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Abstract 

 

Background:Neonatal sepsis (NS) is a potentially life-threatening clinical condition that 

requires early intervention. Initial symptoms are generally nonspecific and may mimic several 
other medical conditions. NS is an important cause of mortality and morbidity in neonatal 

populations. There has been constant search of an ideal sepsis biomarker with high sensitivity, 

specificity, positive predictive value (PPV) and negative predictive value (NPV), so that both the 

diagnosis and exclusion of neonatal sepsis can be made at the earliest possible and appropriate 

antibiotics can be started to neonate. Ideal sepsis biomarker will help in guiding us when not to 

start antibiotics in case of suspect sepsis and total duration of antibiotics course in case of 

proven sepsis. A combination of increased destruction and inadequate production of platelets 

during sepsis-induced thrombocytopenia of the neonate may result in release of young platelets 

into the circulation. An increased proportion of young platelets may result in increased Mean 

Platelet Volume (MPV). Among platelet indices MPV is the most commonly studied platelet 

index in neonatal sepsis. During conditions of rapid platelet turnover, increased MPV signifies 

the release of larger, younger platelets into the circulation. Although MPV varies with 

gestational age and chronologic age, construction of rigorous normal curves for values of the 

MPV is difficult in premature infants 
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        Neonatal Sepsis: 

Definition 

Neonatal sepsis defines the systemic condition that arises from the bacterial, viral or fungal origin, 

associated with hemodynamic changes and clinical findings and causing severe morbidity and 

mortality. (1) 

 

Terminology 

Suspected sepsis: Regardless of whether there is a clinical symptom or not, the presence of sepsis 

risk factors in the baby or findings suggesting sepsis in follow-up. (2) 

 

Clinical sepsis: Clinical and laboratory findings are present, but the failure to show the causative 

microorganism. (2) 

 

Proven sepsis: Clinical and laboratory findings are present, and demonstration of the pathogenic 

microorganism in cultures taken from the sterile field. (2) 

 

Classification 

Neonatal sepsis may be divided into two types: early-onset neonatal sepsis (EONS) and late-onset 

neonatal sepsis (LONS). (3). 

The literature varies in the definition of EONS and LONS, but most categorize EONS as within 

the first 72 hours of life and LONS as after this time period up to 28 days (4). 

EONS is typically described as infection and sepsis occurring within the first 24 hours to first 

week of life (5). 

 

In other study, reported EONS (<48 hours of life). (6)EOS has been variably defined based on the 

age at onset, with bacteremia or bacterial meningitis occurring during 72 hours in infants 

hospitalized in the NICU. Neonatal early-onest sepsis occurs in the following criteria newborns 

with early-onset sepsis, 85% present within 24 hours, 5% present at 24-48 hours, and a smaller 

percentage presents within 48-72 hours. Onset is most rapid in premature neonates (7).LONS has 

been labeled as after 24 hours or after the first week of life, up to 28 days or 1 month (6).Some 

have proposed the need to create a unified definition worldwide to further develop accuracy in the 

diagnosis and treatment of EONS and LONS (8).Classifications of neonates can be separated even 

further depending on age and weight. A newborn is an infant within the first 24 hours of life, 

while a neonate is up to 28 days old. Preterm infants are those born at a gestational age less than 

37 weeks, and term infants are those born at or after 37 weeks of gestation. Low birth weight 

(LBW) is considered less than 2,500 grams and very low birth weight (VLBW) is less than 1,500 

g. Extremely low birth weight (ELBW) is used to describe neonates less than 1,000 g. These 

designations become significant when discussing 

the etiology of and risk factors for neonatal sepsis. (9). 

 

Epidemiology 

Worldwide, neonatal sepsis occurs in about 1 to 50 out of 1,000 live births and accounts for 3 to 

30% of infant and child deaths annually (10). 
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Its incidence varies depending on the definition of the case and the population studied and is 

between 1 and 5 in 1000 live births. The clinical manifestations range from subclinical infection to 

severe focal or systemic disease. While the infectious agent may arise from intrauterine or 

maternal flora, it may also be of the hospital or community origin. (3). 

In a study conducted between 2000-2013, data of one hundred and ninety-four countries were 

evaluated in which the causes of death were investigated in the neonatal period, and the mortality 

rate due to sepsis was found to be 15%. In this study, it was determined that 2.8 million babies 

died in the neonatal period and 430.000 of these babies died due to sepsis and severe infections. 

(11) 

 

Neonatal sepsis ranks third among the causes of neonatal death following prematurity and 

intrapartum-related complications. (12) 

 

In an epidemiological study of culture positive diagnoses of neonatal sepsis in Switzerland from 

2011 to 2015, the national incidence was 1.43 out of 1,000 live births with a mortality rate of up to 

18% (13).A systematic review that investigated the global burden of neonatal sepsis from 1979 to 

2016 showed an annual incidence of three million cases of neonatal sepsis worldwide with a 

mortality rate of 19% (14). 

 

A review from the United States (US) in 2012 reported that EONS occurs in 1.5 to 2% of VLBW 

infants (15).In ALZhraa University hospital, incidence of early onset sepsis was 17% from 

admitted cases during the study period (7).Although the incidence of sepsis in term infants is 

lower than preterm infants, the potential for serious adverse outcomes, including death, is of great 

consequence that caregivers should have a low threshold for evaluation and treatment for possible 

sepsis in any infant regardless of GA. (7). 

 

The incidence of late-onset neonatal sepsis increased with the increase in the survival rate of 

preterm and very low birth weight infants. (3).the etiology of and risk factors for neonatal sepsis. 

(9). 

 

Diagnostic Methods 

Clinical Findings in Neonatal Sepsis 

Signs and symptoms of sepsis are nonspecific ranging from subtle symptoms to profound septic 

shock. ,so, it is important to identify neonates with risk factors for sepsis and to have a high index 

of suspicion for sepsis when an infant deviates from his or her usual pattern of activity or feeding 

(28). 

 

The American College of Critical Care Medicine (ACCCM) suggests the clinical diagnosis of 

sepsis in any newborn with tachycardia, respiratory distress or tachypnea, poor feeding, poor 

muscle tone, poor color, reduced perfusion or diarrhea, especially, if there are any risk factors such 

as chorioamnionitis or history of premature ROMs (29). 

G Signs and symptoms of neonatal sepsis include: 

 Fetal and delivery room distress – The following signs of fetal and neonatal distress 

during labor and delivery may be early indicators of neonatal sepsis: 
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o Intra-partum fetal tachycardia, which may be due to intra- amniotic infection. 

o Meconium-stained amniotic fluid, which is associated with two fold increase risk 

of sepsis (30). 

o Apgar score ≤6, which is associated with a 36-fold increased risk of sepsis. (31). 

 Temperature instability: The temperature of an infected infant can be elevated, 

depressed, or normal. Term infants with sepsis are more likely to be febrile than preterm 

infants who are more likely to be hypothermic (32). 

Temperature elevation in full-term infants is concerning and, if persistent, is highly indicative of 

infection (33). 

Respiratory manifestations: 

Dyspnea (grunting, nasal flaring and/or chest retractions), tachypnea (respiratory rate >60/min 

during >1 hour), need for increased respiratory support (intensifying the modus, i.e. low flow, 

CPAP or endotracheal ventilation and/or degree of respiratory support), increasing need for 

supplemental oxygen & increasing frequency of apnoea (34) 

Cardiovascular manifestations: 

Heart rate variability (HRV) analysis and non invasive cardiac output have been shown to be 

useful adjuncts to sepsis detection in many patient groups. HRV are more sensitive than 

traditionally used vital signs, such as cardiac output and mean arterial pressure, in the 

confirmation of sepsis in extremely low birth weight neonates. HRV may allow for earlier 

identification of septic physiology (35). 

Renal manifestations: 

Sepsis is a cause of significant morbidity and mortality in neonates. Sepsis has been consistently 

shown to be a risk factor for the development of acute kidney injury (AKI) across neonatal 

populations. Those who developed AKI had a lower birth weight and were more likely to have 

meningitis, disseminated intravascular coagulation, and septic shock. Neonates who develop 

sepsis are classically thought to be predisposed to AKI secondary to the hypotension associated 

with systemic inflammation, but there also appears to be a direct impact on the kidneys (29). 

Furthermore, AKI may develop despite the maintenance of systemic blood pressures and renal 

blood flow, suggesting that sepsis may directly damage the kidney by effects on microvasculature 

(36). 

Neurologic– manifestations: 

Neurologic manifestations of sepsis in the neonate include lethargy, poor tone,poor feeding, 

irritability, and seizures (37). 

 

Laboratory Methods Blood Culture 

The gold standard for the diagnosis of neonatal sepsis is the growth of pathogenic microorganisms 

in body fluids (blood, urine, cerebrospinal fluid, pleural fluid, peritoneal fluid, joint fluid) that are 

expected to be sterile. Therefore, the amount of the sample and the method of obtaining the 

sample are important. Minimum amount of blood required for blood culture should be 0.5-1 ml. It 

is recommended to take two different samples, preferably from two different regions 90% of 

growth takes place within the first 48 hours. (2) 

 

While the growth of the microorganism in blood culture is diagnostic in the neonatal period, the 

failure to produce it does not exclude the diagnosis. (No growth in culture may be related to 
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insufficient sample, mother’s antibiotic use, antibiotic dose applied before sampling, low amount 

of bacteria in the blood or short term bacteremia. (2) 

 

After the area that the blood culture will be taken is cleaned and prepared with an antibacterial 

solution, samples are taken from the arterial or venous route. Data on sterilization of intravenous 

catheter sites indicate that cleaning for 30 seconds or two consecutive cleansings is superior to a 

single, short (5-10 seconds) disinfection. Simultaneous blood culture using catheter and periphery 

from patients with a central venous catheter is important in distinguishing catheter-related 

bloodstream infections. (38) 

 

Results obtained with manual laboratory methods showed that 96% of cultures taken before 

antibiotic administration was positive at the end of 48th hour and 98% at 72nd hour. However, 

laboratory automation has significantly reduced the time required to detect positive cultures. In 

automated laboratory methods, 94% of cultures taken before antibiotic treatment were positive 

within 24 hours (except for coagulase-negative Staphylococcus, Corynebacteria or yeast), and 

97% were positive within 36 hours. (3).Cerebrospinal Fluid (CSF) Culture 

 

The use of CSF culture in newborns with suspected sepsis is controversial. Culture-proven 

bacterial meningitis occurs in about 0.25 per 1000 live births. Meningitis accompanies 20-25% of 

newborns with sepsis and 13% of early-onset neonatal sepsis. (Although there is no consensus on 

performing lumbar puncture in infants diagnosed with early neonatal sepsis, it should definitely be 

performed in infants with blood culture positivity and clinically considered meningitis. (3). 

 

Blood cultures cannot detect causative microorganisms in 15% to 50% of babies with bacterial 

meningitis. Taking CSF culture before or just after the administration of antibiotics may increase 

the likelihood of bacteriological diagnosis. However, antibiotherapy should not be delayed to 

perform a lumbar puncture. On the other hand, although it is rare in asymptomatic term babies, 

meningitis is still seen as a complication of neonatal sepsis, and there are sources suggesting 

lumbar puncture in the assessment of all sick newborns. (39) 

 

Urine Culture 

In infants diagnosed with early-onset neonatal sepsis, urine culture does not need to be evaluated 

as part of early-onset neonatal sepsis since the amount of urine is limited and the rate of positivity 

in the urine culture is low, especially in the first 72 hours of life. Urinary tract infection 

assessment should be performed with the bladder catheter or suprapubic bladder aspiration since  

there is a high risk of contamination 

in samples taken with urine bags. Urine culture in infants diagnosed with late-onset neonatal 

sepsis should be part of the evaluation of sepsis. (40) 

 

Tracheal Aspirate Culture 

Tracheal aspirate culture may help diagnosis in babies who are diagnosed with sepsis and need 

mechanical ventilation due to respiratory failure; however, the risk of colonization and 

contamination should be considered when evaluating the result.It can be taken as a sample in 

patients with ventilator-associated pneumonia or in cases whose amount and characteristics of 
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secretion varies, but it should be known that its diagnostic value is low. (32) 

It is not recommended to take tracheal aspirate cultures in prolonged intubation due to rapid 

colonization following intubation. (3). 

Superficial Swab Cultures 

Cultures obtained from superficial regions, such as the axilla, umbilical cord, outer ear canal, 

nasopharynx and orogastric tubes, show poor correlation with pathogens isolated from sterile 

areas. Routine collection of superficial swab cultures is not recommended in neonatal sepsis, as it 

has a low predictive value and can lead to erroneous assumptions in determining the factor. (3). 

 

Complete Blood Count Components and Peripheral Smear 

 

i. Complete blood count 

A complete blood count (CBC) is used to evaluate the likelihood of 

sepsis in a neonate with risk factors or signs of infection. Abnormal findings in a CBC cannot be 

used to establish the diagnosis of sepsis. (41). 

a. Early-onset sepsis 

It can be recommended CBC in any infant undergoing diagnostic evaluation (either full or limited) 

for early-onset neonatal sepsis. CBC results are used in combination with clinical symptoms and 

risk factors to determine the likelihood of sepsis and need for antibiotic treatment. Abnormal 

neutrophil indices (including elevated or depressed absolute neutrophil count [ANC] and elevated 

ratio of immature to total neutrophil counts [I/T ratio]) are associated with neonatal sepsis. 

However, these tests are more useful in identifying neonates who are unlikely to have sepsis than 

in identifying infants with sepsis. (30) 

 

 

Large multicenter studies have evaluated the diagnostic value of CBCs in early-onset neonatal 

sepsis. These studies found that low white blood cell count  (WBC) (<5000/microL), absolute 

neutropenia (ANC 

<1000 neutrophils/microL), relative neutropenia (ANC <5000 neutrophils/microL), and elevated 

I/T ratio were associated with culture- proven sepsis. (42). 

 I/T ratio  

An elevated I/T ratio (≥0.2) has the best sensitivity of the neutrophil indices for predicting 
neonatal sepsis, and can be helpful as an initial screen when used in combination with risk factors 

and/or other tests (43). 

A single determination of the I/T ratio has high specificity and hence 

a normal value can help rule out sepsis; however, an elevated value is not highly predictive of 

sepsis and may be observed in 25 to 50 percent of uninfected infants (30). 

 Absolute neutrophil count  

Neutrophil counts vary with gestational age (counts decrease with decreasing gestational age), 

type of delivery (counts are lower in infants born by cesarean delivery), site of sampling (counts 

are lower in arterial than in venous samples), altitude (counts are higher at elevated altitudes), and 

timing after delivery (counts increase during the first six hours of life (44). 

The lower limit of a normal neutrophil count for infants >36 weeks of gestation is 3500/microL at 

birth and 7500/microL six to eight hours after delivery. For infants born at 28 through 36 weeks of 
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gestation, the lower limits of normal neutrophil counts at birth and at six to eight hours after birth 

are 1000/microL and 1500/microL, respectively (44). 

Seizures are an uncommon presentation of neonatal sepsis but are associated with a high 

likelihood of infection. In a prospective study in a single neonatal unit, 38 percent of neonates 

with seizures were found to have sepsis as the etiology. Seizures are a presenting feature in 20% to 

50% of infants with neonatal meningitis (45). 

Other findings – Other findings associated with neonatal sepsis and their approximate 

frequencies are listed below (46): 

o Jaundice: 35% 

o Hepatomegaly: 33% 

o Poor feeding: 28% 

o Vomiting: 25% 

o Abdominal distension: 17% 

o Diarrhea: 11%. 

The incidence of late-onset neonatal sepsis is reported to vary between 0.61% and 14.2% in 

hospitalized newborn babies. (16). The incidence of late-onset neonatal sepsis was reported as 

51.2% in infants between 501-750 grams of birth weight, 15-25% in infants below 1500 grams 

and 1.6% in infants above 2500 grams. (16). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1Platelet activation in the vessel occurs in several steps beginning with attachment to the 

endothelial or sub-endothelial matrix followed by firm adhesion, flattening of the platelets, and 

intraplatelet signal transduction. The initial platelet plug will form a core at the region of the injury 

that is fibrin rich, P-selectin positive and densely packed. More loosely packed platelets in the 

shell of the thrombus will surroundthe core and are more sensitive to antiplatelet therapies such as 

COX-1 and P2Y12 receptor inhibition 

 

Mechanisms of Thrombocytopenia And Alterations In Platelet Indices During Sepsis 

Because thrombocytopenia is a commonly encountered hematologic complication in neonates 

with sepsis, the mechanisms for thrombocytopenia have been explored. The measurement of 

circulating megakaryocyte precursors provides a good indicator of megakaryocytopoiesis, and 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5709181/figure/F1/
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hence platelet production in neonatal sepsis. Thrombopoietin (Tpo) is the principal physiologic 

regulator of megakariocytopoiesis and platelet production. The circulating Tpo levels were found 

to be high in the face of low platelet counts in neonates with sepsis (17). 

Immune cells recognize pathogens through Toll-like Receptors (TLRs). The TLRs allow platelets 

to recognize bacterial proteins during sepsis and regulate platelet immunity and function (18). 

Two TLRs, TLR2 and TLR4, have been shown to augment platelet activation and alter its function 

from hemostatic regulator to immune sentinel. Furthermore, septic neonates up-regulate Tpo 

production, leading to increased megakaryocytopoiesis and platelet release (Brown et al., 2008) .  

As platelet indices are biomarkers of platelet activation, in the settings of sepsis, these indices also 

change accordingly. (19). 

MPV 

Among platelet indices MPV is the most commonly studied platelet index in neonatal sepsis. 

During conditions of rapid platelet turnover, increased MPV signifies the release of larger, 

younger platelets into the circulation. Although MPV varies with gestational age and chronologic 

age, construction of rigorous normal curves for values of the MPV is difficult in premature infants. 

Wiedmeier et al., (20) found MPVs being rather constant from 22 to 42 wk of gestation. 

However, it is wiser to obtain the baseline values of MPV for comparison with subsequent values 

during neonatal sepsis. 

 

An understanding of the pathophysiology of alterations in platelet volume and the inverse 

relationship between platelet volume and count hence is a prere- quisite for the successful clinical 

application of platelet volume measurements (21). 

 

Limitations in Clinical Utility of Platelet Indices 

Platelet volumes are frequently measured in blood samples collected in ethylenediaminetetraacetic 

acid (EDTA). Factors affecting platelet counting such as interference from cells or cell fragments, 

inadequate detection of large platelets or platelet clumps also influence platelet indices that are 

calculated from the platelet distribution curve (22). 

 

An overestimation of MPV, a higher PDW and an increase in fraction of large cells may occur if 

red blood cells are misclassified as platelets. In severe thrombocytopenia, difficulties in obtaining 

a sufficient platelet distribution curve may limit the calculation of other platelet indices. Concerns 

have been raised about the recommended anticoagulant for platelet counting, K2 or K3 EDTA, 

because it affects MPV. Transmission electron microscopy findings suggested more activation of 

platelets in EDTA samples (23). 

 

ACD/Na2EDTA has been suggested as an ideal anticoagulant for the study of MPV because it 

inhibits platelet activation while maintaining the platelets in their normal discoid shape (24). The 

methods of measurement of MPV are also important. EDTA causes an increase in MPV from 

7.9% within 30 min to 13.4% over 24 h when measured by impedance and decreases by 10% 

when determined by an optical method. Because time delay is likely to affect PDW and other 

indices sample needs to be processed within 120 min. Pseudo-thrombocytopenia due to 

agglutination of platelets caused by EDTA should also to be kept in mind (25). 

MPV, PDW and PCT are not only altered in sepsis but also in other neonatal pathological 
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conditions (26). 

This fact further complicates the clinical utility of platelet indices during neonatal sepsis. 

Gestational age, prematurity and birth asphyxia having some influence on these indices has been 

reported by Kannar et al., (27). 
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