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Neonatal sepsis is a major cause of death in newborns despite sophisticated neonatal intensive care. This retrospective
study reviewed the clinical characteristics of cases of culture-proven sepsis in a neonatal intensive care unit from
January 1992 to December 2001. Patients were divided into those with onset of sepsis in the first 7 days of life (earlyonset group) and those with onset after the seventh day of life (late-onset group). A total of 270 cases with 325
episodes of sepsis and 353 isolated pathogens were identified and included in the study. The male-to-female ratio
was 1.4. The majority of cases of sepsis occurred in low birth weight (75.9%) and premature babies (76.7%). Late onset occurred in 71.9% of cases. Patients with late onset had a lower mortality rate than those with early onset (11.3%
vs 28.9%). Coagulase-negative staphylococci (20.1%) was the most common organism isolated, but infection with
Pseudomonas aeruginosa was associated with the highest morality rate (55.0%). Late-onset sepsis was significantly
more common in very low birth weight and premature infants. The most frequently encountered pathogens in the earlyonset group were group B streptococci (GBS) and Escherichia coli, while in the late-onset group, the organisms were
coagulase-negative staphylococci and Enterobacteriaceae, including E. coli, Klebsiella pneumoniae, and Acinetobacter
baumannii. GBS infection resulted in the highest mortality when the onset of sepsis was within the first 24 hours of life.
Key words: Etiology, neonatal intensive care units, risk factors, sepsis, survival analysis

With advanced neonatal intensive care, there has been
a substantial improvement in neonatal mortality,
especially in very low birth weight (VLBW) and
premature infants [1-4]. Sepsis, however, continues to
cause significant mortality and morbidity in these
patients. The incidence of neonatal sepsis was 1 to 2
per 1000 live births in the United States [5]. Cultureproven sepsis may occur in up to 20% of neonatal
intensive care unit (NICU) admissions [5]. There are 2
patterns of sepsis described during the first month of
life, early onset and late onset.
Early-onset sepsis, presenting during the first few
days of life, usually progresses rapidly and has multiorgan involvement. It is frequently associated with
obstetric complications, such as premature rupture
of membranes (PROM), premature onset of labor,
chorioamnionitis, and peripartum maternal fever.
The majority of affected newborns are premature or

low birth weight (LBW) infants, and the pathogens are
frequently acquired during passage through the birth
canal. Mortality ranges from 5 to 50% [6].
Late-onset sepsis, occurring after the first week
of life, is less severe and less frequently associated
with obstetric complications. Pathogens may have
originated from the maternal genital tract, but also
may come from contact with human carriers after
birth or with contaminated equipment or materials.
Mortality is usually much lower than in early-onset sepsis.
VLBW infants with prolonged hospital stay and more
invasive intervention in the NICU are at increased risk
for nosocomial sepsis [6]. The incidence of nosocomial
sepsis in NICUs ranged from 5 to 30 per 100 patients [7].
This study analyzed the clinical characteristics and
outcome in a series of patients with neonatal sepsis.
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Data were collected by chart review of patients treated
at Mackay Memorial Hospital, a teaching hospital with
a 33-bed NICU and an active neonatal transport program.

Patients and Methods

301

Neonatal sepsis in ICU

Between January 1992 and December 2001, a total of
8965 patients were admitted to the NICU.

Data collection
Patients with culture-proven sepsis treated in the NICU
from January 1992 to December 2001 were included.
Patients were excluded if the blood culture results were
caused by contamination, i.e., if commensal organisms
(such as Gram-positive bacilli) were cultured, if a second
set of blood cultures was negative before antibiotic
therapy was given, or if patients recovered without the
use of antibiotics. Patients were divided into those
with sepsis developing within the first 7 days of life
(early-onset group) and those with sepsis developing
after the seventh day of life (late-onset group).
Data collected included gender, gestational age
(GA), birth weight, age at onset of sepsis, symptoms
and signs, pathogens, perinatal risk factors, underlying
conditions, associated infections, and outcome.

Definition
Prematurity was defined as GA below 37 weeks. LBW
infants were those with birth weight less than 2500 g
and VLBW babies were those with birth weight below
1500 g. If positive blood culture was obtained more than
48 hours after admission, the infection was regarded as
nosocomial.

Perinatal risk factors
PROM was defined as rupture of membranes more
than 24 hours prior to delivery. Maternal fever and
chorioamnionitis were classified based on maternal
hospital records. Other perinatal risk factors investigated
included Apgar score less than 7 at 5 min; delay of

initial crying; meconium aspiration syndrome; maternal
eclampsia; fetal distress; hydroamninosis; cesarean
section due to placenta previa, placenta abruptio or
breech; unmarried mother; and cervical incompetence.

Outcome
Sepsis-related mortality was defined as death occurring
within 7 days of septic episodes.

Statistical analysis
Data were analyzed with analysis of variance, chisquared or Fisher’s exact test.

Results
A total of 325 episodes of sepsis involving 353 pathogens
were identified in 270 patients. Thirty two patients had
2 or more septic episodes. The incidence of sepsis was
3.01% among all NICU admissions during the study
period, or 3.29 per 1000 patient days. The male-to-female
ratio was 1.4. In the early-onset group, there were
76 patients (28.1%) with 76 septic episodes (23.4%) and
83 isolated pathogens (23.5%). In the late-onset group,
there were 194 patients (71.9%) with 249 septic episodes
(76.6%) and 270 isolated pathogens (76.5%). In the
late-onset group, 240 episodes occurred at least 48 hours
after admission; therefore, 96.4% of infections in the lateonset group were classified as nosocomial compared
to only 22.4% in the early-onset group (n = 17).

Birth weight, gestational age and clinical
presentation
The gender, GA, and birth weight of the patients are shown
in Table 1. The overall mean birth weight and GA were

Table 1. Gender, gestational age and birth weight of infants with early-onset and late-onset neonatal sepsis

Gender
Male:female
Male
Female
Gestational age
Mean
<37 weeks
≥37 weeks
Birth weight
Mean
≤1500 g
>1500 g
aAnalysis
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of variance.

Early onset
n = 76 (%)

Late onset
n = 194 (%)

Total
n = 270 (%)

2.4:1
55 (72.3)
21 (27.6)

1.2:1
104 (53.6)
90 (46.4)

1.4:1
159 (58.9)
111 (41.1)

33 ± 5 weeks
46 (57.9)
30 (39.5)

30 ± 5 weeks
161 (83.0)
33 (17.0)

31 ± 5 weeks
207 (76.7)
63 (23.3)

<0.00007a
<0.0001

2149 ± 1081 g
29 (38.2)
47 (61.8)

1549 ± 840 g
118 (60.8)
76 (39.1)

1661 ± 931 g
147 (54.4)
123 (45.6)

<0.000003a
<0.01

p

<0.005
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Table 2. Pathogens isolated from patients with early-onset and late-onset neonatal sepsis
Pathogens
Gram-positive bacteria
CoNS
Staphylococcus aureus
GBS
Other Gram-positive organisms
Gram-negative bacteria
Escherichia coli
Acinetobacter baumannii
Klebsiella pneumoniae
Pseudomonas aeruginosa
Other Gram-negative organisms
Fungi
Candida albicans
Candida guilliermondi
Other fungi

Total
41
11
3
15
12
42
18
0
3
5
16
0
0
0
0

Early onset (n = 83)
(%) Death (%)
(49.4)
(13.2)
(3.6)
(18.1)
(14.5)
(50.6)
(21.7)
(3.6)
(6.0)
(19.3)
-

6
1
0
3
2
21
11
0
0
4
6
0
0
0
0

(14.6)
(9.1)
(20.0)
(16.7)
(50.0)
(61.1)
(80.0)
(37.5)
-

Late onset (n = 270)
Total
(%) Death (%)

Total

(%)

119
60
41
3
15
134
26
26
22
15
45
17
9
3
5

160
71
44
18
27
176
44
26
25
20
75
17
9
3
5

(45.3)
(20.1)
(12.4)
(5.1)
(7.6)
(49.9)
(12.5)
(7.4)
(7.1)
(5.7)
(21.2)
(4.8)
(2.6)
(0.9)
(1.4)

(44.1)
(22.2)
(15.2)
(1.1)
(5.6)
(49.6)
(9.6)
(9.6)
(8.2)
(5. 6)
(16.7)
(6.3)
(3.3)
(1.1)
(1.9)

6
3
2
0
1
21
5
1
1
7
7
0
0
0
0

(5.04)
(5.00)
(4.9)
(6.7)
(15.7)
(19.2)
(3.9)
(4.6)
(46.7)
(15.6)
0
0

Mortality rate (%)
7.5
5.6
4.6
16.7
11.1
23.7
36.4
3.9
4.0
55.0
21.3
0
0
0
0

Abbreviations: CoNS = coagulase-negative staphylococci; GBS = group B streptococci

1661 ± 931 g (range, 520-4900 g) and 31 ± 5 weeks (range,
23-43 weeks). The majority of sepsis episodes occurred
in LBW (n = 205, 75.9%) and premature (n = 207,
76.7%) infants. The mean birth weight and GA were lower
in the late-onset group. In the early-onset group, there was
no significant difference in the incidence of term and
premature babies, but in the late-onset group sepsis
occurred significantly more frequently in VLBW (60.8%)
and premature infants (83.0%).
The major clinical manifestations included fever
(34.1%), bradycardia (23.7%), cyanosis (22.7%), lethargy
(22.7%), respiratory distress (21.8%), and apnea (18.0%).

Mortality occurred in 3 of these cases (3/14, 21.4%),
whereas no babies older than 24 hours died of GBS
sepsis. The high prevalence of early onset and high
mortality rate in GBS sepsis were significantly greater
than for other pathogens. There was no significant
change in the incidence of GBS sepsis during the study
period, but an increasing trend of E. coli sepsis was
noted (Fig. 1).
For Staphylococcus aureus infection, methicillinresistant strains accounted for 26 episodes (63.4%) of
episodes in the late-onset group and 2 episodes (66.7%)
in the early-onset group. The incidence of S. aureus
infection was stable over the study period.

Pathogens
Perinatal risk factors and underlying conditions
There was no significant difference in the incidence of
PROM, chorioamnionitis, maternal fever, or other
perinatal risk factors between the 2 groups. Within each
14

E. coli
GBS

12
Patient number

Gram-positive (n = 160, 45.3%) and Gram-negative
(n = 176, 49.9%) pathogens were isolated with nearly
equal frequency (Table 2). Fungal infection accounted
for 4.8% (n = 17) of septic episodes, all in the lateonset group. Coagulase-negative staphylococci (CoNS;
n = 71, 20.1%) were the most commonly isolated
organisms. Pseudomonas aeruginosa was associated
with the highest mortality (55.0%), followed by
Enterobacter cloacae (45.5%) and Escherichia coli (36.
4%). The most frequently encountered pathogens in the
early-onset group were E. coli (18 episodes, 21.7%) and
group B streptococci (GBS; 15 episodes, 18.1%). CoNS
and Enterobacteriaceae, including E. coli, Klebsiella
pneumoniae, Acinetobacter baumannii, were the most
common pathogens in the late-onset group.
In the early-onset group, there were 15 cases of GBS
sepsis in 14 infants with onset within 24 hours of age.
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Fig. 1. Trend of infections with Escherichia coli and group B
streptococci (GBS) from 1992 to 2001.
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Table 3. Underlying conditions in patients with early-onset and late-onset sepsis
Early onset (n = 76)
Mechanical ventilation
Respiratory distress syndrome
Congenital heart disease
Intraventricular hemorrhage grade III-IV
Necrotizing enterocolitis
Bronchopulmonary dysplasia
Catheter usage
Total parenteral nutrition
Operation
Congenital anomaly
Antibiotic therapy
Steroid therapy

Late onset (n = 194)

18
25
9
4
1
6
16
4
4
8
16
1

group, there was no significant association between
these perinatal risk factors and mortality; however, in
the overall group, PROM was associated with higher
mortality (14/51, p<0.02). In addition, the lateonset group had a significantly higher incidence of
mechanical ventilation, respiratory distress syndrome,
congenital heart disease, necrotizing enterocolitis,
bronchopulmonary dysplasia, catheter use, total
parenteral nutrition, and operations than the early-onset
group (Table 3).

Associated infections
Meningitis developed in 11.8% of patients in the
early-onset and 5.2% in the late-onset group (p <0.05).
Other infections did not differ significantly between
the 2 groups. Seventy five percent of patients with
early-onset sepsis had no other associated infections.
Comparison of the 2 groups revealed that although other
infections were less frequent in the early-onset group,
this difference did not reach significance.

Outcome
The overall sepsis-related mortality rate was 16.3%.
The sepsis-related mortality rate was not significantly
higher in VLBW (15.7%) infants or newborns with GA
<28 weeks (17.8%), but was significantly higher in the
early-onset group (28.9% vs 11.3%).

Discussion
There were more premature and VLBW infants in the
late-onset group in this series, as has been reported in
other studies [8-11]. Premature and VLBW infants often
require aggressive management, such as intravascular
catheterization and mechanical ventilation, and stay in
the hospital longer. Late-onset sepsis is associated
304

83
123
67
17
17
70
113
126
51
34
32
12

Total (n = 270)

p

101
148
76
21
18
76
129
130
55
42
48
13

<0.005
<0.0001
<0.00025
>0.05
<0.05
<0.0001
<0.0001
<0.0001
<0.00025
>0.05
>0.05
>0.05

with the use of such interventions [8,9,12]. In this study,
the clinical presentation was mostly nonspecific, as
in previous reports [10,13,14].
As in previous studies, GBS and E. coli were the
most frequently isolated pathogens in the early-onset
group, while GBS was less common in late-onset sepsis
[15,16]. In this study, almost all late-onset sepsis episodes
were nosocomial infections. Although S. aureus has been
reported as the most common nosocomial pathogen in
Taiwan, with a high incidence of methicillin-resistance,
in our series, CoNS was the most common isolated
pathogen, as has been reported in other series [8,11,17],
followed by S. aureus, A. baumannii, and E. coli.
Neonatal sepsis caused by Gram-negative bacteria,
especially P. aeruginosa has been reported to be
associated with the highest mortality rate [7,8], as in our
series. However, unlike other studies [8,18,19], the
outcome of our patients with candidal infection was good.
Although GBS early-onset sepsis is associated
with PROM, peak intrapartum temperature or other
perinatal risk factors have been reported to have higher
mortality [20], we did not find such an association in
our study group. In addition, PROM, maternal fever,
chorioamnionitis, and other perinatal risk factors
were not associated with increased mortality in the earlyonset group. In this study, late-onset neonatal sepsis
was associated with use of mechanical ventilation,
development of respiratory distress syndrome,
congenital heart disease, necrotizing enterocolitis,
bronchopulmonary dysplasia, use of intravascular
catheters, and total parenteral nutrition, as previous
studies have found [8,10,11].
Although early-onset sepsis has frequently been
reported to be associated with pneumonia and lateonset sepsis with meningitis [6], we did not find this
association in our series. On the contrary meningitis was
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Table 4. Pathogens, birth body weight and mortality analysis
Total
Gram-positive bacteria
GBS
Staphylococcus aureus
CoNS
Other Gram-positive organisms
Gram-negative bacteria
Pseudomonas aeruginosa
Escherichia coli
Klebsiella pneumoniae
Acinetobacter baumannii
Other Gram-negative organisms
Fungi
Candida albicans
Other fungi
Total

86
2
27
45
12
102
14
23
16
18
31
13
6
7
201

≤1500 g (n = 201)
Deaths
Mortality rate (%)
4
1
2
1
0
22
7
10
1
0
4
0
0
0
26

4.65
50.0
7.41
2.22
21.6
50.0
43.5
6.25
12.9

12.9

Total
74
16
17
26
15
74
6
21
9
8
30
4
3
1
152

>1500 g (n = 152)
Deaths
Mortality rate (%)
8
2
0
3
3
20
4
6
0
1
9
0
0
0
28

10.8
12.5
11.5
20.0
27.0
66.7
28.6
12.5
30.0

18.4

Abbreviations: CoNS = coagulase-negative staphylococci; GBS = group B streptococci

more common in the early-onset group. The mortality
rate was higher in the early-onset group, as has been
previously reported [6].
Infants with signs of sepsis during the first 24 hours
of life and VLBW infants have the highest mortality
rate [20-22]. In our study, we found that if GBS sepsis
occurred within the first 24 hours of life, the mortality
was higher regardless of VLBW status. Among VLBW
infants, the mortality rate was highest in those with GBS
(50%), P. aeruginosa (50%) and E. coli (43.5%) sepsis
(Table 4).
Antibiotic prophylaxis against GBS during labor
and delivery has markedly reduced the incidence of
GBS sepsis, but an increase in E. coli sepsis was noted
in some reports [23-25]. Another study did not find a
significant change in the incidence of non-GBS earlyonset sepsis [5]. During the study period, no significant
difference was found in the incidence of GBS sepsis,
possibly because of the inconsistency of GBS prophylaxis policy in our country and the frequent use of
ampicillin instead of penicillin for GBS prophylaxis
[26]. In a series of patients at Yale University from
the late 1940s to the mid-1960s, E. coli was the most
common pathogen of neonatal sepsis [25]. During the
late 1980s to the early 1990s, a shift in early-onset
E. coli infection from less fulminant disease caused
by ampicillin-sensitive organisms to more fulminant
disease caused by ampicillin-resistant organisms was
reported [27]. In our series, there was an increasing trend
of E. coli sepsis, which was not significant on linear
regression analysis.

In conclusion, late-onset sepsis is more common
in the NICU and occurs mainly in premature and VLBW
infants. Early-onset sepsis carries a higher mortality.
In our series, GBS and E. coli were the major
pathogens in early-onset sepsis, while CoNS was the
most frequently encountered pathogen in late-onset
sepsis. Overall, Gram-negative pathogens were
associated with a higher mortality rate. In GBS sepsis,
the highest mortality rate was found in those patients
whose infection began within 24 hours after birth.
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