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Abstract: 

Introduction and aim: Neonatal sepsis is a clinical illness that occurs in the first 28 days of 

life. Non-specific clinical appearance makes the early diagnosis difficult. C-reactive protein 

(CRP), Interleukin-6 and 8 (IL-6 & 8) have been of great interest in detecting the disease in 

recent days. So this study aims to determine the cut-off values for IL-6 & 8 and to investigate 

the diagnostic accuracy of the same. 

Materials and Methods: The case-control study included 280 neonates, 140 were clinically 

suspected cases of sepsis and 140 were healthy neonates. Immunoassay Kits were used to 

determine the levels of IL 6 & 8 and CRP in the blood.  

Results: All three given biomarkers were found to be extremely significant between the cases 

and control population. CRP levels were found to be statistically significant between the 

early-onset sepsis group and the late-onset sepsis group. CRP findings in EOS can be crucial. 

So in EOS samples, it would be beneficial if CRP results were interpreted with other 

biomarkers like IL 6 and IL 8.  

Conclusion: We found a considerable increase in IL 6 and IL 8 levels, which could be used 

as a particular biomarker for detecting neonatal sepsis. The combination of these 

immunological markers could thus be critical for the diagnosis, as well as better indicators of 

the disease pathophysiology. 

Keywords: Neonatal sepsis, C-reactive protein, Interleukin-6 & 8, Immunoassay and 

biomarker. 

Introduction: 

 Neonatal sepsis is a severe illness that occurs in the initial 28 days after birth and it is 

one of the leading causes of death around the world1. Invasive procedures along with 

immunological immaturity are two risk factors linked to its higher prevalence2. Depending on 

the time of infection it is divided into two types: early onset (< 72 hours of childbirth) and 

late onset sepsis (> 72 hours of childbirth)3. EOS is linked to vertical infection as a result of 
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maternal colonization. LOS is linked to infection acquired from the hospital or community3. 

Non-specific clinical appearance makes the early diagnosis difficult. The gold standard for 

microbiological diagnosis is blood culture, although it has low sensitivity and is a time-

consuming procedure4. A missing diagnosis causes medication to be delayed and raises the 

chance of complications. The prognosis of newborn sepsis is determined by early detection 

and effective antibiotic treatment5. As a result, early and precise detection of sepsis is critical 

for improving clinical outcomes and lowering medical expenses6. 

 Acute phase proteins, pro-inflammatory components like cytokines and chemokines, 

such as C-reactive protein (CRP), pro-calcitonin (PCT), Interleukin-6 (IL-6) and interleukin 8 

(IL-8) have been of great interest to detect the progression of neonatal sepsis in recent days7. 

 The liver produces CRP which participates in the acute phase reaction. It has a half-

life of 24 to 48 hours. Increased CRP production can be caused by infections and non-

infectious disorders8. The CRP level may be modest in the early stages of infection, but serial 

assessments can provide more valuable information. It is a useful marker to diagnose 

neonatal sepsis, however, it is unreliable since it takes a long time to respond to an infection9. 

 IL-6 is an immune-regulatory cytokine that is found in the bloodstream during the 

initial stages of infection. The generation of CRP by the liver is aided by IL-6. The amount of 

IL-6 rises during the early stages of bacterial infections, which could help with the early 

detection of newborn sepsis10. Furthermore, Interleukin 6 (IL 6), generated by T and B cells, 

is more sensitive than CRP, its short half-life limits its utility as a solitary diagnostic of 

sepsis11. 

IL-8 is a pro-inflammatory cytokine that aids in the diagnosis and detection of 

neonatal sepsis severity. IL-8 is the only interleukin from the chemokine family. Within 2-4 

hours following the initiation of an infection, the amount of IL-8 rises significantly11. 

 In neonates, these immunological markers have been helpful in the timely 

identification of sepsis12. However investigations have indicated that both the markers have 

diagnostic significance, their cut-off values fluctuate and the effectiveness varies from study 

to study. The relationship between these biomarkers and the prognosis of neonatal sepsis is 

critical for early diagnosis13.  

 A good diagnostic biomarker will have high sensitivity and specificity14. The aim of 

this study is to determine the best cut-off values for IL-6 & 8, as well as to calculate the 

diagnostic accuracy for the early detection of neonatal sepsis. 

Materials & methods: 

  The prospective case-control study was done over two years and it included 280 

neonates, 140 were clinically suspected cases of sepsis admitted to the NICU and 140 were 

healthy neonates. The patients and controls were both under the age of 28 days. 

 The study comprised preterm and term babies (<28 days old) of both sexes who 

showed symptoms of neonatal sepsis. Temperature instability, abdominal distension, food 

intolerance, tachycardia (HR>190bpmin), bradycardia (HR>90bpmin), dyspnea, tachypnea 

(>70/min), hepatosplenomegaly and irritability are the signs and symptoms of sepsis. The 

study excluded newborns born with congenital abnormalities, type 1 diabetes, or those who 

had experienced any surgical procedure. For both cases and controls, routine biochemical 
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parameters were measured. In both groups, either parent gave their informed consent. The 

Institution's Ethics Committee approved the study.  

 A standard proforma was constructed to collect patient’s demographic data and 

information such as delivery history, symptoms, risk factors for infection, laboratory results, 

and clinical outcomes.  

Clinical signs and symptoms are used to diagnose neonatal sepsis in the study setting, 

as well as laboratory findings such as complete blood count (CBC), CRP and or blood 

cultures.  

Measurements of Biomarkers: 

 Blood samples were received and serum was separated and stored at -20oC till 

analysis. 

Human Interleukin 6 level: 

 A human Interleukin 6 ELISA kit was used for quantitative detection (Bioassay 

technology laboratory). The assay procedure was done according to kit instructions. Readings 

were measured at 450nm of wavelength. The coefficient of variation among intraassay and 

interassay had been approximately 8% and 10% respectively. 

Human Interleukin 8 level: 

Human Interleukin 8 ELISA kit was used for quantitative detection (Bioassay 

technology laboratory). Kit instructions were followed throughout the assay. Readings 

were measured at 450nm of wavelength. The coefficient of variation among intra-assay and 

interassay had been approximately <8% and <10% respectively. 

 

Statistical analysis: 

All variables were given as median (inter-quartile range).  A statistically significant 

value was taken as p < 0.05. Graph Pad Prism software was applied for all statistical analysis 

(version 5). 

Results: 

Classification of case participants:  

Table 1: The table shows the classification of case participants 

Characteristics Total (%) 

EOS 91 (65%) 

LOS 49 (35%) 

Number of Participants 140 (100%) 

 

The prevalence of early-onset sepsis (65%) was found to be higher in the case population. 

Blood culture: 
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Blood culture showed no growth in 105 (75%) of neonates and growth in 35 (25%) of 

neonates. Thirty-five positive cultures were included, with 32 (91.4%) showing bacterial 

growth within 24 hours. The remaining 3 cultures became positive on day 2.  

Distribution of pathogens by Blood culture: 

Table 2:  The table shows the different aetiological agents in blood culture-positive 

sepsis. 

S.no Pathogen isolated EOS LOS Total number Percentage (%) 

1 Klebsiella pneumoniae 10 7 17 48.6 

2 Acineto bacterbaumannii 1 4 5 14.3 

3 Escherichia coli 2 2 4 11.4 

4 CoNS 1 2 3 8.6 

5 Pseudomonas aeruginosa 1 1 2 5.7 

6 Staphylococcus aureus 2 - 2 5.7 

7 Enterobacter aerogenes 1 - 1 2.9 

8 Enterococcus fecalis 1 - 1 2.9 

   

The majority of the pathogens were Gram-negative organisms (82.9%). Klebsiella 

pneumoniae (48.6%) is the most common isolate followed by Acinetobacter baumannii 

complex as shown in Table 2. 

Analysis of Biomarkers – CRP, IL6 and IL8 

Table 3: Analysis of biomarkers between cases and control. 

Biomarkers Cases 

Median (IQR) 

Control 

Median (IQR) 

p-value 

CRP 11 (4.1, 41.8 ) 3 (1.5, 4.4 ) <0.001 

IL 6 32.99 (24.98, 39.29 ) 9.58 (7, 12.47 ) <0.001 

IL 8 44.08 (37.46, 50.58 )  13.58 (10.8, 18.9 ) <0.001 

All three given biomarkers were found to be extremely significant between the cases and the 

control population. 

Table 4: Analysis of biomarkers between EOS and LOS 

Biomarkers EOS - Median (IQR) LOS- Median (IQR) p-value 

CRP 6.6 (3.3, 17.2 ) 41.8 (16.3, 66.1 ) <0.001 

IL 6 32.66 (23.28, 38.78 ) 33.24 (25.89, 41.02 ) 0.122 

IL 8 44.00459 (35.41, 48.71 ) 46.94 (37.60, 52.99 ) 0.106 

 

When the CRP values were compared between the EOS and LOS cases, extremely 

significant statistical difference (p<0.001) was seen. The cut-off value for CRP was < 6mg/dl. 

It must be noted that the median CRP level in EOS was 6.6mg/dl. CRP findings in EOS can 

be crucial. Box Whisker plot showing the level of CRP, IL6 and IL8 in control, EOS and 

LOS groups are shown in figure 1-3. 

Figure 1: Box Whisker plot showing the level of CRP in control, EOS and LOS groups 
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Figure 2: Box Whisker plot showing the level of IL-6 in control, EOS and LOS groups 

 

 

    

 

 

 

 

 

 

Figure 3: Box Whisker plot showing the level of IL-8 in control, EOS and LOS groups 

If the p-value is less than 0.001 it is assigned three stars (***)  

Receiver operating characteristic curve analysis for biomarkers 

Figure 4: ROC for IL6 

Contro
l

EO
S

LO
S

0

20

40

60

***

*** ***

C
o

n
ce

n
tr

at
io

n
 (

n
g

/m
l)

Contro
l

EO
S

LOS

0

20

40

60
******

***

C
on

ce
nt

ra
tio

n 
(n

g/
m

l)



 
 

697 

Vol. 20, No. 1.  (2024)  

E ISSN: 1672-2531 

 

 

 

Figure 5: ROC for IL8 

 

The area under the curve (AUC), sensitivity and specificity, and cut-off value for biomarkers 

like Il 6 and IL 8 were calculated (Figure 4-5) and given in Table 5. Both the biomarkers 

showed higher sensitivity and specificity. 

Table 5: ROC analysis of IL 6 and IL 8 
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Biomarkers Cut off value Sensitivity Specificity Accuracy PPV NPV 

IL 6 18.64 ng/l 96.73% 76.06% 0.828 0.664 0.979 

IL 8 24.05 ng/l 100% 74.46% 0.828 0.657 1 

 

Correlation between biomarkers: 

• The correlation between serum concentration of IL 6 and IL 8 with CRP was carried 

out. The correlation values along with their significance level are given in Table 6.  

• The scatter diagram shows the correlation for all the biomarkers like IL 6, IL8 and 

CRP. (Figure 6-8)  

• IL 6 and IL 8 showed a strong positive correlation while CRP with IL 6 and IL 8 

showed moderate positive correlation. 

Table 6: Correlation of Biomarkers 

 Spearman's rho (P value) 

IL8 CRP 

IL6 .790 (<0.001) .506 (<0.001) 

IL8  .511 (<0.001) 

 

Figure 6: Scatter plot of IL 6 and CRP 
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Figure 7: Scatter plot of IL 8 and CRP  

 

Figure 8: Scatter plot of IL 6 and IL 8 

 

 

Discussion: 
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Analysis of Biomarkers: 

The early detection of neonatal sepsis continues to remain challenging for clinicians. 

Because of the delayed onset of symptoms and vague clinical presentation, neonatal sepsis is 

a major health issue15. The gold standard blood culture takes time and can be negative due to 

insufficient sample collection or intrapartum antibiotic use16. Unfortunately, if antibiotic 

treatment is delayed after the onset of clinical signs, it may be difficult to prevent a fulminant 

clinical progression that leads to septic shock and death17. 

However, both blood culture positive and negative neonates were employed in this 

investigation to examine serum IL-6, IL-8 and the commonly used CRP. These markers were 

evaluated to determine whether the above markers, alone or in combination, would be a more 

effective predictor of newborn sepsis. 

 It is possible to raise the specificity under the 'both positive' criterion or the sensitivity 

under the 'either positive' rule by combining two component tests. In practical practice, 

boosting sensitivity in a screening setting may be beneficial, whereas improving specificity in 

prominent infants may be beneficial in distinguishing an infection from other illnesses18. 

C Reactive Protein: 

An extremely significant statistical difference (p<0.001) was seen in CRP levels in 

our study. CRP level was 11mg/dl and 3mg/dl in cases and control participants respectively. 

Morad et al., (2020)studied the sepsis markers in neonates and found the median CRP 

level was 48 mg/dl (range: 4–140 mg/dl). The cut-off value in their study was ≥10 mg/dl. In 

our study, the median CRP serum level in cases was 11 mg/dl and ranged from 4.1 to 

41.8 mg/dl. The median value was considerably low in our findings19. 

Tosson et al.,(2021)evaluated the diagnostic utility of CRP levels in full-term 

neonates LOS. They claimed that CRP demonstrated higher specificity and positive 

predictive value in LOS diagnosis at a cut-off value of 7.2 mg/L. In our study, the cut-off 

value was 6mg/dl20. 

When the CRP values were compared between the EOS and LOS cases, extremely 

significant statistical difference (p<0.001) was seen. The cut-off value for CRP was < 6mg/dl. 

It must be noted that the median CRP level in EOS was 6.6mg/dl. CRP findings in EOS can 

be crucial. So in EOS samples, it would be beneficial if CRP results are interpreted with other 

clinical findings or other biomarkers like IL 6 and IL 8.  

According to a study by YochpazS et al., (2020), the clinical EOS (cEOS) is only 

weakly predicted by the first plasma CRP values measured 6 to 8 hours after delivery. This 

finding was in concordance with our study findings21. 

Khan F et al.,(2019)conducted a study to measure the validity of CRP as a screening 

test for EONS and LONS. He concluded that CRP as a screening test has low screening 

validity in EOS which was similar to our results22. 

In our investigation, 65.7 % of the case participants had positive CRP levels. Bunduki 

GK et al.,(2020)studied the efficacy of CRP as a biomarker in forecasting neonatal sepsis and 

found 41.2% of infected neonates had elevated CRP.65.7% of cases had raised CRP levels in 

our study23. 
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Panda SK et al.,(2021) found that the mean ± SD of CRP level in cases and control 

samples were 43.50±26.76 and 3.39±1.50 whereas in our study the median CRP level was 

11mg/dl and 3mg/dl in cases and control participants respectively. The median CRP level in 

cases was considerably low in our investigation24. 

Our findings suggest CRP has a higher specificity and is a stronger indication of 

severe bacteremia in newborns which is similar to other studies. It is the widely available 

laboratory test for predicting and diagnosing newborn sepsis. Serial CRP monitoring, coupled 

with other biomarkers like interleukins, improves the diagnosis of newborn sepsis, according 

to a study25.  

Interleukin 6: 

The median (IQR) IL 6 level in our study was 32.99ng/l (24.98, 39.29) and 9.58ng/l 

(7, 12.47) in cases and control participants respectively. Extremely significant statistical 

difference (p<0.001) was seen in IL 6 levels in our study. In our study, there was no 

statistical difference between the levels of IL 6 among EOS and LOS samples. 

Morad EA et al., (2020) studied the sepsis markers in neonates. With a median level 

of 44 pg/ml (range: 6 to 120.8 pg/ml) in cases against a median of 14 pg/ml (range: 5-60 

pg/ml) in controls, IL-6 levels in their study demonstrated a significant difference 

(p=0.004)19. 

In our study investigation, the cut-off value of IL 6 was found to be 18.64 ng/l. 

Sensitivity and specificity were calculated as 96.73% and 76.06% respectively. Accuracy, 

PPV and NPV were found to be 0.828, 0.664 and 0.979 respectively. 

Qiu X et al.,(2018) investigated the early diagnostic level of IL-6 for NS with PROM. 

The overall pooled sensitivity was 0.85 and showed IL-6 high accuracy in diagnosing NS 

with PROM. Our study results had a higher sensitivity of 96.73%26. 

Sun B et al.,(2019)conducted a meta-analysis exploring the diagnostic value of IL-6 

for neonatal sepsis. The pooled sensitivity and specificity of IL-6 were 82% and 88% 

respectively. In our study sensitivity was higher (96.73%) whereas specificity was lower 

(76.06%) comparatively27. 

Tessema B et al., (2020)studied the diagnostic ability of interleukin-6 for early 

identification of NS. In their findings, IL-6 showed 73.1%, 80.2%, 37.6%, and 94.8% of 

sensitivity, specificity, PPV and NPV respectively. In our study, IL 6 showed 96.73% 

sensitivity, 76.06% specificity, 66.4% PPV and 97.9% NPV. When compared sensitivity and 

PPV value was found to be higher in our investigation28. 

According to Shoukry LR, et al.,(2021), the diagnostic accuracy for IL-6 with a cut-

off value of 50 pg/ml was 95.16. The sensitivity and specificity were 100% and 90.32% 

respectively. In our study investigation, the cut-off value of IL 6 was found to be 18.64 ng/l. 

Our study results were lower in sensitivity, specificity, PPV and NPV when compared with 

their findings29. 

Ahmed AM et al., (2019) showed that IL-6 had high diagnostic efficiency with AUC 

of 0.751. The cutoff value was 24pg/ml, with a sensitivity of 94.4% and specificity of 52.4%, 

respectively. In our investigation sensitivity was similar whereas the specificity was 

comparatively higher30. 
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According to Cortés JS et al., (2021), there were variations in the levels of CRP and 

IL-6 between the control and NS groups. Additionally, in the LONS group, CRP 

demonstrated higher clinical accuracy, but in the EONS group, IL-6 demonstrated higher 

clinical accuracy. It matched the results of our study31. 

Interleukin 8: 

The median (IQR) IL 8 level in our study was 44.08 (37.46, 50.58) and 13.58 (10.8, 

18.9) in cases and control participants respectively. Extremely significant statistical 

difference (p<0.001) was seen in IL 8 levels in our study. In our study, there was no 

significant statistical difference between the levels of IL 8 among EOS and LOS samples. 

In our study investigation, the cut-off value of IL 8 was found to be 24.05 ng/l. 

Sensitivity and specificity were calculated as 100% and 74.46% respectively. Accuracy, PPV 

and NPV were found to be 0.828, 0.657 and 1 respectively. 

Neonatal plasma IL-8 demonstrated a good predictive value (83%) for EONS, 

according to Nakstad B et al.,(2018). IL-8 was 3.6-fold increased in cases when compared to 

control neonates. An extremely significant statistical difference (p<0.001) was seen in IL 8 

levels between the cases and control participants in our study32. 

Ahmed AM et al., (2019) showed that IL-8 had a high diagnostic performance for 

sepsis detection with AUC of 0.775. The cut-off values of IL-8 were 54pg/mL with a 

sensitivity of 83.3% and specificity of 71.4%. In our study, both sensitivity and specificity 

were higher (100%, 74.46%) comparatively30. 

Boskabadi H et al., (2018)conducted a systematic review and showed IL8 with a 

cutoff value of 269.51 pg/ml had 80% sensitivity and 50% specificity. In our study, the cut-

off value was 24.05 ng/l. Both sensitivity and specificity were higher (100%, 74.46%) 

comparatively33. 

Odabasi IO et al.,(2020) stated that IL-8 guides in the diagnosis and the assessment of 

severity of NS. Its sensitivity and specificity range were 80-91% and 76-100% respectively. 

In our study, specificity was a little lower (74.46%) 5. 

Dillenseger L et al.,(2018) stated that semi-quantitative IL 8 had greater specificity 

(92.19%) but low sensitivity (48.15%). It was in contradiction with our study findings. In our 

study, specificity was lower (74.46%) but sensitivity was highest (100%) 34. 

Haroun MA et al.,(2021) stated that IL-8 was significantly raised in cases than control 

(p< 0.005). Extremely significant statistical difference (p<0.001) was seen in IL 8 levels in 

our study. Among cases, there was no statistical difference in IL-8 levels between EOS and 

LOS. Similarly in our study, there was no statistical significance between EOS and LOS 

group35. 

Correlation between biomarkers: 

Nakstad B et al., (2018) stated that there was no relation between CRP, WBC, and 

platelet count with PCT, IL-6, IL-8. Whereas in our study, IL 6 and IL 8 showed a strong 

positive correlation while CRP with IL 6 and IL 8 showed a moderate positive correlation.32 
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Shoukry LR et al.,(2021) evaluated the diagnostic performance of IL-6 and stated 

that the use of CRP and IL-6 as a panel for the early identification of NS could improve the 

sensitivity.29 

The onset and progression of newborn sepsis are correlated with the inflammatory 

mediators CRP, IL-6, and IL-8. The diagnostic rate may be successfully increased with 

combined detection, which is advantageous for early diagnosis and therapeutic intervention. 

Conclusion:  

Rapid and precise diagnostic methodologies are needed to detect infected neonates to 

reduce the number of neonates treated empirically. Due to the lack of established cut-off 

values for sepsis indicators and non-specific clinical presentation, diagnosing newborn sepsis 

remains a problem for both laboratories and physicians. No currently available biomarker can 

deliver perfect diagnostic accuracy on its own. Simultaneous screening of several indicators 

can improve diagnosis. We noticed a large increase in IL 6& 8 levels, which might be used as 

a marker for detecting newborn sepsis. The combined effect of early and sensitive IL-6& 8 

and late and specific CRP has been found to improve sepsis diagnosis sensitivity and 

specificity. As a result, a combination of biomarkers could be critical for diagnosis and better 

predictors of neonatal sepsis, as well as being important in the disease's etiology. 
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