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Haemophilus influenzae and beta lactam resistance

Background and mechanisms

Reduced susceptibility to beta-lactams in Haemophilus influenzae may be caused by transferable beta-
lactamases (most commonly TEM-1, more rarely ROB-1), or chromosomal mechanisms [1].

Beta-lactamase-mediated resistance affects penicillins only and is inhibited by beta-lactamase inhibitors
(e.g. clavulanic acid or tazobactam). Chromosomally mediated resistance may also confer resistance to
cephalosporins and carbapenems and is not inhibited by beta-lactamase inhibitors. The two mechanisms
may occur separately or concomitantly.

The most common mechanism for chromosomally mediated beta-lactam resistance in H. influenzae is
amino acid substitutions in the transpeptidase region of penicillin binding protein 3 (PBP3) due to mutations
in the ftsl gene. This results in reduced affinity and reduced susceptibility to beta-lactams, in particular
aminopenicillins and cephalosporins, for which PBP3 is the primary target.

Based on the presence or absence of distinct amino acid substitutions, isolates with PBP3-mediated
resistance (rPBP3) may be classified as low-level or high-level resistant (low-rPBP3 or high-rPBP3). The
distinction is clinically important because high-rPBP3 isolates, in contrast to low-rPBP3 isolates, often are
resistant to 3rd and 4th generation cephalosporins. Low-rPBP3 isolates are frequent in Scandinavia and
represent the predominant resistance genotype in Europe. Recent studies have shown expansion of
international high-rPBP3 clones expressing resistance to cefotaxime and ceftriaxone in Nordic countries [2].

Screening

Screening for beta-lactam resistance is performed by disk diffusion. Benzylpenicillin 1 unit (PCG1) is used for
primary screening. If PCG1 is categorized as screening positive, a beta-lactamase test is performed.
Amoxicillin-clavulanic acid (2-1 pg) should be used to screen for PBP3-mediated resistance in beta-
lactamase positive isolates [3-4].

Benzylpenicillin 1 unit (PCG1) will detect both beta-lactamase and PBP3-mediated resistance. In screening
positive isolates:

- Perform a test for beta-lactamase.

- In beta-lactamase negative results, the beta-lactam resistance mechanism is from PBP3 changes alone.

- In beta-lactamase positive strains, the zone for amoxicillin-clavulanic acid (2-1 ug) is inspected to
determine whether the isolate also contains PBP3 changes in addition to beta-lactamase mediated
resistance.

Based on the screening test results, it may be deduced with a high degree of reliability whether an isolate
lacks resistance mechanisms or if one or both mechanisms are present [3-4].
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Because amoxicillin-clavulanic acid (2-1 pg) has lower sensitivity and specificity for detection of PBP3-
mediated resistance compared to PCG1 [5], the disks should only be used for screening of beta-lactamase
positive isolates.

Susceptibility categorization and interpretation
A flowchart for interpretation and reporting is provided below and in the NordicAST breakpoint table.

Separate MIC breakpoints are provided for meropenem in meningitis and should be performed in all
isolates that are screening positive for beta-lactam resistance.

Amoxicillin, amoxicillin-clavulanic acid and cefuroxime in oral formulations should always be reported as
“susceptible, increased exposure (1)” when deemed susceptible.

When screening results indicate PBP3-mediated resistance, susceptibility testing with interpretation
according to clinical breakpoints should be performed for relevant agents individually.

The stepwise character of PBP3 resistance leads to close or overlapping susceptible and resistant
populations when testing beta-lactam susceptibility in these isolates. Hence, an area of technical
uncertainty (ATU) is needed in many situations see in the breakpoint table and at:
https://www.eucast.org/ast of bacteria/calibration_and validation.

Minimum Inhibitory Concentration (MIC) determination of H. influenzae by gradient tests sometimes
produce misleading results in beta-lactamase negative populations [5-9]. Studies indicate that Etest® may
underestimate ampicillin MIC by 1-2 dilutions for beta-lactamase negative isolates with ampicillin MIC close
to the breakpoint [5-8, 10]. In a Norwegian study of such isolates, EUCAST disk diffusion was superior to
Etest for susceptibility categorization to ampicillin, with higher categorical agreement rate (74.0% vs. 64.3%)
and a significantly lower falsely susceptible rate (28.3% vs. 88.3%) [5].

Haemophilus influenzae: Flow chart based on the benzylpenicillin (PCG) screen test for beta-lactam resistance

mechanisms to reduce the number of specific tests for beta-lactam agents
To take full advantage of the procedure, include the amoxicillin-clavulanic acid 2-1 pg disk, but read and interpret only on beta-lactamase positive isolates.

PCG 1 unit zone diameter 212 mm PCG 1 unit zone diameter <12 mm
Mechanism: excludes all beta-lactam resistance mechanisms Mechanism: beta-lactamase and/or PBP3 mutations
Report susceptible (S) to beta-lactam agents for which clinical breakpoints Further testing: test for beta-lactamase
are available, including those with “Note". Exception: Oral amoxicillin, oral
amoxicillin-clavulanic acid and oral cefuroxime are reported “susceptible, Form P inm gitis, d the MIC and interpret
increased exposure™ (l). according to the clinical breakpoints.

No further testing required.

Beta-lactamase positive Beta-lactamase negative
Mechanisms: beta-lactamase with or without PBP3 mutations Mechanism: PBP3 mutations
Report resistant (R) to amp G illin and pip Perform susceptibility testing for the relevant agents and interpret
(without beta-lactamase inhibitor). according to breakpoints.
For other beta-lactam agents, read the amoxicillin-clavulanic acid For cefepime, cefpodoxime and imipenem, if PCG 1 unit <12 mm and
2-1 pg disk and interpret as below. susceptible by agent disk diffusion test, determine the MIC of the agent
/\ and interpret according to the clinical breakpoints.
Amoxicillin-clavulanic acid 2-1 pg 215 mm Amoxicillin-clavulanic acid 2-1 pg <15 mm
Mechanism: beta-lactamase only M i bet; and PBP3
Report susceptible (S) to agents (other than ampicillin, amoxicillin and Perform susceptibility testing for the relevant agents and interpret according to breakpoints
piperacilliny for which clinical breakpoints are available, including those with
“Note". E: ion: Oral amoxicillin-clavulanic acid and oral cefuroxime are For cefepime, cefpodoxime and imipenem, if PCG 1 unit <12mm and susceptible by agent disk
reported “susceptible, increased exposure™ (I). diffusion test, determine the MIC of the agent and interpret according to the clinical breakpoints.
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Responsible for this document

NordicAST representatives, subgroup for fastidious bacteria, see NordicAST homepage.

Page 3 of 4



§ nOrdiCQfT Method Document

Haemophilus influenzae and beta lactam resistance
First published 01-01-2012
Revised 20-05-2026

Changes

Version Changes

2026-05-20 |Updated flowchart, text on testing for strains suspected for meningitis and background on
epidemiology of high rPBP3 in Nordic countries

2023-11-30 |Updated according to current EUCAST/NordicAST screening and testing algorithm and
flowchart included in document.

2019-03-21 Removed recommendation to refer isolates with resistance to extended spectrum
cephalosporins. Removed comment on unreliable results for aminopenicillins. Updated
flowchart and notes. Document responsible updated.

2017-12-20 |Added recommendation regarding rPBP3 and cefuroxime (interpretation and flowchart)

2016-12-19 Emphasized that susceptibility to amoxicillin should be inferred from ampicillin.

2016-10-06 English version added. Document responsible from Finland and Iceland added.

2016-03-17 Reference added (Skaare et al, JCM 2015). Clarification regarding amoxicillin p.o. (infer from
ampicillin).

2015-03-20 Removed version number from Changes table (date only)

2015-01-01 |Added CXM30 as alternative screening disk for beta-lactamase positive isolates.
Equation of gradient MIC and disk diffusion for SIR-categorization of screening positive isolates.
New comment regarding screening positive isolates and S-categorization to aminopenicillins.
Updates on epidemiology, terminology and references.

2013-01-01 Minor text changes

2012-01-01 New document
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