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Purpose: The role of pathogenic Escherichia coli colonization in asymptomatic pregnant
women is not well understood. The purpose of this work was to determine the prevalence,
antimicrobial susceptibility, and neonatal outcomes of pathogenic E. coli colonization in
pregnant women.

Patients and methods: A total of 137 women from southern Taiwan with singleton
pregnancies were enrolled between March 2016 and June 2017. The women were prospec-
tively screened for E. coli colonization in the rectovaginal region during prenatal examina-
tion. The exclusion criteria are twin pregnancy of the mother and major anomaly of the
neonate. All E. coli isolates were identified as either pathogenic or commensal strains, and
their susceptibility to various antimicrobials was investigated. Clinical data of the infants
were retrieved from their medical records.

Results: Results showed that 35.8% of asymptomatic pregnant women had pathogenic E.
coli colonization in the rectovaginal region. Neonates born to such mothers showed sig-
nificant morbidities, including hospitalization (OR= 3.74, 95% CI= 1.18~11.87), hyperbilir-
ubinemia (OR= 2.81, 95% CI= 1.24~6.38), and gastrointestinal symptoms (OR= 5.53, 95%
CI= 1.39~21.94). Maternal colonization with pathogenic E. coli at rectoanal site was a risk
factor for neonatal hyperbilirubinemia after Benjamini—Hochberg (BH) adjustment (52% vs
24%, adjusted P= 0.048).

Conclusion: The prevalence of pathogenic E. coli colonization in Taiwanese asymptomatic
pregnant women was high, and the neonates born to colonized mothers exhibited potential
neonatal morbidities. Larger studies are necessary to confirm these findings.

Keywords: maternal-neonatal transmission, respiratory distress, hyperbilirubinemia,

gastrointestinal symptoms

Introduction

Escherichia coli is a commensal bacterium generally found in human and animal
intestines. Most E. coli strains are harmless, but some strains that possess specific
virulence factors are pathogenic and are associated with various infectious diseases
in humans. Pathogenic E. coli strains are broadly classified based on the sites of
infection into strains that primarily cause gastrointestinal diseases or extraintestinal
infections. Based on the characteristics of clinical disease presentation and their
virulence factors, these pathogenic E. coli strains can be further categorized into the
following six pathotypes: 1) enteroaggregative E. coli (EAEC), 2) enterohemor-
rhagic E. coli (EHEC), 3) enteroinvasive E. coli (EIEC), 4) enteropathogenic E. coli
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(EPEC), 5) enterotoxigenic E. coli (ETEC), and 6) extra-
intestinal pathogenic E. coli (ExPEC).!
Group B Streptococcus (GBS) and E. coli are the leading

causes of early-onset neonatal sepsis,”

resulting in severe
complications and sequelae.” Transmission of either of these
pathogens from the colonized maternal genital tract to the
fetus before or during labor is currently considered the route
of bacterial acquisition in neonates.”’ Accordingly, guide-
lines for the prevention of neonatal GBS infections by redu-
cing vertical transmission from mothers colonized with GBS
have been well established™’ and have substantially reduced
the incidence of neonatal GBS sepsis.'® However, E. coli
remains the most significant pathogen of neonatal sepsis in
preterm infants, who are more likely to develop a fulminant
illness with fatality.® As a definite relationship between neo-
natal morbidities and maternal-neonatal transmission of E.
coli has not yet been established, protocols for preventing
neonatal infections caused by E. coli are not currently avail-
able. To our knowledge, this is the first study to focus on
maternal colonization with pathogenic E. coli and the sub-
sequent neonatal outcomes. Therefore, we investigated the
prevalence, antimicrobial susceptibility, and influences on
subsequent neonatal outcomes of pathogenic E. coli coloni-
zation in pregnant women.

Materials And Methods
Study Design And Subjects

Annually, 600 children are delivered at the Kaohsiung
Veterans General Hospital, a 1400-bed medical center in
southern Taiwan that provides both primary and tertiary
medical care. The hospital has a tertiary level Neonatal
Intensive Care Unit, with an average of 400 admissions
per year, and treats all infants from gestational week 23.
The hospital’s Institutional Review Board approved this
study (VGHKS16-CT2-04), and written informed consent
was obtained from all the study participants. This study
was conducted in accordance with the Declaration of
Helsinki. The sample size was determined by using two
population proportion formula with the assumption of 20%
prevalence of preterm birth in case group, 10% prevalence
of preterm birth in control group, 95% confidence level,
and 80% POWER. The sample size was calculated to be
197.""+'2 From March 2016 to June 2017, 161 pregnant
women were enrolled after obtaining their informed con-
sent in this prospective study. Vaginal and rectal samples
were obtained from the participants during their routine
prenatal examination from 7 to 39 weeks of gestation. Up

to four samples were collected at different time points
from each participant. When vaginal and rectal samples
yielded positive results for E. coli, the participants were
considered colonized with E. coli. Initially, 161 pregnant
women participated in our study. Nineteen pregnant
women were excluded before delivery because of elective
abortion or loss of follow-up at our hospital. Five pregnant
women were excluded after delivery because of twin
pregnancies and major anomalies in the newborns
(Figure 1). At the end of the study period, 137 qualified
pregnant women were enrolled in our study. These women
gave birth to singletons in our hospital between March
2016 and June 2017. The 137 neonates received routine
newborn care in our baby room, and some were hospita-
lized in the sick-baby room and neonatal intensive care
unit because of illness, according to their clinical condi-
tion, within 28 days of birth.

Sampling And Culture Conditions

Vaginal and rectal samples from pregnant women were col-
lected with cotton swabs. Sampling was performed by an
obstetrician, and the swabs were transported in a COPAN
Transystem” (Copan Diagnostics, Inc., Brescia, Italy).
Initially, the swab samples were plated on CHROMagar
Salmonella PLUS (Taiwan Prepared Media, Taipei, Taiwan)
and incubated without CO, for 12-16 hrs at 35-37°C. A
(Oxoid,
Basingstoke, UK) with Luria-Bertani medium (Sigma-
Aldrich, St. Louis, USA) for purification. Each of these colo-
nies were subcultured three more times. Five of the isolated
strains were plated on E. coli CHROMagar (ECC) plates
(CHROMagar, Paris, France) to reconfirm the presence of E.
coli and incubated without CO, for 12-16 hrs at 35-37°C.
Finally, two colonies of E. coli were randomly selected for

selected colony was plated on agar plates

pathotype identification and antimicrobial susceptibility.

Study Definitions

Pathogenic E. coli strains were identified using a multiplex
polymerase chain reaction (PCR) assay with primers for
detecting genes encoding the following diarrheagenic viru-
lence factors: heat labile enterotoxin (est4) and heat stabile
enterotoxin (e/¢B) for ETEC, invasion plasmid antigen (ipaH)
for EIEC, aggregative virulence regulator (aggR) for EAEC,'
and intimin (eae) plus shigatoxin (stx/ or stx2) for EHEC."
ExPEC was defined as harboring more than two of the follow-
ing five genes: P fimbriae (papA), S and F1C fimbriae (sfaS/
focG), Dr-binding adhesins (afa), aerobactin system (iutA),
and group 2 polysaccharide capsule (kpsM I7)."*
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Pregnant women enrolled in
the main study
n=161
1. Elective abortion n =12
2. Loss of follow up n =18
Delivery in our hospital
n =142
1. Major anomaly of the neonate n = 2°
2. Twin pregnancy n=3
v
Qualified women
n=137
\ 4

Colonization with E. coli at

rectovaginal region

n=62

\ 4
y y
Colonization with pathogenic E. coli at Colonization with non-pathogenic E. coli at Non-colonization with E. coli at
rectovaginal region n =49 rectovaginal region n=13 rectovaginal region n=75

Figure | Patient flow diagram for E. coli screening among pregnant women.

Notes: *Elective abortion because of severe ventriculomegaly of the fetus. "Major anomaly of two neonates due to (1) right lung aplasia and (2) hypoplastic left heart syndrome.

Clinical Data

Subject information regarding age, ethnicity, educational
level, use of antimicrobials and probiotics, and pets at
home for the past 3 months was obtained via question-
naires prior to sampling. Maternal GBS screening results

and clinical data were retrieved from the maternal medical
records. Clinical data on infants were retrieved from their
medical records and were analyzed for the occurrence of
any clinical symptoms within 28 days of birth. Neonatal
outcome was defined as illness developed within 28 days
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after birth. Hospitalization was defined as hospitalization
because of clinical illness in need of further evaluation and
management. Perinatal infection was defined as the pre-
sence of clinical symptoms or signs of sepsis. Respiratory
distress was defined as ground glass pattern observed via
chest X-ray and clinically confirmed by a neonatologist.
Hyperbilirubinemia was defined as the level of total serum
bilirubin (TSB) exceeding the normal range and in need of
further phototherapy according to American Academy of
Pediatrics guideline.'” Gastrointestinal symptoms were
defined as the presence of vomiting, diarrhea, feeding
intolerance, or gastrointestinal bleeding.

Statistical Analyses
All statistical analyses were performed using Stata/SE 12.1
for Windows 7 (StataCorp., College Station, Texas, USA).

Continuous variables were expressed as mean value (stan-
dard deviation) and were compared using a two-tailed #-test.
Categorical variables were expressed as number (percentage)
and were compared using chi-square test or Fisher’s exact
test. A P-value < 0.05 was considered statistically significant.
Benjamini—-Hochberg (BH) adjustment was applied for mul-
tiple comparison in Tables 3 and 4 separately.'®

Results

Maternal Characteristics

There were no significant differences in maternal age,
educational level, use of antimicrobials or probiotics
within 3 months before sampling, pets at home, coloniza-
tion with GBS, and mode of delivery between pregnant
women with pathogenic E. coli colonization and those
with no pathogenic E. coli colonization (Table 1).

Table | Maternal Characteristics Of The Pregnant Women Included In This Study

Characteristics Colonization With Non-Colonization With OR (95% CI)
Pathogenic E. coli Pathogenic E. coli
(n = 49) (n=88)
Age (years) 32.2 (4.0) 329 (4.3) 0.96(0.885~1.045)
Educational level
University degree or above 35 (71) 67 (76) 0.78 (0.356~1.727)
College degree or below 14 (29) 21 (24) 1.28 (0.579~2.813)
Use of probiotics®
No use of probiotics 31 (63) 45 (51) 1.65 (0.805~3.366)
1~27 days 13 (27) 26 (30) 0.86 (0.394~1.883)
>28 days 5(10) 17 (19) 0.48 (0.163~1.378)
Use of antimicrobials®
No use of antimicrobials 37 (76) 71 (81) 0.74 (0.319~1.708)
Systemic antimicrobials 5(10) 6 (7) 1.55 (0.449~5.378)
Vaginal suppository 7 (14) 10 (11) 1.30 (0.461~3.664)
Systemic antimicrobials and vaginal 0 (0) 1 (1) NA
suppository
Pets at home®
Yes I (22) 24 (27) 0.77 (0.340~1.751)
No 38 (78) 64 (73) 1.30 (0.571~2.938)
GBS screening result
Negative 28 (57) 48 (55) 1.11 (0.549~2.247)
Positive 12 (25) 24 (27) 0.87 (0.388~1.930)
No screening before delivery 9 (18) 16 (18) 1.01 (0.410~2.499)
Mode of delivery
Vaginal delivery 28 (57) 50 (57) 1.01 (0.500~2.052)
Cesarean delivery 21 (43) 38 (43) 0.99 (0.487~1.999)

Notes: All data presented as n (%), except age, which is presented as mean (standard deviation). *Use of probiotic/antimicrobial was defined as using probiotic/antimicrobial

within past 3 months before sampling. PPets were defined as dog or cat.

Abbreviations: E. coli, Escherichia coli; OR, odds ratio; Cl, confidence interval; GBS, group B Streptococcus; NA, not applicable.
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Pathogenic E. Coli Colonization In

Pregnant Women

Among the 137 pregnant women enrolled, 62 (62/137,
45.3%) were colonized with E. coli in the rectovaginal
region, with 18 women (18/137, 13.1%) showing vaginal
colonization, 56 women (56/137, 40.9%) showing rectal
colonization (Table S1). Among the 62 colonized pregnant
women, 49 women were colonized with pathogenic F.
coli. Among these 49 women, the predominant E. coli
pathotype was EXPEC (n = 41, 41/137, 29.9%), followed
by ETEC (n =17, 17/137, 12.4%), EIEC (n = 10, 10/137,
7.3%), EHEC (n = 5, 5/137, 3.6%), and EAEC (n = 2, 2/
137, 1.5%) (Table S2).

Antimicrobial Susceptibility

All E. coli isolates from the 62 colonized women were
analyzed for susceptibility to 18 antimicrobial agents. All
isolates were found to be susceptible to cefepime, ertape-
nem, imipenem, amikacin, tigecycline, and colistin. The 62
E. coli-colonized women were classified into two groups
based on colonization with pathogenic E. coli (n = 49) or
non-pathogenic E. coli (n = 13). Compared to the non-
colonization group, antimicrobial

pathogenic E. coli

susceptibilities were lower in the pathogenic E. coli coloni-
zation group, especially for ampicillin/sulbactam (55.1% vs
84.6%, P = 0.05), piperacillin (46.9% vs 69.2%, P = 0.15),
and trimethoprim/sulfamethoxazole (63.3% vs 92.3%,
P = 0.05) (Figure 2).

Neonatal Outcomes

Among the 137 neonates, neonatal morbidities were more
prevalent among neonates born to mothers with patho-
genic E. coli colonization during pregnancy than among
those born to mothers without pathogenic E. coli coloniza-
tion (Table 2). These neonatal morbidities included pre-
maturity, low birth weight, hospitalization (OR = 3.74,
95% CI= 1.18~11.87), respiratory distress syndrome,
hyperbilirubinemia (OR= 2.81, 95% CI= 1.24~6.38),
respiratory symptoms, and gastrointestinal symptoms
(OR=5.53, 95% CI= 1.39~21.94).

To better understand the relationship between neonatal
outcome and each pathotype of E. coli in maternal colo-
nization, the 137 neonates were divided into two groups
for each pathotype (Table 3). Maternal colonization with
EIEC during pregnancy was significantly associated with
neonatal hyperbilirubinemia (adjusted P = 0.024).
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M pathogenic E. Coli
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Figure 2 Antimicrobial susceptibility rate among pathogenic E. coli and non-pathogenic E. coli groups.
Abbreviations: AMS, ampicillin/sulbactam; P, piperacillin; PTZ, piperacillin/tazobactam; CZ, cefazolin; CX, cefoxitin; CFM, cefixime; CAZ, ceftazidime; CRO, ceftriaxone;
GM, gentamicin; CIP, ciprofloxacin; MINO, minocycline; TMP/SMX, trimethoprim/sulfamethoxazole.
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Table 2 Descriptive Analysis Of 137 Neonates With Maternal Colonization Of Pathogenic E. coli At Kaohsiung Veterans General
Hospital Between March 2016 And June 2017

Characteristics Maternal Colonization With Maternal Non-Colonization With OR (95% CI)
Pathogenic E. coli Pathogenic E. coli
(n=49) (n = 88)
Prematurity 7 (14) 9 (10) 1.46 (0.51~4.21)
Low birth weight 7(14) 5(6) 2.77 (0.83~9.24)
Small for gestational age 5 (10) 8 (9) 1.14 (0.35~3.69)
Hospitalization 9 (18) 5(6) 3.74 (1.18~11.87)
Use of antimicrobials 15 31) 18 (21) 1.72 (0.77~3.81)
Use of ventilator 6 (12) 3(3) 3.95 (0.94~16.58)
Clinical symptoms
Neonatal fever 24 2(2) 1.83 (0.25~13.41)
Perinatal infection 12(25) 12(14) 2.05 (0.84~5.01)
RDS 3 (6) 0 (0) NA
Transient tachypnea of newborn 4 (8) 3(3) 2.52 (0.54~11.75)
MAS 1 (2) 303 0.59 (0.06~5.83)
Hyperbilirubinemia 17 (35) 14 (16) 2.8l (1.24~6.38)
Respiratory symptoms 11(23) 10 (1'1) 2.26 (0.88~5.78)
Gastrointestinal symptoms 8(16) 3(3) 5.53 (1.39~21.94)

Note: All data are presented as n (%).
Abbreviations: E. coli Escherichia coli; OR, odds ratio; Cl, confidence interval; RDS, respiratory distress syndrome; MAS, meconium aspiration syndrome; NA, not applicable.

Next, the association between hyperbilirubinemia and

neonate- and maternal-related factors was evaluated using

chi-square test or Fisher’s exact test and #-test in the 137

neonates (Table 4). There were no significant differences
between hyperbilirubinemia and non-hyperbilirubinemia
group in maternal age, mode of delivery, prolonged

Table 3 Neonatal Morbidities According To Maternal Colonization With Each Pathotype Of E. coli Among 137 Pregnant VWomen

Characteristics ExPEC Non-ExPEC | P ETEC Non-ETEC | P EIEC Non-EIEC | P

(n=41) | (n=96) (n=17) | (n=120) (n=10) | (n=127) (Adjusted P)*
Neonatal fever 2 (5) 2 (2) 0.58 | 0(0) 4 (3) 1.00 [ 0(0) 4 (3) 1.00
Perinatal infection I (27) 13(14) 0.06 | 5(29) 19 (16) 0.18 1 (10) 23 (18) 1.00
RDS 3(7) 0 (0) 0.03 1 (6) 2(2) 033 | 0(0) 3(2) 1.00
Transient tachypnea of | 4 (10) 3(3) 0.20 1 (6) 6 (5) 1.00 1 (10) 6 (5) 0.42
newborn
MAS I (2) 33) 1.00 [ 0 (0) 4 (3) 1.00 [ 0 (0) 4 (3) 1.00
Hyperbilirubinemia 14 (34) 17 (18) 004 | 4(24) 27 (23) 1.00 | 7 (70) 24 (19) 0.001

(aP= 0.024)

Respiratory symptoms | 10 (24) I (12) 0.05 [ 424 17 (14) 0.3 2 (20) 19 (15) 0.65
Gastrointestinal 5(12) 6 (6) 0.3 4 (24) 7 (6) 0.03 1 (10) 10 (8) 0.58
symptoms

Notes: All data presented as n (%). *Benjamini—-Hochberg (BH) adjustment was applied for multiple comparison in the whole table, and there was only one significance after

correction. aP= 0.024.

Abbreviations: E. coli, Escherichia coli; EXPEC, extraintestinal pathogenic E. coli; ETEC, enterotoxigenic E. coli; EIEC, enteroinvasive E. coli; RDS, respiratory distress
syndrome; MAS, meconium aspiration syndrome.
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Table 4 Risk Factors For Hyperbilirubinemia Among 137 Singleton Neonates

Evaluated Risk Factor Hyperbilirubinemia Non-Hyperbilirubinemia P, Unadjusted
n =3l n=106 (Adjusted P)©
Neonate-related
GA < 34 weeks 2(7) 0(0) 0.05
GA 34-36 weeks 6 (19) 8(8) 0.09
GA > 37 weeks 23 (74) 98(93) 0.0l
5-min Apgar score < 6 0 (0) 0(0) NA
Maternal-related
Age (years) 33.1 (4.1) 32.5 (4.3) 0.54
Vaginal delivery 17 (55) 61 (58) 0.79
Clinical chorioamnionitis 0 (0) 0 (0) NA
Prolonged ROM > 18 hrs 2 (6) 3(3) 0.32
E. coli at rectoanal site 19 (61) 37 (35) 0.01
E. coli at vaginal site 5 (16) 13 (12) 0.56
E. coli at rectovaginal site 20 (65) 42 (40) 0.01
Pathogenic E. coli at rectoanal site 16 (52) 25 (24) 0.003 (aP= 0.048)
Pathogenic E. coli at vaginal site 5 (l6) 11 (10) 0.36
Pathogenic E. coli at rectovaginal site 17 (55) 32 (30) 0.01
EXPEC at rectovaginal site 14 (45) 27 (26) 0.04
Pathogenic E. coli in first trimester® 0 (0) 3(03) 1.00
Pathogenic E. coli in second trimester™® 7 (23) 7(7) 0.02
Pathogenic E. coli in third trimester® 14 (45) 25 (24) 0.02

Notes: All data are presented as n (%), except age, which is presented as mean (standard deviation). *One case of pathogenic E. coli carrier was collected during the first and
second trimesters. ®Six cases of pathogenic E. coli carriers were collected during the second and third trimesters. “Benjamini-Hochberg (BH) adjustment was applied for
multiple comparison in the whole table, and there was only one significance after correction. aP= 0.048.

Abbreviations: GA, gestational age; ROM, rupture of membranes; E. coli, Escherichia coli; EXPEC, extraintestinal pathogenic E. coli; NA, not applicable.

rupture of membranes, or gestational age. In addition,
maternal colonization with pathogenic E. coli in the rec-
toanal region was a significant risk factor for hyperbilir-
ubinemia (adjusted P = 0.048).

Among the 62 neonates born to E. coli-colonized
mother, there was no significant difference in maternal
preterm premature rupture of membranes and neonatal
morbidities between pathogenic E. coli group and non-
pathogenic E. coli group. Among the 49 neonates born to
mothers with pathogenic E. coli colonization, only one
case yielded E. coli colony from a pus culture obtained
from a colostomy caused by necrotizing enterocolitis at 24
days of age. For the other 48 neonates, blood and cere-
brospinal fluid cultures did not show positive results.

Discussion

Pathogenic E. coli include E. coli strains that possess
specific virulence factors and can cause illnesses in healthy
individuals, resulting in gastrointestinal diseases and

little is known

about the prevalence of pathogenic E. coli colonization

extraintestinal infections.'” However,
in the rectovaginal region during pregnancy and its sub-
sequent neonatal outcomes. In our study, among 137
asymptomatic pregnant women, 35.8% (49/137) women
were found to be colonized with pathogenic E. coli.
Furthermore, pathogenic E. coli colonization was asso-
ciated with neonatal morbidities. This is the first study to
describe the potential companions between maternal
pathogenic E. coli colonization and the neonatal outcomes.
Vaginal colonization with E. coli is associated with mater-
nal complications during pregnancy, such as premature
rupture of membrane, chorioamnionitis, and preterm
birth.'®!"” However, these reports did not include relevant
information regarding pathogenic E. coli colonization.
Several factors influence maternal E. coli colonization
during pregnancy, including living with dogs and cats and
the use of antibiotics during pregnancy.”**' However, these

factors did not correlate significantly with pathogenic
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E. coli colonization in our study. In our study, the preva-
lence of colonization with E. coli in the vagina was 13.1%,
which was similar to data reported in earlier studies'®'? but
lower than the prevalence reported in one particular study.*

Studies have shown that maternal-neonatal transmission
of E. coli represents a substantial risk for infant colonization
and can possibly cause further morbidity.”?*** The mater-
nal-neonatal transmission rate of E. coli reportedly ranges
from 21% to 35.7%°>*** and 17% in the setting of mater-
nal premature rupture of membrane.*® These E. coli and
even pathogenic E. coli transmitted from colonized mother
may be colonized on the body surface or gastrointestinal
tract of the neonate, or become pathogenic bacteria poten-
tially, or even affect the distribution of normal flora in the
respiratory tract, gastrointestinal tract or body surface. One
study revealed that the presence of E. coli in the intrauterine
meconium resulted from its translocation from the maternal
gut.*’ Due to an immature immune system and decreased
placental transmission of maternal antibodies, neonates are
relatively immunocompromised and more susceptible to
pathogenic E. coli, resulting in severe neonatal infection.*®
Approximately one-third of the pregnant women in our
study were colonized with pathogenic E. coli in the recto-
vaginal region. Although these colonized pregnant women
were asymptomatic, their neonates may be exposed to these
pathogenic E. coli strains during or before vaginal delivery
if pathogenic E. coli invaded the chorioamnion or the
amniotic fluid.

E. coli is one of the major pathogens causing neonatal
sepsis and meningitis.> The mortality rate of neonatal
meningitis in developing countries is estimated to range
from 40% to 58%, compared to the mortality rate of 10%
in developed countries.?’ EXPEC is the main E. coli patho-
type responsible for extraintestinal infections in humans
and usually causes meningitis in the neonatal period.>* In
our study, EXPEC was the predominant pathotype in colo-
nized pregnant women. Neonates born to mothers with
EXPEC colonization may acquire the pathogen via vertical
transmission or vaginal delivery. Reports show that the
virulence factor hemolysin produced by EXPEC causes
surfactant dysfunction and lung injury.’! The trend in
neonatal respiratory symptoms between maternal coloniza-
tion and non-colonization with pathogenic E. Coli in our
study might be attributed to a similar mechanism.

Diarrheagenic E. coli are easily transmitted between
humans and through contaminated water in countries with
a high burden of diarrheal illnesses.*> There was no epi-
demic spread of diarrheal illness in the period of our study;

however, we observed that maternal colonization with
pathogenic E. coli was associated with neonatal gastroin-
testinal illness. Further studies are required to determine
whether the pathogenic strain of E. coli is better adapted to
the colonization of neonates. In addition, we also observed
a significant correlation between maternal colonization
with pathogenic E. coli, especially with EIEC strains,
and neonatal hyperbilirubinemia. The pathogenetic causes
of neonatal unconjugated hyperbilirubinemia include
increased production of bilirubin, deficiency of hepatic
uptake, impaired conjugation of bilirubin, and increased
enterohepatic circulation of bilirubin.*® In our study, neo-
nates born to mothers colonized with these strains tended
to show neonatal infection and were more likely to exhibit
gastrointestinal symptoms. Neonatal infection was a risk
factor for hyperbilirubinemia. Increased destruction of red
blood cells, which are more vulnerable to damage because
of the elevated oxidative stress during sepsis, may explain
this phenomenon.** The progression of gastrointestinal
symptoms, including vomiting, diarrhea, poor feeding,
dehydration, and fasting, in neonates leads to the increased

enterohepatic circulation of bilirubin.**+*

This may
explain the relationship between neonatal hyperbilirubine-
mia and maternal colonization with pathogenic E. coli.

The incidence of neonatal infection increases in the
case of maternal infection, risk factors for infection, and
colonization.>**° Our study demonstrated that maternal
pathogenic E. coli colonization, especially at rectoanal
region, is a risk factor for hyperbilirubinemia in the neo-
natal period. In the present study, the lack of culture-
proven sepsis and neonatal colonization profile restricts
us to have a reasonable and valid conclusion regarding
the choice of empiric antibiotic therapy for the ill neonate
delivered by the pathogenic E. coli colonized mother. The
evidence to screen of pathogenic E. coli colonization on
pregnant women and further use of prophylactic antibiotic
treatment is also not enough to establish a cost-effective-
ness protocol in view of our data despite the significant
correlation between maternal colonization with pathogenic
E. coli and neonatal morbidity.

This study had some limitations. First, we did not per-
form sampling for each participant at every trimester of
pregnancy. As pathogenic E. coli can colonize transiently,
a positive culture in only the first or second trimester may
not affect infant outcomes. Therefore, stratified data on
E. coli colonization in each trimester for correlation with
the neonatal outcomes were not available in our study and
should be established in a future research. Second, despite
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we had collected the meconium of the neonate among
about half of the neonates enrolled in our study after the
middle period of our study, and found there were no E. coli
in the meconium (unpublished data). However, we did not
routinely check the colonization status of the newborns; a
routine check might have provided further evidence
regarding the relation between maternal-neonatal trans-
mission of E. coli and neonatal morbidity. Third, the data
on neonatal outcomes were retrieved from the medical
records of the newborns. However, for 14 infants, data
could not be obtained as outpatient follow-up was discon-
tinued after the age of 1 month. Fourth, this is a single-
center study, and all of the participants were from one
single obstetrician’s out-patient department. Therefore,
the selection bias might still exist and could not fully
represent Taiwan population or other region outside of
Taiwan. Finally, the study was ended early due to funding
factor and long study period, and then our sample size
might be too small to perform multivariate analysis to
identify the true independent factor, such as respiratory
distress syndrome. These issues reinforce the necessity of
a larger-scale, multi-center reservoir surveillance, particu-
larly including more comprehensive data obtained from
questionnaires in addition to medical records.

Conclusion

Approximately one-third of 137 asymptomatic pregnant
women in our study presented with pathogenic E. coli
colonization in the rectovaginal region. Neonates born to
these colonized mothers had potential neonatal morbidities,
including hospitalization, hyperbilirubinemia, and gastroin-
testinal symptoms. Further large studies are necessary to
confirm the companions between maternal colonization
with pathogenic E. coli and the development of neonatal
morbidities to establish a suitable protocol for screening
maternal colonization to prevent neonatal illnesses.
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