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Abstract

Background: Procalcitonin l is a biomarker used to assess systemic inflammation, infection, and sepsis and to
optimize antimicrobial therapies. Its role in the in the differential diagnosis between candidemia and bacteremia is
unclear. The aim of this systematic review was to summarize the current evidence about PCT values for
differentiating candidemia from bacteremia.

Methods: PubMed and EMBASE were searched for studies reporting data on the diagnostic performance of serum PCT
levels in intensive care unit (ICU) or non-ICU adult patients with candidemia, in comparison to patients with bacteremia.

Results: We included 16'StUdi€s for a total of #5079 patients and 785/ €ases| of €andidemial Most studies claimed to

report data relating to the use of PCT values for differentiating between candidemia and bacteremia in septic patients in
the intensive care unit. However, the studies identified were all [fetfoSpective, except for one secondary analysis of a
prospective dataset, and clinically very heterogeneous and involved different assessment methods. Most studies did show

[6WerPCTValtes in patients with €andidemmia Eompared to [pacteremia. However, the evidence supporting this
observation is of JoW|guality and the difference seems [instfficiently discriminative to [guide therapettic decisions None of

the studies retrieved actually studied guidance of antifungal treatment by PCT. PCT [fiiay ifiprove [diaghostic performance

regarding candidemia when [G6MBIREd with other biomarkers of infection (e.g. [Peta*b gltican) but [iore data is heeded.

[pacterémia due to limited supporting evidence.

Conclusions: PCT shouid not be used as a standalone tool for the differenial diagnosis between candidermia and
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Background

Early diagnosis of candidemia is challenging [1-3). The
labsence of sensitive and specific [clinical [signs and symp-
toms and radiological findings as well as the

time of Blood cullife grovth BAMIPEE carly identification

of candidemia [2, 4]. Adding to this is the need to [differ=
which
often have Similar linical manifestations. For these rea-
sons, risk factor clinical characteristics, scoring systems,
and microbiological techniques (culture- and non-
culture-based) are all being used to optimize early treat-
ment and reduce unnecessary antifungal therapy [4—13].
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[PCT) has been proposed as a useful
tool to characterize systemic inflammation, infection,
and sepsis [14-16]. Findings from several randomized
controlled trials indicate that the use of a PCT-guided
antibiotic treatment algorithm (i.e.,, PCT guidance) is
likely to reduce antibiotic exposure in septic patients,
without an adverse effect on health outcomes [17]. PCT|

production is promoted by lipopolysaccharides and cyto-
Kkines, which are lexpressed in

B [15]. Although (SN OSSR
(COnitions iciease P, Ioel, actenalffections typic-
ally show higher PCT serum concentration [14, 18, 19].
[Some studies reported lower PCT serum levels in patients
with [candidemia compared to [pacteremia [20, 21]. Al-
though the mechanism for this finding is unclear, patients
with [invasive candidiasis showed signs of impaired inflam-
Imatory response, immune cell exhaustion, and Feduced
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production of positive co-stimulatory molecules [22—24].
Thus, the serum levels of PCT may differ in patients with
bacterial and Candida infections [1, 20, 21]. The aim of
this systematic review was to summarize the current evi-
dence about PCT values for differentiating candidemia
from bacteremia.

Methods

Search strategy and selection process

For the purpose of this review, a search was conducted in
PubMed and EMBASE (see Additional files 1 and 2). The
terms used included “Candida” OR “fungi” AND “Procal-
citonin” (see full search strategy in Additional file 1). We
considered only articles published in peer-review journals
in the English language. We excluded conference proceed-
ings and case reports.

We selected studies reporting data on the values and
diagnostic performance of PCT in intensive care unit
(ICU) or non-ICU nonimmunosuppressed adult patients
with microbiologically confirmed candidemia in com-
parison to patients with bacteremia. We also included
studies in which data about PCT where reported
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separately for patients with candidemia from those with
other fungal infections. If several samples of PCT were
taken, we selected the value of the first available PCT
sampled during the diagnostic process.

Two searches were run: the first in 5 October 2018 and
the last in 20 February 2019. Two authors (AC, GM) inde-
pendently screened all titles and abstracts to select poten-
tially relevant papers. Papers selected for full review also
underwent screening of their list of references by the same
authors to identify additional potential studies of interest.
Discrepancies between the two reviewers on relevance at
any stage were adjudicated by two other authors (ES, AG).
Papers selected for full review underwent data extraction
if both reviewers (AC, GM) agreed on their relevance. In
case of doubt at any stage, we contacted the correspond-
ing authors of the manuscripts. Figure 1 describes paper
inclusion/exclusion process.

Results

Characteristics of the included studies

The searches yielded overall 1175 articles (see Add-
itional files 1 and 2). Among these, 43 were selected for

]

v

c Pubmed search EMBASE search
2 (n = 808) (n=367)

S

=

£

c

7}

B

—

Y Y Records excluded
= Records screened from title and abstract (duplicates and not
'E (n= 1175) respecting inclusion
o criteria)

a (n=1136)
—

v .
Full-text articles excluded
Full-text articles assessed (n=27)

E for eligibility > 3 case reports

;g, (n=43) 5 articles with non-relevant

= results/data

5 conference proceedings/ non-
English papers;

— 2 comparison non-relevant;

5 no candida infections;
1 can not provide separate data on
invasive candidiasis
3 pediatric patients
2 evaluating candida colonization
1 control group not relevant

Studies included
(n=16)

Fig. 1 PRISMA flow chart of the systematic search
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full review but only 16 were ultimately selected for in-
clusion. These 16 studies included overall 45.079 adults
and yielded of 785 cases of candidemia. Of these studies,
10 specifically referred to ICU patients. Twelve of the 16
included studies had at least sepsis as inclusion criteria;
three studies did not report this information; in one
study, the majority of patients were at least septic, but
sepsis was not an inclusion criterion (Table 1). All stud-
ies were retrospective, except for one secondary analysis
of a prospectively collected dataset.

Table 1 presents data from the included studies, includ-
ing study design, patient characteristics, microbiological
findings, assays used for dosing, and the information given
on the diagnostic performance of PCT. Following qualita-
tive synthesis of the data, a decision was made to not to
proceed to meta-analysis because of the heterogeneity
found in patient populations (study and control groups)
and the assays used, as well as the amount of missing data
(ie., large risk of bias). Instead, we hereby summarize the
evidence from included studies.

PCT levels for differentiating candidemia from bacteremia
Studies in the ICU

In a retrospective cohort study, Charles et al. evaluated
50 non-surgical septic ICU patients with bloodstream in-
fection (BSI). They found significantly lower PCT levels
in patients with candidemia (median 0.65 ng/ml [range
0.08-1.56], n =15) compared to those with bacteremia
(median 9.75ng/ml [range 1.00-259.5]). PCT levels <
5.5 ng/ml had a negative predictive value (NPV) of 100%
and a positive predictive value (PPV) of 65% for Can-
dida spp. sepsis [25].

Martini et al. prospectively studied 48 post-surgery
septic ICU patients. PCT levels were lower in candide-
mia (0.71 [IQR 0.5-1.1], » =17) than in bacterial BSI
(12.9 [IQR 2.6-81.2]) [26].

Brodska et al. retrospectively studied 166 ICU septic
patients with BSI. Significantly higher PCT levels were
observed with Gram-negative pathogens (8.90 ng/ml
[IQR 1.88-32.60]) than with Gram-positive pathogens
(0.73 ng/ml [IQR 0.22-3.40]) or Candida spp. (0.58
[IQR 0.35-0.73], n = 5) [28].

Cortegiani et al. retrospectively studied PCT levels and
blood cultures in 182 ICU patients with sepsis (60%
post-surgical). Significantly lower levels of PCT were
found in cases with candidemia (0.99 ng/ml [IQR 0.86-1.34],
n =22) than in cases with bacterial BSI (16.7 ng/ml [IQR
7.52-50.2]) or mixed BSI (4.76 ng/ml [IQR 2.98-6.08]). A
PCT cut-off value <6.08 ng/ml demonstrated a PPV of
63.9% and a NPV of 96.3% for identifying Candida spp. [30].

Miglietta et al. retrospectively studied 145 septic ICU
patients (mostly medical). Significantly lower PCT levels
were found in patients with candidemia (0.55 [IQR
0.36-0.91], n =33) than in patients with bacteremia
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(10.2 [IQR 1.28-25.3]). However, PCT was unable to dif-
ferentiate between candidemia and a systemic inflamma-
tory response without infection [32].

Yan et al. retrospectively evaluated 414 septic patients in
the ICU and emergency department with positive blood
culture [37]. They found a median PCT level of 1.11
[0.41-2.24] in 19 candidemias caused by C. albicans, 0.79
[IQR 0.4-1.7] in 5 candidemias by C. parapsilosis and 5.37
[0.29-10.45] in 2 candidemias by C. tropicalis.

Bassetti et al. retrospectively compared 258 ICU pa-
tients with positive blood culture (cases) to 213 controls.
In cases with candidemia (# = 11), the serum PCT con-
centration was 2.1ng/ml (SD 1.8), significantly lower
than in Gram-positive or Gram-negative BSI [38].

Thomas-Ruddel et al. performed a secondary analysis
of a prospectively collected dataset involving 4858 septic
patients with at least one related organ dysfunction from
the ICUs of 40 hospitals [40]. PCT values at sepsis onset
were analyzed in patients with bacteremia or candidemia
but mixed infections were excluded. PCT values were
significantly higher in patients with Gram-negative (26
ng/ml [IQR 7.7-63.1]) than Gram-positive bacteremia
(71ng/ml [IQR 2.0-23.3]) or candidemia (4.7 ng/ml
[IQR 1.9-13.7], n = 63).

Studies in wards or including hospitalized patients

Pieralli et al. retrospectively compared 64 cases with sepsis
due to Candida spp. and 128 cases with sepsis due to bac-
teria in 3 internal medicine wards [36]. PCT levels were
significantly lower in candidemia than in bacteremia (0.73
ng/ml [IQR 0.26-1.85] and 4.48 ng/ml [IQR 1.10-18.26],
respectively). The best cut-off was 2.5 ng/ml, with a NPV
of 98.3% and a PPV of 15.1%.

Oussalah et al. performed a cross-sectional, single-
center study of 35.343 patients with suspected BSI [33].
Significantly lower PCT levels were found in patients with
candidemia (1.0 ng/ml [IQR 0.3-2.7], n =256) compared
to patients with Gram-positive (1.3 ng/ml [IQR 0.3-6.9])
and Gram-negative BSI (2.2 ng/ml [IQR 0.6-12.2]). How-
ever, these levels were also higher than those in patients
with negative blood culture (0.3 ng/ml [IQR 0.1-1.1]).

Li et al. retrospectively evaluated PCT levels in 292 sep-
tic patients in a single center. PCT levels were lower in
patients with sepsis caused by C. parapsilosis (0.60 [IQR
0.14-2.06], n = 8) or by C. albicans (1.00 [IQR 0.30-2.65],
n =8) than in patients with Gram-negative sepsis (7.47
[IQR 1.09-41.26]). No difference was found between pa-
tients with sepsis caused by Candida spp. versus Gram-
positive bacteria (0.48 [IQR 0.15-2.16]) [34].

Leli et al. prospectively observed 1.949 patients (89%
from medical ward) and found that a cut-off value of
1.6 ng/ml differentiates Gram-negative BSI from candi-
demia and a cut-off value of 1.3 ng/ml differentiates
Gram-positive BSI from candidemia (# =24). Patients
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Table 1 Study and clinical characteristics, microbiological findings, and PCT values in included studies

Author Number of centers Design Candidemia  Causative Bacteremia  Severity of infection PCT level (ng/ml) in PCT level (ng/ml) in PCT testing
(year) [Ref] and setting group microorganisms group N (%) the candidemia group the bacteremia group assay
Charles et Single center (ICU) Retrospective 11 patients  C. albicans (13) 33 patients  Sepsis as inclusion criteria. 0.65 [0.08-5.46] 9.75 [1-259.5] Kryptor
al. (2006) study with with Septic shock:
[25] candidemia bacteremia 19 (54.3%) with bacteremia, 8
(53.3%) with candidemia
Severe sepsis:
12 (34.3%) with bacteremia,
7 (46.7%) with candidemia
Martini et Single center (ICU) Observational 17 patients  C albicans (6); C. parapsilosis 16 patients  Sepsis as inclusion criteria 0.71 [0.5-1.1] 129 [2.6-81.2] LUMltest
al. (2010) prospective with (6); C. glabrata (4); C. with
[26] study candidemia  tropicalis (3); Candida spp. bacteremia
and bacteria (2)
Fu et al. Single centre (ICU) Prospective 23 patients  Candida spp. 39 patients  Sepsis as inclusion criteria 1.0 [0.5-7.3] G- 209 [12.4-40.7]; E170
(2012) 271 observational  with with G+ 100 [29-19.7]
study candidemia bacteremia
Brodska et  Single center (ICU) Retrospective 5 patients Candida spp. 161 Sepsis as inclusion criteria 0.58 [0.35-0.73] G— 890 [1.88-3260];, ECLIA
al. (2013) study with patients G+ 0.73 [0.22-3.40]
[28] candidemia with
bacteremia
Held et al.  Single center Retrospective 56 patients  C. albicans (32); C. glabrata 100 NA 0.80 (NA) 2.36 (NA) NA
(2013) [29]  (hospitalized case—control  with (11); C tropicalis (6); C. patients
patients) study candidemia  parapsilosis (4); C. with
guilliermondii (3) bacteremia
Cortegiani  Single center (ICU) Retrospective 18 patients  C. albicans (13); C. parapsilosis 151 cases Severe sepsis or septic shock 0.99 Bacteremia Kryptor
et al. study with (9); C. glabrata (2); C. krusei of as inclusion criteria. [0.86-1.34]; Mixed BSI:  16.75 [7.65-50.5]
(2014) [30] candidemia; (1); bacteremia  Septic shock: 476
31 mixed Candida spp. +bacteria (31) 52 (34.4%) with bacteremia; 9 [2.98-6.08]
BSI (29%) with mixed; 7 (31.8%)
with Candida; 83 (31.9%)
overall
Lelietal.  Single center Prospective 20 patients  C. albicans (12); C. lusitaniae 562 Sepsis as inclusion criteria 0.5 [04-1] G+ 2.1 [06-76]); VIDAS
(2015) [31] (medical ward) observational  with (5); C. parapsilosis (3) patients G- 13.8 [3.4-44.1]
study candidemia with
bacteremia
Miglietta  Single center (ICU) Retrospective 33 patients  C. albicans (17); other 70 patients  Sepsis as inclusion criteria 0.55 [0.36-0.9] 10.2 [1.28-253] NA
et al. study with Candida spp. (16) with
(2015) [32] candidemia bacteremia
Oussalah  Multi-center (67 Retrospective 256 patients NA 2443 NA 1[0.3-2.7] G—-22[06-12.2]; Kryptor
et al. healthcare Cross- with patients G+ 1.3 [0.3-6.9]
(2015) [33] departments) sectional candidemia with
study bacteremia
Li et al. Single center Retrospective 16 cases of  C. albicans (8); C. parapsilosis 328 cases Sepsis as inclusion criteria C. albicans 1.00 [0.30- G- 747 [1.09-41.26]; VIDAS
(2016) [34] (hospitalized study candidemia  (8) of 2.65]; G+ 048 [0.15-2.16]
patients) bacteremia C. parapsilosis 0.73

[0.23-1.60]
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Table 1 Study and clinical characteristics, microbiological findings, and PCT values in included studies (Continued)

Author Number of centers Design Candidemia  Causative Bacteremia  Severity of infection PCT level (ng/ml)in PCT level (ng/ml) in  PCT testing
(year) [Ref] and setting group microorganisms group N (%) the candidemia group the bacteremia group assay
Giacobbe  Multi-center (3 Retrospective 73 critically  C albicans (37); C. parapsilosis 93 patients  NA 0.76 [NA] 4.32 [NA] CLIA
et al. ICUs) study ill adult (23); C. tropicalis (7); C. with
(2017) [35] patients glabrata (4); C. guilliermondii  bacteremia
with (1); C lusitaniae (1)
candidemia
Pieralliet  Single center Retrospective 64 patients  C. albicans (42); C. parapsilosis 128 Sepsis as inclusion criteria 0.73 448 [1.10-18.26] VIDAS
al. (2017)  (internal medicine case-control  with (16); C glabrata (8); C. patients [0.26-1.85]
[36] wards) study candidemia  tropicalis (2); C. krusei (1); C. with
albicans + C. glabrata (3); C. bacteremia
albicans + C. parapsilosis (1);
C. parapsilosis + C. krusei (1)
Yan etal.  Single center (ICU Retrospective 26 cases of  C. albicans (19); C. parapsilosis 456 cases Sepsis as inclusion criteria C. albicans 1.11 G—242[038-1552]; VIDAS
(2017) [37] and EM study candidemia  (5); C. tropicalis (2) of [041-2.24]; G+ 049 [0.13-5.89]
department) bacteremia C. parapsilosis
0.79 [0.40-1.70];
C. tropicalis 5.37
[0.29-10.45]
Bassetti et Single center (ICU) Retrospective 11 patients  Candida spp. 247 Sepsis or septic shock: 21+£18 G-251+199; NA
al. (2018) case—control  with patients 46 (43.4%) with G—; 70 G+ 299+132
[38] study candidemia with (49.6%) with G+; 5 (45.4%)
positive BC  with Candida
(other than
Candida)
Murri et al.  Single centre Retrospective 83 patients  Candida spp. (59); mixed (G~ 263 Sepsis as inclusion criteria 1.07 (5.9) alone; G- 122 (£286); ADVIA
(2018) [39]  (hospitalized cohort study  with + and Candida spp.) (24) patients mixed with G- 0.1 (= G+ 34 (£16.6) Centaur
patients) candidemia with 0.1); mixed
bacteremia with G+
31 (+122)
Thomas- Multi-center (ICUs) Secondary 65 patients  C. albicans (57); Candida 815 Sepsis with organ 47 [2-14] G- 26 ng/ml [7.7- NA
Ruddel et analysis of a  with other spp. (37) patients dysfunction as inclusion 63.1];
al. (2018) cluster candidemia with G— criteria; G+ 7.1 ng/ml [2.0-
[40] randomized bacteremia;  Septic shock: 233]
trial 948 with G 1137 (57.3%) with positive
+ BCs; 2714 (55.9%) overall
bacteremia

Procalcitonin (PCT) values are reported in nanograms per milliliter unless otherwise indicated. The reported PCT values refer to the first timepoint of diagnostic assessment. Values are reported as median [IQR] or as

mean (+ SD)

IQR interquartile range, SD standard deviation, BC blood cultures, BSI blood stream infections, EM emergency medicine, G Gram, ICU intensive care unit, NA not available, PCT procalcitonin, SIRS systemic inflammatory

response syndrome
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with candidemia presented with a median PCT value of
0.5 ng/ml [IQR 0.4-1] [31].

Murri et al. retrospectively studied 401 patients hospi-
talized with sepsis and BSI. Those with candidemia (n =
55) had significantly lower PCT levels (0.8 ng/ml, SD
4.9) than those with Gram-positive (2.8 ng/ml, SD 16.6)
or Gram-negative BSI (10.4ng/ml, SD 26.9) [39]. In
mixed infections, PCT levels were 2.1 ng/ml (SD 10.0)
and 0.1 ng/ml (SD 0.1) for Candida spp. with Gram-
positive and Gram-negative bacteria, respectively.

PCT use in association with other biomarkers

PCT has been also evaluated in [combination with other
biomarkers for improving performance in diagnosis of
IC [29, 35].

Giacobbe et al. retrospectively assessed the combin-
ation of [PCT and beta-D-glucan (BDG) in 166 critically
ill ICU patients for learly differentiation between
bacteremia and candidemia [35]. Compared to patients
with |bacteremia, the levels of PCT were lower (median
0.76| vs. 4.32ng/ml, p <0.001) and {those of BDG were
higher (median >500 vs. <80 pg/ml, p <0.001) in pa-
tients affected by candidemia. Combining the standard
BDG cut-off level (>80 pg/ml) with the rounded optimal
PCT cut-off level (<2ng/ml) yielded a higher PPV for
identifying the presence of candidemia than the PPV of
either test alone. Held et al. similarly reported that the
combination of BDG and PCT |increased specificity
(from 89.4 to 96.2%), but this was accompanied by loss
of sensitivity (from 86.7 to 51.7%) for lcandidemia in 56
hospitalized patients [29].

Fu et al. found that the lcombination of PCT (cut-off
8.06 ng/ml), CRP (cut-off value 116 mg/l), and IL-6 (cut-
off 186.5 pg/ml) increased the sensitivity and specificity
for early diagnosis of candidemia (n =23) and its distinc-
tion from Gram-positive/negative bacteremia (AUC to
0.912) in 85 ICU septic patients [27]. However, PCT
showed the best diagnostic performance, when com-
pared to CRP or IL-6.

Discussion

In this systematic review of the value of PCT for differ-
entiating between candidemia and bacteremia, we found
that PCT has been studied in only 785 cases of candide-
mia. We limited our analysis to adult nonimmunosup-
pressed patients with bloodstream infections related to
Candida spp. to reduce clinical heterogeneity.

Most of the studies identified evaluated the use of PCT
for differentiating between candidemia and bacteremia in
septic patients in the ICU. We found no study specifically
evaluating PCT levels as a tool for monitoring the effect
of antifungal treatment.

Although most of these studies showed lower PCT| values
in patients with candidemia compared to bacteremia, the
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evidence supporting this observation is of low quality.
Moreover, this difference seems to be insufficiently discrim-
inative to guide therapeutic decisions.

PCT may improve diagnostic performance when com-
bined with other biomarkers of infection. Of note, the
association with BDG may be of interest due its wide-
spread use and specific role in this setting [2, 41]. How-
ever, this finding requires additional confirmation.

Our systematic review has several limitations. We
could not proceed with meta-analysis because the stud-
ies identified were clinically very heterogeneous, involv-
ing different assessment methods and comparators. This
may limit the impact of our findings but should be
mostly seen as a limitation of the available evidence ra-
ther than of the review. Another limitation is the inabil-
ity to separate the results and conclusions according to
septic state (e.g., sepsis, septic shock). However, most
studies did use sepsis as inclusion criteria or included
mostly septic patients (13 out of 16 studies). We were
unable to select studies where a surrogate of fungal in-
fection (e.g., beta-D-glucan) was sampled alongside PCT
since only one study included such data. The timing of
blood sampling for PCT levels varied among the in-
cluded studies. However, for all studies, we considered
the value of the first available PCT sampled during the
diagnostic process.

Conclusions

PCT should not be used as a standalone tool for the dif-
ferential diagnosis between candidemia and bacteremia
due to limited supporting evidence. In this setting, PCT
values seem to be insufficiently discriminative to guide
therapeutic decisions. PCT should be further investi-
gated in antifungal stewardship programs, in association
with other biomarkers or non-culture diagnostic tests.

Additional files

Additional file 1: Search output from PubMed. Full search output from
PubMed. (DOCX 299 kb)

Additional file 2: Search output from EMBASE. Full search output from
EMBASE. (DOCX 88 kb)
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AUC: Area under the curve; BDG: Beta-D-glucan; BSI: Blood stream infection;
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value; SD: Standard deviation
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Biomarkers to delineate bacteremia from
candidemia remain a challenging issue

Check for
updates

Patrick M. Honore”, Christina David, Rachid Attou, Sebastien Redant, Andrea Gallerani and David De Bels

In their recent systematic review, Cortegiani et al. found
that serum procalcitonin (PCT) concentrations were
higher in patients with bacteremia as compared to can-
didemia [1]. Quality of data was jpoor and did not allow
to use PCT alone to differentiate bacteremia from candi-
demia [1]. While we agree with their findings regarding
patients with positive hemocultures in the ward, we
would like to address the results of the patients with
positive hemocultures in the intensive care unit (ICU)
[1]. In a randomized controlled study (RCT) comparing
the clinical manifestations of septic shock caused by
bacteria or (Candida spp., the rate of acute kidney injury
(AKI) defined by a creatinine above 3.5mg/dl or the
need of any form of renal replacement therapy (RRT)
was around 20% in the bacteria group versus above 40%
in the candida group, while having similar Acute
Physiology and Chronic Health Evaluation (APACHE) II
scores [2]. Accordingly, the rate of RRT in the |candide-
mia group will be twice as high as compared to the
bacteremia group [2]. It is plausible that there are similar
trends in the Cortegiani study [2]. PCT has an

contemporary continuous RRT (CRRT) membranes are
able to remove molecules as large as 35 kDa [3]. Hence,
most of the PCT mass will be [eliminated by convective
flow [3], but adsorption also [contributes to elimination if
using new highly adsorptive membranes (HAM) [4]. Ac-
cordingly, imbalance between the use of CRRT in the
two cohorts (bacteremia versus candidemia) will have an
important fimpact upon the values of PCT in each co-
hort. PCT levels may therefore be [affected not only by
the type of pathogen but also by the incidence of RRT.
A future study with a focus on the performance of the
currently known sepsis biomarkers among those who re-
ceive CRRT is urgently needed [4]. As alluded too by
Cortegiani et al., beta-D-glucan (BDG) could be a very
good candidate associated to PCT. Indeed, BDG could
be even a better candidate as its molecular weight
ranges from several hundred thousand to 10 million
daltons and does not ppass through any membrane [4,
5]. Finally, we would like to add that BDG can be
also be [falsely elevated in case of gastrointestinal
colonization of Candida albicans that increases serum

approximate molecular weight of 14.5kDa [3]. The

BDG \without candidemia [5].

Authors’ response: Procalcitonin, candidemia, and CRRT: more research is needed but do not forget

pathophysiology

Andrea Cortegiani, Mariachiara Ippolito and Antonino Giarratano

We would like to thank Dr. Honore et al. for discussing
the potential role of acute kidney injury (AKI) and con-
tinuous renal replacement therapy (CRRT) as potential
confounders on the different values of procalcitonin
(PCT) in patients with bacteremia versus candidemia in
the intensive care unit (ICU) in our systematic review
[1]. We evaluated the included studies conducted in ICU
setting, and we can confirm that no study specifically re-
ported the rate of CRRT in both bacteremia and

* Correspondence: Patrick Honore@CHU-Brugmann.be

This comment refers to the article available at https://doi.org/10.1186/
513054-019-2481-y.

ICU Department, Centre Hospitalier Universitaire Brugmann, Brussels, Belgium

B BMC

candidemia cohorts [1]. One study generally reported
the proportion of patients receiving “hemodialysis” at
the moment of infection, without significant difference
(10% candidemia group vs 14% bacteremia group) [6].
Indeed, PCT values in patients with bloodstream infec-
tion from bacteria and Candida spp. receiving CRRT
and blood purification techniques should be addressed
in future studies. Another interesting aspect would be
the impact of CRRT in the trend of PCT values in these
patients, since almost all the included studies reported
the values at the beginning of the diagnostic process [1].
However, the pathophysiology of the immune response
and inflammatory response seems to be different in

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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patients with andidemia, with signs of immune cell ex=
IS SR oty of IR and

concomitant of positive co-stimulatory
molecules [7-9]. These findings may be considered the
[main potential mechanisms for the [different PCT level
at the moment of the diagnostic process even in the ICU
patients.

Abbreviations
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