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ABSTRACT

Objective: To examine whether the platelet index would be 

applicable for the diagnosis of community-acquired pneumonia 

(CAP).

Methods: In this study, 64 CAP patients (the case group) and 

68 healthy children (the control group) were included from 2017 

to 2018. Baseline variables were recorded including total white 

blood cells, neutrophils, lymphocytes, red blood cells, platelet, 

mean platelet volume, platelet distribution width, erythrocyte 

sedimentation rate, and C-reactive protein, and compared between 

the case group and the control group. The cutoff value, sensitivity, 

and specificity of neutrophil-to-lymphocyte ratio, platelet, 

neutrophils, lymphocytes, and platelet larger cell ratio were 

calculated by receiver-operating characteristic curves.

Results: The median platelet count of the case group and the 

control group were (411.09±67.40) mm3 and (334.48±78.15) mm3, 

respectively (P=0.000). The median neutrophil count of the case 

group was higher than that of the control group (P=0.000), while 

the lymphocyte level of the case group was lower (P=0.000). 

Differences in other variables including the mean platelet volume, 

platelet distribution width, C-reactive protein, and erythrocyte 

sedimentation rate were not statistically significant between the two 

groups.

Conclusions: Due to the different levels of platelet, neutrophil and 

lymphocyte indices in the case and the control group, these indices 

can be used simultaneously for the diagnosis of CAP.
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1. Introduction

  Community-acquired pneumonia (CAP) as a lower respiratory 

infection in children is one of the leading causes of hospitalization 

in the world[1,2]. Hospitalization of children with CAP is highly 

prevalent in developing countries, and CAP is one of the major 

causes of death of the infected children[3]. However, CAP is often 

misdiagnosed, leading to a delay in the treatment process[4,5]. Thus, 

timely diagnosis and treatment of CAP children play an important 

role in preventing and reducing the mortality[6]. 

  Although the diagnosis of CAP in children is more clinical and 

usually confirmed by radiographic findings, laboratory findings can 

be also effective in CAP diagnosis[7]. The counting of blood cells 

[platelets (PLT), white blood cells (WBC), and red blood cells] is 

widely used to diagnose various diseases[8]. Thus, blood cell count 

has been used to diagnose or evaluate CAP patients in practice[9]. 

Besides, blood indices changes have been reported to be associated 

with lung diseases such as CAP, cystic fibrosis, and bronchiectasis 

as a reflection of the inflammatory response[10]. 
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Leukocyte count in CAP patients is considered as a sign of systemic 

inflammatory response and the disease severity[11]. PLT is another 

important index involved in the immune response to infection 

with similar responses to leukocytes[12]. PLT is involved in the 

host antimicrobial defense mechanism by inducing inflammation 

through increasing inflammatory mediators, preventing inhibition 

of neutrophils and monocytes apoptosis, and increasing leukocyte 

infiltration[13]. An increased PLT count has been reported in the 

immune response to infections[14]. A change in the PLT number is 

an indicator of CAP severity[15]. PLT has long been known to act as 

acute-phase reactants in inflammatory diseases, but they are often 

neglected as a diagnosis indicator[16]. The role of the PLT index 

in different infectious diseases has been studied[17-20]. However, 

little is known about how this index changes during CAP infection. 

Therefore, our study aims to evaluate the role of this index in CAP 

diagnosing and its relation to children CAP.

2. Materials and methods

2.1. Study design and patients

  This case-control study was conducted in the Imam Reza Hospital, 

Kermanshah, Iran, from 2017 to 2018. The study included 64 

children who were diagnosed with CAP as the case group and 68 

non-pneumonia healthy individuals as the control group. CAP was 

diagnosed according to the clinical evidence (cough, fever, purulent 

sputum, and breathing difficulties) and supported by abnormal chest 

radiography. 

2.2. Ethical approval

  The study was approved by the Ethics Committee of the 

Kermanshah University of Medical Sciences (approval number: 

IR.KUMS.REC.1398.536).

2.3. Blood test 

  First, 5 mL of whole blood samples were drawn from a forearm 

vein, and then were stored into tubes containing EDTA and analyzed 

with Coulter HmX from Beckman Coulter at admission. The 

following demographic and laboratory variables were recorded: 

gender, age, hemoglobin, red blood cell count, WBC count, 

lymphocyte count, neutrophil count, PLT count, mean platelet 

volume (MPV), platelet distribution width (PDW), erythrocyte 

sedimentation rate (ESR), and C-reactive protein (CRP), neutrophil-

to-lymphocyte ratio (NLR), red blood cell distribution width, platelet 

large cell ratio. The reference values in the affiliated Imam Reza 

Hospital Laboratory were (3.5-9.5)×109/μL for WBC count, (1.8-

6.3)×109/μL for the neutrophil count, 40%-70% for neutrophil 

percentage, (181-300)×109/μL for PLT, (9.4-12.5) fL for MPV, and 

15.5%-18.1% for PDW. Thrombocytopenia and thrombocytosis were 

defined as PLT counts <150 000/L and >400 000/L, respectively.

2.4. Statistical analysis 

  Statistical analyses were carried out using SPSS software (version 

20, SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test 

was applied to evaluate the normal distribution of the data in each 

group. Continuous variables were presented as mean±standard 

deviation (SD) or median (IQR). Categorical variables were 

compared using the Chi-square test or Fisher’s exact test and 

continuous variables were compared using t-test or the Mann-

Whitney test (each when appropriate). The sensitivity, specificity, 

and area under curve (AUC) values were determined using receiver-

operating characteristic (ROC) curves. Correlations between 

numerical variables were assessed using Pearson’s or Spearman’s 

correlation analysis. The significance level of this study was set at 

α=0.05.

3. Results

  In total, 64 CAP infected patients (the case group) and 68 

matched-healthy children (the control group) were included in this 

study. There were 34 male participants in the control group and 32 

in the case group (P=1.000). The median age of the control and 

the case group was 3 (0-5) years and 1 (0-3) years, respectively 

(P=0.171). 

  The comparison of blood parameters between the case group and 

the control group are presented in Table 1. No significant difference 

was detected in the hemoglobin, WBC count, RBC count, CRP, 

ESR percentage, RDW, PDW, and MPV indices between the two 

groups (P>0.05).

  The median NLR, neutrophil and mean PLT count were 1.00 (1.00-

2.00), 57.50 (47.00-66.00), and 411.09±67.40 in the case group, which 

were significantly higher than those in the control group [0.64 (0.00-

1.00), 36.00 (23.00-54.00), and 334.48±78.50, respectively (P<0.05)]. 

The lymphocyte count and platelet large cell ratio (PLCR) were
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Figure 1. The ROC curve of PLT, neutrophil, lymphocyte, NLR, and PLCR 
for the diagnosis of community-acquired pneumonia. NLR: neutrophil-to-
lymphocyte ratio; PLCR: platelet large cell ratio.
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54.50 (35.00-65.00) and 18.00 (14.00-23.00) in the control group, 

which were significantly lower than that in the case group [31.00 

(23.00-41.00) and 15.00 (12.00-18.00)] (P<0.05). Based on the 

ROC analysis, in the case group, the cut-off values of the PLT, 

neutrophil count, lymphocyte count, PLCR, and NLR were 347.50, 

45.45, 45.40, 16.50, and 0.91, respectively (Table 2). The area 

under the curve (AUC) of the PLT, neutrophil count, lymphocyte 

count, PLCR, and NLR is presented in Figure 1. 

4. Discussion 
 

  It has been reported that ESR, WBC count, and CRP, which are 

assumed as general indicators of infectious disease, are also valuable 

in the diagnosis of CAP[21,22]. Leukocyte count, ESR, and CRP are 

the most common acute phase reactants[16]. Changes in these indices 

can be used to diagnose infectious and inflammatory diseases[23]. 

Thomas et al. reported that the average CRP level was higher 

in patients with bacterial pneumonia than in patients with viral 

pneumonia. In another study performed by Zhao et al., abnormally 

increased CRP and IL-6 in pneumonias patients were observed. 

Although CRP plays a key role in the inflammatory process of sepsis 

and CAP, in our study the CRP index did not show a predictive value 

for CAP detection[24,25]. That may be due to the small sample size.

  Neutrophils and lymphocytes have been reported to play an 

important role in the inflammatory processes. Physiological immune 

responses are characterized by a decrease of lymphocytes and an 

increase of neutrophils[26]. In CAP patients, some indices such as 

WBC and neutrophils counts are important in the disease screening 

and improvement of the diagnosis[7]. In our study, there was an 

increase in the number of neutrophils but a decrease in the number 

of lymphocytes in the case group compared to the control group. 

There was a negative correlation between the neutrophil count with 

the lymphocyte count of CAP patients. These findings are similar 

to the results of Curbelo et al., who confirmed that abnormally low 

lymphocytes with elevated neutrophil count, have good predictive 

power in pneumonia[27]. Besides, NLR can be a useful index for 

predicting CAP infections, although it works better in combination 

with other indices[28]. Jager et al. reported that the predictive power 

of NLR in CAP is better than CRP and WBC[29].

  PLT, which are important inflammatory cells and release a large 

number of inflammatory molecules under the process of chemotaxis, 

can also act as acute phase reactants[16]. PLT, in addition to their role 

in host defense through phagocytosis, are considered inflammatory 

indicators because they play an important role in inflammatory 

reactions by increasing vascular permeability and inflammatory 

mediators such as cytokines and chemokines. Therefore, it has 

been reported that changes in PLT can be used to diagnose various 

inflammatory diseases[30]. A study also reported in the prognosis of 

patients with CAP, PLT abnormalities are a more useful indicator 

than leukocyte abnormalities[16]. PLT would increase against 

respiratory tract infections due to elevated levels of inflammatory 

Variables Control group (n=68) Case group (n=64) t/U P-value
Hemoglobin (g/dL) [median (IQR)] 10.90 (9.00-13.00)   11.20 (10.00-11.00) 736.00 1.000 
RBC (mm3) [median (IQR)] 3.85 (3.00-4.00) 4.10 (3.00-4.00) 574.50 0.110 
WBC (mm3) [median (IQR)] 10.00 (8.00-16.00) 10.60 (8.00-13.00) 734.00 0.980
PLT (mm3) [mean±SD] 334.48±78.50 411.09 ±67.40    -6.03 0.000
MPV (fL) [mean±SD]   9.02±1.05 8.78±0.82    -1.12 0.260
PDW (%) [median (IQR)] 10.60 (9.00-12.00) 10.00 (9.00-11.00) 627.50 0.290
Neutrophile (mm3) [median (IQR)]   36.00 (23.00-54.00)   57.50 (47.00-66.00) 1243.00 0.000 

Lymphocyte (mm3) [median (IQR)]   54.50 (35.00-65.00)   31.00 (23.00-41.00) 1231.00 0.000 
NLR [median (IQR)] 0.64 (0.00-1.00) 1.00 (1.00-2.00)       1.19 0.000 
ESR (%) [median (IQR)] 20.50 (8.00-32.00)   28.50 (14.00-44.00)   884.50 0.150 
CRP [n(%)]
  Negative (no agglutination) 29.00 (42.60) 35.00 (54.70)

    3.00 0.391
  1+ (small agglutinated particles) 14.00 (20.60) 14.00 (21.90)

  2+ (medium agglutinated particles)   9.00 (13.20) 6.00 (9.40)
  3+ (coarse agglutinated particles) 16.00 (23.50)   9.00 (14.10)
RDW (%) [Median (IQR)] 14.30 (13.00-15.00) 14.15 (13.00-14.00) 656.00 0.440 
PLRC (%) [Median (IQR)] 18.00 (14.00-23.00) 15.00 (12.00-18.00)     1.54 0.000 

Table 1. Comparison of clinical and laboratory data of the study children.

RBC: red blood cell; WBC: white blood cell; PLT: platelet; MPV: mean platelet volume; PDW: platelet distribution width; NLR: neutrophil-to-lymphocyte 
ratio; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; RDW: red blood cell distribution width; PLRC: platelet large cell ratio.

Variables Cutoff point AUC ROC Sensitivity Specificity PPV NVP
NLR     0.91 0.726 0.85 0.66 0.72 0.81
Platete 347.50 0.767 0.82 0.62 0.70 0.77
Neutrophils   45.45 0.714 0.81 0.67 0.72 0.77
PLRC   16.50 0.646 0.59 0.66 0.65 0.60
Lymphocytes   45.40 0.717 0.79 0.67 0.72 0.75

Table 2.  Sensitivity, specificity, PPV, NPV of variables for diagnosis of community-acquired pneumonia in children.

NLR: neutrophil-to-lymphocyte ratio; PLRC: platelet large cell ratio; PPV: positive predictive value; NPV: negative predictive value.
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cytokines so that the commonest cause of reactive thrombocytosis 

has been reported in respiratory infections[31,32]. In another study, an 

increase in PLT count was observed in children with pneumonia[33]. 

In a study by Şahin et al., the number of PLT in the patient group 

was significantly higher than the control group. The results of these 

studies are consistent with our results[16].

  MPV and PDW are two important PLT indicators that are related 

to PLT activity and function[34,35]. Different changes in MPV 

levels have been observed in different clinical conditions[16]. In 

our study, the amount of MPV value was lower in CAP patients 

in comparison to the controls, although this difference was not 

statistically significant. Similarly, in other studies, the amount of 

MPV in patients with pneumonia was lower than that in the control 

group[16,36,37]. Their findings showed that the amount of MPV varies 

depending on the severity of the infection suggesting it as a good 

indicator for CAP diagnosis[38].

  It is noteworthy that our study has some limitations as follows: (1) 

our sample size is not large; (2) the study is done only in one health 

center. Considering that, we suggest that a more comprehensive and 

multicenter study with a larger sample size should be conducted to 

confirm the relationship between PLT and CAP.  

  The result of this study showed the different levels of platelet, 

neutrophil, lymphocyte, neutrophil to lymphocyte ratio, and 

platelet large cell ratio in the case and the control group, it could 

be concluded that these indices can be used simultaneously for the 

diagnosis of CAP. However, a single index is not accurate enough to 

predict CAP, and a combination of clinical history, clinical signs and 

symptoms, and the use of more than one index are recommended to 

diagnose CAP patients.
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