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Abstract

introduction:The patients with Community-Acquired Pneumonia(CAP) could have a higher risk of acute and severe respiratory
illness than those without CAP in acute exacerbations of COPD(AECOPD).consequently,early identification of pneumonia in
AECOPD is quite important. metholds:62 subjects with AECOPD+CAP and 107 subjects with AECOPD were enrolled from
two clinical centers. Clinical parameters and the values of osteopontin (OPN),soluble triggering receptor expressed on myeloid
cells-1 (sTrem-1), C-reactive protein (CRP),procalcitonin (PCT),and neutrophil counts (NEU) were measured and compared
in AECOPD and AECOPD+CAP on the first day of admission. results:patients with AECOPD+CAP has increased presence
of fever, sputum volume,sputum purulence,diabetes mellitus,lower blood pressure, and higher carbon dioxide partial pressure
than AECOPD patients(p<0.05).At day1,AECOPD+CAP patients had higher values of NEU,CRP,PCT and OPN,while serum
sTREM-1 levels were similar in the two groups. CRP fares best at predicting acute exacerbation of COPD with pneumonia
with an area under the curve (AUC) of 0.78, while OPN had similar accuracy with Neu and PCT.the AUC value of OPN,Neu
and PCT was 0.61(95% CI 0.53-0.68) , 0.63(95% CI 0.55-0.70) and 0.68(95% CI 0.60-0.75) respectively(p<0.05 for the test
of difference). In multivariate analysis, plasma levels of CRP[?]15.8 mg/dL at day 1 and sputum purulence were promising
predictors of pneumonia in AECOPD. Conclusions:Patients with CAP in AECOPD patients present more clinical parameters
and increased biomarker levels but similar short-term outcomes. Combined with plasma CRP level and the clinical characteristic
of purulent sputum can be used to predict COPD complicated with pneumonia.
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ABSTRACT

introduction: The patients with Community-Acquired Pneumonia(CAP) could have a higher
risk of acute and severe respiratory illness than those without CAP in acute exacerbations of
COPD(AECOPD).consequently,early identification of pneumonia in AECOPD is quite important.
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metholds: 62 subjects with AECOPD+CAP and 107 subjects with AECOPD were enrolled from two clinical
centers. Clinical parameters and the values of osteopontin (OPN),soluble triggering receptor expressed on
myeloid cells-1 (sTrem-1), C-reactive protein (CRP),procalcitonin (PCT),and neutrophil counts (NEU) were
measured and compared in AECOPD and AECOPD+CAP on the first day of admission.

results: patients with AECOPD+CAP has increased presence of fever, sputum volume,sputum puru-
lence,diabetes mellitus,lower blood pressure, and higher carbon dioxide partial pressure than AECOPD
patients(p<0.05).At day1,AECOPD+CAP patients had higher values of NEU,CRP,PCT and OPN,while
serum sTREM-1 levels were similar in the two groups. CRP fares best at predicting acute exacerbation of
COPD with pneumonia with an area under the curve (AUC) of 0.78, while OPN had similar accuracy with
Neu and PCT.the AUC value of OPN,Neu and PCT was 0.61(95% CI 0.53-0.68) , 0.63(95% CI 0.55-0.70) and
0.68(95% CI 0.60-0.75) respectively(p<0.05 for the test of difference). In multivariate analysis, plasma levels
of CRP[?]15.8 mg/dL at day 1 and sputum purulence were promising predictors of pneumonia in AECOPD.

Conclusions: Patients with CAP in AECOPD patients present more clinical parameters and increased
biomarker levels but similar short-term outcomes. Combined with plasma CRP level and the clinical char-
acteristic of purulent sputum can be used to predict COPD complicated with pneumonia.

Keywords: COPD exacerbations, pneumonia ,Biomarkers, OPN, CRP, diagnostic accuracy

Clinical trial registration: ChiCTR-OOC-16009221.

introduction

Chronic obstructive pulmonary disease (copd) is characterized by persistent and progressive respiratory
symptoms and airflow limitation due to inhalation of noxious gases most commonly from tobacco. Acute
exacerbation of COPD (AECOPD) is a sudden and sustained worsening of respiratory symptoms in the nat-
ural course of COPD that requiring additional therapy. Many triggers have been shown to incite AECOPD,
among which infectious origin including either viral, bacterial or both pathogens are the commonest inciting
cause for AECOPD[1, 2]. these cases admitted with community-acquired pneumonia(CAP) were diagnosed
with AECOPD+CAP. according to present studies, the patients who present with radiological pneumonia
could have a more severe illness and a poorer prognosis than did those admitted without pneumonia in
exacerbation of COPD[3-5]. consequently, early identification of patients with AECOPD and pneumonia is
crucial for outcome. however, it is not easy to make an early diagnosis of pneumonia due to an blurred clin-
ical picture or interpretation of the chest film. Hence, in order to initiate the proper treatments timely and
improve their prognosis, clinicians need reliable surrogate biomarkers along with clinical signs and symptoms
to predict pneumonia in patients with AECOPD.

OPN is expressed in plenty of immune cells including neutrophils, macrophages , dendritic Cells, Natural
Killer cells, and T cells.it regulates both innate and adaptive immune responses by mediating Th1 in-
flammation, neutrophil chemotaxis and matrix remodeling[6].OPN has been found to be associated with
lung inflammation in different pulmonary diseases, including stable COPD[7, 8],AECOPD[9], Klebsiella
pneumoniae-induced pneumonia [10],and pneumococcal pneumonia[11].however, less is known about serum
OPN levels in admitted AECOPD patients with pneumonia. OPN may also be a useful biomarker to dis-
criminate pneumonia from AECOPD.

Triggering receptor expressed on myeloid cells (Trem-1),as a receptor, is expressed on neutrophils and mono-
cytes. Its expression is up-regulated on phagocytic cells by bacterial or fungal products[12, 13].sTREM-1
is a soluble form of trem1.previous studies indicated that strem1 is a diagnostic marker of the presence of
infectious disease including pneumonia[14] and sepsis[15, 16]. In addition, serum levels of strem1 is also
increased in many non-infectious respiratory diseases such us asthma ,AECOPD[17, 18]. Hence, sTREM-1
may be useful for AECOPD and pneumonia. However, The value of serum sTREM-1 in distinguishing
among pneumonic and non-pneumonic exacerbations in COPD patients has not been evaluated.
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In summary, Elevated levels of the above-mentioned biomarkers seem to be implicated in the pathogen-
esis of pneumonia and AECOPD.Besides,Neutrophil counts(Neu),C-reactive protein (CRP) and procalci-
tonin (PCT) in peripheral blood are increased in AECOPD patients and more so in AECOPD compli-
cated with pneumonia[5, 19, 20].Consequently,In this cross-sectional study, we compared the differences of
CRP,PCT,OPN,STREM-1,Neu and clinical parameters in AECOPD patients with or without pneumonia in
china. In addition, we compared with the diagnostic profiles of these biomarkers between pneumonic and
non-pneumonic exacerbations in COPD patients.

Patients and methods

The prospective study followed the declaration of Helsinki and was conducted from September 2016 to Febru-
ary 2019 after receiving approval from the ethics Committee of the Second Clinical Hospital of Chongqing
Medical University.All subjects signed informed consent before inclusion in this study. All patients who had
a clinically identified AECOPD were recruited in this study once admitted to hospital.AECOPD is charac-
terized by sudden worsening of respiratory symptoms including increased dyspnea, increased sputum volume
and purulence.and requiring changes in treatment in patients with COPD. CAP was defined according to the
following criteria:1. Clinical signs and symptoms of lung infection as well as a new radiographic pulmonary
infiltrate at admission; 2. Compatible symptoms occur in the community rather than in the hospital.The
CURB-65 pneumonia severity score was assessed and its interpretation is as follows:0-1: Probably suitable
for home treatment; low risk of death,2: Consider hospital supervised treatment,3:Manage in hospital as
severe pneumonia; high risk of death. Exclusion criteria were as follows: other significant respiratory dis-
eases including asthma, tuberculosis, bronchiectasis and pulmonary fibrosis; Ischemic Heart Diseases such
as a history of coronary heart disease, acute heart failure or acute attack of chronic heart failure and acute
myocardial infarction; malignancy;autoimmune diseases;other inflammatory conditions or inflammatory pro-
cesses that could be associated with abnormal sTREM-1 ,OPN ,PCT and CRP levels.In all subjects ,plasma
CRP ,neu and plasma procalcitonin (PCT) were measured by routine automated tests. arterial blood gas
analysis on admission. All patients underwent chest X-ray or CT examination in the outpatient or inpatient
department.Lung function tests were implemented by professional technicians in all subjects.data on demo-
graphic variables were collected on admission. clinical manifestations of acute episodes were recorded and
data on clinical status during hospitalization were collected.

Microbiological surveys

Sputum specimens were attempted to be obtained on admission for bacteria and fungi culture in all patients.
Two blood cultures were performed when the AECOPD patients admitted to hospital with or without pneu-
monia had a fever. Besides, combined serological tests of immunoglobulin M antibodies to respiratory tract
pathogens by pairing sera were performed at admission, which helped to diagnose the following microor-
ganisms including Respiratory Syncytial Virus (RSV), Adenovirus, Legionella pneumophilia, Mycoplasma
pneumonia, Chlamydophila pneumonia, rickettsia and parainfluenza virus.

Sample collection and measurement of OPN and sTREM-1.

Blood samples were drawn in coagulation promoting tubes and centrifuged at 3000 rpm for 10 min at room
temperature within 120 minutes of collection. the supernatants were obtained and stored at -80degC until
analysis the serum fraction was withdrawn and stored at -80degC for measurements of OPN, and Strem-1.
The laboratory team who determined OPN, and Strem-1 was blinded to the clinical data.

3



P
os

te
d

on
A

ut
ho

re
a

16
O

ct
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

28
84

96
.6

26
10

43
1/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Statistics

Normally distributed variables were presented as mean+-standard deviation (SD),and independent two-
tailed test was used to analyze differences between the two groups. skewed variables were presented as
median (interquartile ranges, IQR),and differences in the variables were analyzed using Mann-Whitney U-
tests. Categorical variables are described as frequencies and proportions, their differences were evaluated by
X2 test or Fisher’s exact test when necessary. the above-mentioned statistical analyses were conducted by
spss 23 software program (IBM Corporation, Armonk, NY,USA) ,and p < 0.05 was regarded as statistical
significance.Variables with a P<0.15 in the univariate analysis were retained as covariates in the forward
stepwise selection procedure of multivariate analysis, A Hosmer-Lemeshow goodness-of-fit test was also
figured up.The Receiver operating characteristic (ROC) curves were calculated to compare the accuracy
of blood biomarkers in diagnosis of pneumonia in patients with AECOPD using MedCalc software 15.8
(Mariakerke, Belgium).

Results

From November 2016 to February 2019,a total of 169 patients who met the inclusion criteria were enrolled,
of which 107 patients had AECOPD and 62 patients were diagnosed with AECOPD and CAP. In this exper-
iment, the combined serological tests of immunoglobulin M antibodies to nine respiratory tract pathogens
were conducted in 50.3% of the patients, while blood culture examination and the sputum culture were
implemented in 13% and 85.8% of patients respectively. CURB-65 score was 0-2 in all patients.there were no
significant differences between the two groups in terms of age, BMI, sex, current smoking history, percentage
of patients treated with inhaled glucocorticoids, systemic corticosteroids (SCS) or antibiotics,lung function
and duration of copd exacerbation before Admission. (Table 1).

Compared with AECOPD group, more patients in AECOPD+CAP group had fever, increased sputum
volume, increased sputum purulent components, diabetes mellitus, lower blood pressure, and higher carbon
dioxide partial pressure. there was no significant difference in the proportion of patients requiring mechanical
ventilation, emergency treatment, admission to the intensive care unit, invasive/noninvasive mechanical ven-
tilation. In addition , no significant differences were found for respiratory failure(Table 2).confirmed infective
pathogens were found in 24 patients with AECOPD(22.4%) and 11 patients with AECOPD+CAP(17.7%;not
significant [NS]).(Table 3).Mixed infection was confirmed in 1 patient with AECOPD (4.2%%) and in 3 pa-
tients with AECOPD+CAP (27.3%; [NS]). By comparing the infection microorganisms, we found that
AECOPD+CAP patients were prone to be infected with respiratory virus,and there were no difference in
other microbial etiologies between groups.

On the first day after admission, we examined the levels of blood markers in 107 patients with AECOPD and
62 patients with AECOPD and CAP. The levels of CRP, PCT, Neu, and OPN in AECOPD+CAP patients
were significantly higher than those in AECOPD patients. However, there were no significant differences in
serum levels of sTREM-1 between the two groups(Table 2,Figure 2)

By using MedCalc software 15.8, we found that CRP showed the best diagnostic performance while
PCT,NEU,OPN presented similar diagnostic discrimination property.the area under the ROC curve (AUC)
was 0.78(95% CI 0.71-0.86) for CRP,0.68(95% CI 0.59-0.77) for PCT, 0.63(95%CI 0.54-0.72) for Neu,
0.61(95%CI 0.52-0.70) for OPN((Table4,Figure 1).

To characterize early clinical predictors of pneumonia in AECOPD patients, the logistic regression analysis
(table 5) was performed. Variables including fever,sputum purulence, increased in sputum volume, diabetes
mellitus ,PCT[?]0.07ng/mL,Neu[?]6.41x10ˆ9/L, CRP[?]15.8 mg/dL and OPN [?]14.28ng/mL were retained
as covariates in the forward stepwise selection procedure of multivariate analysis. we found that plasma level
of CRP[?]15.8 mg/dL and sputum purulence are independent factors of pneumonia in AECOPD(Table 5).

4



P
os

te
d

on
A

ut
ho

re
a

16
O

ct
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

28
84

96
.6

26
10

43
1/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Discussion

This study found that: 1) the levels of CRP, PCT, Neu, OPN were higher in patients with AECOPD
and pneumonia than in AECOPD patients without pneumonia, while serum sTREM-1 were similar in the
two groups. 2) We found that CRP showed the best diagnostic accuracy for identifying pneumonia in
AECOPD patients,while OPN had poor and similar accuracy with Neu and PCT.3) Our logistic model
found that combined with plasma CRP level and the clinical characteristic of purulent sputum can be used
to predict COPD complicated with pneumonia.4)In the demographic variable comparison,patients admitted
with pneumonia in AECOPD had increased presence of fever, sputum volume,sputum purulence,diabetes
mellitus,lower blood pressure, and higher carbon dioxide partial pressure than AECOPD patients. 5) patients
with radiological pneumonia had similar short-term outcomes with those admitted without pneumonia in
exacerbation of COPD including hospital stays,use of ventilatory assistance, need for emergency treatment
and admission to ICU.

Patients with COPD are prone to CAP than those without COPD[21, 22]. early identifying patients with
AECOPD and CAP aids clinical treatment decisions, thus improving their prognosis. In clinical work, it
is not easy to make an early diagnosis of pneumonia because sometimes chest radiography is not sensitive
enough for identifying pulmonary exudation and consolidation[23-25]. consequently based on these, more
and more scholars are trying to find reliable blood biomarkers to predict pneumonia in AECOPD in recent
years, thus helping guide clinicians to make correct treatment decisions in these patients.

the present study demonstrated that CRP on day1 was significantly better than PCT,OPN,and NEU for dis-
crimination of pneumonic and non-pneumonic exacerabtions in AECOPD patients. logistic regression model
showed that CRP and increased sputum purulent components are independent predictors of pneumonia in
AECOPD.similarly, A study in 2013 comparing the diagnostic performance of CRP, PCT, TNF-alpha and IL-
6 demonstrated that only CRP on day 1 could independently predict AECOPD with pneumonia[26].However,
two recent studies have shown that the AUC value of CRP was higher than PCT,and the test of difference
was not statistically significant[19, 27].possible explanations for the gap may be due to the differences in
copd severity[27] and pneumonia severity [19].In addition, previous studies suggested that PCT could be
a promising biomarker for diagnosing bacterial infection during exacerbations of COPD,eapecially in se-
vere COPD Exacerbations requiring Mechanical Ventilation [28, 29],while CRP was found to be correlated
with mixed viral/bacterial infections of AECOPD[30].Recent studies have shown that CRP and PCT might
be of interest as biomarkers in guiding the use of antibiotics in patients with AECOPD,without evidence of
harm[30, 31].Herein, we take it that plasma CRP on day 1 is a promising biomarker to identify pneumonia in
AECPD patients especially in some cases where infiltrates on chest x-ray or CT are doubtful or the property
of the consolidation on LDCT in elderly patients is uncertain such us pneumonia, metastasis, lung cancer,
and diffuse parenchymal lung diseases,etc. preclinical studies have shown that OPN seems to be involved in
the pathogenesis of COPD and pneumonia.In our study,Increased serum level of OPN have been observed
in patients with AECOPD and pneumonia,compared with patients with AECOPD. Future studies will have
to explore the role of OPN in the pathogenesis of AECOPD and pneumonia and find its effective clinical
applications such as a possible treatment target.The diagnostic accuracy of OPN was similar to that of PCT
and Neu, but significantly lower than that of CRP.Serum OPN had a sensitivity of 65% and a specificity
of 57% for diagnosing pneumonia in addition to COPD.accordingly,serum OPN as a single biomarker was
not so reliable for diagnosing AECOPD with pneumonia. strem1 was found to be as a promising diagnostic
marker of the presence of pneumonia[14], sepsis[32] and AECOPD[18]. to the best of our knowledge, no
studies have compared strem1 levels in patients with AECOPD with or without CAP. We first discovered
that strem1,an established biomarker of systemic inflammation, showed no predictive value for differenti-
ating pneumonic and non-pneumonic exacerabtions in COPD patients.Moreover,in the study by Rohde et
al,the value of serum Strem-1 in determination of AECOPD etiology were evaluated.the results showed that
sTREM-1 could not be used to identify bacterial exacerbation of COPD[17].

our study found that patients with AECOPD+CAP present more severe clinical parameters. The patients
showed increased presence of fever, sputum volume, sputum purulence, diabetes mellitus,lower blood pressure
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and higher carbon dioxide partial pressure compare with AECOPD patients. In agreement with these
findings, studies comparing clinical features between pneumonic and non-pneumonic exacerbations in COPD
patients confirmed patients with pneumonia in addition to AECOPD tend to show presence of abnormal
clinical symptoms and signs[5,25,26].as for infection microorganisms, we found that AECOPD+CAP patients
were prone to be infected with respiratory virus,compared with patiens with AECOPD.However, the results
should be interpreted with caution because of the small sample size.

In our study, none of patients with AECOPD with/without pneumonia died, so we could not provide data
on short-term mortality outcome for AECOPD + CAP VS AECOPD. there was no significant difference in
the risk of respiratory failure, need for intensive care unit, invasive/noninvasive mechanical ventilation and
emergency treatment and in length of hospital stays between the two groups. The results indicated that
short-term clinical outcomes during hospitalization were similar between groups.

The strength of our study is that our study compare the clinical parameters and diagnostic accuracy of
serum OPN,STREM1, CRP, PCT, and NEU in a real-world environment. consequently, these findings can
be transferred to the hospital’s outpatient clinics and emergency department.

There are some limitations in our study. One limitation is that we didn,t follow up the patients after
discharge. Another limitation is that we didn,t know the levels of the biomarkers during stale COPD, and
many inflammatory markers’ levels in peripheral blood had been found to be increased during the stable
phase of COPD. In addition, according to CRUB-65 score, pneumonia is not severe in patients included in our
article, and some marker levels and clinical parameters can be different in severe and non severe pneumonia
patients. Therefore, our research results can only explain the relative difference between AECOPD patients
with non-severe pneumonia and those without pneumonia.

In summary, we find that AECOPD patients with pneumonia have severe clinical features, similar short-term
outcomes and higher levels of inflammatory biomarkers including CRP,PCT, OPN and Neu, compared to
those with pneumonia.In addition,CRP had the best ability to diagnose AECOPD with CAP,compared with
PCT, OPN and Neu. OPN,Neu,PCT and sTREM-1 blood levels have poor abilities to identify patients with
AECOPD and pneumonia, indicating that CRP maintains the major role at this regard. combination with
CRP and sputum purulence is useful to predict pneumonia in AECOPD patients.
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