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Abstract

The early diagnosis of mycoses is important for the institution of an effective antifungal therapy. Detection
of antibodies against crude antigenic extracts is one of the standard techniques for the diagnosis of most
mycoses. However, while these crude antigenic extracts are relatively easy to obtain, they usually show low
reproducibility and are not very specific, since antibodies from patients with different mycoses may show
cross-reactivity. The application of molecular biology techniques to the study of fungal antigens has
allowed the production of recombinant antigens that may help to solve these problems. The purpose of this
review is to discuss the use of recombinant fungal antigens in the diagnosis of mycoses.
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Introduction

Invasive fungal infections represent an important
cause of morbidity and mortality in an increas-
ingly number of patients. The early and accurate
diagnosis of these infections is a key factor for an
effective antifungal therapy [1]. However, the
diagnosis of invasive mycoses is usually difficult
since signs and symptoms are not specific and
colonization and infection may be difficult to dis-
tinguish. Standard techniques for the diagnosis of
fungal infection include microscopic visualization
of the infecting fungus, culture, histopathology
and serology. Although these methods are rela-
tively simple to perform, they may lack specificity
or sensitivity and sometimes require invasive pro-
cedures that can not be accomplished because of
the clinical conditions of some of the patients.
The specific antibody response that is usually
induced in patients with invasive fungal infections
can help in the diagnosis of the majority of
mycoses [2]. However, antibody detection may

have important limitations. On one hand, the
specificity of techniques used to detect antibodies
may be low when patients who are only colonized
show high antibody titers or high antibody titers
remain after disease when symptoms have disap-
peared. This situation may also exist when patients
with different mycoses have antibodies that cross-
react with the antigenic extract. On the other hand,
antibody detection may lack sensitivity in severely
immunocompromised patients who are not able to
mount a detectable antibody response.

The techniques developed to detect the anti-
body response in patients with mycoses have tra-
ditionally used crude extracts composed by a large
number of fungal components. While being rela-
tively easy to obtain, these extracts were not free of
problems. The standardization of different batches
is difficult and the use of crude extracts may
facilitate the cross-reactivity between antibodies
from patients with different fungal and bacterial
infections. However, in the last decades there has
been an approach to develop more defined anti-
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gens by applying the recombinant DNA technol-
ogy [3]. Recombinant antigens can be prepared in
a procariotic host making it easier to eliminate
cross-reactivity due to post-translational modifi-
cations. In the next sections of this review, we will
discuss the fungal antigens that have been pro-
duced employing this technique and focus on their
possible use in the serodiagnosis of the most rele-
vant mycoses.

Production of recombinant antigens

The first step in the production of a recombinant
antigen is the election of the antigen. Immunogenic
antigens are appropriate, since they will elicit a
strong immune response and therefore, high levels
of antibodies against those antigens are expected
in the infected patient. Localization on the fungi
should be considered since a superficial antigen
will probably induce a greater humoral response
than an intracellular antigen not exposed to the
host’s defense mechanisms. On this basis the deep
knowledge of the fungal cell wall is essential and
the search of specific proteins unique in the fungal
species to be studied is encouraged in order to
avoid encountering cross-reactivity with other
fungal species or with components of the host.
Metabolites that are secreted by the fungi can be
good candidates, as well. Expression levels should
also be taken into account, since an antigen only
expressed in special conditions such as, in the
invasive form of the fungi can be interesting.

Basically, an exhaustive study should be per-
formed to evaluate which antigens are unique to
our fungi. The election of the antigen is the most
important step and the more accurate this work is
done the more promising results will be obtained
at the end.

Once the antigen to be produced is chosen,
primers are designed based on the sequence of the
gene that encodes the antigen and of the vector
that will carry it. Different vectors are available
commercially offering great possibilities. Selection
of the vector should be done considering the
insertion fragment size, the purification method to
be used after expression is achieved, the charac-
teristics of the polylinker, the antibiotic resistance
genes, etc. Amplification of genomic DNA is per-
formed with the selected primers and the amplifi-
cation product is digested with the correct

restriction enzymes in order to be inserted in the
vector. Once the desired gene is cloned in an
expression vector, positive recombinant colonies
should be detected. The selected positive colonies
should be able to overexpress the gene or gene
fragment cloned so that sufficient antigen is pro-
duced and purification can take place [3]. Once the
recombinant antigen is purified it can be used in
serological tests such as the enzyme-linked immu-
noabsorbent assay (ELISA), western blot (WB) or
the immunodifusion (ID) assay, in order to detect
the presence of specific antibodies against the
selected antigen (Figure 1).

In some cases the gene sequence is unknown
and therefore the approach described above
should be slightly modified. In these cases two-
dimensional (2D) gel electrophoresis can be per-
formed in order to separate fungal proteins. The
protein spot can be digested on-gel and the masses
of the resulting fragments can be determined by
MALDI-TOF mass spectrometer. Once the open
reading frame is identified primers can be designed
and cloning of the cDNA can be achieved by
reverse transcriptase-polymerase chain reaction
(RT-PCR) [4].

Once the antigen is expressed and assayed by
different immunological methods obtaining good
results, further studies can be accomplished to
optimize the diagnostic method. Mapping of the
antibody binding sites of the antigen and their
expression as shorter fragments can result in
greater specificity and sensitivity.

Use of recombinant antigens in the diagnosis
of mycoses

Alternaria

Alternaria species show a worldwide distribution
and their spores are commonly found in atmo-
spheric surveys, showing a seasonal spore-releasing
pattern. A. alternata is a common cause of asthma
and other allergic diseases. 4. alternata can also be
responsible for cutaneous and ocular lesions being
diagnosed in these cases by microscopic and culture
methods. The application of molecular biology
techniques to the study of Alternaria allergens has
enhanced the ability to produce allergens in quan-
tity, to determine their biological relevance, as well
as to evaluate mechanisms of Alternaria sensitivity.
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Election of antigen considering important
characteristics is achieved.

If the gene sequence is in a database
appropiate primers are designed. Unknown
sequences can be identified by mass 2D-
EF and mass spectrometry.

Direct PCR of genomic DNA or RT-PCR of
of mRNA to obtain cDNA is performed
depending on the case.

DNA product and vector are digested with
the appropiate restriction enzymes.
Ligation is performed and the expression
hosts are transformed.

Transformed colonies are selected and
grown in conditions in order to overexpress
the selected antigen. The recombinant
antigen is purified.

Detection of specific antibodies s
accomplished by assaying sera from
patients and controls employing different
immunological assays.

Figure 1. Production of recombinant antigens.

A number of recombinant A/ternaria allergens have
been obtained [5]. The Alt al protein is a two-chain
dimer linked by disulfide bonds with a molecular
weight of approximately 30 kDa [6]. Alt al is a
major allergen that is recognized by IgE antibodies
in 80-90% of Alternaria allergic individuals.
Recombinant Alt al is commercially available
(Biomay, Vienna, Austria). Skin testing of Alter-
naria-sensitive  individuals demonstrated that
85.7% had positive skin tests to recombinant Alt al
[7] and 93% of asthma/rhinitis patients had both
IgE and IgG to Alt al, emphasizing its importance
as a major allergen [8]. Other Alternaria allergens

have also been cloned, such as Alt a6 and Alt a7,
although these allergens have shown to react
diversely with IgE from sera of allergic patients [9]
(Table 1).

Aspergillus

Aspergillus spp. are gaining importance as oppor-
tunistic pathogens during the last decades. In
immunocompetent hosts, Aspergillus spp. rarely
cause serious illnesses except for a number of lung
disorders such as allergic bronchopulmonary
aspergillosis (ABPA), allergic rhinitis, allergic



100

Table 1. Candidate recombinant antigens for serodiagnosis of
mycoses

Species Antigen Molecular ~ References
mass (kDa)
Alternaria alternata  Alt a 1 30 [5, 7, 8]
Alta6 [9]
Alta7 [9]
Aspergillus fumigatus Asp fl [3, 10-12]
Asp 2 37 [12-14]
Asp f 4 43 [15]
Asp {5 57.4 [3]
Aspf 6 51.5 [15]
Asp £ 7 18 [3]
Asp f9 [3]
Asp f 10 [3]
Asp f 11 [16]
Asp f 16 [17]
Afmpl [18-20]
Afmp2p [21]
HSP [22]
Mitogillin [23]
Aspergillus flavus Afimpl 26.3 [21]
Aspergillus nidulans  Aspnd 1r [24]
Blastomyces WI-1 30 [25]
dermatitidis fragment®
Candida albicans Canda3 29 [26]
Ecel 30 [27]
Cladosporium HCh-1 [28]
herbarum Clah6 46 [29]
Coccidiodes immitis ~ CF 45 [30-33]
r-PRA [34]
Histoplasma M antigen 80.71 [35]
capsulatum GH17 60 [36]
Malassezia furfur MEF7 21.3 [37]
MF38 14.4 [37]
MF9 9.7 [37]
Mal f 5 18,2 [37]
Mal f 6 17,2 [37]
Mal £ 7 16,2 [38]
Mal f 8 19,2 [38]
Mal £ 9 14 [38]
Paracoccidioides gp43 43 [39, 40]
brasiliensis p27 27 [41, 42]
hsp60 60 [43, 44]
Penicillium marneffei Mplp 75 [45]
Penicillium citrinum  Pen ¢ 1 33 [46]
Pen ¢ 2 39 [47]
Penicillium oxalicum Pen o 18 34 [48]
Pneumocystis jiroveci Msg 95-140 [49-51]

*WI-1 is now designated as Bad-1.

sinusitis, allergic asthma and aspergilloma. How-
ever, invasive aspergillosis is one of the most
important infections in patients with haematolog-
ical malignancies or bone marrow transplant
recipients causing high mortality [52]. The major
problem of invasive aspergillosis is the difficulty in

establishing an early diagnosis since blood cultures
are rarely positive [53].

Elevated levels of total IgE, specific IgE, and
IgG antibodies in sera are important immunodi-
agnostic criteria in ABPA. A variety of 4. fumig-
atus allergens have been successfully cloned and
expressed and their role in differential diagnosis has
been explored [10, 11, 13, 16, 22]. These recombi-
nant antigens show comparable allergenicity to
their natural counterparts and are far superior to
conventional extracts in serological diagnosis of
ABPA since they permit discrimination between
ABPA and A. fumigatus sensitization [3]. Aspf 1, a
ribotoxin of the mitogillin family, which is identical
to restrictocin from A. restrictus, is one of the
major allergens of A. fumigatus. It has been shown
to react with sera from 80% of patients with ABPA
and with 46% of sera from A. fumigatus-allergic
asthmatics [3]. Similar results have been observed
with Asp f 3, another major allergen of A. fumig-
atus. When a number of synthetic epitope peptides
of Asp f 1 have been studied, a peptide of 11 amino
acids, designated P1, presented a higher diagnostic
efficiency than the standardized diagnostic antigen
[12]. Interestingly, the IgE response against some
recombinant allergens may be disease specific. An
specific IgE response against recombinant allergens
Asp f 4 and Asp f 6 has been detected in patients
with ABPA but not in 4. fumigatus-allergic asth-
matics [15]. Therefore, serological diagnosis of
ABPA with these two allergens has a specificity of
100% and a sensitivity of 90%. Similar results have
been described with recombinant allergen Asp f 16
[22]. Other recombinant A. fumigatus allergens
used for diagnosis of ABPA include Asp f 2 [17],
Asp 5, Aspf7, Asp f9 and Asp f 10 [3].

A. nidulans is another Aspergillus species that
has been implicated in the development of asper-
gilloma and ABPA in humans. An immunodomi-
nant 4. nidulans antigen, designated Aspnd 1, that
is 53.1% identical to the Asp f 2 allergen of
A. fumigatus has been described [24]. The recom-
binant form of this antigen was recognized by the
sera of 88% of patients with aspergilloma, while a
number of control sera comprising healthy indi-
viduals and patients with different non-Aspergillus
infections were negative.

Several antigens of A. fumigatus [14, 18, 23] and
A. flavus [21] have also been cloned and expressed in
order to evaluate their possible use in serodiagnosis
of invasive aspergillosis. Recent studies have shown



that patients with invasive aspergillosis by A.
fumigatus develop high levels of specific antibodies
against Afmplp [18]. An ELISA-based test to detect
antibodies against the Afmplp recombinant galac-
tomannoprotein has been shown to be 100% sen-
sitive for patients with aspergilloma and 33.3% for
patients with invasive aspergillosis [19]. Presence of
antibodies against Afmplp in a part of the patients
with invasive aspergillosis may interfere with
galactomannan detection if immune complexes are
formed. To solve this problem it may be necessary
the combined detection of both markers. No false-
positive results were found among the 80 healthy
blood donors. Interestingly, no cross-reactivity was
found with other fungi, since 20 patients with pen-
icilliosis by Penicillium marneffei, 5 with candidiasis
and 4 with cryptococcosis were found to be nega-
tive, indicating a high specificity for the test. An
ELISA assay developed with polyclonal antibodies
to recombinant Afmplp detected the antigen in the
sera from 53% of patients with invasive aspergil-
losis but in none of nine patients with aspergilloma
[18]. Interestingly, when the Afmplp antibody and
antigen tests were used in combination the sensi-
tivity in the diagnosis of A. fumigatus invasive
aspergillosis was raised to 86.7%. Another
mannoprotein from the 4. fumigatus cell wall, des-
ignated Afmp2p, has been recently cloned and
expressed in E. coli[14]. It has a predicted molecular
mass of 51.5 kDa and is predominantly secreted by
the fungus, whereas only minimal amounts can be
detected in the cell wall. Since this antigen reacts
specifically with sera from patients with aspergillo-
ma and invasive aspergillosis, and it has a minimal
cross- reactivity with Afmplp, it is believed to be a
good candidate for complementing Afmplp in the
serodiagnosis of A. fumigatus infections.

Aflmplp is the antigenic cell wall protein in
A. flavus homologous to Afmplp. It has been
cloned and expressed [21]. Western blot analysis
showed that recombinant Aflmplp reacted
specifically with sera from four patients with
aspergilloma or A. flavus invasive aspergillosis,
suggesting that it may be also useful for serodi-
agnosis, although a larger number of sera should
be tested.

Blastomyces

Blastomyces dermatitidis is a dimorphic fungus
that causes blastomycosis in humans and animals.
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Upon inhalation of spores into the lung, at 37 °C,
B. dermatitidis converts to yeast. It can infect
immunocompetent hosts as well as establishing
latency and appearing as an opportunistic patho-
gen in the compromised patient [54]. Antigen A is
commercially available and it has been reported to
be useful in serodiagnosis of blastomycosis, since
the amount of IgG to this antigen is correlated
with disease activity. However, the antibodies to
antigen A may be detected one year after disease
making it difficult to establish the stage of the
disease [55]. BADI (formerly WI-1) is an immu-
nodominant adhesin of 120 kDa located on the
outer cell wall of B. dermatitidis that presents
cross-reactivity with antigens of Coccidioides
immitis, Histoplasma capsulatum and Paracoccidi-
oides brasiliensis, among other microorganisms
[56]. This cross-reactivity has been avoided by
using a recombinant 25 amino acid residue tandem
repeat of the BADI antigen that has been shown
to be recognized in western blots by sera from all
35 blastomycosis patients studied, but not by sera
from 10 histoplasmosis and 5 coccidioidomycosis
patients [25]. These results seem promising
although further work with this antigen has been
directed towards vaccine production [57] and
pathogenesis studies [58] rather than towards
diagnostic needs.

Candida

Candida albicans is responsible for a wide range of
clinical presentations ranging from allergic disor-
ders and superficial infections to life threatening
invasive candidiasis. In some cases the detection of
antibodies has been suggested to be helpful in the
diagnosis of the invasive disease [59]. Other
authors indicate that antibody tests are seldom
used to diagnose invasive candidiasis because
antibodies are often present in colonized but
uninfected patients giving poor sensitivity and
specificity results and severely immunocompro-
mised patients are not able to mount a specific
antibody response [1]. However, the type of anti-
gen studied will have a strong influence on the
antibody response mounted and therefore, more
work should be done in this field. During the last
years recombinant techniques have been used to
express a number of antigens, although their
potential use in serodiagnosis has not been studied
in all cases.
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The role of C. albicans in allergy is not fully
understood, a situation that is partly related to the
lack of knowledge on the molecular identity of
allergens. A recently described allergen, named
Cand a 3, is a 29 kDa protein that was found to
react with IgE antibodies present in sera of 56% of
asthmatic patients [26].

The glycolytic enzyme enolase is an immuno-
dominant antigen of Candida, which has been
studied in the diagnosis of invasive candidiasis
[60]. Two Candida enolases have been cloned and
characterized [61, 62], but most studies have
involved the ENOI gene. In our laboratory, after
cloning and expressing the ENOI in Escherichia
coli, we have developed a WB assay to detect
antibodies against this antigen in patients with
invasive candidiasis (Figure 2). However, the sen-
sitivity and specificity have been low. A similar
approach is being followed to study the diagnostic
usefulness of Ecelp, an antigen that is specifically
expressed on the surface of the germ tubes of
C. albicans [63]. WB analysis with sera from
rabbits immunized with C. albicans germ tubes
reacted with Ecelp, whereas the same sera adsor-
bed with germ tubes or the pre-immune sera
showed no reactivity (Figure 3). Sera from rabbits
infected with C. parapsilosis and C. krusei also
recognized Ecelp. Cross reactivity was not
observed when immunoblots were performed with
sera from rabbits immunized with A. fumigatus or
infected with Scedosporium prolificans. Interest-
ingly, sera from four patients with invasive can-
didiasis also reacted with Ecelp, whereas sera
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Figure 2. Western blot of partially purified extracts of Eno
recombinant E. coli with (1) sera from a patient with invasive
candidiasis and (2) a healthy donor.

from four patients without invasive candidiasis did
not [27]. Preliminary studies employing the
recombinant Ecelp in an ELISA assay have shown
high reactivity when sera from a patient with
invasive candidiasis was examined, whereas con-
trol sera showed low reactivity. Although these
results are promising a greater number of sera
should be assayed in order to confirm the pre-
liminary data.

Cladosporium

The spores of the dematiaceous fungus Clad-
osporioum herbarum are one of the most frequent
fungal allergens present in the air. This fungus is
known to cause IgE-mediated diseases such as
rhinitis, conjunctivitis and asthma. HCh-1 is an
hydrophobin from the C. herbarum cell wall that
has been recently cloned and expressed in recom-
binant form. The recombinant HCh-1 was able to
bind IgE from two out of 24 sera from C. herba-
rum-sensitized patients and in four out of 60
patients suffering from ABPA [28]. Interestingly,
none of the sera showing reactivity with HCh-1
reacted with the A. fumigatus hidrophobin HYP1
that shows 28% sequence identity with HCh-1.
Enolase is an allergen (Cla h 6) in C. herbarum.
Recombinant Cla h 6 was produced in E. coli and
analyzed for its binding activity, showing promising
results [9]. Further studies involving the cloning of
IgE-reactive B-cell epitopes of C. herbarum enolase
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Figure 3. Western blots of E. coli extracts transformed with
Ecel recombinant plasmids (1) basal conditions, (2) IPTG in-
duced, and (3) partially purified Ecelp. Reactivity of sera of
rabbits immunized with germ tubes form C. albicans: (panel a)
preimmune serum, (panel b) immune serum, and (panel c)
immune serum adsorbed with germ tubes of C. albicans.



were performed. Mapping of Cla h 6 IgE binding
epitopes identified a peptide designated peptide 9
which bound IgE from 8 of 8 patients [29].

Coccidioides

Coccidioides immitis is the agent that causes coc-
cidioidomycosis. This disease has been reported in
immunologically compromised persons, as well as
in healthy people exposed to C. immitis arthro-
conidia [30]. The definitive diagnosis of this disease
is done by demonstrating the presence of
C. immitis in tissue or by culture. Complement-
fixation (CF) and immunodiffusion (ID)-CF
assays to detect antibodies to coccidioidin are also
useful in the diagnosis of the disease.

The coccidioidal CF and ID-CF antigen has
been reported to be a chitinase that can be isolated
from the culture filtrates of C. immitis endospor-
ulating spherules and from hyphae. The gene
encoding this antigen has been cloned and a
functional recombinant CF-chitinase antigen of
47 kDa has been produced in E. coli [31]. By ID
assays with sera from patients with coccidioido-
mycosis, the recombinant CF-chitinase (rCF)
generated a line of identity with the coccidioidal
ID-CF antigen used as a control, demonstrating
that it could be used in serodiagnosis. No detect-
able reaction was observed by ID with a limited
number of Blastomyces or Histoplasma antisera.
The reactivity of rCF was evaluated by ELISA,
showing a sensitivity of 96.9% and a specificity of
100% [32].

The serodiagnostic usefulness of rCF has also
been compared to commercially available coccid-
ioidin by ELISA, showing to be more sensitive.
rCF was also more effective in distinguishing the
antibody levels from patients with pulmonary
coccidioidomycosis than in sera from those with
disseminated disease [33]. The highest titers were
observed in patients with disseminated disease,
suggesting that this diagnostic method could dis-
tinguish between pulmonary coccidioidomycosis
and invasive coccidioidomycosis. However, the use
of rCF for serodiagnostic purposes may be com-
promised by the finding of an epitope common to
H. capsulatum and B. dermititidis. In a study
including a small number of sera, the rCF antigen
reacted with sera from 6 of 12 patients with his-
toplasmosis and 2 of 12 patients with blastomy-
cosis [33].
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Patients with coccidioidomycosis also react
with a proline-rich antigen (PRA) isolated from
spherules of C. immitis. The gene encoding this
antigen has been cloned and the recombinant
antigen has been shown to react with serum IgG
antibodies from 37 of 42 patients with culture-
proven progressive pulmonary or extrapulmonary
coccidioidal disease. In addition to the high
sensitivity observed (88%), the test showed a
specificity of 97% in the diagnosis of coccidiod-
omycosis [34]. Interestingly, the association of
antibodies to rPRA with progressive infection may
have prognostic value since none of 18 patients
with primary self-limited coccidioidomycosis had
detectable antibodies to rPRA in serum samples
collected up to 141 days after illness began.

Histoplasma

The temperature dependent dimorphic fungus
H. capsulatum causes histoplasmosis, a broad
spectrum of clinical conditions ranging from the
self-limiting localized lung infection to the acute
disseminated form, which is particularly serious in
immunosuppressed patients such as those with
AIDS. The identification of antibody responses in
patients with histoplasmosis has been proved to be
useful in the diagnosis of disease [35]. ID assays
have been developed employing antigens H and
M. The M gene consists of 2187-bp DNA encod-
ing a protein of 80.7 kDa, which has significant
homology to catalases from A. fumigatus, A. niger,
and A. nidulans [64]). The M antigen has been
cloned and expressed and the recombinant fusion
protein demonstrated to be reactive with a serum
sample from a patient with histoplasmosis. The
gene encoding the H antigen has also been cloned
[35] and sequence analysis revealed homology to
extracellular B-glucosidases. Although the ability
of recombinant H antigen to elicit and induce an in
vitro cell-mediated immune response in BALB/c
mice has been tested [65], its suitability in serodi-
agnostic assays has not been reported yet.

GH17 i1s a cDNa sequence, which encodes a
60 kDa protein of H. capsulatum that shows no
significant homology with known sequences.
When it was expressed as B-galactosidase fusion
protein, it reacted with 18 of 18 sera from histo-
plasmosis patients but with none of the controls
including sera from patients with blastomycosis,
coccidioidomycosis, candidiasis and healthy
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controls, suggesting it could be a useful tool in the
diagnosis of histoplasmosis [36].

Malassezia

Malassezia species are opportunistic yeasts that
are involved in the pathogenesis of a number of
skin diseases including atopic dermatitis (AD),
pityriasis versicolor, folliculitis, and seborrhoeic
dermatitis. Three incomplete gene products (MF7,
MF8, MF9) as well as two allergens (Mal f 5 and
Mal f 6) of Malassezia furfur, also denoted Pity-
rosporum orbiculare, were cloned and expressed
using phage display technology [37]. Mal f 5
showed homology to Mal f 2, Mal f 3 and Asp f3,
whereas Mal f 6 showed homology to cyclophilin.
MF7, MF8 and MF9 did not reveal sequence
similarity to any known proteins. All of the
recombinant products obtained in the study
showed IgE-binding capability to serum from AD
patients.

Mal f 7, Mal f 8 and Mal {9, also produced by
phage display, did not show homology to other
known proteins. Although they did show binding
ability to IgE serum from AD patients by WB, a
M. furfur extract was able to inhibit this IgE
binding [38].

Paracoccidioides

Paracoccidioides brasiliensis is a dimorphic fungus
that causes paracoccidioidomycosis. Two forms of
the disease are recognized, the chronic form and
the acute or subacute form. The main antigen used
for serodiagnosis of paracoccidioidomycosis is a
glycoprotein of 43 kDa (gp43), which is analogous
to the E2 culture filtrate antigen [66]. The gp43
antigen reacted with sera from 100% of patients
with paracoccidioidomycosis but also with a sig-
nificant amount of sera from patients with histo-
plasmosis or Jorge Lobo’s disease [39]. The gene
encoding the gp43 antigen has been sequenced,
cloned and expressed in E. coli [40]. It encoded a
polypeptide of 416 amino acids (Mr 45,947) that
showed similarities of 56-58% with exo-1,3-B-D-
glucanases from Saccharomyces cerevisiae and
C. albicans. The entire gp43 sequence expressed as
a GST fusion protein showed reactivity by WB
with sera from 6 out of 6 patients with chronic
pulmonary paracoccidioidomycosis and 7 out
of 7 patients with acute lymphatic forms of

paracoccidioidomycosis [67]. In this study, sera
from patients with aspergillosis, candidiasis and
histoplasmosis did not react with the gp43-GST
fusion protein, suggesting that recombinant gp43
can be a useful tool in the diagnosis of paracoc-
cidioidomycosis. Subfragments of the gp43
expressed as GST fusion proteins revealed that
sera from patients with paracoccidioidomycosis
tended to react with the C-terminal region [67].

A 27 kDa recombinant protein from P. brasil-
iensis has also been produced and evaluated with
human serum samples by ELISA [41]. In this
study, 47 of the 64 specimens from paracoccidi-
oidomycosis patients were reactive (73.4%) while
35 of the 40 samples from healthy individuals were
non-reactive. Cross-reactivity was observed with
11 of 15 aspergillosis patients (73.3%) and 6 of 15
histoplasmosis patients (40%). The ELISA assay
had a specificity of 87.5% for paracoccidioid-
omycosis patients when compared to healthy
subjects, while for patients with other mycoses it
was 58.7%. Further studies combining the 27 kDa
recombinant protein and the purified 87 kDa heat
shock protein in an ELISA showed promising
results since the combination of both antigens
demonstrated a significant increase in sensitivity
and specificity compared to results when the anti-
gens were used separately [42].

The immunodominant heat shock protein 60
(HSP60) of P. brasiliensis has also been cloned,
characterized and expressed [43]. When it was
assayed by WB it showed reactivity with 8 of 10
patients with paracoccidioidomycosis and no
reactivity with sera from normal human subjects
or from patients with other mycoses such as his-
toplasmosis, cryptococcosis or candidiasis. Recent
studies [44] done with HSP60 involving a larger
amount of serum samples have shown promising
results by WB (Figure 4). A high sensitivity
(97.3%) and specificity (92.5%) was observed. In
this case no cross reactivity was observed when
individual sera from patients with aspergillosis,
sporotrichosis, cryptococcosis and tuberculosis
was assayed. However reactivity to HSP60 was
observed in sera form 9.52% of the healthy indi-
viduals and 11.5% of patients with histoplasmosis.
Although these results are promising, since a great
number of serum from patients with proven
mycosis has been assayed (121 serum specimens),
the existence of some false positive results among
healthy individuals requires the testing of a greater
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Figure 4. Reactivities of individual serum samples from P. brasiliensis-infected patients to the recombinant HSP60 as determined by
Western Blotting. (a and b) Reactivity to serum samples (at a 1:500 dilution) from P. brasiliensis-infected patients with chronic and
acute disease, respectively. (c) Reactivity of human control sera. Lanes 1, reaction of the purified P. brasiliensis HSP60 to the
monoclonal antibody. Lanes 2—12, reaction to individual sera at 1:500 dilution. Reprinted with permission from ASM [44].

number of controls and further study of the reac-
tivity to histoplasmosis samples.

Penicillium

Penicillium marneffei is a dimorphic pathogenic
fungus that causes the systemic disease penicilliosis
by P. marneffei in both immunocompromised and
immunocompetent patients. Penicilliosis is partic-
ularly common in people infected with human
immunodeficiency virus. The diagnosis of this
disease is normally made employing invasive pro-
cedures. A rapid serodiagnostic assay would be
helpful to identify individuals who display non-
specific symptoms of P. marneffei infection and
those who have initial asymptomatic forms of the
disease [35].

Mpl is a highly antigenic cell wall mannopro-
tein of P. marneffei that is useful to detect anti-
bodies in patients with penicillosis marneffei.
Recombinant Mplp has been produced and
assayed as a serodiagnostic marker in an ELISA
test [45]. Clinical evaluation revealed high levels of
specific antibody in two immunocompetent
patients and in 14 of 17 (80%) penicillosis patients
infected by human immunodeficiency virus. No
false-positives were found among 90 healthy blood
donors, 20 patients with typhoid fever and 55
patients with tuberculosis.

Penicillium citrinum and P. oxalicum cause I1gE-
mediated allergic diseases. Crude extracts have
been used in skin tests giving good results.
However, it would be advantageous to have pure

immunoreactive antigens or allergens that could
assist the diagnosis of allergic diseases. Recombi-
nant Pen ¢ 1 [46] and Pen c 2 [47] from P. citrinum
as well as Pen o 18 [48] from P. oxalicum have
shown to bind to specific IgE antibodies from sera
of patients by WB, indicating they could be used in
serodiagnosis of allergic disorders.

Pneumocystis

Prneumocystis jiroveci is an opportunistic fungal
pathogen that causes pneumonia in the immuno-
compromised host. Serologic studies of Pneumo-
cystis pneumonia (PCP) in humans have been
limited by inadequate reagents, since only small
amounts of human P. jiroveci antigens can be
obtained from clinical specimens. In addition to
this problem, serologic surveys using crude Pneu-
mocystis antigen preparations are generally not
effective as clinical or epidemiologic tools [68]. The
Pneumocystis antigen that has been used in most
serological studies is the 95- to 140-kDa major
surface glycoprotein (Msg or gpA). This antigen
has been cloned and expressed in two recombinant
fragments that correspond to the amino and car-
boxyl halves of Msg [49, 50]. The carboxyl frag-
ment of about 100 aminoacids was reactive by WB
with 49 serum samples from healthy donors as well
from patients with and without PCP supporting
the hypothesis that most adult humans have been
infected with P. jiroveci at some point in their life.
In more recent studies the carboxyl fragment was
recognized by WB by 100% of serum specimens
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while the amino fragment was recognized by
approximately 44% of patients. However, the test
did not distinguish between HIV-positive patients
and healthy donors [50]. An ELISA using the
carboxyl fragment showed that immunocompro-
mised patients with PCP who were immunocom-
promised for reasons other than AIDS had higher
antibody levels than did either patients with AIDS
with PCP or healthy persons, but it could not
distinguish among HIV-positive, PCP-positive and
HIV-positive, PCP-negative patients and controls
[50].

Three overlapping recombinant fragments of
Msg that span the length of P. jiroveci Msg have
been used to measure serum antibodies by WB in
healthy blood donors and HIV patients [51].
Eighty (84%) of the 95 healthy persons reacted
with any of 3 overlapping recombinant MSG
fragments; 64% had antibodies against the middle
region (approximately aa 243-760), while recom-
binant proteins encompassing the amino or car-
boxy portion were recognized by 40% (38/95) and
41% (39/95) of the serum samples, respectively.
An ELISA using the three overlapping recombi-
nant fragments of Msg demonstrated that HIV-
positive patients had significantly higher antibody
levels to all Msg fragments. Furthermore, HIV-
positive patients who experienced a previous epi-
sode of PCP had higher levels of antibodies to
MsgC than patients who never had PCP [51].

At present, Msg recombinant fragments are
probably more interesting tools for the study the
epidemiology of PCP infection in humans than as
diagnostic tools since both healthy donors and
PCP patients react with this antigen.

Conclusions

There is an urgent need for an early diagnosis of
fungal infections in order to establish an effective
antifungal therapy. High sensitivity and specificity
tests are desirable, whereas cross-reactivity and
low reproducibility should be avoided. The evo-
lution of molecular techniques allows the produc-
tion of recombinant proteins that provide a highly
reproducible source of defined antigens that permit
standardization. Alone or in combination with
other antigens, recombinant antigens are being
employed as reagents in a variety of immunologi-
cal methods, such as ID, ELISA or WB for the

diagnosis of most clinically relevant mycoses.
Additionally, monoclonal and polyclonal anti-
bodies can be raised against these recombinant
antigens to be used in serodiagnostic assays.
Recombinant techniques are opening new ways in
the diagnosis of fungal infections.

Acknowledgements

The investigations done in the author’s laboratory
were supported by grants G03/075, subproject
“Infeccion y trasplante. Infeccion fingica invasora
en el trasplante de organo solido y de progenitores
hematopoyéticos (RESITRA)” from the Fondo de
Investigacion Sanitaria (Redes Tematicas de
Investigacion Cooperativa), Ministerio de Sanidad
y Consumo and IE019, subproject “‘Diamolfun”
from plan ETORTEK, Departamento de Indu-
stria, Comercio y Turismo del Gobierno Vasco.

References

1. Yeo SF, Wong B. Current status of nonculture methods
for diagnosis of invasive fungal infections. Clin Microbiol
Rev 2002; 15: 465-484.

2. Ponton J, Quindos G, Cisterna R. Humoral responses of
the host to fungi. In: Arora DK, Ajello L, Mukerji KG,
eds. Handbook of Applied Mycology. Vol 2: Humans,
Animals and Insects. Marcel Dekker Inc., 1991: 289-339.

3. Crameri R. Recombinant Aspergillus fumigatus allergens:
from the nucleotide sequences to clinical applications. Int
Arch Allergy Immunol 1998; 115: 99-114.

4. Lai HY, Tam MF, Tang RB, Chou H, Chang CY, Tsai JJ,
Shen HD. ¢cDNA cloning and immunological character-
ization of a newly identified enolase allergen from Peni-
cillium citrinum and Aspergillus fumigatus. Int Arch
Allergy Immunol 2002; 127: 181-190.

5. Sanchez H, Bush RK. A review of Alternaria alternata
sensitivity. Rev Iberoam Micol 2001; 18: 56-59.

6. DeVouge MW, Thaker AJ, Zhang L, Muradia G, Rode
H, Vijay HN. Molecular cloning of IgE- binding frag-
ments of Alternaria alternata allergens. Int Arch Allergy
Immunol 1998; 116: 261-268.

7. Unger A, Stoger P, Simmon-Nobbe B, Susani M, Crameri
R, Ebner C, Hinter H, Breitenbach M. Clinical testing of
recombinant allergens of the mold Alternaria alternata. Int
Arch Allergy Immunol 1999; 118: 220-221.

8. Vailes LD, Perzanowski MS, Wheatly LM, Platts-Mills
TAE, Chapman MD. IgE and IgG antibody responses to
recombinant Alt al as a marker of sensitization to Alter-
naria in asthma atopic dermatitis. Clin Exp Allergy 2001;
31: 1891-1895.

9. Achatz G, Oberkofler H, Lechenauer E, Simon B, Unger
A, Kandler D, Ebner C, Prillinger H, Kraft D, Breiten-
bach M. Molecular cloning of major and minor allergens



11.

14.

15.

16.

17.

19.

20.

21.

22.

of Alternaria alternata and Cladosporium herbarum. Mol
Immunol 1995; 32: 213-227.

Arruda LK, Mann BJ, Chapman MD. Selective expres-
sion of a major allergen and cytotoxin, Asp f 1 in
Aspergillus  fumigatus. immplications for the immuno-
pathogenesis of Aspergillus-related diseases. J Immunol
1992; 149: 3354-3359.

Crameri R, Lidholm J, Gronlund H, Stuber D, Blaser K,
Menz G. Automated specific IgE assay with recombinant
allergens: evaluation of the recombinant Aspergillus
fumigatus allergen 1 in the Pharmacia Cap System. Clin
Exp Allergy 1996; 26: 1411-1419.

Madan T, Priyadarsiny P, Vaid M, Kamal N, Shah A,
Wahajul H, Bandacharya K, Sarma PU. Use of a
synthetic peptide epitope of Asp f 1, a major allergen or
antigen of Aspergillus fumigatus, for improved immuno-
diagnosis of allergic bronchopulmonary aspergillosis. Clin
Diag Lab Immunol 2004; 11: 552-558.

Banerjee B, Greenberger PA, Fink JN, Kurup VP.
Immunological characterization of Asp f 2, a major
allergen from Aspergillus fumigatus associated with aller-
gic bronchopulmonary aspergillosis. Infect Immun 1998;
66: 5175-5182.

Chong KTK, Woo PCY, Lau SKP, Huang Y, Yuen K.
AFMP2 encodes a novel immunogenic protein of the
antigenic mannoprotein superfamily in Aspergillus fumig-
atus. J Clin Microbiol 2004; 42: 2287-2291.

Crameri R, Hemmann S, Ismail C, Menz G, Blaser K.
Disease-specific recombinant allergens for the diagnosis of
allergic bronchopulmonary aspergillosis. Int Immunol
1998; 10: 1211-1216.

Banerjee B, Kurup VP, Phadnis S, Greenberger PA, Gluk
JN. Molecular cloning and expression of a recombinant
Aspergillus  fumigatus protein Aspfll with significant
immunoglobulin E reactivity in allergic bronchopulmo-
nary aspergillosis. J Lab Clin Med 1996; 127: 253-262.
Banerjee B, Kurup VP, Greenberger PA, Johnson BD,
Fink JN. Cloning and expression of Aspergillus fumigatus
allergen Asp f 16 mediating both humoral and cell-
mediated immunity in allergic bronchopulmonary asper-
gillosis (ABPA). Clin Exp Allergy 2001; 31: 761-770.
Yuen K, Chan C, Chan K, Woo PCY, Che X, Leung
ASP, Cao L. Characterization of AFMP1: a novel target
for serodiagnosis of aspergillosis. J Clin Microbiol 2001;
39: 3830-3837.

Chan C, Woo PCY, Leung ASP, Lau SKP, Che X, Cao L,
Yuen K. Detection of antibodies to an antigenic cell wall
galactomannoprotein for serodiagnosis of Aspergillus fu-
migatus aspergillosis. J Clin Microbiol 2002; 40: 2041-2045.
Woo PCY, Chan C, Leung ASP, Lau SKP, Che X, Wong
SSY, Cao L, Yuen K. Detection of cell wall galactoman-
noprotein Afmplp culture supernatants of Aspergillus
fumigatus and in sera of aspergillosis patients. J Clin
Microbiol 2002; 40: 4382-4387.

WooPCY,Chong KTK, Leung ASP, Wong SSY, Lau SKP,
Yuen K. AFLMP1 encodes an antigenic cell wall protein in
Aspergillus flavus. J Clin Microbiol 2003; 41: 845-850.
Kumar AL, Reddy V, Sochanik A, Kurup VP. Isolation
and characterization of a recombinant heat shock protein of
A. fumigatus. J Allergy Clin Immunol 1993; 91: 1024-1030.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

107

Weig M, Frosch M, Tintelnot K, Haas A, Gross U,
Linsmeier B, Heeseman J. Use of recombinant mitogillin
for improved serodiagnosis of Aspergillus fumigatus-asso-
ciated diseases. J Clin Microbiol 2001; 39: 1721-1730.
Calera JA, Ovejero MC, Lopez-Medrano R, Lopez-Aragon
R, Puente P, Leal F. The recombinant antigen ASPNDI1r
from Aspergillus nidulans is specifically recognized by sera
from patients with aspergilloma. Microbiology 1998; 144:
561-567.

Klein BS, Hogan LH, Jones JM. Immunologic recognition
of a 25-amino acid repeat arrayed in tandem on a major
antigen in Blastomyces dermatitidis. J Clin Invest 1993; 92:
330-337.

Chou H, Tam KF, Chang CY, Lai HY, Huang MH,
Chou CT, Lee SS, Shen HD. Characterization of a novel
Candida albicans 29 kDa IgE-binding protein-purification,
cDNA isolation and heterologous expression of Cand a 3.
Allergy 2003; 58: 1157-1164.

Elguezabal N, Fernandez de Larrinoa I, Saldafia I, Lain
A, Moragues MD, Ponton J. Ecelp as a marker of
invasive candidiasis. Physiology of Yeast and Filamentous
Fungi 2. Anglet, France, March 2004.

Weichel M, Schmid-Grendelmeier P, Rhyner C, Achatz
G, Blaser K, Crameri R. Immunoglobulin E-binding and
skin test reactivity to hydrophobin HCh-1 from Clados-
porium herbarum, the first allergenic cell wall component
of fungi. Clin Exp Allergy 2003; 33: 72-77.
Simon-Nobbe B, Probst G, Kajava AV, Oberkofler H,
Susani M, Crameri R, Ferreira F, Ebner C, Breitenbach
M. IgE-binding epitopes of enolases, a class of highly
conserved fungal allergens. J Allergy Clin Immunol 2000;
106: 887-895.

Fish DG, Ampel JN, Galgiani JN, Dols CL, Kelly PC,
Johnson CH, Pappagiansis D, Edwards JE, Wasserman
RB, Clark RJ, Antoniskis D, Larsen RA, Englender SJ,
Peterson EA. Coccidioidomycosis during human immu-
nodeficiency virus infection. Medicine 1990; 69: 384-391.
Zimmermann CR, Johnson SM, Martens GW, White AG,
Pappagianis D. Cloning and characterization of the
complement fixation antigen-chitinase of Coccidioides
immitis. Infect Immun 1996; 64: 4976-4975.

Johnson SM, Zimmermann R, Pappagianis D. Use of a
recombinant Coccidioides immitis complement fixation
antigen-chitinase in conventional serological assays. J Clin
Microbiol 1996; 34: 3160-3164.

Yang MC, Magee M, Kaufman L, Zhu Y, Cox RA.
Recombinant Coccidioides immitis complement-fixing
antigen: detection of an epitope shared by C. immitis,
Histoplasma capsulatum, and Blastomyces dermatitidis.
Clin Diag Lab Immunol 1997; 4: 19-22.

Orsborn KI, Galgiani JN. Detecting serum antibodies to a
purified recombinant proline-rich antigen of Coccidioides
immitis in patients with coccidioidomycosis. Clin Infect
Dis 1998; 27: 1475-1478.

Hamilton AJ. Serodiagnosis of histoplasmosis, paracoc-
cidioidomycosis and pencilliosis marneffei: current status
and future trends. Med Mycol 1998; 36: 351-364.
Chandrashekar R, Curtis KC, Rawot BW, Kobayashi GS,
Weil GJ. Molecular cloning and characterization of
a recombinant Histoplasma capsulatum antigen for



108

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

antibody-based diagnosis of human histoplasmosis. J Clin
Microbiol 1997; 35: 1071-1076.

Lindborg M, Magnusson CGM, Zargari A, Schmidt M,
Scheynius A, Crameri R, Whitley P. Selective cloning of
allergens from the skin colonizing yeast Malassezia furfur
by phage surface display technology. J Invest Dermatol
1999; 113: 156-161.

Rasool O, Zargari A, Almqvist J, Eshaghi H, Whitley P,
Scheynius A. Cloning, characterization and expression of
complete coding sequences of three binding Malassezia

Sfurfur allergens, Mal f 7, Mal f 8§ and Mal f 9. Eur J

Biochem 2000; 267: 4355-4361.

Puccia R, Travassos LR. 43-kilodalton glycoprotein from
Paracoccidioides brasiliensis: immunochemical reactions
with sera from patients with paracoccidioidomycosis,
histoplasmosis, or Jorge Lobo’s disease. J Clin Microbiol
1991; 29: 1610-1615.

Cisalpino PS, Puccia R, Yamauchi LM, Cano MIN,
Silveira JF, Travassos LR. Cloning, characterization, and
epitope expression of the major diagnostic antigen of
Paracoccidioides brasiliensis. J Biol Chem 1996; 271: 4553~
4560.

Ortiz BL, Diez S, Uran ME, Rivas JM, Romero M, Caicedo
V, Restrepo A, McEwen JG. Use of the 27-kilodalton
recombinant protein from Paracoccidioides brasiliensis in
serodiganosis of paracoccidioidomycosis. Clin Diag Lab
Immunol 1998; 5: 826-830.

Diez S, Gomez BL, McEwen JG, Restrepo A, Hay RJ,
Hamilton AJ. Combined use of Paracoccidioides brasili-
ensis recombinant 27-kilodalton and purified 87-kilodal-
ton antigens in enzyme-linked immunoabsorbent assay for
serodiagnosis of paracoccidioidomycosis. J Clin Microbiol
2003; 41: 1536-1542.

Salem-Izacc SM, Gomez FJ, Jesuino RSA, Fonseca CA,
Felipe MSS, Deepe GS Jr, Soares CMA. Molecular
cloning, characterization and expression of the heat shock
protein 60 gene from the human pathogenic fungus
Paracoccidioides brasiliensis. Med Mycol 2001; 39: 445—
455.

Cunha DA, Zancopé-Oliveira RM, Felipe MSS, Salem-
Izaac SM, Deepe GS Jr, Soares CMA. Heterologous
expression, purification and immunological reactivity of a
recombinant HSP60 from Paracoccidioides brasiliensis.
Clin Daign Lab Immunol 2002; 9: 374-377.

Cao L, Chen DL, Chan CM, Chan KM, Vanittanakom N,
Tsang DN, Yuen KY. Detection of specific antibodies to an
antigenic mannoprotein for diagnosis of Penicillium mar-
neffei penicillosis. J Clin Microbiol 1998; 36: 3028-3031.
Su N, Yu C, Shen H, Pan F, Chow L. Pen ¢ 1, a novel
enzymic allergen protein from Penicillium citrinum. Puri-
fication, characterization, cloning and expression. Eur J
Biochem 1999; 261: 115-123.

Chow L, Su N, Yu C, Chiang BL, Shen H. Identification
and expression of Pen ¢ 2, a novel allergen from Penicillium
citrinum. J Biochem 1999; 341: 51-59.

Shen HD, Wang CW, Lin WL, Lai HY, Tam MF, Chou
H, Wang SR, Han SH. cDNA cloning and immunological
characterization of Pen o 18, the vacuolar serine protease
major allergen of Penicillium oxalicum. J Lab Clin Med
2001; 137: 115-124.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Mei Q, Turner RE, Sorial V, Klivington D, Angus CW,
Kovacs JA. Characterization of major surface glycopro-
tein genes of human Preumocystis carinii and high-level
expression of a conserved region. Infect Immun 1998; 66:
4268-4273.

Bishop LR, Kovacs JA. Quantitation of anti—Pneumocystis
Jiroveci antibodies in healthy persons and immunocompro-
mised patients. J Infect Dis 2003; 187: 1844—1848.

Daly. Serologic responses to epitopes of the major surface
glycoprotein of Pneumocystis jiroveci differ in human
immunodeficiency virus-infected and uninfected persons. J
Infect Dis 2002; 186: 644-651.

Lumbreras C, Gavalda J. Aspergilosis invasora: manifes-
taciones clinicas y tratamiento. Rev Iberoam Micol 2003;
20: 79-89.

Palacio ADel, Cuétara MS, Ponton J. El diagnostico de
laboratorio de la aspergilosis invasora. Rev Iberoam
Micol 2003; 20: 90-98.

Brandhorst TT, Rooney PJ, Sullivan TD, Klein S. Using
new genetic tools to study the pathogenesis of Blastomyces
dermatitidis. Trends Microbiol 2002; 10: 25-30.

Bradsher RW, Pappas PG. Detection of specific antibod-
ies in human blastomycosis by enzyme immunoassay.
South Med J 1995; 88: 1256-1259.

Klein BS, Jones JM. Purification and characterization of
the major antigen WI-1 from Blastomyces dermatitidis
yeasts and immunological comparison with A antigen.
Infect Immun 1994; 62: 3890-3900.

Wuthrich M, Filotuwicz HI, Warner T, Klein BS.
Requisite elements in vaccine immunity to Blastomyces
dermatitidis: plasticity uncovers vaccine potential in
immune-deficient hosts. J Immunol 2002; 169: 6969—6976.
Brandhorst TT, Rooney PJ, Sullivan TD, Klein BS.
Molecular genetic analysis of Blastomyces dermatitidis
reveals new insights about pathogenic mechanisms. Int J
Med Microbiol 2002; 292: 363-371.

Quindoés G, Moragues MD, Ponton J. Is there a role for
antibody testing in the diagnosis of invasive candidiasis?
Rev Iberoam Micol 2004; 21: 10-14.

Ponton J, Moragues MD, Quind6s G. Non-culture based
diagnostics. In: Calderone R, ed. Candida and Candidi-
asis, American Society for Microbiology, Washington,
2001: 395-425.

Mason AB, Buckley HR, Gorman J. A Molecular cloning
and characterization of the Candida albicans enolase gene.
J Bacteriol 1993; 175: 2632-2639.

Postlethwait P, Sundstrom P. Genetic organization and
mRNA expression of enolase genes of Candida albicans.
J Bacteriol 1995; 177: 1772-1779.

Birse CE, Irwin WY, Fonzi WA, Sypherd PS. Cloning and
characterization of ECEl, a gene expressed in association
with cell elongation of the dimorphic pathogen Candida
albicans. Infect Immun 1993; 61: 3648-3655.
Zancopé-Oliveira RM, Reiss E, Lott TJ, Mayer LW,
Deepe GS Jr. Molceular cloning, characterization, and
expression of the M antigen of Histoplasma capsulatum.
Infect Immun 1999; 67: 1947-1953.

Deepe GS, Durose GG. Immunobiological activity of
recombinant H antigen from Histoplasma capsulatum.
Infect Immun 1995; 63: 6151-6157.



66. Puccia R, Schenkman S, Gorin PAJ, Travassos LR.
Exocellular components of Paracoccidioides brasiliensis:
identification of a specific antigen. Infect Immun 1986;
53: 199-206.

67. Diniz SN, Carvalho KC, Cisalpino PS, Travassos
LR, Puccia R. Expression in bacteria of the gene
encoding the gp43 antigen of Paracoccidioides bra-
siliensis: immunological reactivity of the recombinant

fusion proteins. Clin Diag Lab Immunol 2002; 9:
1200-1204.

109

68. Daly. Enzyme-linked immunosorbent assay and serologic

responses to Pneumocystis jiroveci. Emerg Infect Dis 2004;
10: 848-854.

Address  for correspondence: Natalia Elguezabal, PhD,
Departamento de Inmunologia, Microbiologia y Parasitologia,
Facultad de Medicina y Odontologia Apdo. 699 E-48080
Bilbao, Vizcaya Spain

Phone: 34-946015686; Fax: 34-946013400

E-mail: oibelven@lg.ehu.es



