oo SYKEHUSET | VESTFOLD

What’s going on with

Haemophilus influenzae?
- Update on epidemiology and AST

Dagfinn Skaare MD PhD

Department of Microbiology / Infection Prevention and Control
Tonsberg, Vestfold, Norway

NordicAST Workshop May 13, 2026



Taxonomic changes
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Antall tilfeller pr. 100000 innbyggere

Invasive disease
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Invasive disease

Figure 1. Confirmed Haemophilus influenzae disease cases per 100 000 population by country,

EU/EEA, 2023
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Community-acquired pneumonia
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Beta-lactam resistance

TasLE 1. Beta-lactamase production by
ampicillin-resistant Haemophilus influenzae as
determined by a rapid capillary tube method

Susceptibility Beta-
No... of Type Lactamase
strains | MICe Interpre- (Capillary
(ug/ml) tation tube test)
2 b 0.06 | Susceptible -t
4 b 0.12 | Susceptible -
4 b 0.25 | Susceptible -
4 b 0.50 | Susceptible -
2 b 8 Resistant +
8 b 16 Resistant +
4 b 32 Resistant +
1 b 64 Resistant +
3 |Notb 8 Resistant - =+
2 |Notb| 64 Resistant +

a MIC, Minimal inhibitory concentration.
® — indicates negative test and + indicates positive
test for beta-lactamase production.

Thornsberry & Kirven AAC 1974
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H. influenzae

TEM-1 positive
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H. influenzae
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Beta-lactam resistance

TasLE 1. Beta-lactamase production by
ampicillin-resistant Haemophilus influenzae as
determined by a rapid capillary tube method

Susceptibility Beta-
No..of Type Lactamase
strains | Mice Interpre- (Capillary
(ug/ml) tation tube test)
2 b 0.06 | Susceptible -
4 b 0.12 | Susceptible -
4 b 0.25 | Susceptible -
4 b 0.50 | Susceptible -
2 b 8 Resistant +
8 b 16 Resistant +
4 b 32 Resistant +
1 b 64 Resistant +
3 |Notb{[ 8 Resistant -, -,J+ BLNAR
2 |Notb| &4 Resistant +

a MIC, Minimal inhibitory concentration.
® — indicates negative test and + indicates positive
test for beta-lactamase production.
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Cefotaxime R
Ceftriaxone R
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Ampicillin R
Cefotaxime R

Stage 1
Ampicillin S/R
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Beta-lactam resistance
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Ampicillin S/R
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Beta-lactam resistance
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No. of isolates

CTX-R by gradient MIC (n = 213)
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Gradient tests overcalls cefotaxime MIC

Cefotaxime Cefotaxime broth microdilution (BMD) MIC (mg/L) Falsely resistant
gradient MIC isr‘:)(:;tot:s : No. of
(mg/L) 0.125 : 0.25 0.5 1 2 s alaras %
4 2 - - 1 - 1 - -
2 60 - E - 10 49 1 - -
1 65 - l - 24 89 2 - -
0.5 28 - 6 117/ 4 1 - -
0.25 56 20 29 5 2 - 20
No. of isolates 211 20 35 57 94 5 20 9.5%
% 100.0% l 9.5% I E 16.6% 27.0%  44.5% 2.4%
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Non-significant increase in CRHI prevalence
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Significant increase in resistance levels

o Cefotaxime MIC  0.25mg/L = 0.5mg/L m1mg/L m2 mg/L
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Significant increase in resistance levels

Cefotaxime MIC 0.25 mg/L 05mg/L mlmg/L ®m2 mg/L

80 %

70 %
60 %
50 %

40 %

Proportion of isolates

30 %

20%
10 %

0%
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Skaare et al. Front Microbiol 2025 dagfinn.skaare@siv.no 20 ¢ ® SYKEHUSET | VESTFOLD



https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2025.1601390/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2025.1601390/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2025.1601390/full

Significant increase in resistance levels

Ceftriaxone MIC ®<0.06 mg/L =0.125mg/L  0.25mg/L = 0.5 mg/L
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...and multidrug resistance
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Cross-resistance
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No of observations

AST challenges

Cetriaxone 30 pg vs. MIC
H. influenzae, 152 isolates (172 correlates)
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AST challenges Warnings

Concerning antimicrobial susceptibility testing product
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The optimal solution: BMD!
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Multidrug resistance
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Non-beta-lactam co-resistance
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Transferable resistance gene profiles

1(0=29

2 (n=7) catA2 tet(B) blareyys « ICE Th6686
3 (n=5) — TR —— P mefe) €| ICE Th7100
4(n=3

5 (n=1) [ bloreysc |

6 (n=1) blaepmis aph(3’)-la

8 (n=1) blaremy.s mef(E) tet(M)

9 (n=1) catA2 tet(B) blaepmis sul2 strA strB aph(3’)-la

Hegstad et al. mSphere 2020, Johannessen et al. Front Microbiol 2022

Skaare et al. Front Microbiol 2025 dagfinn.skaare@siv.no 31 ¢ ® SYKEHUSET | VESTFOLD



https://pubmed.ncbi.nlm.nih.gov/31996416/
https://pubmed.ncbi.nlm.nih.gov/31996416/
https://pubmed.ncbi.nlm.nih.gov/31996416/
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2025.1601390/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2025.1601390/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2025.1601390/full
https://pubmed.ncbi.nlm.nih.gov/35935209/
https://pubmed.ncbi.nlm.nih.gov/35935209/
https://pubmed.ncbi.nlm.nih.gov/35935209/
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Polyclonal expansion
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International clones
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A new era
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Screening algorithm

PCG 1 unit

/\

PCG 1 unit

Zone diameter 212 mm

PCG 1 unit
Zone diameter <12 mm

/

Cefotaxime 5 g

>

Beta-lactamase test
Positive

\

Beta-lactamase test
Negative

/\

Amoxicillin-clavulanic acid 2-1 pg Amoxicillin-
Zone diameter 2 15 mm

Zone diameter < 15 mm

clavulanic acid 2-1 pg
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No of observations

When to consider specific ESBL testing

Liberal: Beta-lactamase positive AND resistance to any third-generation cephalosporin
Stringent: Beta-lactamase positive AND high-level cefotaxime resistant (CTX5 zone < 19 mm OR MIC > 2 mg/L)
Consider clinical importance (e.g. IPC) and epidemiologic risk factors (e.g. recent travels to Iberian peninsula)

Cefotaxime 5 pg vs. MIC Cefotaxime gradient MIC vs. BMD MIC
H. influenzae, 210 isolates (333 correlates) H. influenzae, 211 isolates
40 (4 data sources) 70
N y i (mglL) = Very unusual MIC
Unusual i :(“)5 § 50 CRHI phenotype (mg/L)
25 | . ©
CRH] Lo 00.25 2 40 .i
20 hen ! 00.125 S u
phenotype | I 20.06 S 30 ESBL? mOS5
15 [ ©0.03
i 0.25
‘) ! m0.016 20
I ESBL | 0.008 0.125
5 l-I||I | H: I i ®<0.004 10
0 L Ii . i —_
©@OoNTEeRINILER] YIS ¢ 2 3
Inhibition zone diameter (mm) 0.25 0.5 1 2, 4 8 16 >16
Gradient MIC (mg/L)
Data from EUCAST: Haemophilus influenzae Data from Skaare et al. Front Microbiol 2025
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First report of ESBL H. influenzae —
implications for the laboratory?

A. ESBL Hi are unlikely to become successful — no need to worry
B. ESBL screening should be included in the Hi test algorithm from 2027

C. ESBL Hi are likely all over the place — | will start screening tomorrow
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Summary

Haemophilus influenzae

is an underestimated

cause of deep infection

in the respiratory tract

COPD exacerbation
meningitis and pneumonia
You should use a beta-lactam
You should use a beta-lactam

dagfinn.skaare@siv.no

40

Percentage of patients
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COPD Status

Markussen et al. Pneumonia 2025

40
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Summary

Way back in the 1970s

the narrow-spectrum beta-lactamase
TEM-1 came from E. coli

and spread with great success

H. influenzae

by horizontal transfer TEM-1 positive
of ICEs and small plasmids
Breaking down ampicillin

Breaking down amoxicillin
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Summary

Chromosomal alterations

iIn PBPs may cause resistance

with variable profiles Cefotaxime-resistant

that include cephalosporins CRHI!

Beta-lactamase inhibitors

do not reverse resistance

You must test the drug you need  You must test the drug you need
You must test the drug you need  You must test the drug you need
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Summary

In the current 2020s

a new era has begun

with CTX-M-15

right next to a smoking gun
Acquired by transduction
transposed to a nearby ICE
Breaking down cefotaxime
Breaking down ceftriaxone

dagfinn.skaare@siv.no

Cefotaxime-resistant

% \
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Breaking down cefotaxime
Breaking down ceftriaxone
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Summary

Never ever underestimate
Haemophilus influenzae
What happens in the future?
We’ll have to wait and see
Transduction, transformation
Conjugation and mutations
Will it be a superbug?

Will it be a superbug?

dagfinn.skaare@siv.no

Haemophilus inflvenzae -
a new superbug?
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