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Abstract

To evaluate the early absolute CD64/CD15/CD45 neutrophil count as a marker of prognosis of sepsis outcome the absolute
CD64/CD15/CD45 count was measured by flow cytometry in 65 patients with confirmed or suspected Gram-negative sepsis and
organ dysfunction. Serum interleukin(IL)-8 and interferon-gamma (IFNy) were measured by an enzyme immunoassay. An
absolute count lower than 2500 cells/mm’ could early discriminate non-survivors with sensitivity 82.9% (OR 3.46, 95%Cls
1.10-10.95, p 0.042). After forward step-wise Cox- regression analysis, it was found that acute coagulopathy, acute renal injury,
and an early absolute CD64/CD15/CD45 count lower than 2500/mm” were independently associated with unfavorable outcome.
The OR for death among patients with an absolute CD64/CD15/CD45 neutrophil count greater than 2500/mm® and circulating
IL-8 greater than 95 pg/ml was 0.44; this was significantly increased to 7.44 among patients with an absolute CD64/CD15/CD45
neutrophil count lower than 2500/mm® (p 0.045 by the Breslow-Day’s test; p 0.046 by the Tarone’s test). An absolute
CD64/CD15/CD45 count below 2500/mm? can be a useful prognosticator of sepsis outcome and a probable indicator of sepsis
immunosuppression.
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Abbreviations seems to be related with the modulation of the expression of
APACHE Acute physiology and chronic health evaluation the CD64 molecule on the cell membrane of neutrophils [1].
SOFA Sequential organ failure assessment The CD64 antigen is a high-affinity receptor for the Fc gamma

part of the IgG heavy chain and can bind monomeric IgG1 and
IgG3 as well as aggregated IgG. A high expression of this
receptor is found on monocytes and a low on resting neutro-
Introduction phils at a normal state. Upregulation of the receptor expression
on neutrophils is conducted a few hours after activation by
The potential of the host for efficient phagocytosis is one of  pro-inflammatory cytokines like interferon-gamma (IFNy).
major dysregulated item of the host response in sepsis. This ~ This upregulation represents a physiological process promot-
ing neutrophils to act as phagocytes. When the stimulus is
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Patients and methods
Study design

This study is a sub-study conducted within a prospective, ran-
domized clinical trial investigating the role of intravenous ad-
ministration of clarithromycin for the management of patients
with proven or suspected infection by Gram-negative bacteria
[4] (www.clinicaltrials.gov registration NCT01223690). It was
approved by the Ethics Committee of the ATTIKON
University hospital (266/27-07-09). The sub-study was de-
signed to investigate how surface expression the Fc gamma
receptor on neutrophils is related to final outcome. Patients
were enrolled after written informed provided by themselves
or by first-degree relatives in case of patients unable to consent.
The inclusion criteria were (a) age more than or equal to
18 years, b) severe sepsis or septic shock defined by the
sepsis-2 definitions since the study was designed before the
introduction of the sepsis-3 definitions, and (c) blood sampling
within 24 h from the first organ failure. The exclusion criteria
were (a) infection by the human immunodeficiency virus HIV-
1, (b) neutropenia defined as less than 1.000 neutrophils/mm3,
(c) intake of chemotherapy, and (d) chronic corticosteroid in-
take defined as more than 0.4 mg/kg equivalent prednisone
daily for more than 15 consecutive days. Eight milliliters of
whole blood was collected from each participant under sterile
conditions by vein puncture of one forearm vein before ran-
domization into blind treatment; 5 ml was transferred in one
EDTA-coated tube for flow cytometry, and another 3 ml into
one pyrogen-free tube for serum separation (Becton Dickinson,
Cockeysville, MD, USA).

Survival was recorded for 28 days after start of blind treat-
ment. Since 28-day mortality did not differ between patients
allocated to each treatment arm, patients randomized to both
arms were analyzed for the needs of this study together.
Demographic and clinical data of age, gender, APACHE II
score, SOFA score, presence of chronic comorbidities, type
of infection, and microbiology were also recorded.

Laboratory investigation

Whole blood was incubated with the monoclonal antibodies
anti-CD15 at the fluorochrome fluorescein isothiocyanate
(FITC, emission 525 nm, Immunotech, Marseille, France),
anti-CD64 at the phycoerythrin (PE, emission 575 nm
CYTO-STAT, Miami, Florida, US), and anti-CD45 at the fluo-
rochrome phycoerythrin-Cy5 (PCS5, emission 650 nm,
Immunotech). Red blood cells were lysed using VersaLyse
Lysing Solution (Beckman Coulter, Immunotech, Marseille,
France). White blood cells were analyzed after running through
the Cytomics FC-500 flow cytometer with gating for
granulocytes based on their characteristic SS/CD45 expression.
Granulocytes expressing the surface marker CD15 were
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considered neutrophils. Fluorospheres (Immunotech) were
used for the determination of absolute counts. IgG isotypic
controls at the fluorochromes FITC and PE (Immunotech) were
analyzed before the start of the analysis for every patient.
Serum was collected from each patient and stored at -70 °C
until assay. Concentrations of interleukin-8 (IL-8) and IFNy
were measured in duplicate by enzyme immunoassay
(Affymetrix, Santa Clara, CA, USA). The lower detection
limits was 7.8 pg/ml for IL-8 and 19.5 pg/ml for IFNvy.

Power of the study

It was hypothesized that after receiver operator characteristic
(ROC) curve analysis of the absolute counts of CD64-
expressing neutrophils, a cut off associated with sensitivity
more than 80% for prediction of unfavorable outcome could
be found. In order to achieve this with power more than 80%
at a level of significance of 10%, it was calculated that 60
patients should be enrolled.

Statistical analysis

Patients were divided into 28-day survivors and non-survi-
vors. Comparisons of baseline demographics were done by
the chi-square test for qualitative variables and by the Mann-
Whitney U test for quantitative variables. Receiver operator
characteristics (ROC) curve analysis was done to identify a
cut-off of the absolute count of CD64-expressing neutrophils
upon enrollment that could discriminate between survivors
and non-survivors. Odds ratio (ORs) and 95% confidence
intervals (CIs) for unfavorable outcome based on a cut-off
with more than 80% sensitivity were determined according
to Mantel-Haenszel statistics. ORs were compared by the
Breslow-Day’s and the Tarone’s tests. Comparative survival
analysis was done by the log-rank test. Forward Cox-
regression analysis of variables associated with unfavorable
outcome was done; statistically significant variables entered
the analysis as independent variables. Serum IL-8 and IFNy
were compared by the Mann-Whitney U test. Any value of p
below 0.05 was considered statistically significant.

Results

From the total number of enrolled patients in the clinical trial,
65 patients participated in this sub-study. Baseline demo-
graphics and clinical characteristics of survivors and non-
survivors are shown in Table 1. As shown in the table, the
absolute counts of CD64/CD15/CD45 neutrophils were sig-
nificantly decreased in non-survivors compared to survivors.
Based on this observation, a ROC curve was designed to dis-
criminate between survivors and non-survivors based on the
absolute counts of CD64/CD15/CD45 neutrophils on the first
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Table 1 Comparative
characteristics of survivors and Survivors (n=48)  Non-survivors p
non-survivors at baseline (n=17)
Male gender (n, %) 21 (43.8) 8 (47.1) 1.00
Age (mean + SD) 67.9+2.8 76.7+2.1 0.107
APACHE II (mean + SD) 13.9+£09 20.32+2.1 0.030
SOFA (mean + SD) 451+043 10.47+£1.22 <0.0001
Presence of at least one chronic comorbidity® (7, %) 30 (62.5) 15 (88.2) 0.048
White blood cells (/mm® mean +SD) 14,487.2+1029.5 16,709.7+3015.8 0.988
CD64/CD15/CD45 cells(/mm>, mean £SD) 6924.1 +862.94 4180.7+1675.4 0.024
Type of infection (n, %)
Acute pyelonephritis 23 (49.7) 4(23.5) 0.069
Primary bacteremia 17 (35.5) 9(52.9) 0.383
Intrabdominal infection 8 (16.7) 4(23.5) 0.164
Failing organ (n, %)
Acute respiratory distress syndrome 8 (16.5) 4(23.5) 0.717
Acute coagulopathy 12 (25.0) 11 (64.7) 0.007
Acute renal injury 24.2) 9(52.9) <0.0001
Circulatory shock 8 (16.7) 9 (52.9) <0.0001
Isolated bacteria in the blood (1, %)
Escherichia coli 11 (22.9) 0(0)
Pseudomonas aeruginosa 1(2.1) 1(5.9)
Klebsiella pneumoniae 12.1) 1(5.9) 0.166
Acinetobacter baumanii 12.1) 1(5.9)
Other® (n, %) 3(63) 3177
Isolated bacteria in urine (n, %)
Escherichia coli 12 (25.0) 0(0)
Klebsiella pneumoniae 24.2) 2 (11.8) 0.379
Acinetobacter baumanii 12.1) 0(0)
Other® (n, %) 3(6.3) 2 (11.8)

*Type 2 diabetes mellitus, chronic heart failure, chronic obstructive pulmonary disease, chronic renal disease

b Bacteroides uniformis, Enterobacter cloacae, Providencia stuartii, Stenotrophomonas maltophilia, Serratia

marcescens

day of'sepsis. The area under the ROC curve was significant
(0.69, 95%ClIs: 055—-0.83, p 0.024) (data not shown). A
cut-off point of 2500 cells/mm? of CD64/CD15/CD45 neu-
trophils could early discriminate non-survivors with sensi-
tivity 82.9% (OR 3.46, 95%ClIs 1.10-10.95, p 0.042)
(Fig. 1a). Results were also confirmed by survival analysis
(Fig. 1b).

From the total enrolled patients, sepsis was microbiologi-
cally confirmed in 35 patients and not confirmed in 30 pa-
tients; 13 (37.1%) and 11 (36.7%) patients respectively had
at baseline lower than 2500/mm® CD64/CD15/CD45 neutro-
phils (p: 1.00).

Forward step-wise Cox- regression analysis was performed
to associate the independent association of the eight variables
different between survivors and non-survivors (shown in
Table 1) with final outcome. After three steps of analysis, it
was found that acute coagulopathy, acute renal injury, and an
early absolute CD64/CD15/CD45 count lower than

2500/mm> were independently associated with unfavorable
outcome (Table 2).

In order to provide some mechanistic explanation of the
observation, circulating IL-8 and IFNy were compared be-
tween survivors and non-survivors according to their absolute
CD64/CD15/CD45 count. The only difference was found for
IL-8 being greater in non-survivors with CD64/CD15/CD45
count lower than 2500/mm® (Fig. 2). We next asked the ques-
tion if increased circulating IL-8 was independent from or it
was associated with the low absolute CD64/CD15/CD45 neu-
trophil count. Using ROC analysis, we found that IL-8 greater
than 95 pg/ml was associated with sensitivity greater than
80% with unfavorable 28-day outcome (data not shown).
The OR for death among patients with an absolute
CD64/CD15/CD45 neutrophil count greater than 2500/mm?>
and circulating IL-8 greater than 95 pg/ml was 0.44 (95%Cls:
0.04-5.01); this was significantly increased to 7.44 (95%Cls
1.44-38.41) among patients with an absolute CD64/CD15/
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Fig. 1 a Prognostic performance a
of the early absolute Non-survivors | Survivors Total
CD64/CD15/CD45 neutrophil
count of the prediction of final <2500/mm3 | 10 14 24
outcome. b survival analysis A o
according to the early absolute Sens: 58.8%
CD64/CD15/CD45 neutrophil PPV: 41.7
count
Abbreviations: NPV: negative >2500/mm3 | 7 34 41
predictive value; PPV: positive SpeC' 82 99,
predictive value; Sens: a ’
sensitivity; Spec: specificity. NPV: 70.8%

17 48 65

60

Survival (%)

40+

1>=2500/mm3
-i1<2500/mm3

204 log-rank: 5.11

p: 0.024

CD45 neutrophil count lower than 2500/mm® (p 0.045 by the
Breslow-Day’s test; p 0.046 by the Tarone’s test).

Discussion

In this study, it was shown that an early absolute CD64/CD15/
CD45 neutrophil count lower than 2500/mm? was an indepen-
dent variable associated with 28-day mortality. Although at first
glance APACHE II and SOFA score seem to provide better
predictive capacity of the final outcome than the early absolute
CD64/CD15/CD45 neutrophil count, it needs to be outlined
that the validity of the early absolute CD64/CD15/CD45 neu-
trophil count as an independent prognosticator of final outcome
is coming from forward step-wise logistic regression analysis
of all different variables at baseline between survivors and non-
survivors where SOFA and APACHE II were included. This
low neutrophil count acted synergistically with high circulating
IL-8 to further predict unfavorable outcome.

Over the last decade, CD64-expression on neutrophils has
been proposed as a biomarker for sepsis diagnosis superior to
serum pro-inflammatory cytokines and to clinical scores like
APACHE 1II and SOFA [5-8]. In these studies, the methods of
measuring CD64 were not similar and comprised mean
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Survival (days)

fluorescence intensity (MFI), percentage expression, CD64-in-
dex, and quantification of the receptor’s molecule numbers. A
rapid increase of CD64 MFI was found in patients admitted in
an intensive care unit before the development of infection; this
was significantly higher than patients without infection [9]. In
this study, we introduce for the first time the need to measure
the early (i.e., the first 24 h) absolute CD64/CD15/CD45 neu-
trophil count. Measuring an absolute count can always provide
more reproducible results since it provides information on the
total cell population and not a relative expression of a receptor.

Although all the above-mentioned approaches of measure-
ment of the expression of CD64 on neutrophils provide similar
qualitative results, they have ended to standardized thresholds
for universal application. For example, MFI measurements can-
not be compared between different flow cytometry devices due
to functional differentiations in manufacturers’ settings [9]. The
use of an absolute count may surpass this limitation. The setting
of our study cannot allow the investigation of the early absolute
CD64/CD15/CD45 count for sepsis diagnosis since only pa-
tients with overt organ dysfunction were enrolled. Further in-
vestigation among patients admitted with suspicion of sepsis at
the emergencies is probably most warranted.

The main question is the functional implication of this ob-
servation. It has been suggested that the MFI of CD64 of
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Table 2 Forward step-wise Cox-regression analysis of variables asso-
ciated with final outcome. Only variables remaining significant after three
steps of analysis are shown®

Odds ratio 95% confidence p value
interval
Acute coagulopathy 3.98 1.40-11.28 <0.0001
Acute renal injury 10.63 3.83-29.51 0.009
CD64/CD15/CD65 443 1.59-12.39 0.005

cells <2.500/mm>

*The eight variables that were found to be different between survivors
and non-survivors entered the analysis as independent variables (see
Table 1)

neutrophils is associated with the phagocytic activity of the
neutrophils. More precisely, the MFI of CD64 neutrophils dif-
fered between sepsis survivors and non-survivors but not be-
tween non-survivors and healthy volunteers [1]. The MFI of
neutrophilic CD64 was also decreased among non-survivors
from septic shock. The authors considered that this could reflect
a non-responsive state or a functional downregulation of the
immune activity prior to the resolution of the infection [10]. It
is well known that IL-8 is a potent chemokine priming neutro-
phil maturation and chemotaxis. Its increased circulatory levels

a IL-8
700

600 p: 0.044

500
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400 p: 0.521
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Fig. 2 Circulating cytokines according to 28-day outcome and early ab-
solute CD64/CD15/CD45 neutrophil count a interleukin (IL)-8 and b
interferon-gamma (IFNy). P values refer to comparisons between survi-
vors and non-survivors

among non-survivors with low CD64/CD15/CD45 count may
reflect a reciprocal host response to further stimulate neutrophil-
ic responses that eventually end up with neutrophilic exhaustion
and immunosuppression. This may become a diagnostic sign of
immunoparalysis guiding immunostimulation therapy.

The present study has four main limitations: (i) the relative
low number of enrolled patients, (ii) the use of measurements in
one central laboratory, (iii) the lack of proof of mechanism
beneath the association of low CD64/CD15/CD45 count and
high circulatory IL-8, and (iv) the inclusion of so severe patient
population making questionable whether the finding of the ear-
ly absolute CD64/CD15/CD45 count as an outcome prognos-
ticator independent from severity scores coming from the for-
ward step-wise logistic regression analysis is generalizable. It
should, however, be underscored that the studied population
was homogeneous since all enrolled patients were suffering
from organ dysfunction and sepsis of Gram-negative origin.

The present study showed that an absolute CD64/CD15/
CD45 neutrophil count below 2500/mm? can be a useful prog-
nosticator of sepsis outcome. Since this is probably an indica-
tor of sepsis immunosuppression, it could be used to build
classification models for immune intervention in sepsis.
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