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n introDUction

Sepsis can be difficult to distinguish from other 
non infectious conditions in critically ill pa-

tients admitted with clinical signs of acute inflam-
mation [1]. This issue is of paramount importance 
given that therapies and outcomes greatly differ 
between patients with and without sepsis [2].
Clinical studies have shown that an early inter-
vention can significantly improve the prognosis 
of severe sepsis and septic shock, and lower the 
mortality rate; thus, there is an unmet need for 
clinical or laboratory tools distinguishing between 
the systemic inflammatory response syndrome 
(SIRS) and the various forms of sepsis [2, 3]. The 
blood culture still represents the gold standard for 
sepsis diagnosis, however, treatments are usually 
delayed while waiting for lab results [4, 5].
Among the potentially useful sepsis markers, pro-
calcitonin (PCT) proposed to be the most promis-
ing candidate [1]. 
Moreover, fungal infections have emerged as a 
leading cause of sepsis in critically ill patients; 

multiple retrospective studies have examined the 
crude mortality in patients with candidemia iden-
tifying rates from 46% to 75% [6]. PCT has remark-
able diagnostic power to distinguish bacterial in-
fection with good sensitivity and specificity but 
the role of PCT as marker of systemic candidiasis 
is not yet clear [7].In the last years, several authors 
have studied the role of PCT in the diagnosis of 
systemic candidiasis [8-11]. In particular Fu Y et 
al. [12] have recently proposed the use of PCT for 
the diagnosis of candidemia. In the present retro-
spective study we aimed to assess the accuracy of 
PCT, C-reactive protein (CRP), total serum lactate 
dehydrogenase (LDH) and platelets count (PLT) 
as early markers for diagnosis and differentiation 
of SIRS, bacterial sepsis and systemic candidiasis 
in intensive care unit (ICU) patients.

n PAtientS AnD MetHoDS

A total of 145 critically ill patients admitted in the 
Vito Fazzi Hospital’s ICUs between the 1st May 
2011 and the 31st May 2014 were included. Based 
on the analysis of medical records, all included 
patients presented sepsis related clinical mani-
festations showing at least two SIRS criteria. The 
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day of the sepsis symptoms onset was defined as 
zero day. Patients were divided into the sepsis (70 
patients), SIRS (42 patients) and systemic candi-
diasis (33 patients) groups, according to blood 
culture results performed at day zero. Patients in-
cluded in the systemic candidiasis group showed 
multifocal colonization of the same Candida spe-
cies isolated on blood culture at the onset of sep-
sis symptoms. We retrospectively analyzed PCT, 
CRP, LDH and PLT. We also recorded age, sex, 
white blood cells (WBC) count and blood culture 
results. We excluded patients younger than 18 
years of age and all cases of polymicrobial bacte-
remia and fungemia associated with bacteremia. 
We also excluded patients who developed septic 
symptoms in the first ten days following heart 
surgery, patients affected by haematological ma-
lignancies and all patients who presented septic 
symptoms in the ten days following a myocardial 
infarction. Every patient was classified as having 
SIRS, bacterial sepsis or systemic candidiasis, ac-
cording to the established consensus definitions 
[13, 14].
Results were expressed as mean ± standard de-
viation (SD) or median values with interquartile 
range (IQR) in the case of a skewed distribution 
[15]. Receiver operating characteristic (ROC) 
curves were plotted for PCT/CRP/LDH/PLT lev-
els to identify bacterial sepsis from SIRS whereas 
ROC curves for PCT and CRP were prepared to 
differentiate bacterial sepsis from systemic can-
didiasis. PCT was determined with an enzyme-
linked fluorescent immunoassay (B.R.A.H.M.S. 
Diagnostica, Berlin, Germany). The test needs 20 
minutes and 200 µl of serum. CRP and LDH were 
determined using a Roche/Hitachi Modular DP 
Chemistry Analyzer. WBC and platelets counts 
were performed using Sysmex XE-2100 Automat-
ed Hematology System. 
Blood cultures were taken by sterile venipuncture 
and processed using the Bact/Alert 3D 480 (bio-
Mérieux, Marcy l’Etoile, France). Bacteremia was 
defined by microbial growth in one blood culture 
bottle, and only for coagulase-negative staphylo-
cocci and Corynebacterium species two positive 
blood culture bottles from different venipunc-
tures were required [16]. Otherwise, the results 
were assessed as contamination of blood during 
venipuncture. 
Analyses were performed according to manufac-
turers recommendations. The data were analyzed 

by using Mann-Whitney U test and chi-square 
test.

n reSUltS

A total of 145 patients were included in the analy-
ses. Based on the blood culture results, diagnosis 
were distributed as follows: SIRS (n=42), bacterial 
sepsis (n=70), systemic candidiasis (n=33).
The mean age values resulted 64.4±11.8 for pa-
tients with SIRS, 60.1±16.5 for patients with 
bacterial sepsis, and 65.8±16.2 for patients with 
systemic candidiasis. A comparison between all 
different subgroups showed that PCT and CRP 
levels were significantly higher in bacterial sepsis 
patients with respect to the other cohorts. How-
ever PLT levels were significantly lower in the 
bacterial sepsis group compared with SIRS sub-
group.
No significant differences in the PCT levels be-
tween various Gram negative and candida species 
are highlighted. Staphylococcus aureus presents sig-
nificantly higher PCT levels at zero day, compared 
to other Gram positive species (Table 1).
PCT levels at day 0 in Gram negative sepsis were 
higher than in sepsis induced by Gram positive 
bacteria, although P value related to the 2 sub-
groups is not significant (P=0.095), as shown in 
Figure 1. Our study has demonstrated that PCT 
is not a discriminative biomarker between differ-
ent bacterial bloodstream infections, in contrast 
with what reported by Brodskà et al. [17]. How-
ever, higher levels of PCT (>20 ng/ml) are more 
frequently associated with Gram negative sepsis. 
Among Gram positive sepsis, we recorded PCT 
levels higher than 20 ng/ml infrequently and 
exclusively in sepsis induced by Staphylococcus 
aureus.
The ROC curves of PCT, LDH, CRP and PLT are 
shown in Figure 2 to distinguish bacterial sepsis 
and SIRS. The area under the curve (AUC) values 
are indicated in Table 2. In particular, the AUC re-
lated to PCT curve (0.918, P<0.001) is higher than 
those related to CRP (0.698, P<0.001), LDH (0.663, 
P=0.004) and PLT (0.645, P=0.006). The best cut-
off values for PCT, CRP, LDH and PLT to sepa-
rate the subgroups were 0.88 ng/mL, 75.4 mg/L, 
489 U/L and 182 x 109/L, respectively. The diag-
nostic sensitivity and specificity for PCT were 
85.7% and 83.3%, whereas CRP showed a sensi-



232 F. Miglietta, et al.

table 1 - Panel A. Characteristics of bacterial sepsis, systemic candidiasis and SIRS groups.

Variables All patients
(n=145)

SIRS
(n=42)

P Bacterial sepsis
(n=70)

P Systemic candidiasis
(n=33)

Age (years) 62.6±15.4 64.4±11.8 0.310 60.1±16.5 0.077 65.8±16.2 
Gender 
Male
Female

86 (59.3)
59 (40.7)

24 (57.1) 
18 (42.9) 

0.768 38 (54.3)
32 (45.7)

0.074 24 (72.7) 
9 (27.3) 

Primary admission 
diagnoses
Cardiovascular
Endocrine/metabolic
Gastrointestinal
Renal
Neurological
Respiratory
Trauma
Postoperative surgical

26 (17.9)
11 (7.6)

21 (14.5)
15 (10.3)
18 (12.4)
30 (20.7)
18 (12.4)
6 (4.1)

6 (14.3)
2 (4.8)
6 (14.3)
2 (4.8)
7 (16.6)
8 (19)

9 (21.4)
2 (4.8)

12 (17.1)
6 (8.6)

13 (18.6)
7 (10)
7 (10)
14 (20)
8 (11.4)
2 (2.9)

8 (24.2)
3 (9.1)
2 (6)

6 (18.2)
4 (12.1)
8 (24.2)

1 (3)
2 (6.1)

Length of ICU stay 
(days)

9 (5-14.3) 7 (4.8-12 ) 0.04 11.5 (6-16) 0.186 8.5 ( 3.8-15) 

Length of hospital stay 
(days)

12 ( 6.8-19) 12 (7.8-14.3) 0.327 13 (6-20.8) 0.554 10 (7.5-26.2) 

Hospital mortalitya 47 (32.4) 4 (9.5) 0.001 27 (38.6) 0.341 16 (48.5)
PCT (ng/mL)
day 0
day 2

0.9 (0.4-9.4)
0.6 (0.3-4.9)

0.38 (0.26-0.64) 
0.28 ( 0.12- 0.5) 

<0.001
<0.001

10.2 (1.2825.3)
4.9 (0.711.9)

<0.001
0.001

0.55 (0.360.9)
0.5 ( 0.20.6)

CRP (mg/L)
day 0
day 2

91.7 (55.7164)
69.8 (52.3117)

68.6 (48.5139) 
58.5 (47.183) 

<0.001
0.001

128.6 (77-254.7)
99.9 (58-180.2)

<0.001
0.046

60.5 (54.4-96.5)
67.4 (50-78.8)

PLT (x 109/L)
day 0
day 2

175 (102-243)
162 (79-248)

197 (158-254) 
207 (114-265) 

0.006
0.014

152 (91-225)
143 (57-210)

0.146
0.166

172 (110-258) 
146 (123-272) 

LDH (U/L)
day 0
day 2

489 (391-637)
516 (385-659)

430 (361-575) 
451 (372-539)

0.004
0.182

572 (404-776)
542 ( 390-731)

0.103
0.923

486 (401-582) 
526 (440-591)

WBC (x 109/L)
day 0
day 2

11.5 (8.4-15.4)
10 (7.8-13.1)

11.2 (9.4-15.1) 
9.6 (7.5-12) 

0.204
0.154

13.1 (8.8-17.4)
11.3 (8.1-15.6)

0.034
0.415

9.6 (5.8-15.6) 
9.8 (6.5-13.5) 

Neutropeniab

day 0 11 (7.6) 1 (2.4) 0.279 5 (7.1) 0.038 7 (21.2)
Data are expressed as mean ± SD, (%), or median (lower quartile–upper quartile).  
aHospital mortality within 28 day after the onset of sepsis symptoms.  
bNeutropenia is defined as a count of 1,500 or fewer neutrophils per microliter of blood.

Panel B. PCT, CRP and PLT levels in Gram negative, Gram positive and candida species measured at day 0.

Microrganisms N PCT (ng/mL)
median (IQR)

CRP (mg/L)
median (IQR)

PLT ( x 109/L)
median( IQR)

Gram negative spp
K. pneumoniae
P. aeruginosa
Other Gram negative

44
28
8
8

14.5 (1.6-31.6)
14.4 (1.2-26.9)
12 (4.3-36.1))
17.5 (3.2-31.9)

112.1 (75.4-232.9)
125 (92.3-263.2)

103.1 (75.8-226.6)
76.3 (50.2-186.9)

166 (105-223)
164 (73-233)
189 (163-261)
137 (82-166)

Gram positive spp
S. aureus
Other Gram positive

26
17
9

4.3 (1.2-17)
6.8 (1.3-18.5)

1.7 (1-2.1)

184.3 (98-344.6)
209.6 (100.3-326)
118.7 (82.4-147.4)

136 (91-231)
102 (82-175)
226 (101-245)

Candida spp
Candida albicans
Other Candida spp

33
17
16

0.55 (0.36-0.91)
0.67 (0.35-0.97)
0.48 (0.37-0.84)

60.5 (54.4-96.5)
59.7 (55.4-105.7)
62.8 (54.1-99.2)

201 (133-276)
169 (133-243)
215 (150-291)
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Figure 1 - Panel A: Serum PCT levels in patients with Gram positive sepsis and Gram negative sepsis measured 
at day zero. Panel B: Serum PCT levels in patients with SIRS, systemic candidiasis and bacterial sepsis measured 
at day zero. Data are presented as box plots with median lines, 25- and 75- percentile boxes, 10- e 90- percentile 
error bars, using a log scale for the Y axis. The circles represent the outliers.

Figure 2 - Shown are the ROC curves 
for CRP, PCT, LDH and PLT levels me-
asured at day zero for distinguishing 
bacterial sepsis from SIRS. Diagonal 
segments are produced by ties.

tivity of 77.2% and a specificity of 59%. Positive 
and negative predictive values for PCT (89.6%, 
77.7%) were significantly higher than those for 
CRP (73.3%, 63.9%), LDH (75.4%, 50.9%) and PLT 
(74.6%, 52%).

PCT showed a great performance even in the 
differentiation between bacterial sepsis and sys-
temic candidiasis (ROC curves for CRP and PCT 
are shown in Figure 3). The AUC for PCT (AUC: 
0.892, P <0.001) was larger than CRP (AUC: 0.738, 
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P<0.001), as shown in the Table 3. The best cut-
off values for PCT and CRP to separate the sub-
groups were 0.99 ng/ml and 76.2 mg/L, respec-
tively. The diagnostic sensitivity and specific-
ity for PCT were 84.3% and 81.8%, whereas CRP 
showed a sensitivity of 77.2% and a specificity of 
63.6%. Positive and negative predictive values for 
PCT (90.8%, 71%) were significantly higher than 
those for CRP (84.6%, 51.9%). There was no sta-
tistically significant differences between bacterial 
sepsis and systemic candidiasis groups with re-
spect to platelets count and LDH levels as shown 
in Table 1. 

However, as shown in Figure 1 (Panel B), the com-
parison between PCT levels recorded in SIRS and 
systemic candidiasis groups showed a not signifi-
cant P-value (P=0.093).

n DiScUSSion

Patients with ICU acquired sepsis and systemic 
candidiasis show significantly higher mortality 
rates than patients without sepsis [18, 19]. Infec-
tions in ICU setting constitute one of the greatest 
challenge of modern medicine [20].
The diagnosis and differentiation between non in-
fectious SIRS, systemic candidiasis and bacterial 
sepsis are extremely difficult to make before of a 
microbiological diagnosis. It’s important to un-
derline how the use of some markers, commonly 

table 2 - Diagnostic performance of different indicators measured at day zero for diagnosis between bacterial 
sepsis and SIRS. 

PCT CRP LDH PLT
Cut-off value* 0.88 ng/mL 75.4 mg/L 489 U/L 182x109/L
P value P<0.001 P<0.001 P=0.004 P=0.006
Sensitivity (%) 85.7 77.2 61.4 64.7
Specificity (%) 83.3 59 66.6 63.4
Positive predictive value (%) 89.6 73.3 75.4 74.6
Negative predictive value (%) 77.7 63.9 50.9 52
Standard error 0.03 0.05 0.051 0.053
Asymptotic 95% confidence interval (0.87-0.97) (0.59-0.80) (0.56-0.76) (0.54-0.75)
Area under the receiver operating curve 0.918 0.698 0.663 0.645

*Sensitivity, specificity and predictive values were calculated for the cut-off, which represented the best discrimination as derived from the receiver 
operating characteristic curves.

Figure 3 - Shown are the ROC curves for CRP and PCT 
levels measured at day zero for distinguishing bacte-
rial sepsis from systemic candidiasis. Diagonal seg-
ments are produced by ties.

table 3 - Diagnostic performance of different indica-
tors measured at day zero for diagnosis between bac-
terial sepsis and systemic candidiasis. 

PCT CRP
Cut-off value* 0.99 ng/mL 76.2 mg/L
P value P<0.001 P<0.001
Sensitivity, % 84.3 % 77.2 %
Specificity, % 81.8 % 63.6 %
Positive predictive value, % 90.8 % 84.6 %
Negative predictive value, % 71 % 51.9 %
Standard error 0.031 0.06
Asymptotic 95% confidence 
interval

(0.83-0.95) (0.62-0.86)

Area under the receiver operating 
curve

0.892 0.738

*Sensitivity, specificity and predictive values were calculated for the 
cut-off, which represented the best discrimination as derived from the 
receiver operating characteristic curves.
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used in clinical practice, can help to clarify the na-
ture of systemic infection which is in action.
Although LDH is considered to be a non-specific 
marker, we recorded a significant increase in its 
serum levels at the onset of sepsis symptoms, par-
ticularly in the bacterial sepsis group. Probably, 
it would be more appropriate to consider the in-
crease in serum LDH rather than a cut-off value in 
view of several disease in which LDH levels may 
be increased.
LDH levels have been proposed as a prognostic 
marker in case of sepsis [21]. On the contrary, our 
study showed that LDH levels result lower in sys-
temic candidiasis compared with bacterial sepsis 
group, despite mortality rate is higher in systemic 
candidiasis group. Moreover platelets count and 
LDH show limited ability to differentiate between 
bacterial sepsis and systemic candidiasis.
PCT remains the bacterial sepsis marker with the 
highest levels of efficacy despite, in recent years, 
new potential markers have been studied. Re-
cently, some authors have proposed new possible 
applications for PCT; according to Brodskà et al. 
significantly higher PCT levels could differentiate 
gram negative-sepsis from gram positive-sepsis 
and fungemia [17]. Our study has shown that PCT 
levels measured at day zero after the sepsis symp-
tom onset were higher in Gram negative sepsis 
than in those induced by Gram positive bacteria, 
although not significant statistical differences are 
highlighted. In particular S. aureus sepsis shows 
frequently broadly similar PCT levels than those 
gram negative sepsis.
For diagnosing systemic candidiasis, the role of 
PCT is controversial; Fu Y et al. have suggested 
that it seems a sensitive predictor of candidemia 
[12]. In addition a systemic review and meta-anal-
ysis proposed by Dou et al. report good diagnostic 
accuracy for the PCT test to discriminate between 
invasive fungal infection (IFI) and bacterial sep-
sis [7]. On the contraryDornbusch et al. sustained 
that PCT adds little to the diagnosis of IFI [11]. 
The β-D-glucan detection demonstrates variable 
sensitivity depending on the cut-off diagnostic 
value and on the Candida species under con-
sideration and it presents several false positive 
results due to albumin and/or immunoglobulin 

administration, haemodialysis or Gram positive 
bacteraemia [22]. β-D-glucan, mannan antigen 
detection and polymerase chain reaction are of-
ten expensive and time consuming, furthermore 
their low specificity could lead to an excessive use 
of antifungals agents increasing fungal resistance 
and ICU costs [23]. In the near future PCT test 
could be used systematically in association with 
β-D-glucan assay in order to increase its specific-
ity levels. 
Our study confirmed also the diagnostic perfor-
mance of PCT for an early distinction between 
systemic candidiasis and bacterial sepsis in ICU 
patients. The AUC value for PCT (AUC: 0.892, 
P<0.001) was larger than for CRP (AUC: 0.738, 
P<0.001). 
The best cut-off values for PCT and CRP to sepa-
rate the subgroups were 0.99 ng/mL and 76.2 
mg/L, respectively. Diagnostic sensitivity and 
specificity for PCT were 84.3% and 81.8% whereas 
CRP showed a sensitivity of 77.2% and a speci-
ficity of 63.6%. Moreover, although our data have 
showed statistically significant differences in the 
PCT levels between bacterial sepsis compared to 
systemic candidiasis group, PCT cannot be used 
to prove unequivocally IFI, given the high hetero-
geneity between systemic candidiasis and SIRS 
groups (P=0.093 N.S.).
PCT can be used as preliminary marker in the 
case of clinical suspicion of systemic candidiasis; 
nevertheless, low PCT levels (<0.99 ng/mL) nec-
essarily require the association with other specific 
markers of systemic candidiasis to confirm the 
diagnosis. 
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The aim of this study was to evaluate procalcitonin 
(PCT), C-reactive protein (CRP), platelet count (PLT) 
and serum lactate dehydrogenase (LDH) as early mark-
ers for diagnosis of SIRS, bacterial sepsis and systemic 
candidiasis in intensive care unit (ICU) patients. Based 
on blood culture results, the patients were divided 
into a sepsis group (70 patients), a SIRS group (42 pa-
tients) and a systemic candidiasis group (33 patients). 
PCT, CRP, LDH and PLT levels were measured on day 
0 and on day 2 from the sepsis symptom onset. PCT 
levels were higher in Gram negative sepsis than those 
in Gram positive sepsis, although the P-value between 
the two subgroups is not significant (P=0.095). Bacterial 
sepsis group had higher PCT and CRP levels compared 
with the systemic candidiasis group, whereas PLT and 

SUMMArY

LDH levels showed similar levels in these two sub-
groups. The AUC for PCT (AUC: 0.892, P<0.001) was 
larger than for CRP (AUC: 0.738, P<0.001). The best cut-
off values for PCT and CRP were 0.99 ng/mL and 76.2 
mg/L, respectively. Diagnostic sensitivity and specifici-
ty for PCT were 84.3% and 81.8% whereas CRP showed 
a sensitivity of 77.2% and a specificity of 63.6%. How-
ever, PCT was unable to discriminate between SIRS and 
systemic candidiasis groups (P=0.093 N.S.). In conclu-
sion, PCT can be used as a preliminary marker in the 
event of clinical suspicion of systemic candidiasis; how-
ever, low PCT levels (<0.99 ng/mL) necessarily require 
the use of other specific markers of candidaemia to 
confirm the diagnosis, due to great uniformity of PCT 
levels in systemic candidiasis and SIRS groups. 

Abbiamo valutato l’utilizzo dei marcatori procalcitonina, 
proteina C-reattiva, conta piastrinica e lattato deidrogenasi 
sierica nella diagnosi di SIRS, sepsi batterica e candidiasi 
sistemica in pazienti ricoverati in terapia intensiva. 
Sulla base dei risultati delle emocolture eseguite al giorno 0 
dalla comparsa dei sintomi settici, i pazienti sono stati divi-
si nei seguenti gruppi: sepsi batteriche (70 pazienti), SIRS 
(42 pazienti) e candidiasi sistemiche (33 pazienti). I livelli 
di PCT, PCR, LDH e PLT sono stati misurati al giorno 0 e 
al giorno 2 dal momento della comparsa dei sintomi settici.
I livelli di PCT sono risultati maggiori nelle sepsi sostenu-
te da batteri Gram negativi rispetto ai Gram positivi, nono-
stante non siano state rilevate differenze statisticamente si-
gnificative tra i due sottogruppi (P=0,095). Il gruppo delle 
sepsi batteriche ha presentato maggiori livelli di PCT e PCR 
rispetto alle candidiasi sistemiche mentre conta piastrinica e 

riASSUnto

LDH hanno evidenziato livelli sovrapponibili in questi due 
sottogruppi. La AUC per la PCT (AUC: 0,892; P<0,001) è 
stata maggiore rispetto alla PCR (AUC: 0,738; P<0,001). I 
migliori valori di cut-off per la PCT e la PCR sono stati pari 
a 0,99 ng/mL e 76,2 mg/L rispettivamente. La sensibilità e la 
specificità diagnostica per la PCT sono risultate pari a 84,3% 
e 81,8% mentre la PCR ha mostrato una sensibilità del 77,2% 
e una specificità del 63,6%. Tuttavia la PCT è risultata essere 
un marcatore incapace di discriminare tra SIRS e candidia-
si sistemiche (P=0,093). La PCT può essere utilizzata come 
marcatore preliminare in caso di sospetto clinico di candidiasi 
sistemica; tuttavia, bassi livelli di PCT (<0,99 ng/mL) richie-
dono necessariamente l’associazione con un altro marcatore 
specifico per candidemie, in modo da confermare la diagnosi. 
Ciò è reso necessario dalla estrema eterogeneità nei livelli di 
PCT registrati nelle SIRS e nelle candidiasi sistemiche.
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