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Abstract
Objective: To compare different antibiotic prophylaxis administered after preterm 
premature rupture of membranes to determine whether any were associated with 
differences in obstetric and/or neonatal outcomes and/or neurodevelopmental out-
comes at 2 years of corrected age.
Design: Prospective, nationwide, population- based EPIPAGE- 2 cohort study of pre-
term infants.
Setting: France, 2011.
Sample: We included 492 women with a singleton pregnancy and a diagnosis of 
preterm premature rupture of membranes at 24– 31 weeks. Exclusion criteria were 
contraindication to expectant management or indication for antibiotic therapy 
other than preterm premature rupture of membranes. Antibiotic prophylaxis was 
categorised as amoxicillin (n = 345), macrolide (n = 30), third- generation cephalo-
sporin (n = 45) or any combinations covering Streptococcus agalactiae and >90% of 
Escherichia coli (n = 72), initiated within 24 hours after preterm premature rupture 
of membranes.
Methods: Population- averaged robust Poisson models.
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1 |  I N TRODUC TION

Preterm premature rupture of membranes (PPROM), defined 
as spontaneous rupture of fetal membranes before 37 weeks’ 
gestation and before labour, occurs in 3% of pregnancies and 
is one of the leading causes of preterm birth.1– 3 Intrauterine 
infection can be both a cause and a consequence of PPROM, 
exposing the mother, the fetus and subsequently the neonate 
to increased perinatal morbidity.1,4,5 Antenatal management 
of women with PPROM thus aims to reduce the adverse con-
sequences of intrauterine infection and prematurity.

The positive impact of antibiotic prophylaxis is now well ev-
idenced, with significant reduction of neonatal and maternal 
morbidity (including neonatal infection, use of surfactant, ox-
ygen therapy, abnormal cerebral ultrasound scan and clinically 
defined intrauterine infection) compared with placebo in large 
randomised controlled trials and meta- analyses,4,6 leading to 
strong recommendations and wide use in clinical practice.3,7– 11

However, treatment modalities (agent, route of administra-
tion and duration) are still being debated. As stated by Mercer 
et al.,12 a number of antibiotics and antimicrobial regimens 
have been studied to cover ‘the broad spectrum of aerobic and 
anaerobic bacteria and mycoplasmas that have been implicated 
as causative agents for intrauterine infection at the time of 
preterm delivery and PPROM’”. Indeed, a large meta- analysis 
that compiled 22 randomised trials evaluating the benefits of 
antibiotics in PPROM (n = 6872), recorded 11 different anti-
biotic agents (mostly ampicillin/amoxicillin, broad spectrum 

penicillins, amoxicillin/clavulanate and macrolides), used as a 
single agent or in combination, intravenously, orally or both, 
for a duration ranging from 1 to 10 days, or until delivery.4 
Of them, amoxicillin/clavulanate has now been discarded as it 
was shown to be associated with an increased risk of necrotis-
ing enterocolitis (NEC) in preterm neonates.13

The controversial role of mycoplasmas as ‘innocent by-
standers’ or pathogens in intrauterine infections,14,15 the 
evolution of bacterial ecology since the 1990s, the current 
questioning regarding the impact of antibiotic prescriptions 
on microbiota16 and the scarce evaluation of antibiotics such 
as third- generation cephalosporins (3GC) point out the ur-
gent need for a re- appreciation of available antibiotics. We 
aimed to compare different antibiotic prophylaxis adminis-
tered after PPROM to determine whether any were associ-
ated with differences in obstetric and/or neonatal outcomes 
and/or neurodevelopmental outcomes at 2 years of age.

2 |  M ATER I A L S A N D M ETHODS

2.1 | Study design and participants

This is a secondary analysis of the EPIPAGE- 2 cohort, a prospec-
tive national population- based cohort of preterm infants that 
included all live born or stillborn infants and all terminations of 
pregnancy at 22– 34 completed weeks’ gestation in all maternity 
units from 25 regions in France in 2011.17 Recruitment took place 

Main Outcome Measures: Survival at discharge without severe neonatal morbidity, 
2- year neurodevelopment.
Results: With amoxicillin, macrolide, third- generation cephalosporin and com-
binations, 78.5%, 83.9%, 93.6% and 86.0% of neonates were discharged alive with-
out severe morbidity. The administration of third- generation cephalosporin or any 
E.  coli- targeting combinations was associated with improved survival without se-
vere morbidity (adjusted risk ratio 1.25 [95% confidence interval 1.08– 1.45] and 1.10 
[95 % confidence interval 1.01– 1.20], respectively) compared with amoxicillin. We 
evidenced no increase in neonatal sepsis related to third- generation cephalosporin- 
resistant pathogen.
Conclusion: In preterm premature rupture of membranes at 24– 31 weeks, antibi-
otic prophylaxis based on third- generation cephalosporin may be associated with 
improved survival without severe neonatal morbidity when compared with amox-
icillin, with no evidence of increase in neonatal sepsis related to third- generation 
cephalosporin- resistant pathogen.

K E Y W O R D S
amoxicillin, antenatal management, cephalosporins, latency, macrolides, neurodevelopment, obstetric 
intervention, perinatal outcome, prematurity, prophylactic antibiotics

Tweetable Abstract: Antibiotic prophylaxis after PPROM at 24– 31  weeks: 3rd- 
generation cephalosporins associated with improved neonatal outcomes.
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at birth, after families had received information and agreed to 
participate. Infants were included at three different periods by 
gestational age at birth: 8- month recruitment for births at 22– 
26 weeks, 6- month recruitment for 27– 31 weeks, and 5- week re-
cruitment for 32– 34 weeks. This recruitment strategy aimed to 
over- represent extremely preterm births (22– 26 weeks) because 
of their low incidence and to include only a sample of moderate 
preterm births (32– 34 weeks). Maternal, obstetric and neonatal 
data were collected from medical records following a standard-
ised protocol as previously reported.17 At 2 years of corrected age, 
children participating in the follow- up were assessed with a de-
tailed neurological and sensory examination performed by their 
referring physician, and a standardised questionnaire about de-
velopment was completed by the parents.18 The cohort relies on 
several sources of funding through grants awarded after exter-
nal peer review for scientific quality. Recruitment and follow- ups 
were approved by the appropriate ethics committees, i.e. the ad-
visory committee on the treatment of personal health data for re-
search purposes (references 10- 626, 12- 109 and 16- 263) and the 
committee for the protection of people participating in biomedi-
cal research (reference n° 2011- A00159- 32 and 2016- A0033- 48). 
All the procedures were in accordance with the Declaration of 
Helsinki of the World Medical Association.

Patients were not involved in setting the research ques-
tion or the outcome measures, nor were they involved in 
developing plans for design of the study. Parents showed 
overwhelming support for the study through high follow- up 
rates. EPIPAGE- 2 maintains contact with parents in the co-
hort through letters, newsletters and its website. National 
parents’ associations assisted with results dissemination.

Our study population included all women with a singleton 
pregnancy, PPROM at 24– 31  weeks and a non- malformed 
fetus who was alive at PPROM diagnosis and born at 24– 
34  weeks (Figure 1). As recommended, the diagnosis of 
PPROM was based on maternal history and sterile speculum 
examination with a diagnostic test if necessary. We excluded 
women with contraindication to expectant management 
and/or indication for antibiotic therapy (such as overt intra-
uterine infection or fever) at diagnosis.

2.2 | Antibiotic prophylaxis

We excluded women who initiated antibiotics either before 
PPROM or >24 hours after PPROM and those who received 
amoxicillin/clavulanate because of the increased risk of 
NEC (Figure 1). Women who did not receive antibiotics at all 
received tocolysis and antenatal steroids less often and deliv-
ered more quickly, whereas women with an alternative anti-
biotic regimen overall displayed similar characteristics and 
outcomes to those analysed (Table S1). For analysis purposes, 
among the 30 different antibiotic prophylaxis regimens 
identified, we considered the main families of antibiotic 
prescribed with sufficient sample size, namely, amoxicillin 
(n  =  345), macrolides/clindamycin (n  =  30: erythromycin 
n = 16, spiramycin n = 1, and clindamycin n = 13), parenteral 
3GC (n = 45: ceftriaxone, n = 32, cefotaxime, n = 13) and 

any combinations of antibiotics (n = 72) covering >90% of 
Escherichia coli (i.e. 3GC and/or an aminoglycoside) in ad-
dition to Streptococcus agalactiae (i.e. clindamycin, amoxi-
cillin, 3GC or any other β- lactam) (Table S2). The other 
antibiotic combinations (n = 27) were not investigated.

2.3 | Outcomes

Perinatal outcomes included survival, i.e. the number of ba-
bies discharged alive relative to the number of fetuses alive 
at PPROM diagnosis, and survival without severe neonatal 
morbidity.19 Severe neonatal morbidity was defined as any of 
the following: grades III– IV intraventricular haemorrhage, 
cystic periventricular leucomalacia, stages II– III NEC ac-
cording to Bell’s staging, stage 3 or greater retinopathy of 
prematurity according to international classification and/or 
laser treatment, and severe bronchopulmonary dysplasia at 
36 weeks of gestational age.

We further investigated prolongation of gestation and in-
fectious morbidity for both the mother and the neonate. 
Prolongation of gestation was defined as latency duration (i.e. 
time from rupture of membranes to delivery) ≥48  hours and 
≥7 days. Intrauterine infection was defined as a maternal tem-
perature >37.8°C (100°F) with any two of the following criteria: 
uterine tenderness, purulent or foul- smelling amniotic fluid, 
maternal tachycardia, fetal tachycardia, maternal leucocyto-
sis >15 000 cells/mm3.20,21 Among newborns, early- onset sep-
sis (EOS) was diagnosed by positive bacteriology findings in 
blood or cerebrospinal fluid beginning in the first 72 hours of 
life. Late- onset sepsis (LOS) was defined as a positive blood cul-
ture, occurring after 72 hours of life, associated with antibiotic 
administration for 5 days or more, or death within 5 days fol-
lowing positive blood culture. We were able to report bacterial 
documentation and resistances in EOS and LOS.

Finally, we studied survival at 2 years’ corrected age (CA) 
without severe or moderate neuromotor or sensory disabili-
ties (i.e. without gross motor function classification system 
[GMFCS] level 2– 5 cerebral palsy,22 blindness and/or deaf-
ness), and parental- reported neurodevelopment at 2 years’ cor-
rected age (assessed with the second version of the 24 months’ 
Ages and Stages Questionnaire [ASQ]).18 We presented both 
the overall total ASQ score (maximum = 300) and the ASQ 
score below threshold defined as a score <2 SD from the mean 
on any of the five domains, for children without cerebral palsy, 
blindness or deafness, whose parents completed the question-
naire between 22 and 26 months’ corrected age.

In the present study, we report 11 of 12 outcomes in-
cluded in the core outcome set for neonatal research.23 
Quality of life was not collected as part of the 2- year fol-
low- up evaluation.

2.4 | Definition of other variables

Socio- economic position was defined as the highest occupa-
tional status of the mother and father, or mother only if a single 
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parent. Gestational age was determined as the best obstetrical 
estimate combining the last menstrual period and the first tri-
mester ultrasonography assessment. Babies were considered 

small for gestational age if their birthweight was ≤10th percen-
tile of the normalised Z- score, calculated from French EPOPé 
intrauterine growth curves adjusted for fetal sex and gestational 

F I G U R E  1  Flow chart. Summarises how sample size of analysis was obtained. PPROM, preterm premature rupture of membranes
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age.24 Maternity units were considered as type 3 when associ-
ated with a neonatal intensive care unit (NICU).

2.5 | Statistical analyses

Maternal and neonatal characteristics and outcomes were 
described as frequencies and percentages. Percentages were 
weighted according to the duration of the recruitment peri-
ods (in weeks) by gestational age: weights were 1.0 (35/35) for 
births at 24– 26 weeks, 1.34 (35/26) at 27– 31 weeks, and 7.0 
(35/5) at 32– 34 weeks. Weighting allowed us to account for 
the sampling scheme of the cohort and to ensure representa-
tiveness. We then compared characteristics and outcomes by 
antibiotic prophylaxis regimen using chi- square or Fisher’s 
exact tests as appropriate for categorical variables, based on 
the weighted percentages, and nonparametric equality of 
medians test for quantitative variables. Survival curves of 
latency duration (considered as a continuous variable) by an-
tibiotic prophylaxis regimen were plotted using the Kaplan– 
Meier method and compared with a log rank test.

The antibiotic prophylaxis regimen after PPROM is usu-
ally chosen at the unit- level using a local guideline. Thus, 
the association between antibiotic prophylaxis regimens and 
outcomes was evaluated using population- averaged Poisson 
regression models, a generalised linear model with a log link 
and a Poisson distribution, with robust variance estimation, 
which accounts for the clustering of women within mater-
nity units.25,26 Under the population- averaged model, we ob-
tained the risk of an average woman exposed to an antibiotic 
prophylaxis regimen presenting the outcome compared with 
the risk of an average woman exposed to another antibiotic 
prophylaxis regimen presenting the outcome. Multivariate 
models were minimally adjusted for gestational age at 
PPROM and the type of maternity unit, as these two vari-
ables were considered confounders. We assumed that other 
individual characteristics would not be taken into account 
in choosing a specific antibiotic, except antibiotic allergy but 
this information was not available. Results are reported as 
risk ratios (RRs) with 95% confidence intervals (95% CI).

Active antenatal management may differ by gestational 
age at PPROM, especially with extremely preterm rupture 
of membranes, and may result in poorer neonatal outcomes. 
We therefore performed a sensitivity analysis by stratifying 
on gestational age at PPROM (24– 26 vs. 27– 31 weeks), except 
for infectious morbidities, as there were too few of these to 
adequately run the models.

The proportion of missing data per covariate ranged from 
0% to 7% for perinatal data, and reached 43% for the ASQ 
score because of attrition and further exclusion of ASQ re-
sults when parental questionnaires had been filled before 
22 months or after 26 months of corrected age. Children who 
did not participate in the follow- up at 2 years’ corrected age 
were born to younger mothers, more often after a complete 
course of antenatal steroids and in type 3  maternity units 
(Table S3). We performed multiple imputations with chained 
equations using baseline and outcomes variables and those 

potentially predicting nonresponse and/or outcomes (namely, 
type of maternity unit, maternal age, country of birth, socio- 
economic position, parity, gestational age at PPROM, PPROM 
occurring during hospitalisation for another reason, antibi-
otic prophylaxis, tocolysis, antenatal steroids, in utero trans-
fer, fetal presentation, fetal sex, small for gestational age, 
latency duration, mode of delivery, intrauterine infection, 
vital status at birth, survival at discharge, early- onset sepsis, 
late- onset sepsis, retinopathy of prematurity, severe neonatal 
morbidity, death between discharge and follow- up at 2 years 
of corrected age, survival at 2  years without neurosensory 
impairment, ASQ score below threshold). Outcomes were 
estimated within each of the 50 imputed datasets generated 
with 20 iterations, and results were pooled according to Rubin 
rules. Statistical significance was set at a two- tailed value of 
P < 0.05. No correction for multiple comparisons was made, 
as we aimed to generate hypotheses. Data were analysed using 
STATA/SE 13.0 (StataCorp LP).

3 |  R E SU LTS

A total of 492 women with PPROM from 85 maternity 
units met the inclusion criteria. Of them, 345, 30, 45 and 
72 (weighted percentages, 71.5%, 5.2%, 9.0% and 14.3%) re-
ceived amoxicillin, a macrolide, a 3GC or a combination tar-
geting E. coli and S. agalactiae, respectively (Figure 1).

Overall, maternal, obstetric and neonatal characteristics 
were similar across the four groups (Table 1). Outcomes are 
described in Table 2 and their association with antibiotic 
prophylaxis is presented in Table 3. Latency duration after 
PPROM was reduced in the combinations group compared 
with the 3GC group (Tables 2 and 3, Figure S1). Altogether, 19 
perinatal deaths were associated with an infection (n = 14/345, 
n = 1/30, n = 0/45 and n = 4/72 in the amoxicillin, macrolide, 
3GC and combinations groups, respectively). Overall, there 
was no difference in survival and severe neonatal morbidities 
(Tables 2 and 3). However, differences in survival without se-
vere morbidity were observed (78.5% with amoxicillin, 83.9% 
with macrolides, 93.6% with 3GC and 86.0% with combina-
tions). After adjusting for gestational age at PPROM and type 
of unit, the use of a 3GC or a combination was associated with 
improved survival without severe neonatal morbidity (aRR 
1.25, 95% CI 1.08– 1.45 and aRR 1.10, 95% CI 1.01– 1.20, respec-
tively) when compared with amoxicillin, but not when com-
pared with macrolides (Table 3).

With antibiotic prophylaxis using amoxicillin, a mac-
rolide, a 3GC or an E. coli- targeting combination, 83.9%, 
84.8%, 89.5% and 88.8% of exposed fetuses were alive at 
2  years’ corrected age without neurosensory impairment, 
respectively. Among the infants with a neurodevelopmental 
screening questionnaire between 22 and 26 months, 43.5%, 
73.3%, 46.7% and 30.5% had an ASQ score below threshold 
(Table 2). Multivariate analyses did not reveal any associa-
tion between antibiotic prophylaxis and neurosensory im-
pairment. However, macrolides were associated with poorer 
neurodevelopmental outcome compared with the other 
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T A B L E  1  Maternal, obstetric, neonatal and unit characteristics by antibiotic prophylaxis after PPROM

Characteristics

Amoxicillin 
(n = 345)

Macrolidea 
(n = 30) 3GC (n = 45)

Combinationsb 
(n = 72)

Global 
P- valuen (%) n (%) n (%) n (%)

Maternal characteristics

Age (years) (n = 492)

<20 15 (3.4) 3 (10.3) 5 (9.4) 2 (2.5) 0.09

20– 35 260 (77.0) 22 (73.5) 31 (74.2) 61 (87.5)

>35 70 (19.6) 5 (16.2) 9 (16.4) 9 (10.0)

Born in France or Europe (n = 478) 258 (77.6) 27 (92.9) 36 (74.8) 51 (70.3) 0.31

Married or living with a partner (n = 480) 291 (89.1) 25 (89.0) 39 (88.6) 67 (95.0) 0.43

Parents’ socio- economic position (n = 458)

Manager 71 (20.3) 5 (17.7) 5 (10.9) 10 (12.1) 0.32

Professional 37 (12.9) 4 (13.3) 9 (19.6) 18 (27.1)

Intermediatec 97 (30.2) 11 (37.1) 14 (39.0) 20 (31.1)

Sales and services worker 52 (17.7) 5 (17.7) 6 (13.2) 9 (16.3)

Manual worker 45 (14.6) 4 (14.2) 3 (6.9) 8 (9.8)

Unknown occupation 17 (4.3) 0 (0.0) 5 (10.4) 3 (3.6)

Primiparity (n = 492) 132 (40.4) 16 (53.0) 24 (53.0) 38 (54.3) 0.16

Obstetric characteristics

PPROM occurring during hospitalisation for another 
reason (n = 492)

51 (12.3) 1 (3.4) 8 (14.4) 5 (6.0) 0.19

Gestational age at PPROM (w) (n = 492), median (IQR) 29.0 (26.4– 30.9) 29.1 (27.0– 30.3) 29.7 (26.3– 30.4) 29.3 (26.7– 30.7) 0.97

Gestational age at PPROM (w) (n = 492)

24– 26 128 (29.0) 7 (21.3) 19 (31.6) 27 (27.7) 0.58

27– 29 122 (32.6) 13 (44.5) 10 (19.9) 19 (29.1)

30– 31 95 (38.4) 10 (34.2) 16 (48.5) 26 (43.2)

Positive vaginal swab at admission (n = 375) 111 (40.9) 9 (42.2) 16 (35.4) 22 (43.2) 0.92

Oligohydramnios (n = 441) 147 (43.3) 13 (44.9) 21 (40.0) 34 (56.0) 0.38

Gestational age at birth (w) (n = 492), median (IQR) 30.6 (28.4– 31.9) 29.9 (28.3– 31.0) 30.6 (27.1– 31.9) 30.6 (28.3– 31.9) 0.82

Gestational age at birth (w) (n = 492)

24– 26 79 (14.7) 3 (7.6) 12 (17.7) 19 (17.7) 0.49

27– 29 101 (25.2) 13 (44.5) 12 (23.8) 21 (26.3)

30– 31 147 (36.7) 14 (47.9) 19 (37.8) 29 (36.4)

32– 34 18 (23.4) 0 (0.0) 2 (20.7) 3 (19.6)

Obstetric management

Type 3 maternity unit (with neonatal intensive care unit) 
(n = 492)

321 (87.9) 28 (93.2) 44 (98.0) 68 (89.7) 0.40

In utero transfer (n = 492) 219 (61.0) 16 (52.1) 31 (56.5) 59 (79.4) 0.08

Tocolysis (n = 492) 271 (79.7) 23 (76.9) 34 (71.8) 60 (85.9) 0.43

Tocolysis duration (n = 482)

No tocolysis 74 (22.0) 7 (23.3) 11 (25.0) 12 (16.7) 0.59

<24 h 56 (16.7) 4 (13.3) 6 (13.6) 18 (25.0)

24– 48 h 126 (37.5) 11 (36.7) 21 (47.8) 28 (38.9)

>48 h 80 (23.8) 8 (26.7) 6 (13.6) 14 (19.4)

Antenatal steroids (n = 486)

None 21 (9.0) 3 (10.9) 1 (1.5) 4 (4.4) 0.24

Incomplete course 38 (8.9) 2 (7.3) 4 (6.4) 13 (14.2)

Complete course 283 (82.1) 23 (81.8) 40 (92.1) 54 (81.3)

Magnesium sulphate (n = 484) 23 (5.6) 2 (7.3) 3 (5.0) 1 (1.3) 0.39
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groups in the complete cases analysis, but this association 
disappeared after multiple imputations (Table 3). A sensitiv-
ity analysis after stratification on gestational age at PPROM 
showed consistent results (Table S4).

We further investigated the episodes of neonatal sepsis. 
There were 17 cases of EOS, 15 in the amoxicillin group 
(10/15 caused by E. coli, of which six were ampicillin- resistant 
and one was resistant to both ampicillin and 3GC, and 1/15 
caused by ampicillin- resistant S. agalactiae), one in the mac-
rolide group (caused by Streptococcus agalactiae), one in the 
3GC group (caused by Staphylococcus epidermidis) and none 
in the combinations group. Seventy- one infants had a total 
of 98 episodes of LOS, 51 infants in the amoxicillin group 
(69 LOS), four in the macrolide group (four LOS), seven in 
the 3GC group (10 LOS) and nine in the combinations group 
(15 LOS). The most common pathogens in blood cultures 
collected during LOS were Gram- positive organisms (coag-
ulase negative staphylococci [53/98], Staphylococcus aureus 
[11/98], Enterococcus sp. [2/98] or another non- specified 
pathogen [8/98]), followed by Gram- negative organisms 
(E.  coli [8/98], Acinetobacter baumanii [2/98], Enterobacter 
cloacae [3/98] or another pathogen [9/98]) and Candida sp. 
(2/98). LOS involved a pathogen resistant to the initial an-
tibiotic prophylaxis regimen in 24 neonates: 21 from the 
amoxicillin group, one from the 3GC group and two from 
the E. coli-  targeting combinations group.

4 |  DISCUSSION

4.1 | Main findings

After PPROM at 24– 31  weeks, antibiotic prophylaxis 
based on 3GC was associated with higher survival without 
severe neonatal morbidity than amoxicillin. To a weaker 

extent, the same pattern was found when comparing an-
tibiotic combinations covering S.  agalactiae and >90% 
of E.  coli with amoxicillin. We evidenced no increase of 
EOS/LOS related to 3GC- resistant pathogen among in-
fants whose mothers received antenatal 3GC prophylaxis 
at 24– 31 weeks.

4.2 | Strengths and limitations

Strengths of our study include a population- based sample 
of women with PPROM at a national level, with obstetri-
cal management fitting the current clinical guidelines, and 
detailed high- quality data covering pregnancy, neonatal 
hospitalisation (including bacterial documentation) and 
follow- up at 2  years. Considering the paucity of evidence- 
based data regarding the comparison of different antibiotic 
prophylaxis, such observational studies are instrumental in 
assessing routine clinical practices in a real- life setting. We 
could evaluate the administration of amoxicillin and 3GC 
in this indication, which has commonly been overlooked in 
previous studies,27 or has only been studied in combination 
with other antibiotics, which makes it challenging to deter-
mine their intrinsic effect.28– 30

The main limitations of our work should be kept in 
mind: a limited sample size and the large number of 
comparisons performed. The observed significant as-
sociations are biologically plausible but may be due to 
chance, although all outcomes were pre- specified based 
on clinical relevance and previous studies on the topic.31 
Due to the right- truncation of women with PPROM be-
fore 34  weeks who delivered from 35  weeks on (i.e. not 
eligible for the EPIPAGE- 2 cohort), we restricted our 
analyses to women with PPROM at 24– 31  weeks and 
therefore likely missed a few births with the longest 

Characteristics

Amoxicillin 
(n = 345)

Macrolidea 
(n = 30) 3GC (n = 45)

Combinationsb 
(n = 72)

Global 
P- valuen (%) n (%) n (%) n (%)

Mode of delivery (n = 490)

Vaginal delivery 152 (43.7) 13 (42.7) 22 (57.4) 34 (44.0) 0.79

Caesarean before labor 135 (40.5) 11 (37.6) 16 (29.2) 26 (37.1)

Caesarean during labour 57 (15.8) 4 (19.7) 7 (13.4) 11 (19.0)

Cephalic presentation (n = 483) 220 (68.0) 20 (68.1) 37 (85.6) 46 (58.8) 0.06

Neonatal characteristics

Male fetus (n = 492) 187 (51.2) 21 (70.1) 29 (70.2) 37 (53.4) 0.08

Birthweight (g), median (IQR) (n = 491) 1450 
(1130– 1785)

1460 
(1180– 1580)

1330 
(1030– 1710)

1420 
(1090– 1850)

0.45

Small for gestational age (n = 491) 66 (20.8) 3 (10.3) 11 (20.8) 10 (11.9) 0.24

Note: All percentages were weighted to account for the sampling design of the EPIPAGE- 2 cohort.
Abbreviations: IQR, interquartile range; w, weeks’ gestation.
aThe macrolides group included 17 patients receiving macrolides and 13 patients receiving clindamycin.
bAny combinations of antibiotics covering >90% of E. coli in addition to S. agalactiae.
cIntermediate socio- economic position included employees from administration and public services, self- employed and students.
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latency durations and best prognoses. Antibiotic treat-
ments were compared irrespective of administration 
routes, dosages or durations, as these were beyond the 
scope of this study. As we focused on the initial manage-
ment strategy implemented upon diagnosis of PPROM, 
and considering that most women gave birth within the 
first week after PPROM, we did not explore subsequent 
antibiotic administrations. Finally, bacterial ecology 
might have evolved since 2011, in particular with an 
increase in the frequency of extended- spectrum beta- 
lactamase- producing bacteria.32

4.3 | Interpretation

The optimal antibiotic prophylaxis in the setting of 
PPROM should ideally combine good maternal and fetal 
tolerance profile and narrow spectrum focusing on the 
likely bacterial pathogens involved, namely, S. agalactiae 
and E.  coli. Whether the antimicrobial spectrum should 
include genital mycoplasmas (Ureaplasma and other 
genital Mycoplasma species) remains unresolved: as ordi-
nary colonisers of the lower genital tract, their frequent 
documentation in histologically confirmed intrauterine 

T A B L E  2  Outcomes by antibiotic prophylaxis after PPROM

Outcome

Amoxicillin 
(n = 345)

Macrolide 
(n = 30)a 3GC (n = 45)

Combinationsb 
(n = 72)

Global P- valuen/N (%) n/N (%) n/N (%) n/N (%)

Latency duration ≥48 h (n = 492) 278/345 (83.2) 24/30 (80.4) 39/45 (89.1) 49/72 (74.4) 0.18

Latency duration ≥7 days (n = 492) 128/345 (42.5) 10/30 (33.3) 15/45 (44.0) 19/72 (34.1) 0.64

Intrauterine infection (n = 487) 28/340 (6.6) 3/30 (10.3) 2/45 (4.0) 3/72 (3.4) 0.49

Vital status (n = 492)

Termination of pregnancy 1/345 (0.2) 0/30 (0.0) 0/45 (0.0) 0/72 (0.0) 0.95

Antepartum stillbirth 5/345 (0.9) 0/30 (0.0) 0/45 (0.0) 0/72 (0.0)

Per partum stillbirth 4/345 (0.7) 0/30 (0.0) 0/45 (0.0) 1/72 (0.9)

Death in delivery room 8/345 (1.6) 1/30 (2.5) 0/45 (0.0) 3/72 (2.8)

Death in NICU 21/345 (4.3) 2/30 (5.1) 4/45 (5.9) 4/72 (3.7)

Discharged alive 306/345 (92.3) 27/30 (92.4) 41/45 (94.1) 64/72 (92.5)

Severe neonatal morbidity

Early- onset sepsis (n = 453)c 15/319 (3.7) 1/28 (3.6) 1/43 (2.1) 0/63 (0.0) 0.43

Late- onset sepsis (n = 453)c 51/313 (11.8) 4/29 (14.0) 7/45 (11.9) 9/66 (10.3) 0.96

Any sepsis (n = 442)c 63/308 (15.2) 5/28 (18.2) 8/44 (14.1) 9/62 (11.6) 0.83

Necrotising enterocolitis (n = 465)c 12/324 (4.0) 0/29 (0.0) 0/44 (0.0) 2/68 (2.3) 0.47

Severe cerebral lesion (n = 458)c 24/316 (7.0) 2/29 (6.1) 2/45 (3.0) 3/68 (3.2) 0.43

Severe bronchopulmonary dysplasia 
(n = 414)d

19/287 (4.7) 0/25 (0.0) 0/39 (0.0) 2/63 (2.4) 0.30

Retinopathy of prematurity (n = 469)c 3/327 (0.6) 1/29 (3.5) 0/45 (0.0) 0/72 (0.0) 0.30

Survival at discharge (n = 492) 306/345 (92.3) 27/30 (92.4) 41/45 (94.1) 64/72 (92.5) 0.97

Survival at discharge without severe 
neonatal morbiditye (n = 464)

242/325 (78.5) 22/27 (83.9) 37/41 (93.6) 58/71 (86.0) 0.04

Survival at 2 yo without neurosensory 
impairmentf (among all fetuses, n = 383)

213/266 (83.9) 18/22 (84.8) 31/37 (89.5) 49/58 (88.8) 0.61

Total ASQ score med (IQR) (n = 242) 236 (205– 265) 215 (200– 250) 216 (175– 240) 245 (225– 280) 0.42

ASQ below threshold (n = 242) 69/166 (43.5) 11/15 (73.3) 9/24 (46.7) 14/37 (30.5) 0.13

Note: All percentages were weighted to account for the sampling design of the EPIPAGE- 2 cohort. Indications for termination of pregnancy: PPROM and intrauterine 
infection at 24 weeks. Causes of stillbirths: PPROM and intrauterine infection (n = 4), PPROM and placental abruption (n = 1), PPROM and cord prolapse (n = 1), unknown 
(n = 4). Causes of death in delivery room: infection and extremely preterm birth (n = 8), head entrapment and extremely preterm birth (n = 1), extremely preterm birth (n = 3). 
Causes of death in NICU: respiratory distress syndrome (n = 10), NEC (n = 1, in the Amoxicillin group), sepsis (n = 7), central nervous system injury (n = 6), other (n = 4), 
unknown (n = 3). P- values in bold are statistically significant.
Abbreviations: ASQ, Ages and Stages Questionnaire; IQR, interquartile range; NICU, neonatal intensive care unit.
aThe macrolide group included 17 patients receiving macrolides and 13 patients receiving clindamycin.
bAny combinations of antibiotics covering >90% of E. coli in addition to S. agalactiae.
cAmong 469 infants admitted to NICU.
dAmong 439 infants alive at 36 weeks.
eSurvival at discharge without any of the following: grades III– IV intraventricular haemorrhage, cystic periventricular leucomalacia, stages II– III NEC according to Bell’s 
staging, stage 3 or greater retinopathy of prematurity or severe bronchopulmonary dysplasia.
fSurvival at 2 years of corrected age without cerebral palsy GMFCS levels 2– 5 or deafness or blindness.
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infection may be considered as by- standing colonisation, a 
viewpoint reinforced by the lack of demonstrated benefit of 
any Mycoplasma- targeting antibiotic in the management 
of intrauterine infection.15,33 Conversely, some authors 

have provided evidence for potential pathogenicity in his-
tologically confirmed intrauterine infections, including 
induction of local inf lammatory response with deleterious 
consequences in animal models.14 In this perspective, the 

T A B L E  3  Association between antibiotic prophylaxis after PPROM and outcomes

Outcome

Cephalosporin vs.  
Amoxicillin (ref)

Amoxicillin vs.  
Macrolide (ref)

Cephalosporin vs. 
Macrolide (ref)

aRR (95% CI) aRR (95% CI) aRR (95% CI)

Latency prolonged by ≥48 h (n = 492)a 1.07 (0.97– 1.19) 1.01 (0.86– 1.19) 1.09 (0.92– 1.29)

Latency prolonged by ≥7 days (n = 492)a 0.93 (0.64– 1.36) 0.99 (0.62– 1.57) 0.92 (0.51– 1.65)

Intra- uterine infection

CC (n = 487) 0.54 (0.15– 1.95) 0.99 (0.34– 2.86) 0.53 (0.11– 2.54)

MI (n = 492) 0.53 (0.15– 1.93) 1.00 (0.35– 2.90) 0.53 (0.11– 2.54)

Early- onset sepsis (among infants admitted to NICU)

CC (n = 390) 0.54 (0.07– 4.17) 1.16 (0.16– 8.62) 0.62 (0.04– 9.42)

MI (n = 401) 0.56 (0.07– 4.18) 0.98 (0.14– 6.82) 0.54 (0.04– 7.85)

Late- onset sepsis (among infants admitted to NICU)

CC (n = 453) 0.76 (0.42– 1.37) 1.26 (0.66– 2.39) 0.96 (0.46– 2.01)

MI (n = 469) 0.81 (0.44– 1.49) 1.16 (0.61– 2.22) 0.94 (0.44– 2.02)

Survival at discharge (n = 492)a 1.04 (0.93– 1.16) 1.00 (0.93– 1.07) 1.04 (0.92– 1.17)

Survival without severe morbidityb

CC (n = 464) 1.26 (1.09– 1.45) 0.90 (0.75– 1.08) 1.13 (0.93– 1.37)

MI (n = 492) 1.25 (1.08– 1.45) 0.91 (0.76– 1.09) 1.14 (0.94– 1.39)

Survival at 2 years without neurosensory impairment among all fetusesc

CC (n = 383) 1.13 (0.97– 1.31) 0.98 (0.86– 1.12) 1.10 (0.93– 1.31)

MI (n = 492) 1.08 (0.94– 1.23) 1.00 (0.87– 1.14) 1.07 (0.91– 1.27)

ASQ below threshold among infants alive at 2 years without neurosensory impairment

CC (n = 242) 0.88 (0.54– 1.42) 0.61 (0.42– 0.90) 0.54 (0.30– 0.96)

MI (n = 420) 0.84 (0.51– 1.37) 0.77 (0.51– 1.14) 0.64 (0.35– 1.18)

Combinationsd vs.  
Amoxicillin (ref)

Combinationsd vs.  
Macrolide (ref)

Combinationsd vs. 
Cephalosporin (ref)

aRR (95% CI) aRR (95% CI) aRR (95% CI)

Latency prolonged by ≥48 h (n = 492)a 0.87 (0.72– 1.05) 0.88 (0.69– 1.11) 0.81 (0.66– 0.99)

Latency prolonged by ≥7 days (n = 492)a 0.78 (0.49– 1.22) 0.77 (0.40– 1.45) 0.83 (0.48– 1.44)

Intrauterine infection

CC (n = 487) 0.51 (0.18– 1.41) 0.50 (0.12– 2.03) 0.94 (0.17– 5.10)

MI (n = 492) 0.50 (0.18– 1.39) 0.50 (0.12– 2.03) 0.94 (0.17– 5.11)

Late- onset sepsis (among infants admitted to NICU)

CC (n = 453) 0.88 (0.55– 1.39) 1.10 (0.53– 2.27) 1.15 (0.59– 2.25)

MI (n = 469) 0.85 (0.52– 1.41) 0.99 (0.48– 2.07) 1.06 (0.53– 2.12)

Survival at discharge (n = 492)a 1.00 (0.94– 1.07) 1.00 (0.91– 1.10) 0.96 (0.87– 1.08)

Survival without severe morbidityb

CC (n = 464) 1.11 (1.01– 1.21) 1.00 (0.84– 1.18) 0.88 (0.77– 1.01)

MI (n = 492) 1.10 (1.01– 1.20) 1.00 (0.85– 1.18) 0.88 (0.76– 1.01)

Survival at 2 years without neurosensory impairment among all fetusesc

CC (n = 383) 1.07 (0.97– 1.17) 1.04 (0.89– 1.21) 0.94 (0.81– 1.11)

MI (n = 492) 1.04 (0.95– 1.14) 1.04 (0.89– 1.22) 0.97 (0.84– 1.12)

(Continues)
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optimal antibiotic choice is not straightforward, as all can-
didates exhibit pros and cons. Amoxicillin/ampicillin and 
penicillin are effective on 100% of S.  agalactiae isolates 
but on no more than 60% of E. coli isolates, according to 
the European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) data.34 Erythromycin, spiramycin and 
clindamycin are active on 75– 80% of S. agalactiae but ex-
hibit only marginal activity toward E. coli.34 In addition, 
macrolides have limited transplacental passage,35 which 
could limit the prevention of materno- fetal infection.27 
3GC exhibit a broader spectrum that, beyond S.  agalac-
tiae, encompasses >90% of E.  coli isolates, according to 
EUCAST data.34 On the other hand, 3GC remain ineffec-
tive towards intracellular Mycoplasma sp., raising more 
concerns regarding the potential greater impact on ma-
ternal/neonatal gut microbiota.16,28 Oral 3GC, because of 
their poor oral bioavailability, are not recommended in 
this setting.36

In the present study, we could not evidence any superi-
ority of amoxicillin, macrolides, 3GC or any combinations 
over the others regarding the reduction of intrauterine in-
fection and neonatal sepsis. However, our results suggest a 
trend towards an overall beneficial effect of 3GC adminis-
tration, with improved infant survival at discharge with-
out severe neonatal morbidity. This was also found in the 
combinations group, which antibacterial spectrum could 
be considered roughly similar to the 3GC regimen, except 
for the subsets with additional anaerobic and mycoplasma 
coverage provided by clindamycin and macrolides, respec-
tively. These differences did not translate into statistical 
differences in survival at 2 years without neurosensory im-
pairment. This should be confirmed in a further study by 
studying complementary outcomes (e.g. minor morbidity) 
in the longer term, as some differences might become ap-
parent later in life (as was the case in the ORACLE II trial37).

We collected data regarding bacterial documentation in 
EOS and LOS that confirm the high involvement of E. coli 
in EOS and highlight the high frequency of amoxicillin- 
resistance among E.  coli isolates collected in infants after 

maternal exposure to amoxicillin. The latter observation 
is in line with previous publications that evidenced an in-
crease in ampicillin- resistant strains infections in preterm 
neonates whose mothers had received antenatal ampicillin, 
including in the setting of PPROM prophylaxis.38– 40

Our findings also suggested poorer neurodevelopment at 
2 years’ corrected age in infants exposed to antenatal macro-
lides. This result should be interpreted very cautiously as (i) 
few women received this treatment, (ii) the trend was simi-
lar but no longer significant after multiple imputations, (iii) 
other factors, not taken into account in the analyses, could 
be associated with neurodevelopmental outcomes, and (iv) 
ASQ was estimated through a parental questionnaire, which 
results are to be confirmed based on the cognitive assessment 
by a neuropsychologist at the 5- year follow- up. No long- term 
effect of erythromycin was identified in the ORACLE I trial 
(the largest randomised controlled trial comparing differ-
ent broad- spectrum antibiotics among 4826 women with 
PPROM).41 However, in the ORACLE II trial (comparing 
antibiotics in women with spontaneous preterm labour and 
intact membranes), erythromycin was associated with an in-
crease in functional impairment and cerebral palsy among 
children at 7 years of age.37

4.4 | Clinical and research implications

Whether the overall beneficial effect of 3GC or combination 
regimens could be attributed to the extended E. coli coverage 
and subsequent reduction of infection burden and related 
morbi- mortalities is likely but should be further studied. 
Although no deleterious effect of neither 3GC or combina-
tions treatments could be evidenced in this study, theoretical 
concerns remain regarding the impact of such broad spec-
trum antibiotics (3GC) or combinations on maternal and 
neonatal gut microbiota.42,43 This should, however, be con-
sidered with the fact that most preterm infants born after 
PPROM will be exposed to antibiotics after birth.44,45 It has 
also been recently emphasised that the clinical spectrum of 

Combinationsd vs.  
Amoxicillin (ref)

Combinationsd vs.  
Macrolide (ref)

Combinationsd vs. 
Cephalosporin (ref)

aRR (95% CI) aRR (95% CI) aRR (95% CI)

ASQ below threshold among infants alive at 2 years without neurosensory impairment

CC (n = 242) 0.94 (0.57– 1.55) 0.58 (0.34– 0.98) 1.07 (0.58– 1.97)

MI (n = 420) 0.97 (0.63– 1.48) 0.74 (0.44– 1.24) 1.15 (0.65– 2.04)

Note: Adjusted risk ratios (aRR) obtained from population- averaged Poisson regression models with robust variance estimation, adjusted for gestational age at PPROM and 
the type of maternity unit (except for intrauterine infection adjusted only for gestational age at PPROM, as there were no intrauterine infections diagnosed with delivery in 
type 1 maternity units). There was no case of early- onset sepsis in the combination group, hence this outcome is not reported in the second part of the table. P- values in bold 
are statistically significant.
Abbreviations: aRR, adjusted risk ratios; ASQ, Ages and Stages Questionnaire; CC, complete cases; MI, multiple imputation; ref, reference.
aNo missing data.
bSurvival at discharge without any of the following: grades III– IV intraventricular haemorrhage, cystic periventricular leucomalacia, stages II– III NEC according to Bell’s 
staging, stage 3 or greater retinopathy of prematurity or severe bronchopulmonary dysplasia.
cSurvival at 2 years of corrected age without cerebral palsy GMFCS levels 2– 5 or deafness or blindness.
dAny combinations of antibiotics covering >90% of E. coli in addition to S. agalactiae.

T A B L E  3  (Continued)
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one given antibiotic does not translate into ecological impact 
on the microbiota, the later depending on multiple factors 
including concentrations achieved in the colon.46 Altogether, 
given these reservations and the lack of any additional ben-
efit evidenced for combinations, at present such combined 
therapies should be discarded.

Finally, these exploratory findings based on observa-
tional data are not intended to lead to a change in clinical 
practice. The observed associations generate hypotheses that 
need to be confirmed or refuted in a subsequent study with 
a larger sample and pre- planned hypotheses. The impact on 
maternal and neonatal microbiota, and resistances, optimal 
posology and duration of antibiotic prophylaxis remain to 
be determined.

5 |  CONCLUSION

Optimisation of the use of antibiotics by using the more re-
stricted antibiotic spectrum with the most favourable clini-
cal outcome, is a global priority to prevent antimicrobial 
resistance and preserve the efficacy of existing antibiotics. 
This is true as well for preterm babies, before and after birth. 
Evidence- based data arising from new well- conducted stud-
ies and randomised controlled trials, with long- term follow-
 up, are needed to better define which antibiotics are to be 
preferentially used after PPROM, and their modalities of 
administration.
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