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Abstract Background: Macrolides are a group of commonly prescribed antibiotics.
There is some doubt surrounding the use of the newer macrolides in preg-
nancy.

Objective: The present study aimed to compare outcomes of pregnancies ex-
posed to the new macrolides clarithromycin, azithromycin and roxithromycin
with non-teratogenic preparations.

Methods: In this prospective, multinational, multicentre, controlled, obser-
vational study, information was obtained either from pregnant women or
their healthcare professionals who contacted their local teratogen informa-
tion services in Italy, Israel, the Czech Republic, the Netherlands and
Germany seeking information after exposure to macrolides. The comparison
group included women or their healthcare professional who contacted these
centres with questions regarding known non-teratogenic preparations.
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Information on obstetric and other background parameters was collected at
enrollment; after delivery, subjects or their healthcare professionals were
contacted to ascertain pregnancy outcome parameters and other exposures
through the remainder of the pregnancy.

Results: A total of 608 women exposed to macrolides during pregnancy were
enrolled; 511 of the exposures occurred during the first trimester. The com-
parison group comprised 773 women exposed to non-teratogenic prepara-
tions during the first trimester of pregnancy. No significant difference in the
rate of major congenital malformations was found between the study group
and the comparison group (3.4% vs 2.4%; p=0.36; odds ratio (OR) 1.42; 95%
CI 0.70, 2.88) or in the rate of cardiovascular malformations (1.6% vs 0.9%;
p=0.265; OR 1.91; 95% CI1 0.63, 5.62).

No significant differences were found between subgroups of macrolides in
the rates of major congenital malformations or cardiac malformations, al-
though for azithromycin this was of borderline significance.

Conclusions: This study, in agreement with earlier smaller studies, suggests
that the new macrolides do not pose a significantly increased risk of major
congenital malformations or cardiac malformations.

Background

Macrolides are a group of commonly prescribed
antibiotics. Numerous indications exist, includ-
ing Gram-positive lower and upper respiratory
infections, soft tissue infections, and Helicobacter
pylori peptic ulcer disease. Furthermore, they
are the main treatment alternative in penicillin-
allergic patients. Urogenital infections caused by
chlamydia or mycoplasma are common in women
of reproductive age and are frequently treated
with macrolides. Erythromycin, the first macrolide
introduced, has been extensively studied in the
past,['-31 and the drug is considered by most au-
thors as appropriate for use during pregnancy./>#
However, Killén et al.[>3 reported an association
between erythromycin use during pregnancy and
cardiac malformations in offspring. The newer
macrolide antibiotics clarithromycin, azithromycin
and roxithromycin are better tolerated than
erythromycin, but there are limited data available re-
garding the teratogenicity of these antibiotics.[l->%13]
The issue of whether these antibiotics have a ter-
atogenic effect when taken in the first trimester of
pregnancy remains unclear. Since many preg-
nancies are unplanned, it is not an uncommon oc-

Adis © 2012 Springer International Publishing AG. All rights reserved.

currence for women to be prescribed macrolides
before they are aware of their pregnancy.!'®!7]

Three Israeli centres recently published a small
multicentre study encompassing 118 women ex-
posed to one of three macrolide antibiotic pre-
parations in the first trimester of pregnancy.[!?
This study group was compared with two control
groups for pregnancy outcomes: women report-
ing exposure to other antibiotics, and women re-
porting exposure to non-teratogenic medications.
Although not statistically significant, the use of
roxithromycin was associated with higher rates of
major and cardiac malformations when compar-
ing the various macrolides, but the number of
participants limited the statistical power of this
outcome. A similar trend was reported by Paulus
et al.,['3 but not in a study by Chun et al.['3]

As mentioned, in the previous study conducted
in Israel, small numbers of study participants
precluded informative comparison of the various
macrolides. In the present, larger scale study, we
aimed to compare the outcomes of pregnancies
exposed to clarithromycin, azithromycin and roxi-
thromycin with a control group of women, for
major congenital and cardiovascular malforma-
tions, and to add further information about the
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safety of administering these medications during
pregnancy.

Materials and Methods

We conducted a prospective, multinational,
multicentre, observational study, utilizing data
collected retrospectively. The study group com-
prised of pregnant women who contacted the local
teratogen information service (TIS), either directly
or through their healthcare providers, seeking
information after exposure to macrolide prepara-
tions, including clarithromycin, azithromycin,
and roxithromycin, in the first trimester of preg-
nancy. Participating TIS centres were located in
Israel (two centres), Italy (three centres) and one
centre each in the Czech Republic, the Netherlands
and Germany. There was no overlap in partici-
pants or data acquisition between the previously
published study!"? and the current study, either in
the exposure group or in the control group. TIS
centres are units dedicated to providing evidence-
based clinical information to patients and healthcare
professionals about exposures during pregnancy and
lactation.

The comparison group comprised of pregnant
women, or their healthcare professionals, who
contacted the TIS centres with queries regarding
exposures to non-teratogenic compounds during
the first trimester (included compounds were
paracetamol (acetaminophen), penicillins, ceph-
alosporins, hair dye or levothyroxin), provided
by four of the participating TIS centres (one each
in Israel, Germany, the Netherlands and Italy).

At the first contact with the TIS, participants
were asked to enroll in the study and were inter-
viewed (either by phone or by written questionnaire)
for demographic background parameters, gen-
eral medical and obstetric histories, details of the
present pregnancy and details of exposure to
macrolides, as well as any other exposures or risk
factors (such as smoking, alcohol use, etc.). After
delivery, the women or their healthcare profes-
sionals were contacted within 2 months to ascer-
tain pregnancy outcome parameters and details
of macrolide or other exposures throughout the
remainder of the pregnancy. A follow-up call was
made 1 year after delivery to assess for any pre-
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viously unidentified malformations. Enrollment
took place between 2005 and 2008, with the last
follow-up calls conducted in 2009.

The definition used for major malformations
was based on the list of malformations published
by the Centers for Disease Control and Preven-
tion Metropolitan Atlanta Congenital Defects
Program coding manual.l'8!

Statistical Analysis

The main outcome was the prevalence of con-
genital malformations; secondary outcomes were
rate of abortions, rate of preterm deliveries and
birthweight. Subgroup analyses were performed for
the rate of cardiovascular malformations.

Student’s r-test was applied to normally dis-
tributed, continuous variables; the Mann-Whitney
U-test was applied to non-normally distributed
continuous variables, and categorical variables
were analysed with the Chi-squared and Fisher’s
exact tests where appropriate. Results are ex-
pressed as mean and standard deviation. Logistic
regression modelling was employed to examine
possible correlations between the rate of major
structural cardiovascular anomalies and various
parameters, including macrolide exposure, smok-
ing, alcohol consumption, previous abortions, pre-
vious child with structural anomaly, and maternal
age.

Statistical analysis was performed using SPSS
version 14 for Windows (SPSS Corporation,
Chicago, IL, USA).

Results

A total of 608 women contacted the partici-
pating TIS centres during the study period, hav-
ing reported exposure to macrolides in the course
of their pregnancy. Of these, 511 exposures oc-
curred in the first trimester (255 women were ex-
posed to clarithromycin, 156 to azithromycin and
100 to roxithromycin; of all exposures, 215 in-
dividuals were from Italy, 179 from Germany, 80
from the Netherlands, 32 from Israel and 5 were
from the Czech Republic) and 392 of the women
were exposed in the critical period (4th-13th week
of pregnancy), 192 (49%) were exposed to clari-
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thromycin, 119 (30%) to azithromycin and 81
(21%) to roxithromycin. Indications for use were
upper respiratory tract infections, Helicobacter
pylori, urogenital infections and pneumonia. Mean
daily dose of azithromycin was 500mg (range
100-1000 mg), roxithromycin 300 mg (100-900 mg)
and clarithromycin 500 mg (100-1500 mg). Dura-
tion of treatment ranged from 3 to 7 days.

As a comparison group, 773 women who were
exposed to non-teratogenic preparations during
the first trimester of their pregnancy were en-
rolled.

The mean gestational age at first call to the
TIS was 6.714.2 weeks (median 6 weeks) for the
study group and 9.4 £+ 5.6 weeks (median 8 weeks)
for the comparison group.

Maternal Characteristics

Maternal characteristics of the study and
comparison groups are summarized in table I.
Maternal age, number of previous pregnancies
(gravidity) and previous number of births (parity)
were significantly lower in the study group than
in the control group. Smoking rates and alcohol
consumption were significantly higher in the
macrolide-exposed group than in the comparison
group (p<0.001).

No significant differences were found in the rates
of previous elective terminations of pregnancy
[ETOP] (p=0.8), previous spontaneous abortions
(p=0.17) and having a previous child with major
malformations (p=0.18), between the groups.

Significant differences were found among
the various subgroups of macrolides in gravidity
(p<0.001) and parity (p<0.001). No differences
were found in maternal age (p=0.096), smoking
habits (p=0.382), the rate of previous ETOP
(p=0.43), previous spontaneous abortions (p=
0.333) or previously giving birth to a child with
major malformations (p=0.105).

Pregnancy Outcomes

Table II summarizes pregnancy outcomes in the
study and comparison groups. The rate of live births
was significantly lower in the macrolide-exposed
group (86.3%) than in the comparison group
(91.2%) owing to the higher rate of ETOP in the
study group (6.1% vs 2.1%). Taking out the ETOPs,
there was no significant difference between the two
groups in the proportion of live births (91.8% in the
study group and 93.1% in the comparison group;
p=0.48). There were no significant differences be-
tween the groups in the rates of spontaneous abor-
tions (p=0.579), mode of delivery, premature births
(p=1), gestational age at birth (p=0.266), birth-
weight (p=0.963), and 1- and 5-minute Apgar
scores (p=10.385 and 0.405, respectively).

When subgroups of different macrolides were
compared, no statistically significant differences
were found among the three macrolides in the
rate of live births, spontaneous abortions and
ETOP, rate of multiple gestations, premature
birth, mode of delivery, gestational age at birth,
birthweight, or 1- and 5-minute Apgar scores.

Table I. Maternal characteristics of the first-trimester macrolide exposure and comparison group

Study group Comparison group p-Value
(N=511) (N=773)
Maternal age [y] 30.4+5.7 (16-44)* 31.9+5.1 (17-48)% <0.001
Prior gravidity 0.82+1.2 (0-5)% 1.5+1.2 (0-10)2 0.018
Prior parity 0.9+0.9 (0-9)? 1.1+1.2 (0-10) <0.001
Smoking 47/359 (13.1)° 48/728 (6.4)° <0.001
Any alcohol consumption 26/363 (7.1)° 19/749 (2.5)° <0.001

Previous ETOP
Previous spontaneous abortions

22/359 (6.1)°
44/353 (12.5)°

Previous malformations 3/505 (0.6)°

52/763 (6.8)° 0.8
123/763 (16.1)° 0.17
12/764 (1.5)° 0.18

a MeanzSD (range).
b n(%).
ETOP =elective termination of pregnancy.
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Table Il. Pregnancy outcomes of first-trimester macrolide exposure and comparison group

Study group Comparison group p-Value OR (95% Cl)
(N=511) (N=773)
Live birth 441 (86.3)% 705 (91.2)2 0.006 0.60 (0.15, 2.35)
Spontaneous abortion 39 (8.1)% 52 (6.8)% 0.611 1.15(0.57, 1.34)
ETOP 31 (6.1)2 16 (2.1)2 <0.001 3.06 (0.17, 6.03)
Multifetal gestation 2/440 (0.5)% 17/705 (2.4)2 0.015 5.39 (1.24, 23.46)
Prematurity 37/435 (8.5)2 61/705 (8.7)2 1.000 1.01 (0.64, 1.51)
Gestational age [wk] 39.07+£2.17 (22-43)° 39.21+2.16 (25-43)° 0.266
Birth weight [g] 3287 +536 (1000-4840)° 3289 +588 (490-5120)° 0.963
Apgar 1 8.74+1.09 (4-10)° 8.8+1.19 (1-10)° 0.385
Apgar 5 9.63+0.9 (7-10)° 9.7+0.8 (1-10)° 0.405
a n(%).

b Mean+SD (range).
ETOP =elective termination of pregnancy; OR =odds ratio.

Major Congenital Malformations

No significant difference was found in the rate of
major congenital malformations among live births
between the study group and the comparison group
(15/441; 3.4% vs 17/705; 2.4%; p=0.36; odds ratio
(OR) 1.42; 95% C1 0.70, 2.88) [table III]. Although
higher in the study group, the difference in the rate
of cardiovascular malformations between the study
group and the comparison group was not statis-
tically significant (7/441; 1.6% vs 6/705; 0.9%;
p=0.265; OR 1.91; 95% CI1 0.63, 5.62).

When the subgroups exposed to different
macrolides were compared (table 1V), no statis-
tically significant differences were found among
the various macrolides in the prevalence of major
congenital malformations (5.2% for azithromycin,
4.5% for roxithromycin, 1.8% for clarithromycin;
p=0.191). The proportion of cardiovascular mal-
formations was higher in the azithromycin sub-
group (3.0%) compared with roxithromycin (2.2%)
and clarithromycin (0.5%) [p=0.157].

Considering the critical period only, the pre-
valence of major malformations in the macrolides
group was 3.3% (11/334) and the rate of cardiac
malformations was 1.8% (6/334).

When the subgroups exposed to different macro-
lides were compared with the comparison group
(table V), no statistically significant differences
were observed in the prevalence of major con-
genital malformations (5.2% vs 2.4%; p=0.09) or
cardiovascular malformations (3% vs 0.9%; p=0.06)
between azithromycin and the comparison group,
although the result was of borderline significance,
with a trend toward a higher rate of malforma-
tions in the study group.

No statistically significant differences were
observed in the prevalence of major congenital
malformations (4.5% vs 2.4%; p=0.28) or cardio-
vascular malformations (2.2% vs 0.9%; p=0.22)
between roxithromycin and the comparison group.

No statistically significant differences were
observed in the prevalence of major congenital
malformations (1.8% vs 2.4%; p=0.80) or cardio-

Table lll. Major congenital malformations and cardiac malformations in the macrolide exposure and comparison groups after first-trimester

exposure
Study group Comparison group p-Value OR (95% ClI)
(N=511) [n (%)] (N=773) [n (%)]

Major congenital malformations 15/4412 (3.4) 17/705% (2.4) 0.359 1.42 (0.70, 2.88)

Cardiac malformations 7/4412 (1.6) 6/705% (0.9) 0.265 1.91 (0.63, 5.62)

a Denominator is total live births as no malformations were identified in the ETOPs and spontaneous abortions.

ETOP =elective termination of pregnancy; OR = odds ratio.

Adis © 2012 Springer International Publishing AG. All rights reserved.
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Table IV. Congenital malformations and cardiac malformations by macrolide subgroup

Azithromycin Roxithromycin Clarithromycin p-Value
(n=134) [n (%)] (n=89) [n (%)] (n=218) [n (%)]
Major congenital malformations 7(5.2) 4 (4.5) 4(1.8) 0.191
Cardiac malformations 4(3.0) 2(2.2) 1(0.5) 0.157

vascular malformations (0.5% vs 0.9%; p=0.99)
between clarithromycin and the comparison
group.

Table VI summarizes the detailed congenital
malformations reported in the study and com-
parison groups.

Discussion

The primary objective of this study was to
determine the prevalence of major congenital
malformations and cardiac malformations in
patients treated with the new macrolides in the
first trimester of pregnancy. We observed no sig-
nificant difference between the groups in pre-
valence of malformations, which was found to
be no greater than the 3-4% seen in the general
population. Although higher in the study group,
the difference in the rate of cardiovascular mal-
formations between the study group and the
comparison group was not statistically significant
(7/441; 1.6% vs 6/705; 0.9%; p=0.265; OR 1.91;
95% CI1 0.63, 5.62).

Women in the study group were slightly younger
than the comparison group. Although increased
risk of malformations is associated with older
maternal age, the rate of malformations was higher
in the macrolides group. However, the difference
between the mean ages of 30 and 32 years can be
considered clinically insignificant. There was no
difference in the rates of gestational diabetes and

hypertension between the groups. Another dif-
ference in pregnancy characteristics between the
groups was the higher rate of mutifetal preg-
nancies in the comparison group. However, when
comparing these pregnancies with single-fetus
pregnancies, there was no difference in the rate of
prematurity or congenital malformations.

Our results are in accordance with previous
publications. Including the latest study con-
ducted in Israel,l'?! there are reported pregnancy
outcomes for about 131 azithromycin,[®%-121 316
clarithromycin['%!'?l and 200 roxithromycin ex-
posed cases!!>!3! during organogenesis. All these
studies conclude that the new macrolides do not
pose an increased risk for major malformations.

However, there are some conflicting results
concerning the use of erythromycin, the first and
oldest macrolide, during pregnancy. Killén et al.[>]
reported an association between erythromycin
use during pregnancy and cardiac malformations
in offspring. In a recent study on antibacterial
medication use during pregnancy and the risk of
congenital malformations,'! although no in-
creased risk for major birth defect was observed
among 202 women treated with erythromycin
during the first trimester, elevated adjusted ORs
(AORs) were observed for anencephaly (AOR
2.4; 95% CI 1.1, 5.3) and transverse limb defi-
ciency (AOR 2.1;95% CI1 1.0, 4.2).1'T We did not
observe any pregnancy with anencephaly or
transverse limb deficiency in the study group.

Table V. Major congenital malformations and cardiac malformations in each macrolide subgroup compared with the comparison group

Study group [n (%)] Comparison group [n (%)] p-Value OR (95% ClI)
Azithromycin Major congenital malformations 7/134 (5.2) 17/705 (2.4) 0.09 2.23 (0.91, 5.50)
Cardiac malformations 4/134 (3) 6/705 (0.9) 0.06 3.59 (0.99, 12.88)
Roxithromycin Major congenital malformations 4/89 (4.5) 17/705 (2.4) 0.28 1.90 (0.63, 5.79)
Cardiac malformations 2/89 (2.2) 6/705 (0.9) 0.22 2.68 (0.53, 13.48)
Clarithromycin Major congenital malformations 4/218 (1.8) 17/705 (2.4) 0.80 0.76 (0.25, 2.27)
Cardiac malformations 1/218 (0.5) 6/705 (0.9) 0.99 0.54 (0.06, 4.48)

OR=o0dds ratio.
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ventricular septal defect.

VSD=

In addition, we specifically looked for cardiac
malformations.

There were seven (1.6%) cases of cardiac mal-
formations in our study group, compared with six
in the comparison group (0.9%). Although the
proportion was almost double, the difference was
not statistically significant (p=0.265). Taking into
account that in two of these pregnancies — one with
atrial septal defect, the other one with ventricular
septal defect (VSD) — macrolide exposure had taken
place before the critical period of embryonic heart
formation, a causal relationship to the mothers’
medication seems remote. Furthermore, one fetus
was affected with a small VSD without hemody-
namic relevance, raising some doubt whether this
VSD should be considered a major malformation.

The higher rate of major congenital malforma-
tions and cardiac malformations in the azithromycin
subgroup (5.2% and 3.0%, respectively) reflects
the two above-mentioned pregnancies with early
exposure,

When comparing the different macrolide sub-
groups with the comparison group, although
the rates of major congenital malformations and
cardiovascular malformations were higher in the
azithromycin subgroup, no statistically signif-
icant differences were found. This finding is in
agreement with previous studies but should be
looked into in future studies as our study, in itself,
does not ascertain the safety of this compound be-
cause of the borderline significance of the higher
rate of cardiac malformations found in this group.

There were no differences in the rates of major
congenital malformations or cardiovascular mal-
formations between the roxithromycin-treated
subgroup and the clarithromycin-treated sub-
group compared with the comparison group.

The rate of spontaneous abortions did not
differ between groups (7.6 vs 6.7%) [table III].
Median gestational age of first contact was 2 weeks
earlier in women of the study group. This ‘delayed
study entry’ of the comparison group further di-
minishes the difference in abortion incidence. Due
to spontaneous case reporting in observational in-
vestigations, study enrollment occurred at varying
stages during (early) pregnancy.

The higher rate of induced abortions in the
study group affected the lower rate of live births

Drug Saf 2012; 35 (7)
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in the study group, and it may be secondary to
misinformation and misperception of a major
risk related to macrolide use during pregnancy.
Misinformation often leads to excess anxiety and
unnecessary induced abortions. It has been dem-
onstrated that both pregnant women and their
physicians tend to assume a high teratogenic risk
to a variety of compounds not known to cause
harm in humans.?%! Early intervention has been
shown to prevent unnecessary pregnancy termi-
nations by correcting misinformation, thus de-
creasing the misperception of high risk held by
women exposed to non-teratogens.[?’]

The strengths and limitations of prospective
observational cohort studies have recently been
described in detail.>'1 Our study has a number of
limitations. The outcome data were collected by
written questionnaire or via telephone interview
and, in some cases, came from the mothers. How-
ever, mother’s reports might have a lower sensi-
tivity for accurately identifying major congenital
malformations.!>?!

The comparison group was derived of women
who contacted four of the eight participating
centres, which may have clouded population or
ethnic differences. On the other hand, it can be
assumed that a comparison group of one Italian
TIS can represent the other two Italian centres,
and the same applies to the two Israeli centres,
thus these unexposed subjects are representative
of six of the eight populations. Furthermore, in
the study group these centres enrolled 86% of
participants. Another point worth considering is
that we have no data regarding the severity of
illness and maximal measured temperature during
the disease that the macrolides were prescribed
for. As the comparison group also included com-
pounds used for febrile illnesses, we feel that this
should not influence our results.

Our study only has the capacity to identify a
very large effect size for all major congenital
malformations combined, as shown in the fol-
lowing power calculation:
considering the baseline risk for major con-
genital malformations in the control group of
2.4% and given a ratio of 1: 1.6 between the study
and comparison group sizes and a statistical
power of 80%, a sample size of 441 live births
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in exposed women would enable us to detect a
2.4-fold rise in the rate of major anomalies.

The sample size of the clarithromycin-exposed
group of 219 live births results in a ratio of 1:3.2
between the study group and the comparison
group, and would enable us to detect a 2.9-fold
rise in the rate of major malformations. Similarly,
a sample size of 134 live births of the azi-
thromycin-exposed group and a ratio of 1:5.3
between the study group and the comparison
group would enable us to detect a 3.4-fold rise in
the rate of major malformations, while a sample
size of 90 live births in the roxithromycin-exposed
group and a ratio of 1:7.9 between the study
group and the comparison group would enable us
to detect a 3.9-fold rise in the rate of major mal-
formations. Considering the critical period only,
given the ratio of 1:2.1 between the study group
and the comparison group sizes and a statistical
power of 80%, a sample size of 334 live births in
exposed women enables us to detect a 2.7-fold
rise in the rate of major anomalies.

Conclusions

This study, in agreement with earlier smaller
studies, suggests that the new macrolides do not
pose a significantly increased risk of major con-
genital malformations or cardiac malformations.
Because of study size limitations, it permits one
to rule out a 3-fold risk of major malforma-
tions after exposure to macrolides during the first
trimester, and a 6-fold risk of cardiovascular
malformations.
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