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Abstract Escherichia coli early-onset sepsis (EOS) is an important cause of mortality and morbidity in neonates, especially in preterm and very low birth weight (VLBW) newborns.
The aim of our study was to evaluate potential changes in the
clinical and microbiological characteristics of E. coli EOS in
our setting. Epidemiological, clinical, and microbiological data from all neonates with proven E. coli EOS from January
1994 to December 2014 were retrospectively collected in a
single tertiary care hospital in Barcelona (Spain). Seventyeight E. coli EOS cases were analyzed. A slight increase in
the incidence of E. coli EOS was observed during the study
period. VLBW newborns remained the group with higher incidence (10.4 cases per 1000 live births) and mortality
(35.3%). Systematic use of PCR increased E. coli EOS diagnosis, mainly in the term newborn group. There was an increase in resistant E. coli strains causing EOS, with especially
high resistance to ampicillin and gentamicin (92.8 and 28.6%,

respectively). Nonetheless, resistant strains were not associated with poorer clinical outcomes.
Conclusions: There is an urgent need to reconsider the
empirical therapy used in neonatal EOS, particularly in
VLBW newborns.

What is Known:
• E. coli early-onset sepsis (EOS) and E. coli resistant strains have been
described as overall stable but increasing in VLBW neonates
(< 1.500 g) in previous studies.
What is New:
• Our study shows an increasing incidence of E. coli EOS in all age
groups, overruling group B Streptoccocus for the last 10 years. E. coli
resistant strains also increased equally in all age groups, with high
resistance rates to our first line antibiotics (ampicillin and gentamicin).
• Empiric antibiotic therapy of EOS, mainly in VLBW newborns, should
be adapted to this new scenario.

Communicated by Nicole Ritz
* Maria Concepció Céspedes
mcespede@vhebron.net

Maria Ángeles Linde
malinde@vhebron.net
Pere Soler-Palacin
psoler@vhebron.net

Natalia Mendoza-Palomar
nataliamendoza@upiip.com
Milena Balasch-Carulla
mbalaschcarulla@gmail.com
Sabina González-Di Lauro
sgonzalezdilauro@gmail.com
Antònia Andreu
anandreu@vhebron.net
Marie Antoinette Frick
antoinettefrick@hotmail.com

1

Pediatric Infectious Diseases and Immunodeficiencies Unit, Hospital
Universitari Vall d’Hebron, Universitat Autònoma de Barcelona,
Institut de Recerca Vall d’Hebron, Barcelona, Spain

2

Department of Microbiology, Hospital Universitari Vall d’Hebron,
Universitat Autònoma de Barcelona, Institut de Recerca Vall
d’Hebron, Barcelona, Spain

3

Neonatal Intensive Care Unit, Hospital Universitari Vall d’Hebron,
Universitat Autònoma de Barcelona, Institut de Recerca Vall
d’Hebron, Passeig de la Vall d’Hebron, 119-129,
08035 Barcelona, Spain

Eur J Pediatr

Keywords Newborn . Early-onset neonatal infection .
Escherichia coli . Antimicrobial drug resistance

Abbreviations
CNS
Central nervous system
CSF
Cerebroespinal fluid
E. coli Escherichia coli
EOS
Early-onset sepsis
ESBL
Extended-spectrum beta-lactamase
GBS
Group B Streptoccocus
NICU
Neonatal intensive care unit
PCR
Polymerase chain reaction
VLBW Very low birth weight

(conventional and real-time PCR assays) have been tested in
several neonatal studies with satisfactory results [8, 14, 16].
There is substantial concern about whether the increasingly
more extensive use of intrapartum antibiotics may affect the
incidence of antimicrobial-resistant infection. An estimated
65% of VLBW neonates are currently exposed to antibiotics
before delivery [26]. Most studies have shown a rise in EOS
cases caused by E. coli with antimicrobial resistance [10],
particularly ampicillin resistance, and in the preterm newborn
population [1, 4, 13, 27]. In addition, some studies have found
a straightforward relationship between maternal antibiotic use
and ampicillin-resistant E. coli EOS in the VLBW group [4,
29].
This study was conducted to evaluate potential changes in
the clinical and microbiological characteristics of E. coli EOS
in our setting over the past two decades with the purpose of
determining whether our current management protocols are
adequate for this population.

Introduction
Early-onset sepsis (EOS) is a major cause of mortality and
morbidity in neonates, particularly preterm newborns and
those with a very low birth weight (VLBW) [29]. After the
publication of the Centers for Diseases Control and
Prevention (CDC) recommendations for intrapartum antibiotic prophylaxis against group B Streptococcus (GBS) in
1996, the global incidence of GBS EOS dramatically decreased, although it still remains the first EOS cause [24].
Escherichia coli, the most frequent EOS cause after GBS,
became a prominent pathogen in this setting, causing higher
morbidity and mortality rates than those of GBS [20].
Preterm delivery, low birth weight, intrapartum fever,
chorioamnionitis, and preterm and prolonged membrane
rupture are considered risk factors for E. coli EOS [29].
The overall incidence of E. coli EOS seems to have
remained stable in the last few decades [1, 3, 4, 20, 27]. To
our knowledge, only 2 studies have used stratified samples,
and these found an increased incidence limited to VLBW
infants [4, 27]. Stoll et al. demonstrated a rise in the number
of E. coli-related EOS cases in this subgroup of neonates
between 1991 and 1993, and 1998 and 2000 (from 3.2 to
6.8 per 1000 VLBW live births, p = 0.004) [27]. Bizzarro et al.
showed a similar increase from 1979 to 2006 (from 2.83 to
7.21 per 1000 VLBW live births, p < 0.001) [4]. However, in
both studies, the number of patients included was relatively
low (61 and 53, respectively).
Microbial culture from blood or other sterile fluids is the
gold standard in the diagnosis of neonatal sepsis. However, its
sensitivity is low due to several reasons: low bacterial load in
neonatal blood, small inoculation volume in culture bottles,
and the use of intrapartum antibiotic [6, 23]. Thereafter, different molecular techniques have been tried to improve the
diagnosis of neonatal sepsis. Amplification methods

Patients and methods
Study design
Hospital Universitari Vall d’Hebron in Barcelona (Spain) is a
tertiary care hospital that performs a yearly average of 3800
deliveries and is equipped with a 70-bed newborn intensive
care unit (NICU) for infants with complex medical and surgical conditions.
Cases were identified from our local microbiology database. All cases of E. coli detection in blood and/or CSF from
neonates were analyzed, and included if they fulfilled the
proven EOS definition. The epidemiological, clinical, and microbiological data from all consecutive cases of proven E. coli
EOS from January 1994 to December 2014 were retrospectively collected from electronic and paper medical records
depending on the period. Gestational, delivering and postpartum data of the mothers of all the included newborn were
also analyzed.
The 21-year period was divided into 4 time intervals for the
study (1994–1999, 2000–2004, 2005–2009, and 2010–2014).
Newborns were stratified according to gestational age and
birth weight.
Data about GBS EOS and annual deliveries stratified by
gestational age and birth weight were only available from
2005 to 2014.
Definitions
Proven EOS was established based on E. coli detection by
culture or polymerase chain reaction (PCR) assay in a normally sterile sample (blood or cerebrospinal fluid [CSF]) obtained
from a neonate within 3 days of life or from a neonate within 3
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to 7 days of life whose mother’s cultures were also positive
[17]. Thereafter, patients were classified according to their
clinical status as having the following:
E. coli bacteremia: E. coli isolated by culture or detected
by PCR in a blood sample obtained from an asymptomatic newborn.
E. coli sepsis: E. coli isolated by culture or detected by
PCR in a normally sterile sample obtained from a newborn with systemic infection-related symptoms.
E. coli septic shock: E. coli isolated by culture or detected
by PCR in a normally sterile sample obtained from a
newborn requiring mechanical ventilation or inotropic
support in the setting of clinical sepsis without other recognizable cause and/or coagulopathy.
E. coli meningitis: E. coli detected by culture or PCR in
CSF [15].
Associated risk factors (preterm delivery, prolonged rupture of membranes, maternal intrapartum fever, and
chorioamnionitis) were defined as reported elsewhere [17].
Intrapartum antibiotics were defined as antibiotics started
after rupture of membranes and/or uterine contractions. The
standard of care was ampicillin plus gentamicin for prolonged
rupture of membranes, penicillin for GBS colonization and
erythromycin for preterm rupture of membranes. There were
no changes in antibiotic management during the 21-year
period.
Single-dose cefazolin previous to cesarian section was not
considered as intrapartum antibiotic for the purpose of our
study, due to the short interval between administration and
delivery.
Microbiology
E. coli was isolated from neonatal blood and CSF, and from
maternal samples (placenta, vaginal exudate, blood and amniotic fluid) using standard laboratory methods. Antibiotic sensitivity testing was carried out for ampicillin, cefotaxime,
imipenem, gentamicin, and amikacin according to the
Clinical and Laboratory Standard Institute (CSLI) guidelines
from 1994 to 2013 and according to the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) guidelines in 2014. Antibiotic sensitivity testing was performed
on strains isolated from all blood culture-positive samples
(64). One antibiogram from a strain obtained by culturing a
placental sample from a mother whose newborn was diagnosed by PCR was also included.
Starting in 2008, real-time PCR (Progenie, Valencia,
Spain) using the SmartCycler system (Cepheid, Sunnyvale,
California, USA) was routinely performed to detect E. coli,
GBS and Listeria monocygotenes from neonatal blood and
CSF of all neonates with suspicion of early onset sepsis.

Statistical analysis
Since molecular techniques were only available from 2008,
incidences were calculated without those newborns that were
diagnosed by PCR to avoid selection bias. Moreover, outborn
newborns were also excluded for this purpose.
The STATA v13.1 statistical software package was used
for the data analysis. Categorical variables are expressed as
frequency and percentages. Relationships between the periods and other qualitative variables were analyzed with the
chi-square test. Incidence rates were calculated as the number of cases per 1000 live births per period. Poisson’s regression was used to compare the incidence between periods. Quantitative variables are expressed as the mean
and range.
Ethical aspects
The Ethics Committee of HUVH approved the study in May,
2015 (PR(AMI)158/2015).

Results
Study population and rates
During the period of the study, 79,813 live neonates were
delivered at our hospital. Seventy-eight episodes of E. coli
EOS in 78 newborns were analyzed. Sixty-three of them
(80.7%) were born in our center. The other 15 (19.2%) were
born in other hospitals and referred to our center due to maternal or neonatal pathology.
Twenty-four (30.8%) cases occurred in term neonates and
54 (69.2%) in preterm neonates. Among the latter, there were
34 (43.6%) VLBW newborns.
The overall incidence of E. coli EOS diagnosed by positive
blood culture was 0.66 cases per 1000 live births. There was a
slight increase in the incidence over time, particularly from the
second period to the last one (from 0.29 per 1000 live births
during 2000–2004 to 0.82 during 2010–2014) (Table 1). The
increase was due to a rise in the term and VLBW group, but
did not reach statistically significance in neither of them
(Table 2).
Nevertheless, since 2008, when systematic use of PCR was
implemented, there was an increase in E. coli EOS diagnosis,
especially in term newborn (Table 2). This rise was mainly
due to an increase of the diagnosis in the term newborn group,
with 8 of them being diagnosed only by positive PCR in blood
or CSF with negative blood and/or CSF culture.
In the last 10 years, the overall incidence of GBS EOS was
0.50 cases per 1000 live births due to a reduction among
preterm newborn cases (from 3.28 per 1000 VLBW live births
in 2005–2009 to 1.23 thereafter; and from 1.04 per 1000
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Table 1 Incidence of E. coli EOS
diagnosed by blood and/or CSF
culture by time periods

Period

E. coli EOS

Live births

Rate per 1000 live births

1994–1999
2000–2004

21
6

20,997
20,984

1.00
0.29

2005–2009
2010–2014

13 (+1)
13 (+9)

21,913
15,919

0.59
0.82

Overall (1994–2014)

53 (+10)

79,813

0.66

E. coli EOS Escherichia coli early-onset sepsis, ( ) cases diagnosed only by positive PCR in blood and/or CSF are
included in parentheses and not used to calculate incidence rates. Outborn cases are not included

preterm > 1500 g live births to 0.00). Of note, when comparing the incidence of E. coli and GBS EOS over the last
10 years, E. coli emerged as the first overall cause of EOS
(0.69 vs 0.50 per 1000 live births). However, GBS remained
the first cause of EOS in the term group (0.39 vs 0.06 per 1000
live births).
Noteworthy, during the last period (2010–2014), the
systematic use of PCR caused an increase in the diagnosis
of E. coli EOS so the same number of E.coli and GBS

Table 2 Incidence of E. coli and
GBS EOS diagnosed by blood
and/or CSF culture, stratified by
newborn gestational age and
birthweight, between 2005 and
2014

EOS was observed in term newborns (10 cases for each
pathogen) (Table 2).
Maternal data
Seventy-eight mothers of 78 cases of E. coli EOS were analyzed, from 1 week before delivery and up to 3 days postpartum. Seventeen mothers (21.5%) had E. coli infection during pregnancy, diagnosed by isolation of E. coli in vaginal

2005–2009

2010–2014

Overall (2005–2014)

Live births
E. coli EOS
E. coli EOS rate per 1000 live births
GBS EOS
GBS EOS rate per 1000 live births

21,913
13 (+1)
0.59
12 (+1)
0.55

15,919
13 (+8)
0.82
7 (+4)
0.44

37,832
26 (+9)
0.69
19 (+5)
0.50

VLBW preterm newborns
Live births
E. coli EOS

916
9

810
9

1726
18

E. coli EOS rate per 1000 VLBW live births
GBS EOS
GBS EOS rate per 1000 VLBW live births
Preterm newborns > 1500 g
Live births
E. coli EOS

9.83
3 (+1)
3.28

11.11
1
1.23

10.43
4 (+1)
2.32

2872
4

2174
2

5046
6

E. coli EOS rate per 1000 preterm > 1500 g live births
GBS EOS
GBS EOS rate per 1000 preterm > 1500 g live births
Term newborns
Live births
E. coli EOS
E. coli EOS rate per 1000 live births
GBS EOS
GBS EOS rate per 1000 live births

1.39
3
1.04

0.92
0
0

1.19
3
0.59

18,125
0 (+1)
0.00
6
0.33

12,935
2 (+8)
0.16
6 (+4)
0.46

31,060
2 (+9)
0.06
12 (+4)
0.39

All age groups

E. coli EOS Escherichia coli early-onset sepsis, GBS EOS group B Streptococcus early-onset sepsis, VLBW very
low birthweight, NA data not available, ( ) cases diagnosed only by positive PCR in blood and/or CSF are included
in parentheses and not used to calculate incidence rates. Outborn cases are not included
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Table 3

Maternal data

Maternal data (n = 78)

Result

Percent

neonatal infection; and 34 were positive for E. coli. Data about
placental histological analysis were not available for this
study.
Complete data on the maternal characteristics and delivery
are shown in Table 3.

Age

30 years (17–42)

GBS screening (positive/performed)

8/44

10.26/56.41

Cesarean section delivery
E. coli infection during gestation

28
17

35.90
21.79

Risk factors for EOS
- Preterm delivery

70
54

89.74
69.23

Neonatal data

- Prolonged rupture of membranes

42

53.85

- Suspected chorioamnionitis
- Maternal intrapartum fever

30
25

38.46
32.05

Intrapartum antibiotic
50
Maternal cultures (positive/performed)

64.10

exudate or urinary samples plus compatible clinical symptoms. All had been treated with antibiotics.
Almost all the mothers (88.6%) had risk factors for perinatal infection. Fifty-seven (72.2%) had received intrapartum
antibiotics for a history of a gestational infection, maternal
risk factors for neonatal sepsis, or GBS colonization. The
mothers’ samples (blood, placenta, vaginal exudates and amniotic fluid) were cultured in 36 cases (45.5%), due to premature rupture of membranes or clinical suspicion of maternal or

Seventy-eight cases of E. coli EOS were analyzed. Mean gestational age was 32 weeks (range 23–42 weeks). Median gestational age was 31 weeks (IQR 27–36 weeks). Fifty-four
cases (69.6%) occurred in preterm newborns: 22 (28.2%)
had been born at less than 28 weeks, 19 (24.4%) between 28
and 32 weeks, and 13 (16.7%) between 33 and 37 weeks.
Mean weight was 2006 g (range, 430–4340 g). Thirty-four
were VLBW newborns, accounting for 43.5% of all cases
and 62.5% of preterm infants. Seventeen VLBW babies
(48.6%) weighed less than 1000 g. The clinical and microbiological features of the 78 neonates with E. coli EOS are
described in Table 4.
Blood cultures were positive in 64 cases (82.1%). The other 14 cases were diagnosed by positive PCR findings in blood
and/or CSF samples. Blood and/or CSF were also cultured
and were negative. E. coli PCR had been performed in 33
newborns (41.7%): 27 in blood and 25 in CSF samples, with
positive findings in 13 and 8 samples, respectively.
Meningitis was diagnosed in 10 neonates, 9 of them
were term newborns. Lumbar puncture was not carried
out in 34 newborns (43.6%), mainly preterm; who were
clinically unstable.

Table 4 Newborns’ clinical and
microbiological data

Total (n = 78)

- Placenta

30/34

38.46/43.60

- Vaginal exudate
- Blood

19/21
6/16

24.36/26.92
7.69/20.51

- Amniotic fluid

1/5

1.82/6.41

E. coli Escherichia coli, GBS group B Streptococcus, EOS early-onset
sepsis

Clinical features
- Septic shock
- Sepsis
- Bacteremia
- Unknown
Blood culture (positive/performed)
PCR on blood
(positive/performed)
Lumbar puncture performed
Confirmed meningitis
- Positive culture
- Positive PCR
Mortality

Preterm newborns
> 1500 g
(n = 20)

< 1500 g
(n = 34)

21 (26.92)
41 (52.56)
15 (19.23)
1 (1.28)
64/78

3 (12.50)
13 (54.17)
10 (41.67)
0 (0.00)
12/24

6 (30.00)
10 (50.00)
4 (20.00)
0 (0.00)
20/20

12 (35.29)
18 (52.94)
1 (2.94)
1 (2.94)
32/34

13/27

10/13

0/2

3/12

44 (56.41)
10 (12.82)
2 (2.56)
8 (10.26)
15 (19.23)

21 (87.50)
9 (37.50)
1 (41.67)
8 (33.33)
1 (4.17)

11 (55.00)
1 (5.00)
1 (5.00)
0 (0.00)
2 (10.00)

12 (35.29)
0 (0.00)
0 (0.00)
0 (0.00)
12 (35.29)

Values are expressed as the number (%)
PCR polymerase chain reaction

Term newborns (n = 24)
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The mortality rate was 20% (15 patients) overall, and
was especially high in VLBW newborns (12 patients,
35.3% of all VLBW newborns with E. coli EOS). Most of
the non-survivors had septic shock (14 patients). All had
maternal risk factors (93.3% prematurity, 46.6% clinical
suspicion of chorioamnionitis, 4% premature rupture of
membranes, 33.3% intrapartum maternal fever). All had
received ampicillin plus gentamicin as the initial empirical
therapy. Cefotaxime had been added in all these neonates
because of clinical worsening or antibiogram findings on
neonatal or maternal cultures. Mortality rates showed no
statistical differences between the periods.

Microbiological data
Fifty-two E. coli strains (79%) were resistant to at least one
antibiotic. Antibiotic resistance rates over the 4 periods are
shown in Table 5. A considerable increase in ampicillin and
gentamicin resistance was seen in all the groups, especially
along the last 5 years, when ampicillin- and gentamicinresistant E. coli strains reached rates of 92.8 and 28.6%, respectively. A similar increase was observed in the VLBW
group. Only gentamicin resistance rates showed a statistically
significant difference between periods, probably due to the
relatively small sample size. This trend was not observed
among VLBW neonates. Of note, none of the strains were
resistant to amikacin or carbapenems.
Resistance to third-generation cephalosporins was seen only in the last period (2010–2014). During 2010, 1 extendedspectrum beta-lactamase (ESBL)-producing E. coli strain was
found in a 28-week-gestation newborn who had septic shock
at delivery and died 2 days later in the NICU.
The frequency of resistant E. coli strains was the same in
the term group and preterm group, including VLBW infants.
The presence of these strains was not associated with
intrapartum antibiotics or infection during pregnancy.
Newborns with resistant E. coli EOS showed the same clinical
features as those with sensitive E coli EOS, and had similar
septic shock and mortality rates.
Table 5

Discussion
This study investigates the epidemiological, clinical, and microbiological data from neonates with E. coli EOS in our
setting over the last 21 years. During this time, there has been
a slight increase in the incidence of E. coli EOS, especially
from 2005 to 2014, due to a rise in the term and VLBW
newborn groups, but it did not reach statistically significance.
This result coincides with the findings of studies performed
before 2007, which describe a stable overall incidence of
E. coli regardless of the gestational age and birthweight [1,
3, 4, 13, 20, 27], although 2 studies have reported an increase
restricted to VLBW neonates [4, 27]. Antibiotic resistance
rates were found to have increased substantially in all our
groups, with worrisome resistance to first-line antibiotics,
such as ampicillin and gentamicin.
The neonatal and maternal data from our sample were globally comparable to the results from most of the related studies;
that is, more than half the affected patients were preterm
babies, with a mean birthweight of 1500 to 2000 g [4, 7, 18,
20, 25, 29]. However, Alarcon et al. included more term than
preterm newborns [1], and Stoll et al. analyzed only preterm
babies with a mean weight of less than 1000 g [27].
Of note, the diagnostic criteria differed between these studies and ours. The definition of E. coli EOS was based on
E. coli detection in blood or CSF culture in different frames
of time (from birth to 3, 5, or 7 days of life depending on the
study), and none included diagnoses by PCR.
In the last years, we observed an increase in the E. coli EOS
diagnoses, especially in the term newborn group, due to the
systematic use of PCR to determine E. coli, L. monocygotenes
and GBS in neonates with suspicion of EOS (10 newborns
with negative cultures were diagnosed by PCR performed
in blood or CSF, and 8 of these were term newborns).
Naturally, the addition of a complementary exam like
PCR to routinely tests would permit to diagnose more
EOS than before, so these results must be interpreted with
caution. Nonetheless, we are unable to explain why more
term neonates tested PCR-positive, when this test was
equally used in preterm neonates.

Antibiotic resistance in the overall cohort (n = 65)

Antibiotic

1994–1999 (n = 25)

2000–2004 (n = 9)

2005–2009 (n = 17)

2010–2014 (n = 14)

Total (n = 65)

p value

Ampicillin
Gentamicin
Amikacin
Cefotaxime
Imipenem
Any antibiotic

19 (76)
3 (12)
0 (0)
0 (0)
0 (0)
21 (84)

6 (66.7)
0 (0)
0 (0)
0 (0)
0 (0)
7 (77.8)

10 (58.8)
0 (0)
0 (0)
0 (0)
0 (0)
10 (58.8)

13 (92.8)
4 (28.6)
0 (0)
1 (7.1)
0 (0)
13 (92.8)

49 (75.4)
8 (12.3)
0 (0)
1 (1.5)
0 (0)
51 (78.5)

0.153
0.023
NA
0.105
NA
0.107

Values are expressed as the number (%), p value refers to the difference between periods, MIC breakpoints are the following: ampicillin > 8 mg/L,
gentamicin > 4 mg/L, amikacin > 4 mg/L, cefotaxime > 2 mg/L, imipenem > 8 mg/L
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With regard to the use of PCR as a diagnostic tool for EOS,
Pammi et al. performed a systematic review and metanalysis
of 23 studies determining that amplification methods have a
sensitivity of 0.90 and a specificity of 0.96 for diagnosis of
EOS (using blood culture as gold standard) [22]. These results
support the use of amplification assays as an Badd-on^ test to
blood culture, especially in neonates whose mothers have received antibiotics during delivery.
Regarding the role of E. coli and GBS as causative agents
of EOS, previous studies have shown a predominance of
E. coli over GBS only in preterm babies, with GBS as the
most prevalent pathogen in term babies [18, 25]. In our study,
E. coli was the leading cause overall and in the preterm and
VLBW groups. GBS remained the first pathogen in the term
newborn group, although data from the most recent years
suggest that E. coli EOS is also increasing in this group.
The percentage of resistant E. coli strains has increased,
particularly those with resistance to ampicillin and gentamicin. This finding is a cause for concern because ampicillin and
gentamicin are the recommended first-line antibiotics to be
used in newborns with suspected EOS in most guidelines
[21]. Many previous publications have alerted to this situation,
particularly in relation to the VLBW group [4]. Ampicillin
resistance rates higher than 65% have been reported in studies
from Europe, America and Asia since the early 2000s [4, 7,
10, 26, 29]. Gentamicin resistance higher than 15% has also
been reported [10, 11, 29].
One previous study concluded that intrapartum antibiotic
prophylaxis was an independent risk factor for the development of resistance in E. coli strains [4], but we did not observe
this relationship. A surveillance study in the USA also showed
no relationship between ampicillin exposure during delivery
and ampicillin-resistant E. coli EOS [31]. This is important
because an increasingly larger number of newborns are exposed to intrapartum antibiotics (72.2% in our study, similar
to reported data [26]).
A global increase in E. coli resistance has occurred over
recent years, as has been described in the European Center for
Disease Control (E-CDC) surveillance report of 2011 [2, 9].
Tameliene et al. investigated maternal and neonatal E. coli
colonization and found a 21.4% transmission rate, but no relationship between colonization and infection [28]. Additional
studies on maternal colonization and perinatal transmission
are needed to confirm these findings.
Although we found no relationship between EOS caused
by resistant E. coli strains and mortality, the high rates of
resistance to ampicillin and gentamicin should prompt us to
reconsider our empirical therapy, especially in VLBW neonates where E. coli EOS is more frequently diagnosed.
Moreover, mortality is significantly higher in this group because of their greater immaturity and numerous comorbidities
[15, 17]. Other studies have suggested that ampicillin resistance may be related to mortality in E. coli EOS [13, 19].

Furthermore, gentamicin may not be a good therapeutic option when the central nervous system (CNS) is affected, a
critical consideration in VLBW preterm newborns, who have
a particularly high risk of developing meningitis.
Based on these issues, some authors have proposed a thirdgeneration cephalosporin plus ampicillin as empirical EOS
therapy [10, 19, 30], whereas others have reported rapid development of resistance when cefotaxime is used routinely for
this purpose [5, 12]. In our opinion, this would be a reasonable
approach only for selected groups (e.g., VLBW in whom EOS
is highly suspected, confirmed maternal chorioamnionitis).
Another option would be the use of ampicillin plus amikacin,
once CNS involvement has been ruled out.
The limitations of this study are its retrospective nature and
the relatively small sample size. Although our sample is the
largest reported in our country, the statistical power to detect
differences is likely limited. Variations in clinical practice,
especially regarding systematic diagnostic PCR use, may have
had an effect on the results. Data about antimicrobial susceptibility were not available in cases diagnosed only by PCR.
Furthermore, as our hospital is a referral center, some of the
newborns included were born in other centers and referred to
our NICU on their first day of life. This may also have occurred in related studies performed in other reference hospitals. A similar number of newborns were referred in each time
period, and most were preterm babies. Nonetheless, although
they were included for the description of newborn, maternal
and microbiological characteristics, we excluded them for the
incidence analysis.
To conclude, the predominant role of E. coli in EOS in all
neonates in our setting and the increasing percentage of resistant strains suggest that a change of empirical treatment may
be indicated in the most susceptible newborns. Continuous
local and global surveillance is needed to monitor these epidemiological changes and enable adaptation of antimicrobial
therapy to the emerging antibiotic susceptibility profiles.
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