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ABSTRACT

Background: Neonatal Sepsis is a blood bacterial infection that develops in neonates and it is considered as a serious 
and life-threatening disease. The aim of this study was to evaluate the diagnostic value (sensitivity and specificity) of 
CRP in the diagnosis of neonatal sepsis. Methods: A cross-sectional hospital-based study was carried out at King 
Abdulaziz Medical City (KAMC) in Riyadh, Saudi Arabia between 2016 and 2017. In this study, we included all 
neonates who have been diagnosed with neonatal sepsis during the study period. Based on the result of blood culture 
we divided our study population into confirmed neonatal sepsis cases and neonates with clinical manifestation of 
sepsis and negative blood culture results. Results: A total of 145 neonates were included, 51 were selected in the 
control group (normal neonates without any signs of sepsis), 46 neonates had sepsis with a positive blood culture 
and 48 neonates in clinical sepsis group (with clinical signs of sepsis but their blood culture was negative). The CRP 
level was significantly high in neonates in the sepsis group (with a mean=7.02 ng/ml) compared with neonates in the 
clinical sepsis group (mean=3.73 ng/ml) and in the control group (mean=0.4 ng/ml). The frequency of the respiratory 
problems and jaundice was higher among neonates in the sepsis group compared to clinical sepsis group (p<0.01). 
CRP has a high sensitivity (95%) and specificity (86%) at the cut-off point of 4.09 ng/ml. Conclusion: CRP has been 
found to each high level in neonatal sepsis and it has a relatively high diagnostic value when 4.09 ng/ml is used as a 
cutoff point for the diagnosis of the neonatal sepsis. 
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INTRODUCTION

C-reactive protein (CRP) is a part of a protein group called acute phase reactants that is produced by the liver and 
is considered as an inflammatory marker [1,2]. In many cases such as cardiovascular disease, cancer, autoimmune 
diseases and infections the CRP levels increases [3]. Thus, CRP levels reach more than 1 mg/dl throughout the body in 
case of inflammation. Although the usefulness of CRP remains important to determine and monitor the inflammation 
levels in the body, however, it cannot locate the location or the cause of the inflammation [3-6]. 

Neonatal sepsis is a type of blood infection usually bacterial, that develops in neonates and complete blood count 
(CBC) is required along with a blood culture to diagnose septicemia [7,8]. Early onset septicemia happens as a 
result of transmission of some bacteria from the mother to the new-born before or during delivery which usually 
occurs within the first 3 days of life. Late-onset septicemia happens as a result of a hospital-acquired bacteria and it 
occurs within 90 to 120 days after birth [9,10]. Group B Streptococcus, coagulase-positive Staphylococcus, and gram-
positive bacteria are the most common pathogens that have been linked to neonatal sepsis [11,12]. In developing 
countries, septicemia is a known cause of mortality in neonates [7]. Screening for bacteria during pregnancy and 
taking the proper medications helped to decrease the problem, still, 1 to 21 per 1,000 neonates’ developed neonatal 
sepsis [6]. Many studies have identified risk factors that were associated with an increase in mortality among neonates 
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who developed septicemia. In one study, the mortality rates for low birth weight neonates were 4 times higher than 
the mortality in normal weight neonate [6]. Other studies also have reported that between 32% to 48% of their study 
population with very low birth weight (1000 to 1500 grams), developed neonatal sepsis [13,14]. 

CRP levels along with other clinical signs and symptoms have a major role in the diagnosis and prognosis of neonatal 
sepsis [6,15]. Thus, the pathophysiological pathway of this is related to the stimulation of macrophage and T-cells by 
the bacterial infection, resulting in stimulation of interleukin-6 (IL-6) which in turn stimulate hepatocytes to increase 
the release of C-reactive protein from the liver [6,16]. For early diagnosis of septicemia, interleukin-6 (IL-6) and 
C-reactive protein have been used, however, the level of CRP is affected by many factors such as the introduction 
of antibiotics [6]. During this process, the levels of CRP increases by 1000-fold [6,17-22]. The present study was 
formulated as there was a paucity of evidence with respect to the association between neonatal sepsis and CRP as 
a biomarker of neonatal septicemia. The expected benefit of this study would help the clinicians to fix the period of 
antibiotic treatment and medical management to reduce the liver damage due to antibiotic exposure, development of 
bacterial resistance and neonatal mortality. Majority of studies investigating the diagnostic efficacy of the chemical 
markers of infection calculate optimum cutoff values for every single biomarker through the use of a receiver operator 
characteristic (ROC) curve. ROC curve plots sensitivity against the false-positive rate (1-specificity) for a range of 
multiple potential diagnostic cutoff levels [23-27]. The figure below shows an example of a ROC curve. A test with 
no diagnostic value would be represented as a straight line from the corner at bottom left-hand to the corner at upper 
right-hand and is represented by the dotted line in Figure 1 [27]. An ideal test would be represented by a line starting 
at the bottom left-hand corner and sharply ascend upright to 100% sensitivity, following the y-axis closely. The point 
closest to the left uppermost corner (inflection point) represents the cutoff point with the highest combined specificity 
and sensitivity or the best diagnostic accuracy and is represented as point A in the below Figure 1. Accuracy can be 
defined as the highest number who are diagnosed correctly as having or not having neonatal sepsis divided by the 
total number studied.

Figure 1 Example ROC curve

MATERIALS AND METHODS

We carried out a retrospective cross-sectional hospital-based study conducted at King Abdulaziz Medical City 
(KAMC) in Riyadh between 2013 to 2016. KAMC consider a tertiary care center that was located in the capital city 
of Saudi Arabia. The study population was all neonates who had recorded septicemia as a diagnosis using the ICD-
10 diagnosis codes in the electronic medical file during the study period. Then the neonates were identified who had 
recorded diagnosis of septicemia with a positive blood culture to validate and confirm the diagnosis. According to the 
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hospital records, 48 neonates have a confirmed septicemia diagnosis with positive blood culture. Also, we included 
in our study population those neonates who have recorded diagnosis of septicemia with a negative blood culture to 
compare the level of CRP among the 2 groups. In order to enhance our sample, we included a control group who have 
no diagnosis of septicemia. Neonates with congenital malformations and congenital infections associated with the 
TORCH complex were excluded from the study. 

For each patient, the following information was extracted: the demographic data, the clinical symptoms, the CBC 
results, and the level of CRP. Statistical analysis of study variables was carried out using SPSS software (version 20). 
Chi-square test was used for categorical variables if one or more of cells have an expected frequency of 5 or more, 
otherwise, Fisher’s exact test was used, and we used an unpaired t-test for continuous variables. ROC curve was used 
to identify optimal cut-off point for CRP and diagnostic specificity and sensitivity were calculated accordingly. CRP 
is measured using Beckman Coulter IMMAGE 800. CRP reagent, when used in conjunction with the IMMAGE 800 
Immunochemistry Systems and Calibrator 5 plus, was intended for the quantitative determination of C-reactive protein 
in human serum by rate nephelometry. It measures the rate of increase in light scattered from particles suspended in 
solution as a result of the antigen-antibody complex.

This study was approved by the Institutional Review Board (IRB) of the National Guard Health Affairs (NGHA) 
Riyadh, Saudi Arabia, protocol number SP17/223/R.

RESULTS

Table 1 showed the total number of subjects included in the study. A total of 145 neonates were included, 51 were 
selected in the control group (normal neonates without any signs of sepsis), 46 neonates had sepsis with positive blood 
culture, and 48 neonates were included in clinical sepsis group (with clinical signs of sepsis but their blood culture was 
negative). The gender distribution was similar across the groups.

Table 1 Demographic data of the study population

 Variables
 Sex

TotalMale Female 
N (%) N (%)

 Control 23 (45.1%) 28 (54.9%) 51
 Clinical Sepsis 29 (60.4%) 19 (39.6%) 48

 Sepsis 26 (56.5%) 20 (43.5%) 46

As shown in Table 2, respiratory problems and jaundice significantly increased in the proved sepsis group compared 
to clinical sepsis and control group (p<0.01). The percentage of abnormalities also increases with the approved sepsis 
group, 71% of neonates with sepsis had respiratory problems, 62.5% in clinical sepsis group and only 5.9% of the 
control group. For jaundice, 47.8% had it in approved sepsis group, 45.8% in clinical sepsis group and 7.8% in the 
control group. 

Table 2 Clinical symptoms in study population

 Variables Control Clinical Sepsis Sepsis p-valueNormal (%) Abnormal (%) Normal (%) Abnormal (%) Normal (%) Abnormal (%)
Heart Rate 51 (100%) 0 (0%) 45 (93.8%) 3 (6.2%) 44 (95.7%) 2 (4.3%) 0.216

Respiratory Problems 48 (94.1%) 3 (5.9%) 18 (37.5%) 30 (62.5%) 13 (28.3%) 33 (71.7%) 0.000
Jaundice 47 (92.2%) 4 (7.8%) 26 (54.2%) 22 (45.8%) 24 (52.2%) 22 (47.8%) 0.000
Acidosis 51 (100%) 0 (0%) 43 (89.6%) 5 (10.4%) 41 (89.1%) 5 (10.9%) 0.054

Hyperglycemia 50 (98.0%) 1 (2%) 42 (87.5%) 6 (12.5%) 41 (89.1%) 5 (10.9%) 0.122
Skin Rash 49 (96.1%) 2 (3.9%) 46 (95.8%) 2 (4.2%) 44 (95.7%) 2 (4.3%) 0.994

For the level of WBC, Table 3 revealed that mean level of WBC was 12.9 cells/mm3 ± 4.21 in control group, 13.3 cell/
mm3 ± 12.8 in sepsis group and 13.8 cell/mm3 ± 8.5 in the clinical sepsis group.

Table 3 WBC levels in study population

Study Group Mean cell/mm3 Std. Deviation Minimum cell/mm3 Maximum cell/mm3 p-value
Control 12.9518 ± 4.2179 5.7 25.5

0.886Sepsis 13.3535 ± 12.8280 2.3 61.9
Clinical Sepsis 13.8073 ± 8.5834 2.2 29.1
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As presented in Table 4, the mean and SD of the CRP in control group was 0.456 ng/ml ± 0.78 and the sepsis group 
showed a higher value of CRP than the control and clinical sepsis groups with a mean of 7.02 ng/ml ± 1.9 with a 
maximum value of 12.1 ng/ml and minimum 3.6 ng/ml. The CRP results revealed a significant increase in the sepsis 
group compared with clinical sepsis and control group and were indicated by p=0.001. 

Table 4 C-reactive protein (CRP) levels in study population

Study Group Mean ng/ml Std. Deviation Minimum ng/ml Maximum ng/ml p-value
Control 0.4565 ± 0.78724 0.02 4.71

<0.001Clinical Sepsis 3.7323 ± 0.74313 2.30 5.93
Sepsis 7.0280 ± 1.99545 3.60 12.17

According to the ROC curve results shown in Table 5 and Figure 2, CRP has a high sensitivity (95%) and specificity 
(86%) at the cut of point of 4.09 ng/ml with an area under the curve of 0.979.

Table 5 ROC curve (receiver operating characteristic curve)

 Variables Cut point  Area Under the Curve (ROC)  Sensitivity  Specificity
CRP 4.090 0.979 95% 86%

Figure 2 ROC curve of CRP

DISCUSSION

Bacterial infection in the neonate is one of the major causes of neonatal morbidity and mortality. The clinical 
manifestation of neonatal sepsis are not specific and usually occur in the late stages of the infection [28-31]. Therefore 
this study was conducted to evaluate the diagnostic value of CRP in the diagnosis of neonatal sepsis.

Abnormalities associated with sepsis include respiratory distress including tachypnea, grunting, nasal flaring, and 
retraction of respiratory muscles can be the sole manifestation of sepsis with or without pneumonia and can be 
confused with transient tachypnea of newborn initially. It was observed from the results of our study that respiratory 
problems had a strong association with neonatal sepsis which agreed with the results observed by previous studies 
that showed 96% of neonates with sepsis had respiratory problems [32,33]. Jaundice also showed a significant value 
which is consistent with the previous study done by Maamour, et al., [34].
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WBC Levels in Study Population

Low WBCs and absolute neutrophil counts, as well as a high immature-to-total neutrophil ratio (I:T), are associated 
with an increased risk of infection and inflammatory disorders. Accordingly, an insignificant difference in WBCs 
count was observed between the study groups (p=0.88). Hence, it is an imprecise indicator for the bacterial neonatal 
sepsis. A study showed that complete WBCs count was not specific for the detection of neonatal sepsis or infections 
in general [35-37].

C-reactive Protein Levels in Study Population

However, CRP has been studied for diagnostic value in neonatal sepsis, the results of the present study showed a wide 
variation in the level of sensitivity and specificity [38,39]. Reviewing several studies of CRP, it has been reported 
that CRP level >1 ng/ml, as the cut-off point, has sensitivity ranged between 70% to 93% and specificity ranged 
between 41% to 98% [40,41]. In the present study, we attempt to determine the best cut-off point for CRP using 
ROC curve at which it can yield the best diagnostic sensitivity and specificity. A CRP level above 4.09 ng/ml has a 
sensitivity of 95% and specificity of 86%. The Area under the curve (AUC) was 0.979 which indicate high accuracy 
of the results. Mathai, et al., reported that there is an association between CRP levels and sepsis with an acceptable 
level in diagnostic value [42]. In previous studies, the sensitivity of CRP was ranged between 86% to 100% and 
specificity ranged between 70% to 100%. Diversity in different results concluded from multiple studies suggest that 
some physiological changes observed in the first few days of life and the effect of prenatal and postnatal antibiotic 
administration will affect the CRP level and functions as a cofounder in the relation between CRP and infection.

Our study has several limitations, one of these limitations is related to the observational nature of this research. Many 
factors such as antibiotic use and age, gestational age, maternal history of infecting were not recorded. Such factors 
would be helpful to examine such association in depth.

CONCLUSION AND RECOMMENDATION

It was concluded that our result agreed with our hypothesis and showed an association between high CRP levels and 
neonatal sepsis despite that CRP is a non-specific marker in inflammatory reactions; the relatively high specificity and 
sensitivity above 4.09 ng/ml level of CRP strengthen the use of this acute phase protein in the diagnosis of neonatal 
sepsis. However, it is recommended to test the diagnostic efficiency of CRP in a combination with other chemical 
markers to increase the specificity of the test.
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