
CLINICAL AND VACCINE IMMUNOLOGY, Dec. 2008, p. 1868–1877 Vol. 15, No. 12
1556-6811/08/$08.00�0 doi:10.1128/CVI.00200-08
Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Antibodies against Glucan, Chitin, and Saccharomyces cerevisiae
Mannan as New Biomarkers of Candida albicans Infection That

Complement Tests Based on C. albicans Mannan�

B. Sendid,1 N. Dotan,2 S. Nseir,3 C. Savaux,1 P. Vandewalle,1 A. Standaert,1,4 F. Zerimech,5
B. P. Guery,6 A. Dukler,2 J. F. Colombel,7 and D. Poulain1*
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Antibodies against Saccharomyces cerevisiae mannan (ASCA) and antibodies against synthetic disaccharide
fragments of glucans (ALCA) and chitin (ACCA) are biomarkers of Crohn’s disease (CD). We previously showed
that Candida albicans infection generates ASCA. Here, we explored ALCA and ACCA as possible biomarkers of
invasive C. albicans infection (ICI). ASCA, ALCA, ACCA, and Candida mannan antigen and antibody detection tests
were performed on 69 sera obtained sequentially from 18 patients with ICIs proven by blood culture, 59 sera from
CD patients, 47 sera from hospitalized subjects colonized by Candida species (CZ), and 131 sera from healthy
controls (HC). ASCA, ALCA, and ACCA levels in CD and ICI patients were significantly different from those in CZ
and HC subjects (P < 0.0001). In ICI patients, these levels increased as infection developed. Using ASCA, ALCA,
ACCA, and Platelia Candida tests, 100% of ICIs were detected, with the kinetics of the antibody response depending
on the patient during the time course of infection. A large number of sera presented with more than three positive
tests. This is the first evidence that the detection of antibodies against chitin and glucans has diagnostic value in
fungal infections and that these tests can complement more specific tests. Future trials are necessary to assess the
value of these tests in multiparametric analysis, as well as their pathophysiological relevance.

Over the past few decades, Candida albicans has become
one of the leading causes of nosocomial infection (30). Basic
progress has been made in our understanding of C. albicans
virulence attributes, the mechanisms of saprophytic-patho-
genic transition, and factors predisposing patients to infection
(5). However, despite this progress and increasing expenditure
on empirical/curative antifungal therapy (51), both the inci-
dence and attributable mortality of candidemia remain high
(39 to 50%) (14, 30). This situation can be explained by the
difficulty in establishing a reliable and early diagnosis of inva-
sive Candida infection (ICI), particularly when the blood cul-
tures gave negative results (2).

Most ICIs are endogenous in origin, as revealed by genetic
identity between strains isolated from the gut and blood cul-
tures, as well as the link between gut colonization and invasive
infection (31, 32, 48). Despite this link, however, little research
has focused on C. albicans in its natural niche (9). Crohn’s
disease (CD) is an interesting topic for transversal research,
since this chronic inflammatory bowel disease is generally
agreed to be triggered by genetic susceptibility to gut micro-
biota (11). As the development of CD has also been linked to
the sequential appearance of antibodies against microbial an-
tigens (13, 23), we investigated whether anti-C. albicans anti-

bodies were associated with this disease. Antibodies against
Saccharomyces cerevisiae mannan (ASCA) are widely used as
serological markers of CD (47). By using antibodies immuno-
purified on synthetic oligomannoses mimicking the major
epitope of S. cerevisiae mannan supporting the ASCA re-
sponse, we demonstrated that this epitope is overexpressed by
the pathogenic phase of C. albicans. Subsequently, it was
shown that ASCA are serological markers of C. albicans infec-
tions in humans and animals (16, 43).

Recently, screening of sera from patients with CD with a glycan
array led to the identification of two new antiglycan antibodies as
serological markers of this disease (10). The two antibodies are
directed against molecular fragments corresponding to a laminar-
ibioside (�1,3-linked glucose dimer) and chitobioside (�1,4-
linked N-acetylglucosamine dimer) and have been labeled ALCA
and ACCA, respectively, and complement the detection of ASCA
as serological markers of CD. The combined detection of ASCA,
ALCA, and ACCA was named IBDX, an acronym referring to
inflammatory bowel diseases, since it improved the differential
diagnosis of CD. The cumulative presence of these antibodies
corresponded to complicated disease with a higher risk of surgery
(13).

As well as ASCA, ALCA and ACCA could also be induced
by C. albicans, since oligomers of �-D-1,3 glucose and �-1,4-
linked N-acetylglucosamine are constitutive units of glucan and
chitin, which are essential components of the yeast cell wall
(17). The availability of the IBDX panel prompted us to in-
vestigate whether ALCA and ACCA, together with ASCA,
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could also be synthesized as a result of C. albicans infection.
The presence of antiglucan and antichitin antibodies in pa-
tients infected by C. albicans has never been investigated, since
these cell wall components were previously considered to be
nonimmunogenic. We also investigated how IBDX tests com-
plement anti-C. albicans mannan antibody and mannanemia
detection tests for the diagnosis of ICI (38, 42).

(This work was presented in part at the IXth American
Society for Microbiology Conference on Candida and Candi-
diasis, 23 to 27 March 2008, Jersey City, NJ.)

MATERIALS AND METHODS

Serum samples from patients with invasive candidiasis. Sixty-nine serum
samples were selected retrospectively between January 2005 and December 2006
from 18 patients hospitalized in Lille University Hospital and Saint Antoine
University Hospital, Paris, France, who developed ICIs. The patients consisted of
nine females and nine males (mean age, 48 � 19 years). The average number of
sera per patient was 3.8 � 2.17 (Table 1). The following selection criteria were
applied retrospectively: (i) fever nonresponsive to antibacterial therapy but re-
sponsive to antifungal therapy; (ii) one or several positive cultures for C. albicans
from blood; (iii) availability of sera within a range of 3 weeks before to 4 weeks
after positive cultures; and (iv) analysis of the medical charts of patients with
special attention to risk factors.

Written, informed consent was obtained from all patients before serum sam-
ples were taken from the patients, and the study was approved by the institu-
tional review board of Lille University Hospital.

Patients with Crohn’s disease. Patients were selected retrospectively from a
previous study of families recruited through the Registre des Maladies Inflamma-
toires Chroniques de l’Intestin du Nord-Ouest de la France (EPIMAD) and the
Inflammatory Bowel Disease Registry at the University Hospital, Gasthuisberg,
Leuven, Belgium (46). A proband was selected from each family. The diagnosis of
CD was based on the usual criteria, and phenotypes were defined according to the
Montreal classification. A total of 59 CD patients (20 males and 39 females; median
age, 45 years; age range, 20 to 82 years) were selected. The age at the diagnosis of
CD was known for 58 patients: �17 years for 7 patients (12.1%), 17 to 40 years for
46 patients (79.3%), and �40 years for 5 patients (6.6%). The disease location was
known for 57 patients: ileal (L1) in 10 patients (17.5%), colonic (L2) in 9 patients
(15%), ileo-colonic (L3) in 37 patients (64.9%), and isolated upper disease (L4) in
1 patient (1.8%). Disease behavior was documented in 56 patients: nonstricturing,
nonpenetrating (B1) in 27 patients (48.2%), stricturing (B2) in 18 patients (32.1%),
penetrating (B3) in 11 patients (19.6%), and perianal in 20 patients (35.7%).

Control sera. Control sera consisted of 47 serum samples from patients (n �
47) with one or two body sites (trachea or sputum, urine, stool specimens, etc.)
colonized by Candida species and hospitalized in the intensive care unit (ICU),
and 131 sera from healthy blood donors (healthy controls [HC]).

Serological tests. (i) Detection of anti-C. albicans mannan antibodies and
mannanemia. Antibodies to C. albicans mannan and mannanemia were detected
using the Platelia Candida antibody (Ab) and Platelia Candida antigen (Ag) tests
(Bio-Rad Laboratories, Marnes-la-Coquette, France) as described previously
(41).

(ii) Detection of ASCA and antiglycan antibodies. All sera were assayed using
a panel of tests that detect novel serological markers of CD (10). This panel,
named IBDX (Glycominds, Israel), comprises ASCA, ALCA, and ACCA kits
involving three antigens: S. cerevisiae mannan, laminaribioside, and chitobioside,
respectively. para-Nitrophenyl derivatives of laminaribioside and chitobioside
and S. cerevisiae mannan were covalently bound to the surfaces of microtiter
wells with a linker (oligomer of 1,8-diamino-3,6-dioxaoctan; Sigma Chemical Co.,
St. Louis, MO). These tests were performed according to the manufacturer’s
instructions. ASCA, ALCA, and ACCA results were expressed in arbitrary units,
which are relative to a Glycominds laboratory (gASCA, ALCA, ACCA) calibra-
tors that are derived from a pool of patient sera with well-characterized disease.
Antibody titers for each sample are calculated by dividing the average optical
density (OD) of the sample by the average OD of the calibrator, multiplied by
the number of units denoted by the calibrator tube label. The cutoff values were
determined using receiver operating characteristic (ROC) curves to provide
97%, 100%, and 92% specificity for ACCA, ALCA, and ASCA, respectively,
for CD.

(iii) Experimental C. albicans infection in rabbits and follow-up of antiglycan
antibody responses. Three New Zealand White rabbits (2 to 3 kg) were inocu-
lated intravenously with 500 �l of live C. albicans VW32 yeast cells (2 � 106 yeast
cells/ml). Serum samples were obtained every week for 3 weeks and stored at
�20°C. Antibodies against C. albicans mannan (Platelia Ab), S. cerevisiae man-
nan (ASCA), laminaribioside (ALCA), and chitobioside (ACCA) were detected
by an enzyme-linked immunosorbent assay (ELISA), which was adapted for
detection of rabbit immunoglobulin G (IgG) with classical washing and incuba-
tion steps. Sera were diluted 1:400 for Platelia Ab, ASCA, and ALCA tests and
1:200 for the ACCA test and incubated with the corresponding antigens. Anti-
body binding was detected using peroxidase-labeled goat anti-rabbit IgG (Zymed
Laboratories Inc., San Francisco, CA) diluted 1:1,000 and tetramethylbenzidine
as a substrate (Bio-Rad, Marnes-la-Coquette, France).

MAb against �-glucans. Monoclonal antibody (MAb) 2G8, a murine IgG2b
reacting with �-glucan epitopes, was provided by A. Cassone (6). Dilutions of
MAb 2G8 (1:500 to 1:16,000) were prepared from a concentration of 0.6 mg/ml
and tested by ELISA on ALCA microtiter plates. One hundred microliters of
each dilution was added to each well and incubated for 1 h at 37°C. After the

TABLE 1. Clinical features of patients with systemic C. albicans infection

Patient Sexa Age (yr) Hospital ward No. of
sera

Date of serum sampling in relation
to blood culture (days)

Candida
species

1 M 43 ICU 7 40, 47, 75, 104, 110, 117, 154 C. albicans
2 F 71 Oncology 2 �1, 63 C. albicans
3 M 57 ICU 2 7, 14 C. albicans,

C. glabrata
4 M 18 ICU 4 �14, �7, 3, 23 C. albicans
5 F 73 ICU 3 �5, �2, 9 C. albicans
6 F 21 Hematology 5 �14, �9, 0, 25, 33 C. albicans
7 M 51 Surgery 9 �2, 5, 12, 19, 26, 33, 44, 55, 62 C. albicans
8 M 31 Hematology 5 �2, 5, 22, 27, 60 C. albicans
9 F 75 Surgery 2 �1, 2 C. albicans
10 F 49 ICU 2 �2, 6 C. albicans
11 M 68 Nephrology 2 �1, 1 C. albicans
12 F 28 Surgery 2 �1, 13 C. albicans
13 M 15 ICU 2 �1, 13 C. albicans
14 M 42 ICU 7 �20, �13, �6, 0, 21, 28, 42 C. albicans
15 F 80 ICU 3 �25, �16, �9 C. albicans
16 F 53 Neurosurgery 3 �2, 21, 44 C. albicans
17 M 49 Surgery 3 9, 15, 29 C. albicans
18 F 45 ICU 6 �1, 3, 6, 22, 28, 35 C. albicans

a M, male; F, female.
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wells were washed with TNT (50 mM Tris, 150 mM NaCl, HCl [pH 7.5], 0.05%
Tween 20), 100 �l of horseradish peroxidase-conjugated antibodies (goat anti-
mouse IgG; Southern Biotech) diluted 1:5,000 in TNT were added for 1 h at
37°C. After the wells were washed with TNT, each well received 100 �l of
tetramethylbenzidine (Bio-Rad, Hercules, CA). After 30 min, the reaction was
stopped by adding 100 �l of blocking reagent,and the plate was read at 450 nm.
A MAb to Candida (EB-CA1), recognizing a mannopentaose (15), was used as
a control.

Statistical analysis. As ASCA, ALCA, and ACCA were not normally distrib-
uted, the significance of differences between two independent groups was deter-
mined by the Mann-Whitney U test, and the significance of differences among
more than two groups was determined by Kruskal-Wallis one-way analysis. In ICI
patients, Spearman’s rank correlation coefficients were calculated to estimate the
interrelation between anti-yeast glycan antibodies or mannan levels and time.
Antibody values were classified arbitrarily into four groups according to the time
of serum sampling. The date of isolation of Candida species from blood culture
was defined as day 0; group 1 included sera obtained during the period from day
�25 to day �1, group 2 included sera obtained from day 0 to day �15, group 3
included sera obtained from day �16 to day �40, and group 4 included sera
obtained from day �41 to day �154. Statistical analysis was performed using
SPSS for Windows version 11.0 (SPSS Inc.). A P value of �0.05 was considered
statistically significant.

RESULTS

ASCA, ALCA, and ACCA levels are highly significantly el-
evated in patients with invasive candidiasis and compared
with those observed in CD patients. IBDX antibodies were
detected in 69 sera from patients with ICI, 47 sera from hos-
pitalized subjects colonized by Candida species (CZ patients),
131 sera from HC subjects, and 59 sera from patients with CD.
Significant differences in the levels of ASCA, ALCA, and
ACCA between ICI patients and CZ patients or HC subjects
was observed (P � 0.0001) (Fig. 1). This was similar to the
difference between CD patients and HC subjects and between
CD and CZ patients. There was no significant difference in the
ASCA or ALCA level in CD and ICI patients, although ACCA
levels were significantly higher in ICI patients (P � 0.002).

ASCA, ALCA, and ACCA are generated during experimen-
tal C. albicans infection, and the ALCA test detects antibodies
against glucan epitopes protecting from C. albicans infection.
In order to assess the significance of ASCA, ALCA, and
ACCA in relation to C. albicans infection, rabbits were exper-
imentally infected with C. albicans. Figure 2 shows the results
of antibody detection tests. Despite variation in background
levels related to the adaptation of these tests to rabbits and
differences in the antibody levels of the animals, ASCA and
ALCA increased continuously as a result of C. albicans infec-
tion, as did anti-C. albicans mannan antibodies. ACCA levels
were lower than the levels of ASCA and ALCA, and a delayed
increase could be observed only 3 weeks after infection.

We then investigated whether ALCA could be protective
antibodies as reported for MAb 2G8 in experimental C. albi-
cans infection. When different concentrations of MAb 2G8
were allowed to react with laminaribioside, a typical dose-
dependent reactivity curve was observed, demonstrating that
laminaribioside is among the epitopes recognized by this MAb
(Fig. 2b). Under the same conditions, MAb EB-CA1 against
Candida mannan did not exhibit any binding activity at con-
centrations as high as 10 �g/ml.

ASCA, ALCA, and ACCA increase in individual sera as a
result of C. albicans infection as do anti-C. albicans mannan
antibodies. Anti-C. albicans antibody levels are known to in-
crease during the transition of C. albicans from colonization to

infection and are used as adjunct tests to blood cultures for the
diagnosis of ICI. We therefore compared the Platelia Ab re-
sponse to ASCA, ALCA, and ACCA levels during systemic C.
albicans infection confirmed by positive blood culture. The
results are shown in Fig. 3 a1, b1, c1, and d1. The correlation
between antibody levels and the day when the sera were drawn
was determined using Spearman’s rank correlation coefficient.
A correlation was observed for ACCA (P � 0.0018), ALCA
(P � 0.019), and Platelia Ab (P � 0.02), demonstrating a link
between C. albicans infection and an increase in these antig-
lycan antibodies. There was a trend toward an increase in
ASCA levels during the disease, but it did not reach statistical
significance. However, as shown in Fig. 3, panels 2 where sera
are classified into four groups according to the date of sam-
pling, this was related to the preferential association of ASCA
with the acute phase and a more rapid decrease (Fig. 3, panel
a2 versus panels b2, c3, and d2), whereas ACCA continued to
increase several weeks after the onset of infection in rabbits.

ASCA, ALCA, ACCA, anti-C. albicans mannan antibodies,
and C. albicans mannanemia exhibit different kinetics in indi-
vidual serum samples depending on the time of serum sam-
pling. The contribution of IBDX and Platelia Ab and Ag tests
to the diagnosis of ICI in relation to the time of serum sam-
pling versus blood culture was investigated. After isolation of
C. albicans from blood, positive antibody tests decreased:
ACCA (23/48), ASCA (22/48), and ALCA (12/48), although
only 1 of 48 sera was negative by both the IBDX and Platelia
tests. ACCA and Platelia Ab were more frequently positive at
least 1 week before the isolation of C. albicans from blood
(Table 2).

The majority of patients presented more than three positive
anticarbohydrate antibody tests; in two of these tests, a lower
antibody response was associated with mannanemia. The re-
sults obtained for the 18 ICI patients are summarized in Table
3, with patients listed according to the number of sera avail-
able. ASCA, ALCA, and ACCA were detected in 13 (72%), 12
(66%), and 13 (72%) ICI patients, respectively, and only 2
patients were negative with the IBDX panel. For these two
patients, Platelia tests were positive (twice for antigen and
once for antimannan antibodies). Despite the limited number
of sera (n � 2) available from seven patients, Table 3 indicates
that 78% (14/18) of patients had at least three positive tests
and 67% (12/18) had at least four positive tests. Table 3 also
shows that only 4 of the 69 sera were negative by all tests. ICI
was detected in all patients (100%) if at least one positive test
was considered.

Complementation of the serological tests can also be ob-
served when individual values are plotted in a kinetic manner
during the course of C. albicans infection. Figure 4 shows two
representative examples for patients 14 and 6 (see Table 3).
These two patients already had two positive tests within the
2-week period before blood cultures became positive. Both
showed a sharp drop in antibodies in sera taken around the
time of positive blood culture. This phenomenon is associated
with a massive release of fungal molecules correlating with
circulation of C. albicans in the bloodstream. This was ob-
served for patient 6 (Fig. 4b), who had very high levels of
mannan detected by the Platelia Ag test, whereas for patient 14
(Fig. 4a), the epitope detected by this test was not found,
suggesting the presence of other molecules interfering with the
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FIG. 1. Distribution of ASCA, ALCA, and ACCA in healthy controls, patients with Crohn’s disease, ICU patients with one or two body sites
colonized by Candida species, and patients with invasive candidiasis. Comparison of the values for the different groups of patients was performed
using the Mann-Whitney U test (P values). ASCA, ALCA, and ACCA results were expressed in arbitrary units (AU) (see Materials and Methods).
For ASCA, a highly significant difference was observed for HC versus CD patients (P � 0.0001) and HC versus ICI patients, while the difference
between CD versus ICI patients was not statistically significant (NS). For ALCA, a highly significant difference was observed for HC versus CD
patients (P � 0.0001) and HC versus ICI patients (P � 0.0001), while no difference was observed for CD versus ICI patients. For ACCA, similar
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antibody detection tests. In both patients, this period was fol-
lowed by a rapid increase in all anticarbohydrate antibodies,
although the antibody levels to a given antigen differed in the
two patients. Nevertheless, at least three different tests were
simultaneously positive for both patients during this period.

DISCUSSION

The C. albicans cell wall consists of 80% glycans, 15% pro-
teins, and 5% lipids (36). Glycans are distributed into 40%
glucans (polymers of �-1,3- and �-1,6-glucose), 2 to 4% chitin,
and 30% mannans. Mannans exist as mannoconjugates linked
to proteins or lipids (22). Human sera contain anti-C. albicans

mannan antibodies whose synthesis has been suggested to be
due to the natural presence of C. albicans in the gut (19). In
hospitalized patients, an increase in C. albicans colonization
(37) slowly augments antimannan antibody levels, whereas a
sharp increase is generally associated with tissue invasion (41).
On this basis, regular survey of antimannan antibody levels in
at risk patients has been proposed as a strategy to compensate
for the poor sensitivity of blood cultures. Depending on the
method used, different cutoff values have been proposed to
differentiate between patients colonized by Candida species
and patients infected with C. albicans (33, 42). In infected
patients, a balance was observed between antimannan antibod-
ies and mannanemia, and simultaneous screening for both
markers has been recommended (42).

An important observation from this study is that C. albicans
infection generates antibodies that can be detected with chitin
oligomers. The presence of human antibodies against chitin
was investigated only when synthetic chitobioside was discov-
ered to be a biomarker for CD (10). ACCA react with a
minimal epitope composed of two units from a linear polymer
of �-1,4-D-GlcNAc from chitin. Chitin is a component of the
exoskeletons of arthropods, worm cuticles, protozoan cysts,
and the cell walls of some algae, yeasts, and filamentous fungi
(1, 35, 49). Due to the abundance of organisms in the human
environment and food, the presence of antichitin antibodies is
not surprising, even if the process of antibody generation is
unknown.

In our study, we found low levels of ACCA in a high per-
centage of the control population. In yeasts, which are present
in the human diet and human gut, chitin provides cross-linking
and strength to the cell wall polysaccharide scaffolding. In-
creased chitin synthesis is a response to cell wall weakening
(20). In C. albicans, the cell wall of the invasive hyphal form
contains three times more chitin than the yeast form (36). In
relation to the presence of low levels of ACCA in the control
population, our study clearly demonstrates that two pathogenic
situations result in an increase in ACCA, namely, CD and
infection by C. albicans. In this latter pathology, kinetic anal-
ysis of antibody levels during the time course of the disease
clearly demonstrated a causal relationship between C. albicans
infection and increase in ACCA levels. In addition, we ob-
served that the antichitobioside antibody response is main-
tained at high levels many weeks after the candidemic episode.

Few studies have dealt with the interaction between chitin
and innate immunity receptors that could help in our under-
standing of the sensing of this component of living organisms
(34). In contrast, �-glucans have received much more attention
due to their immunomodulatory properties (45), and signifi-
cant progress in our understanding of yeast sensing has fol-
lowed the identification of Dectin-1, a specific receptor inter-
acting with Toll-like receptor 2 to trigger a pro-inflammatory

results were observed for HC versus CD patients (P � 0.001) and HC versus ICI patients (P � 0.0001). In contrast to ASCA and ALCA, a
significant difference in ACCA was observed between ICI and CD patients (P � 0.05). The same trend was observed for CZ patients, and no
difference was observed for HC versus CZ patients. The chemical structures of the antigens are presented to the right of each graph; for ALCA
and ACCA, synthetic oligosaccharides are coated on the wells of the ELISA plates; ASCA* antigen is a natural antigen which comprises a
repertoire of oligomannose epitopes, among these we have represented the major epitope supporting the humoral response in CD patients (39,
52), since this synthetic analog was shown to specifically adsorb antibodies generated during C. albicans infection (43).

FIG. 2. (a) Development of anti-C. albicans mannan antibodies
(Platelia Ab [Plat. Ab]), ASCA, ALCA, and ACCA in New Zealand
White rabbits following intravenous inoculation of live C. albicans
strain VW32. Results are expressed as mean ODs plus standard
errors (error bars). D0, day 0. (b) Murine MAb 2G8 (gray bars) and
MAb EB-CA1 (black bars) reactivities were determined by ELISA
with laminaribioside, a synthetic analog of �-1,3 glucan involved in
the ALCA test.
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response (25). In clinical circumstances, sensitive detection
assays have demonstrated that the presence of circulating glu-
cans in patients’ sera is indicative of fungal invasion (27), and
studies suggest that glucan could be a valuable marker of
fungal infection (50). In contrast, very little attention has been
paid to the antiglucan antibody response because glucans are
not immunogenic. Recently, laminarin, an analog of fungal

glucans synthesized by algae, coupled to proteins was shown to
be an effective vaccine for generating antibodies that protect
against C. albicans experimental infection (44).

In this study, we demonstrated that ALCA are also gen-
erated in some patients during C. albicans infection and in
rabbits with experimental ICI. This is not surprising, since
C. albicans cell wall glucans are linked to proteins (17) and

FIG. 3. Sixty-nine serum samples from 18 patients with invasive Candida infection (ICI) were screened for the presence of ASCA (a), ALCA
(b), ACCA (c), and Platelia Ab (Plat. Ab) (d) as described in Materials and Methods. The antibody levels in arbitrary units (AU) (see Materials
and Methods) are plotted according to the date of serum sampling (day 0 indicates the date of mycological isolation of C. albicans from blood).
The horizontal line indicates the cutoff values used to define positive and negative results. The vertical line indicates day 0. Antibody values (mean
titers plus standard errors [error bars]) for each test are also presented as histograms (panels a2, b2, c2, and d2) by classifying sera into four groups
as follows: group 1 (G1) for sera taken during the period from day �25 to day �1, group 2 (G2) for sera taken from day 0 to day �15; group 3
for sera taken from day �16 to day �40; and group 4 for sera taken from day �41 to day �154.
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are therefore able to induce an antibody response (3, 12).
Until now, it has not been possible to detect human anti-
bodies against glucans due to the lack of a reproducible test.
The ALCA test provides a positive response to this obstacle.

Recent studies have shown that, as established for man-
nanemia (40), the levels of circulating serum �-1,3 glucans
fluctuate during the course of the disease (26) so that bi-
weekly examination of patients is recommended (29). Such
fluctuations could be due to interaction of �-glucans with
specific or scavenger receptors or with complement fraction
3 leading to activation of the alternative pathway (4). Our
study suggests an additional mechanism based on the pres-
ence of high levels of anti-�-glucan antibodies that could
accelerate glucan clearance through immune complexes.
The sharp drop in anticarbohydrate antibody response ob-
served around the time of blood culture suggests that the
balance between mannanemia and antimannan antibodies
observed previously in ICI patients (42) could also apply to
glucanemia and antiglucan antibodies. Taking into account

the fluctuations in ALCA response revealed in this study
and fluctuations in glucanemia reported elsewhere (18), it
would be worthwhile to investigate whether combined de-
tection of serum glucans and ALCA could improve the
sensitivity of diagnosis. Unfortunately, it was not possible to
address the question of glucanemia in the present study
because we could not guarantee the sterility of all serum
samples.

A striking observation was that the nature of the glycan
biomarkers can vary from patient to patient and during the
time course of the disease. This raises the question of the
pathophysiological significance of these antibodies and their
role in protection or facilitation of infection (8).

With regard to ALCA, we observed that laminaribioside
reacts with a MAb that has been shown to be protective in
animal models of vaginal and systemic candidiasis. As far as
ASCA are concerned, these antibodies are prominent mark-
ers of severe inflammation in CD, and recent evidence
shows that they can be generated in mice after oral admin-

TABLE 2. Distribution of sera in relation to the date of isolation of C. albicans from blood (day 0) and number of positive results for each
test and for a combination of tests

Time of serum
collection

No. of
sera

No. of sera with positive results
No. of sera (%) with

the following result by
the Platelia test:

No. of sera with the following result for a
combination of tests:

ASCA ALCA ACCA Platelia
Ab

Platelia
Ag Positive Negative

Negative
for all
tests

Positive
for 1
test

Positive
for 2 or
3 tests

Positive
for 4 or
5 tests

	1 wk before 8 2 0 4 5 1 6 (75) 2 0 3 5
1 wk before 13 4 2 7 5 5 9 (69) 4 3 2 7

0�7 days after 12 5 2 3 7 9 12 (100) 0 0 3 8 1
	7 days after 36 17 10 20 28 9 30 (83) 6 1 5 22 8

TABLE 3. Results of mannanemia, antimannan antibodies, and IBDX tests in patients with invasive Candida infection

Patienta
No. of

available
sera

No. of sera in which antibody was detectedb
No. of sera with positive

result by the
following test:

No. of sera
negative for

all tests

No. of tests
for which

patient was
positive at
least once

(n � 5)
ASCA

(50 AU)
ALCA

(60 AU)
ACCA

(80 AU)
Platelia

Ab
Platelia

Ag

7 9 0/9 2 6 8/9 1/9 0 4
1 7 4 1 7 7 3 0 5
14 7 4/7 2/7 2 5/7 0/7 1 4
18 6 0 3/6 6/6 0 4/6 0 4
6 5 3/5 1/5 0 4/5 3/5 0 4
8 5 0 0 0 3/5 2/5 0 2
4 4 4/4 0 1 4/4 2/4 0 4
17 3 2 1 3 3 0 0 4
15 3 2/3 0/3 1/3 2/3 1/3 0 4
5 3 0/3 1/3 0/3 3/3 3/3 0 3
16 3 2/3 1/3 2/3 2/3 0/3 0 4
10 2 2/2 0 1 2/2 1/2 0 4
2 2 1/2 0/2 1/2 0/2 0/2 1 2
9 2 2/2 2/2 2/2 1/2 1/2 0 5
11 2 0 0 0 0 1/2 1 1
12 2 1 1 0 1/2 0/2 1 3
13 2 1 2 2 1 0 0 4
3 2 2 0 0 0 2 0 2

a Patients are listed according to the number of sera available (from the most to the least).
b Number of serum samples in which antibodies at the level shown were detected. IBDX tests are ASCA, ALCA, and ACCA (the combined detection of these

antibodies).
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istration of C. albicans against an inflammatory background
(16). This association with inflammation was also observed
in the current study since, in most patients, ASCA presented
a peak associated with the acute phase of the infection (Fig.
4) and a rapid decrease which contrasted with the more
sustained generation of ACCA. The diagnostic value and
clinical significance of these qualitative markers need to be
validated in a large prospective study including more con-
trols and other categories of at risk patients.

Pathophysiologically, mannans, glucans, and chitin may be
synthesized individually by various microbes which have
adapted to the human gut. However, yeasts are the only or-
ganisms known to synthesize large quantities of each of these
glycans in a single envelope. The present demonstration that
ASCA, ALCA, and ACAA can also be induced by C. albicans

reinforces the serological observations, suggesting a link be-
tween this yeast and immune alterations observed in CD. In
this respect, it is interesting to note that recent studies on the
interleukin-23 Th17 pathway have revealed its major role in
inflammatory bowel diseases (21), as well as in anti-C. albicans
defense mechanisms (28), where triggering molecules include
yeast cell wall glycans (24).

Whatever the relationship between C. albicans and CD, the
availability of these tests complements the current panel of
tests designed specifically for the diagnosis of candidiasis in
providing an earlier and more specific diagnosis. Thus, the
future of serological diagnosis appears to be based on the use
of multiple antigens and currently available technologies (7).
In the case of fungal cell wall carbohydrates, the ubiquitous
distribution of chitin and glucans suggests that ALCA and

FIG. 4. Examples of the kinetics of ASCA, ALCA, ACCA, and Platelia Candida Ag and Ab tests in patients with proven invasive candidiasis.
For both patients, patient 14 (a) and patient 6 (b), a gradual decrease in ASCA, ALCA, and ACCA was observed during the period preceding
positive blood cultures to reach a minimum on day 0. After the candidemic episode, an overall increase could be observed for most antibody
markers during the proceeding weeks. For each y axis, the symbols on the axis indicate the cutoff values for serological tests. ASCA, ALCA, ACCA,
and Platelia Candida Ab titers are given in arbitrary units (AU) (see Materials and Methods).
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ACCA tests may also contribute to the diagnosis of other
invasive mycoses.
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