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Abstract: This paper aims to detect the expression levels of blood platelet (PLT) and C-reactive protein (CRP) in severely pneumonic patients and analyze their 
correlation. For this purpose, eighty-one severely pneumonic patients were retrospectively selected as an observation group and 106 healthy people as a control 
group. Pretreatment and post-treatment expression levels of PLT and CRP, their predictive values for efficacy, and correlation of PLT, CRP, and PSI scores in 
observation group after treatment were analyzed. Before treatment, the expression level of PLT in the observation group was higher than the control group (P< 
0.05). In the observation group, the expression level of PLT after treatment was significantly lower than that before treatment (P< 0.05). Before treatment, the 
expression level of CRP in the observation group was higher than the control group (P< 0.05). In the observation group 1) the pretreatment PLT expression level 
was higher than that in the control group; 2) the post-treatment PLT expression level was significantly lower than that in the pretreatment one; 3) the pretreatment 
CRP expression level was higher than that in the control group; and 4) the post-treatment CRP expression level was significantly lower than the pretreatment one 
(All P-values< 0.05). Based upon the efficacy, the observation group was divided into an effective group and an invalid group. The post-treatment expression levels 
of PLT and CRP in the effective group were lower than those in the invalid group (P< 0.05). Based upon the ROC curve, the area under curves (AUC) of PLT, CRP, 
and joint detection were 0.843, 0.864, and 0.886, respectively. When the cut-off point was > 0.579, the best specificity and sensitivity were 98.44 and 70.59%, 
respectively. According to the Pearson test, positive correlations existed between PLT and CRP, between PLT and PSI scores, and between CRP and PSI scores. In 
conclusion, the expression levels of PLT and CRP in severely pneumonic patients might be used to evaluate the efficacy and conducive to detection of the disease, 
which have high application values in clinic.
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Introduction

As an inflammatory disease of pulmonary tissue, the 
pneumonia has a high incidence rate through the world; 
most patients are children and elders (1, 2). It is esti-
mated that developing countries have 157 million new 
cases annually, of which 7-13% should be hospitalized 
(3). 1.2-10% of the hospitalized patients have severe 
pneumonia being hospitalized at ICU (4). The in-hos-
pital mortality rate is 46.51% indicating severe sepsis, 
multiple organ failure, and septicemia (5, 6). Severely 
pneumonic patients have a high mortality rate, although 
they can be treated by antibiotics. Nearly 12-36% of 
ICU patients die in a short time possibly because of 
more serious complications or because drug-resistant 
strains during antibiotic therapy result in poor efficacy 
(7, 8). Therefore, finding reliable biomarkers to evaluate 
the patients’ conditions is being strongly recommended. 
Severe pneumonia is mainly caused by the pulmonary 

infection leading to severe inflammatory responses (9, 
10). The Blood level of platelet (PLT) can be used as a 
sensitive indicator for the inflammations; for example, 
it has been showed that it increases with aggravation 
of lower respiratory tract infection in children (11) and 
of pulmonary tuberculosis (12). On the other hand, C-
reactive protein (CRP) is an acute phase reactive protein 
which would be synthesized by liver cells. CRP concen-
tration is low in the blood of healthy people, but it in-
creases rapidly by infection and tissue damages (13). In 
a recent study, CRP which may be a good predictor of 
cardiovascular diseases is related to inflammatory res-
ponses and atherosclerosis (14). A study shows that its 
expression level distinguishes specific virus and bacte-
rial infections (15). PLT and CRP have been reported to 
be differentially expressed in pneumonic patients, and 
they have certain diagnostic predictive values (16, 17). 
Nonetheless, few reports exist on whether the expres-
sion levels of PLT and CRP can evaluate the efficacy 
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on severely pneumonic patients. In the present study, 
we investigated the expression levels of PLT and CRP 
in severely pneumonic patients in order to survey their 
values as efficacy indicators.

Materials and Methods

Clinical data
Eighty-one severe pneumonic patients (50 male and 

31 female; average age = 52.44±13.75 years old), re-
ferred to Baoji Traditional Chinese Medicine Hospital 
from October 2014 to August 2016, were retrospecti-
vely selected as the observation group. As the control 
group, 106 healthy people (61 male and 45 female; ave-
rage age = 51.83±11.74 years old), examined physically 
simultaneously, were selected. This study was approved 
by the Medical Ethics Committee of the Baoji Traditio-
nal Chinese Medicine Hospital. All the patients signed 
agreement sheets.

Inclusion and exclusion criteria
Inclusion criteria: Patients who met the diagnostic 

criteria for severe pneumonia proposed in guidelines 
of Respiratory Society, Chinese Medical Association 
in 2016 (18) were included. Patients who met 1 main 
criterion or ≥ 3 secondary criteria were diagnosed with 
severe pneumonia. The main criteria were as follows: 
1) patients who required tracheal intubation for mecha-
nical ventilation therapy; 2) patients who still required 
vasoactive drug therapy after aggressive fluid resusci-
tation (AFR) for septic shock. Secondary criteria were 
as follows: 1) patients with a respiratory frequency  ≥ 
30 times/min; 2) patients with an oxygenation index 
≤ 250 mmHg; 3) patients with multilobar infiltration; 
4) patients with consciousness disorder and/or diso-
rientation; 5) patients with blood urea nitrogen ≥ 7.14 
mmol/L; 6) patients with a systolic blood pressure < 
90 mm Hg. Patients who required AFR were included; 
patients who had not taken immunosuppressive drugs 
recently; patients who had not been prescribed by anti-
biotics recently; patients with complete clinical data and 
definite diagnosis. Exclusion criteria: complication with 
other pulmonary diseases; malignant tumors; severe 
cardiovascular and cerebrovascular diseases; inflamma-
tions in other organs; pregnancy or lactation.

Reagents and instruments
Cefodizime sodium injection (Shandong Luya 

Pharmaceutical Co., Ltd., SFDA Approval Number: 
H20010044), a CRP test kit (Shanghai Kindu Biotech-
nology Co., Ltd., JD-0604), a fully automatic bioche-
mical analyzer (Beckman Coulter, Inc., dxc800), a fully 
automatic hematology analyzer (Beckman Coulter, 
Inc., dxH800).

Treatment methods
After admission, 250 mL glucose 5% plus cefodi-

zime sodium 2 g were injected intravenously once per 
day for the observation group, and they were treated by 
bronchospasm relief, cough relief, asthma relief, phlegm 
elimination, infection prevention, correction of internal 
environment disturbance, and oxygen inhalation for 72 
hours. According to patients’ conditions, non-invasive 
positive pressure ventilation therapy might be applicate 

if necessary.

Detection methods
5 mL fasting venous blood was sampled in three sub-

sequent days since admission at 7:00 am; it was poured 
into an anticoagulant tube and a vacuum drying tube. 
The tubes were centrifuged at 3,000 rpm/min over 10 
minutes. The serum and plasma were stored at -80 °C. 
PLT was detected in the plasma by the hematology ana-
lyzer. The collected plasma was poured into a test tube 
filled with a diluent. The test tube was shaken to mix 
well; it was placed under the sampling needle, then the 
test was started. CRP was detected in the serum by the 
biochemical analyzer using immunoturbidimetry accor-
ding to the kit instructions. 30 μl serum was shaken and 
placed into the instrument's test plate, and an empty 
cuvette was placed next to it.

Observational indexes
Main observational indexes: pre- and post-treatment 

expression levels of PLT and CRP in the observation 
group.

Secondary observational indexes: clinical data of 
the patients in the two groups; clinical symptoms, post-
treatment signs and efficacy (effective and invalid) in 
the observation group. According to the post-treatment 
expression levels of PLT and CRP, the receiver opera-
ting characteristic (ROC) curve was used to analyze the 
diagnostic values and optimal cut-off values of PLT and 
CRP for efficacy in the severely pneumonic cases. Pear-
son test analyzed the correlation of PLT, CRP and PSI 
scores in the post-treatment serum in the observation 
group.

Evaluation criteria for efficacy
Based upon the evaluation criteria for efficacy pro-

posed in guidelines of Respiratory Society, Chinese 
Medical Association in 2016, the efficacy was cate-
gorized into effective and invalid (18). Posttreatment 
stable disease (SD) was considered as effective. SD 
should meet all the following five indexes: 1) body 
temperature ≤ 37.8 °C; 2) heart rate ≤ 100 bpm; 3) res-
piratory frequency ≤ 24 times/min; 4) systolic blood 
pressure ≥ 90 mmHg; 5) oxygen saturation ≥ 90% or 
PaO2≥ 60 mmHg under suction air condition. Invalid: 1) 
progressive pneumonia: during 72 hours of admission, 
the disease progressed to acute respiratory failure and 
the patients required mechanical ventilatory support; 
the disease progressed to septic shock and the patients 
required vasoactive drug therapy; 2) no response to 
treatment: 72 hours after treatment, the patients failed 
to reach standards for SD.

Statistical analysis
To analyze statistically and to plot figures, we used 

SPSS20.0 (SPSS Inc., Chicago, IL, USA) medical sta-
tistical analysis software and Graph Pad Prism 7 (Graph 
Pad Software, Inc., San Diego, CA, USA), respectively. 
Countable data were expressed by ratio (%), and tested 
by Chi-square. Measurable data, conformed its nor-
mal distribution, were expressed by Means±SD. Inde-
pendent samples t-test compared between the groups, 
whereas paired samples t-test compared within them 
and represented by ‘t’. Pearson test analyzed the corre-
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Expression levels of PLT and CRP in effective and 
invalid groups

Based upon the evaluation criteria, 64 effective cases 
and 17 invalid cases existed in the observation group 
after treatment. According to the efficacy, the patients 
were categorized into the effective group (n=64) and 
the invalid group (n=17). The post-treatment expression 
levels of PLT and CRP in the effective group were lower 
than those in the invalid group (P< 0.05). More details 

lation of PLT, CRP and PSI scores in the post treatment 
observation group, and ROC curve evaluated the dia-
gnostic values of PLT and CRP for efficacy. P-value < 
0.05 indicated significant differences.

Results

Clinical data
According to the clinical data in the observation and 

control groups, significant differences existed between 
the groups in terms of ventilatory reserve percentage, 
residual volume, and forced vital capacity (P< 0.05) 
but not in terms of gender, age, BMI, body tempera-
ture, previous medical history (hypertension, diabetes, 
hyperlipidemia), history of smoking, history of alcoho-
lism, and residence (P> 0.05). More details are shown 
in Table 1.

Pre and post-treatment expression levels of PLT and 
CRP in observation and control groups

The pretreatment PLT expression level in the obser-
vation group (415.42±76.73) was higher than that in the 
control group (135.07±42.36) (P< 0.05). In the obser-
vation group, the post-treatment PLT expression level 
(267.77±56.07) was significantly lower than the pre-
treatment one but higher than that in the control group 
(P< 0.05). The pretreatment CRP expression level in the 
observation group (56.75±22.46) was higher than that 
in the control group (4.45±2.34) (P< 0.05). In the obser-
vation group, the post-treatment CRP expression level 
(28.07±14.52) was significantly lower than the pretreat-
ment one but higher than that in the control group (P< 
0.05). More details are shown in Figure 1.

Factors Observation group (n=81) Control group (n=106) t/χ2 value P-value
Gender

0.333 0.564Male 50(61.73) 61(57.55)
Female 31(38.27) 45(42.45)

Age (Years) 52.44±13.75 51.83±11.74 0.327 0.744
BMI(kg/m2) 20.37±4.87 21.24±5.13 1.175 0.242
Body temperature (°C) 38.17±0.71 36.53±0.35 1.179 0.240
Past medical history
Hypertension 21(25.93) 27(25.47) 0.005 0.944
Diabetes 17(20.99) 22(20.75) 0.002 0.969
Hyperlipidemia 14(17.28) 19(17.92) 0.013 0.909
History of smoking

0.003 0.957Yes 37(45.68) 48(45.28)
No 44(54.32) 58(54.72)

History of alcoholism
0.005 0.944Yes 21(25.93) 27(25.47)

No 60(74.07) 79(74.53)
Residence

0.016 0.127City 58(71.60) 75(70.75)
Countryside 23(28.40) 31(29.25)

Ventilatory reserve percentage (%) 89.37±0.89 94.41±1.47 27.264 <0.001
Residual volume (L) 1.22±0.32 1.38±0.41 2.901 0.004
Forced vital capacity (mL) 2242±53 2871±93 54.466 <0.001
PSI score 142.36±17.18

Table 1. Clinical data that were achieved in current research.

Figure 1. PLT and CRP in pre- and post-treatment in the two 
groups. A: PLT in the observation group before treatment was 
significantly higher than the control group (t=31.819, P< 0.001); 
PLT in the observation group after treatment was significantly 
lower than that before treatment (t=13.095, P< 0.001); PLT after 
treatment in the observation group was significantly lower than 
that after treatment (t=18.439, P< 0.001). B: CRP in the obser-
vation group before treatment was significantly higher than the 
control group (t=23.825, P< 0.001); CRP in the observation group 
after treatment was significantly lower than that before treatment 
(t=10.184, P< 0.001); CRP in the observation group after treat-
ment was significantly lower than that after treatment (T=16.484, 
P< 0.001). *** means P< 0.001.
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are shown in Table 2.

Diagnostic values of PLT and CPR for efficacy
According to the expression levels of PLT and CRP 

in the effective and invalid groups, the ROC curve was 
plotted to analyze their diagnostic values for efficacy on 
severe pneumonia. The area under the curve (AUC) of 
PLT was 0.843, 95%CI was 0.737~0.949, the specificity 
was 76.56%, the sensitivity was 76.47%, and the cut-off 
was 287.766. Those of CRP were 0.864, 0.745~0.983, 
92.19, 70.59% and 45.242, respectively. Those of joint 
detection were 0.886, 0.781~0.993, 98.44, 70.59% and 
0.579, respectively. More details are shown in Table 3 
and Figure 2.

The AUC of PLT was 0.843, 95% CI was 0.737~0.949, 
the specificity was 76.56%, the sensitivity was 76.47%, 
and the cut-off was 287.766. Those of CRP were 0.864, 
0.745~0.983, 92.19, 70.59% and 45.242, respectively. 
Those of joint detection were 0.886, 0.781~0.993, 
98.44, 70.59% and 0.579, respectively.

Correlation of PLT with CRP in the observation 
group

According to Pearson correlation analysis was used 
to analyze the correlation of PLT, CRP and PSI score. 
There was a positive correlation between PLT and CRP 
(r=0.664, P< 0.001), a positive correlation between 
PLT and PSI scores (r=0.721, P< 0.001), and a positive 
correlation between CRP and PSI scores (r=0.735, P< 
0.001). As shown in Figure 3.

Discussion

Severe pneumonia as a common disease in ICU 
today is the leading cause of death from infectious di-
seases whose incidence rates have been increasing year 
by year in recent years (19, 20). Bacteria, fungi and 
other pathogens induce large enrichment of neutrophils 
and macrophages which release a large number of in-
flammatory factors, and cascade reactions of the factors 
aggravate inflammations, thus resulting in severe pneu-
monia (21). Patients with the disease suffer from severe 
pulmonary lesions at the onset. In addition, infections 
that are not limited in the lung cause systemic inflam-
matory responses, thereby leading to multiple organ fai-
lure and acute respiratory distress syndrome (22, 23).

PLT, which is found to be involved in pulmonary 
tuberculosis and tumors, predicts the prognosis of di-
seases (24-26). In this study, the expression level of PLT 
in the observation group was significantly higher than 
the control group before treatment, possibly because 

neutrophils in patients with pneumonia were enriched 
and released a large number of inflammatory mediators, 
causing PLT to be higher than normal people. Accor-
ding to Huang et al (27), the expression level of PLT 
in children with severe pneumonia was significantly 
higher than healthy children. The age of their samples is 
different from ours, but their results are similar to ours, 
possibly indicating that the expression level of PLT in 
children, middle-aged and elderly patients with severe 
pneumonia is higher than normal people. However, in 
the observation group, the expression level of PLT after 
treatment was significantly lower than that before treat-
ment (P< 0.05), which may be because the antibacterial 
effect of antibiotics reduced inflammations and infec-
tions. Therefore, the expression level of PLT is likely 
to be used to evaluate the efficacy of severe pneumonia. 
CRP is a predictor recently found to be closely related 
to the death and prognosis of patients with communi-

Groups Effective group (n=64) Invalid group (n=17) t-value P-value
PLT(×109/L) 259.58±51.27 331.04±59.52 8.968 <0.001
CRP(mg/L) 22.67±12.33 40.78±18.96 6.343 <0.001

Table 2. Expression levels of PLT and CRP in effective and invalid groups.

Indicators AUC 95%CI Specificity Sensitivity Youden index Cut-off
PLT 0.843 0.737~0.949 76.56% 76.47% 53.03% >287.766
CRP 0.864 0.745~0.983 92.19% 70.59% 62.78% >45.242

Joint detection 0.886 0.781~0.993 98.44% 70.59% 68.19% >0.579

Table 3. The ROC curve data obtained from this experiment.

Figure 2. ROC curves of PLT and CPR in predicting efficacy on 
severe pneumonia.

Figure 3. Correlation between PLT and CRP. A: There was a posi-
tive correlation between PLT and CRP expression (r=0.664, P< 
0.001). B: PLT was positively correlated with PSI score (r=0.721, 
P< 0.001). C: CRP was positively correlated with PSI score 
(r=0.735, P< 0.001).
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ty-acquired pneumonia. CRP on the 3rd day is related 
to the 30-day mortality rate of hospitalized patients, so 
failure to reduce it is not conducive to the prognosis of 
the patients (28). 

In this study, the expression level of CRP in the ob-
servation group was significantly higher than the control 
group before treatment, speculated that inflammatory 
cells in patients with pneumonia infiltrate and release 
endogenous neurotransmitters to stimulate liver cells, 
thus accelerating the synthesis of CRP. In a study, the 
serum CRP level of the patients diagnosed with pneu-
monia was higher than that of the patients with chronic 
obstructive pulmonary disease or acute bronchitis. Their 
findings are similar to ours, indicating that the expres-
sion level of CRP could be used as a diagnostic standard 
for severe pneumonia. In the observation group, the ex-
pression level of CRP after treatment was significantly 
lower than that before treatment (P< 0.05), which may 
be because the antibacterial effect of antibiotics reduced 
patients’ inflammations, weakened the infiltration of 
inflammatory cells and reduced the expression level of 
CRP. This indicates that CRP may be a potential dia-
gnostic indicator for the efficacy of severe pneumonia 
(29-40). 

According to the Pearson correlation analysis, the 
expression levels of PLT and CRP were positively corre-
lated, suggesting that there might be a close relationship 
between PLT and CRP. It is suspected that the increase 
of PLT activates platelets to be involved in inflamma-
tory responses, thereby aggravating inflammations. The 
expression level of CRP as an inflammatory indicator 
increases with the aggravation of inflammations. At the 
same time, regarding the relationship of PLT, CRP and 
the PSI score of the severe index of pneumonia, it was 
found that there was a positive correlation between PLT, 
CRP and PSI score. Exacerbated inflammation leads to 
worsening of the disease, which is also in line with our 
view that PLT and CRP will increase with the inflam-
mation.

Recently, there have been studies on the expression 
level of PLT or CRP alone in pneumonitis, and their 
expression levels are used as indicators for the severity 
and prognosis of the disease. In some previous studies, 
ROC curves have also been adopted to find the predic-
tive value of CRP in pneumonia. However, the ROC 
curve is rarely used to evaluate efficacy. Therefore, the 
patients were divided into effective and invalid groups 
according to the efficacy in this study. According to the 
ROC curve, the AUC of PLT was 0.843, that of CRP 
was 0.864 and that of joint detection was 0.886. When 
the cut-off point was > 0.579, the best specificity and 
sensitivity were 98.44 and 70.59% respectively, which 
were significantly better than those of single detection. 
Therefore, the expression levels of PLT and CRP could 
be used as diagnostic indicators for the efficacy on pa-
tients with severe pneumonia.

However, there are limitations to this study. Firstly, 
whether the drugs and therapeutic schemes used in this 
study affected the expression levels of PLT and CRP 
were not studied. Secondly, there may be errors in the 
efficacy evaluation due to the short treatment time. 
Finally, the relationship between PLT and CRP in this 
study remains unclear. Therefore, it is hoped that rele-
vant basic experiments will be added in future studies to 

explore their relationship and verify the results of this 
study.

In summary, based upon the positive correlations 
between PLT, CRP and PSI, we concluded that exacer-
bated inflammation leads to worsening of the disease. 
The expression levels of PLT and CRP can be used as 
diagnostic indicators for the efficacy on severely pneu-
monic patients. We suggest investigating the relation-
ship between PLT and CRP in future studies. 
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