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Ninety-one serum samples from 51 hematology patients with bacteremia infections were tested for (1,3)-�-D-glucan (BG).
Eleven samples (15%) from 7 patients (14%) were positive for BG. Of these 7 patients with positive BG results, 4 (8%) had inva-
sive aspergillosis and 3 (6%) had no invasive fungal disease. Bacteremia was an unlikely cause of the false-positive BG results.

Amajor cell wall component of various clinically important
fungi is (1,3)-�-D-glucan (BG). Serum levels of BG are in-

cluded in the updated European Organization for the Research
and Treatment of Cancer-Mycoses Study Group (EORTC/MSG)
diagnostic criteria for invasive fungal disease (IFD) in immuno-
compromised patients (1). One of the limitations reported for the
BG assay is the high number of potential causes of false-positive
results, including bacterial bloodstream infections (BSIs), partic-
ularly those due to Pseudomonas aeruginosa, Streptococcus pneu-
moniae, or Alcaligenes faecalis (2–5). However, existing data on the
frequency of false-positive BG results during BSI with the afore-
mentioned bacteria are inconsistent (6–12). While older studies
reported up to 66% (10/15) of patients with a BSI due to Gram-
positive cocci having more than one sample positive for BG, a
more recent analysis found only one positive BG result among 70
patients with BSI and no IFD (7, 12). The aim of this study was to
investigate the rate of BG positivity in patients with hematological
malignancies and BSI in whom the BG assay was used for IFD
screening twice per week.

All the patients who were admitted to the hematology units of
San Martino University Hospital and who developed a BSI be-
tween January 2011 and December 2013 were retrospectively
identified. In cases of common skin contaminants, two consecu-
tive positive blood cultures were required to diagnose a BSI. Pa-
tients who had at least one BG measurement within 48 h after a
positive blood culture were included in the study. The data on the
concomitant IFD (diagnosed according to 2008 EORTC/MSG cri-
teria), amoxicillin treatment, surgery, and immunoglobulin ad-
ministration were recorded. BG testing was performed using the
Fungitell assay (Associates of Cape Cod, Inc., Cape Cod, MA)
according to the manufacturer’s instructions. A BG value of �80
pg/ml was considered positive.

Overall, 66 BSIs in 51 patients were included in the study (due
to P. aeruginosa [26], Escherichia coli [12], coagulase-negative
Staphylococcus spp. [8], viridans group Streptococcus spp. [5], En-
terococcus spp. [4], Enterobacter cloacae [3], Klebsiella pneumoniae
[3], Acinetobacter spp. [2], Klebsiella oxytoca [1], Serratia odorifera
[1], or Staphylococcus aureus [1]).

A total of 91 serum samples were analyzed for BG (median
number of samples per patient, 1 [range, 1 to 4]). The median time
between the blood draws for culture and for the BG assay was 24 h.
The BG measurement was performed at the same time as the
blood culture in 27 BSI episodes, within 24 h after BSI in 30 epi-

sodes, and between 24 and 48 h in 9 episodes. In 21 BSI episodes,
2 consecutive samples were tested.

BG results were positive in 11 samples (12%) from 7 patients
(14%). Among these, 3 patients (6%) were diagnosed with prob-
able invasive aspergillosis (IA) and 1 patient (2%) with possible
IA. The median value of BG in these patients was 214 pg/ml. The
other 3 patients (6%) showed no evidence of IFD, including hav-
ing no pneumocystosis and receiving no surgery or amoxicillin or
immunoglobulin therapy, and the median BG value was 146 pg/
ml. In patients with BSI and no IFD, the rate of BG positivity was
6% (3/47) in the per-patient analysis and 4% (3/79) in the per-
sample analysis.

Considering 13 samples from patients with a positive BG re-
sult, the median value was lower in patients with BSI than in those
with BSI and IA (112 pg/ml [range, 7 to 203 pg/ml] versus 216
pg/ml [range, 98 to 308 pg/ml], respectively; P � 0.04 [Mann-
Whitney two-sided test]) (Fig. 1).

With 2 consecutive positive samples regarded as indicating BG
positivity, only 4 patients, all with IA, were categorized as positive.
None of the patients with BSI were positive for BG, although 1
patient with 1 sample produced an indeterminate result.

This study reported a low rate (4%) of BG positivity in patients
with BSI and no IFD. All the patients with BSI and IFD had two
consecutive positive BG results. In contrast, those patients who
had BSI without IFD and positive BG results had only one positive
result. However, multiple samples were tested for 2 out of 3 pa-
tients with BSI without IFD.

Contrary to older reports, no bacterial BSI in our study was
consistently associated with serum BG positivity. Only 1 of 18
(5.5%) patients with BSI caused by Gram-positive cocci and 1 of
12 (8%) patients with BSI caused by E. coli were found to be BG
positive in our cohort, compared to 66% and 38%, respectively, in
other studies (7, 9). Note that none of the 23 patients with P.
aeruginosa BSI without IFD had a positive BG result. In a more
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recent study, Metan et al. reported a positivity rate of 2% (1 pa-
tient with E. coli BSI among 58 other subjects with various patho-
gens but no IFD) (12), while in the study by Racil et al., 2 out of 26
patients with bacterial BSI were positive for BG, but these 2 pa-
tients had an IFD (11). Therefore, our results confirm the more
recent findings of a low rate of BG positivity in the absence of IFD.
The retrospective nature of our study did not allow for the testing
of supernatants of bacterial colonies for BG in order to confirm or
reject the hypothesized bacterial origin of the BG found.

Additionally, the kinetics of BG differed in patients with IFD
and BSI compared to those with BSI and no IFD. Patients with IFD
and BSI had two consecutive serum samples positive for BG, while
those with BSI and no IFD had only one positive BG result, al-
though in 2 out of 3 patients two consecutive serum samples were
tested. There were no means to determine if a single BG-positive
result in these patients was due to the BSI or to any other cause,
including environmental contamination of a tested sample, but
abrupt rises and falls of BG levels have been associated with false
positivity (13, 14). In fact, a recent meta-analysis reported that
specificity and positive predictive value were improved when two
consecutive positive samples were used to defined a positive BG
result (15). Finally, in this cohort, the median BG value was sig-
nificantly lower in patients with BSI and no IFD than in those with
BSI and IA (146 versus 216 pg/ml). There are data to indicate that
the optimal cutoff for BG positivity may be �80 pg/ml, as in-
creased specificity and positive predictive value were observed for
a value of 120 pg/ml in one study, and values of �160 pg/ml were
considered highly indicative of candidemia in another study
(14–17).

In conclusion, false-positive BG results are infrequent in pa-
tients with BSI and no IFD but could not be excluded. In these
patients, BG positivity was not confirmed by the second blood
sample and the BG value was lower in them than in those with a
BSI and a fungal infection.
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Furfaro et al.

1358 cvi.asm.org Clinical and Vaccine Immunology

 on S
eptem

ber 19, 2019 by guest
http://cvi.asm

.org/
D

ow
nloaded from

 

http://dx.doi.org/10.1086/588660
http://dx.doi.org/10.1128/JCM.42.6.2733-2741.2004
http://dx.doi.org/10.1128/JCM.42.6.2733-2741.2004
http://dx.doi.org/10.1086/421944
http://dx.doi.org/10.1086/588563
http://dx.doi.org/10.1128/CDLI.10.5.882-885.2003
http://dx.doi.org/10.1128/JCM.43.12.5957-5962.2005
http://dx.doi.org/10.1128/JCM.43.12.5957-5962.2005
http://cvi.asm.org
http://cvi.asm.org/


8. Racil Z, Kocmanova I, Lengerova M, Weinbergerova B, Buresova
Toskova M, Winterova J, Timilsina S, Rodriguez I, Mayer J. 2010.
Difficulties in using 1–3-{beta}-D-glucan as the screening test for the early
diagnosis of invasive fungal infections in patients with haematological
malignancies— high frequency of false-positive results and their analysis.
J. Med. Microbiol. 59:1016 –1022. http://dx.doi.org/10.1099/jmm.0
.019299-0.

9. Albert O, Toubas D, Strady C, Cousson J, Delmas C, Vernet V, Villena
I. 2011. Reactivity of (1¡3)-�-D-glucan assay in bacterial bloodstream
infections. Eur. J. Clin. Microbiol. Infect. Dis. 30:1453–1460. http://dx.doi
.org/10.1007/s10096-011-1244-8.

10. Koya J, Nannya Y, Kobayashi H, Okugawa S, Moriya K, Kurokawa M.
2013. Simultaneous increase in 1,3-�-D-glucan and procalcitonin levels in
Pseudomonas aeruginosa infection. J. Infect. 67:164 –166. http://dx.doi.org
/10.1016/j.jinf.2013.03.017.

11. Racil Z, Kocmanova I, Toskova M, Winterova J, Lengerova M, Timil-
sina S, Mayer J. 2013. Reactivity of the 1,3-�-D-glucan assay during
bacteraemia: limited evidence from a prospective study. Mycoses 56:101–
104. http://dx.doi.org/10.1111/j.1439-0507.2012.02210.x.
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