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FIG. 3. (A) Reactivity of EB-A2 with an epitope located in the cell wall (W) and in the cytoplasm (C) of an A. fumigatus hypha. Material
secreted exocellularly (arrowheads) also bound to the MAb. Bar, 0.13 ,um. (B) Binding of EB-A2 to the cell surface of the A. fumigatus
mycelium. Gold particles (arrowheads) were visualized by use of back-scattering electron imaging. Bar, 0.5 ,um.

at C-2 and C-3 and substituted at C-2 and C-6, were not
attacked (31). Further evidence for reactivity with the
0(1->5)galactofuranose-bearing side chains was provided by
the ELISAinhibitionexperimentswith synthetic ,3(1-5)galac-
tofuranose oligomers (Table 2 and Fig. 1).

Bennett et al. (4) already showed that galactofuranosyl
groups are immunodominant in Aspergillus galactomannan.
Notermans et al. (35) and Kamphuis et al. (26) used synthetic
,(1-35)galactofuranose oligomers to confirm this fact in a
study of Penicillium and Aspergillus galactomannans. These
studies were done with polyclonal rabbit antisera. MAb 1, a
murine MAb raised against a cold alkali extract of mycelium
by Ste-Marie et al. (45), recognized a periodate-sensitive,
pronase- and heat-resistant epitope. The glycoproteins la-
belled by MAb 1 in immunoblots reacted with concanavalin
A and the BS-1 lectin from Bandeiraea simplicifolia, sug-
gesting that the antigens contained mannose and at-D-galac-
tose (and not ,-D-galactose, present in galactomannan) or
at-D-N-acetylgalactosamine (20), which is also secreted in
vitro byA. fumigatus (31). MAb 1 also reacted strongly with
Fusarium in an immunofluorescence assay, while our MAbs
(36) (Table 3) as well as polyclonal antibodies that bind
,B(1- 5)galactofuranosides (26, 27) failed to bind Fusarium
ExAs. Analysis of the structures of the extracellular
polysaccharides from Fusarium moniliforme and F. solani
demonstrated the presence of D-galactose in the furanose
form. However, unlike the galactofuranoside residues of the
galactomannan of A. fuumigatus, the galactofuranoside resi-
dues of the polysaccharide of F. moniliforme are 1--2- or

1-->6-linked, with some branching at C-2 or C-6 (43). In F.
solani, only 1,2,6-linked galactofuranoside residues could be
demonstrated (34). In neither species were galactofurano-
sides located at terminal positions. Although the chemical
nature of the epitope recognized by MAb 1 was not directly
investigated (45), the arguments mentioned above suggest
that the MAbs described in this paper are different from
MAb 1.

In this study, there was some variation in the concentra-
tions of P(1-+5)galactofuranose needed to inhibit the MAbs.
In the case of EB-A6, no clear inhibition could be demon-
strated. This result suggests that the antigen-binding sites of
the MAbs were not identical. The inhibitory concentrations
of ,B(1--5)galactofuranose were relatively high, suggesting
that the MAbs may recognize a more complex epitope,
including, for example, a mannose residue of the core or
galactopyranose residues of the side chains bearing
P(1--5)galactofuranose. It might therefore be interesting to
study the reactivity of hetero-oligomers in ELISA inhibition
experiments. Such a study might help explain the cross-
reactivity with Trichophyton ExA, in which no P(1- 5)ga-
lactofuran has been reported until now.
Wall antigens of A. fumigatus are very immunogenic.

Immunogold labelling of ultrathin sections has demonstrated
that sera from aspergilloma patients or from rabbits immu-
nized with A. fumigatus fractions bound almost exclusively
to the mycelial wall (22). The anti-galactomannan MAb
EB-A2, however, bound to intracellular and extracellular
material and to wall components (Fig. 3). Its binding pattern
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FIG. 4. Immunoblot of CIAs of A. fumigatus CBS 331.90 (25 pLg
of protein per lane) grown in Vogel's medium with the seven MAbs
as probes. The recognized epitope was commonly present on a wide
range of glycoproteins. The different MAbs revealed almost identi-
cal banding patterns. Lanes: 1, EB-Al; 2, EB-A2; 3, EB-A3; 4,
EB-A4; 5, EB-A5; 6, EB-A6; 7, EB-A7. Numbers are in kilodaltons.

resembled that seen when thin sections were labelled with a
rabbit antiserum raised against the concanavalin A-binding
fraction of a water-soluble preparation of a mycelial extract,
which is known to be rich in galactomannan (21). Similarly,
MAb 1 recognized an epitope located in the wall and
intracellular compartment of hyphae and conidia (45).

In immunofluorescence experiments, EB-A2 intensely
bound to germ tubes and to young conidia (Fig. 2). The weak
fluorescence in older conidia suggested that the immunore-
active material was less accessible to the antibody because
of the presence of a hydrophobic outer layer on the surface
of mature conidia. The EB-A2 reaction patterns confirmed
the differences existing in cell wall structure between differ-
ent developmental phases of Aspergillus spp. (33). The
positive reactions obtained with all stages of A. fumigatus,
albeit of different intensities, were consistent with the fact
that immunization with either conidia or mycelia yielded
similar MAbs.
EB-A2 has been used to detect circulating antigen in the

serum of patients with invasive aspergillosis by ELISA
inhibition. The sensitivity (95%), specificity (100%), positive
predictive value (100%), and negative predictive value (99%)
of the ELISA for the diagnosis of invasive pulmonary
aspergillosis, compared with the situation in a group of
patients with other infections or no fungal infections, were
very good (40). Antigenemia antedated clinical suspicion by
a median of 24 days. However, in serial samples antigenemia
was transient and galactomannan concentrations fluctuated

90,1-l:
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FIG. 5. Immunoblot of CIAs of A. fumigatus CBS 331.90 grown
in three different media and of A. fi4migatus CBS 143.89 grown in
M3 with EB-A2 as a probe. Culturing in different media only caused
quantitative variations in the intensities of some bands. However,
the pattern of banding ofA. fumigatus CBS 143.89 strikingly differed
from that ofA. fumigatus CBS 331.90. Lanes contained, from left to
right, CBS 331.90 in M4 (25 ,ug of protein per lane), CBS 143.89 in
M3 (25 ,ug of protein per lane), CBS 331.90 in M3 (10 pg of protein
per lane), and CBS 331.90 in MI (25 pLg of protein per lane).
Numbers are in kilodaltons.

significantly, confirming earlier findings (17, 19, 41) and
suggesting that regular testing of patients is necessary to
maximize the efficiency of antigen testing. Interestingly, in
the same study (40) urine samples were positive more often
than serum samples.
EB-A2 has also been used to coat latex beads. This latex

agglutination test (Pastorex Aspergillus; Sanofi Diagnostics
Pasteur) yielded sensitivities of 93.3% for a group of patients
with proven invasive aspergillosis and 94.4% for a group of
patients suspected of having this disease, while no false-
positive results were observed (18).

Penicillium species have galactomannans immunologically
similar or identical to those of Aspergillus species, so the
cross-reactivity with P. digitatum is not a surprise. Penicil-
lium marneffei occasionally causes disseminated infections
(11, 23, 24). Patients with these infections have not yet been
investigated with EB-A2-based ELISAs or latex agglutina-
tion tests, but guinea pigs with experimentally induced
invasive P. mamneffei infections yielded positive results with
Pastorex Aspergillus (48, 49), although the antigen titers
were lower than those in animals with experimentally in-
duced invasive aspergillosis.

In the same studies, animals suffering from invasive Tri-
chophyton mentagrophytes infections yielded negative re-
sults (48, 49). In a protocol developed by Arrese Estrada et
al. (1), EB-Al, which reacted with Trichophyton antigens in
the ELISA experiments presented here, was negative in
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immunocytochemical investigations of Formalin-fixed, par-
affin-embedded sections of tissues infected by Trichophyton
spp. Although the influence of Formalin fixation must be
taken into account, the two latter results may also suggest
that the antigens produced by Trichophyton spp. in vivo
differ qualitatively and/or quantitatively from those pro-
duced in vitro. The role of the medium in the amount of
galactomannan secreted has already been shown for A.
fumigatus (unpublished observation).

In conclusion, this study demonstrated that rat MAbs
against A. fumigatus galactomannan, already applied to the
serological (18, 40, 48) and immunohistological (1, 36) diag-
nosis of invasive aspergillosis, reacted with the 3(1->5)ga-
lactofuranose-containing side chains of galactomannan. The
epitope recognized was immunodominant and carried by a
wide range of exocellular, intracellular, and wall glycopro-
teins.
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