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Abstract: Objective: To investigate the expression and significance of T lymphocyte subsets, interleukin-8 (IL-8), and 
tumor necrosis factor-α (TNF-α) in children infected with streptococcus pneumoniae (SP). Methods: Sixty children 
with SP infection were selected from our hospital as group A (GA). Sixty healthy children in the same period were 
categorized as group B (GB). Three mL of venous blood was obtained from the two groups after admission. Flow 
cytometry was adopted to test the proportions of CD3+, CD4+ and CD8+ and the ratio of CD4+/CD8+. Enzyme-linked 
immunosorbent assay (ELISA) was used to determine the concentrations of serum IL-8 and TNF-α. ROC was intro-
duced to evaluate the diagnostic value of serum IL-8 and TNF-α for SP. Results: The proportions of CD3+, CD4+ and 
CD8+ and the ratio of CD4+/CD8+ in GA were significantly lower than those in GB (P<0.05). The concentrations of 
serum IL-8 and TNF-α in GA were significantly higher than those in GB (P<0.05). The sensitivity and specificity of 
diagnosis with IL-8 for SP were 86.67% and 78.33%, respectively. For diagnosis with TNF-α, the sensitivity and speci-
ficity were 73.33% and 90.00%, respectively. For diagnosis in combination with serum IL-8 and TNF-α, the sensitivity 
was 93.33% and the specificity was 91.67%. Conclusions: SP infection in children can cause immune dysfunction. 
Serum IL-8 and TNF-α are of important value for diagnosis of SP infection. 
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Introduction

Streptococcus pneumoniae (SP) is the most 
common respiratory tract bacterial infection in 
children. It is the main cause of a series of 
infectious diseases clinically, such as septice-
mia, pneumonia, and meningitis, etc. [1]. 
According to the estimation of the World Health 
Organization (WHO), 1.7 million children (mostly 
from developing countries) die from SP infec-
tious diseases each year. SP infection is one of 
the main causes of disability and death in chil-
dren [2]. The appearance of SP is the result of 
the interaction between body and bacteria. The 
outcome of the disease depends mainly on the 
body’s immune response to the bacteria [3]. 
Previous studies have shown that the body’s 
immune response after SP infection will rapidly 
reach a peak. Death mostly occurs within 5 d 
after infection. It is related to multiple organ 

failure. Organ failure is caused by anti-inflam-
matory response imbalance and inflammatory 
mediators released by bacterial pro-inflamma-
tory factors [4, 5]. Therefore, studying the 
changes in immune function and inflammatory 
response and possible pathogenesis is of great 
significance for the treatment and prognosis of 
SP in children. 

SP infection in children can cause disorder of 
immune system. Furthermore, an inflammatory 
response occurs [6]. T lymphocyte subsets in 
the peripheral blood mainly include CD3+, CD4+ 
and CD8+, etc. They mainly reflect the immune 
function status of the body, including immune 
regulation, defense and monitoring. Meanwhile, 
they also can be signs of infection, tumor and 
autoimmune diseases [7, 8]. As a chemokine, 
interleukin-8 (IL-8) is mainly secreted by epithe-
lial cells and macrophages. It is chemotactic for 
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the neutrophils and can promote the inflamma-
tory cells to induce chemotaxis and cell prolif-
eration. Thus, the effect of cell damage and 
sterilization is achieved [9]. Tumor necrosis 
factor-α (TNF-α) is a kind of pro-inflammatory 
cytokine. In the initial research, TNF-α was 
reported to induce programmed cell death or 
apoptosis. This molecule is considered to be 
involved in many important cell regulation pro-
cesses, such as proliferation, differentiation, 
growth and the immune response [10]. 

There are many studies on the effects of T lym-
phocyte subsets and inflammatory factors in 
pneumonia [11-14]. However, the specific role 
in children with SP infection is studied here. In 
this study, the levels of T lymphocyte subsets, 
IL-8 and TNF-α in the peripheral blood of chil-
dren with SP infection were tested. Thus, the 
role of these measures in the occurrence and 
development of SP infection was investigated. 

Materials and methods

General information

Sixty children with SP infection in our hospital 
were categorized as group A (GA), including 34 
males and 26 females. They were aged 1 to 5 
years and (3.1±1.1) years old in average. The 
course of the disease was 2-5 d and (3.2±1.3) 
days in average. The admission time was 1-4 
days. 

The inclusion criteria: The SP diagnostic criteria 
in Diagnosis and Management of Adult Com- 
munity and Hospital Acquired Pneumonia 
issued by the National Institute for Health and 
Clinical Excellence (NICE) were met by the 
patients [15]. Infection by S. pneumoniae was 
diagnosed by the detection of a serological 
response against at least one of eight pneumo-
coccal proteins (defined as an increase ≥2-fold 
in the IgG levels against Ply, CbpA, PspA1 and 
PspA2, PhtD, StkP-C, and PcsB-N, or an in- 
crease ≥1.5-fold against PcpA and isolation of 
streptococcus pneumoniae in blood cultures 
and/or pleural effusion [16]. Pneumonia mani-
festations (such as patchy shadow of both 
lungs or blurred lung texture, thickening disor-
der) were observed by X-ray chest examination 
in the patients. Patients aged 1-5 years old. 
The body temperature of patients is greater 
than 38.0°C. The patients present respiratory 
tract infection signs/symptoms (such as run-
ning nose, shortness of breath, cough, etc.).

The exclusion criteria: Patients who took immu-
nosuppressive agents, pneumococcal vaccina-
tion, anti-inflammatory drugs during the past 
month or children with liver and kidney dysfunc-
tion, malignancy, congenital metabolic disease, 
endocrine systemic disease, autoimmune sys-
temic disease, congenital heart disease, hemo-
lytic jaundice, cerebrovascular disease, mental 
disorders or other acute conditions such as  
pulmonary edema, pulmonary embolism or 
patients had severe immunocompromised sta-
tus with severe neutropenia (peripheral white 
blood cell (WBC) count <1,000/µl) [17] were 
excluded.

Sixty healthy children in the same time period 
were categorized as group B (GB), including 31 
males and 29 females. They were aged 1 to 6 
years. The average age was (3.2±1.3) years 
old. The children in GB had no respiratory tract 
infection, no chronic or acute disease, no 
immune or allergic disease within the last 
month. The guardian of each subject was given 
detailed explaination about the study and 
signed the informed consent form. This study 
was not contrary to ethics. The protocol was 
submitted to the Ethics Committee of the hos-
pital for review. The study was implemented 
after the approval was obtained. 

Test methods

Three mL of venous blood was taken from the 
subjects after admission. The blood was placed 
in an anticoagulant-free vacuum tube and anti-
coagulant tube containing potassium dipotas-
sium ethylenediamine tetraacetate (EDTA-K2).

Test of T lymphocyte subsets in peripheral 
blood 

DxFLEX flow cytometer (Beckman Coulter 
Commercial Enterprise (China) Co., Ltd.) was 
used to test the proportions of CD3+, CD4+ and 
CD8+ and the ratio of CD4+/CD8+. One hundred 
μL of anticoagulative whole blood was placed in 
the TruCOUNT tube. Twenty μL of Fluorescein 
Isothiocyanate (FITC) labelled monoclonal anti-
body CD3-PC5, CD4-PE and CD8-ECD (Shang- 
hai Hengfei Biotechnology Co., Ltd., China,  
Art. No.: IM2635U, 130-109-414, 737659) was 
added to each tube. After being mixed well, the 
resulting substance was placed at room tem-
perature for 20 min. The cells were lysed with 
500 μL of hemolysin. Then, they were placed at 
room temperature for 15 min. Five hundred μL 
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of PBS buffer was added. After being mixed 
well, the mixture was placed for 10 min at room 
temperature. The samples were tested on the 
flow cytometer. The proportions of CD3+, CD4+ 
and CD8+ and the ratio of CD4+/CD8+ were 
read.

Determination of IL-8, TNF-α concentrations 

Enzyme-linked immunosorbent assay (ELISA) 
was adopted to determine the concentrations 
of serum IL-8 and TNF-α. The test was per-
formed with the reference to the instructions 
for use of IL-8, TNF-α ELISA (Shanghai Xinfan 
Biotechnology Co., Ltd., China, Art. No.: XF- 
HUMAN-1007, XF16189Q). The samples and kit 
were balanced for 30 min. The standard well, 
blank well and sample well were set. Fifty µL of 
standard and 50 µL of test sample were added 
to the standard well and sample well, respec-
tively. Then, the addition of 50 µl of streptavi-
din-HRP was performed. The wells were cov-
ered with the closure plate membrane. 
Incubation was performed at 37°C for 60 min. 
The liquid was discarded and dried. Each well 
was given 200 µL of washing solution. After 
standing for 30 s, the washing solution was dis-
carded. This step was repeated 5 times. Each 
well was mixed with 50 µl of developer A and B. 
After being mixed well, the resulting substance 
was incubated at 37°C for 10 min. Color devel-
opment was conducted at room temperature in 
a dark place. Fifty µl of stop solution was added 
to each well. BIO-RAD680 (Beijing Tideradar 
Science and Technology Co., Ltd., China) was 
used to determine the OD value at 450 nm. The 
IL-8 and TNF-α concentrations were calcula- 
ted.

Statistical methods

SPSS 22.0 (Easybio (Beijing) Science and 
Technology Co., Ltd.) was used for statistical 
analysis. The enumeration data were expressed 
with the number of subjects/percentage [n (%)]. 
Chi-squared test was adopted for comparison 
of enumeration data between the groups. The 
measurement data were expressed with mean 
± standard deviation (

_
x  ± sd). Independent  

sample t test was introduced for comparison of 
measurement data between the groups. ROC 
was applied to evaluate the diagnostic value of 
serum IL-8 and TNF-α for SP. A logistic regres-
sion model was established with IL-8 and TNF-α 
as independent variables, and the area under 

the ROC curve of the joint diagnosis was fitted 
by the probability value in the model. P<0.05 
implied a significant difference. 

Results

General information 

The gender, age, body mass index (BMI), head 
circumference, passive smoking, place of resi-
dence, mother’s education, birth weight, feed-
ing method, glutamic oxalacetic transaminase 
(AST), alanine transaminase (ALT), platelet 
(PLT) count, hemoglobin (Hb), glutamyl trans-
peptidase (GGT), white blood cell (WBC) count, 
C reaction protein (CRP), major pathogen and 
subdural effusion were not different between 
GA and GB (P>0.05) (Table 1). 

Results of T lymphocyte subsets 

The proportions of CD3+, CD4+ and CD8+ in GA 
were respectively lower than those in GB 
(P<0.05). The ratio of CD4+/CD8+ in GB was 
higher than that in GA (P<0.05) (Table 2; Figure 
1).

Results of serum IL-8 and TNF-α concentra-
tions

The concentrations of serum IL-8 and TNF-α in 
GA were accordingly higher than those in GB 
(P<0.05) (Table 3; Figure 2).

Diagnostic value of serum IL-8 and TNF-α con-
centrations for SP

The ROC of serum IL-8 and TNF-α concentra-
tions for diagnosis of SP were plotted. The AUC, 
cutoff value, sensitivity and specificity of serum 
IL-8 for diagnosis of SP were respectively 0.858 
(95% CI: 0.787-0.928), 5.48 (pg/mL), 86.67% 
and 78.33%. The AUC, cutoff value, sensitivity 
and specificity of serum TNF-α were corre-
spondingly 0.889 (95% CI: 0.834-0.944), 3.28 
(pg/mL), 73.33% and 90.00%. Logistic regres-
sion model was established with IL-8 and TNF-α 
as independent variables. Logit (P combined 
diagnosis) = -15.365+1.138 IL-8+2.641 TNF-α, 
The ROC of serum IL-8 and TNF-α in combina-
tion for diagnosis of SP was further plotted. The 
AUC was 0.959 (95% CI: 0.925-0.993), cutoff 
value 0.51, sensitivity 93.33% and specificity 
91.67% (Tables 4 and 5; Figure 3).
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Discussion

Streptococcus Pneumoniae (SP) infection is a 
common respiratory system disease in chil-

dren. A series of complications can result. SP 
infection is a main factor leading to death in 
children. As a result, a great burden is placed 
on the family, life and society [18, 19]. With the 

Table 1. General information of Group A and Group B [n (%)] (
_
x±sd)

Category Group A (n = 60) Group B (n = 60) t/χ2 value P value
Gender 0.302 0.583
    Male 34 (56.67) 31 (51.67)
    Female 26 (43.33) 29 (48.33)
(Age) 3.1±1.1 3.2±1.3 0.455 0.650
BMI (kg/m2) 15.21±1.35 15.24±1.18
Head circumference (cm) 49.73±2.03 49.57±1.98 0.437 0.663
Passive smoking 1.046 0.306
    Yes 11 (18.33) 7 (11.67)
    No 49 (81.67) 53 (88.33)
Place of residence 0.657 0.418
    City 45 (75.00) 41 (68.33)
    Rural 15 (25.00) 19 (31.67)
Mother’s education 0.853 0.837
    Primary school 2 (3.33) 3 (5.00)
    Junior high school 6 (10.00) 4 (6.67)
    High school or secondary school 16 (26.67) 14 (23.33)
    The University 36 (60.00) 39 (65.00)
Birth weight 0.209 0.648
    Normal 3 (5.00) 2 (3.33)
    Low birth weight 57 (95.00) 58 (96.67)
Feeding method 0.668 0.716
    Breast milk 41 (68.33) 45 (75.00)
    Artificially 6 (10.00) 5 (8.33)
    Mixed feeding 13 (21.67) 10 (16.67)
AST (U/L) 20.06±9.87 21.24±10.07 0.648 0.518
ALT (U/L) 25.63±11.58 24.67±12.29 0.440 0.660
PLT (10×109/L) 181.52±51.79 189.03±66.71 0.689 0.492
Hb (g/L) 138.09±35.67 132.85±40.62 0.751 0.454
GGT (U/L) 9.95±3.18 10.24±4.73 0.394 0.694
WBC (10×109/L) 0.144 0.705
    >20.0 23 (38.33) 21 (35.00)
    ≤20.0 37 (61.67) 39 (65.00)
CRP (100 mg/L) 0.034 0.854
    >100 mg/L 25 (41.67) 26 (43.33)
    ≤100 mg/L 35 (58.33) 34 (56.67)
Main pathogens 0.275 0.965
    Klebsiella pneumoniae 6 (14.29) 5 (12.82)
    Staphylococcus aureus 4 (9.52) 3 (7.69)
    Streptococcus pneumoniae 18 (42.86) 16 (41.03)
    Escherichia coli 14 (33.33) 15 (38.46)
Subdural effusion 0.543 0.461
    Yes 28 (46.67) 24 (40.00)
    No 32 (53.33) 36 (60.00)
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Table 2. Comparison of T lymphocyte subsets in peripheral blood of group A and group B (
_
x±sd)

Index Group A (n = 60) Group B (n = 60) t value P value
CD3+ (%) 64.28±5.36 66.41±6.09 2.034 0.044
CD4+ (%) 32.91±5.37 36.97±5.09 4.250 <0.001
CD8+ (%) 24.58±6.34 27.05±6.18 2.161 0.033
CD4+/CD8+ 1.08±0.47 1.43±0.54 3.787 <0.001

Table 3. Comparison of serum IL-8 and TNF-α 
concentrations in group A and group B (

_
x±sd)

Index n IL-8 (pg/mL) TNF-α (pg/mL)
Group A 60 6.52±1.13 4.26±1.08
Group B 60 4.09±0.96 2.19±0.73
t value - 12.690 12.300
P value - <0.001 <0.001

Figure 1. Comparison of T lymphocyte subsets in peripheral blood of group A and B. Comparison of CD3+ propor-
tions between group A and B (A); Comparison of CD4+ proportions (B); Comparison of CD8+ proportions (C); Com-
parison of CD4+/CD8+ ratio (D). Note: *implied P<0.05. 

further understanding of the physiological and 
pathological mechanism of SP, the role of 
immune function and inflammatory reaction in 

the occurrence and development of SP has 
attracted much attention [20].

T lymphocyte subsets play an important role in 
human immunoregulation [21]. CD3+ is the rep-
resentative of the proportion of mature T lym-
phocytes. Its proportion is positively correlated 
with the immune function of T lymphocytes 
[22]. CD4+ can stimulate B lymphocytes to pro-
duce antibodies. Its proportion is closely relat-
ed to the level of lymphocyte factors [23]. CD8+ 
is an inhibitory T cell. It can inhibit the antibody 
produced by B lymphocytes. The decrease in its 
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proportion indicates the decrease in immuno-
suppression ability [24]. CD3+, CD4+ and CD8+ 

immunosuppression. A decrease in the ratio 
implies inhibition of the immune function [25, 
26]. T lymphocytes play a certain role in the 
pathogenesis of SP. Previous studies have 
shown that T lymphocytes can increase signifi-
cantly around the bronchus in the early stages 
of pneumonia. However, the specific effect of T 
lymphocytes in SP still needs to be further stud-
ied [27]. In this study, the proportions of CD3+, 
CD4+ and CD8+ and the ratio of CD4+/CD8+ in 
GA were much lower than those in GB. The 
results showed that SP infection could lead to a 
decline of immune function and disorders of 
immune regulation function. In the report of 
Dockrell, et al [28], the number and activation 
of CD4+ can affect the inflammatory cytokine 
network and the survival status of patients with 
SP. In the study of Weber, et al [29], CD8+ cells 
play an important role in the regulation of pul-

Table 4. Diagnostic value of serum IL-8 and TNF-α concentrations for SP
Diagnostic index AUC 95% CI Std. Error Cut-off value Sensitivity (%) Specificity (%)
IL-8 0.858 0.787-0.928 0.036 5.48 (pg/mL) 86.67 78.33
TNF-α 0.889 0.834-0.944 0.028 3.28 (pg/mL) 73.33 90.00
IL-8+TNF-α 0.959 0.925-0.993 0.017 0.51 93.33 91.67

Table 5. Logistic regression analysis results of binomial classifica-
tion
Variable B Std. Error Wals P value OR 95% CI
IL-8 1.138 0.268 18.067 <0.001 3.121 1.847-5.276
TNF-α 2.641 0.606 19.024 <0.001 14.034 4.282-45.992
Constant -15.365 3.060 25.211 <0.001 0.000

Figure 2. Comparison of serum IL-8 and TNF-α concentrations. Comparison of serum IL-8 concentrations (A); Com-
parison of serum TNF-α concentrations (B). Note: *implied P<0.05. 

Figure 3. ROC of serum IL-8 and TNF-α concentra-
tions for diagnosis of SP.

interact with each other in 
lymphocytes. CD4+ and CD8+ 
regulate and restrict each 
other. The imbalance of 
CD4+/CD8+ ratio indicates 
the abnormal immune func-
tion. CD4+/CD8+ ratio is clo- 
sely related to the state of 
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monary neutrophil aggregation and the produc-
tion of CXC chemokine. Therefore, it is neces-
sary to understand the state of T lymphocyte 
subsets in SP patients. The clinical treatment 
of SP may be improved by regulating the 
immune response of children infected with SP. 

IL-8 is a member of CXC chemokine and mainly 
secreted by epithelial cells. As a powerful che-
mokine of neutrophils, IL-8 is involved in the 
pathogenesis of acute and chronic pulmonary 
disease [30]. TNF-α is a protein. The protein is 
mainly produced by activated macrophages 
and monocytes. TNF-α participates in the nor-
mal inflammatory and immune responses. It is 
crucial for maintenance of balance in the body. 
The increase of TNF-α usually occurs under 
various pathological conditions, including sep-
sis, malignancy, heart failure and chronic infec-
tion [31]. There are many studies on the role of 
IL-8 and TNF-α in pneumonia. For example, the 
in vitro experiment by Chen, et al [32] has dem-
onstrated that mycoplasma pneumoniae induc-
es bronchial epithelial cells to produce IL-8 in a 
time-dependent manner. After stimulating IL-8, 
neutrophils produce myeloperoxidase and ma- 
trix metalloprotein. The concentration of neu-
trophils increase significantly. IL-8 may have 
great effect in the pathogenesis of mycoplas-
ma pneumoniae. In the study of Bacci, et al 
[33], the levels of IL-8 and TNF-α are related to 
the early mortality of patients with community-
acquired pneumonia. The higher the levels are, 
the worse the prognosis is. As a conclusion, 
IL-8 and TNF-α may play a vital part in the occur-
rence and development of pneumonia. How- 
ever, there is little study on the specific chang-
es of IL-8 and TNF-α in children with SP infec-
tion. The concentrations of serum IL-8 and 
TNF-α in GA were clearly higher than those in 
GB. The results showed that IL-8 and TNF-α 
might be involved in the occurrence and devel-
opment of SP infection in children. In recent 
years, the onset mode, X-ray changes and clini-
cal symptoms of SP are atypical due to the pop-
ularization and use of antibacterial drugs [34]. 
For this reason, the ROC of serum IL-8 and 
TNF-α concentrations for diagnosis of SP was 
plotted in this study. The results indicated that 
a test with IL-8 and TNF-α in combination had a 
better diagnostic value in children with SP 
infection. Therefore, IL-8 and TNF-α are expect-
ed to become good biological measures for 
diagnosis, treatment and prognosis of SP infec-

tion in children. The study of Li, et al [35] found 
that interleukin-2, interleukin-4, interleukin-10 
and interferon-γ (IFN-γ) had certain diagnostic 
value for mycoplasma pneumoniae pneumonia 
(MPP). However, the sensitivity of TNF-α for 
diagnosis of MPP was only 59.3%. It was con-
sidered that mycoplasma pneumoniae and SP 
may be two different infections. Thus, this devi-
ation was caused. 

This study demonstrated that SP infection can 
cause immune dysfunction in children. The 
results showed the diagnostic value of IL-8 and 
TNF-α for SP. However, there are still some defi-
ciencies in this study. First, longitudinal chang-
es in T lymphocyte subsets and IL-8, TNF-α in 
children with SP infection were not observed. 
Second, the specific mechanism of T lympho-
cyte subsets and IL-8, TNF-α in the pathogene-
sis of SP was not studied in depth. Therefore, 
these deficiencies will be supplemented in 
future study. The results in this study will be fur-
ther supported. 

In summary, the SP infection in children can 
cause the immune dysfunction. Serum IL-8 and 
TNF-α have a good diagnostic value for SP 
infection. 
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