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Antibiotic Use in Pregnancy and Lactation
What Is and Is Not Known About Teratogenic and Toxic Risks

Gerard G. Nahum, mp, CAPT Kathleen Uhl, uspus, and CAPT Dianne L. Kennedy, uspHs

OBJECTIVE: Over ten million women are either pregnant
or lactating in the United States at any time. The risks of
medication use for these women are unique. In addition
to normal physiologic changes that alter the pharmaco-
kinetics of drugs, there is the concern of possible terato-
genic and toxic effects on the developing fetus and
newborn. This article reviews the risks and pharmacoki-
netic considerations for 11 broad-spectrum antibiotics
that can be used to treat routine and life-threatening
infections during pregnancy and lactation.

DATA SOURCES: Information from the U.S. Food and
Drug Administration (FDA) product labels, the Teratogen
Information Service, REPROTOX, Shepard’s Catalog of
Teratogenic Agents, Clinical Pharmacology, and the peer-
reviewed medical literature was reviewed concerning the
use of 11 antibiotics in pregnant and lactating women.
The PubMed search engine was used with the search
terms “[antibiotic name] and pregnancy,” “[antibiotic
name] and lactation,” and “[antibiotic name] and breast-
feeding” from January 1940 to November 2005, as well as
standard reference tracing.

METHODS OF STUDY SELECTION: One hundred twen-
ty-four references had sufficient information concerning
numbers of subjects, methods, and findings to be in-
cluded.

TABULATION, INTEGRATION, AND RESULTS: The ter-
atogenic potential in humans ranged from “none” (pen-
icillin G and VK) to “unlikely” (amoxicillin, chloramphen-
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icol, ciprofloxacin, doxycycline, levofloxacin, and
rifampin) to “undetermined” (clindamycin, gentamicin,
and vancomycin). Assessments were based on “good
data” (penicillin G and VK), “fair data” (amoxicillin, chlor-
amphenicol, ciprofloxacin, doxycycline, levofloxacin, and
rifampin), “limited data” (clindamycin and gentamicin),
and “very limited data” (vancomycin). Significant phar-
macokinetic changes occurred during pregnancy for the
penicillins, fluoroquinolones and gentamicin, indicating
that dosage adjustments for these drugs may be neces-
sary. With the exception of chloramphenicol, all of these
antibiotics are considered compatible with breastfeed-
ing.

CONCLUSION: Health care professionals should con-
sider the teratogenic and toxic risk profiles of antibiotics
to assist in making prescribing decisions for pregnant and
lactating women. These may become especially impor-
tant if anti-infective countermeasures are required to
protect the health, safety, and survival of individuals
exposed to pathogenic bacteriologic agents that may
occur from bioterrorist acts.

(Obstet Gynecol 2006;107:1120-38)

Antibiotics are among the most commonly pre-
scribed prescription medications for pregnant
and lactating women.! More than 10 million women
are either pregnant or lactating in the United States at
any one time, and they are administered antibiotics
for many reasons.? Because of the special consider-
ations associated with fetal and newborn develop-
ment, these women constitute a uniquely vulnerable
population for which the risks of medication use must
be separately assessed.

In addition to the pharmacokinetic and pharma-
codynamic changes that may occur during pregnancy
and lactation that can alter the effectiveness of drugs,’
there is the added concern of the possible teratogenic
and toxic effects that medications may have on the
developing fetus and newborn. In general, there is a
dearth of pharmacokinetic and pharmacodynamic
information regarding the use and proper dosing of
Food and Drug Administration (FDA)-approved
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drugs in pregnant and lactating women, as well as
limited data pertaining to the teratogenic potential
and the fetal or neonatal toxicity of these marketed
medications. Accordingly, sparse information must
sometimes be assembled from diverse sources to
address these issues.

Recently, the threat of bioterrorism has expanded
the context in which the potential use of antibiotic
medications may be needed.* Although the possibility
of a large-scale bioterrorist attack in the United States
is unlikely, the potential for widespread antibiotic use
in this situation emphasizes the need for health care
professionals to be familiar with the risks and benefits
of administering antibiotics to pregnant and lactating
women.

This article reviews the available information
concerning the risks and special circumstances to be
considered in pregnant and lactating women for a
group of 11 broad-spectrum antibiotics (amoxicillin,
chloramphenicol, ciprofloxacin, clindamycin, doxy-
cycline, gentamicin, levofloxacin, penicillin G, peni-
cillin VK, rifampin, and vancomycin). By using this
information, better choices can be made for the
treatment of different types of bacterial pathogens in
these particularly vulnerable populations.

DATA SOURCES AND METHODS OF STUDY
SELECTION

Information from FDA-approved product labels, the
Teratogen Information Service, Shepard’s Catalog of
Teratogenic Agents, REPROTOX, Clinical Pharma-
cology, and the peer-reviewed literature were re-
viewed for information concerning the use of 11
antibiotics in pregnant and lactating women. The
medical literature was queried with the PubMed
search engine. Papers searched were published from
January 1940 to November 2005, in any language.
The search terms “[antibiotic name] and pregnancy,”
“[antibiotic name] and lactation,”, and “[antibiotic
name] and breastfeeding,” were used, as was standard
reference tracing. A total of 124 references were
accessed through these sources that contained suffi-
cient information concerning the numbers of subjects,
methods of investigation, and findings to be useful for
the purpose of drawing conclusions concerning phar-
macokinetic parameters, teratogenic potential, and
toxicity assessments of these drugs. All materials were
restricted to information from nonproprietary sources
that were available in the public domain. Addition-
ally, information concerning the potential treatment
options for exposures and diseases caused by possible
agents of bioterrorism were obtained from materials

VOL. 107, NO. 5, MAY 2006

%

published by the Centers for Disease Control and
Prevention in Atlanta.

RESULTS

A description of the 11 broad-spectrum antibiotics
and their general modes of action are provided in
Table 1.

All 11 antibiotics cross the placenta and enter the
fetal compartment. For 5 of these, human umbilical
cord blood levels are of the same order of magnitude
as circulating maternal blood concentrations (chlor-
amphenicol, clindamycin, gentamicin, rifampin, and
vancomycin). For 4, the concentrations are of the
same magnitude or higher in amniotic fluid as in
maternal blood (ciprofloxacin, clindamycin, levo-
floxacin, and vancomycin) (Table 2).

All 11 antibiotics are excreted in human breast
milk. Limited information concerning the amount in
breast milk was available for 8 antibiotics (ciprofloxa-
cin, clindamycin, doxycycline, gentamicin, levofloxa-
cin, penicillin G, penicillin VK, and rifampin). No
quantitative data concerning breast milk concentra-
tions were available for 3 (amoxicillin, chloramphen-
icol, and vancomycin) (Table 2).

Using the Teratogen Information Service clas-
sification system for teratogenic risk,* the terato-
genic potential of the 11 antibiotics during human
pregnancy ranged from “none” in 2 cases (penicil-
lin G and VK) to “unlikely” in 6 (amoxicillin,
chloramphenicol, ciprofloxacin, doxycycline, levo-
floxacin, and rifampin) to “undetermined” in 3
(clindamycin, gentamicin, and vancomycin). As-
sessments were based on data that were “good” for
2 (penicillin G and VK) to “fair” for 6 (amoxicillin,
chloramphenicol, ciprofloxacin, doxycycline, levo-
floxacin, and rifampin) to “limited” for 2 (clinda-
mycin and gentamicin) to “very limited” for 1
(vancomycin). A summary of the human and ani-
mal data contributing to these assessments is shown
in Table 3. The Food and Drug Administration
Pregnancy Category classifications for the 11 anti-
biotics (as defined under 21 CFR [Code of Federal
Regulations] 201.57 for the A, B, C, D, X Preg-
nancy Category system) (Table 4) were “B” in 5
cases (amoxicillin, clindamycin, penicillin G, peni-
cillin VK, and vancomycin), “C” in 5 cases (chlor-
amphenicol, ciprofloxacin, gentamicin, levofloxa-
cin, and rifampin), and “D” in 1 case (doxycycline)
(Table 3). In addition to the published literature,
proprietary data were used to establish the FDA
pregnancy category for these drugs.

Despite numerous concerns regarding the poten-
tial for maternal and fetal or neonatal toxicity of these
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Table 1. Description of the Eleven Broad-Spectrum Antibiotics Investigated

Antibiotic

Description

Year of Initial FDA
Approval

Amoxicillin

Chloramphenicol

Ciprofloxacin

Clindamycin

Doxycycline

Gentamicin

Levofloxacin

Penicillin G

Penicillin V
(phenoxymethyl
penicillin)

Rifampin

Vancomycin

Semi-synthetic beta-lactam antibiotic. Inhibits the final stage of
bacterial cell wall synthesis, leading to cell lysis.

Broad-spectrum antibiotic isolated from Streptomyces venezuela in
1947, now synthetically available. Binds to the 50S subunit of
bacterial ribosomes, inhibiting peptide bond formation and
protein synthesis.

Fluoroquinolone antibiotic. Exerts its bactericidal effect by
disrupting DNA replication, transcription, recombination, and
repair by inhibiting bacterial DNA gyrase.

Antibiotic derived from lincomycin that has wide-ranging
antimicrobial activity. Binds to the 50S ribosomal subunit,
thereby inhibiting bacterial protein synthesis.

Broad-spectrum antibiotic that binds to the 30S bacterial ribosomal
subunit. Blocks the binding of transfer-RNA to messenger-RNA,
thereby disrupting protein synthesis.

Aminoglycoside antibiotic with broad-spectrum activity. Binds
irreversibly to 30S bacterial ribosomal subunit, thereby inhibiting
protein synthesis.

Fluoroquinolone antibiotic. L-isomer of ofloxacin, which provides
its principal antibiotic effect. Inhibits bacterial DNA replication,
transcription, recombination, and repair by inhibiting bacterial
type II topoisomerases.

Beta-lactam antibiotic that is primarily bactericidal. Inhibits the
final stage of bacterial cell wall synthesis, leading to cell lysis.
Naturally derived beta-lactam antibiotic. Inhibits the final stage of

bacterial cell wall synthesis, leading to cell lysis. Considered
preferable to penicillin G for oral administration because of its
superior gastric acid stability.

Rifamycin B derivative that inhibits bacterial and mycobacterial
DNA-dependent RNA polymerase activity. Used primarily for
the treatment of tuberculosis, with additional utility for the
treatment of both leprosy and meningococcal carriers.

Glycopolypeptide antibiotic. Binds to the precursor units of
bacterial cell walls, inhibiting their synthesis and altering cell wall
permeability while also inhibiting RNA synthesis. Because of its
dual mechanism of action, bacterial resistance is rare.

1974

1950

1987

1970

1967

1966

1996

1943

1956

1971

1964

FDA, U.S. Food and Drug Administration.

11 drugs—including idiosyncratic and dose-related
bone marrow suppression with chloramphenicol, ar-
thropathies and bone and cartilage damage with
ciprofloxacin and levofloxacin, dental staining and
hepatic necrosis with doxycycline, and ototoxicity
and nephrotoxicity with gentamicin and vancomy-
cin—none of these toxicities has been documented
in human mothers or offspring either during preg-
nancy or breastfeeding with these antibiotics (Table
3).

Very limited information was available pertain-
ing to maternal pharmacokinetics in pregnancy for 8
antibiotics (amoxicillin, ciprofloxacin, clindamycin,
gentamicin, levofloxacin, penicillin G, penicillin VK,
and vancomycin), and none was available for 3
(chloramphenicol, doxycycline, and rifampin) (Table
2). For 4 antibiotics (amoxicillin, gentamicin, penicil-
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lin G, and penicillin VK), lower circulating drug
concentrations were measured in pregnant women
than nonpregnant, suggesting that a shorter dosing
interval or increased maternal dose or both may be
necessary to obtain similar circulating drug concen-
trations as for women in the nonpregnant state. In the
case of ciprofloxacin and levofloxacin, circulating
concentrations were generally reduced in pregnant
women, also suggesting that an increased maternal
dose or a shorter dosing interval or both may be
necessary. In 3 cases (chloramphenicol, gentamicin,
and vancomycin), therapeutic drug monitoring of
serum peak and trough levels is recommended to
assess circulating drug levels. In 1 case (clindamycin),
the standard pharmacokinetic parameters did not
change appreciably during the first, second, or third
trimester of pregnancy (Table 2). Very little pharma-
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Table 4. U.S. Food and Drug Administration Pregnancy Labeling Categories*

Pregnancy
Category Category Description
A Well-controlled studies available in humans with no adverse effects observed in human pregnancies
B No adverse effects in well-controlled studies of human pregnancies with adverse effects seen in animal
pregnancies OR no adverse effects in animal pregnancies without well-controlled human pregnancy data
available
C Human data lacking with adverse pregnancy effects seen in animal studies OR no pregnancy data available in
either animals or humans
D Adverse effects demonstrated in human pregnancies; benefits of drug use may outweigh the associated risks
X Adverse effects demonstrated in human or animal pregnancies; the risk of drug use clearly outweigh any

possible benefits

* Defined under 21 CFR 201.57 for the A, B, C, D, X Pregnancy Category system.

cokinetic data were available in lactating women for
any of the antibiotics (Table 2).

CONCLUSION

The safety of drug use in pregnancy is often an
enigma. Many drugs have a long usage history in
pregnancy without any controlled clinical trials ever
having been conducted to ascertain their safety or
efficacy during human pregnancy. Although there is
little reason to believe that medications that have
been demonstrated to be effective for particular con-
ditions in nonpregnant subjects will not also prove
effective when delivered in proper doses to pregnant
women, the changes in basic physiology that occur in
the maternal volume of distribution, renal clearance,
and hepatic metabolism—as well as the potential for
pharmacokinetic effects related to the distribution and
metabolism of the drug in the fetal compartment—
make the issue of proper pregnancy-specific dosing
difficult to predict in the absence of empirical data. To
further complicate this issue, these physiologic
changes of pregnancy vary greatly from the first to the
third trimester.

Often, because of inadequate data regarding the
prevalence of use, timing, and duration of exposure of
sufficient numbers of pregnant women to drugs, there
is insufficient information to formulate conclusive
judgments about their safety and efficacy that are
different from that for nonpregnant patients. Con-
cerns regarding potential teratogenicity and fetal or
neonatal toxicity are often incompletely addressed by
the limited amount of pregnancy and lactation expo-
sure data and adverse event reports that are available.
Because of this, conflicts can arise between the theo-
retical fear of adverse fetal or neonatal consequences
and the general bias among most healthcare profes-
sionals that the successful treatment of medical con-
ditions in the mother is in the offspring’s best interest.
This is especially true in the case of potentially

1134 Nahum et al Antibiotic Use in Pregnancy

life-threatening illnesses, as is the case with many
agents of bioterrorism. These issues are particularly
relevant to emergency response professionals, as well
as to primary health care providers who manage the
pregnancies of the nearly four million women who
deliver newborns each year in the United States.?
The difficulty with the assessment of drug effects

Table 5. Eleven Broad-Spectrum Antibiotics That
May Be Used in Pregnant and Lactating
Women in Cases of Exposure to Potential
Agent(s) of Bioterrorism*70.118-123

Antibiotic Potentially Useful
Against Bioterrorist

Agent(s)*

Bacillus anthracis
Bacillus anthracis®
Yersinia pestist
Francisella tularensis'
Bacillus anthracis
Yersinia pestist
Francisella tularensis
Coxiella burnetiit
Bacillus anthracis®
Bacillus anthracis
Yersinia pestis
Francisella tularensis
Bacillus anthracis
Yersinia pestist
Francisella tularensis®
Bacillus anthracis
Yersinia pestist
Francisella tularensis®
Coxiella burnetii’
Bacillus anthracis
Bacillus anthracis®
Bacillus anthracis
Bacillus anthracis®

Amoxicillin

Chloramphenicol

Ciprofloxacin

Clindamycin
Doxycycline

Gentamicin

Levofloxacin

Penicillin G
Penicillin VK
Rifampin
Vancomycin

* As cited by the Centers for Disease Control and Prevention based
on in-vitro microbiologic susceptibility data from a limited set of
clinical isolates.

T Not currently a Food and Drug Administration-approved indi-
cation.
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in pregnant women is typically related to a lack of
well-controlled clinical data concerning the pharma-
cokinetics and pharmacodynamics of their use in
pregnancy. Assessments that pertain to rare adverse
events typically rely on the analysis of retrospective
case-control data and, less often, on prospective co-
hort series. By using these data, it is often possible to
place bounds on the risk of teratogenicity and fetal or
neonatal toxicities that may result from medication
use during pregnancy and lactation and to make
reasonable judgments as to the safety of different
medications, in addition to estimates concerning their
proper dosing. A summary of these findings—based
on the available data for 11 widely used broad-
spectrum antibiotics—is presented in Tables 2 and 3.
When indicated and properly administered, all of
these agents seem to have sufficient evidence to allow
for their use during pregnancy and lactation.
Antibiotic use in pregnant and lactating women
has become an increasing concern due to the threat of
bioterrorism. Because the timing and type of a biot-
errorist attack is necessarily unpredictable, health care
providers must be aware of the different types of
diseases and potential treatment options that may be
needed in these circumstances (Table 5). The situation
is further complicated because the data that pertain to
medications for combating these agents are derived
primarily from in vitro susceptibility studies in limited
numbers of clinical isolates that were obtained from
nonpregnant patients. Many of the treatment regi-
mens that are currently recommended by the Centers
for Disease Control and Prevention for these bioter-
rorist agents and their associated diseases are not
currently FDA-approved indications because of the
lack of adequate and well-controlled clinical trials to
support their efficacy and safety under these circum-
stances. Sometimes they may have been approved
based on surrogate markers or endpoints (ie, 21 CFR
314 Subpart H) or only animal data based on the
animal efficacy rule (ie, 21 CFR 314 Subpart I).!24125
Thus, the issues of teratogenicity and fetal toxicity, as
well as additional concerns surrounding the potential
need for differential dosing of these drugs during
pregnancy under these circumstances, have an intrin-
sically limited amount of data from which to draw.
The focus of this article has been to evaluate the
existing data within the public domain with regard to
11 broad-spectrum antibiotics that can be of potential
use in pregnant and lactating women. All are cur-
rently available for the treatment of routine and
life-threatening bacterial infections, in addition to
exposures associated with some known potential
agents of bioterrorism. In the unlikely case of a
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bioterrorist attack, all health care providers must be
able to provide their patients with appropriate treat-
ment or prophylaxis after critical exposures. Pregnant
and lactating women are a particularly vulnerable
population and health care professionals should be
familiar with the antibiotics that can be used under
such adverse circumstances to feel confident in treat-
ing such pathogenic exposures.
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