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Abstract

Objective: This study was performed to evaluate the diagnostic value of the neutrophil CD64

index in patients with sepsis in the intensive care unit (ICU).

Methods: Patients with sepsis who were treated at the ICU of the authors’ institution from

December 2016 to June 2018 were retrospectively reviewed. The controls comprised age- and

sex-matched patients who underwent coronary bypass and had no evidence of infection. The

neutrophil CD64 index, C-reactive protein (CRP) level, and procalcitonin level were compared

between the two groups. The diagnostic performance of these measures, including the sensitivity,

specificity, and area under the receiver operating characteristic (ROC) curve, was examined.

Results: In total, 35 patients with sepsis and 27 control patients were included in the data

analysis. The sensitivity of the neutrophil CD64 index, CRP level, and procalcitonin level was

83%, 74%, and 77%, respectively. The specificity was 88%, 86%, and 81%, respectively. The area

under the ROC curve was 0.923 [95% confidence interval (CI), 0.856–0.989], 0.904 (95% CI,

0.832–0.976), and 0.863 (95% CI, 0.776–0.950), respectively.

Conclusion: The neutrophil CD64 index is a valuable biomarker for diagnosing sepsis in patients

in the ICU.
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Introduction

Sepsis is a multifactorial clinical syndrome
involving life-threatening organ dysfunction
caused by a dysregulated host response to
infection.1 Despite vigorous respiratory
and cardiovascular support and antibiotic
therapy, sepsis continues to be associated
with unacceptably high mortality rates,
especially among patients in the intensive
care unit (ICU).2 The Sepsis Occurrence in
Acutely Ill Patients (SOAP) study in Europe
showed a 33% incidence rate and 27% over-
all mortality rate in ICUs.3 Advances in
early diagnosis and treatment have led to a
modest decline in the sepsis-associated mor-
tality rate, but such advances have not led to
a significant reduction in the absolute
number of sepsis-associated deaths.4 Sepsis
accounts for more than 210,000 deaths per
year in the United States.5

Early diagnosis of sepsis is crucial for
implementation of appropriate and timely
management and ultimately for improve-
ments in patient outcomes.6 Commonly
used biomarkers for early diagnosis
of sepsis include the leukocyte count,
C-reactive protein (CRP) level, and procal-
citonin level. However, the specificity and
diagnostic value of these markers are not
sufficiently reliable.7

A key contributor to the pathogenesis
and progression of sepsis is dysregulation
of innate and adaptive immunity. CD64 is
a high-affinity receptor that binds to mono-
meric immunoglobulin G. Increased CD64
expression is a very early indicator of the
host immune response to bacterial infec-
tion. CD64 expression in neutrophils is
low in the resting state and sharply
increases upon bacterial activation. Recent
studies have indicated that the neutrophil
CD64 index might be useful for differentia-
tion of sepsis with fairly good sensitivity
and specificity.8,9 In the current study, we
compared the diagnostic value of the neu-
trophil CD64 index versus other established

biomarkers, including the neutrophil count,
CRP level, and procalcitonin level, in

patients with sepsis in the ICU.

Patients and methods

Patients

Consecutive patients with sepsis treated

from December 2016 to June 2018 were
identified in the medical records at the

ICU of Nanjing Jiangbei People’s
Hospital Affiliated to Nantong University.

The diagnosis of sepsis was based on evi-

dent signs of bacterial infection and a
Sequential Organ Failure Assessment

(SOFA) score of �2.1 A patient was exclud-
ed if he or she was aged <18 years, had

malignancy, or had received treatment

with interferon-c, granulocyte colony-
stimulating factor (G-CSF), or glucocorti-

coids. Patients who died within 4 hours of
ICU admission were also excluded. Patients

who underwent coronary bypass surgery

during the same period and showed no
signs of bacterial infection were included

as the control group.
The study protocol was approved by the

hospital’s ethics committee. Written

informed consent was obtained from
either the patients or their legal surrogates.

Patient evaluation

The following data were extracted on ICU

admission: age, sex, Acute Physiology and
Chronic Health Evaluation II (APACHE

II) score, SOFA score, and reason for
ICU admission. Body temperature, leuko-

cyte count, presence of shock, previous

use of antimicrobial agents, length of ICU
stay, and ICU mortality were also recorded.

Blood samples were collected within

12 hours of ICU admission to determine
the neutrophil CD64 index, CRP level,

and procalcitonin level at the central hospi-
tal laboratory. The plasma CRP
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concentration was measured using an

immunoturbidimetry-based test (QuikRead

CRP test kit; Orion Diagnostica, Espoo,

Finland). The intra-assay coefficient of var-

iation of the CRP assay ranged from 2% at

140 mg/L to 15% at 9 mg/L. The serum

procalcitonin concentration was measured

using immunofluorescence chromatography

with a sandwich technique and a chemilu-

minescent detection system (LumiTest;

Brahms Diagnostica, Berlin, Germany).

Samples were stored at �80�C for a maxi-

mum of 12 hours prior to assay.

Flow cytometry

CD64 expression in neutrophils was mea-

sured using quantitative flow cytometry as

previously described.10 Key agents used in

the assay included anti-CD64-FITC and

CD45-PC5 antibodies (FC500; Beckman

Coulter, Brea, CA, USA). The neutrophil

CD64 index was calculated as the mean

CD64 fluorescence intensity in neutrophils

divided by the mean CD64 fluorescence

intensity in lymphocytes.

Statistical analysis

Statistical analyses were performed with

SPSS version 22.0 (IBM Corp., Armonk,

NY, USA). Categorical variables (e.g.,

sex) were analyzed using Fisher’s exact

test. Continuous variables were first tested

for normality using the Shapiro–Wilk test.

Between-group comparisons were con-

ducted using Student’s t-test for indepen-

dent data if normally distributed and the

Mann–Whitney U test otherwise.

Variables with a normal distribution are

reported as mean� standard deviation and

as median (25th–75th percentile) otherwise.

Receiver operating characteristic (ROC)

analysis was conducted to compare the per-

formance of the CD64 index versus other

measures (leukocyte count, CRP level,

and procalcitonin level) in the identification

of sepsis. The threshold was determined

based on Youden’s index, which maxi-

mizes the sum of the sensitivity and specif-

icity (J¼max[sensitivityþ specificity� 1]).

Statistical significance was set at p< 0.05

(two-sided).

Results

Figure 1 shows the study flowchart. In

total, 56 patients with sepsis were admitted

to the ICU during the study period. Sixteen

patients were excluded because they had

malignant tumors, and 5 were excluded

because of the use of interferon-c, G-CSF,

or glucocorticoids. The final data analysis

included 35 patients with sepsis (22 men

and 13 women). Their median age was

75 years (range, 27–90 years). The control

group comprised 27 age- and sex-matched

patients without signs of bacterial infection

after coronary bypass surgery (16 men and

11 women; median age, 72 years; age range,

19–80 years).
Patients in the sepsis group had signifi-

cantly higher APACHE II scores (21.17

� 8.34 vs. 12.00� 3.27; p< 0.01) and

SOFA scores (11.26� 5.95 vs. 6.56� 2.74;

Screened: 56 adult patients with sepsis

Excluded (n=21):
Cancer (n=13)
Leukemia (n=3)
Use of G-CSF (n=3)
Use of glucocorticoid (n=1)
Use of IFN-γ (n=1)35 included in 

data analysis

38 age and sex-matched control patients (off-pump CABG) 

Excluded (n=11)
Cancer (n=3)
Use of glucocorticoid (n=8)

27 included in 
data analysis

Figure 1. Study flowchart. (a) Sepsis group. (b)
Control group. G-CSF, granulocyte colony-stimu-
lating factor; IFN, interferon; CABG, coronary
artery bypass grafting;
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p< 0.01) than patients in the control group

(Table 1). Nine patients in the sepsis group

died during the ICU stay, with a mortality

rate of 26%.

Biomarkers of sepsis

The leukocyte count was not different

between the two groups (Table 2). In con-

trast, the plasma CRP level was significant-

ly higher in the sepsis than control group

(146.9� 68.27 vs. 46.5� 35.8 mg/L;

p< 0.01). The sepsis group also had a sig-

nificantly higher serum procalcitonin level

than the control group (31.82� 35.77 vs.

1.87� 2.75 ng/L; p< 0.01). The neutrophil

CD64 index was significantly higher in

the sepsis group than control group
(9.03� 5.59 vs. 3.18� 1.50; p< 0.01). The
CD64 index was not different in patients
with pulmonary infection (9.15� 5.62;
n¼ 15) or intra-abdominal infection
(9.02� 6.51; n¼ 12).

Diagnostic performance of neutrophil
CD64 index

At a cut-off of 4.56, the neutrophil
CD64 index had a sensitivity of 83% and
specificity of 88% (Table 3). At a cut-off of
98 mg/L, the CRP level had a sensitivity of
74% and specificity of 86%. At a cut-off of
2.81 ng/mL, the procalcitonin level had a
sensitivity of 77% and specificity of 81%.

Table 1. Patient demographics and baseline characteristics

Variable Control (n¼ 27) Sepsis (n¼ 35) p

Age, years 72 (25–85) 75 (27–90) 0.073

Sex

Male 16 (59) 22 (63) 0.773

APACHE II score 12.00� 3.27 21.17� 8.34 <0.001

SOFA score 6.56� 2.74 11.26� 5.95 <0.001

In-hospital mortality 0 (0) 9 (26) 0.004

Cause of death

Shock 0 (0) 5 (14) 0.041

Respiratory failure 0 (0) 3 (9) 0.119

Heart failure 0 (0) 1 (3) 0.376

Site of infection (n¼ 35)

Respiratory 0 (0) 15 (43) <0.001

Abdominal 0 (0) 12 (34) <0.001

Skin/soft tissue 0 (0) 5 (14) 0.041

Urinary tract 0 (0) 2 (6) 0.207

Central nervous system 0 (0) 1 (3) 0.376

Comorbidities

Coronary artery disease 27 (100) 2 (6) <0.001

Valvular heart disease 2 (7) 0 (0) 0.008

Hypertension 16 (59) 10 (28) 0.032

Congestive heart failure 4 (15) 2 (6) 0.005

Chronic pulmonary disease 12 (44) 9 (26) 0.122

Diabetes mellitus 15 (55) 11 (31) 0.006

Renal failure 4 (15) 2 (6) 0.715

Liver disease 1 (4) 3 (9) 0.439

Data are presented as median (range), n (%), or mean� standard deviation.

APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ

Failure Assessment.
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The area under the ROC curve was 0.923

[95% confidence interval (CI), 0.856–0.989]

for the neutrophil CD64 index, 0.904 (95%

CI, 0.832–0.976) for the CRP level, and

0.863 (95% CI, 0.776–0.950) for the procal-

citonin level (p< 0.05) (Figure 2).

Discussion

The current study demonstrated a signifi-

cantly higher neutrophil CD64 index in

patients with sepsis than in control patients.

The neutrophil CD64 index was more sen-

sitive and specific than the CRP and procal-

citonin levels for diagnosing sepsis.
CD64 is a receptor for the Fc fragment

of immunoglobulin G and serves as a link

between humoral and cellular immuni-

ty.11,12 CD64 is mainly distributed on the

surface of monocytes, macrophages, and

dendritic cells. In neutrophils, CD64

expression is low in the resting state but

sharply increases upon activation by a vari-

ety of stimuli, including lipopolysaccharide,

tumor necrosis factor-a, interferon-c, and

G-CSF. Increased CD64 expression in neu-

trophils initiates and amplifies the immune

response to bacterial infection, including

phagocytosis, antibody-dependent cytotox-

icity, and release of cytokines, and thus

plays a critical role in host defense against

bacterial infection.13,14 CD64 overexpres-

sion in neutrophils occurs as early as

12 hours after bacterial infection and lasts

for at least 36 hours; therefore, this param-

eter could be used as a biomarker for early

diagnosis of infection and sepsis.15

A previous report16 using the 1992 ver-

sion of the sepsis diagnostic criteria17

showed relatively good sensitivity and spe-

cificity of the neutrophil CD64 index in

identifying sepsis. The current study extend-

ed such findings to include the most recently

revised criteria for sepsis diagnosis.1

Commonly used biomarkers for early

diagnosis of bacterial infection include the

leukocyte count, CRP level, and procalcito-

nin level. However, the leukocyte count can

be influenced by many other factors, includ-

ing trauma, stress, and tumor invasion;

therefore, it may not be a suitable biomark-

er for bacterial infection.18 Consistent with

this notion, the leukocyte count did not

differ significantly between the sepsis

group and the control group in the present

study.
CRP is an acute-phase protein that

increases within 4 to 6 hours upon stimula-

tion by pro-inflammatory cytokines and

peaks at 36 to 50 hours.19 CRP is often

used for early diagnosis of infection and

Table 2. Key laboratory measures in the sepsis and control groups

Variable Control (n¼ 27) Sepsis (n¼ 35) p

Neutrophil CD64 index 3.18� 1.50 9.03� 5.59 <0.001

CRP, mg/L 46.5� 35.8 146.9� 68.27 <0.001

Procalcitonin, ng/mL 1.87� 2.75 31.82� 35.77 0.01

WBC count, �109/L 11.16� 3.51 13.04� 9.26 0.28

Data are presented as mean� standard deviation.

CRP, C-reactive protein; WBC, white blood cell.

Table 3. Diagnostic performance of biomarkers in
diagnosing sepsis.

Biomarker Cut-off

Sensitivity,

%

Specificity,

%

CD64 index 4.56 83 88

CRP, mg/mL 98 74 86

Procalcitonin,

ng/mL

2.81 77 81

CRP, C-reactive protein.
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as a biomarker for sepsis,18,20 but it has rel-

atively low specificity.19

Procalcitonin is a glycoprotein that con-

sists of 116 amino acids and has a half-life of

20 to 24 hours. Studies using animal models

have shown that procalcitonin becomes ele-

vated at 3 to 6 hours and peaks at 6 to

8 hours after bacterial infection.21 A meta-

analysis suggested that procalcitonin cannot

be used to distinguish between infectious

and non-infectious diseases.22 However, a

recent study suggested reasonable perfor-

mance of procalcitonin for sepsis, with

77% sensitivity and 75% specificity.23 In

the current study, the serum procalcitonin

level had similar sensitivity and specificity

(77% and 81%, respectively).
The results of the current study must be

considered preliminary because of several

limitations. First, this was a retrospective

analysis and is therefore prone to selection

bias. Another limitation is the small sample

size and single-institution design.

Additionally, the neutrophil CD64 index

in the current study was higher than that

reported in most previous studies. For

example, a meta-analysis of the cut-off

CD64 values for early identification of bac-

terial infection24 showed a relatively wide

range (1.19–4.59). Many factors may have

contributed to the relatively higher CD64

index in the current study. In our opinion,

the higher CD64 index may reflect the

unique ethnic background in the current

study because a similarly high CD64 index

was also reported in a previous study of a

Chinese population.25

The use of patients undergoing coronary

bypass without signs of infection as the con-

trol group also represents a source of poten-

tial bias. However, we believe that this was

necessary because using patients with pos-

sible infection creates another set of con-

founding factors. Nevertheless, the results

must be interpreted with caution to avoid

overestimation of the diagnostic perfor-

mance of the neutrophil CD64 index.
In summary, the current study has dem-

onstrated that the neutrophil CD64 index

has reasonably good sensitivity and specif-

icity for early diagnosis of sepsis in patients

in the ICU based on the 2016 criteria. If

used in the context of other measures

(e.g., clinical signs, CRP level, and

Figure 2. ROC curve for neutrophil CD64 index, CRP level, and procalcitonin level. ROC, receiver
operating characteristic; CRP, C-reactive protein.
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procalcitonin level), the neutrophil CD64

index could be helpful in early identification

of sepsis in the ICU setting.
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