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Abstract

Purpose Prophylactic antibiotics to prolong latency and reduce the risk of neonatal and maternal infections are used for
preterm premature rupture of membranes. This study compared outcomes between two macrolides: roxithromycin given
twice a day for a week and azithromycin, given as a single dose, which is more convenient.

Methods Two local protocols were retrospectively compared: roxithromycin and ampicillin from July 2005 to May 2016,
and azithromycin and ampicillin from May 2016 to May 2018. Inclusion criteria were singleton pregnancy, at 24-34 weeks
of gestation upon admission with preterm premature rupture of membranes. Primary outcome was length of the latency
period, defined as time from first antibiotic dose to 34 4+ 0 weeks, or spontaneous or indicated delivery prior to 34 4+0 weeks.
Secondary outcomes were rates of chorioamnionitis, delivery mode, birth weight and Apgar scores.

Results A total of 207 women met inclusion criteria, of whom, 173 received penicillin and roxithromycin and 34 received
penicillin and azithromycin. Baseline characteristics were similar between groups. The latent period was longer in the
azithromycin group than in the roxithromycin group (14.09 + 14.2 days and 7.87 + 10.2 days, respectively, P=0.003). Rates
of chorioamnionitis, cesarean deliveries, Apgar scores and birth weights were similar between the groups.

Conclusions Azithromycin compared to roxithromycin results in a longer latency period in the setting of preterm premature
rupture of membranes at 24—-34 weeks of gestation. Given its more convenient regimen and our results, it seems justified to
use azithromycin as the first-line treatment for patients with preterm premature rupture of membranes.

Keywords Azithromycin - Latency period - Preterm premature rupture of membranes - Prophylactic antibiotics -
Roxithromycin

Introduction

Preterm premature rupture of the membranes (PPROM)
occurs in 3% of pregnancies [1]. Most women with PPROM
deliver within a week from the onset of membrane rupture
[2, 3].
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Many factors may be involved in the pathophysiology
of PPROM. Infection, inflammation or mechanical stress
that lead to membrane dysfunction or bleeding can initiate
a process that leads to rupture of the membranes [4—6]. In
the case of PPROM from 24 to 34 weeks, to reduce the com-
plications of prematurity, pregnancy is continued as long as
there are no signs of chorioamnionitis [7].

Routine prescription of antibiotics for women with pre-
term rupture of the membranes is associated with prolonged
gestation and with decreased risk of neonatal and maternal
infections [8—10]. There is insufficient information to deter-
mine the optimal antibiotic regimen. Based on the avail-
able data, treatment with a 7-day course of therapy with
a combination of intravenous ampicillin and erythromycin,
followed by oral amoxicillin and erythromycin is recom-
mended while expectantly managing women with PPROM
before 34 + 0 weeks of gestation [7].
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Other macrolide antibiotics such as azithromycin and
roxithromycin are also given with penicillin based on their
activity against the major pelvic pathogens. Macrolide anti-
biotics act by binding to the 50 S ribosomal subunits of sus-
ceptible bacteria, thereby suppressing bacterial protein syn-
thesis. These drugs are bacteriostatic at low concentrations
and bactericidal at high concentrations. Azithromycin is an
azalide, which is a subclass of the macrolides. It is derived
from erythromycin; however, it differs chemically because
a methyl-substituted nitrogen atom is incorporated into the
lactone ring [11, 12]. The current study compared the use of
ampicillin and azithromycin to a regimen of ampicillin and
roxithromycin. The primary outcome was the latency period,
defined as time from first antibiotic dose to 34 + 0 weeks
or spontaneous or indicated delivery prior to 34 4+ 0 weeks.
Secondary outcomes were rates of chorioamnionitis, mode
of delivery, birth weight and Apgar scores.

Materials and methods

This retrospective, cohort analysis included women admitted
with a diagnosis of PPROM from July 2005 to May 2018
to a university-affiliated medical center. The study was
approved by the Meir Medical Center Ethics Committee,
approval number 0075-18-MMC, March 2018. Informed
consent was not required.

According to departmental protocol, all women with
PPROM from July 2005 to May 2016 were treated with
intravenous ampicillin (2 g every 6 h) and oral roxithromy-
cin (150 mg every 12 h) for 48 h, followed by oral amoxicil-
lin and roxithromycin for another 5 days. In May 2016, the
local protocol was changed to a one-time dose of 1 g oral
azithromycin instead of 7 days of roxithromycin, for ease of
administration.

Inclusion criteria were a singleton pregnancy with
PPROM at 24-34 weeks of gestation. The data were ana-
lyzed on an intention-to-treat basis. Women who did not
complete the entire course of therapy were not excluded.

Exclusion criteria were pregnancies at less than 24 or
more than 34 weeks gestation, patients admitted in preterm
labor with concomitant rupture of membranes, multiple
gestations and those carrying a fetus with lethal anomalies.

Data were retrieved from the comprehensive electronic
medical records of labor and delivery. All records with a
diagnosis of PPROM were reviewed. Demographic param-
eters, antibiotic information (regimen, timing of administra-
tion) and obstetrical course (time and route of delivery, and
the presence or absence of chorioamnionitis) were abstracted
for each patient. Chorioamnionitis was determined based on
clinical diagnosis and placental pathology.

The primary study outcome was the duration of latency,
defined as time from first antibiotic dose to 34 +0 weeks
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gestation, or spontaneous or indicated delivery prior to
34 +0 weeks. Secondary outcomes were rates of chorioam-
nionitis, mode of delivery, birth weight and Apgar scores.

The data of all patients who met the inclusion criteria
and delivered in our institution were analyzed. Therefore,
we conducted a post hoc power analysis that revealed over
95% power with an alpha error of 0.05 for the size of the
study population.

Statistical methods

Data are described as number and percentage for nomi-
nal variables and mean and standard deviation for con-
tinuous parameters. Chi-squared or Fisher’s Exact test was
conducted to find differences between roxithromycin and
azithromycin in nonmetric data. The continuous variables
were checked for normality with Shapiro—Wilk test. Those
with normal distribution were analyzed with ¢ test; others
with Mann—Whitney non-parametric test. Kaplan—Meier
analysis was used to estimate the time to delivery between
the two groups of medications. P <0.05 was considered
statistically significant. All analyses were performed using
SPSS-25 software (IBM, Armonk, NY, USA).

Results

From July 2005 through May 2018, 207 women met the
study inclusion criteria. They were identified based on docu-
mentation of PPROM in the medical records. Baseline char-
acteristics and demographics were similar between women
in the two protocol groups, except the rate of previous cesar-
ean delivery was higher in the azithromycin group. Patients
were treated with antenatal corticosteroids for lung matura-
tion. The groups were similar regarding receipt of antenatal
corticosteroids for lung maturation and treatment with toco-
lytics (Table 1). The latency period was significantly longer
in women who received ampicillin and azithromycin as com-
pared to those who received ampicillin and roxithromycin
(14.09 + 14.2 days vs. 7.87 + 10.2 days, P=0.003; Table 2).

The difference in latency between azithromycin and rox-
ithromycin was maintained even after women who gave birth
24 h after rupture of membranes were excluded. In this case,
the latency was 15.4 +14.2 and 9.6 + 10.6 days, respectively
(P=0.011). After excluding those who delivered 48 h after
rupture of membranes, latency periods were 17.5 + 14.1 days
and 11.0+10.9 days, respectively (P =0.009). The latency
interval from first antibiotic dose to 34 +0 weeks of gesta-
tion or delivery before 34 + 0 weeks is depicted in Fig. 1.
Based on Mantel-Cox survival analysis, the difference was
P=0.011.

There was no difference in the rate of clinical chorioam-
nionitis, Apgar scores, primary cesarean deliveries or live
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Table 1 Baseline population characteristics

Parameter Azithromy- Roxithro- P value
cin (N=34) mycin
(N=173)
Average age (years)+SD 333+£5.0 32.02+6.0 0.237
Gravidity 3.15 2.72 0.224
Parity 2.41 2.12 0.268
Gestational age at ROM 30+2 30+1 0.652
(weeks)
Previous cesarean section, N 10 (29.4) 20 (11.6) 0.007
(%)
Group B Strep positive, N (%) 2 (5.9) 16 (9.2) 0.47
Antenatal corticosteroids, N (%) 34 (100) 165 (95.3) 0.311
Tocolytic therapy, N (%) 4(11.8) 37 (21.4) 0.193

ROM rupture of membranes

births. Placental culture results were available for 88 cases,
and the rates of culture-confirmed chorioamnionitis were
similar between the groups: 4/15 (26%) treated with azithro-
mycin and 29/73 (39%) with roxithromycin (P =0.34).
There was no difference in neonatal birth weights, adjusted
for gestational age at delivery. The duration of NICU stay
was related to the gestational age at delivery and not to the
type of antibiotics. No severe adverse drug reactions with
azithromycin or roxithromycin were documented in any of
the medical records.

Discussion

This retrospective study of two antibiotic regimens for the
treatment of preterm, premature rupture of membranes
revealed an advantage of azithromycin over roxithromycin
in prolonging the latency period between membrane rupture
and delivery.

We calculated latency up to 34 weeks of gestation because
there is a consensus regarding the importance of conserva-
tive treatment until this time. The complications of prema-
turity prior to 34 weeks are significant enough to justify all

efforts that might increase the time from membrane rupture
to delivery. Beyond 34 weeks, some data support conserva-
tive management but there is still no consensus. Therefore,
the current study focused on latency until 34 weeks only.

The average duration of the latency period based on pre-
viously published data is 4—12 days [13, 14]. The results pre-
sented here are within the same time frame, which strength-
ens its applicability to other populations.

The reported rate of chorioamnionitis among patients
with PPROM is 12-27.7% [13, 15]. The rate of chorioam-
nionitis in our cohort was similar in both treatment groups,
at about 13%, comparable to previous studies.

A 7-day course of therapy with a combination of intrave-
nous ampicillin and erythromycin, followed by oral amoxi-
cillin and erythromycin is recommended during expectant
management of women with PPROM who are at less than
34 +0 weeks of gestation but the optimal antibiotic regimen
is unclear [7].

Although azithromycin has a broader spectrum of activ-
ity compared to erythromycin [16], one retrospective study
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Fig. 1 Interval to delivery. The latency interval from first antibiotic
dose to 3440 weeks of gestation or delivery before 34+ 0 weeks was
plotted and analyzed as a Kaplan—Meier curve. The difference was
calculated as P=0.011 using Mantel-Cox survival analysis

Table 2 Study outcomes

Outcome Azithromycin (N=34) Roxithromycin (N=173) P value
Primary
Latency (days) 14.09+14.2 7.87+10.2 0.003
Secondary
Clinical chorioamnionitis, N (%) 9 (26.5) 23 (13.3) 0.069
Primary cesarean delivery (%) 13 (38) 56 (32) 0.106
Birth weight (g) 1863.4 +480.7 1695.1+507.1 0.093
Live birth, N (%) 34 (100) 173 (100) NA
APGAR score<7 at 1 min, N (%) 7 (20.6) 39 (22.5) 0.688
APGAR score <7 at 5 min, N (%) 0 10 (5.7) 0.216
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found no difference in the duration of latency or other out-
comes between azithromycin and erythromycin [17].

No studies directly compare the spectrum of activity of
azithromycin vs. roxithromycin, and they are considered to
have similar coverage. However, the pharmacokinetic prop-
erties of the two preparations differ. The half-life of azithro-
mycin is approximately 68 h, while the half-life of roxithro-
mycin ranges from 8 to 13 h [18]. The dosing regimens
commonly used for PPROM are also different: 7 days for
roxithromycin compared to a single dose of azithromycin,
which contributes to their different pharmacokinetic profiles.

A possible mechanism explaining the different efficacies
of these two antibiotics in prolonging the latency period may
be related to their pharmacokinetic properties. The effec-
tiveness of azithromycin depends on its concentration in
the tissue. A high initial dose of azithromycin leads to high
concentrations of the drug early in the course of PPROM.
Its long half-life means that it remains at therapeutic con-
centrations for an extended time [11], which may be the key
to prolonging the latency period.

This study had some limitations. The data were retrieved
from the comprehensive electronic database of the hospital
delivery records and we might have failed to identify some
women with PPROM. However, each record with a diagno-
sis fitting rupture of membranes between weeks 24 and 34
was examined individually. In addition, fewer women were
treated with azithromycin than with roxithromycin due to
the time periods of the two protocols. This might cause a
bias that could be overcome by conducting a randomized,
controlled trial.

Conclusion

The results of this study indicate that azithromycin results
in a longer latency period than roxithromycin does. Higher
antibiotic doses administered early in the course of PROM
may lead to greater drug delivery, which may be the key
to prolonging the latency period. Further studies are indi-
cated to form a more solid conclusion, but due to the ease
of administration of azithromycin and these results, it seems
logical to use it as the first-line treatment for preterm PROM
patients.
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