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Background: Neonatal necrotizing enterocolitis (NEC) is a common gastrointestinal emergency in 
newborns. Currently, the pathogenesis of the disease remains unknown. This study aims to determine the 
application value of serum markers in the selection of operation opportunities for NEC.
Methods: This study consisted of a retrospective analysis of the clinical data of 150 participants with NEC 
admitted to Maternal and Child Health Hospital of Hubei Province from March 2017 to March 2022. 
Participants were assigned to an operation group (n=58) and a nonoperation group (n=92) according to 
the presence or absence of surgical treatment. Serum sample data for serum C-reactive protein (CRP) and 
interleukin 6 (IL-6), serum amyloid A (SAA), procalcitonin (PCT), and intestinal fatty acid-binding protein 
(I-FABP) concentrations were estimated. To compare the differences in overall data and serum markers 
between the 2 groups, independent factors related to surgical treatment in pediatric patients with NEC were 
analyzed using logistic regression. The utility of serum markers in selecting surgical options in pediatric 
patients with NEC was analyzed by constructing a receiver operating characteristic (ROC) curve.
Results: CRP, I-FABP, IL-6, PCT, and SAA levels were higher in the operation group than in the 
nonoperation group (P<0.05). Multivariate logistic regression analysis confirmed that CRP, I-FABP, IL-6, 
PCT, and SAA were independent related factors of NEC surgical remedy (P<0.05). Meanwhile, ROC curve 
analysis yielded a serum CRP, PCT, IL-6, I-FABP, and SAA area under curve (AUC) of NEC operation 
timing of 0.805, 0.844, 0.635, 0.872, and 0.864, respectively; a sensitivity of 75.90%, 86.20%, 60.30%, 
82.80%, and 84.50%, respectively; and a specificity of 80.40%, 79.30%, 68.35%, 80.40%, and 80.55%, 
respectively.
Conclusions: The serum markers CRP, PCT, IL-6, I-FABP, and SAA have certain guiding values in the 
choice of operation opportunity for pediatric patients with NEC.
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Introduction

Neonatal necrotizing enterocolitis (NEC) is a common 
gastrointestinal emergency in newborns with abdominal 
distension tenderness, swelling/edema and discoloration as 
the main clinical manifestations. Currently, the pathogenesis 
of the disease remains unknown. Studies have associated its 
occurrence with factors such as premature birth, hypoxia, 
infection, and intestinal flora disorders. Related studies 
have shown that the pathogenesis of NEC is not clear, but 
immature digestive system, mucosal barrier, gastrointestinal 
dynamics and intestinal bacterial translocation in premature 
infants are the main causes of necrotizing small intestinal 
colitis in newborns (1). In recent years, as the survival 
rate of premature infants, especially those with very low 
and ultra-low body weight has improved, the incidence of 
NEC has gradually increased, posing a serious threat to 
the life and safety of newborns. NEC is a common acute 
and severe neonatal disease with high mortality. After the 
remedy, the surviving neonates may also have sequelae such 
as stenosis, short bowel syndrome, and abnormal growth 
and development, which seriously affect the life and health 
of pediatric patients (2,3). Early diagnosis and early remedy 
are the most effective means to reduce NEC mortality 
and improve pediatric patients’ prognosis. About 30–50% 
of clinically diagnosed pediatric patients require surgical 
remedy, but the choice of surgical opportunity is difficult to 
determine (4). Ideally, the operation should be performed 
when the intestinal canal is necrotic but not perforated, 

which can avoid peritonitis caused by intestinal perforation, 
relieve the intestinal burden in time, and reduce mortality 
(5,6). At present, intestinal perforation is the clinical 
indication of NEC operation, but only a few pediatric 
patients have typical manifestations of intestinal necrosis. 
When most pediatric patients show typical symptoms, their 
condition might have already deteriorated, and it is too late 
for operation (7).

“The guidelines for the clinical diagnosis of necrotizing 
enterocolit is  in neonates” [2020] (8)  recommend 
interleukin-6 (IL-6), procalcitonin (PCT), and C-reactive 
protein (CRP) as the diagnostic basis for NEC. Interleukin 
is a type of cytokine produced by various kinds of cells 
and plays an essential regulatory role. IL-6 is one of the 
key mediators of the early inflammatory response and can 
react with multicellular cytokines with a wide range of 
biological effects. After bacterial infection, the proliferation 
of activated T and B cells is stimulated by IL-6. PCT is a 
propeptide composed of 116 amino acids. Under normal 
conditions, PCT is not secreted from cells, and blood levels 
of PCT are less than 0.1 ng/mL. However, when bacteria 
enter the body, the concentration of PCT in the blood 
can rise rapidly. During the neonatal period, intestinal 
development is not mature, and a variety of factors can 
easily cause the weakening of intestinal peristalsis, which 
leads to the accumulation of food in the intestinal cavity 
and then induces intestinal bacterial reproduction. As NEC 
develops, bacteria and toxins invade the immature intestinal 
tract, causing damage to the integrity of the intestinal wall, 
resulting in a widespread inflammatory response. CRP is 
an endogenous plasma protein secreted by liver cells. CRP 
levels rise sharply in response to infection and trauma, and 
whole-blood CRP levels are widely used to assess various 
types of inflammatory responses. Studies (9,10) have shown 
that PCT, CRP, and IL-6 levels in patients with stage III 
NEC are significantly higher than those in patients with 
stage I–II and thus may serve as a benchmark for choosing a 
surgical option for NEC.

Serum amyloid A (SAA) is a highly conserved amyloid 
precursor molecule synthesized by the liver. In the 
inflammatory response, SAA is enzymatically cleaved to 
form amyloid proteins and exhibits significant immune 
activity through the induction of neutrophils and mast 
cells. It is important to judge the inflammatory process, 
assess the activity of inflammatory reactions, and monitor 
the effects of medications. Intestinal fatty acid-binding 
protein (I-FABP) is a protein secreted by columnar 
epithelial cells in the intestinal tract and is typically found 
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only in the mucous membranes of the gastrointestinal 
tract. An increase in gastrointestinal tract loss, when 
excreted from the body through the kidneys, can be used 
as an indicator for the early diagnosis of intestinal lesions. 
Furthermore, recent studies (11,12) have found that the 
concentrations of I-FABP and SAA are markedly increased 
in children with NEC, which may reflect the severity of 
NEC and intestinal injury. Based on these reports, the 
clinical value of the serum markers I-FABP, PCT, IL-6, 
CRP, and SAA in predicting the timing of NEC surgery 
was investigated in this study to provide a reference for 
clinically accurate NEC remediation. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-23-56/rc).

Methods

Study design

This was a retrospective study with repeated measurements 
conducted from March 2017 to March 2022. In this 
retrospective analysis, the operation group was compared 
with the nonoperation group, and serum sample data for 
serum CRP, IL-6, SAA, PCT, and I-FABP concentrations 
were estimated. The differences in overall data and 
serum markers between the two groups were examined. 
Independent factors related to surgical treatment in patients 
with pediatric NEC were analyzed using logistic regression. 
The utility of serum markers in selecting surgical options 
in pediatric patients with NEC was analyzed by drawing a 
receiver operating characteristic (ROC) curve.

Participants and eligibility criteria

The clinical data of 150 pediatric patients with NEC treated 
at our hospital from March 2017 to March 2022 were 
analyzed retrospectively. According to surgical treatment, 
patients were selected into operation (n=58) groups and 
nonoperation (n=92) groups. Patients were included if they 
met the clinical diagnostic criteria of NEC (13) and had a 
Bell stage ≥ II. Meanwhile, patients were excluded if they 
(I) had other infectious diseases, (II) had metabolic diseases 
or congenital intestinal malformations, or (III) did not 
have complete clinical data. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013) and informed consent was taken from the newborns’ 
guardians. The study was approved by the ethics committee 

of Maternal and Child Health Hospital of Hubei Province 
(approval No. 2023IEC017).

Basic data collection

The basic data such as sex, gestational age, mode of 
delivery, time of starting feeding, birth weight, and day age 
of diagnosis were collected.

Detection of serum markers

Serum samples were collected before the operation in 
the operation group and on the day of diagnosis in the 
nonoperation group. Allow blood to clot for 20–30 minutes 
at 20–25 ℃. Centrifuge at 1,000 ×g for 10 minutes at 
20–25 ℃. Use immediately or aliquot and store at –80 ℃. 
The concentrations of CRP (EPX01A-10288-901), PCT 
(EPX01A-12067-901), IL-6 (BMS213-2TEN), I-FABP 
(EHFABP2), and SAA (KHA0011) in sera were estimated 
by enzyme-linked immunosorbent assay (ELISA). The 
coated antibodies were coated in different positions of the 
96-well enzyme-labeled plates at 2–8 ℃ overnight. The 
strong positive sample and the negative control solution (i.e., 
the sample dilution) were added to different concentrations 
of the coated antibodies and incubated. The detected 
antibodies were added separately to the corresponding 
binding sites of the enzyme plate and incubated for 
reaction. All steps were followed strictly according to the 
respective instructions of the manufacturers (ThermoFisher, 
Massachusetts, USA).

Observation indicators

Observation indicators included in this study included (I) 
basic data; and (II) the concentrations of serum markers 
CRP, PCT, IL-6, I-FABP, and SAA.

Statistical analysis

SPSS 22.0 software (IBM Corp.) was used to analyze the 
data. Measurement data with normal distribution and 
homogeneous variance were expressed as mean ± standard 
deviation. The Z test was used to calculate measurement 
data with nonnormal distributions, which were expressed 
as medians, while count data were expressed as numbers 
and percentages and were tested with the χ2 test. Logistic 
regression was used to identify independent influence 
factors for NEC surgery. Area under curve (AUC) analysis 
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was used to determine the clinical value of serum markers 
in predicting the operation opportunity of NEC. Describe 
a good predictive model with an AUC range of 0.5 to 1.0, 
a sensitivity of 50% to 100%, and a specificity of 50% to 
100%. P<0.05 indicated statistical significance, P<0.05 is 
two-sided.

Results

Comparison of basic data between the 2 groups

The data of sex, gestational age, mode of delivery, time of 
starting feeding, birth weight, and day age of diagnosis were 
not significantly different between the operation group and 
the nonoperation group (P>0.05), as shown in Table 1 and 
Figures 1,2.

Comparison of serum markers between the 2 groups

Serum CRP, PCT, IL-6, I-FABP, and SAA concentrations 
in the operation group were markedly higher than those in 
the nonoperation group (P<0.05), as shown in Table 2 and 

Figure 3.

Multifactor logistic regression analysis

Multivariate logistic regression analysis was performed 
with CRP, I-FABP, IL-6, PCT, and SAA as independent 
variables and with the surgical remedy as the dependent 
variable. The results confirmed that serum CRP, I-FABP, 
IL-6, PCT, and SAA were independently associated 
with the surgical remedy of NEC (P<0.05), as shown in 
Table 3.

Application value of serum markers in the timing of NEC 
operation

The ROC curve results yielded AUC values of serum 
CRP, PCT, IL-6, I-FABP, and SAA for predicting NEC 
operation opportunity of 0.805, 0.844, 0.635, 0.872, 
and 0.864, respectively; sensitivities of 75.90%, 86.20%, 
60.30%, 82.80%, and 84.50%, respectively; and specificities 
of 80.40%, 79.30%, 68.35%, 80.40%, and 80.55%, 

Table 1 Comparison of basic data between the 2 groups 

Grouping N
Gender  

(male/female) (n)
Gestational  
age (weeks)

Natural production/
cesarean section (n)

Start of feeding 
time (days)

Birth weight  
(g)

Age at diagnosis 
(days)

Operation group 58 25/33 32.5±3.5 13/45 3.5±1.2 1,580.5±440.2 15.2±2.8

Nonoperation group 92 50/42 32.1±3.6 20/72 3.3±1.0 1,602.1±435.4 14.8±2.5

χ2/t value 1.799* 0.670 0.009* 1.103 0.295 0.911

P value 0.180 0.504 0.923 0.272 0.769 0.364

Data are presented as mean ± standard deviation if not otherwise specified. *, indicates χ2 value.
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Figure 1 Gender, natural birth, and cesarean section in the 2 groups.
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Figure 2 Gestational age, start of feeding time, birth weight, and age at diagnosis. 
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Figure 3 Serum CRP, PCT, IL-6, I-FABP, and SAA concentrations in the 2 groups. *, P<0.05 compared with the same indicator of the 
nonoperation group. CRP, C-reactive protein; I-FABP, intestinal fatty acid-binding protein; IL-6, interleukin 6; PCT, procalcitonin; SAA, 
serum amyloid A.

Table 2 Comparison of serum marker concentrations between the 2 groups

Grouping N CRP (mg/L) PCT (ng/mL) IL-6 (ng/L) I-FABP (ng/mL) SAA (mg/L)

Operation group 58 26.24* 9.71* 116.59±44.80 7.17* 313.29±90.23

Nonoperation group 92 14.07* 4.47* 95.01±34.16 3.82* 164.48±55.17

Z/t value 9.459 4.119 3.334 6.185 12.543

P value <0.001 <0.001 0.001 <0.001 <0.001

Data are presented as mean ± standard deviation if not otherwise specified. *, indicates median. CRP, C-reactive protein; I-FABP, intestinal 
fatty acid-binding protein; IL-6, interleukin 6; PCT, procalcitonin; SAA, serum amyloid A.
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respectively. As shown in Table 4 and Figure 4.

Discussion

The main clinical manifestations of NEC are intestinal 

perforation, abdominal distension, apnea, peritonitis, 
vomiting, and hematochezia. In severe cases, multiple organ 
failure or shock may occur (14,15). Clinical observation has 
confirmed that the inflammatory reaction caused by NEC 
can cause the body to produce high immune reactivity, thus 
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Table 3 Logistic regression analysis of multiple factors

Serum markers β SE Wald χ2 OR 95% CI P value

CRP (mg/L) 0.127 0.054 5.531 1.135 1.021–1.262 0.019

I-FABP (ng/mL) 0.436 0.150 8.449 1.547 1.153–2.075 0.004

IL-6 (ng/L) 0.163 0.067 5.919 1.177 1.032–1.342 0.015

PCT (ng/mL) 0.085 0.030 8.028 1.089 1.027–1.155 0.005

SAA (mg/L) 1.015 0.428 5.524 2.759 1.193–6.385 0.018

CI, confidence interval; CRP, C-reactive protein; I-FABP, intestinal fatty acid-binding protein; IL-6, interleukin 6; OR, odds ratio; PCT, 
procalcitonin; SAA, serum amyloid A; SE, standard error.

Table 4 Application value of serum markers in NEC operation timing

Serum markers AUC value Best truncation value Sensitivity (%) Specificity (%) 95% CI P value

CRP (mg/L) 0.805 17.96 75.90 80.40 0.733–0.865 <0.001

PCT (ng/mL) 0.844 4.82 86.20 79.30 0.776–0.898 <0.001

IL-6 (ng/L) 0.635 108.00 60.30 68.35 0.553–0.927 <0.001

I-FABP (ng/mL) 0.872 5.28 82.80 80.40 0.808–0.921 <0.001

SAA (mg/L) 0.864 204.89 84.50 80.55 0.798–0.914 <0.001

AUC, area under the curve; CI, confidence interval; CRP, C-reactive protein; I-FABP, intestinal fatty acid-binding protein; IL-6, interleukin 6; 
NEC, necrotizing enterocolitis; PCT, procalcitonin; SAA, serum amyloid A.
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Figure 4 ROC curve of serum markers predicting NEC operation 
opportunity. CRP, C-reactive protein; PCT, procalcitonin; IL-6, 
interleukin 6; I-FABP, intestinal fatty acid-binding protein; SAA, 
serum amyloid A; ROC, receiver operating characteristic; NEC, 
necrotizing enterocolitis.

damaging immune function. Moreover, the inflammation 
will also affect the nervous system. Even if pediatric patients 
are cured, the risk of intestinal stenosis, nerve retardation, 
and other sequelae will increase (16). NEC is characterized 
by rapid progression, multiple complications, and poor 
prognosis. Therefore, early diagnosis and early cure are the 
keys to NEC treatment. Generally, conservative medical 
intervention is recommended for pediatric patients with 
stage I–II NEC, while surgical treatment is recommended 
for pediatric patients with stage III NEC. Due to the 
rapid progress of NEC, 30–50% of pediatric patients need 
surgical intervention (17). NEC intestinal perforation 
is the absolute indication of surgical treatment, but the 
surgical indication and timing of children without intestinal 
perforation are still controversial (18). Thus, a means for 
doctors to accurately identify the indications of NEC 
surgery in a timely fashion and choose the best operation 
opportunity is urgently needed to improve the prognosis of 
pediatric patients to the greatest extent.

The characteristics of sex, gestational age, mode of 
delivery, time to start feeding, birth weight, and day 
of diagnosis were similar between the operation and 
nonoperation groups. One study (19) found that the 



Translational Pediatrics, Vol 12, No 5 May 2023 903

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2023;12(5):897-906 | https://dx.doi.org/10.21037/tp-23-56

incidence of NEC is related to the gestational age of 
newborns. The earlier the birth, the higher the incidence, 
which is not related to whether surgical intervention 
occurred. The pathogenesis of NEC has not been fully 
clarified yet, but it has been reported to be related to 
immune disorders, acute inflammatory cascade reactions, 
and mucosal barrier function damage (20). This study found 
that the concentrations of CRP, I-FABP, IL-6, PCT, and 
SAA in the operation group were notably higher, indicating 
that the inflammatory reaction and intestinal mucosa 
damage in NEC patients were more serious. CRP is an 
acute phase reactive protein, which is synthesized in large 
quantities when inflammation, injury, or infection occurs 
in the body, and the serum CRP content increases rapidly 
within 6–8 hours and reaches its peak at 24–48 hours. The 
higher its content is, the more serious the inflammatory 
reaction (21). PCT is a precursor of calcitonin and a 
specific marker of bacterial infection, which can reach its 
peak within 6–8 hours of systemic bacterial infection (22). 
Some scholars have reported that the sensitivity of PCT in 
the diagnosis of NEC is higher than that of CRP and that 
both can be used for the early diagnosis and curative effect 
evaluation of NEC (23). IL-6 is a typical inflammatory 
mediator and an important factor involved in inflammatory 
“waterfall” reactions, which can reflect the severity of  
NEC (24). Although CRP, PCT, and IL-6 have a certain 
reference value in evaluating the changes of NEC, they 
are all nonspecific inflammatory markers with limited 
sensitivity. In recent years, SAA was discovered as an index 
of the acute inflammatory response, and its sensitivity and 
specificity are higher than those of CRP. It can be used to 
assist in the diagnosis of various neonatal acute diseases (25). 
I-FABP is a protein distributed in the intestinal mucosa 
with high tissue specificity. When the intestinal mucosa is 
damaged, the cell permeability increases, I-FABP can enter 
the blood circulation, and its serum content can reflect the 
damage to the small intestine (26). A recent study (27) found 
that I-FABP and SAA can be used as effective indicators to 
judge the severity of NEC II–III.

In our research, through further logistic regression 
analysis, it was demonstrated that serum CRP, PCT, IL-6, 
I-FABP, and SAA were independently correlated with NEC 
surgery, suggesting that CRP, PCT, IL-6, I-FABP, and 
SAA can be used as potential serum indicators to predict 
the opportunity of NEC surgery. It is well known that the 
occurrence and development of NEC are closely related to 
the excessive inflammatory response. Inflammation-related 
factors can cause intestinal mucosal injury and destroy 

intestinal mucosa integrity. At this time, the intestinal 
mucosa cannot completely repair itself, which leads to the 
progression of NEC. In addition, inflammation leads to 
decreased intestinal mucosal blood perfusion, resulting in 
intestinal ischemia, which further aggravates the condition 
of NEC (28,29). Therefore, serum CRP, PCT, IL-6, I-FABP, 
and SAA can reflect intestinal injury in pediatric patients 
with NEC, which may have a certain guiding value in 
predicting the opportunity of NEC operation. By drawing 
a ROC curve, we found that the AUC values of serum CRP, 
PCT, IL-6, I-FABP, and SAA for predicting the operation 
opportunity of NEC were 0.805, 0.844, 0.635, 0.872, and 
0.864 respectively, indicating that the predictive value of 
IL-6 was low, while the others had moderate predictive 
value. Among these serum markers, I-FABP (≥5.28 ng/mL) 
and SAA (≥204.89 mg/L) had relatively high sensitivity 
and specificity in predicting the timing of NEC operation, 
which were 82.80%, 80.40% and 84.50%, 80.55%, 
respectively.

In addition to the relevant serological indicators in this 
study, it was pointed out that the serum corticosteroid-
binding globulin (CBG), SAA and HSP-70 levels in the 
observation group were significantly higher than those in 
the control group and showed high expression, suggesting 
that the intensification of the inflammatory response in 
NEC can cause the secretion of CBG, SAA and HSP-70, 
which are involved in the occurrence and development of 
NEC and can be used as indicators for the diagnosis of early 
NEC (30).

The analysis of a study showed that various serum 
markers have some significance in guiding the diagnosis 
and treatment, disease progression and prognosis of  
NEC (31). I-FABP, SAA, and intestinal trefoil factor 
(ITF) have good sensitivity and specificity in predicting 
the diagnosis and severity of NEC. The sensitivity and 
specificity of CRP are good (32); increased CRP is a 
high-risk factor in children with NEC requiring surgical 
treatment (33). PCT is a diagnostic marker for detecting 
bacterial infections (34); a severe decrease in serum protein 
and platelet (PLT) indicates a deterioration of NEC and 
even the possibility of perforation (35). The timeliness 
and validity of these serological indices have irreplaceable 
advantages and facilitate repeated monitoring, so they 
have good application prospects. However, based on 
the small sample size of this study and the fact that it is 
a retrospective analysis, some bias in the results may be 
caused, so it is necessary to further confirm the findings 
of this study through multicenter clinical trials while 
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expanding the sample size in the future.

Conclusions

Serum markers CRP, PCT, I-FABP, and SAA have certain 
predictive values in judging the operation opportunity of 
NEC; however, the AUC value of IL-6 was not sufficiently 
high for predicting the operation opportunity and thus 
has limited application value. In addition, multicenter and 
large-sample experiments need to be conducted to confirm 
our findings.
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