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ABSTRACT
Purpose: Antibiotic exposure during pregnancy may affect the fetus and newborn in many 
ways. This study investigated the impact of prenatal antibiotic exposure duration on neonatal 
outcomes in very preterm (VP) or very low birth weight (VLBW) infants.
Methods: From September 2015 to December 2020, preterm infants with gestational age less 
than 32 weeks or with a BW less than 1,500 g who were admitted to the neonatal intensive care 
unit, and their mothers were enrolled. Prenatal antibiotic exposure was defined as antibiotics 
received by mothers before delivery, and the patients were categorized into the non-antibiotic 
group, short-duration (SD; ≤7 days) group, or long-duration (LD; >7 days) groups.
Results: A total of 93 of 145 infants were exposed to prenatal antibiotics, among which 
35 (37.6%) were in the SD group and 58 (62.4%) were in the LD group. Infants in the LD 
group had a significantly higher birth weight-for-gestational-age (BW/GA) Z-score than 
those in the non-antibiotic group, even after the adjustment for confounding factors (beta, 
0.258; standard error, 0.149; P<0.001). Multivariate logistic regression analysis showed that 
prolonged prenatal antibiotic exposure was independently associated with death (adjusted 
odds ratio [aOR], 8.926; 95% confidence interval [CI], 1.482–53.775) and composite 
outcomes of death, necrotizing enterocolitis (NEC), and late-onset sepsis (LOS) (aOR, 2.375; 
95% CI, 1.027–5.492).
Conclusions: Prolonged prenatal antibiotic exposure could increase the BW/GA Z-score and 
the risk of death and composite outcomes of death, NEC, and LOS in VP or VLBW infants.
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INTRODUCTION

Antibiotics are widely prescribed to women during pregnancy, most commonly during 
the perinatal period. Some reports noted that antibiotics account for nearly 80% of all 
prescription medications during pregnancy and that approximately 25–40% of women will 
receive at least one antibiotic during pregnancy.1,2) Although antibiotics are necessary for 
treating infections during pregnancy, such as bacterial vaginosis, urinary tract infections, 
and upper respiratory tract infections, they are often prescribed to prevent infections.1,3) In 
particular, maternal group B streptococcus (GBS) colonization and preterm prelabor rupture 
of the membranes (PPROM) are absolute indications for prophylactic intrapartum antibiotic 
administration.4,5)
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Several studies have reported a correlation between prenatal antibiotic exposure and neonatal 
outcomes. Bizzarro et al.6) reported that the increasing use of intrapartum antibiotics was 
associated with increased ampicillin-resistant Escherichia coli early-onset sepsis and E. coli late-
onset sepsis (LOS) in preterm and full-term infants. Likewise, Didier et al.7) demonstrated 
that maternal antibiotic exposure was associated with the risk of amoxicillin-resistant E. coli 
infections. Weintraub et al.8) reported that prenatal exposure to ampicillin was associated 
with an increased risk of necrotizing enterocolitis (NEC). However, some studies focused on 
the protective effect of prenatal antibiotics. Mercer et al.9) also found that prenatal antibiotic 
exposure in mothers with PPROM could reduce the incidence of combined neonatal 
outcomes, respiratory distress, and NEC. Reed et al.10) also suggested that prenatal antibiotic 
exposure was associated with lower rates of NEC and mortality among very preterm (VP) 
infants. As such, neonatal outcomes associated with prenatal antibiotic exposure have been 
reported inconsistently among studies. Moreover, few studies have examined neonatal 
outcomes of preterm infants according to prenatal antibiotic exposure duration.

This study aimed to investigate the effects of maternal antibiotic exposure duration on 
neonatal outcomes of VP or very low birth weight (VLBW) infants.

MATERIALS AND METHODS

1. Study design and population
We conducted a retrospective cohort study of infants who were admitted to the neonatal 
intensive care unit of a South Korean tertiary hospital between September 2015 and 
December 2020 with a gestational age (GA) of <32 weeks or birth weight (BW) <1,500 g.

Maternal antibiotic exposure was defined as antibiotic treatment prior to delivery. 
Indications for maternal antibiotic exposure included: 1) PPROM; 2) clinical 
chorioamnionitis; 3) GBS prophylaxis; 4) C-reactive protein elevation; 5) other infections 
such as urinary tract infections; bacterial vaginitis, and respiratory infections; and 6) 
prophylaxis after procedures such as amnioinfusion, amnioreduction, or the McDonald 
operation. We excluded cases of antibiotics administered for delivery. PPROM is among 
the most common indications for maternal antibiotic exposure, and the administration 
of broad-spectrum antibiotics reduces infection and neonatal morbidity. The American 
College of Obstetricians and Gynecologists (ACOG) recommended 7-day therapy of latency 
antibiotics during the management of mothers with PPROM.5) Therefore, we divided the 
patients according to prenatal antibiotic exposure duration into the non-antibiotic, short-
duration (SD; ≤7 days), or long-duration (LD; >7 days) groups.

2. Ethics statement
The study protocol was approved by the Institutional Review Board of Korea University Anam 
Hospital (No. 2020AN0540), which waived the need for informed consent. Patient records 
and information were anonymized and identified prior to the data analysis.

3. Clinical data collection
Data were collected from the maternal and neonatal hospital records. Clinical characteristics 
including maternal age, delivery type, GA at birth, single vs. multiple birth status, in vitro 
fertilization, PPROM, histological chorioamnionitis, gestational diabetes mellitus (GDM), 
and pregnancy-induced hypertension (PIH) were documented. GDM was defined as a variable 
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degree of glucose intolerance with onset or first recognition during pregnancy. PIH referred 
to hypertension with onset in the latter part of pregnancy (>20 weeks’ gestation), followed 
by normalization of the blood pressure postpartum. The infants’ weights, lengths, and 
head circumferences at birth and discharge were collected. The Z-scores of weight, length, 
and head circumference-for-GA were calculated using the Fenton growth chart.11) Small 
for GA and large for GA were defined as a BW below the 10th percentile and above the 90th 
percentile according to this growth chart, respectively. Postnatal mortality and morbidities 
including NEC, LOS, moderate-to-severe bronchopulmonary dysplasia (msBPD), and 
severe neurologic injury such as intraventricular hemorrhage ≥ grade III or periventricular 
leukomalacia or retinopathy of prematurity (ROP) were also reviewed. NEC was staged using 
modified Bell’s staging criteria,12) while msBPD was defined as the need for supplemental 
oxygen or positive pressure at 36 weeks postmenstrual age according to the National Institute 
of Child Health and Human Development definition.13) LOS was defined as blood culture–
positive sepsis accompanied by systemic antibiotic treatment for more than 5 days occurring 
after 72 hours of age.14) ROP was staged according to the International Classification of 
Retinopathy of Prematurity, Third Edition.15)

4. Statistical analysis
The statistical analysis was performed using SPSS (version 23.0; IBM Co., Armonk, NY, 
USA). The patients’ baseline characteristics are displayed as frequencies and percentages 
or summarized as the median and interquartile range. Differences between continuous 
variables were assessed using the Kruskal-Wallis or Mann-Whitney U test. Differences 
between categorical variables were analyzed using the χ2 or Fisher’s exact test. A multiple 
linear regression analysis was conducted to adjust for confounders in the BW-for-gestational-
age (BW/GA) Z-score. Multivariate logistic regression analysis was used to estimate the 
risk of neonatal morbidities and mortality based on prenatal antibiotic exposure duration. 
Statistical significance was defined as P<0.05.

RESULTS

During the study period, 145 infants were enrolled in the study. Of them, a total of 93 (64%) 
were exposed to prenatal antibiotics: 35 (37.6%) in the SD group and 58 (62.4%) in the LD 
group (Fig. 1).
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Gestational age <32 weeks or birth weight <1,500 g
between September 2015 and December 2020

n=145

Antibiotic exposure
n=93 (64%)

No antibiotic exposure
n=52 (36%)

Long duration (>7 days)
n=58 (62.4%)

Short duration (≤7 days)
n=35 (37.6%)

Fig. 1. Flow diagram of the study population.
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1. Characteristics of prenatal antibiotic exposure
Fig. 2 shows the distribution of infants according to prenatal antibiotic exposure duration. The 
median durations were 4 days and 17 days in the SD and LD groups, respectively (Table 1). Seven 
(11.6%) infants in the LD group were exposed to prenatal antibiotics for more than 1 month. 
PPROM was the most common indication for prenatal antibiotic exposure (54.3% in the SD 
group, 58.6% in the LD group). Most infants were exposed to 3 or more prenatal antibiotics, but 
there were no significant differences in the number of exposed antibiotics between the SD and 
LD groups. The most common combination of antibiotics was cephalosporins, metronidazole, 
and clarithromycin. Cephalosporins was the most commonly prescribed antibiotic in both 
groups (91.4% in the SD group, 93.1% in the LD group). Clarithromycin and ampicillin/
sulbactam were prescribed more frequently in the LD group than in the SD group.
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Fig. 2. Distribution of infants according to prenatal antibiotic exposure duration.

Table 1. Characteristics of prenatal antibiotic exposure
Characteristics of prenatal antibiotic exposure Antibiotic exposure P

SD (n=35) LD (n=58)
Duration of maternal antibiotic exposure (days) 4 (2–5) 17 (13–24) <0.001
Indications of maternal antibiotic exposure

PPROM 19 (54.3) 34 (58.6) 0.682
CRP elevation 1 (2.9) 3 (5.2) >0.990
Pneumonia 1 (2.9) 0 (0) 0.376
Preterm labor 6 (17.1) 2 (3.4) 0.049
Post-amnioinfusion or amnioreduction 3 (8.6) 6 (10.3) >0.990
Post-McDonald operation 0 (0) 10 (17.2) 0.012
Other 5 (14.3) 3 (5.2) 0.148

No. of exposed antibiotics 0.129
0 0 (0) 0 (0)
1 4 (11.4) 1 (1.7)
2 2 (5.7) 3 (5.2)
≥3 29 (82.9) 54 (93.1)

Type of antibiotics
Cephalosporins 32 (91.4) 54 (93.1) 1.000
Metronidazole 28 (80.0) 53 (91.4) 0.113
Clarithromycin 24 (68.6) 52 (89.7) 0.011
Ampicillin/Sulbactam 7 (20.0) 52 (89.7) <0.001
Others 6 (17.1) 7 (12.1) 0.494

Values are presented as median (interquartile range) or number (%).
Abbreviations: CRP, C-reactive protein; LD, long-duration (>7 days); PPROM, preterm prelabor rupture of the 
membranes; SD, short-duration (≤7 days).
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2.  Maternal and infant characteristics according to prenatal antibiotic 
exposure duration

Maternal age, PPROM duration, frequency of cesarean delivery, multiple pregnancies, 
histologic chorioamnionitis, GDM, and PIH were statistically different among the 3 groups 
(Table 2). PPROM duration was longest in the LD group (median: 0, 7, and 24 hours in the non-
antibiotic, SD, and LD groups, respectively; P<0.001). Histologic chorioamnionitis and GDM 
were significantly more frequent in the LD group, whereas PIH was most frequent in the non-
antibiotic group. There were no significant differences in maternal characteristics other than 
frequency of cesarean delivery, PPROM duration, and GDM between the SD and LD groups. 
There was no significant difference in antenatal corticosteroid use among the 3 groups.

The GA differed significantly among the 3 groups (mean: 30+5, 30+1, and 28+0 weeks in the non-
antibiotic, SD, and LD groups, respectively; P<0.001) (Table 2). The LD group had the highest 
rate of extremely preterm infants (13.5%, 17.1%, and 48.3% in the non-antibiotic, SD, and LD 
groups, respectively; P<0.001). The LD group had a significantly higher mean BW/GA Z-score 
than the non-antibiotic group, which persisted even after the adjustment for a GA less than 
28 weeks, cesarean delivery, maternal age, multiple pregnancy, histologic chorioamnionitis, 
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Table 2. Baseline characteristics of study population by prenatal antibiotic exposure duration
Baseline characteristics Antibiotic exposure P* P†

None (n=52) SD (n=35) LD (n=58)
Mothers

Maternal age (yr) 35 (31, 38) 32 (30, 35) 32 (30, 35) 0.045 0.930
Cesarean delivery 44 (84.6) 21 (60.0) 47 (81.0) 0.018 0.027
Multiple pregnancy 5 (9.6) 10 (28.6) 17 (29.3) 0.026 0.939
IVF 6 (11.5) 4 (11.4) 13 (22.4) 0.211 0.184
Histological chorioamnionitis 6 (11.5) 13 (37.1) 29 (50.0) <0.001 0.227
PPROM (hr) 0 (0) 7 (0, 72) 24 (0, 345) <0.001 0.041
GDM 6 (11.5) 1 (2.9) 13 (22.4) 0.025 0.014
PIH 25 (48.1) 4 (11.4) 4 (6.9) <0.001 0.469
Antenatal corticosteroids 47 (90.4) 34 (97.1) 54 (93.1) 0.475 0.647

Infants
GA (wk) 30+5 (29+0, 31+5) 30+1 (28+6, 31+2) 28+0 (25+3, 30+3) <0.001 0.004
GA <28 wk 7 (13.5) 6 (17.1) 28 (48.3) <0.001 0.003
Male sex 23 (44.2) 12 (34.3) 30 (51.7) 0.260 0.102
Small for GA 11 (21.2) 6 (17.1) 3 (5.2) 0.042 0.059
Large for GA 1 (1.9) 1 (2.9) 2 (3.6) 0.874 0.853
Birth weight (g) 1,310 (957, 1,475) 1,320 (1,020, 1,440) 1,025 (780, 1,483) 0.227 0.169
Birth weight Z-score −0.64 (−1.25, 0.22) −0.04 (−0.62, 0.47) 0.12 (−0.19, 0.62) <0.001 0.057
Length Z-score −0.46 (−1.51, 0.31) −0.14 (−0.87, 0.53) −0.08 (−0.63, 0.45) 0.040 0.824
Head circumference Z-score −0.43 (−1.16, 0.07) −0.18 (−1.08, 0.34) −0.17 (−0.74, 0.33) 0.273 0.503
Infants’ antibiotic use 49 (94.2) 31 (88.6) 56 (96.6) 0.299 0.193
Apgar score <7 at 5 min 17 (32.7) 14 (40.0) 36 (62.1) 0.006 0.039
Feeding type 0.151 0.159

Exclusive breast milk 4/51 (7.8) 4 (11.4) 12/50 (24.0)
Exclusive formula milk 1/51 (2.0) 1 (2.9) 0/50 (0.0)
Mixed feeding 46/51 (90.2) 30 (85.7) 38/50 (76.0)

Duration of respiratory support (days) 10 (5, 45) 15 (5, 55) 27 (6, 77) 0.163 0.130
TPN duration (days) 11 (2, 19) 9 (0, 29) 13 (5, 37) 0.287 0.192
Δ Weight Z-score from admission to discharge −0.42 (−0.70, −0.02) −0.63 (−0.88, −0.35) −0.41 (−0.86, −0.01) 0.108 0.142
Δ Length Z-score from admission to discharge −0.75 (−1.10, −0.34) −0.77 (−1.32, −0.29) −0.89 (−1.59, −0.10) 0.842 0.997
Δ Head circumference Z-score from admission to discharge −0.48 (−0.90, 0.19) −0.72 (−1.34, −0.21) −0.51 (−1.27, −0.02) 0.262 0.325
Length of hospital stay (days) 50 (38, 77) 56 (42, 76) 55 (37, 100) 0.865 0.953

Values are presented as median (interquartile range) or number (%).
Abbreviations: GA, gestational age; GDM, gestational diabetes mellitus; IVF, in vitro fertilization; LD, long-duration (>7 days); PIH, pregnancy-induced 
hypertension; PPROM, preterm prelabor rupture of the membranes; SD, short-duration (≤7 days); TPN, total parenteral nutrition
*Comparisons of the 3 groups (none vs. SD and LD); †Comparisons of the 2 groups (SD and LD).
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PPROM duration, GDM, and PIH (beta: 0.258; standard error: 0.149; P<0.001) (Table 3), 
but the SD group did not. The length-for-GA and head circumference-for-GA Z-scores did 
not differ significantly among the 3 groups after the adjustment for confounders. There 
were no significant differences in sex, postnatal antibiotic administration rate, feeding type, 
duration of respiratory support and parenteral nutrition, change in Z-score of anthropometric 
measurements from birth to discharge, or length of hospital stay among the 3 groups.

3. Neonatal outcomes according to prenatal antibiotic exposure duration
After the adjustment for confounding variables with a value of P<0.1 for the baseline 
characteristics, the LD group was associated with higher adjusted odds ratio (aOR) of death 
(aOR, 8.926; 95% confidence interval [CI], 1.482–53.775) and composite outcome of death, NEC 
≥ stage 2, and LOS (aOR, 2.375; 95% CI, 1.027–5.492) than the non-antibiotic group (Table 4). 
There were no significant differences in any neonatal outcomes between the non-antibiotic and 
SD groups or between the SD and LD groups. In the subgroup analysis of infants with PPROM, 
neonatal outcomes did not differ significantly between the SD and LD groups.

DISCUSSION

This study found that LD prenatal antibiotic exposure was positively correlated with BW/GA 
Z-score. VP and VLBW infants in the LD group were associated with an increased risk of death 
and composite outcome of death, NEC, and LOS compared to the non-antibiotic group. 
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Table 3. Multiple linear regression analysis to evaluate the associated factors with birth weight-for-gestational age Z-score
Factors B Standard error β P-value
Pregnancy-induced hypertension* −0.553 0.181 −0.244 0.003
Cesarean delivery† −0.652 0.173 −0.287 <0.001
Long-duration of prenatal antibiotic exposure‡ 0.501 0.149 0.258 0.001

*Adjusted for cesarean delivery, duration of prenatal antibiotic exposure, chorioamnionitis, preterm prelabor rupture of the membranes, maternal age, multiple 
pregnancy and gestational diabetes.
†Adjusted for duration of prenatal antibiotic exposure, pregnancy-induced hypertension, chorioamnionitis, preterm prelabor rupture of the membranes, 
maternal age, multiple pregnancy and gestational diabetes.
‡Adjusted for pregnancy-induced hypertension, cesarean delivery, chorioamnionitis, preterm prelabor rupture of the membranes, maternal age, multiple 
pregnancy and gestational diabetes.

Table 4. Neonatal outcomes according to prenatal antibiotic exposure duration
Outcome Antibiotic exposure SD vs. none* LD vs. none* LD vs. SD†

None (n=52) SD (n=35) LD (n=58) aOR‡ (95% CI) aOR‡ (95% CI) aOR§ (95% CI)
Death/NEC/LOS 7 (13.5) 10 (28.6) 23 (39.7) 4.229 (0.701–25.505) 2.375 (1.027–5.492) 0.563 (0.079–4.034)
Death/NEC/LOS/BPD/SNI/ROP 18 (34.6) 14 (40.0) 36 (60.3) 1.273 (0.282–5.754) 1.043 (0.523–2.082) 0.834 (0.112–6.206)
Death 1 (1.9) 2 (5.7) 13 (22.4) - 8.926 (1.482–53.775) 1.762 (0.106–29.170)
NEC ≥ stage 2 0 (0.0) 3 (8.6) 5 (8.6) - - -
LOS 7 (13.5) 8 (22.9) 13 (22.4) 2.391 (0.507–11.273) 1.213 (0.571–2.575) 0.373 (0.052–2.656)
msBPD 12/52 (23.1) 9/34 (26.5) 18/56 (32.1) 4.343 (0.485–38.872) 0.685 (0.330–1.421) 0.582 (0.101–3.371)
SNI 1 (1.9) 2 (5.7) 6 (10.3) - 1.989 (0.541–7.303) 0.116 (0.001–10.465)
ROP ≥ stage 3 6/44 (13.6) 2/24 (8.3) 9/32 (28.1) 0.162 (0.000–84.065) 0.357 (0.063–2.028) -

Values are presented as number (%).
Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; BPD, bronchopulmonary dysplasia; msBPD, moderate-to-severe bronchopulmonary dysplasia; 
LD, long-duration (>7 days); LOS, late-onset sepsis; NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity; SD, short-duration (≤7 days); SNI, severe 
neurologic injury (intraventricular hemorrhage [≥ grade III] or periventricular leukomalacia).
*Reference to the non-antibiotic group; †Reference to the SD group.
‡Adjusted for gestational age <28 weeks, maternal age, multiple pregnancy, cesarean delivery, gestational diabetes mellitus, histologic chorioamnionitis, 
duration of premature rupture of membrane, pregnancy-induced hypertension, small for gestational age, and Apgar score <7 at 5 minutes.
§Adjusted for gestational age <28 weeks, cesarean delivery, gestational diabetes mellitus, duration of premature rupture of membrane, maternal clarithromycin 
or ampicillin/sulbactam exposure, small for gestational age, and Apgar score <7 at 5 minutes.
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There were no significant differences in neonatal outcomes between the non-antibiotic and 
SD groups or between the SD and LD groups.

Antibiotic use in pregnancy is increasing.2) In this study, the prescribed rate of prenatal 
antibiotics was 64%, higher than that in European countries or the US, which are reportedly 
20–40%.16) These differences are most likely due to differences in the study populations. Our 
study population was limited to VP or VLBW infants only, who would have many risk factors 
such as maternal PPROM, preterm labor, or chorioamnionitis. Therefore, the rate of prenatal 
antibiotic exposure of this population may be higher than that of all infants.

In our study, the most common indication for prenatal antibiotics was PPROM, which 
occurs in approximately 40% of all preterm deliveries.17) Since the ORACLE study, antibiotics 
have been prescribed for mothers with PPROM to prolong pregnancy, reduce intrauterine 
infection, and prevent early-onset neonatal infection.18) The ACOG guideline recommends 
a 7-day course of latency antibiotic therapy with a combination of intravenous ampicillin 
and erythromycin followed by oral amoxicillin and erythromycin.5) Amoxicillin–clavulanic 
acid is not recommended due to increased rates of NEC. In our unit, the antibiotic regimen 
for PPROM was a combination of cephalosporins, clarithromycin, and metronidazole. 
The currently recommended antibiotics regimen varies in each country according to their 
randomized clinical trials.19) There are several organisms in amniotic cavity and genital 
Mycoplasmas are the most frequent organisms invading the amniotic cavity in PPROM.20) 
Genital Mycoplasmas display inherent resistance to beta-lactams and glycopeptides (e.g. 
vancomycin) because of the absence of a cell wall.21) So previous Korean study designed 
a combination of antibiotic therapies for patients with PPROM, which was implemented 
in clinical practice in 2003 with the goal of providing antimicrobial activities to most 
organisms found in the amniotic cavity in PPROM.19) They found out the administration 
of ceftriaxone, clarithromycin, and metronidazole was associated with a more successful 
eradication of intra-amniotic inflammation/infection and prevented secondary intra-
amniotic inflammation/infection more frequently than an antibiotic regimen which included 
ampicillin and/or cephalosporins in patients with PPROM. Although clarithromycin is 
classified as pregnancy category C drug, it may be an appropriate candidate in treatment 
trials of genital Mycoplasma and Ureaplasma infections during pregnancy because of its 
enhanced placental passage compared with other macrolide antibiotics.22) We adopted the 
regimen based on these previous studies.

While there is well-established evidence of an association between antibiotic exposure 
in early life and childhood overweight or obesity,23) studies on the association of prenatal 
antibiotics with fetal growth have reported inconsistent results. Some studies reported an 
association with a lower BW,24) while others reported an association with a higher BW.25) In 
our study, LD prenatal antibiotic exposure was associated with a higher BW/GA Z-score. 
There are 2 possible explanations for this association. First, the intrauterine environment has 
been considered sterile, but recent studies indicated the presence of intrauterine microbes 
for infant gut colonization.26,27) Antibiotics administered to pregnant women may impact 
the microbial gut colonization of offspring by disrupting the vertical bacterial transfer or 
via direct placental transfer of the antibiotics to the fetal circulation.27,28) Changes in the 
fetal microbiota could alter the fetal metabolic systems, body composition, and growth,29) 
similar to the mechanism by which antibiotics taken during infancy or childhood influence 
obesity.30) Second, leptin and adiponectin have important roles ranging from endo/para/
autocrine effects at the fetal–maternal interface to the regulation of conceptus development 
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and fetal growth.31) Mueller et al.24) demonstrated that prenatal, especially third-trimester, 
antibiotic prescriptions were associated with cord blood levels of leptin and adiponectin in 
a dose-response fashion that have been positively correlated with fetal fat stores.32) By this 
mechanism, prenatal antibiotics could only affect the fetus’s weight, not its height and head 
circumference, as in our study. The effect of only LD, not SD, on BW in our study could be 
explained by the dose effect. Further studies are needed to evaluate the long-term metabolic 
effects of prenatal antibiotics on infants, children, and adults.

In our study, LD prenatal antibiotic exposure was associated with an increased risk of death 
and the composite outcome of death, NEC, and LOS compared to no antibiotic exposure 
despite the adjustment for many confounding factors, including GA, PPROM, histologic 
chorioamnionitis, PIH, and GDM. This result is inconsistent with that of Reed et al.,10) who 
reported that prenatal antibiotic exposure had a protective effect on the combined outcome 
of NEC, sepsis, or death. The subjects of the previous study were mothers who had received 
antibiotics for a short period of time within 72 hours before delivery, but the LD group in 
our study received antibiotics for 8–47 days. These different durations of prenatal antibiotic 
exposure may have resulted in the different outcomes.

As mentioned above, prenatal antibiotic exposure may disturb the natural colonization and 
maturation of the infant microbiome via disrupted vertical bacterial transfer or via direct 
placental transfer of the antibiotics to the fetal circulation.27,28) Studies in animal models 
have shown that prenatal antibiotic exposure results in reduced microbial diversity and/
or population structure changes in the gut microbiota of the offspring.33) Considering 
that important pathogenic factors for NEC are a premature gut and dysregulation of the 
microbiome/dysbiosis,34) long-term exposure to prenatal antibiotics could increase the 
risk of NEC. Regarding the increased risk of sepsis due to prenatal antibiotic exposure, 2 
mechanisms for this could be considered. First, early microbial gut colonization strongly 
influences immune system maturation.35) Antibiotics may affect those processes, leading 
to persistent alterations in host immunity and increased immune-mediated diseases.35) The 
animal study from Deshmukh et al.36) showed that neonatal mice from dams exposed to 
prenatal antibiotics were associated with reduced circulating and bone marrow neutrophils, 
granulocyte/macrophage progenitor cells, and interleukin-17–producing cells in the intestine, 
which resulted in increased susceptibility to E. coli K1 and Klebsiella pneumoniae sepsis. Second, 
prenatal antibiotic exposure could increase the risk of antibiotic-resistant bacteria,37) which 
could colonize in the neonates by vertical transmission.38) Although early-onset sepsis caused 
by GBS has been reduced by intrapartum antibiotic prophylaxis, there has been an increasing 
trend of antibiotic-resistant GBS.39) Conversely, there is also evidence that a reduction of 
prenatal antibiotic exposure reduces the rate of neonatal sepsis caused by antibiotic-resistant 
E. coli.40) This evidence may support our results of poor outcomes in the LD group.

This study had several limitations. First, the small sample size limited our statistical analyses, 
which were unable to confirm the effects of prenatal antibiotics on NEC in the multivariate 
logistic regression analysis. Despite this limitation, prolonged prenatal antibiotic exposure 
has been identified as a risk factor for death or combined outcomes. Second, we did not 
analyze the effects of prenatal antibiotics based on antibiotic types or indications. However, 
the effects of these factors on outcomes could be excluded by adjusting these confounders.

In conclusion, prolonged prenatal antibiotic exposure could increase the BW/GA Z-score, 
risk of death, and composite outcome of death, NEC, and LOS in VP or VLBW infants. It is 

https://doi.org/10.14776/piv.2021.28.e21

Prenatal Antibiotic and Neonatal Outcome



157https://piv.or.kr

recommended that physicians prescribe prenatal antibiotics for an accurate duration with 
appropriate indications. Close monitoring of neonatal mortality and morbidities is necessary 
in cases of LD prenatal antibiotic exposure.
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요약
목적: 산모의 산전 항생제 사용은 여러가지 면에서 태아 및 신생아에 영향을 미칠 수 있다. 본 연구에서는 극소 미숙아 또
는 극소 저체중출생아에서 산모의 산전 항생제 투여 기간이 신생아 예후에 미치는 영향에 대해 조사하였다.
방법: 2015년 9월부터 2020년 12월까지 고려대학교 안암병원에서 출생한 재태주수 32주 미만 또는 출생 체중 1,500 
gram 미만인 신생아 및 산모를 대상으로 의무기록을 후향적으로 분석하였다. 산모의 산전 항생제 투여 기간에 따라 
미투여 군, 7일 이하 군, 7일 초과 군의 세 군으로 나누어 산모의 특성, 환아의 특성 및 합병증 등을 비교 분석하였다.
결과: 총 145명 중 93명의 환아가 산전 항생제에 노출되었으며, 그 중 35명(37.6%)는 7일 이하 군, 58명(62.4%)는 7
일 초과 군이었다. 7일 초과 군은 미투여 군에 비해 재태 연령에 따른 출생체중의 Z-score가 교란변수 보정 후에도 유
의미하게 높았다(beta, 0.258; standard error, 0.149; P<0.001). 다변량 로지스틱 회귀 분석에서 7일 초과 군은 사망 
(adjusted odds ratio [aOR], 8.926; 95% confidence interval [CI], 1.482–53.775), 그리고 사망, 괴사성 장염, 후기 
패혈증의 복합 평가 결과와 연관이 있었다(aOR, 2.375; 95% CI, 1.027–5.492).
결론: 산모의 장기간 산전 항생제 투여는, 극소 미숙아 또는 극소 저체중출생아에서 재태 연령에 따른 출생체중의 Z 
score을 증가시키며, 사망 뿐 아니라 사망, 괴사성 장염, 후기 패혈증의 복합 평가 결과의 위험도를 증가시킬 수 있다.
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