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Abstract: 
Introduction: Neonatal sepsis is one of the most common causes of neonatal sepsis mortality and morbidity, despite 

advances in the health care. It affects mostly premature or babies with very low birth weight. The most challenging part is the 

variable and vague presentation of the condition, making it hard to diagnose and hence manage.   

Aim of the work: In this study we aimed to understand the various methods to diagnose neonatal sepsis early and with higher 

accuracy so treatment process can be started early with more certainty. 

Methodology:  we conducted this review using a comprehensive search of MEDLINE, PubMed, and EMBASE from January 

1987 to March 2017. The following search terms were used: neonatal sepsis, neonatal ICU conditions, diagnosis of neonatal 

sepsis, newer markers to detect sepsis in neonates 

Conclusion: Both early and late neonatal sepsis remains to be significant causes of morbidity and mortality in both term and 

premature infants due to non-specific signs and symptoms, making early diagnosis even harder. Several studies that tried to find 

better approach to sepsis diagnosis used combinations of hematological studies (like complete blood count), acute phase 

reactants (C reactive proteins, procalcitonin, cytokines), and cell surface markers, along with other markers to detect and assess 

neonatal sepsis. 
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INTRODUCTION: 

Among known causes of morbidity and mortality in 

infants, neonatal sepsis is considered to be one of the 

most common. despite all medical advances in the 

field of neonatology and neonatal care, and despite 

recent declines in both long-term complications and 

mortality in preterm infants, neonatal sepsis 

continues to be a significant cause of mortality and 

long-term morbidities in infants, especially who were 

born with a very low birth weight, or who were 

admitted to the Neonatal Intensive Care Unit since 

birth [1]. 

One important characteristic of neonatal sepsis, is 

that all symptoms and signs associated with it are 

nonspecific, like hyper- or hypothermia, cyanosis 

and/or apnea (causing respiratory distress), 

difficulties in feeding the infant, irritability, 

decreased tone, lethargy, seizures, weak perfusion, 

coagulopathies, bulging fontanels, distention, 

increased liver span, occult (or gross) blood in stool, 

jaundice, along with other nonspecific signs and 

symptoms. Generally, the infant just “does not look 

right”. some infants with neonatal sepsis may also 

suffer from hypoxia leading to respiratory acidosis 

[2].  

Despite the fact that asymptomatic infants have a low 

incidence of sepsis and bacteremia, this incidence is 

still considered important due to associated mortality 

in these cases. A previous report has concluded that 

about one percent of term infants are febrile (with a 

core body temperature that is higher than 37.8 °C). 

Of this one percent, ten percent have sepsis that was 

proven with culture. Although most term infants who 

have sepsis are febrile, most preterm infants, on the 

other hand, develop hypothermia. This is 

hypothesized to be due to difficulties with thermic 

control due to immature system in the first few days 

of life [3].  

 

METHODOLOGY: 

 

•Data Sources and search terms 

We conducted this review using a comprehensive 

search of MEDLINE, PubMed and EMBASE from 

January 1987 to March 2017. We used the following 

search terms during our study: neonatal sepsis, 

neonatal ICU conditions, diagnosis of neonatal 

sepsis, newer markers to detect sepsis in neonates 

•Data extraction 

Two reviewers have independently reviewed the 

studies, abstracted data and disagreements were 

resolved by consensus. Studies were evaluated for 

quality and a review protocol was followed 

throughout. 

The study was done after approval of ethical 

board of King Abdulaziz University. 

 

Microbiology of neonatal sepsis 

A previous study was conducted to assess trends of 

demographic, and disease-related factors affecting 

neonatal sepsis, along with outcomes at Yale–New 

Haven Hospital [1]. Between 1933, and 1943, most 

common organisms associated with neonatal sepsis 

were group A streptococci and Streptococcus 

pneumonia. However, this trend started to change 

after late 1940s, and since then, Escherichia coli (E. 

coli), along with other gram-negative organisms 

started to become the most common causes. Starting 

from the early 1970s, group B streptococci started to 

increase in incidence and later become the most 

common cause of neonatal sepsis [4]. 

 

Etiology of early onset sepsis (EOS) 

Streptococcus agalactiae, also known as Group B 

streptococcus ‘GBS’, is an encapsulated gram-

positive bacterial organism that is considered to be 

the most common cause of sepsis and meningitis 

among infants in the United States. The second most 

common cause of neonatal sepsis following group B 

streptococcus is Escherichia coli (E. coli). Neonatal 

sepsis due to Escherichia coli (E. coli) is usually 

present with severe symptoms along with meningitis. 

In fact, it is considered to be the most common sepsis 

cause leading to death in infants with very low birth 

weight [5]. Recent reports have found that more than 

70% of neonatal sepsis causes are caused by group B 

streptococcus and Escherichia coli (E. coli), alone. 

Another important, but far less common cause, is 

Listeria monocytogenes. Listeria monocytogenes is 

associated with severe neonatal sepsis which can lead 

to stillbirth or spontaneous abortion if occurred 

earlier during pregnancy [6].  

 

Etiology of late onset sepsis (LOS) 

Although preterm infants have recently had improved 

survival outcomes, late onset sepsis continues to be a 

significant cause leading to mortality or long-term 

morbidity, especially among infants with low birth 

weight. In contrast to early neonatal sepsis, 

organisms causing late onset sepsis are usually those 

that are acquired from the environment during and 

after birth. A study was conducted in the National 

Institute of Child Health and Human Development 

(NICHD) Neonatal Research Network (NRN) 

centers, and included more than six thousands 

admitted infants. This study found that up to 70% of 

late onset sepsis cases were associated with an 

infection with a gram-positive organism (most likely 

coagulase-negative staphylococci) [7]. On the other 

hand, late onset sepsis cases caused by Candida 
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albicans, Pseudomonas aeruginosa, E. coli, and 

Serratia marcescens, were associated with highest 

mortality rates. Although the use of intrapartum 

antibiotic prophylaxis against group B streptococcus 

has increased, incidence of late onset sepsis due to 

group B streptococcus has not changed recently. 

Moreover, meningitis caused by group B 

streptococcus continues to be a major cause of late 

onset disease in infants causing morbidity and 

mortality. Many survivors of the disease will have 

long-term disabilities and neurological sequelae [8].  

 

Diagnosis of neonatal sepsis 

Biomarkers of Neonatal Sepsis 

Because sepsis results from inflammatory responses 

against infections, the best and gold standard to 

diagnose neonatal sepsis is to isolate and culture the 

bacteria from blood. However, this will take about 1-

2 days to be achieved. Moreover, an attempt to 

isolate the bacteria from a blood sample that is about 

0.5–1.0 ml is associated with relatively lower 

sensitivity. The reason behind this is that up to 70% 

of infants have low levels of bacteria in their 

bloodstream. Hypothetically, to achieve best 

sensitivity and specificity, you need to take a blood 

sample that is 6 ml. However, this is not reliable and 

cannot be done in clinical practice. Therefore, even a 

negative blood culture cannot totally rule out a 

diagnosis of sepsis in an infant. Moreover, 

sometimes, positive bacteria from isolated blood may 

be simply due to contamination or asymptomatic 

bacteremia [9].  

Other than bacterial culture, there are methods to 

diagnose neonatal sepsis that depend on in situ 

hybridization, proteomics, mass spectroscopy, 

polymerase chain reaction (PCR), and gene arrays. 

These methods have the ability to find and diagnose 

bacteria in bloodstream. Other indirect tests depend 

on evaluating the immune response against the 

bacteria [10].  

Complete blood count (CBC) 
The most important factor in improving outcomes 

related to neonatal sepsis is earlier assessment and 

diagnosis followed by rapid proper management 

without any delay in treatment. On the other hand, it 

is very important to avoid the use of unnecessary 

antibiotics and invasive procedures. Therefore, the 

best approach is to use a test that high sensitivity as 

well as high specificity. Many studies have been 

conducted to assess the best diagnostic approach for 

neonatal sepsis. Several studies have suggested the 

use of complete blood count (CBC), differential 

count, and immature to total leukocyte ratio (I:T) in 

the assessment of neonatal sepsis. Despite the poor 

predictive value that a complete blood count can 

have, its use has been linked with improved detection 

of neonatal sepsis [11].  

Moreover, the presence of a low white blood cells 

count and low neutrophils count are both associated 

with higher probability of an infection, according to a 

study. On the other hand, the sensitivity of both 

measures is still considered to be relatively low [9].  

To rule out the presence of early neonatal sepsis 

within the first day of life, it is considered enough to 

get to normal complete blood counts with about 

twelve hours between each one. A negative culture at 

the end of the first day will further increase 

sensitivity and help rule out the presence of sepsis 

this protocol has a negative predictive value that can 

reach one hundred percent. However, it still does not 

have a high positive predictive value. Moreover, 

positive results are not enough to plan proper 

management. On the other hand, complete blood 

counts may be totally normal in early neonatal sepsis 

[12].  

To conclude, despite being easy to obtain, complete 

blood counts, differential count, and immature to 

total leukocyte ratio (I:T) have many limitations 

when used in diagnosing neonatal sepsis. 

C reactive protein (CRP) 

The inflammatory marker C reactive protein is 

considered to be one of the most markers available, 

cheap, and easy to be obtained. It is used almost 

always when approaching a case of suspected 

neonatal sepsis. C reactive protein is an acute phase 

reactant that is synthesized and secreted by the liver, 

and is known to increase as a response to systemic 

inflammation. Half-life of C reactive protein is about 

1-2 days. Following the onset of an infection, C 

reactive protein levels take about 12 hours to 

increase. To increase sensitivity of C reactive protein 

in detecting inflammatory processes, it is serially 

measured every 1-2 days [13]. In addition to 

increasing sensitivity, this serial measurement of C 

reactive protein is useful to monitor treatment 

response and prognosis of infants with sepsis. It is 

considered to be an important guide for physicians 

during antibiotics therapy. C reactive protein levels 

have a specificity in detecting inflammation that can 

be up to 100%. Therefore, it is sometimes considered 

a ‘late’ but ‘specific’ marker for neonatal infections 

and sepsis. When C reactive protein levels stay 

normal over serial measurement, there is a very low 

chance that an infection is present [14].  
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It is important to keep in mind that C reactive protein 

baseline levels are lower in preterm infants, and 

infection-induced rise in levels is also lower. 

Moreover, some other causes (other than infections) 

may lead to the elevation of C reactive proteins in 

this population. These include traumatic tissue injury, 

ischemic tissue injury, meconium aspiration 

syndrome, histologic chorioamnionitis, and 

hemolysis. Moreover, the sensitivity of C reactive 

protein in detecting early neonatal sepsis may be low 

in early phases, due to the delay in changes which 

might take up to 12 hours [13].  

In summary, C reactive protein is a highly accessible, 

easy to obtain test which has a relatively high 

specificity in detecting neonatal sepsis. However, it is 

still associated with significant limitations limiting its 

use. These mainly include elevations in its levels in 

some noninfectious causes, and the changes in its 

baseline levels according to gestational age. Further 

research on this marker is important to better 

establish its use in the diagnosis of sepsis. 

Procalcitonin (PCT) 
Procalcitonin (PCT) is a hepatic acute phase reactant 

that is release in cases of systemic inflammation. It 

was also found to be secreted by macrophages during 

inflammation. Levels of Procalcitonin (PCT) has 

been studies since 1990s, and was found to elevate in 

cases of bacterial infections starting from 4 hours 

following bacterial toxin exposure. Procalcitonin 

levels peak at eight hours and stay stable for about 1 

day. Procalcitonin is known to have a half-life that is 

about thirty hours. An advantage of its use is that its 

revels are independent of gestational age. However, 

infants who do not have infections have a wide 

variety of prolcalcitonin concentrations. In early life, 

levels increase, peak at the end of the first day, and 

then return to baseline after two days [15].  

In cases of any neonatal early infection, late 

infection, or necrotizing enterocolitis, levels of 

procalcitonin (PCT) increase significantly. This 

increase is more rapid than the increase observed 

with C reactive protein levels, making procalcitonin a 

better marker for the detection of early neonatal 

sepsis. Moreover, procalcitonin levels are also used 

to predict the severity of infection, improvements 

following treatment, and outcomes. Another 

significant advantage of its use is that procalcitonin 

levels stay normal in other non-infectious disorders 

like trauma, meconium aspiration, and hypoxemia 

[16]. Procalcitonin levels have a sensitivity and a 

specificity for neonatal sepsis that can reach 100%, 

and is considered a better diagnostic test than C 

reactive protein levels, especially when measured 

serially at birth, at the first day, and at the second day 

[17].  

However, procalcitonin levels measurement still has 

several limitations. For example, its levels are 

elevated in infants who undergo resuscitation for any 

reason, and for infants whose mothers had 

chorioamnionitis. Moreover, maternal colonization of 

group B streptococcus, and prolonged rupture of 

membranes may also affect procalcitonin levels. 

More studies on procalcitonin levels with large 

samples are still required to establish better 

diagnostic approaches [17].  

Cytokines 

Cytokines level in bloodstream change dramatically 

among exposure to any infection, even earlier than 

any other inflammation marker. The earliest 

cytokines to show an elevation in their levels upon 

infections are tumor necrosis factor α (TNF-α), 
interleukin-1β (IL-Iβ), interleukin-2 soluble receptor 

(SIL2R), interleukin-8 (IL-8), and interleukin-6 (IL-

6). Elevation of these mentioned cytokines can 

precede the development of any signs of symptoms in 

the infant. Due to their inability to cross the placental 

barrier, any elevation in cytokines levels is 

considered alarming for the possibility of underlying 

neonatal sepsis [18].  

IL-6 
Interleukin-6 (IL-6) levels in bloodstream are known 

to increase upon exposure to endotoxins released by 

bacteria. This elevation has been found to precede 

that of C reactive protein levels. Almost all infants 

who have an early neonatal sepsis show an increase 

in umbilical interleukin-6 levels. Interleukin-6 (IL-6) 

levels were shown to have sensitivity and a negative 

predictive value in detecting neonatal sepsis that 

could reach 100%.  However, a major limitation in 

the use of interleukin-6 is its very short half-life, 

causing a significant decline in its levels immediately 

after initiation of treatment, and leading to a decrease 

in sensitivity to reach 58% at 48 hours. This leads to 

the use of interleukin-6 in diagnosing neonatal sepsis 

only in early cases. When interleukin-6 and C 

reactive protein levels are concomitantly measured, 

their diagnostic accuracy in detecting neonatal sepsis 

increase significantly [19].  

TNF-α 
Compared to infants who do not have infections, 

tumor necrosis factor α (TNF-α) levels have been 
shown to be significantly higher in infants with 

infections, and this was proven in several studies. 
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tumor necrosis factor α (TNF-α) and interleukin-6 

have several similarities when it comes to kinetics. 

The diagnostic accuracy of tumor necrosis factor α 
(TNF-α) in neonatal sepsis was found by Silveira et 
al. to be similar to procalcitonin. A better diagnostic 

approach is to measure tumor necrosis factor α (TNF-

α) levels together with interleukin-6 levels. This 

combination has a specificity that can reach 100% in 

the diagnosis of neonatal sepsis, although its 

sensitivity is still relatively low [20].  

IL-8 

Interleukin-8 is a cytokine that acts as a chemotactic 

agent and helps activating neutrophils. Moreover, it is 

an important indicator for the presence of sepsis and 

the severity of infections. Interleukin -8 is secreted 

from macrophages, monocytes, as well as endothelial 

cells. Its kinetics is similar to those of interleukin-6. 

Interleukin-8 can have a sensitivity and specificity 

that can each 91% and 100% respectively, in 

detecting neonatal sepsis [21]. A study performed on 

93 neonates older than 3 days with neonatal sepsis. 

He found that higher levels of interleukin-8 were 

associated with higher mortality rates and lower 

survival. Measuring C reactive protein with 

interleukin-8 levels together could be considered a 

reliable diagnostic test for neonatal sepsis. This 

combination is associated with a sensitivity that is 

about 91%, although its specificity is relatively low. 

Larger studies on interleukin-8 and the best 

diagnostic approaches with it in cases of neonatal 

sepsis are still required [22].  

Cell Surface Markers 

New techniques in the field of cytometry have 

allowed the use of cell surface antigens detection in 

diagnostic approaches. These tests have the 

advantage of being done even with volumes of whole 

blood that are as low as 0.05 ml. studies on CD64 and 

CD11β have concluded that they can be considered 
reliable diagnostic markers in cases of early neonatal 

sepsis as well as late neonatal sepsis. Studies have 

also found that CD64 and CD11β have a relatively 
high sensitivity and specificity. Expression of these 

molecules have been found to increase as early as 

minutes after bacterial exposure [14].  

CD11β 
CD11β is a molecule that is involved in several 
immune responses including diapedesis, neutrophil 

adhesion, and phagocytosis. CD11β serum levels 
become detected after five minutes following 

exposure to bacteria. Both sensitivity and specificity 

of CD11β can reach 100%. Its use as a diagnostic test 

has been found to give more accurate results when 

used in early rather late neonatal sepsis cases [23].  

CD64 
CD64 is an antibody receptor that has a high affinity, 

and is normally expressed with low concentrations on 

neutrophils. When these is a bacterial infection, 

CD64 expression increases dramatically on 

neutrophils. This has sensitivity in detecting neonatal 

sepsis that can reach 97%, as well as a negative 

predictive value up to 99%.Testing CD64 with 

interleukin-6 and/or C reactive protein levels will 

increase sensitivity to reach 100%, with a specificity 

that is more than 88%. Testing CD64 has allowed 

stopping unnecessary antibiotic treatment in 

suspected cases due to its high negative predictive 

value [24].  

Streimish et al. conducted a large prospective study 

on the use of CD64 levels to detect and diagnose 

neonatal sepsis [25]. They found that a cut-point of 

2.38 for diagnosing early neonatal sepsis was 

associated with a sensitivity, specificity, and negative 

predictive value of 100%, 68% and 100% 

respectively. On the other hand, a cut-point value of 

3.62 for diagnosing late neonatal sepsis was 

associated with a sensitivity, specificity, and negative 

predictive value of 75%, 77%, and 95%, respectively. 

However, these markers are still limited by their high 

costs limiting their use in normal clinical practice. 

Genomics and Molecular Techniques 
Some studies have proposed the use of molecular 

techniques that depend on gene detecting to diagnose 

early neonatal sepsis and bacterial meningitis. A 

study conducted by Kasper et al. concluded that the 

use of multiplex real-time PCR (Roche SeptiFast®) 

to detect neonatal sepsis in premature infants was 

associated with a sensitivity that is 90%, despite 

having relatively low specificity (80%). However, 

their study was still limited by several factors 

including high costs. These limitations prevent the 

use of these techniques from being the golden 

standard in diagnosis. The only exception for this is 

HSV PCR which is considered to be the best 

diagnostic approach in diagnosing HSV encephalitis 

[26].  

 

CONCLUSION: 

Both early and late neonatal sepsis remains to be 

significant causes of morbidity and mortality in both 

term and premature infants. Unfortunately, symptoms 

and signs of neonatal sepsis are usually nonspecific, 

making early diagnosis even harder. Several studies 

have been conducted to find ideal diagnostic 

approaches in the diagnosis of neonatal sepsis. These 
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studies used combinations of hematological studies 

(like complete blood count), acute phase reactants (C 

reactive proteins, procalcitonin, cytokines), and cell 

surface markers, along with other markers to detect 

and assess neonatal sepsis. However, larger studies 

are still required to find tests that are associated with 

higher diagnostic accuracy. More recent markers 

have been found to have promising results in early 

detection of sepsis. However, these are still not well-

established and need further assessment before being 

applied routinely in clinical practice.  
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