
ARTICLE

Antibacterial Medication Use During Pregnancy
and Risk of Birth Defects

National Birth Defects Prevention Study

Krista S. Crider, PhD; Mario A. Cleves, PhD; Jennita Reefhuis, PhD;
Robert J. Berry, MD; Charlotte A. Hobbs, MD; Dale J. Hu, MD

Objective: To estimate the association between anti-
bacterial medications and selected birth defects.

Design, Setting, and Participants: Population-
based, multisite, case-control study of women who had
pregnancies affected by 1 of more than 30 eligible major
birth defects identified via birth defect surveillance pro-
grams in 10 states (n=13 155) and control women ran-
domly selected from the same geographical regions
(n=4941).

Main Exposure: Reported maternal use of antibacte-
rials (1 month before pregnancy through the end of the
first trimester).

Main Outcome Measure: Odds ratios (ORs) measur-
ing the association between antibacterial use and se-
lected birth defects adjusted for potential confounders.

Results: The reported use of antibacterials increased dur-
ing pregnancy, peaking during the third month. Sulfon-
amides were associated with anencephaly (adjusted OR
[AOR]=3.4; 95% confidence interval [CI], 1.3-8.8), hy-

poplastic left heart syndrome (AOR=3.2; 95% CI, 1.3-
7.6), coarctation of the aorta (AOR=2.7; 95% CI, 1.3-
5.6), choanal atresia (AOR=8.0; 95% CI, 2.7-23.5),
transverse limb deficiency (AOR=2.5; 95% CI, 1.0-5.9),
and diaphragmatic hernia (AOR=2.4; 95% CI, 1.1-5.4).
Nitrofurantoins were associated with anophthalmia or mi-
crophthalmos (AOR=3.7; 95% CI, 1.1-12.2), hypoplas-
tic left heart syndrome (AOR=4.2; 95% CI, 1.9-9.1), atrial
septal defects (AOR=1.9; 95% CI, 1.1-3.4), and cleft lip
with cleft palate (AOR=2.1; 95% CI, 1.2-3.9). Other an-
tibacterial agents that showed associations included eryth-
romycins (2 defects), penicillins (1 defect), cephalospor-
ins (1 defect), and quinolones (1 defect).

Conclusions: Reassuringly, penicillins, erythromy-
cins, and cephalosporins, although used commonly by
pregnant women, were not associated with many birth
defects. Sulfonamides and nitrofurantoins were associ-
ated with several birth defects, indicating a need for ad-
ditional scrutiny.
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A NTIMICROBIALS, AND ANTI-
bacterial drugs in particu-
lar, are among the most
commonly used medica-
tions during pregnancy be-

cause treatment of infections is critical to
the health of a mother and her fetus.1,2 Al-
though it appears that some classes of an-
tibiotics have been used relatively safely
during pregnancy, to our knowledge there
have been no large-scale studies address-
ing safety or risk for many classes of an-
tibacterial drugs.1,3 Obvious ethical and lo-
gistical difficulties in studying drug safety
among pregnant women have limited the
amount of information available to women
and their health care providers in choos-
ing a drug for needed treatment. Some an-
tibiotics, such as penicillins and erythro-
mycins, have had a long history of use
without reports of deleterious effects in fe-
tuses. However, due to the continually ex-
panding problem of antibacterial resis-

tance worldwide, health care providers
have been forced to use a wider array of
newer antibiotics with no existing infor-
mation on safety during pregnancy. In ad-
dition, emerging infections and prophy-
lactic use during potential bioterrorism
threats may expose even more women to
unevaluated antibacterial and other anti-
microbial drugs during pregnancy.

The objective of this study is to evalu-
ate the association between selected birth
defects and antibacterial drug use during
the critical developmental stages in early
pregnancy (1 month before pregnancy
through the third month of pregnancy).

METHODS

STUDY POPULATION

The National Birth Defects Prevention Study
is an ongoing population-based, case-control
study of birth defects in the United States.4 Case
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infants with at least 1 of more than 30 categories of major birth
defects were identified via birth defects surveillance systems
in Arkansas, California, Georgia, Iowa, Massachusetts, New Jer-
sey, New York, North Carolina, Texas, and Utah. Case infor-
mation was reviewed by clinical geneticists at each site to de-
termine study eligibility. Infants with recognized or strongly
suspected chromosomal abnormalities or single-gene condi-
tions were excluded from the study. After inclusion in the study,
all cases with 1 specific defect were then classified by clinical
geneticists to establish consistency for the defect and to deter-
mine whether the defect pattern was isolated or multiple (�1
major malformation). Case infants could be live born (all sites),
still born (all sites except New Jersey), or induced abortions
(all sites except Massachusetts and New Jersey). Case infants
included infants with isolated and multiple defects; infants with
multiple eligible defects were included in each of those catego-
ries. Our analyses include roll-up categories, eg, we assessed
associations for all included heart defects, conotruncal heart
defects, and tetralogy of Fallot.

Control infants were a random sample of live births with-
out major birth defects, selected from the same geographical
areas from either birth certificates or birth hospitals. Case and
control infants whose estimated dates of delivery were from Oc-
tober 1, 1997, through December 31, 2003, were included in
these analyses. Mothers with incomplete interviews as well as
mothers who reported preexisting type 1 or type 2 diabetes melli-
tus were excluded from the analysis. The study has been ap-
proved by the institutional review boards of all participating
institutions.

MATERNAL INTERVIEW AND
EXPOSURE HISTORY

As described previously,4 mothers of case and control infants com-
pleted a detailed telephone interview in English or Spanish lan-
guage within 24 months after the estimated date of delivery. Oral
informed consent was obtained. The interview addressed pre-
conceptional, periconceptional, and pregnancy exposures. It in-
cluded questions about maternal diseases, pregnancy history, de-
mographics, education, and medication use. Mothers could report
medication use either in response to questions related to specific
diseases (such as respiratory illness and kidney, bladder, or uri-
nary tract infections) or in response to general questions about
medication use. Specific names of antibacterials were read to help
the mothers recall (eg, amoxicillin, Augmentin [amoxicillin and
clavulanate potassium combination], Bactrim [trimethoprim and
sulfamethoxazole combination], and Keflex [cephalexin]). When
a mother reported use of a medication, she was asked for details
about timing and duration but not for dosage information. Moth-
ers’ responses were combined into exposures for each of the preg-
nancy months such that a mother could have an exposure to a
specific antibacterial in the month before pregnancy and an an-
tibacterial not otherwise specified in the second month of
pregnancy.

To identify medications and active ingredients in multi-
compound products, all drugs were linked to the Slone Drug
Dictionary.5 We focused on the most common and narrowest
reference encompassing the following categories of antibacte-
rial medications: (1) penicillins, (2) erythromycins, (3) nitro-
furantoins, (4) sulfonamides, (5) cephalosporins, (6) quino-
lones, (7) tetracyclines, (8) other miscellaneous �-lactams, (9)
aminoglycosides, (10) antimycobacterial agents, and (11) an-
tibiotics that were specified but not part of the previously men-
tioned categories or not otherwise specified. Antimicrobial drugs
that were primarily antiviral, antifungal, or antiparasitic were
not included. Women who reported these drugs were not ex-
cluded from analyses.

To assess the association between antimicrobial drugs and birth
defects, we defined a mother as exposed if she used an antibac-
terial during the periconceptional period from the month prior
to the estimated date of conception through the end of the first
trimester (defined as the end of the third month of pregnancy).
Mothers who reported that they did not know whether they were
exposed or said they were exposed but were uncertain of the tim-
ing were excluded from regression analysis. This was a limited
number of participants, eg, for the analysis of any antibacterial
exposure, 245 case mothers (1.9%) and 75 control mothers (1.5%)
were excluded from regression for these reasons. Mothers were
considered unexposed if they reported no antibacterial use (any
class) in the periconceptional period.

STATISTICAL ANALYSIS

Odds ratios (ORs) adjusted for potential confounders were es-
timated using logistic regression models if there were at least
4 exposed cases. After review of the literature, we selected an a
priori list of confounders that included maternal age (aged �35
vs �35 years), race (white vs other), education (�12 vs �12
years), prepregnancy body mass index (calculated as weight in
kilograms divided by height in meters squared) (�30 vs �30),
time from the estimated date of delivery to the interview (�12
vs �12 months), use of folic acid or multivitamins containing
folic acid from 1 month before pregnancy through the first month
of pregnancy, and any periconceptional smoking or alcohol use.
We created separate logistic regression models with the same
set of confounders for each combination of birth defect and an-
tibacterial medication. We performed subgroup analyses in-
cluding only those cases and controls without a family history
of the birth defect studied.

RESULTS

The participation rate in the maternal interview was 70.5%
among case mothers and 67.2% among control moth-
ers, resulting in 13 586 case mothers and 5008 control
mothers participating. Mothers with incomplete inter-
views (122 case mothers and 41 control mothers) as well
as mothers who reported preexisting type 1 or type 2 dia-
betes mellitus (310 case mothers and 26 control moth-
ers) were then excluded from the analysis, resulting in a
total of 13 155 case mothers and 4941 control mothers
included in the analysis.

Use of antibacterials was common among our con-
trol mothers, ranging from a prevalence of 2.0% in the
month that was 3 months prior to conception to 5.8%
during the fourth month after conception (Figure). The
most common single category of antibacterial exposure
was penicillins (Table 1). No control mothers re-
ported use of other �-lactams, chloramphenicol, or an-
timycobacterial drugs. A limited number of case and con-
trol mothers reported exposure to multiple classes of
antibacterials during the periconceptional period: 113
(0.6%) reported 2 classes, 14 (0.1%) reported 3 classes,
and 3 (0.02%) reported 4 classes.

The distributions for maternal race/ethnicity, age, and
prepregnancy body mass index were very similar for cases
and controls (Table 1). Overall, case mothers were in-
terviewed later than control mothers. Use of antibacte-
rials from 3 months before pregnancy through the end
of pregnancy was reported by 3863 case mothers (29.4%)
and 1467 control mothers (29.7%). The type of antibac-
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terial could not be specified by 1342 case mothers (34.7%)
and 463 control mothers (31.6%).

Penicillins were the most commonly reported class of
antibacterials used during the critical fetal development win-
dow, and our results showed a single elevated OR in a de-
fect with limited sample size (intercalary limb deficiency,
4 exposed cases of 24 total cases; adjusted OR [AOR]=3.1;
95% confidence interval [CI], 1.0-9.4) (Table2). To clarify,
this means that women who have children with an inter-
calary limb deficiency were 3 times more likely to report
use of penicillins vs no antibacterials compared with moth-
ers of children without a birth defect.

Erythromycins were the next most commonly re-
ported class of antibacterials. Only anencephaly
(AOR=2.4; 95% CI, 1.1-5.3) and transverse limb defi-
ciency (AOR=2.1; 95% CI, 1.0-4.2) were associated with
erythromycin exposure (Table 2).

Nitrofurantoins had 4 associations: anophthalmia or
microphthalmos (AOR=3.7; 95% CI, 1.1-12.2), hypo-
plastic left heart syndrome (AOR=4.2; 95% CI, 1.9-
9.1), atrial septal defects (AOR=1.9; 95% CI, 1.1-3.4),
and cleft lip with cleft palate (AOR=2.1; 95% CI, 1.2-
3.9) (Table 3).

The use of sulfonamides was associated with more
defects than any other antibacterial class. The defects
included anencephaly (AOR=3.4; 95% CI, 1.3-8.8), 2
left-sided heart defects (hypoplastic left heart syn-
drome: AOR=3.2; 95% CI, 1.3-7.6; and coarctation of
the aorta: AOR=2.7; 95% CI, 1.3-5.6), choanal atresia
(AOR=8.0; 95% CI, 2.7-23.5), transverse limb defi-
ciency (AOR=2.5; 95% CI, 1.0-5.9), and diaphragmatic
hernia (AOR=2.4; 95% CI, 1.1-5.4). In examining all
estimated AORs, one can appreciate the general shift
toward positive associations as there are a number of
additional elevated associations whose 95% CIs barely
included 1: tetralogy of Fallot (AOR=1.9; 95% CI, 0.8-
4.3), small intestinal atresia or stenosis (AOR=2.6; 95%
CI, 0.9-7.5), and craniosynostosis (AOR=2.0; 95% CI,
0.9-4.5) (Table 3).

Cephalosporins had 1 statistically significant in-
creased OR for atrial septal defects (AOR=1.9; 95% CI,

1.1-3.2). Quinolones had a limited number of expo-
sures (42 case mothers and 14 control mothers) and had
1 defect associated with reported use: the conotruncal
defect tetralogy of Fallot (AOR=3.7; 95% CI, 1.3-10.5)
(Table 3).

Tetracyclines were reported by 36 case mothers and 6
control mothers, and 4 ORs were calculated. For any heart
defects, left ventricular outflow tract obstruction defects,
septal heart defects, and all oral clefts, the AORs were 2.2
(95% CI, 0.8-5.9), 3.5 (95% CI, 1.0-12.6), 1.8 (95% CI, 0.5-
6.2), and 2.0 (95% CI, 0.6-6.7), respectively.

Limiting these analyses to those who did not have a
family history reported for the same birth defects in-
creased most ORs, but not by more than 15%. The larg-
est effect of excluding subjects with a family history was
seen for hypoplastic left heart syndrome. When sub-
jects with a first-degree family history of heart defects were
excluded, the OR increased from 3.2 to 3.6 for exposure
to sulfonamides and from 4.2 to 4.8 for exposure to ni-
trofurantoins.

COMMENT

Data from the National Birth Defects Prevention Study
showed that antibacterial drug use during pregnancy is
common and increases during early pregnancy. Our study
lends support to the established safety profiles for cer-
tain classes of antibacterials such as penicillins, eryth-
romycins, and cephalosporins. However, several in-
creased ORs were observed among women taking
sulfonamides and nitrofurantoins, indicating a need for
additional scrutiny.

Determining the causes of birth defects is problem-
atic. A single defect can have multiple causes, or mul-
tiple seemingly unrelated defects may have a common
cause. This study could not determine the safety of drugs
during pregnancy, but the lack of widespread increased
risk associated with many classes of antibacterials used
during pregnancy should be reassuring.

Under the current system, the US Food and Drug Ad-
ministration defines risk categories (A, B, C, D, X) for
all drugs based on the level of risk the drug poses to the
fetus and the nature of evidence supporting that risk as-
sessment. The categories are as follows: (A) controlled
studies do not demonstrate a risk to the human fetus; (B)
animal studies do not show risk (no controlled studies
in humans), or animal studies have shown adverse effect
but controlled studies in humans show no risk; (C) ani-
mal studies have shown an adverse effect on the fetus (no
controlled studies in humans); (D) investigational stud-
ies have shown evidence of human fetal risk; and (X) the
drug is contraindicated.6 No antibacterials in this study
are currently classified in category A or category X.

As this was a retrospective case-control study, it is im-
possible to determine causal relationships between ex-
posure and birth defect outcome; only associations can
be determined. The intent of this specific study was to
systematically determine the associations of many dif-
ferent categories of birth defects with common classes
of antibacterial exposures that increased the risk of ob-
serving spurious associations due to the large number of
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Figure. Percentage of case mothers and control mothers who reported
antibiotic use during the period from 3 months before conception through
the end of pregnancy.
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Table 1. Characteristics of Cases and Controls and Reported Antibacterial Use

Characteristic

No. (%)

Cases
(n=13 155)

Controls
(n=4941)

Race/ethnicity
Non-Hispanic white 7994 (60.9) 2978 (60.4)
Non-Hispanic black 1383 (10.5) 576 (11.7)
Hispanic 3001 (22.9) 1110 (22.5)
Asian or Pacific Islander 360 (2.7) 152 (3.1)
Native American or Alaska native 61 (0.5) 19 (0.4)
Other 330 (2.5) 94 (1.9)

Language of interview
English 12 251 (93.1) 4627 (93.6)
Spanish 825 (6.3) 283 (5.7)

Age, y
�18 540 (4.1) 196 (4.0)
18-19 980 (7.4) 353 (7.1)
20-24 3039 (23.1) 1101 (22.3)
25-29 3276 (24.9) 1286 (26.0)
30-34 3291 (25.0) 1324 (26.8)
35-39 1635 (12.4) 581 (11.8)
40-44 364 (2.8) 90 (1.8)
45-49 27 (0.2) 9 (0.2)

Maternal BMI
Underweight (�18.5) 759 (6.0) 284 (6.0)
Normal weight (18.5 to �25) 6817 (53.8) 2684 (56.6)
Overweight (25 to �30) 2845 (22.5) 1051 (22.2)
Obese (�30) 2248 (17.7) 723 (15.2)

Folic acid use 1 mo before pregnancy through 1 mo of pregnancy
Any 6669 (50.7) 2499 (50.6)
None 6486 (49.3) 2442 (49.4)

Time to interview, mo
0-12 8611 (65.5) 4041 (81.8)
�12 4541 (34.5) 899 (18.2)

Any smoking
No 10 316 (78.4) 3987 (80.7)
Yes 2834 (21.6) 953 (19.3)

Any alcohol use
No 8143 (62.2) 3058 (62.2)
Yes 4954 (37.8) 1862 (37.8)

Maternal education, y
0-8 681 (5.2) 249 (5.0)
9-11 1706 (13.0) 584 (11.8)
12 3465 (26.3) 1228 (24.9)
13-15 3476 (26.4) 1304 (26.4)
�16 3817 (29.0) 1568 (31.7)

Study site
Arkansas 1760 (13.4) 583 (11.8)
California 1734 (13.2) 681 (13.8)
Georgia 1616 (12.3) 543 (11.0)
Iowa 1298 (9.9) 566 (11.5)
Massachusetts 1846 (14.0) 641 (13.0)
New Jersey 1595 (12.1) 575 (11.6)
New York 1017 (7.7) 457 (9.2)
North Carolina 225 (1.7) 158 (3.2)
Texas 1749 (13.3) 603 (12.2)
Utah 315 (2.4) 134 (2.7)

Antibacterial use
3 mo before pregnancy through end of pregnancy 3863 (29.4) 1467 (29.7)

Not otherwise specified 1342 (34.7) 463 (31.6)
1 mo before pregnancy through 3 mo of pregnancy 1874 (14.2) 641 (13.0)
Penicillins 716 (5.5) 293 (5.9)
Erythromycins 202 (1.5) 78 (1.6)
Nitrofurantoins 150 (1.1) 42 (0.9)
Sulfonamides 146 (1.1) 42 (0.9)
Cephalosporins 128 (1.0) 47 (1.0)
Quinolones 42 (0.3) 14 (0.3)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
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tests conducted in the analysis. Additional subanalyses
are necessary to explore possible mechanisms of in-
creased risk and the association of isolated vs multiple
defect types as well as other defect types not included in
the National Birth Defects Prevention Study. Defects with
at least 4 exposed cases were assessed using logistic re-
gression to get estimates that are relatively stable (as op-
posed to estimates based on, for instance, 2 exposed cases)
and to be able to identify any possible dramatically el-
evated risks among the rarer defect groups. The number
of exposed cases is presented and can inform the reader
(along with the width of the 95% CI) as to the confi-
dence in each estimate. An additional limitation is that
because our subjects were interviewed 6 weeks to 2 years
after the pregnancy, they may not fully or accurately re-
call all exposures and/or the exact timing of each expo-
sure. This was evidenced by the large proportion of women

who reported antibacterial use but could not provide a
product name. Selection bias can also be of concern. How-
ever, the participation rates are similar for cases and con-
trols, and in a recent investigation it was shown that par-
ticipating controls are similar to those not participating.7

Another limitation is that it is not possible to deter-
mine whether the birth defect is associated with the an-
tibacterials used or the underlying infection. This is a dif-
ficult analytical challenge because particular types of
infections tend to be treated with the same antibacteri-
als, reducing the number of cases exposed to the infec-
tion and treated with different antibacterials. Addition-
ally, those receiving different classes of antibacterials for
the same type of indication (eg, sinus infections) may have
more aggressive or different types of infections. For in-
stance, both sulfonamides and nitrofurantoins are used
for the treatment of urinary tract infections. However,

Table 2. Number of Exposed Cases and Adjusted Odds Ratios for the Associations Between Periconceptional Exposure
to Any Antibacterials, Erythromycins, and Penicillins and Selected Birth Defects

Type of Birth Defect (Total No. of Cases)

Any Antibacterial Penicillins Erythromycins

Exposed
Cases, No.

AOR
(95% CI)

Exposed
Cases, No.

AOR
(95% CI)

Exposed
Cases, No.

AOR
(95% CI)

Neural tube defects (879) 129 1.2 (1.0-1.5) 43 0.9 (0.6-1.2) 19 1.6 (0.9-2.7)
Anencephaly (252) 46 1.7 (1.2-2.4) 14 1.1 (0.6-1.9) 7 2.4 (1.1-5.3)
Spina bifida (522) 68 1.0 (0.8-1.3) 24 0.8 (0.5-1.2) 10 1.3 (0.7-2.6)
Encephalocele (102) 15 1.2 (0.7-2.2) 5 0.9 (0.4-2.3) . . . NC

Holoprosencephaly (61) 10 1.5 (0.7-3.0) 4 1.3 (0.5-3.7) . . . NC
Hydrocephaly (217) 34 1.1 (0.7-1.6) 12 0.9 (0.5-1.7) 5 1.6 (0.6-4.1)
Dandy-Walker malformation (71) 8 0.8 (0.4-1.9) . . . NC . . . NC
Anophthalmia or microphthalmos (108) 22 1.7 (1.0-2.7) 4 0.7 (0.3-1.9) . . . NC
Cataract (147) 24 1.5 (0.9-2.3) 9 1.2 (0.6-2.3) 4 1.6 (0.6-4.5)
Glaucoma or anterior chamber defects (57) 14 2.5 (1.3-4.7) 5 2.0 (0.8-5.3) . . . NC
Anotia or microtia (281) 30 0.9 (0.6-1.4) 13 0.8 (0.5-1.5) 4 1.2 (0.4-3.4)
Heterotaxia (148) 21 1.2 (0.8-2.0) 6 0.8 (0.3-1.8) 4 2.3 (0.8-6.5)
Any heart defect (5269) 764 1.1 (1.0-1.3) 299 1.0 (0.8-1.1) 81 1.0 (0.7-1.3)

Conotruncal defects (1066) 151 1.1 (0.9-1.4) 56 0.9 (0.7-1.2) 14 0.8 (0.5-1.4)
Truncus arteriosis (42) 5 0.9 (0.3-2.3) 3 1.2 (0.4-4.0) . . . NC
Dextro-transposition of the great arteries (338) 50 1.1 (0.8-1.6) 18 0.9 (0.5-1.5) 6 1.1 (0.5-2.4)
Tetralogy of Fallot (474) 62 1.0 (0.7-1.3) 20 0.7 (0.4-1.1) 6 0.8 (0.3-1.9)
Double outlet right ventricle, other (59) 7 1.4 (0.7-2.7) 5 0.9 (0.3-2.9) . . . NC
Ventricular septal defect, conoventricular (81) 16 1.7 (1.0-3.0) 6 1.3 (0.6-3.1) . . . NC
Atrioventricular septal defect (128) 27 1.7 (1.1-2.6) 9 1.3 (0.6-2.5) 4 2.2 (0.8-6.1)
Anomalous pulmonary venous return (148) 14 0.7 (0.4-1.3) 7 0.8 (0.4-1.7) . . . NC

Total anomalous pulmonary venous return (122) 10 0.6 (0.3-1.2) 5 0.7 (0.3-1.7) . . . NC
Partial anomalous pulmonary venous return (26) 4 1.3 (0.4-3.9) . . . NC . . . NC

Left ventricular outflow tract obstruction (811) 130 1.2 (1.0-1.5) 51 1.0 (0.8-1.4) 15 1.1 (0.6-2.0)
Hypoplastic left heart syndrome (243) 44 1.4 (1.0-2.0) 15 1.1 (0.6-1.8) . . . NC
Coarctation of the aorta (431) 67 1.2 (0.9-1.6) 29 1.1 (0.7-1.7) 8 1.1 (0.5-2.3)
Aortic stenosis (163) 22 1.0 (0.6-1.6) 9 0.9 (0.4-1.8) 5 1.7 (0.7-4.3)

Right ventricular outflow tract obstruction (807) 103 1.0 (0.8-1.2) 34 0.7 (0.5-1.0) 13 1.0 (0.6-1.9)
Pulmonary atresia (111) 12 0.8 (0.5-1.5) 5 0.7 (0.3-1.8) . . . NC
Tricuspid atresia (79) 7 0.7 (0.3-1.6) . . . NC . . . NC
Ebstein anomaly (68) 8 1.0 (0.5-2.1) . . . NC . . . NC
Pulmonary valve stenosis (575) 79 1.1 (0.8-1.4) 26 0.8 (0.5-1.2) 9 1.0 (0.5-2.0)

Septal defects (2259) 329 1.2 (1.0-1.4) 140 1.1 (0.9-1.3) 34 1.0 (0.7-1.5)
Ventricular septal defect, perimembranous (927) 131 1.1 (0.9-1.4) 58 1.1 (0.8-1.5) 20 1.4 (0.9-2.4)
Ventricular septal defect, muscular (169) 22 0.8 (0.5-1.2) 13 0.9 (0.5-1.8) . . . NC
Multiple ventricular septal defect (44) 7 1.3 (0.6-3.0) 5 2.0 (0.8-5.1) . . . NC
Atrial septal defect, all (1225) 181 1.2 (1.0-1.4) 70 1.0 (0.8-1.3) 18 1.0 (0.6-1.7)

Atrial septal defect, secundum (936) 139 1.2 (1.0-1.5) 57 1.1 (0.8-1.4) 13 1.0 (0.5-1.8)
Atrial septal defect, not otherwise specified (289) 42 1.2 (0.8-1.6) 13 0.8 (0.4-1.4) 5 1.2 (0.5-2.9)

Single ventricle, complex (160) 24 1.2 (0.7-1.9) 12 1.3 (0.7-2.5) . . . NC

(continued)
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in our analysis they did not seem to be associated with
the same birth defects; the only birth defect in common
between the 2 groups was hypoplastic left heart syn-
drome. This suggests that although these classes of an-
tibacterials have similar indications, they do not appear
to be associated with similar types of birth defects. Al-
though we found that the urinary germicide nitrofuran-
toin (category B) was associated with cleft lip with cleft
palate, other studies did not indicate a teratogenic po-
tential of nitrofurantoin use during early gestation.8,9

Penicillins (category B), cephalosporins (category B), and
other �-lactam antibacterials target bacterial cell wall–
synthesizing enzymes, which are not found in mamma-
lian cells and may account for the relatively low toxicity
of these antibacterials. Penicillins were the most com-
monly reported single class of antibacterials; our results
showed only 1 elevated OR in a defect with limited sample
size, which is consistent with the long-standing safety pro-
file of these drugs.10 Similarly, in the literature most cepha-
losporins have not been associated with many birth de-
fects,8 and our study showed a single elevated risk of a
specific category of heart defects (atrial sepal defects:
AOR=1.9; 95% CI, 1.1-3.2). Erythromycins are the first and
most widely known of the macrolide class of antibacteri-
als, which includes clarithromycin and azithromycin. Eryth-
romycins (category B) and other macrolides are widely used
with rarely reported serious adverse events.8 Our results
show elevated AORs for 2 distinct birth defects.

Potential fetal adverse effects are well known for sev-
eral antibacterial classes. It is encouraging to note that
the reported use of category C and D antibacterials such
as aminoglycosides (category C or D), chloramphenicol
(category C), and tetracyclines (category D) that have been
associated with possible negative effects was extremely
low to none at all. For example, aminoglycosides have
been known to carry a small risk of fetal ototoxic ef-
fects,8 and problems attributable to the use of tetracy-
cline (category D) during pregnancy include adverse ef-
fects on fetal bones and possible birth defects.3,8 It is
encouraging that these antibacterials were not com-
monly reported by pregnant women in our study.

Sulfonamides (category C or D) are among the oldest
classes of antibacterials, and resistance has developed. Sul-
fonamides have been shown to be teratogenic in animal
studies, although it is unclear whether sulfonamides with-
out trimethoprim pose a significant risk.2,3,11-13 Czeizel
et al11 indicated higher odds of cardiovascular malfor-
mations (adjusted prevalence OR=3.5; 95% CI, 1.9-
6.4) and clubfoot (adjusted prevalence OR=2.6; 95% CI,
1.1-6.2) in infants born to mothers receiving sulfon-
amide treatment. Trimethoprim (category C) is a diami-
nopyrimidine that is commonly given in combination with
the sulfonamide sulfamethoxazole for treatment of uri-
nary infections. There have been concerns about the use
of trimethoprim-sulfamethoxazole (category C) and pos-
sible teratogenicity in early pregnancy as well as induc-

Table 2. Number of Exposed Cases and Adjusted Odds Ratios for the Associations Between Periconceptional Exposure
to Any Antibacterials, Erythromycins, and Penicillins and Selected Birth Defects (continued)

Type of Birth Defect (Total No. of Cases)

Any Antibacterial Penicillins Erythromycins

Exposed
Cases, No.

AOR
(95% CI)

Exposed
Cases, No.

AOR
(95% CI)

Exposed
Cases, No.

AOR
(95% CI)

Choanal atresia (71) 17 2.1 (1.2-3.6) . . . NC . . . NC
Oral clefts (1951) 277 1.0 (0.9-1.2) 111 0.9 (0.7-1.1) 27 0.8 (0.5-1.3)

Cleft lip with or without cleft palate (1269) 176 1.0 (0.8-1.2) 64 0.8 (0.6-1.1) 13 0.6 (0.3-1.1)
Cleft lip alone (431) 52 0.8 (0.6-1.1) 21 0.8 (0.5-1.2) 5 0.5 (0.2-1.5)
Cleft lip with cleft palate (838) 124 1.1 (0.9-1.4) 43 0.9 (0.6-1.2) 8 0.6 (0.3-1.3)

Cleft palate alone (682) 101 1.1 (0.9-1.4) 47 1.1 (0.8-1.5) 14 1.1 (0.6-2.1)
Esophageal atresia (332) 54 1.2 (0.9-1.7) 13 0.6 (0.4-1.1) 9 1.7 (0.8-3.4)
Small intestinal atresia or stenosis (199) 33 1.5 (1.0-2.2) 13 1.3 (0.7-2.3) 4 1.6 (0.6-4.5)

Duodenal atresia or stenosis (91) 16 1.4 (0.8-2.5) 6 1.2 (0.5-2.7) . . . NC
Biliary atresia (85) 7 0.6 (0.3-1.4) . . . NC . . . NC
Rectal atresia or stenosis and/or anal atresia (470) 58 1.0 (0.7-1.3) 21 0.8 (0.5-1.2) 7 1.0 (0.4-2.1)
Hypospadias, second or third degree (919) 120 0.9 (0.7-1.2) 55 0.9 (0.7-1.3) 7 0.4 (0.2-1.0)
Bilateral renal agenesis or hypoplasia (70) 8 0.9 (0.4-1.9) . . . NC . . . NC
Bladder exstrophy (40) 5 0.9 (0.3-2.2) . . . NC . . . NC
Cloacal exstrophy (40) 7 1.5 (0.7-3.5) . . . NC . . . NC
Limb deficiency (537) 87 1.4 (1.1-1.7) 33 1.1 (0.8-1.6) 14 1.8 (1.0-3.3)

Longitudinal limb deficiency (204) 28 1.1 (0.7-1.7) 10 0.8 (0.4-1.6) 5 1.6 (0.6-4.1)
Transverse limb deficiency (313) 57 1.6 (1.2-2.1) 22 1.3 (0.8-2.1) 9 2.1 (1.0-4.2)
Intercalary limb deficiency (24) 6 2.1 (0.8-5.3) 4 3.1 (1.0-9.4) . . . NC
Preaxial limb deficiency (119) 16 1.1 (0.6-1.9) 5 0.7 (0.3-1.8) . . . NC

Craniosynostosis (515) 68 1.0 (0.7-1.3) 20 0.6 (0.4-1.0) 7 0.8 (0.4-1.8)
Diaphragmatic hernia (357) 50 1.1 (0.8-1.5) 22 1.0 (0.7-1.6) . . . NC
Sacral agenesis or caudal dysplasia (24) 4 1.6 (0.5-4.8) . . . NC . . . NC
Gastroschisis (501) 80 1.3 (1.0-1.6) 35 1.2 (0.8-1.8) 5 0.9 (0.4-2.3)
Omphalocele (201) 28 1.0 (0.7-1.5) 15 1.1 (0.7-2.0) 4 1.2 (0.4-3.4)
Amniotic band syndrome

and limb body wall complex (146)
22 1.2 (0.8-1.9) 6 0.7 (0.3-1.6) . . . NC

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; NC, not calculated; ellipses, �4.
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tion of hyperbilirubinemia near term. The 2 antibacte-
rial drugs operate synergistically via a sequential blockade
of 2 steps in the biosynthesis of reduced folates.13 In a
study of 2296 Michigan Medicaid recipients, first-
trimester trimethoprim exposure was associated with an
increased risk for birth defects, particularly cardiovas-
cular defects.3 In a retrospective study, treatment with
co-trimoxazole during the second and third months of
pregnancy was associated with an increased risk for car-
diovascular malformations and particularly multiple con-
genital abnormalities including defects of the urinary tract
and cardiovascular system. In 2 studies by Hernández-
Dı́az et al,13,14 the risks for cardiovascular defects and oral
clefts were increased 2- to 3-fold among women who took
trimethoprim with sulfonamide during the periconcep-

tional period; a later study found trimethoprim to be as-
sociated with an increased risk for neural tube defects.14

These studies indicate a possible role for the folate path-
way in the association between these medications and
birth defects. We did adjust for folic acid use in our analy-
ses, but additional detailed analysis of the relationship
between combined sulfonamide and trimethoprim ex-
posure and birth defects is warranted.

The quinolones (category C) comprise a large and ex-
panding group of synthetic antibacterial agents. Fluoro-
quinolones are a subset of later quinolones that can have
adverse effects on growing cartilage and may cause fetal
arthropathies.8 Although to our knowledge there have
been no well-controlled studies of the safety of most qui-
nolones in pregnant women, a recent review did not show

Table 3. Number of Exposed Cases and Adjusted Odds Ratios for the Associations Between Periconceptional Exposure
to Nitrofurantoins, Sulfonamides, Cephalosporins, and Quinolones and Selected Birth Defects

Type of Birth Defect
(Total No. of Cases)

Nitrofurantoins Sulfonamides Cephalosporins Quinolones

Exposed
Cases, No.

AOR
(95% CI)

Exposed
Cases, No.

AOR
(95% CI)

Exposed
Cases, No.

AOR
(95% CI)

Exposed
Cases, No.

AOR
(95% CI)

Neural tube defects (879) 9 1.4 (0.7-3.0) 11 1.4 (0.7-2.9) 6 0.7 (0.3-1.9) . . . NC
Anencephaly (252) . . . NC 5 3.4 (1.3-8.8) . . . NC . . . NC
Spina bifida (522) 7 1.7 (0.8-4.0) 4 0.9 (0.3-2.5) 4 0.7 (0.2-2.2) . . . NC

Hydrocephaly (217) . . . NC . . . NC 4 2.1 (0.7-5.9) . . . NC
Anophthalmia or microphthalmos (108) 4 3.7 (1.1-12.2) . . . NC . . . NC . . . NC
Any heart defect (5269) 53 1.3 (0.8-1.9) 64 1.5 (1.0-2.2) 57 1.2 (0.8-1.7) 20 1.5 (0.8-3.0)

Conotruncal defects (1066) 8 0.9 (0.4-2.0) 12 1.4 (0.7-2.7) 10 1.0 (0.5-2.0) 8 2.7 (1.1-6.6)
Dextro-transposition

of the great arteries (338)
. . . NC . . . NC 6 1.7 (0.7-4.1) . . . NC

Tetralogy of Fallot (474) 4 1.1 (0.4-3.0) 7 1.9 (0.8-4.3) 4 1.0 (0.4-2.8) 5 3.7 (1.3-10.5)
Left ventricular outflow tract

obstruction (811)
10 1.6 (0.8-3.2) 18 2.9 (1.6-5.1) 5 0.6 (0.3-1.6) 4 1.6 (0.5-5.0)

Hypoplastic left heart
syndrome (243)

8 4.2 (1.9-9.1) 6 3.2 (1.3-7.6) . . . NC . . . NC

Coarctation of the aorta (431) . . . NC 9 2.7 (1.3-5.6) . . . NC . . . NC
Right ventricular outflow tract

obstruction (807)
7 1.1 (0.5-2.4) 7 1.0 (0.5-2.3) 9 1.1 (0.5-2.4) . . . NC

Pulmonary valve stenosis (575) 7 1.5 (0.6-3.4) 4 0.9 (0.3-2.6) 8 1.4 (0.6-3.1) . . . NC
Septal defects (2259) 22 1.3 (0.7-2.2) 21 1.1 (0.7-2.0) 28 1.4 (0.9-2.2) 8 1.3 (0.5-3.2)

Ventricular septal defect,
perimembranous (927)

5 0.7 (0.3-1.9) 6 0.8 (0.3-1.9) 8 1.0 (0.5-2.1) . . . NC

Atrial septal defect, all (1225) 18 1.9 (1.1-3.4) 10 1.0 (0.5-2.0) 20 1.9 (1.1-3.2) 6 1.8 (0.7-4.7)
Atrial septal defect,

secundum (936)
12 1.6 (0.8-3.2) 6 0.8 (0.3-1.8) 14 1.7 (0.9-3.2) 5 1.9 (0.7-5.4)

Atrial septal defect,
not otherwise specified (289)

6 2.7 (1.1-6.6) 4 1.7 (0.6-4.9) 6 2.4 (1.0-5.7) . . . NC

Choanal atresia (71) . . . NC 4 8.0 (2.7-23.5) . . . NC . . . NC
Oral clefts (1951) 28 1.6 (1.0-2.7) 16 0.9 (0.5-1.6) 18 0.8 (0.5-1.5) 7 1.1 (0.4-2.8)

Cleft lip with or without cleft palate
(1269)

21 1.9 (1.1-3.3) 11 1.0 (0.5-1.9) 14 1.0 (0.5-1.8) 4 1.0 (0.3-3.0)

Cleft lip alone (431) 6 1.5 (0.6-3.7) . . . NC 7 1.2 (0.5-2.9) . . . NC
Cleft lip with cleft palate (838) 15 2.1 (1.2-3.9) 9 1.2 (0.6-2.6) 7 0.8 (0.4-1.8) 4 1.6 (0.5-5.0)

Cleft palate alone (682) 7 1.0 (0.4-2.5) 5 0.7 (0.2-1.9) 4 0.6 (0.2-1.6) . . . NC
Esophageal atresia (332) . . . NC 5 1.8 (0.7-4.6) 4 1.2 (0.4-3.5) . . . NC
Small intestinal atresia or stenosis (199) . . . NC 4 2.6 (0.9-7.5) . . . NC . . . NC
Rectal atresia or stenosis and/or

anal atresia (470)
4 1.1 (0.4-3.0) 4 1.0 (0.4-2.9) 7 1.6 (0.7-3.5) . . . NC

Hypospadias, second or third degree (919) 16 1.8 (0.9-3.7) 7 0.9 (0.4-2.2) 7 0.9 (0.4-2.1) . . . NC
Limb deficiency (537) . . . NC 8 1.9 (0.9-4.1) . . . NC . . . NC

Transverse limb deficiency (313) . . . NC 6 2.5 (1.0-5.9) . . . NC . . . NC
Craniosynostosis (515) 6 1.5 (0.6-3.8) 9 2.0 (0.9-4.5) 5 1.2 (0.4-3.1) . . . NC
Diaphragmatic hernia (357) 6 2.1 (0.9-4.9) 7 2.4 (1.1-5.4) . . . NC . . . NC
Gastroschisis (501) 7 1.6 (0.7-3.7) 4 0.8 (0.3-2.3) 4 0.8 (0.3-2.3) . . . NC

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; NC, not calculated; ellipses, �4.
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evidence of teratogenicity in animal studies.10 Neverthe-
less, our results suggested the possibility of increased risk
for certain cardiac defects. Quinolones are currently not
recommended for use during pregnancy unless there are
overriding reasons for their use.

Antibacterial exposure was common among preg-
nant women participating in the National Birth Defects
Prevention Study, with use increasing during the first tri-
mester—the critical developmental stage. Our study lends
support to the established safety profiles for certain classes
of antibacterials such as penicillins, erythromycins, and
cephalosporins. Overall, there were limited numbers of
associations between the included classes of antibiotics
and categories of major birth defects. However, several
increased ORs were observed among women taking sul-
fonamides and nitrofurantoins, indicating a need for ad-
ditional scrutiny.
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