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Abstract

Cryptococcosis is a subacute or chronic disease caused through the inhalation of infectious particles from the
opportunistic yeast Cryptococcus neoformans spp. The objective of the present study was to evaluate cryptococcosis
in a murine model Immunocompetent (BALB/c), as well as in a model with combined immunodeficiency (SCID)
through histopathological analyzes of pulmonary and cerebral tissues. After intravenous inoculation with 3.0 x 10°
viable yeast cells the animals were euthanized daily for evaluation. The study period was 15 days. There were no
significant changes in lung tissue in immunocompetent murine model (BALB/c). While in brain tissue, it was observed:
congested vessel, evolving when C. neoformans was visualized in the meningeal area, and a large area of ischemia,
which evolved throughout the studied period culminating on the 15" day of inoculation with visualization of the yeast
in the meningeal and parenchyma. In SCID model, twenty-four hours after inoculation were observed in the lung
tissue, hemorrhagic areas and a discrete neutrophilic inflammatory infiltrate, presence of discrete congestion in the
lung, diffuse hemorrhage, edema and intense quantity of yeast were observed on the wall of the capillary at 11 days
after inoculation. In brain tissue discrete area necrosis liquefaction was observed, focal well as the presence of C.
neoformans, interspersed with fragments of necrotic cells was observed. On day 11 after inoculation were large areas
of liquefaction necrosis associated with the formation of cavities in the parenchyma and an intense quantify of the
yeast. Histopathological examination is one of the techniques usually used in the definitive diagnosis of cryptococcosis.
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Introduction

Cryptococcosis diseases are caused through the inhalation of
infective particles of the opportunistic C. neoformans, which stay
in the lungs, causing pulmonary cryptococcosis or through the
bloodstream, the yeast can arrives at other organs, mainly in the
central nervous system (CNS), determinant of mortality in mice in
experimental systemic infection. In the brain, C. neoformans can infect
the meninges and through the cerebrospinal fluid (CSF), and the entire
subarachnoid space (meningitis), or present as deep abscess and bulky
(crytococcoma), which is its most common in immunocompetent
patients [1]. The Crytococcoma is characterized as a solid tumor that
occurs due to a granulomatous reaction composed of macrophages
and lymphocytes, not common in immunosuppressed patients due
to the inability of these patients to initiate an inflammatory response
[2]. Most studies in experimental Cryptococcosis have been performed
using murine model studies using these models are well established
in many areas of research, including fungal pathogenesis [3,4]. The
cerebral cryptococcosis in a murine model accurately reproduces
the main features of the disease in humans and can be used to study
various aspects of the pathophysiology of cryptococcal meningitis [5],
being a valuable tool that contributes to the understanding of how these
infections occur [6]. The model of systemic cryptococcosis in mice with
severe combined immunodeficiency (SCID) is useful for immunological
and therapeutic study of the disease in immunodeficient hosts [7].

The objective of the study is to evaluate tissue changes in experimental
cryptococcosis in immunocompetent and immunodeficient murine model.

Materials and Methods

Cryptococcus neoformans

The study was performed using the C. neoformans ATCC 90112

(serotype A). This strain was maintained in tubes containing Sabouraud
dextrose agar (Difco Laboratories, Detroit, MI, USA) and glycerol at
-20°C, in the Laboratory of Pathogenic Yeasts of the Department of
Microbiology, at the Institute of Biomedical Sciences at Sao Paulo
University, Sao Paulo, Brazil.

Preparation of the inoculum

The C. neoformans ATCC 90112 was cultivated in a YPD medium
of 1% yeast extract (Difco), 1% Bacto Peptone (Difco), and 2% dextrose
(Sigma-Aldrich, Milwaukee, WI, USA) for 18 h at 30°C; the cells were
collected after centrifugation, washed twice in a phosphate buffer
solution (PBS), and resuspended at the inoculation concentration.

Animal models and experimental cryptococcosis

A total of 55 male BALB/c mice, weighing 24-27 g and 55 murine
models with Severe Combinated Immunodeficiency (SCID), with and
a mean weight of 20 g, were used in the study. Were obtained from
the Animal Center, which is responsible for breeding isogenic animals
at the Institute for Energy and Nuclear Research, in Sdo Paulo, Brazil.
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These mice were housed in microisolator cages, provided with
sterile feed and water. The animal’s immunocompetent mice (BALB/c)
and the immunodeficient (SCID) mice were randomly distributed into
10 groups of 5 animals in each group and were inoculated intravenously
with 100 pL of the suspension, containing 3.0 x 10° viable cells of the
yeast. Nine groups were euthanized in the various moments (1,2, 3, 5,7,
9, 11, 13 and 15 days) after infection to be evaluated; one group was not
euthanized, serving as the positive control; and one group (n=5) was
inoculated with PBS, serving as the negative control, were maintained
during the study period (50 days). This experiment was conducted in
accordance with the Ethical Principles in Animal Research adopted by
the Brazilian College of Animal Experimentation and was approved by
the Ethical Committee for Animal Research of the Biomedical Sciences
Institute/USP.

Histopathological analysis

At the end of each moment the study, all mice were euthanized in
a CO, chamber and were evaluated. Fragments the brains and lungs
were aseptically removed washed in 50 mM phosphate buffer, pH 7.4,
dehydrated in graded concentrations of ethanol and then embedded
in paraffin. From each brain and lung, 4 pum sections were obtained
and stained with hematoxylin and eosin (HE) and PAS (Acid Periodic
de Schiff) to histopathological analysis. The slides were systematically
scanned in an Axiophot Zeiss microscope with digital camera Canon G5.

Results

Lung

In immunodeficient murine model (BALB/c-SCID), twenty-four
hours after inoculation were observed in the lung tissue, hemorrhagic
areas and a discrete neutrophilic inflammatory infiltrate without
observation of C. neoformans, (Figure 1). On day 5 was observed in
the presence of discrete pulmonary congestion, (Figure 1). Diffuse
hemorrhage, edema and intense quantity of yeast were observed on the
wall of the capillary at 11 days after inoculation, (Figure 2). There were
no significant changes in lung tissue in immunocompetent murine
model (BALB/c).

Brain

Discrete area liquefaction necrosis, focal well as the presence of C.
neoformans, interspersed with fragments of necrotic cells was observed
on the 5% and 7" days after inoculation (Figure 3). On day 11 after
inoculation were seen large areas of liquefaction necrosis associated
with the formation of cavities in the parenchyma, containing inside
fragments of necrotic cells and an intense quantify of C. neoformans
(Figure 4), in immunocompetent murine model (BALB/c-SCID).
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Figure 1: Histopathology of lung tissue in immunodeficient murine model.
A, 1 day after inoculation showing focal areas of hemorrhage and discreet
neutrophilic inflammatory infiltrate in the alveolar wall, B, 5 days after inoculation
with mild pulmonary congestion, HE, 400X.

R

Figure 2: Histopathology of lung tissue in immunodeficient murine model 11
days after inoculation. A - presenting edema, congestion, hemorrhage, diffuse
and focal neutrophilic infiltrate, HE, 400x, B - Intense quantify of C. neoformans
Observed in the capillaries of the alveolar wall, PAS, 1000.
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Figure 3: Histopathology of brain tissue in immunodeficient murine model, 5
days after inoculation, A - presenting a discrete area of liquefaction necrosis,
focal HE, 400X, B - C. neoformans displayed, interspersed with fragments of

necrotic cells, 7 days after inoculation, PAS, 400X.
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Figure 4: Histopathology of brain tissue in immunodeficient murine model at 11
days after the inoculation; A - presenting large areas of necrosis associated with
liquefaction of cavitations in the parenchyma, HE, 400X; B - quantify of intense

C. neoformans displayed inside the cavities, PAS, 400X.

In an immunocompetent murine model (BALB/c) were observed
edema and congested vessels, 24 and 48 hours, respectively, after
inoculation (Figure 5). C. neoformans was observed in the meningeal
with 7 days of inoculation, as well as a mononuclear inflammatory
infiltrate at day 9, (Figure 6). Were observed, a large ischemic area,
and crytococcoma, at 11" and 13" days after inoculation, respectively,
(Figure 7). In the (Figure 8), there is C. neoformans in the meninges and
parenchyma 15 days after inoculation.

Discussion

A murine model with Severe Combined Immunodeficiency
(BALB/c-SCID), resulting from a recessive mutation that occurs
on chromosome 16, this mutation causes these animals to exhibit a
deficiency of T and B cell-mediated immunity, making them more
susceptible to systemic experimental cryptococcosis [7,8]. The present
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Figure 5: Histopathology of brain tissue in immunocompetent murine model.
The - 24 hours after inoculation presenting edema, HE, 200X, B - 48 hours after
inoculation vessel congested, HE, 200X.

Figure 6: Histopathology of brain tissue in immunocompetent murine
model. A - C. neoformans observed on meninges, 7 days after inoculation,
HE, 200X, B - mononuclear inflammatory infiltrate in the 9th day after
inoculation, HE, 500X.

Figure 7: Histopathology of brain tissue in immunocompetent murine
model. A - Large ischemic area 11 days after inoculation, HE, 100X, B -
Crytococcoma giant 13 days after inoculation, HE, 200X.

Figure 8: Histopathology of brain tissue in immunocompetent murine model,
15 days after inoculation. A - C. neoformans in the meninges, HE, 200X, B - C.
neoformans in the parenchyma, HE, 500X.

study evaluated the histopathological changes in experimental
cryptococcosis in an immunocompetent animal model (BALB/c), as
well as in the murine immunodeficient model (BALB/c-SCID) through
tissue changes in the lungs, as well as in the brains of these animals.
Histopathological examination is one of the techniques usually used in
the definitive diagnosis of cryptococcosis [9].

Under the conditions studied, there were no significant tissue
changes in immunocompetent murine lung tissue. While in an
immunodeficient model with 24 hours it was possible to verify bleeding
in a focal pattern and a discrete neutrophilic infiltrate. Although we
verified in our study the presence of a neutrophilic inflammatory
infiltrate in the alveolar wall 24 h after infection, we found that it was

not able to resolve the infection. Clinical manifestations of pulmonary
cryptococcosis include localized nodular lesions, with or without
cavitation, segmental pneumococcal infiltrates, interstitial or alveolar
infiltrate, pleural effusion, hilar masses, and thoracic lymphadenopathy.
Migration of neutrophils into lung tissue is important in the early
protection of mice against progressive cryptococcosis [10-15].

The host defense efficacy against C. neoformans depends on a
combination of several mechanisms, such as natural and immune
[15], in humans, T CD4 cell deficiency is associated with disseminated
cryptococcosis [16]. The humoral response, especially immunoglobulin
G, also enhances host defense against cryptococcosis [17], however, T
cells have a modulatory effect on B cell response against C. neoformans
infection in mice [18].

In the murine immunodeficient model (BALB / c¢-SCID)
hemorrhagic areas were observed in pulmonary tissue, as well as a
discrete neutrophilic infiltrate twenty-four hours after inoculation,
culminating with pulmonary congestion on day 5. The course of
lung infection is characterized by a rapid response of neutrophils,
with cryptococcus phagocytosis [19], being that the phagocytosis and
the death of C. neoformans by neutrophils is diminished due to the
presence of the very large polysaccharide capsule [20].

In the model studied, a large amount of yeast in the wall of the
capillary vessels was observed around the 11th day of inoculation, it
can be inferred that the pulmonary cryptococcosis occurred during this
period, culminating with the death of the animals, during that period
a cryptococcosis where the yeast present in the alveolar wall and the
presence of edema were found. As previously reported, cryptococcosis
occurs primarily in the lungs [21].

In immunocompromised patients, pulmonary lesion initially
consists of intraalveolar proliferation of C. neoformans with a response
to histiocytes. The yeast is prominently visualized in the capillaries.
In a second moment, it is possible to observe that C. neoformans is
widely distributed in the tissue, involving innumerable alveoli, and
finally a massive proliferation of the yeast occurs in both alveoli and
interstitium, causing the destruction of the capillaries, resulting in a
focal hemorrhage at this moment.

In the brain tissue through the histopathological analyzes we can
highlight the presence of a discrete area of focal liquefaction necrosis
on the 5" day after the initial infection. In this period we also observed
C. neoformans interspersed with fragments of necrotic cells, being
most often visualized in the lumen of the blood vessels. In cryptococcal
meningitis local inflammation is limited [22] and lesions are described
as dilatation of the perivascular spaces as well as, brain mass [5]. In
the present study no inflammatory reaction was observed in this tissue.
Metabolites produced by C. neoformans can cause necrosis and death
of neutrophils [23]. We did not observe C. neoformans associated with
the meningeal.

Chang et al. [3], reported in their work that the yeast was found
associated with the meningeum 10 days after the initial infection. It is
believed that C. neoformans reaches the brain through capillaries [3,4].

On the 11th day of infection, we observed extensive areas of necrosis
of liquefaction in the brain, associated with the formation of cavitations
in the parenchyma, where it was possible to visualize that inside
these cavitations fragments of necrotic cells and an intense amount
of C. neoformans. Contrary to what was seen in immunocompetent
models, in the studied SCID model we did not observe the presence
of cryptococoma, nor any inflammatory response. Although the
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experimental infection in this study was absent through intravenous
inoculation of the yeast, we can also suggest that the entrance port of
C. neoformans in the lung, in this model studied are the pulmonary
alveoli, a fact confirmed when visualizing the yeast in the most of the
time adhered to the cell wall of the alveoli. The lung is considered to
be the gateway to infection [24]. In natural infection, yeast spores
can be spread through the air and infect susceptible humans, the
portal being the airways, lodged primarily in the pulmonary alveoli
[25]. Our data also lead us to infer that the death of the animals was
due to lung infection and not to meningoencephalitis, because in the
histopathological study of the brain tissue of the animals studied it was
not possible to visualize C. neoformans associated to the meninges as
already described by other authors [3,4].

Conclusion

We can suggest that yeast access to the brain is via the bloodstream
and histopathological examination is one of the techniques usually
used in the definitive diagnosis of cryptococcosis.
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