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Apstract

Introduction. Although blood culture is considered a
gold standard in diagnosis of invasive infections, it is
still not reliable and fast enough for diagnosis of can-
didemia. Determination of serum (1,3)-f-D-glucan is a
highly sensitive and specific test for invasive mycosis,
and could probably be of benefit to patients with high
risk for invasive infections with Candida species.

Aim. The aim of this study was to prospectively eva-
luate the diagnostic performance of serum (1.3)-B-D-
glucan BDG (Fungitell) assay, in comparison with
blood culture, for diagnosis of invasive infections with
Candida species.

Methods. Blood and sera from 120 patients divided in
4 groups, hospitalized at the University clinics in Skopje,
during a 2-year period, were investigated for invasive
Candida infections. Blood was examined with conven-
tional methods (automated BacT/Alert system, Gram
stain and culture on fungal media). Identification of
Candida species was performed with VITEK-2 system.
Serum (1,3)-B-D-glucan was determined by means of
Fungitell assay.

Results. Positive blood culture was registered in
23.33%, 43.33%, 23.8% and in 3.33% of samples only
in groups I, II, TIT and IV, respectively. Positive findings
with (1,3)-B-D-glucan Fungitell assay at the same time
with blood culture were detected in 83.33%, 76.67%,
30% and 26.67% in groups I, II, III and IV, respecti-
vely. The average concentration of BDG was highest in
group I, followed by group II, group IV and group III.
Conclusion. Our results suggest that a positive (1,3)-
B-D-glucan assay could be a superior test in addition
to the blood culture for diagnosis of candidemia and
highlights the value of this test as a diagnostic adjunct
in the serodiagnosis of an invasive candidiasis.

Correspondence to: Gordana Mirchevska, Institute of Microbiology
and Parasitology, Faculty of Medicine, Str. 50 Divizija No.6, 1000,
Skopje, Republic of Macedonia; E-mail: gordmir@yahoo.com

Keywords: Candida, candidemia, blood culture, (1,3)-
B-D-glucan, serodiagnosis

AncTrpakTt

Bogen. XeMoKynITypaTa, HaKoO ce cMeTa 3a 3JaTeH
CTaHJap/l BO €THOJIOIIKATA AMjarHo3a Ha NHBA3UB-
HUTE MH(EKUUH, C¢ YIITE HE € CUTYPEH U Op3 METOJ
3a aujarHo3a Ha KaHamaemuja. OapenyBameTo Ha
cepymckuoT (1,3)-B-JI-ruKaH € BUCOKO CEH3UTUBCH
u cienupWUeH TEeCT 3a MHBA3WBHM MUKO3H, KOj MO-
>Ke fja Oujie off rosiemMa KOPHCT 3a JIUIiaTa co BUCOK
PpU3UK 32 nHBa3UBHU MH(pekuuu co Candida species.
Ien. LlenTa Ha oBaa cTyAMja EMPOCIEKTUBHO €Ba-
JIyupame Ha AUjarHOCTHIKMOT NOTEHIHjall Ha CepyM-
ckuor (1,3)-B-JI-rnukan, Bo copejda co XeMOKYJI-
Typara, 3a IujarHo3a Ha WHBa3UBHU MH(EKIUH CO
Candida species.

Metomu. Kps u cepym op 120 nanuenTn knacudu-
LIUpaHU BO YETUPUTPYIH, XOCIUTAIU3UPAHU HA YHU-
BEp3UTETCKUTE KIMHUKK BO CKoIje, BO IEpUof] Off
[BE TOAMHY, Oca MCIUTYBAHU 34 WHBA3WBHU MH(EK-
uun co Candida species. KpBra Gerie o6paboTyBaHa
€O KOHBEHIIMOHAITHHA MeToH (aBToMaTn3upan bam T/
AJepT cucTeM 3a XeMOKYJITYpH, 60eme 1o I'pam n
KynTypa Ha (yHranmuau nomiorn). Mnenrndukanuja-
Ta Ha Candida species ce u3pepyBame co BUTEK-2
cucrteMot. Cepymckuot (1,3)-B-JI-riukaHn ce ofpe-
myBaite co OyHTUTEIT TECTOT.

Pe3ynrarn. [lo3uTuBHa XeMOKynTypa Oelle KOH-
CEKBEHTHO perucrpupana Bo 23.33%, 43.33%, 23.8%
u 3.33% mnpumepouu Bo rpymute [, I, III u IV.
IMosuTrBen Haopn Ha (1,3)-B-[I-TMKaH KCTOBPEMEHO
CO XeMOKyJITypaTta, OyHTUTENT TeCTOT eTeKTUpa-
e Kaj 83.33%, 76.67%, 30% u 26.67% Bo rpymnu-
te I, II, III u IV, koHcekBeHTHO. IIpoceynaTa KOH-
nenTpanuja Ha BJII" Gemre HajBrcoka Bo rpymara I,
caeneHa op rpynure II, IV u 111
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Jaknydok. Hammre pesynratu ykaxysaar feka Io-
sutuBeH (1,3)-B-J-rimkan MOXe fia Oujie cynepruopeH
TeCT, IIOKPaj XeMOKYJTypaTa 3a JujarHo3a Ha KaH-
AufeMyja, U ja UCTAaKHyBa KOpHCTa Off OBOj TECT
KaKo IMjarHOCTHYKA IOAPIIKA BO CEPOiXjarHO3a-
Ta Ha MHBa3MBHATA KaHAUAMja3a.

Konyunm 360poBu: Candida, KanapaeMuja, XeMOKYATYpa,
(1,3)-B-d-rnukan, cepopujarnosa

Introduction

The incidence of invasive fungal infections (IFI) caused
by Candida species has dramatically increased over the
last decades, despite the availability of effective treat-
ments, and is directly associated with increased morbi-
dity and mortality [1], especially among the growing
population of immunocompromised patients or patients
receiving critical care in intensive care units (ICUs)
[2]. The most frequent predisposing factors for develop-
ment of invasive fungal infections are prolonged stay
in ICUs, broad spectrum antimicrobial agents, prolonged
use of corticosteroids, chemotherapy and radiotherapy,
prematurity, intravascular catheters and parenteral nut-
rition, immunosuppression and disruption of mucous
membranes, and HIV/AIDS are among [1]. Candida
species are ranked on the 4™ position as agents of no-
socomial septicemia in many studies across USA, and
cause ap}[‘)roximately 9-12% of all septicemias [3] and
on the 6™ or 7" position as causes of nosocomial septi-
cemia in many European studies [4]. To achieve a fa-
vorable prognosis of these deadly infections, an early
initiation of an antifungal treatment is necessary. It
relies on a timely and accurate diagnosis, which in turn
is still challenging. In the absence of specific signs and
symptoms, there is a need to evolve an appropriate
diagnostic approach. Histopathologic demonstration of
organisms in tissue specimens or growth of fungal
agents in culture media is still the "gold standard" method,
but obtaining such specimens may be difficult, and con-
ventional microbiological methods’ results (blood cul-
ture) are relatively insensitive, since they are positive
in less than 50% of all invasive Candida infections, are
time-consuming and not generally accessible in all labo-
ratories [S]. Therefore, diagnosis of invasive fungal infec-
tions remains challenging, due to a limited choice of
sensitive early diagnostic markers. As a consequence
of the difficulties with diagnosis, a significant effort
has gone into developing non-culture-based diagnostic
techniques for detecting invasive candidiasis [6]. Recen-
tly, particular emphasis has been placed on the detec-
tion of fungal markers within biological samples. Among
possible culture-independent serum markers, Candida
mannoproteins (13), and (1,3)-B-D-glucan (BDG) offered
some promise [7,8].

(1,3)-B-D-glucan (BDG) is a panfungal marker that is
a component of the cell wall (cell wall polysaccharide)
found in many pathogenic fungi, including Candida spe-
cies, which can be present early in the blood and fluids
from patients suffering from IFI. Serum B-D-glucan
concentrations show a constant rise before clinical and
microbiological evidence of infections, then decrease,
and eventually become negative if patients respond to
antifungal therapy. Conversely, patients not responding
do not show a decrease or show a continuous rise. The
Fungitell test (Associates of Cape Cod) is a chromogenic
kinetic test that was approved in 2003 by the U.S. Food
and Drug Administration for the presumptive diagnosis
of IFI [9]. It may allow earlier diagnosis of IFI, which
is otherwise feasible with traditional methods.

The aim of this study was to prospectively evaluate the
diagnostic performance of serum (1,3)-f-D-glucan
BDG (Fungitell), in comparison with blood culture, for
diagnosis of invasive infections with Candida species.

Study design

A prospective diagnostic study was performed at the
Institute of Microbiology and Parasitology, Medical
Faculty, Skopje, during a 2-year period, from March
2012 until May 2014.

Material and methods

This study analyzed primarily sterile specimens (blood
and serum) from 120 patients classified in 4 different
groups according to the clinical diagnosis and risk
factors for development of invasive candidiasis (group
I (n=30)-patients with primary immune deficiency, group
II (n=30)-patients with prolonged stay in ICU receiving
broad spectrum antibacterial treatment, group III (n=
30)-patients with mucosal candidiasis and group IV
(n=30)-cystic fibrosis patients). Invasive fungal infection
was defined according to the revised definitions by the
EORTC/MSG (European organization for research and
treatment of cancer/mycoses study group) consensus
group, with the necessary modification that BDG was
not included in the microbiological criteria [10]. Blood
culture was performed with automated BacT/Alert sys-
tem (bioMerieux, France), Gram stain and culture on
selective Sabouraud and CALBmedium (Oxoid). Identi-
fication of Candida species was performed with auto-
mated VITEK-2 system (bioMérieux, France) [11]. Sero-
logical (1,3)-B-D-glucan detection was performed with
Fungitell assay (Associates of Cape Cod) (9). Briefly,
total of 5 ul of serum were briefly pretreated with 20
ul alkaline reagent solution (0.125 M KOH/0.6 M
KCI) for 10 min at 37°C and then 100 pl reconstituted
Fungitell reagent was added to the sample placed into
triplicate wells of a 96-well microtiter plate.The reac-
tion was incubated for 40 min at 37°C and the optical
density was measured at 405/490 nm with a spectro-
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photometer. The mean rate of optical density change
was determined for each well, and the BG concentration
was determined by comparison to a standard curve. In-
terpretation of BG values was as follows: <60 pg/ml,
negative; 60 to 79 pg/ml, indeterminate; >80 pg/ml,
positive. The test results of the BDG assay were not
available for the clinician for decision making (BG re-
sults were not used for the management or classification
of IFI). Proven and probable IFI were considered to be
true-positive cases for analysis. Patients with possible
IFI were considered to have true-negative cases.

Results

According to the gender structure of the participants in
our study, men were more frequently identified in groups
I, IIT and IV (60%, 56.67%, 53.33%, respectively), and
women in the group II (56.67%). The average age of
patients with primary immune deficiency was 39.13+
21.8 years, 65.63+29.8 of patients in the second group,
51.91%18.4 of the third group of patients and 16.23+
6.4 years of the fourth group of patients (Table 1).

Table 1. Characteristics of patients according to age and gender

Variable Groups of patients
group I group II group III group IV Total

n=30 (%) n=30 (%) n=30 (%) n=30 (%) n=120 (%)
Gender
women 12(40%) 17(56.67%) 13(43.33%) 14(46.67%) 56(46.7%)
men 18(60%) 13(43.33%) 17(56.67%) 16(53.33%)  64(53.33%)
Age
years, mean+SD 39.13£21.8  65.63+29.8  51.91+184  16.23+6.4 43.0+£24.1
min-max 3-68 21-83 18-93 7-30 3-82
‘p=0.6

p (Chi-square test)

Distribution of the examined participants in all groups,
according to clinical diagnosis with EORTC/MSG cri-
teria, showed that a proven fungal infection was most
frequently registered in patients with prolonged ICU
stay receiving a broad spectrum antibiotic treatment

(56.67%), followed by patients with primary immune
deficiency (33.33%) (Table 2). Differences in distribution
of proven, probable and possible fungal infection were
statistically significant between group I versus groups
I and IV, and between group II versus groups III and IV.

Table 2. Characteristics of patients according to EORTC/MSG criteria classification

Variable Groups of patients
group I group 11 group I1I group IV Total
n=30 (%) n=30 (%) n=30 (%) n=30 (%) n=120 (%)
Classification
proven 10(33.33%)  17(56.67%) 0 1(3.33%) 28(23.33%)
probable 12(40%) 11(36.67%) 6(20%) 8(26.67%) 37(30.83%)
possible 8(26.67%) 2(6.67%) 24(80%) 21(70%) 55(45.83%)

Chi-square: 54.08°p< 0.001

IvsIl ns
IvsIII p<0.001
[vs IV p<0.0009*

Ivs I p<0.001 I vsIV ns

I vsIV p<0.001

Regarding the distribution of host factors, 53.33% of
patients in group I had hematological malignancy,
30% had AIDS; 10% presented with hypogamaglobu-
linemia and 3.33% each had chronic granulomatous
disease or CARD?Y deficit. In group II, host factors dis-
tribution was: neonatal sepsis (16.66%), abdominal surge-
1y (13.33%), solid organ cancer (13.33%), diabetes me-
llitus (13.33%), neonatal meningitis (10%), sepsis in
pediatric ICU (6.66%), urosepsis (6.66%), renal failure
with hemodialysis (6.66%), endocarditis (6.66%), pan-
creatitis with diabetes mellitus (3.33%), and burns
(3.33%). In group 111, 56.66% of patients had esophageal
candidiasis with comorbidities like COPD, asthma, obe-
sity, diabetes mellitus, alcoholism, ulcus disease and
cancer, and 43.33% ICU patients with diabetes mellitus
as comorbidity, presented with signs and symptoms of

candiduria. In group IV, CF patients with acute exacer-
bations were analyzed.

The blood culture was positive in 23.33% patients in
group 1, 43.33% in group 11, 23.08% in group III and
one patient in group IV. The statistical analysis confir-
med that positive blood culture was a significantly less
frequent finding in patients with cystic fibrosis, com-
pared to both groups of patients with primary immune
deficiency (p=0.023), and patients with prolonged ICU
stay and antibiotic treatment (»p=0.00025). The most
frequent isolates from blood culture in group I were C.
tropicalis and C. krusei, followed by C. albicans and C.
parapsilosis. In group II, C. albicans and C. pelliculosa
were equally presented, followed by C. parapsilosis
and C. Glabrata (Table 3). Positive findings with (1-3)-
B-D-glucan Fungitell BDG assay at the same time with
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Table 3.Yeast species in blood culture

Variable Groups of patients
group I group II group III group IV Total
n=30 (%) n=30 (%) n=30 (%) n=30 (%) n=120 (%)

Blood culture
negative 23(76.67%)  17(56.67%) 10(76.92%) 29(96.67%) 79(76.7%)
positive 7(23.33%)  13(43.33%)  3(23.08%) 1(3.33%) 24(23.3%)

Chi-square: 13.4 p=0.0038**

IvsIV p=0.023*

I vs IV p=0.00025%*
C.parapsilosis 1 2 0 0 3
C.tropicalis 3 1 0 0 4
C.albicans 1 4 1 1 7
C.krusei 2 0 0 0 2
C.pelliculosa 0 4 0 0 4
C.glabrata 0 2 2 0 4

p (Chi-square test) *p < 0.05 **p<0.01

Table 4. Characteristics of patients according to positivity of (1-3)-f-D-glucan test

Variable Groups of patients
group I group II group III group IV Total
n=30 (%) n=30 (%) n=30 (%) n=30 (%) n=120 (%)
(1-3)-B-D-glucan test
negative 5(16.67%) 5(16.67%) 21 (70%) 19(63.33%) 50 (41.66%)
positive 25(83.33%) 23 9 (30%) 8(26.67%) 65 (54.16%)
(76.67%)
intermediate 0 2 (6.67%) 0 3 (10%) 5 (4.16%)
p<0.001
IvsIII *p=0.00003** I Bc I *p=0.000066**

Ivs IV *p=0.00004**II Bc IV

*p=0.00009**

p (Chi-square test) **p<0.01

blood culture were detected in 25/30 (83.33%) patients
of group 1, 23/30 (76.67%) of group II, 9/30 (30%) of
group III, and 8/30 (26.67%) patients of group IV.
Described differences were confirmed as statistically
significant between group I and group III (p=0.00003),
and between group I and group IV (p=0.00004), and
also between group II and group III (p=0.000066), and
between group Il and group IV (p=0.00009) (Table 4).

In the statistical analysis, intermediate results were not
included.

In Table 5 the concentrations of the (1-3)-B-D-glucan
marker (BDG) are presented. At the same time with
blood culture, statistically significantly higher concentra-
tion of BDG was obtained in group I compared to
group III (p=0.000008) and group IV (p=0.000008),
and, statistically significantly higher concentration of

Table 5. Descriptive statistics BDG concentration (pg/ml)

Descriptive statistics BDG concentration (pg/ml)

mean = SD min-max median (IQR) p-value
group I 184.77 + 106.9 33-447 177 (117-268)  H=44.4 %<0.001
group II 164.43 +98.9 38-378 148 (88— 218) I vs [1%=0.000008**
group IIT 59.87+27.5 34124 46 (41 — 88) I vs IVSp=0.000008**
Cay *k
group IV 61.17+27.3 25-133 47 (41 - 85) ITvs T p=0.0000029

11 vs IV’p=0.0000028**

°p (MannOWhitney U test) °p (Kruskal-Wallis test)

BDG was obtained in group II compared to group III
(p=0.0000029) and group IV (p=0.0000028). The ave-
rage concentration of BDG was highest in group I
(184.77£106.9 pg/ml), followed by group II (164.43+
98.9 pg/ml), group IV (61.17£27.3 pg/ml), and group III
(59.87+£27.5 pg/ml). The median concentration of BDG
was 177 pg/ml (rangel117-268), 148 pg/ml (range 88-
218), 46 pg/ml (range 41-88), and 47 pg/ml (range 41-
85) in all four groups, respectively.

Positive BDG test in group I was registered in 25
(83.33%) patients’ sera. The concentration of BDG in
the positive sera was in the range 82-447 pg/ml. The
average concentration of BDG was 214+91.9 pg/ml.
Sensitivity, specificity, PPV, NPVof BDG were100%,
62.5%, 88%, 100%, respectively (Table 6).

Positive BDG test in group Il was registered in 23
(76.67%) patients’ sera. The concentration of BDG in
the positive sera was in the range 88-378 pg/ml, with an
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Table 6. Comparative diagnostic performances of blood culture and (1-3)-B-D-

glucan test in group I

Method Se(%) Sp(%) PPV (%) NPV (%)
Blood culture 31.82 100 100 34.78
B-D-glucan test 100 62.5 88 100

Table 7. Comparative diagnostic performances of blood culture and (1-3)-B-D-

glucan test in group I1

Test Se(%) Sp(%) PPV (%) NPV (%)
Blood culture 46.43 100 100 11.76
B-D-glucan test 88.46 100 100 40

average concentration of 197.74+88.6 pg/ml. Sensi-
tivity, specificity, PPV, NPV of BDG were 88.46%, 100%,
100%, 40%, respectively (Table 7).

In group III positive BDG test was registered in 9
(30%) patients’ sera. The concentration of BDG in the
positive sera was in the range 88-124 pg/ml, with an ave-
rage concentration of 99.22+12.8 pg/ml. Sensitivity,

specificity, PPV, NPV of BDG were 100%, 87.5%,
66.67%, 100%, respectively (Table 8).

In group IV positive BDG test was registered in 8
(26.67%) patients’ sera. The concentration of BDG in
the positive sera was in the range85-133 pg/ml, with
an average concentration of 99.25+16.5 pg/ml (Table 9).

Table 8. Comparative diagnostic performances of blood culture and (1-3)-p-D-

glucan test in group III

Test Se(%) Sp(%) PPV (%) NPV (%)
Blood culture 0 72.73 0 80
B-D-glucan test 100 87.5 66.67 100

Table 9. Comparative diagnostic performances of blood culture and (1-3)-8-D-

glucan test in group IV

Test Se(%) Sp(%) PPV (%) NPV (%)
Blood culture
B-D-glucan test 100 100 100 100

This test did not identify false negative or false posi-
tive results in group IV; all 8 cases of CF with positive
BDG assay were in the group of probable/proven IFIs
according to EORTC/MSG criteria, and all negative
BDG cases were classified as possible infections.

Discussion

Early diagnosis of invasive Candida infections is cru-
cial in order to initiate antifungal agents early. Delay
in the administration of appropriate antifungal treatment
increases mortality from invasive candidiasis. Unfortuna-
tely, clinical and radiological signs are often unspecific
and conventional culture methods are not sensitive enough
[6]. To overcome many obstacles during laboratory
work, different tests have been developed, which have
been evaluated for diagnosis of invasive candidiasis.
In this study we have evaluated the performance of a
new (1,3)-B-D-glucan (BDG) detection system (Fungi-
tell) as a diagnostic adjunct for invasive fungal infections.
Different studies have evaluated clinical performance of
the (1,3)-B-D-glucan assay with focus on specific target
populations, like hematological [8], pediatric patients
[12], or ICU [13]. It has also been proposed as an early
biomarker of invasive fungal infections and is included in
diagnostic criteria of invasive fungal infections in the
2008 revised IFI diagnosis criteria of European Organiza-

tion for Research and Treatment of Cancer/Mycoses
Study Group (EORTC/MSG) [10]. In order to investigate
the diagnostic potential of the BDG test to enhance
diagnosis of invasive Candida infections, we have exa-
mined sera from 120 patients that were divided into 4
groups according to the clinical diagnosis and EORTC/
MSG criteria, for presence of elevated concentrations
of (1,3)-B-D-glucan and compared them with blood
cultures. According to EORTC/MSG criteria, a proven
fungal infection was most frequently registered in pa-
tients with prolonged ICU stay receiving antibiotic
treatment with broad spectrum (group II) (56.67%),
followed by patients with primary immune deficiency
(group I) (33.33%). Differences in distribution of pro-
ven, probable and possible fungal infection were sta-
tistically significant between group I versus groups 11
and IV, and especially between group II versus groups
II and IV. This is in consistency with the work of
Montagna et al. [14] where most of the cases with
invasive fungal infection tend to occur in older patients
(more than 60 years), as was the average age in our
group of patients with prolonged stay in ICU setting
(65.63429.8) that presented the highest rate of proven
infections with Candida species. This can be attributed
to the increased incidence of invasive mycoses with
advanced age which most often is associated with im-
paired immunity. In our study 33.32 % of invasive fun-
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gal infections in group II were in the NICU (neonatal
intensive care unit) and PICU setting (pediatric intensive
care unit). Of all the patients in this group, 56.67% had
proven and 36.67% had probable fungal infections.
Positive blood cultures were identified in 24 patients in
all groups. Most episodes of candidemia developed in
group I, and were caused by C. tropicalis and C. krusei,
followed by C. albicans, C. parapsilosis and C. tropi-
calis. In group 11, C. albicans and C. pelliculosa were
equally presented, followed by C. parapsilosis and C.
glabrata. In the third group, 3 cases of candidemia were
confirmed with positive blood culture (one patient with
C. albicans, C. glabrata in 2 patients). In our CF patients,
only one patient had positive blood culture with C. albi-
cans. Although C. albicans is still considered the most
frequent etiological agent of candidemia, in the recent
few decades, a significant increase of candidemia caused
by non-albicans Candida species [15] has been registe-
red, which are usually less susceptible to antifungal drugs.
Our study confirms high prevalence of non-albicans
Candida species candidemia, as has been demonstra-
ted in many reports from around the world [16,17].
The Fungitell assay for detection of (1,3)-B-D-glucan
confirmed elevated concentrations of BDG in: group I-
25/30 (83.33%), group 11-23/30 (76.67%), group IlI-
9/30 (30%), and group 1V-8/30 (26.67%). In group I,
this test detected 10/10 (100%) of proven and 12/12
(100 %) of probable cases of IFIs and 3/6 (37.5%) in
possible infections. In group II, the test detected 13/17
(76.47%) of proven and 10/11 (90.91%) of probable
cases of IFIs. In group III, 6/6 (100%) of probable and
3/24 (100%) of possible infections were detected by the
assay. In group IV, the Fungitell assay was positive in
8/30 (26.67%) of proven/probable infections. BDG-
positive results have been obtained by the Fungitell
assay for most of the cases with candidemia caused by
different Candida species (C. albicans, C. glabrata, C.
tropicalis, C. krusei). Interestingly, the BDG values in
two cases of proven infection (candidaemia caused
by C. Pelliculosa in a neonate and one adult case of
candidemia with C. albicans) did not reach any of these
cut-offs and the test remained negative. However, the
BDG detection was not performed at the same time
with the blood sample as the one that was Candida
culture positive, although the sample used was collec-
ted at the same time.

In this study the sensitivity of the BDG test was 100%,
88.46%, 100%, 100%, in groups I, II, Il and IV respec-
tively, compared to sensitivities of 77.6% (18), 86.7%
[19], and 100% [20] in other reports for diagnosis of
candidemia. Many studies have reported wide discre-
pancies on sensitivity (40%-100%) and specificity (45%-
99%) of the assay [21-23], probably due to the hetero-
geneity of their designs, and probably because they
have used different cut-off values (10 to 120 pg/ml)
for a positive result. In a recent study, Pickering ef al.
evaluated 39 sera samples from 15 patients with blood

culture positive yeast infections using a cut-off value
of 80 pg/ml (19). Thirty (77%) samples were positive
for BDG (range 84 to 1359 pg/ml), and 13 of the 15
patients had at least one specimen positive. In a recent
multi-center study of 107 patients with proven candi-
diasis, 81% had a positive result for BDG at a cut-off
of 60 pg/ml and 78% had positive results at a cut-off
of 80 pg/ml (18). Other studies have also reported low
BDG sensitivity in different IFI and various patient
populations. Koo et al. (24) and Ostrosky-Zeichner et
al. (18), who both analyzed the performance of the
BDG assay, regardless of the category of patients or
type of IFI, observed an average sensitivity of 64%.
Koo et al. (24) reported even lower BDG sensitivity in
patients receiving a hematopoietic stem cell transplant
or patients with febrile neutropenia (43% and 38%,
respectively).

Specificity of the BDG test in our study was 62.5%,
100%, 87.5%, 100%; PPV was 88%, 100%, 66.67%, 100%,
and NPV was 100%, 40%, 100% and 100% in groups
L, II, III and IV, respectively. Specificity in group I was
considerably lower than that reported by Pazos et al.
[20] for adult patients with hematological cancer (89.6%).
On the other hand, Digby et al. have reported positive
BDG results in patients hospitalized in ICU with proven
bacterial infections [26]. Since these investigators used
very low (>20 pg/ml) cut-off values for a positive BDG
marker, rather than the recommended cut-off (=80 pg/ml),
it is impossible to accurately interpret their results. In
this study population, BDG demonstrated high sensitivi-
ty, but poor specificity. But, the high negative predict-
tive value in our study (100%) and other studies as well
(>95%) [26] show that their primary value, based on a
negative result, is to exclude the presence of IFI instead.
False-positive BDG results have been previously des-
cribed in many studies. Prattes et al. found that unmo-
dified cellulose containing membranes increased  the
serum BDG levels. False-positive BDG results have
also been confirmed after mucosal damage from chemo-
therapy or radiotherapy, which could allow BDG from
dietary sources or from Candida colonizing the gastro-
intestinal tract to enter the bloodstream; as well after
receipt of antibiotics from fungal sources [22]. False-
positive BDG results are possible after treatment with
immunoglobulin or antitumoral polysaccharides such
as lentinan and schizophyllan [27], which can elevate
BDG levels in the absence of IF1. In our study we also
had patients on hemodialysis, but we had no relevant
details on the background of the treatment, so we
could not be certain if some of the elevated BDG
levels actually demonstrated false positive results (data
not shown). False-positive BDG results have also been
described during some bacterial infections [19]. In our
study we had few patients who presented with clinical
signs of sepsis, with negative blood culture for fungi,
but positive blood culture for bacteria (data not shown).
There is a high probability that these were polymicrobial
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infections that were also described in many studies and
could be an additional reason for false positive results of
the BDG test [28]. For all these reasons, BDG assay must
be used and interpreted with a great caution. This phenolme-
non should be carefully evaluated in further studies, where
probably a serial monitoring of sera could clarify more
precisely these dilemmas about false-positive results.
To summarize, our findings suggest that a positive (1,3)-B-
D-glucan (BDG) assay could be a superior test in addition
to the blood culture for diagnosis of candidemia and high-
lights the value of the BDG assay as a diagnostic adjunct
in the serodiagnosis of an invasive candidiasis. This test may
also be useful in the evaluation of patients at high risk of IFL
In clinical practice, proper use of this test would require
knowledge of its performances and features, particularly for
the factors associated with a false-positive test result.
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