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Abstract

We aimed to confirm or reject previous reports on the association of prenatal antibiotic exposure and development of epilepsy in offspring by
accounting for known and unidentified confounding factors. In a retrospective cohort investigation,we enrolled children aged 3-18 years born between
1998 and 2012 at a single regional hospital and their mothers. A computerized medication database was linked with hospital records. The exposed
group included children whose mothers purchased 1 or more antibiotic medications for use during pregnancy. Epilepsy was defined by epilepsy
diagnosis and/or by chronic dispensing of antiepileptic drugs. We analyzed maternal exposure to antibiotics 2 years after delivery (but not during
pregnancy and/or the 2 years following delivery) as part of the specificity analysis.We enrolled 88 899 children and their 74 416 mothers. The group
exposed prenatally to antibiotics comprised 36 622 children (41.2%).Of them, 326 (0.9%) developed epilepsy compared with 370 of 52 277 (0.7%) in
the unexposed group (relative risk [RR], 1.24; 95% confidence interval [CI], 1.07-1.44: P = .004). Exposure during the first, second, and third trimesters
was characterized by incidence of epilepsy in 0.8% (P = .943), 0.9% (P = .266), and 0.9% (P = .073) of children, respectively, compared with the
unexposed group,with an RR of 1.01 (95%CI, 0.83-1.23), 1.12 (95%CI, 0.92-1.36), and 1.19 (95%CI, 0.98-1.45), respectively. Similarly, prenatal exposure
by antibiotic class was associated with epilepsy. Nevertheless, the specificity analysis strongly suggested the possibility of confounding by indication.
Our findings indicated that pregnant women should receive the indicated antibiotic treatment with no fear of the development of epilepsy in their
children.
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Epilepsy is a common chronic childhood neurologic
condition with an annual prevalence of 0.5%-1.0%.
Children with epilepsy are at increased risk of mental,
developmental, and physical comorbidities and prema-
ture death compared with children who do not suffer
from this disease.1

Vascular, trauma, developmental, infections, and tu-
moral causes and prenatal factors (eclampsia, placental
abruption, maternal infection, elevated body tempera-
ture) and more have been found to be associated with
the development of epilepsy in childhood.2-4 Neverthe-
less, in most patients, the etiology remains unknown.
In addition, a connection to prenatal exposure to
antibiotics has been investigated.4-6

Miller et al5 found a significant association between
maternal use of antibiotics given for cystitis during
pregnancy and the risk of epilepsy in children. Meer-
aus et al6 reported that macrolides versus penicillin
prescription in pregnancy doubled the risk of epilepsy
and cerebral palsy in children. A pathophysiological
mechanism for those findings is unclear.

It is known that prenatal exposure to streptomycin
and kanamycin may result in childhood deafness
and to tetracyclines may result in hypoplasia and
discoloration of bones and teeth.7 Conflicting results

regarding an association between macrolide (and
particularly erythromycin) exposure during pregnancy
and major congenital malformations,8 necrotizing
enterocolitis,9 asthma,10 autism,11 and infantile pyloric
stenosis12 have been reported. Most of those studies
have not included specificity analyses and confounders
such as genetics, environmental and paternal exposures,
infections, fever, and disruption of maternal microbiota
should be better examined.13

Thus, we reexamined the potential association be-
tween prenatal exposure to antibiotics and development
of epilepsy in children.
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Methods
The studywas approved by the Institutional Committee
for Human Investigation (Helsinki 056-15-SOR).

Study Population
This retrospective cohort investigation included in-
dividuals registered in “Clalit” Health Maintenance
Organization (HMO) in southern Israel. “Clalit” is the
largest HMO in the country and insures 70% of the
local population. Soroka Medical Center (SMC) is the
regional hospital, which serves nearly 1 million people
and where essentially all deliveries and hospitalizations
take place. Approximately half of children in the dis-
trict are born to Jewish and half to Bedouin parents
(ethnicity determined by the Interior Ministry). The
study population was all children registered in “Clalit”
of the Southern District, born at SMC between 1998
and 2012 and aged 3-18 years by the end of 2015, and
their mothers. Maternal exclusion criteria were mater-
nal drug abuse, eclampsia, diabetes, placenta previa,
placental abruption, peripartum fever, traumatic de-
livery, intrapartum asphyxia, umbilical cord prolapse,
and lack of prenatal care. Newborns were excluded
if the 5-minute Apgar score was ≤7, diagnosed small
for gestational age, congenital malformations, asphyxia
neonatorum, central nervous system disease, infection,
metabolic disorder, birth trauma, respiratory disease,
admission to neonatal intensive care unit, meningitis,
head trauma, and cerebrovascular accident. Socioe-
conomic status (SES), determined by the Statistical
Bureau of Israel, is based on education and unemploy-
ment rates and household income levels.

We identified 88 899 children and 74 416 mothers
eligible for the study.

Data Sources
The demographic, clinical, and medication data of
“Clalit” members were gathered in a computerized
repository and could be retrieved at the level of an indi-
vidual member. The medication database contained the
Anatomical Therapeutic Chemical Classification code
(including brand and generic names), dose schedule,
and dose dispensed in terms of a defined daily dose
(DDD). Information on purchase of antibiotics for
maternal use and of antiepileptic medications for their
children was obtained from the “Clalit” database (see
Table S1 for the list of medications used in the study).
Data on births and hospitalizations were obtained from
the SMC Admission-Transfer-Discharge computerized
database, which included demographic and medical
diagnoses drawn directly from the hospital medical
records. All diagnoses were classified according to the
International Classification of Diseases, 9th revision.
The Obstetrics and Gynecology database provided in-
formation on maternal health during pregnancy and

delivery, maternal age, ethnicity, pregnancy week at
birth, gravidity, parity, smoking, birth weight, sex, and
Apgar score at 1 and 5 minutes. “Clalit” and SMC
databases and data about dispensed medications were
linked to create a single registry of demographic and
clinical data. The exposed group included all children
whose mothers purchased 1 or more antibiotics during
pregnancy. We investigated exposure to antibiotics for
the entire pregnancy, and separately for each trimester.
The unexposed group included all children whose
mothers did not purchase antibiotics during pregnancy
or during 2 years after delivery. We defined epilepsy by
diagnosis in SMC database and/or by use of antiepilep-
tic drugs redeemed at least twice to children since birth
and until the age of 18 years.

Statistical Analysis
Results are presented as mean ± SD, median, and
range for continuous variables and as percentages for
categorical data. We estimated relative risk (RR) of
developing epilepsy in offspring using Poisson regres-
sion modeling a binary outcome of disease and scaled
deviance to correct for the overdispersed distribution.
The number needed to harm (NNH) was calculated.
We used modeling by generalized estimated equations
to account for clustering within deliveries of the same
woman, as each woman could have given birth to more
than 1 child during the study period. We followed each
child’s medical records until 18 years of age, starting
on the date diagnosed with epilepsy and/or at least 2
dispenses of antiepileptic drugs between January 1998
and December 2012. Models for prenatal antibiotics
dispensing were adjusted for established risk factors
for developing epilepsy or found significantly related to
exposure and the study outcome. The list of covariates
included were those significant in the univariable analy-
sis (cutoff P ≤ .2): anemia, multiple fetuses, prolonged
pregnancy, smoker, Bedouin origin, repeated abortions,
infant’s sex, SES.We explored an effect of the timing of
exposure on the outcome of epilepsy by analyzing if the
timing when medication was first dispensed in the first,
second, and third trimesters of pregnancy.

Specificity analysis was performed for maternal ex-
posure to antibiotics 2 years after delivery in women
who did not purchase these medications during ges-
tation and the period of potential breastfeeding. This
was done to study the possibility of confounding by
maternal factors related to antibiotic consumption and
also to epilepsy development in children, in which case
antibiotic exposure and epilepsy association would be
spurious.

Following the report6 of double risk of epilepsy
in children exposed to macrolides versus penicillin
during pregnancy, we analyzed exposure to macrolides
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Table 1. Subjects’ Characteristics by Exposure to Antibiotics

Exposed to Antibiotics

Subjects’ Characteristics

Any Antibiotics
(36 622 Deliveries,
23 471 Women)

Macrolides
(1779 Deliveries,
803 Women)

Other Antibiotics
(34 843 Deliveries,
22 840 Women) Pa

Not Exposed to Antibiotics
(52 277 Deliveries,
25 455 Women) Pb

Maternal
Age, years
Mean ± SD (n) 28.6 ± 5.7 (36 622) 29.7 ± 5.7 (1779) 28.5 ± 5.6 (34 843) < .001 28.4 ± 5.6 (52 277) < .001
Median 28.1 29.5 28.0 28.0
Min-Max 15.0-45.0 16.0-45.0 15.0-45.0 15.0-45.0
Bedouin origin, n (%) 66.7% (24 442) 71.1% (1265) 66.5% (23 177) < .001 60.6% (31 658) < .001

Gravidity
Mean ± SD (n) 4.3 ± 3.0 (36 615) 5.0 ± 3.3 (1779) 4.2 ± 2.9 (34 836) < .001 4.0 ± 2.8 (52 264) < .001
Median 4.0 4.0 3.0 3.0
Min-Max 1.0-20.0 1.0-20.0 1.0-20.0 1.0-20.0

Parity
Mean ± SD (n) 3.7 ± 2.6 (36 618) 4.4 ± 3.0 (1777) 3.7 ± 2.6 (34 841) < .001 3.6 ± 2.5 (52 269) < .001
Median 3.0 4.0 3.0 3.0
Min-Max 1.0-20.0 1.0-16.0 1.0-20.0 1.0-19.0
Recurrent miscarriages

>3, % (n)
4.4 (1624) 5.1 (92) 4.3 (1532) .12 3.6 (1906) < .001

Socioeconomic status
Mean ± SD (n) 4.2 ± 4.4 (36 618) 4.1 ± 4.4 (1779) 4.3 ± 4.6 (34 839) .01 4.4 ± 4.8 (52 049) < .001
Median 3.0 3.0 3.0 3.0
Min-Max 0.0-7.0 0.0-4.0 0.0-7.0 0.0-7.0

Neonatal
Birth weight, g
Mean ± SD (n) 3310 ± 398 (36 622) 3323 ± 403 (1779) 3309 ± 397 (34 843) .65 3306 ± 397 (52 277) .08
Median 3275 3282 3270 3270
Min-Max 2502-5415 2515-4945 2502-9292 2502-9292
Male sex, % (n) 50.9 (18 628) 50.4 (897) 50.8 (17 731) .70 50.8 (26 551) .82

APGAR at 1 minute
Mean ± SD (n) 8.9 ± 0.6 (36 614) 8.9 ± 0.8 (1779) 8.9 ± 0.6 (34 835) <.007 8.9 ± 0.6 (52 263) .34
Median 9.0 9.0 9.0 9.0
Min-Max 0-10.0 0-10.0 0-10.0 0-10.0
Born by Cesarean
section, % (n)

1.9 (677) 1.2 (23) 1.5 (551) .26 1.3 (685) < .001

Birth weight ≥ 3500 g, %
(n)

29.5 (10 820) 30.1 (537) 29.5 (10 283) .54 29.1 (15 185) .11

Gestational age, weeks
Mean ± SD (n) 39.6 ± 1.3 (36 622) 39.6 ± 1.3 (1779) 39.6 ± 1.3 (34 843) .09 39.6 ± 1.3 (52 277) .88
Median 39.9 39.85 39.85 39.9
Min-Max 37.0-44.3 37.0-43.1 37.0-44.7 37.0-44.7

aComparison of subjects on macrolides with subjects exposed to other antibiotics.
bComparison between subjects exposed to any antibiotics with subjects on none.

separately from other antibiotics and for different
antibiotic classes.

A 2-sided P< .05 was considered statistically signif-
icant and reported in a P value and/or 95% confidence
interval. Analyses were performed using SPSS version
23 software.

Results
The 88 899 births in the study included 36 662 children
(41.2%) exposed to antibiotic medications during their
prenatal life compared with 52 277 unexposed children
(58.8%).

Mothers of exposed children were more likely to be
of Bedouin-Muslim origin and to have a higher rate
of parity, delivery, and frequent recurrent miscarriages
(P < .001 for all; Table 1). Characteristics of children
exposed to antibiotics during pregnancy did not differ
from those who were not exposed (P > .05), except for
a higher rate of birth by Cesarean section (P < .001;
Table 1).

Of the 36 622 children whose mothers purchased
antibiotics during pregnancy, 1779 (4.9%) were exposed
to macrolides in pregnancy and 34 843 (95.1%) to other
antibiotics. Mothers of children exposed to macrolides
were more likely to be of Bedouin-Muslim origin,
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Table 2. Cumulative Incidence of Epilepsy in Children 0 to 18 Years Old by Exposure to Prenatal Antibiotics in Different Exposure Windows

Exposure Period
Incidence of Epilepsy in Children
Exposed Prenatally to Antibiotics

Relative Riska(Confidence
Interval) P

During pregnancy, % (n/N)
Reference – children not exposed during pregnancy
(370/52 277)

0.9 (326/36 622) 1.241 (−1.068 to 1.443)
1.0

.004

First trimester, % (n/N)b

Second trimester, % (n/N)b

Third trimester, % (n/N)b

Reference: children not exposed during pregnancy
(incidence, 0.7% [370/52 277])

0.8 (142/17 232)
0.9 (152/17 184)
0.9 (156/17 184)

1.009 (−0.827 to −1.227)
1.116 (−0.920 to −1.355)
1.192 (−0.984 to −1.445)

1.0

.943
.266
.073

Specificity analysis:
Maternal exposure 2 years after delivery, % (n/N)c

Reference: children not exposed at any time during study
follow-up (incidence, 0.7% [370/51 907])

0.90 (87/9688) 1.149 (−0.914 to −1.444)
1.0

.234

Results of multivariable analysis.
aThe estimates were adjusted for anemia, multiple fetuses, prolonged pregnancy, smoker, Bedouin origin, history of repeated abortions, infant’s sex, and
socioeconomic status.
bn, number of children diagnosed with epilepsy, N, number of children exposed prenatally to antibiotics.
cMaternal exposure to antibiotics 2 years after delivery and not during pregnancy or during the first 23 months after delivery.

Figure 1. Relative risks and 95% confidence intervals of epilepsy development in children by period of antibiotics’ purchase.

somewhat older, and to have higher gravidity and parity
rates. Characteristics of children exposed to macrolides
during pregnancy did not differ from those exposed to
other antibiotics (P = .05 for all).

Epilepsy was diagnosed in 696 children, of them
234 by hospital diagnosis and 616 by medications
purchased, with overlapping between them; median age
at diagnosis was 9 years,

The cumulative incidence of epilepsy until age 18
years in children exposed to any kind of antibiotics was
higher than that of unexposed children: 0.9% versus

0.7%; P = .004; NNH = 586. It numerically increased
for exposure closer in time to delivery: 142 exposed
during the first trimester (0.8%), 152 during the second
trimester (0.9%), and 156 during the third trimester
(0.9%). However, exposure to antibiotic medications
at any specific time during pregnancy was not
statistically associated with the outcome (Table 2 and
Figure 1).

The association between prenatal exposure to antibi-
otics and epilepsy development was adjusted for known
potential confounders in a multivariable analysis. The
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Table 3. Association of Prenatal Exposure to Antibiotics and Other
Factors on Development of Epilepsy

Subjects’ Characteristics
Relative
Riska 95%CI P

Exposure to antibiotics
other than macrolides
versus nonexposed

1.25 1.07-1.47 .004

Exposure to macrolides
versus nonexposed

1.24 0. 74-2.07 .400

Maternal smoking 3.21 1.75-5.91 < .001
Bedouin versus Jewish
origin

0.87 0.70-1.07 .200

Male sex 1.24 1.06-1.44 .005
Socioeconomic status
(scale 0-10)

1.00 0.98-1.03 .414

aEvery variable was adjusted to all other variables in the table.

Table 4. Association of prenatal exposure to antibiotics sub-groups.
Results of multivariable Poisson regression analyses, by antibiotics group

Exposure to antibiotic
during pregnancy vs
non-exposure to the
specific antibiotic

a

Prevalence of
exposure

Relative Risk
b

95%CI p-value

Aminoglycosides 771 (0.9%) 0.80 (0.33; 1.95) 0.621
Cephalosporines 22713 (25.5%) 1.26 (1.07; 1.48) 0.006
Macrolides 1779 (2.0%) 1.10 (0.66; 1.83) 0.705
Beta Lactam 18906 (21.3%) 1.70 (0.90; 1.28) 0.435
Quinolones 610 (0.7%) 1.21 (0.53; 2.74) 0.643
Sulfanamides 337 (0.4%) 0.41 (0.06; 2.70) 0.354
Tetracyclines 1060 (1.2%) 1.70 (1.01; 2.88) 0.047
Other ABs

c
2425 (2.7%) 1.73 (1.23; 2.47) 0.002

aThe overall number of deliveries exposed to the antibiotics in the table
above exceeds the number of deliveries exposed to any antibiotics, due to
an overlap of exposures occurring when more than one type of antibiotics
was purchased during the delivery.
bAdjusted to anemia, multiple fetuses, prolonged pregnancy, smoker, Bedouin
origin, history of repeated abortions, infant’s gender, and socioeconomic
status.
cNitrofuran represents 99% (2400/2425) of the group “other ABs”.

risk of epilepsy in children exposed to antibiotics other
than macrolides (RR, 1.25; 95%CI, 1.07-1.47) was sim-
ilar in its magnitude to children exposed to macrolides
(RR, 1.24; 95%CI, 0.74-2.07). Risk of epilepsy was
higher among children to mothers who reported smok-
ing (RR, 3.21; 95%CI, 1.75-5.91) and among male
children (RR, 1.24; 95% CI, 1.06-1.44); see Table 3.

We performed an additional analysis of expo-
sure to different subgroups of antibiotics (Table 4).
The adverse effect of antibiotics was recorded for
cephalosporines with an RR of 1.26 (95%CI, 1.07-
1.48), tetracyclines with an RR of 1.70 (95%CI, 1.01-
2.88), and “other antibiotics” featured by anRRof 1.73
(95%CI, 1.23-2.47). The latter group included primarily
nitrofuran medication.

Specificity Analyses
Based on the multivariable analysis, the incidence of
epilepsy was higher among children whose mothers
redeemed antibiotics 2 years after delivery but not
during pregnancy or within 2 years postpregnancy,
compared with completely unexposed children (RR,
1.15; 95%CI, 0.91-1.44; NNH, 942; Figure 1). However,
this association was not statistically significant (P =
.234).

Data were standardized by DDD for each antibiotic
in am attempt to measure a possible dose-response
association. No such association was found.

Discussion
We found that maternal use of antibiotics during
pregnancy was associated with a 1.25 times greater
risk of epilepsy in children compared with the risk in
unexposed children (NNH, 500). The magnitude of
the risk estimate increased progressively, although not
statistically significantly, with each trimester. Results
for consumption of macrolides and other antibiotic
classes were frequently underpowered and did not reach
statistical significance because of the small group of
mothers exposed to them.

These findings are consistent with the study of
Nørgaard et al,4 who reported an association between
prenatal exposure to many types of antibiotics and
infections with epilepsy in childhood.

The mechanism by which antibiotics may cause
epilepsy is unclear.

The association between antibiotics and epilepsy
could be caused by the antibiotics,5,6 infection,4 fever,3

or unidentified confounding factors. Antibiotic treat-
ment has been associated with seizures.14 Increased risk
from all types of antibiotics, regardless of chemical
component, supports the argument that prenatal infec-
tion may be the underlying cause of the association.
The proposed mechanism involves maternal cytokine
production in response to infection, which is a key
player in modulation of neuronal excitability and could
cause fetal neurological injury.15

Another possible explanation is interference of an-
tibiotics with maternal as well as fetal microbiota.16

The gut microbiota plays a key role in promoting
serotonin,17 and maternal peripheral serotonin is im-
portant for offspring neurodevelopment.18

Our specificity analysis showed a tendency for a
higher risk of epilepsy (RR, 1.15) among children
whose mothers consumed antibiotics 2 years after their
birth and not during pregnancy or during 2 years after
delivery (87 of 9688), compared with children whose
mothers were not exposed to antibiotics at any time
of this follow-up (370 of 51 907). The association was
adjusted for all the variables as in the main analysis.
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Although the association was not significant (P= .234),
possibly because of a relatively small group of those
children, the magnitude of an effect is comparable
to the point estimates of an association obtained for
prenatal antibiotic consumption, that is, 1.007, 1.116,
and 1.119 in the first, second, and third trimesters,
respectively. This observation questions the validity
of the associations obtained for exposure at gestation
and implies a possibility of confounding by maternal
characteristics associated with antibiotic consumption
and epilepsy in offspring.

Additional Factors Affecting Epilepsy in Childhood
Our finding that male sex is a risk factor for epilepsy
is consistent with the report by Aaberg et al,19 who
found a higher risk of epilepsy in infant boys. To
the best of our knowledge, the association between
maternal smoking during pregnancy and epilepsy was
not described previously in the literature.

Limitations
There is a chance of residual confounding by factors
associated with epilepsy (eg, genetics20 and the effect
of phototherapy as recently suggested,21 information
that was not available in this study); in view of the very
similar demographic characteristics in the exposed and
unexposed groups, most likely factors not taken into
account in the analysis were distributed evenly between
the study groups. Confounding by maternal factors
indicating antibiotic prescription such as an acute ill-
ness during pregnancy (maternal infection, maternal
elevated body temperature) could not be controlled for
with our available data. Misclassification bias in the
definition of exposure could not be verified for actual
consumption or dose; however, compliance was likely
to be high because financial and time expenditures
were involved in obtaining the medications. There is
a chance that antiepileptic drugs were prescribed for
diagnoses other than epilepsy, but chronic consumption
of antiepileptic medications for conditions other than
epilepsy at this young age is highly unlikely.

In summary, as previously reported, this retrospec-
tive large-cohort investigation shows an increased risk
of epilepsy in children exposed prenatally to antibiotics.
Our specificity analysis implies that this observation
is because of an undetermined bias. Thus, the previ-
ously reported assumption that prenatal exposure to
antibiotics has a role in the development of epilepsy
in the offspring is likely to be unfounded. Our findings
suggest that pregnant women may receive needed an-
tibiotic treatment with no fear of epilepsy developing
in their children. More studies in different populations
examining the same subject are warranted.
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