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Summary. Escherichia coli is one of the leading causes of early-onset neonatal sepsis in many
industrialized countries. However, there is a lack of studies on Escherichia coli colonization in wom-
en and neonates. The study aimed at determining the prevalence Escherichia coli among pregnant
women and newborns, perinatal transmission, antimicrobial susceptibility, and risk factors for neo-
natal colonization.

Material and Methods. In this prospective, cross-sectional study, 827 infants born to 808 moth-
ers were enrolled. The study was carried out from October 1, 2006, to June 30, 2007. Women were
screened for E. coli carriage at 35—37 weeks of gestation or on admission for premature rupture of
membranes and delivery; neonates, within 15 minutes of their lives. Risk factors for colonization
were collected by a questionnaire and were recorded during labor.

Results. Maternal E. coli colonization rate was 19.9%; neonatal, 14.4%; and transmission rate,
21.4%. Less than one-fourth (22.7%) of neonatal E. coli strains were resistant to ampicillin. Logis-
tic regression analysis revealed that anal sexual intercourse (OR, 3.91; 95% CI, 1.87-8.19), one
sexual partner (OR, 2.01; 95% CI, 1.30—-3.11), maternal vaginal Escherichia coli colonization (OR,
1.81; 95% CI, 1.12-2.93), maternal body mass index of <27 (OR, 1.77; 95% CI, 1.15-2.73), and
maternal education lower than university level (OR, 1.70; 95% CI, 1.06—2.74) were associated with
neonatal Escherichia coli colonization.

Conclusions. The prevalence of maternal Escherichia coli colonization was higher in this study
than other studies (19.9%). Neonatal Escherichia coli colonization was 14.4%. The resistance of
Escherichia coli isolates to ampicillin was not high (22.7%). Improvement of maternal education
and modification of mothers’ sexual habits need to be undertaken to prevent neonatal Escherichia

coli colonization.

Introduction

Neonatal sepsis is one of the leading causes
of morbidity, long-term disability, and mortality
among children of this age group in the majority
of developed countries (1-3). The main causative
agents of early-onset neonatal sepsis (EONS) that
sets on within 72 hours after delivery are B-group 8
hemolytic streptococcus (GBS) and Escherichia coli
(E. coli) (2, 4), which can easily enter the mother’s
genital tract from the rectum via the perineum (5,
6). It has been reported that 10%—40% of women
(in Lithuania, 15.3%) have vaginal or rectal GBS
colonization and transmit this agent to the new-
borns before or during labor (7, 8). Due to the
administration of preventive antibiotic therapy to
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women with vaginal GBS colonization during labor
and a reduction in neonatal morbidity and mortality
from early-onset GBS-induced neonatal sepsis, E.
coli infection is becoming increasingly recognized
as a more common cause of sepsis, and the resist-
ance of this causative agent to ampicillin reaches as
much as 85% (2, 4). Vaginal E. coli colonization is
detected in 7%—13% of pregnant women and in the
blood of 21% of fetuses that have died during the
third trimester of pregnancy (9—12). The prevalence
of neonatal E. coli colonization has not been studied
yet, and the risk factors for this colonization are not
known. It is still unclear whether a general screen-
ing of pregnant women for this microorganism is
required. So far, no preventive measures against E.
coli-induced neonatal sepsis have been applied any-
where in the world.

The aim of the study was to determine the preva-
lence of E. coli colonization among pregnant women
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and newborns, its perinatal transmission, antimi-
crobial susceptibility, and risk factors for neonatal
colonization.

Material and Methods

This prospective cross-sectional observation
study was carried out at the Clinic of Obstetrics and
Gynecology and Clinic of Neonatology, Hospital of
Lithuanian University of Health Sciences (HLUHS),
between October 1, 2006, and June 30, 2007.
HLUHS is a tertiary care university hospital, where
3500 women deliver annually, which comprises ap-
proximately 10% of all births in Lithuania. The stud-
ied contingent included neonates starting from 22
weeks of gestational age who were born during the
period of the study at the Clinic of Obstetrics and
Gynecology, HLUHS, as well as mothers of these
neonates. The study included women who agreed
to participate and 1) attended the maternity clinic at
HLUHS during the 35th—37th week of pregnancy;
2) were treated at the Department of Obstetrics,
HLUHS, and planned to deliver at HLUHS; and 3)
delivered at the Maternity Unit, HLUHS; the neo-
nates of these women were included as well. Neo-
nates whose mothers 1) experienced severe vaginal
bleeding during delivery; 2) were treated with an-
tibiotics 2 weeks before the delivery; 3) delivered a
stillborn neonate; and/or 4) refused to participate in
the study were excluded; the neonates who required
urgent postnatal assistance (severe birth defects or
required resuscitation) were excluded as well.

Microbiology. Upon receiving a woman’s writ-
ten consent, microbiological swab samples (without
washing the external genitals or using specula) were
obtained from the lower third of the vagina (sample
1) and the anus (sample 2); in neonates, samples were
taken within 15 minutes since birth from the naso-
pharynx (sample 1) and ear (sample 2). The samples
were subsequently introduced into the Amies nutri-
ent medium (Brescia, Italy). Swabs were immediately
placed in the Amies transport medium (Brescia, It-
aly) and sent within 24 hours to the laboratory. E.
coli was identified by standard biochemical tests, such
as lactose fermentation, catalase production, and lysis
of decarboxylase, ability to ferment mannite, indole
production in peptone broth, and inability to utilize
citrate or cleave urea. The Phoenix ID system (Becton
Dickinson, USA) was used to confirm the strains as
E. coli. Susceptibility to antibiotics was determined by
the disk diffusion method, using Mueller-Hinton agar
(Oxoid, UK), which was incubated at 35°C for 16—20
hours. The results were interpreted according to the
recommendations of the Clinical Laboratory Standard
Institute (formerly CLSI) (13).

Identification of Risk Factors. On the day of the
sampling, the patients filled out the questionnaires
designed by the authors of this study, covering the
patients’ social and demographic status, lifestyle,

personal hygiene and sex life habits, the course of
previous pregnancies and deliveries, and previous
diseases (response rate, 85%). The analysis included
the data from these questionnaires, risk factors for
early-onset infection during delivery, data about
antibiotics administered during delivery, the neo-
nates’ anthropometric data, and the neonates’ condi-
tion after birth.

Preventive Antibiotic Therapy During Delivery.
Antibiotic therapy during delivery for the prevention
of GBS in neonates was administered following the
recommendations of the Center for Disease Control
and Prevention (CDC), the American Academy of
Pediatrics (AAP), and the American College of Ob-
stetricians and Gynecologists (ACOG) (2002) (14).

Statistical Analysis. The Statistical Package for
Social Sciences program (SPSS 13.0, Chicago III,
USA) was used for data analysis. For the verifica-
tion of statistical hypotheses, a significance level of
0.05 was chosen. Quantitative data were described
using descriptive statistics: mean value, standard de-
viation (SD), median, 25th—75th quartile values, and
mean rank. The Kolmogorov-Smirnov test was used
to determine the distribution of quantitative values.
The mean values of the quantitative variables of two
independent groups were evaluated. The Student ¢
criterion was used for variables with normal distri-
bution, and the Mann-Whitney U test was employed
for nonnormally distributed data. The frequency of
qualitative attributes between two groups of subjects
was compared by applying the arcsine criterion or the
exact comparative criterion of probability. In cases
where more than two groups were involved, the test-
ing of whether the frequency hypotheses were equal
was conducted by applying the y* criterion. When
comparative analysis was conducted, the Spearman
correlation was used to assess correlations between
attributes. The prognostication of E. coli coloniza-
tion in neonates was conducted by applying the step-
wise procedure of binary logistic regression analysis.

E'thical Aspects. The study was initiated with the
permission of Kaunas Regional Bioethics Commit-
tee (No. BE-2-39).

Results

Characteristics of Women and Neonates Enrolled
Into the Study. During the period of the study, 2238
women gave birth at HLUHS. According to the ex-
clusion criteria, 602 women were excluded from the
study: 480 refused to participate, 54 used antibiot-
ics during the last 2 weeks, 35 had profuse genital
bleeding, and in 33 cases, the fetus was stillborn;
638 women were excluded from the study due to
intensive work and human characteristics of the per-
sonnel. In total, 998 women were included into the
study. As 28 women did not arrive at HLUHS for
delivery, the data of 970 women and 827 neonates
were analyzed. Data on 970 women were used to
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determine the prevalence of maternal colonization
with E. coli, and data on 808 women (who delivered
827 neonates, including 19 pairs of twins) were em-
ployed to evaluate the prevalence of perinatal trans-
mission and identify the risk factors for neonatal E.
coli colonization. In 162 neonates of mothers who
participated in the study, microbiological test sam-
ples were not obtained due to excessive workload
and the fact that these neonates required urgent as-
sistance. The main characteristics of women and ne-
onates who did not participate in the study for rea-
sons other than meeting the exclusion criteria were
analyzed as well. These characteristics did not differ
significantly from those of the participants, and thus
the studied sample reflected the whole population
of neonates and women who gave birth at HLUHS
during the studied period.

The mean age of women who participated in the
study was 27.3 years (SD, 5.9). The majority of the
women lived in urban areas (71.2%), had a constant
partner (92.3%), and were employed (75.7%). Nine
participants (0.9%) of the study did not attend pre-
natal care during pregnancy. The remaining subjects
attended prenatal consultations, on the average, 8.4
times (SD, 3.2). More than one-tenth (11.1%) of the
subjects smoked up to 10 cigarettes per day during
pregnancy; and 2.6% of women, more than 10 ciga-
rettes. In total, 10.2% of women reported that they
used vodka, wine, or beer during pregnancy (the
amount was not measured in alcohol units). More
than half (55.5%) of the women were delivering for
the first time. Samples for E. coli were obtained, on
the average, at 37.4 weeks (SD, 2.6) of pregnancy
(between 24 and 41 weeks); in 65.8% of cases, sam-
ples were obtained due to premature rupture of the
amniotic membranes or during delivery.

Of the 827 neonates included in the study, 76.7%
were born vaginally. The Apgar score of the neonates
at 1 and 5 minutes after birth was 8.7 (SD, 0.8) and
9.3 (SD, 0.7), respectively. There were 50.1% of boys
and 49.9% of girls. The mean birth weight was 3339 ¢
(SD, 615.75); in 7.3% of neonates, the birth weight
was less than 2500 g, and 2.4% of neonates were
small for their gestational age. Birth occurred, on the
average, on the 38.5th week (SD, 2.4) of gestation
(in 1.6% of cases, on the 22nd—31st week of gesta-
tion, and in 12.3% of cases, on the 32nd—36th week
of gestation). The mean hospital stay of the neonates
was 5.64 days (SD, 5.41); 6.4% of the neonates were
admitted to the Neonatal Intensive Care Unit.

The Prevalence of E. coli Among Pregnant Women
and Newborns, its Perinatal Transmission, and Anti-
microbial Susceptibility. A total of 193 women had
vaginal E. coli colonization; the prevalence of colo-
nization was 19.9%. E. coli colonization was docu-
mented in 119 (14.4%) of the 827 neonates. In 22.7%
of the neonates, the isolated E. coli colonies were re-
sistant to ampicillin (Table 1). The percentage of am-

Table 1. Antibiotic Susceptibility Profiles for E. coli Strains
Isolated from Neonates (n=119)

Antibiotic Susceptible Resistant
Ampicillin 92 (77.3)* 27 (22.7)
Piperacillin 109 (91.8) 10 (9.2)
Ampicillin/sulbactam 114 (95.8) 5(4.2)
Piperacillin/tazobactam 118 (99.2) 1(0.8)
Ciprofloxacin 117 (98.3) 2(1.7)
Cefuroxime 119 (100) 0
Ceftazidime 119 (100) 0
Cefotaxime 119 (100) 0
Imipenem 119 (100) 0
Meropenem 119 (100) 0
Amikacin 119 (100) 0
Gentamicin 119 (100) 0

Values are number (percentage).
*P<0.002, compared with other antibiotics.

picillin-resistant E. coli serotypes grown in cultures
from the vagina was 25.9%. A total of 159 women
with E. coli colonization transmitted the pathogen to
34 neonates; the prevalence of perinatal transmission
was 21.3%. Eighty-five neonates infected with E. coli
were born to women in whom vaginal E. coli coloni-
zation was not detected. There were no cases of sepsis
caused by E. coli in the studied group.

Risk Factors for Neonatal Colonization With E.
coli. A survey of the returned questionnaires showed
that the proportion of missing responses ranged be-
tween 13% and 16%. Univariate analysis was applied
to evaluate the following factors that could affect
neonatal colonization with E. coli: demographic, so-
cial, and medical history, the course of pregnancy,
sexual life, and personal hygiene factors. The study
showed that the neonate-related factors — gestation-
al age, birth weight, weight with respect to the ges-
tational age, maternal diseases, known obstetric risk
factors for early-onset neonatal infection, or anti-
biotic prophylaxis for the mother during childbirth
— did not have any significant influence on neonatal
colonization with E. coli. Meanwhile, according to
the univariate analysis, the mothers’ social and de-
mographic factors, the birth completion tactics ap-
plied, the mothers’ sexual habits, and their anthro-
pometric data had a significant effect on neonatal E.
coli colonization (Table 2).

The factors that were significantly different in the
comparative analysis with respect to neonatal groups
with and without E. coli colonization were analyzed
by applying the multiple logistic regression model.
Some variables were excluded with respect to their
interrelationships. According to our study, the most
important factor for neonatal colonization with E. coli
was anal sexual intercourse (OR, 3.91; 95% CI, 1.87—
8.19; P<0.001). Other factors important for neonatal
colonization with E. coli are presented in Table 3.

Discussion

To our knowledge, this work is the first to iden-
tify the prevalence of E. coli colonization among
women and neonates, frequency of perinatal trans-
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Table 2. Risk Factors of Neonatal E. coli Colonization
E. coli+ E. coli—- Total
Factor n=119 n=708 n=827 P
Education
Basic 25 (21.0) 108 (15.3) 133 (16.1) NS
Secondary 49 (41.2) 251 (35.5) 30 (36.3) NS
Professional college 13 (10.9) 76 (10.7) 89 (10.8) NS
University 32 (26.9) 273 (38.6) 305 (36.9) <0.05
x*=6.78; df=3; P=0.08
Employment
Employed 79 (66.4) 551 (77.9) 630 (76.3) <0.01
Not employed 28 (23.5) 109 (15.4) 137 (16.6) <0.05
Studied 12 (10.1) 47 (6.6) 59 (7.1) NS
X’=7.51; df=2; P=0.02
Times of delivery
Ist 58 (48.7) 400 (56.5) 458 (55.4) NS
2nd 47 (39.5) 213 (30.1) 260 (31.4) <0.05
3rd 6 (5.0) 63 (8.9) 69 (8.3) NS
4th 2 (1.7) 18 (2.5) 20 (2.4) NS
>5th 6 (5.0) 8 (2.0) 14 (2.4) NS
£*=10.06; df=4; P=0.04
BMI, mean (SD) 27.6 (4.6) 28.3 (4.6) 28.2 (4.6) 0.1
[median, 25th—-75th quartile] [26.4; 24.5-29.4] [27.4; 25.1-30.5] [27.2; 25.0-30.5] -
mean rank 373.35 420.83 — <0.05
Maternal E. coli colonization 34 (28.5) 125 (17.6) 159 (19.2) <0.01
Mode of delivery
Natural way 116 (97.5) 610 (72.0) 626 (75.7) <0.001
Vacuum extraction 2(1.7) 6 (0.8) 8 (1.0)
Caesarean section 1(0.8) 192 (27.1) 193 (23.3) <0.001
x>=39.59; df=2; P<0.001
One sexual partner 53 (50.5) 232 (37.8) 285 (39.6) 0.02
Sexual intercourse during menstruations 28 (26.2) 105 (16.9) 133 (18.2) <0.05
Anal sexual intercourse 13 (12.1) 25 (4.0) 38 (5.2) <0.001
Using preservatives not during pregnancy
Do not use at all 90 (84.1) 485 (77.5) 573 (78.5) NS
With accidental partners only 1(0.9) 34 (5.5) 35 (4.8) 0.03
Always 16 (15.0) 106 (17.0) 122 (16.7) NS

x*=4.63; df=4; P=0.1

Values are number (percentage) unless otherwise indicated. NS, not significant.

Table 3. Logistic Regression Model Predicting the Risk
of Neonatal E. coli Colonization

Possibility for Neonate
to be Colonized With

Variable E . P
. coli
OR (95% CI)

Maternal colonization with
E. coli

No 1

Yes 1.81(1.12-2.93) P<0.05
Maternal BMI

>27 1

<27 1.77 (1.15-2.73) P<0.01
No. of sexual partners

>1 1

1 2.01(1.30-3.11) P<0.01
Anal sexual intercourse

No 1

Yes 3.91 (1.87-8.19) P<0.001
Maternal education

University 1

Other 1.70 (1.06-2.74) P<0.05

Overall percentage, 85.3; y*=2.33, df=8; P=0.97 (by Hosmer-
Lemeshow).
BMI, body mass index; OR, odds ratio; CI, confidence interval.

mission, and risk factors for colonization; therefore,
the comparison of our findings with literature data
is limited. According to several studies, vaginal E.
coli colonization is detected in 7%—13% of pregnant
women (9-11). Thus, the prevalence of vaginal E.
coli colonization during pregnancy, reported in our
study (19.9%), was higher than that detected in other
studies. This could have been influenced by the fact
that our hospital is a tertiary-level institution where
women with the most severe pregnancy pathologies
are referred for delivery. Of the 827 neonates includ-
ed into the study, 14.4% were colonized with E. coli.
As much as 71.4% of the colonized neonates were
born to women who were not detected to have vagi-
nal E. coli colonization. These neonates were likely
to have been colonized with E. coli present in their
mothers’ feces, or the results of testing the samples
obtained from the mothers were false-negative.

It has been established that premature rupture of
the amniotic membranes is associated with 17% of
the neonates being colonized with E. coli, and if the
mother is colonized, the rate of neonatal colonization
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with E. coli during childbirth reaches 50% (10, 15).
In our study, the prevalence of perinatal transmis-
sion was significantly lower, i.e., 21.3%. This could
have been influenced by the human factor — a num-
ber of people took sample swabs for culture studies.

E. coli has been noticed to become increasingly
resistant to antibiotics. Nearly one-third of E. coli
colonies isolated in our study were resistant to am-
picillin (the resistance to this antibiotic was signifi-
cantly higher than that to other antibiotics), while
no colonies were found to be resistant to gentamicin.
Compared to literature data, the resistance of E. coli
to ampicillin was not high. The prevalence of neo-
natal sepsis caused by ampicillin-resistant E. coli was
30%-70% (reaching as much as 77%—85% in the
group of neonates with very low birth weight), 3%
of the causative agents being resistant to gentamicin
(2, 16—18). We think that the relatively low resist-
ance of the causative agents to ampicillin may be
due to the fact that penicillin rather than ampicil-
lin is used for antibiotic prevention in our coun-
try. However, there are data suggesting that either
ampicillin or penicillin administered during child-
birth may induce the resistance of E. coli to ampicil-
lin (19). Rentz et al. stated that whenever possible,
penicillin should be the medication of choice in the
prevention of GBS-induced sepsis (20).

Our study also identified the risk factors for neo-
natal E. coli colonization. Gestational age or birth
weight did not have any effect on neonatal E. coli
colonization in our study, yet E. coli-induced sep-
sis occurred more frequently among the neonates
of low birth weight and low gestational age — and it
is this group where E. coli colonization is expected
to be more common (2, 16, 17). Since our study
included only 4 neonates with a birth weight of
<1500 g and 13 neonates born at <32 weeks of ges-
tation, this tendency was difficult to identify. A sig-
nificant part of preterm neonates’ mothers refused
to participate in the study. We think that this may
have been due to rather intimate questions of our
questionnaire and the psychological state of moth-
ers who delivered preterm children. On the other
hand, the participation of all very low birth weight
and low gestational age neonates could hardly be
expected, as they require postnatal resuscitation
most frequently. We think that it would be unethi-
cal to first obtain microbiological test swabs, which
could lead to the worsening of the condition due to
failure to provide timely medical assistance. Moreo-
ver, after certain manipulations, we would not be
able to ensure that the microorganism was obtained
from the mother rather than from the environment.

The risk of neonatal colonization was nearly
double among mothers with vaginal E. coli colo-
nization. We noticed that E. coli colonization was
significantly more common among neonates who
were born vaginally, compared with those born via

cesarean section, and thus we presumed that the
principal mode of transmission of E. coli was dur-
ing movement of the fetus through the genital tract.
Women who had a higher education level and were
employed significantly less frequently transmitted
E. coli to their neonates. Multiple logistic regres-
sion analysis showed that a higher maternal educa-
tion level resulted in a 41% reduction in the risk of
neonatal E. coli colonization. These findings may be
explained by both better hygiene habits of better-
educated employed women and by them taking bet-
ter care of their own health, resulting in better ob-
servation during pregnancy. Women who gave birth
for the second time significantly more frequently
transmitted E. coli to their children, although such a
trend was not observed with a further increase in the
number of childbirths. It is obvious that a woman'’s
sexual life is important for both GBS and E. coli col-
onization (21, 22). Mothers of neonates colonized
with E. coli significantly more frequently had sexual
intercourses anally and during menstruations. This
confirms the transmission of this microorganism
via the fecal-sexual-neonatal route, and blood is a
suitable medium for a more prolonged colonization
of the vaginal mucosa with these microorganisms.
Paradoxically, the risk of neonatal E. coli coloniza-
tion was reduced by half if the mother had more
than one sexual partner. This may be due to the fact
that different people could carry E. coli of different
phylogenetic groups that may possibly inhibit each
other, but there is no any evidence for this state-
ment. With contrast to GBS, neonatal colonization
with E. coli was significantly less common among
women with greater body mass index. An opposite
trend was observed with the risk factors for BGS-
induced EONS: in obese parturients with BMI >30,
there was an 80% increased risk for verified neona-
tal EOGBS disease (23).

Conclusions

Maternal colonization with E. coli was higher
in this study than other studies (19.9%). Neonatal
colonization rate was 14.4%. The resistance of E.
coli to ampicillin was not high (22.7%). Improve-
ment of the mothers’ education and modification of
their sexual habits might be significant factors in
reducing neonatal colonization with E. coli. Further
studies could determine the necessity of pregnant
women'’s screening and universal recommendations.
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