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Objective To assess the epidemiology of blood culture-proven early- (EOS) and late-onset neonatal sepsis (LOS).
Study design All newborn infants admitted to tertiary care neonatal intensive care units in Switzerland and pre-
senting with blood culture-proven sepsis between September 2011 and December 2015 were included in the study.
We defined EOS as infection occurring <3 days after birth, and LOS as infection ≥3 days after birth. Infants with
LOS were classified as having community-acquired LOS if onset of infection was ≤48 hours after admission, and
hospital-acquired LOS, if onset was >48 hours after admission. Incidence was estimated based on the number of
livebirths in Switzerland and adjusted for the proportion of admissions at centers participating in the study.
Results We identified 444 episodes of blood culture-proven sepsis in 429 infants; 20% of cases were EOS, 62%
hospital-acquired LOS, and 18% community-acquired LOS. The estimated national incidence of EOS, hospital-
acquired LOS, and community-acquired LOS was 0.28 (95% CI 0.23-0.35), 0.86 (0.76-0.97), and 0.28 (0.23-0.34)
per 1000 livebirths. Compared with EOS, hospital-acquired LOS occurred in infants of lower gestational age and
was more frequently associated with comorbidities. Community-acquired LOS was more common in term infants
and in male infants. Mortality was 18%, 12%, and 0% in EOS, hospital-acquired LOS, and community-acquired
LOS, and was higher in preterm infants, in infants with septic shock, and in those requiring mechanical ventilation.
Conclusions We report a high burden of sepsis in neonates with considerable mortality and morbidity. EOS,
hospital-acquired LOS, and community-acquired LOS affect specific patient subgroups and have distinct clinical
presentation, pathogens and outcomes. (J Pediatr 2018;201:106-14).

D espite advances in perinatal care, neonatal sepsis remains a major cause
of mortality, with an estimated toll of over 400 000 annual deaths
worldwide.1 Considering the importance of sepsis as a leading cause of

neonatal death, the World Health Organization has recently defined the need to
reduce the burden of maternal and neonatal sepsis as one of the Sustainable De-
velopment Goals and has accepted a resolution to improve prevention, recogni-
tion, and management of sepsis across all age groups.2,3 Survivors of neonatal sepsis
often require prolonged hospitalization and are at risk of long-term sequelae in-
cluding chronic lung disease and adverse neurodevelopmental outcomes.4-6 The
incidence of neonatal sepsis varies in different geographic regions, reflecting dif-
ferences in resources, maternal and infant risk factors, and prevention strategies,
but sepsis represents one of the most common neonatal diseases even in high-
income countries.7 Neonatal sepsis is classified into early- (EOS) and late-onset
sepsis (LOS). EOS presents within 72 hours after birth, affecting 0.5-1 out of 1000
infants in high-income countries, with a case fatality rate of 10%-15%.8-12 LOS is

BSI Bloodstream infection
CLABSI Central line-associated bloodstream infection
CoNS Coagulase-negative staphylococci
E coli Escherichia coli
EOS Early-onset neonatal sepsis
GBS Group B Streptococcus
HR Hazard ratio
LOS Late-onset neonatal sepsis
UTI Urinary tract infection
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characterized by onset beyond 72 hours after birth in infants
exposed to microorganisms from the postnatal environ-
ment. Most vulnerable are preterm infants, with reported rates
of hospital-acquired LOS as high as 40% in extremely preterm
newborns.13,14 In contrast, community-acquired LOS has been
reported predominantly in late-preterm and term infants.15-17

Previous studies have focused on EOS or LOS,12,18 without
distinguishing between community-acquired and hospital-
acquired LOS,10,19 and were limited to specific gestational age
groups and pathogens.20-26 There are few recent population-
based studies on neonatal sepsis.11,12,16,22,24 Most of them were
retrospective and none encompassed the full spectrum of neo-
natal sepsis. It is essential to monitor the epidemiology of neo-
natal sepsis for benchmarking and quality improvement, in
particular considering that hospital-acquired LOS represents
a disease that is at least partially preventable. In addition, con-
temporary population-based data are key to continuously
update policies and clinical practices based on the most preva-
lent pathogens and their susceptibility to antibiotics, and to
identify the patients at highest risk of developing infection and
infection-related complications.

We hypothesized that EOS, hospital-acquired LOS, and
community-acquired LOS represent distinct entities charac-
terized by different host and pathogen characteristics and re-
sulting in different outcomes. The present study prospectively
assessed the incidence, clinical features, microbiology, and out-
comes of blood culture-proven sepsis in neonates, distinguish-
ing between EOS, hospital-acquired LOS, and community-
acquired LOS, and covering the entire neonatal population in
a national population-based cohort.

Methods

The Swiss Pediatric Sepsis Study prospectively investigated the
epidemiology of blood culture-proven sepsis in the 10 main
pediatric centers of Switzerland, including all 10 tertiary care
neonatal intensive care units, and the 9 high risk maternities
of the country.27-30 Details of the study and the study proto-
col have been reported elsewhere.28 Children were eligible if
they developed bacteremia between September 1, 2011, and
December 31, 2015, in the presence of a systemic inflamma-
tory response syndrome.31-33 Contaminated blood cultures were
excluded based on the following criteria: (1) pathogens usually
considered as contaminants (eg, Micrococcus species); (2)
coagulase-negative staphylococci (CoNS) in the absence of a
peripheral or central catheter at the time the blood culture was
taken; (3) blood cultures growing a mixed flora of CoNS; (4)
blood cultures considered as contaminants by the respon-
sible physician, implying that antimicrobial therapy was dis-
continued in <5 days. For this study, we included infants born
≥37 weeks of gestation with sepsis onset before 28 days of life,
and infants born <37 weeks of gestation with sepsis onset before
44 weeks corrected age.33 We defined the onset of sepsis by the
date of blood culture collection.

The ethics committees of all participating centers ap-
proved the study, and procedures were in accordance with the

Helsinki Declaration of the World Medical Association. Data
on demographics, perinatal risk factors, infection focus, se-
verity, and outcome were recorded prospectively. We defined
EOS by onset in the first 3 days of life and LOS by onset >3
days of life. Among infants with LOS, patients with sepsis
onset ≤48 hours after admission were classified as having
community-acquired LOS, and those with onset >48 hours after
admission were classified as having hospital-acquired LOS.34

Primary bloodstream infection (BSI) and central line-associated
bloodstream infection (CLABSI) were defined according to
Centers for Disease Control and Prevention criteria.34 Septic
shock was defined as hypotension requiring catecholamine
treatment. We estimated the annual incidence of neonatal sepsis
in Switzerland by including only sepsis episodes recorded during
full study years (2012-2015). The number of livebirths in Swit-
zerland according to sex and gestational age was obtained from
the Swiss Federal Statistical Office as previously reported.28,35

We used the following correction factors to adjust the de-
nominator according to the proportion of newborn infants that
were treated at the hospitals participating in the study: for
infants born <32 weeks, 98% were born at or transferred post-
natally to a study center (Mark Adams, written communica-
tion, March 2017); and for infants born ≥32 weeks, a model
based on mandatory hospital statistics allowed to estimate that
80% of cases were treated at study centers.28

Statistical Analyses
We compared episodes of EOS, hospital-acquired LOS, and
community-acquired LOS with respect to following charac-
teristics: sex, gestational age, birthweight, ethnicity, presence
of chorioamnionitis, maternal group B Streptococcus (GBS)
status, maternal intrapartum antibiotic treatment, comorbidity,
insertion of central venous catheter before sepsis onset, length
of hospital stay, site of infection, pathogen, respiratory and he-
modynamic support, and case fatality. We normalized the
birthweight using the tables by Voigt et al.36

We used the Fisher exact test for differences in categorical
variables, and the Kruskal-Wallis test for differences in con-
tinuous variables. We fitted a multinomial logistic regression
model,37 with timing of sepsis onset (EOS, hospital-acquired
LOS, and community-acquired LOS; using EOS as reference
group) as outcome variable, to examine which factors were in-
dependently associated with these groups. We selected vari-
ables for regression analysis if they were applicable to all 3
groups and had a P value of <0.2 in the Fisher exact or Kruskall-
Wallis test. We first fitted univariable models to the selected
predictors separately then used all selected predictors simul-
taneously in a multivariable model.

We estimated Kaplan-Meier curves for time to death within
30 days of onset stratified by timing of sepsis onset. Analysis
time began at time of blood culture sampling and was right-
censored at 30 days if children survived. We separately fitted
univariable Cox proportional hazard regression models38 on
the same predictors used in multinomial regression to inves-
tigate the effects of timing of sepsis onset on case fatality. We
then fitted a multivariable model containing all predictors
simultaneously.
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Because the distribution of certain variables was unbal-
anced between groups, we used Firth penalized maximum like-
lihood bias reduction method for multinomial regression39 and
Cox regression40 and calculated corresponding CIs. We con-
sidered only the first episode of each patient in regression analy-
ses to avoid conditionality between repeated sepsis episodes
in the same patient. We considered 2-sided P values of <.05
significant. We did all analyses with R version 3.4.2 (R Foun-
dation for Statistical Computing, Vienna, Austria).41

Results

During the 52-month study period, 444 episodes of blood
culture-proven sepsis in 429 newborn infants met eligibility
criteria, including 87 (20%) episodes of EOS and 357 (80%)
episodes of LOS. Among episodes of LOS, 277 (78%) were
hospital-acquired, and 80 (22%) were community-acquired.

The estimated national incidence of neonatal sepsis was 1.43
out of 1000 livebirths (95% CI 1.30-1.56), with an incidence
of EOS of 0.28 out of 1000 (95% CI 0.23-0.35), hospital-
acquired LOS of 0.86 out of 1000 (95% CI 0.76-0.97), and
community-acquired LOS of 0.28 out of 1000 (95% CI 0.23-
0.34) (Table I; available at www.jpeds.com). The incidence of
EOS and hospital-acquired LOS was highest in extremely
preterm infants (born <28 weeks) and decreased with advanc-
ing gestational age (Figure 1). For community-acquired LOS,
the incidence was highest in infants born at a gestational age

of 28-31 weeks (0.97 out of 1000, 0.12-3.45). The incidence
was higher in male compared with female infants for hospital-
acquired LOS (1.03, 95% CI 0.89-1.20 vs 0.68, 95% CI 0.56-
0.81) and community-acquired LOS (0.42, 95% CI 0.33-0.52
vs 0.14, 95% CI .09-0.21).

Early-Onset Sepsis
GBS and Escherichia coli (E coli) were the most common etio-
logic agents of EOS, accounting for 38% (33 of 87) and 23%
(20 of 87) of episodes (Table II and Figure 2). GBS was the
etiologic agent in 53% (19 of 36) of EOS cases in term infants,
and 27% (14 of 51) in preterm. In contrast, E coli was respon-
sible for 37% (19 of 51) of EOS cases in preterm, and 3% (1
of 36) in term infants. Exposure to clinically defined mater-
nal chorioamnionitis was observed in 37% of EOS cases (32
of 87), including 70% (14 of 20) and 24% (8 of 33) of cases
caused by E coli and GBS, respectively, and affected almost ex-
clusively preterm infants (94%, 30 of 32) (Table III; available
at www.jpeds.com). Primary BSI was the most common clini-
cal presentation, accounting for 77% (67 of 87) of episodes
of EOS, followed by meningitis (10% 9 of 87). The relation-
ship between gestational age, number of sepsis episodes, re-
quirement for respiratory support, and septic shock is presented
in Figure 3 (available at www.jpeds.com).

Hospital-Acquired LOS
CoNS, the leading pathogen of hospital-acquired LOS, was in-
volved in 40% of episodes (112 of 277), followed by S aureus
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Figure 1. Incidence of EOS, hospital-acquired LOS, and community-acquired LOS according to gestational age.

THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 201

108 Giannoni et al

http://www.jpeds.com
http://www.jpeds.com
http://www.jpeds.com


(16%, 44 of 277) and E coli (16%, 43 of 277). CLABSI was the
most common clinical presentation, accounting for 47% (129
of 277) of hospital-acquired LOS, followed by primary BSI
(23%, 65 of 277), and other less frequent infection types (9%,
26 of 277). Compared with neonates with EOS, infants with
hospital-acquired LOS were born at a lower gestational age,
were more likely to have a comorbidity, to have an indwell-
ing central venous catheter, to suffer from urinary tract in-
fection (UTI), peritonitis/necrotizing enterocolitis, and other
less frequent infection types (skin, bone, ear-nose-throat in-
fection) (Table IV; available at www.jpeds.com). Infants with
hospital-acquired LOS were more likely to have sepsis caused
by staphylococci, E coli, or miscellaneous Gram-negative patho-
gens (Pseudomonas aeruginosa, Klebsiella spp, and other En-
terobacteriaceae), and less likely to present septic shock
compared with neonates with EOS.

Community-Acquired LOS
E coli and GBS were responsible for 41% (33 of 80) and 41%
(33 of 80) of episodes of community-acquired LOS. There was
a strong male predominance, with 76% (61 of 80) of infec-

tions occurring in boys. This was striking for cases of E coli
sepsis, as 88% (29 of 33) occurred in male patients, while 61%
(20 of 33) of cases associated with GBS occurred in male pa-
tients. Accordingly, UTI (32%, 26 of 80) was the second most
common clinical presentation of community-acquired LOS,
after primary BSI (45%, 36 of 80), whereas meningitis was seen
in 12% (10 of 80). Community-acquired LOS caused by E coli
predominantly presented as UTI (67%, 22 of 33), 21% (7 of
33) presented as primary BSI, and 9% (3 of 33) as meningi-
tis. For GBS community-acquired LOS, 70% (23 of 33) of cases
presented as primary BSI, and 21% (7 of 33) as meningitis.
Compared with infants with EOS, those with community-
acquired LOS were born at a higher gestational age, were more
likely to be male, to have a lower birthweight for gestational
age, to suffer from UTI or less frequent infection types (skin,
bone, ear-nose-throat infection), and were less likely to have
septic shock.

Predictors of Death
Forty-eight infants died within 30 days of sepsis onset, rep-
resenting a case fatality ratio of 11% (95%-CI 8-14) (Table II

Table II. Baseline demographics, clinical characteristics, and pathogens

All episodes EOS Hospital-acquired LOS Community-acquired LOS
P value†(n = 444 in 429 infants)* (n = 87 in 87 infants) (n = 277 in 265 infants) (n = 80 in 79 infants)

Male sex 278 (63%) 45 (52%) 172 (62%) 61 (76%) .004
Gestational age, wk 31 0/7 (26 4/7-38 2/7) 33 4/7 (28 4/7-39 2/7) 27 5/7 (26 0/7-33 0/7) 39 5/7 (38 4/7-40 3/7) <.001
Birthweight, g 1355 (810-3006) 2120 (1117-3232) 970 (728-1748) 3360 (3000-3528) <.001
Median postnatal age at sepsis onset (d) 9 (4-19) 0 (0-1) 11 (7-20) 17 (10-22) <.001
Comorbidity present‡ 77 (17%) 2 (2%) 71 (26%) 4 (5%) <.001
Site of infection <.001

Primary BSI 168 (38%) 67 (77%) 65 (23%) 36 (45%)
CLABSI 132 (30%) 3 (3%) 129 (47%) 0 (0%)
UTI 35 (8%) 0 (0%) 9 (3%) 26 (32%)
Pneumonia 24 (5%) 5 (6%) 17 (6%) 2 (2%)
Central nervous system infection 27 (6%) 9 (10%) 8 (3%) 10 (12%)
Peritonitis/necrotizing enterocolitis 26 (6%) 2 (2%) 23 (8%) 1 (1%)
Other specific infection types§ 32 (7%) 1 (1%) 26 (9%) 5 (6%)

Pathogens <.001
Gram-positive bacteria 296 (67%) 62 (71%) 191 (69%) 43 (54%)
Staphylococcus aureus 49 (11%) 2 (2%) 44 (16%) 3 (4%)
Coagulase negative staphylococci 119 (27%) 7 (8%) 112 (40%) 0 (0%)
Group B streptococci 80 (18%) 33 (38%) 14 (5%) 33 (41%)
Other Gram-positive bacteria¶ 48 (11%) 20 (23%) 21 (8%) 7 (9%)
Gram-negative bacteria 141 (32%) 25 (29%) 79 (29%) 37 (46%)
E coli 96 (22%) 20 (23%) 43 (16%) 33 (41%)
Other Gram-negative bacteria** 45 (10%) 5 (6%) 36 (13%) 4 (5%)
Candida albicans 7 (2%) 0 (0%) 7 (3%) 0 (0%)

Severity of sepsis
Invasive ventilation 207 (47%) 45 (52%) 156 (56%) 6 (8%) <.001
Invasive ventilation because of sepsis 124 (28%) 33 (38%) 86 (31%) 5 (6%) <.001
Noninvasive ventilation 167 (38%) 34 (39%) 126 (45%) 7 (9%) <.001
Noninvasive ventilation because of sepsis 61 (14%) 23 (26%) 31 (11%) 7 (9%) .001
Septic shock 73 (16%) 23 (26%) 49 (18%) 1 (1%) <.001

Case fatality 48 (11%) 16 (18%) 32 (12%) 0 (0%) <.001
Time to death from sepsis onset, d 1 (0-5) 1 (0-2) 3 (0-5) NA .49

NA, not applicable.
Categorical variables are presented as frequencies (%), continuous variables as median (IQR). Column percentages are presented. Percentages are based upon available data for each variable.
*Two infants had EOS and then hospital-acquired LOS, 10 infants that had 2 episodes of hospital-acquired LOS, 1 infant had 3 episodes of hospital-acquired LOS, and 1 infant had 2 episodes of
community-acquired LOS.
†P value from Fisher exact test for categorical variables and from Kruskal-Wallis test for numerical variables.
‡Defined by the presence of chronic congenital or acquired medical conditions.
§Ear, nose, and throat infection, bone and joint infection, or skin and soft tissue infection.
¶Streptococcus pneumoniae, Viridans group Streptococci, Enterococcus spp, group A Streptococci, and other nonspecified Gram-positive bacteria.
**Klebsiella spp, Haemophilus influenzae, Pseudomonas aeruginosa, and other nonspecified Gram-negative bacteria.
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and Figure 4 [available at www.jpeds.com]). Case fatality ratio
was higher in EOS (18%, 11-28) than in hospital-acquired LOS
(12%, 8-16). This was confirmed in Cox regression analysis,
with a hazard ratio (HR) for death in infants with hospital-
acquired LOS of 0.34 (95% CI 0.12-0.89) compared with those
with EOS (Table V). No patient with community-acquired LOS
died in our study. Case fatality ratio was higher in infants re-
quiring mechanical ventilation (HR 5.09, 95% CI 1.55-26.6)
and in infants with septic shock (HR 3.47, 95% CI 1.79-
6.91) compared with those without. Case fatality ratio also was
higher in infants with S aureus sepsis (HR 4.40, 95% CI 1.14-
18.9) compared with those with GBS sepsis. Gestational age
and birthweight had a strong influence on mortality as case
fatality ratio decreased with increasing gestational age (HR 0.91,
95% CI 0.83-0.98, for every additional week of gestation), and
increasing birthweight z-score (HR 0.68, 95% CI 0.48-0.99).

Discussion

In this prospective population-based cohort of blood culture-
proven neonatal sepsis, we identified key differences between
EOS, hospital-acquired LOS, and community-acquired LOS per-
tinent to gestational age, comorbidities, pathogens, clinical pre-
sentation, and severity. Overall, we estimate that 1 of every 700
(640-770) live born infants developed culture-proven neona-
tal sepsis. The burden of disease was considerable with a mor-
tality of 11%, resulting in 1 of every 6360 (5830-7000) live born
infants dying of sepsis. In view of the recent resolution of
the World Health Organization on sepsis,3 these findings

demonstrate that neonatal sepsis remains a major problem in
high income countries.

In EOS, GBS was the most common etiologic agent, and,
together with E coli, accounted for >60% of cases. Although
the incidence of EOS was highest in extremely preterm infants
and decreased with advancing gestational age, 43% of cases of
EOS occurred in infants born at term. Remarkably, the ob-
served EOS incidence of 0.28 in our cohort was 2- to 3-fold
lower compared with the incidence of 0.54-0.9 per 1000 live
births reported in other European countries and in the
US,8-12,16,22 whereas the relative proportion of EOS cases asso-
ciated with GBS and E coli was in the range of previous
reports.11,12 Severity of infection was considerable with septic
shock present in 26%, and a mortality of 18%, which is com-
parable with other studies.8,9,12,16

Hospital-acquired LOS, a potentially preventable condi-
tion, represented 62% of all neonatal sepsis episodes, and was
associated with two-thirds of all deaths in our study. Over one-
half of the patients with hospital-acquired LOS were born ex-
tremely preterm, one-quarter had comorbidities, and the most
common presentation was CLABSI. CoNS was the leading
pathogen of hospital-acquired LOS, followed by S aureus and
E coli. The incidence of hospital-acquired LOS of 6% in very
preterm and 11% in extremely preterm newborns in our study
was substantially lower than the previously reported rates of
12%-30% in very preterm,20,21,42-46 and 20%-40% in ex-
tremely preterm infants.13,14,47-49 Mortality of hospital-acquired
LOS was 14% in very preterm infants, which is comparable
with previously reported values varying from 10 to 18%.20,21,47

Thus, despite a lower incidence than in most other
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countries, hospital-acquired LOS predominated in our cohort
and was associated with a high burden. Most centers partici-
pating in the study routinely used probiotics to prevent nec-
rotizing enterocolitis and LOS in very preterm newborns.
Fluconazole antifungal prophylaxis was not the standard of care,
and was only used in some units in specific indications such
as prolonged antibiotic therapy and skin lesions in very preterm
infants. This highlights the importance of existing preven-
tion strategies, and the need to develop new and more effec-
tive approaches to prevent hospital-acquired LOS.50

Community-acquired LOS was the most common presen-
tation of sepsis in term newborns, accounting for one-half of
the sepsis episodes in infants born ≥37 weeks. E coli and GBS
were the leading pathogens, and UTI and primary BSI were
the most common presentations. A male predominance in
community-acquired LOS associated with E coli urosepsis ac-
counted for a substantial sex difference. The majority of pa-
tients were full term newborns. However, a 14% rate of
prematurity in infants with community-acquired LOS com-
pared with the 8% rate of preterm birth observed in Switzer-

land during the same period suggests that preterm infants could
be at increased risk for community-acquired LOS.35 Infants with
community-acquired LOS had a higher birthweight and ges-
tational age and postnatal age compared with those who de-
veloped EOS and hospital-acquired LOS, and less comorbidities
compared with those who developed hospital-acquired LOS.
This could have led to a greater functional reserve and im-
proved immune defenses, possibly accounting for the better
outcomes observed in this group. Indeed, the clinical course
of community-acquired LOS was less severe compared with
EOS and hospital-acquired LOS, with a lower proportion of
patients presenting with septic shock or requiring respira-
tory support, and no deaths. Yet, infants affected by community-
acquired LOS required significant healthcare resources, with
a median duration of hospital stay of 14 days. Compared with
EOS and hospital-acquired LOS, community-acquired LOS has
received little attention, and often is reported in combina-
tion with data from infants up to 3 months of age.15,16,23,51-54

Most studies of infants with community-acquired sepsis per-
formed in Europe and North America were based in emer-

Table V. Risk factors for death in neonates with blood culture-proven sepsis

Number
of

neonates

Sepsis episodes
in neonates that

survived (n = 385)

Sepsis episodes
in neonates

that died (n = 44)

Univariable
models HR

(95%CI)

Multivariable
model HR
(95%CI)

Timing of sepsis onset
EOS 87 71 (82%) 16 (18%) Reference Reference
Hospital-acquired LOS 263 235 (89%) 28 (11%) 0.55 (0.31-1.04) 0.34 (0.12-0.89)
Community-acquired LOS 79 79 (100%) 0 (0%) .03 (.00-NA) 0.31 (.00-3.69)

Gestational age (wk) 429 32 2/7 (27 0/7-38 6/7) 25 6/7 (27 0/7-27 6/7) 0.83 (0.76-0.89) 0.91 (0.83-0.98)
Sex

Female 160 147 (92%) 13 (8%) Reference Reference
Male 269 238 (88%) 31 (12%) 1.41 (0.76-2.76) 1.70 (0.89-3.41)

Birthweight (z score) 429 -0.25 (-0.85-0.29) -0.80 (-0.85-.05) 0.65 (0.48-0.90) 0.68 (0.48-0.99)
Comorbidity

No comorbidity 356 317 (89%) 39 (11%) Reference Reference
Any comorbidity 73 68 (93%) 5 (7%) 0.66 (0.24-1.47) 0.50 (0.16-1.28)

Central venous access device
No CVAD 253 237 (94%) 16 (6%) Reference Reference
CVAD present 176 148 (84%) 28 (16%) 2.56 (1.41-4.80) 2.36 (0.87-6.15)

Site of infection
Primary BSI 163 146 (90%) 17 (10%) Reference Reference
CLABSI 126 114 (90%) 12 (10%) 0.92 (0.44-1.89) 0.61 (0.19-2.10)
UTI 34 34 (100%) 0 (0%) 0.13 (.00-NA) 0.97 (.01-12.1)
Pneumonia 24 19 (79%) 5 (21%) 2.24 (0.78-5.50) 0.40 (.09-1.74)
Central nervous system infection 27 24 (89%) 3 (11%) 1.23 (0.32-3.45) 1.28 (0.31-4.20)
Peritonitis/necrotizing enterocolitis 24 17 (71%) 7 (29%) 3.31 (1.32-7.53) 1.91 (0.51-7.10)
Other specific infection types* 31 31 (100%) 0 (0%) 0.14 (.00-NA) 0.16 (.00-1.47)

Pathogen
Group B Streptococci 75 71 (95%) 4 (5%) Reference Reference
Staphylococcus aureus 49 38 (78%) 11 (22%) 4.22 (1.51-14.1) 4.40 (1.14-18.9)
Coagulase-negative Staphylococci 116 110 (95%) 6 (5%) 0.93 (0.28-3.35) 0.77 (0.17-3.92)
Other Gram-positive bacteria† 46 42 (91%) 4 (9%) 1.69 (0.44-6.53) 1.34 (0.29-6.11)
E coli 95 83 (87%) 12 (13%) 2.30 (0.84-7.63) 2.11 (0.66-8.14)
Other Gram-negative bacteria‡ 42 36 (86%) 6 (14%) 2.72 (0.82-9.82) 1.18 (0.26-5.74)
Candida albicans 6 5 (83%) 1 (17%) 4.10 (0.41-22.2) 1.23 (0.10-9.20)

Mechanical ventilation
No mechanical ventilation 230 228 (99%) 2 (1%) Reference Reference
Mechanical ventilation 199 157 (79%) 42 (21%) 21.6 (7.31-105) 5.09 (1.55-26.6)

Septic shock
No 357 341 (96%) 16 (4%) Reference Reference
Yes 72 44 (61%) 28 (39%) 10.2 (5.63-19.2) 3.47 (1.79-6.91)

*Ear, nose, and throat infection, bone and joint infection, or skin and soft tissue infection.
†Streptococcus pneumoniae, Viridans group Streptococci, Enterococcus spp, group A Streptococci, and other nonspecified Gram-positive bacteria.
‡Klebsiella spp, Haemophilus influenzae, Pseudomonas aeruginosa, and other nonspecified Gram-negative bacteria.
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gency departments and general pediatric wards,51,53,55 excluding
former preterm infants and infants with underlying condi-
tions, with the largest studies excluding the sickest patients cared
for in neonatal and pediatric intensive care units.51,52 In fact,
community-acquired LOS is not discussed at all in recent
reviews on neonatal sepsis.50,56 Our study fills an important gap
in the knowledge on epidemiology of neonatal infections by
showing that community-acquired LOS is a distinct entity from
both EOS and hospital-acquired LOS, with a different inci-
dence, distribution of pathogens, clinical presentation, and
outcome, affecting mainly previously healthy full-term infants.
This has important implications for risk stratification and to
inform regimens for empiric antibiotic treatment.

Respiratory and cardiovascular organ dysfunction were
strongly associated with higher mortality, confirming the im-
portance of organ dysfunction as a predictor of death in
sepsis.28,57 Because of the limitations in defining renal, hepatic,
and central nervous system dysfunction, we focused on car-
diorespiratory alteration, defined as need for mechanical ven-
tilation and septic shock, respectively. Prematurity was strongly
associated with sepsis and death because of sepsis, with a 9%
decrease in sepsis-related mortality for each additional week
of gestation. Yet, one-third of sepsis cases occurred in term
infants, and 15% in late-preterm, and GBS was a leading patho-
gen in these age groups. Indeed, despite preventive strategies
based on maternal screening and intrapartum antibiotic pro-
phylaxis, GBS remains a major pathogen for both EOS and
community-acquired LOS, indicating an urgent need for novel
preventive strategies.58 Importantly, mortality was 4.7-fold
higher in sepsis due to S aureus compared with GBS. Gram-
negative bacteria and fungi were not associated with an in-
creased mortality, contrasting with prior studies on very low
birthweight infants that showed a higher mortality in LOS due
to Gram-negative bacteria and fungi compared with S
aureus.20,59,60 Yet, fungal sepsis was uncommon in our cohort,
and high fungal sepsis mortality rates were mainly reported
in settings where this pathogen is more predominant.20,60

The strengths of our study include the population-based
design with inclusion of all patients hospitalized in tertiary care
hospitals in Switzerland, independently of their social, demo-
graphic or ethnic background,29,30 allowing side-by-side com-
parison of the three distinct entities of neonatal sepsis across
all gestational ages. In contrast to other studies using hospi-
tal coding for definition of sepsis, and including suspected
sepsis, our study was based on a prospective cohort specifi-
cally designed to investigate blood culture-proven sepsis using
clear cut criteria and institutional microbiological surveil-
lance systems.28 The data collection included a large set of vari-
ables on patient and pathogen characteristics, and severity
outcomes.

Several limitations have to be considered. First, the limita-
tions of the 2005 Goldstein sepsis definition31 have been rec-
ognized, both in the pediatric and neonatal population.61-63

Other definitions have been proposed, but none has been ac-
cepted widely.64,65 Therefore, the choice of a definition is a limi-
tation inherent to all studies on neonatal sepsis, which may
affect comparisons between publications.32 Second, although

the clear phenotype of microbiologically confirmed and clini-
cally relevant bloodstream infection provides rigor to the design
of this study, this will lead to an underestimation of the true
burden of neonatal sepsis, given the limited sensitivity of blood
cultures, and considering that microbiologically confirmed in-
fections at other sites do not always result in positive blood
cultures.32 Third, the use of strict criteria to distinguish posi-
tive blood cultures from contamination and to differentiate
sepsis from asymptomatic bacteremia resulted in a propor-
tion of cases of hospital-acquired LOS due to CoNS of
40% in our study, similar to the 40%-60% reported by
others.10,25,47,50,56,66 Fourth, we did not include a control group
of newborns without infection, which limited our ability to
assess risk factors. Finally, we did not have access to the number
of catheter days in the participating hospitals and cannot report
the rate of central line infection days.

In conclusion, we provide a detailed comparison of 3 dis-
tinct entities of neonatal sepsis. Although gestational age is a
major factor driving the incidence and outcome of neonatal
sepsis, we observed major differences in epidemiology, host
characteristics, and patient-centered outcomes between EOS,
hospital-acquired LOS, and community-acquired LOS. Whereas
the incidence of EOS is lower compared with other industri-
alized countries, EOS remains associated with considerable mor-
tality. Hospital-acquired LOS represented two-thirds of all sepsis
episodes, highlighting the need to reinforce prevention strat-
egies. These data have implications to inform clinical prac-
tice, and will be useful for benchmarking, international
comparisons, quality improvement initiatives, and for the design
of interventional trials. ■
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Figure 3. Number of A, sepsis episodes, B, requirement for non-invasive ventilation, C, invasive ventilation, and D, septic shock
according to gestational age.
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Figure 4. Mortality in EOS, hospital-acquired LOS, and community-acquired LOS, and according to gestational age. Kaplan-
Meier curves for time to death within 30 days of onset of A, EOS, hospital-acquired LOS and community-acquired LOS, and in
different gestational age groups for B, EOS, and C, hospital-acquired LOS.
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Table I. Incidence of neonatal sepsis in Switzerland 2012-2015

All episodes EOS Hospital-acquired LOS Community-acquired LOS

Estimated national incidence per 1000 livebirths* (95% CI)
Estimated number of episodes 478 95 289 94
All newborn infants 1.43 (1.30-1.56) 0.28 (0.23-0.35) 0.86 (0.76-0.97) 0.28 (0.23-0.34)
Male infants 1.72 (1.53-1.93) 0.27 (0.20-0.36) 1.03 (0.89-1.20) 0.42 (0.33-0.52)
Female infants 1.11 (0.95-1.28) 0.30 (0.22-0.39) 0.68 (0.56-0.81) 0.14 (.09-0.21)
Term newborns (≥37 wk) 0.53 (0.45-0.61) 0.13 (0.10-0.18) 0.13 (.09-0.18) 0.27 (0.21-0.33)
Preterm newborns (<37 wk) 15.07 (13.56-16.69) 2.51 (1.92-3.22) 12.04 (10.70-13.50) 0.51 (0.27-0.89)
Very preterm newborns (<32 wk) 67.97 (59.59-77.20) 9.37 (6.44-13.19) 57.71 (50.01-66.27) 0.88 (0.19-2.54)
Extremely preterm newborns (<28 wk) 121.23 (103.51-141.12) 13.39 (7.98-21.06) 107.10 (90.48-125.88) 0.74 (.02-4.09)

*Calculated based on 425 episodes recruited in full study years (2012-2015) and on the assumption that participating hospitals captured 98% of all blood culture-proven sepsis episodes in infants
born <32 weeks and 80% of episodes in infants born ≥ 32 weeks.

Table III. Additional demographics and clinical characteristics

All episodes EOS Hospital-acquired LOS Community-acquired LOS

P value*
(n = 444 in
429 infants)

(n = 87 in
87 infants)

(n = 277 in
265 infants)

(n = 80 in
79 infants)

Maternal GBS status .001
Detected 73 (16) 21 (24) 31 (11) 21 (26)
Not detected 258 (58) 52 (60) 168 (61) 38 (48)
Unknown 113 (25) 14 (16) 78 (28) 21 (26)

Clinical chorioamnionitis† (missing in 2) 76 (17) 32 (37) 44 (16) 0 (0) <.001
Maternal intrapartum antibiotics .03

Yes 137 (31) 33 (38) 85 (31) 19 (24)
No 267 (60) 45 (52) 174 (63) 48 (60)
Unknown 40 (9) 9 (10) 18 (6) 13 (16)

Gestational age groups <.001
Prematurity <28 wk 164 (37) 20 (23) 143 (52) 1 (1)
Prematurity 28-31 wk 73 (16) 15 (17) 56 (20) 2 (2)
Prematurity 32-36 wk 66 (15) 16 (18) 42 (15) 8 (10)
Term birth ≥37 wk 141 (32) 36 (41) 36 (13) 69 (86)

Ethnicity (missing in 50) .006
Caucasian 343 (87) 72 (94) 203 (83) 68 (94)
Other ethnicity 51 (13) 5 (6) 42 (17) 4 (6)

CVAD present at time of sepsis onset 184 (41) 6 (7) 178 (64) 0 (0) <.001
Adequate empiric antibiotic treatment‡ (missing in 2) 374 (84) 76 (88) 229 (83) 69 (86) .43
Length of antibiotic treatment, d 10 (8-14) 10 (7-14) 10 (7-14) 14 (10-15) <.001

CVAD, central venous access device.
Categorical variables are presented as frequencies (%), continuous variables as median (interquartile range). Column percentages are presented. Percentages are based upon available data for
each variable.
*P value from Fisher exact test for categorical variables and from Kruskal-Wallis test for numerical variables.
†Defined by the presence of at least 2 of the following criteria: maternal fever >38.3°C during labor, uterine tenderness (without another cause), fetal tachycardia, maternal leucocytosis, foul-
smelling amniotic fluid.
‡Defined as antibiotic treatment unchanged after identification of pathogen or changed for streamlining.
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Table IV. Characteristics of EOS, hospital-acquired LOS, and community-acquired LOS

Hospital-acquired LOS relative risk ratio (95% CI) Community-acquired LOS relative risk ratio (95% CI)

Gestational age (wk) 0.83 (0.76-0.90) 1.28 (1.14-1.47)
Sex

Female Reference Reference
Male 1.21 (0.55-2.62) 2.43 (1.01-6.13)

Birthweight (z score) 0.72 (0.47-1.09) 0.60 (0.37-0.94)
Comorbidity

No comorbidity Reference Reference
Comorbidity present 23.1 (5.64-141) 2.19 (0.31-17.4)

Central venous access device
No CVAD Reference Reference
CVAD present 4.20 (1.02-22.0) 0.37 (.00-5.51)

Site of infection
Primary bloodstream infection Reference Reference
CLABSI 3.23 (0.49-20.5) 1.68 (.01-405)
UTI 15.4 (1.39-2154) 38.2 (3.82-5215)
Pneumonia 2.31 (0.37-17.9) 0.69 (.09-5.32)
Central nervous system infection 1.84 (0.44-7.85) 1.26 (0.39-4.23)
Peritonitis/necrotizing enterocolitis 5.70 (1.02-48.1) 9.52 (0.55-123)
Other specific infection types* 7.44 (1.43-76.9) 8.82 (1.24-103)

Pathogen
Group B Streptococci Reference Reference
Staphylococcus aureus 29.8 (5.60-242) 1.31 (0.16-11.8)
Coagulase-negative Staphylococci 15.8 (4.42-66.3) .06 (.00-0.78)
Other Gram-positive bacteria† 1.49 (0.40-5.89) 0.33 (0.10-1.03)
E coli 4.02 (1.22-14.9) 1.01 (0.31-3.31)
Other Gram-negative bacteria‡ 7.04 (1.77-32.3) 1.14 (0.14-7.48)
Candida albicans 4.19 (0.28-635) 136 (0.37-63507)

Mechanical ventilation
No mechanical ventilation Reference Reference
Mechanical ventilation 0.44 (0.17-1.05) 0.39 (0.10-1.43)

Septic shock
No Reference Reference
Yes 0.27 (.09-0.81) 0.12 (.01-0.87)

As an example, the univariable relative risk ratio for a boy to suffer from community-acquired LOS compared with a girl, with EOS as a reference group is calculated as follows: First calculated

the relative risk of a male having community-acquired LOS, compared with EOS, by dividing the risk of a boy having community-acquired LOS ( 61
278 ) by the risk of a boy having EOS ( 45

278 ), which

equals 61/45 ≅ 1.36. This is then divided by the relative risk of a girl having community-acquired LOS which is derived in similar fashion: risk of a female having community-acquired LOS ( 19
166 )

divided by the risk of a girl having EOS ( 42
166 ), which equals 19/42 ≅ 0.45. Thus, the relative risk ratio of a boy, compared with a girl, of having community-acquired LOS instead of EOS is

1 36
0 45
.
. ≅ 3.00. The univariable risk ratio of S aureus sepsis occurring in hospital-acquired LOS compared with group B streptococci, with EOS as a reference group, can be derived in similar fashion:

44
49
2
49

(≅ 22.0) divided by
14
80
33
80

(≅ 0.42). Thus, the relative risk ratio for S. aureus sepsis, compared with group B streptococcal sepsis, in hospital-acquired LOS compared with EOS is 51.9. The relative

risk ratios shown in the table are derived from a multivariable model.
*Ear, nose, and throat infection, bone and joint infection, or skin and soft tissue infection.
†Streptococcus pneumoniae, Viridans group Streptococci, Enterococcus spp, group A Streptococci, and other nonspecified Gram-positive bacteria.
‡Klebsiella spp., Haemophilus influenzae, Pseudomonas aeruginosa, and other nonspecified Gram-negative bacteria.
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