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Introduction 

Neonatal sepsis is the most common cause of morbidity and 
mortality in newborns. The early clinic manifestations are 
non-specific, but the condition can rapidly deteriorate into 
shock, disseminated intravascular coagulation (DIC), and 
multiple organ dysfunction syndrome (MODS) (1,2). Most 
recently, a study estimated that the mortality of neonatal 
sepsis is about 11–19%, which will bring a heavy burden 

to the family and society (3). Therefore, early detection, 
accurate diagnosis, and effective antimicrobial therapy for 
neonatal sepsis have always been important and clinically 
challenging (4,5). The gold standard for diagnosis of neonatal 
sepsis is isolation of organism in blood culture, but culture of 
the organism is lengthy, the cultivation conditions are strict, 
and the sensitivity is low (6,7). Thus, the blood culture does 
not facilitate early diagnosis (8). At present, biomarkers for 
diagnosis of neonatal sepsis include C-reactive protein (CRP), 
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procalcitonin (PCT), white blood cell count (WBC), platelet 
count, and so on, but each of them has its limitation (6). 
CRP is a pentameric structure protein and is an acute phase 
reactant protein, which is the most commonly used laboratory 
tests in the diagnosis of neonatal sepsis. PCT is also an 
acute phase reactant protein and is peptide prohormone of 
calcitonin. Currently, researchers are still searching for more 
sensitive and specific biomarkers, such as CD64 (9), serum 
neutrophil gelatinase-associated lipocalin (sNGAL) (10),  
both of which reflect the activation of neutrophils after 
infectious stimulation. NGAL is a small circulating protein 
that is highly modulated in a wide variety of pathological 
situations, making it a useful biomarker of various disease 
states. NGAL is a lipocalin superfamily member, of which 
elevations in both the urine and plasma concentration occur 
at an early stage of acute kidney injury (AKI) of sepsis. So 
far, little research has been conducted regarding the value 
of sNGAL in neonatal sepsis. In this study, we observed the 
dynamic changes of sNGAL in late-onset neonatal sepsis, 
and compared them with the infectious biomarkers of CRP 
and PCT. We present the following article in accordance 
with the STARD reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-21-587/rc).

Methods

Participants

Patients recruited to this study were from the neonatal 
intensive care unit (NICU) of the Affiliated Hospital of 
Nantong University between March 2019 and March 2020, 
and met the inclusion criteria for late-onset sepsis according 
to the Expert Consensus on the Diagnosis and Treatment of 
Neonatal Sepsis (2019 edition) (11). We included 49 patients 
in the observation group. We also randomly included a 
control group comprising 20 non-sepsis newborns. Data 
were collected on admission for gender, gestational age, 
the onset of day age, birth weight, Apgar score, the level of 
creatinine, platelet count, and so on. The gestational age of 
the 2 groups was ≥37 weeks. The exclusion criteria were as 
follows: congenital heart disease, congenital renal disease, 
and congenital immunodeficiency. As per instructions of 
the Ethics Committee of the Affiliated Hospital of Nantong 
University, informed consent was provided by the guardians 
of patients before commencement of the study. The study 
was approved by the Ethics Committee of the Affiliated 
Hospital of Nantong University (2021-K141-01), and was 
conducted in accordance with the Declaration of Helsinki (as 

revised in 2013).

Data collection

All participants were treated according to the routine 
management of neonatal diseases. Blood culture and/
or cerebrospinal fluid culture of the observation group 
were conducted before the antibiotic administration. 
Blood samples were obtained on day 1, day 2, and day 7 
of NICU admission. Blood cell counts, CRP, PCT, and 
creatinine determinations were made promptly by the 
hospital’s central laboratory. Samples for sNGAL analysis 
were made by the laboratory of nephrology with double 
antibody sandwich immunochromatography (Beijing Hot 
View Biotechnology Co., Ltd., Beijing, China), based on 
documentation provided by the manufacturer. The normal 
range for sNGAL is <145 ng/mL (10).

Statistical analysis

All statistical analyses were performed using the software 
SPSS 25.0 (IBM Corp., Chicago, IL, USA). The Shapiro-
Wilk test was used to analyze the distribution of data. 
Measurement data with normal distribution were presented 
as mean ± standard deviation, and compared using t-test 
for comparison between groups. Abnormally distributed 
measurement data were presented as median and quaternary, 
and compared using Mann-Whitney U test. Repeated test 
data analysis of variance (ANOVA) was used for repeated 
measurements at the same time point. The rates describing 
the count data were compared using Pearson’s chi-square test 
and Fisher’s exact test. Pearson correlation analysis was used 
for correlation analysis. A receiver operating characteristic 
(ROC) curve was used to analyze the diagnostic efficiency 
and the optimal cut-off value. Differences were considered 
statistically significant when the P value <0.05.

Results

Demographic characteristics

There was no significant difference in gender, onset of day 
age, rate of cesarean section, gestational age, birth weight, 
and Apgar score between the observation group and the 
control group (P>0.05). There was no significant difference 
in the incidence of the level of creatinine on the first day 
and AKI during hospitalization between the 2 groups 
(P>0.05). The platelet count in the observation group was 
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lower than that in the control group, and the difference was 
statistically significant (P<0.05) (Table 1).

Serum NGAL, CRP, and PCT dynamic change in sepsis

According to ANOVA of repeated measurement data, the 
levels of sNGAL, PCT, and CRP in the observation group 
were all higher than those in the control group at NICU 

admission on day 1 and day 2, with statistical significance 
(P<0.05). There was a trend of change with time of the level 
of sNGAL. The sNGAL concentration in the observation 
group began to increase on day 1, increased more obviously 
on day 2, and decreased significantly on day 7. There was 
significant difference in the sNGAL concentration on day 
1 and day 2 between the observation group and the control 
(P<0.05) (Table 2). 

Table 1 Comparison of general data between the Observation Group and the Control Group

Factors Observation group (n=49) Control group (n=20) Statistics P value

Gender (male/female) 27/22 12/8 χ2=0.139 0.710

Age of onset (days) 8 (5.5, 14.0) 7.5 (6.0, 13.5) Z=0.471 0.637

Cesarean section (n, %) 23, 46.9% 8, 40.0% χ2=0.276 0.599

Gestational age at birth (weeks) 39 (37.70, 39.84) 38 (37.56, 40.07) Z=1.026 0.305

Birth weight (kg) 3.25±0.41 3.33±0.38 t=0.6292 0.532

Apgar score (1 min) 8 [7–9] 8 [7–9] Z=0.334 0.738

Apgar score (5 min) 9 [8–10] 10 [9–10] Z=1.285 0.199

Blood culture positive (n, %) 15, 30.6% 0 – –

Cr (mmol/L) 66.39±40.66 64.10±31.11 t=0.227 0.821

AKI (n, %) 5, 10.2% 1, 5.0% – 0.664*

PLT (×109/L) 115.4±62.3 226.1±69.0 t=6.493 0.000

*, Fisher’s exact method. Cr, creatinine; AKI, acute kidney injury; PLT, platelet.

Table 2 Changes of sNGAL, CRP, and PCT in both groups 

Index Observation group (n=49) Control group (n=20) F value P value

sNGAL (ng/mL)

Day 1 265.58±92.91 88.06±43.40 66.625 0.000

Day 2 303.50±99.77 87.50±42.56 86.684 0.000

Day 7 108.28±68.17 85.28±40.25 1.983 0.164

CRP (mg/dL)

Day 1 35.41±21.00 4.75±5.20 41.295 0.000

Day 2 55.05±21.69 5.11±5.49 102.485 0.000

Day 7 9.17±3.30 3.37±2.36 51.070 0.000

PCT (ng/mL)

Day 1 5.13±3.87 0.39±0.22 29.699 0.000

Day 2 5.41±3.80 0.36±0.21 38.006 0.000

Day 7 0.57±0.32 0.31±0.15 12.297 0.001

sNGAL, serum neutrophil-gelatinase associated lipocalin; CRP, C-reactive protein; PCT, procalcitonin
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Correlation analysis of sNGAL with CRP and PCT on day 1

There was a positive correlation between sNGAL and CRP 
in the observation group on day 1, Pearson’s correlation 
coefficient =0.845 (P=0.000), and the fitting index of the 
linear regression equation R2=0.714 (Figure 1). There 
was a positive correlation between sNGAL and PCT in 
the observation group on day 1, Pearson’s correlation 
coefficient =0.749 (P=0.000), and the fitting index of the 
linear regression equation R2=0.561 (Figure 2). 

ROC curve analysis

The ROC curve was used to evaluate the value of sNGAL, 
CRP, and PCT in the diagnosis of neonatal sepsis on day 1 
(Table 3, Figure 3).

Discussion

The NGAL is a lipocalin superfamily member, which was 
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Figure 1 Scatter diagram of correlation analysis between sNGAL 
and CRP on Day 1. sNGAL, serum neutrophil-gelatinase 
associated lipocalin; CRP, C-reactive protein.

Figure 2 Scatter diagram of correlation analysis between sNGAL 
and PCT on Day 1. sNGAL, serum neutrophil-gelatinase 
associated lipocalin; PCT, procalcitonin.

Figure 3 ROC curve of NGAL, CRP, and PCT on day 1. sNGAL, 
serum neutrophil-gelatinase associated lipocalin; CRP, C-reactive 
protein; PCT, procalcitonin.

Table 3 ROC analysis of sNGAL, CRP, and PCT on day 1

Index Cutoff Sensitivity Specificity AUC 95% CI

sNGAL 147.5 ng/mL 91.8% 90.0% 0.964 0.927–1.000

CRP 9.35 mg/dL 85.7% 90.0% 0.925 0.866–0.984

PCT 0.73 ng/mL 91.8% 95.0% 0.940 0.881–0.998

ROC, receiver operating characteristic; sNGAL, serum neutrophil-gelatinase associated lipocalin; CRP, C-reactive protein; PCT, 
procalcitonin; AUC, area under the curve; CI, confidence interval.
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first discovered and named by Lars Kjeldsen in 1993 (12).  
Normally, NGAL is released from a small amount of 
neutrophils in bone marrow while under pathological 
conditions, and it is also upregulated and released by 
a variety of other cells, such as activated neutrophils, 
macrophages, and non-hematopoietic epithelial cells (13,14). 
Meanwhile NGAL is a novel marker of AKI (15,16), and 
it has been identified as a highly sensitive and nonspecific 
predictor of AKI injury in pediatric septic shock (17). In 
recent years, more attention has been paid not only to AKI, 
but also the field of sepsis. As an acute secretory protein 
with bacteriostatic properties, NGAL is released from 
activated neutrophils in response to bacterial infections. It 
also can prevent the deterioration of infection by inhibiting 
the intake of iron of bacteria (18). Katagiri et al. found that 
the concentrations of sNGAL in patients with sepsis were 
significantly higher than those in control group participants, 
suggesting that NGAL has a predictive effect on the early 
diagnosis of sepsis (19). In our study, we found that the 
level of sNGAL was significantly elevated in the early stage 
of neonatal late-onset sepsis. The differences between the 
observation group and the control group were significant 
on day 1 and day 2 (P<0.05), which indicates that sNGAL is 
useful in the early diagnose of neonatal bacterial infection. 
Jonsson et al. found that septic patients in the ICU showed 
a significant decrease in NGAL and PCT levels on the first  
2 days following empiric antibiotic treatment, which 
indicates that NGAL may serve as a biomarker to guide 
downgrading antibiotic therapy in the future (20). We also 
found that the level of sNGAL decreased obviously on day 7 
with the improvement of the diseases, which indicated that 
sNGAL may have the value of predicting the prognosis and 
guiding the use of the antibiotics. Albert et al. found that 
the dynamic changes in sNGAL could predict mortality in 
patients with severe sepsis (21). It was found that the level of 
sNGAL was elevated more obviously in neonatal sepsis with 
positive blood culture (10). We will conduct a subsequent 
study regarding outcome predictors in our future work.

Smertka et al. found that the level of NGAL in the urine 
and blood is significantly increased in neonatal sepsis with 
AKI, which indicates that NGAL is not only a biomarker 
of sepsis, but also the predictor of AKI (10). In our study, 
we found that the rate of AKI in the observation group was 
10.2%, slightly higher than that in the control group (5.0%), 
but the difference was not statistically significant, indicating 
that the association between sNGAL and AKI was present 
in our study. In this study, there were only 5 cases of AKI 
in the observational group which made it impossible to 

conduct subgroup analysis and to certify whether sNGAL 
had a predictive effect of AKI in the neonatal sepsis.

Currently, PCT and CRP are regarded as the common 
biomarkers in the diagnosis of neonatal sepsis (6). In some 
studies, PCT has been evaluated as a marker for diagnosing 
neonatal sepsis with higher sensitivity and specificity than 
CRP (6). In our study, we found that the level of sNGAL, 
CRP, and PCT of the observation group was higher 
than that in the control group on day 1 and day 2, which 
indicated the activation of the inflammation in the early 
stage of neonatal sepsis. Through correlation analysis, we 
found that the level of sNGAL was significantly correlated 
with the level of CRP and PCT on day 1 and day 2, which 
certified that sNGAL was well correlated with these 
classical biomarkers such as CRP and PCT in the diagnosis 
of neonatal sepsis.

The ROC curve was used to compare the efficiency of 
various biomarkers in the diagnosis of neonatal sepsis. The 
results of ROC indicated that the respective sensitivity of 
sNGAL, CRP, and PCT was 91.8%, 85.7%, and 91.8%, 
the respective specificity was 90%, 90%, and 95%, and 
the areas under the curve were 0.964, 0.925, and 0.940, 
respectively. The above results showed that the ability of 
sNGAL in the diagnosis of neonatal sepsis is better than 
CRP, while the diagnostic efficacy of sNGAL and PCT 
is similar. Therefore, we believe that sNGAL can be used 
as a predictive and diagnostic index of neonatal sepsis and 
to monitor the improvement of the disease. Researchers 
within China and internationally have been seeking 
infection-related markers with high sensitivity, specificity, 
positive predictive value, and negative predictive value to 
reliably distinguish sepsis at an earlier level and instruct the 
antibiotic therapy. However, none of the current biomarkers 
are sufficiently independently accurate for diagnosis 
or prognosis in sepsis until now. Therefore, combined 
detection of multiple infectious biomarkers, to a certain 
extent, is more beneficial to the early diagnosis of neonatal 
sepsis.

Conclusions

In our study, we found that sNGAL was significantly 
elevated in the early stage of late-onset neonatal sepsis and 
obviously decreased with the conditions improvement. At 
the same time, sNGAL had a good correlation with CRP 
and PCT. The utilities of sNGAL may be applied for the 
early diagnosis, monitoring the outcome, and directing the 
therapy of neonatal late-onset sepsis. Some limitations of 
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this study should be considered. The participants were all 
from a single center and the sample size was small. The 
selective bias was inevitable. In future research, we will 
further expand the sample size and conduct further research 
from the perspective of outcome prediction.
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