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Abstract: The use of prenatal antibiotics should be carefully considered, owing to their potential
adverse effects on neonatal outcomes. This study aimed to identify the contributing factors to
early-onset neonatal infection and to determine the influence of antepartum antibiotics on women
and neonates. This study included 127 pregnant women without obvious intra-amniotic infection
on admission, who delivered under 34 weeks of gestation. Information on maternal and neonatal
characteristics was obtained from their medical charts. Vaginal swabs were taken from all women
on admission. In total, 29 (22.8%) neonates developed early-onset infection. Multivariate analysis
revealed that antepartum antibiotics were the most strongly associated factor for early-onset neonatal
infection (odds ratio, 11.2; 95% confidence interval, 4.08–31.02). The frequency of early-onset neonatal
infection was significantly higher in women who received antibiotic therapy than in those who did
not; no significant difference in prolonging their gestation or neonatal morbidities was observed.
The prevalence of women who hosted vaginal microorganisms on admission was similar to that
in women whose infants subsequently developed early-onset neonatal infection compared with
that of women whose infants did not. Among infants of the 40 women who received antepartum
antibiotic therapy, 21 developed early-onset infection. Of the women who delivered these 21 infants,
62% (13/21) showed reduced lactobacilli and 43% (9/21) had resistant bacterial strains in their
vaginal microbiota at the time of delivery. The use of antepartum antibiotics is the most strongly
associated factor in early-onset neonatal infection; it does not prolong gestation and would change
the vaginal environment.
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1. Introduction

Preterm birth (PTB), defined as birth within 37 completed weeks of gestation, affects
5–18% of pregnancies. PTB is the leading cause of perinatal mortality and morbidity. Intra-
amniotic infection (IAI) or inflammation, most often resulting from ascending infection
from the cervix and vagina, is a well-known etiology for PTB. IAI is associated with 20% of
all PTBs and 50% of extreme PTBs (≤28 weeks of gestation) [1].

To prevent PTB and attenuate neonatal morbidity and mortality, maternal antepartum
antibiotics, antenatal corticosteroids, and magnesium sulfate have been used [2]. Several
studies have reported the effect of antibiotic use women with preterm premature rupture
of membranes (pPROM) such as prolonged the duration of pregnancy and attenuated
neonatal morbidities [3,4]. Additionally, several studies have reported the efficacy of
antibiotics in women with IAI or inflammation who presented with PTL [5,6].

There are several opportunities to use antibiotics to prevent infection or to treat estab-
lished infection during the antepartum, intrapartum, and postpartum periods. However,
there are some concerns about the use of antibiotics in clinical medicine. It has been
reported that 20–50% of all prescribed antibiotics in acute care hospitals in the United
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States were inappropriate [7]. An antimicrobial stewardship program was developed in
2017 by the Joint Commission to promote appropriate antibiotic use to improve infection
cure rates, reduce antibiotic resistance, and decrease the spread of multidrug-resistant
organisms [8]. Antimicrobial prophylaxis has been demonstrated to result in the selection
of resistant endogenous microbiota, as well as the nosocomial acquisition of resistant mi-
croorganisms [9]. Awareness of the potential adverse effects of resistant bacterial infections
has been increasing among perinatologists. Changes in the resistance patterns of isolated
strains of Escherichia coli in newborns have been reported [10–15]. Sepsis in very-low-birth-
weight neonates with ampicillin-resistant E. coli is more likely to be fatal than infection
with susceptible strains [14]. In addition, isolated group B streptococcus (GBS) resistant to
clindamycin led to significant changes in the intrapartum protocols designed to prevent
invasive neonatal GBS disease [16–19]. Early-onset neonatal infection (EoNI), representing
vertical mother-to-infant transmission of pathogens before or during delivery, increases the
morbidity and mortality rates in infants [20,21]. These might be caused by an intrauterine
infection or the modification of normal maternal vaginal microbiota.

We aimed to identify the antenatal factors that contribute to EoNI and determine the
effect of antenatal antibiotic use on pregnancy and neonatal outcomes.

2. Materials and Methods
2.1. Study Population

This retrospective study was conducted at the Perinatal Center, University of Miyazaki
Hospital, Japan. This center is the only tertiary Perinatal Center in Miyazaki Prefecture that
has a population of 1,000,000 with 10,000 annual deliveries. Pregnant women were eligible
for this study if they experienced PTL with intact membranes or pPROM and delivered
between 22+0 and 33+6 weeks of gestation between 2016 and 2020. Women with positive
results on Gram staining and/or culture of the amniotic fluid upon admission, clinical
chorioamnionitis, and infants with congenital malformation were excluded from this study.

Clinical chorioamnionitis was diagnosed according to Lencki’s criteria comprising ma-
ternal temperature of ≥38.0 ◦C and at least one of the following four clinical signs: maternal
tachycardia ≥ 100 beats/minute, uterine tenderness, maternal leukocytosis (≥15,000/mm3),
or foul-smelling vaginal discharge [22]. PTL was diagnosed if there was regular, painful
uterine contraction and if cervical dilation was ≤3 cm. EoNI was defined as a positive blood
culture or at least two of the following laboratory findings within 72 h after birth: absolute
neutrophil count < 1750/mm3 or <10% of the total white blood cell count, immature/total
(I/T) neutrophil ratio ≥ 0.2, platelet count < 10,000/mm3, or C-reactive protein (CRP)
level > 1 mg/dL [23].

Data on maternal and neonatal characteristics were obtained from patients’ medical
charts. Fetal heart-rate-monitoring records were reviewed for nonreassuring fetal heart
rate patterns, such as recurrent late decelerations with absent or decreased variability, with
or without fetal tachycardia (>160 beats/minute). The women underwent transabdominal
amniocentesis to determine if IAI was present upon admission if it were possible. Vaginal
culture sampling with antimicrobial susceptibility was performed upon admission for all
women. We observed the change of vaginal microbiota, focusing on a depletion of lacto-
bacilli and/or bacteria with antimicrobial resistance from admission to delivery. Physical
and blood examinations of all the women were performed upon admission. Neonates were
tested for white blood cell counts, platelet counts, and CRP level at birth and every 8 h there-
after until 72 h to evaluate neonatal infection. Cultures were obtained from the neonates’
oral cavities and skin surfaces on admission. Umbilical cord blood was tested for blood gas
analysis and culture. The identification of microorganism was conducted with bacterial
culture method, not being evaluated by 16S rRNA gene sequencing. Histopathological
findings of the placenta and cord were evaluated for maternal and fetal inflammatory
responses according to Blanc’s classification [24] and Redline’s criteria [25].
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2.2. Management of PTL with Intact Membranes or pPROM

All women in this study were hospitalized and expectantly managed, unless they had
an obstetrical indication for delivery or had clinical chorioamnionitis. Pregnant women
with PTL only received tocolytic therapy if indicated. Antenatal corticosteroids were
administered to women up to 34 weeks of gestation when indicated. Fetal well-being was
assessed for women undergoing expectant management by using daily nonstress tests and
weekly biophysical profile scoring.

The antibiotic strategy for women with pPROM changed during the course of the
study. From 1 January 2016 to 30 June 2018, only ampicillin was administered. From
1 July 2018 to 31 December 2020, a 7-day course of antibiotic therapy with a combination of
intravenous ampicillin and erythromycin followed by oral amoxicillin and erythromycin
was used to prolong gestation.

Women were treated with oral or intravenous antibiotics until the disappearance of
bacteria during expectant management when they had urinary tract infection (UTI). We
discontinued the antibiotics when we confirmed negative urine cultures. Prophylactic
antibiotics to prevent vertical transmission of GBS during delivery or threatened preterm
delivery were administered for a positive vaginal GBS culture or for those with unknown
GBS culture results.

2.3. Statistical Analysis

Between-group differences were assessed using the Mann–Whitney U, Welch’s t, chi-
square, or Fisher’s exact test. Results with p-values of <0.05 were considered significant.
Multivariate logistic regression analysis was performed to identify any independent predic-
tive factors of EoNI. Only predictive variables with a p-value of <0.1 on univariate analysis
were entered into the logistic regression model. A stepwise forward procedure using the
likelihood ratio test was employed in the multivariate logistic regression analysis. Variables
with p-values of <0.05 in the final model were determined to be independent predictive
factors of EoNI.

Statistical analyses were performed using SPSS version 27 for Windows (IBM SPSS
Statistics, Tokyo, Japan). Data are expressed as mean ± standard deviation, n (%), or
median (minimum, maximum).

3. Results

The flowchart of this study is depicted in Figure 1. A total of 246 preterm births be-
tween 22+0 and 33+6 weeks of gestation had been admitted to the hospital during the study
period. Among them, 91 were excluded because of obstetrical complications, including
multifetal pregnancies and placenta previa without signs of PTL, fetal growth restrictions,
and hypertensive disorders of pregnancy (n = 91). Of the remaining 155 women with PTL
or pPROM, exclusions were made based on obvious chorioamnionitis on admission (n = 9),
congenital malformations of the neonates (n = 8), and unavailable data (n = 11). In total,
127 women with PTL or pPROM who delivered under 34 weeks of gestation were eligible
for the study.

A total of 29 (22.8%) neonates developed EoNI. The study participants were divided
into EoNI and non-EoNI groups. Tables 1 and 2 present the maternal and neonatal charac-
teristics. The percentage of women receiving antepartum antibiotics and transabdominal
amniocentesis was higher in the EoNI group than in the non-EoNI group.
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Elderly primiparity 55 (43) 8 (28) 47 (48) 0.174 
GDM/DM 10 (8) 3 (10) 7 (7) 0.69 
pPROM 41 (32) 13 (45) 28 (28) 0.1 
PTL 86 (68) 16 (55) 70 (71) 0.1 
Use of antenatal corticosteroids 67 (53) 19 (66) 48 (49) 0.12 
Use of antepartum antibiotics 40 (31) 21 (72) 19 (19) <0.01 
Amniocentesis on admission 39 (31) 16 (55) 23 (23) <0.01 
Maternal fever ≥38 °C 2 (2) 2 (7) 0 (0) 0.051 
Nonreassuring FHR patterns 10 (8) 4 (14) 6 (6) 0.24 
Cesarean delivery 91 (72) 21 (72) 70 (71) 0.92 
Hospitalization period until delivery (days), me-
dian (min, max) 8.0 (1, 92) 13.3 (1, 81) 5.5 (1, 92) 0.95 

Data are expressed as n (%) or median [min, max]. Abbreviations: GDM, gestational diabetes melli-
tus; pPROM, preterm premature rupture of membrane; PTL, preterm labor; FHR, fetal heart rate. 
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Table 1. Characteristics of the pregnant women.

Total
(n = 127)

Infection
(n = 29)

Non-Infection
(n = 98) Statistics

Elderly primiparity 55 (43) 8 (28) 47 (48) 0.174
GDM/DM 10 (8) 3 (10) 7 (7) 0.69
pPROM 41 (32) 13 (45) 28 (28) 0.1
PTL 86 (68) 16 (55) 70 (71) 0.1
Use of antenatal corticosteroids 67 (53) 19 (66) 48 (49) 0.12
Use of antepartum antibiotics 40 (31) 21 (72) 19 (19) <0.01
Amniocentesis on admission 39 (31) 16 (55) 23 (23) <0.01
Maternal fever ≥ 38 ◦C 2 (2) 2 (7) 0 (0) 0.051
Nonreassuring FHR patterns 10 (8) 4 (14) 6 (6) 0.24
Cesarean delivery 91 (72) 21 (72) 70 (71) 0.92
Hospitalization period until delivery
(days), median (min, max) 8.0 (1, 92) 13.3 (1, 81) 5.5 (1, 92) 0.95

Data are expressed as n (%) or median [min, max]. Abbreviations: GDM, gestational diabetes mellitus; pPROM,
preterm premature rupture of membrane; PTL, preterm labor; FHR, fetal heart rate.
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Table 2. The characteristics of neonates.

Total
(n = 127)

Infection
(n = 29)

Non-Infection
(n = 98) Statistics

Gestational age at delivery (weeks) 27.6 ± 3.3 26.4 ± 2.9 28.0 ± 3.3 0.031
Birthweight (grams) 1037 ± 40 901 ± 379 1075 ± 460 0.077
Male 59 (46) 19 (66) 40 (41) 0.019
Apgar score (1 min) < 4 28 (22) 12 (41) 16 (16) <0.01
Apgar score (5 min) < 7 37 (29) 15 (52) 22 (22) <0.01
Um A pH value 7.35 ± 0.79 7.36 ± 0.09 7.35 ± 0.08 0.72
Central line catheterization 113 (89) 29 (100) 88 (90) 0.068
Mechanical ventilation 105 (83) 27 (93) 78 (80) 0.103
Respiratory distress syndrome 105 (83) 27 (93) 78 (80) 0.103
Necrotizing enterocolitis 4 (3) 1 (3) 3 (3) 1
Intraventricular hemorrhage (Grade ≥ III) 21 (17) 8 (28) 13 (13) 0.068
Periventricular leukomalacia 6 (5) 4 (14) 2 (2) 0.024

Date are shown as mean ± standard deviation or n (%). Abbreviations: Um A, umbilical artery; n.s.,
not significant.

Among the infants of the 40 women exposed to antepartum antibiotics, 21 developed
EoNI. Twelve neonates in EoNI group showed positive blood culture on admission. Among
them, 9 mothers received antepartum antibiotics. The proportion of neontates with positive
blood culture in mother used and mother not used antepartum antibiotics were 43% (9/21)
and 38% (3/8), respectively. No statistical difference observed in the frequency of positive
blood culture between the two groups (p = 0.66). Their mothers in EoNI group received
antepartum antibiotics for 4.5 ± 2.9 days. The remaining 19 mothers without EoNI received
antepartum antibiotics for 3.3 ± 1.9 days. No statistical difference was observed in the
duration of antibiotic exposure between the EoNI and non-EoNI groups. The incidence
of histological chorioamnionitis of the placentas diagnosed as Blanc’s classification stage
III was statistically higher in women with EoNI (16/21, 76%) than in those without EoNI
(8/19, 42%; p = 0.028).

In the EoNI group, 25 neonates had positive culture results from several sites, i.e.,
blood cultures (n = 12; 9 exposed and 3 not exposed to antepartum antibiotics), oral cavities
or skin surfaces only (n = 10; 7 exposed and 3 not exposed to antepartum antibiotics),
amniotic fluids (n = 3; 2 exposed and 1 not exposed to antepartum antibiotics). Among
them, microorganisms of 12 neonates isolated from 7 blood culture (5 exposed and 2 not
exposed to antepartum antibiotics) and 5 oral cavities or skin surfaces only (3 exposed and
2 not exposed to antepartum antibiotics) were consisted with them in maternal vaginal
specimens on admission.

Table 3 lists the vaginal microorganisms isolated from all women on admission. Mul-
tiple microorganisms were isolated from women in both the EoNI and non-EoNI groups.
The proportion of the number of women who carried Lactobacillus sp. and other vaginal
microorganisms were similar between the two groups. However, of the 21 women in
the EoNI group, a depletion of lactobacilli was observed in 13/21 (61.9%), and bacteria
with antimicrobial resistance were detected in 9/21 (42.9%) at the time of delivery. There
included 2 women who carried both reduced lactobacilli and bacteria with resistance.

The results of the multivariate logistic regression analysis are summarized in Table 4.
Seven predictive factors, namely, first childbirth age ≥ 35-year-old, pPROM, antepartum
antibiotic use, maternal temperature ≥ 38.0 ◦C, gestational age at delivery, birthweight,
and male sex, were entered into the multivariate model. Three predictive factors, namely,
antepartum antibiotic exposure, male sex, and gestational age at delivery, were found to be
independent predictive factors of EoNI.
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Table 3. The microorganisms in vaginal specimen cultures obtained from all pregnant women on
admission, and the number of women carrying these bacteria.

Total
n = 127

Infection
n = 29

Non-Infection
n = 98 Statistics

Lactobacillus sp. 69 15 (52) 54 (55) n.s
Gardenerella vaginalis 18 3 (10) 15 (15) n.s
Staphylococcus epidermidis 18 5 (17) 13 (13) n.s
Streptococcus agalactiae 17 4 (14) 13 (13) n.s
Escherichia coli 14 5 (17) 9 (9) n.s
Streptococcus anginosus 13 2 (7) 11 (11) n.s
Candida sp. 10 2 (7) 8 (8) n.s
Enterococcus faecalis 9 2 (7) 7 (7) n.s
Bacillus sp. 7 1 (3) 6 (6) n.s
Streptococcus aureus 6 2 (7) 4 (4) n.s
Klebsiella pneumoniae 5 1 (3) 4 (4) n.s
Staphylococcus haemolyticus 4 2 (7) 2 (2) n.s
Corynebacterium sp. 3 2 (7) 1 (1) n.s
Others 8 2 (7) 6 (6)

Haemophilus influenzae 2 1 1
Streptococcus mitis 2 0 2
Actinomyces turicensis 1 0 1
Actinomyces neuli 1 0 1
Streptococcus salivarius 1 0 1
Peptostreptococcus anaerobius 1 1 0

Data are expressed as n (%) of women carry microorganisms. Abbreviation: n.s., not significant.

Table 4. Results of the multivariate logistic regression analysis of the predictive factors.

95% CI

Variable p value OR Lower Upper

Male sex 0.042 2.855 1.041 7.83
Gestational age of delivery 0.032 0.836 0.709 0.985
Antepartum antibiotics <0.01 11.258 4.085 31.025

Abbreviations: OR, odds ratio; CI, confidence interval.

Women with pPROM and threatened PTL were assessed separately, as shown in
Figures 2 and 3. The proportion of EoNI in the antibiotics was statistically higher than that
in the women not receiving antibiotics among both women with pPROM (p < 0.05) and
those with threatened PTL (p < 0.01).

No significant differences were observed in gestation prolongation or neonatal mor-
bidities, including RDS, NEC, grade III or IV IVH, and periventricular leukomalacia be-
tween those exposed and not exposed to antibiotics. Among women with pPROM or PTL,
no statistical difference gestation prolongation was noted between women who received
and those who did not receive antibiotics (Table 5).
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Table 5. The effects of antibiotics exposure on infants’ morbidities and prolongation of gestation.

Antibiotic Use No Antibiotic Use Statistics

Total n = 40 n = 87
Prolongation (days) 13 (4, 32) 6 (1, 24) 0.665
Gestational age at delivery 27.3 ± 3.2 27.7 ± 3.3 0.514
RDS 34 (85) 71 (82) 0.639
NEC 2 (5) 2 (2) 0.59
IVH ≥ grade III 6 (15) 15 (17) 0.752
PVL 4 (10) 2 (2) 0.078

pPROM n = 21 n = 20
Gestational week on admission 25.4 ± 2.9 27.1 ± 3.6 0.1
Prolongation (days) 6 (3, 36) 1 (1, 11) 0.162

PTL n = 19 n = 67
Gestational week on admission 23.3 ± 2.3 24.4 ± 2.5 0.089
Prolongation (days) 10 (1, 36) 17 (8, 32) 0.714

Data are shown mean ± standard deviation, n (%), or median (min. max). Abbreviations: pPROM, preterm
premature rupture of membrane; RDS, respiratory distress syndrome; NEC, necrotizing enterocolitis; IVH,
intraventricular hemorrhage; PVL, periventricular leukomalacia; PTL, preterm labor; IQR, interquartile range.

4. Discussion

The results of this study indicated that antibiotic use during the antepartum period sig-
nificantly associated with the risk of EoNI in women with PTL or pPROM who had no signs
of clinical chorioamnionitis upon admission and delivered under 34 weeks of gestation. In
addition, antibiotic use may contribute to adverse effects on vaginal microbiota, including
the depletion of lactobacilli and the emergence of resistant strains of common bacteria.

We emphasize that the benefits of antibiotic therapy when indicated are clearly signifi-
cant. However, its irresponsible use without any microbiological justification is dangerous
and leads to adverse effects. Mercer et al. [3] reported that administration of broad-spectrum
antibiotics prolonged pregnancy and reduced gestational age-dependent morbidity such
as respiratory distress syndrome (RDS) and necrotizing enterocolitis (NEC). However, the
frequencies of early-onset neonatal sepsis occurring ≤72 h of age, or grade 3 or 4 intra-
ventricular hemorrhage (IVH) were similar between mothers receiving antibiotics and
those receiving placebo [3]. For PTL patients, antibiotics do not show short-term neonatal
benefits and may be associated with long-term harm [5,26]. A Cochrane review concluded
that antibiotics intended only for pregnancy prolongation in PTL patients should not be
administered [26]. Intravenous GBS prophylaxis is recommended until GBS test results
are available. In this study, eight women with PTL received antibiotics due to unknown
GBS results on admission, and only one infant from those women developed EoNI. How-
ever, about one-third of EoNI occurred in the infants of women with PTL who received
antibiotics for UTI. Women presenting with symptoms should obviously be treated to
prevent more severe sequelae from urosepsis. Yoneda et al. [5] reported that antibiotic
therapy increased the risk of preterm birth in PTL patients without intra-amniotic microbes.
They speculated that empirical antibiotic therapy for patients whose amniotic fluid was
microbe-negative affects their intestinal bacteria and the homeostatic mechanisms required
to maintain the immune system during pregnancy [5]. As PTL is frequently complicated by
UTI, it may be impractical for the obstetrician to withhold treatment from those with UTI
according to the findings of Yoneda et al.

The vagina, with its microbiota, has a balanced ecosystem in which the dominant bac-
teria are vaginal Lactobacillus sp. that play a protective role against ascending infection. The
bacteria that reside in the female genital tract vary and are quite complex [27]. The degree
of infectiousness of a particular vaginal pathogen depends not only on the type of microor-
ganism and its intrinsic virulence but also on the relative amounts of the various bacteria. In
this study, Lactobacillus sp. were detected in the vaginal specimens of approximately 50% of
women upon admission and no differences were observed in the vaginal microbiome upon
admission between women whose infants subsequently developed EoNI and those whose
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infants did not. Results of the present study suggest that antibiotic therapy could cause
the depletion of lactobacilli and the selection of drug-resistant organisms in the vaginal
microbiota of a subset of women whose infants developed EoNI. In the neonatal intensive
care unit, initial empiric therapy for EoNI should consist of ampicillin and aminoglycoside.
Such a regimen is sufficient for the treatment of major pathogens, including GBS and
gram-negative enteric bacteria. Antenatal antibiotic exposure can result in the replacement
of common pathogens with opportunistic or drug-resistant pathogens; therefore, these
microbiological changes may affect the antimicrobial strategies of the neonatal care team in
the near future.

Birthweight was not an independent predictive factor of EoNI in this study. This result
was not consistent with that determined by Montella et al. [28]. We speculated this was due
to the exclusion of FGR in our study. If fetal growth was severely affected, infants could
be born small for their gestational age (SGA). It was reported that the infants born with
SGA showed lower blood neutrophil counts at birth and immune response. It is difficult to
separate the effect of prematurity and SGA on life threatening infections in the neonates,
because both overlapping and independent factors (e.g., maternal infection/inflammation,
poor placental function, reduced blood supply/oxygenation, or genetic factors) may pre-
dispose to preterm delivery and growth restriction at birth. We thought it was required to
simplify the study population to observe the effect of antibiotics on early onset infection.
Thus, we excluded the patients with obstetrical complications in this study.

This study has some limitations. First, the study sample was small, and it retrospec-
tively evaluated antibiotic use. Second, the protocols of antepartum antibiotic therapy
for women with pPROM changed during the study period. However, the incidence of
EoNI was similar between the former and latter halves of the study period. Third, vaginal
sample was not tested in all women before delivery; those least likely to be associated with
clinical chorioamnionitis were not tested. Our findings thereby inferred reasonable validity.
The detailed species of Lactobacillus could not be identified in this study [29,30]. Despite
these limitations, our results are consistent with the hypothesis that antepartum antibiotics
have an association with EoNI. The overall management policy, except for antepartum
antibiotic use, was consistent throughout the study period. In addition, the perinatal
mortality in the Miyazaki Prefecture throughout the study period was unchanged at <3.0
per 1000 births [31].

5. Conclusions

Antepartum antibiotic use is the most strongly associated factor for EoNI among
pregnant women delivering under 34 weeks of gestation. No significant differences were
observed in prolongation of gestation or neonatal morbidity between women who re-
ceived and those who did not receive antibiotics. Among women receiving antepartum
antibiotics, 21 delivered infants with early-onset infection. Of these women, 62% had
reduced lactobacilli and 43% had resistant strains of common bacteria in their vaginal
microbiota. These results highlight the potential adverse effect of antibiotic usage during
the antepartum period.
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