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Abbreviations

PRSP:
UTI:

community-acquired pneumonia

Clinical Laboratory Standards Institute
cerebrospinal fluid

Food and Drug Administration

group A streptococcus

intramuscular

intravenous

mean inhibitory concentration
methicillin-resistant Staphylococcus anreus
methicillin-susceptible Staphylococcus anrens
penicillin-binding protein
pharmacodynamic

pharmacokinetic

penicillin-resistant Streptococcus pnenwmonine
urinary tract infection

In the spirit of last montly’s issue emphasizing “Doing Less” and using evidenced-based guidelines for treating
pnewmonin and sinusitis, we present the following feature on the judicious use of cephalosporins.

Although cephem antibiotics are important in a pediatrician's armamentarium, they are
overused to the detriment of patients, hospitals, and communities, despite the availability
of sound alternatives. Going back to the basics on mechanisms of action, resistance, and
pharmacokinetic and pharmacodynamic principles facilitates smarter use and preserves

ObjGCtiVGS After reading this article, readers should be able to:

1. Describe in a general manner the mechanism of action, resistance, and
pharmacokinetic and pharmacodynamic principles of cephem antibiotics.

2. Describe the advantages and disadvantages of oral cephem antibiotics compared with
amoxicillin and amoxicillin—clavulanic acid.

3. Describe appropriate clinical situations in which to use cephem antibiotics.

4. Describe appropriate clinical situations where cephems are commonly used but could

reasonably be replaced with an alternative, non-cephem antimicrobial.

Background
The cephem antibiotics were first deployed in the 1960s but
did not expand into broad use until the 1970s with the de-
velopment of useful semisynthetic derivatives. The cephem
class includes the cephalosporins and the cephamycins, of
which more than 22 antibiotics are now in clinical use
(Table 1). There is no doubt that the cephem antibiotics
are important weapons in a practitioner’s armamentarium;
they are the most widely prescribed and largest selling class
of antibiotics, with $8.5 billion spent yearly worldwide. (1)
That said, cephems are also arguably the most inappropri-
ately used antibiotics in pediatrics. Approximately 40% of pe-
diatric antibiotic use is inappropriate. This overuse drives
resistance on patient and community levels. The observation
that methicillin-resistant Staphylococcus anrens (MRSA) and
penicillin-resistant = Streptococcus  pnenwmonine (PRSP) are
much lower in countries where cephem use is restricted is
likely not a coincidence, indicating that prevention of indis-
criminant use warrants consideration. (2,3,4,5)

*Division of Pediatric Infectious Diseases, University of Colorado School of Medicine/Children's Hospital Colorado, Aurora, CO.
*Antimicrobial Stewardship Program, Children's Hospital Colorado, Aurora, CO.
*Department of Pharmacy, Children's Hospital Colorado, Aurora, CO.
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Figure 1. The core structure of cephem antibiotics. The square
in the center is the B-lactam ring. The R groups represent the
arms.

In outpatient pediatrics, cephem overuse is driven by
ease of dosing, palatability, and strategic marketing tech-
niques that highlight the positive aspects of noninferiority
trials (the Pollyanna phenomenon) while ignoring phar-
macokinetic (PK) and pharmacodynamic (PD) principles.
(6,7) This review emphasizes the concepts necessary to
understand the PK and PD principles of cephem antibi-
otics to encourage their selective use, rather than overuse,
thereby improving the care of patients and our microbial
community and preserving cures for tomorrow. (8,9,10)
The sections on mechanisms of action and PK and PD
principles are followed by sections on allergy and clinical
indications.

Cephem Structure, Mechanism of Action, and
Microbial Resistance

Structurally, the cephems are B-lactam antibiotics and
thus related to the penicillins, monobactams (aztreonam),
carbapenems, and B-lactamase inhibitors (clavulanic acid,
sulbactam, and tazobactam). (1,11,12) The 4-membered
B-lactam ring is present in all of these groups (Figure 1)
and is central to their activity. In the cephems, this B-lactam
ring is connected to a 6-membered dihydrothiazine ring.
Chemical substitutions at the 2 cephem arms confer dif-
ferences in spectra of antibacterial activity, susceptibility
to B-lactamases, and PK and PD properties.

The mechanism of antibacterial activity of the ce-
phems involves synthesis inhibition and disruption of
the bacterial cell wall. The bacterial cell wall is a crucial
framework that provides both structure and protection.
The basic interlocking unit of the cell wall is cross-linked

514 Pediatrics in Review Vol.34 No.11 November 2013

peptidoglycan. Below this layer, within the cytoplasmic
membrane, are a heterogeneous group of proteins called
the penicillin-binding proteins (PBPs), which are mostly
involved in microbial cell wall maintenance. Certain types
of PBPs called transpeptidases perform the cross-linking
of the peptidoglycan layer. These are the key PBPs in-
hibited by B-lactam antibiotics, including the cephems.
Microbes have multiple PBP transpeptidases, some of
which are more essential than others, and they are dif-
ferentially targeted by the B-lactam antimicrobials.
The PBP transpeptidases essentially mistake the B-lactam
antibiotic for the yet to be cross-linked peptidoglycan
and are rendered inactive, leaving the microbial cell wall
weakened.

The cephems are not classified on structural similarity
but on their spectra of antibacterial activity (see the
“Common Indications” section below and Table 1).
The spectra are determined by a drug’s ability to (1) pen-
etrate the organism’s outer structure to reach the PBP
transpeptidase, (2) bind the particular PBP transpepti-
dase essential to that pathogen, and (3) escape the activity
of native or acquired B-lactamase enzymes. These spec-
tral activity determinants are also the areas exploited by
the microbes to develop their main mechanisms of resis-
tance. Thus, understanding resistance mechanisms helps
one understand spectrum of activity and generation clas-
sification, important concepts to the judicious use of
these drugs.

The first mechanism of bacterial resistance is alteration
of the gene encoding the PBP transpeptidase or its ex-
pression. This is common in gram-positive organisms
and is responsible for resistance in MRSA and PRSP.
When S aureus acquires the new gene (named mecA or
pbp2a), it encodes a novel PBP transpeptidase that repla-
ces the function of all 4 native PBP transpeptidases, and
methicillin resistance is acquired. As a result, MRSA is not
inhibited by any of the approved B-lactam drugs, with the
exception of ceftaroline (not yet approved in pediatrics).
PRSP is the result of a S pneumonine and Streptococcus
viridans genetic recombination event, creating a novel
PBP transpeptidase that is less susceptible to B-lactam
drugs. However, at high drug levels, the resistance can
be overwhelmed by clinically relevant doses. Unlike
gram-positive organisms that acquire new genetic infor-
mation, the gram-negative organisms tend to have a larger
number of genes encoding PBP transpeptidases, with the
ability to substitute one for the other (functional redun-
dancy). Gram-negative organisms prefer to alter expres-
sion of their various PBPs rather than create novel PBPs
(ie, if one is inhibited, the bacterium will just increase
production of one of its alternative PBPs).
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Gram Negative

Peptidoglycan

Porin Channel ~»

Chromosomal DNA
PBP transpeptidase Cell Membrane
(inhibited by beta-lactams)

O Transferrable DNA

Periplasmic space

Beta lactamases

Help in drug choice and dosing is
advised in these situations in consul-
tation with an infectious diseases
specialist or pharmacist or an anti-
microbial steward because microbes
with these resistance mechanisms of-
ten harbor resistance to multiple clas-
ses of drugs, need optimized drug
and dosing strategies, and are of
emerging concern. (16)

The third common mechanism of

resistance is for the microbe to de-
crease penetration of the drug. Ce-
phems reach the PBP transpeptidase
targets by passive diffusion or, in
the case of gram-negative organisms,
through small channels in the outer
membrane called porins. The genes
that encode these porins, or genes
that control their overall presence in
the cell wall, can be altered by the mi-

Figure 2. Schematic of gram-negative
PBP =peptide-binding protein.

The second common resistance mechanism is expres-
sion of B-lactamase enzymes that inactivate the B-lactam
antibiotic. Gram-negative bacteria concentrate 3-lactamases
in the periplasmic space, which is coated with an outer
membrane (Figure 2). Thus, relatively little needs to be
produced to result in highly effective resistance. Gram-
positive bacteria also produce B-lactamases but lack the
outer membrane, forcing them to produce voluminous
quantities to compensate for dilution loss to the environ-
ment. Nevertheless, this mechanism is responsible for
nearly universal resistance of § aurens to penicillin and
ampicillin. There are currently more than 927 B-lactamase
enzymes described, most of which are in gram-negative
bacteria. (13) The 927 B-lactamases range from rela-
tively simple and narrow enzymes to complex inducible
B-lactamases, extended-spectrum B-lactamases, and the
emerging carbapenemases. The genes encoding these en-
zymes are located on the chromosome or on transferrable
pieces of DNA (and thus easily and frighteningly shared
with other microbes), and organisms can harbor more
than one type. For a deeper understanding of the com-
plexities, the reader is referred to the articles by Jacoby
and Paterson and Bonomo. (14,15) It is essential for
the general pediatric practitioner to know that the cephems
are not often the drugs of choice for children severely ill
with organisms that have complex types of B-lactamases.

and gram-positive

crobe to prevent drug entrance. The
microbe can also decrease penetra-
tion by thickening its peptidoglycan
layer. In this case, the drug only
reaches the outer portion, leaving an inner portion
functional. If a drug penetrates, the microbe can also
pump it out by efflux. (1)

cell walls.

Cephem Pharmacokinetics and
Pharmacodymics

Among the 3 basic elements of clinical antibiotic decision
making are the practitioner’s experience and clinical sense
in assessing the need for antibiotics and the clinical stud-
ies supporting an antibiotic’s efficacy. Unfortunately,
most antibiotic studies in pediatrics are noninferiority tri-
als in diseases with high spontancous remission rates (oti-
tis media, community-acquired pneumonia [ CAP], and
sinusitis). Noninferiority trials are designed to demon-
strate that a drug is not unacceptably worse than a stan-
dard, although they are often erroncously interpreted as
equivalence. In these studies, the efficacy of the studied
drug is not even clear because poor adherence to study
reporting and misleading conclusions plague such trials.
(17,18,19,20,21,22) Furthermore, the bar is perpetually
lowered when a drug gains approval with a noninferiority
trial by comparing it to a standard that also gained ap-
proval in a noninferiority trial. This is the Pollyanna phe-
nomenon and leads to inappropriate confidence in the
oral cephems. (6) To balance these studies, the third

Pediatrics in Review Vol.34 No.11 November 2013 515
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clement of antibiotic decision making, PK and PD assess-
ment, can be helpful. For the B-lactam class of antibiotics,
including the cephems, there are some easy rules of
thumb that make a PK and PD assessment practical for
all prescribers. (23,24,25,26,27) This section will require
extended attention, using the tables and figures for refer-
ence, but will instill prescribing confidence for those
ready to make a shift from oral cephalosporins to more
judicious alternatives; discussion of allergy and clinical in-
dications follows.

Oral cephems are attractive for many reasons. How-
ever, as a class, oral cephems are generally not well ab-
sorbed, are highly protein bound (bound drug is not
active), and have short half-lives. Thus, peak levels of ac-
tive (unbound) drug decrease below the mean inhibitory
concentrations (MIC) of common pathogens relatively
quickly, leaving suboptimal and subinhibitory levels of
drug, subsequently encouraging the development of re-
sistance on a patient and community level. (8) A relative
exception to this is cephalexin, which can be used in high
doses divided 4 times daily successfully in the treatment
of pediatric osteomyelitis.

The cephems (and all B-lactams) display time-dependent
bactericidal activity, meaning free drug concentrations
higher than the MIC of the pathogen for an adequate
percentage of the day (time above the MIC) must be
maintained for efficacy. For the oral cephems, this is
defined as at least 30% to 40% of the day; for inpatient
infections requiring intravenous (IV) therapy, this goal
should be increased to more than 60% to 80% and ide-
ally more than 90% for immunocompromised patients.
(28) If favorable PK and PD profiles cannot be achieved
in the serum, they are unlikely to be achieved at the site
of infection, resulting in suboptimal treatment and resis-
tance. Because postantibiotic effect (continued killing
when the drug concentration is below the MIC) for
the cephems is minimal (though described for S aurens)
and they do not regularly accumulate in tissue to levels
higher than in the serum, clinically relevant approxima-
tions can be made for B-lactam antimicrobials using
a simple method of rough PK and PD modeling in
serum.

Rough PK and PD profiles can be calculated using the
dose, serum peak, percentage of protein binding, serum
half-life, dosing interval, and the MIC of the target path-
ogen. The use of this information is demonstrated in
Figures 3 and 4. The example in Figure 3 is for oral
amoxicillin, chosen for comparison to the oral cephems.
It also highlights the advantage to using amoxicillin di-
vided 3 times daily rather than 2 (more time achieved
above the MIC). Using this method to compare oral
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cephems to high-dose oral amoxicillin demonstrates that
oral cephems are never superior in PKand PD for suscep-
tible pathogens. The PK and PD assessment can be per-
formed with the cephem of choice by following the
directions in Figure 5 (for more examples see the article
by Prober). (27) Clinical MICs are available from the
Clinical Laboratory Standards Institute (CLSI), (29)
and relevant MICs for the cephems are listed in Table 3.
The PK drug information for adults is easily available
from the Sanford guide; (30) pediatric PK data are dith-
cult to find but are available on the Food and Drug Ad-
ministration (FDA) website either publicly or on request
and for common cephems are compiled and referenced in
Table 1. (31) As a rule, the most favorable PK and PD
profiles for the cephems will be achieved with the highest
allowable dose given as frequently as possible to the point
of continuous infusion. (32) Please note this rough PK
and PD assessment applies to the B-lactam antibiotics
only because other antimicrobial classes display other
PK properties. We have chosen to model free (not pro-
tein-bound) drug because studies support bound drug is
not active, although this model approach is not per-
formed in all studies. (33)

In contrast to the oral cephems, IV cephems generally
achieve favorable PK and PD profiles, despite some being
highly protein bound. However, these levels are not nec-
essarily superior to those achieved by narrower agents;
a similar strategy for a rough PK and PD assessment is
presented in Figure 4 for ceftriaxone and ampicillin. Un-
fortunately, achieving favorable PK and PD profiles in se-
rum does not necessarily mean they are achieved at the
site of infection due to drug penetration. For example,
first- and second-generation cephems do not generally
achieve therapeutic levels in the cerebral spinal fluid
(CSF).

Use of Tables 1 and 3 with a rough PK and PD assess-
ment helps to put clinical studies in context and allows
practitioners to make more informed antibiotic decisions.
However, it may lead to confusion because of perceived
contradiction with clinical susceptibility reports. The mi-
crobial MIC breakpoints of susceptible, intermediate,
and resistant for a specific pathogen are determined by
the CLSI in the United States and by the European Com-
mittee on Antimicrobial Susceptibility Testing in Europe
and are further complicated by FDA breakpoints with
which a laboratory must be compliant. (8) These break-
points do not always agree, exemplifying that they are
both oversimplified and controversial.

Take for example a common susceptibility report on
a child with CAP yielding S pneumonine; the laboratory
reports the strain’s nonmeningeal susceptibility as having
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Figure 3. Rough pharmacokinetic (PK) and pharmacodynamic (PD) example for low-dose
amoxicillin at 45 mg/kg daily divided 3 times daily (LD TID), high-dose amoxicillin at 90
mg/kg daily divided twice daily (HD BID), or high-dose amoxicillin at 75 mg/kg daily
divided 3 times daily (HD TID) (approximates common dosage of 90 mg/kg daily), with
a serum half-life of 1.2 hours and protein binding of 20%. Horizontal lines are the mean
inhibitory concentrations (MICs) considered susceptible (S), intermediate (I), or resistant
(R) for nonmeningeal Streptococcus pneumoniae. For PK- and PD-predicted efficacy, the
drug level must be over the MIC for at least 30% to 40% of the day (ie >7.2 hours per
day). For susceptible S pneumoniae (MIC <2 mg/mL), this is achieved with all of these
dosing strategies. Note that for susceptible S pneumoniae with higher (approximately 2
pg/mL) MICs, the most favorable PK and PD profiles are achieved with HD TID. Compared
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Second, ceftriaxone susceptibility does
not predict oral cephem susceptibil-
ity, (35,36) and third, the PK and
PD profiles would support the op-
posite conclusion, that amoxicillin
is superior to oral cephems (see Ta-
bles 1 and 3 for time above the MIC
predictions). Amoxicillin, particu-
larly at a high dose divided 3 times
daily for optimal PK and PD pro-
files, can clearly treat nonmeningeal
S pnenwmonine with an MIC of 2
pg/mL or less, and some argue also
an MIC of 4 ug/mL or less.
(37,38,39,40) Although local anti-
biograms may report high levels of
S pnewmonine resistance, for empiric
treatment, amoxicillin remains the
drug of choice for oral therapy, with
a high dose divided 3 times daily
best for isolates with higher MICs.
With known isolates of very high
MICs (24 wpg/mL, per some au-
thors, MIC =8 ug/mL), rather
than an oral cephalosporin, one is
best leaving the B-lactam class.

with all oral cephems, the PK and PD profiles for amoxicillin is superior.

a penicillin MIC of 2 ug/mL and a ceftriaxone MIC of
0.5 ug/mL or less. According to the CLSI guidelines
for nonmeningeal isolates, and thus reported by the lab-
oratory, this is susceptible to IV penicillin (susceptible,
<2 wpg/mL; intermediate, 4 wg/mL; and resistant,
>8 ug/mL), resistant to oral penicillin (susceptible, <0.06
pg/mg; intermediate, 0.12-1 ug/mlL; resistant, 22 ug/
mL), and susceptible to ceftriaxone (susceptible, <0.5
ng/mL; intermediate 1 pwg/mL; resistant, 22 ug/mL).
A practitioner might conclude that treatment with cef-
triaxone is superior when the PK and PD profiles and
clinical studies equally support the use of the narrower
ampicillin agent (Fig 4) (34) for nonmeningeal infection,
which has resistance and cost advantages. When ready to
switch to an oral agent, the practitioner may further con-
clude that this S pnenmonine must also be susceptible
to oral cephems and that these agents will be “better”
than oral amoxicillin. This is erroneous. First, the iso-
late is likely susceptible to oral amoxicillin per the CLSI
guidelines (amoxicillin CLSI break points: susceptible, <2
pg/mL; intermediate, 4 wg/mL; resistant, 28 ug/mL;
amoxicillin susceptibilities are not commonly performed,
but penicillin and amoxicillin MICs largely correlate).

(41,42,43) Because oral cephems
achieve relatively low free serum lev-
cls, they are inferior for oral treatment of S pneumonine
and many other pathogens; prescribing them should be
the exception and reserved for particular clinical entities
(below) or for those who are truly penicillin allergic.

Allergy, Cross-reactivity and Adverse Effects

Mechanisms underlying allergic reactions to the cephalo-
sporins are poorly understood, but some points are clin-
ically helpful, beginning with an understanding of
penicillin allergy. (44,45,46,47,48,49) Most allergic re-
actions to penicillin are not to the compound penicillin
but rather a degradation product attached to host tissues
(usually the penicilloyl group) (ie, a hapten-protein con-
jugate), although less frequently to other minor determi-
nants. There is no known equivalent to the penicilloyl
hapten in cephems, so the issue of cross-reactivity be-
tween penicillins and cephems remains unsettled. It is
suspected that in cephalosporin allergy, the immunogen
is one of the side chains (Fig 1). Allergy to all agents
is increased in penicillin allergic patients and thus not
technically a cross-reaction. Although penicillin allergy
is reported in 5% to 10% of the population, only
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unconfirmed allergy and 2% to 3%
of those with an allergist-confirmed
penicillin allergy. (49) All of this

=S MIC Amp

SIMICCTX translates into a general rule of
thumb that if an allergy to penicil-
——R MIC Amp lin is not consistent with an IgE-

mediated reaction, a clinician may

10

reasonably prescribe a cephem. If
history is consistent with an IgE-

=R MICCTX

Antibiotic level serum level meg/mL

mediated reaction or if the child
44 mg/kg

8/ ki is known to have a positive penicil-
Ampicillin . . .
(free] lin skin test result, a clinician has var-
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ious options. These options include
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Figure 4. Rough pharmacokinetic (PK) and pharmacokinetic (PD) example for ampicillin ~ clinically indicated, all under appro-
(Amp) at 44 mg/kg per dose every 6 hours intravenously with a half-life of 1.3 hours and  priate observation; useful algorithms
protein binding of 20% and 50 mg/kg per dose of ceftriaxone (CTX) every 12 hours with  are published. (46,48) Skin testing
a half-life of 5.3 hours and protein binding of 91%. Horizontal lines are the mean with other agents is possible in some
inhibitory concentrations (MICs) considered susceptible (S) or resistant (R) for each drug  regearch settings but largely unavail-

for nonmeningeal Streptococcus pneumoniae. The PK and PD efficacy is predicted for
both drugs, even with resistant S pneumoniae MICs, for nonmeningeal infections.

approximately 5% of those will have a positive skin test
result, indicating the misdiagnosing of many people as
being penicillin allergic. This results in suboptimal
treatment and excessive costs. (48) Cephem allergy
in the population is approximately 10-fold lower
than to the penicillins. True cross-reactivity is prob-
ably approximately 0.1% of those with a self-reported,

able. Indefinite avoidance of B-lactams
is not preferred to prevent life-long
suboptimal treatment common to
those diagnosed as being penicillin or cephem allergic; instead,
referral to an allergist for formal diagnosis of B-lactam allergy
and counseling is recommended. Notably, there are shared side
chains between some penicillins and some cephems, for exam-
ple, ampicillin and cephalexin, where more care in cross-use
should be taken. (50) There is no known cross-reactivity be-
tween the cephems and aztreonam (with the exception of cef-
tazidime, which shares a common side chain). Cross-reactivity
of the carbapenems with penicillins is

questions below for the particular antibiotic:
MIC of the organism (Table 3) of concern?

still over the MIC?

of the dosing interval?

Use Table 1 for relevant PK/PD information and Table 3 for
MICs of common pediatric pathogens to answer the following

1. Isthe peak serum level for the desired dose (Table 1) above the
2. *When | account for the % protein binding, is the unbound level

3. *When | lower the free drug level by half for each half-life of the
drug, does the drug level stay over the MIC for at least 30-40%

4. Isthe drug expected to penetrate the space of the infection?

* These steps are done for you in Table 1, under MIC values.

If the answer to any of the above is NO, PK/PD efficacy is not
supported. If all answers are yes, PK/PD efficacy may be supported.

less well studied, although very low in
recent publications (<1%), and because
there is less shared structure between
carbapenems and cephems, cross-
reaction between these should be
even less likely. If a child has had
a severe systemic reaction to a cephem,
IgE mediated or not (Table 2), avoid-
ance of the cephem class until the child
can be evaluated by an allergist is war-
ranted. Other adverse effects reported
with the cephems (and all B-lactams)
are listed in Table 2.

Use of Cephems in Common
Clinical Situations: Common
Indications and Choices

Figure 5. Directions for performing a pharmacokinetic (PK) and pharmacodynamic (PD) Cephem antibiotics are helpful anti-

assessment. MIC=mean inhibitory concentration.
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Tale 2. COmmon and Serious
Adverse Effects of Cephem
Antimicrobials

Gastrointestinal
® Gastrointestinal upset
® Antibiotic-associated diarrhea
e Clostridium difficile and pseudomembranous colitis
e Biliary sludging and bilirubin displacement
(ceftriaxone; thus, its use is not advised in neonates
younger than 1 month)
Dermatologic reactions and systemic illness (often hand-
in-hand)
® |gE mediated: anaphylaxis, laryngeal and
angioedema, bronchospasm, urticaria (consider
evaluation for hereditary angioedema)
® Antibiotic rash
® Drug fever
e Erythema multiforme
e Stevens-Johnson syndrome, toxic epidermal
necrolysis spectrum illness
® Drug-induced hypersensitivity syndrome
® Serum sickness
Hematologic
® Bone marrow suppression (most common is
neutropenia)
e Eosinophilia (eosinophils, 200.5 X 10°/L)
® Coomb positivity and hemolysis
Renal
® Most cephems are excreted renally, and all require
some adjustment for renal impairment
e Renal impairment (interstitial nephritis and renal
tubular necrosis)
Other
e Neurotoxicity (very high doses)
® Yeast infections
® Precipitation when coadministered with calcium
(ceftriaxone; thus, its use is not advised in neonates
younger than 1 month)

(51) However, they are rarely considered first-line op-
tions by experts, particularly for oral treatment. This
is largely reflected in national guidelines for common
clinical pediatric entities. Indications for IV choices
are clearer, but IV cephems should be used more ju-
diciously than current practice to avoid emerging
resistance.

Cephems are often broken down into generations
based on spectra of antimicrobial activity (Table 1).
The first-generation cephems are most active against
gram-positive (methicillin-susceptible S aurens [MSSA],
groups A and B streptococci) and some limited aerobic

cephem antibiotics

gram-negative activity, although resistance in common
urinary tract infection (UTI) pathogens is increasing.
Second-generation cephems have aerobic gram-positive
and negative activity, although overall they have less
gram-positive activity than the first-generation cephems
and less gram-negative activity than the third-generation
cephems. The first- and second-generation cephems do
not penetrate the CSF at levels above the MICs of common
pathogens, and first-generation cephems do not penetrate
the middle ear well. (52) Some second-generation ce-
phems have some anaerobic coverage (cefotetan and
cefoxitin), and cefoxitin has some antimycobacterial
activity. The third-generation cephems are largely geared
to gram-negative pathogens, including Escherichia coli,
Neisseria spp, and Haemophilus influenzae coverage. Im-
portantly, some IV formulations (cefotaxime and cef-
triaxone) have good S pnenmonine and groups A and B
streptococcal coverage, and therapeutic penetration of
the CSF and middle ear. Ceftazidime penetrates CSE,
but because of the higher susceptible MIC to S preumo-
nine it cannot be used for that pathogen. The third-
generation cephems have less MSSA coverage than the
first-generation cephems, and utility of ceftriaxone for
MSSA is controversial in pediatrics. Fourth-generation
cephems, namely cefepime, have MSSA, expanded aer-
obic gram-negative, and antipsecudomonal coverage.
The other cephem with antipseudomonal coverage is
ceftazidime. Ceftaroline is a recently developed fifth-
generation cephem with MRSA activity (but no pseudo-
monal activity) in clinical use in adults, but no dosing
is established yet in pediatrics. None of the pediatric-
approved cephems have either MRSA or enterococcal
coverage.

Oral Cephalosporins

1. Outpatient UTT and pyelonephritis: Oral cephalo-
sporins of all generations have a place in the treatment
of UTT in infants and children. Most oral cephems are
excreted largely unchanged by the kidneys, so levels
are higher in the urine than in the serum (although
not necessarily in renal parenchyma), and thus PK
and PD assessment often predicts efficacy, even for
some laboratory-reported nonsusceptible pathogens.
(53) Chosen agent and route should be driven by de-
gree of illness, therapy compliance of the patient, local
antibiograms, and culture results. (54,55)

2. Outpatient CAP, acute otitis media, group A strepto-
coccal pharyngitis, and sinusitis for penicillin allergic
patients: Because of high spontaneous remission rates
in these entities, they are particularly susceptible to the
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Pollyanna phenomenon, leaving many practitioners
with the erroneous impression they are equivalent
or worse yet better than narrower drugs. (6) If dosing
is optimized, using the maximum dose and highest al-
lowable frequency of administration, some oral ce-
phem agents achieve adequate PK and PD support,
but they are still inferior pharmacokinetically to
high-dose amoxicillin and amoxicillin-clavulanate for
susceptible pathogens. This inferior PK and PD profile
further suggests that resistance is likely to develop.
(8,9) Thus, a practitioner should not consider the oral
cephems first-line agents for these entities unless
a child is suspected of being allergic to penicillin
or the expanded spectrum of activity is clinically in-
dicated. (42,56) For GAS pharyngitis, some studies
have demonstrated benefit of cephems, but the
number needed to treat for benefit approximates
50 patients, and relevance to prevention of rheu-
matic fever is unclear. Given the disadvantages from
a cost and resistance perspective, oral cephems are
not recommended for first-line treatment, except
in those that are allergic to penicillin or in whom
the expanded microbiologic profile is indicated.
(57,58)

. Outpatient treatment of skin and musculoskeletal in-
fections: Unlike other oral cephems, cephalexin is rel-
atively well absorbed and not highly protein bound.
Clinical studies support efficacy of cephalexin to treat
susceptible pathogens in these infections (when oral
therapy is appropriate) if used in high doses and given
4 times daily. (59) In addition to MSSA and GAS cov-
erage, cephalexin also has activity against Kingella
kingae, a common cause of osteoarticular infections
in young children. (60)

. Oral second-line therapy of selected sexually transmit-
ted diseases: Cefixime, 400 mg orally, in a single dose
in combination with azithromycin or doxycycline is
a second-line option for uncomplicated gonococcal
infections of the cervix, urethra, and rectum in pa-
tients, but only when intramuscular (IM) ceftriaxone
is unavailable. (61) It has limited efficacy compared
with ceftriaxone for treatment of gonococcal infec-
tions, and there are no data available regarding its
use for this indication in children. Importantly, be-
cause of the development of antimicrobial resistance
in Neisseria gonorrhoeae, a test of cure at the site of
infection should be performed 1 week after treatment
with cefixime. Particular caution should be taken with
oral infections, which are often asymptomatic, unrec-
ognized, and more difficult to eradicate than anorectal
or urogenital infections. (61,62)

cephem antibiotics

IV Cephems

IV cephem use is largely supported by PK and PD assess-
ment for susceptible organisms, although it is not neces-
sarily superior and is often more broad than necessary.
Considerations in their use include appropriate penetra-
tion into the infected space (particularly CSF), spectra of
activity, and whether a narrower agent can logically be
chosen to alleviate development of antibiotic resistance
and the development of Clostridium difficile colitis.
Second-generation IV cephems (cefuroxime), because
of inferior PK and PD profiles to first- and third-gen-
eration agents for common pathogens, have limited
uses in pediatrics. Suggested considerations include
the following:

1. IV and IM treatment of UTT and pyelonephritis: Cef-
triaxone and cefotaxime are among first-line agents for
empiric therapy while cultures are pending. However,
as previously noted, none of the cephems have entero-
coccal coverage. (54,55,63)

2. Treatment of bacterial meningitis and CNS infections:
High-dose cefotaxime in combination with ampicillin
is a first-line option for empiric therapy in infants youn-
ger than 1 month, with consideration of vancomycin if
S pneuwmonine is suspected. Cefotaxime or ceftriaxone
in combination with vancomycin is first-line therapy
in children older than 1 month; ceftriaxone use is
not preferred in young infants because of adverse ef-
fects (Table 2). Cefotaxime and ceftriaxone can also
be used in combination with other agents (metronida-
zole and vancomycin initially) for brain abscess or other
intracranial infections not associated with trauma,
shunts, or postneurosurgical infections, in which one
should consider a cephem with expanded resistant
gram-negative coverage (cefepime) in combination
with vancomycin empirically. (25,52,64)

3. Inpatient treatment of CAP in select circumstances:
Ceftriaxone or cefotaxime should only be used in cases
where infants and children are not fully immunized or
are otherwise at risk for gram-negative pathogens, re-
gions where local epidemiology of invasive pneumo-
coccal strains document high-level penicillin resistance,
cases of life-threatening infection, including empyema,
or cases of penicillin allergy. In circumstances of se-
vere illness, coverage should be expanded to include
MSSA and MRSA, and this is not adequately pro-
vided by these cephalosporins. (25,34,41,42) Ceftaro-
line has MRSA coverage, but dosing in pediatrics is
not yet established. (65,66) IV cefuroxime has some
MSSA coverage but decreased S pnenmonine cover-
age and no MRSA coverage, so it is not included in
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national guidelines for the empiric IV treatment of CAP.
(40,42,67,68)

. Otitis media: A 3-day course of IM or IV ceftriaxone is
recommended for therapy for refractory acute otitis
media unresponsive to amoxicillin-clavulanate or in
situations where an oral antibiotic is not a good op-
tion. (56) Notably, no oral cephalosporin provides
broader coverage than amoxicillin-clavulanate for re-
fractory otitis media pathogens. The advantage of
IM ceftriaxone is the increased period achieved above
the MIC for common otitis media pathogens.

. Inpatient treatment of skin and musculoskeletal infec-
tions: cefazolin, alone or in combination with other
agents, is an acceptable first-line option in musculoskel-
etal infection. Choice should also be driven by concern
for MRSA clinically and based on local epidemiologic
findings, exposures or history concerning for other or-
ganisms, and severity of disease, with expanded cover-
age if concern for these entities exists while cultures are
pending. In addition to MSSA and GAS, cefazolin also
has K kingae coverage, a common cause of osteoartic-
ular infections in young children. (59,60,69)

. Appendicitis and other intra-abdominal infections:
Cefotaxime and ceftriaxone are considered first-line
options in combination with metronidazole for ap-
pendicitis. (70) Ceftriaxone in combination with met-
ronidazole (both once daily) is demonstrated to be a
cost-effective, efficacious, and easily administered regi-
men. (71,72,73) Older literature supports the use of
first- and second-generation cephalosporins, particu-
larly those with anaerobic coverage, such as cefoxitin
or cefotetan for appendicitis; however, resistance of E
coli in recent years has outdated these regimens for
cases of perforated appendicitis. Notably, these regi-
mens do not have enterococcal or pseudomonal cover-
age, but this is not generally necessary in appendicitis.
. Treatment of selected sexually transmitted infections:
Because of increasing resistance, single-dose ceftriax-
one, 250 mg IV or IM, in combination with azithromy-
cin or doxycycline is first-line therapy for uncomplicated
gonococcal urogenital, anorectal, and pharyngeal infec-
tions. Alternatives include ceftizoxime, 500 mg IM, ce-
foxitin, 2 g IM (with probenecid, 1 g orally), and
cefotaxime, 500 mg IM, although their efficacy for
pharyngeal infections is less established. Ceftriaxone
is also the first-line agent in disseminated gonococcal
infections and in conjunctivitis and ophthalmia neona-
torum (unless the infant has hyperbilirubinemia, in
which case use cefotaxime; Table 2). For parenteral
treatment of pelvic inflammatory disease, cefotetan
or cefoxitin is recommended in combination with
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doxycycline for the added anaerobic coverage. Use of
other second- or third-generation cephems may also be
effective, but there are limited data on their use, and they
are less active against anaerobic bacteria. IM ceftriaxone is
also recommended in combination with doxycycline for
treatment of epididymitis and proctitis. (61,62)

. Treatment of fever and neutropenia: Cefepime mono-

therapy is among the first-line agents for fever during
chemotherapy-induced neutropenia because of its
expanded coverage for Psendomonas spp and other
Enterobacteriaceae, as well as gram-positive coverage,
including MSSA. Initial concerns over increased mor-
tality with cefepime have largely been mitigated. (74)
Some centers use ceftazidime for initial gram-negative
coverage. Expanded gram-positive, highly resistant
gram-negative, and antifungal coverage should be con-
sidered in certain circumstances, in accordance with na-
tional fever and neutropenia guidelines. (75,76)

. Treatment of multidrug-resistant gram-negative infec-

tions: Treatment of multidrug-resistant gram-negative
infections with cephems is a controversial area because
all cephems are at least partially susceptible to inactiva-
tion by these B-lactamases. There are usually superior
choices available, although in some circumstances, with
care to MICs, particular resistance mechanisms, and
combination therapy options, cephems may play a
role; (14,15,16) consultation with an infectious dis-
cases specialist or pharmacist or an antimicrobial
steward may be warranted.

10. Surgical prophylaxis: Cefazolin is used for prevention

of postsurgical MSSA infection with certain opera-
tions and cefoxitin for prevention of gut and urogen-
ital flora postsurgical infections. These therapies
should not continue more than 24 hours, per na-
tional guidelines. (77)

Summary

® Cephems are commonly used in pediatrics, and
overuse drives microbial resistance (based on strong
evidence, epidemiologic observation, laboratory
studies, and expert opinion). (2,3,4,8,78)

® For most pediatric pathogens, oral cephems are not
pharmacokinetically and pharmacodynamically
superior to oral amoxicillin or amoxicillin-clavulanic
acid, and for many pathogens they are inferior.
Informed use and use of pharmacokinetic and
pharmacodynamic assessment in addition to clinical
trials and experience can preserve the effectiveness of
our antimicrobials (based on some research evidence
and consensus). (7,8,9,43,79,80,81,82,83,84)



* National guideline recommendations, which rarely
recommend oral cephems, are pharmacokinetically
well founded and should be heeded, as should
recommendations for antimicrobial stewardship
(based on some research evidence and consensus).
(41,42,54,56,57,61,62,85,86,87)

® Except for certain clinical entities, cephems should
largely be reserved for patients allergic to penicillin or
those in whom expanded coverage is indicated based on
suspected pathogens and clinical scenario (based on
some research evidence and consensus). (44)
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1. Cephems have developed a number of ways to confer resistance to antimicrobials. The mechanism of bacterial resistance
that is common in gram-positive organisms and is responsible for methicillin-resistant Staphylococcus aureus is:

Expression of B-lactamase enzymes.

Thickening of the peptidoglycan layer.

moOw>

Increased production of efflux pumps.

Microbial decrease in penetration of the drug.

Alteration of the encoded PBP (penicillin binding protein) transpeptidase gene.

2. A 2-week-old infant is brought into the hospital with a fever. Blood, urine, and cerebrospinal fluid samples are
obtained. Of the following, which is the most appropriate therapy for empiric treatment?

Ampicillin plus cefotaxime.
Ampicillin plus cefazolin.
Cefotaxime plus gentamicin.
Ampicillin plus vancomycin.
Ceftriaxone alone.

moOw>

3. Cephems display time-dependent bactericidal activity. For inpatient infections that require intravenous therapy, the
goal should be to keep free drug concentrations higher than the mean inhibitory concentration of the pathogen for:

Pediatrics in Review Vol.34 No.11 November 2013 523


http://pedsinreview.aappublications.org/content/34/11/510/suppl/DCSupplementary_Data
http://pedsinreview.aappublications.org/content/34/11/510/suppl/DCSupplementary_Data
http://pedsinreview.aappublications.org/content/34/11/510/suppl/DCSupplementary_Data

moow>

You are admitting a 4-year-old unimmunized child to the hospital with acute onset of fever and cough. There
is a right lower lobe infiltrate apparent on the chest radiograph. You suspect community-acquired pneumonia.

cephem antibiotics

5% to 10% of the day.
30% to 40% of the day.
50% of the day.

60% to 80% of the day.
More than 90% of the day.

Which of the following is the most appropriate empiric therapy?

moOwm>

A 3-year-old child comes to your office with ear pain and fever. You diagnose acute otitis media. The mother
tells you that the child has an allergy to penicillin. When you ask about the allergic reaction, she tells you that
the last time the child took amoxicillin symptoms included abdominal pain and diarrhea. The best choice of

Ceftazidime.
Ceftriaxone.
Cefazolin.
Cefepime.
Ceftaroline.

therapy for the child's acute otitis media at this time is:

moow>

Cefazolin.

Clindamycin.

Cefepime.

Cefixime.
Amoxicillin-clavulanate.

UNITED STATES of O i and C T3 Publcation Tith 74 Tesue Date for Crculation Data
POSTALSERVICE, (Al Periodicals P Except P Pediatrics in Review Sep12
T Publication Tite 2. Publication Number 3. Filing Date
N N USPS:  506-750 W Average No. Copies Each Issus. No. Copies of Single lssue
Pediatrics in Review 1SN 0191-8601 08/28/12 15. Extent and Nature of Girulation Duting Preceding 12 Months blished Nearest to Fiing Date
4. Issue Frequency 5. Number of Issues Published Annually 6. Price.
Monthly 2 23184 a. Total Number of Copies (Net press run) 35,742 35,600
7 Garess of Known Ofica o G, coury, sete, and TPl Contact Parson Maies Outside Couty Pid Subsgions
American Academy of Pediatrics Karen Knafl ) on PS Form 3541 (inciude paid 24,895 26,960
141 Northwest Point Bivd [Telephone (nciude aroa code) ot om0 o5t pol
Elk Grove Village, Cook County, IL §0007-1098 8474347904 e, co0e
8 Complete Malling Address of Headquarters o General Business Office of Publisher (Wot Prinfer) b pag Malled In-County Paid Subscriptions Stated
American Academy of Pediatrics e stion | 22|91 PS Form 3541 tnciucepad astbuton o o
141 Northwest Point Bivd (By Mail above m:;::/" ecareaer's proof coples, and
Elk Grove Village, IL 60007-1098 nd erchange
9. Full Names and Complete Mailing Add esses of Publisher, Editor, and Managing Editor (Do not leave biank) Outside Paid Distribution Outside the Mails Including
‘Publisher (Name and ‘mailing odares: tho Me Sales Through Dealers and Carriers, Street
A,,‘:,i:;:, ‘Academy of Pediatrics o | ©|Vandors, Gounter Sales, and Other Paid 1,668 1,892
141 Northwest Point Bivd Distibution Outsido USPS
Elk Grove Viliage, IL 60007-1098 (P Distribution by Ot Glasses of Wi
Editor (Name &nd completo mailing address) Through the USPS (e.q. First.Class Mal)
Lawrence Nazarian, MD, FAAP
289 Surrey Place ¢. Total Paid Distribution (Sum of 15b (1), (2), (3), and (4)) 26,463 28,852
Penfield, NY 14526 _
‘Managing Editor (Name and complete mailing address) - y
ree of Nominal Rate Outsids-County
Luann Zanzola, Managing Editor O e om 5 Form 5681
American Academy of Pediatrics .
141 Northwest Point Bivd, Elk Grove Village, IL 60007-1098 " Freeor
Free or Nominal Rate In-County Copies
10 Owne . Rorminel 1 @)included on PS Form 3541
m"'y'w""":“m [Free or Nominal Rate Copies Malled at Other]
Ovtsde e | (3)|Classes Through the USPS (e.g. First-Class
Full Name Complets Miallng Address oi) vai)
“American Academy of Pediatrics 141 Northwest Point BIv
erican Academy 1k Grove Vilage 1L 60007-1098 (1 Froe o Nominl Rate Distrbution Outsice
___________ |EkGrovevilage,ILb0007-1098
{non-profit organization under section 501 ({31 the Mall (Carriors or other means)
of the Internal Revenue Code) . Total Free or Nominal Rate Distibution (Sumof 124 1), @, (9, o o
nd ()
1. Total Distribution (Sum of 15¢ and 15) 26,463 28,852
‘Copies not Distributed
o See Instructions to Publishers #4 (vage #3)) 8,219 S,748
1. Known Bondholders, Mortgagees, and Other Security Holders Owning or h. Total (Sum of 15f and g) 36,742 35,600
Holding 1 Percent or More of Total Amount of Bonds, Mortgages, or Other .
‘Securities. if known, Check box None Percent Paid
Full Name Compiete Mallng Addiess b (15c dvided by 15f times 100) 100.00% 100.00%
16. Publication of Statement of Ownership
[ 1rthe publication Is a general publication, publication of this statement is required.
Wil be printed i the November Issue of this publication. (1] Publication not required.
17. Signature and Title of Editor, Publisher, Business Manager, or Owner B [Date
P R
ke énm‘.&,ré& , M bagy &y 7. —
12. Tax Status (For one)
he purposs, funcii purposes: L certiy that ailInformation furnished on this form is true and complete. | understand that anyone who furnishes false or misleading
Has Not Changed During Preceding 12 Months. information on this form or who omits material or y
o 2 of change with this statement) and imprisonment) andior civl sanctions (including civi penaites).

'PS Form 3526, Seplember 2006 (Page 1 of 3 (Instructions page 3)) Facsimile

S Form 3526, September 2006 (Page 2 of 3) Facsimile

524 Pediatrics in Review Vol.34 No.11 November 2013




