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INTRODUCTION

	 Chronic Obstructive Pulmonary Disease (COPD) 
is an incompletely reversible airflow obstruction 
induced chronic airway inflammation which devel-
ops progressively and mainly involves lung.1,2 The 
symptoms of patients with acute exacerbations of 
chronic obstructive pulmonary disease (AECOPD) 
include cough, short of breath or aggravated 
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ABSTRACT
Objective: To observe the changes in the levels of C-reactive protein (CRP) and procalcitonin (PCT) in 
serum of patients with acute exacerbations of chronic obstructive pulmonary disease (AECOPD) and to 
compare with the values of CRP in combination with PCT in the diagnosis and treatment of infective 
exacerbation of COPD. 
Methods: One hundred and sixty-four patients who developed acute exacerbation of COPD and admitted 
to the Binzhou People’s Hospital from March 2014 to December 2015 were selected. They were divided into 
an infection group (N=98) and a non-infection group (N=66) according to bacterial culture results of sputum 
and lung computer tomography (CT) examination results. Moreover, 50 healthy people were selected as 
a normal control group. The levels of PCT and CRP of the three groups were determined respectively; 
patients in the infection group and non-infection group were determined again after administration of 
antibacterial drugs for a period of time. The results were all recorded.
Results: The levels of PCT and CRP of the infection group were significantly higher than those of the 
non-infection group and the normal control group before treatment, and the difference had statistical 
significance (P<0.05). The levels of PCT and CRP were (1.97±0.13) μg/L and (7.34±2.66) mg/L respectively 
in the infection group after treatment, which was much lower than the levels before treatment (P<0.05). 
The level of PCT of the infection group was remarkably higher than that of the non-infection group after 
treatment (P<0.05), but the difference of CRP level between the infection group and non-infection group 
had no statistical significance (P>0.05). The specificity and sensitivity of diagnosing COPD in combination 
with bacterial infection with PCT or CRP were lower than those of PCT in combination with CRP.
Conclusion: Levels of CRP in combination with PCT is a reliable index for determining the existence 
of bacterial infection, which is of great clinical guidance significance to the treatment and prognosis 
assessment of AECOPD patients.
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wheeze, increased purulent or mucopurulent spu-
tum, etc. The lung function of the patients may be 
worse continuously, which may even cause death 
in severe conditions; disease condition can still be 
aggravated even in remission period.3,4 Antibiotics 
are usually used for treating AECOPD in clinics; 
however, not all AECOPD patients require antibi-
otic therapy.5 Therefore, determining whether pa-
tients with AECOPD have bacterial infection rap-
idly and early is especially important.
	 The laboratory detection of infectious diseases 
mainly focused on white blood cell (WBC), eryth-
rocyte sedimentation rate (ESR) and N which were 
the basis for the application of antibacterial drugs; 
but the indexes which are lack of specificity may 
result in misdiagnosis and missed diagnosis, lead-
ing to delayed treatment and increased mortality.6 
C-reactive protein (CRP) and procalcitionin (PCT) 
are both the resistance products which are gener-
ated when pathogenic microorganism invades hu-
man body and stimulates cells. In recent years, they 
have been the new cytokine indexes for diagnosing 
bacterial infection and have been gradually paid at-
tention to.7,8 Through observing the changes of PCT 
and CRP levels, this study investigated the values 
of them in the diagnosis and treatment of COPD in 
combination with bacterial infection.

METHODS

Instruments and reagents: The level of PCT was 
detected with Roche Cobas E601 fully automatic 
electro-chemiluminescence immunoassay analyzer 
and reagents using electrochemiluminescence. The 
level of CRP was detected with Roche Cobas 8000 
fully automatic biochemical analyzer and reagents 
using immunoturbidimetry.
General data: One hundred and sixty-four COPD 
patients who were admitted to the Binzhou People’s 
Hospital were randomly selected, including 127 
males and 37 females (average age: 66.8±10.2 
years). All patients were diagnosed according to 
The Guidelines of the Diagnosis and Treatment of 
Chronic Obstructive Pulmonary Disease formulated 
by COPD team of Respiratory Disease Branch of 
Chinese Medical Association,9 and all of them were 
at the stage of acute exacerbation, i.e., they had 
any two of the following symptoms: aggravated 
anhelation accompanied by gasp and chest distress; 
aggravated cough and increased purulent sputum; 
fever; rhonchi and wheezing rale; respiratory failure. 
The liver function of the patients was featured by 
incompletely reversible airway limitation. After 
use of bronchodilators, forced expiratory volume 

in 1 second (FEV1) < 80% of predicted value and 
FEV1/forced vital capacity (FVC) < 70%. Patients 
who had diseases which could induce the increase 
of PCT and CRP levels, took antibiotics four weeks 
before admission, required invasive mechanical 
ventilation, had contraindications to hormones or 
had disturbance of consciousness were excluded. 
The enrolled subjects were informed with the 
purpose and significance of the study. The study 
has been reviewed and approved by the ethics 
committee of our Binzhou People’s Hospital. 
All research subjects have signed informed 
consent. After being diagnosed based on bacterial 
culture results of sputum and relevant imaging 
examination results, the patients were divided into 
an infection group (with positive bacterial culture 
results) (N=98) and a non-infection group (N=66). 
In the infection group, there were 79 males and 19 
females, with an average age of (66.9±7.1) years. In 
the non-infection group, there were 48 males and 
18 females, with an average age of (67.8±12.6) years. 
Moreover, 50 healthy people without bacterial 
infection were selected as a normal control group, 
including 35 males and 15 females (average age: 
67.4±13.2 years). The  general data of the subjects 
in the three groups had no remarkable difference 
(P>0.05); therefore, the results were comparable.
Test methods: Firstly, 5ml of fasting venous blood 
was extracted from each patient using an ordinary 
biochemical tube which was not added with antico-
agulant. After 30 min of still standing at room tem-
perature, the blood was centrifuged at 3000 rpm for 
10 min. Then the serum PCT and CRP levels were 
detected. The PCT and CRP levels of the normal 
control group were detected in the same conditions. 
The disease conditions became clinically stable af-
ter a period of treatment using antibacterial drugs. 
Antibacterial drugs were stopped when imaging 
examination suggested relieved pulmonary inflam-
mation; venous blood was extracted for the detec-
tion of PCT and CRP levels in the morning on the 
second day. The levels of PCT and CRP were com-
pared before and after treatment.
Statistical methods: SPSS 21.0 was used for 
data processing. The data were expressed as 
mean±standard deviation (SD). The differences 
were analyzed by one-way analysis of variance 
and t test. Difference was considered as statistically 
significant if P<0.05.

RESULTS

Comparison of serum PCT and CRP levels before 
treatment: The levels of PCT and CRP of the 
infection group were higher than those of the non-
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infection group and the normal control group 
before treatment, and the difference had statistical 
significance (P<0.05); the levels of PCT and CRP 
of the non-infection group were higher than those 
of the normal control group before treatment, and 
the difference was statistically significant (P<0.05) 
(Table-I).
Comparison of PCT and CRP levels between the 
infection group and the non-infection group before 
and after treatment: The levels of PCT and CRP 
of the infection group after treatment were much 
lower than those before treatment, and there was an 
obvious difference (P<0.05); the PCT and CRP levels 
of the non-infection group indicated no remarkable 
difference before and after treatment (P>0.05); the 
level of PCT of the infection group was higher than 
that of the non-infection group after treatment 
(P<0.05), and the CRP level of the infection group 
was not remarkably different with that of the non-
infection group (P>0.05) (Table-II).
The diagnosis of COPD in combination with 
bacterial infection based on PCT and CRP levels: 
COPD in combination with bacterial infection was 
diagnosed by PCT alone, CRP alone and PCT in 
combination with CRP. The results demonstrated 
that, the diagnostic indexes of the combination 
detection were superior to those of single detection 
(Table-III).

DISCUSSION 

	 The incidence of COPD is 9% to 10% among 
patients over 40 years old, and moreover the 
morbidity and mortality rate of COPD remain high, 
which severely threatens the lives of patients. It has 
been found that, about 25% to 50% of COPD cases are 
induced by bacterial infection.10 Previously, clinical 
doctors determine bacterial infection according 
to experience or the changes of WBC and ESR; 
however, error diagnosis is easy to happen due to 

the low specificity and sensitivity, which can bring 
severe adverse impacts to the subsequent treatment 
of patients.11 PCT as a marker for bacterial infection 
has attracted more and more attentions in recent 
years. PCT in combination with CRP is valuable in 
the diagnosis of COPD in combination with bacterial 
infection and reasonable use of antibacterial drugs. 
Calcitonin (PCT) is a kind of polypeptide hormone 
extracted from the culture solution of thyroid tumor 
at the earliest. Therefore, it is a serological marker 
for thyroid tumor. PCT is the precursor of CT, has an 
extremely low level in the serum of normal people. 
But the level of PCT is high in the serums of patients 
with systemic inflammatory reactive syndrome, 
acute and chronic pneumonia. Compared to WBC, 
interleukin (IL)-6, tumor necrosis factor (TNF)-2, 
CRP and soluble selectin, PCT is a quite sensitive 
serologic marker, which is free from the influence 
of hormone level in human body; moreover, it is 
beneficial to detection because of its high stability 
in vivo and vitro.12,13 The research results suggested 
that, the PCT level of the infection group was 
remarkably different with that of the normal control 
group before treatment (P<0.05); the serum PCT 
level of the infection group and the non-infection 
group was significantly different with that of the 
normal control group (P<0.05); after treatment, the 
PCT level of the infection group and non-infection 
group had an obvious difference (P<0.05). The 
above findings suggested that, PCT was sensitive to 
bacterial infection reaction, and its level in the body 
of healthy people was so low that almost could not 
be detected. Thus PCT is an important marker for 
bacterial infection and also an important index for 
the determination of the category and activity of 
inflammation.
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Table-I: Comparison of levels of PCT and CRP between 
the three groups before treatment (mean±SD).

Group	 N	 PCT (μg/L)	 CRP (mg/L)
Infection group	 98	 2.52±2.89	 73.81±18.27
Non-infection group	 66	 0.17±0.07	 7.91±3.01
Normal control group	 50	 0.02±0.01	 3.53±1.26
F		  13.324	 10.183
p		  <0.05	 <0.05

Table-II: Comparison of the levels of PCT and CRP 
between the infection group and non infection 
group before and after treatment (mean±SD).

Group	 	 PCT (μg/L)	 CRP (mg/L)
Infection group	 Before 	 2.52±2.89	 73.81±18.27
	 After 	 1.97±0.13*#	 7.34±2.66*

Non-infection	 Before 	 0.17±0.07	 7.91±3.01
  group	 After 	 0.23±0.06	 7.27±2.43
Note: * indicated P<0.05 compared to before treatment;
# indicated P<0.05 compared to the non-infection group 
after treatment.

Table-III: Efficiency analysis of diagnosing COPD in combination with PCT and CRP levels (%).
Index	 N	 Specificity	 Sensitivity	 Missed diagnosis rate	 Misdiagnosis rate
PCT	 98	 86(87.8)	 68(69.4)	 30(30.6)	 11(11.2)
CRP	 98	 65(66.3)	 91(92.9)	 7(7.1)	 33(33.7)
PCT in combination with CRP	 98	 88(89.8)	 89(90.8)	 5(5.1)	 10(10.2)
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	 CRP as an acute phase protein indicates a sig-
nificantly higher level in the early stage of inflam-
mation. Besides bacterial infection, acute rejection 
reaction and surgery can also induce the increased 
level of CRP, suggesting the lack of specificity to 
infection; after the termination of inflammatory 
stimulus, the synthesis of CRP in the liver can still 
last for several days.14,15 The  results of this study 
suggested that, the CRP level of the infection group 
and non-infection group had a remarkable differ-
ence (P<0.05); the CRP level of the infection group 
and non‑infection group was significantly different 
with that of the normal control group before and af-
ter treatment (P<0.05); the level of CRP of the infec-
tion group and non-infection group had significant 
difference after treatment (P>0.05). It could be con-
cluded that, CRP was unable to help distinguish the 
degree of bacterial infection, especially in the late 
stage. Through comparing the PCT and CRP levels 
of 169 patients without infection and 200 patients 
with infection, Zhang Yanping et al. found that,16 
the CRP and PCT levels of the infection group were 
much higher than those of the non-infection group 
before treatment ((73.16±8.35) mg/L vs (7.89±2.43) 
mg/L); ((2.47±0.52) μg/L vs (0.19±0.07) μg/L) and 
(11.31±3.63) mg/L vs (7.23±1.87) mg/L; (1.98±0.45) 
μg/L vs (0.18±0.06) μg/L) after treatment. The re-
search results of this study were consistent with the 
above conclusions, suggesting the results of this 
study were scientific and referable.

CONCLUSION

	 PCT level in combination with CRP level is a 
sensitive and  specific index for determining the 
existence of bacterial infection in AECOPD patients. 
The detection method is featured by simple 
operation and high practicability. The detection 
of PCT level in the course of disease is beneficial 
to clinical application. Therefore, all AECOPD 
patients are suggested for undergoing serum PCT 
and CRP levels detection before treatment to help 
the diagnosis of bacterial infection and guide the 
reasonable use of antibacterial drugs.
Declaration of interest: All authors declared there 
was no conflict interests involved.
Grant Support & Financial Disclosures: None.

REFERENCES
1.	 Vestbo J, Hurd SS, Agustí, AG, Jones PW, Vogelmeier C, Anzueto 

A, et al. Global strategy for the diagnosis, management, and 
prevention of chronic obstructive pulmonary disease: GOLD 
executive summary. Am J Respir Crit Care Med. 2013;187(4):347-365. 
doi:10.1164/rccm.201204-0596PP

2.	  Gong F, Ye RH, Lin H. Risk factors for pulmonary fungal infections 
in patients with chronic obstructive pulmonary disease. Chin J 
Nosocomiol. 2014;24(13):3237-3239. doi:10.11816/cn.ni.2014-133079

3.	 Zeng XF, Chen F, Liu N, Xie S, Li K, Wang XX. Value of procalcitonin 
in guiding the treatment for acute exacerbation of chronic 
obstructive pulmonary disease. J Pract Med. 2010;26(22):4093-4095. 
doi:10.3969/j.issn.1006-5725.2010.22.019

4.	 Huang BJ, Xiao Z, Wang CQ, Chu YL, Hu SY, Zhang QP, Qiu LM, 
Yu CY. Meta analysis of hospital fungal infection characteristics and 
high-risk factors of chronic obstructive pulmonary disease. J Pract 
Med. 2015;31(1):110-115. doi:10.3969/j.issn.1006-5725.2015.01.036

5.	 He SP. Clinical study of AECOPD secondary pulmonary fungal 
infection. J Clin Pulmonary Med. 2013;18(8):1505-1506. doi:10.3969/j.
issn.1009-6663.2013.08.076

6.	 Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, Calverley P, et al. 
Global strategy for the diagnosis, management, and prevention of 
chronic obstructive pulmonary disease: GOLD executive summary. 
Am J Respir Crit Care Med. 2007;176(6):532-555. doi:10.1164/
rccm.200703-456SO

7.	 Sandhu SK, Chu J, Yurkovich M, Harriman D,  Taraboanta 
C,  Fitzgerald JM. Variations in the management of acute 
exacerbations of chronic obstructive pulmonary disease. Can Respir 
J. 2013;20(3):175-179.

8.	 Schuetz P, Christ Crain M, Müller B. Procalcitonin and other 
biomarkers to improve assessment and antibiotic stewardship in 
infections-hope for hype? Swiss Med Wkly. 2009;139(23-24):318-326. 
doi:smw-12584

9.	 The Guidelines of the Diagnosis and Treatment of Chronic 
Obstructive Pulmonary Disease (2013). Chinese J Tuberc Respir Dis. 
2014;6(2):67-80. doi:10.3760/cma.j.issn.1001-0939.2013.04.007

10.	 Zielinska-Borkowska U, Skirecki T, Zotorowicz M, Czarnocka B. 
Procalcitonin in early onset ventilator-associated pneumonia. J Hosp 
Infect. 2012;81(2):92-97. doi:10.1016/j.jhin.2012.02.011

11.	 Redl H, Schiesser A, Tögel E, Assicot M, Bohuon C. Possible role of 
TNF on procalcitonin release in a baboon model of sepsis. Shock. 
2001;16(1):25-27.

12.	 Schuetz P, Albrich W, Mueller B. Procalcitonin for diagnosis of 
infection and guide to antibiotic decisions: past, present and future. 
BMC Med. 2011;9:107. doi:10.1186/1741-7015-9-107

13.	 Long W, Deng XQ, Xie J, Tang JG, Gao YY, Lu G, et al. The value of 
serum procalcitonin in treatment of acute exacerbations of chronic 
obstructive pulmonary disease. Chin J Emerg Med. 2008;17(9):974-
977. doi:10.3760/j.issn:1671-0282.2008.09.019

14.	 Kherad O, Kaiser L, Bridevaux PO, Sarasin F, Thomas Y,  Janssens 
JP,  et al. Upper-respiratory viral infection, biomarkers, and COPD 
exacerbations. Chest. 2010;138(4):896-904. doi:10.1378/chest.09-2225

15.	 Martinez JL, Luque-de-León E, Ferat-Osorio E, Estrada-Castellanos 
A. Predictive value of preoperative serum C-reactive protein for 
recurrence after definitive surgical repair of enterocutaneous fistula. 
Am J Surg. 2017;213(1):105-111. doi:10.1016/j.amjsurg.2016.05.008

16.	 Zhang YP, Zhou LJ. Diagnostic value of C-reactive protein and 
procalcitonin for bacterial infection in acute exacerbations of chronic 
obstructive pulmonary disease. J Central South University (Med Sci). 
2014;39(9):939-943. doi:10.11817/j.issn.1672-7347.2014.09.013

Authors’ Contribution:

YYL: Study design, data collection and analysis. LLX , SZX 
& KSL: Manuscript preparation, drafting and revising. 
YYL & KSL: Review and final approval of manuscript.

Diagnosis & treatment of COPD

	 Authors:

1.	 Yanyan Li,
	 Respiratory Department,
2.	 Linlin Xie,
	 Infection Department (II),
3.	 Shuzhen Xin,
	 ICU,
4.	 Kaishu Li,
	 Respiratory Department,
1-4:	 Binzhou People’s Hospital,
	 Shandong 256603, China.


	_ENREF_18
	_GoBack
	_GoBack
	bib4
	bib6
	JOURNAL-PMED-0030101-B006
	JOURNAL-PMED-0030101-B008
	JOURNAL-PMED-0030101-B009
	bb0250
	_GoBack
	ft13
	_Hlk478698426
	_GoBack
	OLE_LINK39
	OLE_LINK40
	OLE_LINK29
	OLE_LINK38
	OLE_LINK41
	OLE_LINK42
	OLE_LINK43
	OLE_LINK37
	OLE_LINK36
	OLE_LINK44
	OLE_LINK45
	OLE_LINK46
	OLE_LINK47
	OLE_LINK22
	OLE_LINK21
	OLE_LINK48
	OLE_LINK49
	OLE_LINK50
	OLE_LINK97
	_GoBack
	_GoBack
	page4
	_GoBack
	OLE_LINK1
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	1756512
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_13
	_ENREF_74
	_ENREF_75
	_ENREF_76
	_ENREF_77
	_ENREF_78
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_GoBack
	OLE_LINK9
	OLE_LINK10
	OLE_LINK5
	OLE_LINK11
	OLE_LINK12
	OLE_LINK13
	OLE_LINK14
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	Display
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_33
	_GoBack
	_ENREF_10
	_GoBack
	_GoBack
	_GoBack

