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Abstract
Neonatal sepsis is the most common cause of neonatal deaths with high mortality despite treatment. Neonatal sepsis can be classified into two subtypes depending upon onset of symptoms. There are many factors that make neonates more susceptable to infection. Signs of sepsis in neonates are
of ten non-specific and high degree of suspicion is needed for early diagnosis. Some laboratory parameters can be helpful for screening of neonates
with neonatal sepsis, but none of it is specific and sensitive enough to be used singly. Diagnostic approach mostly focuses on history and review of
non specific signs and symptoms. Antibiotic treatment is the mainstay of treatment and supportive care is equally important. The aim of this review
is to give an overview of neonatal sepsis, including incidence, etiology, clinical picture, diagnostics and therapy.
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Burden of disease
Neonatal sepsis (NS) is single most important cause of neonatal deaths in the community, accounting for over half of them (1,2). If diagnosed early
and treated aggressively it is possible to save most
cases of NS (3). NS is defined as a clinical syndrome
characterized by signs and symptoms of infection
with or without accompanying bacteremia in the
first month of life. It encompasses various systemic
infections of the newborn such as septicaemia,
meningitis, pneumonia, arthritis, osteomyelitis
etc., but it does not include superficial infections
like thrush (4). Neonatal sepsis may be defined, both clinically and/or microbiologically, by positive
blood and/or cerebrospinal fluid cultures (5,6). The
incidence of culture-proven sepsis is approximately 2 per 1,000 live births. There is no universal agreement on definition of neonatal sepsis, according to various diagnostic criteria, incidence of neonatal sepsis in developed countries is 2.2-8.6 per
1,000 live births (7-9). Babies in the neonatal intensive care units (NICU) are at increased risk for acquiring nosocomial (hospital-acquired) infections.
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Many babies in the NICU are premature or have
low birthweight which makes them more susceptable to infection and more likely to need invasive treatments and procedures. Nosocomial blood
stream infections continue to be a cause of high
mortality and morbidity in NICUs (10).

Early vs. late sepsis
Neonatal sepsis can be classified into two subtypes depending upon whether the onset of
symptoms is before 72 hours of life (early onset) or
later (late onset). Early-onset infections are caused
by organisms prevalent in the maternal genital tract or in the delivery area. Risk factors for early-onset sepsis include prematurity, low birth weight,
premature and prolonged rupture of membranes,
maternal fever, uroinfection and chorioamnionitis.
Late-onset sepsis (LOS) is caused by the organisms
thriving in the external environment of the home
or the hospital. The infection is often transmitted
through the hands of the care-providers. The on-
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set of symptoms is usually delayed beyond 72 hours after birth and the presentation is that of septicemia, pneumonia or meningitis. LOS is a common
complication of prolonged admission to the NICU
following preterm birth (11). Risk factors for LOS
are invasive procedures such as resuscitation in
delivery room, intubation, mechanical ventilation,
central venous catheters, surgical procedures and
staying in NICUs for prolonged period of time. The
use of broad spectrum antibiotics is risk factor for
fungal NS.

Causative agents of sepsis
The microorganisms most commonly associated
with early onset infection include group B Streptococcus (GBS), Escherichia coli, coagulase negative
Staphylococci (CONS), Haemophilus influenzae and
Lysteria monocytogenes (12).
Group B streptococcus arised as an important cause of neonatal and maternal pathogen in USA &
Western Europe with reported mortality rate of 1550% (13). In the USA 10-35% of pregnant women
are asymptomatic carriers of GBS in genital and
gastro intestinal tract at the time of delivery (14).
Approximately 98% of colonized newborn remain
healthy but 1-2% develop invasive GBS infection.
The overall incidence of neonatal GBS infection
was approximately 2/1,000 live births in the USA
prior to introduction of intra-partum prophylaxis.
Trends in the epidemiology of early onset sepsis
show a decreasing incidence of GBS sepsis (15). After introduction of intrapartal prophylaxis against
GBS infection there was a significant decline in early GBS NS in newborns less than 1500 g birthweight (16). GBS remains the most frequent significant
pathogen in term infants and E. coli the most significant pathogen in preterm infants (17).
Late onset sepsis syndrome occurs at 7-90 days of
life and is acquired from the caregiving environment. Organisms that are associated with late onset sepsis are Staphylococcus aureus, CONS, E. coli,
Klebsiella, Pseudomonas, Enterobacter, Candida,
GBS, Serratia, Acinobacter and anaerobes. Trends in
late-onset sepsis show an increase in CONS sepsis
(17). Late onset disease has a higher case fatality
rate when gram negative bacteria are involved.
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Susceptability for neonatal infection
The fetus has some preformed immunoglobulin
present, primarily acquired through nonspecific
placental transfer from the mother. Most of this
transfer occurs in late gestation, such that lower
levels are found with increasing prematurity. The
neonate may receive immunoglobulin A (IgA) from
breastfeeding but does not secrete IgA until 2-5
weeks after birth. Concentration of various components of the complement system widely varies
among individual neonates. The terminal cytotoxic components of the complement cascade
that leads to killing of organisms, especially gramnegative bacteria, are deficient. Natural killer (NK)
cells are found in small numbers in the peripheral
blood of neonates. These cells are also functionally
immature in a way that they produce far lower levels of interferon-gamma upon primary stimulation than do adult NK cells. The physical and chemical barriers to infection in the human body are
present in the newborn but are functionally deficient. Skin and mucus membranes are broken
down easily in premature infants.

Clinical features
Signs of sepsis in neonates are often non specific
(Table 1). It is important to recognise signs and
symptoms of possible infection to make early diagnosis. A neonate with sepsis may present with signs and symptoms of hypothermia or fever, poor
cry, poor feeding or refusal to suck, lethargy, hypotonia, respiratory distress, apnea, fast breathing,
poor perfusion, hypoglycaemia and prolonged capillary refill time. Meningitis is often silent, the clinical picture is dominated by manifestations of associated septicemia.
The evaluation test for neonatal sepsis is important because infection indicates a very serious threat
to babies. There is no single test that can be confidently used and applied by physicians/neonatologists to predict neonatal sepsis. Most of the diagnostic tests are not available in secondary and primary care level. So the diagnostic approach focuses on history and review of non specific signs and
symptoms (18,19).
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TABLE 1. Clinical manifestations of neonatal sepsis.
Clinical manifestations of neonatal sepsis
Lethargy
Refusal to suckle
Poor cry
Not arousable, comatosed
Abdominal distension
Diarrhea
Vomiting
Hypothermia
Poor per fusion
Sclerema
Poor weight gain
Shock
Bleeding
Renal failure
Cyanosis
Tachypnea
Chest retractions
Grunt
Apnea/gasping
Fever
Seizures
Blank look
High pitched cry
Excessive crying/irritability
Neck retraction
Bulging fontanelle
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the need for using antibiotics with a high CSF penetration and provision of antibiotic treatment for
at least 3 weeks parenterally.
Nonspecific laboratory investigation for the diagnosis of invasive bacterial infections remain the
most important diagnostic aid for the management of septic neonates (20) (Table 2).
The role of laboratory results and their notification
of critical values can sometimes be crucial in the
management of the patient. Therefore, all efforts
need to be made in order to establish the appropriate link between laboratory and the clinic in terms of the timely notification of the critical values
for a critically ill patient. The criteria for considering test results critical is controversal (21). There are
a variety of tests which are helpful for screening of
neonates with sepsis. The most useful and widely
used is the white blood cell count and differential
count. Neutropenia is more predictive of neonatal
sepsis than neutrophilia, but it may be present in
maternal hypertension, birth asphyxia and periventricular hemorrhage. Total leukocyte count (> 20
and < 5 x 109 / L), differential leukocyte count and
morphology, total neutrophil count, total nonseg-

TABLE 2. Laboratory investigations for diagnosis of neonatal
sepsis.

Diagnostic tools for neonatal sepsis
The isolation of microorganisms from blood, cerebrospinal fluid (CSF) or urine remains the gold
standard for definitive diagnosis, however, confirmation or exclusion of positive cultures requires
days and the sensitivity of the culture methods is
frequently low because of the concomitant antibiotic therapy, small blood sample volume or low
colony counts. In addition, clinical signs of sepsis
in neonates are poor, late and non specific, particulary in preterm infants, in whom the onset of
sepsis may be acute and clinical course can quickly
deteriorate.
If possible, lumbar puncture should be done in all
cases of late onset (> 72 hours) and symptomatic
early onset sepsis because 10-15 percent of children may have associated meningitis. Detecting
meningitis in septicemia is important because of
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Specific laboratory tests
Blood, cerebrospinal fluid and urine culture
Direct visualisation of bacteria (Gram stain…)
Detection of bacterial antigens
Polymerase chain reaction (amplification of bacterial DNA)
Haematological investigations
White blood cell counts, total and differential, platelet count
Biochemical investigations
CRP, procalcitonin, ESR, serum amyloid, other acute phase
reactants: haptoglobin, lactoferrin, neopterin, inter-inhibitor
proteins (I Ips), lipopolysaccharide-binding protein (LBP), C5a,
C5L2, immunoglobulins
Cytokines and receptors
IL-1, IL-6, IL-8, IL-10
IL-1ra, IL-2rs
IP-10, RANTES, TNF-α, IFN-γ
G-CSF, CSF1, SCF
MIP1-a
sCD14, sICAM-1, CD11b, CD64, CD69, CD25, CD45RO, CD19,
CD33, CD66b
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mented neutrophil count, neuotrophil ratios, platelet count are the indices most commonly used. These haematological counts and ratios showed a limited accuracy with wide range of sensitivity (1790%) and specificity (31-100%), due to the relatively
long period necessary to become positive and the
significant influence of non-specific factors. However, the bands neutrophil: total neutrophil (IT) ratio
of > 0.2 may reach a sensitivity of 90% and the negative predictive value of 98%. The IT ratio is less influenced by non infectious factors, as the method
of delivery (22). Platelet count of less than 100 x 109
/ L can be indirect evidence of infection.
C-Reactive Protein (CRP) is a globulin that forms a
precipitate when combined with the C-polysaccharide of Streptococcus pneumoniae. It is the most
extensively acute phase reactant studied so far.
The sensitivity is low for early diagnosis of sepsis,
due to the relatively long time, 6-8 hours following
the stimulus, required for the synthesis; the peak is
observed at 24 hours. The qualitative assay of CRP
does not offer significant advantages on the leukocyte indexes. On the other hand, quantitative
CRP values, particularly when repeated, are highly
specific and have good sensitivity. In addition, serial measurements can be helpful in monitoring
the response to treatment. In spite of the reduced
early sensitivity, CRP still remains the preferred index in most neonatal ICUs.
Very high serum procalcitonin levels are present in
neonates with proven or clinically diagnosed bacterial infection; early decrease of these concentrations reflects appropriate antibiotic therapy (23).
Compared with CRP, procalcitonin has the advantage that increases more rapidly. However, in comparison to the CRP it’s usage has been limited because of significant rapid variations of basal levels
after birth, and the need for several different cutoff values with changing neonatal age (24). Recent
meta-analysis suggested that procalcitonin
showed better accuracy than the CRP test for the
diagnosis of late-onset sepsis (25). PCT concentration showed better discrimination than other inflammatory parameters for differentiating systemic from localised bacterial infection in critically ill
patients (26). Procalcitonin should be used as an
adjunct, rather than a replacement, to CRP to improve the diagnostic accuracy.
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An important limit of haematological indices for
early diagnosis of sepsis is the time required for
the test to become positive. It takes several hours
for leukocyte indices and acute-phase reactants to
change significantly after the onset of reaction.
Several cytokines and receptors have been evaluated for the early diagnosis of infection in neonates
(27-32). In most cases of neonatal sepsis, interleukin-6 (IL-6) increases rapidly, several hours before the increase in the concentration of CRP, and
decreases within 24 hours to undetectable levels.
IL-6 has good sensitivity and good specificity when
used as a very early marker. A study showed that
IL-6 and interleukin-1 receptor antagonist (IL-1ra)
increased significantly two days before clinical
diagnosis of sepsis (27). In contrast to CRP, IL-6 is
very early marker but levels can become normal
even if infection continues. When used in combination with CRP, the sensitivity is high for infected
infants at any postnatal age.

Treatment
No investigation is required to start treatment in a
clinically obvious case. Early treatment is crucial.
Supportive care and antibiotics are two equally
important components of the treatment. It should
be realized that antibiotics take at least 12 to 24
hours to show any effect and it is the supportive
care that makes the difference between life and
death early in the hospital course. The purpose of
supportive care is to normalize the temperature,
stabilize the cardiopulmonary status, correct
hypoglycemia and prevent bleeding tendency.
There is no single recommendation for antibiotic
regimen for neonatal sepsis for all settings. Generally the choice of antibiotic depends on suspected
flora in the given set up and their antimicrobial susceptibility. Antibiotic therapy is started when there
is strong suspicion of sepsis. Choice of antibiotic also depends on source of infection. A combination
of ampicillin or penicillin with gentamicin may be
used as first line of therapy for community acquired
infection where resistant strains are less likely. For
hospital acquired infection where resistant strains
are more likely a combination of ampicillin or cloxacillin and gentamicin or amikacin may be used (33).
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Antibiotic therapy should cover the common causative bacteria - Escherichia coli, Staphylococcus aureus and Klebsiella pneumoniae. A combination of
ampicillin and gentamicin is recommended for
treatment of sepsis and pneumonia. In cases of
suspected meningitis, cefotaxime should be used
along with an aminoglycoside. Table 3 shows guidelines about antibiotic therapy. The duration of
antibiotic therapy in sepsis depends upon the pathogen, site of infection and the clinical response
of the baby. 7-10 days therapy is required for soft
tissue infections or pneumonia. Deep-seated infections (osteomyelitis) and meningitis may require therapy for 3-6 weeks.

Prevention of infections
A good antenatal care is important in decreasing the
incidence, morbidity and mortality from neonatal
sepsis. All types of infections should be diagnosed
early and treated vigorously in pregnant mothers.

Conclusion
In conclusion, manifestations of neonatal sepsis
are non-specific. A high index of suspicion with or
without lab evidences of infection is the key for
early diagnosis. Prompt institution of antibiotic
therapy and supportive care will save most of the
cases of neonatal sepsis.
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TABLE 3. Antibiotic therapy of neonatal sepsis.
Antibiotic

Septicemia or
pneumonia

Meningitis

Each dose
(mg/kg)

Inj Ampicillin or

50

Inj Cloxacillin

50

AND
Inj Gentamicin or

2.5

Inj Amikacin

7.5

Inj Ampicillin

100

AND
Inj Gentamicin

2.5

OR
Inj Cefotaxime
AND

50

Inj Gentamicin

2.5

Frequency
< 7 days age

Frequency
> 7 days age

Route

Duration

IV, IM
IV
12 hourly

8 hourly

IV, IM

7-10 days

IV, IM

12 hourly

8 hourly

IV

3 weeks
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Novorođenačka sepsa
Sažetak
Novorođenačka sepsa je najčešći uzrok smrtnosti novorođenčadi s visokom stopom smrtnosti usprkos terapiji. Prema početku javljanja kliničkih
znakova razlikuje se rana i kasna sepsa. Mnogo je čimbenika zbog kojih je novorođenče osobito podložno infekciji. Znakovi sepse u novorođenačkoj
dobi često su nespecifični i potrebna je osnovana sumnja za rano postavljanje dijagnoze. U probiru novorođenčadi sa sumnjom na sepsu koriste
se određeni laboratorijski parametri, no niti jedan nije dovoljno specifičan i osjetljiv da bi se koristio samostalno. Dijagnostički pristup zasniva se
na anamnezi i analizi nespecifičnih znakova. Osnovna terapija su antibiotici, potporno liječenje je jednako važno. Cilj rada je dati pregled novorođenačke sepse, uključujući incidenciju, etiologiju, kliničku sliku, dijagnostiku i terapiju.
Ključne riječi: infekcija; novorođenče; sepsa; antibiotici
Biochemia Medica 2011;21(3):276–81

281

