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Abstract
Purpose The clinical progression of Leishmania (Leishmania) amazonensis infection depends on multiple factors, includ-
ing immunological status of the host and their genotypic interaction. Several immunological processes depend directly on 
minerals for an efficient performance. Therefore, this study used an experimental model to investigate the alterations of 
trace metals in L. amazonensis infection associate with clinical outcome, parasite load, and histopathological lesions, and 
the effect of CD4 + T cells depletion on these parameters.
Methods A total of 28 BALB/c mice were divided into 4 groups: 1—non-infected; 2—treated with anti-CD4 antibody; 3—
infected with L. amazonensis; and 4—treated with anti-CD4 antibody and infected with L. amazonensis. After 24 weeks post-
infection, levels of calcium (Ca), iron (Fe), magnesium (Mg), manganese (Mn), Cu, and Zn were determined by inductively 
coupled plasma optical emission spectroscopy using tissue samples of the spleen, liver, and kidneys. Additionally, parasite 
burdens were determined in the infected footpad (inoculation site) and samples of inguinal lymph node, spleen, liver, and 
kidneys were submitted to histopathological analysis.
Results Despite no significant difference was observed between groups 3 and 4, L. amazonensis-infected mice had a sig-
nificant reduction of Zn (65.68–68.32%) and Mn (65.98 to 82.17%) levels. Presence of L. amazonensis amastigotes was also 
detected in the inguinal lymph node, spleen, and liver samples in all infected animals.
Conclusion The results showed that significant alterations in micro-elements levels occur in BALB/c mice experimentally 
infected with L. amazonensis and may increase the susceptibility of individuals to the infection.
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Leishmania (Leishmania) amazonensis has been associated 
with cutaneous, diffuse cutaneous, and mucocutaneous 
clinical forms of the disease. This protozoan is distributed 

in numerous countries, including Brazil, Bolivia, Colom-
bia, French Guiana, Paraguay, and Peru [1–6]. Rodents 
are considered the natural host for L. amazonensis but 
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autochthonous cases in marsupials, forest foxes, bats, dogs, 
cats, and humans have been also reported [2, 7–11].

The pathogenicity and virulence of Leishmania sp. are 
influenced by several factors such as the genetic and immu-
nological aspects of the host and Leishmania species, as 
well as the host–parasite interaction [12]. Previous stud-
ies demonstrated that L. amazonensis can evade the host 
protective mechanisms of the innate and adaptive immune 
systems, even in immunocompetent hosts [13]. Several trace 
elements are directly linked with immunological functions 
and cellular actions such as cell membrane stability, apopto-
sis, host metabolism, and enzymatic activities [14–18]. Few 
reports have focused on the alteration of trace elements and 
cutaneous leishmaniasis [19–21]. However, the association 
between trace element, clinical outcome, and pathogenic-
ity of L. amazonensis is poorly understood. Therefore, this 
study aims to investigate the changes in macro- and micro-
elements in BALB/c experimentally infected with L. ama-
zonensis and the potential association with the clinical out-
come, including parasite load and histopathological lesions, 
and determine the effect of depletion of CD4 + T cells during 
L. amazonensis infection on these parameters.

A total of 28 6-week-old BALB/c mice were randomly 
divided into 4 groups (n = seven mice/group): 1—control 
(non-infected animals); 2—treated with anti-CD4 antibody 
3—infected with L. amazonensis; 4—treated with anti-CD4 
antibody and infected with L. amazonensis. Groups 2 and 
4 were treated intraperitoneally with three 50 μg doses of 
anti-CD4 antibody purified from the hybridome GK 1.5 
(ATCC TIB 207) on days 1, 5, and 8 of the experiment. 
The efficiency of immunosuppression was evaluated by the 
quantification of peripheral CD4 + T cells using flow cytom-
etry. After  CD4+ T cells depletion, animals from groups 3 
and 4 were inoculated (sc) in the left footpad with 2 ×  106 
stationary-phase L. amazonensis promastigotes at day 9. 
Leishmania (Leishmania) amazonensis strain IFLA/BR/67/
PH8 was used in this study, and its promastigote forms were 
cultured in vitro as previously described [22]. The kinet-
ics of the cutaneous lesion was evaluated weekly and was 
expressed as the difference between the infected and unin-
fected contralateral footpad. After 24 weeks post-infection, 
tissue samples from the footpad (inoculation site), lymph 
nodes, liver, spleen, and kidneys were collected. Parasite 
burdens were analyzed in inoculation site by microtiter cul-
ture technique according to Buffet et al. [23]. Samples of the 
inguinal lymph node, spleen, liver, and kidneys were used 
for the histopathological analysis according to the method 
of Klüver and Barrera [24].

Levels of calcium (Ca), iron (Fe), magnesium (Mg), 
manganese (Mn), Cu, and Zn were determined by induc-
tively coupled plasma optical emission spectroscopy (ICP-
OES) (Optima 7000 DV, Perkin Elmer Co. USA) using 
tissue samples of the infected footpad, spleen, liver, and 

kidneys. For the digestion step, 2 mL of 65% nitric acid 
(14.44 mol/L  HNO3) (ACS reagent grade, Merck, Rio de 
Janeiro, Brazil) was added to each sample. The solution was 
digested with 2.0 mL of 30% hydrogen peroxide (ACS rea-
gent grade, Merck, Rio de Janeiro, Brazil) on a hot plate at 
54 °C (Quimis, model Q313A, Sao Paulo, Brazil). After the 
digestion, diluted solutions were prepared for each sample 
using 5%  HNO3 solution  (Suprapur® Merck, Darmstadt, 
Germany). A reagent blank was prepared under the same 
conditions. Metal determination by ICP-OES (Optima 7000 
DV) was performed with external calibration using analyti-
cal solutions prepared in 5%  HNO3  (Suprapur®) by appro-
priate dilution of the stock solution (ICP phosphorus and 21 
multi-element standard solutions Inorganic Ventures, Chris-
tiansburg, USA). The measurement conditions for analyses 
are described in Tables S1 and S2.

The statistical analyses were performed using GraphPad 
Prism 5.0 (GraphPad Software Inc., La Jolla, CA, USA). 
The results obtained were compared among groups using 
one-way ANOVA and Tukey post hoc test. The analysis was 
followed by residual analyses to check for the error distribu-
tion and suitability of the normal model. Differences were 
considered significant when p ≤ 0.05.

The efficiency of CD4 + T cells depletion was evaluated 
using a peripheral blood sample taken from animals treated 
with anti-CD4. As shown in Fig. S1, after the depletion 
scheme, the circulating CD4 + T cells reduced 50%. In our 
study, the depletion of CD4 + T cells right before the infec-
tion did not change the course of L. amazonensis infection. 
All infected animals presented a chronic cutaneous disease 
over 24 weeks, including presence of non-ulcerative nodu-
lar lesion and footpad swelling. Groups 3 and 4 had simi-
lar lesion sizes at all points of the kinetic curve and there 
were no statistical differences between the groups (Fig. S2). 
Groups 3 and 4 also presented similar parasite load, with 
median of 3.6 ×  105 and 3.9 ×  105 parasites/g, respectively 
(p > 0.05).

The Zn concentration was significantly lower in the 
spleen tissues in both groups infected with L. amazonensis 
(3 and 4) compared to control (group 1) (p < 0.05; Fig. 1). 
The tissue Zn level in both groups 3 and 4 ranged from 
0.0212 to 0.0413 and 0.0211 to 0.0387 mg per mg of tissue, 
respectively. The average reduction of Zn levels observed 
in the group 3 was 68.32% (0.0279 ± 0.0091) and 65.68% 
(0.0302 ± 0.0080) in the group 4 compared to non-infected 
animals (group 1) (0.0881 ± 0.0297). In contrast, Zn level 
in the spleen tissue was 44.42% (0.1436 ± 0.0315) higher in 
mice with CD4 + T cells depletion (group 2) compared to 
group 1 (p < 0.05).

The Mn concentration in the spleen was significantly 
lower in L. amazonensis-infected animals (group 3 and 4) 
compared to non-infected (group 1) (p < 0.05; Fig. 2). The 
tissue Mn concentration in both non-infected groups (1 and 
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2) ranged from 0.0046 to 0.0117 and 0.0070 to 0.0105 mg/
mg, respectively, while the L. amazonensis-infected groups 
3 and 4 ranged from 0.0012 to 0.0035 and 0.0010 to 
0.0015 mg/mg, respectively. No significant difference was 
noted between animals infected with L. amazonensis (group 
3) and animals both treated with anti-CD4 antibody and 
infected with L. amazonensis (group 4) (p > 0.05). However, 
the group 4 presented lower reduction value of Mn levels 
(82.17%; 0.0012 ± 0.0002) compared to group 3 (65.98%; 
0.0024 ± 0.0011). No significant differences in Cu, Ca, Fe, 
and Mg concentration were observed in spleen tissue. Also, 
no significant difference in the macro- and micro-element 
concentrations was observed in the liver and kidney tissue.

We observed the presence of L. amazonensis amastigotes 
in the inguinal lymph node, spleen, and liver samples in the 
infected groups, but no significant difference was observed 

between infected mice with L amazonensis (group 3) and 
treated with anti-CD4 antibody and infected with L. amazon-
ensis (group 4) (p > 0.05). In both infected groups (groups 3 
and 4), we observed tissue damage in (i) liver: lymphoplas-
macytic and granulomatous periportal hepatitis; (ii) spleen: 
pulp hyperplasia; and (iii) inguinal lymph node: chronic 
granulomatous lymphadenitis. No histological alterations 
were observed in the kidneys.

The present study showed that L. amazonensis infection 
can decrease the Zn and Mn levels in spleen tissue even after 
 CD4+ T cells depletion. Alterations in trace mineral levels 
have been described in cutaneous and visceral Leishma-
nia infections in different hosts [20, 25–28]. [20] observed 
lower levels of Zn in serum from susceptible BALB/c mice 
infected with Leishmania (Leishmania) major. Similar 
results were also reported by Pasa et al. [25] and Souza et 
al. [27] in symptomatic dogs naturally infected with Leish-
mania (Leishmania) infantum. In protozoan infections, this 
mineral has been implicated as a factor for the inability 
of the host to eliminate the parasite and occurrence of the 
inflammation reaction with deficient production of several 
cytokines and enzymes [20, 29, 30]. Our findings associated 
with the literature suggest that decreased Zn levels could 
contribute to survival and persistence of visceral and cutane-
ous Leishmania infections and play an important role in the 
development of L. amazonensis chronic status. The occur-
rence of higher levels of Zn in non-infected mice treated 
with anti-CD4 antibody reinforces the association between 
Leishmania positive hosts and lower concentrations of trace 
elements. It is essential to understand that the concentration 
of micro- and macro-elements change under distinct situa-
tions of infections and/or inflammations. Therefore, excess 
or deficiency of trace elements could damage the functioning 
of the immune system cells and increase the risk of develop-
ment and progression of infectious diseases, including leish-
maniasis. In our study, the concentration of trace elements 
in serum was not evaluated due to the limited serum volume 
obtained from the murine models. However, previous study 
has demonstrated that the distribution of minerals in experi-
mentally infected animals presents similar and comparable 
pattern in both serum and tissue samples [15].

There are no reports of Mn imbalance in spleen tissue in 
both cutaneous and visceral leishmaniasis, which suggests 
that Mn deficiency could be restricted to L. amazonensis 
infections. In contrast with our results, previous studies have 
observed alteration of Cu and Fe serum concentrations in 
L. major and L. infantum infections in dogs, humans, and 
animal models [20, 25, 26, 28, 31]. This variability in trace 
elements could be explained by the host susceptibility or 
resistance to the infection, and different virulent factors and 
pathogenic behavior of Leishmania species. The Mn imbal-
ance could be induced by immunoregulatory cytokines in 
response to a systemic inflammatory reaction to the infection 

Fig. 1  Zinc concentrations in tissue of the spleen in BALB/c mice 
treated with anti-CD4 antibody (group 2), infected mice with Leish-
mania (Leishmania) amazonensis (group 3) and mice treated with 
anti-CD4 antibody and infected with L. amazonensis (group 4) com-
pared to uninfected control mice (group 1). Significant differences 
between sample means are indicated: *, p < 0.05)

Fig. 2  Manganese concentrations in tissue of the spleen in BALB/c 
mice treated with anti-CD4 antibody (group 2), infected mice with 
Leishmania (Leishmania) amazonensis (group 3), and mice treated 
with anti-CD4 antibody and infected with L. amazonensis (group 4) 
compared to uninfected control mice (group 1). Significant differ-
ences between sample means are indicated: *, p < 0.05)
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as a result of the host immune system strategy [32]. How-
ever, the trace element deficiency decreases the possibility of 
control and elimination of pathogenic agents and increases 
the susceptibility to several diseases [33]. In this way, Mn 
concentrations could be altered by L. amazonensis during 
the infection as a survival strategy, and thus should be con-
sidered for the prevention, control, and treatment. While 
this study provides insights on how trace elements concen-
trations might influence the clinical outcome of cutaneous 
leishmaniosis, several limitations should be considered in 
the present study. First, the anti-Leishmania humoral and 
cellular immune responses were not assessed in the present 
study. As such, it is not possible to determine the correla-
tion between trace element concentrations, the quality of the 
immune response, and infection outcome, and thus results 
should be interpreted carefully. Another important limitation 
is the CD4 T cell depletion protocol which was performed 
during the infection period. This could explain similar trace 
elements concentrations between groups 3 and 4 and limited 
result interpretations in some infection parameters.

Despite the evidence of the role of nutrients in the 
immune system and cutaneous leishmaniosis, the correlation 
between pathogenesis, host immune response, and trace ele-
ments has not been fully elucidated. The pattern of Zn and 
Mn observed in spleen tissue samples may indicate a defense 
activity and a higher parasite load in this tissue compared to 
liver and kidneys, and aggravation of the disease. Addition-
ally, our study demonstrated the ability of L. amazonensis to 
migrate to other organs. Although L. amazonensis is consid-
ered the agent of American cutaneous leishmaniasis, there 
are few reports of visceral infections in dogs and humans 
[11, 34–37]. The mechanism of infection, pathogenesis, and 
the wide spectrum of clinical features is still poorly under-
stood. A meta-analytical study showed that cutaneous Leish-
mania species can migrate to different organs, including 
skin, lymph nodes, spleen, liver, and cause canine visceral 
disease [38]. Due to the wide range of clinical signs, L. ama-
zonensis infections are often misdiagnosed as and treated for 
canine visceral leishmaniasis (caused by L. infantum). This 
lack of epidemiological information on the prevalence of L. 
amazonensis could be due to the low specificity of serologi-
cal tests and the similarity of clinical presentation between 
canine L. infantum infection and L. amazonensis visceral 
form. Therefore, L. amazonensis should be included in the 
differential diagnosis of visceral leishmaniasis in both dogs 
and humans especially in co-endemics areas.

In summary, this study demonstrated that chronic L. ama-
zonensis infections could induce Zn and Mn imbalance even 
in immunocompetent hosts. The lower concentration of Zn 
and Mn in spleen tissue suggests a relationship between the 
trace elements imbalance and the persistence of L. amazon-
ensis infection with the development of visceral disease. 
Future studies should be performed to mitigate the effects 

of mineral imbalance in the immunological response and 
treatment of L. amazonensis infections.
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