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Maternal infection by Leishmania braziliensis in hamster does not influence
the course of disease in progeny
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Abstract

Introduction: Immunoglobulins, soluble antigens, cells, cytokines and other immune system products can be transferred from infected mother to her
offspring, leading to suppression or stimulation of immune response. Objective: To evaluate the influence of gender and maternal infection with Leishmania
braziliensis in the course of the disease in the offspring of hamsters. Methods: Offspring born from infected mother (IMO) or non-infected mother (NIMO)
by Leishmania braziliensis, both sexes, was infected with the same strain of the mother after 30 days of life and followed for 18 weeks. We evaluated
the thickness of the lesion, parasite load and histology of the lesions. Results: The number of parasite in both lesions and lymph node of IMO offspring
showed a significant reduction in the 5th week post-infection compared to the NIMO offspring; however, this did not correspond to clinical symptoms.
Histopathological analysis revealed that in the IMO offspring, the inflammatory process was more prominent. In relation to gender, it was observed that
the male offspring showed lesion thickness and higher parasite burden than females. Conclusion: Maternal infection by L. braziliensis in hamsters does not
appear to influence the course of the disease in the homologous offspring infection, as well as the male offspring presented augmented susceptibility to L.
braziliensis infection regardless of whether they were born from IMO or NIMO. Also, the reduction of the granuloma index in the IMO offspring, together
with the higher inflammatory response, suggests a less effective cellular response in the chronic phase of the disease in these animals.
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Resumo

Introducéo: Imunoglobulinas, antigenos soluveis, células, citocinas e outros produtos do sistema imune podem ser transferidos de mie infectada para a
sua prole, levando a supressdo ou estimulacdo da resposta imune. Objetivo: Avaliar a influéncia do género e a infeccdo materna por Leishmania braziliensis
no curso da doenga na prole de hamsters. Métodos: Filhotes nascidos de méae infectada (MI) e mae nao infectada (MNI) por L. braziliensis, ambos o0s sexos,
foram infectados com a mesma cepa da méae apds 30 dias de vida e acompanhados por 18 semanas. Avaliou-se a espessura da lesdo, a carga parasitaria
e os aspectos histopatolégicos das lesdes. Resultados: A carga parasitaria (lesdes e linfonodo de drenagem das lesdes) da prole nascida de MI mostrou
diminuicdo significativa na 5a semana pds-infec¢do, comparada aquela nascida de MNI, no entanto, esta diminui¢do nio correspondeu aos sintomas clinicos.
A analise histopatoldgica revelou que na prole nascida de MI, o processo inflamatdrio mostrou-se mais proeminente. Em relacdo ao género observou-se
que os filhotes machos apresentaram espessura das lesdes e carga parasitaria maiores do que as fémeas. Conclusao: A infeccdo materna por L. braziliensis
parece ndo influenciar o curso da doenca na infec¢do homéloga da prole, bem como os filhotes machos apresentaram aumentada susceptibilidade a infecgao
por L. braziliensis, independente se eles nasceram de MI ou MNI. Além disso, a redugdo no index de granulomas na prole nascida de MI, em conjunto com a
maior resposta inflamatdria, sugere uma resposta celular menos efetiva na fase cronica da doenga nestes animais.

Palavras-chave: Leishmania braziliensis. Infec¢do Materna. Género. Hamster. Histopatologia.

INTRODUCTION

Leishmaniasis is a parasitic infection due to protozoans of the
genus Leishmania that can manifest different clinical forms:
tegumentary form (localized cutaneous, mucocutaneous
and diffuse cutaneous) and the visceral form, depending
on the Leishmania species involved®. In Ceard state, Brazil,
human tegumentary forms have as its main etiological agent
L. braziliensis®, species known to develop cases of localized
cutaneous Leishmaniasis (LCL), with one to multiple ulcerated
lesions and also mucocutaneous involvement, and in the latter

case, the oropharynx mucosa is compromised and morbidity
rates are high3.

The LCL form, caused by L. braziliensis, may result in regional
lymphadenopathy preceding the formation of lesions in one to
twelve weeks, named “Bubonic Form” and originally described
in Brazil*®. The diagnostic framework is usually based on
unspecific symptoms such as asthenia, anorexia, weight loss
and low fever. As the ulcerated lesions develop the unspecific
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symptoms and lymphadenopathy tends to regress®.

The immunological interaction between mother and fetus in any
infection is complex. The possible passage of soluble factors,
such as antigens, may induce an immunological response
in the fetus due to an infection homologous to a maternal
one, resulting in suppression or stimulation of the immune
response, leading, respectively, to a progression or limitation of
the infection®. Studies on C57BL/6 mice infected with L. major
indicated that pregnant females had reduced levels of estrogen
associated with an increased susceptibility to the parasite’.

Different studies revealed an increased frequency of
Leishmaniasis occurrence onmales. During Leishmaniainfection,
males have a superior susceptibility and parasitemia than
females. Male castration reduces, while exogenous testosterone
increases, the infection susceptibility and consequent death
of the host®. Studies on L. major in mice verified an increased
male susceptibility to the infection, characteristically more
virulent, as a response to the testosterone effect on the
immunosuppression of the cell response®.

The experimental model is still the best way to characterize
the disease and its impact in the host. The Syrian hamster,
Mesocricetus auratus, has been widely used in researches
involving tegumentary Leishmaniasis for being susceptible to all
species of the Viannia subgenus and for evolving in an infection
very similar to the human form, resulting in chronic lesions,
with possible metastasis according to the strain!%,

Herein, it was evaluated the influence of maternal infection and
gender by L. braziliensis in hamster in the course of disease in
progeny.

MATERIAL AND METHODS
Animals

Recently weaned (3- to 4-week old, 40- to 50g) or adult (3 month
old, 100- to 110g) Syrian hamsters (Mesocricetus auratus) of
both genders, obtained from the Central Animal facility of the
Departamento de Patologia e Medicina Legal of Universidade
Federal do Ceard (DPML/UFC), were used in the experiments.
The animals were maintained under standard caging conditions
and were provided with commercial rodent food and water ad
libitum. The project was approved by CEPA (Comité de Etica em
Pesquisa Animal) at the Universidade Federal do Ceard, under
registration number 65/12.

Parasites

The Leishmania braziliensis strain (MHOM/BR/94/H-3227) was
isolated from cutaneous ulcers from patient with cutaneous
Leishmaniasis from Ceara state, Brazil. The strain was
characterized as L. braziliensis by PCR'?. Promastigotes were
grown in Schneider’s Drosophila medium (Sigma-Aldrich, St.
Louis, MO) at 25°C supplemented with 20% fetal bovine serum,
2 mM L-glutamine, antibiotics (100 U/mL penicillin and 100

mg/mL streptomycin) (all Sigma-Aldrich), and 2% sterile human
urine. The virulence of the strain was maintained by regular
passage in a golden hamster. For infection, the parasites were
used until the 5% passage in vitro.

Experimental infection

Female hamsters, 3 month old, were infected subcutaneously
in the hind right footpad with 1 x 10° stationary-phase L.
braziliensis promastigotes in 20 pl of sterile saline. After 30 days
of infection, females with footpad lesions and a group of healthy
females were bred and their offspring were used to create the
experimental design. For this experiment, animals were divided
in two groups: group 1 consisting of offspring born from mothers
infected with L. braziliensis (n=20) and group 2 consisting of
offspring born from healthy non-infected mothers (n=19). In
each group, an equal male/female ratio was maintained. When
the offspring reached 30 days from birth, they were weaned,
and infected with the same strain of L. braziliensis used to infect
the mothers following the same protocol previously described
for the mothers.

Clinical and parasitological evaluations

Lesion sizes were measured weekly during 18 weeks with a dial
gauge caliper (Mitutoyo, 0.01 mm sensitivity) and expressed as
the difference between the thicknesses (mm) of the infected
and contralateral uninfected footpads. The number of parasites
in the draining lymph was quantified by the limiting dilution
technique as previously described®. Briefly, groups of 8 to 10
animals were euthanized, after 5,9 and 17 weeks post infection,
by inhalation of halothane (Sigma-Aldrich) and submerged in
3% iodized alcohol up to 3 minutes to allow decontamination.
The infected footpad and Ilymph nodes were removed
aseptically and macerated in a Petri dish with 2 mL of Schneider
medium. After removal of debris by sedimentation for 5 min,
the homogenates were serially diluted (1:10) in Schneider’s
medium supplemented with 100 U/mL of penicillin/mL, 100
ug/mL of streptomycin/mL, 10% fetal bovine serum and 2%
sterile human urine. One hundred microliters of these dilutions
was distributed into 96-well flat bottom plates containing agar-
blood in 6 replicates per concentration. The plates were sealed
and incubated at 25°C for 3 weeks. The wells were observed on
an inverted optical microscope (Nikon) every 3 days to record
the dilutions containing promastigotes. The final number of
parasites was determined using the ELIDA 12c software.

Evaluation of anti-Leishmania antibodies

The serum separated from the blood taken from the orbital
plexus of the animals was used for the quantification of anti-
Leishmania antibodies through the immune enzymatic test
(ELISA). The ELISA test used was a modification of a procedure
reported for use in dogs!*. Five-period sera were used: before
infection, on the 4%, 8", 12 and 17" weeks post infection.
Leishmania antigen at the concentration of 10ug/mL was added
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to flat bottom 96 well plates and incubated at 4°C for 18 hours,
and then washed after incubation with 4% PBS. Serum from the
animals were added at 1:100 dilution and incubated at 37°C
for 60 minutes. Antibodies were detected by 1:8000 diluted
peroxidase-conjugated Protein A and the enzyme activated
substrate reaction measured in a spectrophotometer at 450nm
wavelength (Titertek Multiscan, Flow). Each plate contained
wells with positive, negative and white (no antigen) controls.
The cut off was determined using the mean absorbance of
healthy hamster sera (negative control) plus three times the
standard deviation.

Histopathological analysis

Samples were collected from the infected footpads of infected
mother (IMO) offspring, non-infected mother (NIMO) offspring,
and a group of healthy animals (control, non-infected) at 18™
week post infection. Samples were fixed in 10% neutral buffered
formalin, decalcified in 4 % EDTA, processed and mounted in
paraffin blocks, sectioned at 5-um intervals, and stained with
hematoxylin and eosin for histological analysis. Microscopic
alterations were observed and analyzed according to the
following parameters: cellular exudate, tissue destruction,
eosinophils, neutrophils, lymphocytes, macrophages, giant
cells, organized and non-organized granulomas, edema, fibrosis
and parasitism. Each parameter was evaluated according to the
intensity of the event through scores: 0 (absence), 1 (presence
of 1-25 %), 2 (presence of 25-50 %), 3 (presence of > 50 %).

Statistical analysis
Data are presented as mean + standard error of the mean. Data

of parasite load; lesion size and histopathology were analyzed
using Mann-Whitney test performed in the software GraphPad
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Prism, version 6.0 for Windows (GraphPad Software, San Diego,
CA, USA). In all tests, the minimum significance was accepted
when P < 0.05.

RESULTS

Influence of maternal infection - Lesion size, parasite load and
anti-Leishmania antibodies

The results showed that after the 7" week post-infection, the
lesions of offspring born from an infected mother were slightly
higher and ulcerated than those born from a non-infected
mother, and thus remained until the last observed week,
although no statistical significance was found between the data
(Fig. 1A and 1B).

Regarding the parasite load, in the 5™ week post-infection
the number of parasites in both lymph nodes and footpad
was significantly lower in the offspring of infected mother
compared to offspring of non-infected mother (p<0.05), and
such difference was not more observed at the 9% and 17"
weeks post-infection (Fig. 2A). Interestingly, lower number of
parasites was found in footpad of offspring born from a non-
infected mother in the 17™ weeks post-infection (p<0.05), when
compared to offspring born from an infected mother (Fig. 2B).

Anti-Leishmania antibodies were detected in the sera of both
offspring of infected and non-infected mothers in the 4th
week post-infection, with mild predominance in offspring of
infected mother in the 4™ and 8™ weeks post-infection. The
titers decreases more slowly in offspring of infected mother,
providing a statistically significant difference in the 8th week
post-infection (Fig. 3A).

Figurel. Lesion thickness (A) and aspect of the lesions (B) in hamster offspring infected with Leishmania braziliensis, born from
infected (IMO) or non-infected mother (NIMO). Each point represents the arithmetic mean + standard error of the mean. N=20
(1st to 5th weeks post-infection); n=16 (7th and 8th weeks post-infection); n=12 (12th to 17th weeks post-infection); n=6 (18th
week post-infection). The dashed lines represent the normal thickness of 6 healthy animals (basal value). Data are representative

of 2 independent experiments.
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Figure 2. Parasite load in the lymph node (A) and footpad (B) in hamster offspring infected with Leishmania braziliensis, born from
infected (IMO) or non-infected mother (NIMO) at 5th, 9th and 17th weeks post-infection. Data are shown as arithmetic mean +
standard error of the mean,and are representative of 2 independent experiments. Five animals were used in each group.
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Figure 3. Quantification of anti-Leishmania antibodies in sera of hamsters (A) infected with Leishmania braziliensis, born of infected
mother (NIMO) and non-infected mother (IMO) and (B) male offspring and female offspring. Each point represents the arithmetic
mean of the absorbance + standard error of the mean. N=20 (before infection and at the 4th week post-infection); N=15 (8th week
post-infection); N=10 (12th and 16th weeks post-infection). Data are representative of 2 independent experiments.
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Influence of maternal infection - Analysis of the inflammatory
reaction

The inflammatory reaction on the footpad after the 18" week
post-infection indicated that an infected mother offspring and
a non-infected mother offspring presented moderate to intense
cellular exudate, with a granulomatous reaction permeated
by plasma cells and granulocytes (Fig.4C1, 4C2 and 4C3). The
presence of neutrophils was always associated with foci of
necrosis and presence of apoptotic bodies (Fig. 4C4). However,
it was possible to distinguish small differences between both
groups. Infected mother offspring group presented exudate with
more macrophages and plasma cells than non-infected mother
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offspring (Fig 4A). Although both groups revealed a moderate
amount of granulomas, the index organized/non-organized
granuloma was lower in infected mother offspring, associated
to more parasitism. In addition, in non-infected mother
offspring we can notice a decreased parasitism associated with
the presence of more granulomas (Fig. 4A).

When we included all analyzed parameters, the inflammatory
reaction on the footpad lesion at the 18" week infection
indicated a prominent inflammatory response in infected
mother offspring when compared to non-infected mother
offspring (p<0.05) (Fig. 4B).

Figure 4. Inflammatory reaction (A), total score (B) of inflammation and Photomicrographs of histopathological changes (C) in the
footpad in hamster offspring infected with Leishmania braziliensis, born from infected (IMO) or non-infected mother (NIMO), at
18th week post-infection. (A) Each bar represents the arithmetic average of the scores. (B) Each point represents the sum of the
scores for the different inflammatory parameters and its associated average. Photomicrographs: C1. Infected mother offspring
(IMO), HE 40X; C2. Non-infected mother offspring (NIMO), HE 40X; C3. Intense cellular exudate, with a granulomatous reaction
permeated by plasma cells and granulocytes, HE 100X; C4. Foci of necrosis and presence of apoptotic bodies (black arrow), HE

400X.
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Influence of gender - Lesion size, parasite load and anti-
Leishmania antibodies

A new analysis of the infection by L. braziliensis in hamster
offspring was accomplished dividing the groups by gender.
Results of the footpad lesions measurements indicated that
male offspring had larger lesions, statistically significant on
the 5™, 9t 10™ and 18™ weeks post-infection (p<0.05), when
compared to females, independent of IMO or NIMO condition
(Fig. 5A). Analyzing the parasite load in relation to gender, there
was no significant difference on the number of parasites in the

infected footpad and draining lymph node between male and
females, except in the 5" week post-infection (Fig. 5B and 5C).

When groups were separated by gender, anti-Leishmania
antibodies were detected as early as the 4" week post-infection
in both groups, with discrete predominance in females, in this
period. The amount of antibodies was higher in males only from
the 8™ week and decreased later than in females, which in turn
returned to normal rates at the 8th week post infection (Fig.
3B).

Figure 5. Lesion thickness (A) and parasite load in the lymph node (B) and footpad (C) in male and female hamster offspring
infected with Leishmania braziliensis. (A) Each point represents the arithmetic mean + standard error of the mean. N=20 (1st to
5th weeks post-infection). N=20 (1st to 5th week post-infection); n=16 (7th and 8th week post-infection); n=12 (12th to 17th week
post-infection); n=6 (18th week post-infection). The dashed lines represent the normal thickness of 6 healthy animals (basal value).
(B and C) Five to six animals were used in each group. Data are representative of 2 independent experiments.
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DISCUSSION

During pregnancy the immune response is modulated in
order to avoid deleterious effects to the fetus. It is widely
accepted that gestation is associated to lowered cellular
immunity, including low pro-inflammatory cytokine expression
and the activation of NK cells, preventing the occurrence of
miscarriages®. However, the decreased adaptive immune
response makes pregnant females more susceptible to a wide
variety of pathogens, such as Leishmania*'. Changes to the
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maternal immune system before and during pregnancy have
revealed a capacity to modulate a neonatal immune response.
The fetal sensitiveness mechanism is suggested as a result of
maternal cell passage, vertical transmission of antigens and
soluble factors transference?’.

Herein, we evaluated whether the maternal infection by L.
braziliensis in hamster could induce resistance or susceptibility
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to offspring when submitted to homologous infection. It has
been known that animal susceptibility to infection depends on
various factors, including the age of the host*®. Infected animals
in this present study were juveniles and prepubescent and
presented a larger dissemination of parasites, and tendency to
chronicity. Different studies reveal that susceptibility of young
animals may be caused by less effective mechanisms in resolving
the disease, resulting in an unsatisfactory macrophage activity
in restricting the parasite growth. Young animals would have
a decreased macrophage activity, a lowered and weakened
intensity of response, a tendency to develop a Th2 response
with prevalence of antibody production and poor defense
mediated by cells™.

Even though previous studies reported a tendency to Th2
response during pregnancy and easiness in the transmission
of antigens, cells or soluble factors via placenta’, we did
not actually observe in this study the influence of maternal
infection by L. braziliensis in the homologous offspring
infection. There were no significant differences in lesion size
or number of parasites (lesion and lymph node) in hamster
offspring, regardless of whether they were born to an infected
or a non-infected mother. Although the parasitic load in
the IMO showed a significant decrease in the 5" week post
infection when compared to NIMO, however this lower number
of parasites, both in the footpad and in the lymph node, did
not correspond to the offspring clinical symptoms, since the
disease maintained a chronic clinical course in both groups.
The data from our study corroborate with studies performed
with pregnant dogs infected by L. chagasi that have shown
that despite the positive PCR test for Leishmania in placenta,
there were no signs of disease transmission to the offspring®.
Meanwhile, other authors believed that vertical transmission of
L. infantum in humans could be possible?.

Previous studies have shown that in cutaneous infection in
the hamster model aspects such as lymphadenopathy are
observed, as well as in human infection??. The lymph node is an
important site of proliferation of the parasite during infection,
and one of the first organs affected during the systemic spread
of the parasite. Leishmnia may persist within macrophages
or fibroblasts of the draining lymph nodes for indefinite
periods, thus helping in the persistence and modeling of the
immune response®. The persistence of the disease and its
consequences, such as the formation of metastatic lesions and/
or visceralization, typical of L. braziliensis, can be seen after
three months of infection in the hamster model. Thus, it is
possible to monitor the natural chronicity of the disease over
long periods of time'°. Herein, both animals born from infected
mother and those from non-infected mother showed parasite
load persistence in the lesions and lymph nodes.

In the present study, higher titers of anti-Leishmania 1gG
antibodies were observed in infected mother offspring
already in the first weeks of infection. This highest number
of antibodies anti-Leishmania in offspring born from infected
mother correlates with the highest number of plasma cells
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observed in the histopathological analysis in the footpad of
these animals. Even though this was not statistically significant,
it is possible to correlate the major 1gG titers in IMO with the
highest lesions, parasite load and the inflammatory exudate. A
possible explanation for our data could be the presence of the
IgG4 isotype in the offspring born from infected mother that
can induce a Th2 response, whereas in hamsters born from
non-infected mother the present isotype would be IgG2, which
in turn induces Th1 response as already described?. It is known
that 1gG not only fails to promote intracellular pathogens,
but also contributes to the progression of the disease by
inducing macrophages to produce IL-10, which deactivates
macrophage, instead of IL-12, a cytokine that together with
other inflammatory mediators leads to disease control. Passive
administration of anti-Leishmania 1gG in BALB/c mice was
correlated with increased IL-10 production, increasing the size
and amount of parasites in the lesions®. As cytokines have not
been evaluated in the present study, we can only suggest this
as a possible explanation for our findings. Forthcoming studies
evaluating the production of IgG isotypes and cytokines in this
model could clarify this hypothesis.

Histopathology analysis at the 18" week post-infection in IMO
revealed a more inflammatory score, represented by tissue
destruction associated with less fibrosis and increased frequency
of macrophages, which are the host cells of Leishmania. These
findings correlate with the ulcerated and chronic lesions found
in these animals at the end of the experiment. Also, the index
organized/non-organized granuloma was lower in infected
mother offspring, associated to higher parasitism. In contrast,
in animals born to non-infected mothers were seen more
granulomas and less parasitism, and these findings correlate
with the lower number of parasites found in the lesion of these
animals at the 17™ weeks post-infection. It is worth noting
that the IMO group also presented a slower reduction of anti-
Leishmania antibody titers, probably driven by a higher Th2
response, with a less effective cellular response, corroborated
by a lower rate of organized/non-organized granuloma and
greater parasitism.

Several studies have shown that humans and hamsters share
several histopathological features in cutaneous Leishmaniasis
caused by L. braziliensis?!, including the presence of
granulomas, which have already been well characterized in
other studies involving the hamster model in L. braziliensis
infection?%?7, Also, studies have shown that control of the
disease in mice infected Leishmania requires a coordinated
response of the host, involving the development of granulomas
around the infected macrophages®. However, the effectiveness
of granulomas to kill the parasites depends on the degree of
granuloma maturation®2°, Only mature granulomas develop
efficient leishmanicidal mechanisms to kill the parasites®.

Analyzing data on gender and its influence on L. braziliensis
infection, we observed that males presented larger lesion
sizes than females. We reported also a superior parasite load
on male offspring, yet not statistically different than females.
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Studies on mice BALB/c infected with L. major revealed
that males developed larger lesions at earlier stages than
females; however, after 90 days of infection, the increase was
equivalent, leading to results similar to ours®. Different studies
report that female hamsters were more resistant to cutaneous
Leishmaniasis (L. mexicana and L. panamensis) than males,
being such difference dependent on the levels of circulating
sex hormones®®. In hamsters infected by L. panamensis or L.
guyaenesis an increased number of parasites in male lesions
compared to females was reported. This same study revealed
that males are more susceptible to infection by Leishmania of
genus Viannia than females. Females treated with exogenous
testosterone presented larger lesions than females without
treatment and males. However, males treated with estrogen
revealed no significant differences compared with untreated
males®®. Probably the slightly larger lesions seen in animals
born from infected mother in our study are associated with the
larger lesions of male offspring that are more susceptible to
Leishmania infection than females.

When we analyzed the titers of anti-Leishmania antibodies
we observed presence these antibodies in the 4% week post-
infection in both male and female animals; however, these
titers of antibodies remained higher for longer in males. We can
again suggest the importance of 1gG in the progression of the
disease, corroborated by the significant increase in male lesions
size, especially in the period in which the antibodies appeared,
as well as the higher parasite load.

In conclusion, maternal infection by L. braziliensis in hamsters
seems did not influence the course of the disease in the
homologous offspring infection, and additionally male offspring
presented an increased susceptibility to infection by L.
braziliensis, independent of maternal condition before delivery
(infected or non-infected), leading to a pattern of response
more indolent than females. Additionally, the reduction of the
organized/non-organized granuloma index observed in the
lesion in offspring born from an infected mother, at the 18" week
post-infection, together with the higher inflammatory response,
suggests a less effective cellular response in the chronic phase
of the disease in these animals. It also can be suggested that a
more intense inflammatory response in offspring from infected
mother may possibly be correlated with an increased induction
of inflammatory cells, cytokines and chemokines, though this
particular aspect was not evaluated in this study and could be
better investigated in future studies. It is still uncertain if a Th2
response during pregnancy may ease substance passage to the
fetus that might interfere on the natural course of the disease
to which offspring would be submitted experimentally. This
work opens an avenue for future studies on the influence of
Leishmania infection during pregnancy on progeny, especially in
populations living in endemic areas for Leishmaniasis and which
are always at risk of infection by these pathogens.
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