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ABSTRACT 

BACKGROUND 

Neonatal sepsis remains a major cause for neonatal mortality and morbidity. Approximately, 1 million deaths per year are caused 

by infection occurring in the neonatal period, accounting for over 25% of global neonatal deaths. In India, it is about 19%. 

The aim of the present study was to find out the prevalence and clinico-aetiological profile of Neonatal Sepsis with objectives: i) 

To determine the relationship of CRP, IL-6 and pro-calcitonin level with blood culture, ii) To evaluate whether these markers have 

any relationship on the outcome of these infections. 
 

MATERIALS AND METHODS 

Blood was collected from suspected neonates. Total leucocyte count, immature/total neutrophils ratio, ANC, micro ESR, CRP and 

serum bilirubin was estimated. Blood culture was done to isolate and identify the organism using standard protocol. Antibiogram 

of the isolated organism was carried out by disc diffusion method. IL-6 and serum pro-calcitonin (PCT) estimation was performed 

only in culture positive cases. 
 

RESULTS 

Among 170 suspected cases, 42.4% had early onset sepsis and 57.6% had late onset sepsis. Sepsis developed in 60% neonates 

whose mother had history of PROM; other important risk factors was low birth weight. Blood culture was positive in 36.5% cases. 

Out of all blood culture positive cases 64.5% had IL-6 ≥ 20 pg/mL and procalcitonin ≥ 10 pg/mL in 95.1% cases. Bacteriological 

profile showed Klebsiella spp. as most predominant organism followed by Staphylococcus aureus. Antibiotic susceptibility pattern 

showed high degree of resistance towards penicillins, cephalosporins, fluoroquinolones and less resistance was observed in 

aminoglycosides, imipenem, vancomycin and linezolid. Among 62 confirmed neonatal sepsis cases, mortality was found around 

42%. 
 

CONCLUSION 

Neonatal sepsis was found to be high with presence of resistant phenotypes. Detection of acute phase reactants like CRP, IL-6 and 

procalcitonin level helps in initiating appropriate treatment at the earliest where blood culture facilities are not available. 
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BACKGROUND 

Neonatal sepsis is defined as a clinical syndrome of 

bacteraemia with systemic signs and symptoms of infection 

in the first 4 weeks of life. Approximately, 1 million deaths 

per year are caused by infection occurring in the neonatal 

period (0 - 28 days), accounting for over 25% of global 

neonatal deaths; 99% of these deaths occur in developing 

countries.[1] 

Neonatal sepsis is broadly classified into early-onset 

sepsis (< 72 hours) and late onset sepsis (> 72 hours).  
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Early onset sepsis (EOS) often presents as a fulminant, 

multi-system illness within 72 hours of delivery and is mainly 

due to bacteria acquired before and during delivery, whereas 

Late Onset Sepsis (LOS) is due to bacteria acquired after 

delivery (Nosocomial or community sources) and can present 

as either a fulminant or a smouldering infection. EOS presents 

with prominent respiratory signs, while LOS has more varied 

presentations.[2] 

The neonatal mortality rate according to the data from 

National Neonatal Perinatal Database (NNPD, 2002-03) is 44 

per 1000 live births and sepsis found to be one of the 

commonest causes of neonatal mortality contributing to 19% 

of all neonatal deaths. Sepsis related mortality is largely 

preventable with prevention of sepsis itself, timely 

recognition, rational antimicrobial therapy and aggressive 

supportive care.[3,4,5] 

Clinical diagnosis of neonatal sepsis on the basis of the 

symptoms is very difficult.[6] Isolation of the causative 

microorganisms by using blood culture has been the gold 

standard for its diagnosis.[7] Despite the availability of 

effective antibiotics, early diagnosis represents a major 
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challenge because of the non-specific nature of signs and 

symptoms and non-availability of standard microbial culture 

results in the first 48 h. Rapid competent diagnostic markers 

of neonatal sepsis to make a clear distinction between 

neonates who have clinical signs because of sepsis were 

studied. Examples of these markers, which have been 

investigated with variable sensitivities and specificities, 

include Interleukin-6 (IL-6), Tumour Necrosis Factor (TNF), 

Procalcitonin (PCT), C-Reactive Protein (CRP), 

immunoglobulins and others.[8,9] 

Procalcitonin (PCT), is detectable in plasma as early as 2 

hours after the exposure the bacterial products, its level rises 

for 6 to 8 hours, reaches a plateau after 12 hrs., and then 

decreases to a normal level after 2 to 3 days.[10,11] 

Recently, PCT has received an important role in the 

diagnosis of bacterial infection in both paediatric and adult 

population; however, its accuracy in neonatal early onset 

sepsis is still an issue of controversy.[12] Other acute phase 

reactants and interleukins are also used in the diagnosis of 

bacterial infection in the neonates. Among these, IL-6 is the 

most well-known marker.[13,14,15,16] 

CRP is one of the acute phase proteins. Although, it is a 

classical and sensitive marker of inflammation; it cannot be 

used to differentiate between bacterial and other infection. It 

is a disadvantage that CRP increases after PCT. This is why 

several authors have opined that it is important to be 

cautious with the interpretation of CRP values in children 

with fever lasting less than 12 hours, because at that time it 

may remain negative, although there is presence of sepsis.[17] 

Non-infectious condition as perinatal asphyxia, respiratory 

distress syndrome, brain haemorrhage and meconium 

aspiration syndrome and post-surgical period can induce 

abnormal values of CRP.[18] In contrast localised bacterial 

infections, severe viral infections and inflammatory reactions 

of non-infectious origin do not or only slightly increase PCT 

level.[19] The increase of PCT has been observed before the 

rise in CRP. The unique feature that PCT levels increase in 

bacterial and fungal infections, but remain unchanged even in 

severe viral infections and other inflammatory diseases 

makes PCT attractive as a potential diagnostic variable for the 

diagnosis of bacterial infection.[19] 

Direct measurement of serum level of IL-6 and 

procalcitonin could make the earlier detection of infection 

possible compared to the measurement of acute phase 

reactant which in turn are secreted in response to the pro-

inflammatory cytokines. Hence, our study aimed at assessing 

simultaneous measurement of PCT and IL-6 with blood 

culture. 
 

MATERIALS AND METHODS 

This was a two years hospital-based cross-sectional study. 

Neonates admitted in NICU during the study period with 

following Inclusion Criteria were taken up for the study. 

1. Neonates with clinical signs and symptoms suggestive of 

sepsis (poor feeding, respiratory distress, fever and 

hypothermia, etc.). 

2. Neonates whose mother have risk factors like history of 

prolonged rupture of membranes (> 24 hrs.), maternal 

fever (Within 2 weeks prior to delivery, premature labour 

or instrumental delivery. 

 

Exclusion Criteria 

1. Neonates who were on antibiotics therapy. 

2. More than 28 days of life. 
 

Collection of Sample 

Samples were collected from study subjects after obtaining 

written consent of the parents. 
 

Storage and Transportation of Sample 

Samples - Blood/serum was collected from neonates, 

clinically suspected to have features of septicaemia who were 

admitted in this hospital. The samples were transported to 

the laboratory immediately after collection. For serological 

tests, serum separated and kept in the refrigerator at 2 - 80 C 

on the same day. 

 Blood Culture - 1-2 mL of venous blood was obtained for 

blood culture using Brain Heart Infusion broth and 
incubated at 370C temperature. Subcultures were done 

on 2nd, 3rd, 5th and 7th days. Those subcultures, which 
were showing presence of bacterial colony were isolated 

and identified using the standard biochemical test. 

 Antibiogram of the isolated organism was carried out by 

disc diffusion method as per CLSI guideline. 

 Total Leucocyte Count (TLC), differential count and 

Absolute Neutrophil Count (ANC) were carried out by 
automated cell counter. 

 C-Reactive Protein (CRP) estimation was done by Latex 

Agglutination test. 

 Microerythrocyte Sedimentation Rate (ESR) was 

performed by Natelson heparinised capillary tubes. 

 IL-6 and serum pro-calcitonin estimation was carried out 

by ELISA as per the manufacturer’s protocol. 

 Serum bilirubin was determined with standard procedure 

through a bilirubinometer. 

 Sepsis screen was considered positive when any two of 

the following laboratory criteria were present: Total 
leucocyte count (TLC) < 5000/mm3, immature/total 

neutrophils ratio ≥ 0.2, ANC < 1800 and positive CRP 
(CRP > 10 mg/dL, IL-6 positive (Value ≥ 20 pg/mL), 

procalcitonin positive (value ≥ 10 pg/mL). 

 Moderate jaundice (total serum bilirubin 10 - 15 mg/dL) 
and severe jaundice (total Serum bilirubin > 15 mg /dL) 

 

RESULTS 

During the study period, 170 neonates were included for 

confirmation of septicaemia. Out of the study subjects, 56.5% 

(96/170) were male and 43.5% (74/170) were female. Age 

distribution of this study group showed 42.4% (72/170) had 

early onset sepsis and remaining 57.6% (98/170) had 

features of late onset septicaemia depicted in Figure 1. 

Most common perinatal risk factor was Premature 

Rupture of Membrane (PROM). Out of all study subjects, 18% 

(30/170) had history of PROM. Out of which 60% (18/30) 

developed sepsis, second common cause was preterm 

instrumentation, 54% (92/170) had more than three 

perinatal risk factors for sepsis as shown in Figure 2. 

Serum bilirubin estimation shows out of 170 neonates, 

110 were suffering from moderate (Serum bilirubin                      

10 - 15 mg /dl) to severe jaundice (Serum bilirubin > 15 

mg/dL), of which 49% (54/110) were diagnosed to have 

sepsis, whereas in rest 56 neonates with mild or no jaundice 

(Serum bilirubin < 10 mg/dL), 14.3% (8/56) were diagnosed 

to have sepsis. 
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Sepsis screen in the form of C-reactive protein (> 1.2 

mg/dL), TLC (< 5000 or > 18000/cu mm), raised IT ratio (> 

0.2), neutropaenia (< 1800), Micro-ESR were performed for 

all study subjects and  ≥ 2 parameter was found to be positive 

in 52.9% (90/170) cases. 

Blood culture were done for those 90 cases showing 

sepsis screen positive, out of those 67.4% (62/90) came as 

positive by culture. Bacteriological profile of 62 culture 

positive cases shows 74.2% (46/62) and 25.8% (16/62) were 

suffering from Gram Negative Bacilli (GNB) and Gram 

Positive Cocci (GPC) infection respectively. Among GNB, 

Klebsiella spp. 43.5% (20/46) accounts for the most 

predominant organism causing neonatal sepsis followed by 

Escherichia coli 26.1% (12/46). Among GPC, Staphylococcus 

aureus with 62.5% (10/16) accounts for the most frequently 

occurring pathogen causing neonatal sepsis which is followed 

by Streptococcus spp. 37.5% (6/16) shown in Figure 3. 

Antibiotic susceptibility pattern of GNB shows high 

degree of resistance towards penicillins (74%), 

cephalosporins (37%), fluoroquinolones (40%) and 

tetracycline (35%), whereas less degree of resistance was 

shown towards aminoglycosides (26%), Chloramphenicol 

(20%) and imipenem (0%). 

In cases of GPC, higher degree of resistance was shown 

towards penicillin (75%) followed by Erythromycin (44%) 

and Clindamycin (19%), whereas Moxifloxacin (12.5%), 

Vancomycin (0%) and Linezolid (0%) were showing very less 

incidence of resistance. 

Among 62 confirmed neonatal sepsis case, mortality at 

the end of the study was found to be 41.9% (26/62). 

Out of 62 blood culture positive cases, 64.5% (40/62) 

were IL-6 positive (Cut-off value 20 pg/mL), whereas 

procalcitonin was positive (cut-off value 10 pg/mL) among 

95.1% (59/62) cases. 

 

Figure 1. Age Distribution 

 

Figure 2. Distribution According to 

Maternal and Foetal Risk Factors 

Figure 3. Distribution of Organism 

Isolated in the Study 

 

 

Figure 4. Antibiotic Resistance Pattern of Isolated 

Pathogens 

 

DISCUSSION AND CONCLUSION 

This study is the first of its kind undertaken in our State. The 

study shows slight predominance of male subjects over 

female, but occurrence of sepsis was similar in both sexes. 

Though 0 - 3 days’ age group neonates represents bulk of 

study subjects; however, rate of LOS was higher in the study. 

Among foetal risk factors prematurity and low birth 

weight were the most important factors associated with 

sepsis, whereas instrumental delivery and PROM were the 

most important maternal risk factor contributing to neonatal 

sepsis. It is in accordance with a study done by Mamta Jajoo, 

Kapil Kapoor and L K Garg et al. They found most common 

perinatal risk factor was LBW in 68% cases followed by 

PROM 56%.[20] 

Moderate-to-severe jaundice was an important marker of 

sepsis, which was reaffirmed in this present study where 

49% of the neonates having moderate-to-severe jaundice had 

evidence of sepsis as compared to 14.3% of sepsis patient had  

mild or no jaundice. This study highlighted the superiority of 

procalcitonin over IL-6 as a screening tool for neonatal sepsis. 

Vazzalwar R et al, in a study also found that procalcitonin is 

superior.[15] In a study, Naher B S et al found sensitivity of 

65% and Negative Predictive Value (NPV) (39.1%) were 

higher for PCT, whereas specificity (90%) and Positive 

Predictive Value (PPV) were lower in comparison to CRP.[19] 

Sensitivity of PCT varied between 83% – 100% and 

specificity varied between 70% – 100%. Junyan Qu et al also 
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reported that PCT as a valuable marker of bacterial infections 

in febrile patients. PCT was superior to CRP, IL-6.[21] In a 

study conducted by Minoo Adib et al at Alzahra and Dr. 

Beheshti Hospital in and Fatema-Zahra in Najafabad from 

May 2005 to April 2006 found that PCT level was significantly 

higher in septic infants in comparison with the normal 

infants and it is 70% sensitive and 80% specific as a marker 

for the early diagnosis of neonatal sepsis.[22] 

Bacteriological profile showed the predominance of 

Klebsiella spp. causing sepsis followed by Escherichia coli and 

Staphylococcus aureus. Among GNB high degree of resistance 

towards penicillins, cephalosporins, fluoroquinolones and 

tetracycline was observed and less degree of resistance was 

shown towards aminoglycosides, chloramphenicol and 

imipenem, whereas in case of GPC higher degree of resistance 

was shown towards penicillin followed by Erythromycin and 

Clindamycin, whereas Moxifloxacin, Vancomycin and 

Linezolid were showing very less incidence of resistance. It is 

in accordance with other studies.[23,24] 

Though the current neonatal mortality rate of 44 per 

1000 live births accounts for two-thirds of the infant 

mortality in India as per National Neonatal Prenatal 

Database.[5] However, our study shows mortality due to 

sepsis in 41.9%; this could be due to late referral of the 

patients from peripheral health facilities, as it is the only 

tertiary care hospital of the state. Awareness among the 

health care providers and high degree of clinical suspicion 

may help in reducing the mortality due to sepsis. 

In conclusion prevalence of neonatal sepsis was found to 

be high with presence of resistant phenotypes of pathogens 

in our setup. Proper implementation of Hospital Infection 

Control Practice and development of antibiotic stewardship 

program is the need of the hour. Detection of acute phase 

reactants like IL-6, Procalcitonin can predict in initiating 

appropriate treatment at the earliest where blood culture 

facilities are not available, which may help in judicious use of 

antibiotics. 
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