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ABSTRACT 
 
 Background: Early recognition and diagnosis of neonatal sepsis is difficult because of the variable and 
non-specific clinical presentation of this condition. It is extremely important to make an early diagnosis of 
neonatal sepsis for the prompt institution of anti-microbial therapy, which improves outcomes. Aims: The aim 
of this study was to determine the role of Procalcitonin (PCT) and C-reactive protein (CRP) in early diagnosis 
and follow up of neonatal sepsis in intensive neonatal care unit in comparison to that of blood culture and 
haematological parameters; total leukocytic count, absolute neutrophil count and platelet count.  Material and 
Methods: This study was conducted on neonates admitted to neonatal intensive care unit (NICU) at El Helal 
Hospital, Sohag city, Egypt, over a 6 months period (from November 2011 to April 2012). Specimens of blood 
(n = 61) were obtained from each neonate prior to commencement of antibiotics for sepsis work up including 
CRP 1, PCT 1 and haematological parameters; total leukocytic count, absolute neutrophil count, platelet count. 
Blood culture and Antibiotic sensitivity tests were carried out. Other blood samples were collected 5 days after 
antibiotic treatment for measurement of PCT 2 and CRP 2. Serum CRP levels were measured using semi-
quantitative latex agglutination test. Serum PCT levels were measured quantitatively by ELISA technique using 
RayBio® Human Procalcitonin ELISA kit. Results: In total, 51 (83.61%) neonates were confirmed to have 
sepsis based on positive blood culture results. Serum levels of PCT 1 were significantly higher in neonates with 
EONS than those with LONS (P < 0.05). The difference between PCT 1 & PCT 2 and CRP 1 & CRP 2 was 
statistically significant (P < 0.001).  However, there was no significant statistical difference between the area 
under the curve (AUC) values of PCT 1 & CRP 1 and PCT 2 & CRP 2 in all studied cases, EONS or LONS 
cases (P = 0.720, P = 0.930, P = 0.087, P = 0.737, P = 0.760, P = 0.158,respectively). Conclusions: The 
findings of the present study confirm that the serum levels of PCT is more reliable marker than the serum levels 
of CRP in the early diagnosis of neonatal sepsis and in the evaluation of the response of the disease to the 
antibiotic therapy. 
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Introduction 
 
 Neonatal sepsis is a clinical syndrome characterized by systemic manifestations of infection and 
accompanied by bacteraemia in the first month of life. Sepsis occurring in the first 7 days of life is defined as 
early-onset neonatal sepsis (EONS) and that occurring beyond 7 days as late onset neonatal sepsis (LONS) 
(Stoll et al., 2010).  Since the clinical manifestations of sepsis in neonates are non-specific and associated 
with high morbidity and mortality rate (28‐50%), an antibiotic therapy is commenced soon after the onset of the 
symptoms and signs of sepsis before the diagnosis is confirmed by blood culture (Andrejaitiene, 2006). The 
diagnosis of neonatal sepsis on the basis of the clinical symptoms is not possible (Remington et al., 2006) and 
blood culture remains the gold standard method for its diagnosis (Panero et al., 1997) but, the result is ready 
only 24-72 hrs after the sampling and during this period, it is necessary to treat the suspicious infants for sepsis 
with antibiotics on the basis of the clinical symptoms and the risk factors.  
 The usual trend which is being applied for infants who are suspected to have neonatal sepsis lead to 
unnecessary and increased antibiotic consumption, a higher incidence of the side-effects due to their use, 
increased resistance to the antibiotics, a long hospitalization, separation of the infants from their mothers and 
increased health costs (Magudumana et al., 2000). Therefore, using fast diagnostic methods including laboratory 
markers could be beneficial for the diagnosis of neonatal sepsis (Blommendahl et al., 2000). Inflammatory 
markers such as C-reactive protein (CRP) does not reliably differentiate between the systemic inflammatory 
response and sepsis (Andrejaitiene 2006), therefore, the need for a more reliable method is mandatory. 
 Procalcitonin (PCT), a precursor of calcitonin hormone, is a 116 amino acid protein secreted by the C cells 
of the thyroid gland in normal situation. It is normally inactive, but its levels may increase during septicemia, 
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meningitis, pneumonia and urinary tract infection (Remington et al.,  2006). This marker also is produced by 
macrophage and monocyte cells of various organs in severe bacterial infections and sepsis (Panero 1997, 
Magudumana et al., 2000). The results of recent studies suggest the usefulness of PCT for early diagnosis of 
neonatal sepsis (Blommendahl et al., 2002, Perez Solis et al., 2006) although other investigations observed lack 
of accuracy for this marker (Franz et al 1999, Lapillonne et al., 1998, Koskenvuo et al., 2003). 
 
Aim of the work:  
 
 The aim of this study was to determine the role of Procalcitonin (PCT) and C-reactive protein (CRP) in 
early diagnosis and follow up of neonatal sepsis in intensive neonatal care unit in comparison to that of blood 
culture and haematological parameters; total leukocyte count, absolute neutrophil count and platelet count.  
 
Material and Methods 
 
Patients and study design: 
 
 This prospective study was conducted at the neonatal intensive care unit (NICU) at El Helal Hospital, 
Sohag city, Egypt, over a 6 months period (from November 2011 to April 2012). It was approved by the 
Institutional Scientific and Ethical Committee, and written informed consents were obtained from the parents. 
Sixty one neonates who had clinical or laboratory findings of neonatal sepsis [based on CDC clinical criteria of 
postnatal sepsis (Horan et al., 2008)] were enrolled in the study. They were divided into 2 groups; early-onset 
neonatal sepsis group (EONS, n = 52) who developed sepsis within the first 7 days of life, and late-onset 
neonatal sepsis group (LONS, n = 9) who developed sepsis after 7 days of life. The exclusion criteria were 
infants who were on antibiotics or those who developed the signs of sepsis within 72 hours of discontinuation of 
the antibiotics and those who had birth asphyxia, aspiration syndromes, laboratory findings which were 
suggestive of the inborn errors of metabolism and congenital anomalies. 
 Detailed history was obtained from the parents and a complete physical examination was undergone. 
 
Specimens and tests which were performed: 
 
 Blood samples were obtained from each neonate prior to administration of the antibiotics for the sepsis 
work up, which included haematological parameters; erythrocyte sedimentation rate, total leukocyte count, 
blood culture, antibiotic sensitivity test, PCT 1 and C-reactive protein 1 (CRP 1) estimation.   
 Samples were collected under complete aseptic conditions, each sample was divided into 3 parts; first part 
in sterile vaccutainer tube, second part in EDTA tube, and the third part in blood culture bottle. Then samples 
were transported immediately to microbiology lab in Sohag Faculty of Medicine.  Vaccutainer tubes were 
allowed to clot for 30 minutes at 37 ° C then centrifuged at 3000 RPM for 15 minutes. Serum was separated and 
divided into 2 parts; one was tested immediately for CRP and the other was stored at -80° C till PCT analysis.  
 Other blood samples were collected 5 days after antibiotic treatment for measurement of PCT 2 and CRP 2.  
 
Blood Culture: 
 
 Blood cultures were done using neonatal blood culture bottles (EDM Company). Positive cultures were 
detected by Gram satin and subculture on blood agar. Cases with positive blood cultures were considered as 
confirmed sepsis. Identification of the growing microorganisms was evaluated with API strips, (Bimourieux). 
Anti-microbial susceptibility testing of the isolates was performed by the standard disc diffusion method as 
recommended by the National Committee for Clinical Laboratory Standards (National Committee for Clinical 
Laboratory Standards 2002). 
 
Serum CRP: 
 
 Serum CRP level measurement was tested by the semi-quantitative latex agglutination test (Omega 
Diagnostics kits, UK) according to the manufacturer's instructions. The reference value was up to 6 mg/L.   
 
Serum PCT: 
 
 Serum procalcitonin was measured quantitatively by ELISA technique (Enzyme-Linked Immunosorbent 
Assay) using RayBio® Human Procalcitonin ELISA kit (RayBiotech Company; USA). This assay employs an 
antibody specific for human procalcitonin coated on a 96-well plate. The reference value was up to 0.5 ng/ml. 
The concentration of the provided standard was 55 ng/ml., seven levels of dilution were done to gain the 
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standard curve. Standards and samples were pipetted into the wells containing immobilized procalcitonin 
antibodies. The wells were washed and biotinylated anti-human procalcitonin antibody was then added. After 
washing away unbound biotinylated antibody, horse radish peroxidase (HRP) conjugated streptavidin was 
added. Another wash was done then a tetramethylbenzidine (TMB) substrate solution was added. A color 
developed in proportion to the amount of procalcitonin bounded to antibodies. The stop solution changed the 
color from blue to yellow, and the intensity of color was measured at 450 nm. These steps were performed by 
the fully automated Behring ELISA Processor III (BEPIII) and the results were calculated automatically after 
the standard curve was gained by the internal software. Serum procalcitonin levels were measured in duplicates 
and the mean value of every sample is considered the final result. 
 
Statistical Analysis: 
 
 Statistical analysis was performed using SPSS (version 9.0) and MedCalc® for Windows (version 11.0). 
The blood culture results were used as the gold standard, the sensitivity, specificity, positive (PPV) and negative 
predictive values (NPV) of the PCT and CRP for diagnosing sepsis were calculated using the receiver operating 
characteristic (ROC) curve. The diagnostic accuracy of PCT and CRP was expressed as the area under the ROC 
curve (AUC). Differences between groups were analyzed with Kruskal-Wallis One-Way ANOVA on Ranks. 
Paired t test was used for comparison between CRP 1 & CRP 2 and between PCT 1 & PCT 2. On the other 
hand, Bland – Altman comparison method was used for comparison between PCT and CRP markers. Fisher's 
exact test was used in the analysis of contingency tables. Differences were considered significant at P < 0.05. 
 
Results: 
 
 The study group included 61 neonates with suspected neonatal sepsis. They were divided into two groups; 
EONS group (n= 52, 85.2%, with mean age 3.36±0.26 days and mean weight 2.5 ±0.5 kg) and LONS group (n= 
9, 14.8%, with mean age 9.44±0.62 days and mean weight 2.3 ±0.5 kg). Fifty one patients (83.6%) were proved 
to have sepsis by positive blood cultures. The identified bacteria included Gram positive cocci; Staphylococcus 
epidermidis (n=13), Staphylococcus aureus (n=11), Streptococci agalacti (n=8), and Gram negative bacilli; 
Escherichia coli (n=9), Klebsiella pneumonia (n=4), Enterobacter aerogens (n=3), Pseudomonas aeruginosa 
(n=3). 
 Comparing EONS group with LONS group revealed that, there were no statistically significant difference 
regarding the mean weight, clinical and laboratory findings, CRP 1, CRP 2, and PCT 2. On the other hand, 
mean serum PCT 1 value was statistically significantly higher in EONS group than those with LONS group (P= 
0.036) (table 1). 
 
Table 1: Clinical and laboratory findings of the studied patients.   

Group 
character 

EONS 
(n = 52, 85.2%) 

LONS 
(n = 9, 14.8%) 

P 

Age (days) 3.36 ± 1.31 9.44 ± 3.78 <0.0001 
Weight (Kg) 2.5 ±0.5 2.3 ±0.5 0.25 
Clinical manifestations 
General 
Respiratory 
Cardiovascular 
Neurologic 
Gastrointestinal 

 
40 (76.9%) 
34 (65.3%) 
19 (36.5%) 
42 (80.7%) 
39 (75%) 

 
7 (77.7%) 
8 (88.8%) 
4 (44.4%) 
7 (77.7%) 
8 (88.8%) 

0.37 

Laboratory findings 
a- Complete blood count 
Leucocytosis (> 20 ×109/L) 
Leucopenia (< 5 ×109/L) 
Thrombocytopenia (< 150 ×109/L) 

 
 
22 (42.3%) 
11 (21.1%) 
20 (38.4%) 

 
 
4 (44.4%) 
11 (22.2%) 
3 (33.3%) 

0.4 

b- Blood 
culture 

+ve 43 (82.7%) 8 (88.9%) 0.0001 
-ve 9 (17.3%) 1 (11.1%) 

c- Serum procalcitonin (PCT1) (ng/ml) 17.4 ± 6.58 12.1± 8.25 0.0364 
d- Serum procalcitonin (PCT2) (ng/ml) 6.58±3.88 4.68±4.6 0.1895 
e- Serum C-reactive protein (CRP1) (mg/L) 54.46±32.4 44.0±33.4 0.3768 

f- Serum C-reactive protein (CRP2) (mg/L) 26.42±14.27 32.2±15.4 0.5389 
Variables are expressed as Mean ± Standard Deviation, or number (percentage).  
 Comparison between PCT 1 and PCT 2 yielded statistically significant difference between PCT 1 and PCT 2 (P < 0.001) and between 
CRP 1 and CRP 2 (P < 0.001) (table 2)  
 
 The optimum diagnostic cutoff values, AUC values, sensitivity, specificity, PPV and NPV of PCT 1, 2 and 
CRP 1, 2 in the different groups were shown in Table (3). No significantly statistical difference was found 
between the AUC values of PCT 1 and CRP 1 in all studied cases, EONS or LONS cases (P = 0.720, P = 0.930, 
P = 0.087, respectively) also no significantly statistical difference was found between the AUC values of PCT 2 
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and CRP 2 in all studied cases, EONS or LONS cases (P = 0.737, P = 0.760, P = 0.158, respectively) (Figures; 
1-6). 
 
Table 2: Relations between pre and post treatment levels of both PCT & CRP. 

Group 
characters 

EONS 
(n = 52) 

LONS 
(n = 9) 

PCT1 17.4 ± 6.58 12.1± 8.25 
PCT2 6.58±3.88 4.68±4.6 

P < 0.001 < 0.001 
CRP1 54.46±32.4 44.0±33.4 
CRP2 26.42±14.27 32.2±15.4 

P < 0.001 < 0.001 

 
Table 3: AUC, sensitivity, specificity, PPV, and NPV of PCT and CRP at optimum diagnostic cut-off values for neonatal sepsis. 

Cut off values AUC (95% CI) Sensitivity Specifity PPV NPV 
All cases (n = 61) 
PCT 1>19ng/ml 
CRP1≤48 mg/L 

PCT 2>4.5 ng/ml 
CRP2>12 mg/L 

 
0.606 (0.472-0.729) 
0.630 (0.505-0.757) 
0.581 (0.451-0.709) 

0.623 (0.489 to 0.744) 

 
70.0 
90.0 
64.7 
68.6 

 
54.9 
37.3 
60.0 
50.0 

 
27.45 
25.90 
28.28 
25.06 

 
88.25 
93.86 
87.46 
88.72 

EONS (n = 52) 
PCT 1≤20.4 ng/ml 
CRP1>29.4 mg/L 
PCT 2>4.88 ng/ml 
CRP2>13.6 mg/L 

 
0.625 (0.48-0.756) 
0.616 (0.47-0.75) 

0.510 (0.426 to 0.707) 
0.611 (0.466 to 0.743) 

 
67.4 
57.5 
62.7 
64.4 

 
43.6 
54.5 
64.0 
50.0 

 
24.03 
25.10 
31.55 
25.40 

 
83.47 
82.88 
86.60 
84.14 

LONS (n = 9) 
PCT 1>4.9 ng/ml 
CRP1>12 mg/L 

PCT 2>0.4 ng/ml 
CRP2>8.97 mg/L 

 
0.929(0.565-0.99) 
0.643 (0.28-0.91) 

1.0 (0.664 to 1.000) 
0.786 (0.408 to 0.974) 

 
87.0 
72.3 

100.0 
78.6 

 
50.0 
48.5 
50.0 
49.6 

 
41.03 
35.95 
44.4 
38.4 

 
90.58 
81.4 
100.0 
85.28 

         

 
                                                                                                       
Fig. 1: ROC curve comparing the sensitivity and specificity of serum PCT1 and CRP1 in all studied patients (p= 

0.72). 
 

 
 
Fig. 2: ROC curve comparing the sensitivity and specificity of serum PCT1 and CRP1 in neonates with EONS 

(p = 0.93).  
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Fig. 3: ROC curve comparing the sensitivity and specificity of serum PCT1 and CRP1 in neonates with LONS 

(p = 0.087). 
 

 
 
Fig. 4: ROC curve comparing the sensitivity and specificity of serum PCT2 and CRP2 in all studied patients (p= 

0.737). 
 

 
Fig. 5: ROC curve comparing the sensitivity and specificity of serum PCT2 and CRP2 in neonates with EONS 

(p = 0.76). 
 
 Bland – Altman comparison method was used to detect which method is better, (fig. 7).The figure showed 
that there is a bias in the mean difference between the two methods from the zero value (red line) toward 
negative values (blue line labeled as Mean). Zero value represents the PCT method while moving towards 
negative values represents the CRP method. This means that using CRP method give lower reliable diagnosis 
than PCT method.  
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Fig. 6: ROC curve comparing the sensitivity and specificity of serum PCT2 and CRP2 in neonates with LONS 

(p = 0.158). 

 
Fig. 7: Bland – Altman comparison method. 
  
Discussion: 
 
 Neonates represent one of the highest risk groups of hospitalized patients for sepsis, with up to 50% of 
neonatal intensive care unit (NICU) patients experiencing one or more episodes of sepsis (Heron 2010). 
Neonatal sepsis with its high mortality rate remains a diagnostic and treatment challenge for the neonatal health 
care providers. The readily achievable complete blood count and the leukocyte differential assays have a 
relatively poor specificity for diagnosing sepsis (Sucilathangam et al 2012). Blood culture remains the “gold 
standard” for diagnosing neonatal sepsis, even though, in many cases, it is negative. In this study 16.4% of the 
cases were culture negative. This is nearly consistent with results of others (Naher et al., 2011, Abdollahi et al., 
2012). Neal et al., 2011 reported that as many as 60% of blood cultures would be falsely negative for common 
neonatal pathogens if only 0.5 ml of blood is sampled in low-colony-count (<4 CFU/ml) sepsis. Maternal 
antibiotics given in the majority of preterm deliveries may suppress the growth of bacteria in culture, yet the 
neonate may have clinical symptoms and laboratory findings consistent with a diagnosis of sepsis. False-
negative blood cultures in apparently septic neonates may also result from insufficient sample size. Thus, new 
and effective tests are needed for the diagnosis of neonatal sepsis.  Acute phase reactants have been used 
frequently as early markers of neonatal sepsis. Previous studies have shown CRP to be a useful marker of sepsis 
in neonates (Mathers and Pohlandt 1987, Chiesa et al., 1998a).  But there is no single reliable test for the early 
definite diagnosis of neonatal sepsis, and therefore, there is a continuing search for new infection markers. 
 In neonates, an elevated PCT level may help in predicting septicemia; furthermore, low PCT levels were 
helpful in ruling out septicaemia as a diagnosis. Therefore, the PCT assessment could help the physicians in 
limiting the number of prescriptions for the antibiotics (Sucilathangam et al., 2012). In this study there were 
higher serum levels of PCT1 and CRP1 observed in neonates with EONS than those in neonates with LONS 
with significant statistical difference for PCT1 (P = 0.036)  but with no statistically significant difference for 
CRP1 (P = 0.3768). This indicates that PCT is more useful in early diagnosis of sepsis than CRP. Similar results 
were reported by other studies (Bonac et al., 2000, Janota et al., 2001, Sucilathangam et al., 2012). Monneret et 
al., 1997 reported that both CRP and PCT levels increased in infants with early onset neonatal sepsis, but the 
rise in PCT levels was higher in CRP. Lopez-Sastre and associates (2006 and 2007) reported that PCT is a 
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useful marker of bacterial sepsis of vertical transmission, but is not sufficiently reliable to be the sole marker of 
neonatal sepsis of nosocomial origin. 
 This study showed that sensitivity of PCT 1 (67.4%) for the diagnosis of neonatal sepsis was higher than 
that of CRP 1 (57.5%) using a cut-off value of ≤ 20.4 ng/ml and >29.4 mg/L for PCT and CRP respectively. The 
higher sensitivity of PCT 1 in comparison to CRP 1 was reported by some researchers (Vazzalwar et al., 2005, 
Naher et al., 2011). At the same cut off values, we found that specificity of PCT1 was lower than that of CRP1 
(43.6% versus 54.5% respectively). This is consistent with other studies  (Janota et al., 2001, Naher et al., 
2011); on the other hand different studies have shown that PCT has higher specificity than CRP (Vazzalwar et 
al., 2005).  
 In EONS both PCT 1 and CRP 1 were found to have nearly the same PPV (24.03% and 25.10% 
respectively) and NPV (83.47% for PCT and 82.88% for CRP). These results were consistent with those 
reported by some studies (Kocabaş et al., 2007, Abdollahi et al., 2012). Results of this study were near to that 
reported by Sakha et al., 2008 who investigated the role of procalcitonin (PCT) in the diagnosis of neonatal 
sepsis and its correlation with (CRP). The sensitivity, specificity, positive predictive value and the negative 
predictive value of PCT (more than 2 ng/ mL -1) were 66.7, 50, 28.6, 83.3 and those of CRP (more than 3.5 mg/ 
L–1) were 70.4, 72.2, 43.2 and 89%, respectively, in the diagnosis of neonatal sepsis. 
 In this study at the cut-off values of PCT 1 & CRP 1 >19 ng/ml and ≤ 48 mg/L respectively, area under the 
curve (AUC) values were 0.606 and 0.630 for PCT 1 and CRP 1 respectively without any significant statistical 
difference (P=0.720). So the two markers seemed to be equally accurate for the diagnosis of neonatal sepsis. 
This result was supported with the experience of others (Enguix et al., 20001, Naher et al., 2011). 
 Using ROC curves for sensitivity and specificity of PCT 1 and CRP 1 to detect early-onset sepsis; no 
significant statistical differences were found between both markers (P> 0.05), this is supported by results of 
Franz et al. 1999 and Pérez Solis et al., 2006. However, Bland – Altman comparison method detected lower 
reliability of CRP than PCT. This is supported by other results (Sucilathangam et al., 2012).   
 When evaluating neonates with suspected late-onset sepsis, we found that PCT 1 had sensitivity, specificity, 
PPV, NPV and AUC values of 87%, 50%, 41.3%, 90.58% and 0.93 respectively at a cut-off point of > 4.9 
ng/ml. Near to our result, Lopez-Sastre et al., 2006 reported 73.7% sensitivity of PCT to detect late-onset 
neonatal sepsis. Among the same group of this study, CRP 1 was found to have sensitivity, specificity, PPV, 
NPV and AUC values of 72.3%, 48.5%, 35.95%, 81.4% and 0.643 respectively at a cut-off point of >12 mg/dl. 
The considerable heterogeneity of the results among the studies evaluating different markers for detection of 
neonatal sepsis can be explained by the lack of a universally acceptable definition of neonatal sepsis, different 
cut-off values incorporated in the studies and physiologic alterations of some markers such as PCT that occur in 
healthy neonates. 
 Results of this study show that, there were statistically significant decrease of values of both PCT 2 and 
CRP 2 (6.58±3.88 & 26.42±14.27 respectively) when compared with results of PCT 1 and CRP 1 (17.4 ± 6.58 
& 54.46±32.4 respectively) (P < 0.001) in both EONS and LONS groups. This is supported with results of 
others (Monneret et al., 1997, Chiesa et al., 1998b). Koksal et al., 2007 evaluated the response of PCT and CRP 
to antibiotic treatment, and found a significant decrease in PCT levels only. However, both CRP and PCT levels 
decreased as a late response and PCT levels decreased more than CRP. Athhan et al., 2002 and Viallon et al., 
2005 also reported that PCT significantly decreased after antibiotic therapy. 
 
Conclusions: 
 
 In conclusion, the findings of the present study confirm that the serum levels of PCT is more reliable 
marker than the serum levels of CRP in the early diagnosis of neonatal sepsis. However both of them are 
reliable in the evaluation of the response of the disease to the antibiotic therapy. The benefit of measuring serum 
PCT routinely in the diagnosis and follow-up of neonatal sepsis, is that it reduces the hospital costs and reduces 
unnecessary overuse of antibiotics with their probable side effects and development of drug resistance. Such a 
benefit might support a wider acceptance of the test in the routine practice. 
 Based on the results of the present study, we recommend that the commencement of antibiotics in newborn 
infants should be based on the PCT results on the day of their admission to the NICU. 
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