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ABSTRACT 

Background: Neonatal infections such as sepsis area leading cause of morbidity and mortality in Vietnam. This study was conducted 

to determine the value of procalcitonin (PCT) in neonatal sepsis. Materials and Methods: A cross-sectional study was conducted on 

100 neonates with a gestational age of over 34 weeks admitted to Children’s Hospital 1 in Vietnam from February 2 to June 30, 

2017. Results: Of 100 neonates, 11 were in the definite sepsis group (DSG), 23 were in the possible sepsis group (PSG), and 66 were 

in the no sepsis group (NSG). PCT was present in 90.9% of DSG cases, 87% of PSG cases, and 3% of NSG cases. PCT was positive in 

75% cases of early-onset sepsis and 90% cases of late-onset sepsis. In the receiver operating characteristic analysis, the area under 

the curve was 0.978 for PCT, 0.891 for CRP, 0.745 for leukocytes, and 0.44 for platelets. Conclusions: Patients with sepsis had high 
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PCT levels. Furthermore, PCT levels that increased had higher sensitivity, specificity, and positive and negative predictive values than 

CRP, leukocyte counts, and platelet counts. 

 

Keywords: Diagnosis sepsis, neonatal sepsis, procalcitonin, Vietnam 

 

 

1. INTRODUCTION 

Neonatal sepsis is an infection related to the blood that occurs in infants less than 28 days old. It is a leading cause of infant 

morbidity and mortality in low- and middle-income countries (Seale et al., 2014). Neonatal sepsis is divided into two groups based 

on the time it appears after birth: early-onset sepsis (EOS – before 72 hours) and late-onset sepsis (LOS – after 72 hours). The clinical 

manifestations of neonatal sepsis are nonspecific: they may be asymptomatic, local, or systemic. Therefore, early diagnosis and 

treatment of sepsis is essential to prevent serious complications and to improve mortality. Blood culture tests are used to identify 

sepsis; most bacteria can be seen within 48–72 hours. However, the diagnosis of positive blood cultures is still low rate. Complete 

blood count (CBC) and C-reactive protein (CRP) levels are widely used in diagnosis due to their simplicity and economy; however, 

their results are influenced by gestational age, delivery pattern, and neonate age. This makes it difficult to distinguish between 

systemic inflammatory responses and other causes. Procalcitonin (PCT) levels are unaffected by agranulocytosis, exhibit little to no 

change in noninfectious inflammatory responses, and increase earlier than CRP levels when an infection occurs (Chiesa et al., 2011). 

According to Simon et al. (2004), the sensitivity and specificity to diagnosis neonate sepsis for PCT were higher than for CRP: 88% 

and 75% versus 81% and 67% to diagnose neonatal sepsis. In addition, Lam (2013) found that PCT was positive in 90% of cases with 

sepsis and 46.7% of cases without sepsis. However, there is a lack of literature focusing on PCT levels in the diagnosis of neonatal 

sepsis. Therefore, we conducted a study to investigate the characteristics of PCT levels in the initial diagnosis of neonatal sepsis. 

 

2. MATERIALS AND METHODS 

Study design and sampling 

This descriptive cross-sectional study was performed on newborns being monitored for sepsis, with a gestational age over 34 weeks, 

at the Neonatal Department of Children’s Hospital 1 from February 2 to June 30, 2017. Research samples were taken using the 

minimum sampling formula according to the World Health Organization guidelines on health research (Lwanga et al., 1991): 

N=(Z1-α/2)2[P(1-P)/d2]. 

Assuming a 95% confidence interval (CI)(Z1-α/2 = 1.96), the margin of error (d) for this study is 10%. A study at Children’s Hospital 

2 in Vietnam (2013) revealed that 80% of patients with neonatal sepsis tested positive for PCT (Lam, 2013). This study requires a 

minimum sample size of 61 cases. Infants admitted to the Neonatal Department at Children’s Hospital 1 from February 2 to June 30, 

2017 were included or excluded based on the following criteria. 

Inclusion criteria: (1) newborns met one of the diagnostic criteria for sepsis (Edwards, 2011); (2) have not been previously treated 

with antibiotics; and (3) parental consent was provided by the child’s family to have blood drawn for testing. 

Exclusion criteria :(1) newborns had multiple deformities, (2) were immunocompromised, and (3) parental consent was not provided 

by the child’s family to have blood drawn for testing. 

 

Data collection 

Infants who met the inclusion criteria for this study will be asked questions for their family. They underwent physical examinations 

and had blood culture, CBC, CRP, and PCT tests performed at admission. The data were classified into the following groups: 

Definite sepsis group (DSG), where clinical diagnosis suggested sepsis, two subclinical abnormalities, and positive blood culture; 

Possible sepsis group (PSG), where clinical diagnosis suggested sepsis, two subclinical abnormalities, and negative blood culture; 

and No sepsis group (NSG), where clinical diagnosis suggested sepsis, an abnormal subclinical and negative blood culture. 

The presence of PCT was determined using an electrochemiluminescence immunoassay and was deemed positive when results were 

above 0.5 ng/ml. 

 

Ethical approach 

The research proposal was submitted to the Children’s Hospital 1’s Ethics Committee before conducting the study. The researchers 

used the data for scientific purposes only. Decision No. 56/ HĐĐĐ - BVNĐ1 of January 12, 2017 approved the study to conduct this 

study at Children’s Hospital 1. 
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3. RESULTS 

Of the 100 patients that satisfied the inclusion criteria, 11 were classified into the DSG, 23 into the PSG, and 66 into the NSG. 

 

Epidemiological characteristics 

In this study, the patients exhibited the following epidemiological characteristics: 95% were over 3 days old, 84% were born after a 

full-term pregnancy, 84% had a birth weight of over 2500g, and 2% had a prenatal risk factor. The sex ratio was 0.59 males to 0.41 

females. 

 

Clinical characteristics 

Common symptoms included fever (89%), poor feeding (40%), abdominal distention (16%), dizziness (15%), and abnormal discharge 

(11%). 

 

Subclinical characteristics 

Eleven percent of patients had positive blood cultures comprising Staphylococcus aureus (27.3%), coagulase-negative staphylococci 

(27.3%), and Elizabethkingia meningoseptica (27.3%) and other bacteria (18.1%). Leukocyte, platelet, CRP, and PCT levels increased 

than normal infants by 21%, 6%, 24%, and 32%, respectively (table 1 -6). 

 

Table 1 Presence of PCT among the groups 

Group EOS LOS DSG PSG NSG 

% PCT (+) 75.0%(3/4) 90.0% (27/30) 90.9% (10/11) 87.0% (20/23) 3.0% (2/66) 

EOS: Early-Onset Sepsis; LOS: Late-Onset Sepsis; DSG: Definite Sepsis Group; PSG: Possible 

Sepsis Group; NSG: No Sepsis Group; PCT: Procalcitonin 

 

Table 2 Mean values of subclinical characteristics 

Group 

Leukocyte  

(x103 /mm3) 
Platelet (x103 /mm3) CRP (mg/l) PCT (ng/ml) 

Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

DSG 12.4±6.3 386.5±168.1 24.2±4.2 11.7±2.5 

PSG 18.8±6.4 309.7±132.3 10.4±3.6 2.1±1.4 

NSG 10.5±3.2 363.4±110.2 1.1±4.0 0.2±0.1 

P-value < 0.001* 0.13* < 0.001* < 0.001* 

* ANOVA test 

DSG: Definite Sepsis Group; PSG: Possible Sepsis Group; NSG: No Sepsis Group 

 

 

Table 3 Changes in subclinical characteristics from time of admission to the onset of illness in the DSG (N=11). 

Subclinical 
Onset time 

4-12h (N= 4) >12h (N=7) 

Change in leukocytes 0.0% (0/4) 42.9% (3/7) 

Decrease Platelet 25.0% (1/4) 0.0% (0/7) 

Increase CRP 75.0% (3/4) 71.4% (5/7) 

Increase PCT 100.0% (4/4) 85.7% (6/7) 

C-reactive protein; PCT: Procalcitonin 

 

Table 4 Area under the curve (AUC) for subclinical characteristics. 

Subclinical AUC p 95% Confidence Interval (CI) 

Leukocytes 0.745 < 0.001 0.616-0.873 

Platelet 0.440 0.32 0.311-0.568 

CRP 0.891 < 0.001 0.821-0.960 

PCT 0.978 < 0.001 0.950-1.000 

C-reactive protein; PCT: Procalcitonin; AUC: Area Under the Curve 
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Table 5 Sensitivities and specificities of subclinical characteristics in the diagnosis of sepsis 

 

Leukocytes  

(>20,000/mm3 or  

<5,000/mm3) 

Platelet 

(<150,000/mm3) 

CRP 

(10 mg/l) 

PCT 

(0.5 ng/ml) 

Sensitivity 47.1% 5.9% 61.8% 88.2% 

Specificity 92.4% 93.9% 97.0% 97.0% 

 

Table 6 Comparing the sensitivities, specificities, and predictive values of the CRP and PCT cut-off concentrations in the DSG. 

 CRP (21 mg/l) PCT (2.5 ng/ml) 

Sensitivity 63.6% 90.9% 

Specificity 93.3% 94.4% 

Positive predictive value 50.0% 66.7% 

Negative predictive value 95.3% 98.8% 

 

A PCT cut-off concentration of 2.5 ng/ml had a higher sensitivity, specificity, and positive and negative predictive values than the 

CRP cut-off concentration in the DSG. Both were correlated with positive blood cultures (P< 0.001); however, PCT had a higher 

correlation (OR=168) than CRP (OR = 20.5) (figure 1). 

 

 

Figure 1 ROC graph for sensitivity and specificity of procalcitonin (PCT) and C-reactive protein (CRP) in the DSG 

 

Treatment characteristics 

In this study, cefotaxime (91%), gentamicin (67%), ampicillin (38%), cefepime (29%), and amikacin (19%) were commonly used 

antibiotics. We noted significant differences in the number of antibiotics used, between the PCT-positive and PCT-negative groups. 

The PCT-positive group took longer than average (17 days) to treat and needed more antibiotics than average (4 types). 

 

4. DISCUSSION 

In this study, the average age of neonates was 17 days. The majority (95%) of neonates aged 3 days or older presented with an 

infection; they were treated at the Obstetrics Hospital and then transferred to Children’s Hospital 1. These results were similar to 

those of other studies on neonatal infections (Tan, 2011; Arowosegbe et al, 2016). In this study, full-term infants accounted for 84% 

of cases while pre-term infants with a gestational age of over 34 weeks accounted for 16%. The average birth weight in the study 
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group was 2900 g, and 84% weighed over 2500 g. Only 1% of mothers had a fever 24 h before giving birth, and another 1% 

experienced a premature rupture of membranes. However, the proportion of prenatal risk factors was low because the sample only 

had five cases requiring monitoring for early-onset sepsis. Cases meeting the inclusion criteria experienced fever (89%), poor 

gastrointestinal symptoms (40%), abdominal distention (16%), abnormal discharge (11%), and dull neurological symptoms (15%). 

Other disorders, such as cardiac arrhythmia, respiratory disorders, hemorrhagic dermatitis, and pustules, accounted for lower 

proportions of cases. However, among the three groups, we noted only significant differences in dyspeptic and gastrointestinal 

symptoms. 

In the study, 11% of cases had positive blood cultures, similar to that of other works citing below 10% (Naher et al., 2011; Park et 

al, 2014). Prevalent bacteria included coagulase-negative staphylococci (27.3%) and Staphylococcus aureus (27.3%), which is 

consistent with the literature on common agents of onset sepsis in developing countries. However, Elizabethkingia meningoseptica is 

a less common gram-negative bacillus that is growing increasingly resistant to many antibiotics, which is an issue when 

administering broad-spectrum and prolonged antibiotic use in treatment. PCT was present in the majority of early- and late-onset 

sepsis cases (75% and 100%, respectively; Table 1). It also mirrors Lam’s (2013) findings, where PCT was also present in the majority 

of early- and late-onset sepsis cases (88.9% and 100%, respectively). This shows that it is valuable in the diagnosis of sepsis, 

especially late-onset sepsis. Moreover, PCT levels may increase 48 h postpartum but are still valuable in the diagnosis of sepsis (Zaidi 

et al., 2009). Therefore, more studies are needed on the diagnosis of early-onset sepsis, with larger sample sizes, to find relevant PCT 

values. 

A significant difference in the increase of PCT levels between sepsis and non-sepsis groups (p = 0.005) was noted in this study. 

Among the identified groups, PCT was present in 90.9% of DSG cases, 87% of PSG cases, and 3% of NSG cases. Ballot, D.E et al. 

(2004) and Ali, Elkhatib, and Abdelaziz (2014) also determined that PCT was present in most cases in sepsis groups, 89.2% and 

86.5%, respectively. 

Moreover, the average PCT levels were higher in the DSG (11.7±2.5 ng/ml) than in the PSG (2.1±1.4 ng/ml) and NSG (0.2±0.1 

ng/ml; Table 2), and these values are significantly different. PCT values in the literature vary, possibly due to the sampling criteria, 

but they are similar in that the PCT levels are highest in the DSG and normal in the NSG (Naher et al., 2011; Park, Lee et al., 2014; 

Jasashree et al., 2016). This suggests that PCT levels are valuable in the diagnosis of neonatal sepsis, distinguishing between 

positives and false positives sepsis, when the clinical symptoms are nonspecific. The DSG was further divided into two groups: cases 

hospitalized before and after 12 h from the onset of illness. In the former, PCT, CRP, and thrombocytopenia levels increased in 100%, 

75%, and 25% of cases, respectively, and there was no noted increase in leukocyte levels. Table 2 and 3 showed that CRP and PCT 

are early markers of infection response (the percent of increase CRP and PCT while 4 to 12 were higher than the percent of decrease 

platelet and change in leukocytes). CRP levels are significantly different among the DSG, PSG, and NSG. Furthermore, CRP appears 

later than PCT, meaning that CRP levels are low in the early stages of sepsis. While leukocyte levels were significantly different 

between the DSG and the PSG, no significant difference was found between the DSG and the NSG. Leukocytes appear late, after the 

onset of infection; they are not sensitive or specific factors in the diagnosis of sepsis (Töllner, 1982; Shah and Padbury, 2014). 

Thrombocytopenia was not significantly different among the DSG, the PSG, and the NSG, and platelet levels decreased when sepsis 

was severe. 

Table 4 shows that PCT is a good characteristic for the diagnosis of neonatal sepsis. PCT had the highest AUC (0.978; 95% CI: 

0.95–1), followed by CRP (0.891; 95% CI: 0.821–0.96), and leukocytes (0.745; 95% CI: 0.616–0.873). The lowest AUC was exhibited by 

platelets (0.44; 95% CI: 0.311–0.568). Other studies also showed that PCT was valuable in the diagnosis of neonatal sepsis; Boraey et 

al. (2012) was 92% and Köksal et al. (2007) was 77%. Using the receiver operating characteristic results, we selected cut points to find 

the sensitivity and specificity of the tests. A PCT concentration of 0.5 ng/ml yielded 88.2% sensitivity and 97% specificity, which is 

higher than other paraclinical parameters, such as leukocyte values above 20,000/mm3 or below 5,000/mm3 (sensitivity: 47.1%; 

specificity: 92.4%); platelets less than 150,000/mm3 (sensitivity: 5.9%; specificity: 93.9%); and a CRP concentration of 10 mg/l 

(sensitivity 61.8%; specificity: 97%; Table 5). These results are similar to those in works by Boo et al. (2008), Naher et al. (2011), and 

Zahedpasha et al. (2009). When selecting a higher value cut point, the PCT’s sensitivity decreases but its specificity increases to 

almost 100%. According to Vincent et al. (2000) and Gendrel et al. (1999), in the diagnosis of sepsis, PCT’s sensitivity ranges from 

83% to 100%, while its specificity ranges from 70% to 100%.  

In the DSG, a PCT cut-off concentration of 2.5 ng/ml yielded high values for sensitivity (90.9%), specificity (94.9%), positive 

predictive value (66.7%), and negative predictive value (98.8%; Table 6). Khoshdel et al. (2008) also had similar values for sensitivity 

(87.5%), specificity (87.4%), positive predictive value (30.4%), and negative predictive value (99.1%). In addition, PCT levels of 0.5 to 2 

ng/ml likely indicate septicemia, with an average risk of severe sepsis progression; PCT levels of 2 to 10 ng/ml indicate septicemia, 

with a high risk of severe sepsis; and PCT levels of more than 10 ng/ml indicate severe sepsis (Arowosegbe et al., 2016; Hasan et al., 
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2017). A CRP cut-off concentration of 21 mg/l yielded high percentages for specificity (93.3%), positive predictive value (50%), and 

negative predictive value (95.3%), but decreased the sensitivity to 63.6% (Table 6). While a PCT level of 2.5 ng/ml and a CRP level of 

21 mg/l were correlated with positive blood cultures (p < 0.001), the PCT level had a higher correlation (OR = 168) than the CRP 

level (OR = 20.5). 

 

5. CONCLUSION 

PCT was present in the majority of EOS and LOS cases; it was present in very few NSG cases. The average PCT levels among the DSG, 

PSG, and NSG were 11.7±2.5 ng/ml; 2.1±1.4ng/ml; and 0.2±0.1 ng/ml, respectively. In the diagnosis of sepsis, PCT levels increased 

earlier and had a higher sensitivity and specificity than leukocyte, platelet, and CRP levels. At a PCT level of 0.5 ng/ml, a sensitivity of 

88.2% and a specificity of 97% were present. A PCT level of 2.5 ng/ml yielded high values for sensitivity (90.9%), specificity (94.4%), 

positive predictive value (66.7%), and negative predictive value (98.8%), and was correlated with a positive blood culture. We 

recommend that PCT levels be used in the diagnosis of sepsis, especially in the early stages, and recommend that health insurance 

cover it.  
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