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BACKGROUND: Chronic obstructive pulmonary disease (COPD) is one of the leading causes of mortality
and morbidity worldwide. However, there are still no easily obtained biomarkers for prognosis. As a high-
affinity Fc receptor, CD64 is an early marker of immune response to bacterial infection, but its role in acute
exacerbation of COPD (AECOPD) remains incompletely understood.

OBEJECTIVE: We investigated the prognostic role of the neutrophial CD64 (nCDé4) index in AECOPD
patients.

DESIGN: Retrospective cross-sectional study of all patient admitted between January 2013 to May 2014.
SETTING: Provincial hospitals affiliated with a university.

PATIENTS AND METHODS: Clinical and laboratory data were collected in patients admitted for AECOPD
and stable COPD patients, in whom nCDé4 index was obtained. A receiver operating characteristics curve
was used to determine the optimal cut-off levels for the nCD64 index that discriminated survivors versus
nonsurvivors during index hospitalization, and during a post-discharge period of 12 months.

MAIN OUTCOME MEASURES: nCD64 index level.

RESULTS: The white blood cell count, CRP (C-reactive protein (CRP) and PCT (procalcitonin) in AECOPD
subjects (n=31) were all significantly higher than in controls (n=18) (P=<.01). The mean nCDé4 index in
AECOPD subjects was significantly higher than in control subjects (2.84% [1.0%] vs. 1.50% [0.5%], P=<.001).
Moreover, the mean nCDé64 index in nonsurvivors was significantly higher than in survivors (2.6%) (2.59+0.85
vs. 3.87+0.65, P<.001). nCDé4 index >3.3 predicted in-hospital mortality with a sensitivity and specificity of
80% and 83%, respectively (area under the ROC=0.887; 95% confidence interval [Cl]=0.721-0.972, P<.001).
An nCD64 index of 3.3 upon admission as the optimal cut-off level to predict post-discharge mortality had a
sensitivity and specificity of 83% and 75%, respectively (area under the ROC=0.842; 95% confidence interval
[Cl]=0.667-0.948, P<.001).

CONCLUSIONS: An elevated nCD64 index was a reliable prognostic biomarker for both short-term and
long-term mortality in patients admitted for AECOPD.

LIMITATIONS: Retrospective design prevented collection of enough evidence to demonstrate infectious
origin for COPD in every patient. Unsure whether nCD64 differed between bacterial and viral exacerbation.

is the fourth main cause of death and global ductive sputum, and dyspnea, which impairs activities
burden of disease worldwide." COPD is char- of daily life and quality of life. Furthermore, COPD
acterized by an increasing decline in lung function and  patients often coexist with other systemic comorbid

Chronic obstructive pulmonary disease (COPD)  The characteristic symptoms of COPD are cough, pro-

recurrent exacerbations that require hospitalization.?  diseases, such as lung cancer, cardiovascular disease,
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osteoporosis, and diabetes.®> The comorbidities of
COPD can also require emergency hospitalization, and
increase mortality.*®

The severity and frequency of exacerbations in
COPD patients are the most important factors deter-
mining overall prognosis. Several biomarkers have been
investigated to predict clinically relevant outcomes such
as hospitalization, exacerbations, and mortality.¢” For
example, leukocyte count was significantly associated
with hospitalization in COPD patients. C-reactive pro-
tein (CRP) was significantly associated with mortality in
COPD patients.*® D-dimer also was a prognostic bio-
marker for mortality in AECOPD.? Nevertheless, there
are still no easily obtained biomarkers for short-term
and long-term prognosis.

As a high-affinity Fc receptor, CD64 is expressed by
monocytes and only weakly on resting neutrophils.’®'?
The high-expression of neutrophil CD64 (nCD64) is an
early step in the host immune response to bacterial in-
fection.” Expression of nCD64 is markedly increased
about 1 hour after invasion and is stable for more than
24 hours. Previous studies have shown that the nCDé4
index might be used as a biomarker for early-onset sep-
sis or bacterial infection.’®'” Moreover, some reports
have demonstrated the role of nCDé4 in noninfec-
tious inflammatory diseases, such as acute pancreatitis,
adenoid hypertrophy and total joint arthroplasty.'®2
A recent study showed that the diagnostic accuracy
of nCD64 index to predict sepsis in critically ill patients
was better than that of procalcitonin and CRP.2' These
results indicate that the nCD64 index might be an im-
portant prediction biomarker in both infectious diseas-
es and noninfectious inflammatory diseases. However,
the value of the nCD64 index in COPD prognosis is
unknown.

The purpose of the present study was to assess the
prognostic value of the nCDé64 index in patients with
COPD. We also assessed circulating levels of CRP, leu-
kocyte count and procalcitonin as potential prognostic
parameters for in-hospital and long-term outcomes in
patients with acute exacerbation of COPD (AECOPD)
requiring hospitalization.

PATIENTS AND METHODS

AECOPD and stable COPD subjects were recruited
from the Department of Respiratory Medicine, the
Shandong Provincial Hospital affiliated to Shandong
University. All patients admitted between January 2013
and May 2014 were included in the study. A diagnosis
of COPD was made by a clinical spirometer (MS-10S,
Jaeger, Germany) based on a history of forced expirato-
ry volume in 1 second/forced vital capacity (FEV,/FVC)
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ratio of <0.7. The severity of COPD was graded accord-
ing to the Global Initiative for Chronic Obstructive Lung
Disease guidelines (Stage I, mild COPD: FEV,=280.0%
predicted; Stage I, moderate COPD: 50.0%<FEV,
<80.0% predicted; Stage lll, severe COPD: 30.0%<FEV,
<50.0%; Stage IV, very severe COPD: FEV, < 30.0% or
FEV, <50.0% predicted with respiratory failure). The ex-
acerbation of COPD was defined as the patient being
diagnosed with COPD with two or more of the follow-
ing three symptoms of exacerbations: new or worsen-
ing cough, worsened dyspnea, and worsened sputum
volume and/or change in its color.

Blood samples

The following clinical data were collected: age, gen-
der, BMI (body mass index), arterial blood gas analysis,
and laboratory data. The blood samples were collected
within 24 hours of hospitalization. Blood samples were
centrifuged at 1000g/min for 15 minutes, and then
the serum was separated and stored under -80°C.
Procalcitonin (PCT) was also detected. Ethical approval
was provided by the medical ethics committee of the
Shandong Provincial Hospital affiliated to Shandong
University. Informed consent was obtained either from
the patients or the patients’ families.

nCDé4 index measurement

Neutrophil CDé4 (nCDé4) index was measured using
flow cytometry using a commercial kit (Quanti BRITE
PE, Becton Dickinson). Briefly, phosphate-buffered
saline-diluted whole blood (100 pl) was incubated for
20 minutes at room temperature with a combination of
anti-CD14-FITC and anti-CDé4-PE. After lysis, blood
samples were washed and fixed with BD Lyse/Wash
Assistant. Neutrophils were identified by electronic gat-
ing based forward and side scatter. Interassay standard-
ization and CD64 quantization were performed using
Quanti BRITEPE calibration beads with known numbers
of PE molecules. Data analysis was performed by using
light scatter gating to define the neutrophil population,
and the nCDé4 index was quantified as mean equiva-
lent soluble fluorescence units using BD Diva software.
Corrections for nonspecific antibody binding were per-
formed by subtracting values for the isotope control.
Expression of nCD11b was also measured by flow cy-
tometry in the same way.

Statistical analysis

Descriptive data are presented as mean and standard
deviation) or median and range. Continuous data were
tested for normality. Comparisons between groups
were made using the t test (for continuous variables,
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such as pH, PaCO,, PaO,, hs-CRP, PCT and nCD64) or
Mann-Whitney U test (for categorical variables, such as
MRC and median length of hospitalization). Receiver
operating characteristic (ROC) curve analysis was used
to determine the optimal cut-off level for the serum
nCD64 index. A Cox proportional multivariate hazards
model using all potential predictors of mortality was
performed. A two-sided P value of .05 was considered
statistically significant. All of the statistical analyses
were performed using the statistical software package
(SPSS 13.0).

RESULTS

Thirty-one subjects had AECOPD and 18 had stable
COPD. There was no significant difference in sex, ages,
BMI between the two groups (Table 1). The white
blood cell count, hsCRP and PCT in AECOPD subjects
were all significantly higher than in stable COPD sub-
jects (P<.01). The nCD64 index in AECOPD patients
was significantly higher than in stable COPD subjects
(2.54% versus 1.05%, P<.001). In AECOPD patients,
there were 12 subjects in GOLD stage Ill or IV. Most
AECOPD patients had one or more comorbidities,
such as ischemic heart disease, diabetes, congestive
heart failure or osteoporosis. Twenty-seven (87.1%)
AECOPD patients received antibiotic therapy during
hospitalization. The median length of hospitalization
was 11.8 days.

During hospitalization, 6 patients (19.35%) died.
The recorded causes for death were respiratory fail-
ure (n=1), congestive heart failure (n=1), sepsis (n=2)
or multi-organ failure (n=2). The differences in main
parameters between survivors and nonsurvivors are
listed in Table 2. There were no significant differences
in age, sex, BMI, white blood cell count, CRP, procal-
citonin, pH, PaO, or comorbidities between survivors
and nonsurvivors. A significantly higher proportion of
nonsurvivors were in GOLD stages lll-IV compared
with survivors (83.3% versus 36.0%, P<.001). Patients
who died during hospitalization had higher PaCO, and
a lower pH upon admission, although the difference
was not statistically significant. The nCD64 index upon
admission in nonsurvivors was significantly higher than
survivors (2.59+0.85 vs. 3.87+0.65, P<.001).

ROC analysis (Figure1a) identified an nCDé4 index
of 3.3 upon admission as the optimal cut-off level to
discriminate survivors from nonsurvivors during hospi-
talization (area under the ROC= 0.887; 95% confidence
interval [Cl]=0.721-0.972, P<.001). The nCDé4 index
above 3.3 had a sensitivity and specificity of 80% and
83.3%, respectively, for predicting hospital mortality
(Table 3). After discharge, overall median survival for
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Table 1. Demographic and clinical characteristics of subjects.

Stable COPD AECOPD P
group group

N 18 31 NS
Age (y) 63.6 (11.3) 68.6 (10.4) 85
gﬁ:j:}' (male/ 15/3 26/5 63
BMI (kg/m?) 21.4 (5.2) 18.7 (5.7) 91
GOLD stage (I+11) 10 19 .69
GOLD stage (llI+1V) 8 12 .69
:jii:'gc(:;ea” 4 10 45
Diabetes 5 15 16
Osteoporosis 3 6 .81
Length of
hospitalization — 11.8 (4.6) NS
(median, days)
(Anr’ﬂ;ziotic treatment . 27 (87.1%) NS
e o <! 7.72(1.9) 9.3 (2.5 <01
pH - 7.3(0.1) NS
PaCO, (mm Hg) - 53.7 (20.0) NS
PaO, (mm Hg) - 70.0 (10.5) NS
hs CRP (mg/L) 5.3(1.9) 8.0 (3.1) <.01
PCT (ug/L) 0.3(0.1) 0.49 (0.2) <.01
nCD64 (%) 1.50 (0.5) 2.84(1.0) <.01

Values are mean (standard deviation). Statistically significant values are bolded.
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Figure 1. Receiver operating characteristic (ROC) curve for nCDé4 as marker of in-
hospital mortality (1a) and post-discharge mortality (1b) in patients with COPD.
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spectively (Table 3) (area under the ROC= 0.842; 95%

Table 2. Comparison of clinical and laboratory data between survivors and nonsurvivors
during index hospitalization.

confidence interval [Cl] = 0.667-0.948, P<.001).

Survivor group Rl P
group DISCUSSION
N 25 6 NS nCDé4 expression is an early marker of bacterial infec-
tion. In this study, our results demonstrated a increased
Age (yrs) B0 (1265 72.84(15.23) e nCDé&4 index in AECOPD patients. Moreover, the ele-
Gender (male/ 19/6 5/1 69 vated nCDé4 index was a reliable prognostic biomarker
female) for both short-term and long-term survival in patients
BMI (kg/m?) 21.05 (7.66) 18.37 (5.79) .87 admitted for AECOPD. These results show the critical
GOLD stage (I + 11 18 1 012 prognostic role of nCDé4 in the COPD process.
Although previous studies have found many bio-
(GIIPl_IDV)Stage 7 5 .012 markers for evaluation of COPD, few were effective
in the short-term and long-term prognosis of COPD.
Ischemic heart 8 3 41 Our results indicate a role for the nCDé4 index in
disease (n) .
both short-term and long-term prognosis of COPD
Diabetes (n) 9 4 A7 patients. As a marker of host immune response to
Osteoporosis (n) 6 3 21 bacterial infection, the nCDé expression increases
about 1 hour after invasion and is stable for more than
Length of . .
hospitalization 9.68 (3.59) 19.72 (6.58) <.001 24 hours."322 Previous studies have shown that the
(median, days) nCDé6 index acts as a biomarker for the early-onset
Antibiotic sepsis and acute pancreatitis.'®'*'® Infections, includ-
treatment(n) 21 6 29 ing bacterial infection and viral infection, are the ma-
. jor causes of AECOPD, so it is not surprising that the
\C/\C/)T:‘ta (?loo‘f/)fl) cell 8.83 (3.25) 11.33(5.57) A5 JnCD64 index increased significantly irF: AECgOPD pa-
oH 7.35 (0.07) 7.30(0.16) 25 Tcients compare<.3| with. contréls. Tbe increased nCD64
index, suggesting airway infection, was correlated
PaCO, (mmHg) 50.96 (18.08) 65.17 (25.11) A4 with a worsened short-term prognosis in AECOPD pa-
PaO, (mmHg) 71.48 (9.85) 64.34 (11.85) 11 tients. As this is a retrospective study, we could not
hs CRP (mg/L) 7.48 (2.93) 9.97 (3.05) 091 co~||<?ct enough eV|d‘ence to demonstrate an infectius
origin for every patient, so we cannot show whether
PCT (ug/L) 0.46 (0.18) 0.62 (0.34) A5 nCD64 differed between infectious and non-infec-
nCDé4 (%) 2.59 (0.85) 3.87 (0.65) .002 tious patients. Furthermore, we are unsure whether

Values are mean (standard deviation). Statistically significant values are bolded.

Table 3. Test characteristics of nCD64 upon admission as a biomarker for predicting in-

hospital and long-term

mortality.

nCDé64 differed between bacterial exacerbation and
viral exacerbation. As increased nCDé4 is mainly an
early immune response to bacterial infection, infec-
tious patients might show a higher nCDé4 level than
non-infectious patients, but this should be proven with

Criteria In-hospital mortality Long-term mortality
Cutoff boint (% 33 33 further research.
ut-off point (%) : ’ Our results also showed the role of the nCDé4 in-
AUC 0.887 0.842 dex in the estimation of long-term prognosis in COPD
95% ClI 0.721-0.972 0.667-0.948 patients, indicating that a hlgher nCDé64 index mlght
predict not only the present exacerbation but also a risk
Sensitivity 80.0% 82.6% . . . .
of future exacerbation, which could result in a serious
Specificity 83.3% 75.0% prognosis in COPD patients. This result also indicated
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the entire cohort was 10.8 months. ROC analysis based
on post-discharge survival data (Figure 1b) identified
a nCDé4 index of 3.3 upon admission as the optimal
cut-off level to predict post-discharge mortality with
a sensitivity and specificity of 82.6% and 75.0%, re-

that nCD64 might play a critical role in COPD devel-
opment. The CDé4 index was an early marker of bac-
terial infection. However, it has also been shown that
increased CD64 expression was associated with nonin-
fectious inflammatory processes, such as acute pancre-
atitis, adenoid hypertrophy and total joint arthroplasty.
Thus, CDé4 might be considered not only a general
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marker of bacterial infection, but also a characteristic
of noninfectious inflammation. Thus, we suggest that
the elevation of nCDé4 in our study might be due to
infection and non-specific inflammation. An increased
nCDé4 index might be a marker of systemic inflamma-
tion in COPD patients. However, the prognostic value
of nCD64 in chronic COPD remains unclear. There is
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