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Neonatal meningitis and septicemia caused by Escherichia coli are still major health problems in industri-
alized countries. Forty-seven E. coli strains causing neonatal sepsis were analyzed. Twenty-two and 25 strains
caused early (detected from 0 to 3 days after birth) and late (detected from 4 to 28 days after birth) infections,
respectively. Only the ibeA gene was significantly more prevalent in the strains causing early infections.

Neonatal risk factors for invasive bacterial disease and their
diagnosis and therapy remain an important problem for obste-
tricians and pediatricians. Early-onset neonatal sepsis is caused
by microorganisms acquired from the mother before or during
birth (vertically transmitted and perinatally acquired); thus,
microorganisms from the maternal genital tract may play an
important role in early infection (6). Vaginal colonization by
pathogenic microorganisms, observed in 3 to 20% of pregnant
women, seems to be an important step in neonatal infection.
Infections presenting 4 or more days after birth are considered
late-onset infections and are generally caused by microorgan-
isms acquired from the environment (nosocomial and horizon-
tally transmitted) rather than from the mother. In late-onset
neonatal infections, a low proportion of neonates are infected
at the time of birth; others are born prematurely and/or have
a very low weight (9). This may be due to the presence of only
a low infectious dose of Escherichia coli strains that can com-
plicate pregnancy or cause neonatal infection. For neonatal
infection to take place, E. coli strains have to adapt to various
ecological media; i.e., (i) the physicochemical conditions of the
vaginal cavity are very different from those of the intestinal
tract, (ii) the bacteria have to cross the endocervix and survive
in the amniotic fluid, and (iii) the bacteria may be subjected to
strong selection pressure by these conditions before generating
neonatal septicemia (11).

Neonatal sepsis is associated with a limited number of E. coli
phylogenetic groups, and the pathogenicity of these strains is
correlated with the presence of several virulence factors (2).

The aim of this study was to perform a comparative analysis
of the prevalence of virulence factors in E. coli clinical isolates
causing early versus late neonatal sepsis.

A total of 47 E. coli strains causing septicemia were collected
from neonates between 0 and 28 days old in the Hospital Clinic
of Barcelona from 1987 to 2006. Sepsis was considered early
when detected between 0 and 3 days after birth and was con-
sidered late when detected between 4 and 28 days after birth.
Thus, 22 and 25 strains caused early and late infections, re-
spectively. Clinical data are compiled in Table 1.

The E. coli phylogenetic group was determined by multiplex
PCR as previously described (3). The presence of hemolysin
(hlyA gene), cytotoxic necrotizing factor 1 (cnf1 gene), toxin
autotransporter (sat1 gene), P fimbriae (papA, -C, -G, and -EF
genes, prs), type 1 fimbriae (fimA gene), F1C fimbriae (focG
gene), S fimbriae (sfaS gene), yersiniabactin (fyuA gene), aer-
obactins (aer and iucC genes), siderophore receptor (iroN
gene), a putative adhesion siderophore (iha gene), the patho-
genicity island marker (malX gene), invasion factor (ibeA
gene), and heat-resistant agglutinin (hra gene) was determined
by PCR. The PCR conditions used have been described else-
where (5). Type 1 fimbria expression was tested by agglutina-
tion with a Saccharomyces cerevisiae strain (7). Pulsed-field gel
electrophoresis was performed to examine the genetic relation-
ship of the isolates. The profiles generated showed that all of
them belonged to different clones (data not shown), according
to the criteria of Tenover et al. (10). The differences in the
presence of virulence genes were analyzed by the chi-square
test.

The phylogenetic group of the 47 E. coli strains causing
neonatal sepsis was analyzed. Five isolates were associated
with meningitis episodes (three were associated with early sep-
sis, and two were associated with late sepsis) (Table 1), and two
strains causing late sepsis were also isolated from a catheter
and from peritoneal fluid. These two isolates were excluded
from the virulence analysis. Finally, 10 E. coli strains from late
sepsis also caused urinary tract infections whereas the remain-
ing 21 isolates did not have a focus of infection and were
therefore considered as probably translocated from the gut. No
identical isolates were obtained from different samples from
the same patient.

Twenty-four (51%), 15 (32%), 5 (11%), and 3 (6%) strains
belonged to phylogenetic groups B2, D, A, and B1, respec-
tively, with no statistically significant differences between the
early and late sepsis groups. The number of virulence factors
presented among the strains ranged from 0 to 13, with the
factors most frequently shown by the E. coli strains being fimA
(91%), ibeA (68%), iucC (60%), papEF (57%), and papC
(47%). The virulence factors found least frequently were cnf1
and sat1 (both 2%) (Table 2).

When the strains were subgrouped into those causing early
neonatal sepsis and those causing late neonatal sepsis (except
for the isolates collected from peritoneal liquid and a catheter)
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and their virulence background was studied, no statistically
significant differences were observed between the two groups,
with the exception of the ibeA gene, which was more prevalent
in the strains involved in early infection than in those involved
in late infection (86% versus 52%, respectively; P � 0.01), and
the papGIII allele, which was more prevalent in the strains
involved in late infection than in those involved in early infec-
tion (28% versus 5%, respectively; P � 0.03). Hemolysin was
also more frequent in the strains causing early infection (41%
versus 20%, P � 0.11). Most of the isolates causing late infec-
tion also caused urinary tract infections. No significant differ-
ences in the presence of the other virulence factors were found
(Table 2).

This study analyzed the virulence traits of E. coli strains
causing neonatal sepsis collected in our hospital from neonates
ranging from 0 to 28 days of age and compared the virulence
genes present in the strains causing early- versus late-onset
infection. Several studies have been performed concerning the
virulence of E. coli strains causing neonatal sepsis. Bingen et al.
(1) analyzed the virulence characteristics of 47 E. coli K1

strains collected from the blood of neonates with meningitis.
The ibeA gene was present in 17% of the strains, which varies
greatly from the percentage obtained in the present study
(68%). The percentages of sfa and pap genes were similar to
those found in the present study (30% versus 20% and 51%
versus 44%, respectively). Watt et al. (11) also studied the
virulence characteristics of 17 strains causing septicemia with-
out meningitis in neonates and found that the 17 strains be-
longed to the B2 phylogenetic group. Nonetheless, the rate of
virulence factors was very different from that obtained in the
present study. They found a higher percentage of the hly and
sfa/foc genes (62% versus 30% and 59% versus 21%, respec-
tively) and a similar percentage of the iucC gene. On the other
hand, they found a lower presence of P fimbriae and the ibeA
gene (0% and 18%, respectively). However, Korhonen et al.
(8) found that S fimbriae were associated with strains causing
meningitis. To date, no studies have been performed on the
differences between early and late neonatal sepsis. The higher
frequency of the ibeA gene in the strains causing early infection
is worthy of mention. The ibeA gene encodes a protein with 456
amino acids and a calculated molecular mass of 50 kDa. This
protein mediates E. coli invasion of human endothelial cells
and has been located in a genetic island named GimA (20.3
kb). This island contributes to E. coli invasion of the blood-
brain barrier through a carbon-regulated process (4). Although
the role of this protein in the invasion of epithelial cells has not
been demonstrated, this protein may also be involved in the
invasion of the cells of the chorioamniotic membrane, allowing
the bacteria to cross this membrane and to reach the amniotic
fluid with the consequent potential infection of the fetus.

In conclusion, there were no statistically significant differ-
ences in the content of virulence genes among the E. coli
isolates in the two groups studied, with the exception of ibeA,
which was more prevalent in the strains causing early infection.
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Time of infection
(no. of neonates) Age (days) No. (%) CSFa
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Total no. (%) not
born prematurely

No. (%) born prematurelyb

who weighed:

�1,500 g 1,500–2,500 g

Early (22) 0–3 3 (14) 0 5 (23) 6 (27) 8 (36) 8 (36)
Late (25) 4–22 2 (8) 10 (40) 6 (24) 14 (56) 7 (28) 4 (16)

a CSF, cerebrospinal fluid.
b Less than 37 weeks of gestation.
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Strain feature
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hra 12 (55) 9 (36) 0.20
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