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INTRODUCTION 

Neonatal sepsis is one of the leading causes of morbidity 

and mortality among the newborns. As many as 2% of fetuses 

are infected in utero and up to 10% of infants are infected 

during delivery or the first month of life (Klein and Remington, 

1995).  

The diagnosis of sepsis in preterm infants is very difficult 

as the clinical presentation of neonatal infection is subtle and 

nonspecific. The diagnostic difficulty of neonatal sepsis is 

compounded by disease heterogeneity and a lack of reliable 

rapid diagnostic tests (Baltimore et al., 2003). 

A number of diagnostic tests are currently used in 

assessing a neonate suspected of sepsis (Mauncha et al., 2002). 

Unfortunately, the sensitivity of these tests in the early 

diagnosis of neonatal infection is very low. In addition, 

microbial culture results are not usually available until at least 

48-72 hours.  

Therefore, it is necessary to find biological markers that 

react rapidly after the onset of inflammatory process in order to 

use them in the diagnosis of neonatal sepsis (Silveria and 

Procianoy, 1999). 

  Our understanding of the molecular basis of cellular 

responses to bacterial components has been significantly 

enhanced by the identification of the Toll family of proteins, of 



Introduction 

 2 

which there are at least 10 identified mammalian homologues 

(Means et al., 2000).  

These, type  transmembrane, proteins share significant 

similarities with Interleukin (IL)-1 receptor (IL-1R) and all 

contain the highly homologous toll/IL-1R (TIR) cytoplasmic 

domain (O'Neill, 2000). 

The homology present in the TIR contrasts with significant 

variation in the leucine-rich repeats of the extracellular domains, 

which permit discrimination of a variety of pathogen-associated 

molecular patterns (PAMPs), including lipopolysaccharides 

(LPS), bacterial lipoproteins, peptidoglicans, and lipoteichoic 

acids (Means et al., 2000). Of the 10 Toll-like receptors (TLRs) 

identified so far, TLR2 and TLR4 have been the most extensively 

studied. 

TLR4 is now confined as the major recognition receptor 

for LPS, a component of gram-negative organisms. The central 

role of TLR4 in microbial responses suggests that it may be 

implicated in the incidence and outcome of sepsis (Chow et al., 

1999). 
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AIM OF THE WORK 
 

We aimed to assess the expression of TLR4 on 

monocytes in neonates with risk factor (s) of infection who may 

develop sepsis in comparison to healthy neonates in order to 

assess its value in early diagnosis of early-onset neonatal sepsis 

before the results of blood culture, which are available after 48 

hours, for the early start of the antibiotic therapy, if needed, in 

those patients. Another important aim was to assess the value of 

this marker in exclusion of sepsis in high risk neonates to avoid 

the unnecessary use of antibiotic therapy. 
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NEONATAL SEPSIS 

Neonatal sepsis is a clinical syndrome of systemic illness 

accompanied by bacteremia occurring in the first month of life 

(Gomella et al., 2004). The term sepsis neonatorum describes a 

disease of infants who are younger than one month of age and 

are clinically ill and have positive blood culture. The presence 

of clinical manifestations differentiates this condition from the 

transient bacteremia observed in some healthy neonates 

(Schelonka et al., 2005). 

Table (1): Neonatal infections by age of onset. 

>30 days 7-30 days < 7 days, 

usually < 72 

hours 

 Age of onset 

Varies Uncommon Common  Maternal 

obstetric 

complications 

Usual Varies Frequent  Prematurity 

Environment, 

commonly 

Maternal genital 

tract, 

environment 

Maternal genital 

tract 
 Organism source 

Multisystem, 

focal 

 

Multisystem, 

focal 

Multisystem  Manifestations 

NICU, 

community 

NICU, 

community 

Normal nursery, 

NICU, 

community 

 Site 

      (Stoll et al., 2004)                                                       
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Incidence and Epidemiology 

Sepsis continues to be a significant cause of morbidity 

and mortality of hospitalized newborns and premature infants 

(Kreuz et al., 1999). Incidence of neonatal sepsis in Egyptian 

neonates was 10% of cases admitted in NICUs (Essmat and 

Georg, 1998). In a recent evaluation of the epidemiology of 

sever sepsis in children in the United States, the estimated 

annual incidence of sever sepsis in newborns was 0.3 per 100 

live births (Watson et al., 2003).  

 The rate of Early-Onset Sepsis (EOS) vary from 1 to 4 

cases per 1000 live births, it is nearly 10 times higher in infants 

with a birth weight less than 1000 gms than that for infants with 

normal birth weight (Puopolo, 2004). Attack rates increase 

significantly in the presence of maternal chorioamnionitis, 

congenital immune defects, asplenia, galactosemia (E-coli) and 

malformations leading to high inocula of bacteria (obstructive 

uropathy) (Stoll, 2008).  

 Group B streptococcus (GBS) is a leading cause of 

neonatal sepsis, accounting for >40% of sepsis cases occurring 

in the first week of life (Hyde et al., 2002). The incidence of 

GBS EOS has decreased with the implementation of 

recommendations for intrapartum antibiotic prophylaxis (IAP) 

against GBS. However, the incidence of non-GBS EOS is 

unchanged among overall births (Puopolo, 2004). 

The estimated case mortality for neonates with sever 

sepsis is 10.3%. Most mortality occurs within the first 48 hours 

of infection (Weinschenk et al., 2000).  
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Pathophysiology 

1. Early-Onset Sepsis (EOS): 

Throughout pregnancy and until the membranes rupture, 

the fetus is relatively protected from the microbial flora of the 

mother by the chorioamniotic membranes, the placenta and 

poorly understood antibacterial factors in amniotic fluid (Klein, 

2001).  

Procedures disturbing the integrity of the uterine 

contents, such as amniocentesis (Gibbs and Duff, 1991), 

cervical cerclage (Charles and Edwards, 1981), trance cervical 

chorionic villous sampling (Fejgin et al., 1993), or 

percutaneous blood sampling (Gibbs and Duff, 1991), can 

permit entry of skin or vaginal organisms causing amnionitis 

and secondary fetal infection. 

 Certain bacteria, particularly Treponema pallidum and 

Listeria monocytogenes, can reach the fetus through the 

maternal blood stream despite the placental protective 

mechanisms, causing trance placental infection. This process is 

uncommon, but it leads to either congenital infection, not unlike 

infections caused by certain viruses or Toxoplasma, or to 

stillbirth resulting from overwhelming infection (Claudio et al., 

2004). Initial colonization of the neonate usually takes place 

after rupture of the maternal membranes (Klein, 2001). 
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In most cases, the infant is colonized with the micro flora 

of the birth canal during delivery. However, particularly if the 

rupture of the membranes lasts longer than 24 hours, vaginal 

bacteria may ascend and in some cases produce inflammation 

of the fetal membranes, umbilical cord and placenta (Geme et 

al., 1984).  

However, at 18 hours of membrane rupture, the incidence 

with early-onset disease with GBS increases significantly. 

Therefore, longer than 18 hours is the current cutoff for 

increased risk of neonatal infection (Stoll et al., 2004). 

 Aspiration or ingestion of bacteria in amniotic fluid may 

lead to congenital pneumonia or systemic infection with 

manifestations becoming apparent before delivery (fetal 

distress, tachycardia), at delivery (perinatal asphyxia) or after a 

latent period of few hours (respiratory distress shock). 

Aspiration or ingestion of bacteria during the birth process may 

lead to infection after an interval of 1-2 days (Stoll et al., 2004). 

Infection of the mother at the time of birth, particularly 

genital infection, is the principal pathway of maternal 

transmission and can play an important role in the development 

of infection in the neonate (Klein, 2001).  
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2. Late-Onset Sepsis (LOS):  

    Late-onset infections are acquired after delivery in the 

normal newborn nursery, NICU or the community. It may be 

transmitted by direct contact with hospital personnel, the 

mother or other family members, from breast milk (HIV, CMV) 

or from inanimate sources such as contaminated equipments 

(Stoll et al., 2008). 

3. Late, late-onset sepsis: 

    This occurs after one month of life, particularly in 

VLBW preterm infants or term infants requiring prolonged 

NICU admission for other chronic problems (Stoll, 2008). 

Effect of Neutrophils on Sepsis:  

Neutrophils have been regarded double-edged swords in 

sepsis. Although neutrophils were thought to be essential for 

the eradication of pathogens, excessive release of oxidants and 

proteases by neutrophils was also believed to be responsible for 

injury of organs. Because of the intrapulmonary sequestration 

of neutrophils and the frequent complications of the acute 

respiratory distress syndrome (RDS) to patient with sepsis, this 

link between overlay exuberant neutrophil activation and organ 

injury was thought to affect the lungs in particular.  
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Although findings from studies in animals implicated 

neutrophil-mediated injury, other studies in which granulocyte 

colony-stimulating factor (G-CSF) was used to increase the 

number of neutrophils and enhance their function demonstrated  

improved survival among patients with sepsis (Kollef and 

Schuster, 1995). 

Death of Patients with Sepsis: 

No autopsy studies have reveled why patients with sepsis 

die. Occasionally, a patient of sepsis may die from refractory 

shock, but this is exceptional. Although patients with sepsis 

have profound myocardial depression, cardiac output is usually 

maintained because of cardiac dilatation and tachycardia 

(Parillo, 1993). Although the acute RDS frequently develops in 

patients with sepsis, such patients rarely die from hypo-oxemia 

or hypercarbia (Bell, 1983). 

Renal failure is common, but that alone is not fatal 

because dialysis may be used. Liver dysfunction rarely progress 

to hepatic encephalopathy. Thus, the exact cause of death in 

patients with sepsis remains elusive. Many patients die when 

care is withdrawn or not escalated when families in consultation 

with physicians decide that continued therapy is futile 

(Hotchkiss and Karl, 2003). 
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Pathogenesis 

The "septic cascade" is triggered by release of endotoxins 

into the circulation from gram-negative bacteria or a 

comparable cell wall substance from gram-positive bacteria or 

fungi. These substances stimulate release of mediators such as 

TNF, ILs (1, 6, and 8), platelet activating factor (PAF) and 

histamine from a variety of different cells. The bacterial cell 

wall substances also cause activation of the coagulation, 

complement and kinin cascades. 
 

Almost all of these mediators affect the vascular 

endothelium either directly or indirectly causing vasodilatation 

or vasoconstriction, maldistribution of blood flow and, 

ultimately, endothelial damage with the development of a 

“capillary leak syndrome” (Sundaresan and Sheagren, 1995). 

Alteration and failure of the microcirculation is the "common 

final pathway" of injury in sepsis resulting in or contributing to 

the “multiple organ dysfunction syndrome” (MODS) and often 

death (Parillo, 1990). 
 

Some believe that if sepsis is not treated promptly, these 

alterations can eventually become self perpetuating, 

independent of the original inflammatory trigger and/or the 

mediators generated (Bone, 1991). Evidence developed by 

some researchers points to TNF as the most likely “central 

mediator” of sepsis; others believe that IL-1, IL-6, one of the 

interferons and/or PAF also play key roles (Calandra, 1990). 
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Studies of newborn infants are limited, but it appears that 

some cytokines production may be diminished; this observation 

is consistent with an impaired inflammatory response. 

However, elevated levels of IL-6, TNF, and PAF have been 

reported in newborn infants with neonatal sepsis and 

necrotizing enterocolitis (NEC). IL-6 appears to be the cytokine 

most often elevated in neonatal sepsis (Gotoff, 2000). 
 

Route of Transmission: 

The fetus and newborn infants can acquire infection via 

several routes: 
 

1. Hematogenous Spread 

Transplacental hematogenous spread may occur at 

different times during gestation, with manifestations present at 

birth or delayed for months or years (Gotoff, 2000). The 

greatest risk to the fetus occurs if the mother developed primary 

infection in the first half of pregnancy, as there is about 33% 

risk of the fetus to acquire the disease (Hoffman and Harris, 

1996). This leads to fetal infection in the absence of rupture of 

the membranes via the placenta after invasion of maternal blood 

stream (Boppana et al., 1992). 
 

Transplacental transmission is well documented for 

congenital viral infections but not for perinatal bacterial 

infections, with the exception of those caused by Treponema 

pallidum and Listeria monocytogenes (Hickey and McCracken, 

1997). Microorganisms in the blood may be carried within 

white blood cells (WBCs) or attached to erythrocytes or they 

may be independent of cellular elements (Storch, 1993). 
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2.Vertical Spread 

I. Ascending Infection 

Organisms in the maternal genital tract can invade the fetus 

through the microscopic defects in the membranes mainly in  the 

devitalized areas overlying the cervical os producing what is called 

“amniotic fluid infection syndrome” (AFIS) as a result of fetal 

contact with contaminated amniotic fluid (Weisman et al., 1992). 
 

It is the predominant route of bacterial infection causing 

EOS and it occurs mostly in cases of GBS and gram-negative 

enteric bacteria (Rouse et al., 1994). Approximately 1% to 4% 

of infants born to mothers with intra-amniotic infection develop 

systemic infection (Hickey and McCracken, 1997). 
 

II.Descending Infection 

Microorganisms gain access to the fetus via the fallopian 

tubes in women with salpingitis or peritonitis or by direct 

extension from an infection in the uterus such as myometrial 

abscess or cellulitis but it is very uncommon (Yancy et al., 

1996). 
 

III.Direct Contact 

Infection could be acquired during the fetal descent 

through the birth canal during delivery and the microorganisms 

colonize the skin and mucosa including the nasopharynx, 

oropharynx, conjunctiva, umbilical cord and the external 

genitalia in the female infant (Habibullah and Koutouby, 

1995). In a study in Egypt by El-Diwany et al., (1987), the 

mother was the source of infection for 7 infants out of 8 in the 

first week of life (87.5%) reflecting the bad hygienic condition 

of mothers and negligence of maternal examination and 

treatment in hospitals. 
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IV.Nosocomial Nursery Infection 

This type of infection is acquired in the hospital and 

usually develops 48-72 hours after birth resulting in 

considerable morbidity among neonates, especially those in 

neonatal intensive care units (NICUs) (Gaynes et al., 1996). 

Nosocomial blood stream infection is the most frequent 

followed by pneumonia while eye, nose and throat are the third 

most common infection sites (Beck-Sague et al., 1996). 

Necrotizing enterocolitis (NEC) is the most common reported 

gastrointestinal infection, especially in low birth weight 

neonates (Moro et al., 1996). 
 

V.Household-acquired Infection 

The newborn infant is susceptible to many of the 

infectious agents that colonize other members of the household 

through the respiratory tract, gastrointestinal tract and skin. In 

addition, the umbilical cord stump and circumcision site 

represent sites for access of pathogenic organisms such as skin 

pathogens as Staphylococcus aureus (Klein and Marcy, 1995). 
 

Risk Factors for Neonatal Sepsis: 

1. Maternal Risk Factors  

I.Rupture of Membranes 

Spontaneous premature rupture of membranes (12-18 

hours or more) was found in 49% of GBS cases and 79% of 

other sepsis (Schuchat et al., 2000). Premature rupture of the 

amniotic membranes before the onset of labor occurs in 20% to 

25% of pregnancies (Schuchat et al., 1994). Premature rupture 

of membranes is more common among mothers who are GBS-

colonized (Matorras et al., 1989) or whose infants have GBS 

infection (Schuchat et al., 1994), particularly among preterm 

infants (Adams et al., 1993). 
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II.Maternal Peripartum Fever 

             Maternal fever ≥ 38°c (Thorsten et al., 2004). 

III.Maternal Peripartum Infection 

Intrapartum fever accompanied by two or more additional 

signs, including fetal tachycardia, uterine tenderness, foul 

smelling vaginal discharge or maternal leukocytosis, occurs in 

1% to 3.8% of parturients and is associated with neonatal GBS 

attack rates ranging from 6% to 20%. 

The risk is presumably even greater in GBS-colonized 

women with chorioamnionitis (Benitz et al., 1999). As a risk 

factor also is perinatal colonization with E. coli (Gomella et al., 

2004). 

 

IV.Low Levels of Maternal Antibodies to GBS 

       (Yancy et al., 1996) 

V.Sibling with GBS Infection 

  It is likely that the risk in subsequent is very high for 

women who had a child with EOGBS disease, but this risk 

cannot be quantitated more precisely (Benitz et al., 1999). 

VI.Amniotic Fluid Problems  

Of these problems is meconium-stained, foul-smelling or 

cloudy amniotic fluid (Gomella et al., 2004). In otherwise 

healthy term baby, none of these factors individually should 

warrant a complete septic workup. However, the combinations 

of these risk factors greatly increase the probability of infection 
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and should heighten the clinical suspicion of sepsis. 

Furthermore, the presence of any single risk factor in a sick 

newborn should prompt an evaluation of sepsis (Rodrigo, 

2002). 

2. Neonatal Risk Factors  

I. Prematurity and Low Birth Weight 

There is a direct correlation between the degree of 

prematurity and the risk of infection. Infants born at less than 32 

weeks of gestation develop EOS 4 to 25 times more likely  than 

their more mature counterparts (Kaftan and Kinney, 1998). 

II.Multiple Gestation 

If one neonate from a multiple gestation has GBS 

infection, the risk of disease in the other(s) may be substantial. 

Concordance of EOGBS has been reported in twins, triplets, 

and quintuplets (Benitz et al., 1999). 

III.Resuscitation at Birth 

Infants who had fetal distress, were born by traumatic 

delivery or were severely depressed at birth and required 

intubation and resuscitation, are more vulnerable to develop 

EOS (Gomella et al., 2004). 

IV.Invasive Procedures 

Indwelling vascular catheters, endotracheal tubes, 

ventricular shunts, and parentral nutrition with lipid emulsions 

(Stoll et al., 2004). 


