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A B S T R A C T

Background: Community-acquired pneumonia (CAP) has a high rate of morbidity and mortality. Blood para-
meters, including neutrophil, platelet, lymphocyte, monocyte, neutrophil to lymphocyte ratio (NLR), platelet to
lymphocyte ratio (PLR), and monocyte to lymphocyte ratio (MLR), have been proposed as indicators of systemic
inflammation and infection. However, few studies have focused on the diagnostic value of blood parameters for
CAP.
Objective: The study aims to determine the diagnostic value of blood parameters for CAP and to investigate their
relationship with disease severity.
Methods: CAP patients who fulfilled the inclusion criteria were enrolled in this study. Healthy age- and gender-
matched subjects were also enrolled as a control group. Blood parameters, blood biochemistry, C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR), procalcitonin (PCT), days in hospital, body temperature,
pneumonia severity index (PSI), and CURB-65 were recorded. The area under the curve (AUC) values was
determined using the receiver-operating characteristic (ROC) curve. The correlation between the variables was
tested with Pearson correlation analysis.
Results: The study included 80 CAP patients and 49 healthy subjects. White blood cell (WBC), neutrophil,
monocyte, MLR, PLR, and NLR levels in the CAP group were higher than that of control group, while lymphocyte
and hemoglobin (HGB) levels were lower (P < 0.05). The ROC curve result showed that NLR and MLR yielded
higher AUC values than other variables. Monocyte was positively correlated with ESR and negatively with body
temperature, aspartate aminotransferase (AST), and creatinine (CREA). NLR was positively correlated with CRP,
PCT, days in hospital, alanine aminotransferase (ALT), AST, and PSI. MLR was positively correlated with CRP,
PCT, and body temperature. An increase in ALT or AST of> 2 times of normal was defined as liver injury, and
CAP patients were divided into the liver normal group and liver injury group. Sixty-nine patients belonged to the
liver normal group, and 11 patients belonged to the liver injury group. Blood parameters, ESR, CRP, PCT, PSI,
and CURB-65 were compared between the two groups. The results demonstrated that the monocyte level in the
liver injury group was lower than that of the liver normal group (P < 0.05). The ROC curve result showed that
the AUC value of monocyte for liver injury was 0.838 (95% confidence interval: 0.733–0.943), which was higher
than other variables.
Conclusions: NLR and MLR were elevated in CAP patients, resulting in a higher diagnostic value for CAP. NLR
showed a significant correlation to PSI, indicating the disease severity of CAP. Monocyte had a higher diagnostic
value for liver injury in CAP patients.

1. Introduction

Community-acquired pneumonia (CAP) is a very common type of
respiratory infection with high morbidity and mortality [1]. Despite the
rapid development of new treatments, CAP continues to cause a high

rate of complications and death [2]. It is reported that there were 120
million episodes of pneumonia (14 million of which progressed to se-
vere episodes) in children younger than 5 years old in 2010 [3]. The
incidence of CAP requiring hospitalization was 20.6 cases per 10,000
each year in adults [4]. The most challenging task for a physician is the
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risk stratification of patients with CAP, therefore, earlier diagnosis is
urgently required to reduce mortality.

Currently, chest radiography has been widely used to determine the
significance and prognosis of CAP. Biochemical markers such as pro-
calcitonin (PCT), C-reactive protein (CRP), tumor necrosis factor (TNF),
and interleukin-6 (IL-6) in combination with chest radiography help to
specify patients at risk as well as to determine appropriate antibiotic
usage [5,6]. However, their sensitivity and specificity for prediction of
CAP severity are variable and largely insufficient. Thus, additional
biomarkers are urgently required to assess disease severity and simplify
the diagnosis process.

Blood parameters, including neutrophil, platelet, lymphocyte,
monocyte, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lympho-
cyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR), have been
proposed as indicators of systemic inflammation and infection [7,8].
NLR has been recommended as a promising candidate predictor of
mortality for CAP patients [9]. MLR has also been demonstrated as a
new indicator of disease severity in many diseases, such as rheumatic
diseases and cancer [10–12]. However, few studies have focused on the
diagnostic value of blood parameters for CAP.

Therefore, this study retrospectively examined neutrophil, lym-
phocyte, platelet, monocyte, MLR, NLR, and PLR in CAP patients and
determined their diagnostic value for CAP and their relationship with
disease severity.

2. Materials and methods

2.1. Participant characteristics

A total of 80 CAP patients and 49 healthy subjects from our hospital
were enrolled in the study between July 2015 and March 2018. CAP
was defined by the following criteria [13]:

1. Chest radiograph showing a new patchy infiltrate, leaf or segment
consolidation, ground-glass opacity, or interstitial change.

2. At least one of the following signs:
a. Presence of cough, sputum production, or dyspnea;
b. Core body temperature > 38.0 °C;
c. Auscultatory findings of abnormal breath sounds and rales;
d. Peripheral white blood cell (WBC) count> 10×109/L or< 4

×109/L.
3. Symptom onset that began in the community, rather than in a health

care setting.

Those who had other kinds of diseases, such as malignancy, active
infection, diabetes mellitus, hypertension, renal failure, or rheumatic
disease, were excluded from the study. This study was approved by the
Ethics Committee of Guangdong Second Provincial General Hospital
(2018-FSKWZ-002).

2.2. Clinical and laboratory assessments

Patient age, gender, clinical features, WBC, neutrophil, monocyte,
platelet, lymphocyte, hemoglobin (HGB), CRP, erythrocyte sedimenta-
tion rate (ESR), PCT, alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), creatinine (CREA), creatine kinase isoenzyme
(CKMB), days in hospital, body temperature, Pneumonia Severity Index
(PSI), and CURB-65 were recorded. MLR, NLR, and PLR were calcu-
lated.

2.3. Statistical analysis

Database management and statistical analysis were performed with
SPSS 13.0. Continuous variables were presented as mean ± standard
deviation (SD), and categorical variables were indicated as number (n)
and percent (%). Comparisons of the study parameters were performed

using Student's t-tests, while qualitative variables were assessed with
chi-square tests. The area under curve (AUC) value, optimal cutoff
value, sensitivity, and specificity were determined using receiver-op-
erating characteristic (ROC) curve. Pearson correlation analysis was
carried out to test the correlation of the data. A P value < 0.05 was
accepted as significant.

3. Results

3.1. Basic characteristics of CAP patients and healthy subjects

Our study included 80 CAP patients and 49 healthy subjects. WBC,
neutrophil, and monocyte levels in the CAP group were higher than that
of the control group, whereas lymphocyte and HGB levels were lower
(P < 0.05). The MLR, PLR, and NLR values were 0.19 ± 0.08,
119.80 ± 33.02, and 1.62 ± 0.53 in the control group, which were
significantly lower than that in CAP patients (0.56 ± 0.33,
240.39 ± 170.16, and 7.00 ± 7.13, respectively; P < 0.05). The ESR
was 47.48 ± 31.57mm/h, CRP was 54.92 ± 44.08mg/L, and PCT
was 2.30 ± 9.44. The number of days spent in the hospital was
7.84 ± 4.52, body temperature was 38.08 ± 1.33 °C, ALT was
44.20 ± 64.30 U/L, AST was 45.00 ± 67.74 U/L, CREA was
86.74 ± 28.36 μmol/L, CKMB was 7.36 ± 4.57 ng/mL, PSI was
51.61 ± 25.62, and CURB-65 was 0.30 ± 0.62 in CAP patients
(Table 1).

3.2. NLR and MLR have high diagnostic value for CAP

The ROC curve was used to evaluate the diagnostic value of blood
parameters for CAP. For patients with CAP, the AUCs were as follows:
neutrophil, 0.836 (confidence interval [CI] 95%: 0.768–0.904); mono-
cyte, 0.698 (CI95%: 0.609–0.787); platelet, 0.595 (CI95%:
0.498–0.691); lymphocyte, 0.853 (CI95%: 0.691–0.928); MLR, 0.904
(CI95%: 0.854–0.955); NLR, 0.938 (CI95%: 0.897–0.978); and PLR,
0.820 (CI95%: 0.748–0.892). NLR and MLR yielded higher AUC values
than neutrophil, monocyte, platelet, lymphocyte, and PLR. In addition,
the optimal cutoff value of NLR for CAP was 2.20, with a specificity of
89.8% and sensitivity of 88.8%. The optimal cutoff value of MLR for
CAP was 0.225, with a specificity of 81.6% and sensitivity of 82.5%
(Fig. 1 and Table 2).

Table 1
Demographic features and laboratory findings of the participants.

Control (n=49) CAP (n=80) P

Age (years) 40.78 ± 11.53 44.13 ± 17.81 0.197
Gender (male/female) 24/25 44/36 0.587
WBC (×109/L) 6.24 ± 1.28 8.01 ± 3.14 <0.001
Neutrophil (×109/L) 3.41 ± 0.74 6.07 ± 2.86 <0.001
Lymphocyte (×109/L) 2.24 ± 0.68 1.27 ± 0.67 <0.001
Monocyte (×109/L) 0.40 ± 0.16 0.58 ± 0.28 <0.001
Platelet (×109/L) 252.39 ± 47.83 236.67 ± 94.32 0.214
Hemoglobin (g/dL) 142.31 ± 14.50 129.11 ± 21.50 <0.001
NLR 1.62 ± 0.53 7.00 ± 7.13 <0.001
PLR 119.80 ± 33.02 240.39 ± 170.16 <0.001
MLR 0.19 ± 0.08 0.56 ± 0.33 <0.001
ESR (mm/h) 47.48 ± 31.57
CRP (mg/L) 54.92 ± 44.08
PCT (ng/mL) 2.30 ± 9.44
Body temperature (°C) 38.08 ± 1.33
Days in hospital 7.84 ± 4.52
ALT (U/L) 44.20 ± 64.30
AST (U/L) 45.00 ± 67.74
CREA (μmol/L) 86.74 ± 28.36
CKMB (ng/mL) 7.36 ± 4.57
PSI 51.61 ± 25.62
CURB-65 0.30 ± 0.62

Bold data indicates significant at p<0.05.
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