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To determine the extent to which the vagina, endocervix, and amniotic fluid screen the Escherichia coli strains
responsible for neonatal infections, we studied the genetic relationships among 105 E. coli strains isolated from
all of the ecosystems involved in this infectious process. Twenty-four strains were isolated from the intestinal
flora, and 25 strains were isolated from the vaginas of pregnant women. Twenty-seven strains were isolated
from the amniotic fluid, blood, and cerebrospinal fluid (CSF) of infected neonates. The intraspecies genetic
characteristics of all of the isolates were determined by random amplified polymorphic DNA (RAPD) analysis,
PCR ECOR (E. coli reference) grouping, and PCR virulence genotyping. A correlation was found between the
intraspecies distributions of the strains in the A, B1, B2, and D ECOR groups and in the two major RAPD
groups (I and II). Nevertheless, the distribution of the E. coli strains in the RAPD groups according to their
anatomical origins was more significant than their distribution in the ECOR groups. This may be explained
by the existence of an E. coli subpopulation, defined by the RAPD I group, within the ECOR B2 group. This
RAPD I group presents a major risk for neonates: 75% of the strains isolated from patients with meningitis and
100% of the strains isolated from patients with bacteremia were in this group. The vagina and the amniotic
fluid are two barriers that favor colonization by highly infectious strains. Indeed, only 17% of fecal strains
belonged to the RAPD I group, whereas 52% of vaginal strains and 67% of amniotic fluid strains belonged to
this subpopulation. The ibeA and iucC genes were significantly associated with CSF strains, whereas the hly and
sfa/foc genes were more frequent in blood strains. These findings could serve as a basis for developing tools to
recognize vaginal strains, which present a high risk for neonates, for use in prophylaxis programs.

Escherichia coli and Streptoccocus agalactiae are the major
causes of neonatal meningitis and septicemia. These diseases
are still major health problems in industrialized countries. E.
coli, a typical inhabitant of the intestinal flora and a commensal
of the vaginal flora, is also implicated in a large number of
diseases. The incidence of neonatal E. coli infection is esti-
mated to be between 0.2 and 5 per 1,000 live births (4). Neo-
natal colonization often results from maternal transmission
during delivery (30). Thus, vaginal colonization, observed in 3
to 20% of pregnant women, seems to be an important step in
neonatal infection. About half of all vaginal strains express the
K1 antigen (1, 17), the presence of which has been associated
with neonatal meningitis. However, only some of these women
give birth to an infected child or to a very low birth weight child
or give birth prematurely (17). This implies that only a few E.
coli strains can complicate pregnancy or cause neonatal infec-
tions.

The E. coli population has a clonal organization. Phyloge-
netic studies of the 72 strains of the E. coli reference (ECOR)
collection divided the species into four main phylogenetic
groups (ECOR A, B1, B2, and D) (8, 10, 22). Neonatal sepsis

and meningitis are associated with a limited number of phylo-
genetic groups, even though a large number of E. coli strains
have been isolated from the human fecal flora (3, 9, 21, 25, 31).
In addition, neonatal pathogenicity due to E. coli is correlated
with the presence of various virulence factors (VFs), but none
of the pathogenic determinants studied are sufficient by them-
selves to allow the detection of strains able to cause neonatal
meningitis or septicemia (2, 3, 13, 26).

E. coli strains involved in neonatal infections are thought to
originate from the natural flora of pregnant women. Thus, to
infect neonates, E. coli strains have to adapt to various eco-
logical media. The first are the peculiar physicochemical con-
ditions of the vaginal cavity, which differ considerably from
those of the intestinal tract. Secondly, the bacteria have to
cross the endocervix and survive in the amniotic fluid. Finally,
the bacteria may be subjected to strong selection pressure by
these conditions before generating neonatal septicemia and
meningitis. The objective of this study was to determine the
extent to which the vagina, endocervix, and amniotic fluid
screen strains that can infect neonates. For this, we studied the
genetic link among epidemiologically unrelated E. coli strains
isolated from all relevant anatomical sites located between the
digestive tract of pregnant women and the central nervous
system of neonates. The relationship between isolates was de-
termined by studying a number of genetic features, especially
intraspecies genetic characteristics and the prevalence of viru-
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lence genes. A better understanding of the isolates located at
each anatomical level of the genital tract of pregnant women is
important for the implementation of appropriate screening
and prophylaxis programs with the aim of reducing the number
of neonatal infections.

MATERIALS AND METHODS

Bacterial isolates and DNA preparation. A total of 105 epidemiologically
unrelated E. coli strains were collected between 1989 and 1997 in 12 general
hospitals throughout France (Aix en Provence, Annemasse, Avranches, Brest,
Limoges, Lyon, Martigues, Quimper, Saint Brieuc, Tours, Vannes, and Vienne).
Each isolate was identified by a biochemical method (Api 20E; bioMérieux,
Marcy l’Etoile, France). Twenty-four strains were isolated from the fecal flora of
asymptomatic pregnant women. All of the women were informed of the objective
of the study during routine prenatal checkups. Women who agreed to participate
were asked to give a fecal sample for bacterial culture. Twenty-five strains were
isolated from the vaginal flora of asymptomatic pregnant women. Vaginal sam-
ples were collected in accordance with the French recommendations concerning
universal prenatal screening for S. agalactiae colonization (Agence Nationale
d’Accréditation et d’Évaluation en Santé [http://www.anaes.fr]). The other 56
strains were isolated during infections: 27 were isolated from the amniotic fluid
collected at birth from asymptomatic neonates born in a chorioamnionitis con-
text, 17 were isolated from the blood of newborns without meningitis, and 12
were isolated from the cerebrospinal fluid (CSF) of neonates.

Each strain was subcultured on horse blood trypticase soy agar plates for 24 h
at 37°C. The culture was harvested in 1 ml of Tris-EDTA buffer and lysed by
adding 150 �l of lysozyme (1%; Sigma, St. Louis, Mo.). After 30 min at 37°C, 25
�l of 1% pronase (Calbiochem, San Diego, Calif.) and 150 �l of 10% sodium
dodecyl sulfate (Bio-Rad, Hercules, Calif.) were added, and the mixture was
incubated at 56°C for 1 h. DNA was extracted by the phenol-chloroform-isoamyl
alcohol (25/24/1) procedure and stored at 4°C.

Analysis of intraspecies genetic structure. The phylogenetic relationships
among the 105 E. coli strains were studied by two methods: (i) PCR ECOR
grouping (7) and (ii) the random amplified polymorphic DNA (RAPD) method,
which is a highly valuable molecular tool for intraspecies characterization of E.
coli (5, 8, 32).

PCR ECOR grouping. The strains were classified according to the ECOR
system (10) by use of the rapid phylogenetic grouping technique described by
Clermont et al. (7). This method is based on a triplex PCR involving the ampli-
fication of two genes (chuA and yjaA) and of an anonymous fragment of DNA
from E. coli. Briefly, a two-step PCR was performed with three primer pairs:
chuA1 (5�-GACGAACCAACGGTCAGGAT-3�) and chuA2 (5�-TGCCGCCA
GTACCAAAGACA-3�), yjaA1 (5�-TGAAGTGTCAGGAGACGCTG-3�) and
yjaA2 (5�-ATGGAGAATGCGTTCCTCAAC-3�), and TspE4C2.1 (5�-GAGTA
ATGTCGGGGCATTCA-3�) and TspE4C2.2 (5�-CGCGCCAACAAAGTATT
ACG-3�). The results were interpreted as follows, according to the method of
Clermont et al. (7): chuA positive and yjaA positive, group B2; chuA positive and
yjaA negative, group D; chuA negative and TspE4C2 positive, group B1; chuA
negative and TspE4C2 negative, group A.

RAPD fingerprinting. RAPD analysis was performed as described by Williams
et al. (33) with some modifications. The 25-�l PCR mixture consisted of 100 �M
(each) deoxyribonucleoside triphosphate (Boehringer), 0.2 �M (each) primer, 25
ng of DNA, and 0.5 U of Taq DNA polymerase (Perkin-Elmer, Norwalk, Conn.)
in 1� buffer. The two primers (18�, 5�-ACCTGGACCAAGGAGAAACT-3�,
and 338�, 5�-ACCGGCCCCGTACT-3�) were chosen from among those pro-
posed by Desjardin et al. (8) and synthesized by Eurogentec (Seraing, Belgium).
Amplification was performed in a DNA Thermal Cycler 9600 (Perkin-Elmer) as
described by Cave et al. (5). The amplification products were separated by
electrophoresis in a 1.5% agarose gel and visualized by ethidium bromide stain-
ing. A 1-kb DNA ladder (Life Technologies, Gaithersburg, Md.) was used in
each gel as a molecular size marker. A negative control, consisting of the same
mixture but with water instead of DNA, was included in each run. This procedure
was repeated twice for each strain. Only fragments present in both amplifications
were used to define the RAPD patterns. RAPD patterns obtained with primers
18� and 338� were digitized with a video camera connected to a microcomputer
(Bio-Profil; Vilbert-Lourmat, Marne la Vallée, France). The numerical analysis
was carried out with the Taxotron software package (Taxolab: Institut Pasteur,
Paris, France), which includes four programs (RestrictoScan, RestrictoTyper,
Adanson, and Dendrograf), as previously described (6). For each strain, the
RAPD type was defined as the combination of the patterns obtained with both
primers. The relationships among the RAPD types of the strains were calculated

by the unweighted pair group method with averages and are represented as a
dendrogram.

Detection of VFs. PCR was used to detect eight genes encoding virulence
determinants usually associated with the E. coli strains responsible for extrain-
testinal infections: neuC (K1 capsule antigen), hly (alpha-hemolysin), papC (type
P pili), sfa/foc (type S pili and type 1C fimbriae), fimH (type 1 pili), afa (afimbrial
adhesin), iucC (aerobactin), and ibeA (IbeA protein) (2, 14, 18, 34, 35). Each VF
gene was amplified with the primers described in Table 1 in a total volume of 25
�l containing 1� PCR buffer, 0.1 mM (each) deoxyribonucleoside triphosphate,
0.5 �M (each) primer, 0.5 U of Taq polymerase, and 25 ng of DNA. The reaction
conditions were as follows: initial denaturation at 94°C for 3 min followed by 25
cycles of denaturation at 94°C for 1 min, annealing at the melting temperature of
each primer (Table 1) for 1 min, and extension at 72°C for 1 min, followed by a
final 10-min extension period at 72°C. The amplification products were separated
by electrophoresis in a 1% agarose gel and visualized after ethidium bromide
staining. A 100-bp DNA ladder (Life Technologies) was used in each gel as a
molecular size marker. A negative control, consisting of the same mixture but
with water instead of DNA, was included in each run. The results were consid-
ered to be positive if the amplification product was of the expected molecular size
(Table 1). To confirm the positive results, at least five representative amplified
products for each virulence gene were sequenced and compared with the se-
quences in the GenBank database. The products were sequenced by the
dideoxyribonucleoside termination chain method (29), using an ABI Prism 377
DNA sequencer (Perkin-Elmer) and a Thermosequenase dye terminator cycle-
sequencing premix kit (Amersham Life Sciences, Cleveland, Ohio) according to
the manufacturer’s recommendations.

Statistical analysis. The distributions of the strains isolated from the various
ecosystems and of the different pathogenic determinants among the genetic
groups were analyzed. Differences in the distributions of the studied determi-
nants were tested by the �2 test or by Fisher’s exact test. A P value of � 0.05 was
considered to indicate statistical significance.

RESULTS

Intraspecies distribution of 105 E. coli strains. (i) ECOR
grouping. Among the 105 E. coli strains, 12 (11.4%) clustered
in ECOR group A, 7 (6.7%) clustered in the B1 group, 71
(67.6%) clustered in the B2 group, and 15 (14.3%) clustered in
the D group (Table 2).

(ii) RAPD analysis. The genetic structure of the population
of 105 E. coli strains and the genetic links between strains were
analyzed by RAPD analysis with two primers. Sixty-eight

TABLE 1. Nucleotide sequences of PCR primers used to amplify
eight virulence factorsa

Gene Primer sequence (5�–3�) Tm
(°C)b

Amplicon
size (bp) Reference

hly AACAAGGATAAGCACTGTTCTGGCT 63 1,177 34
ACCATATAAGCGGTCATTCCCGTCA

papC GACGGCTGTACTGCAGGGTGTGGCG 65 328 18
ATATCCTTTCTGCAGGGATGCAATA

sfa/foc CTCCGGAGAACTGGGTGCATCTTAC 65 410 18
CGGAGGAGTAATTACAAACCTGGCA

afa GCTGGGCAGCAAACTGATAACTCTC 65 750 18
CATCAAGCTGTTTGTTCGTCCGCCG

ibeA TTACCGCCGTTGATGTTATCA 60 171 2
CATTAGCTCTCGGTTCACGCT

iucC AAACCTGGCTTACGCAACTGT 55 269 2
ACCCGTCTGCAAATCATGGAT

neuC AGGTGAAAAGCCTGGTAGTGTG 61 675 35
GGTGGTACATTCCGGGATGTC

fimH TGCAGAACGGATAAGCCGTGG 55 508 14
GCAGTCACCTGCCCTCCGGTA

a Alpha-hemolysin (hly), P fimbriae (papC), S fimbriae and F1C fimbriae
(sfa/foc), afimbrial adhesin (afa), IbeA protein (ibeA), aerobactin (iucC), K1
capsule antigen (neuC), and type 1 fimbriae (fimH).

b Tm, melting temperature.
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RAPD patterns were generated with the 18� primer, and 95
were generated with the 338� primer. Primers 18� and 338�
generated a large number of DNA fragments per strain (3 to
11 and 2 to 15, respectively) including 18 and 15 polymorphic
fragments, respectively. The molecular sizes of these fragments
ranged from 520 to 3,200 bp for 18� and from 500 to 3,000 bp
for 338�. By combining the RAPD patterns obtained with
these two primers, 105 different RAPD types were observed
for the 105 E. coli strains. The genetic relationships among
these 105 RAPD types are shown in Fig. 1. The 105 strains
diverged by up to 53%. At a level of 48% dissimilarity, three
RAPD groups (I, II, and III) were determined. One strain did
not cluster in any of the three groups (Fig. 1). Groups I and II
accounted for a large part of the population, with 61 and 36
strains, respectively (Table 2).

A correlation was found between the intraspecies distribu-
tions of strains in the genogroups defined by ECOR PCR
grouping and by RAPD analysis (Table 2). Indeed, 42% of the
RAPD II group strains belonged to the ECOR A or B1 group,
and 33% belonged to the ECOR B2 group, whereas 3% of the
RAPD I group strains belonged to the ECOR A or B1 group
and 89% belonged to the ECOR B2 group (i.e., the strains
involved in extraintestinal infections). In contrast, the ECOR
D group contained roughly equal numbers of strains belonging
to the two major RAPD I and II groups.

Intraspecies distribution of E. coli strains according to their
anatomical origins. The E. coli strains isolated from each an-
atomical site were not randomly distributed among the differ-
ent ECOR groups with the exception of strains from the in-
testinal flora (Table 3). Strains from the ECOR B2 group
seemed to be better suited to colonize the vagina. They rep-
resented 68% of the commensal E. coli strains isolated from
this site. Moreover, the prevalence of ECOR B2 group strains
was high at sites that are usually sterile: amniotic fluid (81%),
blood culture (100%), and CSF (66%).

The distributions of the E. coli strains in the different RAPD
groups according to their anatomical origins were more signif-
icantly different than their distributions in ECOR groups (Ta-
ble 3). The strains from the natural ecosystem of E. coli, the
intestinal flora, mostly belonged to the RAPD II group (79%),
whereas only 17% of these strains belonged to the RAPD I
group. E. coli strains from the vaginal flora were more equally
distributed between the two major RAPD groups than among
the ECOR groups. Fifty-two percent of the vaginal strains

belonged to the RAPD I group, and 40% belonged to the
RAPD II group. Conversely, there was a strong correlation
between the distributions of invasive strains in ECOR and
RAPD groups. Eighty-four percent of the strains able to in-
vade the uterine cavity (amniotic fluid) and the neonate (CSF
and blood culture) belonged to the ECOR B2 group, and 79%
belonged to the RAPD I group.

Distribution of the VF genes according to the anatomical
origins of the strains. PCR was used to investigate the pres-
ence of neuC, hly, fimH, iucC, papC, afa, sfa/foc, and ibeA genes
in all 105 strains. VF genes were detected in strains from all
sites, but the prevalence in each population varied significantly
(Table 4). Indeed, E. coli strains isolated from the intestinal
flora contained few VF genes (median � 1.5 [range � 0 to 4]).
hly, sfa/foc, afa, and ibeA were detected in only one of the 24
intestinal strains studied (4%), and papC was detected in only
four of them (17%). The iucC (33%), fimH (58%), and neuC
(42%) genes were more frequent in this population. In con-
trast, E. coli strains able to survive in the vagina possessed
more VF genes (median � 4 [range � 0 to 6]). The prevalences
of neuC, fimH, iucC, and papC were not significantly different
in strains isolated from the vagina and in those isolated from
the fecal flora. The vaginal isolates were more likely to possess
the hly and sfa/foc genes than were the intestinal isolates (48
versus 4%; P � 0.0006). Little difference was observed between
the VFs harbored by E. coli strains able to invade the amniotic
fluid and the vaginal strains (median � 3 [range � 1 to 6]).
Only the fimH gene was significantly more frequent in amniotic
fluid strains (96%) than in vaginal strains (76%) and intestinal
flora (58%) (P � 0.03).

Strains responsible for neonatal bacteremia contained a
number of VF genes similar to that in strains isolated from the
amniotic fluid (median � 4 [range � 3 to 6]), and the preva-
lences of each gene in these two populations were also com-
parable (Table 4).

The VFs harbored by the meningitis strains differed notably
from those harbored by fecal strains. CSF strains were signif-
icantly more likely to possess the following genes than were the
fecal strains: neuC (83 versus 42%; P � 0.04), iucC (92 versus
33%; P � 0.003), sfa/foc (33 versus 4%; P � 0.05), and ibeA (42
versus 4%; P � 0.017) (Table 4). The number of VF genes in
CSF strains was comparable to that in blood culture strains
(median � 4 [range � 1 to 5]), but CSF strains appeared to be
less likely to harbor the hly (17 versus 65%; P � 0.027) and
fimH (67 versus 100%; P � 0.041) genes than were blood
culture strains.

Distribution of genes encoding pathogenic determinants
among different genetic groups. Strains belonging to the phy-
logenetic ECOR B2 group and the intraspecies RAPD I group
(Table 5), which contained most of the invasive strains (Table
3), contained the highest number of VF genes (median � 4
[range � 1 to 6] and median � 4 [range � 0 to 6], respectively).
In addition, comparison of the prevalences of each VF gene
between groups revealed particularities.

Significant differences in the prevalences of neuC, hly, papC,
sfa/foc, and ibeA were observed among the four ECOR groups,
and these five genes were most frequent in the ECOR B2
group (Table 5). Most of the strains (97 of 105) were distrib-
uted in one of the two major groups (RAPD I and II), and
strains (56 of 105) isolated from usually sterile sites (amniotic

TABLE 2. Distribution of 105 E. coli strains isolated from pregnant
women and neonates in RAPD groups and four ECOR groups

ECOR group

No. (%) of strains

Total
RAPD groupa

Other strains
I II

A 12 1 (1.5) 9 (25) 2 (25)
B1 7 1 (1.5) 6 (17) 0
B2 71 54 (89) 12 (33) 5 (62)
D 15 5 (8) 9 (25) 1 (13)

Total 105 61 (58) 36 (34) 8 (8)

a The clustering obtained by RAPD was significantly correlated with the dis-
tribution of strains in ECOR groups (P � 0.00001).
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fluid, blood culture, and CSF) were clustered in the RAPD I
group (Table 3). A comparison of the prevalences of individual
VF genes in these two major RAPD groups showed that strains
belonging to the RAPD I group were significantly more likely
to harbor all of the VF genes except afa (Table 5).

DISCUSSION

E. coli and S. agalactiae are the major bacteria involved in
neonatal septicemia and meningitis. These diseases can lead to
death or serious neurological side effects (2, 4, 13). Most E. coli
strains that cause neonatal meningitis and septicemia belong to
the highly clonal ECOR B2 group and, to a lesser extent, to the
ECOR D group. Conversely, most of the strains isolated from
the fecal flora belong to the B1 and A groups (3, 9, 25, 26). The
K1 capsular antigen, alpha-hemolysin, the iron uptake aer-
obactin system, adhesins (F1C fimbriae, P pili, and S pili), and
the IbeA protein are considered to be the major VFs related to
neonatal pathogenicity due to E. coli (2, 3, 13, 26).

It is generally hypothesized that E. coli strains responsible
for amniotitis during pregnancy and at birth, and for early
bacteremia and meningitis in neonates, are intestinal strains
that have colonized the vaginal flora (17). Nevertheless, the
exact genetic link between the commensal strains of these two
anatomical sites and the invasive strains isolated from amniotic
fluid, blood, and CSF cultures remains unclear. In this study,
our goal was to identify this link to determine whether the
vagina and/or the cervix favors colonization by strains that
possess features different from those of fecal flora strains. If
the selected strains are closely genetically related to those
isolated from neonates, these human anatomical sites may
then be considered as barriers that select for strains with a
greater capacity to cause amniotitis and invasive diseases in
neonates. In addition, a better knowledge of the characteristics

of genital and neonatal E. coli strains could help to identify
particularities that could form the basis for developing tools
able to identify strains that present a high risk in neonates. This
would then allow physicians to propose screening strategies for
prophylaxis during pregnancy.

We used two methods to characterize 105 strains of E. coli.
The first, PCR ECOR grouping, is based on the search for two
genes and an anonymous DNA fragment. This method was
used to determine the phylogenetic positions of the E. coli
strains in the four ECOR groups (7, 10). The second method,
RAPD fingerprinting, explores the genome thoroughly. This is
an interesting method for assessing the genetic structure of a
microbial population and for phylogenetic analysis (8, 12, 13,
20, 28, 32). The results obtained with these two methods show
two comparable genetic species structures (Table 2). However,
the RAPD method seems to be better able to distinguish the
population of E. coli strains isolated from intestinal flora from
the population that presents a high risk for neonates (Table 3).
PCR ECOR grouping confirmed that ECOR B2 strains
present a high risk for neonates (66 to 100% of the neonatal
invasive strains belonged to this group). However, according to
this method 68% of the strains isolated from the vagina are
also in this phylogenetic group (Table 3). In contrast, the
RAPD method was better able to discriminate vaginal strains
that may present a high risk of neonatal infection. Indeed, 75
to 100% of the strains isolated from neonatal invasive diseases
were in the RAPD I group, whereas 52% of the vaginal flora
strains were in this group (Table 3). Strains from the RAPD I
group contained more VFs. Effectively, seven VF genes (neuC,
hly, fimH, iucC, papC, sfa/foc, and ibeA) were significantly more
frequent in the RAPD I group, whereas only five genes (neuC,
hly, papC, sfa/foc, and ibeA) were significantly associated with
the ECOR B2 group (Table 5). The distribution of VFs pro-

TABLE 3. Distribution of 105 E. coli strains isolated from pregnant women and neonates among ECOR groups
and RAPD groups according to anatomical origin

Anatomical origin

No. (%) of strainsa

Total
ECOR groupb RAPD groupsc

Other strains
A B1 B2 D I II

Intestinal flora 24 6 (25)c 5 (21) 7 (29) 6 (25) 4 (17) 19 (79) 1 (4)
Vaginal flora 25 3 (12) 1 (4) 17 (68) 4 (16) 13 (52) 10 (40) 2 (8)
Amniotic fluid 27 1 (4) 1 (4) 22 (81) 3 (11) 18 (67) 4 (15) 5 (18)
Blood culture 17 0 0 17 (100) 0 17 (100) 0 0
CSF 12 2 (17) 0 8 (66) 2 (17) 9 (75) 3 (25) 0

Total 105 12 (11) 7 (7) 71 (68) 15 (14) 61 (58) 36 (34) 8 (8)

a Number (percent) of strains isolated from an anatomical origin that were classified in each ECOR and/or RAPD group or other group and total.
b The distribution of strains isolated from each anatomical site in ECOR groups was not random (P � 0.0024).
c The distribution of strains isolated from each anatomical site in RAPD groups was not random (P � 0.00001).

FIG. 1. Genetic relationships among 105 E. coli strains. Five distinct populations can be seen: 24 strains were isolated from the digestive tracts
of asymptomatic pregnant women (DI), 25 were isolated from the vaginal flora of asymptomatic pregnant women (VA), 27 were isolated from
amniotic fluid (PG), 17 were isolated from the blood of neonates without meningitis (HC), and 12 were isolated from the CSF of neonates (LC).
The classification and the divergence of the isolates were calculated by the unweighted pair group method with averages using the RAPD data
obtained with the 18� and 338� primers. Three RAPD groups (I to III) were identified at 48% divergence. For each strain, the presence (�) or
absence (	) of the eight genes encoding VFs (neuC, hly, fimH, iucC, papC, afa, sfa/foc, and ibeA) sought by PCR and the PCR ECOR grouping
are noted.

VOL. 41, 2003 E. COLI FROM PREGNANT WOMEN AND NEONATES 1933



vides further evidence that members of the RAPD I group are
more virulent than members of the ECOR B2 group (Table 5).
Moreover, this result adds weight to the recent conclusions of
Johnson et al. (13). ECOR B2 group E. coli strains isolated in
newborn invasive diseases that cluster in the RAPD I group
are probably a particularly virulent subpopulation. This result
also suggests that F1 fimbriae and the aerobactin system play a
peculiar role in the physiopathology of maternofetal infectious
diseases caused by E. coli. In any case, if a subpopulation of
strains that is particularly virulent in neonates exists in the
ECOR B2 group, the RAPD grouping method is suitable for
identifying this subgroup. However, a high level of standard-
ization and internal controls are necessary to ensure good
reproducibility.

It is generally thought that E. coli strains involved in neona-
tal infections originate from the vagina, which was in turn
colonized from a rectal source (17). If this is true, our data
indicate that the physiological conditions of the different eco-
systems crossed impose a strong selection on the bacteria and
that this pressure leads to progressive changes in the dominant
E. coli subpopulation. Indeed, a large part of the RAPD II
group consisted of E. coli strains from the intestinal flora,
whereas most of the strains isolated in maternofetal and neo-
natal diseases (amniotitis, bacteremia, and meningitis) be-
longed to the RAPD I group. This population change was first
imposed by the vaginal ecosystem. The vaginal E. coli strains

harbored a lot more VFs than did the E. coli strains isolated
from the fecal flora (median � 4 versus 1.5) (Table 4). Thus,
the vagina acts as a partial filter that favors colonization by
strains that present a high risk of infection for newborns, i.e.,
members of the RAPD I group, which contained 52% of the
vaginal strains tested. The second anatomical site that selects
for E. coli strains that present a high risk for neonates is the
endocervix and/or the amniotic fluid: 67% of the E. coli strains
that invaded the amniotic cavity through the endocervix be-
longed to RAPD group I (Table 3).

The ability of some E. coli strains to adapt to the vaginal
conditions and the amniotic fluid and to invade the blood or
the CSF of neonates correlates with an enrichment of VFs
(Tables 4 and 5). Two genes, iucC and ibeA, were found to be
especially associated with CSF strains and may play major roles
in the physiopathology of meningitis. Aerobactin, an iron
transport system (23), allows bacterial growth in the host, and
the IbeA protein, which interacts with a protein on the surfaces
of brain microvascular endothelial cells, may favor invasion of
the central nervous system (11, 15). Two other genes, hly and
sfa/foc, were found to be associated with strains isolated from
blood culture and thus may be of importance in septicemia.
Alpha-hemolysin can lyse erythrocytes, leading to the release
of intracellular iron (16, 19), and the type S pili-type1C fim-
briae promote adhesion to microvascular endothelial cells (24,
27).

TABLE 4. Distribution of genes encoding VFsa

Anatomical origin
No. (%) of strains

Total neuC hly fimH iucC papC afa sfa/foc ibeA

Intestinal flora 24 10 (42) 1 (4) 14 (58) 8 (33) 4 (17) 1 (4) 1 (4) 1 (4)
Vaginal flora 25 11 (44) 12 (48) 19 (76) 14 (56) 8 (32) 0 12 (48) 5 (20)
Amniotic fluid 27 17 (63) 12 (44) 26 (96) 13 (48) 10 (37) 1 (4) 8 (30) 3 (11)
Blood culture 17 10 (59) 11 (65) 17 (100) 13 (76) 0 0 10 (59) 3 (18)
CSF 12 10 (83) 2 (17) 8 (67) 11 (92) 0 1 (8) 4 (33) 5 (42)

Total 105 58 (55) 38 (36) 84 (80) 59 (56) 22 (21) 3 (3) 35 (33) 17 (16)

a K1 capsule antigen (neuC), alpha-hemolysin (hly), type 1 pili (fimH), aerobactin (iucC), type P pili (papC), afimbrial adhesin (afa), type S pili and F1C fimbriae
(sfa/foc), and IbeA protein (ibeA) according to the anatomical origins of the strains. The data are expressed as numbers (percents) of strains carrying a given gene.

TABLE 5. Distribution of genes encoding VFs among RAPD and ECOR groupsa

VF gene
No. of genes in ECOR groupb:

Pc

No. of genes in RAPD
groupb: Pd

No. of genes in
other strainsb

(n � 8)A (n � 12) B1 (n � 7) B2 (n � 71) D (n � 15) I (n � 61) II (n � 36)

neuC 4 (33) 2 (29) 46 (65) 6 (40) 0.0045 37 (61) 14 (39) 0.04 7 (87)
hly 0 0 38 (53) 0 �0.0001 27 (44) 8 (22) 0.03 3 (37)
fimH 7 (58) 6 (86) 60 (84) 11 (73) NSe 54 (88) 23 (64) 0.004 7 (87)
iucC 5 (42) 2 (29) 43 (61) 9 (60) NS 41 (67) 14 (39) 0.007 4 (50)
papC 1 (8) 0 19 (27) 2 (13) 0.033 16 (26) 3 (8) 0.03 3 (37)
afa 2 (17) 0 1 (1) 0 NS 0 2 (6) NS 1 (12)
sfa/foc 1 (8) 0 34 (48) 0 �0.0001 26 (43) 7 (19) 0.018 2 (25)
ibeA 1 (8) 0 15 (21) 1 (7) 0.046 15 (25) 1 (3) 0.005 1 (12)

Median (range) 2 (0–4) 1 (0–3) 4 (1–6) 2 (0–4) 4 (0–6) 2 (0–4) 3.5 (2–6)

a K1 capsule antigen (neuC), alpha-hemolysin (hly), type 1 pili (fimH), aerobactin (iucC), type P pili (papC), afimbrial adhesin (afa), type S pili and F1C fimbriae
(sfa/foc), and IbeA protein (ibeA).

b Number (percent) of strains positive for the virulence gene as demonstrated by a PCR assay.
c ECOR group B2 versus all other ECOR groups.
d RAPD group I versus RAPD group II.
e NS, not significant.
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There are some similarities between vaginal colonization
and neonatal infection with S. agalactiae and E. coli. Thus,
programs to screen for vaginal colonization by E. coli may be
useful in pregnant women. Nevertheless, our data indicate that
only about one-half of the vaginal E. coli strains belong to the
highly virulent (RAPD I) group. Therefore, tools able to iden-
tify E. coli strains that present a high risk for neonates need to
be developed to avoid unjustified antibiotic therapy. Given that
RAPD grouping was better able to distinguish the highly vir-
ulent subpopulation of strains responsible for neonatal inva-
sive diseases than was ECOR grouping, these tools should be
tested for the ability to recognize RAPD I group strains and
not only ECOR B2 group strains. However, the lack of inter-
laboratory reproducibility associated with the RAPD method
means that further techniques should be developed to screen
for this particularly virulent subpopulation.

In conclusion, if E. coli strains responsible for invasive neo-
natal infections come from the intestinal flora, our data suggest
that the vagina in pregnant women and the amniotic fluid are
two barriers that favor the selection of a population of E. coli
strains that present a high risk of infection for neonates. This
population appears to constitute a highly virulent subpopula-
tion within the ECOR B2 phylogenetic group.
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