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 CEPHALOSPORINS 
Original Handout written by S. Erdman, Pharm.D. presented by J. Lentino, M.D. 

 
 

 
I. INTRODUCTION 

 
Cephalosporins are semisynthetic β-lactam antibiotics that are structurally and 
pharmacologically related to the penicillins.  The first source of cephalosporins, a fungus 
named Cephalosporium acremonium, was isolated in 1948.  The crude filtrates from this 
fungus were found to inhibit the in vitro growth of Staphylococcus aureus, as well as treat 
staphylococcal infections and typhoid fever in humans.   

 
II. CHEMISTRY 

 
 A. Cephalosporins contain a β-lactam ring where the 5-membered thiazolidine ring of the 

penicillins is replaced by a 6-membered dihydrothiazine ring.  This structural 
difference provides stability against many β-lactamase enzymes that render the 
penicillins inactive. 

  
 B. Structural modifications at position 7 of the β-lactam ring are associated with changes 

in antibacterial activity, while changes at position 3 of the dihydrothiazine ring are 
associated with changes in the pharmacokinetic properties of the cephalosporins. 

 
 C. Cephamycins are cephalosporins with a methoxy group at position 7 of the β-lactam 

ring (confers activity against anaerobes such as Bacteroides spp.). 
 

 
A = dihydrothiazine ring, B = β-lactam ring, R = acyl side chain 

 
III. MECHANISM OF ACTION 

 
 A. Cephalosporins, like penicillins, interfere with cell wall synthesis by binding to and 

inhibiting enzymes called penicillin-binding proteins (PBPs) that are located in the cell 
wall of bacteria.   
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 B. PBPs include transpeptidases, carboxypeptidases, and endopeptidases that are 
responsible for peptidoglycan cross-linking.  The number, type and location of PBPs 
vary between bacteria. 

 
 C. Inhibition of PBPs by β-lactam antibiotics leads to inhibition of the final 

transpeptidation step of peptidoglycan synthesis, exposing a less osmotically stable 
cell wall that leads to decreased bacterial growth, bacterial cell lysis, and death. 

 
 D. Cephalosporins, like all β-lactam antibiotics, are bactericidal. 

 
IV. MECHANISMS OF RESISTANCE 

 
 A. There are 3 primary mechanisms of resistance to cephalosporins 

 
  1. Production of β-lactamase enzymes  

 
   a. The most important and most common mechanism of bacterial 

resistance where the bacteria produces a β-lactamase enzyme that 
hydrolyzes the cyclic amide bond of the β-lactam ring, inactivating the 
antibiotic. 

 
  b. Over 100 different β-lactamase enzymes have been identified. β-

lactamase enzymes may be plasmid-mediated or chromosomally-
mediated, constitutive or inducible. 

 
  c. Produced by many gram-negative (H. influenzae, N. gonorrhoeae, M. 

catarrhalis, K. pneumoniae, E. coli, Proteus spp., P. aeruginosa, S. 
marcescens, etc.), some gram-positive (Staphylococcus aureus), and 
some anaerobic (Bacteroides fragilis) bacteria. 

  
   d. Cephalosporins have variable susceptibility to β-lactamases; 3rd and 

4th generation cephalosporins are the most resistant to hydrolysis by β-
lactamase enzymes produced by gram-negative aerobic bacteria. 

 
e. Some bacteria (SPICE) have the ability to produce β-lactamase 

enzymes when exposed to antibiotics that induce their production – 
these are called inducible β-lactamases (such as during treatment of 
Enterobacter spp. infections with ceftazidime). 

 
  2. Alterations in PBPs that lead to decreased binding affinity of cephalosporins to 

PBPs (e.g., methicillin-resistant S. aureus, penicillin-resistant S. pneumoniae). 
 

  3. Inability of the antibiotic to reach the PBP target due to poor penetration 
through the outer membrane (gram-negative bacteria). 
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V. CLASSIFICATION AND SPECTRUM OF ACTIVITY 
 

 A. Currently-available cephalosporins are divided into 4 major groups, called 
“generations”, based primarily on their antimicrobial activity and stability against β- 
lactamase enzymes. 

 
 B. In general, 1st generation cephalosporins are best for gram-positive aerobes with 

activity against a limited number of gram-negative aerobes.  As you move down 
the generations to 2nd and 3rd, gram-positive activity decreases with an increase 
in activity against gram-negative aerobes.  Fourth generation cephalosporins are 
active against gram-positive and gram-negative aerobes. Also see greater stability 
against β-lactamase enzymes as you move through the generations. 

 
  1. First Generation Cephalosporins 

 
   a. Excellent activity against gram-positive aerobes - the best activity of 

all cephalosporins 
 
    Methicillin-susceptible Staphylococcus aureus (MSSA) 
    Penicillin-susceptible Streptococcus pneumoniae 
    Group A (S. pyogenes) and Group B streptococci (S. agalactiae) 
    Viridans streptococci 
     

   b. Also have activity against a limited number of gram-negative aerobes 
(PEK): 

 
    Proteus mirabilis     
    Escherichia coli 
    Klebsiella pneumoniae 
      

c.     Examples of 1st generation cephalosporins (*most often used) 
 
 Generic Name  Brand Name   Route of Administration 
 cefazolin*   Ancef®, Kefzol®   intravenous 
 cephalothin   Keflin®, Seffin®   intravenous 
 cephradine   Velosef®, Anspor®  intravenous, oral 
 cephapirin   Cefadyl®   intravenous 
 cephalexin*   Keflex®, Keftab®, Biocef® oral 
 cefadroxil   Duricef®, Ultracef®  oral 
 
  2. Second Generation Cephalosporins (includes cephamycins and 

carbacephems)  
 

   a. Differences exist in the spectrum of activity among 2nd generation 
agents because of their structural variability. 
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   b. In general, are slightly less active than 1st generation agents against 
gram- positive aerobes such as staphylococci and streptococci (MICs 
are higher), but are more active against gram-negative aerobes, and for 
some 2nd generation agents (cephamycins), anaerobes. 

 
   c. Gram-positive aerobes - 2nd generation agents have activity against the 

same bacteria as 1st generation agents, with MICs similar to or slightly 
higher than 1st generation agents.  Cefprozil and cefuroxime have the 
best gram-positive coverage; cefoxitin and cefotetan have the worst. 

 
   d. Gram-negative aerobes - display activity against P. mirabilis, E. coli, 

and K. pneumoniae like the 1st generation cephalosporins, but they 
have expanded coverage including:  

 
    Haemophilus influenzae 
    Moraxella catarrhalis 
    Neisseria spp. 
 

    In addition, may be active against some strains of Citrobacter and 
Enterobacter that are resistant to 1st generation agents (HENPEK). 

 
   e. Anaerobes - only cefoxitin, cefotetan and cefmetazole (the 

cephamycins) are active against anaerobes including Bacteroides 
fragilis (cefoxitin is the best). 

 
   f. Examples of 2nd generation cephalosporins (* most common) 

 
 Generic Name  Brand Name   Route of Administration 

 cefuroxime*   Kefurox®, Zenacef®  intravenous and oral 
 cefamandole     Mandol®   intravenous 
 cefonicid   Monocid®   intravenous 
 cefaclor    Ceclor®     oral 
 cefprozil*   Cefzil®    oral 
 Carbacephems 
 loracarbef   Lorabid ®   oral 
 Cephamycins 
 cefoxitin*   Mefoxin®   intravenous 
 cefotetan   Cefotan®   intravenous 
 cefmetazole   Zefazone®   intravenous 
 
  3. Third Generation Cephalosporins 
 

   a. In general, are less active than 1st or 2nd generation agents against 
gram-positive aerobes, but have enhanced activity against gram-
negative aerobes. 
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   b. Gram-positive aerobes - ceftriaxone and cefotaxime have the best 
activity (among the only cephalosporins that have activity against 
penicillin-resistant S. pneumoniae), which is thought to be less than 
1st or 2nd generation agents; other 3rd generation cephalosporins have 
relatively poor activity. 

   c. Gram-negative aerobes - expanded spectrum of activity than the 2nd 
generation agents (HENPECKSSS and more) including: 

 
    P. mirabilis, E. coli, K. pneumoniae (better than 1st and 2nd   

generation agents) 
    H. influenzae, M. catarrhalis, Neisseria gonorrhoeae (even β-

lactamase producing strains)  
Neisseria meningitidis 
Citrobacter spp., Enterobacter spp. (less with oral agents) 
Morganella spp., Providencia spp., Serratia marcescens 
Salmonella spp., Shigella spp. 
Pseudomonas aeruginosa - only ceftazidime and cefoperazone 

 
   d. Anaerobes - very limited activity (ceftizoxime has marginal activity) 

 
   e. Select 3rd generation cephalosporins (especially ceftazidime) are strong 

inducers of extended spectrum β-lactamases (type 1 or Class C) in 
gram-negative aerobic bacteria (Enterobacter spp) 

      
   f. Examples of 3rd generation cephalosporins (* most commonly used) 
 
 Generic Name  Brand Name   Route of Administration 

 cefotaxime   Claforan®   intravenous 
 ceftriaxone*    Rocephin®   intravenous 
 ceftazidime*    Fortaz®, Tazidime®, Tazicef® intravenous 
 cefoperazone    Cefobid®   intravenous 
 ceftizoxime   Cefizox®   intravenous 
 moxalactam   no longer commercially available 
 cefixime   Suprax®   oral 
 cefpodoxime*   Vantin®    oral 
 ceftibuten   Cedax®    oral  
 cefdinir   Omnicef®

    oral 
  
  4. Fourth generation cephalosporins 
 

   a. Considered a 4th generation cephalosporin for 2 reasons 
 

    i. Extended spectrum of activity, including many gram-positive 
and gram-negative aerobes (NOT anaerobes) 
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    Gram-positive aerobes: coverage against staphylococci and 
streptococci similar to ceftriaxone and cefotaxime 

 
    Gram-negative aerobes: displays similar coverage against gram-

negative aerobes as 3rd generation agents, including: 
 
 

    Pseudomonas aeruginosa 
    β-lactamase producing Enterobacter and E. coli 
      

    ii. Excellent stability against β-lactamase hydrolysis; is a relatively 
poor inducer of extended spectrum β-lactamases (type 1 or 
Class C) in gram-negative aerobic bacteria. 

 
   b. 4th generation cephalosporin example 
 
 Generic Name  Brand Name   Route of Administration 
 cefepime*   Maxipime®   intravenous 

 
 C. Overall, cephalosporins are not active against methicillin-resistant Staphylococcus 

aureus (MRSA) and coagulase-negative staphylococci, Enterococcus spp., Listeria 
monocytogenes, Legionella pneumophila, Clostridium difficile, Stenotrophomonas 
maltophilia, and Campylobacter jejuni. 

 
VI. PHARMACOLOGY (see Table on page 9) 

 
 A.  General pharmacologic properties of cephalosporins 
 

  1. Orally-available cephalosporins are well absorbed from the gastrointestinal 
tract; however, serum concentrations are lower than those achieved with 
parenteral dosing.  The influence of food on the absorption of individual agents 
is listed in the pharmacokinetic table. 
 

  2. Most cephalosporins are widely distributed into tissues and fluids including 
pleural fluid, synovial fluid, bone, bile, placenta, pericardial fluid and aqueous 
humor.  Adequate concentrations in the cerebrospinal fluid (CSF) are NOT 
obtained with 1st and most 2nd generation cephalosporins.  Therapeutic 
concentrations of parenteral cefuroxime, parenteral 3rd, and 4th 
generation cephalosporins are attained in the CSF, especially in the presence 
of inflamed meninges. 

 
  3. Most cephalosporins are eliminated unchanged by the kidneys via glomerular 

filtration and tubular secretion, and require dosage adjustment in the presence 
of renal insufficiency. The exceptions include ceftriaxone and cefoperazone, 
which are eliminated by the biliary system and the liver, respectively.  Most 
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cephalosporins are removed during hemodialysis and require supplemental 
dosing after a hemodialysis procedure, with the exception of ceftriaxone. 

 
  4. Most cephalosporins have relatively short elimination half-lives (< 2 hours), 

and require repeated daily dosing (3 to 4 times daily) to maintain therapeutic 
serum concentrations.  Exceptions include ceftriaxone (8 hours), cefonicid 
(4.5 hours), cefotetan (3.5 hours), and cefixime (3.7 hours). 

 
 

B. Dosing guidelines for the cephalosporins in the presence of normal renal and hepatic 
function 

 
Antibiotic and Route 
   of Administration    Adult Dosage   Pediatric Dosage 
1st generation 
  cefazolin  (IV)  1 - 2 grams every 8 hours  25 - 100 mg/kg/day in 3 to 4 divided doses 
  cephalothin (IV)  1 - 2 grams every 4 hours  60 - 100 mg/kg/day in 4 to 6 divided doses 
  cephalexin (PO)  250 - 500 mg every 6 hours 25 - 50 mg/kg/day in 4 divided doses 
  cefadroxil (PO)  500 - 1,000 mg twice daily  30 mg/kg/day in 2 divided doses 
 
2nd generation 
  cefuroxime (IV)  0.75 - 1.5 g every 8 hours  75 - 100 mg/kg/day in 3 divided doses given every 8 hours 
  cefoxitin (IV)  2 g every 6 hours   80 - 160 mg/kg/day in 4 to 6 divided doses 
  cefotetan (IV)  1 to 2 grams every 12 hours 40 - 60 mg/kg/day in 2 divided doses 
  cefuroxime (PO)  250 - 500 mg twice daily  125 - 250 mg twice daily 
  cefprozil (PO)  250 - 500 mg twice daily  15 mg/kg twice daily 
 
3rd generation  
   cefotaxime (IV)  1 - 2 g every 6 to 8 hours  50 - 180 mg/kg/day in 4 divided doses 
   ceftriaxone (IV)  1 - 2 g every 12-24 hours  50 - 100 mg/kg/day divided every 12 hours (max 4 g/day) 
   ceftazidime (IV)  1 - 2 g every 8 hours  90 - 150 mg/kg/day in 3 divided doses 
   cefixime (PO)  400 mg once daily  8 mg/kg/day once daily 
   cefpodoxime (PO)  100 - 400 mg every 12 hours 10 mg/kg/day divided every 12 hours 
   ceftibuten (PO)  400 mg once daily  9 mg/kg once daily 
   cefdinir (PO)  300mg twice daily  7 mg/kg twice daily 
 
4th generation  
   cefepime (IV)  0.5 - 2 g every 8 to 12 hours up to 50 mg/kg every 8 hours has been used, not approved 
 
5th generation 
   ceftaroline   600 mg every 12 hours 
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 VII. CLINICAL USES 
 
 A. First generation cephalosporins  
 

  1. Orally-administered 1st generation cephalosporins achieve lower serum 
concentrations than parenteral agents and should only be used for the treatment 
of mild to moderate skin infections or uncomplicated urinary tract infections.   

 
  2. Treatment of skin and soft tissue infections, septic arthritis, osteomyelitis, and 

endocarditis due to MSSA and streptococci. 
 

  3. Cefazolin is the drug of choice for surgical prophylaxis against surgical site 
infections for many surgical procedures because of its activity against 
staphylococci; can usually be administered as a single preoperative dose.  

 
  4. First generation cephalosporins have coverage against a few gram-negative 

aerobes and can be used for the treatment of urinary tract infections (oral or 
intravenous) or bacteremias (intravenous) due to susceptible organisms (PEK). 

 
  5. First generation cephalosporins do not penetrate the central nervous system, 

and should NOT be used for meningitis. 
 

 B. Second generation cephalosporins 
 

  1. Due to their activity against gram-positives and expanded spectrum of activity 
against gram-negative bacteria including H. influenzae and M. catarrhalis, oral 
2nd generation agents, such as cefuroxime, are useful for the treatment of 
pharyngitis, tonsillitis, sinusitis, otitis media, bronchitis and mild to moderate 
community-acquired pneumonia.   

 
  2. Oral 2nd generation cephalosporins are also useful for the treatment of mild to 

moderate skin and soft tissue infections, and uncomplicated urinary tract 
infections due to susceptible bacteria. 

 
  3. Although cefuroxime does penetrate the central nervous system, adequate CSF 

bactericidal activity is not routinely achieved so that it is no longer 
recommended for the treatment of meningitis. 

 
  4. The cephamycins, cefoxitin, cefotetan, and cefmetazole, have activity 

against gram-negative aerobes and anaerobes, including Bacteroides fragilis, 
so they are useful for prophylaxis in abdominal surgical procedures and for the 
treatment of polymicrobial infections such as intraabdominal infections 
(diverticulitis, appendicitis, bowel perforation), pelvic infections (pelvic 
inflammatory disease), and skin and soft tissue infections in patients with 
diabetes. 
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 C. Third generation cephalosporins 
 

  1. Due to expanded activity against gram-negative aerobes, 3rd generation 
cephalosporins are used for the treatment of  bacteremia, pneumonia, 
complicated urinary tract infection, peritonitis, intraabdominal infections, skin 
and soft tissue infections, bone and joint infections, and meningitis (those that 
penetrate the CSF) caused by gram-negative bacteria (nosocomial infections).  
If Pseudomonas aeruginosa is known or suspected, ceftazidime or 
cefoperazone should be used.  If anaerobes are known or suspected, 
metronidazole or clindamycin should be added. 

 
  2. Ceftriaxone is used as a single IM dose for uncomplicated gonorrhea. 

 
  3. Cefotaxime and ceftriaxone have good activity against gram-positive 

aerobes, and may be used for the treatment of infections due to penicillin-
resistant Streptococcus pneumoniae (meningitis, pneumonia).  Ceftriaxone 
can be used for the treatment of viridans strep endocarditis in clinically stable 
patients as outpatient parenteral therapy. 

 
  4. Oral third generation cephalosporins are used for the treatment of  

uncomplicated urinary tract infections, acute otitis media, minor soft tissue 
infections, and acute sinusitis. 

 
 D. Fourth generation cephalosporins 
 

1. Cefepime is used for the treatment of community- and hospital-acquired 
pneumonia, bacteremia, uncomplicated and complicated urinary tract 
infections, skin and soft tissue infections, intraabdominal infections gram-
negative meningitis, and empiric therapy for febrile neutropenia.  Cefepime 
also has antipseudomonal activity.  If anaerobes are known or suspected, 
metronidazole or clindamycin should be added. 

 
 E.  Fifth generation cephalosporins 
 

1. Ceftaroline is used for community acquired pneumonia and skin and skin 
structure infections.  It has minimal gram negative activity: Haemophilus, 
Moraxella – respiratory pathogens 

2. Activity against staphylococcus and streptococcus, including multidrug 
resistant pneumococcus and MRSA. 

3. Dose adjust in renal impairment 
 

VIII. ADVERSE EFFECTS 
 
 A.  Hypersensitivity - 5% 
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1. Reactions include pruritus, rash (maculopapular, erythematous, or 
morbilliform), urticaria, angioedema, hypotension, vasodilation, shock, and 
anaphylaxis.  

   
  2. Hypersensitivity reactions to cephalosporins occur most frequently in 

patients with a history of penicillin allergy.  The degree of cross-reactivity 
is 5 to 15%, and clinicians must consider the allergic reaction to penicillin (? 
IgE mediated) and the degree of cross-reactivity when deciding if a 
cephalosporin should be used in a patient with a history of allergy to penicillin. 

 
a. Immediate or accelerated hypersensitivity reactions (anaphylaxis, 

laryngeal edema, hives, bronchospasm) – avoid other cross-reactive β-
lactams, such as cephalosporins. 

 
b. Delayed hypersensitivity reactions (rash, pruritus) – give other β-

lactams with caution keeping in mind the degree of cross-reactivity. 
 
  3. Other skin reactions include Stevens-Johnson syndrome, erythema multiforme, 

toxic epidermal necrolysis, and exfoliative dermatitis. 
 
B. Some cephalosporins have a 5-NMTT side chain (nitromethylthiotetrazole) that 

confers unique adverse effects. 
 

  1. Cephalosporins with the NMTT side chain include cefamandole, cefotetan, 
cefmetazole, cefoperazone, and moxalactam. 

 
  2. Hypoprothrombinemia with or without bleeding due to blocking of enzyme in 

vitamin K metabolism or reduction of vitamin K producing bacteria in the GI 
tract.  Moxalactam also reduces platelet aggregation that significantly 
increased the incidence of bleeding. 

 
  3.  Disulfiram reaction (ethanol intolerance). 

 
 C. Hematologic 
 

  1. β-lactam-specific cytotoxic IgG or IgM antibodies are developed that bind to 
circulating WBC or platelets; cause cell lysis when antigen (penicillin) 
encountered by activation of the complement system  

 
  2. Leukopenia, neutropenia or thrombocytopenia - especially in patients receiving 

long-term (> 2 weeks) therapy 
 
 D.  Gastrointestinal 
 

  1. Transient increases in liver enzymes. 
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2. Biliary sludging –  with ceftriaxone therapy. 
 
3. Nausea, vomiting. 

 
4. Pseudomembranous colitis (Clostridium difficile diarrhea).  Some 

cephalosporins may cause diarrhea that is not due to C. difficile. 
 

 E. Precipitation of ceftriaxone with IV calcium products – avoid coadministration. 
 
 F. Other adverse effects include phlebitis; drug fever; interstitial nephritis (rare); 

neurotoxicity;  nonconvulsive status epilepticus (cefepime, ceftazidime). 
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CARBAPENEMS 
 

I. INTRODUCTION 
 

The carbapenem antibiotics, β-lactam antibiotics with a carbapenem nucleus, were initially 
discovered in the mid-1970s.  The clinical development of the carbapenems was delayed due 
to chemical instability and toxicity (nephrotoxicity and neurotoxicity) associated with earlier 
compounds in this class.  Currently, four carbapenem antibiotics are commercially available 
in the United States: imipenem, the first carbapenem antibiotic, received FDA approval in 
1986, meropenem received FDA approval in 1996, ertapenem received FDA approval in 
2001, and doripenem received FDA approval in 2007. 

 
II. CHEMISTRY 
 

 A. Carbapenems are β-lactam antibiotics that contain a β-lactam ring fused to a 5-
membered ring, like the penicillins. However, the 5-membered ring of the 
carbapenems contains a carbon atom at position one (hence the name, carbapenem) 
instead of a sulfur atom, and the addition of a double bond. 

 
 B. All carbapenems contain a hydroxyethyl group in the trans configuration at position 6 

as compared to an acylamino group in the cis configuration of the penicillins and 
cephalosporins.  This structural difference results in increased antibacterial activity 
and greater stability against most β-lactamase enzymes. 

 

 
B = β-lactam ring 

 
III. MECHANISM OF ACTION 

 
 A. Like other β-lactam antibiotics, carbapenem antibiotics display time-dependent 

bactericidal activity (except against Enterococcus), and cause bacterial cell death by 
covalently binding to PBPs that are involved in the biosynthesis of bacterial cell walls.   
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 B. Each carbapenem displays different affinities for specific PBPs, which appear to be 
genus-specific.  The highest binding affinity for imipenem, meropenem and 
doripenem is PBP-2. 

 C. The carbapenems are zwitterions that are relatively small, which enable them to 
penetrate the outer membrane of most gram-negative bacteria and gain access to the 
PBPs more readily than many other β-lactam antibiotics. 

 
IV. MECHANISMS OF RESISTANCE 

 
 A. Decreased permeability as a result of alterations to outer membrane porin proteins is 

an important mechanism of resistance in gram-negative bacteria, particularly 
Pseudomonas aeruginosa.  

 
 B. Hydrolysis of carbapenem antibiotics by β-lactamase or carbapenemase enzymes.  

However, all of the carbapenems display intrinsic resistance to nearly all β-lactamases 
(are very stable and not destroyed), including both plasmid- and chromosomally- 
mediated enzymes. 

 
 C. Alterations in PBPs that lead to decreased binding affinity of the carbapenem. 

 
V. SPECTRUM OF ACTIVITY 

 
 A. The carbapenems are currently the most broad-spectrum antibiotics, with good 

activity against many gram positive AND gram-negative aerobes AND anaerobes. 
 

 B. Gram-positive aerobes - imipenem and doripenem exhibit good activity; 
meropenem and ertapenem are generally 2 to 4 times less active than imipenem 

 
  methicillin-susceptible Staphylococcus aureus (MSSA) 
  penicillin-susceptible Streptococcus pneumoniae 
  Groups A, B, and C streptococci 
  viridans streptococci 

  Enterococcus faecalis only (most strains of E. faecium are resistant) 
 

 C. Gram-negative aerobes – the carbapenems display excellent activity against many 
gram-negative aerobes (doripenem and meropenem are the best, followed by 
imipenem and ertapenem); differences in susceptibility exist between the agents and 
are species-dependent; carbapenems display activity against β-lactamase 
producing strains that display resistance to other β-lactam antibiotics 

 
E. coli     Citrobacter freundii 

  Klebsiella spp.    Enterobacter spp.  
  Serratia marcescens   Proteus spp. 
  Morganella morganii   Providencia spp. 
  Yersinia spp.    Acinetobacter spp. (not ertapenem) 



                      
     Cephalosporins, Carbapenems, and Monobactams 
December 1, 2009                                                                             Joseph R. Lentino,M.D.,Ph.D. 
 

 15 

  Neisseria spp.    Haemophilus influenzae 
  Moraxella catarrhalis   Campylobacter jejuni 
  Salmonella spp.   Shigella spp. 
  Pseudomonas aeruginosa (NOT ertapenem) 

 D. Anaerobes – all carbapenems display excellent activity against clinically significant 
gram-positive and gram-negative anaerobes including: 

 
  Gram-positive anaerobes 
  Peptostreptococcus sp.  Peptococcus spp. 
     Clostridium perfringens and tetani 
 
  Gram-negative anaerobes 
  Bacteroides fragilis    Bacteroides vulgatus 
  Bacteroides distasonis  Bacteroides thetaiotamicron 
  Bacteroides ovatus    Prevotella bivia  
  Fusobacterium spp.   Veillonella parvula 
 

 E. The carbapenems do NOT have activity against methicillin-resistant Staphylococcus 
aureus (MRSA), coagulase-negative staphylococci, some enterococci, Clostridium 
difficile, Stenotrophomonas maltophilia, Nocardia, and atypical bacteria.  

 
VI. PHARMACOLOGY – no oral agents at this time 

 
 A. Distribution – all carbapenems are widely distributed in various body tissues and 

fluids including saliva, sputum, aqueous humor, skin, soft tissue, bone, bile, 
endometrium, heart valves, placenta; pleural, peritoneal, and wound fluids. 

 
  1. CSF penetration - only low concentrations of imipenem diffuse into the CSF 

following IV administration, with CSF concentrations approximately 1 to 10% 
of concurrent serum concentrations; meropenem penetrates into the CSF 
better than imipenem and ertapenem, with CSF concentrations up to 52% of 
simultaneous serum concentrations in patients with inflamed meninges 

 
 B. Elimination 
 

  1. The major route of elimination of all of the carbapenems is urinary excretion of 
unchanged drug involving both glomerular filtration and tubular secretion. 

 
   a. Imipenem undergoes hydrolysis in the kidney by an enzyme called 

dihydropeptidase (DHP) to microbiologically inactive and potentially 
nephrotoxic metabolites.  A DHP inhibitor called cilastatin is added to 
commercially-available preparations of imipenem to prevent renal 
metabolism and protect against potential nephrotoxicity. 
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  2. The elimination half-life of imipenem, meropenem and doripenem is 
approximately 1 hour in patients with normal renal function; the elimination 
half-life of ertapenem is approximately 4 hours. 

 
  3. All carbapenems require dosage adjustment in patients with renal 

dysfunction and are removed during hemodialysis procedures so they are 
usually dosed after hemodialysis. 

 
 C. Dosing of the carbapenems in patients with normal renal function 
 
   Adult Dosage     Pediatric Dosage 
 
IMIPENEM  250 mg to 500 mg IV every 6 hours  15 to 25 mg/kg IV every 6 hours 
   (usual dose 500 mg IV every 6 hours) (not recommended) 
 
MEROPENEM  1 to 2 grams IV every 8 hours   20 to 40 mg/kg IV every 8 hours 
 
ERTAPENEM  1 gram IV every 24 hours 
 
DORIPENEM  500 mg IV every 8 hours 
 
 

VII. CLINICAL USES - are very expensive 
 

 A. The carbapenems are very broad-spectrum antibiotics that are typically used for 
polymicrobial infections where they can be used as monotherapy such as 
intraabdominal infections or skin and skin structure infections in diabetic patients.  
Ertapenem does not have activity against Pseudomonas aeruginosa. 

 
 B. Empiric therapy for nosocomial infections such as serious lower respiratory tract 

infections, septicemia, and complicated urinary tract infections, while waiting for the 
results of culture and susceptibility data.  Ertapenem does not have activity against 
Pseudomonas aeruginosa.  Once results of the cultures and susceptibilities are 
known, therapy is often changed to a less broad spectrum and less costly (and more 
targeted) antimicrobial agent. 

 
 C. Infections due to resistant bacteria, especially those organisms that produce type 

1 or class C β-lactamase enzymes. 
 
 D.  Febrile neutropenia – imipenem or meropenem 
 
 E. Meningitis (children) - meropenem 
 

VIII. ADVERSE EFFECTS 
 
 A.  Hypersensitivity - 3% 
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  1. Reactions include rash, fever, pruritus, urticaria, angioedema, hypotension and 

anaphylaxis.   
 

  2. Cross reactivity (5 to 15%) can occur in patients who have a history of 
hypersensitivity to penicillins, so clinicians must consider the degree of cross 
reactivity and reaction to penicillin before using a carbapenem in a penicillin-
allergic patient. 

 
a. Immediate or accelerated hypersensitivity reactions (anaphylaxis, 

laryngeal edema, hives, bronchospasm) – avoid other cross-reactive β-
lactams, such as carbapenems. 

 
b. Delayed hypersensitivity reactions (rash, pruritus) – give other β-

lactams with caution keeping in mind the degree of cross-reactivity. 
 
 B. Gastrointestinal 
 

  1. Nausea, vomiting, and diarrhea have been reported in up to 5% of patients 
receiving carbapenems. 

 
  2. Antibiotic-associated pseudomembranous colitis (C. difficile). 

 
 C.  Central nervous system – direct toxic effect 
 

  1. Insomnia, agitation, confusion, dizziness, hallucinations, and depression. 
 

  2. Seizures - have been reported in patients receiving imipenem (1.5%), 
meropenem (0.5%), ertapenem (0.5%), and doripenem (<0.5%). 

 
   a. Historically, initial imipenem dosage recommendations were 1 gram 

every 6 hours without specific guidelines for dose adjustment in renal 
insufficiency - may have led to the initial increased incidence of 
seizures.  Today, 500 mg every 6 hours is used with dosage 
adjustments in renal dysfunction, and the incidence of seizures has 
decreased. 

 
   b. Risk factors for the development of seizures during carbapenem 

therapy include preexisting CNS disorders (e.g. history of seizures, 
brain lesions, recent head trauma), high doses (> 2 grams imipenem per 
day), and the presence of renal dysfunction.   

 
 D. Other adverse effects associated with carbapenems include thrombophlebitis, 

neutropenia, thrombocytopenia, transient LFT increases, and yeast infections. 
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MONOBACTAMS 
 

I. INTRODUCTION  
 

Naturally occurring monobactams are produced by various bacteria found in soil, and 
generally have only weak antibacterial activity.  Synthetic monobactams, such as aztreonam, 
have greater antimicrobial potency and display stability against hydrolysis by some β-
lactamase enzymes.  Currently, aztreonam is the only monobactam antibiotic available in the 
United States. 

 
II. CHEMISTRY 

 
 A. Aztreonam is a synthetic monocyclic, β-lactam antibiotic (monobactam).  Unlike other 

currently available β-lactam antibiotics that are bicyclic and contain a ring fused to the 
β-lactam ring, aztreonam contains only a β-lactam ring with various side chains. 

 

 
B = β-lactam ring 

 
III. MECHANISM OF ACTION 

 
 A. Like bicyclic β-lactam antibiotics, aztreonam is bactericidal because of its ability to 

bind to and inhibit PBPs and ultimately inhibit peptidoglycan synthesis, which is 
essential for the synthesis, assembly and maintenance of bacterial cell walls.  

 
 B. Aztreonam binds preferentially to PBP-3 in aerobic gram-negative bacilli, interfering 

with cell wall synthesis.  Aztreonam has poor affinity for PBPs of gram-positive and 
anaerobic bacteria. 

 
IV. MECHANISMS OF RESISTANCE 

 
 A. Hydrolysis by bacterial β-lactamase enzymes - aztreonam is relatively stable against 

hydrolysis by some plasmid- and chromosomally-mediated β-lactamases; aztreonam is 
hydrolyzed by some β-lactamases produced by Klebsiella spp., Enterobacter spp., and 
Pseudomonas aeruginosa. 
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 B. Alteration in outer membrane porin proteins in gram-negative bacteria leading to 
decreased permeability. 

 
V. SPECTRUM OF ACTIVITY 

 
 A. Aztreonam preferentially binds to PBP-3 in gram-negative aerobic bacteria; therefore, 

aztreonam only has activity against gram-negative aerobes. 
 

  1. Gram-positive aerobes - inactive 
 

  2. Gram-negative aerobes - aztreonam is active against a wide range of gram-
negative aerobes including: 

 
  Haemophilus influenzae   Moraxella catarrhalis 
  Citrobacter spp.    Enterobacter spp. 
  E. coli       Klebsiella pneumoniae 
  Proteus spp.     Morganella morganii 
  Providencia spp.    Serratia marcescens 
  Salmonella spp.    Shigella spp. 
  Pseudomonas aeruginosa 
 
  3. Anaerobes - inactive 
 

VI. PHARMACOLOGY – only available IV 
 
 A. Distribution - Aztreonam is widely distributed into body tissues and fluids including 

skeletal muscle, adipose tissue, skin, bone, gallbladder, liver, lungs, prostatic tissue, 
endometrium, sputum, bronchial secretions, aqueous humor, bile, pleural fluid, 
peritoneal fluid, and synovial fluid.  Aztreonam DOES penetrate into the CSF, 
especially in the presence of inflamed meninges. 

 
 B. Elimination - Aztreonam is excreted principally in the urine as unchanged drug.  The 

half- life of aztreonam is 1.3 to 2.2 hours in patients with normal renal function.  
Doses need to be adjusted in patients with renal insufficiency, and aztreonam is 
removed during hemodialysis. 

 
C. Dosing in normal renal function 
 

  Adults:  0.5 to 2 grams IV every 8 hours   
  Pediatric: 30 to 50 mg/kg IV every 8 hours 
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VII. CLINICAL USES 

 
 A. Aztreonam can only be used for the treatment of infections caused by gram-negative 

aerobes such as complicated and uncomplicated urinary tract infections, lower 
respiratory tract infections, meningitis, bacteremia, skin and skin structure infections, 
intraabdominal infections, and gynecologic infections caused by susceptible gram-
negative aerobes.  If anaerobes are known or suspected, metronidazole or clindamycin 
should be added. 

 
 B. Aztreonam is especially useful for the treatment of gram-negative infections in 

patients with a history of a severe penicillin allergy. 
 
VIII. ADVERSE EFFECTS 

 
 A. Hypersensitivity - rash, pruritus, urticaria, angioedema, anaphylaxis (rare).  Studies in 

rabbits and humans suggest that antibodies directed against penicillin show negligible 
cross-reactivity with aztreonam.  Because of a low to negligible incidence of cross- 
reactivity, aztreonam can be used in a patient with a history of penicillin allergy. 

 
 B. Gastrointestinal - diarrhea, nausea, vomiting in 1 to 2% of patients 
 
 C. Other: neutropenia, thrombocytopenia, eosinophilia, transient LFT increases, phlebitis, 

drug fever 
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CEPHALOSPORIN PHARMACOKINETIC TABLE 
 

   PEAK SERUM     ROUTE OF    EFFECT OF FOOD SERUM  
GENERIC NAME CONC (µg/ml)  CSF CONC (µg/ml) ELIMINATION     HALF-LIFE hrs ON PEAK CONC PROT BIND % 
 
1st generation 
 
Cefazolin - IV   80 (1 g)     Renal   1.8      80 
Cephalothin - IV   30    (1 g)     Renal   0.6      71 
Cephalexin - PO   18    (0.5 g)     Renal   0.9   None   10 
Cefadroxil - PO   16    (0.5 g)     Renal   1.2   None   20 
Cephradine - PO   10    (0.5 g)     Renal   0.7   None   10 
 
2nd generation 
 
Cefamandole - IV 150   (2 g)     Renal   0.8      75 
Cefonicid - IV  260   (2 g)     Renal   4.5      98 
Cefuroxime - IV  100  (1.5 g)  1.1 - 17   Renal   1.3      35 
Cefoxitin - IV  150  (2 g)     Renal   0.8      70 
Cefotetan - IV  230  (2 g)     Renal   3.5      90 
cefuroxime axetil  - PO 8 - 9  (0.5 g)     Renal   1.3   Increased  35  
Cefaclor - PO  13    (0.5 g)     Renal   0.8   Decreased  25 
Cefprozil - PO  10    (0.5 g)     Renal   1.2   None   42 
Loracarbef - PO  15    (0.4 g)     Renal   1.1   Decreased  35 
 
3rd generation 
 
Cefotaxime - IV  130  (2 g)  5.6 - 44   Renal   1.0      35 
Ceftriaxone - IV  250  (2 g)  1.2 - 39   Biliary/renal  8.0      83 - 96 
Ceftizoxime - IV  130  (2 g)  0.5 - 29   Renal   1.7      30 
Cefoperazone - IV 250  (2 g)     Hepatic   2.0      87 - 93 
Ceftazidime - IV  160  (2 g)  0.5 - 30   Renal   1.8      17 
Cefixime - PO  3.9   (0.4 g)     Renal   3.7   None   67 
Cefpodoxime axetil - PO 4      (0.4 g)     Renal   2.2   Increased  40 
Ceftibuten - PO  11    (0.2 g)     Renal   2.5    None   63 
Cefdinir - PO  2.87 (0.6 g)     Renal   1.8   None   60 - 70 
 
4th generation 
 
Cefepime - IV  150  (2 g)  yes, unknown  Renal   2.1      20 
cefpirome  100  (1 g)  1.3 - 7.5   Renal   2.0      10 
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