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Abstract 

Neonatal sepsis has subtle and varied clinical presentation in the initial stages. Aggressive approach to diagnosis and 

management is the principle determinant of the prognosis. Early diagnosis of neonatal sepsis is the corner stone to reduce the 

case fatality rate. Blood culture to identify the organism is the gold standard for the diagnosis. However, the yield is low due to 

several reasons such as low inoculum in the sample sent, inability of the laboratory to identify all the organisms and prior 

antibiotic usage.1 Added to this is the delay in obtaining the results. The earliest result will be available after 48 hours of 

incubation of the blood sample. This period could be too late for the clinician to initiate any useful treatment. 

The present study was done in SNCU of Department of Pediatrics, Darbhanga Medical College and Hospital, Laheriasarai, 

Darbhanga, Bihar, India. Total 50 neonates having positive indications for the sepsis were included in the present study. Score 

of ≤ 2 is considered as lower risk; score 3‑4 as moderate risk; and score ≥ 5 as higher risk for developing sepsis. Minimum 

score that can be obtained is 0 and maximum score up to 7. 

Neonatal sepsis is a life-threatening yet treatable condition. Non- infectious disorders may produce haematological changes 

similar to those seen with infection, thereby compromising the specificity and positive predictive value of the screening tests. 

The feasibility and the cost effectiveness of Haematological scoring system increase the usefulness of this test. Modified 

haematological score improves the specificity and likelihood ratios without decreasing the sensitivity in neonatal sepsis. Hence 

it can be concluded that the hematologic scoring system are useful test to distinguish the infected from non-infected infants. 

These are simple, quick, cost effective and readily available tool with high sensitivity and specificity in the early diagnosis of 

neonatal sepsis. 
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Introduction 

Neonatal sepsis is a clinical syndrome of bacteremia 

characterized by systemic signs and symptoms of infection 

in the first month of life. Neonatal sepsis encompasses 

systemic 3 infections of the newborn including septicemia, 

meningitis, pneumonia, arthritis, osteomyelitis and urinary 

tract infection of the newborn. Sepsis is the commonest 

cause of neonatal mortality and is probably responsible for 

30- 50% of the total neonatal deaths each year in developing 

countries [1, 2]. It is estimated that 20% of all neonates 

develop sepsis and approximately 1% die of sepsis related 

causes [2]. Sepsis related mortality is largely preventable 

with rational antimicrobial therapy with aggressive 

supportive care. 

According to recent data from National Neonatal Perinatal 

Database (NNPD) 2000, the incidence of neonatal sepsis has 

been reported to be 38 per 1000 intramural live births in 

tertiary care institutions [3]. Septicemia was the commonest 

clinical category with an incidence of 24 per 1000 live 

births. Meningitis was diagnosed in 0.5 per 1000 live births. 

Neonatal sepsis was one of the common causes of neonatal 

mortality contributing to 23% of all neonatal deaths [3]. 

Klebsiella pneumoniae was the most frequently isolated 

pathogen (31.2%), followed by Staphylococcus aureus 

(17.5%) among the intramural live births. Among 

extramural babies admitted for neonatal problems, 

Klebsiella pneumoniae was the commonest organism 

(36.4%), followed by Staphylococcus aureus (14.3%) and 

Pseudomonas (13.2%). 

Neonatal sepsis can be divided into two main classes 

depending on the onset of symptoms related to sepsis [4]. 

Early onset sepsis: Early onset sepsis usually presents 

within the first 72 hours of life. In severe cases, the neonate 

may be symptomatic in utero (fetal tachycardia, poor beat to 

beat variability) or within a few hours after birth. The source 

of infection is generally the maternal genital tract. 

Clinically, neonates usually present with respiratory distress 

and pneumonia. Presence of some perinatal risk factors has 

been associated with an increased risk of early onset sepsis. 

Recommendations from developed countries suggest that 

presence of ≥2 risk factors should be considered an 

indication for starting antibiotics. However the main 

organism is group B streptococci (GBS) which is not a 

problem in our neonatal intensive care units. Hence, their 

recommendations may not be applicable to our setting. 

Since definitive data for our setting is lacking, an empirical 

approach has been recommended. Presence of the following 

high-risk factors has been associated with an increased risk 

of early onset sepsis [4, 5].  

1. Febrile illness in the mother within 2 weeks prior to 

delivery  

2. Prolonged rupture of membranes >24 hours. 

3. Foul smelling and/ or meconium stained liquor amnii.  

4. Low birth weight (<2500 grams) or preterm baby 
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5. More than 3 vaginal examinations during labour  

6. Prolonged and difficult delivery with instrumentation  

7. Perinatal asphyxia (Apgar score<4 at 1 minute or age) 

or difficult resuscitation Neonates with presence of foul 

smelling liquor or three of the above mentioned risk 

factors should be considered to have early onset sepsis 

and treated with antibiotics. Presence of ≥2 risk factors 

should be investigated with a septic screen and treated 

accordingly. 

 

Late onset sepsis: Late onset sepsis usually presents after 72 

hours of age. The source of infection is either nosocomial or 

community-acquired and neonates usually present with 

septicemia, pneumonia or meningitis [6, 7]. Various factors 

that predispose to an increased risk of nosocomial sepsis 

include NICU admissions, low birth weight, prematurity, 

invasive procedures, parenteral fluid therapy, ventilation 

and use of stock solutions. Factors that may increase risk of 

community-acquired late onset sepsis include poor hygiene, 

poor cord care, bottle-feeding and prelacteal feeds. Breast-

feeding, on the other hand, prevents infection in neonates. 

Sepsis is a life-threatening condition that arises when the 

body's response to infection causes injury to its own tissues 

and organs. Common signs and symptoms include fever, 

increased heart rate, increased breathing rate, and confusion. 

There may also be symptoms related to a specific infection, 

such as a cough with pneumonia, or painful urination with a 

kidney infection. In the very young, old, and people with a 

weakened immune system, there may be no symptoms of a 

specific infection and the body temperature may be low or 

normal, rather than high. Severe sepsis is sepsis causing 

poor organ function or insufficient blood flow. Insufficient 

blood flow may be evident by low blood pressure, high 

blood lactate, or low urine output. Septic shock is low blood 

pressure due to sepsis that does not improve after fluid 

replacement [8]. 

Sepsis is caused by an inflammatory immune response 

triggered by an infection. Most commonly, the infection is 

bacterial, but it may also be fungal, viral, or protozoan. 

Common locations for the primary infection include the 

lungs, brain, urinary tract, skin, and abdominal organs. Risk 

factors include very young age, older age, a weakened 

immune system from conditions such as cancer or diabetes, 

major trauma, or burns. An older method of diagnosis was 

based on meeting at least two systemic inflammatory 

response syndrome (SIRS) criteria due to a presumed 

infection. In 2016, SIRS was replaced with a shortened 

sequential organ failure assessment score (SOFA score) 

known as the quick SOFA score (qSOFA) which is two of 

the following three: increased breathing rate, change in level 

of consciousness, and low blood pressure. Blood cultures 

are recommended preferably before antibiotics are started, 

however, infection of the blood is not required for the 

diagnosis. Medical imaging should be used to look for the 

possible location of infection [8]. Other potential causes of 

similar signs and symptoms include anaphylaxis, adrenal 

insufficiency, low blood volume, heart failure, and 

pulmonary embolism [9]. 

Sepsis is usually treated with intravenous fluids and 

antibiotics. Typically, antibiotics are given as soon as 

possible. Often, ongoing care is performed in an intensive 

care unit. If fluid replacement is not enough to maintain 

blood pressure, medications that raise blood pressure may 

be used. Mechanical ventilation and dialysis may be needed 

to support the function of the lungs and kidneys, 

respectively. To guide treatment, a central venous catheter 

and an arterial catheter may be placed for access to the 

bloodstream. Other measurements such as cardiac output 

and superior vena cava oxygen saturation may be used. 

People with sepsis need preventive measures for deep vein 

thrombosis, stress ulcers and pressure ulcers, unless other 

conditions prevent such interventions. Some might benefit 

from tight control of blood sugar levels with insulin [8]. The 

use of corticosteroids is controversial, with some reviews 

finding benefit and others not. 

Disease severity partly determines the outcome. The risk of 

death from sepsis is as high as 30%, from severe sepsis as 

high as 50%, and from septic shock as high as 80%. The 

number of cases worldwide is unknown as there is little data 

from the developing world. Estimates suggest sepsis affects 

millions of people a year. In the developed world 

approximately 0.2 to 3 people per 1000 are affected by 

sepsis yearly, resulting in about a million cases per year in 

the United States. Rates of disease have been increasing [8]. 

Sepsis is more common among males than females. The 

medical condition has been described since the time of 

Hippocrates. The terms "septicemia" and "blood poisoning" 

have been used in various ways and are no longer 

recommended [10]. 

Early diagnosis is necessary to properly manage sepsis, as 

initiation of rapid therapy is key to reducing deaths from 

severe sepsis [8]. Some hospitals use alerts generated from 

electronic health records to bring attention to potential cases 

as early as possible. 

Within the first three hours of suspected sepsis, diagnostic 

studies should include white blood cell counts, measuring 

serum lactate, and obtaining appropriate cultures before 

starting antibiotics, so long as this does not delay their use 

by more than 45 minutes. To identify the causative 

organism (s), at least two sets of blood cultures using bottles 

with media for aerobic and anaerobic organisms should be 

obtained, with at least one drawn through the skin and one 

drawn through each vascular access device (such as an IV 

catheter) in place more than 48 hours [8]. Bacteria are 

present in the blood in only about 30% of cases. Another 

possible method of detection is by polymerase chain 

reaction. If other sources of infection are suspected, cultures 

of these sources, such as urine, cerebrospinal fluid, wounds, 

or respiratory secretions, also should be obtained, as long as 

this does not delay the use of antibiotics [8]. 

Within six hours, if blood pressure remains low despite 

initial fluid resuscitation of 30 ml/kg, or if initial lactate is ≥ 

4 mmol/l (36 mg/dl), central venous pressure and central 

venous oxygen saturation should be measured. Lactate 

should be re-measured if the initial lactate was elevated [8]. 

Evidence for point of care lactate measurement over usual 

methods of measurement, however, is poor [11]. 

Within twelve hours, it is essential to diagnose or exclude 

any source of infection that would require emergent source 

control, such as necrotizing soft tissue infection, infection 

causing inflammation of the abdominal cavity lining, 

infection of the bile duct, or intestinal infarction [8]. A 

pierced internal organ (free air on abdominal x-ray or CT 

scan), an abnormal chest x-ray consistent with pneumonia 

(with focal opacification), or petechiae, purpura, or purpura 

fulminans may be evident of infection. 

Two sets of blood cultures (aerobic and anaerobic) should 

be taken without delaying the initiation of antibiotics. 
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Cultures from other sites such as respiratory secretions, 

urine, wounds, cerebrospinal fluid, and catheter insertion 

sites (in-situ more than 48 hours) can be taken if infections 

from these sites are suspected. In severe sepsis and septic 

shock, broad-spectrum antibiotics (usually two, a β-lactam 

antibiotic with broad coverage, or broad-spectrum 

carbapenem combined with fluoroquinolones, macrolides, 

or aminoglycosides) are recommended. However, 

combination of antibiotics is not recommended for the 

treatment of sepsis but without shock and 

immunocompromised persons unless the combination is 

used to broaden the anti-bacterial activity. The choice of 

antibiotics is important in determining the survival of the 

person. Some recommend they be given within one hour of 

making the diagnosis, stating that for every hour of delay in 

the administration of antibiotics, there is an associated 6% 

rise in mortality. Others did not find a benefit with early 

administration [12]. 

Neonatal sepsis has subtle and varied clinical presentation in 

the initial stages. Aggressive approach to diagnosis and 

management is the principle determinant of the prognosis. 

Early diagnosis of neonatal sepsis is the corner stone to 

reduce the case fatality rate. Blood culture to identify the 

organism is the gold standard for the diagnosis. However, 

the yield is low due to several reasons such as low inoculum 

in the sample sent, inability of the laboratory to identify all 

the organisms and prior antibiotic usage.1 Added to this is 

the delay in obtaining the results. The earliest result will be 

available after 48 hours of incubation of the blood sample. 

This period could be too late for the clinician to initiate any 

useful treatment. 

 

Methodology 

The present study was planned in SNCU of Department of 

Pediatrics, Darbhanga Medical College and Hospital, 

Laheriasarai, Darbhanga, Bihar, India. Total 50 neonates 

having positive indications for the sepsis were included in 

the present study. Score of ≤ 2 is considered as lower risk; 

score 3‑4 as moderate risk; and score ≥ 5 as higher risk for 

developing sepsis. Minimum score that can be obtained is 0 

and maximum score up to 7. 

Neonatal septicemia was diagnosed as per the clinical 

criteria given by Vergnano et al. [13]. Blood sample (0.5 to 2 

ml) was collected with all aseptic precaution and was 

inoculated into blood culture bottle BactT/Alert® PF 

(BIOMERIEUX, INC. Durhams, NC 27704) containing 20 

ml of broth. 

Clinical data involved initial demographic data of all the 

subjects were obtained from the admission record. Babies 

who had hemogram done at the time of admission as the 

baseline investigation and did not develop any sepsis with in 

next 72 hours were considered as normal or no sepsis group. 

All the patients were informed consents. The aim and the 

objective of the present study were conveyed to them. 

Approval of the institutional ethical committee was taken 

prior to conduct of this study. 

Following was the inclusion and exclusion criteria for the 

present study: 

Inclusion Criteria 

Maternal fever (>380C); Premature rupture of membranes 

(PROM) > 12 hours; More than 3 vaginal examinations after 

rupture of membranes; Foul-smelling liquor; Meconium 

stained liquor; Maternal UTI within 2 weeks prior to 

delivery; Prolonged and difficult delivery with 

instrumentation. 

 

Exclusion Criteria 

New born babies with gestational age < 28 weeks; Neonates 

with birth weight less than <1000 gm; Neonates with lethal 

congenital anomalies; Still born and fetal deaths; Post-dated 

and postmature neonates. 

 
Table 1: Haematological scoring system 

 

Criteria Abnormality Score 

Total leukocyte count (cells/cumm) <5000 1 

 >20,000  

ANC (cells/cumm) <1800 1 

Immature neutrophil count (cells/cumm) <1200 1 

I:T ≥0.2 1 

I:M ≥0.3 1 

Platelet count (cells/cumm) <150,000 1 

Degenerative changes in neutrophils Toxic granules 1 

 Cytoplasmic  

 Vacuoles  

I: T – Immature to total neutrophils ratio; I: M – Immature to 

mature neutrophils ratio; ANC – Absolute neutrophil count 

 

Results and Discussion 

Neonatal Sepsis is a devastating condition with a case 

fatality rate ranging from 30 to 50%.15, 16 early recognition 

and treatment can reduce the case related mortality to 10%. 

Blood culture which is the gold standard for diagnosis is 

difficult to obtain and has a very low sensitivity due to 

various preanalytical and analytical issues and is not 

available during the therapeutic window [14]. PCR for 

detection of antigen is currently gaining acceptance but are 

quite expensive [15]. CRP and Procalcitonin are biochemical 

markers of neonatal sepsis in routine use which has better 

value in following the progress of the disease [16]. 

Complete blood count and peripheral blood picture is an 

early and commonly sought investigations by the clinicians 

when sepsis is suspected in neonates. Changes in various 

components of blood count and blood picture makes it one 

of the dependable early aid to diagnosis and management of 

neonatal sepsis. Rodwell suggested a comprehensive scoring 

system using blood counts and blood picture. The diagnostic 

usefulness of Rodwell’s hematological scoring system and 

its individual components have been extensively studied and 

found invaluable [17]. 

Risk factors from mothers and babies were found in all 

neonates with proven sepsis. Results of this study was 

similar with the theory declaring that neonates with 

suspected sepsis showed clinical manifestations and had risk 

factors from mothers or babies; or had no clinical 

manifestations but had risk factors from the mother or the 

baby. Risk factors from mothers included premature or 

prolonged (>18 hours) rupture of membranes, maternal 

peripartum fever, foul-smelling or cloudy amnion fluid, and 

multiple gestation. Risk factors from baby included 

prematurity, low birth weight, asphyxia neonatorum, 

required intubation or resuscitation, and invasive procedures 
[18, 19]. 
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Table 2: Age & Sex with Culture results 
 

Culture Observations Preterm Term Total 

Positive 10 6 16 

Negative 3 31 34 

Total 13 37 50 

 
Table 3: Haematological scoring system 

 

Haematological 

scoring system 

Culture 

Positive 

Culture 

Negative 
Total 

0-2 0 7 7 

3-4 2 25 27 

More than 5 16 0 16 

Total 18 32 50 

 
Table 4: Haematological scoring system comparison with 

C‑reactive protein 
 

Haematological 

scoring system 

C‑reactive protein 

Reactive 

C‑reactive protein 

Non-Reactive 
Total 

0-2 0 8 8 

3-4 17 8 25 

More than 5 15 2 17 

Total 32 18 50 

 
Table 5: Sensitivity, specificity, Positive predictive value (PPV), 

and Negative predictive value (NPV) 
 

 
Sensitivity 

% 

Specificity 

% 

PPV 

% 

NPV 

% 

Total leukocyte count 63 76 45 88 

Absolute neutrophil count 47 90 44 90 

Immature to total neutrophil 

ratio 
93 91 92 94 

Immature to mature neutrophil 

ratio 
92 95 93 94 

Platelet 55 54 57 56 

 

Early diagnosis of neonatal septicemia is still a great 

challenge. For early diagnosis of neonatal septicemia a 

hematologic scoring system (HSS) of Rodwell are 

preferable because it includes all parameters. 

Haematological parameters should accurately predict the 

presence or absence of infection and be reliable [20]. The 

HSS assigns a score of 1 for each of seven hematologic 

findings and shown to be significantly (P<0.005) associated 

with sepsis. There is one exception, an abnormal total PMN 

count is assigned a score of 2 rather than 1 if no mature 

PMNs are seen on the blood smear [21]. 

Septic marker examination such as CRP, cytokine, and 

procalcitonin levels in the establishment of early diagnosis 

of neonatal sepsis will give better value if the results are 

combined each other, but all those examinations are 

expensive and not available in every health centre [22, 23]. 

The utilization of HSS in early diagnosis of neonatal sepsis 

is more simple, cheaper, and faster examination than other 

septic markers and available in every health centre [24, 27]. 

Ghosh et al. and Narasimha et al. reported that Immature 

PMN count and I: T PMN ratio is sensitive indicator of 

neonatal sepsis. Degenerative changes in the PMNs made no 

significant contribution in the diagnosis, in this study [28, 29]. 

Presence of toxic granules indicates the production of 

unusual PMNs during infection and stress induced 

leucopoiesis. They are never seen in healthy babies. Their 

presence invariably indicates sepsis, but their count is not 

always increased. Thrombocytopenia was frequently 

associated with sepsis and indicated poor prognosis. This is 

thought to be due to increased platelet destruction, 

sequestration secondary to infections, failure in platelet 

production due to reduced megakaryocytes or damaging 

effects of endotoxin [30, 31]. 

Higher the score on HSS, more are the chances of sepsis. 

The simplification and standardization of the interpretation 

of this global test is still required. Variety of other rapid 

detection methods of microorganisms, like DNA probes, 

automated blood culture system and fluorometric detection 

systems are also available globally, but HSS can still be 

used as a screening test for diagnosing sepsis and to 

differentiate infected neonates from the non-infected ones. 

Furthermore, the sensitivity and the specificity of the test 

are also high, with certainty of sepsis increasing with the 

score [32]. 

Murphy et al. reported on 100% sensitivity and 100% 

negative predictive value of two normal white blood cell 

counts (WBC) within 8 to 12 hours and a negative blood 

culture at 24 hours for ruling out early onset sepsis in the 

neonate [33]. Measurement of immature neutrophil 

granulocytes has been considered to be a helpful early 

indicator of various infectious conditions and has a long 

clinical tradition in the diagnosis of bacterial sepsis in 

neonates [34]. 

As no single individual haematological parameter is 

superior in comparison to another in predicting neonatal 

sepsis, a combination of these parameters in the form of 

HSS has been recommended. Hematologic scoring system 

(HSS) should improve the efficiency of the CBC as a 

screening test for sepsis until a reliable diagnostic test is 

available. The HSS has practical advantages; it is applicable 

to all infants, including those who have received antibiotic 

therapy prior to evaluation and simplifies the interpretation 

of hematologic profile. 

The limitation of our study was the possibility of difficulty 

in blood sampling of neonates for blood culture 

examination. This was due to that all of our subjects came 

with clinical manifestations, however positive blood culture 

results were found only in 10 neonates. 

 

Conclusion 

Neonatal sepsis is a life-threatening condition if not treated 

aggressively. Non- infectious disorders may produce 

haematological changes similar to those seen with infection, 

thereby compromising the specificity and positive predictive 

value of the screening tests. The feasibility and the cost 

effectiveness of Haematological scoring system increase the 

usefulness of this test. Modified haematological score 

improves the specificity and likelihood ratios without 

decreasing the sensitivity in neonatal sepsis. Hence it can be 

concluded that the hematologic scoring system are useful 

test to distinguish the infected from non-infected infants. 

These are simple, quick, cost effective and readily available 

tool with high sensitivity and specificity in the early 

diagnosis of neonatal sepsis. 

 

References 

1. Bang AT, Bang RA, Bactule SB, Reddy HM, 

Deshmukh MD. Effect of homebased neonatal care and 

management of sepsis on neonatal mortality: field trial 

in rural India. Lancet. 1999; 354:1955-61  

2. Stoll BJ. The global impact of neonatal infection. Clin 

Perinatol. 1997; 24:1-21  

3. Report of the National Neonatal Perinatal Database 



International Journal of Medical and Health Research 

113 

(National Neonatology Forum), 2000.  

4. Kaftan H, Kinney JS. Early onset neonatal bacterial 

infections. Semin Perinatol. 1998; 22:15-24  

5. Belady PH, Farkouh LJ, Gibbs RS. Intra-amniotic 

infection and premature rupture of membranes. Clin 

Perinatol. 1997; 24:43-57. 

6. Baltimore RS. Neonatal nosocomial infections. Semin 

Perinatol. 1998; 22:25-32. 

7. Wolach B. Neonatal sepsis: pathogenesis and 

supportive therapy. Semin Perinatol. 1997; 21:28-38. 

8. Dellinger RP, Levy MM, Rhodes A, Annane D, 

Gerlach H, Opal SM. et al. . "Surviving sepsis 

campaign: international guidelines for management of 

severe sepsis and septic shock: 2012" (PDF). Critical 

Care Medicine. 2013; 41(2):580-637. 

9. Jui Jonathan. (American College of Emergency 

Physicians). "Ch. 146: Septic Shock". In Tintinalli, 

Judith E.; Stapczynski, J. Stephan; Ma, O. John; Cline, 

David M.; Cydulka, Rita K.; Meckler, Garth D. (eds.). 

Tintinalli's Emergency Medicine: A Comprehensive 

Study Guide (7th ed.). New York: McGraw-Hill. pp. 

1003–14. Archived from the original on, 2014. 

Retrieved 11 December 2012 – via Access Medicine. 

10. Angus DC, van der Poll T. "Severe sepsis and septic 

shock". The New England Journal of Medicine. 

2013; 369(9):840-51. doi: 

10.1056/NEJMra1208623. PMID 23984731. Lay 

summary. 

11. Morris E, McCartney D, Lasserson D, Van den Bruel 

A, Fisher R, Hayward G. et al. . "Point-of-care lactate 

testing for sepsis at presentation to health care: a 

systematic review of patient outcomes". The British 

Journal of General Practice. 2017; 67(665):e859-

e870. doi:10.3399/bjgp17X693665. PMC 5697556. PM

ID 29158243. 

12. Sterling SA, Miller WR, Pryor J, Puskarich MA, Jones 

AE. "The Impact of Timing of Antibiotics on Outcomes 

in Severe Sepsis and Septic Shock: A Systematic 

Review and Meta-Analysis". Critical Care Medicine, 

2015; 43(9): 1907–

15. doi:10.1097/CCM.0000000000001142. PMC 45973

14. PMID 26121073. 

13. Lodha R, Natchu UC, Nanda M, Kabra SK. 

Nosocomial infections in Pediatric Intensive Care 

Units. Indian J Pediatr. 2001; 68:1063-70. 

14. Connell TG, Rele M, Cowley D, Buttery JP, Curtis N. 

How reliable is a negative blood culture result? Volume 

of blood submitted for culture in routine practice in a 

children’s hospital. Pediatr. 2007; 119(5):891-6. 

15. Dutta S, Narang A, Chakraborty A, Ray P. Diagnosis of 

neonatal sepsis using universal primer polymerase 

chain reaction before and after starting antibiotic drug 

therapy. Arch Pediatr Adolesc Med. 2009; 163(1):6-11.  

16. Sharma D, Farahbakhsh N, Shastri S, Sharma P. 

Biomarkers for diagnosis of neonatal sepsis: a literature 

review. J Matern Fetal Neonatal Med. 2017; 7:1-14. 

17. Rodwell RL, Leslie AL, Tudehope DI. Early diagnosis 

of neonatal sepsis using a hematologic scoring 

system. J Pediatr. 1988; 112:761-767. doi: 

10.1016/S0022-3476(88)80699-1. 

18. Amirullah A, Sepsis pada bayi baru lahir. In: Kasim 

editors. Buku ajar neonatologi. Jakarta: Ikatan Dokter 

Anak Indonesia, 2008, p. 170-87. 

19. Gomella TL, Cuningham MD, Eyal FG, Zenk KE. 

Sepsis In, Gomella TL. et al. . editors. Management, 

procedures, on-call problems, disease and drugs. New 

York: Mc Graw-Hill, 2009, p.665-72. 

20. Fowlie PW, Schmidt B. Diagnostic tests for bacterial 

infection from birth to 90 days-A systametic review. 

Arch Dis Child Fetal Neonatal. 1998; 78:92-98. 

21. Rodwell RL, Leslie AL, Tudehope DI. Early diagnosis 

of Neonatal Sepsis using a hematologic scoring system. 

J Pediatric. 1988; 112:761-767. 

22. Bhat R, Rao A. The performance of haematological 

screening parameters and CRP in early onset neonatal 

infection. J. Clin Diag Research. 2010; 4:3331-6 

23. Vazzalwar R, Pina-Rodrigues E, Puppala BL, Angst 

DB, Schweig L. Procalcitonin as ascreening test for late 

onset sepsis in preterm very low birth weight infats. J 

Perinatol. 2005; 25:397-402. 

24. Gardner SL. Sepsis in the neonate. Crit Care Nurs Clin 

N Am. 2009; 21:121-41. doi: 

10.1016/j.ccell.2008.11.002. 

25. Rodwell RL, Leslie AL, Tudehope DI. Early diagnosis 

of neonatal sepsis using a hematologic scoring system. 

J Pediatr. 1988; 112:761-7. 

26. Khair KB, Rahman MA, Sultana T, Roy CK, Rahman 

MQ, Shahidullah M. et al. . Role of hematologic 

scoring system in early diagnosis of neonatal 

septicemia. BSMMU J. 2010; 3:62-7. 

27. Narasimha A, Kumar MLH. Significance of 

hematological scoring system (HSS) in early diagnosis 

of neonatal sepsis. Indian J Hematol Blood Transfus. 

2011; 27:14-7. 

28. Ghosh S, Mittal M, Jaganathan G. Early diagnosis of 

neonatal sepsis using a hematological scoring system. 

Indian J Med Sci. 2001; 55:495-500. 

29. Narasimha A, Kumar ML. Significance of 

Hematological Scoring System (HSS) in early diagnosis 

of neonatal sepsis. Indian J Hematol Blood Transfus. 

2011; 27:14-17. 

30. Eissa DS, El-Farrash RA. New insights into 

thrombopoisis in neonatal sepsis. Platelets. 2013; 

24(2):122-28. 

31. Arif SH, Ahmad I, Ali SM, Khan HM. 

Thrombocytopenia and bacterial sepsis in neonates. 

Indian J Hematol. Blood Transfus. 2012; 28(3):147-51. 

32. Khair KB, Rahman MA, Sultana T, Roy CK, Rahman 

MQ, Shahidullah M. et al. . Role of hematologic 

scoring system in early diagnosis of neonatal 

septicemia. BSMMU J. 2010; 3:62-67. 

33. Murphy K, Weiner J. Use of leukocyte counts in 

evaluation of early-onset neonatal sepsis. Pediatr Infect 

Dis J. 2012; 31:1-4 

34. Buttarello M, Plebani M. Automated blood cell counts: 

state of the art. Am J Clin Pathol. 2008; 130:104-16.  


