymphocytes and monocytes) in dogs presenting high
bone marrow parasite density (Table 1). Moreover, we have
also observed that phenotypic features of circulating leuco-
cytes, expressed as absolute values, appear to be important
immunological markers associated with clinical status as
well as bone marrow parasite density in dogs naturally
infected by L. chagasi.

It is believed that Leishmania virulence results from the
interaction of different parasite determinants with the host
immune system. In this model of parasite–host interaction,
L. chagasi antigens interact sequentially with different com-
ponents of the host immune system to cause leishmaniasis.
The virulence molecules of parasites help them to overcome
the host immune and non-immune barriers to establish
intracellular infection of macrophages. Infection alone does
not cause severe disease, but it is a prerequisite for this stage
of high morbidity. In hosts bearing asymptomatic or mild
disease, immunity becomes highly regulated with an
increased number of T cells, creating a microenvironment
efficient to remove the parasites, as shown herein for AD and
OD as well as LD and MD. High activity of the host immune
response seems to be efficient at removing the parasite in the
asymptomatic phase, but cannot promote parasite clearance
in the final stages of disease or the start of the symptomatic
phase (SD or HP). In this severe stage of the disease the host
immune response is down-regulated, the number of immune
cells returns to normal and the parasite spread through many
host tissues. Therefore, asymptomatic canine visceral leish-
maniasis is characterized by sustained T cell-mediated
immune responses to parasite antigens [11]. Studies in L.
major murine models have also shown that the development
of protective events during leishmaniasis is dependent on an
effective type 1 T cell-mediated immune response [21,22].
Our data are in agreement with these statements demonstrat-
ing that dogs with asymptomatic or mild disease, both AD
and OD groups, presented increased absolute values of the
circulating T cells (CD5+) within their peripheral blood lym-
phocytes compared to SD and HP (Figs 1 and 3).

Although all infected dogs displayed lower CD4+/CD8+

cell ratios, compared to CD, we have observed that dichoto-
mic phenotypic alterations led to these findings in dogs pre-
senting distinct clinical status. Increased CD8+ T cell values
represent the major phenotypic feature associated with the
inversion of the CD4+/CD8+ cell ratio in AD/LP and OD/MP
(Figs 1 and 3). Indeed, these findings re-emphasize the pro-
tective role of T CD8+ cells during CVL. Much attention has
been given to the role of T CD4+ lymphocytes on leishma-
niasis; however, several studies have shown that the T CD8+

lymphocytes act in protective events during canine visceral
leishmaniasis [11,17]. Pinelli et al. [23] suggested a special
role for T CD8+ lymphocytes in protective immunity during
L. infantum infection, observing that these cells are capable
of mounting an efficient type 1 immune response, with
interferon (IFN)-g production and ability to lysis infected
L. infantum macrophages. Further analyses have been con-
ducted by our group to elucidate if the impaired T cell com-
partment observed in this study for SD/HP is associated with
a type 2 immune response.

It has been well documented that an important character-
istic found in Leishmania-infected dogs is a typical follicular
hyperplasia owing to the increase of plasmocytes into lymph
node, tonsils, Peyer’s patches and spleen follicles [16].
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Analysis of lymphoid organs from dogs naturally infected
with Leishmania revealed enhanced areas of B cells, mainly
plasmocytes, which are associated with an increased produc-
tion of anti-Leishmania antibodies, determined by serologi-
cal tests [16]. These findings suggest that migration of B cells
from peripheral sites into lymphoid tissues might be occur-
ring during active CVL, with activation and differentiation
of these cells in plasmocytes and consequent polyclonal
activity leading to high production of anti-Leishmania
antibody. Consistent with this hypothesis we have observed a
marked reduction in absolute values of B lymphocytes
(CD21+) in SD and HP, which might be related to the selec-
tive migration of this cellular population into lymphoid
organs (Figs 1 and 3). Previous analyses have highlighted this
proposal by showing a positive correlation between clinical
and parasitological features with higher immunoglobulin
titres [10].

A decrease of absolute values of circulating monocytes
was also observed as a hallmark of HP compared to CD
(Table 1). Moreover, analysis of CD14+ cells also revealed
lower cell counts in SD (Fig. 1) and HP (Fig. 3) compared to
OD and MP, respectively. These data may suggest, during
active CVL, the recruitment of monocytes to lymphoid
tissue, where they might play an important role in immuno-
logical connections throughout antigen presentation and
parasite clearance. The increase in macrophage proportions
in the spleen of dogs with CVL has already been documented
[24]. This issue is currently under investigation in our
laboratory.

The sustained T cell compartment in the peripheral
blood of AD and LP was further confirmed by our findings
that asymptomatic disease was associated with higher acti-
vation status of circulating lymphocytes, as demonstrated
by higher expression of MCH-II and increased CD45RB/
CD45RA expression index in comparison to SD and CD
(Fig. 2). Cobbold and Metcalfe [25] developed pioneering
investigations about MHC-II molecules in dogs. These
authors observed that, in contrast with other species, the
MHC-II of dogs is expressed constitutively in all circulating
lymphocytes. It has been proposed that increased expres-
sion of MHC-II may reflect an antigenic priming-related
immunological event [25]. Based on this statement, our
findings support the hypothesis that AD is more prone to
be primed by Leishmania antigens and mounts a vigorous
immune response. The increased MHC-II expression in AD
might reflect an increased ability of antigen presentation
leading to effective activity of the immune system. On the
other hand, SD displaying lower MHC-II expression is
more vulnerable to disease severity due to a down-
regulated immune response, allowing parasite distribution
throughout an effective antigen presentation and the
number of T cells coming back to normal range. Lower
levels of circulating antigen-presenting cells (including B
lymphocytes and monocytes) are consistent with this pro-
posal. Moreover, additional correlation analysis further

confirmed the association between these phenotypic fea-
tures (Fig. 4). Supplementary studies will be necessary to
better elucidate this hypothesis.

It has been reported that naive canine T cells, helper T
cells secreting IFN-g and a wide range of B cells express
high molecular weight (220–240 kDa) CD45RA antigen
[25,26,27], while the CD45RB antigen has been associated
with CD4+ T cells that had been activated by protozoan
infection [28]. A pioneering investigation has been con-
ducted recently in L. chagasi-infected dogs showing higher
proportions of CD45RB+ cells and lower CD45RA+ cells in
the spleen and in peripheral blood compared to healthy
dogs [24]. In this study, we have performed a more detailed
analysis of CD45 expression by evaluating the density of
CD45 expression throughout the mean fluorescence inten-
sity index of CD45RB/CD45RA. Considering the higher
CD45RB/CD45RA expression rate observed in AD groups
suggested increased proportions of CD45RB and the
reduced proportions of CD45RA T cells in AD dogs, in
relation to healthy controls and symptomatic dogs, which
could reflect an effective activation of T cells [29] during
the asymptomatic infection. Whether these changes in
CD45 isoforms expression occur simultaneously or sequen-
tially in different tissues, and how they may affect the
development of CVL, should be the aim of further studies.
Moreover, we cannot discard the possibility that increased
expression of CD45RA in SD, due mainly to activated B
cells, may also be relevant to the lower CD45RB/CD45RA
ratio observed in SD dogs. The increase in the proportion
of CD45RB/CD45RA lymphocytes, due mainly to increased
proportions of CD45RB, associated with a high frequency
of CD8+ T lymphocytes in dogs with asymptomatic disease,
could be valuable parameters for the monitoring of CVL
development.

In conclusion, our findings highlight the complexity of
cellular immunological events related to natural infection
from dogs by L. chagasi, further correlating major peripheral
blood phenotypic markers with clinical status and bone
marrow parasite density. Together, our data suggest that the
sustained T cell compartment observed in AD and LP may
be resultant from the high activity of the host immune
system to perform antigen presentation and remove
parasites from affected sites. The higher levels of circulating
T lymphocytes (both CD4+ and CD8+ T cells) consistent with
higher MHC-II expression by peripheral blood lymphocytes
seems to be key for the effective immunological response, a
hallmark of asymptomatic CVL.
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