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We developed a pair of primers that specifically identifies Coccidioides species, etiologic agents of the human
fungal disease coccidioidomycosis. These primers could be used for distinguishing Coccidioides immitis and
Coccidioides posadasii by simply comparing the amplicon sizes on an agarose gel.

Coccidioidomycosis, a fungal respiratory disease of humans
caused by Coccidioides species, is endemic to arid areas of the
Americas. Two species of Coccidioides are now recognized,
whereas until recently. coccidioidomycosis was attributed to
only one species, Coccidioides immitis (4). Coccidioides posa-
dasii, formerly known as the non-California C. imumnitis strain, is
found mainly in Texas, Arizona, and regions of endemicity
outside of the United States, whereas C. immitis is found pri-
marily in the Central Valley of California. These two species
can be divided based on single-nucleotide polymorphisms and
the size of microsatellites (3, 4), although the colony morphol-
ogies, growth rates, and clinical presentations are almost iden-
tical. Because identification of Coccidioides spp. carries with it
a great deal of risk, molecular diagnosis without culturing has
long been expected. Many researchers have explored nucleic
acid detection for the diagnosis of coccidioidomycosis (2, 7-9,
11, 12).

For isolates of C. immitis and C. posadasii, listed in Table 1, the
same DNA samples previously described by Sano et al. (10) were
used. For non-Coccidioides fungal isolates, listed in Table 2, DNA
isolation was performed using a DEXPAT DNA extraction kit
(Takara Bio Inc., Japan). PCR was performed with approxi-
mately 10 ng of extracted DNA in a 20-ul reaction volume
consisting of LA Taq buffer II (Mg®" plus) (Takara Bio Inc.).
200 wM deoxynucleoside triphosphates, 2.5 U of ExTaq DNA
polymerase (Takara Bio Inc.), and 10 pmol of each primer.
One cycle at 94°C for 3 min followed by 35 cycles at 94°C for
305, at 60°C for 30 s, and at 72°C for 45 s with a final extension
step at 72°C for 3 min was performed in a PTC-200 DNA
Engine thermal cycler (Bio-Rad). The amplified DNA must be
handled carefully in order to avoid amplicon contamination.
The universal fungal primers ITS1 and ITS4 were used in all
DNA samples to verify the efficiency of the test and to ensure
that there was no PCR inhibition in the DNA samples (8). Ten
microliters of each PCR product was electrophoresed through
2% agarose gel and visualized with a UV light after ethidium

* Corresponding author, Mailing address: Department of Bioactive
Molecules, National Institute of Infectious Diseases, 1-23-1 Toyama,
Shinjuku-ku, Tokyo 162-8640, Japan. Phone: 81 3 5285-1111. Fax: 813
5285-1175. E-mail: yuehara@nih.go.jp.

bromide or SYBR Safe (Invitrogen) staining. The PCR prod-
ucts were purified from gel with a NucleoSpin Extract II kit
(Macherey-Nagel, Germany). Nucleotide sequences were de-
termined using a BigDye Terminator version 3.1 cycle se-
quencing kit (Applied Biosystems) and an ABI 3130 genetic
analyzer (Applied Biosystems).

Empirically, the construction of diagnostic primers is based
on a nucleotide sequence encoding conserved enzymes or
rRNA. However, we left the matter to chance: we repeated the
primer construction based on randomly selected regions and
verification by actual PCR experiments. In step 1, we obtained
a text file containing the C. immitis genome sequence (http:
/fwww.broad.mit.edu/annotation/fungi/coccidicides_immitis/). A
nucleotide sequence corresponding to the 240- to 720-bp
length was randomly selected from the genome database file.
We designed 20-mer forward and reverse primers, which were
expected to amplify the randomly selected region. In step 2, we
examined whether these two primers could amplify DNA frag-
ments of the anticipated size from Coccidioides spp. In step 3,
we tested whether the primers that could amplify Coccidioides
DNA in step 2 were unable to amplify Candida albicans and
Aspergillus fumigarus DNA. By repeating these steps on 64
selected regions, we nominated one pair of primers for more
detailed examination. Since this experimental primer design
led to our successful product, mentioned below, this strategy
should be a powerful method for the development of diagnos-
tic primers.

The selected primers were Coi9-1F (5'-TACGGTGTAATC
CCGATACA-3") and Coi9-1R (5'-GGTCTGAATGATCTG
ACGCA-3"). The selected primer set was constructed to am-
plify a 720-bp amplicon that corresponds to nucleotide position
660313 to 661032 of C. immitis contig 2.2 (accession number
AAEC02000002). Nineteen isolates of Coccidioides spp. were
examined for the developed primers (Table 1). The PCR sys-
tem with the specific primer pairs was able to amplify the DNA
fragment of the expected size from DNAs of C. immitis (Fig. 1).
For specificity testing, 137 isolates of 52 fungal species were ex-
amined (Table 2). As a result of PCR using DNAs from these
fungi, the primers were proved not to cross-amplify with major
pathogenic fungi and related ones, such as Arthrographis kalrae.
Chrysosporium spp., Geotrichum candidum. Malbranchea spp..
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TABLE 1. Coccidioides isolates used in this study

Lalggnol, n Species IFM no.” Origin
1 C. posadasii 4935 Japan
2 C. posadasii 4945 Japan
3 C. posadasii 45809 United States
4 C. posadasii 45810 United States
5 C. posadasii 45811 United States
6 C. posadasii 45812 United States
7 C. posadasii 45813 United States
8 C. inunitis 45815 United States
9 C. immitis 45816 United States
10 C. posadasii 45817 United States
11 C. immitis 46868 Japan
12 C. immitis 50992 United States
13 C. posadasii 50993 Japan
14 C. posadasii 50994 Japan
15 C. immitis 50995 Japan
16 C. posadasii 51112 Japan
17 C. posadasii 54194 Japan
18 C. posadasii 54195 Japan
19 C. posadasii 54196 Japan

“ IFM, Institute for Food Microbiology, Chiba University, Chiba, Japan.

Paracoccidioides brasiliensis, and Trichosporon asahii. The Coccid-
ioides diagnostics based on a proline-rich antigen (2, 6) or internal
transcribed spacer region (5, 7) have been reported so far. How-
ever, Bialek (1) has pointed out that the possibility of cross-
amplification of human and murine DNA by the ITS primers (7)
was not excluded. Since no amplification of human DNA by the
primers in this report was detected (data not shown), we have
developed a useful PCR system applicable for use in clinical
diagnosis.

Surprisingly, two different mobilities of the DNA fragment
were observed (Fig. 1) when the primers were tested for all
Coccidioides spp. DNA available in Japan (Table 1). The DNA
fragment amplified from C. posadasii was obviously shorter
than that from C. immitis. Nucleotide sequence analysis of the
amplified DNA revealed that the amplicon from C. posadasii
had a contiguous deletion of 86 bp compared to that from C.
immitis (Fig. 2). Therefore, such a large deletion contributed to
the convenient distinction of two very close species, C. immitis
and C. posadasii, which had previously been difficult to distin-
guish. In actual distinction on an agarose gel, standard ampli-
cons of C. immitis and C. posadasii should be run as controls

M 1 2 3 4 56 7 8
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TABLE 2. Fungal species used as negative controls in this study

No. of tested

ecies :
Species isolates

ADBSIAI SP. coeoovee it s bt sentneaes
Alternaria sp.
Apinisia spp
Arthroderma spp.
Arthrographis spp. .
ASPETGUILS SPP.cvorvvosrranietisensssseansseessiie s s st s s aas s
Auxarthron sp.
Basidiobolus sp.
Blastomyces sp.
CANAIAG SPP.evvrerrrserernrscin s s s s sttt sess st ssstbesesssessrseos
Chrysosporium spp.
Cladophialophora spp.
Cokeromyces sp
Conidiobolus sp.
Cryptococens spp.
Cunninghamella sp.
Emmonsia spp.
EpidermOphyton SP. ....eiirisiisiiens i ssss st seness
Exophiala spp.....

Fonsecaea sp.
FUSAIIUIN SPP. covvvenrersinresssrmisssssssisssssssssssssssssesssssss s rissrsssssassssssss masssssssssens
Geotrichum sp
Gymnoascoideus spp.
Gymnoascus spp.
Histoplasma spp.
Hortaea sp.
Malassezia spp.
Malbranchea spp. ...
Micrasporum spp.
Mortierella sp
Muicor spp.
Neosartorya sp.
Paecilomyces spp.
Paracoccidioides spp.
Penicillium spp.........
Phanerochaete spp.
Phialophora spp.
Prototheca sp..........
Pseudallescheria sp.
Rhinocladiella sp
Rhizomucor sp.
Rhizopus spp.
Scedosporium sp.
Schizophyllum sp.
Scopulariopsis sp
Sporothrix sp.
Syncephalastrum sp.
Trichophyton spp.
Trichosporon sp.
Uncinocarpus sp.
Veronaea sp.
Zygorhynchus sp.
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FIG. 1. PCR amplification of coccidioidal DNAs. Lanes M, DNA molecular weight marker used to estimate product size; lane W, distilled
water used as a negative control; lanes 1 to 7, 10, 13, 14, and 16 to 19, C. posadasii; lanes 8, 9, 11, 12, and 15, C. immitis. The exact description

of Coccidioides spp. is in Table 1.
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Cp4as5809
Cp45810
Ci45815
Ci45816

Cpas809
Cp45810
Ci45815
Ci45816

Cpd5809
Cp45810

Ci45815 161CATTGCGGCG GGGGTGAARAT GCCCGAAAAG AGAGGGAAAA AAATAAAA
145816 161CATTGCGECG GGGGTGARAT GCCCGAAAAG AGAGGGAAAR AAATARAN

Cp45809
Cp45810
Ci45815
Ci45816

Cp45809
Cp45810
Ci45815
Ci45816

Cp45809
Cp45810
Ci45815
Ci45816

Cpasens
Cpas5810
Ci25815
Ci4s5816

Cp45809 -
Cp45810
145815
Ci45816

Cp45809
Cp45810
Ci45815

NOTES 1861

--------------------------------------- 121
GRAGAAAAGA APARGAAARR CCAAAGARAG 160
GAAGARAAGA ARAAGAAAAA CCAAAGAAAG 160

220 230 240
R 5

(Cp45809) and IFM45810 (Cp45810) and C. immitis IFM45815 (Cid5815) and IFM45816 (Ci45816).

because of the close proximity of the two bands. Two methods
for differentiating C. immitis and C. posadasii are currently
being used: the lengths of the microsatellite loci and the single-
nucleotide polymorphisms within several enzymes (3). Both
methods require highly skilled molecular biological techniques
at a relatively high cost. The PCR system with the primers
we developed might facilitate operation and provide high-
throughput handling. Thus, this will provide high value in ep-
idemiology, such as tracing the route of laboratory-acquired
infection or analyzing a pandemic that might occur in the
future. Whether these primers can be clinically applied re-
mains to be seen. Further development will contribute to the
early diagnosis of coccidioidomycosis.

We gratefully acknowledge the excellent technical assistance of Yuki
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Abstract

The Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University is the only
organization in Japan to possess a series isolates of Coccidioides spp., which are the most virulent
pathogenic fungi and which are trealed as biosafety level 3 microorganisms. Recently, the genus
Coccidioides has heen classified into two species, C. immitis and C. posadasii, based on their endemic
areas and genotyping; the former species is endemic to the stale of California, and the latter is
endemic to other parts of North and South America. We reevaluated 19 isolates of Coccidioides
immitis stored in our center using a multiple gene analysis. Five isolates were identified as C.
immitis and 14 as C. posadesii. Their sequence information in GenBank will help o identify the

two genospecies of Coccidivides spp.
Key words:

Coccidioides immilis, Coccidioides posadasii, multiple gene analysis

Introduction

Coccidioides  spp., the causative agents of
coccidioidomycosis are the most virulent among
pathogenic fungi. Coccidicidomycosis is treated
as an imported fungal infection in Japan because
almost all the patients were assumed to have
gotten the infection in the United States or
Mexico. It causes pneumonia and sometimes
fatal systemic infection in healthy subjects, and
is considered as a category-4 infection by the
Ministry of Health, Labor, and Welfare of Japan.
Clinicians who see patients with category-4
infections are required to report them to a
local public health center?.

The habitats of Coccidioides spp. are desert .

areas in North and South America. In Arizona,
an endemic area, more than 2,000 new cases
per vear are reported and more than 100,000
individuals are infected with the fungus without

Address correspondence to: Ayako Sano
Research Center for Pathogenic Fungi and Microbial
Toxicoses, Chiba University
1-8-1 Inohana, Chuo-ku, Chiba 260-8673, Japan

symptoms?. In Japan, more than 45 cases had
been recorded as of November 2005 (htp://
www.pf.chiba-u.acjp/). Most of the Japanese
patients were infected in endemic areas to
which they had traveled or resided, except for
1 case caused by contact with crude cotton
imported from the United States. We could not
determine the place of infection for some
patients who had traveled to several endemic
areas in The United States and Mexico.

The disease is caused by inhalation of
arthroconidia of the fungi. The fungi grow as
mycelia in spring and produce arthroconidia.
They are easily spread into the air by the wind,
by new construction activities, and by excavations.
The clinical isolates of Coccidioides spp. on slants
or plates are also easily diffused into the air and
are apt to cause infections in laboratories. The
culturing and identification of the fungi by
mycological examination require at least 2
weeks for experts with special training?.

C. immilis has been treated as a single species
as the causative agent of coccidioidomycosis.
Since 2002, C. immilis has been classified into
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two species, C. immitis and C. posadasii, based
on the endemic areas and genotypes; the
former species is endemic to the state of
California, while the latter is endemic to other
parts of North and South America®. In 1997,
Roufopanou e al tried to reclassify the species
into two geographic types, a California type
and an outside-California type, based on the
combination of five gene analogues: chitin
synthase, dioxygenase (DO), orotidine decar-
boxylase, serine proteinase (SP), and chitinase
(CT) . Fisher el al created the two genospecies
taxa based on ‘the multiple gene analysis of
microsatellites”. They also suggested a con-
venient method for the differentation of
Coccidioides spp. by a multiple gene analysis
using a combination of three gene sequences:
DO, SP, and CT?. The sequence data obtained
from their investigations were not released to
GenBank completely, because of patenting and
bioterrorism crisissmanagement programs.

The present study aimed to reevaluate 19
strains formerly identified as C. immilis in our
center following the criteria for genospecies
proposed by Fisher e al in 2002, to release
their sequence data for public convenience,
and to clarify the place of infection for
Japanese patients. In addition to the genes
used by Fisher et al?, we analyzed the internal
transcribed spacer (ITS) 1-5.85ITS 2 and the
D1/D2 regions of ribosomal RNA genes that
are generally used as phylogenetic markers5 7
as well as a partial sequence of the urease gene
(URE), which codes the virulence factor of
pathogenic fungi®. The present study also tried

25 TRISH
to find specific genes to classify Coccidivides spp.
from the genes named above.

Materials and Methods

Coccidioides spp. strains examined are shown
in Table 1. They were formerly identified as C.
smmitis by the morphology observed through
the test tubes, by the patient's history, or by
identifications in the original counuy.

The fungi were cultured at 37°C for 2 weeks
on potato dextrose agar (Difco, Franklin Lakes,
NJ. USA) slants with a silicon plug. Then, a
needle with a syringe containing 85% ethanol
was pierced the plug and ethanol was slowly
injected until the plug was immersed. The
point of needle insertion into the plug was
covered with a mass of cotton soaked with 70%
ethanol. The fungal mass was fixed by a final
concentration of approximately 70% ethanol
for 48 hours at room temperature. A loop of
fungal mass was spread on a PDA plate and
cultured at 37°C for 7 days to check its
survival. The next step was started after we
confirmed that the fungus had no sprouts. The
above procedures were done in a special
laboratory for level 3 biohazard pathogens.

DNA was extracted with a DEXPAT?® Kit
(TaKaRa, Ohtsu, Japan) with a modification of
the manufacturer’s protocol. Approximately 100
w1l of the fungal mass was transferred to a
sterilized microtube (1.5 m!), homogenized with
0.5 m/ of DEXPAT® solution by a plastic pestle.
The mixture was incubated at 100°C for 10
min and centrifuged at 12,000 rpm (13,201 g)
for another 10 min. The supernatant was used

Table 1. Coccidioides spp. isolates and their accession numbers

Isolate Gene (length)

[FM No. Soain Identification Origin Country Devrggenase  Sering proteinase Chifinuse  Urease RO
4935  Nagoya C. posadasii  Human case Japan  AB232864 AB232726 AB232745  AB232707 AB232883
4945  Ohashi C. posadasii  Human case Japan  AB232865 AB232727 AB232746  AB232708 AB232884

45809 Silviera (SAP2)  C. posadasii  Animal passage 11 UsA AB232866 AB232728 AB232747  AB232709  AB232885

45810  Silveira (SAP3)  C. posadasii  Animal pussage 111 USA AB232867 AB232729 AB232748  AB232710 AB232886

45811 Arizona C. posadasii  Human case UsA AB232868 AB232730 AB232749  AB232711 AB232887

45812 Sun Antonio C. posadasii  Human case USA AB232869 AB232731 AB232750 AB232712 AB232888

45813  New York C. posadasii  Human case uUsa AB232870 AB232732 AB232751  AB232713  AB232889

45815 91-48 C. tmmitis Human case Usa AB232871 AB232733 AB232752  AB232714  AB232390

45816  91-133 C. immitis Human case Usa AB232872 AB232734 AB232753  AB232715  AB232891

45817 Nicols C. posadasii  Human case usa AB232873 AB232733 AB232754  AB232716  AB232892

46868 Yokohamu C. immitis Human case Japan  AB232874 AB232736 AB232755 AB232717  AB232893

50992 90-242 C. immitis Human case Usa AB232875 AB232737 AB232756 AB232718 AB232894

50993  Kanazawa C. posadasii  Human case Japan  AB232876 AB232738 AB232757  AB232719  AB232895

50994  Toranomon C. posadasii  Human case Japan  AB232877 AB232739 AB232758  AB232720 AB232896

50895 Handai C. immitis Human case Japan  AB232878 AB232740 AB232759 AB232721  AB232897

51112 Himeji C. posadasii  Human case Japan  AB232879 AB232741 AB232760 AB232722 AB232398

54194 Nagano C. posadasii  Human case Japan  AB232880 AB232742 AB232761  AB232723  AB232399

54195  Fukunaga C. posadasii  Human case Japan  AB232881 AB232743 AB232762  AB232724  AB232900

54196  Chiba C. posadasii  Human case Japan  AB232832 AB232744 AB232763  AB232725  AB232901
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as the DNA sample?. DNA extract (2.5 1)),
Ready-to-Go beads (Amersham Pharmacia, Tokyo,
japan), 20 1l of distilled water, and 2.5 1! of
10 pM of each primer for DO, SP, CT, and
rRNA genes*™” were mixed, and polymerase chain
reactions (PCR) were processed. PCR products
were separated by electrophoresis on 1.0%
agarose gels in 1 X TBE buffer (0.04 M Tris-
boric acid, 0001 M EDTA pH 8.0) and
visualized by ethidium bromide staining. PCR
products were purified with a PCR purification
kit (QIAquick®, Qiagen) and labeled using
BigDye® terminator Ver. 1.1 (Applied Biosystems,
Foster City, CA, USA) by the manufacturer’s
protocol.

The partial sequence of the urease gene
(URE) was amplified with a primer set
(CIS2410-2434: CGG GTA TTT ACA AGG CTIG
ATA TTG G and CIAS2945-2922: GAA GCC
AGA TTC GIT CAG GGT GTC) designed
from the C. dmmilis urease gene sequence
deposited in GenBank under accession number
U81509%. The PCR conditions for URE were
as follows: the reaction mixture was subjected
to 1 cycle of denaturation at 95°C for 4 min,
30 cycles of amplification at 94°C for 1 min, at
50°C for 1 min, and at 72°C for 2 min, and a
final extension cycle at 72°C for 10 min with a
PCR Thermal Cycler MP (TaKaRa).

The combined data set for phylogenic study

—0.001
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was performed in Fusarium spp.!?. The present
study applied above analysis for alignment of
combined sequences consisted of at least 1,769
base pairs obtained from the DO, SP, and CT
genes using CLUSTAL X (Version 1.8)!V. An
unrooted tree was constructed using Njplot
(hutp://pbil.univ-lyonl.fr/software/njplot.htmD 2.
The trees were also constructed based on each
gene alone. Consistencies in clade formation
between the unrooted trees based on each
gene and the combined one were compared.

The genospecies of Coccidivides were determined
based on the location of the clade. Strains
located in the clade involving IFM 50995
derived from a Japanese patient whose infection
was suspected of having occurred in Bakers-
field, Californial® was identified as Coccidioides
immitis, and those in the clade with IFM 45811
and IFM 45812 originating in the state of
Arizona were identified as Coccidivides posadasii,
respectively.

Results and Discussion

The accession numbers of the genes, the
lengths of the sequences, and the identification
based on the cluster analysis with the three-
gene combination are shown in Table 1. The
unrooted tree based on a combination of three
genes is shown in Fig. 1. Five isolates of
Coccidioides spp. in our center were identified as

— IFM 50995
[ IFM 45816

C. immitis

IFM 45815

IFM 50992*
IFM 46868
IFM 45813

| lIFM 45810
IFM 45809
IFM 51112

IFM 45812%*
IFM 4935

——IFM 54195

C. posadasii

IFM 50994

IFM 45817 |
—I iIFM 45811%*
IFM 4945

IFM 54196
IFM 50993

IFM 54194

Fig. 1. Unrooted tree based on a combination of three gene sequences-dioxygenase (DO), serine proteinase (SP), and
chitinase (CT) consisting of 1769 base pairs constructed by the neighborjoining method. The scale bar represents a
difference corresponding to 0.001 (0.1%). Isolates identified as C. immitis ave in the upper clade and those as C.
posadasii are in the lower one. *: isolate used as C. fmmitis standard; **: isolate used as C. posadasii standard.
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C. ommitis and 14 as C. posadasii. The data
confirmed that 2 of the Japanese cases were
caused by C. immilis.

Unrooted trees based on individual DO, SP,
and URE genes were consistent with the
combination of three genes (DO, SP, and CT)
and could separate two clades, while those of
CT and rRNA genes could not (data not
shown). The homology among isolates was
more than 99% in all genes evaluated.

The GenBank database was not sufficient for
genetic identification of Coccidioides spp. There
was one sequence of DO on C. posadasii
(L38493), four sequences of SP on C. immilis
(877562, AJ408857, AJ408861, and M81863)
and four sequences on C. posadasii (AJ408858,
AJ408859, AJ408860, and X63114), three sequences
of CT on C. posadasii (141663, U51271, and
U60806), one sequence of URE on C. posadasii
(U81509), two sequences of the ITS region of
rRNA on C. posadasii (CIU18360. X94142), and
two sequences of the D1/D2 region of rRNA
on C. immitis (AY176713, AB040702). The gene
sequences of the species used for the present
study are helpful for genetic identification.
Cluster analysis in the present study with a
combination of these data found an inconsis-
tency on the SP gene. The sequence AJ408857,
derived from C. immitis in the GenBank
database, was located on the cluster of C.
posadasii.

Thus far, two genes, DO and URE, might be
useful for identifying genospecies of Coccidioides
spp. alone. Such an analysis will allow specula-
tion on where infection occured, while both
the ITS and D1/D2 regions of rRNA genes,
which are representative genetic markers for
classifying and identifying fungal species® n,
were incompatible with the unrooted tree based
on the cluster analysis by combination of the
three genes. Identificaton based on ribosomal
RNA genes could not identify the species of
Coccidioides because of strongly similar identity
among strains according to the criteria proposed
by Kurtzman and Robnett?.

The inter species differences between C.
immitis and C. posadasii linked both geographic
distribution and virulence®. However, clinical
isolates of both C. immilis and C. posadasii in
Japan should be regarded as the most virulent
fungal species. We should keep in mind that
the clinical isolates of Coccidioides spp. should
be handled in accordance with biochazard
regulations at a bio-safety level 3 laboratory.
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Abstract

Ochroconis gallopava is a species of dematiaceous fungi recognized as a causative agent of zoonotic and emerging
fungal infections. It affects the central nervous system and respiratory tracts of humans, birds and cats. We designed O.
gallopava species-specific primer sets to aid in its identification by a loop-mediated isothermal amplification (LAMP)
method based on the D1/D2 domain of the LSU rDNA sequence. The LAMP method successfully detected the gene from
both fungal DNA and experimentally infected brains and spleens of mice and will be helpful in the diagnosis of O. gallopava

infection.
© 2005 Elsevier B.V. All rights reserved.

Keywords: D1/D2 domain; Loop-mediated isothermal amplification (LAMP); Ochroconis gallopava; Phaeohyphomycosis; Zoonosis

1. Introduction

Ochroconis gallopava is a species of dematiaceous
fungi recognized as a causative agent of zoonotic and
emerging fungal infections (de Hoog et al., 2000).
More than 30 human cases have been reported
(Fukushima et al., 2005). The pathogen has caused
outbreaks in poultry and wild birds, and a few cases in
domestic cats (Kralovic and Rhodes, 1995). Environ-

* Corresponding author. Tel.: +81 43 226 2786;
fax: +81 43 226 2486.
E-mail address: ayal @faculty.chiba-u.jp (A. Sano).

mental isolates of O. gallopava have also been found
under low-pH and thermal conditions, such as in coal
waste piles and hot springs, sewage from nuclear
power plants, and broiler-house litter (Kralovic and
Rhodes, 1995).

The disease in birds resembles the highly
pathogenic H5N1 avian influenza (HPA) involving
the central nervous system and respiratory tract.
Therefore, a simple and rapid method of diagnosing O.
gallopava infection is eagerly awaited because
diagnosis by the isolation and identification of the
fungus using mycological techniques is time-consum-
ing and requires expertise.

0378-1135/$ ~ see front matter © 2005 Elsevier B.V. All rights reserved.
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‘We recently developed the species-specific primer
set of a highly pathogenic fungal species, Paracocci-
dioides brasiliensis, for use in a loop-mediated
isothermal amplification (LAMP) method (Endo
et al., 2004). The present study applied this method
to the diagnosis of O. gallopava infection.

2. Materials and methods
2.1. Isolates

The species names Diplorhinotrichum gallopavum,
Dactylaria gallopava, O. gallopava, Dactylaria
constricta var. galopava and Ochroconis gallopavum
are treated herein as O. gallopava, as proposed by de
Hoog et al. (2000).

The O. gallopava isolates and related dematiaceous
fungal species, and their genetic profiles of the
divergent region of the D1/D2 domain of the large
subunit of the rRNA gene (D1/D2 LSU rDNA)
evaluated in the present study are shown in Table 1.
Eight clinically important fungal species, Aspergillus
Sfumigatus (IFM 40821), Blastomyces dermatitidis
(IFM 41316), Candida albicans (IFM 5740), Cocci-
dioides immitis sensu lato IFM 50993), Cryptococcus
neoformans (IFM 5830), Histoplasma capsulatum
(IFM 41329), Penicillium marneffei (IFM 41708) and
Sporothrix schenckii (IFM 47068), were also tested as
negative controls.

2.2. Sequences for D1/D2 LSU rDNA

Fungal DNAs were extracted from -cultures
incubated on potato dextrose agar (PDA) slants
(Difco, Franklin Lakes, NI, USA) at 25 °C for 1-2
weeks. DNA was extracted with a DEXPAT® Kit
(TaKaRa, Ohtsu, Japan) following the manufac-
turer’s protocol with slight modification. Approxi-
mately 100 ul of fungal mass was transferred to a
sterilized microtube (1.5 ml), and homogenized with
0.5 ml of DEXPAT® solution by a plastic pestle. The
mixture was incubated at 100 °C for 10 min and
centrifuged at 12,000 rpm (13,201 x g) for 10 min.
The supernatant was used as the DNA sample
(Sharmin et al., 2002). The sequence of D1/D2 L.SU
rDNA was processed by a standard method (Kurtz-
man and Robnett, 1997).

2.3. Species-specific PCR primer set for
Ochroconis gallopava

A species-specific polymerase chain reaction
(PCR) primer set for O. gallopava was designed
based on the sequence of D1/D2 LSU rDNA of O.
gallopava (accession number AB125281 in GenBank)
with a comparison of 22 species of dematiaceous fungi
obtained from the present study and from GenBank
(Cladophialophora bantiana, AB100676; Exophiala
jeanselmei, AB100664;  Exophiala  spinifera,
AB100673; Fonsecaea pedrosoi, AB100632; Phialo-
phora verrucosa, AB100610; Rhinocladiella atrovi-
rens, AB091215). The primer sequences (Sigma-
Genosys Japan, Ishikari, Hokkaido, Japan) were the
following: OgF3: 5'-AGG GAG TCT CGG GTTAAG
GG-3' encoding from the 391st to the 410th, and
OgB3: 5-CAT TCC CTT CGT CTT TGT CC-3
corresponding to the complementary sequence from
the 718th to the 740th of AB125281.

PCR was carried out with the species-specific
primer set under the following conditions. Approxi-
mately 2040 ng of template DNA in 2.5 pl, one
Ready—To—GoTM PCR bead (Amersham Pharmacia,
Tokyo, Japan) and 10 pmol of primers OgF3 and
OgB3 in 25 pl of total volume was subjected to an
initial denaturing step of 4 min at 95 °C, 30 cycles of
1 min at 94 °C for DNA denaturation, 90 s at 58 °C for
primer annealing, 2 min at 72 °C for primer extension,
a final extension of 10 min at 72 °C, and was then
maintained at 4 °C until electrophoresis. The PCR
products from O. gallopava were sequenced by a
method (Sharmin et al., 2002). The detection limits of
the species-specific PCR for fungal DNA were
evaluated in a serial dilution of DNA.

2.4. Loop-mediated isothermal amplification
(LAMP) method

The specific primer sets for the LAMP method
were as follows: OgF3, OgB3, FIP; 5'-ACT CGA CTC
GTC GAA GGG GCA GAG GGT GAG AGT CCC
GT-3' designed from the forward sequence of 425th to
445th and the complementary sequence of 464th to
485th, and BIP; 5-ACT GGC CAG AGA CCG ATA
GCG TGACTC TCT TTT CAA AGT GC-3’ designed
from the forward sequence from 648th to 668th and
the complementary sequence from 691st to 712nd of
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AB125281. One microliter of DNA template and
5 pmol each of OgF3 and OgB3, and 40 pmol each of
FIP and BIP primers were mixed with 12.5 pl of a
reaction mixture in a kit (Loop AMP, Eiken, Tokyo,
Japan) in a final volume of 25.0 pl. The DNA mixtures
were incubated at 63 °C for 60 min and 80 °C for
2min. The amplified DNAs were detected by
electrophoresing in a 1.0% agarose gel stained with
ethidium bromide. The detection limits of the LAMP
method were evaluated with serial dilutions of a fungal
DNA of 0. gallopava.

2.5. Experimental infection of O. gallopava

The conidia were collected from PDA slants
cultured at 25 °C for 4 weeks. Approximately 10 ml
of sterile saline was poured on the surface of a slant,
and the fungal suspension was collected after gentle
scraping with a plastic sterile loop. Large mycelial
fragments were removed by passing through a glass
filter, after which the samples were washed three times
with sterile saline and the concentration was adjusted
to 5 x 10%ml.

Five male ddY mice aged 6 weeks (SLC, Shizuoka,
Japan) were treated subcutaneously with 150 mg/kg of
corticosteroid (Hydrocortone®, Banyu Pharmaceuti-
cal Co. Ltd., Tokyo, Japan) 7, 5, 3 and 1 days prior, and
1, 3, 5 and 7 days after the intravenous inoculation of
10° conidia of an O. gallopava isolate (IFM 52604)
per 20 g of body weight. Morbidity and mortality were
monitored for 4 weeks. The mice were killed by
cervical dislocation under ether anesthesia. Approxi-
mately 5 mm X 5 mm X 5 mm volume of the brain
and spleen was removed and placed on a PDA plate,
and was cultured at 25 °C for 2 weeks. The remaining
brain and spleen tissues were fixed with 10% formalin,
processed by a routine histopathological technique,
stained using the periodic acid Schiff (PAS) hematox-
ylin method and observed under light microscopy.

DNAs from the brain and spleen were obtained
from fixed tissues with 10% formalin. A piece of organ
sized 5 mm X 5mm X 5 mm was washed with dis-
tilled water and the DNA was extracted using a kit
(DEXPAT®). The DNA samples were processed for
nested PCR using NL-1 and NL-4 (Kurtzman and
Robnett, 1997) for the first round of PCR, and OgF3
and OgB3 for the second one. The DNAs were directly
processed for the LAMP method by prolongation of

bps bps
1000 1000
500 500

M123 456 78910111213 M
Fig. 1. DNAs extracted from O. gallopava isolates processed by the

LAMP method. M, Marker; lanes 1-10, O. gallopava; 11, O.
humicola; 12, O. gamsii; and 13, O. constricta.

the incubation period for 120 min. A spleen sample
from an intact mouse treated with the same volume of
corticosteroid was used as a negative control for both
PCR and LAMP. The present work complied in full
with all relevant guidelines and policies of the Animal
Welfare Committee of the Faculty of Medicine of
Chiba University, Japan.

3. Results

Sequence lengths, accession numbers and identity
to O. gallopava and related species are shown in
Table 1. All sequences of the D1/D2 L.SU rDNA for O.
gallopava consisting of 615 base pairs were identical
except for the 421st and the 435th bases, which
showed heteromers of cytosine and thymine.

The O. gallopava species-specific PCR primer set
amplified the 375 base-pair-sized fragments only for
0. gallopava isolates. The primer set did not react with
related dematiaceous fungal species or other medi-
cally important ones. The detection limit of the
species-specific PCR was 100 fg by serial dilutions of
DNA (data not shown).

DNAs extracted from O. gallopava isolates
appeared as a uniformed ladder-like band pattern by
the LAMP method, while the other fungal species did
not produce any bands (Fig. 1). The detection limit of
the LAMP was 100 fg by serial dilutions of DNA (data
not shown).

No mouse showed any behavioral change during
the observation period. The fungus was found to have
sprouted from all five brains and three out of five
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Table 2

Pathogenicity and detection of the species-specific gene of O. gallopava isolate IFM 52604 from tissue samples in experimentally infected mice
Animal Spleen Brain

Number Culture Histopathology Nested PCR LAMP Culture Histopathology Nested PCR LAMP
1 - - - - + + - +

2 + - - + + + — +

3 + - - + + + - +

4 - - - + + + - +

5 + - - + + - - +

spleens within the incubation time. Fungal elements
stained with PAS were detected in four out of five
brains, and no spleens stained with PAS under light
microscopy. Nested PCR was unable to detect any
bands, while the uniformed ladder-like band pattern
shown by the LAMP method appeared in all infected
brain samples, and in four out of five samples of the
spleen (Table 2).

4. Discussion

0. gallopava was found to be an independent
species based on the D1/D2 LSU rDNA sequences
within 99.7% of identity in the phylogenic status
proposed by Kurtzman and Robnett, 1997 although its
taxonomic position is still controversial. The species-
specific PCR primer set and that for use in the LAMP
method reacted successfully with O. gallopava DNA
in the present experiments. Differentiation of O.
gallopava from its related species by mycological
studies take at least 4 weeks, while the species-specific
PCR and LAMP methods each required under 6 h.
These methods will therefore be useful for the
identification and differentiation of dematiaceous
fungal isolates producing two-celled conidia.

The LAMP method was recently shown to be useful
in detecting SARS (Hong et al., 2004) and Newcastle
disease (Pham et al., 2005). In the present study, the
application of the species-specific LAMP method on
the experimental O. gallopava infection indicated that
this method is able to successfully differentiate the
disease from other zoonotic diseases caused by
protozoa, fungi, bacteria and viruses affecting the
central nervous system and respiratory tract. In
conclusion, the combinations of the LAMP method

for O. gallopava infection, SARS and Newcastle
disease will be powerful tools for the management of
avian endemics.
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