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Fungi of the Alternaria genus are mostly associated with
allergic diseases. However, with a growing number of
immunocompromised patients, these fungi, with A. alter-
nata being the most prevalent one, are increasingly rec-
ognized as etiological agents of infections (phaeohypho-
mycoses) in humans. Nowadays, identification of Alter-
naria spp. requires their pure culture and is solely based
on morphological criteria. Clinically, Alternaria infections
may be indistinguishable from other fungal diseases.
Therefore, a diagnostic result is often delayed or even
not achieved at all. In this paper we present easy to
perform and interpret PCR and real-time PCR assays en-
abling detection of A. alternata species. On the basis of
alignment of B-tubulin gene sequences, A. alternata-spe-
cific primers were designed. DNA from fungal isolates,
extracted in a two-step procedure, were used in PCR
and real-time PCR assays followed by electrophoresis or

specificity was confirmed, since positive results were o
tained for all A. alternata isolates, and no positive result

were obtained neither for other molds, dermatopaes,
I

melting temperature analysis, respectively. The assay;
ts Z

yeast-like fungi, nor human DNA. The assays deve
here enable fast and unambiguous identificatio
ternata pathogens.

time PCR
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INTRODUCTION

Phaeohyphomycosis is Qof opportunistic infec-
tions caused by dematiaegous® molds, which are distrib-
uted worldwide as pla QQogens, usually considered
as rare human pathegenst However, due to the grow-
ing population of immtinocompromised patients, these
fungi are increasingly recognized as etiological agents of
human infections. Alternaria is a very large and complex
genus that contains hundreds of species of dematiaceous
hyphomycetes. The exact number of species is difficult
to estimate because of the proliferation of nomenclature
of dubious taxonomic validity (Pastor & Guarro, 2008).
Many species are common saprophytes in soil and air;
some are involved in organic matter decay while others
are plant pathogens (de Hoog ez al, 2000).

Alternaria species are mostly associated with hypersen-
sitivity pneumonitis, bronchial asthma, allergic sinusitis
and rhinitis (Shugar e a/, 1981; Bush & Prochnau, 2004;
Pant e al, 2005; Stark et al., 2005; Pulimood ez al., 2007,
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Chowdhary er al, 2012). Less %monly, these fungi
have been reported as causesfof other infections includ-
ing ocular infections (Laic % 2008; Konidaris e al,
2013), meningoencephalit%\d arachnoiditis  (Silveira
et al., 2013), sinusitis (Resic™e al, 2015), granulomatous
pulmonary disease et al, 1979), onychomycosis
(Gianni ez al., 1997, Romano e# al, 2001), cutaneous in-
fections (Lyke et al, 2001; Pereiro et al., 2004; Calabro et
al., 2008; Gom al., 2011; Bras et al, 2015) and sub-
cutaneous infectigns (Kpodzo e al, 2011; Salido-Vallejo
et al, 2014), ahd disseminated diseases (Kucan & Hall,

1985; Rewankar e/ afl, 2002). Among Alternaria spp.,
A. a/z‘em&has been the most frequently isolated spe-
cies fr II' types of infections. However, identification

to t ies level has been only performed sporadically
P & Guarro, 2008).
identification of Alfernaria species is solely based
orphological criteria, especially size and shape of
conidia and the presence (or absence) of conidial chains.
Culture is regarded as mandatory for the correct identi-
fication of Alternaria spp., which grow on most routine
laboratory media, although the clinically important spe-
cies very quickly lose their ability to sporulate (Pastor
& Guarro, 2008). Clinically, phacohyphomycosis caused
by Alternaria may be difficult to recognize. Lesions ap-
pear as non-healing ulcers, crusted lesions, erythematous
macules, or subcutaneous nodules. Histopathologically,
thick-walled (sub)spherical elements 10—15 um in diame-
ter or short chains of oblong cells may be observed. The
rounded elements are mostly unpigmented, and therefore
Alternaria infection is sometimes misdiagnosed as yeast
infection or blastomycosis (de Hoog & Horré, 2002).

Moteover, the Ulocladinm genus is morphological-
ly very similar to Alfernaria and has been also involved
in human diseases, although remarkably less frequently
(Duran ez al, 2003; Romano e al., 2004; Badenoch et al.,
20006). Ulocladinm can be distinguished morphologically
from _Alternaria only upon the observation of young co-
nidia (Pastor & Guarro, 2008).

Cutrent trends in diagnostics are moving towards
high-throughput and simple molecular technologies that
provide data regarding types of organisms present in a
sample. As a result of these developments, infectious
diseases will be more accurately and effectively treated.
PCR is a method of 7z vitro DNA amplification that re-
lies on knowledge of at least partial sequences of the tar-
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get DNA which atre used to design oligonucleotide prim-
ers that hybridize specifically to the target sequences. A
significant advancement in PCR technology is quantita-
tive real-time PCR, in which amplification and detection
of amplicons are coupled in a single reaction vessel. Re-
al-time PCR represents a major breakthrough according
to clinical applicability since it eliminates the need for
post-amplification processing needed in conventional
PCR (Yang & Rothman, 2004).

In this paper we present PCR and real-time PCR-
based assays developed for the detection of A. alternata
species.

MATERIALS AND METHODS

Strains and isolates. In the present study, we used
a total of 213 fungal strains and isolates, representing
99 fungal species (Table 1). The strains were obtained
from international culture collections (CBS-KNAW Fun-
gal Biodiversity Centre; BCCM/IHEM Biomedical Fungi
and Yeasts Collection — Belgian Coordinated Collections
of Microorganisms; Leibniz Institute DSMZ — German
Collection of Microorganisms and Cell Cultures); isolates
were obtained from the Molecular Biotechnology and
Microbiology Department (MBMD) collection of fun-
gi (Gdansk University of Technology, Gdansk, Poland).
Identification of all MBMD isolates was performed by
observation of macro- and micromorphology, and then
confirmed by sequencing of the ITS region (White e al,
1990).

DNA extraction. Strains and isolates were cultured
on Sabouraud medium (BTL, 1L6dz, Poland) and in-
cubated for up to 14 days at room temperature. DNA
from fungal samples (pieces of mycelium of 3-5 mm in
diameter) was extracted by a 10-min incubation of the
sample in 100 ul of extraction buffer (60 mM soditm
bicarbonate [NaHCO,], 250 mM potassium chlotide
[KCI] and 50 mM Tris, pH 9.5) at 95°C and subsequent
addition of 100 upl of anti-inhibition buffer (2%3bovine
serum albumin). After 3 s vortex mixing, this DNA:con-
taining solution was used for PCR (Brillowska=Dabrows-
ka et al, 2010). All reagents for DNA extraction were
purchased from Sigma-Aldrich (Seelze, Gérmany).

Alternaria alternata-specific PCR{ and real-time
PCR assay. On the basis of alignment (VectorNTT; In-
forMax, Inc.) of B-tubulin gene sequénées deposited in
the NCBI nucleotide database, A#egnaria alternata-specific
primers AaltFor (5> GTGCCTTCCCCCAAGGTCTCCG
3) and AaltRev (5° CGGAAACGAGGTGGTTCAG-
GTC 3’) were designed. Primets were then synthesized
by Genomed (Warsaw, Paland).

PCR mixtures, 20 pmcach, consisted of 10 ul of 2x
PCR Master Mix Plus, High GC (A&A Biotechnology,
Gdynia, Poland), 0.l\ul*of each primer (AaltFor, Aal-
tRev) at 100 uM,"and 2 pl of DNA. PCR was performed
in a 5345 Mastercycler ep gradient S (Eppendorf, Ham-
burg, Germany). The time-temperature profile included
initial denaturation for 3 min at 94°C followed by 35 cy-
cles of 30 s at 94°C, and 60 s at 72°C. The presence of
amplicons was examined electrophoretically on 2% aga-
rose gels, stained with ethidium bromide.

Real-time PCR mixtures, 20 ul each, consisted of
10 wl of 2x PCR Master Mix SYBR C (A&A Biotech-
nology, Poland), 0.1 ul of each primer (AaltFor, Aal-
tRev) at 100 uM, and 2 pl of DNA. Real-time PCR was
performed in a LightCycler® Nano Instrument (Roche,
Basel, Switzerland). The cycling conditions included an
initial denaturation for 3 min at 95°C followed by 35 cy-

Figure 1. Example of Alternaria alternata-specific PCR product
analysis.

M, molecular size marker (fragment sizes 500, 400, 300, 200 and
100 bp); results of Alternaria alternata-specific PCR performed for
1-4, A. alternata (environmentalliselates); 5, A. tenuissima; 6-7,
A. alternata (animal-derived isolates); 8-10, A. brassicae; C, nega-
tive control.

cles of 15 s at 94°C, and 30 s at 72°C. The presence of
amplicons was examined upon melting temperature anal-
ysis (60°C to 97°CJat 0.1°C/s ramp rate), that followed
cycling.

RESULTS,

Alternaria alternata-specific PCR assay results

A /184-bp PCR product corresponding to A. alterna-
famwas observed for all 16 A. alternata DNA samples.
No/PCR products were detected for cither 4 Alternaria
non-alternata isolates, 99 other mold isolates, 65 derma-
tophyte isolates, 30 yeast-like isolates or human DNA
(100% sensitivity and 100% specificity) (Fig. 1).

Alternaria alternata-specific real-time PCR assay results

The same results were obtained when real-time PCR
was applied, as amplicon of T, = 88.05£0.17°C (Ct=
26.5411.37), corresponding to A. alternata, was observed
only for 16 A. alternata DNA samples and not for any
other fungal or human DNA samples (Fig. 2).

DISCUSSION

At present, diagnostics of opportunistic fungal infec-
tions still relays on the evaluation of macro- and micro-
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Figure 2. Example of Alternaria alternata-specific real-time PCR
product melting temperature analysis performed for

1-3, A. alternata (environmental isolates); 4-5, A. alternata (animal-
derived isolates); 6, A. tenuissima; 7-9, A. brassicae; C, negative
control.
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Table 1. DNA used in the study.

molds

Organism Collection No. of Strains/Isolates

Alternaria alternata j ,,,,,,,,,,,,,,,,,,,,,
A. brassicae 3 """""""""""
A. tenuissima ) . T 1 """""""""""
Acremonium charticola MBMD (animal-derived isolates) =~ - L
A kiliense U ;o
A strictum 1 """""""""""
Aspergillus clav;tus 2 """""""""""
A. flavus 3
A. fumigatus 8 """""""""""
A nidulans 1 """""""""""
A. niger 2 """""""""""
A versicolor 1 """""""""""
Cladosporium c);dosporioides 3 """""""""""
C. herbarum MBMD (environmentaltisolates) 2 """"""""""""""
C macrocarpun; Y 1 """""""""""
Fusarium culmc;;um """"""""""" 1 """""""""""
F. discolor I O 2 1 """""""""""
F. oxysporum 2 """""""""""
F. proliferatum & 1 """""""""""
F. solani 2 """""""""""
Microascus albonigrescens GBS 1
M. cinereus CBS,|HEM 2
M. cirrosus 1
M. longirostris T e 1 """""""""""
M. manginii N 1 """""""""""
M. senegalensism """"""""""" 1 """""""""""
M. singularis e, 1
M. stoveri  UNL 1 """""""""""
M. trigonospord; var. terreus 80 4 ;T
Mm. trigonospord; varmacrodedrg ,
M. trigonospord; var. trigdgsporus T 1
Mucor racemos;s 2
M. circinelloide§ N D 1 """""""""""
Ochrocladospor}bm datum 1 """""""""""
Penicilligm <gry®dgenum ;T
P. carneum T 1 """""""""""
P. chrysogenumm 2 """""""""""

MBMD (environmental isolates)
P. commune 2
P. crustosum 1 """""""""""
P. digitatum 1 """""""""""
P. glabrum 2 """""""""""
. hirsutum 1 """""""""""
p. italicum 1 """""""""""
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dermatophytes

P. melinii ;
P.paneum 1 ,,,,,,,,,,,,,,,,,,,,,,
P.polonicum 3 ,,,,,,,,,,,,,,,,,,,,,,
P. verrucosum 1 ,,,,,,,,,,,,,,,,,,,,,,
Penicillium sp. 1 """""""""""
Phoma herbarurrrrrym 2 ,,,,,,,,,,,,,,,,,,,,,,
Pleospora papa;é;acea """""""""""""""""""" 1 rrrrrrrrrrrrrrrrrrrrrr
Rhizopus oligos;&}us rrrrrrrrrrrrrrrrrrrrrrrrr e
R. oryzae o
Scopulariopsis é&émonium 777777 DSM 1
s. asperula CBS, IHEM S
777777777777 CBS 5

S. brevicaulis WMBMD (animal—derived”irsolates) 5
V”MBMD (human-derivedr}solate) T

s. brumptii S
s. canadensis S, L
s. carbonaria SN, 1 ,,,,,,,,,,,,,,,,,,,,,,
s. chartarum ags LT S
s. coprophila T L
s. fava 4N~ 1 ,,,,,,,,,,,,,,,,,,,,,,
s. fusea CBS, IHEM ,
s. gracis L
s konigi Yy S
s. marina ases e 1 ,,,,,,,,,,,,,,,,,,,,,,
s.pava N 1 ,,,,,,,,,,,,,,,,,,,,,,
Trichoderma Virﬁ&e 777777 .
Ulocladium cha;f;}um 777777 MBMD (environmental isolates) 1 """""""""""
u. tuberculaturﬁ rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 1 ,,,,,,,,,,,,,,,,,,,,,,
EPidermophytoﬁ”hbccosum 777777 S
Microsporum alrlrcrfrtr)ruinii rrrrrrrrrrrrrrrrrrrrrr 5 ,,,,,,,,,,,,,,,,,,,,,,
M. canis 3 ,,,,,,,,,,,,,,,,,,,,,,
M. gypseum L, 5 ,,,,,,,,,,,,,,,,,,,,,,
M. nanum (2. 1 ,,,,,,,,,,,,,,,,,,,,,,
M. persicolor s
Trichophyton eé,l,l,l;r,mm """""""""""""" ;T
T. erinacei 2 """""""""""
T.interdigitald, , MBMD (human-derived isolates) s
T. mentaglophytes T S
T. rubrum s
T. schoenleinii A
T. soudanense e
T. terrestrae o
T. tonsurans g
T verrucosum 5 ,,,,,,,,,,,,,,,,,,,,,,

T. violaceum

w
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Candida albicans MBMD (human-derived isolates) 7
C. catenulata 1
C. glabrata 3
C. guillermondii 1
C. kefyr 2
C. krusei 1

2

§ C. magnoliae 1

>
C. parapsilosis 5
C. tropicalis 5
C. utilis 1
Geotrichum sp. 1
Rhodotorula mucilaginosa MBMD (environmental isolates) 1
Saccharomyces cerevisiae 1

c

©

g MBMD 1

T

morphology. Identification of A. alternata in pure culture,
based on morphological criteria, remains useful since the
features of conidia are quite characteristic. However, di-
agnosis upon histopathological examination of altered
tissues is particularly challenging since phaeohyphomy-
cosis caused by Alternaria fungi is difficult to distinguish
from yeast infections or blastomycosis (de Hoog & Hor-
ré, 2002).

Basic Local Alignment Search Tool (BLAST) enables
comparison of nucleotide sequences (mostly tDNA) “of
a given unidentified fungus with those deposited previ-
ously in GenBank in order to find regions of similarity
among sequences. However, an important problem Jlies
in the fact that sequences within GenBank dré depos-
ited without strict quality control of species ‘identifica-
tion, and some sequences have therefore bechudeposited
under erroneous names. In the case of H/lemaria, it has
been estimated that about 14% of thersequences depos-
ited in GenBank are misidentified. Moteover, analysis of
internal transcribed spacer (ITS), reégion sequences has
demonstrated that A. /fongipes and, _A." tenuissima cannot
be differentiated from A. alteiata (de Hoog & Horré,
2002). Therefore, although the'method is useful, it is im-
portant to ensure that unkfown sequences are compared
with the sequences of gefercfice strains that have been
identified by experts.

In addition, de, Hoeg and Horré have developed a
procedure to distinguish Alternaria and Ulocladium spp.,
based on a PCR-RFLP (de Hoog & Horré, 2002). How-
ever, this method is laborious and time-consuming, thus
making it unlikely to be implemented in routine labora-
tory diagnostics.

All this underlines a need for the development of new
methods that would provide simple, rapid and highly
specific identification of A. alternata. In this study, we
present PCR and real-time PCR-based assays that al-
low species-specific detection of A. alternata within few
hours. The developed assays are rapid, easy to perform
and interpret, and can serve as useful adjunct tools for
the identification of A. alfernata infections. An import-
ant advantage of the assays is that the applied DNA

extraction pgocedure has a potential to extract DNA di-
rectly from clihical specimens (nails, skin scrapings etc.)
thus sighificantly reducing the time of diagnosis (Bril-
lowskasDabrowska e al, 2010). However, to confirm
the didgpostic accuracy of the developed assays, further
stidies are needed.

Acknowledgements

The authors wish to express their thanks to I
Dabrowska, MSc from the Department of Preclinical
Sciences of Warsaw University of Life Sciences (Poland)
for the identification and delivery of A. alfernata animal-
derived isolates.

This study was in part financed by the Gdansk Uni-
versity of Technology PhD student mini-grant to MK.

REFERENCES

Badenoch PR, Halliday CL, Ellis DH, Billing KJ, Mills RA (2006) Ul-
cladinm atrum keratitis. | Clin Microbiol 44: 1190-1193. http://dx.doi.
org/10.1128/JCM.44.3.1190-1193.2006.

Bras S, Sabino R, Laureano A, Simées H, Fernandes C, Marques-Pinto
G, Cardoso ], Verissimo C (2015) Cutaneous infection by different
Alternaria species in a liver transplant recipient. Med Myco/ Case Rep
8: 1-4. http://dx.doi.org/10.1016/j.mmcr.2015.01.004.

Brillowska-Dabrowska A, Nielsen SS, Nielsen HV, Arendrup MC
(2010) Optimized 5-h multiplex PCR test for the detection of tinea
unguium: performance in a routine PCR laboratory. Med Mycol 48:
828-831. http://dx.doi.org/10.3109/13693780903531579.

Bush RK, Prochnau JJ (2004) Alternaria-induced asthma. | Allergy Clin
Immnnol 113: 227-234. http://dx.doi.org/10.1016/].jaci.2003.11.023.

Calabro G, Nino M, Gallo L, Scalvenzi M (2008) Cutaneous alternatio-
sis in a kidney transplantation recipient: report of a case. | Dermatolog
Treat 19: 246-248. http://dx.doi.org/10.1080/09546630701713485.

Chowdhary A, Agarwal K, Randhawa HS, Kathuria S, Gaur SN, Na-
jafzadeh MJ, Roy P, Arora N, Khanna G, Meis JF (2012) A rare
case of allergic bronchopulmonary mycosis caused by Alermaria al-
ternata. Med Mycol 50: 890-896. http://dx.doi.org/10.3109/1369378
6.2012.682320.

de Hoog GS, Guarro J, Gené J, Figueras MJ (2000) A#las of clinical fun-
2, 2nd edn. The Netherlands: Centraalbureau voor Schimmelcultures.

de Hoog GS, Horré R (2002) Molecular taxonomy of the Alernaria
and Ulscladinm species from humans and their identification in the
routine laboratory. Mycoses 45: 259-276. http://dx.doi.org/10.1046/
j.1439-0507.2002.00747 x.



6 M. Kordalewska and others

2015

Duran MT, Del Pozo ], Yebra MT, Crespo MG, Paniagua M],
Cabezon MA, Guarro ] (2003) Cutaneous infection caused
by Ulocladinm  chartarnm in a heart transplant recipient: case re-
port and review. Acta Derm Venereol 83: 218-221. http://dx.doi.
org/10.1080/00015550310007256.

Gianni C, Cerri A, Crosti C (1997) Ungual phacohyphomycosis
caused by Alternaria alternata. Mycoses 40: 219-221. http://dx.doi.
org/10.1111/7.1439-0507.1997.tb00218.x.

Gomes ], Vilarinho C, Duarte Mda L, Brito C (2011) Cutaneous
phaeohyphomycosis caused by Alternaria alternata unresponsive to
itraconazole treatment. Case Rep Dermatol Med 2011: 385803. http://
dx.doi.org/10.1155/2011/385803.

Konidaris V, Mersinoglou A, Vyzantiadis TA, Papadopoulou D, Bob-
oridis KG, Ekonomidis P (2013) Corneal Transplant Infection due
to Alternaria alternata: A Case Report. Case Rep Ophthalmol Med 2013:
589620. http://dx.doi.org/10.1155/2013/589620.

Kpodzo DS, Calderwood MS, Ruchelsman DE, Abramson JS, Piris A,
Winograd JM, Kotton CN (2011) Primary subcutanecous Alternaria
alternata infection of the hand in an immunocompromised host. Med
Mycol 49: 543-547. http://dx.doi.org/10.3109/13693786.2011.55584
8.

Kucan JO, Hall S (1985) Alternaria burn wound sepsis. | Burn Care Re-
habil 6: 501-502. http://dx.doi.org/10.1097/00004630-198511000-
00009.

Laich FS, Alcoba-Flérez |, Pérez-Roth E, Bahaya Y, Delgado JL,
Méndez-Alvarez S (2008) Molecular characterization of _Alternar-
ia alternata causing ocular infection: detection of IGS-RFLP in-
traspecific polymorphism. Med Myco/ 46: 615-619. http://dx.doi.
org/10.1080/13693780801946593.

Lobritz RW, Roberts TH, Marraro RV, Carlton PK, Thorp D]J
(1979) Granulomatous pulmonary disease secondary to Ak
tornaria.  JAMA  241:  596-597.  htp://dx.doi.org/10.1001/
jama.1979.03290320038028.

Lyke KE, Miller NS, Towne L, Merz WG (2001) A case of cutaneous
ulcerative alternariosis: rare association with diabetes mellitus and
unusual failure of itraconazole treatment. Clin Infect Dis 32: 1178—
1187. http://dx.doi.org/10.1086/319751.

Pant H, Kette FE, Smith WB, Wormald PJ, Macardle PJ (2005) Fun-
gal-specific humoral response in eosinophilic mucus chronic rhi-
nosinusitis. Laryngoscgpe 115: 601-606. http://dx.doi.org/10.1097/01.
mlg.0000161341.00258.54.

Pastor FJ], Guatro | (2008) Alternaria infections: laboratory diagno-
sis and relevant clinical features. Clin Microbiol Infect 14: 734-746.
http://dx.doi.org/10.1111/1.1469-0691.2008.02024.x.

Pereiro M Jr, Pereiro Ferreirs MM, de Hoog GS, Toribio ] (2004)
Cutaneous infection caused by Alfernaria in patients receivingdtacro-
limus. Med Myco/ 42: 277-282. http://dx.doi.org/10.1080/13693780
310001610047.

Pesic Z, Otasevic S, Mihailovic D, Petrovic S, Arsic-Arsenijevic V,
Stojanov D, Petrovic M (2015) _Alternaria-associated fungus ball of
orbit nose and paranasal sinuses: case report of a rare clinical entity.
Mycopathologia 180: 99-103. http://dx.doi.org/10.1007/s11046-015-
9881-6.

Pulimood TB, Corden JM, Bryden C, Sharples L, Nasser SM (2007)
Epidemic asthma and the role of the fungal mold Alernaria alternata.
] Allergy Clin Immunol 120: 610-617. http://dx.doi.org/10.1016/j.
jaci.2007.04.045.

Revankat SG, Patterson JE, Sutton DA, Pullen R, Rinaldi MG (2002)
Disseminated phacomycosis: review of an emerging mycosis. Clin
Infect Dis 34: 467-476. http://dx.doi.org/10.1086/338636.

Romano C, Paccagnini E, Difonzo EM (2001) Onychomycosis caused
by Alternaria spp. in Tuscany, Italy from 1985 to 1999. Mycoses 44:
73-76. http://dx.doi.org/10.1046/}.1439-0507.2001.00622.x.

Romano C, Maritati E, Paccagnini E, Massai I. (2004) Onychomyco-
sis due to Ulscladium botrytis. Mycoses 4T: 346-348. http://dx.doi.
org/10.1111/§.1439-0507.2004.00999.x.

Salido-Vallejo R, Linares-Sicilia MJ, Garnacho-Saucedo G, Sinchez-
Frias M, Solis-Cuesta F, Gené ], Moreno-Giménez JC (2014)
Subcutaneous phaeohyphomycosis due to Alternaria infectoria in a
renal transplant patient: surgical treatment with no long-term re-
lapse. Rev Iberoam Micol 31: 1495151, http://dx.doi.org/10.1016/j.
riam.2012.06.004.

Shugar MA, Montgomery WWg¢ Hyslop NE (1981) _Alternaria si-
nusitis. Ann  Otol Rhinol Lafyngel 90: 251-254. http://dx.doi.
org/10.1177/000348948109000311.

Silveira CJ, Amaral J, Gorayeb!RP] Cabral ], Pacheco T (2013) Fungal
meningoencephalitis_caused by Alternaria: a clinical case. Clin Drug
Investig 33 (Supplgl):27-31. http://dx.doi.org/10.1007/s40261-012-
0016-2.

Stark PC, Celedon JC, @€hew GL Ryan LM, Burge HA, Muilenberg
ML, Gold DR (2005) Fungal levels in the home and allergic rhinitis
by 5 years of age. Environ Health Perspect 113: 1405-1409. http://
dx.doi.org/10:1289/chp.7844.

White TJ, Braas T, S. Lee S, Taylor JW (1990) Amplification and di-
rect sequencifig of fungal ribosomal RNA genes for phylogenetics.
In RPCR Protocols: A Guide to Methods and Applications. Innis MA, Gel-
fand DH, Sninsky JJ, White TJ, eds, pp 315-322. Academic Press,
Ific, New York.

Yang{ Sy Rothman RE (2004) PCR-based diagnostics for infectious
discases: uses, limitations, and future applications in acute-care set-
tings. Lancet Infect Dis 4: 337-348. http://dx.doi.org/10.1016/s1473-
3099(04)01044-8.



