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Abstract This was a cross-sectional study which analyzed
the prevalence and the clinical and immunological spectrum
of canine Leishmania (L.) infantum chagasi infection in a
cohort of 320 mongrel dogs living in an endemic area of
American visceral leishmaniasis in the Amazonian Brazil by
using, mainly, the indirect fluorescence antibody test (IFATIgG) and the delayed-type hypersensitivity (DTH), and the
parasite research by the popliteal lymph node aspiration.
The IFAT and DTH reactivity recognized three different
immune response profiles: (1) IFAT(+)/DTH(−) (107 dogs),
(2) IFAT(−)/DTH(+) (18 dogs), and (3) IFAT(+)/DTH(+) (13
dogs), providing an overall prevalence of infection of 43 %
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(138/320). Thus, the specific prevalence of IFAT(+)/DTH(−)
33.4 % (107/320) was higher than those of IFAT(−)/DTH(+)
5.6 % (18/320) and IFAT(+)/DTH(+) 4.0 % (13/320). Moreover, the frequency of these profiles among 138 infected
dogs showed that the IFAT(+)/DTH(−) rate of 77.5 % (107/
138) was also higher than those of 13.0 % (18/138) of
IFAT(−)/DTH(+) and 9.5 % (13/138) of IFAT(+)/DTH(+) rates.
The frequency of asymptomatic dogs (76 %—105) was higher
than those of symptomatic (16.6 %—23) and oligosymptomatic ones (7.4 %—10). A total of 16 (11.6 %) L. (L.) i.
chagasi isolates were obtained from infected dogs, all from
the IFAT(+)/DTH(−) profile: 41 % (9/22) from symptomatic,
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33.3 % (3/9) from oligosymptomatic, and 5.2 % (4/76) from
asymptomatic dogs. These findings strongly suggested that
despite the higher frequency of asymptomatic dogs (76 %—
105), the majority (72.4 %—76) was characterized by the
IFAT(+)/DTH(−) profile with a doubtful immunogenetic resistance against infection.

Introduction
The New World canine visceral leishmaniasis (CVL) is a
parasite protozoal zoonosis widely spread in most countries
of Latin America and caused specifically by Leishmania (L.)
infantum chagasi Lainson and Shaw 2005 (Silveira and
Corbett 2010). In contrast to this, however, the New World
canine tegumentary leishmaniasis (CTL) may be due to a
variety of Leishmania Viannia spp., such as L. (V.) braziliensis (Mayrink et al. 1979), L. (V.) panamensis (Herrer and
Christensen 1976), L. (V.) peruviana (Herrer 1951), and L.
(V.) colombiensis (Delgado et al. 1993). Recently, two single
CVL cases were associated to another commonly dermotropic agent of human disease, Leishmania (L.) amazonensis, in Araçatuba municipality, São Paulo State, Brazil, but
the serological diagnosis of both cases through the indirect
fluorescence antibody test (IFAT) had unexpected negative
results and the diagnosis of the disease was only confirmed
by PCR assay (Tolezano et al. 2007). In general, it is
assumed that CVL always precedes the emergence of a
new focus of the human disease, American visceral leishmaniasis (AVL). Moreover, although L. (L.) i. chagasi infection might be the cause of severe canine pathology, the
majority of infected dogs are asymptomatic for extended
periods (Madeira et al. 2004; Queiroz et al. 2008). Thus,
it has been noted that in the endemic area of Mediterranean region in Europe, such as in Spain and Italy, where
the causative agent of infection is Leishmania (L.) infantum, a parasite closely related to L. (L.) i. chagasi, this
asymptomatic status of infected dogs has ranged from
3 months to nearly 7 years (Solano-Gallego et al. 2001;
Oliva et al. 2006).
In Brazil, despite some studies designed to characterize the
clinical and immunological status of canine L. (L.) i. chagasi
infection, this has mainly been carried out by using parasitological and serological (IgG-antibody response) methods for
the diagnosis of CVL, which has raised some difficulties
concerning a complete view of the canine immune response
against infection (Paranhos-Silva et al. 1996; Ikeda-Garcia et
al. 2007; Ferreira et al. 2007). In other words, these studies
have generally used only serological methods, such as IFAT or
enzyme-linked immunosorbent assay (ELISA), to determine
the immunodiagnosis of canine L. (L.) i. chagasi infection,
leading to an underestimation of the possibility that certain
clinical and/or immunological features of this infection would
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also be associated with the T-cell immune response of infected
dogs living in an endemic area. This is the situation, for
example, of canine infection of Mediterranean region in
Europe where the T-cell immune response of L. (L.) infantum-infected dogs has already been demonstrated principally
in subclinical or asymptomatic dogs, either by the lymphocyte
proliferative assay or delayed-type hypersensitivity (DTH)
skin reaction, confirming its likely role on the apparent immune resistance against canine infection (Cabral et al. 1992,
1993, 1998; Pinelli et al. 1994; Cardoso et al. 2007).
More recently, however, some studies in the northeast
region of Brazil used both IgG-antibody response performed
by ELISA and delayed-type hypersensitivity (DTH), elicited
by the leishmanin skin test (LST) to evaluate the humoral
and T-cell immune responses of naturally infected dogs
from the endemic area (Baleeiro et al. 2006; Dos-Santos et
al. 2008; Pinheiro et al. 2009). Nevertheless, despite these
studies that have dealt with both T-cell and humoral immune
responses of naturally infected dogs, there was not any
impact withdrawn concerning their role on the clinical development of canine infection in an endemic area.
In Pará State, Amazonian Brazil, we have just introduced
a diagnostic approach based on the IFAT and DTH immunodiagnostic methods for simultaneously evaluating the humoral and T-cell immune responses of a cohort of mongrel
dogs from an AVL endemic area, aiming to improve our
current understanding concerning the repertory of immune
responses responsible for the development of the clinical
spectrum of the canine L. (L.) i. chagasi infection. In the
first step, we present here the results of a cross-sectional
analysis regarding the prevalence as well as the clinical and
immunological spectrum of canine infection, based mainly
on the IFAT and DTH assays, but also on conventional
parasitology by culturing samples of popliteal lymph node
aspiration.

Materials and methods
Study area
This study was carried out in Santa Maria village, situated
7 km from the administrative center of Barcarena municipality (01° 30′ S; 48° 37′ W), which is considered to be
within the metropolitan region of Belém, the capital of Pará
State, in north of Brazil. The climate is typically equatorial,
with an average temperature of 28 °C and high humidity.
The annual rainfall in the region is of 2,500 mm or more,
with the period from January to June forming the principal
rainy season. The field activities of this study conducted
from March to May (2010), within the period (January–
May) of the highest density of the sandfly vector, Lutzomyia
longipalpis, of L. (L.) i. chagasi in this region (Souza et al.
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2005). In the same period in 2009, we had previously
estimated the prevalence (23.3 %) of human L. (L.) i. chagasi infection in this area (Silveira et al. unpublished data).
Following extensive destruction of the primary forest, the
area now consists mainly of plantations, with occasional
patches of developing secondary forest.
Canine population examined
The canine population enrolled in this study consisted in a
cohort of 320 mongrel dogs, of both genders (174/54.4 %
males and 146/45.6 % females) and different ages (the mean
age was 2 years and 3 months old), living in the endemic
area of AVL in Pará State, north of Brazil.
Study design
This study was addressed to identify the asymptomatic and
symptomatic infected dogs with L. (L.) i. chagasi, to study
the infection both clinically and immunologically, and to
evaluate the infection prevalence, attempting to better understand transmission dynamics, as well as the clinical and
immunological features for each pattern of the spectrum of
canine L. (L.) i. chagasi infection. In order to obtain a
clearer idea regarding the transmission dynamics of infection, the total dog population examined (320) was divided
into three age groups: (1) <1 year old, (2) >1 and <7 years
old and, (3) >7 years old, each group consisting of 120
(37.5 %), 186 (58.1 %), and 14 (4.4 %) dogs, respectively.
For the infection diagnosis, the simultaneous use of IFAT
and DTH skin reaction was performed in all dogs previously
selected for the prevalence survey. However, before these
immunodiagnostic methods were performed, all dogs were
clinically examined in order to identify any signs that could
be associated with classical CVL. Furthermore, parasitological research of L. (L.) i. chagasi was performed by examining popliteal lymph node aspiration samples of all dogs.
Clinical evaluation of dogs
This was based on the classical clinical signs described for
CVL, such as lymphadenopathy, splenomegaly, hepatomegaly, weight loss, alopecia, and onychogryphosis (Ferrer
1999; Feitosa et al. 2000). Dogs with one to three clinical
signs were regarded as oligosymptomatic, those with more
than three clinical signs were considered as symptomatic,
and those with no clinical sign as asymptomatic. Thus,
despite this clinical approach that may be regarded with
limited value, it has recently been used on clinical and
immunological surveys to access the clinical spectrum of
canine infection due to L. (L.) infantum or L. (L.) i. chagasi
(Cardoso et al. 2007; Alves et al. 2009; Reis et al. 2009;
Moreira et al. 2010; Santarém et al. 2010).
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Collection of tissue samples
The dogs were anesthetized with sodium thiopental (25 mg/
kg), and blood samples (2.0 mL) were collected by jugular
puncture and stored at −20 °C for evaluating the specific IgGantibody response (IFAT). Also, the needle popliteal lymph
node aspiration from each dog for the parasitological aspects
was used in the Difco B45 blood agar culture medium
(Walton et al. 1977).
Criteria for identification of canine infection
The definition of canine L. (L.) i. chagasi infection was
mainly based on the presence of reactivity to either IFAT
or DTH skin reaction or both immune assays. Nevertheless,
as IFAT evidences the humoral response (susceptibility) and
DTH the T-cell response (resistance) (Pinelli et al. 1994;
Cardoso et al. 1998, 2007), the definition of canine L. (L.) i.
chagasi infection was assumed to be the presence of reactivity to either one or both immune assays, in association or
not with positive parasitological research. Thus, it was
assumed that IFAT with 1:80 (IgG) titer and DTH skin
reactions forming papules or indurations of ≥5 mm in
diameter were regarded as a positive cut-off for IFAT and
DTH, respectively (Pinelli et al. 1994; De Jesus et al. 2003;
Silveira et al. 2002).
Immunological test procedures
The methods for DTH skin reactions in dogs were based on
those described in other studies for human American
cutaneous leishmaniasis (Silveira et al. 1991, 1998). The
Leishmania antigen was performed with the cultured promastigote forms from the stationary phase (RPMI 1640
media) of a regional strain of L. (L.) i. chagasi (MCAO/
BR/2003/M22697/Barcarena, Pará State). They were inactivated in a merthiolate solution (1:10,000) with a final concentration of approximately 4×108 parasites/mL (~6.5 mg
of protein/mL); 0.1 mL of this suspension (4×107 parasites;
~0.65 mg of protein) was the dosage used for intradermal
injection in the inner surface of the right thigh of each dog.
This dosage was approximately 40 times more concentrated
than that (106 parasites/0.1 mL) recently used with L. (L.) i.
chagasi antigen for DTH skin reactions in humans (Silveira
et al. 2009, 2010) and not more concentrated than that (3×
108 parasites/mL) used by Pinelli et al. (1994) for eliciting
DTH in naturally and experimentally infected beagle dogs
in Spain. As a control for DTH with L. (L.) i. chagasi
antigen, 0.1 mL of the merthiolate solution (1:10,000) was
intradermally used in the opposite thigh of each dog. The
skin reactions were measured after 48–72 h and those indurations with diameter ≥5 mm were considered positive. Despite this antigen not previously been tested in experimentally
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L. (L.) i. chagasi-infected dogs, its potential immunogenicity
was confirmed by promoting positive DTH skin reactions in
two specimens of Cebus apella monkey experimentally
inoculated (IV) with 3×107 amastigotes of L. (L.) i. chagasi, even though one had previously failed to develop
DTH skin reaction for a L. (L.) i. chagasi promastigotes
antigen with a smaller concentration (106 parasites/dose)
(Carneiro et al. 2011).
The IFAT was performed according to De Jesus et al.
(2003), who demonstrated that IFAT using amastigote antigen of L. (L.) i. chagasi had a higher specificity and sensitivity than the available kits of IFAT, using promastigote
antigen of Leishmania (L.) major-like, as well as of ELISA,
using a soluble L. (L.) i. chagasi antigen, both from BioManguinhos, Brazil. Briefly, the amastigote antigen was
impregnated in the IFAT slides by printing small fragments
of spleen and liver from “Golden hamster” (Mesocricetus
auratus) experimentally infected with the same strain of L.
(L.) i. chagasi (MCAO/BR/2003/M22697/Barcarena, Pará
State) used for preparation of the cultured stationary phase
promastigote forms antigen for DTH skin reactions in dogs.
Thus, the serological reactions (IFAT) with 1:80 (IgG) titer
were regarded as positive in according with the pioneer
sero-epidemiological survey on canine visceral leishmaniasis in the municipality of Belém, the capital of Pará State,
Brazil (Silveira et al. 2002). The positive (1:1,280 IgG) and
negative control serum samples used in the IFAT assay were
from a dog which supplied the L. (L.) i. chagasi strain
(MCAO/BR/2003/M22697/Barcarena, Pará State) used to
perform the antigens for both DTH and IFAT assays and
another animal born and raised in the municipality of
Belém, a non-endemic area for AVL, respectively. In addition, the possibility of any canine serological cross-reaction
with other mammal trypanosomatids from Amazonian Brazil, such as Trypanosoma cruzi or Trypanosoma rangeli,
was strongly minimized due to the absence of well-known
domiciliary triatomine vectors (Reduviidae: Triatominae) of
these protozoan parasites in the study area.
Parasitological research proceeding
The parasitological diagnosis of canine L. (L.) i. chagasi
infection was based on the Difco B45 blood agar culture of
the needle popliteal lymph node aspiration into 0.6 mL of
sterile PBS for each dog examined; this volume was distributed into three blood agar culture tubes, which were examined
over a 3-week period.
Distribution of IgG-antibody response (IFAT)
This analysis was based in the following semi-quantitative
scale of specific IgG-antibody response (IFAT): 80–1600
weak, 320–6400moderate, and ≥1,2800strong, which was

Parasitol Res (2012) 111:1513–1522

only performed with infected dogs (107) within the IFAT(+)/
DTH(−) profile.
Distribution of delayed-type hypersensitivity (DTH)
according to the age groups of dogs
This analysis was based in the following semi-quantitative
scale of DTH skin reactions: 5–8 mm0weak, 9–13 mm0
moderate, and ≥14 mm0strong, which was performed only
with infected dogs (18) within the IFAT(−)/DTH(+) profile.
Distribution of immune response profiles according to age
groups
This analysis was based on the frequency of each immune
response profile within the age groups of canine L. (L.) i.
chagasi infection.
Data analysis
Data were analyzed by the Bio-Estat 4.0 software (Ayres et
al. 2004), and the χ2 and binomial tests were used to
determine the significant differences among the prevalence
and the clinical and immunological profiles of infection with
a confidence interval of 95 %.
Ethical approval
This study was approved by the Ethics Committee in Animal Research of the “Instituto Evandro Chagas (IEC)”,
Surveillance Secretary of Health, Ministry of Health, Brazil,
with the protocol number 018/2005/CEPAN/IEC/SVS/MS/
Brazil.

Results
Canine L. (L.) i. chagasi infection prevalence
The IFAT and DTH reactivity of dogs revealed the following
three immune response profiles: (1) IFAT(+)/DTH(−) 0107
dogs, (2) IFAT (−) /DTH (+) 018 dogs, and (3) IFAT (+) /
DTH(+) 013 dogs. Thus, these three combined results (107
dogs reacting only by IFAT, 18 only by DTH, and 13 by
both tests) provided an overall prevalence of 43 % (138/
320) in this dog cohort. In other words, the specific prevalence of infection according to each immune response profile demonstrated that the rate of 33.4 % (107/320) of
IFAT(+)/DTH(−) profile was higher (p<0.05) than those of
5.6 % (18/320) of IFAT(−)/DTH(+) and 4.0 % (13/320) of
IFAT(+)/DTH(+) profile, despite there being no difference
(p > 0.05) between the last two (Table 1). Moreover,
comparing the frequency of these three immune response
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Table 1 Specific prevalence of infection according to the immune
response profiles of canine L. (L.) i. chagasi infection in Santa Maria
village, Barcarena municipality, Pará State, Brazil
Immune response profiles (%) n
Survey

IFAT(+)
/DTH(−)

IFAT(−)/
DTH(+)

IFAT(+)/
DTH(+)

Specific prevalence
(n0320 dogs)

33.4 % (107)

5.6 % (18)

4.0 % (13)

profiles among the 138 infected dogs, it was observed that
the IFAT(+)/DTH(−) rate of 77.5 % (107/138) was also higher
(p<0.05) than those of IFAT(−)/DTH(+) 13.0 % (18/138) and
IFAT(+)/DTH(+) 9.5 % (13/138), although there was no difference (p>0.05) between the last two (Table 2). However, it
is important to note that the rate of 22.5 % of both DTH
reactivity profiles [IFAT(−)/DTH(+) and IFAT(+)/DTH(+)] was
lower (p<0.05) than the 77.5 % of the IFAT(+)/DTH(−)
profile.
The prevalence of canine infection according to the gender
showed no difference (p>0.05) between males (22.2 %—71/
138) and females (21 %—67/138). However, regarding the
age groups of infected dogs, a higher (p<0.05) prevalence was
noted of the age group >1 and <7 years old (26 %—83) than
those of <1 year old (14.6 %—47) and >7 years old (2.5 %—
8) in this cohort (320 dogs).
The clinical status of 138 infected dogs showed that
asymptomatic hosts (76 %—105) had a higher frequency
(p<0.05) than symptomatic (16.6 %—23) and oligosymptomatic ones (7.4 %—10), as well as than symptomatic and
oligosymptomatic together (24 %—33). Moreover, the clinical status of infection has also showed that the prevalence
of asymptomatic dogs (32.8 %) was also higher (p<0.05)
than that of symptomatic ones (10.3 %). In addition, when
the clinical status of infection was examined within each
immune response profile, it was observed that among 107
dogs of the IFAT(+)/DTH(−) profile there was a higher (p<
0.05) rate of asymptomatic (71 %) than those of symptomatic (20.6 %) and oligosymptomatic ones (8.4 %). Furthermore, among 18 dogs of IFAT(−)/DTH(+) profile, 100 %
were asymptomatic and, among 13 dogs of the IFAT(+)/
DTH(+) profile, there was also a higher (p<0.05) rate of
asymptomatic (84.6 %) than those of symptomatic (7.7 %)
and oligosymptomatic ones (7.7 %) (Table 3).
L. (L.) i. chagasi isolation from popliteal lymph node
aspiration
A total of 16 (11.6 %) L. (L.) i. chagasi isolates were
obtained in the Difco B45 blood agar culture medium from
the popliteal lymph node aspiration of the 138 infected
dogs; however, it is important to record that all isolates were

obtained from infected dogs within the IFAT(+)/DTH(−) profile (107 dogs—15 % isolation). In other words, no isolate
was obtained from infected dogs belonging to the profiles
with DTH reactivity, neither from the IFAT(−)/DTH(+) nor
the IFAT(+)/DTH(+). Moreover, it is also important to record
that among the 107 infected dogs within the IFAT(+)/DTH(−)
profile, the distribution of isolates has a higher (p<0.05)
frequency in symptomatic (41 %—9/22) and oligosymptomatic (33.3 %—3/9) dogs than in asymptomatic ones
(5.2 %—4/76).
Distribution of IgG-antibody response (IFAT) according
to the clinical status of canine L. (L.) i. chagasi infection
This analysis was performed only with infected dogs (107)
within the IFAT(+)/DTH(−) profile. Thus, among 22 (20.6 %)
symptomatic dogs, 36.4 % (8) showed strong IgG response
(≥1,280), while others 36.4 % (8) presented moderate response (320–640) and 27.2 % (6) weak response (80–160).
Although there were no differences (p>0.05) among these
three categories of IgG responses, there was a tendency of a
stronger response (from moderate toward to strong072.8 %)
among symptomatic dogs. Moreover, among nine (8.4 %)
oligosymptomatic dogs, there was a higher (p<0.05) rate
(44.5 %—4) of strong IgG response only than that of moderate (22.2 %—2) but not than that of weak response
(33.3 %—3); thus, in a similar way to that observed with
symptomatic dogs, there was also only a tendency of a
stronger IgG response (from moderate toward to strong0
66.7 %) among oligosymptomatic dogs. In contrast to these,
however, among 76 (71 %) asymptomatic dogs although
there was no higher (p>0.05) rate (44.7 %—34) of weak
IgG response over that of moderate response (30.3 %—23),
these two categories together (75 %) were higher (p<0.05)
than that of the strong response (25 %—19) (Table 4).
Distribution of delayed-type hypersensitivity (DTH)
according to the age groups of canine L. (L.) i. chagasi
infection
This analysis was performed only with infected dogs (18)
within the IFAT(−)/DTH(+) profile. Thus, among all asymptomatic dogs (18) with DTH reactivity, 66.7 % (12) were in
Table 2 Frequency of each immune response profile among 138
infected dogs by L. (L.) i. chagasi in Santa Maria village, Barcarena
municipality, Pará State, Brazil
Immune response profiles (%) n
Frequency

IFAT(+)/DTH(−)

IFAT(−)/DTH(+)

IFAT(+)/DTH(+)

Infected dogs
(n0138)

77.5 % (107)

13 % (18)

9.5 % (13)
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Table 3 Frequency of the clinical
status of canine L. (L.) i. chagasi
infection according with each
immune response profile in Santa
Maria village, Barcarena municipality, Pará State, Brazil

Clinical status (%) n
Immune response profiles

Asymptomatic

Symptomatic

Oligosymptomatic

IFAT(+)/DTH(−) (n0107)
IFAT(−)/DTH(+) (n018)
IFAT(+)/DTH(+) (n013)

71 % (76)
100 % (18)
84.6 % (11)

20.6 % (22)
–
7.7 % (1)

8.4 % (9)
–
7.7 % (1)

the >1- and <7-year age group, 33.4 % being moderate,
27.8 % weak, and 5.5 % strong responders. Beside these,
22.2 % (4) were in the <1-year-old age group, with 16.7 %
being moderate and 5.5 % strong responders. Finally, there
were only two (11.1 %) at the >7-year age group, all
(100 %) being moderate responders. Thus, dogs with DTH
reactivity at the >1 and <7 years age group had a higher
frequency (66.7 %) (p<0.05) than those at <1 year (22.2 %)
and at >7 years (11.1 %) (Table 5).

The present paper represents the first cross-sectional study
carried out in an endemic area of AVL in Amazonian Brazil
that examined a cohort of 320 mongrel dogs in order to

determine the prevalence and the clinical and immunological spectrum of canine L. (L.) i. chagasi infection, combining two immunodiagnostic assays: IFAT (IgG) and DTH for
the humoral and cellular responses. The combined results of
the IFAT and DTH assays indicated an overall prevalence of
43 % in the canine cohort, which was higher than the 23.5 %
and 24 % found by ELISA in the States of Bahia and Ceará,
respectively, both in northeastern Brazil (Paranhos-Silva et
al. 1996; Rondon et al. 2008). The overall prevalence
(43 %) found in our study was also higher than the 16 %
recorded by IFAT (1:40) in the State of Pernambuco, also in
northeastern Brazil (Santos et al. 2010). An estimated infection prevalence of 40.3 % by IFAT (1:80) observed in the
same State of Pernambuco (Dantas-Torres et al. 2006) was
similar to that found in the present study, indicating that, in
exceptional situations, the use of low-specificity antigens
(such as L. major-like) may give rise to unexpectedly high
infection prevalence rates due (most likely) to high percentages of false-positive reactions (Silveira et al. 2002; De
Jesus et al. 2003).
Of interest is the specific infection prevalence based on
three immune response profiles: (1) IFAT(+)/DTH(−), (2)
IFAT(−)/DTH(+), and (3) IFAT(+)/DTH(+). The 33.4 % specific prevalence of the IFAT(+)/DTH(−) profile was higher
(p<0.05) than the 5.6 % IFAT(−)/DTH(+) and 4.0 % IFAT(+)/
DTH(+) profiles, indicating that the IFAT(+)/DTH(−) profile
was the most prevalent expression of canine immune response in the endemic area. Also, among the 138 infected
dogs, the IFAT(+)/DTH(−) profile rate (77.5 %) was higher
(p<0.05) than the IFAT(−)/DTH(+) (13 %) or IFAT(+)/DTH(+)
(9.5 %) profiles, confirming the importance of the IFAT(+)/
DTH(−) profile as the most frequent immune expression of

Table 4 Distribution of IgG-antibody response (IFAT) according to the
clinical status of canine L. (L.) i. chagasi infection in Santa Maria village,
Barcarena municipality, Pará State, Brazil

Table 5 Age distribution of DTH skin reactions of canine L. (L.) i.
chagasi infection in Santa Maria village, Barcarena municipality, Pará
State, Brazil

Distribution of immune response profiles according
to the age groups of canine L. (L.) i. chagasi infection
The >1- and <7-year-old age group recorded 74.6 % (103) of
138 infected dogs concerning the three immune response
profiles, with 57.2 % IFAT(+)/DTH(−), 8.7 % IFAT(−)/DTH(+),
and other 8.7 % IFAT(+)/DTH(+). Besides these, 18.8 % (26)
were at the <1-year-old age group, with 15.2 % IFAT(+)/
DTH(−), 2.9 % IFAT(−)/DTH(+), and only 0.7 % IFAT(+)/
DTH(+). At last, there were 6.6 % (9) at the >7-year-old age
group, being 5.1 % IFAT(+)/DTH(−) and 1.5 % IFAT(−)/
DTH(+). In other words, there was a rate of 74.6 % immune
response profiles at the >1- and <7-year-old age group, higher
(p<0.05) than those 18.8 % (26) at the <1-year-old and 6.6 %
at the >7-year-old age group (Table 6).

Discussion

IgG-antibody response (IFAT) n (%)

DTH skin reaction (mm) n (%)

Clinical status of dogs

80–160

320–640

≥1,280

Age groups—years old

5–8

9–13

≥14

Symptomatic n022
Asymptomatic n076
Oligosymptomatic n09

6 (27.2 %)
34 (44.7 %)
3 (33.3 %)

8 (36.4 %)
23 (30.3 %)
2 (22.2 %)

8 (36.4 %)
19 (25 %)
4 (44.5 %)

<1 (n04)
>1 and <7 (n012)
>7 (n02)

–
5 (27.8 %)
–

3 (16.7 %)
6 (33.4 %)
2 (11.1 %)

1 (5.5 %)
1 (5.5 %)
–

80–160 IgG0weak, 320–640 IgG0moderate, ≥1,280 IgG0strong

5–8 mm0weak, 9–13 mm0moderate, ≥14 mm0strong
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Table 6 Age distribution of immune response profiles of canine
L. (L.) i. chagasi infection in
Santa Maria village, Barcarena
municipality, Pará State,
Brazil
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Immune response profiles n (%)
Age groups—years old
<1 (n026)
>1 and <7 (n0103)
>7 (n09)

canine L. (L.) i. chagasi infection, despite its doubtful capacity of immunoprotecting (Reis et al. 2006; Baneth et al.
2008; Solano-Gallego et al. 2009). It should also be stressed
that the 77.5 % IFAT(+)/DTH(−) profile was much higher
than both assays showing DTH reactivity [IFAT(−)/DTH(+)
and IFAT(+)/DTH(+)], which together corresponded to only
22.5 % of the infected dogs. This result appears important in
understanding the dynamics of T-cell and humoral immune
responses against canine L. (L.) i. chagasi infection. As
there is yet no clear evidence of a dichotomy between Tcell and humoral responses to infection (Barbieri 2006), it
seems obvious that the humoral IgG-antibody response was
prominent (77.5 %) among symptomatic and asymptomatic
infected dogs, and suggests that most naturally infected dogs
in the endemic area may be unable to develop an effective
T-cell response.
As humoral response has doubtful capacity for immunoprotection against infection (Pinelli et al. 1994; Cabral et al.
1998; Baneth et al. 2008), we would expect that a significant
number of infected dogs within the IFAT(+)/DTH(−) profile
would be unable to control their infections irrespective of
their clinical status (i.e., either asymptomatic or symptomatic). Thus, it is important to note that 100 % of the L. (L.) i.
chagasi isolates obtained from needle popliteal lymph node
aspiration were of the IFAT(+)/DTH(−) profile, being 41 %
from symptomatic, 33.3 % from oligosymptomatic, and
5.2 % from asymptomatic dogs, confirming the high susceptibility of dogs with IFAT(+)/DTH(−) profile to L. (L.) i.
chagasi infection.
No differences were observed in canine L. (L.) i. chagasi
infection rates between males (22.2 %) and females (21 %),
suggesting that both were equally attractive blood meals for
the sandfly vector, Lutzomyia longipalpis, and may therefore play identical roles in the epidemiology of AVL—not
only as susceptible hosts but as infection sources for the
vector. In the Pernambuco State, in northeastern Brazil,
Santos et al. (2010) found similar gender infection rates in
mongrel dogs, but in an urban area of the same state,
Dantas-Torres et al. (2006) noted that male pet dogs had
higher infection rates. We found no differences in the prevalence of symptomatic male (6.2 %—20/320) and female
(4.0 %—13/320) dogs, indicating that gender has little influence on infection outcomes. This agrees with evidence
presented by Abranches et al. (1991) and Miró et al. (2007)

IFAT(+)/DTH(−)

IFAT(−)/DTH(+)

IFAT(+)/DTH(+)

21 (15.2 %)
79 (57.2 %)
7 (5.1 %)

4 (2.9 %)
12 (8.7 %)
2 (1.5 %)

1 (0.7 %)
12 (8.7 %)
–

for CVL due to L. (L.) infantum in an endemic area in the
Mediterranean region, but contrasted with the findings of
Zaffaroni et al. (1999) and Zivicnjak et al. (2005) for the
same region.
With regards to the age classes of infected dogs, a higher
prevalence of infection in the >1- and <7-year-old class was
noted (26 %—83) than in the <1-year-old (14.6 %—47)
or >7-year-old classes (2.5 %—8) in the cohort examined,
suggesting that most infections appeared following the first
year of life when the mother’s protective antibodies had
declined. Nevertheless, we cannot dismiss the importance
of the 14.6 % infection prevalence in <1-year-old dogs,
which demonstrated that even before completing their first
year, a significant percentage of juvenile dogs became
infected. On the other hand, the low infection prevalence
(2.5 %) found in dogs >7 years old might indicate that most
infected dogs in the >1- and <7-year-old age group succumb
to CVL before reaching their seventh year. However, there
is evidence from the Mediterranean region that asymptomatic infected dogs convert to symptomatic states following
periods ranging from 3 months to 7 years (Solano-Gallego et
al. 2001; Oliva et al. 2006). We found higher percentages of
symptomatic individuals in the <1-year-old (42.4 %) and >1and <7-year-old (48.5 %) classes than in the >7-year-old class
(9.1 %), with the following mean ages: 9.3 months old,
2.7 years old and, 9 years old, respectively. Based on these
mean ages, we can predict that 42.4 % will become symptomatic before reaching their first year and 48.5 % before their
third year—suggesting that more than 90 % of the animals
would become symptomatic while younger than 3 years old,
reinforcing the suspicion that most infected dogs in the >1and <7-year-old class will succumb to CVL before reaching
their seventh year.
The clinical status of infected dogs indicated that asymptomatic animals (76 %—105) were more frequent than
symptomatic (16.6 %—23) or oligosymptomatic animals
(7.4 %—10), or even symptomatic and oligosymptomatic
animals together (24 %—33). Although this has been a
usual finding in many New and Old World endemic areas
(Madeira et al. 2004; Dantas-Torres et al. 2006; Queiroz et
al. 2008; Cabral et al. 1998; Baneth et al. 2008; SolanoGallego et al. 2009), it does not guarantee that asymptomatic infections will refrain from converting to symptomatic
conditions in significant numbers of infected dogs. In this
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regard, it is worth noting that only 22.5 % of infected dogs
were found to show DTH reactivity [IFAT(−)/DTH(+) 013 %
and IFAT(+)/DTH(+) 09.5 %] associated with resistance to
infection by either L. (L.) i. chagasi (Barbieri 2006; DosSantos et al. 2008; Pinheiro et al. 2009) or L. (L.) infantum
(Pinelli et al. 1994; Cabral et al. 1998; Cardoso et al. 2007).
Thus, although there is some evidence for a 45 % resistance
rate of L. (L.) infantum-infected dogs in endemic areas of the
Mediterranean region (27 % with both T-cell and humoral
responses, and 18 % with only T-cell response) (Cabral et al.
1998; Solano-Gallego et al. 2000), this is a polemic issue
that still needs to be clarified. In the present study, only
9.5 % of the dogs were found to have both T-cell and
humoral responses [IFAT(+)/DTH(+) profile] and 13 % had
only T-cell response [IFAT(−)/DTH(+) profile].
An examination of the distribution of specific IgGantibody responses in terms of the clinical status of 22
symptomatic dogs revealed a tendency towards strong
responses in 72.8 % of animals, ranging from moderate
(36.4 %) to strong (36.4 %) responders—which means that
we could expect a well-developed specific IgG-antibody
response as high as 1:320 in these animals. On the other
hand, although there was no predominance of weak IgGantibody response (44.7 %) over a moderate response
(30.3 %) among asymptomatic dogs, these two categories
together (75 %) were more frequent than strong responders (25 %). This suggests not only a lower parasite
burden but also a weaker IgG-antibody response, which
is supported by observations from an earlier survey carried out in Santana do Cafezal (bordering the current
study area in Santa Maria, in the municipality of Barcarena)
(Lima et al. 2010).
Regarding the distribution of DTH skin reactions among
the different classes of infected dogs, it is important to note
that most positive responses were seen in asymptomatic
dogs in the >1 and <7-year-old class, being significantly
higher than in the <1-year-old age class or the >7-year-old
age class—suggesting that canine T-cell response against L.
(L.) i. chagasi infection appears to be better developed in
adults than in juveniles or older animals, an observation that
might be of interest in vaccination programs against CVL. It
should also be noted that 61.2 % of these responses were of
moderate intensity (9–13 mm), as opposed to weak (5–
8 mm; 27.8 %) or strong responses (≥14 mm; 11 %), indicating that most dogs with DTH reactivity developed proportional T-cell response.
Finally, it should be stressed that the high (74.6 %)
immune response profile in the >1 and <7-year-old class
[57.2 % IFAT(+)/DTH(−), 8.7 % IFAT(−)/DTH(+), and 8.7 %
IFAT(+)/DTH(+) profiles] reflected the fact that most infections appear to become established after the first year of life
and that the IFAT(+)/DTH(−) profile is the most prominent
immune response to infection.
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