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Abstract 

Purpose: To investigate the effect of a combination of thymosin α1 with conventional regimen on APC 
and IL-1R1 levels in children with severe pneumonia, and to provide a reference for its clinical 
treatment.  
Methods: A total of 96 children with severe pneumonia over a period of two years were divided into 
control and observation groups (48 cases per group) by random number table method. The patients 
consisted of 46 males and 50 females within the age range of 0.1 - 6 years (mean age = 3.0 ± 1.2 
years), and mean duration of 13.4 ± 2.2 days). Their acute physiology and chronic health evaluation II 
(APACHE II) was 20.3 ± 3.2 points. Patients in the control group were placed on conventional treatment 
programs, while those in the observation group, in addition to the conventional treatments, received 
thymosin α1 (subcutaneous injection of thymosin α1 at a dose of 1.5 mg per injection) twice daily for the 
first 3 days, then once daily until the 7th day, after which the adverse reactions were observed and 
treated. Pulmonary function indices, and levels of APC, and IL-1R1 were also determined in the 
patients’ sera before and after the treatment regime. 
Results: The clinical efficacy of the observation group was significantly better (p < 0.05) than that of 
control. There were no significant differences (p > 0.05) in the indices of pulmonary function (maximal 
inspiratory and expiratory pressure, and peak expiratory flow) between the two groups before treatment. 
However, after treatment they were significantly higher (p < 0.05) in the observation group than in 
control. There were no significant differences (p > 0.05) in APC and IL-1R1 levels between the two 
groups before treatment, but after treatment, while the level of APC in the observation group was 
significantly increased (p < 0.05), the IL-1R1 level was significantly decreased (p < 0.05), when 
compared to the control group. Both groups showed no obvious adverse reactions during the treatment 
regime.  
Conclusion: Combining thymosin α1 with routine treatment in the management of children with severe 
pneumonia can significantly alleviate the symptoms of patients, greatly stimulate recovery of pulmonary 
function, improve APC and IL-1R1 levels, and prevent inflammation.  
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INTRODUCTION 
 

Pneumonia is a common disease that endangers 
human health, and its death rate ranks first on 
the list of infectious diseases, accounting for one-
fifth of all deaths caused by diseases worldwide 
[1]. Severe pneumonia, a category of 
pneumonia, is characterized by common 
respiratory symptoms, failure of respiratory 
organs and other tissues, it and results in high 
mortality in children. It has become an important 
clinical disease with obvious epidemiology and 
outcome characteristics, which requires an initial 
antibiotic therapy followed by comprehensive 
treatment in an intensive care unit (ICU) [2].  
 
Children with severe pneumonia experience 
immune dysfunction (abnormal immune 
mechanism) which leads to the activation of a 
large number of inflammatory cells and factors. 
Therefore, routine treatment is usually performed 
using immunosuppressive agents. Thymosin α1 
is an immune agonist that regulates the 
proliferation and differentiation of immune cells, 
inhibits the release of inflammatory factors and 
relieves the clinical symptoms of pneumonia in 
children [3]. Activated protein C (APC)

 
is an 

antithrombotic protease (possesses an 
anticoagulation effect), which is directly involved 
in the occurrence and development of 
pneumonia [4]. Interleukin-1R1 (IL-1R1)

 
is an 

important factor in the regulation of inflammatory 
response, and its level is usually elevated during 
such responses [5].  
 
Thymosin α1 and IL-1R1 can be used as 
biomarkers to assess the level and severity of 
pneumonia in children, and proffer treatment. In 
this study, patients with early postoperative 
inflammatory small-bowel obstruction (EPISBO) 
who underwent abdominal surgery were used. 
The aim of the present study was to investigate 
the effect of combination of thymosin α1 with 
conventional regimen on APC and IL-1R1 levels 
in children with severe pneumonia, and to 
provide a reference for the clinical treatment.  
 

EXPERIMENTAL 
 
Materials 
 
Enzyme-linked immunosorbent assay (ELISA) 
kits for the detection of IL-1R1 and APC were 
purchased from Wuhan Huamei Biological Co. 
Ltd. Thymosin α1 (H20030407) was obtained 
from Hainan Shuangcheng Pharmaceutical Co. 
Ltd., while Vmax lung function measuring 
instrument was obtained from Senisi Co. Ltd. 
(USA).  
 

This research was approved by the Ethical 
Committee of Department of Hospital 
Management, Qinhuangdao Maternity and Child 
Health Hospital, Hebei, China (approval no. 
2018517) and followed the guidelines of 
Declaration of Helsinki promulgated in 1964 as 
amended in 1996 [6]. 
 
Patients and general information  
 
A total of 96 children with severe pneumonia 
over a period of two years were used for this 
study, and they consisted of 46 males and 50 
females within the age range of 0.1 - 6 years 
(mean age = 3.0 ± 1.2 years, and mean duration 
= 13.4 ± 2.2 days). Their acute physiology and 
chronic health evaluation II (APACHE II) was 
20.3 ± 3.2 points. The patients were divided into 
control and observation groups (48 cases per 
group) by random number table method. Patients 
in the control group consisted of 22 males and 26 
females (mean age = 2.9 ± 1.8 years, and mean 
duration = 13.5 ± 2.1 d), and the APACHE II 
score was 20.5 ± 3.2 points. The observation 
group had 24 males and 24 females (mean age 
= 3.0 ± 1.1 years, and mean duration = 13.3 ± 
1.9 days), and the APACHE II score was 20.1 ± 
2.4 points. There were no significant differences 
in sex, age and disease status between the two 
groups. The study was approved by the Ethics 
Committee of Qinhuangdao Maternity and Child 
Health Hospital, Hebei, China, and the patients 
and their family members understood the study 
protocol and signed written informed consent. 
 
Inclusion and exclusion criteria 
 
The inclusion criteria were as follows: (1) patients 
consistent with the diagnostic criteria for severe 
pneumonia established in 2014 by the American 
Thoracic Society [6]; (2) patients who needed 
mechanical ventilation; (3) patients with daily 
urine volume < 400 ml; (4) patients whose lung 
lesions increased to more than 50 % within 48 h 
after admission; and (5) patients whose family 
members were informed and signed written 
informed consent. 
 
The exclusion criteria were as follows: (1) 
children with other infections; (2) children with 
severe liver and kidney dysfunction, autoimmune 
diseases, nervous system diseases, or other 
diseases; and (3) children who did not cooperate 
with the study protocol. 
 
Treatment 
 
Patients in the control group were placed on 
conventional treatment programs such as 
antibacterial, cough, electrolyte balance, 
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nutritional support and oxygen therapies, while 
those in the observation group in addition to the 
conventional treatment received thymosin α1 
treatment (subcutaneous injection of thymosin α1 
at a dose of 1.5 mg per injection) twice daily for 
the first 3 days, then once daily until the 7

th
 day, 

after which the adverse reactions were observed 
and treated. 
 
Evaluation of clinical efficacy  
 
The clinical efficacy of the patients was 
evaluated after one week of treatment as follows: 
(1) Cured: clinical symptoms of children 
disappeared completely, while chest X-ray 
examination was normal; (2) Effective: cases 
where clinical symptoms of children had some 
changes, and the inflammatory response was 
reduced and chest X - ray examination was 
normal; and (3) Ineffective: children with no 
significant changes or increase in their clinical 
symptoms. The overall effectiveness/efficacy 
(OE) was calculated according to equation 1 
where C is the number of cured cases, E is the 
number of effective cases and T is the total 
number of cases. 
 
OE = (C+E) / T × 100 % ……..(1) 
 
Determination of serum IL-1R1 and APC 
levels 
 
Serum IL-1R1 and APC levels were measured 
before treatment, and 1 week after treatment. 
Fasting venous blood (5 ml) was collected from 
each group of patients in the morning and 
centrifuged at 3000 rpm for 10 min, after which 
the samples were preserved in -80 ℃, in strict 
compliance with the of ELISA kit manufacturer’s 
instructions. 
 
Assessment of pulmonary function index 
 
The pulmonary function index, maximal mid-
expiratory flow curve (MMF), maximal inspiratory 
pressure (PImax), maximal expiratory pressure 
(PEmax), and peak expiratory flow (PEF) of 
patients were monitored using Vmax lung 
function measuring instrument before and 1 
week after treatment. 
 
Adverse reaction 
 
After 2 months of treatment, adverse reactions 
were observed and documented. 
 
Statistical analysis 
 
Data are expressed as mean ± SD, and were 
analyzed using SPSS (19.0). Differences 

between the two groups were compared using 
paired t-test and χ

2
 test. Values of p < 0.05 were 

considered statistically significant. 
 

RESULTS 
 
Subcutaneous injection of thymosin α1 (for 
immune regulation) followed by a combination of 
ceftazidime with azithromycin (treatment for 
inflammation), after 1 month, to a 1 year old 
(male) patient with severe mycoplasma 
pneumonia complicated with bacterial infection 
led to an obvious improvement in the chest 
radiograph (Figure 1). With a 3 years old (male) 

patient, there was obvious improvement after 12 
days treatment with subcutaneous injection of 
thymosin α1 and cefoperazone sulbactam as shown in 
Figure 2. Similarly, thymosin α1 was administered with 
azithromycin or ceftazidine and there was 
improvement within 6 – 9 days as shown in Figures 3 - 
5 
 

 
 
Figure 1: Chest radiograph of 1 year old (male) with 
severe mycoplasma pneumonia complicated with 
bacterial infection treated with subcutaneous injection 
of thymosin α1 (for immune regulation), followed by a 
combination of ceftazidime with azithromycin 
(treatment for inflammation) for 1 month. 
 

 
 
Figure 2: Chest radiograph of a 3 years old (male) 
patient after treatment with subcutaneous injection of 
thymosin α1 and cefoperazone sulbactam  
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Figure 3: Chest radiograph of patient in assessment 
3. The patient was 4 years old, with mycoplasma 
pneumonia, and after treatment with subcutaneous 
injection of thymosin α1 + azithromycin, the chest 
radiograph showed an obvious improvement after 6 
days 
 

 
 
Figure 4: Chest radiograph of patient in assessment 
4. The patient was 5 years old, with mycoplasma 
pneumonia, and after treatment with subcutaneous 
injection of thymosin α1 + azithromycin, the chest 
radiograph showed an obvious improvement after 6 
days. 
 

Clinical efficacy 
 
All the patients successfully completed their 
treatments. In the control group, 17 cases were 
cured, 18 cases were effective, 13 were 
ineffective, and the overall effectiveness was 
72.90 %. In the observation group, 22 cases 
were cured, 23 cases were effective, 3 were 

ineffective, and the overall effectiveness was 
93.70 %. The clinical efficacy of the observation 
group was significantly better (p < 0.05) than that 
of the control, as shown in Table 1. 

 

 
 
Figure 5: Chest radiograph of patient in assessment 
5. The patient was 5 years old, and had bacterial 
pneumonia. After treatment with subcutaneous 
injection of thymosin α1 + ceftazidime, the chest 
radiograph showed an obvious improvement after 9 
days. 

 
Indicators of pulmonary function 
 
There were no significant differences (p > 0.05) 
in PImax, PEmax and PEF between the two groups 
before treatment, but after treatment, the indices 
were significantly higher (p < 0.05) in the 
observation group, when compared to control 
(Tables 2 and 3). 
 
APC and IL-1R1 levels 
 
There were no significant differences (p > 0.05) 
in APC and IL-1R1 levels between the two 
groups before treatment, but after treatment, 
while the level of APC in the observation group 
was significantly increased (p < 0.05), the level of 
IL-1R1 was significantly decreased (p < 0.05), 
when compared to the control group (Table 4). 
 
Adverse reactions 
 
There was no death in both groups, and no 
significant adverse effects were associated with 
the treatment. 

 
Table 1: Clinical effects observed in the two groups 
 

Group    N Cured Effective Ineffective 
Overall effectiveness 
(%) 

Control group    48 17 18 13 72.9 

Observation group  48 22 23 3 93.7 

U/χ
2
   U = 4.56 Χ 

2
= 12.3 

P    P < 0.01 p < 0.01 
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Table 2: Pulmonary function indices (MMF and PEF) for the two groups 
 

Group N 
MMF (L/s) 

t P 
PEF(L/s) 

t p Before 
treatment 

After 
treatment 

Before 
treatment 

After 
treatment 

Control group 48 
0.74 ± 
0.21

 
1.44 ± 
0.69 

6.96 0.00 1.14 ± 0.11
 

1.44 ± 0.32 4.65 0.00 

Observation group 48 
0.73 ± 
0.25

 
1.75 ± 
0.72 

8.58 0.00 1.13 ± 0.15
 

2.45 ± 0.26 5.32 0.00 

t  0.72 4.12   0.76 6.54   
P  0.63 0.00   0.67 0.00   

 
Table 3: Pulmonary function indices (PImax, PEmax) for the two groups 
 

Group 
N 

PImax (%) 
t p 

PEmax (%) 
t p 

 
Before 

treatment 
After 

treatment 
Before 

treatment 
After 

treatment 

Control group 48 
61.14 ± 
10.11

 
72.44 ± 

7.02 
8.53 0.00 

35.14 ± 
7.11

 
39.44 ± 

8.32 
10.96 0.00 

Observation 
group 

48 
61.53 ± 
10.15

 
82.45 ± 

8.72 
10.75 0.00 

35.53 ± 
7.15

 
48.45 ± 

8.76 
12.96 0.00 

t  0.89 15.32   0.78 8.66   

P  0.48 0.00   0.87 0.00   

 
Table 4: Levels of APC and IL-1R1 in the two groups 
 

Index N 
APC (pg/ml) 

t p 
IL-1R1 (ng/ml) 

t p 
Before 

treatment 
After 

treatment 
Before 

treatment 
After 

treatment 

Control group 48 
102.65 ± 

60.67 
262.56 ± 

71.67 
21.1
06 

0.03 
0.78 ± 
0.16 

0.43 ± 
0.12 

6.2
0 

0.00 

Observation 
group 

48 
100.09 ± 

62.88 
435.75 ± 

72.36 
24.7

7 
0.00 

0.77 ± 
0.17 

0.23 ± 
0.10 

7.6
9 

0.00 

t  1.21 16.42   1.92 6.32   
p  0.23 0.00   0.06 0.00   

 

DISCUSSION 
 
Pediatric pneumonia is one of the major causes 
of death of young children in China, and these 
children usually suffer from dysfunctions of some 
of their organs and tissues [7]. Studies have 
shown that severe pneumonia in children is also 
accompanied by septic shock, heart failure, 
immune system disorders, immune dysfunction 
and other symptoms which can lead to the 
release of large number of inflammatory factors 
and activation of inflammatory cells, and 
induction of systemic inflammatory responses [8]. 
Therefore, in addition to water and electrolyte 
remediation which are conventional methods of 
treatment, the clinical management of children 
with this disease also requires treatment of the 
inflammatory response. Thymosin α1, an 
immune stimulant, can regulate the normal 
function of immune cells, improve CD3+ and 
CD4+ lymphocyte counts, inhibit IL-6 and other 
inflammatory factors, alleviate the local 

inflammatory response, and improve lung 
function [9].

 
 

 
The results of the present study shows that 
clinical efficacy of the observation group was 
significantly better than that of control, while the 
two groups of patients had no significant drug-
related adverse reactions. These results appear 
to suggest that the combination of thymosin α1 
with conventional treatment regimen may 
significantly improve patients’ adverse 
symptoms. These findings are in agreement with 
those of Gou et al

 
[10], who reported that 

thymosin α1 had a significant clinical effect on 
elderly patients with severe pneumonia. Clinical 
symptoms observed in children can be improved 
by routine strategies such as antibacterial, 
cough, water and electrolyte balance treatment; 
nutritional support, oxygen therapy, and use of 
thrombolytic peptide. Thrombolytic peptide is a 
biologically active molecule which can stimulate 
T-cells to secrete a variety of cytokines, promote 
the expressions of antigen and cytokine 
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receptors on the surface of immune cells, and 
regulate the recovery of immune function in 
patients. In this study, thymosin α1 was well-
tolerated, and the patients had no obvious 
adverse reactions. Therefore, the children 
recovered significantly from the clinical 
symptoms, and there was a favorable prognosis 
[11]. After treatment, PImax, PEmax, and PEF of the 
observation group were significantly higher than 
those of control, which showed that the 
combination of thymosin α1 with conventional 
therapy appeared to have positive effect on lung 
symptoms and facilitated the recovering of 
respiratory function. 
 
Key transduction factors (MyD88 in IL-1R1 and 
Toll / IL-1R signaling pathway) are important in 
mediating inflammatory responses, and MyD88 
activates the response using elastase in 
combination with IL-1β. The levels of IL-1 and IL-
1R1 are positively correlated and are higher than 
normal in the course of an inflammatory reaction. 
Therefore, IL-1R1 can be used as a serum 
marker to assess the degree of inflammatory 
response in children [12]. In the present study,

 

after treatment, the IL-1R1 level in the 
observation group was significantly lower than 
that in control, an indication that the local 
inflammatory response possibly got a favorable 
environment, and so IL - 1R1 level returned to 
normal. The reason may be that thymosin α1 
induced thymocyte proliferation and 
differentiation, promoted the maturation of T-
lymphocytes, and significantly increased the level 
of interleukin-7 (IL-7) in the blood. The 
expression of thymopoietin is stimulated by IL-7, 
so thymosin α1 and IL-1R1 can together resist 
inflammation [12].

  

 
The anti-inflammatory, fibrinolytic and anti-
apoptotic effects of APC enable it to protect 
blood vessels and organs [13]. Its anti-
inflammatory effect is exerted through the 
inhibition of monocytes to produce tumor 
necrosis factor α (TNF- α) and IL-1, thus 
inhibiting the binding of neutrophils to endothelial 
cells [14].

 
In this study, the level of APC in the 

observation group before treatment was 
significantly lower than the normal level. 
However, after treatment, it increased more than 
that of the control group, an indication that 
thymosin α1 may significantly increase the level 
of APC and alleviate the inflammatory reaction. 
 
Study limitations 
 
The major shortcoming in this study is the use of 
a small sample size. In subsequent studies the 
sample size should be expanded and should 
include patients from other races/populations. 

CONCLUSION 
 
Combination of thymosin α1 with routine 
treatment in the management of children with 
severe pneumonia can significantly alleviate the 
symptoms of patients, and greatly stimulate 
recovery of pulmonary function. It can also 
improve APC and IL-1R1 levels, and largely 
prevents inflammation. 
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