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Background: To investigate the value of interleukin-6 (IL-6) for neonates within 6 hours after birth in the 
prompt diagnosis of early-onset neonatal sepsis (EONS). 
Methods: The clinical and laboratory data of 129 neonates in the neonatal intensive care unit (NICU) 
of our center from March 31, 2017, to February 29, 2020, were retrospectively analyzed. These patients 
were divided into two groups on their disease conditions: the EONS group (n=66) and the healthy control 
group (n=63). All enrolled patients were born in our hospital’s Obstetrics Department and were admitted 
to the NICU within 2 hours after birth. The first session of the blood test was conducted within 4–6 hours 
after birth for the measurements of IL-6, C-reactive protein (CRP1), serum amyloid A1 (SAA1), and serum 
immunoglobulin M (IgM). The second session of the blood test was performed 12–24 hours after birth for 
procalcitonin (PCT), CRP2, and SAA2. All the tests were completed in our clinical laboratory. The non-
parametric test (Mann-Whitney U test) was used to compare all parameters between these two groups. 
The receiver operating characteristic (ROC) curves were drawn to compare the diagnostic sensitivities and 
specificities. The pairwise comparisons of the ROC curves were on the MedCalc18.2.1 software. A P value of 
<0.05 was considered statistically significant. 
Results: Gender, birth weight, and gestational age were matched between the EONS group and the 
control group (all P>0.05). The differences of IL-6, CRP2, PCT, and SAA2 were statistically significant 
between these two groups (all P<0.05), while there was no significant difference in CRP1, SAA1, and IgM 
(all P>0.05). The area under the ROC curve (AUC) is 1 (95% CI: 0.918–1.000), 1 (95% CI: 0.918–1.000), 
1 (95% CI: 0.918–1.000), and 0.977 (95% CI: 0.878–0.999), respectively, for IL-6, CRP2, PCT, and SAA2. 
Pairwise comparisons among four biomarkers showed the diagnostic specificity and sensitivity of IL-6 were 
not significantly different from those of CRP2, PCT, and SAA2 (all P>0.05). 
Conclusions: IL-6 is a quick and independent diagnostic biomarker for EONS, and its sensitivity and 
specificity are inferior to the conventional inflammation markers, including CRP, PCT, and SAA. 
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Introduction

Neonatal sepsis is a systemic infection occurring in neonates 
≤28 days old. According to the age of onset, it is divided 
into early-onset neonatal sepsis (EONS; aged ≤72 h) and 
late-onset neonatal sepsis (LONS; aged >72 h) (1). Despite 
its non-specific clinical symptoms, EONS is highly fatal and 
can lead to serious long-term complications. Unfortunately, 
the gold-standard blood culture technique requires at least 
24–48 hours, and the prenatal use of antibiotics further 
decreases the accuracy of blood culture.

Inflammatory factors, including C-reactive protein (CRP), 
serum amyloid A protein (SAA), and procalcitonin (PCT), 
are often used to assist in the diagnosis of EONS. CRP is one 
of the most widely studied and applied acute phase proteins 
clinically, which can be induced by pre-inflammatory factor 
interleukin-6 (IL-6) to synthesize by liver cells, and it 
starts to rise in 12–24 hours of inflammatory response and 
reaches its peak at 48 hours. PCT is a non-hormone active 
precalcitonin peptide, which can be induced by IL-6 during 
the inflammatory reaction. It starts to rise in 3–4 hours and 
reaches its peak in 18–24 hours. SAA is a precursor of serum 
amyloid A, and IL-6 can also mainly induce liver production 
earlier than CRP, which can be significantly increased 4– 
8 hours later, proved to be superior to CRP in the diagnosis 
of EONS (2). Again, although these biomarkers have an 
absolute specificity and sensitivity for the diagnosis of 
EONS, they cannot make a definite diagnosis promptly. 
Thus, a biomarker that does not depend on blood culture 
is urgently needed to enable prompt diagnosis and guide 
the treatment. IL-6 is a pro-inflammatory cytokine 
secreted by mononuclear macrophages after a specific 
pathogen activates the toll-like receptors (TLRs) in the 
early stages of the inflammatory response (3). IL-6 is a pre-
inflammatory cytokine that has been extensively studied 
in EONS. It is stimulated by B and T lymphocytes at the 
onset of inflammatory responses. Its level rises 2 hours 
after infection and peaks at 4–6 hours (4). This induces 
hepatocytes to produce PCT and acute reactants including 
CRP and SAA (5,6). Therefore, it is speculated that IL-6 is 
much more significant than CRP and PCT and SAA in the 
early detection of infection. It has also been found that the 
abnormal IL-6 elevation in maternal serum can be used as 
an independent factor to predict intra-amniotic infection (7). 
EONS are closely related to chorioamnionitis; studies have 
confirmed that IL-6 plays a crucial role in the pathogenesis 
of fetal and neonatal inflammatory diseases, including sepsis, 
bronchopulmonary dysplasia, and necrotizing enterocolitis 

(8,9). Thus, it is hypothesized, which IL-6 may also be an 
independent diagnostic predictor of EONS.

Here, we retrospectively analyzed the IL-6 level in 
EONS patients within 6 hours after birth and compared 
it with several commonly-used inflammatory factors, 
with an attempt to identify the independent diagnostic 
value of IL-6 in EONS and thus facilitate the early 
treatment of this disease. We attempted to establish the 
independent diagnostic value of IL-6 as an independent 
biological indicator for EONS, i.e., definite diagnosis and 
antimicrobial therapy within 6 hours after birth. However, 
little research has been done on IL-6 in this regard. It 
has been well recognized that early diagnosis and early 
treatment are critical strategies for lowering the mortality 
and disability rates of EONS (10,11), and few studies have 
investigated the role of IL-6 in the initial stage after birth.

We present the following article in accordance with the 
STARD reporting checklist (available at http://dx.doi.
org/10.21037/tp-20-239).

Methods

The study followed the Helsinki Declaration (as revised 
in 2013) and was approved by the Ethics Committee 
of People’s Hospital of Wuhan University (The Ethics 
Committee of our school agreed, but no number was given 
because there was no relevant project funding for this 
article). All the children in our department were treated 
with the informed consent of their guardians.

Subjects

A total of 129 neonates cared in the neonatal intensive 
care unit (NICU) of our center from March 31, 2017, to 
February 29, 2020, were selected for this retrospective 
study. All the cases were admitted to NICU within 2 hours 
after birth in the obstetrics department. The gestational 
age of these neonates ranged 28–34 weeks, and the gender, 
body weight, and gestational age showed no significant 
difference between the EONS group (n=66) and the 
control group (n=63) (Table 1). Cases in the EONS group 
met the following diagnostic criteria for sepsis (11): (I) 
the suspected cases had any of the following features 
within three days of being born: (i) with abnormal clinical 
manifestations; (ii) the mother had chorioamnionitis; 
(iii) with premature rupture of membranes (PROM)  
≥18 hours before the onset of the contractions. If there 
was no abnormal clinical manifestation, blood culture was 
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negative, and two consecutive blood non-specific tests (with 
a 24-hour interval) showed less than two positive results, the 
possibility of sepsis was ruled out. (II) A clinical diagnosis 
was made if a patient had abnormal clinical manifestations 
and meanwhile met any of the following criteria: (i) blood 
non-specific test showed two or more positive results; (ii) 
cerebrospinal fluid test revealed purulent meningitis; (iii) 
bacterial DNA in blood. (III) A diagnosis of EONS was 
confirmed if there were typical clinical manifestations of 
sepsis and positive findings in blood/cerebrospinal fluid 
(or other sterile cavity fluid) cultures. In the EONS group, 
EONS was the primary diagnosis, while in the control 
group, premature infant was the primary diagnosis. The 
enrolled patients who had obvious deformity, with Apgar 
score <7 and those who had used antibiotics before the start 
of the study were excluded from this study.

Typically, IL-6 rises 2 hours after infection and reaches 
a peak at 4–6 hours; PCT, CRP, and SAA began to rise  
6 hours after birth and reach their peaks at 12–24 hours (3).  
IgM has been used as one of the predictive indicators 
of intrauterine infection (12). Thus, we checked these 
biomarkers early after birth and compared them with  
IL-6. For the secretion peaks of these biomarkers, we 
collected blood samples within 4–6 hours after birth (before 
using antibiotics) for blood culture and the measurements 
of IL-6, CRP1, and SAA1; 12–24 hours after birth, we 
collected the second blood samples for both routine blood 
test and PCT/CRP2/SAA2 measurements. All the tests 
were completed within 24 hours after birth. 

Measurements 

B l o o d  c u l t u r e  w a s  c o m p l e t e d  i n  a n  a u t o m a t i c 
microbiological detection system (BacT/ALERT3D60, 
Bio Mérieux) and a 24-hour early warning system. 
A  p r e l i m i n a r y  c u l t u r e  r e p o r t  w a s  g e n e r a t e d  
3 days (72 hours) after culture for bacteria, and a final 
culture report was obtained on day 5 (120 hours). IL-6,  

CRP, SAA, and IgM were determined by the enzyme-
linked immunosorbent assay (ELISA: Booster Biological 
Technology Co. Ltd. Wuhan, China), and PCT was 
measured using electrochemical luminescence immunoassay 
(E601, Roche Cobas). The measurement results of IL-6, 
PCT, CRP, and SAA were obtained within 1 hour. All the 
tests were completed in our clinical laboratory.

Data analysis

The non-parametric test (Mann-Whitney U test) was used 
to compare all parameters between groups. The receiver 
operating characteristic (ROC) curves were drawn to 
compare the diagnostic sensitivities and specificities, and 
the areas under the ROC curve (AUC) were calculated. 
The pairwise comparisons of the ROC curves were on the 
MedCalc18.2.1 software. A P value of <0.05 was considered 
statistically significant. 

Results

General data

There were no significant differences in the gender, weight, 
and gestational age between the EONS group and the 
control group (P>0.05). All the cases in the EONS group 
met the diagnostic criteria for EONS (13) (Table 1).

The measurement results of IL-6, PCT, CRP1, SAA1, 
CRP2, SAA2, and IgM, are listed in Table 2.

Results of AUROC analysis for IL-6, PCT, CRP1, 
CRP2, SAA1, and SAA2 between the two groups are shown 
in Figure 1 and Table 3.

As shown in Table 1, there were no significant differences 
in the gender, weight, and gestational age between the 
EONS group and the control group (P>0.05). Since the 
data were not normally distributed in both groups, a non-
parametric test (Mann-Whitney U test) was performed 
in the SPSS20.0 software package. It was found the 
distribution of CRP1, SAA1, and IgM in the EONS group 
and the control group was not statistically different (all 
P>0.05), whereas the distribution of CRP2, IL-6, PCT, and 
SAA2 showed significant difference (all P<0.05) (Table 2). 
Pairwise comparisons of the sensitivities and specificities of 
IL-6, CRP2, SAA2, and PCT between the EONS group 
and the control group in the MedCalc software (version 
18.2.1) on ROC curves (Figure 1) showed no significant 
difference (P>0.05) (Table 3).

Table 1 General data of subjects in two groups

Variables
EONS group 

(n=66)
Control group 

(n=63)
P value

Birth weight (g) 1,753±346 1,746±401 >0.05

Gestational age (w) 31.5±3.2 31.2 ±3.1 >0.05

Gender (s, M/F) 32/34 31/32 >0.05
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Discussion

Our retrospective analysis  showed that  IL-6 had 
independent diagnostic significance for EONS in the 
early postnatal period (within 6 hours after birth). To our 
knowledge, it was the first study on the value of IL-6 in 
diagnosing EONS in the initial stage after birth. EONS 
are closely related to intrauterine infection. Both the 
prenatal use of antibiotics and the low positivity rate 
during the time-consuming blood culture make it difficult 
to diagnose EONS early. EONS is a highly dangerous 
condition and can be resistant to antibiotics, and the final 
mortality and disability rates are high (14). Thus, more 
objective biomarkers are needed for early diagnosis and 
prompt treatment. The most commonly used biomarkers 
in diagnosing infection include CRP, PCT, and SAA  

(15-17). Among them, PCT can physiologically rise after 
birth (18), and its diagnostic value for LONS is better than 
for EONS (19).

However, SAA increases more markedly in viral 
infections, and it is used as an indicator for distinguishing 
bacterial  and viral  infections (16).  IL-6 is  a pro-
inflammatory factor, and the secretion of PCT, CRP, and 
SAA is later than IL-6 expression. It can be detected within 
2 hours of infection and peaks at 4–6 hours (3). Studies in 
pregnant mothers and cord blood have demonstrated that 
IL-6 can be used as an independent factor for predicting 
intrauterine chorionitis (7), the most significant independent 
risk factor for EONS. It is, therefore, hypothesized that 
IL-6 might be closely related to EONS. In our current 
study, we determined the IL-6 level in neonates to 
investigate whether it could be used as an independent 
biomarker to diagnose EONS.

In this retrospective study, we found IL-6 increased 
significantly in the EONS group compared with the 
control group, consistent with a previous study (20). 
Considering the characteristics of various inflammatory 
factors in the inflammatory reaction (3) and the difficulty 
in blood collection in newborns, we measured IL-6 and 
IgM within 4–6 hours after birth and measured PCT 
within 12–24 hours after birth. Meanwhile, CRP and SAA 
were also determined. We found IL-6 was significantly 
increased in the EONS group in the initial stage (within  
6 hours) after birth, while the CRP and SAA levels were 
not statistically different from those in the control group 
in the same period. We speculate that independent of CRP 
and SAA, IL-6 can reflect the body’s inflammatory response 
at an extremely early stage after birth and has the possible 
value of diagnosing sepsis independently. Furthermore, 
PCT, CRP, and SAA in the EONS group showed significant 
differences with those in the control group. Also, in our 
current study, we found when IL-6 reached its peak during 
the inflammation, the PCT was still at its physiological 
peak, whereas CRP and SAA were not statistically different 
between the two groups. Since both PCT and IL-6 are the 
most-recommended biomarkers for diagnosing sepsis (21), 
it is inferred IL-6, which has the highest diagnostic value 
within 6 hours after birth. We also identified the optimal 
threshold of IL-6 in diagnosing EONS is 86.16 pg/dL,  
which can be identified at the extremely early stage after 
birth. Comparisons of the AUROC curve of IL-6 with those 
of PCT, CRP, and SAA showed the diagnostic sensitivity 

Table 2 Comparisons of the mean rank orders of IL-6, CRP1, 
CRP2, SAA1, SAA2, PCT, and IgM between the two groups

Group G1 G2 U P

n 66 63 – –

IL-6 32.5 11 0 <0.01

CRP1 22.95 21 210 0.311

CRP2 32.5 11 0 <0.01

SAA1 22.95 21 210 0.162

SAA2 32.02 11.5 10.5 <0.01

PCT 32.5 11 0 <0.01

IgM 19.5 24.62 176 0.181

Figure 1 ROC curves for the diagnostic values of IL-6, PCT, 
CRP2, and SAA2. ROC, receiver operating characteristic.
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Table 3 The diagnostic sensitivities and specificities of IL-6, CRP2, SAA2, and PCT in two groups

Markers AUC 95% CI Threshold Sensitivity Specificity

IL-6 (pg/mL) 1** 0.918–1.000 86.160 1 1

PCT (ng/mL) 1** 0.918–1.000 6.458 1 1

CRP2 (mg/L) 1** 0.918–1.000 1.5 1 1

SAA2 (mg/L) 0.977** 0.878–0.999 5 0.955 1

**, P<0.01.

and specificity of IL-6 within 6 hours after birth showed 
no significant differences with those of routine markers 
including PCT, CRP, and SAA 12–24 hours after birth 
(P>0.05). Thus, IL-6 may help make a preliminary diagnosis 
of EONS within 6 hours after birth, which is necessary for 
the clinical setting because literature has demonstrated each 
hour delay in antibiotic administration was associated with a 
7.6% increase in mortality (10,11).

Furthermore, we found the level of IgM was not 
significantly different between the EONS group and the 
control group within 6 hours after birth (P>0.05), while 
IL-6 showed significant differences at the same interval. 
It has been proposed that increased IgM suggests an 
intrauterine viral infection (22). However, we have found 
that EONS is closely related to intrauterine bacterial 
infections (1). Therefore, we hypothesize that IL-6 is better 
than IgM as a marker of intrauterine bacterial infection, and 
it is more feasible for the diagnosis of EONS.

 On the features of inflammation markers during sepsis, 
Il-6 rises rapidly within 2 to 4 hours from the onset of 
inflammation, declines in the following 24 hours and drops 
drastically to undetectable levels after initiation of antibiotic 
therapy (4). With its Short half-life and the concentration 
declines drastically after antibiotic therapy, the detection 
window is very narrow. Although IL-6 is useful in 
monitoring host responses to infection and drug treatment, 
all the cases of the EONS group were treated with antibiotics 
Within 6 hours after birth, so according to its characteristics 
makes little sense to monitor continuously. Therefore, 
continuous IL-6 monitoring is not routinely performed 
clinically. According to the characteristics of the response 
during the inflammatory process, we measured IL-6, PCT, 
CRP, and SAA levels at different time intervals to avoid 
human errors. We attempt to monitorIL-6 continuously 
and CRP, SAA and PCT before and after antibiotic therapy 
of the EONS group clinically, because of IL-6 short half-

life period and declining significantly after antibiotic 
treatment, which leads to limitations of clinical monitoring 
with a short inspection window period. However, CRP, SAA 
and PCT have a relatively long half-life, predict they can 
serve as good monitoring indicators, for guiding antibiotic 
treatment for further research. However, because of the 
small sample size, as our hospital is a center for critically 
ill pregnant women in Wuhan and even the Mid-South 
Region, the patients come from all over the province and 
surrounding provinces. The abundant case resources which 
solve the limitation of a small sample size to some extent, 
further analysis and confirmation of large samples and 
multi-center data are needed. 

In conclusion, our study found the IL-6 level remarkably 
differed between EONS neonates and health controls. 
Its threshold can be easily identified in an extremely early 
stage after birth; meanwhile, its diagnostic sensitivity and 
specificity were inferior to those of CRP, PCT, and SAA 
after 12–24 hours. Therefore, IL-6 can be used as an 
independent biomarker for diagnosing EONS at the initial 
stage after birth.
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