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Abstract: Monocyte chemoattractant protein (MCP)-1 increases in the serum of immunocompetent
patients with community-acquired pneumonia (CAP). However, the correlation between the
circulating level of MCP-1 and severity of CAP remains unclear. This study investigated differential
changes in the plasma MCP-1 levels of patients with CAP before and after an antibiotic treatment
and further analyzes the association between the CAP severity and MCP-1 levels. We measured
the plasma MCP-1 levels of 137 patients with CAP and 74 healthy controls by using a commercial
enzyme-linked immunosorbent assay. Upon initial hospitalization, Acute Physiology and Chronic
Health Evaluation II (APACHE II); confusion, urea level, respiratory rate, blood pressure, and age
of >64 years (CURB-65); and pneumonia severity index (PSI) scores were determined for assessing
the CAP severity in these patients. The antibiotic treatment reduced the number of white blood cells
(WBCs) and neutrophils as well as the level of C-reactive protein (CRP) and MCP-1. The plasma
MCP-1 level, but not the CRP level or WBC count, correlated with the CAP severity according to the
PSI (r = 0.509, p < 0.001), CURB-65 (r = 0.468, p < 0.001), and APACHE II (r = 0.360, p < 0.001) scores.
We concluded that MCP-1 levels act in the development of CAP and are involved in the severity
of CAP.

Keywords: community-acquired pneumonia; pneumonia severity index; monocyte chemoattractant
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1. Introduction

Community-acquired pneumonia (CAP) is caused by exposure to bacterial agents outside of a
healthcare setting. CAP is the first reason of death from infectious diseases globally and causes a great
burden on health care resources [1]. In the United States, CAP along with influenza ranks the eighth
among the causes of death [2]. In Taiwan, pneumonia was the fourth leading cause of death in 2014,
according to the statistics of the Ministry of Health and Welfare [3]. Thus, assessing the severity of the
disease and predicting the outcome are necessary for adequately allocating health care resources and
treatment options for managing CAP. At present, the white blood cell (WBC) count and C-reactive
protein (CRP) level are the commonly-used laboratory values for diagnosing CAP and following
up on patients with CAP [4]. However, the specificity and sensitivity of these diagnostic markers
are inadequate, particularly for predicting CAP severity [5,6]. In addition, the confusion, urea level,
respiratory rate, blood pressure, and age of >64 years (CURB-65) scores and the pneumonia severity
index (PSI) are the most CAP-specific scoring systems for predicting CAP outcomes; however, these
systems are subjective and have some limitations [7]. For instance, PSI requires a two-step algorithm,
integrating clinical signs, and demographic and laboratory data for the assessment [8]. PSI is highly
complex, disadvantaging its dissemination and execution, particularly in routine clinical practice. The
disadvantages of both CURB-65 and PSI scores include the usage of the most routine clinical and
laboratory data, which require assessments of patients with CAP without delay. Moreover, similar
clinical signs are manifested by other diseases, such as acute bronchitis, an acute exacerbation of
chronic obstructive pulmonary disease, and congestive heart failure [9]. Therefore, searching for novel
biological markers for an early and rapid diagnosis of CAP and for detecting the severity of CAP
is required.

Monocyte chemoattractant protein (MCP)-1, also known as chemokine C–C motif ligand-2, is
produced by various cells, such as monocytes, macrophages, lymphocytes, and airway epithelial cells
in response to inflammation [10–12]. MCP-1 has been demonstrated to be a potent monocyte and
macrophage [13], neutrophil [14], and T-cell [15] chemoattractant against bacterial pulmonary infection;
this effect is due to MCP-1 binding to its sole receptor chemokine C–C motif receptor 2 (CCR2) [16].
For instance, CCR2-deficient mice exhibited impairment in macrophage migration, as well as the
clearance of bacteria, from the pulmonary and extrapulmonary organs after an intravenous challenge
with Listeria monocytogenes [17]. Previous studies have indicated that neutrophils express CCR2 [18]
and demonstrate chemotaxis toward MCP-1, which can act against acute bacterial pneumonia [14].
The host defense mechanism against bacterial lung infections depends on effective recruitment of
neutrophils, monocytes, and macrophages at the site of infection [19]. On the basis of its characteristics,
we hypothesized that MCP-1 is a biochemical marker for an early diagnosis of CAP and for detecting
the severity of CAP.

Previous studies have indicated that the levels of MCP-1 in blood are related with the severity
of coronary artery disease in patients with chronic kidney disease [20] and with the disease activity
of rheumatoid arthritis [21]. MCP-1 is known as a prognostic factor for lung, cervical, and ovarian
cancers [22–24]. In addition, MCP-1 levels in the bronchoalveolar lavage fluid were shown to correlate
with interstitial lung disease severity [25]. However, to our knowledge, no cohort study has reported
the prognostic benefit of MCP-1 in patients with CAP. Therefore, we measured the plasma MCP-1
levels in a CAP cohort and in healthy controls for evaluating whether MCP-1 could be a beneficial
biochemical marker to aid differentiation between controls and patients with CAP, as well as clarify
any association between the circulating MCP-1 levels and CAP severity.

2. Results

Demographic data and clinical characteristics of the participants are presented in Table 1. In
total, 211 participants were included in the analysis, and age and sex were not significantly different
between patients with CAP and the controls (Table 1). Among the 137 patients with CAP, the mean
PSI, CURB-65, and APACHE II scores were 83.89 ˘ 36.63, 1.12 ˘ 0.94, and 10.20 ˘ 5.27, respectively.
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Moreover, patients with CAP exhibited significantly higher CRP levels (median, 10.10 vs. 0.40 mg/dL,
p < 0.001), WBC counts (median, 12,030 vs. 5900 cells/mm3, p < 0.001), and neutrophil counts (median,
8715 vs. 3580 cells/mm3, p < 0.001) than did the controls (Table 1). In these patients, the antibiotic
treatment significantly reduced the CRP levels (before antibiotic treatment: median, 10.10 mg/dL and
after antibiotic treatment: median, 2.10 mg/dL; p < 0.001), WBC counts (before antibiotic treatment:
median, 12,030 cells/mm3 and after antibiotic treatment: median 8280 cells/mm3; p < 0.001), and
neutrophil counts (before antibiotic treatment: median, 8715 cells/mm3 and after antibiotic treatment:
median, 5616 cells/mm3; p < 0.001) (Table 1).

Table 1. Laboratory data of both controls and patients with community-acquired pneumonia (CAP)
before and after they received treatment a.

Clinical Variable Controls (n = 74)
Median (Range)

Before Antibiotic
Treatment (n = 137)

Median (Range)

After Antibiotic
Treatment (n = 137)

Median (Range)

p Value
UT/C b

p Value
UT/T c

Age 59.89 ˘ 11.04 d 64.89 ˘ 20.89 d - p = 0.057 -
Gender - - - -

Male 49 (66.2%) 87 (63.5%) - p = 0.694 -
Female 25 (33.8%) 50 (36.5%) - - -

CRP (mg/dL) 0.40 (0.2–1.50) 10.1 (0.50–33.30) 2.10 (0.10–17.20) p < 0.001 p < 0.001
WBCs (cells/mm3) 5900 (2980–13,700) 12,030 (3560–32,480) 8280 (3300–28,180) p < 0.001 p < 0.001

Neutrophils
(cells/mm3) 3580 (1078–9946) 8715 (1032–29,686) 5616 (1518–25,841) p < 0.001 p < 0.001

PSI score - 83.89 ˘ 36.63 d - - -
CURB-65 score - 1.12 ˘ 0.94 d - - -

APACHE II score - 10.20 ˘ 5.27 d - - -
Hospital length of stay

(Days) - 10.37 ˘14.54 d - - -

CRP, C-reactive protein; WBCs, white blood cells; C, controls; UT, patients with CAP before they received
antibiotic treatment; T, patients with CAP after they received antibiotic treatment; a p < 0.05 was considered
significant; b The statistical difference was analyzed by the Mann–Whitney U-test; c The statistical difference
was analyzed by the Wilcoxon signed-ranks test; d Mean ˘ S.D.

Figure 1 presents the MCP-1 levels in patients with CAP and the controls. The patients exhibited
significantly higher plasma MCP-1 levels than did the controls (controls: 163.3 ˘ 17.7 pg/mL and
patients: 803.2 ˘ 74.1 pg/mL; p < 0.001; Figure 1). In patients with CAP, the antibiotic treatment
significantly reduced the expression of MCP-1 (before antibiotic treatment: 803.2 ˘ 74.1 pg/mL and
after antibiotic treatment: 359.4 ˘ 40.5 pg/mL; p < 0.001; Figure 1).
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Figure 1. Levels of plasma monocyte chemoattractant protein (MCP)-1 in healthy controls and in 
patients with community-acquired pneumonia (CAP) before and after antibiotic treatment. The 
plasma MCP-1 level was significantly elevated in patients with CAP before they received treatment 
compared with the controls (p < 0.001) and significantly decreased in patients with CAP after 
treatment (p < 0.001). 
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Figure 1. Levels of plasma monocyte chemoattractant protein (MCP)-1 in healthy controls and in
patients with community-acquired pneumonia (CAP) before and after antibiotic treatment. The plasma
MCP-1 level was significantly elevated in patients with CAP before they received treatment compared
with the controls (p < 0.001) and significantly decreased in patients with CAP after treatment (p < 0.001).
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WBC and neutrophil counts as well as CRP and MCP-1 levels were elevated in patients with CAP
before the antibiotic treatment. Therefore, we further analyzed the correlation between MCP-1 levels
and WBC counts, neutrophil counts, and CRP levels in patients with CAP. No significant correlation
was observed between MCP-1 levels and WBC counts (Spearman’s correlation coefficient: r = 0.008,
p = 0.921; Figure 2A), neutrophil counts (Spearman’s correlation coefficient: r = 0.059, p = 0.495;
Figure 2B), or CRP levels (Spearman’s correlation coefficient: r = 0.075, p = 0.385; Figure 2C) before the
antibiotic treatment in patients with CAP.
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Figure 2. Correlations of plasma monocyte chemoattractant protein (MCP)-1 with white blood cells 
(WBCs), neutrophils, and C-reactive protein (CRP) in 137 patients with community-acquired 
pneumonia (CAP). (A) No significant correlation was observed between the pretreatment plasma 
MCP-1 levels and WBC counts (Spearman’s correlation coefficients: r = 0.008, p = 0.921, n = 137);  
(B) no significant correlation was observed between the pretreatment plasma MCP-1 levels and 
neutrophil counts (Spearman’s correlation coefficients: r = 0.059, p = 0.495, n = 137); and (C) no 
significant correlation was observed between the pretreatment plasma MCP-1 levels and CRP levels 
(Spearman’s correlation coefficients: r = 0.075, p = 0.385, n = 137). 

Figure 2. Correlations of plasma monocyte chemoattractant protein (MCP)-1 with white blood
cells (WBCs), neutrophils, and C-reactive protein (CRP) in 137 patients with community-acquired
pneumonia (CAP). (A) No significant correlation was observed between the pretreatment plasma
MCP-1 levels and WBC counts (Spearman’s correlation coefficients: r = 0.008, p = 0.921, n = 137); (B) no
significant correlation was observed between the pretreatment plasma MCP-1 levels and neutrophil
counts (Spearman’s correlation coefficients: r = 0.059, p = 0.495, n = 137); and (C) no significant
correlation was observed between the pretreatment plasma MCP-1 levels and CRP levels (Spearman’s
correlation coefficients: r = 0.075, p = 0.385, n = 137).
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Figure 3. Correlations of plasma monocyte chemoattractant protein (MCP)-1 with the pneumonia 
severity index (PSI), confusion, urea level, respiratory rate, blood pressure, and age of >64 years 
(CURB-65), and Acute Physiology and Chronic Health Evaluation II (APACHE II) scores in 137 
patients with community-acquired pneumonia (CAP). (A) A significantly positive correlation was 
observed between plasma MCP-1 levels and PSI scores (Spearman’s correlation coefficients: r = 0.509, 
p < 0.001); (B) A significantly positive correlation was observed between plasma MCP-1 levels and 
CURB-65 scores (Spearman’s correlation coefficients: r = 0.468, p < 0.001); (C) A positive correlation 
was observed between plasma MCP-1 levels and APACHE II scores (Spearman’s correlation 
coefficients: r = 0.360, p < 0.001). 

Figure 3. Correlations of plasma monocyte chemoattractant protein (MCP)-1 with the pneumonia
severity index (PSI), confusion, urea level, respiratory rate, blood pressure, and age of >64 years
(CURB-65), and Acute Physiology and Chronic Health Evaluation II (APACHE II) scores in 137 patients
with community-acquired pneumonia (CAP). (A) A significantly positive correlation was observed
between plasma MCP-1 levels and PSI scores (Spearman’s correlation coefficients: r = 0.509, p < 0.001);
(B) A significantly positive correlation was observed between plasma MCP-1 levels and CURB-65
scores (Spearman’s correlation coefficients: r = 0.468, p < 0.001); (C) A positive correlation was observed
between plasma MCP-1 levels and APACHE II scores (Spearman’s correlation coefficients: r = 0.360,
p < 0.001).
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Next, we investigated the correlation between the MCP-1 and CRP circulating levels and WBC
counts and the CAP severity in patients before the antibiotic treatment by using the PSI, CURB-65,
and APACHE II scoring systems. Correlations among PSI, CURB-65, and APACHE II scores and
MCP-1 levels in patients with CAP before receiving the antibiotic treatment are presented in Figure 3.
Significant correlations were observed between MCP-1 levels and PSI scores (Spearman’s correlation
coefficient: r = 0.509, p < 0.001; Figure 3A), CURB-65 scores (Spearman’s correlation coefficient:
r = 0.468, p < 0.001; Figure 3B), and APACHE II scores (Spearman’s correlation coefficient: r = 0.360,
p < 0.001; Figure 3C).

In contrast to MCP-1, neither CRP levels nor WBC counts correlated with the CAP severity in
patients, as evidenced from the statistically non-significant correlations among PSI, CURB-65, and
APACHE II scores and CRP levels (p = 0.926, 0.824, and 0.968, respectively) and WBC counts (p = 0.973,
0.544, and 0.416, respectively; Table 2). In addition, MCP-1 and CRP levels and WBC counts did not
correlate significantly with the length of hospital stay (Table 2).

Table 2. Correlation of white blood cells (WBCs), C-reactive protein (CRP), and monocyte
chemoattractant protein-1 (MCP-1) with clinical pathological features.

Variable WBC (n = 137) CRP (n = 137) MCP-1 (n = 137)

r p Value r p Value r p Value

PSI score ´0.034 0.690 ´0.007 0.931 0.509 <0.001
CURB-65 score 0.036 0.674 0.027 0.758 0.468 <0.001

APACHE II score 0.050 0.563 0.015 0.859 0.360 <0.001
Length of hospital stay ´0.040 0.641 0.024 0.779 0.049 0.567

PSI, Pneumonia Severity Index; APACHE II, Acute Physiology and Chronic Health Evaluation II.

3. Discussion

Clinical guidelines for managing adult patients with CAP suggest using a severity-based approach
for guiding therapeutic options, such as the need for hospital or ICU admission, suitability for
ambulatory care, and choice and route of antimicrobial agents. The pretreatment CRP levels and
WBC and neutrophil counts were significantly higher in patients with CAP before treatment than
in the controls; the antibiotic treatment significantly reduced those parameters in the same patients.
In accordance with our findings, previous studies have reported that CRP levels may contribute to
establishing a CAP diagnosis [26,27]. However, inconsistent results have been reported by studies
evaluating the use of CRP as a prognostic factor for CAP. For instance, some studies have indicated that
CRP is a promising diagnostic and prognostic tool for managing CAP [28,29]. However, other studies
have indicated that elevated CRP levels in patients with CAP have no prognostic relevance [30,31].
For example, Brunkhorst et al., found that CRP concentration was not significantly associated with a
change in the clinical classification or death of the patients with severe pneumonia [30]. Thiem et al.,
reported that no association was found between CRP or WBC and mortality in elderly hospitalized
patients with CAP [31]. For instance, CRP levels are typically high in respiratory tract infections, even
in patients exhibiting moderately severe CAP [32]. In patients with pneumococcal CAP, despite their
having high levels of bacterial antigens, relatively weak CRP responses are observed in the majority of
severe cases [33].

In patients with CAP in this study, no significant correlation was observed between the CRP
levels or WBC counts and CAP severity indices (PSI, CURB-65, and APACHE II). In contrast to CRP,
we observed that high MCP-1 values were associated with several variables (PSI, CURB-65, and
APACHE II), thus indicating the disease severity. Moreover, we found higher plasma MCP-1 levels
in patients with CAP than in healthy controls, and the antibiotic treatment significantly reduced
these levels in the same patients. The lack of correlation between the CRP and MCP-1 values in this
study indicates different pathophysiological mechanisms of the two parameters. CRP is induced
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by interleukin (IL)-6, IL-1β, and tumor necrosis factor-α [34]. Although MCP-1 can also be induced
by these proinflammatory cytokines, CRP is almost exclusively synthesized by hepatocytes under
stimulation by inflammatory cytokines [35]. However, MCP-1 is expressed by airway epithelial cells in
response to inflammatory stimuli [11]. We suggest that MCP-1 acts as a more direct reflective marker
than does CRP with respect to the response to an inflammatory stimulus in lung tissues and also as a
more specific marker of the diagnosis and clinical assessment of CAP severity in Taiwanese populations.
Moreover, although our current data shown that there is some significant positive correlation between
MCP-1 expression and the PSI, CURB-65, and APACHE II scores in CAP patients. However, we
found that MCP-1 concentration did not correlate significantly with the length of hospital stay. This
discrepancy may have been due to the small sample size or racial differences.

Predicting the severity and identifying the etiology of CAP is crucial for managing CAP.
Identifying the etiology of CAP is clinically difficult because single clinical, radiological, or laboratory
parameters have limited value for predicting the infectious organism [36], and no rapid test has been
standardized for diagnosing atypical or viral pathogens. Therefore, a type of empirical broad-spectrum
antibiotic therapy is typically selected [37]. Although the CRP level and WBC count are used for
diagnosing pulmonary infections, they are nonspecific and not helpful in differentiating bacterial
and viral etiologies of pneumonia [38]. In addition to the traditional biomarkers, such as WBC and
CRP, other biomarkers, such as procalcitonin (PCT), long pentraxin 3, and YKL-40 have been recently
reported as potential tools for predicting CAP severity [9,39,40]. Among these biomarkers, only
PCT was reported as a potential predictor of etiology in patients with CAP [41]. To date, whether
MCP-1 can selectively recognize different types of pathogens remains unclear. However, a previous
report indicated that MCP-1 demonstrated a positive correlation with PCT levels in patients with a
community-acquired bacterial infection [42], suggesting that MCP-1 is also a predictor of etiology
in patients with CAP. One of the limitations of this study is the lack of microbial data; different
pathogens may have different impacts on the MCP-1 expression. Therefore, future studies are needed
to distinguish the relationship between MCP-1 and different microbial pathogens that cause CAP.
Another limitation of our study is the low sample size. Hence, the results should be confirmed in a
larger population.

4. Materials and Methods

4.1. Participants and Diagnoses

This cohort study was conducted from January 2009 to December 2012 by the Department of
Medical Research and Departments of Infectious Diseases and Chest Medicine, Chung Shan Medical
University Hospital (CSMUH) Taichung, Taiwan. This study was approved by the Institutional Review
Board (IRB) of CSMUH (IRB no. CS11237; 9 March 2012). The inclusion criteria comprised patients
aged >20 years, who were diagnosed by the emergency room or outpatient department, and who
were admitted for the management of CAP. Demographic characteristics, comorbidities, symptoms
and signs of pneumonia, laboratory results, and previous antibiotic treatment were collected upon
admission. Exclusion criteria included being an outpatient; having been transferred from another
hospital; having had a separate hospital admission in the previous three weeks because of other acute
conditions, such as pulmonary edema, pulmonary embolism, or a malignancy appearing during
follow-up; pneumonia caused by tuberculosis or a malignancy; being severely immunocompromised,
including severe neutropenia (WBC count, <109 cells/L); and having an organ or bone marrow
transplant, or HIV infection. All of the CAP patients were given antibiotics intravenously within first
48 h. Thereafter, oral antibiotics were given based on standard guidelines. The pretreatment blood
samples were collected before the patients with CAP received treatment protocols, and post-treatment
blood samples were obtained within three days when the pneumonia had been cured. The pneumonia
severity was assessed using the PSI [8], Acute Physiology and Chronic Health Evaluation II (APACHE
II) [43], and CURB-65 [44] scores.
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4.2. Patients and Blood Sample Collection

We consecutively enrolled 137 patients with CAP and 74 healthy controls. People who visited
the Department of Family and Community Medicine, CSMUH for a routine health examination were
selected as the healthy controls. All patients with CAP were empirically treated with antimicrobial
agents. We collected blood samples to determine the WBC and neutrophil counts as well as CRP and
plasma MCP-1 levels in patients with CAP before and after an antibiotic treatment. Blood samples of
the controls were also collected and examined. The blood samples were placed in tubes containing
ethylenediaminetetraacetic acid, immediately centrifuged at 3000 rpm, and stored at ´80 ˝C.

4.3. Measurements of the White Blood Cell (WBC) and Neutrophil Counts and C-Reactive Protein (CRP) Level

The WBC and neutrophil counts and CRP level were measured by the clinical laboratory staff
members who were blinded to the source of the study samples.

4.4. Measurement of Plasma MCP-1 Levels

The MCP-1 levels in the plasma samples were analyzed using human MCP-1 enzyme-linked
immunosorbent assay (ELISA) kits (R and D Systems, Abingdon, UK). The results were calculated
from a standard curve generated by diluting a known amount of recombinant MCP-1 protein. Each
standard or sample was assayed in duplicate.

4.5. Statistical Analyses

Statistical analyses were conducted using SPSS 15.0 statistical software (SPSS, Chicago, IL, USA).
All continuous variables were expressed as the mean ˘ standard error, and the number (n) was
expressed as percentages for categorical variables. To compare untreated patients and healthy controls,
the Mann–Whitney U test was conducted for continuous variables that did not follow a parametric
distribution, and the Wilcoxon signed-rank test was used for comparing the categorical variables of
untreated and treated patients. A linear regression analysis was applied for assessing the correlations
of MCP-1 with all the clinical and laboratory variables of patients with CAP. Statistical significance
was defined as p < 0.05 in a two-tailed test.

5. Conclusions

In conclusion, in Taiwanese populations, plasma MCP-1 levels can be used for predicting CAP
severity with higher sensitivity than that of CRP. Plasma MCP-1 can also be applied to differentiate
patients with CAP from healthy participants and assess the effects of antibiotic treatment on patients
with CAP. In this study, we revealed that detecting plasma MCP-1 levels can be useful in clinically
managing CAP.
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