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ABSTRACT

The involvement of bone marrow in the pathology of experimental P. brasiliensis infection in BALB/c mice was
investigated. The histopathological features of bone marrow induced by the fungus were correlated with
hematological changes in peripheral blood from 1 to 28 days post-infection. Intense lymphopenia and moderate
neutrophilia were detected. The early changes in bone marrow included (i) maturation arrest characterized by an
increase in immature blood cell precursors, mainly of granulocytic origin, (ii) intense vascular congestion when
compared with the vessels of normal marrow, and (iii) an increased number of megakaryocytes. The normal
histological pattern of bone marrow was restored by 28 days post-infection. No histologically recognizable
lesion, such as granuloma formation or an abnormal cellular infiltrate, which could indicate the presence of the
P. brasiliensis in bone marrow, was observed. In addition, special stains were unable to detect the fungus. The
mechanisms responsible for the alterations described here are still unclear but are probably related to more
general phenomena affecting the host rather than to direct damage of the precursors cells by P. brasiliensis.
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INTRODUCTION

Paracoccidioides brasiliensis, the etiological
agent of paracoccidioidomycosis (PCM), is a
dimorphic fungus with a mycelial phase at 25ºC
and a yeast-like phase at 35-37ºC [1,9]. PCM is
the most prevalent human mycosis in Latin
America. In Brazil, the disease occurs mainly in
the State of São Paulo in the southeast of the
country  [9].

Despite of the well-known tropism of P.
brasiliensis for lymphoid tissues [1,8], there are
few conclusive reports about the damage of
primary lymphoid organs induced by this fungus
and  the i r  consequences  dur ing  infec t ion .
Recently, we observed thymic fungal invasion
and concomi tan t  o rgan  involu t ion  in
experimentally infected BALB/c mice, an event

which correlated with fungal dissemination to
other organs [V.N. Brito, Masters Dissertation,
State University of Campinas, 2001]. Some
authors have also described fungal invasion of
bone  marrow t i ssue  in  acute  and chronic
disseminated PCM [4,12,13,15,20]. However,
the histological alterations described in these
studies were not correlated with the development
of the disease or with alterations in the cellular
immune response which are frequently observed
in this disease [3,14,17,18]. Furthermore, no
s tudy has  yet  examined the  bone marrow
al te ra t ions  in  exper imenta l  models  of  P.
brasiliensis infection.

In this report, we describe histopathological
alterations in bone marrow of experimentally
infected mice, and correlate these findings with
the hematological changes in  peripheral blood
obtained 1 to 28 days post-infection (p.i.).

MATERIAL AND METHODS

Mice and fungus inoculation
Specific pathogen free male BALB/c mice, 8 weeks old,

obtained from the Centro Multi-Institucional de Bioterismo
(State University of Campinas, UNICAMP) were used in all
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experiments. This strain of mice is relatively resistant to P.
brasiliensis infection based on the mean survival time and on
the capacity to restrain the fungus in compact, well-organized
granulomas [2]. The mice were housed in plastic isolators
under aseptic conditions with sterile water and food provided
ad libitum. All procedures were done in accordance with the
general guidelines proposed by the Brazilian Council for
Animal Experimentation (COBEA). The highly virulent
isolate Pb18 of P. brasiliensis was used for infection and mice
were inoculated intraperitoneally with 5x106 yeasts in 0.5 ml
of phosphate-buffered saline (PBS). PBS alone was used to
inject uninfected control mice (sham infection). Groups of
four mice were sacrificed at 1, 3, 5, 7, 14 and 28 days after
inoculation.

Histopathological study
At sacrifice by cervical dislocation, femures were

obtained, cleaned, decalcified in Zenker solution (24 h),
washed in tap water, dehydrated in an alcohol series, and
embedded in Histosec.  Sections 4 μm thick were
deparaffinized, re-hydrated, treated with alcoholic iodine
solution and sodium thiosulfate,  and stained with
hematoxylin-eosin (HE) and Grocott methenamine silver
using standard procedures.

Two independent observers semi-quantitat ively
estimated megakaryocyte numbers and abnormal blood cell
maturation in three or four sections from three animals for
each period of infection. The alterations observed in the
granulocytic maturation were scored as slight (+), 20-40%,
moderate (++), 40-60% or strong (+++), >60%, according to
the percentage of cells with maturation arrest. As for
megakaryocyte when there were 10%, 20% or 30% increase
in the cell number in the infected mice, respectively.

Immunohistochemistry
Detection of P. brasiliensis in bone marrow sections was

done by using a human anti-P. brasiliensis anti-serum (kindly
provided by Dr. H. Blotta, Faculty of Medical Sciences,
UNICAMP). Briefly, after pre-absorption with normal serum,
sections were incubated with anti-P. brasiliensis anti-serum
(diluted 1:100 in PBS-1% BSA) overnight at 4ºC. After
washing, the sections were overlaid for 1 h with peroxidase-
conjugated goat anti-human IgG antibody (diluted 1:200 in
PBS-1% BSA). This was followed by incubation with the
substrate 3,3-diaminobenzidine (Sigma Chemical Co., St.
Louis, Mo, USA) in a solution containing 0.1 M Tris-HCl
buffer (pH 7.6), 1% (v/v) normal goat serum, and 0.1% (v/v)
3% hydrogen peroxide.

Hematological procedures
Leukocyte number was determined in standard Neubauer

hemocytometers. Leukocyte differential counts were done on
May-Grunwald-Giemsa stained smears. In addition, a
semiquantitative analysis of blood smears by two independent
observers provided an estimate of alterations in the number
of platelets.

Statistical analysis
The results are reported as the mean ± SEM, as

appropriate. Analysis of variance (ANOVA) followed by

Dunnet’s multiple co mparison test were used to compare the
results. The level for statistical significance was p<0.05.

RESULTS

Morphological alterations in bone marrow
Infected mice showed the typical alterations

associated with systemic infection. As early as 24
h p.i., there was a discrete increase (+) in the
number of immature blood cell precursors and
intense vascular congestion in the bone marrow of
infected mice when compared with  control marrow.

There was a strong increase (+++) in
granulocytic precursors in the peritrabecular area
between 3 and 5 days p.i., but there were no fat
cells; there was also an increase (++) in the number
of megakaryocytes. An abnormal cytological
maturation in the granulocytic lineage characterized
by a high number of large cells with circular nuclei
was observed (+++) (Fig. 1).

 At 7 days p.i., the hypercellularity intensified
and  the  maturation of the granulocytic lineage
was very marked (+++). By the 14th day of
infection, the hypercellularity and the number of
megakaryocytes had decreased. However, the
number of granulocytic cells increased and the
arrest of maturation was still evident (+++). By the
28th day p.i., the histological pattern of marrow was
restored, and there was a reduction in the
hypercellularity which paralleled a decrease in the
number of granulocytic cells (+).

No invasion of bone marrow by P. brasiliensis
or histologically recognizable lesions such as
granuloma formation or an abnormal cellular
infiltrate, indicative of the presence of yeasts in
the tissue, was observed. Neither special staining
nor immunohistochemical techniques revealed any
fungus in the marrow compartment.

Hematological changes in peripheral blood
Since infection by  P. brasiliensis induces

hypercellularity in bone marrow tissue, the possible
alterations in the number of leukocytes in peripheral
blood were evaluated.

The total number of leukocytes varied slightly
during infection (Fig. 2A).  At 24 h p.i., the number
of cells in infected mice was lower than in control
mice, although the difference was not significant.
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Figure 1.  Photomicrograph  of  a  section  of  bone  marrow  from  a  normal  (A)  and P. brasiliensis-
infected mouse (B) 24 h after infection. Delayed maturation is seen in the infected mouse (➧) compared to
the  normal mouse ( ). HE staining. Bar = 10 μm.
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The number of lymphocytes decreased in the
early phase of infection but it was restored from
the 5th day p.i. onwards  (Fig. 2B). The number of
monocytes varied considerably during the infection
and among the infected mice (Fig. 2C). Differential
counts of neutrophils showed increase of these cells
during infection, mainly between days 7 and 14 p.i.,
followed by a marked reduction to normal values
between 14 and 28 days p.i. (Fig. 2D). There was
no significant change in the number of eosinophils
in our experimental model. Platelet counts revealed
no consistent changes during this experiment
(results not shown).

 All leukocytes and platelets had a normal
morphology  as judged  from  Giemsa-stained sections.

DISCUSSION
The precise mechanism underlying the

immunosuppression observed during infection by
P. brasiliensis is still incompletely understood. A
reduction in T cell function [19], the induction of
antigen-specific T suppressor cells [6-8], and the

preference of the fungus for lymphoid organs [1,8]
have been implicated in the suppression of cell-
mediated immune responses in humans and in
animals. In addition, the fungus may in some way
damage primary lymphoid organs (thymus and
bone marrow).

We have studied experimental paracocci-
dioidomycosis using male BALB/c mice infected
intraperitoneally with strain 18 of P. brasiliensis.
These mice develop a limited infection
characterized by a granulomatous response in the
peritoneal cavity, mainly in the liver and spleen
capsule, where epithelioid granulomas can be
detected 10 days after injection of fungus. In
addition, an intense delayed-type hypersensitivity
response was noted throughout the infection as
shown by the footpad test. P. brasiliensis also
invaded the thymic microenvironment which
decreased markedly in size and showed structural
distortions, including degeneration of the cortical
area and a loss of cortico-medullary delimitation
in the acute phase of infection [V.N. Brito, Masters’
Dissertation, State University of Campinas, 2001].
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Figure 2. Hematological changes in P. brasiliensis-infected mice. Numbers of leukocytes (A), lymphocytes (B), monocytes (C) and
neutrophils (D). The values represent the mean ± SEM of three experiments for each cell type. * p<0.05 and ** p<0.01 compared to
normal (control) values shown by the dashed lines.
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As shown here, infection with P. brasiliensis
increased the number of immature precursors and
caused intense vascular congestion as early as 24
h p.i. An increase in the granulocytic precursors of
the peritrabecular area and in megakaryocytes,
retarded maturation of the granulocytic lineage, the
latter characterized by a high number of large cells
with abnormal circular nucleus was  observed. The
normal histological pattern of the marrow was
restored around the 28th day of infection.

Despite the morphological alterations seen in
bone marrow there were no granulomas or
abnormal cellular infiltrate. Nevertheless, the
fungus could not be demonstrated by special
staining techniques. These findings suggest that P.
brasiliensis was not able to invade the bone marrow
in our experimental model. This result differs from
that of other studies which have shown bone
marrow invasion in human disease [4,12,13,15,20].
Those conflicting findings can be ascribed, at least
in part, to the genetic background of the mice which
belong to a relatively resistant lineage. BALB/c
mice are probably able to restrain fungal
dissemination through granulomatous reactions
thereby preventing bone marrow invasion. Since
bone marrow was protected from fungal invasion
for up to 28 days p.i., the morphological alterations
seen here  probably resulted from the systemic
action of cytokines and inflammatory mediators
produced in response to the infection.

Our findings in mice agree with clinical reports
on the hematological disturbances during infection
by P. brasiliensis. As in patients with PCM,
neutrophilia [4,20] and lymphopenia [4,11,20] were
observed. However, eosinophilia, which is seen in
humans [4,15,20], was absent. The lymphopenia
observed here could be related to the thymic
damage that occurs in the initial stages of infection
[V.N. Brito, Masters’ Dissertation, State University
of Campinas, 2001] and could facilitate fungal
persistence in the host. On the other hand,
neutrophilia could be explained by a massive
production of pro-inflammatory cytokines, such as
IL-1, TNFα  and IL-6, in order to produce a
nonspecific resistance to fungal infection. An
important role for IL-1 in the regulation of
hematopoiesis has been described [5],  and
increased levels of TNFα, IL-1 and IL-6 were
observed in the sera of non-treated disseminated
paracoccidioidomycosis patients [16]. In addition,

IL-1 can activate neutrophils to kill P. brasiliensis
in vitro  [10].

Despite the increase in megakaryocyte
numbers in bone marrow, there were no significant
alterations of circulating platelet levels in infected
mice.

In conclusion, in this experimental model the
bone marrow is apparently not involved in the
immunosuppressive phenomena associated with
paracoccidioidomycosis. The possibility that bone
marrow from highly susceptible mice may be
involved in the pathogenesis and clinical
manifestations of paracoccidioidomycosis is
currently being investigated.
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