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Beta-lactamase Basics

Beta-lactamases are bacterial protein enzymes that inactivate beta-lactam antibiotics (i.e. penicillins, cephalosporins, monobactams,
and carbapenems), rendering them ineffective. Many beta-lactamases exist and can be found in gram-positive, gram-negative, and
anaerobic bacteria.! Beta-lactamases are a major cause of antimicrobial resistance and certain types of beta-lactamases have been
identified as major threats as genes encoding for them can be transferred horizontally between bacteria (e.g. extended spectrum
beta-lactamases [ESBL]).

How do beta-lactamases differ?

Different beta-lactamases inactivate different beta-lactam antibiotics. For example, methicillin susceptible Staphylococcus aureus
(MSSA) often produces a narrow-spectrum beta-lactamase that only inactivates penicillins, but E. coli and other gram-negative
bacteria can produce an ESBL which confers resistance to penicillins and cephalosporins.! There are thousands of beta-lactamases
produced by bacteria making identification and classification of these proteins challenging.?

What beta-lactam antibiotics can | use if a bacteria is producing a beta-lactamase?

Some beta-lactam antibiotics are stable against beta-lactamases. For example, anti-staphylococcal penicillins like oxacillin and
nafcillin are not inactivated by the beta-lactamase produced by MSSA. Similarly, carbapenem antibiotics are not inactivated by
ESBLs. Additionally, some beta-lactams come in combination with a beta-lactamase inhibitor. may inhibit
beta-lactamase enzymes and allow the beta-lactam antibiotic to work again. For example, all Klebsiella pneumoniae are resistant to
aminopenicillins like ampicillin due a beta-lactamase that is always expressed. Sulbactam and clavulanate inhibit the beta-lactamase
therefore ampicillin-sulbactam and amoxicillin-clavulanate can be active against Klebsiella pneumoniae.?

In most cases, a beta-lactam or beta-lactam/beta-lactamase inhibitor combination can be used if it is reported as susceptible on a
microbiology report. There are exceptions to this where use of a beta-lactam antibiotic to treat severe infections due to beta-
lactamase producing bacteria may be discouraged. For example, the use of piperacillin-tazobactam for the treatment of bacteremia
caused by ESBL producing gram-negative bacteria is controversial. The Infectious Diseases Society of America currently recommends
against using piperacillin-tazobactam for infections outside of the urinary tract caused by ESBL producing bacteria even when
susceptibility has been demonstrated.* More studies on this topic are underway.

Key Takeaway: Beta-lactamases are a major cause of antimicrobial resistance. Most beta-lactam antibiotics and beta-

lactam/beta-lactamase inhibitor combinations can be used based on susceptibility testing.
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