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Abstract

Objective: As many as 50% of spontaneous preterm births are
infection-related, with Mycoplasma species being the most
common microbial isolates from the amniotic cavity. The goal of
our study was to evaluate the effect of macrolides, a specific group
of antibiotics known to be effective against Mycoplasma species,
on the rate of preterm births.

Methods: We performed a systematic review of the literature and a
meta-analysis. We searched PubMed, Medline (1965–March
2006), Embase, and the Cochrane Library, using the key words
“pregnancy,” “macrolides,” “erythromycin,” “azithromycin,” and
“clarithromycin.” The research was limited to randomized controlled
trials and to human females. Studies included for analysis were of
women in the second trimester of pregnancy who received either
macrolides or placebo (or no treatment) in order to prevent preterm
delivery with at least 95% of patient follow-up. We excluded studies
involving women with preterm premature rupture of membranes or
regular uterine contractions. Meta-analysis of the retrieved data
was performed using RevMan 4.2.8 (Cochrane Collaboration) with
dichotomous analyses and delivery prior to 37 weeks’ gestation as
the primary outcome. The analysis was subsequently repeated
using the same methodology for clindamycin and metronidazole
administered during the second trimester.

Results: Of the 61 articles yielded by our search, three original
papers, investigating a total of 1807 women, examined macrolide
utilization and met our criteria. Women included in our analysis
were all considered to be at higher risk for preterm delivery
(vaginal fetal fibronectin positivity, urogenital Mycoplasma
infection, prior preterm delivery, and/or pregestational maternal
weight < 50 kg). Compared with placebo, macrolides were
associated with a lower rate of preterm births (odds ratio [OR] 0.72;
95% confidence intervals [CI] 0.56–0.93), as was clindamycin (OR
0.68; 95% CI 0.49–0.95). On the other hand, metronidazole (OR
1.10; 95% CI 0.95–1.29) was not linked with significant changes in
the rate of preterm births. A higher rate of preterm delivery was
found when mid-trimester metronidazole was the only antibiotic
administered (OR 1.31; 95% CI 1.08–1.58).

Conclusion: Macrolides and clindamycin, given during the second
trimester of pregnancy, are associated with a lower rate of preterm

delivery, whereas second-trimester metronidazole used alone is
linked with a greater risk of preterm delivery in a high-risk
population. Use of metronidazole, a common treatment for
bacterial vaginosis and Trichomonas vaginalis, should be avoided

during the second trimester of pregnancy in this population.

Résumé

Objectif : Pas moins de 50 % des naissances prématurées
spontanées sont associées à la présence d’une infection, l’espèce
Mycoplasma étant l’isolat microbien issu de la cavité amniotique le
plus courant. Notre étude avait pour but d’évaluer l’effet des
macrolides (un groupe particulier d’antibiotiques dont on connaît
l’efficacité contre l’espèce Mycoplasma) sur le taux de naissance
prématurée.

Méthodes : Une analyse systématique de la littérature et une
méta-analyse ont été effectuées. Nous avons mené des
recherches dans PubMed, Medline (1965–mars 2006), Embase
et la Cochrane Library, au moyen des mots clés suivants :
pregnancy, macrolides, erythromycin, azithromycin et
clarithromycin. Nous avons limité nos recherches aux essais
comparatifs randomisés et aux femmes. Les études sélectionnées
aux fins de l’analyse portaient sur des femmes en étant au
deuxième trimestre de la grossesse et à qui l’on administrait des
macrolides ou un placebo (ou aucun traitement) afin de prévenir
l’accouchement prématuré; de plus, ces études se devaient d’avoir
mené un suivi auprès d’au moins 95 % des patientes. Nous avons
exclu les études qui portaient sur des femmes présentant une
rupture prématurée préterme des membranes ou des contractions
utérines régulières. La méta-analyse des données sélectionnées a
été menée au moyen de RevMan 4.2.8 (Cochrane Collaboration) à
l’aide d’analyses dichotomiques; l’accouchement avant la 37

e

semaine de gestation en constituait le critère d’évaluation principal.
L’analyse a par la suite été répétée, en respectant la même
méthodologie, pour la clindamycine et le métronidazole
administrés au cours du deuxième trimestre.

Résultats : Des 61 articles identifiés par nos recherches, trois articles
originaux (se penchant sur un total de 1 807 femmes) examinaient
le recours aux macrolides et répondaient à nos critères. Les
femmes admises aux fins de notre analyse étaient toutes
considérées comme courant un risque accru d’accouchement
prématuré (présence de fibronectine fœtale dans le vagin, infection
urogénitale à Mycoplasma, antécédents d’accouchement
prématuré et/ou poids maternel prégestationnel < 50 kg). Par
comparaison avec un placebo, les macrolides étaient associés à
un taux inférieur de naissance prématurée (rapport de cotes [RC],
0,72; intervalles de confiance [IC] à 95 %, 0,56–0,93), tout comme
la clindamycine (RC, 0,68; IC à 95 %, 0,49–0,95). Par contre, le
métronidazole (RC, 1,10; IC à 95 %, 0,95–1,29) n’a pas été

JANUARY JOGC JANVIER 2007 � 35

OBSTETRICS

Key Words: Infectious disease, obstetrics, gynaecology, women’s
health, pregnancy, prematurity, preterm birth, antibiotics,
macrolides, erythromycin, clindamycin, metronidazole

Competing Interests: None declared.

Received on September 20, 2006

Accepted on October 17, 2006



associé à des modifications significatives du taux de naissance
prématurée. Un taux supérieur d’accouchement prématuré a été
constaté lorsque le métronidazole était le seul antibiotique
administré au cours du deuxième trimestre (RC, 1,31; IC à 95 %,
1,08–1,58).

Conclusion : Les macrolides et la clindamycine, administrés au cours
du deuxième trimestre de la grossesse, sont associés à un taux
inférieur d’accouchement prématuré, tandis que le métronidazole
administré seul au cours du deuxième trimestre est lié à un risque
accru d’accouchement prématuré, au sein d’une population à
risque élevé. Chez cette dernière, le recours au métronidazole,
traitement couramment mis en œuvre contre la vaginose
bactérienne et Trichomonas vaginalis, devrait être évité pendant le

deuxième trimestre de la grossesse.

J Obstet Gynaecol Can 2007;29(1):35–44

INTRODUCTION

Preterm birth complicates between 7% and 11% of all

pregnancies, is the leading cause of perinatal morbidity

and mortality, and is responsible for high health care costs.1

Over the last decade, intra-amniotic infection and inflam-

mation has been demonstrated to be one of the major

causes of preterm births. Microbial invasion of the amniotic

cavity (MIAC) has been reported in approximately 10% to

21% of women with preterm labour and in approximately

30% of women with preterm premature rupture of mem-

branes (PPROM); the earlier the gestational age at delivery,

the higher the frequency of intrauterine infection.2–6

Interestingly, intra-amniotic infection and inflammation has

been noted as early as the beginning of the second trimester

in women who will subsequently develop preterm labour or

PPROM and preterm delivery.6–8 Recently, mid-trimester

intra-amniotic Ureaplasma urealyticum was identified by poly-

merase chain reaction in 29 of 254 asymptomatic women

(11%) who underwent transabdominal amniocentesis at 15

to 17 weeks’ gestation.7 Of these U. urealyticum-positive

women, 24% delivered before 37 weeks compared with

0.4% of U. urealyticum-negative women. Therefore, it is sug-

gested that preterm labour may be the consequence and the

ultimate end-point of a process involving early infection

with inflammation. This long pathogenic process could

explain why antibiotics are ineffective in reducing preterm

birth and neonatal morbidity in women with MIAC and

preterm labour.9 Moreover, since the detection and success-

ful treatment of intrauterine infection have been reported in

asymptomatic women with a short cervix during the second

trimester, early diagnosis and therapy should be evaluated

as strategies for the prevention of preterm birth in high-risk

women.10–12

The most recent review from the Cochrane Database of

Systematic Reviews on prophylactic antibiotic administra-

tion in pregnancy to prevent infectious morbidity and mor-

tality concluded that antibiotic prophylaxis, given routinely

to pregnant women during the second or third trimester,

reduces the risk of prelabour rupture of membranes.13

However, several antibiotic classes and administration

routes were used in the studies reviewed, including oral

erythromycin, metronidazole, cefetamet-pivoxil, parenteral

ceftriaxone, and clindamycin vaginal cream, so the conclu-

sion of this systematic review does not allow specific guide-

lines to be developed. Because Ureaplasma and Mycoplasma

species have been the microorganisms most commonly

involved in MIAC in the second trimester and related to

preterm birth, we hypothesized that macrolide therapy dur-

ing the second trimester would be the most appropriate way

to prevent adverse obstetrical outcomes.7,8 Moreover,

because a recent randomized controlled trial (RCT) con-

cluded that administration of metronidazole in the second

trimester could increase the risk of preterm delivery, we

decided to evaluate the effect of clindamycin and

metronidazole, two other antibiotics that have been largely

studied for the prevention of preterm births.14

METHODS

In the first part of the study, the authors independently

searched the computerized PubMed, Medline, and Embase

databases for papers published from 1965 to March 2006,

using the key words “pregnancy,” “macrolides,”

“erythromycin,” “azithromycin,” and “clarithromycin.”

The online Cochrane Database of Systematic Reviews,

including the Cochrane Pregnancy and Childbirth Group’s

specialized register of controlled trials and the Cochrane

Controlled Trials Register, was also searched. The authors

independently reviewed all abstracts for eligibility and inde-

pendently determined whether the paper was eligible for

inclusion in the analysis. Disagreements were resolved by

consensus or by discussion with a third party. Reference

lists from relevant papers and full articles were read to find

other important, pertinent publications. Publications were

limited to RCTs and to the human female population. The

inclusion criteria were studies of women randomized to

receive either macrolides or equivalent placebo (or no treat-

ment), during the second trimester of pregnancy (between

12 and 28 weeks’ gestation) in order to prevent preterm

delivery. Studies including women with PPROM, preterm

labour, or treatment beginning at less than 12 weeks’ or at

more than 28 weeks’ gestation were excluded. Trials that

did not include at least 30 patients, or did not report the rate

of preterm delivery (i.e., delivery prior to 37 weeks’ gesta-

tion) in each group, and those with more than 5% of

women lost to follow-up were also excluded. Case reports,

descriptive studies, trials published in abstract form only,

commentaries, and letters to the editor were also excluded.

The primary outcome evaluated was delivery prior to 37

weeks’ gestation. The secondary outcome was mean gesta-

tional age at delivery. Sub-analyses were performed
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according to three factors: (1) the route of antibiotic admin-

istration (intravaginal vs. oral), (2) the use of a single antibi-

otic versus a combination of antibiotics, and (3) the dura-

tion of treatment. Meta-analysis of the retrieved data was

performed using RevMan 4.2.8 (Cochrane Library). In the

second part of our study, a similar search and procedure

were undertaken to analyze the effect of clindamycin and

metronidazole administered during the second trimester.

RESULTS

Macrolides

In the first part of our study, we analyzed the effect of

macrolides used during the second trimester of pregnancy

on the rate of preterm births. The search yielded 61 articles.

Of these, three original papers met the inclusion criteria

(Figure 1).15–17 Details of each study can be found in Table 1.

Erythromycin was the only macrolide given in these studies.

In total, 1807 women were studied to detect the effect of

prophylactic macrolide administration on pregnancy out-

comes. All women were at higher risk for preterm delivery;

the reasons for increased risk included having a prior

preterm birth, a pregestational maternal weight of less than

50 kg, a urogenital Mycoplasma infection, or a positive vagi-

nal fetal fibronectin test. From this total, 1014 women

(56.1%) received antibiotics and 793 (43.9%) received

placebo.

Compared with placebo, use of macrolides in mid-trimester

was associated with a significantly lower rate of preterm

births (odds ratio [OR] 0.72; 95% confidence intervals [CI]

0.56–0.93, P = 0.01) (Figure 2). The studies included

women given oral and intravaginal antibiotic therapy. The

sole trial employing intravaginal erythromycin showed sig-

nificant improvement (OR 0.47; 95% CI 0.23–0.95, P =

The Effect of Second-Trimester Antibiotic Therapy on the Rate of Preterm Birth
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61 potentially relevant RCTs identified and

screened for retrieval

44 RCTs retrieved for more detailed

evaluation

3 RCTs were included in the meta-analysis

17 studies did not meet

the inclusion criteria

16 comprised women with PPROM or preterm

labour; 12 did not provide delivery outcomes;

7 followed a treatment protocol that started

outside the range of 12 to 28 weeks’ gestation;

4 did not give placebo as control and 2 had less

than 95% of patient follow-up

Figure 1. Selection of randomized, controlled trials using macrolides

Table 1. Review of the studies using macrolides during the second trimester

Authors n Selection criteria Treatment and dose Primary outcome

Andrews et al. 2003 715 Cervico-vaginal fetal
fibronectin positivity
between 21 0/7 and 25 6/7
weeks’ gestation

Treatment group: Metronidazole
250 mg three times daily by mouth
and erythromycin 250 mg four
times daily by mouth for 10 days
Controls: Placebo

Incidence of spontaneous

delivery � 37 weeks

Ye et al. 2001 488 Women with urogenital
Mycoplasma infection at
28 weeks’ gestation

Treatment group: Erythromycin
250 mg daily intravaginally for
6 weeks
Controls: Placebo

Incidence of adverse perinatal
outcomes (preterm labour,
postpartum fever, puerperal
infection and neonatal
pneumonia)

Hauth et al. 1995 624 Healthy women between
22 and 24 weeks’ gestation
who had a previous
spontaneous delivery or who

weighed � 50 kg before
pregnancy

Treatment group: Metronidazole
250 mg three times daily for 7days
and erythromycin base 333 mg
three times daily for 14 days
Controls: Placebo

Incidence of preterm delivery

� 37 weeks



0.04),16 whereas the combination of two trials with oral

treatment did not demonstrate a statistically significant ben-

efit (OR 0.77; 95% CI 0.59–1.01, P = 0.06).15,17 The dura-

tion of treatment varied among the trials. The study that

used a 10-day treatment did not reveal any difference,15

whereas those including erythromycin treatment for more

than 10 days were associated with significant benefits (OR

0.58; 95% CI 0.42–0.81, P = 0.001).16,17 Only one of the

three trials reported mean gestational age at delivery, and no

difference was found between macrolide treatment and pla-

cebo (38.1 ± 3.0 vs. 38.1 ± 2.8 weeks, non-significant).15 It

is noteworthy that Andrews et al.,15 who detected no benefit

from second trimester antibiotic therapy, evaluated a com-

bination of antibiotics including 10 days of metronidazole

and 10 days of erythromycin, whereas Hauth et al. evaluated

seven days of metronidazole and 14 days of erythromycin,

with significant benefits, and Ye et al.16 evaluated only

erythromycin, with an even greater reduction in the rate of

preterm births.

Four studies were excluded from analysis because treat-

ment began between 26 and 30 weeks’ gestation rather than

between 12 and 28 weeks’ gestation.18–21 The 2600 patients

included in these four excluded studies were treated with

erythromycin or placebo for a period of between one and 10

weeks. If these patients treated late in pregnancy were

included in the meta-analysis, erythromycin was no longer

associated with a lower rate of preterm delivery (OR 0.85;

95% CI 0.71–1.01, P = 0.07), suggesting that benefits are

associated with earlier treatment. Finally, two other studies

were excluded because they were not published as

full-length articles. The first study, by Hauth et al. (pub-

lished abstract only),22 reported that treatment with

metronidazole (750 mg per day for 7 days) combined with

azithromycin (1 g with a second dose given 4 days later)

between 21 and 25 weeks’ gestation did not improve the

rate of preterm births compared with placebo (22.3% vs.

15.9%). The second study, reported by Odendaal et al.,23

compared 244 women with bacterial vaginosis who were

treated with metronidazole, metronidazole with

erythromycin, or placebo (J. de Souza et al., unpublished

data). The prevalence of preterm labour was 23.5%, 14.5%,

and 17.1% respectively in the three groups (P values were

not available).

Clindamycin

In the second part of our study, we analyzed the effect of

second trimester clindamycin administration on the rate of

preterm births. Five trials using clindamycin met the inclu-

sion criteria out of a total of 62 that were retrieved from the

literature (Table 2).24–28 Second trimester clindamycin was

significantly associated with a lower rate of preterm births

(OR 0.68; 95% CI 0.49–0.95, P = 0.02) (Figure 3). Although

studies investigating intravaginal treatment did not show

any statistically significant benefits (OR 0.85; 95% CI

0.56–1.30), the only RCT that examined systemic treatment

demonstrated a decrease in the rate of delivery prior to 37
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Figure 2. Delivery before 37 weeks’ gestation for each of the three included studies using macrolides with

odds ratios (ORs) and 95% confidence intervals (CIs). The pooled ORs and 95% CIs are shown as totals. The

size of the box at the point estimate of the ORs is proportional to the number of patients in the study and gives

a visual representation of weighting of the study. Diamond represents point estimate of the pooled ORs from

combining the primary studies. The length of the diamond is proportional to the 95% CIs. Bars represents 95%CIs



weeks (OR 0.47; 95% CI 0.27–0.81, P < 0.01) and in the

rate of late miscarriage (OR 0.19; 95% CI 0.04–0.88, P =

0.03).24 There were some differences in the length of treat-

ment (median 6 days, range 3–14 days) between the studies.

Gestational age at delivery was analyzed in only one trial,

showing a statistically significant difference (38.8 ± 3.6 vs.

38.0 ± 5.0, P = 0.04).24

Four studies, including a total of 1078 patients, were

excluded because of a dropout rate greater than 5%, but less

than 15% (8.6%, 9.2%, 10.7%, and 13.7%, respec-

tively).29–32 If these four studies had been included in the

meta-analysis, clindamycin would have been shown to have

no significant benefit over placebo on the rate of preterm

births (OR 0.86; 95% CI 0.68–1.10, P = 0.23).

Metronidazole

Eight trials of second trimester metronidazole administra-

tion were included from a total of 62 retrieved from the lit-

erature (Table 3).14,15,17,23,33–36 No significant change in the

rate of delivery before 37 weeks was found in women

treated with metronidazole (OR 1.10; 95% CI 0.95–1.29,

P = 0.21) (Figure 4). Mean gestational age, reported in only

The Effect of Second-Trimester Antibiotic Therapy on the Rate of Preterm Birth
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Table 2. Review of the studies using clindamycin during the second trimester

Authors N Selection criteria Treatment and dose Primary outcome

Kiss et al. 2004 356 Bacterial vaginosis between
15 0/7 and 19 6/7 weeks’
gestation

Treatment group: Intravaginal
clindamycin 2% daily for 6
days
Controls: No treatment

Incidence of preterm

delivery � 37 weeks

Lamont et al. 2003 409 Bacterial vaginosis between
13 and 20 weeks’ gestation

Treatment group: Intravaginal
clindamycin 2% 5 g per night
for 3 nights
Controls: Placebo

Incidence of preterm

delivery � 37 weeks

Ugwumadu et al. 2003 494 Abnormal vaginal flora or
bacterial vaginosis between
12 and 22 weeks’ gestation

Treatment group:
Clindamycin 300 mg twice
daily for 5 days
Controls: Placebo

Incidence of spontaneous
preterm delivery

(birth � 24 but � 37 weeks)
and late miscarriage

(pregnancy loss � 13 but

� 24 weeks)

Kurkinen-Raty et al. 2000 101 Bacterial vaginosis at 12
weeks’ gestation

Treatment group: Intravaginal
clindamycin 2% 5 g per night
for 7 nights
Controls: Placebo

Incidence of preterm

delivery � 37 weeks

Vermeulen & Bruinse 1999 168 Women with previous spon-
taneous preterm delivery

Treatment group: Intravaginal
clindamycin 2% daily for
7 days at 26 and 32 weeks
Controls: Placebo

Incidence of preterm

delivery � 37 weeks

Figure 3. Delivery before 37 weeks’ gestation using clindamycin



two trials (weighted mean difference -0.02; 95% CI

-0.41–0.37, P = 0.93), was similar in the treatment and pla-

cebo groups.15,23

Considering the conclusion of Shennan et al.,14 who sug-

gested a higher rate of preterm births in women treated with

metronidazole, we subsequently repeated the analysis of

studies using second trimester metronidazole as the sole

antibiotic administered (Figure 5). We found that

metronidazole use was associated with a higher rate of

preterm delivery (OR 1.31; 95% CI 1.08–1.58, P =

0.005).14,23,33–36 The unpublished studies of J. de Souza et al.

and J. Hauth et al., described earlier, are in agreement with

this finding.22,23

DISCUSSION

Our meta-analysis evaluated the effects of three antibiotics,

administered during the second trimester of pregnancy, on

the rate of preterm delivery. Although mid-trimester

administration of macrolides or clindamycin was associated

with a reduction of delivery prior to 37 weeks’ gestation,

mid-trimester metronidazole was not linked with significant

improvement. However, mid-trimester metronidazole,

administered alone, was associated with a higher rate of

preterm births.

Previous meta-analyses from the Cochrane Database of

Systematic Reviews examined the relationship between

antibiotic use during pregnancy and the rate of preterm

births. Thinkhamrop et al.13 analyzed RCTs that compared
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Table 3. Review of the studies using metronidazole during the second trimester

Authors n Selection criteria Treatment and dose Primary outcome

Shennan et al. 2006 100 Vaginal fetal fibronectin
positivity between 23 0/7 and
24 6/7 weeks’ gestation

Treatment group: Metronidazole
400 mg three times daily for 7 days
Controls: Placebo

Incidence of preterm delivery

� 30 weeks

Andrews et al. 2003 715 Cervico-vaginal fetal fibronectin
positivity between 21 0/7 and
25 6/7 weeks’ gestation

Treatment group: Metronidazole
250 mg three times daily by mouth
and erythromycin 250 mg four times
daily by mouth for 10 days
Controls: Placebo

Incidence of spontaneous

delivery � 37 weeks

Jeffcoat et al. 2003 366 Women with periodontitis
between 21 and 25 weeks’
gestation

Treatment group: Scaling and root
planing + metronidazole 250 mg
three times daily for 1 week
Controls: Scaling and root planing +
placebo capsule

Incidence of preterm delivery

� 37 and � 35 weeks

Odendaal et al. 2002 277 Primigravidae or women with
previous preterm labour or
midtrimester miscarriage who
had bacterial vaginosis
between 15 and 26 weeks’
gestation

Treatment group: Metronidazole
400 mg twice daily for 2 days
Controls: Vitamin C 100 g bid for 2
days

Primigravidae and
Multigravidae: Incidence of

preterm delivery � 37, � 34

weeks and � 28 weeks

Klebanoff et al. 2001 615 Asymptomatic Trichomonas
vaginalis between 16 and 23
6/7 weeks

Treatment group: Metronidazole 2 g
by mouth twice, 48 hours apart,
repeated at the follow-up visit
between 24 and 29 6/7 weeks.
Controls: Placebo (lactose)

Incidence of preterm delivery

� 37 weeks

Carey et al. 2000 1953 Asymptomatic bacterial
vaginosis between 16 and 23
6/7 weeks

Treatment group: Metronidazole 2 g
by mouth twice, 48 hours apart,
repeated at the follow-up visit
between 24 and 29 6/7 weeks.
Controls: Placebo (lactose)

Incidence of preterm delivery

� 37 weeks

McDonald et al. 1997 879 Bacterial vaginosis between 16
and 26 weeks

Treatment group: Metronidazole
400 mg twice daily for 2 days at 24
weeks and 29 weeks if G. vaginalis
was positive
Controls: Placebo

Incidence of spontaneous

preterm delivery � 37 weeks

Hauth et al. 1995 624 Healthy women between 22 and
24 weeks’ gestation who had a
previous spontaneous delivery
or who weighed less than 50 kg
before pregnancy

Treatment group: Metronidazole
250 mg three times daily for 7days
+ erythromycin base 333 mg three
times daily for 14 days
Controls: Placebo

Incidence of preterm delivery

� 37 weeks



antibiotics with placebo or no treatment in the second tri-

mester of pregnancy before labour and found a reduction in

the risk of prelabour rupture of membranes with routine

administration in pregnant women, but they did not find a

significant decrease in the rate of preterm delivery. How-

ever, their analysis included trials using second-trimester

and third-trimester antibiotics of all kinds, such as

erythromycin, metronidazole, cefetamet-pivoxil,

ceftriaxone, and clindamycin, but did not analyze them

individually.

In a second meta-analysis, King and Flenady37 examined

RCTs that compared antibiotics with placebo or no treat-

ment of women in preterm labour (between 20 and 36

weeks’ gestation) with intact membranes. They did not

observe any significant benefit of antibiotic use in this

group of patients. It has been suggested that antibiotics

administered during preterm labour may be ineffective

because the infectious process and its inflammatory cascade

have progressed too far by the time treatment is initiated.

Moreover, in this situation, antibiotics may, by lysing bacte-

ria, set free endotoxins and even stimulate labour.38

Raynes-Greenow et al.39 examined RCTs that compared the

effects of macrolide antibiotics with placebo or no treat-

ment in women who had vaginal cultures positive for

Ureaplasma in any trimester of pregnancy. Only one trial was

included, and no statistically significant reduction was seen

in the rate of low birth weight neonates with the use of

The Effect of Second-Trimester Antibiotic Therapy on the Rate of Preterm Birth
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Figure 5. Delivery before 37 weeks’ gestation using metronidazole alone

Figure 4. Delivery before 37 weeks’ gestation using metronidazole alone or in combination



erythromycin (relative risk 0.70; 95% CI 0.46–1.07). The

rate of preterm births was not reported in the trial.40

Finally, Okun et al. conducted a meta-analysis of RCTs in

which the effects of antibiotic therapy were compared with

no antibiotic or placebo, in women with bacterial vaginosis

or Trichomonas vaginalis.41 However, they included studies

with up to 20% loss to follow-up and women whose treat-

ment was randomized in the third trimester. Although these

authors concluded that there was no evidence to support

antibiotic treatment for bacterial vaginosis or Trichomonas

vaginalis, they did not evaluate specific macrolides during the

second trimester. In fact, they found that the only trial that

combined erythromycin with metronidazole for that pur-

pose was associated with a lower rate of preterm births.41

The current meta-analysis has some limitations. First, few

RCTs met our inclusion criteria, which restricts the power

of this analysis and the strength of the conclusions. Second,

the trials included were heterogeneous in terms of study

population and treatments. Even if the patients were all at

high risk for preterm delivery, the risk factors (previous

preterm birth, urogenital Mycoplasma infection, cervico-

vaginal fetal fibronectin positivity, bacterial vaginosis) were

quite different between studies. Third, arguments for and

against our choice of studies can be made, especially our

exclusion of trials with a high rate of patients lost to

follow-up, but these criteria were predetermined and

seemed reasonable to both authors. Finally, these trials did

not use the same dosage, route of administration or dura-

tion of treatment.

Despite the limitations, all efforts were made to establish

strict criteria regarding the original aims of the study and to

obtain all the available publications. The rationale for this

study derived from the following observations.

(1) Mycoplasma species (including Ureaplasma) are the

microorganisms most frequently found in the amniotic

fluid of women in preterm labour; (2) Mycoplasma species

have been reported in the mid-trimester amniotic fluid

of women who subsequently deliver before term;

(3) macrolides (and clindamycin to a lesser degree) are the

most effective antibiotics against Mycoplasma species; and

therefore (4) macrolides (and clindamycin) are likely to be

the most effective antibiotics for preventing preterm births.

To our knowledge, ours is the first meta-analysis to evaluate

this specific hypothesis. It is noteworthy that only three

RCTs evaluated the effect of macrolides during the second

trimester, with only one using erythromycin as the sole anti-

biotic and all treatment beginning after the 21st week of

gestation. The two other trials combined metronidazole

with erythromycin, raising the possibility that the full bene-

fit of erythromycin was reduced by a negative effect of

metronidazole. In fact, no RCT evaluated the effect of

erythromycin or other macrolide given prior to 21 to 24

weeks’ gestation on pregnancy outcomes, and it is therefore

difficult to speculate on the effect of these agents on the

rate of preterm births prior to 28 to 32 weeks’ gestation.

The only trial that evaluated systemic clindamycin given

prior to 20 weeks’ gestation (usually at 14 weeks’ gestation)

found a decrease in the rate of late miscarriage (delivery

between 13 and 24 weeks) in women treated with antibiot-

ics compared with those given placebo.24 Clindamycin has

activity against Mycoplasma species, but, since erythromycin

and clindamycin have mainly bacteriostatic activity, it is

likely that prolonged and systemic treatment will be

necessary to obtain significant benefit.

On the other hand, the mechanism underlying the observed

increase in preterm delivery among the metronidazole-

treated women remains unclear. Metronidazole could

theoretically have an adverse influence on the normal

vaginal flora, allowing colonization by opportunistic organ-

isms.14 However, we believe that the major reason for the

difference found between the effect of macrolides (or

clindamycin) and metronidazole lies in their mechanism of

action. Macrolides are classical bacteriostatic antibiotics,

but metronidazole is a very active bactericidal antibiotic.

Treatment of bacterial vaginosis or Trichomonas vaginalis with

metronidazole could be associated with the release of endo-

toxins or lipopolysaccharide from bacteriolysis, causing a

cervico-vaginal inflammatory response. Further research is

needed to answer this specific question.

On the basis of these findings, it is reasonable to ask if

mid-trimester treatment with macrolides or systemic

clindamycin should be recommended for all women at high

risk for preterm birth, and, if so, what dosage should be

given. Our meta-analysis cannot answer these specific ques-

tions, because the inclusion criteria and the dosage were

heterogeneous among the trials we included. However, in

light of our results, it is likely that patients with high risk fac-

tors for preterm birth would benefit from macrolides or

clindamycin prophylaxis during mid-trimester. Further

studies should be conducted to determine (1) the optimal

group of patients who will benefit from such prophylaxis

and (2) the optimal course of treatment and route of admin-

istration. We believe that this meta-analysis is another step

towards an efficient research program of early prevention

of preterm births, and trials should be performed towards

this end.

CONCLUSION

Treatment with macrolide antibiotics and clindamycin

during the second trimester of pregnancy in women at high

risk for preterm births is associated with a reduction in the

rate of delivery prior to 37 weeks’ gestation. However,
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uncertainty remains about how erythromycin and

clindamycin should be administered because of the differ-

ent dosing regimens, different drug preparations, and dif-

ferent timing of administration included in our analysis

More research is clearly required to define the target popu-

lation and the optimal treatment that should be adminis-

tered. In light of our findings, use of metronidazole, an anti-

biotic that is commonly used in the treatment of bacterial

vaginosis and Trichomonas vaginalis, should be avoided during

the second trimester of pregnancy in women at higher risk

for preterm birth.

ACKNOWLEDGMENTS

Anne-Maude Morency was supported by a grant from the

Canadian Research Chair in Perinatal Epidemiology

(William D. Fraser, Université de Montréal) and by a grant

from Jeanne & Jean-Louis Lévesque Research Chair for

Perinatal Research (Emmanuel Bujold, Université Laval).

Emmanuel Bujold holds a Clinician-Scientist Award from

the Canadian Institutes of Health Research, the Jeanne &

Jean-Louis Lévesque Research Chair for Perinatal Research

at the Faculty of Medicine, Université Laval, Québec, QC,

and a grant from the Canadian Foundation for Women’s

Health to study the effect of second trimester antibiotics on

adverse pregnancy outcomes. The editorial assistance of

Ovid Da Silva is acknowledged.

REFERENCES

1. Wen SW, Smith G, Yang Q, Walker M. Epidemiology of preterm birth and
neonatal outcome. Semin Fetal Neonatal Med 2004;9:429–35.

2. Yoon BH, Romero R, Moon JB, Shim SS, Kim M, Kim G, et al. Clinical
significance of intra-amniotic inflammation in patients with preterm labor
and intact membranes. Am J Obstet Gynecol 2001;185:1130–6.

3. Jacobsson B, Mattsby-Baltzer I, Andersch B, Bokstrom H, Holst RM,
Wennerholm UB, et al. Microbial invasion and cytokine response in
amniotic fluid in a Swedish population of women in preterm labor. Acta
Obstet Gynecol Scand 2003;82:120–8.

4. Wahbeh CJ, Hill GB, Eden RD, Gall SA. Intra-amniotic bacterial
colonization in premature labor. Am J Obstet Gynecol 1984;148:739–43.

5. Greig PC. The diagnosis of intrauterine infection in women with preterm
premature rupture of membranes. Clin Obstet Gynecol 1998;41:849–63.

6. Watts DH, Krohn MA, Hillier SL, Eschenbach DA. The association of
occult amniotic fluid infection with gestational age and neonatal outcome
among women in preterm labor. Obstet Gynecol 1992;79:351–7.

7. Gerber S, Vial Y, Hohlfeld P, Witkin SS. Detection of Ureaplasma
urealyticum in second-trimester amniotic fluid by polymerase chain reaction
correlates with subsequent preterm labor and delivery. J Infect Dis
2003;187:518–21.

8. Perni SC, Vardhana S, Korneeva I, Tuttle SL, Paraskevas LR, Chasen ST,
et al. Mycoplasma hominis and Ureaplasma urealyticum in midtrimester
amniotic fluid: association with amniotic fluid cytokine levels and
pregnancy outcome. Am J Obstet Gynecol 2004;191:1382–6.

9. Egarter C, Leitich H, Husslein P, Kaider A, Schemper M. Adjunctive
antibiotic treatment in preterm labor and neonatal morbidity:
a meta-analysis. Obstet Gynecol 1996;88:303–9.

10. Hassan S, Romero R, Hendler I, Gomez R, Khalek N, Espinoza J, et al.

A sonographic short cervix as the only clinical manifestation of

intra-amniotic infection. J Perinat Med 2006;34:13–9.

11. Bujold E, Pasquier JC, Simoneau J, Arpin MH, Duperron L, Morency AM,

et al. Intra-amniotic sludge, short cervix and risk of preterm delivery. J Obst

Gynaecol Can 2006;28:198–202.

12. Morency AM, Rallu F, Laferri�re C, Bujold E. Eradication of intra-amniotic

Streptococcus mutans in a woman with a short cervix. J Obst Gynaecol Can

2006;28(10):898–902.

13. Thinkhamrop J, Hofmeyr GJ, Adetoro O, Lumbiganon P. Prophylactic

antibiotic administration in pregnancy to prevent infectious morbidity and

mortality. Cochrane Database Syst Rev 2002; Issue 4: Art. No. CD002250.

14. Shennan A, Crawshaw S, Briley A, Hawken J, Seed P, Jones G, et al.

A randomised controlled trial of metronidazole for the prevention of

preterm birth in women positive for cervicovaginal fetal fibronectin: the

PREMET Study. BJOG 2006;113;65–74.

15. Andrews WW, Sibai BM, Thom EA, Dudley D, Ernest JM, McNellis D,

et al. Randomized clinical trial of metronidazole plus erythromycin to

prevent spontaneous preterm delivery in fetal fibronectin-positive women.

Obstet Gynecol 2003;101:847–55.

16. Ye Y, Tu S, Li H. Clinic intervention study on urogenital mycoplasma

infection of pregnant women [in Chinese]. Zhonghua Liu Xing Bing Xue

Za Zhi 2001;22:293–5.

17. Hauth JC, Goldenberg RL, Andrews WW, DuBard MB, Copper RL.

Reduced incidence of preterm delivery with metronidazole and

erythromycin in women with bacterial vaginosis. N Engl J Med

1995;333:1732–6.

18. Klebanoff MA, Regan JA, Rao AV, Nugent RP, Blackwelder WC,

Eschenbach DA, et al. Outcome of the Vaginal Infections and Prematurity

Study: results of a clinical trial of erythromycin among pregnant women

colonized with group B streptococci. Am J Obstet Gynecol

1995;172:1540–5.

19. Paul VK, Singh M, Buckshee K. Erythromycin treatment of pregnant

women to reduce the incidence of low birth weight and preterm deliveries.

Int J Gynaecol Obstet 1998;62:87–8.

20. Eschenbach DA, Nugent RP, Rao AV, Cotch MF, Gibbs RS, Lipscomb

KA, et al. A randomized placebo-controlled trial of erythromycin for the

treatment of Ureaplasma urealyticum to prevent premature delivery. The

Vaginal Infections and Prematurity Study Group. Am J Obstet Gynecol

1991;164:734–42.

21. McGregor JA, French JI, Richter R, Vuchetich M, Bachus V, Seo K, et al.

Cervicovaginal microflora and pregnancy outcome: results of a

double-blind, placebo-controlled trial of erythromycin treatment. Am J

Obstet Gynecol 1990;163:1580–91.

22. Hauth JC, Cliver S, Hodgkins P, Andrews WW, Schwebke JR, Hook EW,

et al. Mid-trimester metronidazole and azithromycin did not prevent

preterm birth in women at increased risk: a double-blind trial. Am J Obstet

Gynecol 2001;185:S86.

23. Odendaal HJ, Popov I, Schoeman J, Smith M, Grove D. Preterm labour—is

bacterial vaginosis involved? S Afr Med J 2002;92:231–4.

24. Ugwumadu A, Manyonda I, Reid F, Hay P. Effect of early oral clindamycin

on late miscarriage and preterm delivery in asymptomatic women with

abnormal vaginal flora and bacterial vaginosis: a randomised controlled trial.

Lancet 2003;361:983–8.

25. Lamont RF, Duncan SL, Mandal D, Bassett P. Intravaginal clindamycin to

reduce preterm birth in women with abnormal genital tract flora. Obstet

Gynecol 2003;101:516–22.

26. Kurkinen-Raty M, Vuopala S, Koskela M, Kekki M, Kurki T, Paavonen J,

et al. A randomised controlled trial of vaginal clindamycin for early

pregnancy bacterial vaginosis. Br J Obstet Gynaecol 2000;107:1427–32.

The Effect of Second-Trimester Antibiotic Therapy on the Rate of Preterm Birth

JANUARY JOGC JANVIER 2007 � 43



27. Vermeulen GM, Bruinse HW. Prophylactic administration of clindamycin

2% vaginal cream to reduce the incidence of spontaneous preterm birth in

women with an increased recurrence risk: a randomised placebo-controlled

double-blind trial. Br J Obstet Gynaecol 1999;106:652–7.

28. Kiss H, Petricevic L, Husslein P. Prospective randomised controlled trial of

an infection screening programme to reduce the rate of preterm delivery.

BMJ 2004;329:371. Epub 2004 Aug 4.

29. Joesoef MR, Hillier SL, Wiknjosastro G, Sumampouw H, Linnan M,

Norojono W, et al. Intravaginal clindamycin treatment for bacterial

vaginosis: effects on preterm delivery and low birth weight. Am J Obstet

Gynecol 1995;173:1527–31.

30. McGregor JA, French JI, Jones W, Milligan K, McKinney PJ, Patterson E,

et al. Bacterial vaginosis is associated with prematurity and vaginal fluid

mucinase and sialidase: results of a controlled trial of topical clindamycin

cream. Am J Obstet Gynecol 1994;170:1048–59.

31. Guaschino S, Ricci E, Franchi M, Frate GD, Tibaldi C, Santo DD, et al.

Treatment of asymptomatic bacterial vaginosis to prevent pre-term delivery:

a randomised trial. Eur J Obstet Gynecol Reprod Biol 2003;110:149–52.

32. Rosenstein IJ, Morgan DJ, Lamont RF, Sheehan M, Dore CJ, Hay PE, et al.

Effect of intravaginal clindamycin cream on pregnancy outcome and on

abnormal vaginal microbial flora of pregnant women. Infect Dis Obstet

Gynecol 2000;8:158–65.

33. Klebanoff MA, Carey JC, Hauth JC, Hillier SL, Nugent RP, Thom EA et al.

Failure of metronidazole to prevent preterm delivery among pregnant

women with asymptomatic Trichomonas vaginalis infection. N Engl J Med

2001;345:487–93.

34. Carey JC, Klebanoff MA, Hauth JC, Hillier SL, Thom EA, Ernest JM, et al.

Metronidazole to prevent preterm delivery in pregnant women with

asymptomatic bacterial vaginosis. N Engl J Med 2000;342:534–40.

35. McDonald HM, O’Loughlin JA, Vigneswaran R, Jolley PT, Harvey JA, Bof

A, et al. Impact of metronidazole therapy on preterm birth in women with

bacterial vaginosis flora (Gardnerella vaginalis): a randomised, placebo

controlled trial. Br J Obstet Gynaecol 1997;104:1391–7.

36. Jeffcoat MK, Hauth JC, Geurs NC, Reddy MS, Cliver SP, Hodgkins PM,

et al. Periodontal disease and preterm birth: results of a pilot intervention

study. J Periodontol 2003;74:1214–8.

37. King J, Flenady V. Prophylactic antibiotics for inhibiting preterm labour

with intact membranes. Cochrane Database Syst Rev. 2002; Issue 4: Art.

No. CD000246.

38. Klein LL, Gibbs RS. Use of microbial cultures and antibiotics in the

prevention of infection-associated preterm birth. Am J Obstet Gynecol

2004;190:1493–502.

39. Raynes-Greenow CH, Roberts CL, Bell JC, Peat B, Gilbert GL. Antibiotics

for ureaplasma in the vagina in pregnancy. Cochrane Database Syst Rev.

2004; Issue 1: Art. No. CD003767.

40. McCormack WM, Rosner B, Lee YH, Munoz A, Charles D, Kass EH.

Effect on birth weight of erythromycin treatment of pregnant women.

Obstet Gynecol 1987;69:202–7.

41. Okun N, Gronau KA, Hannah ME. Antibiotics for bacterial vaginosis or

Trichomonas vaginalis in pregnancy: a systematic review. Obstet Gynecol

2005;105:857–68.

OBSTETRICS

44 � JANUARY JOGC JANVIER 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


