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The Rise of Resistance: How Bacteria “Outsmart” Antibiotics



• The discovery of antibiotics, made us think the battle against infectious diseases 
has been won

• However, as many bacteria have developed resistance to multiple antimicrobial 
agents, the war now seems to be shifting in favour of the bacteria

• Antimicrobial Resistance (AMR) is a major threat to global health 

• The World Health Organization (WHO) has declared it as one of the top 10 
global public health threats confronting humanity
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Background

https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance


• Globally, an estimated 4.95 million deaths were associated with drug-resistant 
infections, both directly and indirectly, with 1.27 million of these deaths directly 
attributable to drug resistance

• This indicates that over one million people died because their infections could 
not be treated with any available medicines due to resistance

• Seventy percent of these deaths resulted from severe infections that no longer 
responded to first-line antibiotics used for empirical treatment
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Background
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Antimicrobials
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Mechanisms of action
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Causes of resistance
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Acquisition of resistance genes
VERTICAL GENE TRANSFER
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Mechanisms of resistance

Betalactamases
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Classification of betalactams
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Betalactamases-Ambler classification 



• Penicillinases (Subgroup 2a)

• β-lactamases with a relatively limited spectrum of hydrolytic activity 
• Predominant β-lactamases in Gram-positive cocci, including the staphylococci (blaZ)
• Hydrolyze benzyl-penicillin and many penicillin derivatives, with poor hydrolysis of cephalosporins, 

carbapenems, or monobactams
• Inhibited by beta-lactamase inhibitors

• Subgroup 2b β-lactamases 

• Hydrolyze penicillins and early cephalosporins, such as cephaloridine and cephalothin
• Strongly inhibited by clavulanic acid and tazobactam. 
• They include the TEM-1, TEM-2, and SHV-1 enzymes, the most common plasmid-mediated β-

lactamases identified in the 1970s and early 1980s
• Mainly found in gram negative bacteria
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Ambler class A



• Phenotypic Methods
1. Nitrocefin Test:

• Procedure: Use a chromogenic cephalosporin (nitrocefin) which changes colour when 
hydrolyzed by beta-lactamase

• Interpretation: A colour change (yellow to red) indicates beta-lactamase activity

QC: S.aureus 29213-Positive

S.aureus 25923 Negative

2. Combination Disk Test:

• Procedure: Use disks containing a beta-lactam antibiotic alone and in combination with a 
beta-lactamase inhibitor.

• Interpretation: An increase in the zone of inhibition with the inhibitor indicates the presence 
of beta-lactamase

• NOTE: A positive test means penicillin, ampicillin, amoxicillin and piperacillin

Tests indicated for S. aureus isolates that test susceptible to Penicillin before reporting
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Phenotypic β-lactamase detection 
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AMBLER CLASS A-Broad spectrum



• Double-Disk Synergy Test (DDST)/Clavunate inhibition Test:

• Procedure: Place a beta-lactam antibiotic disk and a beta-lactamase inhibitor disk close to 
each other on an agar plate inoculated with the test organism

• Interpretation: Enhanced inhibition near the inhibitor disk indicates beta-lactamase 
production
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Phenotypic β-lactamase detection 



• AmpC beta-lactamases are classified as Group 1 according to the Bush-Jacoby-Medeiros 
classification

• Provide resistance to most penicillins, cephalosporins (except for fourth-generation 
cephalosporins like cefepime), cephamycins (e.g., cefoxitin), and monobactams (e.g., aztreonam)

• They do not hydrolyze carbapenems, but AmpC-producing organisms may have additional 
resistance mechanisms that confer resistance to these drugs

• The genes encoding AmpC beta-lactamases are either chromosomal or plasmid-mediated

• Chromosomal AmpC genes are typically inducible and are found in species such as Serratia 
marcescens, Providencia spp, Indole(+)Proteus, Citrobacter freundii, Enterobacter spp, and 
Morganella morganii.

• Plasmid-mediated AmpC genes, such as blaCMY, blaACT, and blaDHA, can spread between 
different bacterial species.
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AMBLER CLASS C
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Phenotypic β-lactamase detection 

• There are no CLSI guidelines for detecting AmpC-mediated resistance in Gram-negative clinical 
isolates, which often leads to misleading results, particularly with phenotypic tests

• Detection of AmpC production in organisms with inducible chromosomal AmpC β-lactamase is 
unnecessary

• Phenotypic Methods: 

• Testing for AmpC production can include the use of cefoxitin disks in disk diffusion tests, 
which can indicate resistance due to AmpC production

• Molecular Methods: 

• PCR and sequencing can identify specific genes encoding AmpC beta-lactamases



Mitgang et al, Volume 52; IJAC, 2018

Mapping of Carbapenem resistant Enterobacteriales

a)                                                                                                 b)
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Carbapenemases detection

• Carbapenemase producing isolates of Enterobacterales usually test intermediate or resistant to 
one or more carbapenems

• Ertapenem  non susceptibility is the most sensitive indicator of carbapenemases production

• Imipenem or meropenem MICs 2-4 ug/ml or Ertapenem MIC 2 ug/ml

• Quality control strains
– E.coli ATCC 25922

– K. pneumoniae ATCC BAA 1705 KPC positive

– K. pneumoniae ATCC BAA 1706: Carbapenemase negative

– K. pneumoniae ATCC BAA 2146:NDM positive (For use with eCIM)
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Carbapenemases detection

CLSI 2023 http://clsi.org>
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Carbapenemase detection methods

Result: Negative for carbapenemases
Report: Carbapenemase not detected
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Carbapenemase detection methods
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Exercise 1
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Exercise 2
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Exercise 3
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Exercise 4
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Exercise 5
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Exercise 5
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Exercise 6
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SUMMARY

• Antimicrobial Resistance (AMR) is a public health threat 

• It is associated with high morbidity and mortality

• Widespread use of beta-lactams has led to development of resistance

• The choice of testing method to be used is based on the easy of use, and timeliness

• Appropriate use of antibiotic at the appropriate dosage and for the appropriate duration—is one 
important means of reducing the selective pressure that helps resistant organisms emerge

• Early appropriate laboratory detection of resistance will assist in prompt appropriate 
management of patients
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