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Abstract. Background: To investigate the differences in clinical characteristics between Gram-

positive and Gram-negative neonatal sepsis (NS).  

Methods: A retrospective analysis was conducted on a total of 151 neonates admitted between 

March 2019 and March 2024. The 91 NS patients were divided into the Gram-negative bacteria 

group (n=31) and the Gram-positive bacteria group (n=60). Sixty (n=60) non-septic neonates 

served as controls, and general information was collected from all participants. C-reactive protein 

(CRP), procalcitonin (PCT) and platelets (PLT) were independent factors that influenced the 

differentiating infections caused by the two pathogens. The onset symptoms, strain distribution, 

and various biochemical parameters were compared before the treatment among the three groups. 

The receiver operating characteristic (ROC) curve was used to analyze the diagnostic efficacy.  

Results: The proportions of patients with amniotic fluid contamination and fever (body 

temperature ≥ 38.0 ℃) were higher in the Gram-negative group than in the Gram-positive group 

(P=0.023, 0.049). The concentrations for CRP, PCT and PLT were P=0.019, 0.023, 0.030 

respectively. ROC curve analysis revealed that the specificity of the combination of CRP, PCT and 

PLT in diagnosing Gram-negative bacterial infection was 100.00%, and the area under the curve 

(AUC) was 0.904, which was higher than those of single indicators (P=0.05).  

Conclusion: There are differences in the expression of CRP, PCT and PLT between Gram-positive 

and Gram-negative NS. The simultaneous detection of the three has a high diagnostic value in 

differentiating infections caused by the two pathogens. 
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Introduction. Neonatal septicemia (NS), with high 

morbidity and mortality, remains one of the main causes 

of neonatal death.1 NS can be induced by various 

pathogens, predominated by Gram-positive and Gram-

negative bacteria.2 NS caused by different pathogens 

typically exhibit distinct pathogenesis, clinical 

manifestations, treatment, and prognosis.3,4 Therefore, a 

timely identification of pathogen types is of great 

significance for making informed decisions regarding 

antibiotics and improving patients' prognosis.5 
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Blood culture remains the gold standard for 

diagnosing NS. However, it presents challenges such as 

prolonged cycles for result reports and a high false 

negative rate, which can no longer meet clinical needs.6 

With the advancement of detection technology in recent 

decades, great concern has been attached to the screening 

of serological markers as rapid diagnostic tools for 

clarifying NS pathogens. Although recent studies have 

also explored the potential of other biomarkers, such as 

carboxyhemoglobin levels, to predict and manage 

neonatal sepsis,7 C-reactive protein (CRP) and 

procalcitonin (PCT) are still two common auxiliary 

diagnostic markers for NS, both of which can facilitate 

the differential diagnosis of bacterial and viral 

infections.8 However, their roles in distinguishing 

between Gram-positive and Gram-negative bacterial 

infections are still unclear.9  

Accordingly, the present study retrospectively 

analyzed the clinical data of newborns with NS who were 

admitted to our hospital due to Gram-positive and Gram-

negative bacterial infections. It aims to investigate the 

differences in clinical characteristics between Gram-

positive and Gram-negative NS and evaluate the 

significance of CRP, PCT, and PLT in peripheral blood 

in the differential diagnosis of Gram-positive and Gram-

negative bacterial infections.  

 

Materials and Methods 

Subjects of study. The study examined 91 newborns who 

were hospitalized in the Department of Neonatology, 

Bengbu First People’s Hospital (Bengbu Critical 

Newborn Treatment Center in Anhui Province) between 

March 2019 and March 2024, all of whom were 

diagnosed with bacterial NS via blood culture. 

According to the Gram staining results, the enrolled 

newborns with NS were divided into the Gram-negative 

bacteria group (n=31) and the Gram-positive bacteria 

group (n=60). Meanwhile, 60 pediatric patients without 

NS who were hospitalized during the same period were 

selected as the control group, including those with 

neonatal hyperbilirubinemia and transient hyperpnea. 

This study was approved by our hospital's Ethics 

Committee.  

Inclusion criteria for 91 NS participants included: (1) 

newborns born within 28 days after birth; (2) newborns 

who met the diagnostic criteria for NS in the "Protocol 

for Diagnosis and Treatment of Neonatal Septicemia", 

which involved prompt clinical assessment of potential 

symptoms, immediate blood cultures, empirical broad-

spectrum antibiotic therapy based on likely pathogens 

(usually ampicillin and gentamicin);10 (3) newborns with 

a single strain in blood culture; and (4) newborns with 

complete clinical data. Exclusion criteria included: (1) 

newborns with negative blood culture; (2) newborns with 

super-infections or multi-infections; (3) newborns who 

had used antibiotics before hospitalization; and (4) 

newborns with severe congenital malformations. 

The inclusion criteria of the control group included 

(1) newborns born within 28 days from birth, (2) 

newborns with complete clinical data, and (3) negative 

blood cultures. Exclusion criteria included: (1) newborns 

with severe congenital malformations; (2) newborns 

with chromosomal abnormalities; (3) newborns with 

multi-organ failure and malignant tumors caused by non-

infectious diseases; (4) perinatal hypoxia and asphyxia.  

 

Sample size calculation. The sample size for this study 

was determined based on the primary objective of 

comparing the diagnostic efficacy of CRP, PCT, and 

PLT in differentiating between Gram-positive and 

Gram-negative neonatal sepsis. We assumed a medium 

effect size (Cohen's d = 0.5) and an alpha level of 0.05 

for the differences in CRP, PCT, and PLT levels between 

the two groups. This effect size was chosen based on 

previous studies that have reported similar differences in 

these biomarkers between Gram-positive and Gram-

negative infections.11 Using G*Power software version 

3.1.9.7, a post-hoc power analysis was performed. The 

analysis indicated that our sample size provided a power 

of 0.82 to detect significant differences between the 

groups, and that suggests that the study had an 82% 

chance of correctly rejecting the null hypothesis when 

the true effect size was 0.5. While a higher power would 

be ideal, our sample size was sufficient to detect 

clinically meaningful differences in the biomarker levels 

between the two groups, given the observed effect sizes 

in our study. 

 

General data collection. Comprehensive clinical data 

were collected for all subjects, including gender, 

gestational age, birth weight, mode of delivery, the 

occurrence of premature delivery (gestational age <37 

weeks), the incidence of premature rupture of 

membranes (>18 h before delivery), and incidence of 

amniotic fluid contamination (including hypertension 

and diabetes). Amniotic fluid contamination was 

assessed using the NICHD classification system, which 

grades turbidity into four categories: I (clear), II 

(moderately stained), III (heavily stained but with 

visibility of 1 cm), and IV (opaque and non-visual).12 

 

Specimen collection and testing. 

Blood culture. All pediatric patients were subjected to 

blood sampling (1-2 mL, venous blood) immediately 

after admission. Samples were inoculated into BD blood 

culture flasks and cultured using the BD 

BACTECTMFX fully automatic blood culture system. 

Positive specimens were subjected to Gram staining for 

bacterial strain identification. 

Laboratory testing. Venous blood samples were 

collected within the first 6 hours of admission for the 

measurement of white blood cell (WBC), neutrophil 
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(NEU), and platelet (PLT) counts using an XE-2100 

automatic blood cell analyzer (Sysmex, Japan). CRP 

levels were determined by rate nephelometry using an 

AU5800 fully automatic biochemical analyzer 

(Beckman Coulter, USA), and PCT levels were 

measured by electrochemiluminescence using a 

Cobase601 fully automatic electrochemiluminescence 

immunoassay analyzer (Roche, Germany). All samples 

were collected at a single time point to minimize 

temporal variations in acute-phase reactant levels. 

 

Statistical analysis. Data analysis was performed using 

SPSS 22.0 statistical software. Measurement data that 

met normal distribution were expressed as 

mean±standard deviation (x±s). Inter-group comparisons 

were carried out using one-way analysis of variance 

(ANOVA) and pairwise comparison using the SNK-q 

test. Measurement data that deviated from the normal 

distribution were represented by the median 

(interquartile range) [M (Q1, Q3)], with inter-group 

comparison performed using the Kruskal-Wallis H-Test, 

and pairwise comparison adopted the Mann-Whitney U-

test. Counting data were expressed in the form of cases 

(percentage) [n (%)]; the chi-square test was used for 

inter-group comparison, and the Bonferroni-corrected 

chi-square test was used for pairwise comparison. A 

value of P<0.05 indicated the presence of a statistically 

significant difference. The computer program MedCalc 

15.0 was used for receiver operating characteristic 

(ROC) curve analysis. Indicators with statistically 

significant differences in the univariate analysis were 

incorporated in the forward stepwise conditional 

Logistic regression analysis to establish a Logistic 

regression model for predicting NS pathogen types so as 

to identify the independent, influential factors for 

determining Gram-positive and Gram-negative bacterial 

infections.  

 

Results 

Comparison of general data among groups. Table 1 

illustrates that there was no statistically significant 

difference in general data such as gender, gestational age, 

birth weight, incidence of premature birth, and incidence 

of premature rupture of membranes among newborns in 

the Gram-negative bacteria group, Gram-positive 

bacteria group, and control group (P>0.05). The 

incidence of amniotic fluid contamination in Gram-

negative and Gram-positive bacteria groups was higher 

than that in the control group (χ2=9.831, P=0.007).  

 

Comparison of symptoms and signs between Gram-

negative bacteria group and Gram-positive bacteria 

group. Table 1 illustrates that the incidence of fever 

(body temperature ≥ 38.0 ℃) in the Gram-negative 

bacteria group surpassed that of the Gram-positive 

bacteria group (χ2=4.342, P=0.037). Conversely, the 

incidence of cough was lower in the former group than 

in the latter group (χ2=4.226, P=0.040). Additionally, 

early jaundice was more prevalent in the Gram-negative 

bacteria group (χ2=5.231, P=0.012), while lethargy 

(χ2=7.342, P=0.008) and poor feeding (χ2=6.125, 

P=0.015)   were   more   common   in   the   Gram-positive
 

Table 1. Comparison of general characteristics among the three groups [n(%)]. 

Groups 
Gram-negative 

bacteria group (n=31) 

Gram-positive bacteria 

group (n=60) 
Control group (n=60) χ² value P value 

Male 19(61.29) 34(56.67) 33(55.00) 0.348 0.840 

Gestational age <37 weeks 10(32.26) 14(23.33) 12(20.00) 1.720 0.423 

Birth weight <2500 g 9(29.03) 10(16.67) 8(13.33) 3.556 0.169 

Cesarean section 11(35.48) 16(26.67) 20(33.33) 0.973 0.615 

Premature rupture of membranes 5(16.13) 6(10.00) 4(6.67) 1.943 0.379 

Amniotic fluid contamination 9(29.03)ᵃ 4(6.67) 5(8.33)  9.831 0.007 

Fever 9(29.03)        7(11.67) 4.342   0.037 

Groaning 6(19.35) 5(8.33) 2.419   0.120 

Poor response 5(16.13) 4(6.67) 2.101   0.147 

Abdominal distension 5(16.13) 6(10.00) 0.762   0.383 

Dyspnea 4(12.90) 10(16.67) 0.227   0.634 

Startle 2(6.45) 6(10.00) 0.330   0.566 

Cough 3(9.68) 17(28.33) 4.226   0.040 

Early jaundice 9 (29.03) 4 (6.67) 5.231   0.012 

Lethargy 3 (9.68) 10 (16.67) 7.342   0.008 

Poor feeding 4 (12.90) 11 (18.33) 6.125   0.015 

ᵃP<0.05 vs Gram-positive bacteria group 
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bacteria group. No statistically significant difference was 

observed in other symptoms and signs (such as groaning 

and abdominal distension) between the two groups 

(P>0.05). 

 

Bacterial distribution in Gram-negative and Gram-

positive bacteria groups. Table 2 shows the distribution 

of pathogens in Gram-negative and Gram-positive 

bacteria groups. Gram-positive bacteria were mainly 

coagulase-negative Staphylococcus (27 strains, 45.00%), 

followed by Staphylococcus aureus (12 strains, 20.00%). 

At the same time, Gram-negative bacteria were mainly 

Escherichia coli (25 strains, 80.65%).  
 

Table 2. Distribution of pathogens in neonatal sepsis patients. 

Pathogenic bacteria 
Number of detected 

strains 

Proportion 

(%) 

Gram-positive bacteria 60 65.93 

Coagulase-negative 

Staphylococcus 
27 45.00 

Staphylococcus aureus 12 20.00 

Enterococcus faecalis 8 13.33 

Enterococcus faecium 5 8.33 

Othersᵃ 8 13.33 

Gram-negative bacteria 31 34.07 

Escherichia coli 25 80.65 

Klebsiella pneumoniae 4 12.90 

Othersᵇ 2 6.45 

ᵃEnterococcus, 3 strains, and Staphylococcus epidermidis, 2 strains; 

ᵇHaemophilus influenzae, 1 strain, and Enterobacter cloacae, 1 strain.  

Comparison of laboratory indexes among groups. As 

presented in Table 3, the levels of CRP and PCT were 

higher. In contrast, the level of PLT was lower in the 

Gram-negative bacteria group compared to the Gram-

positive bacteria group and control group, with the 

differences being statistically significant (P<0.05). 

Moreover, the levels of CRP and PCT were higher, while 

the level of PLT was lower in the Gram-positive bacteria 

group than in the control group (P<0.05). Additionally, 

no statistically significant difference was observed in the 

comparison of WBC and NEU among groups (P>0.05).  

 

Multivariate Logistic regression analysis on the 

pathogen types of NS. Indicators with statistically 

significant differences in the univariate analysis were 

incorporated into the Logistic regression model for 

multivariate analysis. The findings presented in Table 4 

indicate that CRP, PCT, and PLT serve as independent, 

influential factors for distinguishing the pathogen types 

of NS (Gram-positive or Gram-negative).  

 

ROC curve analysis of serum CRP, PCT, and PLT in 

diagnosing NS caused by Gram-positive and Gram-

negative bacterial infections. The area under the ROC 

curve (AUC) for diagnosing NS attributed to Gram-

positive bacterial infections, using Gram-positive 

bacterial infection as a positive reference standard, were 

0.887 for CRP, 0.878 for PCT, and 0.715 for PLT, 

respectively. As illustrated in Figure 1, the combined 

AUC of the three indicators was 0.904, with a specificity 

of 100.00%, both of which were higher than those using 

separate indicators. The data indicated that the combined 

 
Table 3. Comparison of laboratory indicators among the three groups (x̄±s). 

Groups 
Gram-negative bacteria group 

(n=31) 

Gram-positive bacteria group 

(n=60) 
Control group (n=60) F value P value 

WBC(×10⁹/L) 14.05±6.28 12.33±5.86 11.40±5.15 2.083 0.129 

NEU(×10⁹/L) 8.12±4.50 6.60±4.34 6.02±3.85 2.289 0.106 

CRP(mg/L) 25.18±20.46ᵃᵇ 11.65±10.38ᵃ 6.32±4.91 22.220 0.001 

PCT(ng/L) 5.60±4.23ᵃᵇ 2.15±1.82ᵃ 0.93±0.57 35.610 0.001 

PLT(×10⁹/L) 137.06±83.94ᵃᵇ 243.57±104.84ᵃ 305.80±96.22 29.150 0.001 

ᵃP<0.05 vs the control group; ᵇP<0.05 vs Gram-positive bacteria group.  

 

 
Table 4. Multivariate logistic regression analysis of factors affecting the pathogen types of NS. 

Variables B S.E. Wald P value OR 95%CI 

CRP 0.060 0.022 7.447 0.006 1.062 1.017-1.109 

PCT 0.354 0.154 5.305 0.021 1.425 1.054-1.925 

PLT -0.008 0.003 9.002 0.003 0.992 0.987-0.997 

 

detection of serum CRP, PCT, and PLT demonstrated 

significant diagnostic efficacy in distinguishing between 

NS caused by Gram-positive and Gram-negative 

bacterial infections. Table 5 illustrates the ROC curves 

and AUC of each indicator.  

C-reactive protein (CRP), procalcitonin (PCT) and 

platelets (PLT) were independent influencing factors for 

differentiating infections caused by the two pathogens 
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Table 5. ROC curve analysis of CRP, PCT and PLT for the diagnosis of Gram-negative infection. 

Indicators AUC 95% CI Cut-off Sensitivity (%) Specificity (%) Youden's index 

CRP 0.756 0.652-0.843 9.85mg/L 83.87 61.67 0.455 

PCT 0.840 0.745-0.911 1.46ng/L 83.87 76.67 0.605 

PLT 0.793 0.692-0.873 157×10⁹/L 70.97 81.67 0.526 

Joint prediction 0.904 0.817-0.958 - 93.55 81.67 0.752 

 

 
Figure 1. ROC curve of PLT, CRP and PCT in identifying neonatal 

sepsis. The AUC was 0.904. PLT: platelets, CPR: C-reactive protein, 

PCT: procalcitonin. 
 

(P=0.019, 0.023, 0.030). 

 

Discussion. This study found that the proportions of 

amniotic fluid contamination and fever were higher in 

pediatric patients with NS. At the same time, the 

incidence of cough was lower in the Gram-negative 

bacteria group than those in the Gram-positive bacteria 

group. Early jaundice was prevalent in the Gram-

negative bacteria group, while lethargy and poor feeding 

were more common in the Gram-positive bacteria group. 

The incidence of amniotic fluid contamination in Gram-

negative and Gram-positive bacteria groups was higher 

than that in the control group. These findings suggest that 

newborns with Gram-negative bacterial infections are 

prone to intrauterine infections and severe systemic 

infections. Prior research has documented that positive 

bacterial culture in amniotic fluid was a high-risk factor 

for early-onset infection in newborns, which can lead to 

adverse outcomes such as sepsis.13 Prior research has 

documented that positive bacterial culture in amniotic 

fluid was a high-risk factor for early-onset infection in 

newborns, which can lead to adverse outcomes such as 

sepsis.14 Yin et al.15 also found in their study that 

amniotic fluid contamination was an independent risk 

factor for Gram-negative bacterial infection. In general, 

NS lacks specificity in the clinical manifestations, but it 

may show varied symptoms and signs under the 

influence of different pathogens. A foreign study16 

revealed that compared to Gram-positive bacterial 

infections, Gram-negative bacterial infections might 

induce symptoms such as fever and respiratory distress 

more frequently, suggesting a possibly higher severity of 

Gram-negative bacterial infections.  

In this study, Gram-positive and Gram-negative 

bacteria were mainly coagulase-negative 

Staphylococcus and Escherichia coli. These findings 

were consistent with those reported in most domestic and 

foreign research.17,18 It should be noted that different 

hospitals and geographical areas may have varied 

pathogen distribution. For instance, a multi-centre study 

in China revealed that Group B Streptococcus was the 

most common type in early-onset NS, while late-onset 

NS was mainly caused by coagulase-negative 

Staphylococcus.19 As a result, heterogeneity in 

geography, hospitals, and patients should be considered 

when analyzing and comparing different research results.  

Currently, CRP and PCT are the two commonly used 

auxiliary diagnostic indicators for NS. In this study, 

newborns with NS showed higher levels of CRP and 

PCT than those without NS, both of which were also 

higher in the Gram-negative bacteria group than those in 

the Gram-positive bacteria group. Therefore, in order to 

diagnose NS and distinguish between its many pathogen 

types, CRP and PCT may be valuable. Further 

multivariate analysis also uncovered that CRP and PCT 

were independent factors predicting the pathogen types 

of NS. It has been previously reported that the diagnostic 

value of CRP for Gram-negative bacterial infections was 

superior to Gram-positive bacterial infections.20 In an 

animal experiment, Gram-positive bacterial and fungal 

infections on PCT were found to have a lesser induction 

of PCT production than Gram-negative bacterial 

lipopolysaccharides.21 Therefore, it is speculated that 

patients with Gram-negative bacterial infections may 

have higher levels of PCT than those with Gram-positive 

bacterial infections. In contrast, some researchers 

proposed a limited value of PCT in distinguishing 

between Gram-positive and Gram-negative bacterial 

infections.22  

Furthermore, thrombocytopenia is a common 

hematological complication of NS, which shows a close 

relationship with the severity of infection. In this study, 

it was observed that the level of PLT in the Gram-

negative bacteria group was significantly lower than that 

in the Gram-positive bacteria group and the control 

group. Meanwhile, PLT was an independent influencing 

factor of NS pathogen types based on multivariate 

analysis. Consequently, PLT may benefit the 

differentiation of NS pathogen types, and Gram-negative 

bacterial infections may induce a higher risk of 
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thrombocytopenia. Similarly, Saber AM et al.23 

disclosed that thrombocytopenia was significantly 

associated with Gram-negative bacterial septicemia, and 

PLT of 50×109/L in the count was an independent 

predictor. It can be explained that the endotoxin of Gram-

negative bacteria can directly inhibit the generation and 

maturation of bone marrow megakaryocytes, leading to 

an acceleration in platelet destruction.  

As illustrated in Figure 1, the combined diagnostic 

efficacy of CRP, PCT, and PLT in differentiating NS 

caused by Gram-positive and Gram-negative bacterial 

infections was better than that of single indicators. 

Therefore, in actual clinical practice, the testing of CRP, 

PCT, and PLT jointly can improve the early detection 

ability of NS pathogen types, thus providing a potential 

reference for the selection of antibiotics.  

This study also has several limitations, such as the 

experimental design of a retrospective study, smaller 

sample size and no long-term follow-up. In our study, all 

samples were collected within the first 6 hours of 

admission to minimize temporal variations. However, it 

is important to consider that even within this timeframe, 

individual differences in the inflammatory response can 

lead to variations in CRP and PCT levels. Future studies 

should standardize sampling protocols and consider the 

dynamic nature of these biomarkers to refine their 

diagnostic utility in neonatal sepsis further. Prospective 

cohort studies based on a larger sample size are also 

required to further explore the application value of CRP, 

PCT, and PLT in the early differential diagnosis of NS 

pathogens. 

 

Conclusions. In conclusion, NS newborns with Gram-

positive and Gram-negative bacterial infections show 

differences in clinical characteristics and laboratory 

indicators. Newborns with Gram-negative bacterial 

infections are more prone to developing symptoms such 

as amniotic fluid contamination and fever (body 

temperature ≥ 38.0 ℃), higher CRP and PCT levels, and 

lower PLT levels in peripheral blood. The combined use 

of CRP, PCT, and PLT demonstrates significant 

diagnostic effectiveness in differentiating the two types 

of infections, making it a valuable approach in clinical 

implementation.  
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