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Background: There are many difficulties and uncertainties in the early diagnosis of neonatal sepsis. The aim of this study was to 
determine whether albumin (ALB) is useful for the early diagnosis of neonatal sepsis using ALB, C-reactive protein (CRP) and 
procalcitonin (PCT) together.
Methods: ALB, CRP, PCT and white blood cell (WBC) data from 732 patients with neonatal sepsis and 1317 neonatal infection 
patients hospitalized in Foshan Maternal and Child Health Hospital from 2011 to 2022 were collected. Receiver operating character
istic (ROC) and logistic regression analyses were performed to assess the diagnostic value of ALB, CRP, PCT and the WBC count for 
neonatal sepsis. The roles of ALB, CRP, PCT and the WBC count in the diagnosis of neonatal sepsis were analysed by using subject 
working characteristics (ROC) and areas under the curve (AUCs), and the variables were combined to determine which combination 
had the best diagnostic efficacy.
Results: In the sepsis group, the ALB, CRP, and PCT levels and the WBC count were significantly higher than those in the infection 
group (P<0.001). In all infants, the sensitivities and specificities of ALB, CRP, PCT, and WBC count were 0.411, 0.596, 0.483 and 
0.411, respectively, and 0.833, 0.846, 0.901 and 0.796, respectively. With a sensitivity of 0.646, a specificity of 0.929, and an AUC of 
0.834, the best combination was that of ALB, CRP, and PCT, which was better than that of CRP + PCT, CRP + ALB and PCT + ALB.
Conclusion: In neonatal sepsis, in the absence of blood culture results, the combination of ALB, CRP, and PCT is more reliable than 
CRP, PCT, or CRP+PCT alone. These results suggest that ALB is a useful inflammatory biomarker for the early diagnosis of neonatal 
sepsis, and can improve the diagnostic efficiency.
Keywords: albumin, C-reactive protein, procalcitonin, diagnosis, neonatal sepsis

Introduction
Sepsis in newborns is a serious disease that causes high mortality rates, accounting for 15.2% of all neonatal deaths 
worldwide.1 However, the clinical manifestations of neonatal sepsis lack early clinical specificity and are easily confused 
with those of other diseases. Early diagnosis is very difficult, especially for premature infants, who are easily overlooked, 
may receive delayed treatment and may even die. In neonatal sepsis, early diagnosis and treatment can save many lives. 
There are often many difficulties in the early detection of neonatal sepsis. At present, the diagnosis of neonatal sepsis is 
still based on blood culture. Because blood culture takes a long time and the positive rate is not high, it is difficult to 
obtain early clinical diagnosis and treatment for neonatal sepsis. Therefore, there is an urgent need to obtain more 
accurate infection indicators to enhance the accuracy of diagnosis.

Journal of Inflammation Research 2023:16 2855–2863                                                     2855
© 2023 Shi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 2 May 2023
Accepted: 27 June 2023
Published: 19 July 2023

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-5645-9377
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


At present, the commonly used clinical infection indicators are C-reactive protein (CRP), procalcitonin and white 
blood cell (WBC) count. CRP is the most readily available inflammatory biomarker of infection, and CRP tests are the 
most commonly used laboratory test.2 However, it takes approximately 10–12 hours for the CRP level to increase, so in 
early neonatal sepsis diagnosis, CRP tests are not conducive. Procalcitonin (PCT) is an acute-phase, reactive protein. 
Compared with CRP levels, PCT levels rise rapidly within 2–4 hours of bacterial endotoxin exposure and reach their 
peak within 6–8 hours after exposure. PCT has become an important inflammatory biomarker in the early diagnosis of 
neonatal septicaemia.3

However, CRP and PCT are also affected by many factors. CRP levels may also be elevated due to maternal fever, 
foetal distress and stress, meconium aspiration syndrome (MAS), haemolysis, and tissue damage.4,5 Most studies report 
that CRP has low sensitivity and specificity and is associated with misdiagnosis and missed diagnosis.6 PCT also varies 
with various conditions, such as premature birth, intracranial haemorrhage, birth asphyxia, neonatal hypoxemia, and 
maternal chorioamnionitis (without neonatal infection) within 72 hours after birth.4,5,7 Therefore, CRP, PCT, and the 
WBC count each have their own shortcomings in neonatal sepsis diagnosis, so combining these inflammatory biomarkers 
could be helpful for the early diagnosis of neonatal sepsis.

Studies have shown that albumin (ALB) is also a routine detection item in the clinic, and it is not only a nutritional 
index but also closely related to inflammatory reactions.8–11 Reportedly, compared with patients without sepsis, in 
patients with sepsis, plasma ALB is reduced.12–14 We hypothesized that ALB combined with CRP, PCT and the WBC 
count can distinguish neonatal infection from neonatal sepsis, which is of great value in the early diagnosis of neonatal 
sepsis. We hope that by combining these inflammatory biomarkers, we can diagnose neonatal sepsis early and reduce the 
mortality rate of neonatal sepsis patients.

Materials and Methods
Patients
A retrospective analysis across a 11-year period was conducted on data from neonates suspected of neonatal sepsis who 
were admitted to the neonatology department at the Affiliated Foshan Maternity & Child Healthcare Hospital, Southern 
Medical University from December 27, 2011 to October 2, 2022.

The first group was the sepsis group, which included 732 patients (455 males, 277 females, ranging in age from 2 to 
16 days, with a median age of 4 days) with blood culture-proven or clinically diagnosed sepsis. The second group was 
the neonatal infection group (nonsepsis group). These newborns had elevated inflammatory biomarkers but did not meet 
the diagnostic criteria for neonatal sepsis, and a total of 1317 patients were included in this group (819 males and 498 
females, ranging in age from 1 to 3 days, with a median age of 2 days). The diagnosis of neonatal septicaemia depended 
on clinical features, infection indexes and blood culture results.15–18 Exclusion criteria were as follows: (1) patients with 
incomplete data, including CRP, PCT, ALB, WBC count data; and (2) subjects with other medical conditions, such as 
major congenital malformations and cyanotic congenital heart disease, haematological disorders, cancers, and major 
congenital malformations.

This study protocol complied with the Declaration of Helsinki and was approved by the Ethics Committee of 
Affiliated Foshan Maternity & Child Healthcare Hospital. All data were anonymized and maintained in a confidential 
manner. Since the study was retrospective, informed consent was not needed.

Clinical Evaluation and Definition
Diagnoses of neonatal sepsis and infection were made by two independent physicians according to the 2019 Expert 
Consensus on Diagnosis and Treatment of Neonatal Sepsis and the International Pediatric Sepsis Consensus.15,18 The 
definition of neonatal sepsis from the 2019 Expert Consensus on Diagnosis and Treatment of Neonatal Sepsis was used.18 

Sepsis is a systemic inflammatory response syndrome caused by various pathogens, including bacteria, viruses, and 
parasites. In septicaemia, pathogens (including bacteria and fungi) that can cause systemic inflammatory response 
syndrome can be cultured from blood (or aseptic cavities such as cerebrospinal fluid).18 Diagnosis is suspected if any 
one of the following conditions are met within 3 days of birth: (1) abnormal clinical symptoms, (2) maternal 
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chorioamnionitis, and (3) a premature rupture of membranes (PROM) duration ≥18 hours. Sepsis can be ruled out if there 
are no abnormal clinical symptoms, the blood culture is negative, and two nonspecific blood tests conducted 24 hours 
apart are positive for less than two items. Alternatively, the clinical diagnosis of sepsis can be made if any one of the 
following conditions are met along with abnormal clinical symptoms: (1) two or more positive nonspecific blood tests, 
(2) purulent meningitis changes observed in cerebrospinal fluid samples, and (3) pathogenic bacterial DNA is detected in 
the blood. Finally, a definite diagnosis can be made if clinical symptoms are present and there is a positive blood culture 
or cerebrospinal fluid (or other sterile fluid) culture. Infection refers to a suspected or proven infection caused by any 
pathogen or clinical syndrome associated with a high probability of infection. Evidence of infection includes positive 
clinical exam, imaging, or laboratory test findings.15

Collection and Biochemical Analyses
The collected data included the following: 1) clinical data including age, sex, weight, temperature, respiratory rate, heart 
rate, systolic blood pressure, and diastolic blood pressure; and 2) laboratory data at admission, which included PCT, CRP, 
aspartate aminotransferase (AST), alanine aminotransferase (ALT), total protein (TP), ALB, blood urea nitrogen (BUN), 
creatinine (CREA), and uric acid (UA) levels. Blood samples were collected when a newborn was suspected of having an 
infection, and an automatic blood cell counter (Sysmex Company, Kobe, Japan) measured the WBC count, neutrophil 
count, and lymphocyte count. The CRP level was measured using a dry fluorescence immunoanalyzer (Baditai), and CRP 
levels below 0.8 mg/L were statistically treated as 0.7 mg/L. PCT levels were measured using fluorescence immuno
chromatography on a dry fluorescence immunoanalyzer. The measurement range was 0.1–100. In this study, PCT levels 
above 100 ng/mL were considered 101 ng/mL, and those below 0.02 ng/mL (lower limit of measurement) were 
considered 0.01 ng/mL.Serum total ALB, AST, ALT, bilirubin (TBIL), urea nitrogen (UREA), CREA and UA levels 
were measured using an automated biochemical analyser (AU5800 clinical chemical analyser, Beckman Kurt, 
California). Over the past 10 years, the instruments used for these indicators have been partially upgraded and replaced, 
but the instrument platform (brand) has remained the same, and the reference ranges have not changed.

Statistical Analysis
Continuous variables are expressed as the mean±standard deviation (SD) or median (interquartile range) and were 
compared using an independent t-test or the Wilcoxon-rank sum test according to their distribution. Categorical variables 
are presented as percentages (n, %) and were analysed using the chi-square test. Multivariate logistic regression analysis 
was performed to identify the independent risk factors for the presence of neonatal sepsis, adjusting for the potential 
confounders of age, sex and weight. Receiver operating characteristic (ROC) curves were constructed to evaluate the 
diagnostic value of the serum biomarkers for the presence of neonatal sepsis. Youden’s index was calculated (sensitivity 
+ specificity − 1) to determine the optimal cut-off point. The area under the ROC curve (AUC) of two different indicators 
was compared using Delong’s test. A two-sided P value less than 0.05 was considered statistically significant. All 
statistical analyses were performed using R language (version 4.1.3).

Results
ALB, CRP, PCT and WBC Results of the Study Subjects
This study included 2049 newborns who were divided into an infection group and a sepsis group. Among the newborns, 
732 were diagnosed with neonatal sepsis, and 1317 were diagnosed with neonatal infection. Table 1 shows the baseline 
clinical and laboratory data for both groups. The median age of the neonates with sepsis was 4.00 (2.0–16.0) days and 
that of neonates with infection was 2.0 (1.0–3.0) days (P<0.001). Clinical data showed that the respiratory rate and heart 
rate of the newborns with sepsis were increased compared with those of the newborns with infection (P <0.001). The 
serum PCT, CRP and urea levels in the neonates with sepsis were significantly higher than those in the neonates with 
infection (P<0.001), while the serum TBIL, ALT, TP, ALB, CREA and UA levels were lower (P<0.001). Other indexes, 
such as the leukocyte count, neutrophil count, lymphocyte count and platelet count, were also significantly different 
between the two groups (P<0.001) (Table 1).
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The Association of Inflammatory Biomarker Levels with the Risk of Neonatal Sepsis
To investigate the association of the ALB, CPR, PCT levels and WBC count with the diagnosis of neonatal sepsis, 
we classified the study participants into four groups according to ALB, CPR, and PCT levels and the WBC count. 
The crude odds ratio (OR) in logistic regression analysis was used to evaluate the importance of the inflammatory 
biomarkers in the diagnosis of neonatal sepsis (Table 2). After adjusting for birth age, sex, and weight (Table 2), we 
obtained adjusted ORs to avoid possible adverse effects of age, sex, and weight. Except for the WBC count, age, 
sex, and weight had no effect on the ALB, CRP, and PCT levels.

Table 1 Baseline Characteristics of the Infection and Sepsis Group

Variables Infection (n=1317) Sepsis (n=732) P

Gestational age (weeks) 39 (38, 40) 38 (33.5, 39) <0.001
Age (days) 2.00 (1.00, 3.00) 4.00 (2.00, 16.00) <0.001

Male, n (%) 819 (62.19%) 455 (62.16%) 1.000

Weight (kg) 3.12±0.82 2.69±0.92 <0.001
Temperature (°C) 36.92±9.14 37.23 ± 0.92 0.361

Respiratory (rate/minute) 47.78±7.20 53.38 ± 10.98 <0.001

Heart rate (bpm) 137.99±11.08 144.6 ± 19.82 <0.001
SBP (mm Hg) 71.52±5.95 70.22 ± 8.64 <0.001

DBP (mm Hg) 41.02±6.19 39.86 ± 8.08 <0.001

CRP (ng/mL) 11.25 (2.20, 19.85) 34.00 (12.35, 58.10) <0.001
PCT (ng/mL) 0.92 (0.30, 2.47) 5.40 (0.76, 23.18) <0.001

Biochemical parameters

TBIL (μmol/L) 209.00 (143.00, 263.20) 106.00 (45.35, 164.55) <0.001
ALT (U/L) 11.00 (8.00, 14.60) 9.00 (6.00, 13.20) <0.001

AST (U/L) 43.00 (32.40, 57.90) 36.00 (24.00, 55.00) <0.001
TP (g/L) 52.70 (49.60, 56.00) 50.00 (44.45, 54.00) <0.001

ALB (g/L) 36.00 (34.00, 38.30) 35.00 (31.00, 37.35) <0.001

UREA (mmol/L) 3.03 (2.27, 4.00) 3.70 (2.70, 5.00) <0.001
CREA (μmol/L) 55.00 (44.00, 66.00) 52.00 (33.00, 70.00) 0.003

UA (μmol/L) 270.00 (194.00, 349.00) 248.00 (165.00, 369.00) 0.007

Haematologic parameters
WBC (109 cells/L) 14.14 (10.86, 18.88) 11.91 (7.37, 18.19) <0.001

Platelet (109/L) 267 (225, 319) 231 (172, 305) <0.001

Neutrophil count (109 cells/L) 9.00 (6.14, 13.20) 7.24 (3.61, 12.40) <0.001
Lymphocyte count (109 cells/L) 3.26 (2.59, 4.15) 2.83 (1.72, 4.20) <0.001

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; PCT, procalcitonin; TBIL, 
total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TP, total protein; ALB, albumin; UREA, urea 
nitrogen; CREA, creatinine; UA, uric acid; WBC, white blood cell.

Table 2 Multivariate Logistic Regression Analysis for Prediction of Neonatal Sepsis

Quartile Range of Values Basic Model Adjusted Model

n/N (%) OR (95% CI) P n/N (%) OR (95% CI) P

CRP (ng/mL) 732/2000 (36.60) 1.05 (1.05, 1.06) <0.001 724/1953 (37.00) 1.06 (1.06, 1.07) <0.001

Q1 ≤4.1 87/501 (17.37) 1 86/478 (17.99) 1
Q2 4.1~14.6 115/500 (23.00) 1.42 (1.04, 1.94) 0.027 112/490 (22.86) 2.08 (1.42, 3.04) 0.001

Q3 14.6~31.3 148/500 (29.60) 2.00 (1.48, 2.70) <0.001 147/493 (29.82) 3.54 (2.45, 5.13) <0.001

Q4 >31.3 382/499 (76.55) 15.54 (11.39, 21.19) <0.001 379/492 (77.03) 26.97 (18.28, 39.79) <0.001

(Continued)
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Analysis of the Role of the Inflammatory Biomarkers in the Diagnosis of Neonatal 
Sepsis by Subject Operation Characteristic Curve Analysis
ROC analysis was used to evaluate the utility of the ALB, CPR, and PCT levels and the WBC count in the prediction of 
neonatal sepsis. Based on the area under the ROC curve (AUC), the CRP+PCT+ALB combination had good discrimi
natory power (AUC=0.834, 95% CI (0.813–0.855)), P<0.001) (Figure 1). The CRP+PCT+ALB combination had 
a sensitivity of 0.646 and a specificity of 0.929 for the prediction of neonatal sepsis (Table 3).

Comparison of Infection Indicators After Association
We combined these inflammatory biomarkers to improve the diagnosis of neonatal sepsis. This study compared the 
combinations of infection biomarkers and found that the CRP + PCT + ALB combination had the best diagnostic efficacy 
(AUC=0. 834), which was better than that of the CRP + PCT (AUC=0. 826), CRP + ALB (AUC=0. 795) and PCT + 
ALB (AUC=0. 749) combinations. Although the diagnostic efficacy of the CRP + PCT + ALB + WBC count (AUC=0. 
837) combination was higher than that of the CRP + PCT + ALB (AUC=0. 834) combination, there was no significant 
difference between them (Z value, P=0.19), as shown in Table 4.

Discussion
Severe infection is the main cause of early neonatal death.19 Neonatal sepsis is a fatal systemic and severe infection in the 
neonatal period that is related to adverse outcomes in neonates, such as nervous system injury and chronic lung diseases. 
However, the early clinical manifestations of neonatal sepsis lack clinical specificity and are easily confused with those 
of noninfectious diseases, and early diagnosis is very difficult. At present, blood culture is a very important standard for 
diagnosing neonatal sepsis, but the waiting time for the results is long, and the positive rate is low. Often, this affects the 
early clinical diagnosis and treatment of neonatal sepsis. On the other hand, newborns with suspected sepsis are usually 
treated with antibiotics at an early stage.20 Although this treatment strategy will reduce neonatal deaths, it may contribute 
to the overuse of antibiotics and even induce the emergence of multidrug-resistant bacteria in neonatal wards.21 

Therefore, early diagnosis of neonatal sepsis is very important to prevent microbial drug resistance caused by empirical 
treatment.22

Table 2 (Continued). 

Quartile Range of Values Basic Model Adjusted Model

n/N (%) OR (95% CI) P n/N (%) OR (95% CI) P

PCT (ng/mL) 724/2018 (35.88) 1.11 (1.09, 1.13) <0.001 716/1971 (36.00) 1.11 (1.09, 1.13) <0.001

Q1 ≤0.40 128/538 (23.79) 1 126/516 (24.42) 1
Q2 0.40~1.34 95/472 (20.13) 0.81 (0.60, 1.09) 0.162 95/464 (20.47) 0.94 (0.66, 1.35) 0.754

Q3 1.34~5.62 143/503 (28.43) 1.27 (0.96, 1.68) 0.089 141/493 (28.60) 2.08 (1.50, 2.90) <0.001

Q4 >5.62 358/505 (70.89) 7.80 (5.92, 10.28) <0.001 354/498 (71.08) 10.75 (7.76, 14.90) <0.001

ALB (g/L) 699/1924 (36.33) 0.88 (0.86, 0.90) <0.001 691/1878 (37.00) 0.93 (0.90, 0.95) <0.001

Q1 ≤33.0 287/491 (58.45) 3.14 (2.40, 4.11) <0.001 139/440 (31.59) 2.13 (1.54, 2.95) <0.001
Q2 33.0~35.9 121/473 (25.58) 0.77 (0.58, 1.02) 0.071 285/481 (59.25) 0.80 (0.58, 1.10) 0.175

Q3 35.9~38.0 150/504 (29.76) 0.95 (0.72, 1.25) 0.696 121/464 (26.08) 1.03 (0.76, 1.40) 0.837

Q4 >38.0 141/456 (30.92) 1 146/493 (29.61) 1

WBC (109 cells/L) 732/2047 (35.76) 0.97 (0.96, 0.98) <0.001 724/1998 (36) 1.00 (0.99, 1.01) 0.979

Q1 ≤9.93 279/514 (54.28) 1 279/508 (54.92) 1
Q2 9.93~13.62 145/510 (28.43) 0.33 (0.26, 0.43) <0.001 143/499 (28.66) 0.56 (0.41, 0.75) <0.001

Q3 13.62~18.60 136/511 (26.61) 0.31 (0.24, 0.40) <0.001 132/494 (26.72) 0.57 (0.42, 0.77) <0.001

Q4 >18.60 172/512 (33.59) 0.43 (0.33, 0.55) <0.001 170/497 (34.21) 0.88 (0.65, 1.19) 0.411

Note: Basic model: unadjusted; adjusted model: adjusted for gestational age, age, sex, and weight. 
Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; ALB, albumin; WBC, white blood cell.
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In recent years, researchers of neonatal sepsis have paid more attention to cytokines and other inflammatory 
biomarkers. However, it is undeniable that CRP, PCT and the WBC count, which are commonly used inflammatory 
biomarkers, still play an important role, so it may be beneficial to combine these infection inflammatory biomarkers to 
improve the diagnostic rate of neonatal sepsis. It is well known that in most individuals, CRP and PCT levels increase 

Figure 1 Receiver operating characteristic (ROC) curves of ALB, PCT, and CRP levels and the WBC count as inflammatory biomarkers of neonatal sepsis.

Table 3 Cut-off Values of Inflammatory Biomarkers for Neonatal Sepsis Diagnosis

Indicator Cut-off 
Values

AUC  
(95% CI)

Sensitivity  
(95% CI), %

Specificity  
(95% CI), %

Accuracy, 
%

PPV/NPV, 
%

PLR/NLR, 
%

CRP 25.35 0.767 (0.744, 0.789) 59.6 (56, 63.1) 84.6 (82.6, 86.6) 75.4 69.1/78.4 3.873/0.478

PCT 5.955 0.725 (0.700, 0.750) 48.3 (44.7, 52.0) 90.1 (88.5, 91.7) 75.1 73.2/75.7 4.887/0.573
WBC 10.305 0.598 (0.571, 0.626) 41.1 (37.6, 44.7) 79.6 (77.4, 81.8) 65.9 52.9/70.8 2.018/0.740

ALB 33.05 0.625 (0.598, 0.652) 41.1 (37.4, 44.7) 83.3 (81.3, 85.4) 68 58.5/71.2 2.466/0.707

CRP+PCT — 0.826 (0.805, 0.847) 63.8 (60.3, 67.3) 91.8 (90.3, 93.3) 81.6 81.8/81.5 7.788/0.394
CRP+ALB — 0.795 (0.773, 0.817) 62.7 (59.1, 66.2) 84.8 (82.7, 86.8) 76.6 70.6/79.5 4.111/0.441

PCT+ALB — 0.749 (0.724, 0.774) 57.4 (53.8, 61.1) 86.9 (85.0, 88.8) 76.2 71.5/78.2 4.389/0.490

CRP+PCT+ALB — 0.834 (0.813, 0.855) 64.6 (61.1, 68.2) 92.9 (91.5, 94.4) 82.5 84.2/81.8 9.127/0.380
CRP+PCT+ALB 

+WBC

— 0.837 (0.816, 0.857) 68.8 (65.4, 72.3) 89.5 (87.8, 91.3) 81.9 79.4/83.1 6.583/0.348

Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; ALB, albumin; WBC, white blood cell; CI, confidence interval; NLR, negative likelihood ratio; NPV, negative 
predictive value; PLR, positive likelihood ratio; PPV, positive predictive value.
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significantly after bacterial infection, but due to various factors, CRP and PCT levels cannot completely and accurately 
reflect infection.4 As a result, it is difficult to diagnose neonatal sepsis using CRP and PCT levels alone, especially in 
separating neonatal infection from neonatal sepsis.

This study compared the levels of these four indexes between patients with neonatal sepsis and neonatal infection and 
found that ALB, CRP, and PCT levels and the WBC count in patients with neonatal sepsis were significantly higher than 
those in patients with neonatal infection. In this study, when these inflammatory biomarkers were used alone, their 
sensitivity was between 41.1% and 59.6%, their specificity was between 79.6% and 90.1%, and their AUC was between 
0.598 and 0.767. Therefore, it is obvious that these inflammatory biomarkers are not effective for diagnosis when used 
alone. In this research, the sensitivity of CRP was 0.596 (0.56–0.631), which was similar to that of the European 
population (0.63 (0.47–0.79)) but lower than that of the Asian population (0.72 (0.63–0.80)).23 Although these 
differences between the European population and Asian population are believed to be related to genetic factors, there 
are few data to prove this, so more research is needed for verification. The sensitivity of PCT in this study (0.483 (0.447– 
0.52)) was significantly lower than that in the Asian study (0.85 (0.80–0.91)).23 The sensitivity of the CRP + PCT 
combination in this study was 0.638 (0.603–0.673), similar to that of the European population (0.69 (0.51–0.87)) but 
significantly lower than that of the Asian population (0.93 (0.90–0.97)).23

The results showed that the combination of ALB, CRP and PCT increased the sensitivity from 48.3% to 64.6% and the 
specificity from 84.6% to 92.9%. As shown in Table 4, the combination of ALB, CRP, and PCT was more effective in diagnosing 
neonatal sepsis than CRP alone or CRP and PCT alone. The combination of CRP, PCT, and ALB was compared with 
combinations of other infection indicators, and the AUC of the CRP+PCT+ALB (AUC=0.834) combination was found to be 
superior to that of the CRP+PCT (AUC=0.826), CRP+ALB (AUC=0.795), and PCT+ALB (AUC=0.749) combinations. 
Therefore, the CRP+PCT+ALB combination had better diagnostic efficacy. Importantly, although the AUC of the CRP+PCT 
+ALB combination was smaller than that of the CRP+PCT+ALB+WBC (AUC=0.837) combination, there was no significant 
difference between the two, and the specificity of the CRP+PCT+ALB (92.9%) combination was higher than that of the CRP 
+PCT+ALB+WBC (89.5%) combination, indicating that the combination of CRP+PCT+ALB was more valuable. In conclu
sion, the ALB index is useful for the diagnosis of neonatal sepsis, especially when combined with CRP and PCT levels and the 
WBC count. In the baseline data of this study, the differences in age, sex and weight were statistically significant. Our study 
analysed the influence of these factors on ALB, CRP, and PCT levels and the WBC count in neonatal sepsis diagnosis to avoid 
interference caused by these factors. Age, sex, and weight were corrected in the multivariate logistic regression analysis. The 
results indicated that age, sex, and weight did not affect the diagnostic efficacy of ALB, CRP and PCT levels for neonatal sepsis, 
but the WBC count did.

There are also some limitations in this study. The neonatal infection group in this study was relatively young, and 
there may be selection bias. In addition, this study did not analyse full-term infants versus premature infants or early- 
onset sepsis versus late-onset sepsis separately, which may have affected the results because there are differences in the 
values between preterm and full-term infants. The next step for our research group is to perform stratified analysis based 
on gestational age.

Table 4 Test for a Difference in Two ROC Curves

CRP+PCT+ALB

Z value P

CRP+PCT −2.18 0.029

CRP+ALB −7.01 <0.001
PCT+ALB −8.26 <0.001

CRP+PCT+ALB+WBC 1.31 0.19

Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; 
ALB, albumin; WBC, white blood cell.
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Conclusions
ALB is valuable in diagnosing neonatal sepsis, especially in distinguishing neonatal infection from neonatal sepsis. In the 
absence of blood culture results, the combined detection of ALB, CRP, and PCT levels has relatively high sensitivity and 
specificity. Therefore, the combination of these inflammatory biomarkers can be used to diagnose neonatal sepsis early, 
which can help clinicians distinguish neonatal infection from neonatal sepsis early and use antibiotics rationally. 
Although the application of this combined index has certain value, blood culture remains the gold standard for the 
diagnosis of neonatal sepsis.
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