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Abstract Nosocomial infections are a major cause of
morbidity and mortality among neonates admitted to
neonatal intensive care units (NICUs). The aim of this
paper was to describe an outbreak of Escherichia coli
among infants admitted to the NICU of the General
Hospital “Dr. Manuel Gea Gonzalez” in May of 2008.
The isolated E. coli strains were identified using stan-
dard biochemical methods. The susceptibilities of these
strains were analysed by determining their minimal in-
hibitory concentrations. Following this, their molecular
relationships to each other were assessed by pulsed field
gel electrophoresis (PFGE) analysis and corroborated by
serology. Twelve E. coli strains were isolated from
blood, urine, or indwelling catheter samples from five
cases of preterm infants within a 3-day period. Patients

were admitted to the NICU of the general hospital and,
during the outbreak, developed sepsis caused by E. coli.
For four of the patients, the average age was 23 days,
while one patient was a 3-month-old infant. Prior to
sepsis, the infants had received assisted ventilation and
hyperalimentation through a central venous catheter.
Two profiles were observed by PFGE; profile A was
identified as the outbreak’s cause and an outcome of
cross-infection, while profile B showed genetic differ-
ences but serologically it was identified as part of the
same serotype. We conclude that E. coli colonised the
patients through horizontal transmission. A focal source
of the microorganism in this outbreak was not identi-
fied, but cross-transmission through handling was the
most probable route.
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Introduction

Nosocomial infections are a major cause of morbidity and
mortality among neonates admitted to neonatal intensive
care units (NICUs). Nosocomial infections are estimated to
cause 1.6 million deaths annually, 40 % of the global burden
of child mortality, and are the major cause of neonatal deaths
in developing countries (WHO 1993). Premature birth is the
most common reason for admission to NICUs. The critically
ill neonate is particularly prone to life-threatening bacterial
infections because prematurity carries risk factors such as
low gestational age, low birth body mass, the presence of
underlying diseases, and lengthy hospitalisations; these fac-
tors result in a need for intensive care (parenteral nutrition,
oxygen therapy, mechanical ventilation, and catheterisa-
tion). All of these factors contribute to higher rates of
infection than in paediatric and adult intensive care units.
These bacterial infections can be acquired by exposure to
microbes that colonise the maternal genital tract (vertical
transmission) or by exposure to unhygienic care practices
and environments. Late-onset sepsis, or sepsis that occurs
after 3 days of age, is an important problem in very low birth
body mass (VLBBM) infants (Stoll et al. 2002a).

Infections with Gram-negative bacilli are a major cause
of neonatal mortality. Escherichia coli is the second most
important Gram-negative bacilli that causes bloodstream
infections (Stoll et al. 2002a; Larson et al. 2005). There
have been several attempts to characterise the epidemiology
of nosocomial infections by identifying risk factors for their
acquisition. The environmental source of an outbreak is
difficult to determine (Casolari et al. 2005). However, it
has been clearly identified with certainty in milk, breast
pumps, extracted breast milk, bottles of parenteral food
additives, and intravenous and topical solutions. This work
aimed to assess the genetic relationship between the E. coli
strains involved in the outbreak by means of molecular
typing with pulsed field gel electrophoresis (PFGE). This
allowed for the assessment of the clonal relationship of the
outbreak isolates, tracing horizontal transmission between
newborns, assessment of the degree of cross-transmission of
these strains, and the identification of somatic antigens
using serology.

Patients and methods

Background

The General Hospital “Dr. Manuel Gea Gonzalez” in Mex-
ico is a 206-bed second level care centre. The NICU has 20
beds for the admission of critically ill newborn infants.
Approximately 660 newborns are admitted to the NICU
each year.

Bacterial strains

The 12 strains of E. coli used in this study were
isolated from five NICU patients in the hospital. Three
of the patients were VLBBM infants (401–1,500 g) who
developed respiratory distress syndrome (RDS) and late-
onset sepsis. These patients had a positive result for one
or more blood cultures of E. coli obtained after 72 h of
life. Samples were obtained either from the blood, urine
or an indwelling catheter from each patient. Milk for-
mulas (NAN-1 and pre-NAN, Nestlé, México City,
México) were also analysed. An incidence case was
defined as an infant infected or colonised with E. coli.
Each case included in this work was first identified by
surveillance cultures. The isolated strains were preserved
in 30 % glycerol at −70 °C until use.

Identification and antimicrobial susceptibility test

Samples from the NICU were processed by the clinical
microbiology laboratory. The identification and antimicro-
bial susceptibilities for each sample were determined by the
MicroScan4 automated lecture system (Dade Behring, West
Sacramento, CA, USA) using standardised minimum con-
centration breakpoints.

Pulsed-field gel electrophoresis

Horizontal transmission of E. coli was assessed by examin-
ing the endonuclease restriction digestion patterns of all
isolates by PFGE. Bacteria were embedded in agarose
according to the method described in PulseNet (www.
pulsenetinternational.org), then lysed in situ with lysozyme
and proteinase K (20 mg/mL). Next, the chromosomal DNA
was digested by the restriction endonucleases, XbaI and BlnI
(Boehringer, Mannheim), and resolved by PFGE performed
with the CHEF-Mapper apparatus (Bio-Rad, Hercules, CA,
USA). The universal size standard, Salmonella Braederup
DNA restricted with XbaI, was used as molecular size
marker (Hunter et al. 2005). Each profile was visually
inspected and compared with the other profiles after
resolution on a 1 % agarose gel (Seakem Gold agarose)
and staining with ethidium bromide. The gels were run
at 12 °C, 6 V/cm and with a 120° switch angle for
19 h, with a pulse time that ramped from 2.16 to
54.17 s. The analysis of band patterns was performed
using the Bioimage band analyser software. Isolates
were considered to be the same strain if their restriction
fragment band profiles were identical. They were inter-
preted as closely related if their PFGE patterns showed
two to three band differences and unrelated if their
PFGE patterns showed seven or more band differences
(Tenover et al. 1995).
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Serotyping

All strains were agglutinated by dilution in a microplate
with rabbit antiserum against the 186 E. coli somatic anti-
gens. The flagella antigens were determined using 56 anti-
sera to H antigens antisera (Orskov and Orskov 1975).

Results

Identification and antimicrobial susceptibility

A total of 12 E. coli strains were isolated from five patients
during a 3-day period from blood (two isolates), a catheter
(one isolate), urine (two isolates) and bronchial secretions
(seven isolates). E. coli was not found in the milk formulas
NAN-1 and pre-NAN during the same period. The isolates
were identified with internal numbers as follows: patient 1,
two isolates (I1, I2); patient 2, three isolates (I3, I4, I5);
patient 3, four isolates (I6, I7, I8, I9); patient 4, two isolates
(I10, I11); and patient 5, one isolate (I12). All isolates
included in pattern A were resistant to aminoglycosides,
ampicillin/sulbactam, third-generation cephalosporins and
fluoroquinolones but susceptible to β-lactam antibiotics
and trimethoprim/sulfamethoxazole; pattern B was suscep-
tible to amikacin, carboxypenicillin and β-lactam antibiotics
but resistant to piperacilin, ampicillin and trimethoprim/sul-
famethoxazole. All isolates showed the same serological
profile as O20:H9. The features of the cases are listed
chronologically in Table 1.

Determination of horizontal transmission by PFGE

Horizontal transmission was assessed by analysing isolates
by PFGE. This analysis revealed that the clinical isolates of
E. coli associated with this outbreak displayed two different
patterns (Fig. 1a and b). A clonal relationship among the
isolates of pattern A was outstanding; this profile was dis-
played in nine of the isolates (Fig. 1a and b). Therefore, the
pattern A strain was regarded as the epidemic strain and the
cause of the outbreak. Pattern B corresponded to a nosoco-
mial strain from the urinary tract of a patient who was not
infected by the epidemic strain (pattern A).

Discussion

Neonates are extremely vulnerable to life-threatening bacte-
rial infections, as they are innately immuno-compromised as
result of premature birth. In this study, three out of five
neonates who developed septicaemia weighed less than
1,500 g, and their gestational age was less than 33 weeks.
They all underwent intensive care, including receiving a T
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central venous catheter. Three of the patients were put on a
mechanical ventilator. Traditionally, neonatal infections
have been divided into early-onset infections related to
maternal risk factors and birth canal acquisition (those pre-
senting within the first 72 h of life) and late-onset infections
related to acquisition in the home or hospital environment
(those presenting after 72 h of life; Zaidi et al. 2005). Gram-
negative bacteria are the most important organisms respon-
sible for early-onset sepsis. The amount of infections caused
by these bacteria has increased toward the end of the last
decade (Dent and Toltzis 2003).

E. coli is the second most important Gram-negative ba-
cillus with respect to bloodstream infections and hand car-
riage by healthcare workers, especially with respect to
carriage on hands and artificial nails in neonatal intensive
care units (Gupta et al. 2004; Larson et al. 2005). The most
common reservoir for this pathogen appears to be the gas-
trointestinal tract of colonised patients, even though it is
usually absent in the normal neonatal intestinal flora.
Patient-to-patient transmission is facilitated by transient
or persistent carriage on the hands of healthcare work-
ers. Infection outbreaks caused by Gram-negative bacilli
are increasing and are well recognised because of the
morbidity and mortality rates associated with these
infections (Stoll et al. 2002b). These facts were obvious
during this outbreak, in which four cases began in less

than 24 h and no environmental sources could be
detected.

In this outbreak, two PFGE profiles were observed. The
first, profile A, was identified as the epidemic strain and was
resistant to ampicillin and aminoglycosides. Studies had
previously shown that E. coli resistant to ampicillin is cor-
related with intrapartum ampicillin treatment. The E. coli
with profile A was only sensitive to third generation ceph-
alosporins (Stoll et al. 2002b). Profile B displayed identical
serology; however, it was an unrelated isolate from the
urinary tract of patient 5 who had an infection onset at the
same time as the onset of profile A infection. This patient
was admitted to the NICU at the time of the outbreak. The
observation that profile B, isolated from patient 5, had
shown identical serology is in agreement with the consid-
erations of Selander et al. (1986). Moreover, Moreno et al.
(2005) determined that E. coli strains of urinary tract origin
that cause bacteremia are a distinct group to extraintestinal
pathogenic E. coli (Moreno et al. 2005). In these cases, the
risk factors linked to premature birth together with the
intrinsic virulence of the pathogen contributed to the onset
of serious invasive infections and the fatal outcomes in two
of the cases.

The availability of molecular typing methods is of great
potential value in determining the phylogeny of bacteria
from a putative outbreak. PFGE remains the method of

Fig. 1 PFGE patterns of E. coli
outbreak isolates. a PFGE
patterns of DNA digested with
XbaI. 1, 7, and 15 Salmonella
Branderup H9812 digested with
XbaI (the global standard
(PulseNet) molecular size
marker); 3, 4, 5, 6, 8, 9, 10, 11,
12, 13, and 14 epidemic clones
shared by four patients in NICU
identified as pattern A; 2 unique
clone from an infant in NICU
identified as pattern B. b PFGE
patterns of DNA digested with
BlnI. 1, 7, and 15 Salmonella
Branderup H9812 molecular
size marker (digested with
XbaI); 3, 4, 5, 6, 8, 9, 10, 11, 12,
13, and 14 clone shared by four
patients in NICU identified as
pattern A; 2 unique clone iso-
lated from an infant in NICU
identified as pattern B
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choice for identifying and comparing different strains
amongst the molecular epidemiological techniques used
and leads to strain identification and determination of the
outbreak source. The most significant drawback of other
methods is that they may lead to a false impression of strain
heterogeneity in an outbreak. For this reason, PFGE was
used to confirm that the outbreak was caused by clonally
related isolates and to assess the degree of cross-
transmission of these strains.

Profile A was identified in the E. coli isolated from three
neonates on the first day of the outbreak and 24 h later in the
E. coli isolated from patient 4. Consequently, one of these
patients was presumed to be the cross-infection source.
Nonetheless, the mode of infection in the source infant
could not be established. Pattern B was recovered from
patient 5, who was not colonised by profile A. The PFGE
patterns indicated that we had identified two genetically
distinct E. coli strains.

On the other hand, serotyping identified the specific
somatic and flagella determinants and revealed that, despite
the genetic differences observed using PFGE, the isolated
strains were clones of the same O:H serotype. Epidemiolog-
ical investigation may have failed to reveal a common
source, but the serology results strongly suggested that there
was a common source of infection.

We were urged to assess whether milk could have been
the E. coli source. Given that E. coli does not survive well
on the skin and in environmental reservoirs, it was more
likely that the source was within the NICU. Additionally,
the environmental sources in the NICU were under strict
surveillance and we had observed negative cultures from the
reconstituted formula and breast milk. The fact that patients
1, 2, and 3 had been colonised the first day allowed us to
posit that transmission of the organism was most likely
through the hands of a hospital staff member. We were
unable to demonstrate this directly in the current study. We
envisioned that milk formula was the possible source, espe-
cially due to the account of personnel having been identified
as having a role in cross-transmission in a previous Candida
parapsilopsis outbreak (Hernández-Delgado et al. 2009;
Perlman et al. 2007; Hernández-Castro et al. 2010). Hospital
staff as the source of an infection outbreak has also been
reported elsewhere involving Salmonella in Tennessee
(Boehmer et al. 2009).

The early detection of colonised or infected patients and
the prompt implementation of infection control measures
were crucial for success in the containment of the nosoco-
mial epidemic. Proper hand hygiene was the most important
infection control activity for our health care workers in
preventing the transmission of organisms in the neonatal
intensive care unit, as mentioned elsewhere (Hernández-
Castro et al. 2010). We anticipate that measures towards
outbreak prevention will not require much extra effort and

that the observations and results described herein may aid
the rational development of more infection control strategies
to contain the reservoirs of resistant Gram-negative organ-
isms in the NICU.
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