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Diagnostic potential of 
(1→3)-ß-D-glucan and anti-Candida
albicans germ tube antibodies for the
diagnosis and therapeutic monitoring
of invasive candidiasis in neutropenic
adult patients
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The usefulness to diagnose and monitor invasive candidiasis (IC) using 
ß-glucan (BG) and antibodies against Candida albicans germ tubes (CAGT) was
evaluated in a twice-weekly screening of 35 episodes in neutropenic adults at
high risk. Three proven IC and three probable IC were assessed. Diagnostic
levels of both markers were detected in 100% of proven IC and in 66% of
probable IC. Sensitivity, specificity, positive and negative predictive values of BG
and anti-CAGT antibodies detection were 83.3%, 89.6%, 62.5% and 96.3%,
and 83.3%, 86.2%, 55.5%, 96.1%, respectively. False positive reactions
occurred at a rate of 10.3% and 13.8% for the detection of BG and anti-CAGT
antibodies, respectively. However, the patients with false positive results were
different by each test. Both tests anticipated the clinical and radiological
diagnosis, and the initiation of antifungal therapy in most patients. Combination
of both tests improved specificity and positive predictive value to 100%.
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Utilidad de la detección de (1→3)-ß-D-glucano y
anticuerpos anti-micelio de Candida albicans para el
diagnóstico y seguimiento terapéutico de la candidiasis
invasora en pacientes neutropénicos adultos
Se ha evaluado la utilidad de la detección dos veces por semana de 
ß-glucano (BG) y de anticuerpos anti-micelio de Candida albicans (CAGT) para
el diagnóstico y el seguimiento de la candidiasis invasora (CI) en 35 episodios
de pacientes neutropénicos de alto riesgo. Se diagnosticaron tres casos de CI
probada y tres probables. Se alcanzaron resultados positivos para ambos
marcadores en el 100% de las CI probadas y en el 66% de las CI probables. 
La sensibilidad, especificidad, valores predictivos positivo y negativo para la
detección de BG y anticuerpos contra CAGT fueron 83,3%, 89,6%, 62,5% y
96,3%, y 83,3%, 86,2%, 55,5% y 96,1%, respectivamente. El porcentaje de
falsos positivos para BG y anticuerpos contra CAGT fue del 10,3% y 13,8%
para la detección de BG y anticuerpos anti-CAGT, respectivamente. 
Sin embargo, los pacientes con resultados falsos positivos fueron diferentes
para cada prueba. Ambas pruebas se anticiparon al diagnóstico clínico y
radiológico, así como al inicio de la terapia antifúngica en la mayoría de los
pacientes. La combinación de ambas pruebas mejoró la especificidad y el valor
predictivo positivo hasta el 100%.

Candida albicans, (1→3)-ß-D-glucano, Fungitell, Candidiasis invasora,
Anticuerpos anti-micelio, Tubos germinales, Diagnóstico
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The diagnosis of invasive candidiasis (IC) is com-
plex since colonization is difficult to distinguish from
invasive disease. In most cases, signs and symptoms are
non-specific and patients are unable to undergo invasive
diagnostic procedures [36]. Although considerable pro-
gress in the detection of candidemia by blood culture has
been made in the last decades, Kami et al. [12] have repor-
ted that fluconazole prophylaxis is reducing the sensitivity
of blood culture in the diagnosis of IC in hematological
patients, since only 20 out of 94 patients with IC demons-
trated at autopsy, had positive blood cultures.

The numerous problems encountered during the cli-
nical and microbiological diagnosis of IC have prompted
the development of non-culture based laboratory methods
[40]. These methods rely on the detection of antibodies
against a variety of Candida antigens, detection of a num-
ber of Candida antigens and detection of non-antigenic
Candida components, such as the metabolites D-arabinitol
and mannose, the cell wall component (1→3)-ß-D-glucan
(BG) or Candida nucleic acids [30].

BG is a polysaccharide of the cell wall of fungi
except for the Mucorales and Cryptococcus. Prokaryotes,
viruses, as well as the mammalian cells also lack BG.
Thus, its presence in blood and normally sterile body fluids
using this panfungal marker could be ideal for detection 
of invasive fungal infections (IFI), including candidiasis
[15,19,20,23]. Fungitell is a new assay for BG detection
(Associates of Cape Cod, Inc., USA) that is based on
amebocyte enzymes from Limulus polyphemus [24]. Assays
for BG are based on the activation of the horseshoe crab
coagulation cascade [28]. Liposaccharide and BG initiate
the coagulation cascade by activating different serine pro-
tease zymogens, factors C and G. Liposaccharide specifi-
cally activates factor C, while BG activates factor G. 
L. polyphemus amebocyte lysates are made specific for
BG by removal of factor C. In most published reports, the
diagnostic potential of BG for the diagnosis of IC has been
used retrospectively or with a single sample per patient as
a tool for screening IFI with high sensitivity and specifi-
city [14,19,23,25,28].

The detection of anti-Candida albicans germ tube
(CAGT) antibodies takes advantage of the different anti-
genic composition of blastoconidia and germ tubes of
Candida albicans to differentiate Candida colonization
from invasive candidiasis [6,29]. This test has shown 
a sensitivity of 77-89% and a specificity of 91-100% for
the diagnosis of IC in both immunocompetent and im-
munocompromised patients [7,9,18,21,31,34,38,39]. In
addition to its diagnostic usefulness, the detection of anti-

CAGT antibodies may be useful in monitoring the res-
ponse of the patient to antifungal therapy for IC, since
decreasing titers of antibodies to CAGT have been repor-
ted in patients responding to antifungal therapy [33]. 
Although the test detects antibodies against antigens
expressed by C. albicans germ tube surface, patients with
infections by non-C. albicans Candida species such as
Candida tropicalis, Candida parapsilosis, Candida krusei,
Candida glabrata, Candida guilliermondii and Candida
dubliniensis may also have anti-CAGT antibodies due 
to cross-reactivity with homologous cell wall antigens
[2,7,33,35].

In this study we have evaluated and compared the
usefulness of two different markers of Candida infection,
BG and the presence of anti-CAGT antibodies for the
diagnosis and therapeutic monitoring of IC in neutropenic
adult patients at increased risk for IC.

Patients and methods

Patients selection. During fifteen months, all adult
hematological cancer patients (n=154) treated at the “Hos-
pital 12 de Octubre” Madrid, Spain, and stratified as high
risk individuals as defined by Prentice et al. [32], were
prospectively analyzed twice weekly for the quantitative
determination of galactomannan (GM) with the commer-
cially available sandwich ELISA test (Platelia Aspergillus;
Bio-Rad Laboratories, France) until the high risk condition
for developing IFI had subsided. The availability of serial
serum samples and the patient’s complete clinical records
were retrospectively used to assess and compare the BG
and anti-CAGT antibodies detectetion value for the diag-
nosis of IC in 35 selected patients; including three proven
IC, three probable IC, and 29 patients with no IC. All
assays were performed in a blind fashion. The patient cha-
racteristics and sample distribution are summarized in
Tables 1 and 2. The study was approved by the Institutio-
nal Review Board of the “Hospital 12 de Octubre” and all
the subjects in this study agreed to participate.

Definition of invasive candidiasis. IC episodes were
classified according to the European Organization for
Research and Treatment of Cancer/Invasive Fungal Infec-
tions Cooperative Group and the National Institute of
Allergy and Infectious Diseases Mycoses Study Group
(EORTC-IFICG and NIAID-MSG) case definitions [1].
Proven IC was assessed by blood cultures that yielded
Candida species in patients with temporally related clini-
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Table 1. Characteristics of patients with proven and probable invasive candidiasis.

Patient
No.

Sexa /
age

(years)

Under-
lying

diseaseb

Type 
of IC

Treatment
with

steroids

Neutro-
penia
(days)

No. of BG
positive

samples /
No.

samples

Highest
BG

levels
(pg/ml)

No. of 
samples

positive for
antibodies
to CAGT/

No.
samples

Highest
titer of 

antibodies
to CAGT

Organ 
involvement

of IC

Site/s of isolation /
Candida species

Fungal
super-
ficial

coloni-
zation

Death in
relation
with IC

1 M / 70 MM Proven NO 12 4/4 >523 4/4 1/160 Blood Blood / C. albicans NO YES
2 M / 54 ALL Probable YES 29 5/6 238 4/6 1/640 Liver NO YES YES
3 M / 60 AML Proven NO 38 5/9 250 3/9 1/160 Blood Blood / C. glabrata YES NO
4 F / 53 NHL Proven NO 15 5/6 380 3/6 1/320 Blood Blood / C. albicans NO NO
5 M / 45 CLL Probable NO 32 7/8 >523 6/8 1/640 Liver NO NO YES
6 M / 51 HD Probable NO 16 0/4 0 0/4 0 Liver, spleen NO YES YES

aM (Male)/ F (Female)
bUnderlying disease: MM, Multiple myeloma; ALL, Acute lymphocytic leukaemia; AML, Acute myelogenous leukemia; NHL, Non-Hodgkin´s lymphoma; CLL, Chronic lymphocytic
leukaemia; HD, Hodgkin disease



cal signs and symptoms compatible with IC. Probable IC
were assessed by high-resolution CT scan/ultrasound focal
lesions (liver, spleen or kidney), or elevated serum levels
of alkaline phosphatase, hepatomegaly or splenomegaly,
abdominal pain, candiduria, hypotension, embolic skin
lesions or septic shock.

Diagnostic work-up of IFI. In cases of clinical
suspicion of IFI, or when GM assay was positive, a diag-
nostic work-up was started including a pulmonary and
abdominal HRCT scan, MRI or abdominal ultrasound,
followed, when possible, by bronchoalveolar lavage and/or
biopsy for bacterial, mycobacterial, fungal and viral cultu-
res. Direct examination for bacteria and fungi (including
Pneumocystis jiroveci) were performed in all patients. In
addition, Legionella antigen was tested in urine.

Management of patients. All patients were nursed
in rooms with HEPA filtration. Antifungal prophylaxis
with fluconazole (200 mg o.d) was given when necessary.
Febrile neutropenia was initially treated with a beta-lactam
and aminoglycoside; vancomycin was added 48 h later if
fever persisted. Antimicrobial therapy was modified accor-
ding to microbiological findings. Criteria for initiating
antifungal therapy with liposomal amphotericin B inclu-
ded: 1) persistent fever after five days of intravenous anti-
biotic treatment, 2) development of pulmonary infiltrates
while receiving antibacterial therapy, 3) isolation of fila-
mentous fungi from respiratory tract and 4) fever relapsing
after an afebrile interval of at least 48 h in neutropenic
patients still receiving broad spectrum antibiotics.

Collection and storage of sera samples. Blood sam-
ples (5 ml) were collected by venipuncture twice weekly
until cessation of risk for IFI. Sera were separated and
were stored at –70 °C until tested for detection of BG and
anti-CAGT antibodies.

BG detection. BG was detected retrospectively with
the Fungitell test kit, essentially as recommended by the
manufacturer. Briefly, serum samples (5 µl) were pre-trea-

ted for 10 min at 37 °C with 20 µl of a solution containing
0.6 M KCl and 0.125 M KOH and assayed with the Fun-
gitell chromogenic reagent in a kinetic study for 40 min at
37 °C. Optical densities were read at 405 nm. The concen-
tration of BG in each sample was calculated by using a
calibration curve with standard solutions ranging from
6.25 to 100 pg/ml. Patients were judged positive when
levels of BG in serum were equal or superior to 120 pg/ml
in at least one serum sample.

Detection of anti-CAGT antibodies. Antibodies
against CAGT were detected by an indirect immunofluo-
rescence antibody assay (Candida IFA IgG, Laboratorios
Vircell S.A., Spain), essentially as described by García-
Ruiz et al. [7]. Patients were considered positive when
reverse titers of anti- CAGT antibodies were ≥160 in at
least one serum sample.

Surveillance cultures. Semiquantitative surveillance
cultures for yeasts were performed weekly. Oropharyn-
geal, nasal, perineal skin, vulvovaginal or balanoprepu-
cial, rectum and pericatheter skin specimens were plated
onto CHROMagar Candida medium and Sabouraud with
chloramphenicol (0.4 g/l) agar plates that were incubated
at 37 ºC for two weeks. Cultures were evaluated using the
following score: negative (0 colonies), light (<10 colo-
nies), moderate (11-20 colonies) and heavy (>20 colonies).
The yeast isolates were identified by the API 32 system
(Bio-Mérieux, Marcy L’Etoile, France).

Mycological studies. Specimens from clinically
infected foci were collected and processed according to the
guidelines of Denning et al. [3]. Blood samples for culture
were inoculated in a BACTEC Plus aerobic/F bottle and
incubated for up to 15 days with the BACTEC 9240 blood
culture system (Becton Dickinson, Franklin Lakes, NJ).

Statistical analysis. Sensitivity, specificity, and
positive and negative predictive values were calculated as
described by Kozinn et al. [17]. Calculations of the 95%
confidence intervals (CI95) were also included.
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Table 2. Evaluation of serum in patients at risk for invasive candidiasis (IC).

Proven IC Probable IC No IC Total

No. of patients 3 3 29 35
Mean age (years) / range 61 (53-70) 50 (45-54) 45 (18-70) 47 (18-70)
Sex (M/F)a 2/1 0 / 3 19 / 10 21 / 14
Underlying diseaseb

ALL 1 (33.3%) 1 (2.9%)
AML 1 (33.3%) 4 (13.8%) 5 (14.3%)
CLL 1 (33.3%) 7 (24.1%) 8 (22.9%)
MM 1(33.3%) 5 (17.2%) 6 (17.1%)
NHL 1 (33.3%) 8 (27.6%) 9 (25.7%)
HD 1 (33.3%) 4 (13.8%) 5 (14.3%)
sAA 1 (3.4%) 1 (2.9%)

No. of patients (%) receiving steroids 0 1 (33.33%) 3 (10.3%) 4 (11.4%)
Median duration of neutropenia (days) 15 29 23 23
Range of duration of neutropenia (days) 12-38 16-32 6-70 6-70
No. of episodes of antifungal therapy 3 (100%) 3 (100%) 6 (20.7%) 12 (34.3%)
No. of samples (total) 19 18 144 181
No. samples/episode 6.3 6 5 5.2
No. (%) of positive BG episodes 3 (100%) 2 (66.6%) 3 (10.3%) 8 (22.9%)
No. (%) of positive antibodies to CAGT episodes 3 (100%) 2 (66.6%) 4 (13.8%) 9 (25.7%)
Positive BG samples (%) 14 (73.7%) 12 (66.6%) 6(4.2%) 32 (17.7%)
Positive antibodies to CAGT samples (%) 10 (52.6%) 10 (55.6%) 7 (4.86%) 27 (14.9%)

aM/F, male/female.
bUnderlying disease: ALL, Acute lymphocytic leukaemia; AML, Acute myelogenous leukemia; CLL, Chronic lymphocytic leukaemia; MM, Multiple myeloma; MDS, Myelodisplastic
syndrome; NHL, Non-Hodgkin´s lymphoma; HD, Hodgkin disease; sAA, Severe aplastic anemia.



Results

BG detection. Eight out of 35 patients (22.9%) sho-
wed levels of BG ≥120 pg/ml in at least one serum sam-
ple. In most patients, positive BG was detected in two or
more samples (median, 4.5 positive serum samples per
patient). All three (100%) patients with proven IC and two
out of three (66.6%) patients with probable IC tested posi-
tive for BG (Tables 1 and 2). In patients with proven IC,
BG levels showed a constant rise before any clinical or
microbiological confirmation of IC. Those levels later
declined and eventually became negative if the patient 
responded to antifungal therapy (Figure 1a). However,
patients that did not respond to antifungal treatment, did
not show also a decrease on BG levels (Figure 1b). There
was one false negative BG result in a patient classified as
a probable IC. The patient had Hodgkin’s disease and
hepatosplenomegaly with elevated serum values of alka-
line phosphatase and multiple abscesses in liver and spleen
(Patient 6, table 1) and had not received fluconazole pro-
phylaxis. In this patient surveillance cultures showed high
counts for C. albicans in three different sites. The patient
later died, and permission for a necropsy was denied.

Three out of 29 patients (10.3%) with no IC were
positive for BG detection. In these three patients, IFI was
excluded after the careful assessment of clinical, micro-
biological and radiological records of the patients, as well
as the surveillance semiquantitative yeast cultures. The
first patient (non Hodgkin’s lymphoma) was colonized in
four different sites (high counts) with both C. glabrata and

C. albicans. This patient tested negative for GM in a twice
weekly prospective screening for the diagnosis of invasive
aspergillosis (IA). Due to the intense colonization, therapy
with oral fluconazole was started (100 mg/b.i.d) on day 
4 and amphotericin B was started on day 9 because eleva-
ted serum levels of alkaline phosphatase and liver nodules
on ultrasound examination were detected. Despite maintai-
ned treatment with amphotericin B, the patient had a fatal
outcome and permission for a necropsy was denied. The
second patient (multiple myeloma) had negative survei-
llance cultures and negative GM and had an Escherichia
coli bacteremia (Figure 1c). The third patient had acute
myeloid leukemia and had one single site colonized with
C. albicans (low count). The patient had negative GM
levels. None of three false positive patients had mucositis
neither had received fluconazole prophylaxis. Analysis of
the kinetics of BG levels helped in the identification of
false positive results since in these patients BG levels 
showed abrupt rises and falls. An example of this type of
kinetics is shown in figure 1c, where high levels of BG
were detected in a patient with multiple myeloma at the
time E. coli was isolated in a blood culture. BG levels beca-
me negative during the following days in absence of any
antifungal treatment. Most patients with no IC showed very
low levels of BG during the period studied (data not shown).

BG positive results preceded (n=4) the development
of fever by seven, seven, six and two days, respectively.
Positive BG tests preceded (n=3) the development of 
clinical signs by 14, six and two, days, respectively. A
positive BG result preceded the demonstration of abnor-
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Figure 1. Representative kinetics of BG (�) and antibodies against CAGT (�) in different patients. (a) Proven IC in a patient with acute myeloid leukemia who
responded to treatment with AmB. (b) Probable IC in a patient with chronic lymphocytic leukemia who did not respond to treatment with AmB. (c) False
positive BG results in a patient with multiple myeloma and no IC. (d) False positive titers of antibodies against CAGT in a patient with non-Hodgkin’s lymphoma
and no IC.
Abbreviations: AmB, Amphotericin B.



malities on HRCT scan or ultrasound in all five patients
(100%) by nine, 14, 10, 4 and 8 days, respectively. Posi-
tive BG results preceded the initiation of antifungal the-
rapy in all five patients (100%) by nine, 14, six, four and
eight days, respectively.

Considering as true positives only the patients with
proven and probable IC, and true negative the group of
patients without IC, the sensitivity, specificity and positive
and negative predictive values of BG monitoring at a
cutoff of 120 pg/ml were 83.3% (CI95: 36.5-99.1%),
89.6% (71.5-97.3%), 62.5% (25.9-89.8%) and 96.3%
(79.1-99.8%), respectively. Lowering the cutoff to 80 or
60 pg/ml decreased the specificity and positive and nega-
tive predictive values of the test. The sensitivity, specifi-
city, positive predictive value and negative predictive
value of BG monitoring at a cutoff of 80 and 60 pg/ml
were 83.3% (CI95: 36.5-99.1%), 75.8% (56.1-89.0%),
41.6% (16.5-71.4%) and 95.6% (76.0-99.8%), and 83.3%
(CI95: 36.5-99.1%), 65.5% (45.7-81.4%), 33.4% (13.0-
61.3%) and 95.0% (73.1-99.7%), respectively.

Detection of anti-CAGT antibodies. Nine of 35
patients (25.7%) tested positive for antibodies against
CAGT (≥1/160). In most patients, antibodies to CAGT
were detected in two or more samples (median, three
serum samples per patient). All 3 (100%) patients with
proven IC and two out three (66.7%) of patients with pro-
bable IC showed positive levels of antibodies against
CAGT (Tables 1 and 2). In patients with proven IC, titers
of antibodies against CAGT levels showed a constant rise
before clinical and microbiological evidence of IC existed,
to decline and eventually become negative if the patient
responded to antifungal therapy (Figure 1a). However,
maintenance or increase of titers of antibodies against
CAGT was associated with a fatal outcome (Figure 1b).
Antibodies against CAGT could not be detected on a
patient with probable IC (Patient 6, table 1). This patient
was also negative for BG and GM detection and was
analyzed in the previous section. Four out of 29 patients
(13.8%) with no IC had positive titers of antibodies against
CAGT. One of these false positive patients had acute 
myelogenous leukemia with negative surveillance cultures
and negative BG and GM detection. This patient had a
Streptococcus pneumoniae bacteremia with fever, dyspnea
and pulmonary condensation in lower right lobe that res-
ponded to antibiotics. The patient did not have mucositis
neither had received fluconazole prophylaxis. The second
patient had Hodgkin’s disease, two sites colonized (high
counts) with C. albicans and had negative results for BG
and GM detection. The patient was treated with wide spec-
trum antibiotics but had not received fluconazole prophy-
laxis. The third patient had chronic lymphocytic leukemia
and high counts of C. albicans in two different sites (oro-
pharynx and rectum). The patient had intense mucositis at
the time of presentation of a positive titer of antibodies
against CAGT but did not receive fluconazole prophylaxis.
Detection of both BG and GM were negative. The fourth
patient had a non-Hodgkin’s lymphoma and was coloni-
zed by C. albicans (high count) in two different sites 
(oropharynx and rectum) but had not received flucona-
zole prophylaxis. Both BG and GM values were negative
(Figure 1d). The patient also had intense mucositis and
parenteral nutrition at the time of presentation of a positive
titer of antibodies against CAGT, with fever and an X-ray
image compatible with bronchopulmonary hemorrhage
that was treated with high doses of steroids. The patient
later died and a necropsy consent was denied.

Considering as true positives only the patients with
proven and probable IC, and true negative the group of

patients without IC, the diagnostic validity of detection of
antibodies against CAGT expressed as sensitivity, specifi-
city and positive and negative predictive value, and their
respective 95% confidence intervals, were 83.3% (CI95:
36.5-99.1%), 86.2% (71.5-97.3%), 55.5% (25.9-89.8%)
and 96.1% (79.1-98.8%), respectively.

Detection of antibodies against CAGT preceded in
one patient (20%) the development of fever by seven days
and the development of clinical signs in another patient
(20%) by seven days also. A positive titer of antibodies
against CAGT preceded the demonstration of HRCT scan
or ultrasound abnormalities, or positive blood culture or
elevated serum levels of alkaline phosphatase in five
patients by a median of five days (nine, seven, four, two
and five days, respectively). Detection of antibodies aginst
CAGT preceded the initiation of antifungal therapy in five
patients (100%) by a median of five days (seven, seven,
two, two and five days, respectively).

Combined analysis of both markers. Results obtai-
ned with the detection of BG and antibodies against
CAGT in each patient, were combined to assess whether
the combination of both markers resulted in the early and
specific diagnosis of IC. Interestingly, both tests were
found positive in the same patients with IC and the kine-
tics of both markers was very similar in most patients. BG
tended to become positive earlier than the antibodies
against CAGT. Discrepancies were observed in the false
positive patients, since patients without IC but having
positive titers of antibodies against CAGT were negative
by BG detection and patients with false positive results for
BG detection did not have antibodies against CAGT. Inte-
restingly, these discrepancies were of importance in the
identification of false positive patients, since only when
both markers were positive the patient had IC.

The combination of results of both markers resulted
in an improvement of the diagnostic efficacy of the tests to
predict IC. The diagnostic validity (sensitivity, specificity
and positive and negative predictive values) was 83.3%,
100%, 100% and 96.7%, respectively.

Discussion

Despite the large number of laboratory tests deve-
loped for the diagnosis of IC, none of them have been
found widespread clinical use, mainly for the difficulties in
obtaining consistently reliable results. In recent years, a
number of circulating surrogate markers have emerged
improving the diagnosis of IC [10]. One of such markers
is BG, which due to its presence in the cell wall of most
fungi, has been used as a panfungal marker for screening
IFI [14,23]. Although fungi differ in their BG content in
the cell wall, Candida species usually release large
amounts of BG that can be detected in the sera of patients
with IC [20]. In fact, BG detection seems to be a very sen-
sitive means of detecting candidemia since all the patients
studied by Miyazaki et al. [20], Kondori et al. [16] and
Odabasi et al. [24] presented BG levels above the cutoff
value. Moreover, Pickering et al. [28] found that 13 of 
15 patients (86.7%) with candidemia were BG positive
(≥80 pg/ml). Mitsutake et al. [19] reported a sensitivity 
of 84.4% in 39 patients with candidemia. Recently, Os-
trosky-Zeichner et al. [25] have reported that 87 out of 
107 patients with proven candidiasis had serum BG con-
centrations ≥60 pg/ml (81.3% sensitivity) and 83 patients
≥80 pg/ml (77.6% sensitivity). The results presented in
this paper confirm the high sensitivity of BG detection for
the diagnosis of IC, since all three patients with proven IC
and two out of three patients with probable IC tested posi-
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tive for BG. The reason for the BG false negative result
could be related to the formation of immunecomplexes 
due to the presence of antibodies directed against BG that
may be induced in patients with systemic candidiasis [16].
Although the possibility of IC can not be totally excluded
since the autopsy was not performed, the negative result
may also reflect the limitations of the EORTC-IFICG/
NIAID-MSG case definitions [37]. Other authors [25]
have reported a lower sensitivity of BG detection in inva-
sive infections by C. parapsilosis, as sera from five out of
18 patients with candidemia by this species had less than
60 pg/ml of BG (and seven patients less than 80 pg/ml).
This fungal species could have a lower concentration of
BG in its cell wall and this can be the explanation of its
lower in vitro susceptibility to antifungal agents, like the
echinocandins (caspofungin, anidulafungin, and micafun-
gin), which act by blocking BG synthesis [5,26].

The specificity of BG detection for diagnosing 
candidemia has been reported to be 87.5-100% using
patients with superficial candidiasis and healthy volunteers
as controls [16,19-20]. When bacteremic patients were
included in the study by Pickering et al. [28], the specifi-
city decreased to 77.2%. These authors reported that 10 of
15 patients (66.7%) with bacteremia by Gram-positive
cocci (five with Staphylococcus aureus, three with coagu-
lase negative staphylococci, one with Streptococcus mitis,
and one with Enterococcus faecium) had at least one spe-
cimen positive for BG. Moreover, of the 10 patients whose
blood cultures grew Gram-negative bacilli, three (two with
Escherichia coli, one with Salmonella species) had at least
one specimen positive for BG. In the present study, one
out of three patients with positive BG without invasive
candidiasis suffered from a bacteremia by E. coli.

The existence of false positives has been reported
in patients undergoing hemodialysis with cellulose mem-
branes [13], patients treated with intravenous human
immunoglobulins [8] or antitumoral polysaccharides [11],
surgery patients exposed to glucan-containing gauze [22],
and the inhalation of fungal glucan from the indoor envi-
ronment [4]. Albumin, coagulation factors, and plasma
protein fraction manufactured by certain vendors for intra-
venous injection also have been shown to contain high
levels of BG [8]. In addition, Pickering et al. [28] showed
in a cross-contamination experiment that excess manipula-
tion of a sample can result in its contamination with BG.

In high risk colonized patients, it is particularly dif-
ficult to distinguish colonization from invasive disease.
However, it is well known that Candida spp. colonization
is a risk factor for the development of IC in high risk neu-
tropenic patients [32]. Since BG is a panfungal marker it
is possible that these patients suffered from a non-Candida
invasive mycosis. However, they were all negative for
both antibodies against CAGT and to GM. In addition, the
kinetics of BG in these patients showed abrupt rises and
falls in the absence of an antifungal treatment (Figure 1c)
as opposed to the more protracted rise in serum BG levels
observed in patients with proven IC, a feature that has also
been described in patients with invasive aspergillosis [27].

Currently, the kinetics of BG (release, circulation,
clearance and metabolic pathways) in humans is poorly
understood. However, the data presented in this paper sug-
gest that increasing or persistently high BG levels, in spite
of antifungal treatment, could indicate a negative outcome.
Conversely, decreasing values of BG were observed in
patients showing clinical improvement. This study is in
agreement with those observations reported by Obayashi
et al. [23] and Odabasi et al. [24]. Thus, these data tend to
confirm that BG is a useful marker for monitoring the
patient’s response to antifungal therapy.

The other surrogate marker studied was the detec-
tion of antibodies against CAGT. Results obtained in this
study confirm and expand data reported in previous studies
[7,9,18,21,29,31,33,34,38,39]. The test allowed the diag-
nosis of IC with a sensitivity of 83.3% and a specificity of
86.2%. The reason for the four false positive patients who
presented antibodies against CAGT is not clear. Although
three of the patients were colonized with C. albicans in
different body sites, Candida colonization is unlikely to
induce high titers of antibody to CAGT, since the majority
of the true negative patients were colonized with Candida.
Interestingly, all four patients were negative by BG detec-
tion. In agreement with previous results [9,31] and data
presented in this paper for BG, detection of antibodies
against CAGT was useful in predicting the therapeutic 
outcome of patients with IC. Decreasing titers of antibo-
dies against CAGT were observed in patients who recove-
red from IC, while patients not responding to antifungal
treatment showed a continuous rise in the titer of anti-
CAGT antibodies.

Combinations of tests that detect different markers
may be useful to overcome the deficiencies of individual
tests. Mitsutake et al. [19] demonstrated that combined
detection of BG and enolase or BG and mannan increased
the accuracy of diagnosis of candidemia. In our study,
combination of both markers did not improve the sensi-
tivity obtained with each individual test, but it was very
useful in confirming the existence of IC, since both mar-
kers were positive in patients with IC and, interestingly,
their kinetics were very similar. Given the concordance of
both markers in patients with IC, discrepancies in positive
readings on each individual test were very useful in iden-
tifying false positive results. If the positive concordance
on the combined detection of BG and antibodies against
CAGT is confirmed in other studies, this approach could
be an important tool to improve the diagnosis of IC.

An important feature of the two markers used in
this study is that both were usually positive before the
diagnosis of IC could be suspected or demonstrated by
other means. However, BG had an earlier positive trend
than the detection of antibodies against CAGT. This is in
agreement with data reported by Odabasi et al. [24] who
observed that BG was positive at a median of 10 days
before the clinical diagnosis. The precocity of both surro-
gate markers may be a potential benefit for patients who
are screened prospectively, since the diagnostic work-up of
IFI could be started earlier and a preemptive therapy could
be instituted with a wide-spectrum antifungal.

In conclusion, detection of BG or antibodies against
CAGT are very useful as a part of a surveillance strategy
for the diagnosis of IC in high risk hematological patients.
More importantly, the combination of both tests was
essential to identify false positive reactions on each test.
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