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Abstract
Background: This study aims to investigate the chlamydia pneumoniae infection (PC) in patients with coronary
heart disease.
Methods: A total of 92 patients with coronary heart disease, who were treated with percutaneous coronary
intervention (PCI), were selected as the case group. In addition, 50 healthy people were enrolled as the control
group. The incidences of CP infection and serum Chlamydia pneumoniae IgA antibody (CP-IgA), high sensitive Creactive protein (hs-CRP), and interleukin-6 (IL-6) were compared in these two groups. The classification of coronary
artery lesion, the incidence of perioperative cardiovascular events, and adverse prognosis events within six months
after procedure were compared.
Results: The incidence of CP infection in the case group was higher (42.4% vs. 0%, P < 0.05). Furthermore, 17
patients were at grade I, 39 patients were at grade II, and 36 patients were at grade III. The incidences for these
three kinds of patients were 17.6, 30.8, and 66.7%. The incidence of CP infection at grade III was higher than that of
grade I or II (P < 0.05). Serum CP-IgA, hs-CRP and IL-6 levels increased with the severity of the coronary artery
disease (P < 0.05), and the serum hs-CRP and IL-6 levels of patients with perioperative cardiovascular events were
higher (P < 0.05). Moreover, the serum CP-IgA levels of the patients with adverse prognosis events were also higher
(P < 0.05).
Conclusions: Patients with coronary heart disease have a high CP infection rate. The degree of infection is relevant
to the severity of the coronary artery lesions and postoperative prognosis of patients, suggesting that CP infection
may be an important factor affecting the incidence and prognosis of coronary heart disease.
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Background
Coronary heart disease (CHD) is the most important
vascular disease that threatens human health and is
one of the main diseases that cause disability and
death in elderly patients [1, 2]. According to relevant
statistics of the United States, in fatal cases of over
65 years old, more than 50% of patients die from
CHD [3, 4]. Recently, percutaneous coronary intervention (PCI) has gradually become the main treatment for patients with CHD [5]. However, adverse
prognostic events still occur in some patients with
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CHD after PCI [6, 7]. A recent study confirmed that
[8] immunoinflammatory damage caused by pathogenic microorganism infection to the vascular wall
plays an important role in atherosclerotic diseases.
Chlamydia pneumoniae (CP) is a Chlamydia discovered in the 1980s. The results of related studies have
revealed that CP has a high infection rate worldwide,
and approximately 50% of adults and 10–20% of children are positive for serum CP antibodies [9]. CP infection can cause respiratory tract infections, such as
pneumonia, bronchitis, sinusitis and pharyngitis, and
is also correlated to CHD, endocarditis, meningitis,
erythema nodosum, bronchial asthma and other diseases [10, 11]. Although researchers have conducted a
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number of studies on the correlation between CP infection and CHD in recent years, none of these studies investigated the correlation between CP infection
and the prognosis of patients with CHD. Based on
this, in the present study, the correlation between CP
infection and the prognosis of patients with CHD was
analyzed by investigating their current status and
follow-up, providing an objective basis for clinical
diagnosis and treatment.

Methods
Clinical data

A total of 92 patients with CHD, who underwent PCI
in the General Department of Beijing Chaoyang
Hospital from June 2016 to June 2017, were enrolled
into the present study. These patients were assigned
as the case group. All patients were admitted and
underwent PCI for angina pectoris. Among these patients, 17 patients were stable angina pectoris and 75
patients were unstable angina pectoris. The exclusion
criteria: patients with other heart diseases; patients
with acute myocardial infarction history within three
months before inclusion into the present study; patients with stroke, malignancy, infectious disease and
autoimmune disease; patients with hepatorenal insufficiency. In addition, 50 healthy subjects, who received
physical examination in the same period, were enrolled into the present study. These subjects were
assigned as the control group and all of them were
excluded from CHD by clinical examination. The differences in age, gender composition, smoking history
and chronic diseases between these two groups were
not statistically significant (P > 0.05, Table 1). The
identification of chlamydia was after percutaneous
intervention.

Therapeutic methods

All patients in the case group underwent coronary angiography by digital subtraction angiography (DSA). PCI
was performed for coronary arteries with a diameter of
≥2.0 mm and a severity of stenosis of ≥70%.
Observation indicators and detection methods

On the next day, the subjects were included into the
present study. On the day before the PCI, fasting peripheral venous blood samples were collected from these
two groups of subjects, centrifuged to separate the
serum at room temperature, and the serum was placed
in a refrigerator at − 80 °C for detection. The levels of
Chlamydia pneumoniae IgA antibody (CP-IgA), hypersensitive C-reactive protein (hs-CRP) and interleukin-6
(IL-6) in the serum samples were detected and compared using enzyme-linked immunosorbent assay
(ELISA). The method was as follows: the serum samples
and standard sample were placed in the reaction wells,
incubated, washed down from the plate and patted to
dry, added with working fluid and chromogenic agent,
added with the elimination agent after the end of the reaction, and shaken to mix. The optic density (OD) of
these samples was read on an enzyme micro-plate reader
at a wavelength of 450 nm. Then, the standard curve
was drawn according to the standard concentration. The
cut-off index (COI) was used to represent the CP-IgA
titer. When the COI was > 1.1, it was diagnosed as positive CP infection. The severity of coronary artery lesions
in the case group was graded according to the results of
the coronary angiography. The standards for scoring
were as follows: the severity of stenosis of a single vessel
of < 50% was set as 0.5 point, the severity of stenosis of
a single vessel of ≥50% was set as 1 point, and the severity of stenosis of the left main trunk vessel of ≥50% was

Table 1 The clinical characteristics of the patients in the two groups
Clinical data
Gender

Age

Smoking history

Hypertension

Diabetes

Hyperlipidemia

case group(n = 92)

control group(n = 50)

Number of cases

constituent ratio

number of cases

constituent ratio

P

Male

78

84.8

41

82.0

0.58

Female

14

15.2

9

18.0

1.23

≥60

42

45.7

22

44.0

0.73

<60

50

54.3

28

56.0

0.65

Yes

35

38.0

19

38.0

0.92

No

57

62.0

31

62.0

0.71

Yes

34

37.0

18

36.0

0.83

No

58

63.0

32

64.0

0.66

Yes

14

15.2

8

16.0

1.42

No

78

84.8

42

84.0

0.47

Yes

16

17.4

10

20.0

1.16

No

76

82.6

40

80.0

0.62
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set as 3 points; a score within 0.5–1.5 was regarded as
grade I, a score within 1.5–2.5 was regarded as grade II,
and a score > 2.5 was regarded as grade III. The incidence of perioperative cardiovascular events, such as
coronary dissection, coronary spasm, intracoronary
thrombosis, no-reflow, acute myocardial infarction,
re-interventional therapy or surgical bypass surgery, and
cardiac death were observed and recorded in patients in
the case group during the operation, or within one week
after the operation. Patients in the case group were
followed up for six months after the operation, and the
follow up methods were telephone follow-up and
follow-up visit. The incidence of adverse prognostic
events, such as re-PCI, coronary artery bypass grafting
(CABG) and cardiac death, were followed up and
recorded.
Statistical analysis

Data were statistically analyzed using statistical software SPSS 19.0. The serum CP-IgA, hs-CRP and IL-6
levels were expressed as mean ± standard deviation (x
± SD). Comparisons among groups were conducted
using univariate analysis of variance. Pairwise comparison was conducted using the least significant difference (LSD). Variables were compared between the
two groups using independent sample t-test. The
non-normally distributed continuous data were compared using non-parametric tests. The CP infection
rate was expressed in percentage (%), and evaluated
using Chi-square test. P < 0.05 was considered statistically significant.

Results
Comparison of CP infection rate among patients with
different severities of CHD

For patients in the case group, 39 patients were positive for CP-IgA and the CP infection rate was 42.4%.
All subjects in the control group were negative for
CP-IgA, and the CP infection rate was 0. The difference between these two groups was statistically significant (X2 = 29.221, P = 0.000). In the present study,
among these 92 patients with CHD, 17 patients had
grade I coronary artery disease, 39 patients had grade
II coronary artery disease and 36 patients had grade
III coronary artery disease, the CP infection rates

were 17.6, 30.8 and 66.7%, respectively, and the difference was statistically significant (X2 = 15.106, P =
0.000). Among these patients, the difference in CP infection rate between patients with grade I coronary
artery disease and patients with grade II coronary artery disease was not statistically significant (X2 =
1.040, P = 0.308). However, the CP infection rate was
significantly higher in patients with grade III coronary
artery disease than in patients with grade I coronary
artery disease or grade II coronary artery disease, and
the differences were statistically significant (X2 =
11.103, P = 0.000; X2 = 9.665, P = 0.002; Table 2).
Comparison of serum CP antibody, hs-CRP and IL-6 levels
in patients with different severities of CHD

The differences in serum CP-IgA, hs-CRP and IL-6
levels between patients with different severities of
coronary artery disease and subjects in the control
group were statistically significant (P = 0.000). With
the aggravation of the severity of the coronary artery
disease, the serum CP-IgA, hs-CRP and IL-6 levels
gradually increased in patients with CHD, all were
significantly higher, when compared to those in the
control group, and the differences were statistically
significant (P = 0.000, Table 3).
Comparison of serum CP antibody, hs-CRP and IL-6 levels
in CHD patients with different perioperative conditions

Perioperative cardiovascular events occurred in 21 patients, and the incidence was 22.8%. Among these patients, coronary artery dissection occurred in eight
patients during the operation, coronary artery spasm
occurred in seven patients during the operation,
intracoronary thrombosis occurred in three patients,
acute myocardial infarction occurred in two patients
after the operation, and cardiac death occurred in one
patient. Serum hs-CRP and IL-6 levels were significantly higher in patients with perioperative cardiovascular events, than in patients without perioperative
cardiovascular events, and the differences were statistically significant (P = 0.000). However, the difference
in serum CP-IgA level between these two types of patients was not statistically significant (P > 0.05,
Table 4).

Table 2 The Chlamydia pneumoniae among the patients with different grades of coronary artery lesions
Grade I coronary artery disease(n = 17)

Grade II coronary artery disease(n = 39)

Grade III coronary artery disease (n = 36)

Infection cases

Infection cases

Infection cases

Infection rate
17.6c

3
χ2

15.106

P

0.000

12

Infection rate
30.8c

24

Infection rate
66.7ab

a.To compared with Grade I coronary artery disease, P < 0.05; b. To compared with Grade II coronary artery disease, P < 0.05; c. To compared with Grade III
coronary artery disease, P < 0.05
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Table 3 The serum CP-IgA, hs-CRP, IL-6 levels among the patients with different grades of coronary artery lesions (x ±s)
Index

Grade I coronary artery
disease (n = 17)

Grade II coronary
artery disease(n = 39)

Grade III coronary
artery disease (n = 36)

Control group (n = 50)

F

P

CP-IgA (COI)

0.62 ± 0.48bcd

1.01 ± 0.75acd

1.48 ± 0.82abd

0.33 ± 0.12abc

bcd

acd

hs-CRP (mg/L)

12.55 ± 8.038

28.67 ± 9.06

IL-6(ng/L)

1.17 ± 0.528bcd

2.15 ± 0.97 acd

9.037

0.002

36.98 ± 13.13

abc

7.46 ± 7.16

25.266

0.000

3.48 ± 1.24abd

0.52 ± 0.38abc

11.068

0.000

abd

a.To compared with Grade I coronary artery disease, P < 0.05; b. To compared with Grade II coronary artery disease, P < 0.05; c. To compared with Grade III
coronary artery disease, P < 0.05
d. To compared with control group, P < 0.05。

Comparison of serum CP antibody, hs-CRP and IL-6 levels
in CHD patients with different prognoses

During the six-month follow-up after the operation, adverse prognostic events occurred in 11 patients, and the
incidence was 12%. Furthermore, three patients were
treated with CABG, while cardiac death occurred in two
patients. In addition, serum CP-IgA levels were significantly higher in patients with adverse prognostic events
than in patients without adverse prognostic events, and
the differences were statistically significant (P = 0.000).
Moreover, the differences in serum hs-CRP and IL-6
levels between these two types of patients were not statistically significant (P > 0.05, Table 5).

Discussion
The results of the present study revealed that patients
with CHD have a higher CP infection rate, and the CP
infection rate and serum levels of CP-IgA, hs-CRP and
IL-6 also increased with the exacerbation of the severity
of CHD. This suggests that CP infection and inflammation play important roles in promoting the pathogenesis
and progression of CHD. Recently, the investigation on
new risk factors for the occurrence and development of
CHD has become a hot academic topic. The study on
the role of pathogenic microorganism infection in CHD
has attracted much attention on this background. CP
can be propagated through peripheral blood mononuclear cells and replicated in vascular cells after entering the vascular tissue, and can promote the occurrence
and persistence of inflammation through a variety of
intracellular signaling pathways, such as the nuclear
factor-κB signaling pathway. This affects the physiological functions of vascular endothelial cells,
mononuclear-macrophages, smooth muscle cells and
platelets, and induces oxidative stress, eventually causing
damage to endothelial cells, the formation of foam cells

and the proliferation of smooth muscle cells, and leading
to the formation of coronary atherosclerosis. This is the
basic mechanism of CP in the pathogenesis of CHD.
The results of recent studies have revealed that [12, 13]
CP infection is correlated to carotid intima-media thickness (IMT) in patients with CHD. Furthermore, the level
of IMT is significantly higher in CHD patients with CP
infection than in CHD patients without CP infection,
and unstable plaques mostly manifest as common in carotid plaques. The results of the study conducted by Oh
J et al. revealed that [14, 15] CP infection was also correlated to the severity of CHD, and that the positive rate
of serum CP-IgG was significantly higher in patients
with acute myocardial infarction and unstable angina
pectoris, when compared to patients with stable angina
pectoris or healthy people. In the study conducted by
Yuguang Sun et al. [16–19], the researchers analyzed the
correlation between CP infection and levels of inflammatory factors and blood lipids in patients with CHD. The
results revealed that high CP infection rate, dyslipidemia
and the overexpression of inflammatory factors, such as
IL-6, hs-CRP and tumor necrosis factor-ɑ (TNF-α), can
be commonly found in patients with CHD. Moreover,
these pathological changes were highly correlated.
Through clinical observation, all the above-mentioned
study results confirmed that CP infection, dyslipidemia
and inflammatory response may jointly play an important role in the pathogenesis of CHD and atherosclerosis,
and as an important pathological mechanism in pathogenesis of CHD.
The present study revealed that the CP-IgA level was
higher in patients with poor prognosis. This suggests
that the prognosis of patients with CHD who underwent
PCI has a certain correlation with the severity of CP infection. This may be because the formation of CP infection can continue to promote coronary arteriosclerosis

Table 4 The serum CP-IgA, hs-CRP, IL-6 levels between the patients with different conditions of perioperative cardiovascular events (
x ±s)
Index

patients with perioperative cardiovascular events(n = 21) patients without perioperative cardiovascular events(n = 71) t

CP-IgA (COI)

1.38 ± 1.08

P

1.09 ± 0.82

1.320 0.105

hs-CRP (mg/L) 42.26 ± 22.36

24.07 ± 18.85

3.720 0.000

IL-6(ng/L)

1.82 ± 2.23

2.955 0.002

3.61 ± 3.06
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Table 5 The serum CP-IgA, hs-CRP, IL-6 levelsbetween the patients with different conditions of adverse prognosis events (x ±s)
Index

Adverse prognostic (n = 21)

Favourable prognosis(n = 71)

t

P

CP-IgA (COI)

1.78 ± 0.78

1.01 ± 0.73

4.181

0.000

hs-CRP (mg/L)

31.56 ± 16.28

29.51 ± 22.64

0.386

0.604

IL-6(ng/L)

2.56 ± 2.09

2.42 ± 2.72

0.217

0.781

plaque after PCI, and that this was also correlated to the
damage to vascular endothelial function caused by CP
infection-induced persistent inflammatory response.
Sygitowicz G et al. revealed that [20, 21] CP infection
and hyperlipidemia have a superposition effect on atherosclerosis, when compared to simple hyperlipidemia,
and hyperlipidemia combined with CP infection can not
only increase the expression of IL-1β and TNF-a, but
also increase the area of atherosclerotic plaques. It was
found that the plaque area of a CP-infected animal
model increased by 25%, when compared with the control group, and that the plaque area of a hyperlipidemia
animal model with CP infection was 23% larger than
that of a simple hyperlipidemia animal model. This
mechanism may be correlated to the ability of CP infection to decrease the protein expression of extracellular
signal-regulating kinase (p-ERK1/2) and p-P38 by affecting the MAPK signaling pathway. A study also revealed
that [22] CP infection could increase the levels of total
cholesterol, free cholesterol and cholesteryl ester in
THP-1 macrophage-derived foam cells, and decrease the
level of cholesterol outflow. This reflects that CP can increase cholesterol levels in atherosclerotic plaques by
promoting macrophage lipid accumulation and producing cholesterol outflow obstacles. Its mechanism may
be correlated to the regulation of CP on the
LXRα-ABCA1 signaling pathway. A study conducted by
Min Zhou et al. revealed that [23] the levels of serum
endothelin-1 (ET-1), fibrinogen (Fg), soluble vascular cell
adhesion factor-1 (sVCAM-1), creatine kinase (CK), creatine kinase isoenzyme (CK-MB) and troponin I (CTn I)
were higher in elderly CHD patients with CP infection,
when compared to elderly CHD patients without CP infection. This shows that CP infection can not only increase the levels of inflammatory factors in patients with
CHD, but also increase the damage to vascular endothelial function and myocardial function. This increases the
risk of cardiovascular events in patients, and azithromycin treatment can effectively stabilize the patient’s condition. Wen Xiao et al. confirmed that [24] the CP-IgG
positive rate was higher in patients with unstable angina
pectoris, while the activities of tissue plasminogen
activator (tPA) and plasma plasminogen activator
inhibitor-1 (PAT-1) were higher in CP-IgG positive patients. This also shows that CP infection is closely correlated to relatively serious unstable angina pectoris. The
above-mentioned studies suggest that CP infection can

cause persistent arterial endothelial damage, such damage that may lead to the recurrence of cardiovascular
events in CHD patients after PCI. This may be a mechanism underlying the correlation between CP infection
and poor prognosis in patients with CHD. It is particularly noteworthy that the results of recent studies revealed that in addition to CP, the infections of other
pathogenic microorganisms are also correlated to high
levels of serum inflammatory factors in patients with
CHD. Sfyroeras GS et al. revealed that [25] patients with
CHD had a co-infection of CP with pathogenic microorganisms, such as Helicobacter pylori (Hp) and human
cytomegalovirus (HCMV), and the long-term, repeated
and chronic mixed infections of various pathogenic microorganisms could induce synergies between inflammatory markers, which jointly promote the occurrence and
development of CHD. Therefore, CP infection may be
one of the infectious factors that lead to poor prognosis
in patients with CHD. The roles of various microbial infections, including CP infection, in the occurrence and
outcome of CHD should be comprehensively evaluated,
and should be the focus of further research. However,
the prognosis of patients with CHD remains unknown
and need further research.

Conclusions
In summary, patients with CHD have higher CP infection rates, and the severity of infection is correlated with
the severity of coronary artery disease and prognosis
after PCI. This suggests that CP infection may be an important factor that affects the occurrence and outcome
of CHD.
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