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Abstract

Objective: To evaluate trends in organisms causing early-onset neonatal sepsis (EONS). Congruent 
with recent reports, we hypothesized there would be an increase in EONS caused by Escherichia coli.
Study Design: National data on infants admitted to neonatal intensive care units from 2009 to 2014 
were compared to previously reported data from 2003 to 2008. We report 430 cases of EONS from 
2009 to 2014. Bivariate analyses were used to analyze the distribution of causative organisms over time 
and differences by gestational age. Linear regression was used to estimate trends in causative organisms.
Results: Since 2003, there has been a trend of increasing numbers of cases caused by E coli (P<0.01). 
The predominant organism was E coli in preterm infants and Group B Streptococcus in term infants.
Conclusions: With the majority of EONS cases now caused by E coli, our findings emphasize the 
importance of continued surveillance of causative organism patterns and developing approaches to 
reduce cases caused by E coli.
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Early-onset neonatal sepsis (EONS) remains a significant cause 
of neonatal morbidity and mortality (1). Estimates of the in-
cidence of EONS range from 0.54 to 1.19/1,000 live births 
(2–5) or 9 to 12/1,000 neonatal intensive care unit (NICU) 
admissions (6,7). EONS is largely caused by vertical transmis-
sion of bacteria and has been defined by a clinical presentation 
at <2 to 7 days after birth (2–20).

Group B Streptococcus (GBS) has historically been 
implicated as the most important organism causing EONS 

(21–23). Prevention efforts have focused on vertical trans-
mission of GBS through maternal intrapartum antibiotic pro-
phylaxis (IAP) (21,22,24). Recent reports have demonstrated 
a changing epidemiology of EONS, with a reduction in cases 
caused by GBS and a relative increase in cases caused by 
Escherichia coli (12,13). Other studies have shown an absolute 
increase in EONS caused by E coli (3). It remains unclear if the 
incidence of E coli EONS is truly increasing due to factors such 
as IAP (17), or if it is attributable to advancements in neonatal 
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resuscitation that have resulted in greater survival of preterm 
infants born at increasingly younger gestational ages (13,25–
29) and in whom E coli is the most common organism (1,3,14). 
There have also been several studies showing E coli antibiotic 
resistance in infants including a Canadian study (30).

There is an ongoing need to understand the current EONS 
epidemiology to ensure appropriate IAP and empiric treatment 
for suspected EONS. Our group previously analyzed EONS in 
infants admitted to Canadian NICUs from 2003 to 2008 and 
reported a significant decrease in GBS (31). Our group also re-
ported that GBS was more common in term infants and E coli 
was more common in preterm infants. The aim of this current 
study was to longitudinally investigate the incidence of and 
pathogens causing EONS, thus furthering our understanding 
of the changing epidemiology. In line with recent findings from 
the USA (3,12–14,16), we hypothesized there would be a trend 
of increased EONS caused by E coli that was most pronounced 
in preterm infants.

SUBJECTS AND METHODS
The Canadian Neonatal Network (CNN) collects data from 
30 hospitals encompassing >90% of the level III NICU beds in 
Canada (32). Data were entered for infants admitted to NICUs 
by abstractors and submitted to the coordinating centre after 
local research ethics board or quality improvement committee 
approval (32). The details of data collection and management 
are published elsewhere (33) and the data were proven to be 
highly accurate (34). Research ethics board approval for this 
study was granted by St. Michael’s Hospital in Toronto, Ontario, 
Canada and the project was approved by the executive com-
mittee of the CNN.

Data of infants admitted from 2009 to 2014 that met the in-
clusion criteria of having a positive blood and/or cerebrospinal 
fluid culture within 3 days of birth were compared with the data 
from a previously published cohort of infants admitted from 
2003 to 2008 (28). To compare patterns over time, the new 
cohort was divided into two groups: 2009 to 2011 and 2012 
to 2014. These groups were also compared with two previ-
ously reported and published cohorts from 2003 to 2005 and 
2006 to 2008. Exclusion criteria included a positive culture 
or detection by polymerase chain reaction (PCR) for viruses, 
fungi, or bacteria considered to be nonpathogenic, including 
coagulase-negative Staphylococci (CoNS). Cultures positive 
for multiple organisms were also excluded because of presumed 
contamination.

STATISTICAL METHODS
Statistical analysis was conducted using SAS version 9.4 (Cary, 
NC). Descriptive statistics were used to summarize demo-
graphic data and organism distribution. To compare time 

periods, as well as preterm and term infants, two-tailed t-tests 
were used for continuous variables, and chi-square tests were 
used for categorical variables. Using a point from each year, 
linear best-fit lines were used to estimate trends in causative 
organisms for the 12-year cohort. The slopes of the best fit-lines 
were calculated using linear regression and were compared to a 
slope of zero to determine statistical significance.

RESULTS
Between 2009 and 2014, there were 87,374 NICU admissions, 
of which 430 infants (0.49%) developed EONS (Figure 1). The 
EONS incidence rates for all admissions between 2009 to 2011 
and 2012 to 2014 were 0.50 and 0.48%, respectively.

Baseline demographic information for neonates born during 
the study period, 2009 to 2014, was similar for the two time 
periods analyzed: 2009 to 2011 and 2012 to 2014 (Table 1). 
Escherichia coli was the predominant organism in preterm 
infants, whereas GBS remained the most common pathogen 
in term infants. In preterm infants, defined as <37 weeks ges-
tational age, E coli, GBS, and other organisms were causative 
of EONS in 2.58, 0.96, and 1.49 per 1,000 NICU admissions. 
When preterm infants, <29 weeks or less than 1,500  g were 
analyzed, E coli followed by GBS were the most common 
causes of EONS. Whereas in term infants, E coli, GBS, and 
other organisms were implicated in 1.70, 1.91, and 1.82 infants 
per 1,000 admissions (P<0.01). There were no cases of Listeria 
monocytogenes reported causing EONS.

Overall, the most commonly identified organism was E coli, 
followed by GBS (Table 2). Other common organisms in-
cluded Streptococcus species and Haemophilus influenzae. 
There was no statistically significant change in the pattern of 
bacteria causing EONS between 2009 and 2014 however, when 
analyzed from 2003 to 2014 there was a significant increase in 
E coli EONS (P<0.01; Figure 2). In 2003, E coli rate was 1.71 
infants per 1,000 admissions and in 2014, 2.18 infants per 1,000 
admissions (Supplementary Appendix A, Tables 1and 2).

DISCUSSION
In this study, we identified that the most common organism 
causing EONS in Canadian NICUs was E coli. There was no dif-
ference in the rate of EONS, demographic characteristics among 
neonates who developed EONS, or the organisms causing 
EONS between 2009 to 2011 and 2012 to 2014. Overall, there 
was an increase in E coli from 2003 to 2014; however, most of 
this increase occurred between 2003 and 2008 and no signifi-
cant increase was identified from 2009 to 2014.

Our group previously reported 62,453 NICU admissions 
between 2003 and 2008, of which 273 infants met the inclu-
sion criteria (Figure 1). Thus, over 12 years, there were 149,827 
NICU admissions and 703 infants that met the inclusion 
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criteria (Figure 1). When organism patterns were analyzed 
from 2003 to 2014, there was a significant increase in E coli 
EONS (P<0.01), and a decrease in GBS that was not statisti-
cally significant (P=0.13; Figure 2).

We report an EONS rate of 4.7/1,000 admissions, based on 
infants admitted to Canadian Level III NICUs in a 12-year co-
hort. With the exception of a study from the UK that included 
infants of all gestational ages and reported an EONS incidence 
of 9/1,000 admissions (6), NICU-based estimates focus 
predominantly on very low birth weight (VLBW) infants 
and report rates ranging from 9 to 26/1,000 admissions 
(7,14,15). Our reported incidence rate may be lower than 

in these previous reports because we included infants of all 
gestational ages.

We observed GBS more often in term infants, whereas E coli 
was the predominant pathogen in preterm infants (P<0.01). 
These findings are consistent with those reported in our previous 
study (31) as well as other international studies (2,3,13,14).

Our group previously found a decrease in GBS EONS be-
tween 2003 and 2008. However, once the analysis was ex-
panded from 2003 to 2014, there was not a significant decrease 
in GBS EONS (P=0.13). A  large NICU-based study in the 
USA identified a similar trend (13), and a US-based analysis of 
IAP also found a plateau in GBS EONS rates after the initial 

Total admissions

2003 – 2005     N = 24 969*

2006 – 2008     N = 37 484*

2009 – 2011     N = 43 771

2012 – 2014     N = 43 603

Positive culture in 72 hours
(blood or CSF; non-viral)

2003 – 2005     N = 180*

2006 – 2008     N = 246*

2009 – 2011     N = 307

2012 – 2014     N = 233

Multiple positive cultures
in a single patient

2003 – 2005     N = 6*

2006 – 2008     N = 11*

2009 – 2011     N = 3

2012 – 2014     N = 2

(Multiples had two positives)

Patients with positive culture
in first 72 hours

2003 – 2005     N = 120*

2006 – 2008     N = 153*

2009 – 2011     N = 221

2012 – 2014     N = 209

Culture positive for CoNS 
+ Staphylococcus species

2003 – 2005     N = 54*

2006 – 2008     N = 82*

2009 – 2011     N = 83

2012 – 2014     N = 22

Figure 1. Flow diagram of selection of patients. Between 2009 and 2014, there were 87 374 NICU admissions, of which 430 infants met the inclusion 
criteria. Specifically, infants with positive blood and/or CSF cultures in the first 72 hours of birth were considered to have EONS. Infants with cultures 
positive for viruses, CoNS, other Staphylococcus species, or multiple organisms were excluded. The data shown reflect the process for case selection and ex-
clusion. *For complete 2003–2008 values, refer to Sgro et al. 2011 (31). CoNS Coagulase-negative Staphylococci; CSF Cerebrospinal fluid; EONS Early-onset 
neonatal sepsis; NICU Neonatal intensive care unit.
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Table 1. Baseline demographics of infants with EONS

2009–2011 2012–2014 P

Number of patients with positive cultures 221 209  
Gestational age at birth (weeks) Mean ± SD 31.2 ± 5.8 30.9 ± 5.6 0.53

Median (range) 30 (23,45) 30 (23,42)  
Birth weight (grams) Mean ± SD 1,894 ± 1,166 1,811 ± 1,102 0.45

Median (range) 1,510 (433, 5,195) 1,460 (490, 4,552)  
Very-low birth weight (%) 108/221 (49%) 111/209 (53%) 0.38
<32 weeks (%) 121/221 (55%) 131/209 (63%) 0.24
32–37 weeks (%) 37/221 (17%) 30/209 (14%)
>37 weeks (%) 63/221 (29%) 48/209 (23%)
Male (%) 122/221 (55%) 122/209 (58%) 0.51
Apgar score at 5 minutes <7 (%) 90/221 (41%) 95/206 (46%) 0.26
Prolonged rupture of membrane (%) 91/144 (63%) 111/201 (55%) 0.14
Maternal chorioamnionitis (%) 80/181 (44%) 80/158 (51%) 0.24
Maternal antenatal steroid exposure (%) 130/218 (60%) 131/201 (65%) 0.24
Vaginal birth (%) 129/221 (58%) 110/209 (53%) 0.23
Meningitis (CSF) and Blood Culture Positive (%) 0/221 (0%) 7/209 (3%)  
Meningitis (%) 4/221 (2%) 21/209 (10%) <0.01
Death within 7 days of positive culture (%) 9/221 (4%) 0 <0.01

CSF Cerebrospinal fluid; EONS Early-onset neonatal sepsis.
*For 2003–2005 and 2006–2008, refer to Sgro et al. 2011 (31).
**Number of infants admitted to all units during time period.
†Rate is relative to total admissions.
Very-low birth weight was defined as <1,500 g; Prolonged rupture of membrane was defined as >24 h before onset of labour.

Table 2. Organism distribution according to gestational age at birth categories for positive blood or CSF cultures (%)

2003–2005 2006–2008 2009–2011 2012–2014 2003–2014

Organisms Total Total <32 
weeks

32 - 37 
weeks

>37 
weeks

Total <32 
weeks

32 - 37 
weeks

>37 
weeks

Total Total

Escherichia coli 33.9 40.9 49.2 43.2 20.6 40.2 53.0 63.3 16.3 46.0 41.0
GBS 36.4 25.2 18.5 21.6 44.4 26.3 19.7 13.3 46.9 25.1 27.4
Streptococcus 

Viridans Group
12.4 10.1 1.6 10.8 6.3 4.5 5.3 10.0 12.2 7.6 8.0

Other Streptococcus 
Species 

5.0 5.0 7.3 18.9 12.7 10.7 0.8 3.3 12.2 3.8 6.4

Haemphuilus 
Influenzae

5.0 7.5 6.5 2.7 3.2 4.9 10.6 0.0 0.0 6.6 6.0

Streptococcus 
Pneumoniae

3.3 3.8 1.6 0.0 9.5 3.6 1.5 3.3 6.1 2.8 3.4

Enterococcus 0.8 1.3 0.8 2.7 1.6 1.3 3.8 0.0 4.1 3.3 1.8
Klebsiella 0.8 1.3 1.6 0.0 0.0 0.9 3.0 3.3 0.0 2.4 1.4
Pseudomonas 

Aeruginosa + 
Serratia

0.0 0.6 5.6 0.0 0.0 3.1 0.0 0.0 0.0 0.0 1.1

Enterobacter 0.8 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Other 0.0 0.0 1.6 0.0 0.0 0.9 2.3 3.3 0.0 1.9 0.8
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

CSF Cerebrospinal fluid; GBS Group B Streptococcus.
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decline (35). In contrast to the decreasing GBS EONS trend, 
we report a significant trend of increasing E coli EONS between 
2003 and 2014 (P<0.01). However, this trend plateaued from 
2008 onwards. Our report is in discordance with some studies 
(14,26) and is concordant with other reports (12,13,25). 
Several groups have reported an association between IAP and 
ampicillin-resistant E coli EONS (4,17,26). Unfortunately, we 
have not collected information on drug resistance in our co-
hort; therefore, we cannot comment on this question.

When interpreting the trends in causative organisms 
presented, it is important to consider that VLBW and lower 
gestational age infants make up a greater proportion of the later 
cohorts. This likely suggests that the changing distribution of 
organisms is, at least partially, due to a shift in the mean ges-
tational age of the cohort which may reflect changing referral 
patterns to Level III NICUs (27–29). For the previously 
published cohorts from 2003 to 2005 and 2006 to 2008 (31), 
mean gestational age at birth was 33.8  ± 5.5 and 32.4  ± 5.5 
weeks, respectively. Likewise, mean birth weight was 2,361  ± 
1,147 and 2,121 ± 1,172 g, respectively.

Baseline demographic characteristics of the cohorts were 
comparable between 2009 to 2011 and 2012 to 2014, with 

the exception of meningitis (P<0.01) and mortality (P<0.01) 
rates. However, these differences are of questionable clinical 
significance given that death and meningitis in EONS were 
uncommon throughout the study period. Recent literature 
reports EONS mortality rates ranging from 1.3 to 34.3%, 
with death being much more likely in preterm or VLBW 
infants (3,10,13– 15). Our study design did not allow us to 
separate deaths attributable to EONS from deaths due to 
other factors. As a result, it is difficult to interpret this finding 
as it may reflect the overall decline in neonatal mortality at-
tributable to advances in perinatal care (12,36). Our finding 
that meningitis remained uncommon corroborates other re-
cent findings (2,13,37).

CoNS does not appear to be a major cause of EONS in the 
later cohort. In our previous report published on this cohort 
(31), the Staphylococcus species, including CoNS, were incor-
porated into organism trend calculations. From 2012 to 2014, 
only 22 cultures positive for Staphylococci were reported. 
Positive cultures in the context of these contaminants are 
widely reported (2,15,18), and our finding is likely due to shifts 
in medical practice and reporting due to clinicians recognizing 
these positive cultures as likely contaminants.
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Figure 2. Yearly data on rates of EONS by organism. There was a significant increase in the number of EONS cases caused E coli from 2003 to 2014 
(P<0.01) however, when analyzed from 2009 to 2014 there was no statistically significant change in the pattern of bacteria causing EONS. Data shown re-
flect the rates of EONS due to E coli, GBS, and other organisms over time. *For complete 2003–2008 values, refer to Sgro et al. 2011 (31). EONS Early-onset 
neonatal sepsis; GBS Group B Streptococcus.
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Our study has several unique strengths. We included infants of 
all gestational ages, thereby providing a complete picture of the 
burden of EONS in Canadian Level III NICUs. Additionally, 
we studied a large population of infants, capturing >90% of level 
III NICU admissions in Canada; thus, we presumably have data 
on the sickest infants with EONS.

There are limitations to our study. First, prior to 2009 the 
CNN database did not capture 100% of level III NICUs (32). 
Our study is population-based for neonates admitted to level 
III NICUs; however, there were likely some neonates admitted 
to level II NICUs when diagnosed with EONS who are not 
accounted for in our study. Thus, our reported rates may under-
estimate the true incidence of EONS. Second, limitations in data 
extraction did not allow us to determine if the cause of death in 
infants who did not survive was attributable to EONS or other 
causes such as congenital anomalies. Third, we were also un-
able to determine if positive cultures were evidence of true in-
fection or contaminants. Next, the data were extracted from a 
national database and thus some information such as duration 
of ruptured membranes and administration of intrapartum an-
tibiotic prophylaxis could not be obtained. Lastly, we have not 
captured the resistance pattern of causative bacteria. This is an 
important area for future study in order to develop appropriate 
guidelines for prophylaxis and treatment.

CONCLUSIONS
The most common organism causing EONS in Canadian 
NICUs was E coli. There was no difference in the rate of EONS, 
demographic characteristics among neonates who developed 
EONS, and organisms causing EONS between 2009 to 2011 
and 2012 to 2014. Overall, there was an increase noted in E coli 
from 2003 to 2014; however, most of this increase occurred 
from 2003 to 2008 and no significant increase was identified 
between 2009 and 2014.

Continued surveillance of causative organisms of EONS 
is imperative for accurate assessment and intervention and to 
allow for appropriate prevention strategies and effective em-
piric treatment regimens.

Supplementary Data
Supplementary data are available at Paediatrics & Child Health 
Online.

Acknowledgements
The authors gratefully acknowledge all site investigators of the 
Canadian Neonatal Network (CNN). For the full list of Canadian 
Neonatal Network Investigators, please see Supplementary 
Appendix  B. We would also like to extend our thanks to the data 
abstractors of the CNN, as well as the staff at the Maternal-Infant Care 
Research Centre at Mount Sinai Hospital, Toronto, ON for providing 
organizational support for this project. We also thank Eugene W. Yoon, 

from Maternal-Infant Care Research Centre, for statistical support in 
the preparation of this manuscript.

Funding Source: This project was supported ‘in-kind’ by the Canadian 
Neonatal Network.
Potential Conflicts of Interest: The authors: No reported conflicts of in-
terest. All authors have submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. Conflicts that the editors consider rele-
vant to the content of the manuscript have been disclosed.

References
 1. Shane AL, Stoll BJ. Neonatal sepsis: Progress towards improved outcomes. J Infect 

2014;68(Suppl 1):S24–32.
 2. Stoll BJ, Hansen NI, Sánchez PJ, et al.; Eunice Kennedy Shriver National Institute 

of Child Health and Human Development Neonatal Research Network. Early onset 
neonatal sepsis: The burden of group B streptococcal and E. coli disease continues. 
Pediatrics 2011;127(5):817–26.

 3. Weston EJ, Pondo T, Lewis MM, et al. The burden of invasive early-onset neonatal 
sepsis in the United States, 2005-2008. Pediatr Infect Dis J 2011;30(11):937–41.

 4. Kuhn P, Dheu C, Bolender C, et al. Incidence and distribution of pathogens in early-
onset neonatal sepsis in the era of antenatal antibiotics. Paediatr Perinat Epidemiol 
2010;24(5):479–87.

 5. Fjalstad JW, Stensvold HJ, Bergseng H, et al. Early-onset sepsis and antibiotic expo-
sure in term infants: A nationwide population-based study in Norway. Pediatr Infect 
Dis J 2016;35(1):1–6.

 6. Vergnano S, Menson E, Kennea N, et al. Neonatal infections in England: The NeonIN 
surveillance network. Arch Dis Child Fetal Neonatal Ed 2011;96:F9–14.

 7. van den Hoogen A, Gerards LJ, Verboon-Maciolek MA, Fleer A, Krediet TG. Long-
term trends in the epidemiology of neonatal sepsis and antibiotic susceptibility of 
causative agents. Neonatology 2010;97(1):22–8.

 8. Tiskumara R, Fakharee S, Liu C, et al. Neonatal infections in Asia. Arch Dis Child 
Fetal Neonatal Ed 2009;94:F144–8. <http://fn.bmj.com/cgi/reprint/94/2/
F144%5Cnhttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=eme
d9&NEWS=N&AN=2009107458> (Accessed March 14, 2019).

 9. Daley  AJ, Isaacs  D; Australasian Study Group for Neonatal Infections. Ten-year 
study on the effect of intrapartum antibiotic prophylaxis on early onset group B 
streptococcal and Escherichia coli neonatal sepsis in Australasia. Pediatr Infect Dis J 
2004;23(7):630–4.

 10. Cohen-Wolkowiez M, Moran C, Benjamin DK, et al. Early and late onset sepsis in late 
preterm infants. Pediatr Infect Dis J 2009;28(12):1052–6.

 11. Klinger G, Levy I, Sirota L, Boyko V, Reichman B, Lerner-Geva L. Epidemiology and 
risk factors for early onset sepsis among very-low-birthweight infants. Am J Obstet 
Gynecol 2009;201:38.e1–6.

 12. Bizzarro MJ, Shabanova V, Baltimore RS, Dembry LM, Ehrenkranz RA, Gallagher PG. 
Neonatal sepsis 2004-2013: The rise and fall of coagulase-negative staphylococci. J 
Pediatr 2015;166(5):1193–9.

 13. Bauserman  MS, Laughon  MM, Hornik  CP, et  al. Group B streptococcus and 
Escherichia coli infections in the intensive care nursery in the era of intrapartum anti-
biotic prophylaxis. Pediatr Infect Dis J 2013;32(3):208–12.

 14. Hornik  CP, Fort  P, Clark  RH, et  al. Early and late onset sepsis in very-low-birth-
weight infants from a large group of neonatal intensive care units. Early Hum Dev 
2012;88(Suppl 2):S69–74.

 15. Mularoni  A, Madrid  M, Azpeitia  A, Valls  i  Soler  A. The role of coagulase-negative 
staphylococci in early onset sepsis in a large European cohort of very low birth weight 
infants. Pediatr Infect Dis J 2014;33(5):e121–5.

 16. Puopolo  KM, Draper  D, Wi  S, et  al. Estimating the probability of neo-
natal early-onset infection on the basis of maternal risk factors. Pediatrics 
2011;128(5):e1155–63.

 17. Bizzarro MJ, Dembry LM, Baltimore RS, Gallagher PG. Changing patterns in neo-
natal Escherichia coli sepsis and ampicillin resistance in the era of intrapartum antibi-
otic prophylaxis. Pediatrics 2008;121(4):689–96.

 18. Klinger G, Levy I, Sirota L, Boyko V, Lerner-Geva L, Reichman B; Israel Neonatal 
Network. Outcome of early-onset sepsis in a national cohort of very low birth weight 
infants. Pediatrics 2010;125(4):e736–40.

 19. Levine  EM, Ghai  V, Barton  JJ, Strom  CM. Intrapartum antibiotic prophylaxis 
increases the incidence of Gram-negative neonatal sepsis. Infect Dis Obstet Gynecol 
1999;7(4):210–3.

 20. Baltimore RS, Huie SM, Meek JI, Schuchat A, O’Brien KL. Early-onset neonatal sepsis 
in the era of group B streptococcal prevention. Pediatrics 2001;108(5):1094–8.

 21. Money  DM, Allen  VM, Yudin  MH, et  al. The prevention of early-onset neonatal 
group B Streptococcal disease. J Obstet Gynaecol Can 2013;35(10):e1–10.

430 Paediatrics & Child Health, 2020, Vol. 25, No. 7

http://academic.oup.com/pch/article-lookup/doi/10.1093/pch/pxz073#supplementary-data
http://academic.oup.com/pch/article-lookup/doi/10.1093/pch/pxz073#supplementary-data
http://fn.bmj.com/cgi/reprint/94/2/F144%5Cnhttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed9&NEWS=N&AN=2009107458
http://fn.bmj.com/cgi/reprint/94/2/F144%5Cnhttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed9&NEWS=N&AN=2009107458
http://fn.bmj.com/cgi/reprint/94/2/F144%5Cnhttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed9&NEWS=N&AN=2009107458


 22. Barrington  K, Canadian Paediatric Society. Management of the infant at increased 
risk for sepsis. Paediatr Child Health 2007;12(10):893–8.

 23. Simonsen  KA, Anderson-Berry  AL, Delair  SF, Davies  HD. Early-onset neonatal 
sepsis. Clin Microbiol Rev 2014;27(1):21–47.

 24. Aziz K, McMillan DD, Andrews W, et al.; Canadian Neonatal Network. Variations in 
rates of nosocomial infection among Canadian neonatal intensive care units may be 
practice-related. BMC Pediatr 2005;5:22.

 25. Bizzarro MJ, Raskind C, Baltimore RS, Gallagher PG. Seventy-five years of neonatal 
sepsis at Yale: 1928-2003. Pediatrics 2005;116(3):595–602.

 26. Stoll  BJ, Hansen  N, Fanaroff  AA, et  al. Changes in pathogens causing early-
onset sepsis in very-low-birth-weight infants. N Engl J Med 2002;347(4):240–7.

 27. Lemyre B, Moore G. Counselling and management for anticipated extremely preterm 
birth. Paediatr Child Health 2017;22(6):334–41.

 28. Ishii  N, Kono  Y, Yonemoto  N, Kusuda  S, Fujimura  M; Neonatal Research 
Network, Japan. Outcomes of infants born at 22 and 23 weeks’ gestation. Pediatrics 
2013;132(1):62–71.

 29. Rysavy MA, Li L, Bell EF, et al.; Eunice Kennedy Shriver National Institute of Child 
Health and Human Development Neonatal Research Network. Between-hospital 
variation in treatment and outcomes in extremely preterm infants. N Engl J Med 
2015;372(19):1801–11.

 30. Ouchenir L, Renaud C, Khan S, et al. The epidemiology, management, and outcomes 
of bacterial meningitis in infants. Pediatrics 2017;140(1).

 31. Sgro M, Shah PS, Campbell D, Tenuta A, Shivananda S, Lee SK; Canadian Neonatal 
Network. Early-onset neonatal sepsis: Rate and organism pattern between 2003 and 
2008. J Perinatol 2011;31(12):794–8.

 32. Shah  P, Yoon  E, Chan  P. The Canadian Neonatal Network Annual Report 2015. 
Toronto, Ontario. <http://www.canadianneonatalnetwork.org/Portal/LinkClick.
aspx?fileticket=XhPMIxFgc2M%3d&tabid=39> (Accessed March 14, 2019).

 33. Lee SK, McMillan DD, Ohlsson A, et al. Variations in practice and outcomes in the 
Canadian NICU network: 1996-1997. Pediatrics 2000;106(5):1070–9.

 34. Shah P, Seidlitz W, Chan P, et al. Internal audit of the Canadian Neonatal Network 
data collection system. Am J Perinatol 2017;34(12):1241–9.

 35. Van  Dyke  MK, Phares  CR, Lynfield  R, et  al. Evaluation of universal antenatal 
screening for group B streptococcus. N Engl J Med 2009;360(25):2626–36.

 36. Stoll  BJ, Holman  RC, Schuchat  A.  Decline in sepsis-associated neo-
natal and infant deaths in the United States, 1979 through 1994. Pediatrics. 
1998;102:108:e18.

 37. Ozkan H, Cetinkaya M, Koksal N, Celebi S, Hacımustafaoglu M. Culture-proven neonatal 
sepsis in preterm infants in a neonatal intensive care unit over a 7 year period: Coagulase-
negative staphylococcus as the predominant pathogen. Pediatr Int 2014;56(1):60–6.

Paediatrics & Child Health, 2020, Vol. 25, No. 7 431

http://www.canadianneonatalnetwork.org/Portal/LinkClick.aspx?fileticket=XhPMIxFgc2M%3d&tabid=39
http://www.canadianneonatalnetwork.org/Portal/LinkClick.aspx?fileticket=XhPMIxFgc2M%3d&tabid=39

