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FIRST REPORT ON Cryptococcus neoformansIN PIGEON EXCRETA FROM
PUBLICAND RESIDENTIAL LOCATIONS IN THE METROPOLITAN AREA OF
CUIAB,

STATE OF MATO GROSSO, BRAZIL

Doracilde Terumi TAKAHARA(1), Mrcia dos Santos LAZRA(2), Bodo
WANKE(2), Luciana TRILLES(2), Valria DUTRA(3), Daphine Ariadne
Jesus de PAULA(3),Luciano NAKAZATO(3), Mariana Caselli ANZAI(1),
Diniz Pereira LEITE JNIOR(1), Claudete Rodrigues PAULA(4) &
Rosane Christine HAHN(1)

SUMMARY

Cryptococcosis is a severe systemic mycosis caused by two
species of Cryptococcusthat affect humans and animals: C.
neoformansand C. gattii. Cosmopolitan and emergent, the mycosis
results from the interaction between a susceptible host and the
environment. Theoccurrence of C. neoformanswas evaluated in 122
samples of dried pigeon excreta collected in 49 locations in the
City of Cuiab, Stateof Mato Grosso, Brazil, including public
squares (n = 5), churches (n = 4), educational institutions (n =
3), health units (n = 8), openareas covered with asbestos (n = 4),
residences (n = 23), factory (n = 1) and a prison (n = 1). Samples
collected from July to Decemberof 2010 were seeded on Niger seed
agar (NSA). Dark brown colonies were identified by urease test,
carbon source assimilation testsand canavanine-glycine-bromothymol
blue medium. Polymerase chain reaction primer pairs specific for C.
neoformanswere alsoused for identification. Cryptococcus
neoformansassociated to pigeon excreta was isolated from eight
(6.6%) samples correspondingto six (12.2%) locations. Cryptococcus
neoformanswas isolated from urban areas, predominantly in
residences, constituting a riskof acquiring the disease by
immunocompromised and immunocompetent individuals.

KEYWORDS:Cryptococcus neoformans;Pigeon excreta; Urban
environment; State of Mato Grosso.

INTRODUCTION

Although cryptococcosis has been studied since 1894, over
thepast 40 years many important advances have been achieved
regardingtaxonomy, epidemiology, capsular structure, virulence
factors, serotypesand specific genotypes25. In Brazil, reports have
been registered in moststates11,16,23,29,34,39, but in the State of
Mato Grosso little research has beenconducted in relation to
clinical and environmental isolates of the agentsof cryptococcosis.
The first description of these microorganisms in HIV-positive
patients in Mato Grosso was reported by FAVALESSA et al.,
whodetected 26 Cryptococcusneoformansand 10 Cryptococcus
gattiiisolatesin distinct clinical materials from seropositive and
seronegative patients10.

The genus Cryptococcuscomprises more than 38 species, two
ofwhich are considered potentially pathogenic: Cryptococcus
neoformansand C. gattii17,18,20. Although both are found worldwide,
their mainecological niches present some differences:Cryptococcus
neoformansismost commonly isolated from pigeon droppings, while C.
gattiiis morefrequently isolated from decaying wood and
soil14,24,25.

The presence of Cryptococus neoformans in soil and old
driedpigeon excreta has been widely studied in several
countries7,8. Poultry

manure is considered a natural substrate for C. neoformans.
Pigeonscan even carry it on their beaks, feathers and legs, as well
as presentingcolonization by this agent on the crop. They act as
dispersers in theenvironment, generating a source of infection for
humans. Regardingthe primary habitat of C. neoformans, species of
plants and aged woodscan be considered locations where the yeasts
may naturally developtheir sexual state32.

Considering the complete lack of data reported in the literature
todate, the present study aimed to evaluate the possible
environmentaldistribution of C. neoformans in public places
(churches, squares,educational institutions, prisons, factories and
health facilities) andresidences within the City of Cuiab and the
neighbor metropolitan area.

MATERIAL AND METHODS

Study periods and locations: The samples were collected
betweenJuly and December of 2010 in the metropolitan area of
Cuiab.

Mato Grosso is located in the Midwest region of Brazil. The
stateoccupies an area of 903,357km, being the third largest from
Braziland it is the only one to have three characteristic biomes,
Pantanal
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(marshland), Cerrado (Brazilian savanna) and Amazon. Its capital
is theCity of Cuiab, which has about 551,000 inhabitants. In its
territory issituated the geodesic center of South America, at
153556 South and

560605 West (Fig. 1).

The climate is characterized by a mean annual rainfall of
1,469.4mm and average annual temperature of 24 to 26 C. Despite
unequallydistributed, the region is well supplied with rain and
seasonality istypically tropical, with maximal temperatures in
summer and minimalin winter. Over 70% of the total rainfall
accumulated during the periodof November to March. The winters are
excessively dry, due to veryscarce rainfall35. The average
temperature during the collecting periodwas 27 C (July to December
2010), with maximal that reached 40 Cfor several times in August,
September and October15.

The sites selected were characterized as follows: five public
squares,four churches, three educational institutions, eight public
health units,

four open areas covered with asbestos, 23 residences, one
factory andone prison.

Inclusion criteria: At all the sites selected, aspects related
to theexcreta collected were evaluated according to the following
parameters:excreta presenting a dried aspect; deposited on the
surfaces of public orresidential environments; the presence of
pigeons close to the excreta;the presence of chicks or nests; and
sufficient quantity for posteriorweighing (> one gram) and
analysis.

Sample processing: Following homogenization, 1 g of each
samplewas suspended in 50 mL of sterile physiological saline with
0.4 g/Lchloramphenicol, shaken for five min and allowed to settle
for 30 min.

The supernatant was aspirated, inoculated onto Niger seed agar
(NSA)medium (0.1 mL of supernatant per plate, 10 plates per
sample), incubatedat room temperature (25 C to 27 C) and observed
for five to seven days.

Yeast colonies on NSA were selected by observing the shiny,
smooth,and dark brown colonies (due to melanin production). The
brown colonieswere sub-cultivated onto Sabouraud (Merck) medium for
urease test andother biochemical tests as well microscopic analysis
with India ink tovisualize the capsule21,22

.For the biochemical tests, auxanogram technique

was used, in which the assimilation of eleven carbon sources
(dextrose,lactose, maltose, sucrose, inositol, galactose,
cellobiose, melezitose,melibiose, rhamnose and erythritol)and two
nitrogen sources (peptoneand potassium nitrate)18,22were used to
identify the cryptococcal isolates.

The dark brown colonies were also sub-cultivated onto NSA
mediumwhich is recommended to confirm phenoloxidase activity11.
After passagethrough NSA medium, dark brown colonies were seeded on
CGB medium

(L-canavanine glycine bromothymol blue) for species
identification19.No alteration in the yellow-green original color
of the CGB mediumconfirms C. neoformans.

For molecular identification of the cryptococcal isolates, the
protocoldescribed by POETA et al.33was used, with modifications,
for DNAextraction. Yeast cells were suspended in 0.5 mL TENTS [10
mM, TrispH 8.0, 5% sodium dodecyl sulfate (SDS)]. Then, 0.5g of
0.5-mm glassbeads were added and boiled at 100 C for 10 min. It was
then added 0.5mL of phenol: chloroform and samples were vortexed
for two min. Aftercentrifugation for 10 min in a microfuge at
14,500 x g, the aqueous phasewas transferred to a tube with one
volume of isopropanol and 0.3 M ofsodium acetate was added, and
samples were placed at -20 C overnight.

Fig. 1 - Location of the City of Cuiab, State of Mato Grosso,
Brazil.
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DNA collected was precipitated, washed with 70% ethanol,
re-suspendedin 50 L of ultrapure water and stored at -20 C.

To confirm the species of the isolates, pairs of primersCNA70A
(5-ATTGCGTCCATGTTACGTGGC-3) and CNA70S(5-ATTGCGTCCACCAAGGAGCTC-3 )
specific for C. neoformanswere used, resulting in amplification
products of 695 bp2,13.

RESULTS

All the brown colonies isolated on NSA medium were
encapsulatedyeast forms, and have been observed in microscopy with
India Ink.All were thermotolerant to 37 C, urease-producing and
inhibited bycycloheximide. In Canavanine-glycine-bromothimol blue
medium (CGB)didnt have color change and this confirmed specie C.
neoformans, as wellas the assimilation of carbohydrates (glucose,
maltose, sucrose, galactose,cellobiose, inositol, xylose,
raffinose, trehalose, dulcitol) and no nitrate

assimilation. All colonies isolated was confirmed by PCR
(PolymeraseChain Reaction) from the use of specific primers.
Further analysis shouldbe performed to investigate the molecular
types of these isolates.

One hundred and twenty-two dry pigeon excreta samples were
chosenat random from different locations (Table 1).

The presence of excreta was detected in the eight groups
evaluated.However, considering the squares, the presence of excreta
was onlyobserved in four of the eleven surveyed. Similarly, in four
of the tenchurches and three of the five schools the same fact was
observed,concomitant presence of pigeons and excreta. According to
the isolation ofC. neoformans, it was possible to determine that
these yeasts were mostlydetected in the pigeon excreta collected
from the residences assessed.

Regarding the different groups evaluated, C. neoformanswas
detectedin one of the four churches, specifically in the tower,
where the presenceof both pigeons and excreta were observed. C.
neoformanswas isolated

in one of the three educational institutions inhabited by
pigeons whereexcreta were also observed. Isolates of C.
neoformanswere similarlyidentified in samples from four of the 23
residences evaluated.

The presence of pigeon excreta was observed in 49 (78%) of the
63sites visited. The presence of these substrata according to the
differentsites is presented in Table 1.

Isolation of C. neoformanswas obtained from six (12.2%) of the
49sites analyzed, where eight (6.6%) out of 122 samples of dried
pigeonexcreta collected were positive.

Two samples collected from the church were positive for
C.neoformans, eight colonies were detected. In the educational
institution, C.neoformanswas detected in only one of the 13 samples
analyzed and in thissample, four colonies were detected. Regarding
the residences, five samplespositive for C. neoformanswere obtained
and 60 colonies were detected.

The identification of C. neoformansisolates was confirmed by
PCRusing specific primers (Fig. 2).

DISCUSSION

The deposition of pigeon excreta (Columba livia) in public
placescan serve as a source of infectious agents of importance for
public health,such as C. neoformans. In this study, certain facts
observed during samplecollection deserve attention: the amount of
excreta obtained was variable,in that frequent cleaning was
observed in several of the public spacesevaluated. Thus, despite
the presence of pigeons, the presence of excretawas not verified at
all the sites selected.

Furthermore, in the majority of the sites visited, there were
nomechanical barriers to prevent access by pigeons, a resource
currentlyused to hinder the approach of pigeons to windows, air
conditioning unitsand other physical barriers.

Table 1Types and number of sites investigated (Groups) and
positivity (%) associated with the presence of Cryptococcus
neoformans in pigeon excreta of environments in

the Cuiab City, State of Mato Grosso, Brazil

Groups/type of location NumberPresence of

excretaSample (n)

Samplepositive

Isolation

absolute relative

n %

Group I: squares 11 5 12 0 0 0.0Group II: churches 10 4 13 2 1/4
25.0

Group III: educational institutions 5 3 13 1 1/3 33.0

Group IV: health units 8 8 20 0 0 0.0

Group V: open areas* 4 4 11 0 0 0.0

Group VI: residences 23 23 44 5 4/23 17.0

Group VII: factories 1 1 3 0 0 0.0

Group VIII: prisons 1 1 6 0 0 0.0

Total 63 49 (78%) 122 8 (6.6%) 6/49 12.2

*with asbestos covering.
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The isolation of virulent strains of the fungus from soil
sampleswas first reported by SILVA & CAPUANO37 in Brazil as
early as 1960.

MACHADO et al.27

also reported recovering this fungus from the soil inan attempt
to correlate the clinical-epidemiological history of
patientssuffering from cryptococcosis in the Santa Casa of Porto
Alegre, in theState of Rio Grande do Sul (RS), Brazil.

In this study, only samples of pigeon excreta were collected,
soilsamples were not included. However, when considering studies
thatexamined samples of pigeon excreta, positivity rates for the
isolation ofthe fungus in Brazil ranged from 4.3 to
31.3%3,6,9,13,16,23,27,28,29,31,34,37,39. Thefindings of this study
show a positivity rate of 12% for C. neoformans,values that are
compatible with the rates of isolation in Brazil previouslyreported
in the literature. Most of the total samples analyzed (44/122)were
from residences, sites which presented expressive positivity
(17%).This finding may represent a risk for the acquisition of
cryptococcosis,

since in several of the evaluated residences the habit of
feeding pigeons byresidents was frequently observed, luring them
and indirectly encouragingthem to reproduce. Food scraps were also
found in these places, reflectingpoor hygiene care in the common
areas of residential estates.

Ten churches were visited and the presence of excreta was
investigatedin four, though positivity for C. neoformanswas
demonstrated only inone. BARONI et al.3 also evaluated the presence
of C. neoformansin ten churches in the City of Rio de Janeiro and
C. neoformans wasfound in every church selected and was present in
37.8% of 219 pigeondropping samples. Samples of excreta were
obtained, in addition to airsamples in church towers and from the
surrounding areas. It is knownthat high summer temperatures can
inhibit the growth of C. neoformans,

possibly due to inactivation of the yeast36,40. Cuiab is known
for its hightemperatures, a factor that should be considered in
relation to the low ratesof detection of C. neoformansin pigeon
excreta at the sites evaluated.

According to BULMER4, the problem is the long viability of
C.neoformansin dried excreta, about two years. Based on this
information,old buildings and towers of old churches can be
considered potentialsources for C. neoformansand should be
periodically evaluated bypublic health authorities. In Cuiab, most
churches are fairly old (over50 years-old) and are considered
historical monuments of the city, whichcompleted 292 years in
2011.

Uninfected pigeon excreta can become infected when exposedto air
containing aerosolized cells of C. neoformans5. Consideringall the
locations where pigeon excreta might be deposited within theurban
areas of Cuiab, the aerial dispersion of cryptococcal
propagulesfrom the positive sites to the surroundings is probably
occurring. The

positivity (12%) rate for the isolation of C. neoformans from
pigeonexcreta detected in this study is in agreement with the
values obtained byLOPEZ-MARTINEZ et al.26, who analyzed 711 samples
from numerousenvironmental sources in Mexico City, including bird
droppings, fruitsand vegetables. They reported the presence of C.
neoformansin 9.5%of excreta samples, 9.5% in fruits and 4.2%
vegetables. In contrast, inanother study in Bogota (Colombia), 480
samples of debris from treesand 89 excreta samples were
investigated. Among the plant samples,99% were characterized as C.
gattiiand 1% as C. neoformans, while inthe excreta samples, only C.
neoformans was isolated12.

Considering the public squares in the present study, the
findings inCuiab contrast with those obtained in Porto Alegre, Rio
Grande do SulState, by REOLON et al.34They affirmed that in all
five squares in which

the investigation of yeasts of the genus Cryptococcuswas
conducted, atotal of 88 samples, positivity was obtained in all 88
(100%) samples. Inour study, 11 squares were evaluated, but it was
not possible to isolateyeasts of the genus Cryptococcus, despite
the presence of excreta in fiveof the squares. The authors who
conducted the study in Porto Alegre didnot mention the period or
season in which the materials were collected,making it virtually
impossible to compare the factors that could interferewith the
isolation of yeasts in cities with very different
bioclimaticconditions, such as Cuiab and Porto Alegre.

In the City of Pelotas, Rio Grande do Sul State, FARIA et
al.9evaluated 70 environments, including squares (n = 1), historic
buildings(n = 8), church towers (n = 1), rice mills and warehouses
(n = 7) andoutdoor locations (n = 9). Considering all these sites,
the isolation of

C. neoformanswas verified in 26.9% (n = 7/26). Among the 14
squaresevaluated in Pelotas, only one had a mean quantity excreta
from which C.neoformans was isolated. The City of Pelotas has no
extreme temperaturesand relative humidity is high. This contrasts
with the bioclimaticconditions of Cuiab, where temperatures in
August, September andOctober, rise considerably and the relative
humidity remains extremelylow, reaching critical levels. Sun light
exposure associated with theclimate of Cuiaba may be critical for
the survival of C. neoformansinopen areas of the city. Moreover the
agent was mainly isolated fromprotected places in Cuiab, such as an
educational institution, a churchand four residences. These
findings reveal the risk of exposure forimmunosuppressed and even
immunocompetent individuals in dailyactivities or living in these
microenvironments. Measures are required to

Fig. 2 - PCR amplification of Cryptococcus neoformans: M, 100 pb
DNA ladder, 1 negativecontrol (NC), 1 positive control (PC) and
sample isolates A1 (church), A2 (educational

institution), A3 (residence 1) and A4 (residence 2).
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reduce the number of birds through the maintenance of adequate
hygiene,aeration, lighting and ventilation1,11. Simply performing
adequate cleaningof such environments could be effective, as well
as not offering food topigeons, particularly in residential
areas.

RESUMO

Primeiro registro de Cryptococcus neoformans em excretas
depombos provenientes de locais pblicos e residenciais de rea

metropolitana de Cuiab, Estado do Mato Grosso, Brasil

A criptococose micose sistmica potencialmente grave causada
porduas espcies do gnero Cryptococcusque acometem tanto homens
comoanimais: Cryptococcus neoformanse C. gattii. So infeces
cosmopolitase emergentes, resultantes da interao do hospedeiro -
humano e animalversusmeio ambiente.A proposta deste trabalho foi
avaliar a ocorrnciade C. neoformansem 122 amostras de excretas
secas de pombos coletadas

em 49 locais na cidade de Cuiab, Estado do Mato Grosso,
Brasil,incluindo: praas pblicas (n = 5), igrejas (n = 4),
instituies de ensino(n = 3), unidades de sade (n = 8), reas abertas
exibindo cobertura deamianto (n = 4), conjuntos residenciais
domiciliares (n = 23), uma fbrica(n = 1) e um presdio (n = 1).
Semeadura de suspenso de amostras emmeio gar niger (NSA),
identificao fenotpica por provas bioqumicase teste em meio de
canavanina-glicina-azul de bromotimol, das colniasisoladas com
pigmentao marrom escura. Foi tambm utilizada a tcnicada reao em
cadeia da polimerase com pares de iniciadores especficospara
identificao de C. neoformans.As amostras foram coletadas dejulho a
dezembro de 2010.Cryptococcus neoformans foi isolado emoito (6,6%)
de 122 amostras correspondendo a seis (12,2%) dos 49
stiosanalisados. Cryptococcus neoformansassociado a excretas de
pombosocorre em reas de Cuiab, predominando em residncias nas
amostras

analisadas, constituindo fator de risco potencial para aquisio
da doenatanto para indivduos imunocomprometidos como
imunocompetentes.
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DISTRIBUTION OF DERMATOPHYTES FROM SOILS OF URBAN AND RURAL
AREASOF CITIES OF PARAIBA STATE, BRAZIL

Zlia Braz Vieira da Silva PONTES(1), Aurylene Carlos de
OLIVEIRA(1), Felipe Queiroga Sarmento GUERRA(1),Luiz Renato de
Arajo PONTES(2) & Jozemar Pereira dos SANTOS(3)

SUMMARY

The dermatophytes, keratinophilic fungi, represent important
microorganisms of the soil microbiota, where there are
cosmopolitanspecies and others with restricted geographic
distribution. The aim of this study was to broaden the knowledge
about the presence ofdermatophytes in soils of urban (empty lots,
schools, slums, squares, beaches and homes) and rural areas and
about the evolution of

their prevalence in soils of varying pH in cities of the four
mesoregions of Paraiba State, Brazil. Soil samples were collected
from 31cities of Paraiba State. Of 212 samples, 62% showed fungal
growth, particularly those from the Mata Paraibana mesoregion
(43.5%),which has a tropical climate, hot and humid. Soil pH varied
from 4.65 to 9.06, with 71% of the growth of dermatophytes
occurringat alkaline pH (7.02 - 9.06) (= 0.000). Of 131 strains
isolated, 57.3% were geophilic species, particularly Trichophyton
terrestre(31.3%) andMycrosporum gypseum(21.4%).M. nanumand T.
ajelloiwere isolated for the first time in Paraiba State. The
zoophilicspecies identified were T. mentagrophytesvar.
mentagrophytes (31.3 %) and T. verrucosum(7.6 %), and T.
tonsuranswas isolated asan anthropophilic species. The soils of
urban areas including empty lots, schools, slums and squares of
cities in the mesoregions ofParaiba State were found to be the most
suitable reservoirs for almost all dermatophytes; their growth may
have been influenced byenvironmental factors, soils with residues
of human and/or animal keratin and alkaline pH.

KEYWORDS:Dermatophytes; Keratinophilic fungi; Soil; pH
conditions; Brazil.

INTRODUCTION

The dermatophytes (Trichophyton,
MicrosporumandEpidermophyton),keratinophilic fungi, represent
important microorganisms of the soilmicrobiota, where there are
cosmopolitan species and others withrestricted geographic
distribution1,2,6,10,17,21. There have been reports ofthe isolation
of T. ajelloi, T. rubrum, T. mentagrophytes, T. verrucosum,T.
terrestre, T. tonsurans, T. simii, T. schoenleinii, M.gypseum,M.
canis,M. audouinii,M. nanum,M. cookeiand/orE. floccosum, from the
soilsof various Brazilian states and locals around the
world8,20,24,25,30,32,34.

The occurrence of fungi in the soil can also be influenced
by

non-biological factors such as soil temperature, humidity,
rainfall,environmental light, climate, chemical composition,
quantity of organicmatter in the soil and pH. Some have a wide
range of tolerance foracidic to alkaline soils2,7,14,16. However,
studies of soil pH in relation tooccurrence of dermatophytes are
uncommon in Brazil.

The study of the diversity of dermatophytes in the soil is
importantbecause changes in the distribution of species of
dermatophytes due toecological factors, socio-economic,
therapeutic, and migration processes

of livestock populations, reflect the epidemiology of
dermatophytosis,which are one of the source infections of the
soil2,3,16,18,31. Thus, the aimof this study was to broaden the
study into the presence of dermatophytesfrom soils of urban and
rural areas of cities of four mesoregions of ParaibaState and the
influence of pH on fungi growth.

MATERIALS AND METHODS

The state of Paraiba is situated in the eastern portion of
NortheastBrazil, with coordinates between 6 and 8 S and between 34
and 38 W;therefore, it is included in the tropical zone. It
comprises an area of 56,372km2 and is divided into four mesoregions
(Mata Paraibana, Borborema,

Agreste Paraibano and Serto Paraibano) and into 23
geographicmicroregions, including a total of 223 cities. In the
Mata Paraibana, thepredominant climate is warm, humid tropical (As)
with an average annualrainfall of 1,800 mm, temperature of 26 C and
relative humidity of 80%.The soils are sandy and muddy, which are
influenced by sea water andhave especially coastal vegetation of
mangrove swamp, rainforest andcerrado. In Borborema, the
predominant climate is semi-arid (Bsh), warmand dry with average
annual rainfall of 500 mm, temperature of 26 C andrelative humidity
of 75%. The soils are shallow stony soil with caatinga
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vegetation. The climate Bsh, together with As are observed in
AgresteParaibano. However, in Serto Paraibano, the predominant
climate is semi-humid (Aw) with an average annual rainfall of 800
mm, temperature of27 C and relative humidity of 70%. In the two
last mesoregions, a slowdevelopment of soils with caatinga
vegetation (Fig. 1)28.

An ecological study was performed with a total of 212 soil
samples.The sampling was non-probabilistic, as it was done by
convenienceand accessibility to the members of the team, taking
into considerationconglomerates of cities in Paraiba mesoregions.
Each mesoregion wasrepresented by a city of great geographical and
population density: JooPessoa for Mata Paraibana, Monteiro for
Borborema, Campina Grandefor Agreste Paraibano and Patos for Serto
Paraibano. The other citieswere randomly included.

Soil samples were selected from urban (empty lots, schools,
slums,squares, homes and beaches) and rural areas of cities. The
samplingsites were selected on the basis of the likely presence of
soil with keratinresidues from humans and animals.

The collection, processing and pH of soil solutions were
accordingto the techniques described by VANBREUSEGHEM33.
Approximately100g of soil at a depth of three to five centimeters
was collected, placedin polyethylene bags and brought to be
processed at the Laboratory ofMycology in the Department of
Pharmaceutic Sciences and Laboratoryof Ceramic, Department of
Mechanical Engineering at the FederalUniversity of Paraiba.

Using a pHmetrer, the pH of each soil sample (20 g) was
measured

Fig. 1 - Location of 31 cities, according to four mesoregions,
soils type, vegetation and climate of the state of Paraba, Brazil.
Adapted from RODRIGUEZ28.
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after dilution in distilled sterile water (20 mL) with 20
minutes of agitationand decantation. Each sample was distributed in
sterile Petri plates,moistened with sterile water (20 mL) and some
sterile human hair stripswere placed over each surface. The plates
were identified and incubated(27-30 C) and from the 5thto the
70thday the hair strips were regularlyobserved with magnifying
glasses for signs of fungal growth. Hair stripswith a development
of prominent fungal growth around them, wereplaced between slide
and cover slid, colored in lactophenol blue cottonand examined in a
microscope (10X and 40X). They were cultivated inSabouraud dextrose
agarmedium with chloramphenicol (0.05 mg mL-1)and in Mycobiotic
agar and incubated at room temperature for anotherminimum period of
two weeks.

The identification of the species was based on macromorphology
andmicromorphology features (slide-culturing) and physiological
tests (ureahydrolysis, in vitrohair perforation, vitamin
requirement and sensitivemedia). The classification was based on
BARNETT & HUNTER5,

REBELL & TAPLIN

27

and HOOG et al.12

.The data were subjected to statistical analysis, which
consisted of

the Binomial test. The process was carried out by computing SPSS
1322,allowing to verify if the dermatophytes growth soil acidic pH
is equalto alkaline pH.

RESULTS

In 31 cities of four mesoregions of the state of Paraiba (Fig.
1), 62%of the growth of dermatophytes occurred in soil with
different pH. Incities from Mata Paraibana, isolations were
observed in 43.5% of samples,where this rate was 84% in the
capital, Joo Pessoa. In cities from SertoParaibano, the isolation
rate was 20.6%, whereas 23.7% in cities from

Agreste Paraibano and 12.2% in cities from Borborema (Table
1).

A total of 131 strains of dermatophytes were isolated, where
57.3%of the geophilic species were identified. T. terrestre(31.3%)
was themost common species, followed by M. gypseum (21.4%), M.
nanum(3%), T. ajelloi(0.8%) andAnthroderma gypsea(0.8%), a
teleomorphform ofM. gypseum, observed in sample soil.M. nanumand T.
ajelloiwere isolated for the first time in Paraiba State. The
zoophilic speciesidentified included T. mentagrophytesvar.
mentagrophytes(31.3%) andT. verrucosum(7.6%). T. tonsurans(3.8%)
was the only anthropophilicspecies isolated. The growth of more
than one fungal species wasobserved in 13 samples (Table 1).

The soils that showed the highest rates of dermatophytes were
those of

urban areas (95%), especially in soils of empty lots (25.2% of
isolations),around schools (22.9%), in slums (21.4%) and squares
(19.8%), comparedto around homes (3.8%) and on beaches (2.3%)
(Table 2).

Dermatophytes developed in a wide pH range: acid to
alkaline(4.65 - 9.06), with 71% in alkaline pH (7.02 - 9.06). T.
terrestredevelops within the pH range of 5.76 - 8.90. T.
mentagrophytesvar.mentagrophytesandM. gypseumdevelop within the pH
range 4.65 -9.06 and 5.77 - 8.31, respectively and T. verrucosumwas
reported fromurban areas at pH 6.65 - 8.05. In acid pH soil, an
inhibition of growthM. nanum, A. gypseaand T. ajelloiwas observed.
The dermatophytesgrowth in soil of alkaline pH was significantly
different from the acidicpH (= 0.000) (Table 3).

DISCUSSION

Studies worldwide have examined various variables, such as
soiltype, pH, climate, temperature, moisture and organic matter
content, andhave revealed the presence of dermatophytes and other
keratinophilicfungi in soil1,3,6,9,14,21,31. In Brazil, there are
few reports on the isolationof dermatophytes in soil, specifically
in the Northeast region16,26,32. Inthe mesoregion of Mata
Paraibana, with an As climate and sandy andmuddy soils28,
dermatophytes were isolated in 43.5% of samples. Aprevious study
reported that 55.7% of 68 soil samples from the city ofJoo
Pessoa-Paraiba State (PB), showed the growth of dermatophytes26.
InBorborema, the isolation rate was 12.2%. This area has a Bsh
climate andshallow rocky soil. In other mesoregions, the lack of
water for prolongedperiods accounts for the slow development of
soil. The distribution ofclimates is related to the geographic
localization, that is, the closer tothe coast the more humid and
the farther from the coast the drier. Thefour mesoregions of
Paraiba have predominantly caatinga vegetation,

except Mata Paraibana

28

. Although the roles of fungi in ecosystems havebeen well
documented, knowledge about their population dynamicsand community
structure and of the diversity of soil fungi is still poor.Further
studies of Paraiba soils are necessary to analyze the changes
andinfluence of variables such as types of climate, soil and
vegetation on thedevelopment of dermatophytes.

The pH range of 7.2 - 8.0 is favorable for the production of
proteolyticenzymes (keratinases) by keratinophilic fungi, which are
necessary fortheir growth, along with other soil conditions15.
However, the results ofthis study indicate the growth of
dermatophytes in acid and alkaline pH,where 71% of isolations were
observed in the alkaline pH range between7.02 and 9.06 (= 0.000).
These results, obtained with different soilsamples, confirm the
importance of pH in the habitat to the occurrence and

distribution of dermatophytes. In acidic soils, there is growth
inhibitionof dermatophytes and other keratinophilic fungi, but
soils that are weaklyacidic to neutral or alkaline are optimal for
their growth 14,16,21,23. In thisinvestigation, in acid pH soils,
the growth ofA. gypseum, M. nanum andT. ajelloiwas inhibited. Some
authors6observed that the frequency ofT. ajelloi(33%) increased
with a decrease in pH, reaching a maximumin strongly acidic
soil.

Eight species of dermatophytes were identified in the soils of
citiesin Paraiba. Of the geophilic species (57.3%), T.
terrestre(31.3%) wasespecially found in soils from squares, empty
lots, schools, slums andbeaches. This variable distribution rate
can be related to the samplingsites, where the presence of people
and animals are frequent, providingresidues of organic matter,
which are essential for the growth of these

fungi. The results obtained are close to those for other cities
in Brazilsuch as: Belo Horizonte and So Paulo29and in soils of
countries such asGermany and Argentina7,21. However, the frequency
of this species waslow in Italy25and India31. T. terrestrehas been
found to be a pathogenparticularly in pets and humans including the
elderly who exhibitcomplications related to immunological
factors25.

Other geophilic species that were isolated included M.
gypseum(21.4%), M. nanum (3%), T. ajelloi (0.8%) and A. gypsea
(0.8%) atalkaline pH, exceptM. gypseum,which also showed growth at
acid pH.Similar results were obtained in soils from the Brazilian
states of Rio deJaneiro (31%)10, So Paulo (30%)29and Bahia
(28.8%)32. However, inRecife, Pernambuco State, 5.6% isolation was
observed for this species
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squares of cities of mesoregions of Paraiba State were found to
be themost suitable reservoirs for almost all dermatophytes. Its
growth mayhave been influenced by environmental factors such as
residues of humanand/or animal keratin and alkaline pH.

RESUMO

Distribuio de dermatfitos isolados de solos de cidades doEstado
da Paraba, Brasil

Os dermatfitos, fungos queratinoflicos, representam
importantesmicrorganismos da microbiota do solo, onde existem
espciescosmopolitas e outras de distribuio geogrfica restrita. Este
estudo tevecomo objetivo ampliar o conhecimento da distribuio de
dermatfitosdo solo proveniente de reas urbanas (terrenos baldios,
escolas, favelas,praas, praias e residncias) e rurais de quatro
mesorregies paraibanase da influncia do pH na adaptao desse grupo
de fungos. Amostras

de solos urbanos e rurais foram coletadas de 31 cidades do
estado daParaba, Brasil. De 212 amostras 62% apresentaram
crescimento fngico,destacando-se a Mesorregio da Mata Paraibana
(43.5%), a qual apresentaclima tropical, quente e mido. O pH das
amostras de solo variou de4.65 a 9.06, com crescimento de 71% dos
dermatfitos em pH alcalino(7.02 - 9.06) (= 0.000). Das 131 cepas
isoladas 57.3% eram espciesgeoflicas, destacando-se Trichophyton
terrestre(31.3%) eMicrosporumgypseum(21.4%).M. nanume T.
ajelloiforam isolados pela primeiravez no estado da Paraba. Entre
as espcies zooflicas foram identificadasT. mentagrophytesvar.
mentagrophytes (31.3%) e T. verrucosum(7.6%)e como espcie
antropoflica foi isolada T. tonsurans. Os solos deterrenos baldios,
escolas, favelas e praas de cidades paraibanas so osreservatrios
mais adequados dos dermatfitos, cujo crescimento pode tersido
influenciado por fatores ambientais, solos com resduos de
queratina

humana e ou animal e pH alcalino.
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of C. albicans from hospitalized patients by using the RAPD
andmicrosatellites assays.

MATERIAL AND METHODS

Microorganisms: A total of 39 strains of C. albicans
isolatedfrom different sources of patients hospitalized at
University Hospitalof Maringa in 2009, were used in this study. The
yeasts were screenedin chromogenic media CHROMagar Candida and
identified byconventional phenotypic methods (germ tube,
microculture in cornmealagar supplemented with 1% Tween 80,
auxanogram and zymogram test)39.

Yeasts were taken from the following sources: urine 51.5% (N =
20),blood 20.5% (N = 8), catheter tip 15.5% (N = 6), orotracheal
discharge10% (N = 4) and peritoneal fluid 2.5% (N = 1). Regarding
hospital sectors,49% (N = 19) were isolated from adult Intensive
Care Unit (ICU), 18%(N = 7) medical clinic, 13% (N = 5) pediatrics,
7.5% (N = 3) Neonatal

Intensive Care Unit (NICU), 5% (N = 2) surgical clinic and 7.5%
(N =3) pediatric ICU.

DNA Extraction: The yeast strains were grown overnight at 25
Cusing Sabouraud Dextrose Broth (SDB, Difco, USA) and genomic
DNAextracted as described by CHONG et al.12. The concentration (260
nm)and purity (260/280) of the genomic DNA obtained were determined
byoptical density in a spectrophotometer, the visualization was
made outin agarose gel at 0.7% with 1X TBE buffer (Tris-base 90
mmol l-1, Boricacid 90 mmol l-1, EDTA 2 mmol l-1pH 8.0).

Nested-PCR: Identification of yeasts was confirmed by Nested-PCR
which comprised two amplification stages, according to LUO
&MITCHELL23. Briefly, primers that amplified Internal
Transcribed Spacer

(ITS) fragments of DNAr and identified the genus Candida were
usedin the first reaction. Amplification of species specific
primers was usedin the second reaction.

RAPD (Random Amplified Polymorphic DNA): RAPD wasperformed using
the kitReady-To-GoRAPDAnalysis Beads(AmershamBiosciences
Corporation, Piscataway, NJ, USA) as described by themanufacturer.
The RAPD reactions were performed by adding 30 ng ofgenomic DNA,
one mol l-1oligonucleotide and water for a final volume of25 L to
each tube containingReady-To-Go beads. The oligonucleotidesused
were M2 (5-CTTGATTGCC-3)25and P4 (5-AAGAGCCCGT-3- Analysis Kit
Ready-To-Go/RAPD Beads). The reaction was conductedin a in a
Eppendorf Mastercycler Gradient Thermocycleras follows: 95C for
five min, followed by 45 cycles consisting of 95 C for one min,

36 C for one min and 72 C for five min. Control tubes without
templateDNA were included in each run and reproducibility of the
method waschecked by repeating the amplification using different
DNA extractionsfrom two isolates and at least three different
days.

The PCR products were electrophoresed in 2% agarose gel (w/v)
in1X TBE buffer at 150 volts for three hours. Amplicons in the gel
werestained with ethidium bromide (0.5 mg mL -1) and visualized
underUV transillumination (UVP Bioimaging Systems, Upland, CA).
TheRAPD profiles were analyzed using Bionumericssoftware version
4.6(Applied Maths).

The similarity was verified by the coefficient (SAB

) between eachpair of standards for A and B isolates and
calculated with the formulaS

AB= 2E / (2E + a + b),whereEis the number of common bands in

the patterns A and B, ais the number of bands with an a pattern
and noB correlated patterns, and bis the number of bands withB
pattern and

no correlation in pattern A. From the similarity matrix, the
units weregrouped by UPGMA (Unweighted Pair-Group Method with
ArithmeticalAverage). An S

ABvalue of 1.00 indicates that the pattern of bands for line

A is identical to B; values between 0.80 to 0.99 represent very
similarclinical isolates but not identical, and may suggest
microevolution ofa single strain; S

ABvalues less than 0.80 represent independent lines12.

Microsatellites: Samples were genotyped using two
microsatellitemarkers, CDC3 and HIS3, whose primer sequences were
shown in Table1, and all technical procedure was performed as
described by BOTTERELet al.7. The amplification products were
analyzed by electrophoresis inpolyacrylamide gel at 8% (w/v) in 1X
TBE buffer for five hours at 140volts. For the determination of the
sizes of the fragments we used themolecular size marker 25 bp
(Invitrogen). After the run, the gel was

stained with ethidium bromide (0.5 mg mL-1

) and photodocumentedunder UV transillumination (UVP Bioimaging
Systems, Upland, CA).The size of the amplified fragments was
determined by image analysissoftware LabImage 1D (Loccus
Biotech).

The results were expressed according to the tested locus name
andsize of the two alleles observed in base pairs. The
reproducibility of thisstep was ensured by the inclusion of
analysis of a strain ofC. albicansATCC 38696 which provided
repeatable and consistent results with thoseobtained by BOTTEREL et
al.7.

RESULTS

Analysis by Nested-PCR: Amplifications with primers
ITS1/ITS4

Table 1Primers used for genotyping of C. albicans isolates by
Microsatellite and RAPD

Locus(GenBank access number), chromosome Primer Nucleotide
sequence (forward and reverse)

Microsatellite

CDC3 (Z25869), chromosome 1
CDC35-CAGATGATTTTTTGTATGAGAAGAA-35-CAGTCACAAGATTAAAATGTTCAAG-3

HIS3(AF006605), chromosome 2
HIS35-TGGCAAAAATGATATTCCAA-35-TACACTATGCCCCAAACACA-3

RAPD- P4 5-AAGAGCCCGT-3

- M2 5-CTTGATTGCC-3
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DISCUSSION

RAPD and microsatellite analysis were able to show
similarityamong C. albicans isolates recovered from a hospital.
Microsatelliteanalysis supplied a good DP with markers used, it
allowed formation ofvarious genotypes grouping samples, confirming
the similarity betweenthem, which reinforces the interpretation of
the data found in RAPD.Additionally, it was possible to prove the
high similarity (100%) of

the same yeast which was from colonization (urinary catheter,
trachealsecretions) and later detected in blood cultures from the
same patient.

The RAPD results showed SAB

values of 0.84 0.126 for the primerM2 and S

AB0.88 0.08 for P4 (Fig. 1 and 2). It is important to
highlight

that the strains that are considered identical by a primer are
not alwaysnecessarily also considered identical or belong to the
same cluster whenanalyzed by another primer. This should be
referred as a limitation of thetechnique, nevertheless according to
CHONG et al.12the values found,in RAPD, indicate high similarity
between the isolates.

In microsatellite analysis we were able to verify the presence
of sixdifferent alleles with the primer CDC3 and seven alleles with
primerHIS3, of which 113bp, 117bp, 125bp, 150bp, 154bp, 158bp and
162bp

have already been recognized by other authors1,6,7. These
primers amplifymicrosatellite regions highly polymorphic for C.
albicans.Moreover,these regions are stable over generations and
were chosen because theyare located on different chromosomes, which
increase the chances offinding polymorphisms7. The discriminatory
power (DP) found usingmarkers CDC3andHIS3, was 0.85 and 0.90
respectively. These resultsand especially the combined value of DP
(0.91) are considered by severalauthors as reliable studies of
molecular typing7,22. The data presented inTable 2 show the
prevalence of genotypes (D, E, F, M), however, thereis no relation
with sites of isolation of yeasts. This type of observationhas
already been described in another study using the same
genotypingtechnique2. Finally, by putting together epidemiological
data (Fig. 1 and2, Table 2), it is possible to observe the
formation of groups with high

similarity (90-100%). These are mostly from patients
hospitalized in ICUwhere the evidence of common origin is of great
importance. Accordingto AL-KARAAWI et al.2, the clinical isolates
of C. albicanstend to begenetically similar to each other if they
were isolates from patients with asimilar profile, as those
interned in ICU. CHAVES et al.10recently showedthat candidemic
patients had highly related microsatellites genotype incolonizing
and bloodstream isolates. However, it should be noted thatthe
detection of yeasts highly similar in our study was not
associated

with hospital unit. The same profile was found in various
hospital areassuch as pediatric and internal medicine. These data
reinforce that mostC. albicans infections are from endogenous
sources. They should alsosuggest that these strains may be
circulating in the various units, but notcharacterizing the
occurrence of outbreaks.

Although the infection of different patients from different
sectors withyeasts of the same genetic profile insinuates
cross-transmission17,19, highsimilarity among samples suggests an
adaptation to the environmentalconditions, thus characterizing
microevolutions28. Five (14.70%) of allpatients enrolled in this
study are particularly interesting since C. albicanswere isolated
from different sites. In all cases the analysis confirmed thatthe
clinical isolates were identical to each other (Table 3) indicating
themigration of yeasts from colonization (urine catheters, tracheal
secretion)

into the blood, suggesting the source of systemic infection.
This resultindicates that each isolated pair has genotypic
identity, suggestingclonal origin. This fact has been demonstrated
by molecular typing, inseveral studies10,24,29,37and helps confirm
that previous colonization is animportant predisposing factor for
systemic infection.

Despite the small number of samples analyzed, this study
contributeswith the understanding on epidemiology of fungal
infections in hospitals.The analyzed data allow us to conclude that
both techniques generatedreproducible profiles showing similarity
among the isolates. Thesetechniques are suitable for
epidemiological molecular studies of C.albicansand can be applied
in larger populations. The good performanceof these techniques
allows its use for genotyping of outbreaks of hospital

Table 3Similarity by Random Amplified Polymorphic DNA and
genotype by Microsatellite of Candida albicansisolated in two
sources from a same patient

Patient Source Genotype RAPDCDC3(bp)

HIS3(bp)

SAB

Primer M2 SAB

Primer P4

11B Catheter tip 137:121 158:162 1.00 1.00

1A Blood 137:121 158:162 1.00 1.00

22B TOT 129:125 150:194 1.00 1.00

2A Blood 129:125 150:194 1.00 1.00

33B Catheter tip 129:125 150:162 1.00 1.00

3A Blood 129:125 150:162 1.00 1.00

44B Urine 129:121 158:158 1.00 1.00

4A Blood 129:121 158:158 1.00 1.00

55A TOT 129:121 158:158 1.00 1.00

5B Catheter tip 129:121 158:158 1.00 1.00

TOT: endotracheal aspirate.
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origin or not, and characterization of isolates from different
sites,including recurrent infections such as vulvovaginal
candidiasis andinvestigations before and after treatments.
Knowledge of the relationshipof clinical isolates involved in
infections is extremely important for thedevelopment and
application of the correct therapeutic strategy and tobetter
understand the epidemiology of these infections.

RESUMO

Tipagem molecular de Candida albicansisoladas de
pacienteshospitalizados

Introduo: A maioria das infeces fngicas hospitalares socausadas
por Candidaspp. e C. albicans a espcie mais comumenteidentificada.
Mtodos moleculares so ferramentas importantes para aavaliao da
origem das leveduras isoladas em hospitais. Mtodos:Este um estudo
sobre o perfil gentico de 39 isolados clnicos nosocomiais

de C. albicansatravs das tcnicas de RAPD e microssatlite,
foramusados dois diferentes iniciadores para cada tcnica.
Resultados:RAPD forneceu 10 e 11 diferentes perfis com valores de
SAB 0,84 0,126 e 0,88 0,08 para osprimersM2 e P4, respectivamente.
A anlisede microssatlites, usando os marcadores CDC3 e HIS3permitiu
aobservao de seis e sete diferentes alelos respectivamente, com
poderdiscriminatrio combinado de 0,91. Concluses:Embora seja clara
avariabilidade gentica, foi possvel identificar alta similaridade,
sugerindoorigem comum para pelo menos parte deles. importante
enfatizar quefoi comprovada origem comum de leveduras isoladas de
colonizao(urina, cateter ou secreo orotraqueal) e hemocultura do
mesmopaciente, indicando que a candidemia deve ter iniciado a
partir de umstio de colonizao. A combinao das tcnicas RAPD e
microssatlitesfornece uma anlise rpida e eficiente para investigao
de similaridade

entre isolados nosocomiais de C. albicans.
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