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Preface 
 

Neonatal bacterial infection and sepsis are clinical syndromes characterized by 
systemic signs of infection associated with bacteraemia within the first month of life. 
There are two patterns of disease with different spectrums of causative agents, early- 
and late-onset sepsis. Neonatal sepsis still remains a significant cause of morbidity and 
mortality in the newborn, particularly in preterm, low birth weight infants [Stoll and 
Hansen 2003]. Despite advances in neonatal care, overall case-fatality rates from sepsis 
range from 3% to as high as 50% [Palazzi 2001]. Clinical signs of bacterial infection are 
vague and non-specific, and up to now there exists no easily available, reliable marker 
of infection despite a large bulk of studies focussing on inflammatory indices in 
neonatology. 

Bacterial pathogens that cause neonatal infections include Group-B-Streptococci (GBS), 
Escherichia coli, Haemophilus influenzae, Enterococci, Listeria monozytogenes, 
Streptococcus viridans, Streptococcus pneumoniae, and Staphylococcus aureus as the 
most common ones for early-onset infections and coagulase-negative Staphylococci 
(CONS), E.coli, Enterococci, Klebsiella pneumoniae, Staphylococcus aureus, and 
Streptococcus viridans for late-onset infections. The identity of each may be suggested 
by timing of infection, presentation of signs and symptoms, and response to 
empirically prescribed antibiotics. For all organisms, successful management requires 
thorough, thoughtful assessment of risk factors, complete and careful clinical and 
laboratory studies, and prompt initiation of antibiotics and supportive treatment. 

Every neonatologist is faced with the uncertainty of under- or over- diagnosing 
bacterial infection, and positive blood cultures are not the “philosopher´s stone” per 
se. As a result many neonates and especially those born preterm receive empiric 
antibiotic therapy, and the longer they are treated the more resistant pathogens 
develop in case of unconfirmed infection. If the clinical picture combined with a 
negative culture result allows justification of the neonate as being not infected 
antibiotics should be terminated as early as possible. 

In this book three topics will be discussed: clinical presentation including a general 
approach to “sepsis neonatorum” and two distinct diagnoses – pneumonia and 



VIII Preface 
 

osteomyelitis – diagnostic approaches including C-reactive protein and the immature 
myeloid information, and prevention and treatment of bacterial infection with 
immunoglobulins. 

 
Bernhard Resch, MD 

Research Unit for Neonatal Infectious Diseases and Epidemiology,  
Medical University of Graz, Austria  

Division of Neonatology, Department of Pediatrics, Graz,  
Austria 
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Chapter 1 

Early Detection and Prevention  
of Neonatal Sepsis 

Ketevan Nemsadze 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/56121 

1. Introduction 

Sepsis has been a burden to mankind for millions of years and will continue to plague 
man as long as microorganisms exist here on earth. Only recently the medical community 
has started celebrating the World Sepsis Day (WSD) which was established in 2012, yet a 
decade before, at the end of the 20th century the Anti-Sepsis Center was founded in 
Georgia. [1] 

Research shows that early recognition and intervention saves lives. To achieve this 
improvement requires a partnership between the public, parents, and healthcare 
professions. Sepsis is a common pediatric problem. Severe sepsis and septic shock are 
among the leading causes of death in infants and have an overall pediatric mortality rate 
of 8-10%. Definitive diagnosis requires clinical identification of infection in a patient  
who also meets the clinical criteria for the Systemic Inflammatory Response Syndrome 
(SIRS). [2] 

In the given chapter, early recognition, diagnostic criteria, treatment and prevention of 
neonatal sepsis are described.  

2. Definition 

Neonatal Sepsis – is a clinical syndrome which is a general reaction to infection. Neonatal 
sepsis is characterized by systemic inflammation and general damage of tissues. Clinical 
definition is based on existing infection and systemic inflammatory response. Neonatal 
sepsis is diagnosed on the basis of clinical or microbiological data. Neonatal sepsis is an 
irreversible process which may cause mortality in cases of untimely detection and 
treatment. [3] 
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3. Terminology  

Frequently Used Terms Referring to Sepsis: Neonatal Fever; Neonatal Sepsis; Serious 
Bacterial Infection (SBI); Systemic Inflammatory Response Syndrome (SIRS); Septic Shock (= 
Sepsis + Cardiovascular dysfunction).[2] 

Classifications of Neonatal Sepsis  

Neonatal and infant sepsis is classified according to age at the time of disease manifestation. 

‘EARLY’ SEPSIS manifests within the first 72 hours after birth by the vertical transfer of 
microorganisms existing in maternal passages. It is characterized by fulminant multiple 
organ damage. Symptoms of pneumonia may be revealed within the first week of life. 

‘EARLY, EARLY’ SEPSIS AND VERY EARLY SEPSIS manifests within the first 24 hours 
after birth by the vertical transfer of microorganisms existing in maternal passages. 

‘LATE’ SEPSIS manifests within the first 72 hours after birth by the vertical or horizontal 
transfer of microorganisms existing in maternal passages. The primary cause of late sepsis is 
hospital infection. It is characterized by gradual development and multiple nidus of 
infection. Meningitis can occur quite frequently. Sepsis may manifest within the first 3 
months of the child’s life.  

LATE, LATE’ SEPSIS OR VERY LATE SEPSIS manifests more than 3 months after birth 
mainly in children born before 28 weeks of pregnancy or with immunodeficiency.[4,3] 

Frequency of Early Sepsis of Neonates (Tbilisi Central Children’s hospital) 

Full-Term Infants: 0.2% (among 2/1000 neonates) 

Late pre-term infant: 0.3% (among 3/1000 neonates) 

Low Birth-Weight Infants: 1.5% (15/1000 neonates) 

Very Low Birth-Weight Infants: 2.5% (25/1000 neonates) 

Extremely Low Birth-Weight Infants: 25% (250/1000 neonates) 

 
Figure 1. K. Nemsadze, Neonatology, 2010 [1] 
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The frequency of early sepsis in infants with extremely low-birth-weight is 100 times higher 
than in full-term babies. Considering the fact that the number of children born at a 
gestational age greater than 35 weeks is much more common, the data shows that neonates 
with low birth weight are far more likely to be diagnosed with sepsis. [1] 

Frequency of Late Sepsis of Neonates 

Late Sepsis is predominantly nosocomial (hospital disease) thought in some cases infection 
may be connected with maternal organisms. This form of clinical sepsis is one of main 
clinical problems characterized primarily by significantly premature babies. Development of 
late sepsis in neonates of this group is associated with a significant increase in the frequency 
of complications, mortality and the prolonged hospitalization of neonates. 

In West Europe, North America and Australia – late sepsis frequency is up to 6 among 1000 
neonates.  Among neonates of gestational age less of 25 weeks, late sepsis develops in 46% 
of them; among neonates of gestational age between 25-28 weeks, late sepsis develops in 
29%. Thus, the less gestational age the higher the probability of developing late sepsis. The 
frequency of nosocomial infections is inversely proportional to birth weight and gestational 
age of neonates. This complication cannot only be explained by the prolonged 
hospitalization needs of extremely premature children. [5] 

 
Figure 2. K. Nemsadze, Neonatology, 2010 [1] 
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4. Etiology and epidemiology  

Etiological Structure of Sepsis in Developed Countries 

 
Figure 3. J. Garcia-Prats et al.,SeminPediatrInfect Dis, 2000;11:4 [6] 

Etiological Structure of Sepsis in Tbilisi Children’s Central Hospital 

Consequently, the main causative agents of neonatal sepsis are bacteria such as 
staphylococcus. 

Klebsiella, acinetobacter and staphylococcus aureus can be the cause of early as well as late 
sepsis  

Late sepsis is usually a nosocomial disease although is some cases it may be connected with 
vertical infection. Pseudomonas, salmonella and serratia can often cause late sepsis.  Many 
factors impact the etiological structure, including the quality of life, cultural traditions, 
practice of antibiotic therapy and the possibility of distorted results caused by many 
neonates to die at home.  

 
Figure 4. K. Nemsadze, Neonatology, 2010 [1] 
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5. Pathophysiology 
In the presence of sepsis, the response of infection released anti-inflammatory mediators 
can’t localize anti-inflammatory process. Generalized infection is formed as sepsis. The 
cause of sepsis (SIRS) is multi-factorial: Activation of anti-inflammatory mediators; 
complement ischemia of tissues; cytopathology; changes in apoptosis rate. Cellular damage 
with discharge of anti-inflammators (IL1, IL6 TNF- Tumor Necrosis Factor) and anti-
inflammatory mediators increase the probability of developing multi-organ failure. The 
cardiovascular system, pulmonary system, gastro-intestinal tract, kidneys and neurological 
system are most frequently damaged. Given mediators stimulate production of various 
proteins called as reagents of acute phase. Any kinds of inflammation stimulus, including 
infection, trauma and ischemia causes marginal extravasations and activation of 
granulocytes and monocytes with the simultaneous release of anti-inflammatory cytokines 
including interleukins IL1, IL6 TNF (Tumor Necrosis  Factor) [7] 

Sepsis is caused by Systemic Inflammatory Response (SIR) 

It is widely known that sepsis educes as a result of Systemic Inflammatory Response (SIR). 
In the process of opsonization and macrophage phagocytosis pathogens cause the formation 
of various anti-inflammatory mediators (cytokines) which damage vessel endothelium the 
result of which is the release of tissue factors. The coagulation system is activated and 
fibrinolysis inhibitor activity is increased. [8,9] 

Anti-inflammatory Mediators are Reagents of the Acute Phase 

After the patient is stabilized, normalization and a secondary increase in the levels of CBC 
indicate the sepsis complication (subdural empyema and bacterial meningitis [10]. Sepsis may 
change the metabolism of neonates. The change in metabolism may be described in two 
phases 

 Ebb Phase Flow Phase  

EBB Phase 

The initial EBB phase lasts 1-3 days. In this phase the neonate is at the stage of compensation 
while metabolism is slowed. 

EBB Phase Consists of Some Clinical Symptoms:  

 Hypometabolism 
 Decrease of energy consumption 
 Reduction of cardiac output 
 Hypoxia 
 Vasoconstriction  

Flow Phase 

Flow Phase follows the initial Ebb Phase. In this phase the organism goes into a hyperactive 
state, which is particularly conditioned by a hyper inflammatory reaction. In many cases 
flow phase leads to patient mortality. 
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Flow Phase Includes Some Clinical Symptoms: 

 Hypermetabolism 
 Increase in energy consumption 
 Increase in cardiac output 
 Hyperoxia  

6. Risk factors 

Maternal Premature Birth Risk Factors 

 Preterm rupture of the fetus membrane 
 Anhydrous periodgreater than 18 hours 
 Febrile temperature greater than38°C (at or after birth) 
 GBS bacteriuria during current pregnancy (>104 cfu/mL) 
 GBS bacterial colonization of the vagina/perineum 
 Chorioamnionitis/Endometritis 
 Infection of the Urino-Genital Systems 
 Invasive Procedures 
 Previous child with GBS infection 
 Previous child born with sepsis 
 Multiple pregnancy 

Neonatal Risk Factors 

 Premature neonate less than 37 weeks of gestation, Low birth weight and Small for 
Gestational Age(SGA) 

 Male sex 
 Stable intranatal fetal tachycardia 
 Asphyxia/Resuscitation 
 Hypothermia 
 Invasive procedures 
 Artificial feeding 
 Non-insurance fetus 
 Lack of “Skin-to-skin” contact with mother 
 Long-term Hospitalization; Irrational antibiotic therapy 
 Poor sanitary habits of medical personnel. 

It is essential to know the evidence-based risk factors of neonatal infection as modern 
strategies of prophylaxis are precisely based on this data. [11] 

Change of Body Temperature as a Sign of Possible Infection in Neonates 

The use of a mercury glass thermometer is considered the gold standard for measuring the 
normal body temperature of neonates – 36.5 – 37.5 C. Sepsis is characterized by arise in 
temperature or hypothermia. Rise of temperature greater than38C that lasts more than an 
hour is associated with infection process.[12] 
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On the analysis of their research, Klein and Marcy made the following conclusions referring 
to diagnostic analysis of symptoms and the relation to rising body temperature in full-term 
neonates: If bodily temperature is less than 38 °С, 99.9% of neonates will not develop sepsis. 
When among neonates with body temperature more than 38 °С, only 10% are expected to 
developed sepsis. 

7. Clinical symptomatology  

Nonspecific clinical signs: (3P-Signs)  

 Poor breathing 
 Poor sucking 
 Poor looking 

Clinical signs are various and the diversity of symptoms is the result of metabolic and 
inflammatory processes arisen in case of neonatal sepsis. [12] 

Consequently, clinical symptoms of sepsis are nonspecific: They cannot be summarized 
according to principles: Poor Breathing, Poor Eating and Poor Looking. Out of 10 children 
with suspected sepsis, the disease will be confirmed in only one. 

Symptoms of Respiratory Disorders: 

 Tachypnea (>60 in min) 
 Chest retraction 
 Grunting while breathing 
 Inflating the nostrils (nose wings) 
 Apnea/bradypnea (<30 in a min) 
 Hypoxia 
 Irregular breathing [12] 

Symptoms of Gastro-intestinal and Neurologic Disorders: 

 Gastro-intestinal 
 Loss of appetite 
 Vomiting; Diarrhea 
 Abdominal distension 
 Splenomegaly  
 Neurologic 
 Convulsions 
 Hypotonia and Hypodynamia 
 Lethargy [12] 

Symptoms of Cardiovascular and Skin Disorders: 

Cardiovascular: 

 Hypotension 
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 Metabolic Acidosis 
 Tachycardia 

Skin: 

 Pale or marble with petechia or purple 
 Mottling 
 Cold or wet 
 Cyanosis 
 Jaundice [12] 

8. Evaluations criteria of neonatal sepsis  

Bacterial inoculation of blood; Leukocytes (<5 or >30х109/l); Total number of neutrophils; 
Leukocyte index (LI) >0,2; CRP >10 mg/l (Initial examination no later than 12 hours from 
birth); ESR > 15 mm/hr; Chest X-ray in the presence of Respiratory Distress Syndrome 
(RDS); Lumbar puncture in the presence of neurological symptoms; Bacterial inoculation of 
urine by using catheter or suprapubic puncture. [13] 

Lumbar Puncture (LP): When should a lumbar puncture be conducted? 

Symptoms of sepsis and any of the following symptoms; 

Bulging of fontanel, any neurological symptoms, leukocytes < 5 or > 30 х 109 in 24 hours or > 
20 х 109 since second 24 hours or Leukocyte Index (LI) > 0,4  or CRP > 40 mg/l or> 2, 
laboratory Indexes with obvious abnormality.[13] 

Evaluation Criteria of Late Sepsis  

Common clinical conditions if  sepsis is suspected; Instability of body temperature; Gastro-
intestinal symptoms (vomiting, abdominal distension, blood in stool, increase in quantity of 
residual mass in stomach); Neurological symptoms; Cardiorespiratory dysfunction 
(100<HR> 180, 30<BR > 60, hypotension, time of capillary filling  > 4 sec); Respiratory 
symptoms (toughening of parameters of lungs mechanical ventilation of BR > 60, apnoea); 
Metabolic acidosis; hyperglycemia/hypoglycemia; Leukocytosis; leukopenia; Ratio of 
immature neutrophils compared to the total number of neutrophils (LI)>2,0 , 
thrombocytopenia  

Treatment should starts in case of possible sepsis if;the mother is suspected of having 
infection; the infant has clinical signs of infection; the infant has possible signs of infection in 
combination with low weight at birth, asphyxia and other risk factors; positive results of 
screening tests and/or bacterial investigation. 

9. Indication of prophylaxis usage of antibiotics during delivery  

GBS  bacteruria during pregnancy; Previous child with GBS infection; Mother’s temperature 
greater than 38°С, even when GBS culture is negative; Unknown  GBS status and early 
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discharge of amniotic fluid >18 hr., gestational age less than 37 weeks, mother’s temperature 
is greater than 38°С. [2] 

Antenatal Prophylaxis  

It is important to use a wide variety of laboratory methods for identification of GBS (Group 
B streptococcus). Defining the number of colonies in urine of pregnant women is necessary 
to diagnose GBS.[2] 

Main changes in the 2010 guidelines include the following: Intranatal Prophylaxis - Change 
of penicillin-G recommended dose for chemoprophylaxis; Updating schemes of prophylaxis 
for women with an allergy to penicillin and revising the algorithms. [2] 

Secondary Prophylaxis of GBS in Case of Early Sepsis of Neonates 

 
Figure 5. Prevention of Perinatal Group B Streptococcal Disease 
Revised Guidelines from CDC, 2010 [11] 

Full diagnostic evaluation includes a blood culture, a complete blood count (CBC) including 
white blood cell differential and platelet counts, chest radiograph (if respiratory 
abnormalities are present), and lumbar puncture (if patient is stable enough to tolerate 
procedure and sepsis is suspected).Antibiotic therapy should be directed toward the most 
common causes of neonatal sepsis, including intravenous ampicillin for GBS and coverage 
for other organisms (including Escherichia coli and other gram-negative pathogens) and 
should take into account local antibiotic resistance patterns. Consultation with obstetric 
providers is important to determine the level of clinical suspicion for chorioamnionitis. 
Chorioamnionitis is diagnosed clinically and some of the signs are nonspecific.  Limited 
evaluation includes blood culture (at birth) and CBC with differential and platelets (at birth 
and/or at 6–12 hours of life). If signs of sepsis develop, a full diagnostic evaluation should be 
conducted and antibiotic therapy initiated. If 37 weeks’ gestation, observation may occur at 
home after 24 hours if other discharge criteria have been met, access to medical care is 
readily available and a person who is able to comply fully with instructions for home 
observation will be present. If any of these conditions are not met, the infant should be 
observed in the hospital for at least 48 hours and until discharge criteria are achieved. Some 
experts recommend a CBC with differential and platelets at age 6–12 hours. [11] 
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10. Principles of treatment  

Early Sepsis – Ampicillin + Gentamicin; Late Sepsis – Cefotaxime+ Aminoglycosides; 
Consequent A/B therapy depending on the results of repeated blood inoculation - 
Vancomycin and/or Meropenem and/or Antimycotic Drugs. 

It’s important to consider local epidemiological/microbiological data. 

Empyreal antibiotic therapy of early sepsis must impact on gram negative and gram positive 
microorganisms. It’s important to remember that listerias are potential agents for early 
infection of neonates. It is necessary to prescribe 2 antibiotics which cover a wide enough 
spectrum and at the same time resist a selection of antibiotic resistant bacteria. In case of late 
hospital sepsis it is particularly important to affect staphylococcus and gram negative bacteria. 
If mother discharges GBS during delivery it is advised that penicillin be prescribed.  

 
Figure 6. Therapeutic guidelines in neonatal infection 2011[11] 

Duration of Antibacterial Therapy 

Absence of clinical symptoms and negative results of investigation: 48-72 hr; In case of gram 
+ flora – 7 or more days; In case of gram + flora - minimum 14 days; In case of meningitis - 
21 days; Consequent a/b therapy should depend on the results of repeated blood culture 
investigations.[12] 

The duration of antibacterial therapy depends on clinical form of infection while therapy of 
osteomyelitis/endocarditis it is recommended to change antibiotics only in case of absence of 
effect of conducted therapy.  

Dosage of Antibiotics: Ampicilin 

AMPICILIN - Single dose 25-50 mg/kg IntraV/IntraM GBS Infection. 

In cases of bacteria it is permitted- 150-200 mg/kg/day; 

In cases of meningitis- 300- 400 mg/kg in a day 

Gestational Age (weeks.) Child Age (days) Interval between Injection (hours) 

≤ 29 
0-28 
> 28 

12 
8 

30-36 
0-14 
> 14 

12 
8 

37-44 
0-7 
> 7 

12 
8 

≥ 45 All 6 

Table 1. Therapeutic guidelines in neonatal infection 2011 [11] 
Neofax 2009 Twenty Second Edition [14] 
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Dosage of Antibiotics: Gentamicin 

GENTAMICIN 

Injected intravenously slowly during 30 minutes. 

 

 

Gestational Age
(weeks.) Postnatal Age (days) Dose (mg/kg) Interval between 

Injection (hours) 

≤ 29 
0-7 

8-28 
≥ 29 

5 
4 
4 

48 
34 
24 

30-34 
0-7 
≥ 8 

4,5 
4 

36 
24 

≥ 35 All 4 24 

 

 

Table 2. Therapeutic guidelines in neonatal infection 2011 [11] 
Neofax 2009 Twenty Second Edition [14] 

Dosage of Antibiotics: Amikacin 

AMIKACIN 

Injected intravenously slowly during 30 minutes. 

 

 

Gestational Age
(weeks.) 

Postnatal Age 
(days) Dose (mg/kg) Interval between 

Injection (hours) 

≤  29 
0-7 
8-28 
≥ 29 

18 
15 
15 

48 
36 
24 

30-34 
0-7 
≥ 8 

18 
15 

36 
24 

≥  35 All 15 24 

 

 

Table 3. Therapeutic guidelines in neonatal infection 2011 [11] 
Neofax 2009 Twenty Second Edition [14,15] 
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Dosage of Antibiotics: Cefotaxime 

CEFOTAXIME 

Single Dose 50 mg/kg intravenously slowly during 30 minutes Or I/M 

The dosage of antibiotics is relevant to the etiological agent and depends on gestational and 
postnatal age of the neonate and it is chosen according to the Neofax guide.[14] 

 

 

Gestational Age
(weeks.) 

Postnatal Age
(days) 

Interval between Injection  
(hours) 

≤  29 
0-28 
> 28 

12 
8 

30-36 
0-14 
> 14 

12 
8 

37-44 
0-7 
> 7 

12 
8 

≥  45 All 6 

 

 

Table 4. Therapeutic guidelines in neonatal infection 2011[11] 
Neofax 2009 Twenty Second Edition [14] 

11. Consultation with parents  

Complications include the following: Septic shock; Necrotic tonsillitis enterocolitis, ulcero-
necrotic enterocolitis; Subdural empyema; Meningitis 

Information for Patients 

What is Sepsis? 

Sepsis – Is the existence of infection in the blood. Sepsis is a serious disease that impacts the 
whole body. Treatment of Sepsis should be started immediately after diagnosis, because the 
late start of treatment may endanger life. Sepsis may occur in infants, children and adults as 
well. Sepsis diagnosed in children less than 1 month old is specified by the term “Sepsis of 
Newborn”.   

Definition 

Neonatal sepsis is a clinical syndrome which represents a general reaction to infection. It 
is characterized by systemic inflammation and general damage of tissues. Clinical 
definition is based on existing infection and systemic inflammatory response. Neonatal 
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sepsis is diagnosed on the bases of clinical or microbiological data. Neonatal sepsis is an 
irreversible process which may cause mortality in cases of untimely detection and 
treatment. 

Which symptoms are specific for sepsis in newborns? 

 Fever, though some children may have low or normal body temperature 
 Breathing problems or fast heart rate 
 Baby feeds poorly 
 Vomiting 
 Jaundice (baby’s skin or white tunic of eyes turn a yellowish tinge) 
 Somnolence (difficulty in waking the child) 
 Fingers and lips remain cyanotic (blue or purple coloration in the skin) 

Danger signs:  

When is it necessary to contact the doctor? 

You should contact your pediatrician if your baby has one of above-listed symptoms or 
looks sick. 

Is there a need to conduct laboratory tests on a child? 

Yes, the doctor will ask: About the symptoms the baby has, previous deliveries and the 
baby’s status at birth. Observation of child will be conducted and blood analysis of the child 
will be done including tests known as ‘Blood Inoculation’. These tests may determine the 
existence of infection in the blood. 

Frequently, there is need to conduct further laboratory testing in order to  
determine the existence of infection in different parts of body. Examples of some of these 
tests may be:  

Lumbar Puncture (During this procedure doctor inject a thin needle into the lower part of 
backbone to obtain a small amount of spinal fluid. Lumbar liquid helps diagnose disease in 
the brain and spinal cord), analysis of urine, X-ray of thorax.  

What kind of treatment is conducted for newborns with sepsis? 

Most treatment is conducted in hospitals. Doctor will prescribe antibiotics (drug against 
infection) for your baby. The drug is given intravenously via a tube called an ‘IV’. 

Algorithm of management for suspected neonatal sepsis 

Note: 1 ml. is sufficient for bacterial analysis of blood if a pediatric bottle is used. All 
material will be used for aerobic culture therefore anaerobic organisms rarely cause early 
neonatal sepsis. If there is a catheter, blood is obtained simultaneously from the central and 
peripheral catheter.  

It is desirable that diagnostic tests be repeated 24 hours after the first examination. [11] 
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Figure 7. Therapeutic guidelines in neonatal infection 2011[11] 

12. Conclusions and recommendations 

1. Neonatal sepsis requires the immediate diagnosis and treatment in neonates regardless 
of gestational age or body weight at birth. 

2. It is classified as early (<72hr) and late (>72hr); Late-late sepsis or Very Late Sepsis 
developing after 3 months of life in premature neonates with immune deficiencies. 

3. Group B streptococcus (GBS) and staphylococcus are the most frequent agents of 
neonatal sepsis. 

4. Risk factors of neonatal sepsis include GBS bacteriuria at ongoing pregnancy 
(>104 cfu/mL), colonization of mothers by GBS, duration of anhydrous interval ≥18 
hours, mother’s temperature at delivery ≥38º.  

5. Non-specific and various clinical symptoms. 
6. Evaluation of neonates if sepsis is suspected, must include perinatal anamnesis, full 

physical examination and laboratory tests including  CBA with leukogram, blood 
culture, lumbar puncture for the exception of meningitis before a/b therapy starts, 
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culture of urine when the age of neonate is at least 6 days old and a culture obtained 
from other possible infections of nidus.  

7. Differential diagnosis of sepsis must be conducted with other suspected systemic 
infections, neonatal hypoxia, congenital metabolic abnormalities of metabolism and 
neonatal respiratory distress. 

Despites the fact that full-term and premature neonates acquiring sepsis is low, the 
possibility of serious consequences including death is so high that there is the need to 
conduct an immediate diagnoses and treatment of possible sepsis in neonates regardless of 
gestational age or body weight at birth. 
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1. Introduction 

Neonatal pneumonia is a serious respiratory infectious disease caused by a variety of 
microorganisms, mainly bacteria, with the potential of high mortality and morbidity (1,2). 
Worldwide neonatal pneumonia is estimated to account for up to 10% of childhood 
mortality, with the highest case fatality rates reported in developing countries (3,4). It´s 
impact may be increased in the case of early onset, prematurity or an underlying pulmonary 
condition like RDS, meconium aspiration or CLD/bronchopulmonary dysplasia (BPD), 
when the pulmonary capacity is already limited. Ureaplasma pneumonia and ventilator-
associated pneumonia (VAP) have also been associated with the development of BPD and 
poor pulmonary outcome (5,6,7). In this chapter we will review different aspects of neonatal 
pneumonia and will present case reports from our level III neonatal unit in Graz. 

2. Epidemiology 

Reported frequencies of neonatal pneumonia range from 1 to 35 %, the most commonly 
quoted figures being 1 percent for term infants and 10 percent for preterm infants (8). The 
incidence varies according to gestational age, intubation status, diagnostic criteria or case 
definition, the level and standard of neonatal care, race and socioeconomic status. In a 
retrospective analysis of a cohort of almost 6000 neonates admitted to our NICU pneumonia 
was diagnosed in all gestational age classes. The incidence of bacterial pneumonia including 
Ureaplasma urealyticum (Uu) pneumonia was 1,4 % with a median patient gestational age 
of 35 weeks (range 23-42 weeks) and a mortality of 2,5%. There was only one case of viral 
pneumonia, due to RSV-infection and no case of fungal pneumonia. The mortality rate 
associated with pneumonia is in general inversely related to gestational age and 
birthweight, being higher in cases of early onset compared to late onset, and especially high 
in low socioecomomic groups and developing countries (2,3,4). Group B Streptococcus 
accounts for most cases of early onset pneumonia, the commonest bacteria causing late-
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onset pneumonia are gram-negative bacilli such as E coli or Klebsiella spp.(8). Frequently 
bacterial pathogens found in early and late onset sepsis/pneumonia are listed in Table 1.  

3. Pathogenesis 

Pneumonia may be acquired by intrauterine (e.g. transplacental hematogenous, ascending 
from birth canal), intrapartum (e.g aspiration) or postnatal routes (e.g. hematogenous, 
environmental). The pathogens include mainly bacteria, followed by viruses and fungi 
which induce an inflammatory pulmonary condition (1,8). This may cause epithelial injury 
to the airways, leakage of proteinaceous fluid into the alveoli and interstitium, leading to 
surfactant deficiency or dysfunction. Data from a German study (9) suggest that respiratory 
insufficiency in pneumonia is most likely caused by inhibition of surface-tension-lowering 
properties of surfactant rather than by surfactant deficiency. Important predisposing factors 
in the evolution of pneumonia are immaturity, low birth weight, premature rupture of 
membranes, chorioamnionitis and factors associated with prolonged neonatal intensive care 
(2, 8).  

4. Clinical presentation, classification  

Depending on the time of manifestation of infection neonatal pneumonia may be classified 
as early onset pneumonia (within the first 3 or 7 days of life, mostly within 48 hours), or late 
onset pneumonia (within 4 and 28 days of life). Congenital or intrauterine pneumonia can 
be considered a variant of early onset pneumonia (2). Other classifications refer to the 
underlying pathogen, like bacterial or viral pneumonia or the pattern of lung infiltrates (e.g. 
interstitial pneumonia) on chest radiographs. Clinical signs are unspecific and present as 
respiratory distress of various degree, suspicious appearing tracheal aspirates, cough, 
apnea, high or low temperature, poor feeding, abdominal distension, and lethargy. 
Tachypnea is a predominant clinical sign, present in 60-89 % of cases (2). Persistent fever is 
rather unusual, but has been reported in neonates with viral pneumonia (10). The 
radiographical appearance may also vary (11), showing reticulogranular-nodular infiltrates, 
and bilateral streaky or hazy lungs. As small bronchioli tend to collapse there may be 
compensatory hyperaeration in areas free of pneumonial infiltration. In addition there may 
be pleural effusions and/or pneumatocele formation in more complicated cases. Alveolar 
patterns with coarse, patchy parenchymal infiltrates, consolidation, and diffuse granularity 
are more typical for bacterial infections while parahilar streakiness, diffuse hazy lungs or 
reticulo-nodularity are more common in viral disease. The differential diagnoses to be 
considered on initial presentation are mainly surfactant deficiency syndrome and transient 
tachypnoe of the newborn, in addition meconium aspiration syndrome (MAS), pulmonary 
hemorrhage, pulmonary edema, primary pulmonary lymphangiectasis or pulmonary 
lymphangiomatosis, congestive heart failure (11,12) and Wilson-Mikity-syndrome (13). 
Additional investigations like echocardiography, high-resolution computed tomography, 
further laboratory studies, and in rare cases lung biopsy are helpful in the diagnostic work 
up.  
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5. Diagnosis 

The clinical diagnosis of pneumonia is challenging and may not always be correct (over- or 
underestimated). Early tracheal aspirate cultures obtained within the first 8 to 12 hours of age 
may help in diagnosing congenital pneumonia (14,15), especially in certain clinical conditions, 
including maternal fever, clinical chorioamnionitis and leukopenia. But even a positive blood 
culture or proven airway colonization do not necessarily correlate with the clinical picture of 
sepsis or pneumonia (16). In the clinical routine pneumonia is diagnosed based on a 
combination of perinatal risk factors, signs of neonatal respiratory distress, positive laboratory 
studies, radiological signs and a typical clinical course. Some clinical scenarios are more or less 
suspicious . For example VAP, reported to be responsible for up to one third of all nosocomial 
infections, may be suspected two or more days after the initiation of mechanical ventilation 
when new or persistent infiltrates are noticed in 2 or more chest radiographs (5). Additional 
definition criteria developed by the Centers for disease control and prevention (17) include an 
increase in oxygen and ventilator requirements and at least three of the following signs and 
symptoms: temperature instability, wheezing, tachypnea, cough, abnormal heart rate, change 
in respiratory secretions, and abnormal peripheral white blood count. The most common 
organisms in VAP in extremely preterm infants have been shown to be Staphylococcus aureus 
and especially gram-negative organisms like Pseudomonas aeruginosa , Enterobacter spp. and 
Klebsiella spp. (18). Pneumonia caused by Ureaplasma species, Eubacteria mainly colonizing 
the mucosal surface of the respiratory and urogenital tract, may be diagnosed by direct 
isolation of the organism from endotracheal aspirates using culture or PCR-techniques, by 
typical chest-x-ray patterns showing disseminated, patchy infiltrates bilaterally with 
progression to cystic dysplasia, and elevated inflammatory serum-parameters like CRP or an 
increased white cell count (19,20,21). An organism frequently associated with early onset 
pneumonia is Group B Streptococcus. The clinical manifestation occurs usually within 6 of 8 
hours of life and can initially mimic surfactant deficiency syndrome (16, 22). 

6. Treatment, prevention 

As pneumonia is often associated with or non distinguishable from bacterial sepsis initial 
therapy at the NICU includes broad spectrum intravenous antibiotics according to local 
protocols. In our unit we start with a combination of ampicillin and a second generation 
cephalosporine. Although there is no evidence from randomized controlled trials that any 
antibiotic regime is superior for suspected early onset neonatal sepsis (23), the WHO 
recommends as first line treatment ampicillin plus gentamycin (24). In cases where we 
detect pathogens in blood, or in endotracheal aspirates we treat according to susceptibility 
from antibiogram results. A problem which is increasing worldwide in NICU´s is the 
occurrence of multidrug resistant pathogens, mainly gram-negative bacilli (25). As an 
alternative to systemic treatment aerosolized antibiotics like colistin have been used 
successfully in patients with VAP caused by multidrug resistant gram negative bacteria (26, 
27). In patients where we suspect or diagnose an U infection we initiate treatment with 
intravenous clarithromycin (10mg/kg/day), a macrolid antibiotic. In a recently published 
randomized controlled placebo single-center study clarithromycin treatment resulted in 
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eradication of Uu in 68,5 % of the patients and a significantly lower incidence of BPD (2.9% 
vs. 36.4%) in preterm infants weighing between 750 to 1250 g (28). Azithromycin, another 
macrolid antibiotic, which has good inhibitory activity against Ureaplasma in in-vitro 
studies, may also be beneficial for BPD prevention in Ureaplasma colonized/infected 
preterm infants, especially when used early and for longer duration (29). In general the 
clinical and microbiological effectiveness of macrolid antibiotics, the most commonly used 
in the literature being erythromycin, has not yet been shown in adequately powered 
randomized controlled clinical trials (30). Recommendations for the duration of antibiotic 
therapy in proven neonatal pneumonia range from 10 to 21 days (8). Surfactant therapy may 
be beneficial in selected patients by mechanisms improving lung function and decreasing 
bacterial growth, but may require repeated doses (22, 31,32). However, in a recently 
published meta- analysis in patients > 35 weeks gestation with proven or suspected 
pneumonia with onset during the first 28 days of life there was no evidence of a significant 
effect on the primary outcome death, time to resolution of pneumonia, BPD, pneumothorax 
and pulmonary hemorrhage (33). There are still open questions related to the surfactant 
preparation, dosage, optimal treatment frequency, number of doses and patient selection. 
Severe cases of pneumonia with respiratory insufficiency not responding to conventional 
therapy may occasionally be candidates for ECMO (34, 35). Preventative measures to be 
considered include maternal infection control in the prenatal period, prenatal screening and 
prophylaxis for streptococcal colonization (36), preference of non-or minimal invasive 
procedures in the neonatal period like respiratory support without intubation (37), 
immunoprophylaxis against RSV-infection, and general infection control measures in the 
neonatal unit to reduce the incidence and transmission of health-care-associated infections, 
the most important being hand hygiene (38,39,40). Preventive strategies that may have a 
great impact are maternal and infant vaccination programs, as has been already shown in 
developing countries e.g for pneumococcal polysaccharide vaccines (41). 
 

Early onset (< =7 days) Late onset (> 7 days)
Group B Streptococcus (g +) Escherichia coli (g-) 
Escherichea coli (g-) Staphylococcus epidermidis (g+) 
Staphylococcus aureus (g+) Klebsiella-Enterobacter-species (g-) 
Listeria monocytogenes (g+) Pseudomonas aeruginosa (g-) 
Enterococcus (g +)  
Ureaplasma urealyticum (g+)*  

g +/- = gram-positive/negative 
* based on DNA-analysis 

Table 1. Frequently found bacterial organisms in early and late onset neonatal sepsis and pneumonia 

Case 1 

A male neonate was born at 42 weeks gestational age to a multiparous healthy mother 
following spontaneous labor in an external hospital. The membranes ruptured 3 hours 
before delivery. There was no prenatal maternal screening for groub B streptococci disease. 
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After good primary transition, the infant developed clinical signs of respiratory distress 
with oxygen dependency and respiratory acidosis (6 hours post partum). After initiation of 
our standard broad spectrum antibiotic therapy the infant was transferred to our NICU. A 
septic workup showed leukopenia of 2.70 G/L, a left shift in the white cell count 
(immature/total neutrophils (I/T) 0,33), markedly elevated procalcitonin (303 ng/mL) and 
interleukin-6 (IL-6 > 400 pg/L) levels, but normal CRP values, and a positive urinary group B 
streptococcus testing. Blood cultures and tracheal aspirates were negative. Radiographics 
showed bilateral reticulogranular patterns compatible with the diagnosis of RDS (Figure 1). 
The patient was first placed on nasal CPAP but had to be intubated and ventilated 
mechanically due to respiratory deterioration with an increasing oxygen demand up to an 
FiO2 of 1,0 and persistent respiratory acidosis. Surfactant therapy showed no sufficient 
response. Inotropic support was necessary in case of arterial hypotension. Following inhaled 
nitric oxide therapy a decrease in oxygen requirement from 100 to 50 % was achieved over 
the following 48 hours, indicative of secondary pulmonary hypertension. On day 5 of life 
the clinical course was complicated by formation of a large left sided pneumatocele (Figure 
2) and a consecutive symptomatic tension pneumothorax (Figure 3), which was successfully 
treated by insertion of a chest drain. On day 11 of life the patient was extubated, but the 
chest drain had to be left in situ for 3 ½ weeks due to recurrent air leaks. Laboratory 
parameters normalized within a week by our standard antibiotic regime. On day 37 of life 
the neonate had recovered and was discharged home.  

 

 
 

Figure 1. Bilateral reticulogranular lung pattern in Group B Streptococcus pneumonia mimicking RDS 
(Case 1) 
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Figure 2. Pneumatocele formation on the leftside and streaky-granular infiltrates in Group B 
Streptococcus pneumonia (Case 1) 

 
Figure 3. Leftsided tension pneumothorax complicating Group B Streptococcus pneumonia (Case 1) 
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Case 2 

A female infant was delivered by vacuum extraction at 37+4 weeks gestational age to a 
multiparous mother after premature rupture of membranes, meconium stained amniotic 
fluid and pathological cardiotocogram. Maternal vaginal swabs were tested negative for 
Group B Streptococcus. Apgar scores and umbilical artery pH were within the normal 
range. About 12 hours after birth the neonate showed signs of respiratory distress with 
tachypnea, grunting and an oxygen demand of FiO2 >0,3. He was intubated and transferred 
to our NICU. A chest radiograph on admission showed bilateral streaky infiltrates (Figure 
4). On day 2 an elevated CRP of 100mg/L, in combination with the findings on chest 
radiographs and the clinical signs were highly suspicious for the diagnosis of early onset 
neonatal pneumonia. In the yellowish tracheal aspirates Listeria monocytogenes were 
detected. The asymptomatic mother was tested negative for Listeria infection in stool and 
u r i n e  p r o b e s .  O n  c l o s e r  q u e s t i o n i n g  t h e  m o t h e r  r e m e m b e r e d  h a v i n g  

 

 

 

 

 

 

 

Figure 4. Bilateral,streaky and nodular infiltrates in Listeria pneumonia (Case 2) 



 
Neonatal Bacterial Infection 26 

developed gastrointestinal symptoms with diarrhea 2 weeks prior to birth after having eaten 
some cheese made from unpasteurized milk from a local food store. This led us to assume 
that the pregnant mother had most likely infected the fetus following ingestion of the 
bacterium, which had then crossed intestinal cells into the bloodstream and passed the 
placenta (42,43). After initiation of our standard antibiotic therapy the infant recovered 
quickly and was extubated on day 4 of life. Antibiotics were given for a total of 14 days. The 
child had a full recovery. 

Case 3 

A female infant was born to a primigravid mother at 28+1 weeks of gestational age. Delivery 
was by cesarean section due to a pathological cardiotocogram and presumed maternal 
infection (preterm premature rupture of the membranes 9 hours before delivery, preterm 
labour, increased neutrophile count and elevated CRP). The mother was treated with  

 

 

 

 

 

 

 

 

Figure 5. Bilateral lung infiltrates with consolidation mainly in the middle and right lower lobe in 
Enterobacter pneumonia (Case 3) 
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antibiotics. The preterm infant showed clinical and radiological signs of RDS and was 
intubated 15 minutes after birth. Standard broad spectrum antibiotics were started 
prophylactically but terminated after 3 days when daily white cell counts and CRP levels 
revealed no signs of infection. The patient was extubated on day 4 of life and placed on 
nasal CPAP. On day 6 of life the baby appeared septic with new onset of apneas, skin pallor, 
poor peripheral perfusion, metabolic acidosis and neurological signs like increased muscle 
tone and extreme irritability. Due to recurrent apneas despite caffeine therapy the infant had 
to be reintubated. The septic work up confirmed the clinical diagnosis of sepsis. 
Enterobacter cloacae, ESBL positive, was found in the blood culture, liquor cerebrospinalis 
and tracheal aspirate. Peripheral blood count showed leukocytosis, I/T ratio of 0,54, 
thrombocytopenia of 38 G/l, and elevated CRP values of 68,4 rising to a maximum of > 200 
mg/L. Chest radiographs revealed new parenchymal changes compatible with the diagnosis 
of late onset bacterial pneumonia (Figure 5). The antibiotic regime was changed to 
meropenem and teicoplanin. As a further complication of sepsis the patient developed 
transient renal failure and an intraventricular hemorrhage with consecutive hydrocephalus, 
which was finally treated by insertion of a ventriculo-peritoneal shunt. After a long 
complicated neonatal period the patient was finally discharged from the hospital at an age 
of about 3 months in good clinical condition. 

Case 4 

A female infant was born at 24+3 weeks gestational age by vaginal delivery after the 
mother had been admitted to our hospital 1 hour prior to delivery with abdominal pain 
and onset of labors. The neonate developed RDS soon after birth which led to intubation, 
surfactant application and mechanical ventilation. Broad spectrum antibiotic therapy was 
started in case of suspected early onset sepsis. Initial laboratory revealed leukocytosis of 
52.00 G/L, increased IL-6 (29,2 pg/ml) but normal CRP values. The chest radiograph on 
admission was typical for mild RDS but the lung pattern worsened during the first 2 
weeks of life showing disseminated streaky-patchy infiltrates and partly cystic changes 
(Figure 6 and 7), accompanied by an increase in ventilatory requirements suggestive of 
early BPD changes. Therefore a strategy of moderate early BPD-prevention (48) with a one 
week course of intravenous steroids (hydrocortisone) was started. Results from routine 
tracheal aspirate screening for Ureaplasma infection taken during the second day on 
mechanical ventilation revealed a positive culture test (106) for Uu. In addition the 
placenta histology showed signs of chorioamnionitis. Under the assumption of early onset 
ureaplasma pneumonia/ pneumonitis we commenced oral macrolid therapy with 
clarithromycin (10mg/kg), beginning on day 6 of life for a total of 14 days. A repeat 
ureaplasma culture taken during treatment was negative. Mechanical ventilation 
continued for 18 days followed by a prolonged period of NCPAP lasting 7 weeks. Oxygen 
dependency for more than 8 weeks but not at a corrected gestational age of 36 weeks was 
compatible with the diagnosis of mild BPD (44,45). At an age of about 4 months of life she 
was discharged home. 
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Figure 6. Streaky-patchy lung changes with partly cystic appearance in Ureaplasma urealyticum 
pneumonia on day 6 of life (Case 4) 

 

 

 

Figure 7. Early BPD changes in Ureaplasma urealyticum pneumonia on day 18 of life (Case 4) 
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7. Conclusion 

Despite advances in neonatal medicine pneumonia remains a serious problem even in 
developed countries, mainly due to the increased survival of very preterm births and their 
susceptibility for early and late bacterial infections. The clinical spectrum of pneumonia is 
complex, symptoms are often non-specific and laboratory findings may be of limited value, 
making a rapid and correct diagnosis difficult. Treatment may also be challenging if no 
organism can be cultivated or in case of multidrug-resistant bacterial pneumonia. There is 
no clear evidence from randomized controlled trials favoring a specific antibiotic treatment 
strategy so that treatment decisions are based on local antimicrobial resistance patterns and 
clinical experience. Surfactant substitution might be beneficial in selected cases. Preventive 
strategies like health-care associated infection control and vaccination programs might have 
the greatest impact and should be further evaluated and applied at all levels of perinatal 
care. 
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1. Introduction 

Acute osteomyelitis, although a rare complication in neonates, is a diagnostic and 
therapeutic challenge. Due to their immature immune response neonates are more 
susceptible to osteomyelitis than are older children. Preterm infants are at high risk for 
osteomyelitis because of frequent blood drawing, invasive monitoring/procedures and 
intravenous drug administration [1,2]. Early diagnosis of neonatal osteomyelitis might be 
difficult because of the paucity of clinical signs and symptoms, but has to be included in the 
differential diagnosis when late-onset or prolonged neonatal sepsis is present, as outcome is 
dependent on rapid diagnosis and immediate start of treatment.  

2. Epidemiology 

In Western countries the incidence of osteomyelitis and septic arthritis is 5-12 per 100.000 
infants [3]. The overall incidence rate for bone and joint infections is 0.12 per 1000 live births and 
0.67 per 1000 neonatal intensive care (NICU) admissions [4], with a mortality rate of 7.3% [5]. 
Some recent studies have reported an estimated incidence of 1-7 per 1000 hospital admissions 
for neonatal osteomyelitis [6,7]. In a review of more than 300 cases of neonatal osteomyelitis 
male infants are seen to predominate over females (1.6:1) and preterm infants to be at higher 
risk than term infants [8-10]. Risk factors for osteomyelitis and septic arthritis in preterm infants 
are mostly iatrogenic, including invasive procedures, intravenous or intra-arterial catheters, 
parenteral nutrition, ventilatory support, and bacteremia with nosocomial pathogens [11,12]. 
Two subgroups of neonates are affected: premature neonates with prolonged hospitalization 
and otherwise healthy newborns presenting within 2 to 4 weeks of discharge [13]. 

3. Microbiology  
Neonatal osteomyelitis arises as a consequence of hematogenous spread of microorganisms, 
which is the most common route of infection. In preterm infants, neonatal osteomyelitis 
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frequently results from directly inoculated bacteria (secondary to heel or venipuncture, 
umbilical catheterization, infected cephalhematoma, etc.) [14,15]. Premature rupture of 
membranes and transplacental infection have also been described as risk factors for neonatal 
osteomyelitis [16].  

The most common bacterial pathogen causing osteomyelitis in children is Staphylococcus 
aureus in all age groups [17]. Group B streptococcus (Streptococcus agalactiae) and gram-
negative organisms (E. coli and Klebsiella pneumonia) are also important bacteria in the 
neonatal period [16,18,19]. Community-acquired strains of methicillin-resistant 
Staphylococcus aureus have emerged as being relevant in recent years and cause serious 
infections in the neonate [12,20,21].   

4. Pathogenesis 

Hematogenous infection of the long bones, which are most frequently affected, begins in the 
capillary loops of the metaphysic, adjacent to the cartilaginous growth plate (physis). These 
areas are very susceptible to hematogenous infection, because of its high vascularity and 
because the blood flow within the vessels is slow [22]. Bacteria can pass through gaps from 
the sinusoidal veins to the capillaries into the tissue, where they are provided an ideal 
environment to grow, resulting in abscess formation. These abscesses frequently rupture 
into the joint [23]. In neonates acute hematogenous osteomyelitis and septic arthritis co-exist 
in up to 76% of all cases as a result of this unique vascular anatomy of the epiphysis; the 
bone marrow compartment is seldom involved [10,24]. The epiphysis receives its blood 
supply directly from metaphyseal blood vessels (transphyseal vessels) and the adjacent 
cartilaginous growth plate is traversed by capillaries, allowing spread of the pathogenic 
bacteria to the physis, epiphysis and joint and resulting in slipped epiphyses, fractures, 
premature physeal closure and chronic infection (Figure 1) [25].  

Characteristics of the neonatal bone prevent many of the features of chronic osteomyelitis: 
cortical sequestra are often completely absorbed due to extensive bone blood supply in the 
newborn and, in addition, efficient vasculature of the inner layer of the periosteum 
encourages early development of new bone formation [26,27]. Complete destruction of joints 
is rare, but serious growth disturbances may occur.  

5. Diagnosis  

Diagnosis of osteomyelitis in the neonate can be challenging and is often delayed, as it is 
rare in the neonatal period and frequently presents with non-specific signs of illness. 
Diagnosis is based on clinical signs and symptoms, laboratory findings, radiological and 
microbiological criteria.  

5.1. Clinical signs and symptoms 

In general, two distinct clinical syndromes have been postulated to be associated with 
neonatal osteomyelitis: 1) a benign form, with little or no evidence of infection other than 
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local swelling, and 2) a severe form, with the predominant manifestation of a sepsis-like 
syndrome with multiple bone sites being noted as manifestations [28]. In neonates, almost 
half of all cases involve two or more bones.  

 
Figure 1. Anatomic depiction of blood supply to the epiphysis and metaphysis in the developing bone 
that influences the progression of osteomyelitis in the neonate (modified and redrawn from Kaye JJ et 
al, [53]). 

Clinical symptoms and signs of osteomyelitis in the neonate are at first frequently unspecific 
and mild. They may include temperature instability, feeding intolerance, irritability or 
reduced movement, frequently giving rise to the suspicion of secondary sepsis. Fever is a 
rare condition that could be explained by a rather poorly developed immune system. As the 
disease progresses, more specific signs may become present, including disability, local 
swelling or erythema. Focal tenderness over a long bone should catch the physician's 
attention. In some cases subcutaneous abscess formation prompts the diagnosis of 
osteomyelitis. Hip, knee and shoulder are most frequently involved [7,28,29]. 

5.2. Laboratory findings 

In general, there is no specific laboratory test for osteomyelitis. Neonates with osteomyelitis 
frequently show normal leukocyte counts and erythrocyte sedimentation rates in the first 
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days. Thus, normal values do not preclude the diagnosis [30]. The C-reactive protein (CRP) 
is a rapid indicator of systemic inflammation and tissue damage, is useful as acute phase 
reactant, but not specific for skeletal infection. Procalcitonin has also been described as a 
potential marker in the diagnosis of osteomyelitis in children, but needs to be investigated in 
larger trials, especially in newborns [31,32]. Elevated values of CRP and erythrocyte 
sedimentation rates could be used to monitor response to therapy or identify complications. 

5.3. Imaging techniques 

Radiological investigations confirm the suspicion of neonatal osteomyelitis, define the 
infection site, differentiate between unifocal and multifocal disease patterns and identify 
secondary complications. Computed tomography, magnetic resonance imaging, ultrasound, 
radiography and bone scintigraphy scanning have been reported to be useful in detecting 
osteomyelitis. However, awareness of radiation exposure, need for sedation and transfer to 
another unit must be considered in the selection of technique. 

Radiographs should be the first diagnostic assessment to be performed in patients with 
suspected osteomyelitis, because they may suggest the correct diagnosis and exclude other 
pathologic conditions (Figure 2a). However, the specificity of plain radiographs for 
detecting osteomyelitis is greater (75% to 83%) than its sensitivity (43% to 75%) [33]. Plain 
radiography can show soft tissue swelling and destroyed fascial planes within days after 
onset of infection, but may be subtle and not obvious until day 5 to 7 in children [34]. In the 
neonate even soft tissue swelling may not be present, because subcutaneous fat is lacking 
and fascial planes are poorly defined. Joint effusions might be suspected if widening of the 
joint space or bulging of the soft tissues is detected. Additional early changes are as follows: 
periosteal thickening/elevation, lytic lesions, osteopenia, loss of trabecular architecture, and 
new bone apposition [35]. Of importance, destructive bone changes do not appear until 7 to 
14 days of disease [25]. 

Predominately in children, ultrasound can detect features of acute osteomyelitis several 
days earlier, than radiographs [34]. Even though findings may not be specific and 
standardized reports for neonates with osteomyelitis are lacking, ultrasound should be 
taken into account as a useful additional diagnostic tool for the early detection and 
management of osteomyelitis in neonates as it has many advantages: it is non-invasive, 
readily accessible, performed bedside, of minimal discomfort for the patient, does not use 
ionizing radiation and does not need sedation [36,37]. Even though ultrasound cannot 
exclude the diagnosis of osteomyelitis, its main value lies in its ability to identify 
involvement of the adjacent soft tissue (subperiosteal fluid collection or abscess formation), 
periosteal thickening or elevation, joint effusions and irregularities or interruptions of the 
cortical bone (Figure 2b) [38,39]. Color Doppler imaging further supports the diagnostic 
assessment, showing coexisting presence of hyperemia surrounding the periost and soft 
tissue abscess formation. Ultrasound can also be used to image guided-needle aspiration of 
the subperiosteal fluid for pathogenic organism isolation or subperiosteal abscess drainage. 
Furthermore, ultrasound has been described as being helpful in differentiating between 
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epiphyseal separation and subluxation following septic arthritis [40]. However, ultrasound 
cannot exclude the diagnosis of acute osteomyelitis, and thus further imaging diagnostics 
may be required [41,42]. 

 
(a) 

 
(b) 

Figure 2. Acute osteomyelitis of the right humerus. a) periosteal elevation and soft tissue swelling b) 
joint effusion and synovial thickening 

Magnetic resonance imaging (MRI) has high specificity (94%) and sensitivity (97%) for the 
diagnosis of acute osteomyelitis, showing changes as early as day 3 to 5 after the onset of 
infection [43,44]. MRI gives excellent tissue characterization and high resolution, showing 
detailed anatomic presence of the inflammatory process and its complications (abscess 
formation, physeal involvement, septic arthritis), further allowing the assessment of 
involvement of the growth plate and epiphysis. MRI has been proven useful in the 
diagnosis of clinically suspected osteomyelitis in children [45-48], but for its use in 
neonatology it has several limitations: first and foremost the need for sedation and 
transfer to the MRI unit.  

Three-phase bone imaging, using technetium 99m is very sensitive (90%-95%) for the 
detection of acute osteomyelitis in the early stages of disease and allows detection within 24 
to 48 hours after onset of symptoms [34,49]. Bone scintigraphy is especially useful for 
detecting multiple foci of infection or if the infection site is poorly localized. Technetium-99 
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methylene diphosphonate accumulates in areas of increased bone turnover and is for now 
the preferred agent of choice for radionuclide bone imaging. In neonates bone scintigraphy 
is the subject of controversy: only a few reports support its use and have shown that 
sensitivity is much lower, than in older infants because of poor bone mineralization 
[18,48,50]. 

6. Treatment 

Successful cure of osteomyelitis during the newborn period is dependent on a fast and true 
diagnosis and sufficient treatment. Empirical selection of antibiotic therapy depends on the 
age and the clinical situation of the infant. Antimicrobial therapy should be started as soon 
as the diagnosis is made and directed against the most common bacterial isolates 
responsible for hematogenous osteomyelitis according to age group. Delay in therapy 
commencement increases the risk for complications. If a definitive organism is isolated, 
antimicrobial treatment should be accordingly adjusted.  

For neonates an empiric regimen should include excellent coverage against S. aureus, group 
B streptococcus and enteric gram-negative bacteria, thus consisting of a third-generation 
cephalosporin (cefotaxime) plus an antistaphylococcal agent (amoxicillin). Infants at risk for 
hospital-acquired infection (methicillin-resistant or coagulase negative Staphylococcus 
aureus) should receive vancomycin instead of amoxicillin.  

Duration of treatment depends on the extent of infection, the clinical response and the 
presence of underlying risk factors [51]. In the case of unifocal osteomyelitis continuation of 
treatment for six weeks and in the case of complex disease, defined as multifocal, significant 
bone destruction, resistant unusual pathogen, septic shock, continuation for more than six 
weeks to months might be required. Antimicrobial treatment is frequently administered 
intravenously for two to three weeks and then switched to oral medication [52]. Surgery is 
indicated to drain acute abscesses or when no improvement is achieved with antibiotic 
treatment. 

7. Prognosis 

Several studies have documented poor outcome even with modern treatment facilities. In 
neonates the reported incidence of permanent sequelae varies from 6% to 50% [2,11]. 
Neonatal osteomyelitis can lead to permanent joint disabilities, disturbances in bone growth 
secondary to damage to the cartilaginous growth plate, limb-length discrepancies, arthritis, 
decreased range of motion and pathologic fractures [51]. 

8. Conclusion 

Neonatal osteomyelitis, although a rare complication, remains a diagnostic and therapeutic 
challenge and poses the infant at high risk for long term morbidity. Osteomyelitis should be 
considered in newborn infants presenting with clinical signs of sepsis, but lacking an 
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obvious focus, in order to facilitate early diagnosis and prompt initiation of appropriate 
therapy. 
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1. Introduction 

During the last decades advances in neonatal intensive care have led to an impressive 
decrease of neonatal mortality and morbidity. However, infectious episodes in the early 
postnatal period still remain serious and potentially life-threatening events with a mortality 
rate of up to 50% in very premature infants. [1, 2]  The signs and symptoms of neonatal 
sepsis can be clinically indistinguishable from various noninfectious conditions such as 
respiratory distress syndrome or maladaptation. Therefore rapid diagnosis is crucial for 
preventing the child from an adverse outcome. The current practice of starting empirical 
antibiotic therapy in all neonates showing infection-like symptoms results in their exposure to 
adverse drug effects, nosocomial complications, and in the emergence of resistant strains. [3] 

Sepsis results from the complex interaction between the invading microorganism and the 
host immune, inflammatory, and coagulation response. [4, 5] Inflammatory cytokines  
(TNF-α, IL-1β, IL-6, IL-8, IL-15, IL-18, MIF) and growth factors (IL-3, CSFs), and their 
secondary mediators, including nitric oxide, thromboxanes, leukotrienes, platelet-activating 
factor, prostaglandins, and complement, cause activation of the coagulation cascade, the 
complement cascade, and the production of prostaglandins, leukotrienes, proteases and 
oxidants. [6]  

Laboratory sepsis markers represent a helpful tool in the evaluation of a child with clinical 
signs and complement the evaluation of a neonate with a potential infection. During the last 
decades efforts were done to improve laboratory sepsis diagnosis and a variety of the above 
mentioned markers and more were studied with different success. Despite the promising 
results for some of them current evidence suggests that none of them can consistently 
diagnose 100% of infected cases. C-reactive protein (CRP) is the most extensively acute 
phase reactant studied so far and despite the ongoing rise (and fall) of new infection 
markers it still remains the preferred index in many neonatal intensive care units.  
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There is great interest in rapid diagnostic tests that are able to safely distinguish infected 
from uninfected newborns, especially in the early phase of the disease. [7] In fact, a delayed 
start of the antibiotic treatment may be no more able to stop the fulminant clinical course 
with development of septic shock and death within hours after the first clinical symptoms. 
[8] In the era of multi-resistant microorganisms, it is as well important to avoid the 
unnecessary use of antibiotics in sepsis-negative infants.  

2. Structure and function of CRP 

CRP was first described in 1930 by Tillet and Francis at Rockefeller University. [9] They 
observed a precipitation reaction between serum from patients suffering acute 
pneumococcal pneumonia and the extracted polysaccharide fraction C from the 
pneumococcal cell wall. This reaction could not be observed when using serum of neither 
healthy controls nor the same pneumonia patients after they had recovered. In view of the 
fact that the polysaccharide fraction was a protein the C-reactive component in the serum 
was named C-reactive protein. [9] By the 1950s CRP had been detected in more than 70 
disorders including acute bacterial, viral, and other infections, as well as non-infectious 
diseases such as acute myocardial infarction, rheumatic disorders, and malignancies. [10] 
All of these disorders of disparate etiology had in common the theme of inflammation 
and/or tissue injury. [11]  

CRP is composed by five identical subunits arranged in a cyclic pentameter shape. The 
whole protein has a diameter of 102 Å (1 Ångström = 10-10 m) and a molecular weight of 118 
000 Daltons. [12] All subunits have the same orientation; therefore the whole protein has 
two faces, a ‘recognition’ face exhibiting five phosphocholin-binding sites and an ‘effector’ 
face containing complement and Fc-receptor-binding sites. [12] The principal ligand to CRP 
with the highest binding affinity is phosphocholin, which is found in lipopolysaccharid and 
cell walls of many bacteria and micro-organisms as well as in the outer leaflet of most 
biological membranes. [12] 

After binding to a macromolecular ligand CRP is recognized by the component C1q of the 
complement system and activates it on the classical pathway. CRP-ligand complexes bind to 
the Fc-receptor on neutrophil granulocytes, macrophages, etc as well and thus promote 
phagocytosis of the pathogen. CRP further activates monocytes and macrophages and 
stimulates the production of pro-inflammatory cytokines such as Interleukin-1 and Tumor 
necrosis factor α. [12, 13] 

3. CRP is part of the acute-phase-response 

The acute-phase-response is a physiological and metabolic reaction to an acute tissue injury 
of different etiology (trauma, surgery, infection, acute inflammation, etc) which aims to 
neutralize the inflammatory agent and to promote the healing of the injured tissue. [11]  

After a trauma or the invasion of microorganisms an acute localized inflammatory reaction 
is initiated by activation of local resident cells. The contact with bacterial endo-or exotoxins 
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initiates the release of prostaglandins, leucotriens, and histamine, which results in 
vasodilatation, elevated vascular permeability, sensibilization of nozizeptors, and attraction 
and activation of further inflammatory cells.  

Activated fibroblasts, leukocytes, and endothelial cells produce pro-inflammatory cytokines 
including IL-1, TNF- α, and IL-6. They are responsible for the development of fever, 
lethargy, arthralgia, and headache, they activate the vascular endothelial cells, regulate 
proliferation of T-and B-lymphocytes, activate macrophages, have pro-coagulatory effects 
on endothelial cells, and they induce the production of acute-phase-proteins in the 
hepatocytes of the liver.  

Acute-phase-proteins form a heterogeneous group and include components of the 
complement system, coagulation factors, protease inhibitors, metal binding proteins, CRP, 
and other proteins that increase or decrease by more than 25% during an inflammatory 
reaction. [11-13]  

The production of CRP in the hepatocytes is mainly induced by IL-6 but can be further 
increased by synergy with IL-1. [14] ] Some authors have aimed to determine the normal 
serum CRP concentration in healthy adults: In 1981 Shine et al. [15] evaluated serum 
concentration of CRP determined by radioimmunoassay in 468 sera from normal adult 
volunteer blood donors and reported on a median concentration of 0.8 mg/l with a 90th 
percentile of less than 3.0 mg/l. More recently, Rifai and Ridker [16]  used three different 
high-sensitivity techniques to determine CRP distributions in their cohort consisting of 22 
thousand healthy adults from the Unites States. The median CRP values for men and 
women were 1.5 and 1.52 mg/l, the 90th percentiles were 6.05 and 6.61 mg/l, respectively. 
Similarly, Imhof et al [17] examined CRP values from 13 thousand apparently healthy men 
and women from different populations in Europe. The reported median concentration in the 
single cohorts ranged from 0.6 to 1.7 mg/l, the 90th percentiles from 3.2 to 8.0 mg/l.  

During the acute-phase-response the hepatic synthesis rate increases within hours and can 
reach levels 1000 fold. [10, 12] CRP levels remain high as long as the inflammation or tissue 
damage persists and then decrease rapidly. The half life time of CRP is 19 hours under all 
conditions, which shows the synthesis rate alone is responsible for the actual serum 
concentration. [18]  

4. Serial CRP determinations are of high sensitivity in diagnosis of 
neonatal sepsis 

CRP passes the placenta only in very low quantities, therefore, any elevation in the neonate 
always represents endogenous synthesis. [19] De novo hepatic synthesis starts very rapidly 
after a single stimulus with serum concentrations rising above 5 mg/l by about 6 hours and 
peaking around 48 hours. [20]  

In diagnosis of early onset sepsis previous studies reported on widely differing sensitivities 
and specificities of CRP ranging from 29% to 100% and from 6% to 100%, respectively. [11, 
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21, 22] These extreme variations are a result of different reference-values, test 
methodologies, patient characteristics and inclusion criteria, number of samples taken, and 
sampling time. Furthermore, definitions of sepsis widely differ between studies making 
serious comparisons hardly possible.  

The sensitivity of CRP is known to be the lowest during the early stages of infection. [23-25] 
For a single CRP determination at the time of first sepsis evaluation the sensitivity and 
specificity range from 22% to 69% and from 90% to 96%, respectively. [23, 24, 26-29] Similar 
results were reported for cord blood CRP. Even with low cut-off values being used [1 to 5 
mg/l) sensitivities and specificities ranged from 22 to 74% and from 78 to 97%, respectively. 
[30-33] Thus, a single normal value at the initial sepsis work-up is not sufficient to rule out 
an infection [11].  

On the other hand a raised CRP is not necessarily diagnostic for sepsis, as elevations may as 
well occur due to the physiologic rise after birth or non infection associated conditions (see 
below). Therefore, concerns were raised about the reliability of CRP during the early stage 
of the disease being neither able to diagnose nor to rule out an infection with certainty. [23]  

Benitz et al. [23] found that the sensitivity in the diagnosis of culture proven early onset 
sepsis increased from 35% at the initial sepsis work-up to 79% and 89% when CRP 
determination was performed on the two following days. In a large series of 689 neonates 
(187 with sepsis) Pourcyrous et al. [24] reported a higher sensitivity for CRP levels 
determined at least 12 hours after the initial evaluation compared to the first value (54% vs. 
74%). In general the sensitivity substantially increases with serial determinations 24 to 48 
hours after the onset of symptoms, and several studies reported on sensitivities and 
specificities ranging from 78% to 98% and from 81% to 97%, respectively. [11, 21, 23-27, 34]  

Some authors have suggested that serial determinations may be useful for identification of 
infants who do not have a bacterial infection as well: Two consecutive CRP values <10 mg/l 
carry a 99% negative predictive value in accurately identifying infants not infected. [6, 21, 
23, 35-37] At 48 h after onset of symptoms with at least two normal CRP values and negative 
blood cultures infection can be ruled out and antibiotics can be stopped. [38] 

Similarly, serial CRP measurements can be helpful in monitoring the response to treatment 
in infected neonates, to determine the duration of antibiotic therapy, and to recognize 
possible complications. [24, 25, 39] In a cohort of 60 neonates with early onset sepsis Ehl et 
al. [40] demonstrated that after initiation of a successful antibiotic therapy CRP values 
further increased, peaking and consecutively decreasing after 16 hours. A CRP level that 
returned again to the normal range may indicate that the duration of antibiotic treatment 
has been sufficient allowing discontinuation of antibiotics. [35]  

5. CRP values can be elevated in non-infectious conditions  

In adults, elevated CRP concentration was described in a large variety of disorders apart 
from bacterial, viral, and fungal infections including burns, surgery, rheumatic disorders, 
malignancies, and vasculitis. [20]  
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In neonates, non infection associated elevation of CRP was described in conditions of 
maternal and perinatal distress, neonatal hypoxia, and tissue damage. Several authors have 
described links of CRP to maternal fever, stressful delivery, prolonged rupture of 
membranes and/or prolonged labor, asphyxia, meconium aspiration syndrome, 
intraventricular hemorrhage, pneumothorax, and tissue injury. [19, 24, 34, 41-49] (see  
table 1) 

 

-Perinatal asphyxia/ shock [34, 41, 43, 45] 
-Maternal fever during labor [41, 42] 
-Prolonged rupture of membranes [41-45] 
-Stressful delivery or fetal distress [19, 41, 43] 
-Prolonged labor  [42, 44, 46]  
-Clinically silent meconium aspiration[42]  
-Surfactant application [48, 64] 
-Intra-ventricular hemorrhage[34, 43] 
-Pneumo-thorax.[34] 
-Tissue injury[24] 

Table 1. Non-infectious conditions associated with increased CRP values during the first days of life. 

However, the issue on non-infectious CRP elevations in the neonate is not undisputed. 
Different studies gave to some extent inconsistent results and conditions that some authors 
described being associated with CRP elevation were not found in other analyses. The 
earliest descriptions on non infectious conditions influencing CRP derive from simple 
observations that elevated values in not infected infants might be connected to coincidental 
non-infectious conditions, though no statistical confirmation is given.  

Few investigations were performed on the association of CRP with non infectious conditions 
in healthy neonates. Chiesa et al. evaluated conditions influencing what constitutes normal 
CRP values in healthy neonates. In their analysis on 148 healthy term or near term neonates 
they identified low 5-minute Apgar score and premature rupture of membranes being 
significantly associated with CRP response at birth and pregnancy induced hypertension 
with CRP response at 24 hours of life. [45] In a similarly selected cohort of 421 healthy 
neonates including 200 premature infants they confirmed an association with the time of 
ruptured membranes and added duration of active labor, prenatal steroids, and intrapartum 
antimicrobial prophylaxis as variables that had a significant effect on CRP concentrations 
when adjusted for gestational age, gender, and sampling time. [44] 

The current literature suggests that CRP may be elevated in some non-infectious 
conditions, of which some may per se clinically mimic a bacterial infection as well. Thus, 
the up to date available information lacks in robust evidence to support a claim that 
withholding antibiotics may be justified in infants with raised CRP in the above 
mentioned conditions.  
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6. CRP performance in diagnosis of neonatal sepsis and baseline CRP 
concentrations differ between term and preterm neonates 

Even though advances in neonatal intensive care have led to increasing preterm birth rates 
and survival rates, the influences of prematurity on laboratory test results are poorly 
understood and have not been assessed systematically. This is also true for CRP, which is 
one of the most extensively studied infection markers in the neonatal period. Reports on the 
influence of gestational age on kinetics of CRP in infected and uninfected infants are limited:  

Turner et al. [50] demonstrated an association of gestational age with the magnitude of 
clinically relevant CRP responses during the first seven days after birth. In case of a 
clinically relevant CRP rise >10 mg/l the proportion of a pronounced response >60 mg/l 
increased with gestational age from 8% in newborns from 24 to 27 weeks to 25% in 
newborns from 40 to 41 weeks.  

Several other authors have contributed to the growing body of evidence further supporting 
the difference in CRP response to infection between term and preterm infants. In a cohort of 
348 infants Kawamura et al. [25] reported a lower sensitivity of CRP in the diagnosis of 
neonatal sepsis in preterm compared to term newborns (61.5% vs. 75%). 

Doellner et al. [51] described a significantly lower CRP increase induced by infection in 
preterm compared to term infants. In their cohort of 42 newborns with either culture proven 
or probable sepsis infants with a gestational age less than 35 weeks had lower CRP values 
and lower CRP peak values compared to infants with a gestational age greater than 35 
weeks (CRP values 0 vs 18 mg/l, CRP peak values 15 vs 52 mg/l). 

We have recently reported on a lower CRP response to infection in preterm compared to 
term newborns with a lower sensitivity (53% vs. 86%), lower median values (9 vs. 18.5 mg/l), 
and a lower area under the receiver operating characteristics curve (0.799 vs. 0.890). [48] 

What might explain the observed differences of CRP values between term and preterm 
newborns? One fact might be the differences in pre- and postnatal care regarding more 
frequent prophylactic antibiotic treatment in preterm infants and their mothers during birth. 
Timing of blood sampling might be another critical point being possibly earlier in preterm 
newborns. CRP is thought to play an important role in innate immunity, as an early defence 
system against infections. As far as the endogenous immune response depends on 
gestational age CRP responses might be lower due to a less mature immunological system 
of the preterm newborn.  

Table 2 gives an overview on current literature on the association of CRP kinetics with 
gestational age and/or birth weight.  

For neonates, assessment of laboratory tests occurs within a complex context of prenatal 
growth and neonatal development. [52] Though the current literature reveals some minor 
disagreement on the effect of gestational age on CRP there is a body of growing evidence 
suggesting that the so far reported characteristics of CRP may not be as suitable for the use 
in preterm as in term newborns. Their baseline CRP values may be lower and their response 
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to infection less distinct. Prematurity of the organ systems and maturational changes in the 
immune system might result in a more distinct CRP response to delivery in uninfected 
newborns and to bacterial invasion in infected newborns. The few studies so far addressing 
this issue suggest that the diagnostic accuracy of CRP in preterm infants may benefit from a 
re-evaluation of the reference intervals in this age group. [25, 44, 48, 51]  
 

Author Cohort   
Diagnostic accuracy Sensitivity (%)  
Kawamura 
et al. [25] 

348 neonates 
with suspicion of 
infection 

61.5 vs. 75 (preterm vs. term neonates) 

Hofer et al. 
[48] 

532 uninfected 
and infected 
neonates 

53 vs. 86 (preterm vs. term neonates 
at 8 mg/l cut-off value) 

Highest sensitivity in preterm infants at the cut-off 5.5 mg/l 
(74%) and at 10.5 mg/l in term infants (86%) 

CRP concentration median (mg/l) peak (mg/l)  
Doellner et 
al. [51] 

42 neonates with 
probable or 
proven sepsis 

0 vs. 18 15 vs. 52 (<35 weeks vs. ≥35 weeks) 

Hofer et al. 
[48] 

499 uninfected 
neonates 

0.2 vs. 2.0 9.0 vs. 26.2 (preterm vs. term neonates) 

33 neonates with 
proven sepsis 

9.0 vs. 18.5 40.4 vs. 98.6 (preterm vs. term neonates) 

Ishibashi et 
al. [46] 

110 uninfected 
symptomatic 
neonates 

Gestational age and birth weight significantly influence 
hsCRP concentration within 48 hours after birth. Infants with 
low gestational age and low birth weight had lower hsCRP 
concentration (p=.013 and .024, respectively).  

Chiesa et al. 
[44] 

421 healthy 
neonates 

By regression analysis mean CRP increased by 6% per week 
gestational age at delivery (p<.01) and per 2.4% per 100 g 
increase in birth weight (p<.01) 

Turner et al. 
[50] 

3574 neonates In case of a clinically relevant CRP rise >10 mg/l, the 
proportion of a pronounced response >60 mg/l increased 
with gestational age from 8% in newborns from 24 to 27 
weeks to 25% in newborns from 40 to 41 weeks.  

Table 2. Overview on current literature on the difference in CRP kinetics between term and preterm 
neonates.  

7. Performance of CRP in diagnosis of neonatal sepsis can further be 
enhanced by combining it with early sensitive markers 

An important limitation of CRP is the low sensitivity during the early phases of sepsis. By 
then values are often still normal, though the consequences of the bacterial invasion are 
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already apparent and a delay of the initiation of antibiotic therapy may be associated with 
an adverse outcome. CRP takes ten to twelve hours to significantly change after the onset of 
infection. [6] Earlier in the inflammatory cascade activated macrophages release pro-
inflammatory cytokines (IL-1, IL-6, TNF-α) and growth factors (IL-3, CSFs) inducing the 
hepatic synthesis of acute-phase-reactants and the activation of neutrophils. The increase of 
cytokines therefore precedes the changes of CRP. Of the many mediators studied, much 
attention has been focused on IL6, IL8, and TNF-α.  

IL-6 increases rapidly after the bacterial invasion and was demonstrated to have a high 
sensitivity during the early stages of sepsis (80%-100%) even when determined from 
umbilical cord blood (87%-100%). [29, 53) However, a short half life caused by plasma 
protein binding, hepatic clearance, and inactivation results in a rapid normalization of serum 
levels and a decrease of sensitivity during the later course of the disease, even though the 
infection persists. IL-8 and TNF-α have very similar characteristics and kinetic properties to IL-
6. Both are pro-inflammatory cytokines predominantly produced by activated phagocytes in 
response to systemic infection and inflammation. [53] While studies report on a reliable 
diagnostic accuracy of IL-8 with a sensitivity of 69%-100%, the usefulness of TNF-α as a 
diagnostic marker has not been found to be as good as either IL-6 or IL-8. [53, 54]  

Similar to CRP procalcitonin is another important acute-phase reactant produced by 
monocytes and hepatocytes. It has the advantage of increasing more rapidly after contact to 
bacterial endotoxin with levels rising after four hours and peaking at six to eight hours [55] 
In a recent meta-analysis the sensitivity and specificity in the diagnosis of early onset sepsis 
were 76% (range 68–82%) and 76% (60–87%). [56] Though the sensitivity during the early 
stages of sepsis may be superior to CRP, the significant rapid variations of basal levels after 
birth, the increase after non-infectious conditions such as asphyxia, maternal pre-eclampsia, 
and intracranial hemorrhage,[57] and the need for several different cut-off values with 
changing neonatal age, have limited its diffusion as an early marker in comparison to CRP.  

Specific leukocyte cell surface antigens are known to be expressed in substantial quantities 
after inflammatory cells are activated by bacteria or their cellular products. [62] From the 
amount of surface markers studied neutrophil CD11b and CD64 appear most promising for 
diagnosis of neonatal sepsis. CD11b expression increases considerably within a few minutes 
after the inflammatory cells come into contact with bacteria and endotoxins. [58, 59] The 
sensitivity and specificity of CD11b for diagnosing early onset neonatal sepsis are 86–100% 
and 100% respectively. [7, 53] CD64 has a sensitivity ranging between 81% and 96% and a 
NPV between 89% and 97%. [60] Though promising, estimation of cell surface markers is 
limited by the need for sophisticated equipment and the need to process blood samples 
rapidly before neutrophils die from apoptosis or the surface antigens are down regulated. [61]  

Despite the favorable claims by many studies, many of these diagnostic markers fail to meet 
the stringent demands required for clinical practice. High costs, limited availability of 
specimens at the appropriate time, and complexity of the assay methods all limit the clinical 
applicability. More importantly, the relatively small sample size in most studies, the lack of 
clear reference values for many diagnostic markers still prohibit the use of most of these 
parameters in clinical practice.  
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Sensitivity is low during the early phase of infection. The performance of serial 
determinations 24 to 48 hours after the onset of symptoms is recommended, as it clearly 
improves diagnostic accuracy.  

CRP is particularly useful for ruling out an infection and for monitoring the response to 
treatment and guiding the duration of the antibiotic therapy. Two consecutive values <10 
mg/l determined more than 24 hours apart identify infants unlikely to be infected or in 
whom infection has resolved. 

CRP values undergo a physiological 3-day-rise after birth and non-infectious confounders 
such as meconium aspiration syndrome and perinatal maternal risk conditions may elevate 
CRP values in otherwise healthy newborns. 

Preterm neonates have lower baseline CRP values and a lower CRP response to infection in 
compared to term newborns.  

Data on non infectious CRP elevations in otherwise healthy newborns are inconsistent and 
does currently not allow drawing recommendations on the continuation or withdrawal of 
antibiotics in these infants.   

Up to date the most used cut-off value is 10 mg/l irrespective of the gestational and 
postnatal age of the neonate. Cut-off values adapted to the gestational and postnatal age 
may better reflect neonatal physiology.  

In order to compensate for the diagnostic weakness during the early phases of infection 
initial CRP determination should be combined with determination of early and sensitive 
markers. Suitable markers include but are not limited to PCT, IL6, and IL8. Many further 
parameters may provide similar good results but are not yet sufficiently examined to be 
applied to clinical practice.  

Table 3. CRP facts.  

At the moment none of the described current diagnostic markers are sensitive and specific 
enough to influence the judgment to withhold antimicrobial treatment independent of the 
clinical findings. Efforts were done to improve diagnostic accuracy by combining multiple 
markers in order to further enhance the diagnostic accuracy of these mediators in 
identifying infected cases.  

CRP has been investigated in combination with a variety of “new” infection markers 
including cytokines, surface markers, and other acute-phase-reactants with promising 
results. Especially the combination with an early sensitive marker such as PCT, IL6, IL8, 
CD11b, and CD64 increases the sensitivity to values between 90% and 100% in most studies.  

8. Do special subpopulations need special CRP reference values? 

Especially in the early neonatal period, many physiological and metabolic processes are in 
change and differ from every later moment in life. These changes affect several laboratory 
parameters as well and many reference values and serum kinetics substantially differ to 
later periods. [62]  
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Reliable reference values are crucial for obtaining an adequate diagnostic accuracy. Upper 
limits for CRP during the first days of life have mainly been established from uninfected but 
symptomatic neonates. The cut-off values reported in the literature range from 1,5mg/l to 20 
mg/l with thus wide ranging sensitivities and specificities. [11, 63] The up to date most used 
upper limit for CRP during the first days of life of 10 mg/l has been established in 1987 by 
Mathers and Pohlandt. [28] One decade later, Benitz et al. evaluated CRP levels in 1002 
episodes of suspected early onset sepsis and confirmed the value being an appropriate 
threshold level. [23] 

Use of CRP in the first few days after birth is complicated by a nonspecific rise primarily 
related to the stress of delivery. [11, 45] This rise of CRP starts shortly after birth and peaks 
with 13 mg/l in term and 11 mg/l in preterm newborns during the second and third day of 
life, respectively. [44] These observations raise concern about the static cut-off value not 
reflecting the physiologic kinetics of CRP after birth. In view of the physiologic dynamics of 
CRP during the first days after birth and the influence of gestational age on its response to 
infection, it appears reasonable to reconsider this static cut-off value and evaluate the 
possible advantages of the introduction of dynamic reference values. However, the current 
literature lacks sufficient evidence to make recommendations for the use in clinical practice.  

9. Conclusion 

CRP is one of the most widely available, most studied, and most used laboratory tests for 
neonatal bacterial infection and despite the continuing emergence of new infection markers 
it still plays a central role in the diagnosis of early onset sepsis of the neonate. CRP has the 
advantage of being well characterized in numerous studies and the extensive knowledge on 
its properties and limitations makes it safer compared to other, newer markers. Still, further 
research is needed on the topics of the influence of gestational age on CRP kinetics in 
infection, non-infectious confounders, and the evaluation of dynamic and gestational age 
dependent reference values.  
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1. Introduction 

Although diagnostic and therapeutic approaches to neonatal sepsis considerably progressed 
over the last decades, distinguishing infected from non-infected patients still remains a 
major challenge, especially in the early phase of disease when symptoms are often subtle 
and unspecific. Development and application of potent antibiotic medication and the 
advances in neonatal care could improve treatment but incidence of neonatal sepsis is still 
high. Compared to an incidence rate ranging from 1.5 to 3.5 per 1000 for neonatal early onset 
sepsis (EOS) and up to 6 per 1000 live births for late onset sepsis (LOS) in developed countries, 
the reported incidence of neonatal sepsis varies from 7.1 to 38 per 1000 live births in Asia and 
from 6.5 to 23 per 1000 live births in Africa (Vergnano et al., 2005). The physiologic immature 
state of the immune system and reduced levels of preformed maternal antibodies in preterm 
infants together with organ immaturity and a lower expression of major histocompatibility 
complex (MHC) class II antigens on monocytes contribute to a disturbed equilibrium of pro-
and anti-inflammatory factors resulting in a reduced immune defence making the preterm 
infant more susceptible for sepsis and its short and long term complications (Azizia et al., 2012; 
Stoll et al., 2004). Prospective data collection of 16 participating centers of the National Institute 
of Child Health and Human Development Neonatal Research Network revealed a declining 
incidence of blood culture proven EOS from 19.3 per 1000 in 1991-93 to 15.4 per 1000 live births 
in 1998-2000 among very low birth weight (VLBW) infants, whereas the incidence of late-onset 
septicemia was 22% and remained essentially unchanged over the observed period of time. 
However, the potentially life threatening character of EOS is reflected by high mortality rates 
reaching between 1.6% in nonblack term infants and 37% in preterm infants with VLBW 
(Fanaroff et al., 2007; Weston et al., 2011). Infants in this study without EOS showed a 
significantly reduced mortality risk of 13%. 
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Considering these data it is comprehensible that many neonatologists hazard the 
consequences of possibly unnecessary exposure to antimicrobial agents in neonates 
suspected for sepsis with unspecific symptoms and uncertain infectious state to avoid fatal 
outcome caused by a delay in treatment. The above-mentioned declined incidence of EOS 
was mainly caused by a change in the pathogen distribution showing a decline in group B 
streptococcus (GBS) sepsis but an increase in Escherichia coli sepsis with a rate of 85% of 
ampicillin resistance (Fanaroff et al., 2007). As the use of broad-spectrum antimicrobial 
agents like the combination of ampicillin and an aminoglycoside is considered as the 
optimal treatment of infants with suspected EOS (Polin, 2012), the progressively increasing 
burden of antimicrobial resistance would actually require a more targeted drug therapy in 
the future to confine human and economic costs. The often unspecific early symptoms and 
the potential rapid deterioration necessitate early identification of patients at risk. This 
should help to avoid a delay in treatment and could prevent further complications. On the 
other hand, overtreatment of newborn infants with maternal risk factors and uncertain 
infectious status suspected for sepsis could also be reduced helping to avoid prescription of 
unnecessary prophylactic broad-spectrum antibiotic medication, to restrain the 
development of antimicrobial resistance, exposing the patients to possible severe adverse 
effects and help to increase cost effectiveness. 

1.1. Diagnostic approaches to neonatal sepsis 

Despite a myriad number of scientific studies evaluating the performance of laboratory 
markers, risk scores, and clinical features in neonatal sepsis, the search for a perfect 
diagnostic test with high accuracy and reliability still seems to be a quest for the holy grail 
(Briggs et al., 2000). Still, no single laboratory parameter and none of the newly created 
clinical risk scores are generally accepted to define the diagnosis of sepsis in its early course 
with 100% accuracy and confidence (Fowlie & Schmidt, 1998; Rodwell et al., 1988). A 
systematic review of the literature of 194 studies reporting on different diagnostic tests to 
predict the presence or absence of bacterial infection in infants up to 90 days of age 
generally described a poor methodological quality (Fowlie & Schmidt, 1998). Even in 
rigorous studies the accuracy of the tests showed enormous variation and the diagnostic 
value was considered as limited in this population (Fowlie & Schmidt, 1998). Although 
blood culture is considered as the gold standard to confirm the diagnosis of sepsis, this 
method has its limitations in a neonatal - especially in a preterm – population (Chiesa et al., 
2004; Fowlie & Schmidt, 1998). In a study to determine the minimum required blood volume 
to detect bacteremia Schelonka found that a 0.5 mL blood sample –as commonly obtained in 
neonatal intensive care units (NICU) - is insufficient to obtain sensitive results when the 
colony count is less than 4/mL. This is of special interest as it has been shown that low-level 
bacteremia is common in infants less than two months of age accounting up to 68% (Kellogg 
et al., 1997; Schelonka et al., 1996). Furthermore false negative results can be obtained due to 
the presence of antimicrobial agents in the blood because of an early onset of treatment 
based on empirically decision making representing a regular practice in clinical routine 
(Fowlie & Schmidt, 1998). Because blood culture bottles require sufficient incubation time, 
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results are delayed and can normally be expected within three days, whereas in infants up 
to an age of 72 hours blood cultures require a longer incubation time. In a retrospective 
observational study comprising more than 2900 neonates the median time to positivity of 
blood cultures was significantly shorter in Gram negative (11.2 hours; 8.5-15.7) compared to 
Gram positive organisms (23.6 hours; 15.3-4.6). These findings could have important clinical 
implications to optimize antimicrobial therapy. The authors suggest targeting only for Gram 
positive germs when the blood culture is still negative after 48 hours and to cease treatment 
in well-being infants without clinical and laboratory signs of infection after 72 hours when 
blood culture remains sterile (Guerti et al., 2011). 

Generally, blood culture-proven EOS has been described as quite uncommon in a large 
multicenter investigation of neonates with VLBW occurring in only 1.9%. Whereas almost 
50% of the study population was characterized for sepsis because of clinical signs, in 98% 
blood culture reports revealed negative results, but antibiotic treatment was continued 
fearing false negative results possibly due to maternal antibiotic medication (Stoll et al., 
1996). A high rate of failed detection of bacterial growth in blood cultures of VLBW neonates 
between 27% and 92% could possibly be explained by a transient or intermittent bacteremia 
as sepsis is known to be a dynamic process (Haque, 2010). Beyond that, interpreting results 
when organisms are of low or questionable virulence as pathogen or possible 
contamination- frequently occurring during blood collection (Pourcyrous et al., 1993)- is 
often difficult. 

1.1.1. The White blood cell count (WBC) as primary diagnostic tool in neonatal sepsis 

Although several studies have shown a poor predictive value performing a single WBC as a 
screening method in asymptomatic neonates with infectious risk factors or later on culture 
proven sepsis (Ottolini et al., 2003; Rozycki et al., 1987), the assessment of a complete blood 
cell count (CBC) is usually performed as a routine method to evaluate newborns at risk. The 
recent introduction of several new parameters to the routine CBC with white blood 
differential performed by automated hematology analyzer have enabled quantification of 
cells which were previously solely classified as abnormal flags (Briggs et al., 2003). This 
refers mainly to the compartment of immature neutrophil granulocytes (IG) which have 
been detected in various conditions including later stage of pregnancy, steroid therapy, 
cancer, trauma, or myeloproliferative diseases (Briggs, 2009). They have been considered as 
helpful early indicators of infectious conditions (Buttarello & Plebani, 2008; Rodwell et al., 
1988) and have a long clinical tradition in the diagnosis of bacterial sepsis in neonates 
(Akenzua et al., 1974). 

A commonly used index to comprise the fraction of IG in the clinical practice is the IT 
(immature-to-total-neutrophil)-ratio which is defined as the proportion of the number of 
immature cells including blasts, band cells, myelocytes, and metamyelocytes to the number 
of mature neutrophil cells. It is a manual count usually determined by a peripheral blood 
smear. Already more than three decades ago elevation of IT-ratio was considered to be a 
useful aid in the diagnosis of neonatal bacterial sepsis. The authors suggested that the 
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higher the degree of elevated IT-ratio was, the higher was the risk of bone marrow depletion 
and death from sepsis (Christensen et al., 1981). 

In a retrospective multicenter cohort analysis including 166092 neonates with suspected EOS 
admitted to 293 NICUs in the United States low WBC counts, low absolute neutrophil 
counts, and high IT-ratios were associated with increasing odds of infection. Elevated IT-
ratios of >0.2, >0.25, and >0.5 had low sensitivities (54.6%, 47.9%, 21.9%, respectively), but 
were associated with relatively high specificities (73.7%, 81.7%, 95.7%, respectively) and 
negative predictive values (NPV) (99.2%, 99.2%, 99.0%, respectively), whereas positive 
predictive values (PPV) were low (2.5%, 3.2%, 6.0%, respectively). The authors concluded 
that due to the low sensitivity these CBC-derived indices do not represent reliable 
diagnostic markers to rule out EOS in neonates (Hornik et al., 2012). The very high negative 
predictive accuracy of more than 90% is in contrast to high rates of elevated IT-ratios 
between 25% and 50% in non-infected infants (Polin, 2012). 

In a large historical cohort study comprising more than 3100 neonates, patients were 
evaluated for EOS. In this study a normal WBC was defined as an IT-ratio of less than 0.2 
and a total WBC between 6000 and 30000/µL. Two serial normal WBCs with normal IT-
ratios performed 8 to 12 hours apart and a negative blood culture at 24 hours were 
predictive of healthy newborns in the evaluation of EOS in the first 24 hours after birth and 
showed a negative predictive value of 100%. The sensitivity of 2 normal WBCs and a 
negative blood culture at 24 hours was 100%, as was NPV. The specificity was 51%, and the 
PPV was 8.8% (Murphy & Weiner, 2012). These results suggest that combinations of 
parameters and repeated performance of diagnostic tests are likely to increase accuracy. 

In a review article Cornbleet reported a wide range of sensitivity and specificity for the IT-
ratio and predicted a possible replacement by the measurement of newly created markers 
for infection such as inflammatory factors, adhesion molecules, cytokines, neutrophil 
surface antigens, and bacterial DNA (Cornbleet, 2002). Recent advances in basic science of 
predicting and diagnosing neonatal sepsis are developing towards more and more 
sophisticated approaches like the determination of proteomic inflammatory biomarkers in 
amniotic fluid (Buhimschi et al., 2009). Regarding these new techniques, the diagnostic 
value of traditional laboratory methods has to be critically analysed. However, comparing 
these new methods for the detection of neonatal sepsis with the measurement of WBCs 
including the assessment of the IG count (IGC) as well as the IT-ratio, the additional sample 
volumes, delayed availability of results, and considerably higher labour and laboratory costs 
should be taken into account. 

1.1.2. Potential confounders in the manual assessment of IG by microscopic view of a 
manual smear 

Anyhow, the detection of IGs by microscopic count necessitates experienced laboratory 
staff; furthermore morphological classification of IGs are subject to a considerable reader 
bias and interpretative errors; especially in neonates where leukocytosis occurs frequently in 
the first days of life this method seems to provide only limited reproducibility (Chiesa et al., 
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2004; Schelonka et al., 1995). Contrariwise in performing a standard 100-cell manual 
differential small numbers of IGs are often underestimated as they can often be overlooked 
in samples of leukopenic patients. Another study highlighted the wide range of inter- and 
intraobserver variance in microscopic band cell identification: A smear of a blood sample 
from a septic patient was prepared, stained and a PowerPoint presentation was made twice 
of 100 random cells and sent to 157 different hospital laboratories in the Netherlands for a 
leukocyte differential. In the first survey neutrophils were differentiated in segmented and 
band neutrophils whereas in the second survey no discrimination was made between 
segmented and band neutrophils. Albeit the morphologic characteristics of a band cell are 
well defined, this study showed an enormous intervariability of enumeration of band cells 
so that the authors recommended to cease quantitative reporting of counted band cells 
especially in regard to other diagnostic tools like C-reactive protein (CRP), procalcitonin, 
and cytokines (van der Meer et al., 2006). Hence, several authors consider the manual count 
as inappropriate as a reference method for detection of IGs (Fernandes & Hamaguchi, 2007; 
Senthilnayagam et al., 2012). 

2. Automated detection of immature granulocytes- Clinical applicability 

Automated measurement of IGC could represent a reliable and utile method in the 
prediction of bacterial infection in neonates. In a study evaluating 106 samples from patients 
with an absolute neutrophil count (ANC) less than 2.0 × 109/L measured with an automated 
5-part differential hematology instrument the IGC showed a very good precision and 
accuracy when compared with a flow cytometric neutrophil count using monoclonal 
antibodies for cell classification (Amundsen et al., 2012). In another investigation of 200 
febrile patients suspected to have infection the performance characteristics of automated 
IGCs in predicting blood culture results and their clinical utility were assessed. The study 
population included adults, children, infants, and neonates. Measurements were performed 
using the Coulter Act Diff 5 counter which can perform a 5-part differential leucocyte count 
and can also numerate the percentage and absolute number of IG using a technology that 
combines cytochemistry, focused flow impedance, and light absorbance. The means of IGC 
and the percentage of IG (IG%) between culture positive and negative groups were 
statistically significant suggesting that they are potential markers for bacteremia. Among the 
51 culture positive cases, 49 had an IT-ratio > 0.65% giving a sensitivity of 96.1%. IGC of 
0.03×103/µL and IG% of 0.5% offered a sensitivity of 86.3% and 92.2%, respectively. Higher 
values of IGC > 0.3 and IG% > 3 had a specificity greater than 90%, although the values were 
infrequent. Receiver operating characteristic (ROC) curves showed that IGC was a better 
predictor of infection than WBC and ANC in adults and the ratios IGC/WBC and IGC/ANC 
did not improve the prediction outcome (Senthilnayagam et al., 2012). Another study 
reported an in parallel increase of IG values to an increase of the ANC and an inverse 
relation to the lymphocyte count (Bernstein & Rucinski, 2011). 

In an adult study population including patients suspected for sepsis higher percentages of 
IGs have been observed in infected than in non-infected patients and in patients with 
positive than patients with negative blood cultures (Ansari-Lari et al., 2003). Also in preterm 
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hospitalized infants elevations of IGs were associated with positive blood culture results. In 
this study, values exceeding 0.5% showed a more than three-fold increased likelihood of a 
positive blood culture (Nigro et al., 2005). 

In several studies comparing the manual microscopic method and the automated method 
for IG% and IGC significant correlation coefficients between 83% and 87% have been 
demonstrated (Field et al., 2006; Senthilnayagam et al., 2012). Compared with a flow 
cytometric reference count with monoclonal antibodies the correlation coefficient was even 
higher and amounted to 96% (Briggs et al., 2003). It has been shown that an increased 
percentage of more than 2% of IGs can be useful in identifying infection even when the 
neutrophil count is within the normal range and infection is not suspected. Conversely, in 
patients with a high IGC sample rates were positive for CRP and the erythrocyte 
sedimentation rate in 84% and 95%, respectively. Furthermore, elevated IGC showed a 
correlation with other inflammation markers such as CD 64 expression on 
polymorphonuclear cells and interleukin 6 concentration (Briggs et al., 2003). 

The detection of IGs using automated hematology analyzers represents a fast, accurate, and 
less-labor intensive method and could improve screening and monitoring for neonatal 
septicaemia (Briggs et al., 2000; Fernandes & Hamaguchi, 2007; Nigro et al., 2005). The 
detection limit of IGs has been described to be 0.1% which is considerably lower than in a 
manual smear. The automated simultaneous enumeration of IGs in the course of performing 
a routine CBC provides additional information without the need of further costs and blood 
sampling, which might be of special importance in preterm babies. This new technology of 
automated measurement of IGs offers additional information reflecting the increase in bone 
marrow activity as an indicator of a left-shift of neutrophil cells in a more sensitive and 
specific way than the manual examination of a peripheral blood smear differential count. 

Detection of IGs comprises the amount of metamyelocytes and myelocytes, but not band 
neutrophils and therefore reflects early stages of maturation of granulocytes. As the band 
cell is defined as a cell in the transitional state of granulopoetic maturation after the 
differentiation of metamyelocytes and myelocytes, the band count itself has been described 
as nonspecific, imprecise, and inaccurate as laboratory marker for the early detection of 
sepsis (Bernstein & Rucinski, 2011; Cornbleet, 2002). Hence, determination of IGs in contrast 
to the more mature band neutrophils, which arise later on, could be advantageous at the 
onset of moderate to severe inflammation (Cornbleet, 2002). Moreover, it has already been 
shown that the measurement of granulocyte maturation correlates to the identification of 
sepsis (Bernstein & Rucinski, 2011). 

2.1. Neutrophil positional parameters as a new tool in the prediction of sepsis 

Morphologic and physical properties of cells including cell volume, internal composition, 
and cytoplasmatic granularity and nuclear structure assessed via cell conductivity and cell 
scatter are described as positional parameters. In contrast to more mature cells IGs and band 
cells for instance are known to be larger, whereas nuclear composition is less complex. 
Based upon these facts positional parameters are used to classify different types of white 
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blood cells, but recently this method has also been applied as a screening tool for neonatal 
sepsis to detect morphologic changes within the same blood cell population (i.e. in reactive 
neutrophil cells occurring during acute bacterial infection). Chaves et al. tried to assess and 
quantify these parameters as indicators of acute infection. In retrospective studies of adult 
septic patients and controls, the mean neutrophil volume (MNV) and its standard deviation, 
the neutrophil volume distribution width (NDW), reflecting the neutrophil size variability, 
showed high specifities (Chaves et al., 2005; 2006). In the control group the neutrophil 
population presented more homogenous than in bacteremic patients and the individual cell 
size varied less. Furthermore, a correlation of NDW respectively MNV and positive blood 
culture results, higher percentages of neutrophils and higher WBCs has been shown, 
whereas increased values were also present in patients without leukocytosis or neutrophilia 
possibly representing an important early diagnostic parameter in this subgroup of patients 
(Chaves et al., 2006). Another study using this technology showed good performance 
characteristics of MNV in detecting LOS in VLBW neonates with a NPV of 98.9%. Because of 
a considerably lower PPV the authors emphasize the possible combination with CRP-values 
in the prediction of sepsis. Interestingly, in contrast to an adult population the NDW did not 
reveal any clinical significance in a neonatal population. The authors suggested that this 
might be due to an originally more heterogeneous morphology of neutrophil cells in 
newborn infants (Raimondi et al., 2010; Raimondi et al., 2011). 

2.2. The Sysmex XE-2100 

The Sysmex XE-2100 (Sysmex Corporation, 2005), a multiparameter automated hematology 
analyzer offers the possibility to detect IGs including metamyelocytes, myelocytes, and 
promyelocytes by the measurement of white blood cell differential counts by flow 
cytometry in the DIFF-channel. Besides the quantification of IGs, physical properties of 
immature cells and reactivated neutrophils are provided. Therefore blood samples are 
incubated with Stromatolyser-IM, a fluorescent dye and a proprietary reagent, selectively 
leaking the membrane of mature leukocytes. Immature myeloid cells are not modified in 
their size, structure and integrity, because the IG has a lower cholesterol content than the 
mature granulocyte, and its phospholipid composition has a relatively higher ratio of 
phosphatidylcholine and a lower ratio of sphingomyelin (Gottfried, 1967). Depending on the 
dispersion angle when the cell passes the beam of a semiconductor laser, information about 
the volume, inner structure and complexity, and DNA/RNA content of each cell is obtained 
by a combination of forward-scattered light, lateral-scattered light, and lateral fluorescent 
light. The light is received by a photodiode respectively a photomultiplier tube and is then 
converted into electrical pulses. The higher content of RNA and DNA in IGs compared with 
segmented neutrophils is reflected in an increased fluorescence emission after excitation 
with the laser beam. The XE-2100 is equipped with an additional immature information 
(IMI) channel, where not only IGs, but also bands, blasts, and hematopoietic progenitor cells 
are detected. Detection of cell size, information about the nuclei and composition of 
cytoplasm is generated by direct current and radio frequency resistance when cells pass an 
aperture in the IMI-channel. The direct current (DC) pulse height is equivalent to cell 
volume. The radio frequency (RF) measurement provides information on the internal 
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composition of the cell (nucleus, granules). Differences in RF resistance detected as electrical 
pulses are plotted in a two dimensional scattergram reflecting the distribution of cell and 
nucleus size (Sysmex Corporation, 2005). 

The IMI-channel determines the total number of myeloid precursor cells by distinguishing 
selectively immature myeloid cells from mature leukocytes. The reaction principle of the 
IMI-channel is based on differences in membrane composition between mature and 
immature cells. It has been shown that the flow cytometric IGC performed by the Sysmex 
XE-2100 is superior to the manual morphology count as a reference method for IG counting 
and that the percentage of IGs is a better predictor of infection than the WBC (Ansari-Lari et 
al., 2003; Fernandes & Hamaguchi, 2007). 

3. Reference values in an adult and pediatric population 

Generally, normal values of laboratory parameters in a neonatal population are difficult to 
define, because removal of blood is usually not performed in healthy neonates and reference 
ranges are composed by assessing patients with minor illness (Christensen et al., 2009). To 
our knowledge, the first published reference values for neutrophil cells in neonates 
including the total neutrophil count, the absolute number of immature neutrophils, and the 
IT-ratio during the first 28 days of life refers to a study by Manroe in 1979 (Manroe et al., 
1979). About 15 years later the same study group found that in VLBW these reference values 
are of limited applicability because a wider range of distribution was found in this subgroup 
of patients compared to larger or older counterparts (Mouzinho et al., 1994). These new data 
comprised a wider range of the absolute total neutrophil count and a considerable decreased 
lower limit in the first 60 hours after birth, whereas reference ranges for the immature 
neutrophil count and IT values remain unchanged. It has been assumed that low neutrophil 
counts soon after birth might be caused by a placental factor inhibiting neutrophil 
production. Clearance of this factor within the first week could lead to the observed increase 
in immature neutrophil cells. Anyhow, the capability of the bone marrow to rapidly 
produce immature as well as mature neutrophil forms by the second week is well 
documented. Neutropenia occurred rarely in infants at an age of more than 7 days, but 
neutrophilia occurred frequently in association with stress conditions inducing an 
adrenergic increase in cyclic adenosine monophosphate (cAMP) leading to a release of 
neutrophil cells (Mouzinho et al., 1994). Hence, neutropenia has been described as a better 
predictor for neonatal sepsis than an elevated neutrophil count because besides accelerated 
utilization in case of infection there a fewer factors (i.e. hemolytic disease, asphyxia, 
maternal hypertension) causing a decrease of neutrophil granulocytes. Lower levels of 
normal for neutrophil values have been set at 1800/mm3 at birth and < 7800/mm3 12-14 hours 
after birth in term and late preterm infants (Manroe et al., 1979). 

A large trial evaluating more than 30000 samples from infants born at 23 to 42 weeks of 
gestational age reinvestigated the previously published reference ranges using an 
automated blood cell counter (Schmutz et al., 2008). In this study lower limits of normal for 
the neutrophil count were determined as follows (Table 1): 
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Gestational age Neutrophil count at birth Neutrophil count 6-8h pn 
> 36 weeks 3500/µL 7500/µL 

28-36 weeks 1000/µL 3500/µL 
< 28 weeks 500/µL 1500/µL 

Table 1. Neutrophil count at birth and 6-8 hours postnatally (pn) comparing groups of different 
gestational age (Polin, 2012; Schmutz et al., 2008). 

The notable difference in altitude between the two studies might have influenced the results. 
The dynamic process of granulopoesis after birth is reflected by a rapid increase of 
neutrophil cells reaching peak levels at 6 to 8 hours postnatally (Polin, 2012; Schmutz et al., 
2008). Allowing sufficient reaction time to inflammatory stimuli alterations in mature and 
immature granulocytes are more likely to occur between 6 to 12 hours after birth. This 
should be taken into account when planning blood sampling (Polin, 2012). 

A quite similar time course has been shown for the absolute immature neutrophil count: 
Maximal values increase from 1100/µL soon after birth to a peak of 1500/µL at 12 hours 
postnatally. In contrast to that, maximum normal values for the IT-ratio have been observed 
directly after birth followed by a decline with increasing age (Polin, 2012; Schmutz et al., 
2008). In the most immature infants between 24 and 26 weeks of gestational age, an 
elevation of ANC has been shown during the first month of life. In the first three weeks of 
life a weekly decrease of ANC to values between 2000/µL and 4000/µL has been observed. 
As the prevalence of both neutropenia as well as neutrophilia decreased with maturity, it 
can be concluded that granulopoetic function stabilizes with higher gestational age enabling 
adequate reactions to infectious or stress stimuli. Deviations from the normal range of 
neutrophil granulocytes without additional signs of clinical symptoms or conditions 
occurred frequently even in a hospitalized population (Juul et al., 2004). In the face of these 
data more interest should be attracted on considering the gestational age as well as the time 
point of blood sampling when interpreting CBC results (Polin, 2012). The influence of birth 
weight on CBC in healthy term infants was examined in a study performed by Ozyürek and 
co-workers. Their data revealed a clear difference in several CBC parameters comparing 
healthy, term infants with intrauterine growth retardation to appropriate for gestational age 
(AGA) counterparts showing neutropenia in 21% as well as higher IT-ratios in small for 
gestational age (SGA) newborns. Beyond these findings, a higher rate in immature neutrophil 
cells, namely in the absolute number of metamyeolcytes, was observed in the SGA babies. The 
authors suggested that this elevation might be interpreted as a reaction of the bone marrow to 
compensate for the initially frequent low neutrophil count (Ozyurek et al., 2006). 

Some authors have considered the method of automated measurement of IGC as not 
sensitive enough to be used as a sole screening assay for the prediction of infection. 
However, it has been demonstrated that a high percentage of IG (> 3%) is a very specific 
predictor (> 90%) of sepsis (Ansari-Lari et al., 2003) and that IG values less than 0.5% are 
associated with a high negative predictive value. These findings might be of use in a clinical 
context (Nigro et al., 2005). Recently published reference values have defined a median of 
0.63x103/µL (0.1–2.4; 2.5%–97.5% confidence interval) for IG number (IG#) and a cut-off 
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value of 3.2% for IG% as optimal for a normal adult population. Using a cut-off in a range 
between 4% and 5% of total WBC would result in a too high rate of missed cases (Bernstein 
& Rucinski, 2011). In a large outpatient pediatric population comprising more than 2400 
samples, age dependent upper limits for reference ranges for the automated enumeration of 
IG were defined as 0.30% and 40/µL for IG% and IG#, respectively for children aged below 
10 years (Roehrl et al., 2011). Above the age of 10 years, an upper limit of 0.90% and 70.0/µL 
for relative and absolute IG count was recommended (Roehrl et al., 2011). In this study 
blood samples were analyzed using the Sysmex XT-1800i instrument (Sysmex, Kobe, Japan). 
The defined upper limits showed no differences dependent on the patient sex. As expected 
the cause of elevated IGC differed between both groups. While respiratory or 
gastrointestinal infections were common associations with elevated IGC in the group < 10 
years, the older children showed hematologic malignancies, drug therapy (glucocorticoids, 
chemotherapy), severe infections, and pregnancy (young females). In a subgroup analysis of 
patients < 1 year this study revealed age-stratified nonparametric estimates of upper limits 
of normal (95th percentiles) and associated 90% confidence intervals (CI) for IG# and IG% of 
40/µL (30.0–50.0) and 0.30% (0.20–0.40). In addition, this study described an important 
observation: Even the most abnormal IGCs in the younger age group were quite low 
compared with abnormal IGCs in the older individuals. This fact highlights the importance of 
particular reference values appropriate for different age groups. Otherwise especially younger 
children with associated disease and with only small elevations of IGCs could be overlooked 
(Roehrl et al., 2011). As neonates represent a highly particular and often vulnerable patient 
population we aimed at investigate a possible correlation between IGC and sepsis. 

3.1. “The predictive value of immature granulocyte count and immature myeloid 
information in the diagnosis of neonatal sepsis”- own experience and study 
results  

Our study group tried to determine the predictive value of the IG# and the immature 
myeloid information (IMI) in neonatal early onset sepsis performing a historical cohort 
study (Cimenti et al., 2012).  

3.1.1. Patients and methods 

We collected 133 blood samples of neonates admitted to the NICU of the Pediatric 
Department of the Medical University Graz, a tertiary care center. Based on their admission 
diagnosis and their clinical course patients were divided in two groups. The first group 
consisted of patients with blood culture verified bacteremia, clinically strongly suspected 
sepsis, or elevated inflammatory parameters, a history of risk factors, and antibiotic 
treatment ≥ 7 d. Patients in the second group were asymptomatic, healthy children without 
any infectious risk factors constituting the control group. They were admitted to the NICU 
because of low birth weight, delayed postnatal transition or prematurity. 

Blood sampling was routinely performed in all neonates and repeated depending on their 
clinical course. Blood samples were collected into microvette tubes (Sarstedt, Nümbrecht, 
Germany) and analyzed using the Sysmex XE-2100 (13). In cases of suspected bacterial 
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infection, blood samples were always taken before the initiation of antibiotic therapy. ROC 
curves were used for comparison of infectious indices by plotting the test sensitivity 
(equivalent to the true positive rate) on the y-axis and 1-specifity (equivalent to the false 
positive rate) on the x-axis for all possible cut off values of the diagnostic test (see Figure 1).  

 
Figure 1. a and b: Diff- and IMI scattergram showing graphic output of WBC differential results 
performed with the Sysmex XE 2100. By courtesy of © Sysmex Europe GmbH, Norderstedt, Germany. 
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The Youden’s index (sensitivity in %)/100 + (specificity in % - 1)/100 - 1 was used for 
determination of optimal cut-off values. The area under the curve (AUC) was calculated 
using the binormal approach by McClish. ROC curve are used to assess the diagnostic 
accuracy of a test. The ROC curve allows analyses of the trade-offs between sensitivity and 
specificity at all possible cut-off points and is often used to determine optimal cut-off values 
and to compare the usefulness of two more diagnostic tests. The area under the curve (AUC) 
is another useful tool describing the discriminative ability of a test across the full range of 
cut-offs. A test with an AUC greater than 0.9 has high accuracy, while 0.7–0.9 describes 
moderate accuracy, 0.5–0.7 implies low accuracy and 0.5 displays a chance result (Akobeng, 
2007; Fischer et al., 2003). 

Of 133 blood samples of patients admitted to our neonatal intensive care unit 21 neonates 
were suspected and treated for sepsis (mean gestational age 34.1 weeks, mean birth weight 
2287 g, 9 male, 12 female, 12 patients had a history of premature rupture of membranes 
(PROM)). In the control group 112 healthy neonates were analyzed (mean gestational age 
34.2 weeks, mean birth weight 2128 g, 59 male, 53 female, 31 patients with a history of 
PROM). 

3.1.2. Results 

The number of IMI classified cells (IMI#) was significantly elevated in patients with sepsis 
compared to the control group (639/µL (144; 2029) vs. 89/µL (40; 133), p=0.000065). The 
number of IMI/ total leucocyte count (IMI%) in patients with sepsis was significantly 
elevated compared to the control group (4.5 (1.3; 9.5) vs. 0.7 (0.5; 1.1), values expressed in %, 
p=0.000076). IG# was significantly elevated in neonates with sepsis compared to the control 
group (0.28x 10³/µL (0.03; 0.56) vs. 0.05x10³/µL (0.05-0.09), p=0.049). The percentage of IG% 
was significantly elevated in septic neonates vs. infants in the control group (1.3 (0.5; 4.5) vs. 
0.5 (0.4; 0.7), values expressed in %, p=0.022) (Cimenti et al., 2012). The AUC for the IMI# 
was 0.76 and 0.70 for IG% and IMI%, respectively. The positive and negative predictive 
value, sensitivity, specificity, and the Youden’s index at different cut off values are listed in 
Table 2 (Cimenti et al., 2012). 
 

Parameter Cut-off PPV NPV sensitivity specificity Youden‘sindex 
IG# 0.24 0.60 0.31 0.60 0.88 0.48 
IG% 1.3 0.67 0.27 0.67 0.88 0.55 
IMI# 262 0.80 0.09 0.80 0.72 0.52 
IMI% 0.02 0.70 0.14 0.70 0.76 0.46 

IT ratio 0.06 0.75 0.20 0.75 0.94 0.69 

Table 2. Positive predictive value, negative predictive value, sensitivity, and specificity of IG#, IG%, 
IMI#, IMI% and IT ratio for optimal cut off values determined by ROC analysis using the Youden’s 
index in 21 neonates with sepsis compared to 112 neonates with negative infectious status (Cimenti et 
al., 2012). 
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Figure 2. Boxplot diagram showing the distribution of IG#, IG%, IMI#, and IMI% values in neonates 
with sepsis compared to the control group. The top and the bottom of the box represent the 25th and 
75th percentile; the line in the box indicates the median. The whiskers display the largest data less than 
or equal to the 75th percentile plus 1.5 times interquartile range and the lowest data greater than or 
equal to the 25th percentile minus 1.5 times interquartile range (Cimenti et al., 2012). 

 
Figure 3. Receiver operating characteristic (ROC) curves of IMI# (thick line), IG# (thin line) and IMI% 
(dotted line). 
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3.1.3. Reference values for a neonatal study population based on ROC analysis 

Preliminary data revealed a cut-off value for IG% of 1.3% based on calculations using the 
Youden’s index and a median of 0.05x103/µL (0.05-0.09; 2.5%–97.5% confidence interval) for 
IG# in our control group of asymptomatic, healthy subjects. According to our data the 
measurement of IMI# compared to IG# seems to be more favourable as determined by ROC 
analysis as there seems to be a tendency that the IM# has a higher predictive value than the 
IG# (Figure 3). Setting a cut off value of 262/µl the measurement of IMI# revealed a positive 
predictive value of 0.80. 

3.2. Possible limitations of the use of IG 

White blood cell differential counts are not only influenced by infection. The gestational as 
well as the infant’s age in hours at the time of blood collection, the method of blood 
sampling and the infant’s gender might affect the results as well as the method of delivery, 
or maternal risk factors like hypertension (Chirico et al., 1999; Christensen et al., 2009; 
Escobar, 2003; Kayiran et al., 2003; Newman et al., 2010; Schelonka et al., 1995; Schmutz et 
al., 2008). Even the influence of the sea level on ANC in neonates has been described leading 
to a wider range of reference values with isolated elevated counts of absolute neutrophil 
granulocytes but normal IT-ratios in healthy term babies (Lambert et al., 2009). 

A prospective longitudinal study observed higher cord blood cortisol levels, as a sensitive 
marker of intrauterine stress, in infants born by vaginal delivery compared to elective 
cesarean section in term neonates and a significant positive correlation between total 
leukocyte and neutrophil counts. After 12 hours of life no differences in the variation of 
leukocyte counts remained. Although a significant increase of immature neutrophil counts 
in vaginally delivered infants or after long labour has been previously described (Hasan et 
al., 1993; Schelonka et al., 1994), no significant differences in the IT-ratio were detected 
between the two groups (Chirico et al., 1999). In a prospective observational study including 
60 preterm infants with a gestational age < 32 weeks prenatal growth retardation has been 
shown to be an independent factor for significantly lower counts of leukocytes, total 
neutrophil and immature neutrophil counts in very immature preterm infants immediately 
after birth when compared with AGA counterparts. It has been assumed that these low 
numbers of circulating white blood cells might reflect the reduced bone marrow reserves 
(Wirbelauer et al., 2010). As the median granulocyte count in the SGA group was with a 
count of 1.058/µL near to absolute granulopenia one could consider this as a risk factor for 
sepsis, as previous studies had reported an association between early onset neutropenia and 
sepsis (Christensen et al., 2006). But low numbers of inflammatory cells could also represent 
a possible protection mechanism for pulmonary and central-nervous disease by reducing 
inflammatory events postnatally (Wirbelauer et al., 2010). Among extremely low birth 
weight (ELBW) neonates low neutrophil counts (< 1000/µL) have been observed with a rate 
of five times higher than reported in the general NICU population. Most cases were present 
in the first days of life and represented a transient phenomenon. SGA or maternal 
pregnancy induced hypertension were common causes for these alterations, whereas in over 
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one third of cases no cause had been detected. Except in proven early onset bacterial 
infection, the presence, severity and duration of low counts showed no relationship with 
mortality rate, whereas neutropenia within the first 3 days of life showed an association 
with necrotizing enterocolitis (NEC) or nosocomial infection (Christensen et al., 2006).Using 
IGC in a clinical context should incorporate these factors as well as the likelihood of 
infection in every individual patient. 

As for the blood cell count it has been shown that the performance characteristics in 
distinguishing between infants with and without infections improve significantly during the 
first 4 hours after birth. The AUC of the WBC, ANC and IT-ratio showed an increase from 0 
hours of 0.52, 0.55 and 0.73, respectively to 0.87, 0.85 and 0.82, respectively 4 hours after 
birth (Newman et al., 2010). In a review article on new technologies for a diagnostic 
approach in neonatal sepsis Srinivasan and Harris considered the future development of 
computerized algorithms including these variables as possibly useful to estimate the 
probability of sepsis (Srinivasan & Harris, 2012). Taking this fact into account it might be 
advisable to perform serial IGCs, especially in cases where sepsis had to be ruled out and 
the result of the test will have a therapeutic consequence (i.e. discontinuing of antibiotic 
treatment). 

The clinical applicability of automated IG counting might be limited by the relatively poor 
sensitivity of this method (Ansari-Lari et al., 2003; Nigro et al., 2005). Considering the 
satisfactory specificity and the high NPV this parameter could represent a valuable 
additional aid in combination with other laboratory markers or diagnostic algorithms. 
However, as higher values of IG% of more than 3% have been shown to predict blood 
culture positive results (Ansari-Lari et al., 2003), this subgroup of patients should probably 
be revaluated for potential infection even in the absence of specific symptoms. 

4. Conclusion 

As clinical signs in preterm and term infants with severe bacterial infection are often non-
specific and scarce, automated detection of IGs and IMI seems to act as a useful adjunctive 
tool in the diagnosis of neonatal sepsis. Technical development of automated hematology 
analyzers has led to a precise, fast, accurate, and reproducible determination of IGs. The 
detection of all immature cells including blasts in a separate channel might be advantageous 
at an early stage of sepsis, when these cells are released from bone marrow and the 
peripheral neutrophil count can still be in the normal range. 

Although automated determination of IGs is currently carried out in the area of research, 
evidence exists that this method seems to be worth to be implemented in clinical practice 
especially as an adjunctive tool in determining early phase of bacterial sepsis. The fact that 
measurement of this parameter in the course of routine determination of a white blood 
differential count does not necessitate any additional sample volume, personal effort, or 
costs, might be a valuable additional argument. Further well designed prospective trials are 
mandatory to validate the performance characteristics of these new parameters as diagnostic 
tool in neonatal sepsis. In this context, the availability of an internal quality control and the 
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development and implementation of external quality assessment schemes to evaluate 
analytical performance, compare different laboratories and methods as well as the definition 
of standards represent indispensable conditions for a reasonable use in clinical routine 
(Briggs, 2009). 
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1. Introduction 

It is a daily challenge and the most common clinical practise to rule out possible bacterial 
infection in the ill neonate and especially in the preterm infant. Approximately half of all 
newborn infants admitted to the neonatal ward carry a diagnosis of “rule-out sepsis”, and 
diagnosis is often difficult as symptoms and signs of bacterial infection are subtle and 
nonspecific (1). The incidence of infection is higher in the neonatal period than at any other 
time of life, and factors that determine this increased susceptibility to bacterial infection 
include on the one hand the immaturity of the immune system with poor humoral 
responses to organisms (IgG and A), relatively poor neutrophil responses and complement 
activity, impaired macrophage function, and relatively poor T cell function, and on the other 
hand the exposure to microorganism from the maternal genital tract by ascending infections 
via the amniotic fluid or transplacental haematogenous spread. Additionally peripartum 
factors like trauma to skin or vessels during parturition or exposure to invasive obstetric 
procedures as well as portals of colonization and subsequent invasion (umbilicus, mucosal 
surfaces, eye, skin especially in very preterm infants) contribute to this increased risk for 
bacterial infection (2). Among extremely low birth weight infants at least 65% had one or 
more infections during their hospitalization in a National Institute of Child Health and 
Human Development Neonatal Research Network study including 6093 infants with follow-
up at 18 to 22 months of corrected gestational age. Compared with uninfected infants 
infected infants were significantly more likely to have adverse neurodevelopmental 
outcomes at follow-up, including cerebral palsy (range of significant odds ratios [ORs], 1.4-
1.7), low Bayley Scales of Infant Development II scores on the mental development index 
(ORs, 1.3-1.6) and psychomotor development index (ORs, 1.5-2.4), and vision impairment 
(ORs, 1.3-2.2). Infection in the neonatal period was also associated with impaired head 
growth, a known predictor of poor neurodevelopmental outcome (3). Reasons for the 
greater susceptibility to infection of preterm infants also include invasive procedures during 
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their stay at the NICU, prolonged artificial ventilation, intravenous feeding and antibiotic 
pressures. (2). The incidence is estimated to range from 1 to 5-8.1 per 1000 live births (2,4). 
The proportion of child deaths that occurs in the neonatal period (38% in the year 2000) is 
increasing, and the Millennium Development Goal for child survival cannot be met without 
substantial reductions in neonatal mortality. Every year an estimated 4 million babies die in 
the first four weeks of life (the neonatal period), and, globally, the main direct causes of 
neonatal death are estimated to be preterm birth (28%), severe infections (26%), and 
asphyxia (23%) (5). 

2. Pathophysiology of neonatal sepsis  

The immune system of the neonate is immature in both humoral and cell mediated defense 
with prematurity further increasing the physiological inadequacies of the immune system. 
Sepsis spreads easily to the various organ systems in the neonates and thus, often presents 
as a multiorgan dysfunctions syndrome. Infection initiates a complex immune process, 
which includes antigen detection, T-cell activation and proliferation, and release of 
cytokines. Cytokines are low molecular mass proteins, which mediate cell growth, 
inflammation, immunity, differentiation, migration and repair. They regulate the amplitude 
and the duration of the inflammatory response and include interleukins-6 and -8, 
interferons-γ, colony-stimulating factors, tumour necrosis factor-α and others. However in 
the setting of overwhelming sepsis as a result to the microbial insult, these cytokines give 
rise to what is described as the systemic inflammatory response syndrome, where the much 
of the damage paradoxically results from the host defences (e.g. cytokines) analogous to a 
chain reaction themselves. The neutrophil functions: adhesion, diapedesis, phagocytosis and 
degranulation are also of prime importance in the host defence mechanisms against 
bacterial and fungal pathogens. The proteolytic enzymes released by the neutrophils are 
also damaging to the host tissue. Thus, immunoglobulins and neutrophils are responsible 
for both host defence and damage in the setting of overwhelming neonatal sepsis (6).  

In 2005, definitions for paediatric infection, systemic inflammatory response syndrome, 
sepsis, severe sepsis, septic shock, and organ dysfunction were published that included term 
neonates of 0 to 7 days and newborns of 1 to 4 weeks of age (7). But one has to question why 
there are no criteria for the definition of sepsis and septic shock in preterm infants? The 
challenge of diagnosis of sepsis in the preterm infants is strongly associated with the 
immaturity of organ systems and transitional physiology. Suggested modifications of these 
definitions have recently been published (8) but still have to be proven in clinical trials (9). 

3. Immunoglobulins and the innate immune response 

Humoral immunity of the human newborn is provided primarily by maternal 
immunoglobulin G (IgG) transferred transplacentally, beginning at 8 to 10 weeks of 
gestation and accelerating during the last trimester. In a study to evaluate the role of 
maternally acquired antibody to native type III polysaccharide of group B Streptococcus as a 
determinant of susceptibility for infant systemic infection the authors found a significant 
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correlation with maternal antibody levels in 111 acutely ill infants (10). These data extended 
earlier observations suggesting the correlation between low levels of type-specific antibody 
in serum and risk for systemic infection in neonates. Premature infants, compared to full-
term infants, have lower levels of IgG at birth that further decreases during the first few 
weeks of life (11). The relative deficiency of humoral immunity in premature newborns 
might contribute to the inverse correlation of birth weight and rate of neonatal sepsis, with 
an 86-fold increased rate of sepsis in newborns of birth weight 600 to 999 grams compared to 
newborns of birth weight of more than 2500 grams (11). Ballow et al. (12) measured plasma 
immunoglobulin concentrations of premature infants of birth weight less than 1500 g 
longitudinally from birth to 10 months chronological age. During the first week of life 
plasma IgG levels correlated well with gestational age. At the age of three months mean 
plasma IgG levels were 60 mg/dl in infants of 25 to 28 weeks gestational age and 104 mg/dl 
in those of 29 to 32 weeks. Most infants remained hypogammaglobulinaemic at six months 
with 64% and 62%, respectively, of the infants having plasma IgG levels below 200 mg/dl. 
Plasma IgM concentrations were low in both groups during the first week of life (7.6 and 9.1 
mg/dl, respectively) and rose to 41.8 and 34.7 mg/dl, respectively, by eight to ten months of 
life. IgA concentrations were comparable for both groups during the first week of life (1.2 
and 0.6 mg/dl, respectively). After discharge Ballow et al. (12) followed 43 preterm infants 
until ten months chronological age and observed a significantly higher incidence of 
infections compared to 41 term infants (p = 0.04). In another study the level of maternal 
antibody required to protect neonates against early-onset disease caused by goup-B 
streptococci (GBS) type Ia was estimated (15). Levels of maternal serum IgG GBS Ia 
antibodies of 45 neonates with early onset disease case caused by GBS Ia and 319 control 
subjects (neonates colonized by GBS Ia but without early-onset disease) born at ≥34 weeks 
gestation were compared. The probability of developing infection declined with increasing 
maternal levels of IgG GBS Ia antibody (P <.03). Neonates whose mothers had levels of IgG 
GBS Ia antibody ≥5 mg/mL had an 88% lower risk (95% confidence interval, 7%–98%) of 
developing type-specific early-onset disease, compared with those whose mothers had 
levels <0.5 mg/mL (13). 

Yang et al. (14) studied the mechanism of bacterial opsonization by intravenous immune 
globulin (IVIG) complement consumption and polymorphonuclear leukocyte membrane 
receptor mediated phagocytosis of Staphylococcus epidermidis, Klebsiella pneumoniae, and 
groups A and B streptococci. IGIV alone did not consume complement and showed no 
opsonic activity by itself for these organisms. When these bacteria were preopsonized in 
intravenous immune globulin, significant amounts of complement were consumed (44%-
94%) and the uptake and killing of bacteria occurred. An important finding was the fact that 
in vitro opsonic activity of IGIV for these organisms was significantly correlated with the 
amount of complement consumed by the IVIG – opsonised bacteria. The in vivo protective 
efficacy of IVIG also appeared to be directly associated with its ability to activate and 
consume complement. The higher the titers of the IVIG preparation are (higher than 200 
units:ml) the more opsonic activity has been shown towards slime-producing S. epidermidis 
(15). Administered as a prophylactic agent to low-birth weight (lower than 1700 g) preterm 
neonates immediately after birth revealed significantly higher specific IgG in blood sera 
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compared to controls with an effect even lasting ten days after the last infusion. These 
results suggest that specific IgG titers might be well indicative of its opsonic activity against 
slime-producing S. epidermidis and might protect against bacteraemia. 

The complement-inhibitory activity of different IVIG preparations was assessed in vitro by 
measurement of the blocking of C1q-, C4-, and C3 deposition on solid-phase aggregated 
rabbit IgG by enzyme-linked immunosorbent assay (16). Results showed that IgM 
enrichment of IVIG preparations enhances their effect to prevent the inflammatory effects of 
complement activation. No IgG preparation negatively affected in vitro phagocytosis of 
Escherichia coli by human granulocytes. 

The mechanisms and effects of IVIGs are summarized in table 1 according to the description 
of Ballow (17). 
 

 Fc receptor blockade of reticulo-endothelial cell system and mononuclear phagocytes 
 Competitive interaction of IVIG with anti-platelet antibodies for FC receptor 
 Soluble Fcγ receptors compete with membrane Fc receptors of the reticulo-

endothelial system 
 Modulation of Fc receptor expression or affinity 
 Immunomodulation 

 Enhancement of T cell suppressor function 
 Inhibit B cell function and/or antigen-processing cells via Fc receptor 

 Restoration of idiotype-antiidiotypic network 
 Modify complement-dependent immune damage to tissue and cells 
 Inhibit cytokine/interleukin production/action 
 “Neutralize” toxin superantigen 
 Soluble CD4 and CD8, soluble HLA Class II molecules that modulate antigen 

processing and/or T cell activation 

Table 1. Mechanisms of action of intravenous immune globulins (17) 

Similar to most immunoglobins, the transplacental transport of IgG from the mother to fetus 
begins around 32 weeks of gestational age and increases until term. Premature infants born 
prior to 32 weeks gestation have profound IgG deficiencies. The major function of IgG in 
host defense is to opsonize bacteria and neutralize viruses. Levels of postnatal IgG are often 
low due to insufficient production by the immature neonatal immune system and 
catabolism of maternal IgG. Opsonic activity is also type-specific; therefore humoral 
immunity transferred to the neonate will be insufficient if the mother does not have 
immunity to the specific pathogen (18).  

4. Immunoglobulins in neonates 

Immunotherapy was a common method of treatment of infectious diseases in the 
preantibiotic era with serotherapy being a popular approach to serious infections by use of 
antisera from large animals. This administration unfortunately was associated with the risk 
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of anaphylaxis and serum sickness. Further on immune globulins obtained from pooled 
human plasma were used, but antibodies provided by these preparations always 
represented those common to the donor population, and intravenous injection of early 
human IgG preparations was complicated by severe allergic reactions (19). The next step 
was the purification of human immune globulins, and, currently there are multiple 
formulations of safe, pooled, human immunoglobulins tor the intravenous use. 

The mortality rate of the preterm infants with septicaemia decreased from 44% in the infants 
receiving only antibiotics to 8% in the infants treated by IVIG together with the same 
antibiotic following administration of IVIG to preterm neonates (0.3 g/day in neonates 
below 1000 g; 0.5 g/day in neonates over 1000 g for 6 consecutive days). The IVIG 
preparation was well-tolerated by all newborns, and no adverse events were observed by 
monitoring blood gas analysis, clinical examination, monitoring of respiration, pulse and 
body temperature. Follow-up at an average age of 2.5 years showed no evidence of harmful 
effects of IVIG treatment in the neonatal period (20).  

Cates et al. (21) evaluated the formation of specific and functional antibody in preterm 
infants born weighing less than 1500 g (mean 1088 g) and less than 32 weeks of gestational 
age (mean 28.8 weeks). In the presence of complement, the strain of coagulase negative 
staphylococcus used was opsonized by IgG antibody, and the strain of Escherichia coli by 
IgM. Geometric mean plasma levels of tetanus and diphtheria IgG antibody fell from birth 
to 4 months chronological age, but rose significantly by 9 months (approximately 2 months 
after the third dose of diphtheria, tetanus, pertussis vaccine). However, at 9 months they 
remained lower than the respective geometric mean levels in 9-month-old term infants. The 
preterm infants' mean plasma IgG staphylococcal opsonic activity fell from birth to 2.5 
months, but by 9 months was comparable to that of term infants of the same age. Mean IgM 
opsonic activity for Escherichia coli was very low at birth in both preterm and term infants. 
It rose with chronological age, correlating with the rise in total IgM by 9 months the mean 
preterm and term infants' levels of IgM opsonic activity for E. coli were comparable. 

Sasidharan (22) studied serially IgG levels postnatally in 42 infants of very low birth weight 
with gestational ages ranging from 23 to 31 weeks (mean birth weight 971 g). Eighteen 
infants (43%) had IgG levels of less than 100 mg/dl by a mean postnatal age of 71 days. The 
lowest level was found in a 700g infant with 22 mg/dl. In sixteen cases having cord blood 
IgG levels determined mean IgG values was 414 mg/dl. This had dropped to a mean of 140 
mg/dl by 57 days. As expected, the lowest IgG levels postnatally were a reflection of the 
degree of prematurity and the length of postnatal age. 

To proof the significance of low serum IgG and complement proteins in very low birth 
neonates Lassiter et al (23) measured serum IgG, C3, C4 and Factor B weekly by rate 
nephelometry in 15 neonates who developed proven nosocomial bacterial or candidal sepsis 
and 27 neonates who did not develop sepsis. In the first and second week of life the serum 
IgG of infected neonates was significantly lower (mean 295 and 270 mg/dl compared to 440 
and 473 mg/dl, respectively. If the IgG was less than 350 mg/dl in the first week or less than 
230 mg/dl in the second week, the relative risk of acquiring sepsis was greater than or equal 
to 5 (CI 95% 1.7 to 11.2).  
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Amato et al. (24) investigated serial IgG and IgM serum levels during the neonatal period in 
two groups of non-septic, preterm infants treated prophylactic with IVIG. Twenty-two very 
low birth weight infants (mean gestational age 31.8 weeks and mean birth weight 1265 g 
with a range of 1001 - 1500g) and 12 extremely low birth weight infants < 1000g (mean 
gestational age 28.6 weeks and mean birth weight 910g) received at random three standard 
doses of IVIG (0.5 g/kg/day) or IVIGAM (IgM enriched preparation) (5 ml/kg/day). IgG and 
IgM concentrations were assayed by rate nephelometry before treatment and at day 3, 5, 7, 
14 and 28 of life. At any time IgG levels were higher in the IVIG very low birth weight group 
and no difference was observed in the extremely low birth weight group. IgM levels were 
higher at day 3 and 5 in the IVIGAM very low birth weight group and until day 7 in the 
extremely low birth weight group. The authors concluded that their findings indicate a wide 
range of IgG and IgM kinetics in the healthy premature infant.  

Supplementation of the preterm serum with either intravenous immunoglobulin or IgM-
enriched immunoglobulin did not change the results of phagocytosis rates (percentage of 
neutrophils phagocytosing group B streptococci in vitro in infants < 32 weeks of gestation 
and adult controls) significantly (25).  

In a rat model marked neutropenia, complete depletion of the neutrophil storage pool, and 
death within 48 hours were observed in newborn rats intrapulmonically inoculated with 
type III group B streptococci (26). Intraperitoneal administration of 225 mg of IVIG 
immediately after intrapulmonic inoculation of GBS significantly lessened the degree of 
neutropenia and prevented depletion of the neutrophil storage pool and death. No effect of 
IVIG on neutrophil production was observed in vitro or in vivo in normal neonatal rats 
injected with IVIG. IVIG, however, markedly hastened release of neutrophils from the 
reserves into the blood and hastened the arrival of neutrophils at the site of the bacterial 
injection. Specific antibody to GBS, as opposed to a nonspecific IgG effect, appeared to be 
responsible for the improvements in neutrophils kinetics and for survival of the animals. 

In animal experiments following administration of IVIGAM endotoxemia was induced by 
intraperitoneal inoculation of a sublethal dose of Escherichia coli and subsequent 
intravenous administration of an antimicrobial agent (27). Prophylactic administration of 
IVIGAM was found to significantly attenuate the antibiotic-induced increase in endotoxin 
activity as compared to the albumin control group. These experimental results suggested 
that in endotoxaemia the polyclonal immunoglobulin preparation had a prophylactic 
protective effect on the acute phase responses and reduced the cardiodepressant effects of 
Escherichia coli septicaemia. 

The pharmacokinetics and safety of IVIG were examined in thirty neonates with suspected 
sepsis who were randomly assigned either to a treatment (receiving either 250, or 500, or 
1,000 mg/kg of IVIG plus antibiotics) or control (antibiotics alone) group (28). The 500 mg/kg 
dose produced a rise in total IgG for greater than 8 and in group B streptococcus type-
specific IgG for greater than 4-14 days. The type-specific antibody elevation varied with the 
amount of pathogen-specific antibody and dose of IVIG. Pharmacokinetic analysis 
suggested a biphasic elimination curve and a terminal elimination half-life of 24.2 days. No 
toxicity was observed (28).  



 
Immunoglobulins in the Prevention and Treatment of Neonatal Sepsis 87 

Prophylactic IVIG at a dose of 0.5 g/kg/day was given prospectively in 28 healthy preterm 
infants with a mean gestational age of 29.4 weeks and weight of 1,387g when they were 3-10 
days old (29). Urine samples of the neonates were obtained for analysis on days 1, 2 and 3 
following IVIG administration as well as 1 day before; and urinary nitrite levels were 2.77 
+/- 1.66 µmol/mmol creatinine before IVIG administration; 4.33 +/- 3.88 µmol/mmol 
creatinine on the 1st; 3.77 +/- 2.73 µmol/mmol creatinine on the 2nd, and 3.64 +/- 3.28 
µmol/mmol creatinine on the 3rd day. The increase of urinary nitrite levels was significant 
between before and after IVIG administration, thereafter levels did not differ significantly, 
suggesting that endogenous NO formation might play an important role in both the 
therapeutic and adverse effects of IVIG (29). 

5. Use of immunoglobulins in the treatment of neonatal sepsis 

Polyvalent immunoglobulin preparations are widely used as adjunctive therapy for sepsis 
or septic shock, but their efficacy is still a matter of debate. In 2007 Kreymann et al. (30) 
conducted a systematic review summarizing data on adults and neonates separately. In 
neonates, 12 trials (31-42) involving 710 patients were published. The estimate of the pooled 
effect on mortality was RR = 0.56 (95% CI 0.42– 0.74, p <.0001). Five studies (32,35,37,39,41) 
involving 352 patients were performed with the IgGAM preparation. The range of the 
cumulative dose of IgG was 0.57– 0.76 g/kg birth weight plus 0.09–0.12 g/kg birth weight 
IgA and 0.09–0.12 g/kg birth weight IgM. In this subgroup, the estimate of the pooled effect 
was RR = 0.50 (95% CI 0.34–0.73), equivalent to a 50% relative reduction in mortality (p < 
.0003). The study effects were comparable, and the test of heterogeneity was not significant. 
The study of El Nawawy (32) reported a significant reduction of mortality, the other four a 
positive trend (35,37,39,41). Polyvalent immunoglobulin preparations containing only IgG 
were evaluated in seven trials (31,33,34,36,38,40,42) involving 358 patients. The cumulative 
dose of IgG was 0.5–3 g/kg birth weight. The estimate of the pooled effect for this subgroup 
was RR = 0.63 (95% CI 0.42– 0.96), equivalent to a 37% relative reduction in mortality (p < 
.03). The test of heterogeneity was not significant. One study (38) reported a significant 
reduction in mortality, three studies reported a positive trend (31,33,42), and two studies 
(34,40) showed no effect. One trial (36) showed a duplication of mortality; one neonate died 
in the control group and two in the treatment group. Comparing the two treatment 
modalities, a small and insignificant difference in favour of IgGAM was observed (z = 0.80, 
p ≤ .42). Kreymann et al. (30) found a negative correlation with the severity of illness (as 
measured by the mortality of the control groups) in neonates; however, this held true only 
when the results reported by Chen (36) were included: In this study, an exceptionally low 
mortality in the control group was observed (1 of 28, respectively, 3.6%), which was doubled 
in the treatment group (2 of 28, respectively, 7.1%). If these results were omitted, the 
correlation lost significance. Additionally the authors found no correlation with the dosage 
of immunoglobulins administered. 

In adults and children, Kreymann et al. (30) found a strong trend in favour of IgGAM over 
IgG preparations with a 34% and 15% reduction of the risk to die, respectively, compared to 
an even higher 50% and 37% relative reduction of mortality in neonates, respectively. In 



 
Neonatal Bacterial Infection 88 

neonates and especially preterm infants, therapy with polyclonal immunoglobulins should 
be understood much more as a substitutional therapy than as an adjunctive therapy as for 
adults or older children (43). Comparing the two treatment modalities (IgGAM vs. IgG) in 
neonates, Kreymann et al. (30) only found a slight difference without statistical significance. 
A major limitation of this meta-analysis is the inclusion of the study of El Nawawy (32), who 
originally included infants of 1 to 24 months of age hospitalized at a pediatric intensive care 
unit, of which 50 were proven septic patients. This study strongly influenced study results 
favouring immunoglobulin therapy. 

Ohlsson and Lacy (44) recently reviewed IVIG for suspected or subsequently proven 
infection in neonates including randomized or quasi-randomized controlled trials 
comparing IVIG treatment to placebo or no intervention in newborn infants below 28 days 
of age. They found 10 studies meeting their inclusion criteria that differed to the above 
mentioned analysis (30) by additional including the small study of Christensen et al. (45) 
and a new study by Ahmend et al. (46) and not including the studies by El Nawawy (32), 
Gökalp (38), and Gunes (31).The results showed a statistically significant reduction in 
mortality in cases of proven and also of suspected infection with a NNT of 10 infants (95% 
CI; 6, 33) to avoid one death.  

IVIG preparations with high concentrations of antibodies to bacteria that are commonly 
isolated from neonates in specific local settings or geographical areas may be more effective 
in reducing adverse outcomes (44). However, the use of antistaphylococcal 
immunoglobulins to prevent staphylococcal infection in very low birth weight infants has 
recently been reviewed and is currently not recommended (47). 

A very recent study published by the International Neonatal Immunotherapy Study (INIS) 
Collaborative group enrolled 3493 infants with birth weight less than 1500g receiving 
antibiotics for suspected or proven serious infection and randomly assigned them to receive 
two infusions of either IgG immune globulin (at a dose of 500 mg per kilogram of body 
weight) or matching placebo 48 hours apart (48). The researchers found no significant 
between-group difference in the rates of death or major disability at the age of two years (39 
and 39%, respectively). Similarly, there were no significant differences in the rates of 
secondary outcomes including the incidence of subsequent sepsis episodes. In the 2-years 
follow-up of the study participants there were no differences in the rates of major or non-
major disability or of adverse events. Thus, IgG IVIG was not found to be helpful in 
diminishing the risk of major complications or adverse outcomes in neonates with suspected 
or proven sepsis. The duration of hospital stay also did not differ between groups (48). 

The clinical efficacy of IgM-enriched IVIG (currently there is only one preparation available, 
Pentaglobin®) has been reviewed by Norrby-Teglund et al. (49) for both adult and 
paediatric/neonatal patients. The authors concluded that patients most likely to benefit are 
Gram-negative septic shock patients. Therefore it is important to emphasize that selection of 
study patients as well as microbiological aetiology are of high relevance affecting the 
efficacy of IVIG. 



 
Immunoglobulins in the Prevention and Treatment of Neonatal Sepsis 89 

6. Use of immunoglobulins in the prevention of neonatal sepsis 

There have been published a lot of studies and reviews on the preventive use of IVIG in 
preterm infants and I herewith report (“pars pro toto”) two multicenter randomized, 
double-blind, placebo-controlled trial published early in the New England Journal of 
Medicine (50,51) with divergent results and the latest Cochrane Review (52). 

Baker et al. (50) included 588 infants with a birth weight of 500 - 1750 g and age of 3 - 7 days 
from six centres in the U.S. between 1987 and 1988. The trial was randomized, double-blind, 
placebo-controlled with 287 infants having received 500 mg/kg of IVIG at enrolment (age 3 
to 7 days), one week later, and then every 14 days until a total of five infusions had been 
given or until hospital discharge, whichever came first, and 297 controls having received an 
equal volume of a sterile solution of 5 % albumin and 0.9 % sodium chloride. Outcomes 
included proven infection - clinical findings of sepsis and at least one of the following: a 
positive blood culture of either bacteria or fungi (the isolation of a pathogen from a 
normally sterile other body site or urine obtained by suprapubic or bladder catheterization, 
or the isolation of virus from an infant with clinical deterioration), necrotizing enterocolitis 
stage II or III, intraventricular haemorrhage grade 1 to 4, bronchopulmonary dysplasia, 
death, and total days in hospital. There were 50 episodes of sepsis among 287 infants (17.4%) 
in the IVIG group and 75 episodes of sepsis among 297 infants (25.3%) in the placebo group. 
The cumulative relative risk reduction was 0.7 (CI 95% 0.5-0.9). 

In a prospective, multicenter, two-phase controlled trial, Fanaroff et al. (51) stratified 2416 
infants according to birth weight (501 to 1000 g and 1001 to 1500 g) and randomly assigned 
to an IVIG (n = 1204) or a control group (n = 1212). Control infants were given placebo 
infusions during phase 1 of the study (n = 623) but were not given any infusions during 
phase 2 (n = 589). Infants weighing 501 to 1000 g at birth were given 900 mg of immune 
globulin per kilogram of body weight, and infants weighing 1001 to 1500 g at birth were 
given a dose of 700 mg per kilogram. The immune globulin infusions were repeated every 
14 days until the infants weighed 1800 g, were transferred to another center, died, or were 
sent home from the hospital. Nosocomial infections of the blood, meninges, or urinary tract 
occurred in 439 of the 2416 infants (18.2 %): 208 (17.3 %) in the immune globulin group and 
231 (19.1%) in the control group (relative risk, 0.91; CI 95% 0.77 to 1.08). Septicemia occurred 
in 15.5% of the immune globulin recipients and 17.2% of the controls. The predominant 
organisms included gram-positive cocci (53%), gram-negative bacilli (22.4%), and candida 
species (16%). Adverse reactions were rarely observed during the infusions. Immune 
globulin therapy had no effect on respiratory distress syndrome, bronchopulmonary 
dysplasia, intracranial hemorrhage, the duration of hospitalization, or mortality. The 
incidence of necrotizing enterocolitis was 12% in the immune globulin group and 9.5” in the 
control group. Thus, the authors concluded that the prophylactic use of IVIG failed to 
reduce the incidence of hospital-acquired infections in very-low-birth-weight infants (51). 

The prophylactic administration of intravenous immunoglobulins (IVIG) to prevent 
nosocomial infections has been studied in >5,000 neonates from 19 studies enrolled in 
randomised controlled trials (52). The results of these meta-analyses showed a statistically 



 
Neonatal Bacterial Infection 90 

significant reduction in sepsis (number needed to treat – NNT - 36) and/or any serious 
infection (NNT 31), but no reduction in mortality from infection. The reviewers concluded 
that IVIG administration resulted in a 3% reduction in sepsis and a 4% reduction in any 
serious infection of one or more episodes. Nevertheless it was not associated with 
reductions in other important outcomes including necrotizing enterocolitis intraventricular 
haemorrhage, or length of hospital stay. Most importantly, IVIG administration did not 
have any significant effect on mortality from any cause or from infections. There were no 
adverse events observed to be associated with prophylactic use of IVIG. From a clinical 
perspective a 3-4% reduction in nosocomial infections without a reduction in mortality or 
other important clinical outcomes might be of marginal importance and has to be 
outweighed by the costs and the values assigned to the clinical outcomes (52). This 
Cochrane review ends with the statement that there is no justification for further 
randomized trials testing the efficacy of previously studied IVIG preparations to reduce 
nosocomial infections in preterm and/or low birth weight infants. In contrast, these results 
should encourage basic scientists and clinicians to pursue other avenues to prevent 
nosocomial infections (52). 

7. Conclusions 

There is a rational to use of IVIG in either adjunctive treatment neonatal sepsis or in the 
prevention by low immunoglobulin levels associated with the immature innate immune 
system of preterm infants. Studies so far revealed a benefit for IgM enriched IVIG in the use 
as adjunctive sepsis treatment by an overall significantly reduced mortality rate. 
Prophylactic use of IVIG resulted in marginally reduced rates of nosocomial infections, and 
other non-invasive approaches like use of lactoferrin (53) and/or probiotics (54) seem to be 
more promising in the prevention of nosocomial infections in very low birth weight infants. 
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