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Keywords:
 Purpose:Wewere interested inwhether C-reactive protein (CRP) and procalcitonin (PCT) distinguish sepsis from
non-septic controls andwhether a combination of CRP, PCT, and neutrophil CD64 improves identification of sep-
sis in the intensive care unit (ICU).
Materials and methods: We analyzed the CRP and PCT concentrations from 27 patients with sepsis and 15 ICU
controls. In addition, CD64 on neutrophils was measured using quantitative flow cytometry. We present a mul-
tiple marker analysis for sepsis diagnostics combining neutrophil CD64, CRP, and PCT using post-test analysis.
Results: The CRP and PCT values separated sepsis and non-septic ICU patients. In post-test analysis, CRP provided
a positive probability of 0.48 and a negative probability of 0.053 for sepsis in the ICU; while, the corresponding
values were 0.35 and 0.0059, respectively, for PCT and 0.62 and 0.0013, respectively, for neutrophil CD64.
When neutrophil CD64 was analyzed with PCT and CRP, the probabilities were 0.98 and b0.001, respectively.
Conclusions:Neutrophil CD64 expression was superior to PCT and CRP for the identification of sepsis in ICU. Pos-
itive post-test probability for any combinations of simultaneously analyzed CRP, PCT and CD64 showed improved
diagnostic accuracy for sepsis. This approach may be useful for guiding antibiotic treatment in ICU.

© 2017 Elsevier Inc. All rights reserved.
Sepsis
CRP
PCT
CD64
Post-test probability
1. Introduction

Sepsis is amajor cause of death in intensive care units (ICU) [1]. Early
diagnosis and timely antimicrobial treatment are crucial to improve the
outcome of sepsis patients [1,2]. Early diagnosis is challenging because
inflammation caused by infection and other causes may present with
similar signs and symptoms and there currently are no reliable labora-
tory tests to distinguish these conditions rapidly [3]. Furthermore, it
was recently shown that the widely used systemic inflammatory re-
sponse syndrome (SIRS) criteria for sepsis miss a number of septic pa-
tients [4].
tive protein; ICU, intensive care
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Different combination of biomarkers, leukocyte surface molecules,
and clinical scoresmay improve sepsis diagnostics [5], detection of pos-
itive blood cultures [6], and the prediction of outcome [7]. However, to
date, there is no feasible standardized combination for early sepsis diag-
nostics in the ICU. The most commonly used laboratory tests in sepsis
diagnostics are for C-reactive protein (CRP) and procalcitonin (PCT),
as was recently thoroughly reviewed [8]. As CRP and PCT are produced
in both inflammation and infection, they are rather controversial for
sepsis diagnostics [8]. Leukocyte surfacemolecules have been suggested
as possible markers of sepsis and bacterial infection and may be prom-
ising inmonitoringpatients' immune system functionsduring ICU treat-
ment [8,9].

We have previously demonstrated that leukocyte surface molecule
expression in the critically ill is highest in the early phase of ICU treat-
ment in sepsis [10,11]. In these studies, we showed that CD64 is superi-
or to other leukocyte markers for identifying sepsis patients. In the
current sub-study, we were interested in comparing the diagnostic ac-
curacy of using neutrophil CD64, CRP, and PCT concentrations obtained
at admission in sepsis. We used a multiple marker approach to define
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Fig. 1. The results of receiver operating characteristics (ROC) analyses of procalcitonin
(PCT), C-reactive protein (CRP) and neutrophil CD64 for identifying sepsis. The ICU
admission values of the sepsis patients [n = 27 (CRP, CD64), n = 25 (PCT)] were
compared with the peak values of the non-septic ICU patients [n = 15 (CRP, CD64),
n = 14 (PCT)].

140 J. Jämsä et al. / Journal of Critical Care 43 (2018) 139–142
the diagnostic performance of the combination of parameters (CD64
and laboratory tests) for sepsis diagnostics in ICU using post-test
probabilities.

2. Materials and methods

2.1. Study subjects

This is a sub-study of our earlier research conducted fromApril 2009
to March 2012 where we evaluated the kinetics of leukocyte surface
molecule expression in sepsis and non-septic patients [10,11]. This cur-
rent sub-study evaluated the diagnostic accuracy of CRP, PCT and neu-
trophil CD64, obtained at admission in sepsis. The patients have been
described in more detail elsewhere [10]. Briefly, the subjects were crit-
ically ill sepsis patients treated at the mixed tertiary level ICU of Oulu
University Hospital, and a heterogeneous group of non-septic ICU con-
trols, who were postoperative off-pump coronary artery bypass
(OPCAB) surgery patients and ICU patients without systemic inflamma-
tory response syndrome (SIRS) criteria [12] in the beginning of the ICU
treatment (non-SIRS ICU). The local ethics committee approved the
study protocol (The Regional Ethics Committee of the Northern
Ostrobothnia Hospital, protocol number: 54/2008, approved:
9.6.2008), and written informed consent was obtained from the pa-
tients or their family.

Sepsis in ICU treated patients was based on the existence of two or
more SIRS-criteria and suspected or confirmed infection with signs of
at least one organ dysfunction (formerly called severe sepsis [13]). For
septic shock, the use of vasopressors was required [14]. Exclusion
criteria for all the patient groups were age b 18 years, malignant
tumor with metastases, hematological malignancy, and the use of bio-
logical medication. In addition, in sepsis, surgery other than that related
to the current episode of sepsis during the past 6 months was not
allowed.

2.2. Laboratory measurements

The CRP and PCT measurements were analyzed by commercially
available laboratory methods in our accredited central laboratory
(NordLab, Oulu University Hospital) for sepsis patients at admission,
and the peak value from days 0–2 in non-septic ICU patients was cho-
sen. The flow cytometry [FACSCalibur™ flow cytometer and CellQuest
software (BD Biosciences, San Jose, CA, USA) was performed using reg-
ular equipment calibrations with CaliBRITE beads (BD Biosciences)], ac-
cording to themanufacturer's instructions and themedian fluorescence
intensity was converted into molecules of equivalent soluble fluoro-
chrome (MESF) values as explained previously [10,15]. For this sub-
study, we chose CD64 on neutrophils (CD64-FITC [clone 22(FCγR1)]
from Beckman Coulter [Brea, CA, USA]), which had the highest area
under the curve (AUC, 0.99) for detecting sepsis in our previous studies
[10,11]. In sepsis, the admission flow-cytometric sample was taken at a
median of 19 h after ICU admission, and in non-septic ICU patients, the
peak value of days 0–2was chosen [10]. Blood culture sampleswere ob-
tained from all the patients (BacT ALERT 3D, bioMerieux, Marcy l'Etoile,
France).

2.3. Data analysis

Statistical analyses were performed with SPSS (version 22.0, SPSS
Inc., Chicago, IL) software. The results were expressed as medians with
25th–75th percentiles, unless otherwise stated. Two-tailed p-values
were reported and a p-value of b0.05 was considered significant in all
analyses. The Mann-Whitney test and Chi-squared test or Fisher's
exact test were used for between group comparisons. The diagnostic ac-
curacy of neutrophil CD64 and laboratory tests were investigated using
post-test analysis. Receiver operating characteristics (ROC) analyses
were used and sensitivities, specificities, and cut-off values were
calculated according to Youden's index. The sensitivities and specific-
ities were further used to calculate positive and negative likelihood ra-
tios (LRs) and to calculate post-test probabilities for neutrophil CD64
and laboratory tests, and their combinations.With the post-test probabil-
ity we get a chance (or a probability) for a patient having the disease
given the known test results. Sepsiswas diagnosed in 10.5% of ICU admis-
sions in a Finnish nationwide study [16], and this was used as a pre-test
probability. The following equations were used in the calculations: pre-
test ODDS × LR (parameter 1) × LR (parameter 2) = post-test ODDS,
post-test probability (P) = ODDS / (ODDS + 1), ODDS = P / (1− P).
3. Results

3.1. Patients

Twenty-sevenpatientswith sepsis and 15non-septic ICU controls (7
OPCAB and 8 non-SIRS ICU patients)were included in the study. In both
groups, the median age was 66 years. There were 15 males and 12 fe-
males in the sepsis group and 10 males and 5 females in the non-septic
ICU group. Sepsis patients had higher ICU scores [Acute physiology and
chronic health evaluation II: 21 (15–24) vs. 14 (11–16), p = 0.008; Se-
quential organ failure assessment (peak) 9 (6–13) vs. 5 (2–6), p b 0.001]
and a longer length of stay in the ICU and hospital than the 15 non-sep-
tic ICU controls. Twenty-five of the sepsis patients (93%) had septic
shock, and eleven patients (41%) had a positive blood culture. The
6 month mortality was 26%. None of the patients in the control group
died or developed sepsis. A more detailed description was published
previously [10].
3.2. Laboratory test results

Both CRP and PCT distinguished sepsis and non-septic ICU patients
(Figs. 1 and 2). The AUC for PCT was 0.92 (0.84–1.00) and was 0.81
(0.68–0.94) for CRP (Fig. 1, Table 1). The corresponding sensitivities
and specificities were 0.96 and 0.79, respectively, for PCT and 0.56 and
0.93, respectively, for CRP (Table 1). For comparison, the AUC for neu-
trophil CD64 was 0.99 (0.97–1.00) with sensitivity of 1.00 and specific-
ity of 0.93 [10].



Fig. 2. C-reactive protein (CRP), procalcitonin (PCT) and neutrophil CD64 results in individual patients [D0 for sepsis (n=27; n=25, PCT), peak values for non-SIRS ICU patients (n=15;
n = 14, PCT)]. The dashed line represents the cut-off value for sepsis received from the ROC analyses. p values were obtained from Mann-Whitney test.
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3.3. Post-test analysis for sepsis diagnostics

The positive post-test probability for a sepsis diagnosis was 0.48 for
CRP and the negative post-test probability was 0.053; while, the corre-
sponding values were 0.35 and 0.0059, respectively, for PCT (Table 1).
The simultaneous analyses of positive CRP and PCT provided a post-
test probability of 0.81, and if both were negative, the post-test proba-
bility was 0.0028. The positive post-test probability for sepsis diagnosis
for neutrophil CD64was 0.62 and the negative post-test probabilitywas
0.0013 (Table 1). The simultaneous analysis of positive neutrophil CD64
and positive CRP provided a post-test probability of 0.93, while positive
neutrophil CD64 and positive PCT provided a post-test probability of
0.88 for sepsis. Analyzing positive neutrophil CD64 simultaneously
with both positive CRP and PCT provided a post-test probability of
0.98 for sepsis (Table 1).
4. Discussion

Our prospective observational ICU study showed that combining
flow cytometric analyses of CD64 expression with CRP or PCT increased
the diagnostic accuracy of sepsis in ICU. In the present study, both CRP
and PCT distinguished sepsis from non-septic controls with PCT having
a higher AUC of 0.92. Similarly, PCT was better than CRP in sepsis diag-
nostics in the emergency room [17] and ICU [18]. However, the AUC
value found for neutrophil CD64 expression in our previous study was
higher than those for CRP and PCT reported in this study [10]. Contro-
versial results have been obtained regarding the diagnostic accuracy of
PCT compared with CD64. Similar to our results, neutrophil CD64
Table 1
Results of the ROC analysis of sepsis diagnostics and the post-test probability.

Variable AUC Cut-off (≥) Sens. Spec. LR+ LR−

PCT (μg/l) 0.92 0.42 0.96 0.79 4.6 0.05
CRP (g/l) 0.81 218 0.56 0.93 8.0 0.47
CD64 (MESF) 0.99 9172 1.00 0.93 14.1 0.01
PCT + CRP

The ICU admission values of the sepsis patients [n=27 (CRP, CD64), n=25 (PCT)] were comp
Cut-off values, sensitivities, and specificitieswere calculated according to Youden's index. Positiv
1.00, the value 0.99 was used in calculations) were used to asses post-test probability values fo
shown in Fig. 1. The cut-off, sensitivity, and specificity for neutrophil CD64 were reported also
expression was better than PCT for differentiating SIRS from sepsis in
mechanically ventilated patients [19]. However, in another study, only
PCT could determinate SIRS severity in sepsis patients [20]. In our
study, CRP had a low sensitivity for sepsis; whereas, the combination
with CD64 increased both sensitivity and specificity. Similarly, in an ear-
lier study using flow cytometry analyses combining CRP and CD64, an
abnormal result for both gave a 92% probability of sepsis; while, it was
ruled out with a probability of 99% if both measurements were normal
[21].

In a recentmeta-analysis, the sensitivity and specificity of neutrophil
CD64 for bacterial infection were 76% and 85%, which were lower than
in our series [22]. However, in the meta-analyses, the casemix was het-
erogeneous ranging from neonates to adults in the ICU and types of in-
fection varied. Some studies have criticized the low sensitivity of
neutrophil CD64 in sepsis diagnostics in the ICU or emergency depart-
ment patient populations [23,24], but because of its high specificity, it
could be useful when combined with a more sensitive marker [24]. Re-
cently, there have been two differentways of reportingneutrophil CD64
expression: for example, in a commercial method for CD64 index, an
index is calculated by dividing neutrophil CD64 fluorescence intensity
by the fluorescence intensity of the beads in commercial CD64 kit
[23-25], and quantitative flow cytometry [21], as in our present study.
Using the CD64 kit provides simplified analyzing process. However, ac-
cording to meta-analyses, the diagnostic performance was better in
studies reporting quantitative flow cytometry [22,26].

Previous studies have also suggested biomarker combinations to im-
prove diagnostic performance [5]. In the present study, we used a mul-
tiple marker analysis to define post-test probabilities, for CRP and PCT
with or without neutrophil CD64, in an ICU population with a 10.5%
Post-test probability

CD64+ CD64-

Test + Test − Test + Test − Test + Test −

1 0.35 0.0059 0.88 0.078 0.0057 b0.001
0.48 0.053 0.93 0.44 0.010 b0.001

1 0.62 0.0013
0.81 0.0028 0.98 0.038 0.044 b0.001

ared with the peak values of non-septic ICU patients [n=15 (CRP, CD64), n= 14 (PCT)].
e and negative likelihood ratios (LR, calculated from sensitivities and specificities; for value
r PCT, CRP, CD64 and their combinations (pre-test probability 0.105). The ROC curves are
previously [10].
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incidence of sepsis [16]. A post-test analysis could help to assess the risk
of sepsis from a panel of diagnostic parameters by calculating the post-
test probabilities. For example, according to this study, if the PCT was
≥0.42 μg/l and CRP ≥218 g/l (both positive), the probability for sepsis
is 0.81, and if both were negative, the probability is 0.0028. Accordingly,
19% of patients would receive unnecessary sepsis antibiotic treatment if
only positive CRP and PCT test results are considered. To improve the di-
agnostic accuracy, positive CD64 was analyzed simultaneously with
positive CRP and PCT tests, and the probability of sepsis increased to
0.98 and decreased to 0.044 with a negative CD64 test result. Conse-
quently, with a positive CD64 result, the risk for unnecessary antibiotic
treatment is only 2%, and after a negative CD64 and positive PCT, only
0.57% of patients would not receive adequate antibiotic treatment.

The limitation of the study is the single center setting with a small
sample size. Our study setting could overestimate the diagnostic perfor-
mance of the laboratory tests; thus, the post-test probabilities could be
overestimated since our sepsis patients had higher ICU scores than the
controls, and post-test probabilities cannot directly be adapted to a
mixed ICU population. However, significantly elevated CRP levels in
the non-septic ICU controls confirm that all patients represent a major
challenge with respect to the initiation of antibiotic treatment. We in-
troduced combining neutrophil CD64 with PCT and CRP for identifying
sepsis and used a control group of mixed ICU patients. In the future,
post-test analysis may provide improved diagnostics in larger patient
samples. We evaluated prospectively collected material with special
emphasis on quantitative surfacemolecule analysis [10,15] and demon-
strated that CD64 on neutrophils is comparable to or even better than
the widely used biomarkers used to diagnose sepsis, and this study en-
courages a wider use of neutrophil CD64 for sepsis diagnostics in ICU.
However, the post-test analyses support the idea that CD64 should be
analyzed simultaneously with CRP or PCT for a more reliable diagnosis
of sepsis.Whether our preliminary findings are clinically applicable, fur-
ther studies with larger patient groups and multicenter approaches are
needed. The post-test analysis is easy to calculate in other studies
reporting sensitivities and specificities to define how the positive or
negative test results impact the probability of the disease.

5. Conclusion

Neutrophil CD64 expression was superior to PCT and CRP for the
identification of sepsis in ICU. Post-test probability of CD64 showed im-
proved diagnostic accuracy for sepsis when it was analyzed simulta-
neously with positive CRP or PCT results. This approach may be useful
for guiding antibiotic treatment in ICU.
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