Infectious Disease CONSULT

Commonly used antibiotics
in ObGyn practice

Expert roundup of the antibiotics you use in day-to-day practice,

including spectrum of activity, key indications, adverse effects, and more

Patrick Duff, MD

cal review of the principal antibiotics that

we use on a daily basis to treat bacterial
infections. The antibiotics are listed in alpha-
betical order, either individually or by group.
I focus first on the mechanism of action and
spectrum of activity of the drugs used against
the usual pelvic pathogens (TABLE, page 46).!
I then review their principal adverse effects,
relative cost (categorized as low, intermedi-
ate, and high), and the key indications for
these drugs in obstetrics and gynecology.
In a forthcoming 2-part companion article,
I'will review how to select specific antibiotics
and their dosing regimens for the most com-
monly encountered bacterial infections in
our clinical practice.

I n this article, I provide a simplified, practi-

Aminoglycoside antibiotics

The aminoglycosides include amikacin,
gentamicin, plazomicin, and tobramycin.*?
The 2 agents most commonly used in our
specialty are amikacin and gentamicin. The
drugs may be administered intramuscu-
larly or intravenously, and they specifically
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target aerobic gram-negative bacilli. They
also provide coverage against staphylococci
and gonococci. Ototoxicity and nephrotoxic-
ity are their principal adverse effects.

Aminoglycosides are used primarily as
single agents to treat pyelonephritis caused
by highly resistant bacteria and in combina-
tion with agents such as clindamycin and
metronidazole to treat polymicrobial infec-
tions, including chorioamnionitis, puerperal
endometritis, and pelvic inflammatory dis-
ease. Of all the aminoglycosides, gentamicin
is clearly the least expensive.

Carbapenems

The original carbapenem widely intro-
duced into clinical practice was imipenem-
cilastatin. Imipenem, the active antibiotic,
inhibits bacterial cell wall synthesis. Cilas-
tatin inhibits renal dehydropeptidase I and,
thereby, slows the metabolism of imipenem
by the kidney. Other carbapenems include
meropenem and ertapenem.

The carbapenems have the widest spec-
trum of activity against the pelvic pathogens
of any antibiotic. They provide excellent cov-
erage of aerobic and anaerobic gram-positive
cocci and aerobic and anaerobic gram-neg-
ative bacilli. They do not cover methicillin-
resistant Staphylococcus aureus (MRSA) and
the enterococci very well.

A major adverse effect of the carbapen-
emsis an allergic reaction, including anaphy-
laxis and Stevens-Johnson syndrome, and
there is some minimal cross-sensitivity with
the B-lactam antibiotics. Other important,
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TaBLE Principal microorganism groups encountered in ObGyn practice’

Group of organisms

Dominant pathogens

Aerobic gram-positive cocci

Enterococci, group A and B streptococci, staphylococci

Anaerobic gram-positive cocci

: Peptococci species and peptostreptococci species

Anaerobic gram-positive bacilli

Clostridium species

Aerobic gram-negative bacilli

Escherichia coli, Klebsiella pneumoniae, Proteus species, Pseudomonas species

Other aerobic gram-negative bacilli, such as Enterobacter species and Serratia species,

are less common except in immunocompromised patients

Anaerobic gram-negative bacilli

Bacteroides species, Prevotella species

Aerobic gram-negative cocci

i Neisseria gonorrhoeae

Miscellaneous

Chlamydia trachomatis

FAST
TRACK

B-lactam antibiotics,
the cephalosporins
act by disrupting
bacterial cell wall
synthesis; they
may be given orally,
intramuscularly, and
intravenously
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but fortunately rare, adverse effects include
neurotoxicity, hepatotoxicity, and Clostrid-
ium difficile colitis.*

As a group, the carbapenems are rela-
tively more expensive than most other agents.
Their principal application in our specialty is
for single-agent treatment of serious polymi-
crobial infections, such as puerperal endo-
metritis, pelvic cellulitis, and pelvic abscess,
especially in patients who have a contraindi-
cation to the use of combination antibiotic
regimens that include an aminoglycoside.*

Cephalosporins

The cephalosporins are B-lactam antibiot-
ics that act by disrupting the synthesis of
the bacterial cell wall. They may be admin-
istered orally, intramuscularly, and intrave-
nously. The most common adverse effects
associated with these agents are an allergic
reaction, which can range from a mild rash
to anaphylaxis and the Stevens-Johnson syn-
drome; central nervous system toxicity; and
antibiotic-induced diarrhea, including C dif-
ficile colitis."**

This group of antibiotics can be con-
fusing because it includes so many agents,
and their spectrum of activity varies. I find it
helpful to think about the coverage of these
agents as limited spectrum versus intermedi-
ate spectrum versus extended spectrum.

The limited-spectrum cephalosporin
prototypes are cephalexin (oral administra-
tion) and cefazolin (parenteral administration).
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This group of cephalosporins provides excel-
lent coverage of aerobic and anaerobic gram-
positive cocci. They are excellent against
staphylococci, except for MRSA. Coverage is
moderate for aerobic gram-negative bacilli
but only limited for anaerobic gram-negative
bacilli. They do not cover the enterococci. In
our specialty, their principal application is
for treatment of mastitis, urinary tract infec-
tions (UTIs), and wound infections and for
prophylaxis against group B streptococcus
(GBS) infection and post-cesarean infec-
tion.?® The cost of these drugs is relatively
low.

The prototypes of the intermediate-
spectrum cephalosporins are cefixime
(oral) and ceftriaxone (parenteral). Both
drugs have strong activity against aerobic
and anaerobic streptococci, Neisseria gonor-
rhoeae, most aerobic gram-negative bacilli,
and Treponema pallidum (principally, cef-
triaxone). They are not consistently effective
against staphylococci, particularly MRSA,
and enterococci. Their key indications in
obstetrics and gynecology are treatment of
gonorrhea, syphilis (in penicillin-allergic
patients), and acute pyelonephritis. Com-
pared with the limited-spectrum cephalo-
sporins, these antibiotics are moderately
expensive."?

The 3 extended-spectrum cephalo-
sporins used most commonly in our spe-
cialty are cefepime, cefotetan, and cefoxitin.
These agents are administered intramus-
cularly and intravenously, and they provide
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very good coverage against aerobic and
anaerobic gram-positive cocci, with the
exception of staphylococci and enterococci.
They have very good coverage against most
gram-negative aerobic bacilli and excellent
coverage against anerobic microorganisms.
Their primary application in our specialty is
for single-agent treatment of polymicrobial
infections, such as puerperal endometritis
and pelvic cellulitis. When used in combina-
tion with doxycycline, they are valuable in
treating pelvic inflammatory disease. These
drugs are more expensive than the limited-
spectrum or intermediate-spectrum agents.
They should not be used routinely as prophy-
laxis for pelvic surgery.>®

Fluorinated quinolones

The fluorinated quinolones include several
agents, but the 3 most commonly used in our
specialty are ciprofloxacin, ofloxacin, and
levofloxacin. All 3 drugs can be administered
orally; ciprofloxacin and levofloxacin also are
available in intravenous formulations. These
drugs interfere with bacterial protein synthe-
sis by targeting DNA gyrase, an enzyme that
introduces negative supertwists into DNA
and separates interlocked DNA molecules.

These drugs provide excellent cover-
age against gram-negative bacilli, includ-
ing Haemophilus influenzae; gram-negative
cocci, such as N gonorrhoeae, Neisseria men-
ingitidis, and Moraxella catarrhalis; and
many staphylococci species. Levofloxacin,
but not the other 2 drugs, provides moderate
coverage against anaerobes. Ofloxacin and
levofloxacin are active against chlamydia.
Levofloxacin also covers the mycoplasma
organisms that are responsible for atypical
pneumonia.

As a group, the fluorinated quinolones
are moderately expensive. The most likely
adverse effects with these agents are gastro-
intestinal (GI) upset, headache, agitation,
and sleep disturbance. Allergic reactions are
rare. These drugs are of primary value in our
specialty in treating gonorrhea, chlamydia,
complicated UTIs, and respiratory tract
infections.*®
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The penicillins

Penicillin

Penicillin, a B-lactam antibiotic, was one of
the first antibiotics developed and employed
in clinical practice. It may be administered
orally, intramuscularly, and intravenously.
Penicillin exerts its effect by interfering with
bacterial cell wall synthesis. Its principal
spectrum of activity is against aerobic strep-
tococci, such as group A and B streptococ-
cus; most anaerobic gram-positive cocci that
are present in the vaginal flora; some anaer-
obic gram-negative bacilli; and T pallidum.
Penicillin is not effective against the major-
ity of staphylococci species, enterococci, or
aerobic gram-negative bacilli, such as Esch-
erichia coli.

Penicillin’s major adverse effect is an
allergic reaction, experienced by less than
10% of recipients.” Most reactions are mild
and are characterized by a morbilliform skin
rash. However, some reactions are severe and
take the form of an urticarial skin eruption,
laryngospasm, bronchospasm, and overt
anaphylaxis. The cost of both oral and par-
enteral penicillin formulations is very low. In
obstetrics and gynecology, penicillin is used
primarily for the treatment of group A and B
streptococci infections, clostridial infections,
and syphilis.'?

Ampicillin and amoxicillin

The P-lactam antibiotics ampicillin and
amoxicillin also act by interfering with
bacterial cell wall synthesis. Amoxicillin
is administered orally; ampicillin may be
administered orally, intramuscularly, and
intravenously. Their spectrum of activity
includes group A and B streptococci, entero-
cocci, most anaerobic gram-positive cocci,
some anaerobic gram-negative bacilli, many
aerobic gram-negative bacilli, and clostridial
organisms.

Like penicillin, ampicillin and amoxicil-
lin may cause allergic reactions that range
from mild rashes to anaphylaxis. Unlike the
more narrow-spectrum penicillin, they may
cause antibiotic-associated diarrhea, includ-
ing C difficile colitis,* and they may eliminate
part of the normal vaginal flora and stimulate
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an overgrowth of yeast organisms in the
vagina. The cost of ampicillin and amoxicillin
is very low. These 2 agents are used primarily
for treatment of group A and B streptococci
infections and some UTISs, particularly those
caused by enterococci."?

Dicloxacillin sodium
This penicillin derivative disrupts bacte-
rial cell wall synthesis and targets primar-
ily aerobic gram-positive cocci, particularly
staphylococci species. The antibiotic is not
active against MRSA. The principal adverse
effects of dicloxacillin sodium are an aller-
gic reaction and GI upset. The drug is
very inexpensive.

The key application for dicloxacillin
sodium in our specialty is for treatment of
puerperal mastitis.!

Extended-spectrum penicillins

Three interesting combination extended-
spectrum penicillins are used widely in our
specialty. They are ampicillin/sulbactam,
amoxicillin/clavulanate, and piperacillin/
tazobactam. Ampicillin/sulbactam may be
administered intramuscularly and intrave-
nously. Piperacillin/tazobactam is adminis-
tered intravenously; amoxicillin/clavulanate
is administered orally.

Clavulanate, sulbactam, and tazobactam
are f3-lactamase inhibitors. When added to
the parent antibiotic (amoxicillin, ampicillin,
and piperacillin, respectively), they signifi-
cantly enhance the parent drug’s spectrum
of activity. These agents interfere with bac-
terial cell wall synthesis. They provide excel-
lent coverage of aerobic gram-positive cocci,
including enterococci; anaerobic gram-pos-
itive cocci; anaerobic gram-negative bacilli;
and aerobic gram-negative bacilli. Their
principal adverse effects include allergic
reactions and antibiotic-associated diarrhea.
They are moderately expensive.

The principal application of ampicil-
lin/sulbactam and piperacillin/tazobactam
in our specialty is as single agents for treat-
ment of puerperal endometritis, postopera-
tive pelvic cellulitis, and pyelonephritis. The
usual role for amoxicillin/clavulanate is for
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oral treatment of complicated UTIs, includ-
ing pyelonephritis in early pregnancy, and
for outpatient therapy of mild to moderately
severe endometritis following delivery or
pregnancy termination.

Macrolides, monobactams,
and additional antibiotics

Azithromycin

Azithromycin is a macrolide antibiotic that
is in the same class as erythromycin and
clindamycin. In our specialty, it has largely
replaced erythromycin because of its more
convenient dosage schedule and its better
tolerability. It inhibits bacterial protein syn-
thesis, and it is available in both an oral and
intravenous formulation.

Azithromycin has an excellent spec-
trum of activity against the 3 major micro-
organisms that cause otitis media, sinusitis,
and bronchitis: Streptococcus pneumoniae,
H influenzae, and M catarrhalis. It also pro-
vides excellent coverage of Chlamydia tra-
chomatis, Mycoplasma pneumoniae, and
genital mycoplasmas; in high doses it pro-
vides modest coverage against gonorrhea.®
Unlike erythromycin, it has minimal GI toxic-
ity and is usually very well tolerated by most
patients. One unusual, but very important,
adverse effect of the drug is prolongation of
the Q-T interval.®

Azithromycin is now available in generic
form and is relatively inexpensive. As a single
agent, its principal applications in our spe-
cialty are for treatment of respiratory tract
infections such as otitis media, sinusitis, and
acute bronchitis and for treatment of chla-
mydia urethritis and endocervicitis.>° In
combination with ampicillin, azithromycin is
used as prophylaxis in patients with preterm
premature rupture of membranes (PPROM),
and, in combination with cefazolin, it is used
for prophylaxis in patients undergoing cesar-
ean delivery."**

Aztreonam

Aztreonam is a monobactam antibiotic.
Like the cephalosporins and penicillins,
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aztreonam inhibits bacterial cell wall syn-
thesis. It may be administered intramus-
cularly and intravenously, and its principal
spectrum of activity is against aerobic gram-
negative bacilli, which is similar to the ami-
noglycosides’ spectrum.

Aztreonam’s most likely adverse effects
include phlebitis at the injection site, allergy,
GI upset, and diarrhea. The drug is moder-
ately expensive. In our specialty, aztreonam
could be used as a single agent, in lieu of
an aminoglycoside, for treatment of pyelo-
nephritis caused by an unusually resistant
organism. It also could be used in combina-
tion with clindamycin or metronidazole plus
ampicillin for treatment of polymicrobial
infections, such as chorioamnionitis, puer-
peral endometritis, and pelvic cellulitis."*

Clindamycin
A macrolide antibiotic, clindamycin exerts its
antibacterial effect by interfering with bacte-
rial protein synthesis. It can be administered
orally and intravenously. Its key spectrum of
activity in our specialty includes GBS, staphy-
lococci, and anaerobes. However, clindamy-
cin is not active against enterococci or
aerobic gram-negative bacilli. GI upset and
antibiotic-induced diarrhea are its principal
adverse effects, and clindamycin is one of the
most important causes of C difficile colitis.
Although it is available in a generic formula-
tion, this drug is still relatively expensive.
Clindamycin’s  principal application
in our specialty is for treating staphylococ-
cal infections, such as wound infections and
mastitis. It is particularly effective against
MRSA infections. When used in combination
with an aminoglycoside such as gentamicin,
clindamycin provides excellent treatment for
chorioamnionitis, puerperal endometritis,
and pelvic inflammatory disease. In fact, for
many years, the combination of clindamycin
plus gentamicin has been considered the gold
standard for the treatment of polymicrobial,
mixed aerobic-anaerobic pelvic infections."*

Doxycycline

Doxycycline, a tetracycline, exerts its anti-
bacterial effect by inhibiting bacterial
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protein synthesis. The drug targets a broad
range of pelvic pathogens, including C tra-
chomatis and N gonorrhoeae, and it may be
administered both orally and intravenously.
Doxycycline’s principal adverse effects
include headache, GI upset, and photosen-
sitivity. By disrupting the normal bowel and
vaginal flora, the drug also can cause diar-
rhea and vulvovaginal moniliasis. In addi-
tion, it can cause permanent discoloration
of the teeth, and, for this reason, doxycycline
should not be used in pregnant or lactating
women or in young children.

Although doxycycline has been avail-
able in generic formulation for many years,
it remains relatively expensive. As a single
agent, its principal application in our spe-
cialty is for treatment of chlamydia infection.
It may be used as prophylaxis for surgical
procedures, such as hysterectomy and preg-
nancy terminations. In combination with an
extended-spectrum cephalosporin, it also
may be used to treat pelvic inflammatory
disease.?®°

Metronidazole

Metronidazole, a nitroimidazole derivative,
exerts its antibacterial effect by disrupting
bacterial protein synthesis. The drug may
be administered topically, orally, and intra-
venously. Its primary spectrum of activity is
against anerobic microorganisms. It is also
active against Giardia and Trichomonas
vaginalis.

Metronidazole’s most common adverse
effects are GI upset, a metallic taste in the
mouth, and a disulfiram-like effect when
taken with alcohol. The cost of oral and
intravenous metronidazole is relatively low;
ironically, the cost of topical metronidazole
is relatively high. In our specialty, the prin-
cipal applications of oral metronidazole are
as a single agent for treatment of bacterial
vaginosis and trichomoniasis. When com-
bined with ampicillin plus an aminoglyco-
side, intravenous metronidazole provides
excellent coverage against the diverse anaer-
obic microorganisms that cause chorioam-
nionitis, puerperal endometritis, and pelvic
cellulitis.?
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UTls, should not
be used to treat
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Trimethoprim-sulfamethoxazole
(TMP-SMX)

This antibiotic combination (an antifolate
and a sulfonamide) inhibits sequential steps
in the synthesis of folic acid, an essential
nutrient in bacterial metabolism. It is avail-
able in both an intravenous and oral formu-
lation. TMP-SMX has a broad spectrum of
activity against the aerobic gram-negative
bacilli that cause UTIs in women. In addi-
tion, it provides excellent coverage against
staphylococci, including MRSA; Prneumocys-
tis jirovecii; and Toxoplasma gondii.

The medication’s principal toxicity is an
allergic reaction. Some reactions are quite
severe, such as the Stevens-Johnson syndrome.
TMP-SMX is relatively inexpensive, particu-
larly the oral formulation. The most common
indications for TMP-SMX in our specialty are
for treatment of UTIs, mastitis, and wound
infections.*'" In HIV-infected patients, the
drug provides excellent prophylaxis against
recurrent Pneumocystis and Toxoplasma
infections. TMP-SMX should not be used in
the first trimester of pregnancy because it has
been linked to several birth defects, includ-
ing neural tube defects, heart defects, choanal
atresia, and diaphragmatic hernia.'?

Nitrofurantoin

Usually administered orally as nitrofuran-
toin monohydrate macrocrystals, nitrofuran-
toin exerts its antibacterial effect primarily
by inhibiting protein synthesis. Its principal
spectrum of activity is against the aerobic
gram-negative bacilli, with the exception of
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