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Incidence, clinical features, and implications
on outcomes of neonatal late-onset sepsis
with concurrent infectious focus
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Abstract

Background: Neonatal bloodstream infection (BSI) is the most important cause of morbidity and mortality in the
neonatal intensive care unit (NICU). Although most neonatal BSIs are primary bacteremia, some are associated with
a focus of infection. This distinction is not well characterized.

Methods: All patients with neonatal late-onset sepsis (LOS) between January 2006 and December 2013 were
enrolled. LOS was categorized as a BSI with a concurrent focus of infection if LOS occurred before or within 24 h
after the diagnosis of a specific infectious entity, and as “primary bacteremia” if no concurrent focus of infection
was identified. Data concerning demographics, hospital course, microbiology, and outcomes were compared via
univariate and multivariate analyses.

Results: Of 948 episodes of neonatal LOS, 781 (82.4%) were primary bacteremia, whereas 167 (17.6%) were
associated with a known focus of infection, including meningitis (n = 51, 5.4%), ventilator-associated pneumonia
(VAP) (n = 36, 3.8%), catheter-related bloodstream infections (n = 57, 6.0%), and necrotizing enterocolitis (NEC)
(n = 21, 2.2%). The majority of NEC-associated BSIs were caused by gram-negative bacilli (85.7%). Group B
streptococcus accounted for nearly one-third of all meningitis cases (29.4%). Although sepsis-attributable mortality
was comparable between primary bacteremia and neonatal BSIs with a focus of infection, neonatal BSIs with
meningitis, VAP, and NEC had significantly higher rates of infectious complications. The independent risk factors
of sepsis-attributable mortality were infectious complications (Odds ratio [OR] 6.98; 95% confidence interval [CI] 3.
64–13.39, P < 0.001); history of one or more than one previous episode(s) of BSI (OR 2.40 and 7.40; 95% CI 1.21–4.74
and 3.70–14.78, P = 0.012 and <0.001, respectively); and underlying secondary pulmonary hypertension in neonates
(OR 4.77; 95% CI 1.91–11.96, P = 0.001).

Conclusions: A considerable proportion of neonatal LOS can be associated with known infectious foci in the NICU.
The microbiologic etiology of neonatal LOS with a concurrent focus of infection is significantly different from that
of primary bacteremia. Neonatal BSIs with concurrent meningitis, VAP, or NEC are significantly more likely to have
infectious complications. This association independently leads to sepsis-attributable mortality.
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Background
Bloodstream infection (BSI) is the most common nosoco-
mial infection in the neonatal intensive care unit (NICU)
[1, 2], and accounts for the most important cause of mor-
bidity and mortality after these neonates have survived the
perinatal insults and complications of extreme prematur-
ity [3, 4]. Neonates with certain underlying chronic co-
morbidities are more likely to have severe infection or die
after BSI [5, 6]. Factors predisposing to morbidity or mor-
tality after neonatal BSI include prolonged use of a central
catheter and/or ventilation, recurrent nosocomial infec-
tions, and possibly, immunosuppression caused by the use
of broad-spectrum antibiotics [3–5]. Similarly, concurrent
neonatal BSIs with infectious complications are often
more severe, and sometimes may require surgical inter-
vention [7, 8].
Our recent study has demonstrated that concurrent

meningitis and ventilator-associated pneumonia were in-
dependent predictors of treatment failure in neonatal
BSI [6]. Bizzarro et al. also showed that infants with nec-
rotizing enterocolitis (NEC)-associated BSI are signifi-
cantly more likely to die than are those with post-NEC
BSI and NEC without BSI [9]. An episode of BSI with
concurrent infectious focus may impose greater thera-
peutic challenge, and adequate infectious source control
plays an important role in optimizing treatment
response. There have been several studies in adults that
investigated BSI with concurrent skin and soft tissue in-
fection, bacteriuria, gastroenteritis, or pneumonia [10–
14], but the epidemiology and outcomes of neonatal
BSIs with a concurrent infectious entity are poorly char-
acterized. Therefore, we conducted a retrospective
cohort study to determine the risk factors for, specific
microbiology of, and clinical implications of neonatal
BSI with a concurrent focus of infection.

Methods
Study setting, subjects and ethics
The Chang Gung Memorial Hospital (CGMH) is a
tertiary-level medical center in a university-affiliated
teaching hospital in northern Taiwan. The CGMH’s
NICU has three units that include a total of 49 beds
equipped with mechanical ventilators, and 28 beds in
special-care nurseries. All babies under 34–35 weeks
gestation or birth weight < 2 kg or >5 kg, and those with
any clinical signs of respiratory distress or cardiovascu-
lar, gastrointestinal, or neurological problems requiring
surgical or intensive treatment were eligible for admis-
sion to this NICU. We identified all episodes of culture-
proven BSI in the NICU of CGMH between 1 January
2006 and 31 December 2013. All BSIs identified were
“late-onset”, defined as a positive blood culture occur-
ring at >72 h of life [1, 4, 15]. This study was approved
by the institutional review board of Chang Gung

Memorial Hospital, with a waiver of informed consent
because all patient records and information were anon-
ymized and de-identified prior to analysis.

Data retrieval and study database
For more than ten years, the NICU at CGMH has had an
electronic database maintained by a full-time nurse spe-
cialist dedicated to following neonates from birth (or ad-
mission if the neonate was transferred from another
hospital) until discharge or death. The NICU database
contains information on basic demographic data, perinatal
insults, and complications of prematurity, a summary of
the patient’s hospital course, chronic comorbidities, and
discharge diagnosis. Utilizing this database, we character-
ized in detail the course of every episode of BSI, including
the clinical manifestations, laboratory results, microbio-
logical data, concurrent focus of infection, treatment, in-
fectious complications, and outcomes. The severity of
illness was evaluated at the time of greatest severity during
the course of BSI using the neonatal therapeutic interven-
tion scoring system (NTISS) [16].

Definitions
An episode of BSI was defined according to the presence
of clinical sepsis and the identification of pathogens,
which included any bacteria isolated from at least one
blood culture and not consisting of saprophytic skin
flora [17]. Corynebacterium spp., Propionibacterium
spp., Penicillium spp., and Diphtheroids spp. were con-
sidered contaminants in blood cultures, and were ex-
cluded from consideration. For coagulase-negative
staphylococci (CoNS), the diagnosis of BSI required clin-
ical signs of sepsis, and a blood culture positive for
CoNS. The indicated treatment for CoNS BSI included
intravenous antibacterial therapy for at least 5 days after
the date of the blood culture (or until death) [1, 4]. We
defined all concurrent infectious foci, including NEC,
ventilator associated pneumonia (VAP), central line-
associated bloodstream infection (CLABSI), and menin-
gitis according to the U.S. Centers for Disease Control
and Prevention’s (CDC’s) National Healthcare Safety
Network (NHSN) definitions [8, 18–20]. Only cases with
NEC ≥ stage IIA in modified Bell’s criteria (definite
NEC) were enrolled, and clinically defined VAP cases
were considered [8]. An episode of BSI was defined as
“BSI with concurrent infectious focus” if the onset of
BSI (defined as the timing of the first positive blood cul-
ture was drawn) was accompanied with a specific infec-
tious entity, i.e. meningitis, VAP, or NEC, otherwise, this
BSI was categorized as “primary bacteremia”. In this def-
inition, the onset of BSI was always within 24 h (before
or after) of the diagnosis of a specific infectious entity.
A patient was said to have an episode of clinical sepsis

if the patient had a positive blood culture and was
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treated with antibiotic therapy for 5 or more days (or
was treated for a shorter period if the patient died) and
had at least two of the following clinical symptoms of
sepsis: fever or hypothermia, hyper- or hypoglycemia,
apnea or tachypnea, frequent oxygen desaturation with
an increased requirement for ventilator support, brady-
cardia and/or cyanosis, feeding intolerance, abdominal
distension, seizures, decreased motor activity, skin mot-
tling, and hypotension [1, 4]. The microbiological assay
system in our hospital is a matrix-assisted laser desorp-
tion ionization time-of-flight (MALDI-TOF) system
(Bruker’s flagship FLEX series) [21].
The diagnosis of all co-morbidities of prematurity,

including respiratory distress syndrome (RDS), intra-
ventricular hemorrhage (IVH), broncho-pulmonary
dysplasia (BPD), necrotizing enterocolitis (NEC), and
peri-ventricular leukomalacia (PVL) was based on the
latest updated diagnostic criteria [22]. Congenital anom-
alies included either documented or undocumented syn-
dromes, chromosomal abnormalities, and genetic or
metabolic disorders, but not simple cleft palate or poly-
dactyly. Persistent BSI or fungemia was defined as three
or more consecutive positive blood cultures, at least
48 h apart, during a single episode of sepsis [23].
Infectious complications were defined as a new-onset

focus of infection, empyema, abscess, venous throm-
bosis, or vegetation directly related to bacteremia or
major organ dysfunction within 1 week after the onset of
bacteremia. Empiric antibiotic therapy was considered
inappropriate if the treatment regimen did not include
at least one antibiotic active in vitro against the infecting
microorganisms, administered within 24 h of blood
culture collection. For patients who died during
hospitalization, the cause of death was recorded accord-
ing to the clinician’s assessment. Sepsis-attributable mor-
tality was defined as death of a neonate within 3 days
after the onset of sepsis or death from of infectious
complications or clinically progressive deterioration
following the onset of BSI.

Statistical analysis
Descriptive data all episodes of neonatal BSI were
expressed as mean and standard deviation (SD) or me-
dian and IQR (interquartile range), where appropriate,
for continuous data and absolute number and percent-
age for dichotomous data. Infecting organisms respon-
sible for BSI in infants with infectious entities associated
and primary BSI were compared via χ2 analysis and pre-
sented as unadjusted OR with 95% CI. If an infant had
multiple episodes of sepsis, each episode was considered
as an independent event.
In univariate analyses, continuous data were analyzed

using the Kruskal-Wallis and Mann-Whitney U tests,
where appropriate. Dichotomous data were analyzed

using χ2 test and Fisher exact test, where appropriate. A
P value <0.05 was considered statistically significant.
BSI-attributable mortality was assessed as the dependent
variable in a multivariate logistic regression model. This
model incorporated variables identified in a univariate
regression model with a P value of <0.10. Estimates were
expressed as odds ratios (ORs) with 95% confidence in-
tervals (CIs). All statistical analyses were performed
using SPSS version 21.0 (SPSS, Chicago, IL, USA).

Results
A total of 948 episodes of BSI were identified in 732 in-
fants during this study period, of which 781 (82.4%) were
primary bacteremia and 167 (17.6%) had a specific focus
of infection. The incidence rate of neonatal BSI during
this study period was 3.71 per 1000 neonate-hospital
days. Among those with concurrent infection, 51 (45%)
BSIs had meningitis, 36 (23%) were VAP, 21 (23%) were
NEC, and 57 (28%) were CLABSI. Other uncommon
foci of infection included osteomyelitis (2), septic arth-
ritis (2), upper limbs cellulitis (1), and urinary tract in-
fection (1). Among these 167 BSIs with a focus of
infection, five (3.0%) had more than two infectious foci.
The microbiology of BSIs with concurrent infection was
distinctively different from that of primary bacteremia
(Table 1). The majority of NEC-associated BSIs were
caused by gram-negative bacilli (85.7%) and group B
streptococcus accounted for nearly one-third of all
meningitis cases (29.4%). More than half cases of VAP-
and CLABSI-associated BSIs were attributable to gram-
negative bacilli (61.1%) and gram-positive pathogens
(64.9%), respectively.
Demography, hospital course, underlying chronic

comorbidities, and treatment for all neonatal BSIs with
concurrent infection were evaluated comparing with pri-
mary BSIs (Table 2). Neonates with BSIs concurrent with
meningitis had a significantly higher birth weight and later
gestational age than neonates with primary bacteremia,
whereas neonates with BSIs concurrent with VAP had a
significantly lower birth weight and gestational age than
neonates with primary bacteremia. Neonatal BSIs with
concurrent NEC and neonatal BSIs with concurrent VAP
tended to occur earlier and later than primary bacteremia,
respectively. VAP associated BSIs were more likely to
occur in neonates with low Apgar score (≤ 7) at five mi-
nutes and in those with perinatal asphyxia.
The underlying chronic comorbidities were not signifi-

cantly different between primary bacteremia and BSIs
with a concurrent focus of infection, except that VAP-
associated BSIs and meningitis were more likely to occur
in neonates with BPD and neurological comorbidities,
respectively. In addition to GBS meningitis, other gram-
positive-cocci–associated meningitis occurred mostly in
neonates with congenital or acquired hydrocephalus as a
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complication of ventriculoperitonal shunt or extraventri-
cular drainage. All episodes of primary bacteremia, as
well as neonatal BSIs with concurrent meningitis, VAP,
or CLABSI were evenly distributed as first episode of
LOS or recurrent episode of LOS; however, there were
only two cases of BSI with concurrent NEC occurring as
a recurrent episode of LOS.
The clinical presentations of neonatal BSI with menin-

gitis and CLABSIs were mostly comparable to those of
primary bacteremia; however, NEC-associated and VAP-
associated BSIs had more severe clinical symptoms, in-
cluding more septic shock, disseminated intravascular
coagulopathy, thrombocytopenia, anemia, and metabolic
acidosis. Appropriate antibiotics were administrated in
72.2% of cases of primary bacteremia within 24 h of on-
set, which was similar to the rate in cases of neonatal
BSIs with concurrent VAP, NEC, and CLABSIs.
Neonatal BSIs with concurrent VAP and NEC had sig-

nificantly greater severity of illness, judged by NTISS

scores (Table 3). Neonates with VAP-associated BSIs
were more likely to require prolonged invasive intub-
ation (≥ 7 days) and to experience respiratory failure
under a high-frequency oscillatory ventilator. Neonatal
BSIs with concurrent meningitis, VAP, and NEC had sig-
nificantly higher rates of infectious complications than
did primary bacteremia. The sepsis-attributable mortality
rates were comparable between primary bacteremia and
BSIs with a concurrent focus of infection.
Table 4 shows univariate comparisons of neonatal BSIs

with sepsis-attributable mortality versus those without.
None of neonatal BSIs with concurrent meningitis, VAP,
or NEC was associated with significantly higher rates of
sepsis-attributable mortality. Underlying secondary pul-
monary hypertension (due to severe BPD), neurological
comorbidities, presence of infectious complications, and
history of one or more previous episode(s) of neonatal BSI
were significantly associated with a higher risk of sepsis-
attributable mortality. In multivariate logistic regression,

Table 1 Pathogens causing a total of 948 episodes of primary bloodstream infection (BSI) and 123 episodes of BSI with specific
infectious focus in the neonatal intensive care unit

Neonatal BSIs with specific infectious focus (total n = 167) Primary bacteramia
(total n = 781)Meningitis

(total n = 51)
Ventilator associated
pneumonia (n = 36)

CLABSI
(n = 57)

Necrotizing enterocolitis
(n = 21)

Othersc

(n = 7)

Gram-positive organism

Coagulase-negative Staphylococcus 4 (7.8) 0 (0) 25 (43.9) 3 (14.3) 1 (14.3) 332 (42.5)

Staphylococcus aureus 9 (17.6) 9 (25.0) 11 (19.3) 0 (0) 4 (57.1) 89 (11.4)

Enterococcus species 2 (3.9) 1 (2.8) 1 (1.8) 0 (0) 0 (0) 22 (2.8)

Group-B streptococcus 15 (29.4) 1 (2.8) 0 (0) 0 (0) 0 (0) 10 (1.3)

Streptococcus pneumoniae 0 (0) 1 (2.8) 0 (0) 0 (0) 0 (0) 2 (0.2)

Viridan Streptococcus 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (0.2)

Gram-negative organism

Klebsiella pneumoniae 5 (9.8) 6 (16.7) 5 (8.8) 3 (14.3) 0 (0) 72 (9.2)

Klebsiella oxytoca 0 (0) 1 (2.8) 1 (1.8) 0 (0) 0 (0) 22 (2.8)

Escherichia coli 7 (13.7) 3 (8.3) 2 (3.5) 8 (38.1) 1 (14.3) 59 (7.5)

Enterobacter cloacae 1 (2.0) 1 (2.8) 1 (1.8) 0 (0) 0 (0) 21 (2.7)

Enterobacter aerogenes 0 (0) 1 (2.8) 1 (1.8) 1 (4.8) 0 (0) 13 (1.7)

Pseudomonas aeruginosa 2 (3.9) 2 (5.6) 1 (1.8) 1 (4.8) 0 (0) 10 (1.3)

Acinetobacter baumannii 1 (2.0) 3 (8.3) 1 (1.8) 1 (4.8) 0 (0) 36 (4.6)

Serratia marcescens 2 (3.9) 1 (2.8) 2 (3.5) 2 (9.5) 0 (0) 6 (0.8)

Othersa 2 (3.9) 1 (2.8) 1 (1.8) 0 (0) 0 (0) 8 (1.3)

Fungus

Candida albicans 1 (2.0) 0 (0) 4 (7.0) 2 (5.6) 0 (0) 18 (2.3)

Candida parapsilosis 0 (0) 0 (0) 1 (1.8) 0 (0) 0 (0) 13 (1.7)

Other Candida spp. 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 11 (1.4)

Polymicrobial microorganismsb 0 (0) 3 (8.3) 0 (0) 2 (9.5) 1 (14.3) 35 (4.5)

CLABSI central line-associated bloodstream infection
aIncluding Citrobacter freundii (3), Stenotrophomonas maltophilia (3), Hafnia alvei (2), Neisseria meningitidis (2), Chryseobacterium meningoseptium (1) and
Flavobacterium (1)
bIndicating two or more microorganisms were recovered from the same blood culture set
cIncluding osteomyelitis (2), septic arthritis (2), upper limbs cellulitis (2), and urinary tract infection (1)
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the presence of infectious complications (Odds ratio [OR]
6.98; 95% confidence interval [CI] 3.64–13.39, P < 0.001),
history of one or more previous episode(s) of BSI (OR
2.40 and 7.40; 95% CI 1.21–4.74 and 3.70–14.78,
P = 0.012 and <0.001, respectively), and underlying
secondary pulmonary hypertension (OR 4.77; 95% CI
1.91–11.96, P = 0.001) were independent predictors of
sepsis-attributable mortality.

Discussion
In this study, we found that the majority of neonatal
late-onset BSIs were primary bacteremia, and only 17.6%
were associated with a specific focus of infection. To our
knowledge, this is the first investigation of neonatal BSIs

with concurrent onset of nosocomial infections. Not sur-
prisingly, the microbiologic profile of neonatal BSI con-
current with a specific focus of infection was
significantly different from that of primary bacteremia.
In contrast to previous studies documenting that pa-
tients with NEC-associated BSI and GBS meningitis have
higher mortality rates than do those with bacteremia [9,
24], we found that a concurrent focus of infection did
not directly contribute to case mortality. Instead, a con-
current focus of infection was associated with a signifi-
cantly higher rate of infectious complications, and the
associations finally lead to sepsis attributable mortality.
The overall incidence of culture-positive meningitis,

VAP, NEC, and the distribution of organisms in this

Table 4 Risk factors for sepsis-attributable mortality in neonatal bloodstream infections with and without a focus of infection

Variables Univariate analysis Multivariate logistic regression analysis

Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Gestational age (weeks) 0.95 (0.90–1.01) 0.126 - -

Inappropriate antibiotics 1.64 (1.01–2.73) 0.048 1.05 (0.57–1.94) 0.872

Presence of infectious complications 6.19 (3.61–10.62) < 0.001 6.98 (3.64–13.39) < 0.001

Sequence of bloodstream infections

1st episode 1 (reference) 1 (reference)

2nd episode 2.90 (1.57–5.41) 0.001 2.40 (1.21–4.74) 0.012

3rd (or greater) episode 8.53 (4.63–15.71) < 0.001 7.40 (3.70–14.78) < 0.001

Underlying pulmonary hypertension 8.11 (3.58–18.35) < 0.001 4.77 (1.91–11.96) 0.001

Underlying neurological comorbidities 2.80 (1.59–4.93) < 0.001 1.89 (0.99–3.61) 0.053

BSIs with and without infectious focus

Primary bacteremia 1 (reference) - -

With concurrent meningitis 1.05 (0.34–3.21) 0.937 - -

With concurrent ventilator-associated pneumonia 1.27 (0.38–4.20) 0.699 - -

With necrotizing enterocolitis 2.84 (0.64–12.57) 0.169 - -

With concurrent CLABSIs 1.07 (0.34–3.75) 0.918 - -

CLABSI central line-associated bloodstream infection, OR odds ratio, 95% CI 95% confidence interval

Table 3 Treatment and outcomes of neonatal bloodstream infections among the three CRP groups

Neonatal BSIs with specific infectious focus (total n = 167) Primary bacteremia
(n = 781)Meningitis

(n = 51)
VAP
(n = 36)

CLABSI
(n = 57)

NEC
(n = 21)

Others#

(n = 7)

NTISS score, (mean ± SD) 15.4 ± 5.1 19.8 ± 4.0** 16.8 ± 4.0 19.0 ± 6.5** 14.7 ± 6.1 16.9 ± 4.5

Ventilator requirement

Prolonged invasive intubation (≥ 7 days) 14 (27.5) 22 (61.1)** 19 (33.3) 8 (38.0) 2 (28.6) 287 (36.7)

High frequency oscillatory ventilator 0 (0) 14 (38.9)** 3 (5.3) 4 (19.0)* 0 (0) 71 (9.1)

Inadequate antibiotic treatment within the first 24 h 10 (19.6)* 8 (22.2) 17 (29.8) 7 (33.3) 4 (57.1)** 217 (27.8)

Outcomes

Infectious complications 18 (35.3)** 10 (27.8)** 6 (10.5) 5 (23.8)** 0 (0) 68 (8.7)

Sepsis attributable mortality 5 (9.8) 4 (11.1) 3 (5.3) 3 (14.3) 1 (14.3) 53 (6.8)

The P values are the comparisons between neonatal BSIs with infectious focus and primary bacteremia
*P < 0.05
**P < 0.001
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cohort was similar to other studies [9, 24–26]. Although
neonates with concurrent VAP and NEC seemed more
severely ill, the insignificant influence of neonatal men-
ingitis, VAP, and NEC on sepsis-attributable mortality
can be explained partially by the small sample size. Our
previous studies showed that neonates with fungal BSI
and multidrug-resistant gram-negative bacteremia have
a significantly higher mortality rate [1, 5]. Because these
pathogens usually caused primary bacteremia in this
study, the sepsis-attributable mortality was comparable
between primary bacteremia and bacteremia with con-
current infectious focus. Furthermore, our aggressive
treatment strategies for neonatal NEC, as well as menin-
gitis and VAP, could possibly reduce the mortality rate
of these disease entities [1, 2, 5, 6].
Although our study extended over a relatively long period

of time, there were very few variations in practice and all
collections of data showed similar results (data not shown).
The sepsis-attributable mortality rates in our cohort, both
in the primary bacteremia group and in the group with BSI
with a concurrent focus of infection, were much lower than
those reported in other studies [9, 27]. For neonatal BSIs
with meningitis, the case fatality rate of our cohort was
comparable to that reported in some recent studies [24, 28,
29]. Previous studies have shown worse outcomes in pre-
term or small for gestational age infants [28–30], but this
was not documented in our study. It is therefore likely that
the presence of underlying chronic comorbidities contrib-
uted to mortality [1, 6], both in primary bacteremia and
neonatal BSIs with a concurrent focus of infection.
A recent study found that infants with blood-

cerebrospinal fluid (CSF) concordance were more likely to
have indicators related to increased severity of illness [26].
Because neonatal meningitis is inevitably associated with
significantly higher rates of mortality and morbidity [6, 7,
31], the relatively lower sepsis-attributable mortality of
neonatal BSI with meningitis in this cohort highlighted
the importance of aggressive treatment. Based on this re-
sult, the clinicians should consider treating the primary
bacteremia and controlling the infectious focus at the
same time once a focus is identified. The antibiotic regi-
mens and treatment duration of neonatal bacteremia with
concurrent meningitis or NEC are supposed to be ad-
justed to the presence of infectious complications.
CLABSI is an important source of neonatal BSI. In this

study, we applied strict diagnostic criteria for CLABSI
[18]. CLABSI was diagnosed only in neonates from whom
the catheter was removed at the time of or soon after the
onset of the episode of BSI, and in whom culture of the
catheter tip was positive for the same organism that was
cultured from the blood. Cultures are imperfect, and
sometimes the catheter was removed after empiric antibi-
otics had been administrated. Therefore, we may have
inadvertently missed patients who, in fact, had an

unidentified focus of infection in the catheter. Further-
more, some CLABSIs were treated with the catheter in
situ, which led to an underestimate of the true incidence
of neonatal BSI due to CLABSIs. Nonetheless, it is clear
that in almost all demographics, clinical characteristics,
treatment, and outcomes neonatal BSIs due to CLABSIs
were comparable to those details in primary bacteremia.
The presence of certain underlying chronic comorbidi-

ties may increase the risk of secondary bacteremia. In our
cohort, only neurological comorbidities and BPD predis-
posed neonates to higher rates of meningitis and VAP, re-
spectively. The frequency of secondary bacteremia in
neonates with nosocomial infections other than BSIs was
low [32, 33], but it should be considered when there are
clinical symptoms lasting more than 48 h or when signs
or symptoms of sepsis have reemerged.
The sources of neonatal BSIs were identified in only

17.6% episodes in this cohort. It has been proven that the
sources of neonatal BSIs are most commonly from epider-
mis colonization and gram-negative bacilli penetration of
bowel mucosa, for gram-positive cocci and gram-negative
bacilli, respectively [34, 35]. Because not all infected cathe-
ters were removed for bacterial culture at onset of BSIs,
the percentage of neonatal BSIs with concurrent CLABSI
in this cohort may be underestimated.
The microbiological assay system is MALDI-TOF in

our institute, which has the advantage of rapid identifi-
cation and reliable microbiological results [36, 37]. How-
ever, the disadvantage of this method is the lacking tests
of antibiotic resistances; therefore, additional antibiotic
susceptibility testing was required in our institute.
This study has some limitations. This was a retrospect-

ive, single-center cohort study, which inevitably restricts
its generalizability compared with that of a prospective,
multicenter study. We applied the definition of single
positive blood culture for CoNS with clinical symptoms,
which possibly resulted in an over-estimate of the bur-
den of CoNS-related bacteremia. Subgroup analyses
were limited by sample size, and some episodes of BSIs
with a focus of infection may have been treated with an-
tibiotics while awaiting blood culture results. The delay
in identifying a specific focus may have resulted in
sterilization of the CSF, sputum, or catheter tips. Blood
cultures were ordered as clinically indicated, and the
pathogens might not have been identified in some pa-
tients with infectious sources. Further, the identification
of concurrent infectious was based on clinical judgment,
which can be subjective.

Conclusions
Our data suggest that neonatal BSIs with a concurrent
focus of infection is not rare, and is associated with in-
creased severity of illness and a higher rate of infectious
complications. At the initial presentation of neonatal
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BSI, systemic evaluation should be performed to identify
a possible source of infection after blood cultures are ob-
tained. In the support and recovery phase of neonatal
BSIs with a concurrent focus of infection, especially in
cases with VAP, meningitis, and NEC, efforts to limit the
risk of infectious complications and prolonged
hospitalization are necessary, because infectious compli-
cations are independently associated with in-hospital
mortality.
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