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To study hollows of living trees as natural habitats of Cryptococcus neoformans in an
endemic area of cryptococcosis in the northeastern region of Brazil, samples of
decaying wood were collected inside 32 hollows of living trees and plated on niger
seed agar. Identi�cation of C. neoformans was based upon morphological and
physiological tests. Canavanine-glycine-bromothymol medium was used to screen the
varieties and Crypto Check Iatron Kit to serotype the isolates. A total of 123 C.
neoformans colonies were recovered from samples of six (18·5%) out of 32 hollow
trees. C. neoformans var. neoformans and C. neoformans var. gattii were found
occurring alone (pink shower tree, �g tree and pottery tree) or sharing the same
hollow (pink shower tree). Long lasting positivity (19–36 months) and signi�cant
number of cfu of C. neoformans per gram of decaying wood (0·15–21·7×
103 cfu g¼1) inside hollows of pink shower tree, �g tree and pottery tree were
observed, indicating colonization of these habitats by the fungus. For the �rst time,
C. n. var. neoformans and C. n. var. gattii were found sharing the same natural
biotope, thus establishing a possible link between them in their life cycle in nature
and suggesting the primary natural niche for the species.
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Introduction

The isolation of virulent strains of Cryptococcus neofor-
mans from decomposing manure, old nests and roosting
sites of pigeons was reported in 1955 [1]. Since then,
studies on the environmental sources of the fungus were
directed toward avian droppings and their roosting sites.
As a result, the ecology of C. neoformans var. neoformans
is well known, mainly in urban areas. Meanwhile, in 1972

and later on, a vegetal biotope for the fungus was sug-
gested [2–4].

A close association between the occurrence of C. ne-
oformans var. gattii and the �owering period of Eucalyp-
tus camaldulensis was evidenced in 1990, in Australia [5].
Prompt con�rmation of this observation in USA [6],
Brazil [7], Mexico [8] and Italy [9] demonstrated that this
association was not geographically restricted. In 1992,
also in Australia, C. n. var. gattii was isolated from bark
and wood debris within a hollow of E. tereticornis [10]. In
1993, casual isolation of C. n. var. gatt ii from bat guano,
in Brazil [11], from fragments of a communitary wasp’s
nest, in Uruguay [12], and recently the isolation of
serotype C from debris of almond trees in Colombia [13]
were reported.
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In Brazil, in 1993, C. n. var. neoformans was isolated
from decaying wood within a hollow of Syzygium jam-
bolana tree [11], and in 1996, from hollows of three other
species of living trees (Cassia grandis, Senna multijuga
and Ficus microcarpa) [14]. From 1993 until the present,
we have investigated the presence of C. neoformans in
hollows of living trees in the city of Teresina, state of
Piau ṍ , northeast of Brazil, where cryptococcosis caused
by C. n. var. gattii is endemic [15]. As a result, we
recently reported the isolation of this variety from a
hollow of Moquilea tomentosa [16]. In this paper we will
present the last results of our investigation.

Material and methods

The investigation was carried out in the city of Teresina,
capital of the state of Piau ṍ , during the period of Septem-
ber 1993 to March 1997. Hollows with decomposing
wood from 32 living trees were studied: 17 pottery trees
(M. tomentosa), seven pink shower trees (C. grandis ),
three �g trees (Ficus sp.), one mango tree (Mangifera
indica) and four unidenti�ed trees. Samples were col-
lected by scraping the �brous discolored wood in ad-
vanced stage of decay inside the hollows. Repeated
samplings were performed from positive hollows.

Each sample was suspended in physiological saline and
inoculated into petri dishes containing niger seed agar
medium (NSA). All dark brown colonies obtained were
subcultivated and identi�ed separately, as previously de-
scribed [14]. The variety of the C. neoformans strains was
ascertained by culture on canavanine-glycine-bromthy-
mol blue (CGB) medium and the serotype by the ‘Crypto
Check Iatron’ RM 304-K (Iatron Laboratories, Tokyo,
Japan).

The number of cfu of C. neoformans per gram of
decaying wood was estimated on the basis of growth of
dark brown colonies on the NSA medium. To assess the
signi�cant differences between mean cfu for each variety,
the Wilcoxon two-sample test was used. In the only two
hollows where C. n. var. neoformans and C. n. var. gattii
were simultaneously isolated, the cfu for each variety
were proportionally distributed according to the number
of colonies initially identi�ed.

Air sampling was performed in August 1995, using the
Biotest RCS™ centrifugal air sampler (Biotest Ag,
Frankfurt, Germany) [14]. Forty-eight samples (960 l of
air) were collected under the canopies of positive trees.

Results

A total of 123 dark brown colonies were recovered from
NSA media seeded with the samples of six (18·5%) out of
the 32 hollow trees studied. All colonies were identi�ed as
C. neoformans. They were composed of encapsulated
yeasts, thermotolerant to 35 °C, sensitive to cyclohex-
imide, and urease positive. Inositol, maltose and xylose
assimilation tests were positive. Lactose and potassium
nitrate assimilation tests were negative and the lactose
fermentation test was negative. All strains identi�ed as C.
n. var. neoformans were serotype A and all strains iden-
ti�ed as C. n. var. gattii were serotype B (Table 1).

The positive hollows are located in a downtown
square, with trees over 100 years old, most of them pink
shower and �g trees, some pottery and mango trees.
These trees are roosting sites for birds (sparrows, turtle-
doves, tyrant-�y-catchers and pigeons) and bats. The
pink shower-4 and the pottery tree hollows were inhab-
ited by bats. Occurrence of the fungus in the hollows was
not related to the �owering period of the trees. Isolation

Table 1 Distribution of 123 colonies of C. neoformans isolated from six hollow trees in a square of Teresina, Piauṍ , according to variety
of the fungus, time of collection and estimated density of C. neoformans by sample, 1993–1997

Number of C. neoformans colonies studied according to variety (estimated C. neoformans density in
103 cfu g¼1 by sample)

Tree
identi�cation September 1993 February 1995 March 1997August 1995

Pottery tree 1 gattii (1·0)2 gattii (1·0)21 gattii (1·5) 2 gattii (1·0)
Pink shower-1 NC 2 gattii (1·0) Negative Negative
Pink shower-2 NC 7 gattii (1·0) Negative* 6 gattii (0·3) and 1

neoformans (0·05)
Pink shower-3 NC NC 37 neoformans (2·0) 25 neoformans (21·7)

3 gattii (0·15)Fig tree NegativeNC NC
10 gattii (2·6) and 6Pink shower-4 NC NC NC
neoformans (1·6)

*, burned.
NC, not collected.
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of the fungus from the same hollow, when repeated,
was not uniformly obtained during the investigation pe-
riod (Table 1).

From 1993 to February 1995, only C. n. var. gattii
was recovered from the hollows. In August 1995, C. n.
var. neoformans was isolated from another hollow (pink
shower-3). In 1997 both varieties were obtained from
the hollows of two cassia trees (pink shower-2 and pink
shower-4). One of these hollows (pink shower-2), colo-
nized by C. n. var. gattii in February 1995, was dam-
aged some months later by �re (Fig. 1), became
negative in August 1995 and in March 1997 was found
to be colonized by both varieties (Table 1).

The density of C. neoformans observed in the positive
hollows, estimated for each period of collection, was
quite variable (Table 1). C. n. var. neoformans (mean
9·399·4× 103 cfu g¼ 1) was found in signi�cant higher
concentrations (PB10¼ 6) than C. n. var. gattii (mean
1·691·3× 103 cfu g¼ 1) in the decaying wood sampled.

Five dark brown colonies were obtained on NSA
strips from the air collected near the hollows of two
cassia (pink shower-1 and pink shower-4). Only one of
these colonies could be subcultivated due to overgrowth
of other fungi. This colony was identi�ed as C. n. var.
gattii serotype B.

Discussion

A previous investigation into the isolation of C. neofor-
mans from decaying wood inside hollows of living trees
in the city of Rio de Janeiro, southeastern Brazilian

region, recovered C. n. var. neoformans from eight
(25·8%) out of 31 hollows of three ubiquitous tree spe-
cies in the urban environment [14]. The present study,
however, performed in the city of Teresina, northeast-
ern Brazilian region, recovered C. neoformans from six
(18·7%) hollows pertaining to three genera of trees: C.
n. var. gattii from three hollow trees, C. n. var. neofor-
mans from one, and both varieties from two. These
environmental �ndings correlate closely with the epi-
demiology of cryptococcosis in both investigated re-
gions. In Teresina, C. n. var. gattii is the causative
agent of cryptococcosis in 91·2% of the non-human im-
munode�cieny virus (HIV) patients [15], whereas in Rio
de Janeiro, this variety only sporadically causes the my-
cosis [17]. Furthermore, cases of cryptococcosis by C.
n. var. gattii diagnosed in Rio de Janeiro occur mainly
in patients native of the northeastern Brazilian region
[17].

Two hollows found positive for C. n. var. gattii be-
came negative. C. n. var. neoformans was found in sig-
ni�cantly higher density than C. n. var. gattii, as judged
by cfu values. We speculate that C. n. var. neoformans,
once established in these hollows, reproduces better
than C. n. var. gattii. Burning of a hollow colonized by
C. n. var. gattii (Fig. 1) in a �re caused transient nega-
tivity, followed afterwards by the detection of both va-
rieties within the same hollow. Recolonization by
exogenous propagules may be supposed in this case.
Nevertheless, the possibility of an endogenous source
inside the tree, such as persistent inoculum in cracks
and �ssures, must be considered. An interconnecting

Fig. 1 (a) Fig tree hollow positive for C. neoformans
var. gattii in 1995; (b) pink shower tree-2 with a hollow
burnt in 1995, positive for both varieties of C. neofor-
mans in 1997.
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system of hollowed-out areas within the solid xylem
cylinder of each tree may support prolonged survival
and escape of C. neoformans during �res. Moreover,
under unfavorable conditions, different genotypes may
shelter as dormant fungal propagules for long periods
[18]. Such propagules are not necessarily detected in the
studied samples.

Another aspect to be considered is the �nding of a
propagule of C. n. var. gatt ii in the air collected at the
entrance of one hollow tree. Disturbances at cavity en-
trances caused by wind or small animals may disperse
propagules into the air. Moreover, fallen trees and de-
forestation activities in endemic areas may be related to
human infection. Further epidemiologic studies are nec-
essary to establish these habitats as possible sources for
human infection by the varieties of C. neoformans.

For the �rst time C. n. var. neoformans and C. n.
var. gatt ii were found sharing the same natural habitat.
Until now, each variety has been considered to occur in
a distinct habitat: one geographically restricted,
associated with eucalyptus trees; and the other one cos-
mopolitan, associated with various organic substrata.
Our �ndings point a common niche for both varieties
suggesting a possible link in their life cycle in nature.

Considering that C. neoformans produces laccase [19],
an enzyme involved in lignin degradation in other ba-
sidiomycetes [20,21], and that C. neoformans probably
evolved from the Tremella lineage [22–24], in which
some species such as T. mesenterica are associated with
wood decay [25], our present �ndings let us speculate
on the primary ecological niche of this organism. C.
neoformans and its teleomorph are possibly associated
with wood decay, part of the succession of decompos-
ers of ligni�ed substrata. Inside the �ssures and cracks
within the decaying wood, dry, semi-dry and wet condi-
tions may be found. The anamorphic yeast form and
also the mycelial form produced by haploid fruiting of
C. neoformans mating type a [26] or by heterothallic
crossing of compatible strains may occur across a range
of these habitats. Woody substrata seem to be favor-
able to Filobasidiella neoformans growth once the myce-
lial phase has been produced in ×itro in medium with a
low nitrogen content [26]. Further studies are necessary
to evaluate the possible role of C. neoformans and its
teleomorphic phase in wood decay.

Wood decay within living trees is distinct from decay
in dead trunks, branches, logs and stumps [27]. Proba-
bly the niche of C. neoformans is not restricted to de-
cay within living trees, but these biotopes represent a
natural model to study C. neoformans diversity and
ecology.
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