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Abstract: Background: To investigate the value of serum monocyte chemotactic protein 1 (MCP-1) and soluble 
mannose receptor (sMR) for predictive diagnosis of pediatric sepsis. Methods: This study retrospectively analyzed 
the data of 82 children with acute and severe signs of inflammation. According to the diagnostic criteria of sepsis, 
these children were divided into a sepsis group (40 cases) and a non-sepsis group (42 cases). In addition, 50 chil-
dren who received health examinations during the same time period in Cangzhou Central Hospital were selected 
as a control group. According to the prognosis of the children in the sepsis group, they were further divided into a 
survival group (33 cases) and a death group (7 cases). The levels of blood indicators, inflammatory markers, liver 
and kidney function indicators, MCP-1 level, and sMR were collected from the children. The efficacy of using sMR 
and MCP-1 levels in the predictive diagnosis of sepsis was analyzed by using the area under the ROC curve (AUC). 
Results: Serum levels of MCP-1 and sMR were (452.32±2.79) μg/ml and (97.23±.15) μg/ml, respectively, in the 
sepsis group, significantly higher than those in all controls (P<0.001). In the death group, the levels of white blood 
cells (WBC), C-reactive protein (CRP), procalcitonin (PCT), sMR, and MCP-1 were significantly higher compared to the 
survival group (P<0.05). The AUC for CRP in predictive diagnosis of sepsis was 0.9075; the AUC for PCT was 0.8759; 
the AUC for sMR was 0.9244; and the AUC for MCP-1 was 0.9406. Conclusions: Serum sMR and MCP-1 levels can 
help predict the diagnosis of pediatric sepsis.

Keywords: Monocyte chemotactic protein 1, soluble mannose receptor, serum, pediatric sepsis, prognostic predic-
tive value

Introduction

Sepsis is a systemic inflammatory response 
syndrome that occurs in the body after infec-
tions. It is a serious complication of major sur-
geries, severe burns/trauma, shock, etc. Septic 
shock or multi-organ failure may occur with the 
progression of the disease, and it is therefore 
associated with a high mortality. Consequently, 
sepsis is a major cause of death among clini-
cally critically ill patients [1]. According to epide-
miological data, the incidence of sepsis in the 
United States is about 0.3%, that is, about 
750,000 people have sepsis each year, and the 
incidence is showing a clear trend of increase 
[2]. At present, the clinical treatment of sepsis 
mainly relies on supportive therapies, such as 
antimicrobial drug therapy, fluid resuscitation, 
blood purification, and mechanical ventilation. 

However, the mortality rate of sepsis is still 
about 30% and can even reach more than 50% 
in patients with septic shock and severe sepsis 
[3]. Therefore, strengthening research on the 
pathogenesis of sepsis is crucial for finding 
effective treatment programs for this con- 
dition.

Monocyte chemotactic protein 1 (MCP-1) is an 
important molecule in the regulation of mono-
cyte chemotaxis, endothelial activation and leu-
kocyte function, and is also known as CC che-
mokine 2, which is involved in a variety of 
inflammatory responses [4]. The human MCP-1 
precursor contains 99 amino acids, and the 
number of amino acids is 76 in a mature state. 
MCP-1 primarily regulates the migration and 
infiltration of monocytes or macrophages, and 
serves as an important secondary inflammato-
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ry mediator with specific functions in response 
to various stimuli during inflammation. Studies 
have found a close association between MCP-1 
and the diagnosis, progression and prognosis 
of a variety of diseases, such as breast cancer, 
type 2 diabetes mellitus, atherosclerosis, and 
COVID-19 [5-9]. High levels of MCP-1 exist in 
both sepsis patients and animal models of sep-
sis, and studies have confirmed that the organ 
dysfunction and death are closely associated 
with MCP-1 levels in sepsis [10]. Genomic dele-
tion of MCP-1 in mice enhances resistance to 
infections, whereas in transgenic mice, transi-
tional expression of MCP-1 leads to increased 
susceptibility to infection. It has been reported 
in a study of a mouse model of sepsis that an 
MCP-1-specific inhibitor can reduce the occur-
rence of sepsis and improve the prognosis of 
sepsis [11]. However, the involvement of MCP-1 
in pediatric sepsis remains elusive.

Mannose receptor (MR) is commonly expressed 
in macrophages and dendritic cells. It mediates 
the phagocytosis of pathogens and further 
anti-pathogenic microorganism immunity by 
recognition the pathogen associated molecular 
patterns. Currently, the presence of serum sol-
uble mannose receptor (sMR) has been suc-
cessfully identified. Serum levels of sMR are 
remarkably elevated in infectious diseases and 
critical illnesses, including sepsis [12-14]. 
Previous research reported increased serum 
sMR in patients with multiple myeloma, and 
sMR was demonstrated as an independent fac-
tor affecting overall survival [15]. Nevertheless, 

whether serum sMR level has diagnostic value 
in pediatric sepsis remains to be further 
elucidated.

Given that there is currently no report on the 
expression levels and significance of serum 
MCP-1 and sMR levels in pediatric sepsis, the 
current paper aims to fill the gap and evaluate 
the values of serum MCP-1 and sMR in predic-
tive diagnosis of pediatric sepsis, thus offering 
theoretical references for their application in 
clinical practice.

Materials and methods

Study design and subjects

In this retrospective study, 82 children with 
acute and severe signs of inflammation admit-
ted to Cangzhou Central Hospital from February 
2022 to July 2023 were selected as an experi-
mental group. These children were divided into 
a sepsis group (40 cases) and a non-sepsis 
group (42 cases) according to the diagnostic 
criteria of sepsis. In the meantime, 50 children 
who underwent health checkups at our hospital 
were selected as a control group (Figure 1). The 
TRIPOD checklist is provided as Supplementary 
Material.

Inclusive criteria: (1) Children with sepsis who 
met the diagnosis criteria of sepsis in the 2016 
International Consensus on the Definition of 
Toxic and Infectious Shock, Third Edition, i.e., 
the presence of a clinical diagnosis of infection 
with a SOFA score ≥2, or a rapid SOFA score ≥2 

Figure 1. Flow chart for identi-
fying predictive factors for chil-
dren with sepsis.
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at admission [16]; (2) Children in the non-sep-
sis group were patients with a clinical diagnosis 
of infectious diseases; (3) Children in the con-
trol group were healthy children who underwent 
a physical examination; (4) Children received 
examinations of C-reactive protein (CRP), pro-
calcitonin (PCT), sMR, and MCP-1; (5) Children 
who had complete clinical data.

Exclusion criteria: (1) Children who had a prior 
diagnosis of a hematologic malignancy or were 
being treated for anemic disorders; (2) Children 
who suffered from serious immune system dis-
orders or neoplasm; (3) Children who received 
blood transfusion or myelosuppressive therapy 
prior to admission; (4) Children who had immu-
nodeficiency disorder or inherited metabolic 
disorder; (5) Children with incomplete clinical 
data.

Ethics approval statement

This study was approved by the Ethics Com- 
mittee of Tianjin Medical University. The study 
complied with the Declaration of Helsinki.

Data collection and measurement

The main outcome measures included serum 
PCT, MCP-1, and sMR levels, which were col-
lected from all patients one day after admis-
sion. The serum level of MCP-1 was detected 
using a 96-well plate precoated with anti-
human MCP-1 antibody following the instruc-
tions of the ELISA kit. In each well, 100 μl of the 
sample or standard was added, and the reac-
tion took place at 37°C for 90 min without rins-
ing. Subsequently, 100 μl of biotin-labeled anti-
body was added to each well, and the reaction 
proceeded at 37°C for 60 min. Each well was 
rinsed at least 3 times using 300 μL of pre-
diluted wash buffer. Following that, 100 μL  
of affinity-biotin-peroxidase complex-contain-
ing antibody was added to each well and cul-
tured for 30 min at 37°C. Afterward, each well 
was rinsed five times with at least 300 μL of 
pre-diluted wash buffer. Then, 90 μL of 
3,3’,5,5’-tetramethylbenzidine was added to 
each well, and the reaction proceeded for 20 
min at 37°C. The reaction was stopped by add-
ing 100 μL of termination solution to each well. 
The absorbance (OD value) value at 450 nm 
was detected using a plate reader. The stan-
dard concentration curve was plotted, and the 
concentration of MCP-1 was calculated. The 
level of sMR was detected by enzyme-linked 
immunosorbent assay. A microtiter plate was 

coated with purified sMR antibody to create a 
solid-phase antibody. Subsequently, sMR was 
added to the coated monoclonal antibody in 
sequence to bind with the labeled sMR anti-
body to form a complex, which was washed 
thoroughly and then mixed with substrate to 
develop the color. The sMR was catalyzed to 
blue under the action of enzyme, and finally 
transformed to yellow under the action of acid. 
The depth of color is positively correlated with 
the sMR in the sample. The OD value was mea-
sured by enzyme counter at the wavelength of 
450 nm. Taking the concentration of the stan-
dard as the horizontal coordinate, and the OD 
value as the vertical coordinate, the standard 
curve was plotted on the coordinate paper. 
From the OD value of the sample on the stan-
dard curve, the corresponding concentration 
was determined. This concentration was then 
multiplied by the dilution factor to calculate the 
sMR level in the sample.

The secondary outcomes included routine 
blood counts, and liver and kidney function. A 
automatic cell analyzer was used to perform 
routine blood tests. We measured the red blood 
cell count (RBC), white blood cell count (WBC), 
neutrophil count (NEU), hemoglobin (Hb), hema-
tocrit (HCT), platelet count (PLT), sMR levels, 
alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), direct bilirubin (DBiL), 
serum creatinine (Scr), calcitonin (Tc), CRP lev-
els, and PCT levels.

Statistical analysis

SPSS 22.0 software (SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis. Count 
data were presented as number of cases and 
percentages and analyzed using χ-square test. 
Mean ± standard error (SE) was used to depict 
measurement data. The comparison between 
groups was conducted using the t test. The 
receiver operating characteristic (ROC) curves 
were introduced to analyze the diagnostic val-
ues of CRP, PCT, sMR, and MCP-1 for predicting 
pediatric sepsis. P<0.05 was considered differ-
ent with statistical significance.

Results

Characteristics of the subjects

Compared with the control group, the levels of 
routine blood index WBC, inflammatory indexes 
CRP, PCT, sMR, and MCP-1 were significantly 
higher in the experimental group (P<0.05). 
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There were no significant differences in the lev-
els of age, gender, body mass index, NEU, Hb, 
HCT, RBC, PLT, ALT, AST, DBiL, and Scr between 
the experimental group and the control group 
(P>0.05) (Table 1).

Analysis of WBC, CRP, PCT, sMR, and MCP-1 
levels in three groups

Children with acute and severe signs of inflam-
mation were divided into two groups according 
to their diagnostic results. Forty children who 
met the diagnostic criteria for sepsis were 
included in the sepsis group, and 42 children 
with common inflammatory diseases were in 
the non-sepsis group. Compared with the con-
trol group, children in the non-sepsis group had 
significantly higher levels of WBC, CRP, PCT, 
sMR, and MCP-1 (P<0.05); compared with the 
control group, children in the sepsis group had 
significantly higher levels of WBC, CRP, PCT, 
sMR, and MCP-1 (P<0.05) (Table 2).

Analysis of WBC, CRP, PCT, sMR, and MCP-1 
levels in children with different prognoses of 
sepsis

The children with sepsis were divided into  
survival and death groups according to their 

dated their diagnostic significance in pediatric 
sepsis.

It has been reported that mechanically venti-
lated patients who developed ventilator-associ-
ated pneumonia had significant higher levels of 
MCP-1 (P<0.05) compared with patients who 
developed ventilator pneumonia for the pur-
pose of developing ventilator pneumonia. 
Further analysis in the study revealed that 
when patients with ventilator pneumonia pro-
gressed to respiratory distress syndrome, the 
levels of MCP-1 again showed a significant ele-
vation compared with patients who did not 
develop respiratory distress syndrome [17-19]. 
Several studies have pointed out that plasma 
MCP-1 levels can be used as a biomarker for 
predicting organ dysfunction, organ failure, and 
mortality in patients with sepsis, as well as for 
the diagnosis of sepsis [20, 21]. In the present 
study, it was found that MCP-1 levels were sig-
nificantly elevated in children with acute and 
severe signs of inflammation compared with 
those of healthy control children (P<0.05). In 
order to further understand the expression 
characteristics of MCP-1 in pediatric sepsis, we 
put children with acute and severe signs of 

Table 1. Baseline characteristics
Experimental group Control group X2/t P

Age 2.36±0.12 2.38±0.21 0.697 0.487
Gender 42 (51.22) 26 (52.00)

0.008 0.931
40 (48.78) 24 (48.00)

BMI (kg/m2) 16.23±1.24 16.15±1.09 0.376 0.708
WBC (×109/L) 19.92±1.07 4.34±1.08 80.864 <0.001
NEU (×109/L) 16.15±1.16 15.98±1.08 0.838 0.404
Hb (g/L) 98.32±12.15 102.94±14.23 1.985 0.049
HCT (%) 40.23±2.14 40.32±2.32 0.227 0.821
RBC (×1012/L) 3.56±0.44 3.48±0.43 1.027 0.304
PLT (×109/L) 189.45±34.23 187.65±32.42 0.299 0.766
ALT (U/L) 98.43±12.15 97.23±3.15 0.684 0.496
AST (U/L) 108.64±9.85 108.34±11.62 0.158 0.874
DBiL (mmol/L) 10.87±1.12 10.78±1.08 0.454 0.651
CRP (pg/ml) 143.67±12.12 65.24±11.96 36.245 <0001
PCT (μg/L) 4.14±0.12 1.09±0.13 137.233 <0001
Scr (μmol/L) 77.23±12.17 76.57±11.98 0.304 0.762
sMR (pg/ml) 48.25±3.14 34.68±2.63 25.566 <0001
MCP-1 (μg/L) 321.42±44.53 22.86±4.23 47.210 <0001
Note: RBC: red blood cell count; WBC: white blood cell count; NEU: neutro-
phil count; Hb: hemoglobin; HCT: hematocrit; PLT: platelet count; ALT: alanine 
aminotransferase; AST: aminotransferase glutamate; DBiL: direct bilirubin; CRP: 
C-reactive protein; PCT: procalcitonin; Scr: serum creatinine; MCP1: monocyte 
chemotactic protein-1; sMR: soluble mannitol receptor.

prognoses, with 33 cases in a 
survival group and 7 cases in 
a death group. Compared with 
the survival group, the levels 
of WBC, CRP, PCT, sMR, and 
MCP-1 were significantly high-
er in the death group (P<0.05) 
(Table 3).

ROC curve analysis of CRP, 
PCT, sMR, and MCP-1 levels 
for the diagnosis of sepsis

The area under the curves 
(AUC) for CRP, PCT, sMR, and 
MCP-1 in diagnosing sepsis 
was 0.9075, 0.8759, 0.9244, 
and 0.9406, respectively, and 
the differences were stati- 
stically significant (P<0.05) 
(Table 4; Figure 2).

Discussion

The current study measured 
serum sMR and MCP-1 ex- 
pression in children both with  
and without sepsis and eluci-
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inflammation into a sepsis group and a non-
sepsis group according to if they were diag-
nosed with sepsis or not. The MCP-1 expres-
sion was compared between the two groups 
and with the healthy control group to explore 
the MCP-1 expression characteristics of pediat-
ric sepsis. The results showed that compared 
with the non-sepsis group, children in the sep-
sis group had higher levels of MCP-1, and the 
difference was statistically significant (P<0.05). 
Furthermore, the non-sepsis group also had 
significantly higher levels of MCP-1 than the 
healthy control group (P<0.05). It can be con-
cluded that inflammatory reactions of the body 
can lead to increased levels of MCP-1, and sep-
sis can further increase the MCP-1 expression 
levels compared with common inflammatory 
diseases.

During immune paralysis, the ability of circulat-
ing leukocytes to release pro-inflammatory fac-

is activated in the early stages of sepsis, and it 
has been reported that the serum concentra-
tion of MCP-1 in septic patients decreases over 
time [25]. However, some studies have pointed 
out that there is a close association between 
the severity and mortality of sepsis and elevat-
ed cytokine levels, but there is still a lack of a 
unified conclusion about its role in the diagno-
sis of sepsis [26-28]. A previous univariate 
analysis concluded that there was a weak cor-
relation between cytokine levels and sepsis 
[29]. Another study on sepsis patients mea-
sured the serum MCP-1 concentration and 
compared the results with non-sepsis patients 
with systemic inflammatory response syn-
drome. They reported no significant difference 
in the concentration of MCP-1 between the two 
groups, so they concluded that detecting MCP-1 
does not have significance in the diagnosis of 
sepsis in the patients with systemic inflamma-
tory response syndrome [30]. The present 

Table 2. Analysis of CRP, PCT, sMR, and MCP-1 levels in three groups (x ± s)
Group Cases CRP (pg/ml) PCT (pg/ml) sMR (pg/ml) MCP-1 (μg/L) WBC (×109/L)
Control group 50 65.24±1.96 1.09±0.13 34.68±2.63 22.86±4.23 4.34±1.08
Non-sepsis group 42 103.67±12.12# 3.37±0.12# 46.25±3.14# 267.42±3.86# 19.92±1.07#

Sepsis group 40 257.87±15.72#,* 8.23±1.02#,* 97.23±.15#,* 452.32±2.79#,* 23.14±1.34#,*

F 2527.540 1775.130 6599.670 2820.160 3463.070
P <0.001 <0.001 <0.001 <0.001 <0.001
Note: CRP: C-reactive protein; PCT: procalcitonin; MCP1: Monocyte chemoattractant protein-1; SMR: soluble Mannitol receptor. 
Compared with the control group, #P<0.05; Compared with the non-sepsis group, *P<0.05.

Table 3. Analysis of WBC, CRP, PCT, sMR, and MCP-1 levels in children with sepsis with different 
prognosis (x ± s)
Group Cases CRP (pg/ml) PCT (pg/ml) sMR (pg/ml) MCP-1 (μg/L) WBC (×109/L)
Survival group 33 213.67±12.54 7.37±0.53 84.25±11.23 321.42±35.23 19.89±1.89
Death group 7 357.87±13.23 12.23±1.11 121.23±13.23 489.32±34.23 25.14±2.15
t 27.391 17.788 7.682 11.504 6.526
P <0.001 <0.001 <0.001 <0.001 <0.001
Note: CRP: C-reactive protein; PCT: procalcitonin; MCP1: Monocyte chemoattractant protein-1; SMR: soluble Mannitol receptor.

Table 4. Receiver operating characteristic analysis of 
CRP, PCT, sMR and MCP-1 levels in diagnosis of sepsis
Index AUC 95% CI Susceptibility Specificity
CRP 0.9075 0.8454-0.9696 89.53 92.45
PCT 0.8759 0.7998-0.9521 92.50 93.45
sMR 0.9244 0.8699-0.9789 92.50 95.00
MCP-1 0.9406 0.8939-0.9874 95.00 97.50
Note: CRP: C-reactive protein; PCT: procalcitonin; MCP1: Monocyte 
chemoattractant protein-1; SMR: Soluble Mannitol receptor; AUC: 
Area Under the Curve.

tors is significantly limited. This reduc-
tion impairs the patient’s ability to clear 
the primary infection, leading to compro-
mised immune barrier defenses and ren-
dering them highly susceptible to bacte-
rial infections or secondary fungal infec-
tions [22-24]. It has been reported that 
the vast majority of patients with sepsis 
do not die from the earliest pro-inflam-
matory attacks, but from secondary or 
opportunistic infections in the subse-
quent immunosuppressed state. MCP-1 
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study analyzed the application efficacy of differ-
ent factors in the diagnosis of sepsis by con-
structing ROC curves, and our results showed 
that the AUC value of MCP-1 in the diagnosis of 
sepsis was 0.9406, higher than the diagnostic 
efficacy of traditional indicators like WBC count 
and PCT.

PCT is mainly secreted and released by para-
thyroid C cells, which is a precursor of calcito-
nin cleavage. PCT has been shown to be elevat-
ed in neuroendocrine system tumors, such as 
thyroid cancer, and in inflammatory responses 
[31-33]. Abnormally elevated levels of PCT have 
been reported in patients with sepsis, accom-
panied by markedly elevated levels of CRP and 
WBC count, suggesting that PCT may be 
involved in the systemic inflammatory response 
in sepsis [34]. In the present study, WBC, CRP, 
and PCT levels were analyzed. Compared with 

tion [36-38]. It has been reported that sMR has 
an expression process similar to that of sCD163 
upon macrophage activation, and there is a 
correlation between the two [39]. Several stud-
ies have pointed out that there is a close asso-
ciation between elevated levels of sMR and 
macrophage activation and enhanced phago-
cytic activity [40]. It has also been found that 
serum sCD163 level can be used for early diag-
nosis of sepsis and identification of severe sep-
sis, and its diagnostic value has obvious advan-
tages compared with PCT and CRP [41]. In 
another study, the diagnostic value of sMR for 
sepsis was found to be significantly higher than 
that of sCD163 and CRP. Their study suggested 
that sMR also had a very high predictive value 
in the prognostic assessment of patients with 
pneumococcal-induced sepsis, and the AUC of 
sMR was significantly higher than that of 
sCD163 and CRP, which supports sMR to be a 

Figure 2. ROC analysis of CRP, PCT, sMR and MCP-1 levels in diagnosis of 
sepsis. A: ROC of CRP levels in diagnosis of sepsis. B: ROC of PCT levels in 
diagnosis of sepsis. C: ROC of sMR levels in diagnosis of sepsis. D: ROC of 
MCP-1 levels in diagnosis of sepsis. ROC: Receiver operating characteristic; 
CRP: C-reactive protein; PCT: procalcitonin; MCP1: Monocyte chemoattrac-
tant protein-1; SMR: Soluble Mannitol receptor; ROC: rate of change indica-
tor; AUC: Area Under the Curve.

the children in the non-sepsis 
group, the levels of WBC, CRP 
and PCT in the sepsis group 
were significantly higher, and 
the difference was statistically 
significant (P<0.05), suggest-
ing that there was a high 
expression of WBC, CRP, and 
PCT in children with sepsis. 
Some scholars have pointed 
out that PCT has a significant 
correlation with organ dys-
function parameters such as 
oxygenation index in children 
with sepsis, and when the oxy-
genation index is lower than 
300, PCT can increase by 
about three times. So, it is 
believed that PCT, CRP, and 
WBC can be used for the 
assessment of the severity of 
the sepsis symptoms in chil-
dren [35].

Currently, there are few clinical 
studies on MR, but the study 
of the receptor CD163, which 
is co-located on the surface  
of monocyte macrophages 
and dendritic cells, is relatively 
mature. It has been confirm- 
ed that the soluble form of 
sCD163 has obvious advan-
tages as a biomarker of infec-
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novel promising diagnostic marker for sepsis 
[42]. PCT is also biomarker for infectious dis-
eases, and the current application of PCT in dis-
ease diagnosis has been relatively mature. 
However, the value of PCT level in the prognos-
tic assessment of sepsis is not obvious, and 
dynamic monitoring of PCT level in patients 
with sepsis did not significantly improve 
patients’ early antibiotic treatment or survival 
[43]. PCT has a higher application value in bac-
terial infections, but its ability to differentiate 
viral, fungal and other infections where not 
obvious. In the present study, sMR levels were 
analyzed, and the results showed that the sMR 
level elevated in both the sepsis group and 
non-sepsis group as compared with healthy 
controls, but the elevation of sMR was greater 
in the sepsis group than that in the non-sepsis 
group, and the differences were statistically 
significant (P<0.05). These results indicate that 
there is a high expression of sMR in pediatric 
sepsis. Moreover, we investigated the diagnos-
tic efficacy of sMR for sepsis by ROC curve, and 
the results showed that the AUC for sMR in the 
diagnosis of sepsis was 0.9244, with a sensitiv-
ity of 92.50%, and a specificity of 95.00%. It is 
suggested that sMR has a high diagnostic effi-
cacy for sepsis (higher than that of PCT), and is 
therefore worthy of clinical application.

However, this study still has some limitations. 
First, the diagnostic efficacy analysis was not 
conducted on combined indicators. Second, 
the sample size was small. Third, we did not 
analyze the children with different severity of 
sepsis in detail. In the future, more samples 
should be included to further investigate the 
expression characteristics of MCP-1 and sMR 
levels in children with different severity of sep-
sis to further consolidate the conclusions of 
this study.

Taken together, serum sMR, and MCP-1 are 
highly expressed in children with sepsis and 
possess a diagnostic value for pediatric sepsis. 
This study offers a theoretical foundation for 
the application of sMR and MCP-1 in diagnos-
ing sepsis. Furthermore, multicenter prospec-
tive research with larger sample size and 
matched controls is to be carried out in the 
future to increase the credibility of the obtained 
results.
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Supplementary Material. TRIPODChecklist of items to include when reporting a study developing or validating a multivariable prediction model 
for diagnosis or prognosis*

Section/topic Item Development 
or validation? Checklist item Page

Title and abstract
    Title 1 D;V Identify the study as developing and/or validating a multivariable prediction model, the target population, and 

the outcome to be predicted
    Abstract 2 D;V Provide a summary of objectives, study design, setting, participants, sample size, predictors, outcome, statistical 

analysis, results, and conclusions
Introduction
    Background and objectives 3a D;V Explain the medical context (including whether diagnostic or prognostic) and rationale for developing or validat-

ing the multivariable prediction model, including references to existing models
3b D;V Specify the objectives, including whether the study describes the development or validation of the model, or both

Methods
    Source of data 4a D;V Describe the study design or source of data (for example, randomised trial, cohort, or registry data), separately 

for the development and validation data sets, if applicable
4b D;V Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of follow-up

    Participants 5a D;V Specify key elements of the study setting (for example, primary care, secondary care, general population) includ-
ing number and location of centres

5b D;V Describe eligibility criteria for participants 
5c D;V Give details of treatments received, if relevant

    Outcome 6a D;V Clearly define the outcome that is predicted by the prediction model, including how and when assessed
6b D;V Report any actions to blind assessment of the outcome to be predicted

    Predictors 7a D;V Clearly define all predictors used in developing the multivariable prediction model, including how and when they 
were measured

7b D;V Report any actions to blind assessment of predictors for the outcome and other predictors
    Sample size 8 D;V Explain how the study size was arrived at.
    Missing data 9 D;V Describe how missing data were handled (for example, complete-case analysis, single imputation, multiple impu-

tation) with details of any imputation method
    Statistical analysis methods 10a D Describe how predictors were handled in the analyses

10b D Specify type of model, all model-building procedures (including any predictor selection), and method for internal 
validation

10c V For validation, describe how the predictions were calculated
10d D;V Specify all measures used to assess model performance and, if relevant, to compare multiple models
10e V Describe any model updating (for example, recalibration) arising from the validation, if done

    Risk groups 11 D;V Provide details on how risk groups were created, if done
    Development v validation 12 V For validation, identify any differences from the development data in setting, eligibility criteria, outcome, and 

predictors
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Results
    Participants 13a D;V Describe the flow of participants through the study, including the number of participants with and without the 

outcome and, if applicable, a summary of the follow-up time. A diagram may be helpful
13b D;V Describe the characteristics of the participants (basic demographics, clinical features, available predictors), 

including the number of participants with missing data for predictors and outcome
13c V For validation, show a comparison with the development data of the distribution of important variables (demo-

graphics, predictors and outcome).
    Model development 14a D Specify the number of participants and outcome events in each analysis

14b D If done, report the unadjusted association between each candidate predictor and outcome
    Model specification 15a D Present the full prediction model to allow predictions for individuals (that is, all regression coefficients, and 

model intercept or baseline survival at a given time point)
15b D Explain how to use the prediction model

    Model performance 16 D;V Report performance measures (with CIs) for the prediction model
    Model updating 17 V If done, report the results from any model updating (that is, model specification, model performance)
Discussion
    Limitations 18 D;V Discuss any limitations of the study (such as nonrepresentative sample, few events per predictor, missing data)
    Interpretation 19a V For validation, discuss the results with reference to performance in the development data, and any other valida-

tion data
19b D;V Give an overall interpretation of the results, considering objectives, limitations, results from similar studies, and 

other relevant evidence
    Implications 20 D;V Discuss the potential clinical use of the model and implications for future research
Other information
    Supplementary information 21 D;V Provide information about the availability of supplementary resources, such as study protocol, Web calculator, 

and data sets
    Funding 22 D;V Give the source of funding and the role of the funders for the present study
*Items relevant only to the development of a prediction model are denoted by D, items relating solely to a validation of a prediction model are denoted by V, and items relating to both are denoted D;V. 
We recommend using the TRIPOD Checklist in conjunction with the TRIPOD explanation and elaboration document.


