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Betalaktamase (Bla) hos H. influenzae

* Smalspektrede enzymer som bryter
betalaktambindingen i penicilliner

e Oftest TEM-1, sjelden ROB-1

* Overfgres med integrative konjugative
elementer (ICE, 82-85%) eller plasmider

* Virker ekstracellulaert
* Oftest hgygradig uttrykt (MIC > R-bp)

R
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Betalaktamase (Bla) hos H. influenzae

* Smalspektrede enzymer som bryter
betalaktambindingen i penicilliner

e Oftest TEM-1, sjelden ROB-1

* Overfgres med integrative konjugative
elementer (ICE, 82-85%) eller plasmider

* Virker ekstracellulaert
* Oftest hgygradig uttrykt (MIC > R-bp)

e Hemmes av betalaktamasehemmere
(klavulansyre, tazobaktam mfl.)
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Pavisning av betalaktamase

e Acidimetri * Nitrocefin/cefinase
* Indikator: Penicillin + fenolrgdt * Indikator: Kromogent cefalosporin
 Falli pH gir fargeomslag (5 min) * Hydrolysering gir fargeomslag (1-2 min)
* Agar, papir eller vaeske e Papir eller vaeske

1 5 10 15
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https://academic.oup.com/jac/article/48/suppl_1/59/2473518
https://journals.asm.org/doi/10.1128/mSphere.00918-19
https://www.generon.co.uk/other-products-186/bugdisc-nitrocefin-disc-7014801.html

Pavisning av betalaktamase

* Klpverbladtest (Hodge test)

* Prinsipp fgrst beskrevet av
@Drstavik & @degaard (APMIS 1971)

* Utnytter at resistensmekanismen
virker ekstracellulaert, dvs. at en
betalaktamase-produserende
stamme ogsa kan beskytte naboen

* Upraktisk som rutinemetode

(Bildet viser E. coli, men metoden
fungerer like godt med H. influenzae)

Livermore & Brown JAC 2001  Bilde fra Tamma & Simner JCM 2018 5

Bakgrunn av fglsom
indikatorstamme
(f.eks. ATCC 49766)

Hemningssone rundt
indikatorlapp
(f.eks. PG1)

Innvekst av
indikatorstammen
langs betalaktamase-
produserende stamme
(f.eks. ATCC 35056)
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Kromosomal resistens hos H. influenzae

* Mutasjoner i fts/-genet som koder for
penicillinbindende protein 3 (PBP3)

* Essensielt enzym i peptidoglykansyntesen
* Hovedangrepspunkt for betalaktamer

Ubukata et al. AAC 2021 Skaare et al. Front Microbiol. 2025
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Kromosomal resistens hos H. influenzae

Stadium 2: S385T Stadium 3: L389F
Cefotaksim R Ceftriakson R

* Mutasjoner i fts/-genet som koder for
penicillinbindende protein 3 (PBP3)

* Essensielt enzym i peptidoglykansyntesen

* Hovedangrepspunkt for betalaktamer Mutert ”
* Mutert PBP3 (rPBP3) har bevart enzymatisk

aktivitet, men lav affinitet for betalaktamer

* Resistensnivaet gker med antall substitusjoner i
ngkkelposisjoner rundt aktivt sete Stadium 1: N526K/R517H

* 1-2% av norske H. influenzae er stadium 2-3 rPBP3 Lavgradig resistens
Ampicillin S/R

Ubukata et al. AAC 2021 Skaare et al. Front Microbiol. 2025 7 ¢ ® SYKEHUSET | VESTFOLD
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Algoritme for resistensbestemmelse

* Tre-trinns screening for
resistensmekanismer

* Ved negativ screening og

kun Bla: SIR-kategorisering

uten videre testing

* Ved rPBP3: Testing av
aktuelle midler og SIR-

kategorisering iht. kliniske

brytningspunkter

NORM NORM-VET 2022

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 <12 mm

Mechanism: beta-lactamase and/or PBP3 mutations

Fu amase.

For meropeneﬂ 2 8 %

No further testing required. \

Beta-lactamase positive

le MIC and interpret

Mechanisms: beta-lactamase with or without PBP3 mutations

Report resistant (R piperacillin (without

o
For other heta-lac: 1 1 /o

— T

acid2-1 ug 215 mm

Perform suscepti

n-clavulanic acid 2- For cefepime, cefp

susceptible by agen

Amoxicillin-clavulanic acid 2-1 yg <15 mm
Mechanisms: beta-lactamase and PBP3 mutations
hmoxicillin apd piperacillin) Perform susceptibjli i pret according to breakpoinfs.

e reported “susceptible, For cefepime, cefpoddgime and i and susceptible by aggnt disk
diffusion test, determine\the MIC rding to the clinical brgékpoints.
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https://www.fhi.no/contentassets/aa83c3de73ba4b8aae4ad1331a64f7df/norm-norm-vet-2022.pdf
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https://www.eucast.org/fileadmin/eucast/pdf/breakpoints/v_16.0_Breakpoint_Tables.pdf

Screening for resistensmekanismer

Av 100 H. influenzae i norske luftveier har

® 72 ingen resistensmekanismer (villtype) H. INFLUENZAE
GOD BLANDING
® 9 kun betalaktamase (Bla+)

® 17 kun kromosomal resistens (rPBP3+) Supplerende
testing

® 2 begge deler (Bla+ rPBP3+) ngdvendig

Hvordan finne ut hvilke isolater som har hva?

NORM NORM-VET 2022 9 .E. SYKEHUSET | VESTFOLD
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Trinn 1: PG1 lapp

e Benzylpenicillin 1 unit (brytningspunkt 12 mm)

 Detekterer all ervervet resistens H. INFLUENZAE

. . . . . GOD BLANDING
e Skiller ikke mellom ulike resistensmekanismer

10 ° E e SYKEHUSET | VESTFOLD



Trinn 1: PG1 lapp

=

e Benzylpenicillin 1 unit (brytningspunkt 12 mm)
e Detekterer all ervervet resistens

e Skiller ikke mellom ulike resistensmekanismer

Sone2>12 mm
Screening negativ
Mekanisme: Ingen

11 .E. SYKEHUSET | VESTFOLD



Trinn 1: PG1 lapp

* Benzylpenicillin 1 unit (brytningspunkt 12 mm)

 Detekterer all ervervet resistens

e Skiller ikke mellom ulike resistensmekanismer

PG1 +

Sone <12 mm
Screening positiv

§ Mekanisme: Ukjent

12

H. INFLUENZAE
UAVKLART
o

e SYKEHUSET | VESTFOLD



Trinn 2: Betalaktamase

* Hvis PG1 < 12 mm: Gjgr betalaktamasetest

* Negativ: Kun rPBP3+

Acidimetri

Nitrocefin

13

H. INFLUENZAE
| rPBP3+

° E e SYKEHUSET | VESTFOLD




Trinn 2: Betalaktamase

* Hvis PG1 < 12 mm: Gjgr betalaktamasetest
* Negativ: Kun rPBP3+
* Positiv: Kun Bla+, eller bade Bla+ og rPBP3+

Acidimetri Nitrocefin

14

PG1 +
Bla +

H. INFLUENZAE
UAVKLART

° E e SYKEHUSET | VESTFOLD




Trinn 3: AUG3 lapp

PG1 +
Bla +

* Hvis PG1 < 12 mm og betalaktamasetest positiv:

* Amoksicillin-klavulansyre 2-1 pg (bp 15 mm) H. INFLUENZAE
UAVKLART
* Detekterer rPBP3 ved samtidig Bla+ i

15 e SYKEHUSET | VESTFOLD



Trinn 3: AUG3 lapp

* Hvis PG1 < 12 mm og betalaktamasetest positiv:

* Amoksicillin-klavulansyre 2-1 pug (bp 15 mm) H. 'NFBLIUENZAE
at

* Detekterer rPBP3 ved samtidig Bla+

X ‘|
o

Sone 215 mm o
rPBP3 ikke pavist O
— Kun Bla+ O
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Trinn 3: AUG3 lapp

* Hvis PG1 < 12 mm og betalaktamasetest positiv:

* Amoksicillin-klavulansyre 2-1 pg (bp 15 mm)
Bla+ rPBP3+

* Detekterer rPBP3 ved samtidig Bla+
o

Sone <15 mm
rPBP3 pavist
— Bla+ og rPBP3+ O

17 e SYKEHUSET | VESTFOLD



Hvor palitelig er PG1?

Benzylpenicillin 1 unit vs. B-lactam resistance mechanism
H. influenzae, 137 clinical isolates
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https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2022/HI_beta-lactam_screen_v_8.0_January_2022.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2022/HI_beta-lactam_screen_v_8.0_January_2022.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2022/HI_beta-lactam_screen_v_8.0_January_2022.pdf

Hvor palitelig er AUG3?

Amoxicillin-clavulanic acid 2-1 pg vs. MIC
H. influenzae, 9 isolates (18 correlates)
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EUCAST 2023 — zone vs MIC
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https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf

Hvor palitelig er AUG3?

Amoxicillin-clavulanic acid 2-1 pg vs. MIC ‘ Kun Bla+
H. influenzae, 23 isolates (45 correlates)

<15mm 215mm
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https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf

SIR-kategorisering (unntatt meningitt)

* Negativ screening: Midler med brytningspunkter eller Note er S (eller I)*
e Bla+: Ampicillin og amoksicillin rapporteres R
e rPBP3+: Test aktuelle midler og tolk iht. brytningspunkter

Resistens- Ampicillin Amoksi-klav Cefotaksim Meropenem
mekanisme Amoksicillin Pip-tazo Ceftriakson

@ Ingen

@ Bla+

@ Bla+ rPBP3+ Lapp/MIC

® rPBP3+ Lapp/MIC

EUCAST breakpoint table v. 16.0
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https://www.eucast.org/fileadmin/eucast/pdf/breakpoints/v_16.0_Breakpoint_Tables.pdf

SIR-kategorisering (meningitt)

* Positiv screening (PG1 < 12 mm): Ampicillin R, gjgr meropenem MIC
* rPBP3+: Test cefotaksim og ceftriakson (lapp/MIC)

* Tolk iht. brytningspunkter (obs szerskilte meningitt-bp for meropenem)

Resistens- Ampicillin Cefotaksim Meropenem
mekanisme Ceftriakson

© Ingen Ikke aktuelt

®Bla+ Ikke aktuelt MIC

@ Bla+ rPBP3+ lkke aktuelt Lapp/MIC MIC

® rPBP3+ Ikke aktuelt Lapp/MIC MIC

EUCAST breakpoint table v. 16.0
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https://www.eucast.org/fileadmin/eucast/pdf/breakpoints/v_16.0_Breakpoint_Tables.pdf

Ampicillin: Lapp eller gradient MIC?

Ampicillin 2 ug vs. MIC
H. influenzae, 68 isolates (134 correlates) ‘ Kun rPBP3+
45
40
35 <18 mm ;| 218 mm BMD MIC
|
§30 ! (mg/L)
g Falskt R | Falskt S "o
% 25 alskt : alskt 8
7] m |
.g 20 o w4
S m i _: __|:|_2 ______
215 \._I o1
10 : m0.5
m |
5 ' U
|
o B SENHEE Nl -
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Inhibition zone diameter (mm)
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https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf

Ampicillin: Lapp eller gradient MIC?

TABLE 1 Categorization of susceptibility of beta-lactamase-negative isolates (n = 154) to ampicillin, amoxicillin, and cefuroxime by Etest (HTM)

BMD MIC (mg/liter)

Drug and MIC |
guideline Difference” 0.06 0.125 0.25 0.5 1 2 4 8 16 =32 n %
Ampicillin |
Etest +3 2 Falskt R | 9 1.3
+2 7 6 3 1 ! 17 11.0
+1 2 12 4 10 1 30 19.5
0 8 3 21, 3 35 22.7
Etest MIC | 2 2 9 : 26 3 42 273
lavere enn -2 1 1+ 5 17 23 14.9
BMD MIC ~3 | gf 1 2 5 3.2
Samme kolleksjon testet med AMP2 (S>18/R<18): 88% (53/60) av
* Faerre ampicillin-R falskt S (17/60, 28%) ampicillin-R isolater
* Flere ampicillin-S falskt R (24 versus 2) falskt S med Etest

Skaare et al. JCM 2015 24 <@ SYKEHUSET | VESTFOLD



https://journals.asm.org/doi/10.1128/JCM.01630-15?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

Aminopenicilliner og rPBP3 — teststrategi?

* Ifeplge EUCAST og NordicAST kan amoksicillin utledes fra ampicillin, men
hva med amoksicillin-klavulansyre?

* Brytningspunktene splitter rPBP3-populasjonen, og separat testing av
aminopenicilliner £ klavulansyre kan derfor gi meningslgse resultater

* Ampicillin og amoxicillin S/I, amoksicillin-klavulansyre R
* Ampicillin og amoxicillin R, amoksicillin-klavulansyre S/I

 Alternative Igsninger
a) Test ampicillin = utled amoksicillin og amoksi-klav
b) Test amoksi-klav - utled ampicillin og amoksicillin (SiV-metoden)

Skaare et al. JCM 2015 25 <@ SYKEHUSET | VESTFOLD
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Mentimeter Haemophilus influenzae

Hva er rutinemetode for resistensbestemmelse av ikke-invasive
H. influenzae mot ampicillin ved deres laboratorium?

Screening + lappediffusjon

. Screening + gradient MIC

Kun lappediffusjon (ingen screening)
. Kun gradient MIC (ingen screening)

™ Q O T o

. Annet
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Cefotaksim: Lapp eller gradient MIC?

Cefotaxime 5 ug vs. MIC
H. influenzae, 69 isolates (129 correlates) ‘ Kun rPBP3+
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https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
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Cefotaksim: Lapp eller gradient MIC?

Cefotaxime Cefotaxime broth microdilution (BMD) MIC (mg/L) Falsely resistant
gradient MIC .;Tags | o of
(mg/L) 0.125 g 0.25 0.5 1 2 ba Siaias %
4 2 - ; - 1 - 1 - -
2 60 - ; - 10 49 1 - -
1 65 - f - 24 39 2 - -
0.5 28 - é 6 17 4 1 - -
0.25 56 20 ; 29 5 2 - 20 35.7%
No. of isolates 211 20 ; 35 57 94 5 20 9.5%
% 100.0% 9.5% ; 16.6% 27.0%  44.5% 2.4%

Skaare et al

. Front Microbiol. 2025
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https://pubmed.ncbi.nlm.nih.gov/40800114/
https://pubmed.ncbi.nlm.nih.gov/40800114/
https://pubmed.ncbi.nlm.nih.gov/40800114/

Ceftriakson: Lapp eller gradient MIC?

Cetriaxone 30 pg vs. MIC
H. influenzae, 60 isolates (78 correlates) Kun rPBP3+
12
10 <32mm EATU’ >32 mm
Falskt R ; BMD MIC
o | (mg/L)
20.25

w —————————
E 00.125
T 6 m0.06
>
@ m0.03
7]
2 4 20.016
‘g = 0.008
4 m<0.004

| H

. | I I -

© 0 O N =T © o C) N T © o0 O N T 0 CO =T ©O© 0 O
FFFFF N N NN N O o M ™M =T =T = ]

Inhlbltlon zone diameter (mm)

EUCAST 2023 — zone vs MIC 29 s® SYKEHUSET | VESTFOLD



https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_2023/Haemophilus_influenzae_v_8.0_February_2023.pdf
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Ceftriakson: Lapp eller gradient MIC?

Ceftriaxone MIC (mg/L) BMD
Gradient diffusion <0.06 0.12] 0.25 0.5 Total
0,5|| Falskt R : 4 2 6
_____________ 025 _ __ 3 38 5 ____8B
0,125 1 3: 12 1 17
0,064 3 4 7
0,032 3 3! 11
0,016 1 : Falskt S 1
Total 13 13: 51 8 85
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Pip-tazo: Lapp eller gradient MIC?

Piperacillin-tazobactam 30-6 ug vs. MIC
H. influenzae, 161 isolates (171 correlates)
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Pip-tazo: Lapp eller gradient MIC?

MIC (mg/L) BMD

Gradient diffusion < 0.06 0.125 0.25 | 0.5 Total
1 Falskt R 1 2 E 1 4
0.5 2 7 6 : 15

025 7 2 3 1] 34

0.125 14 10 1 1 26
0.06 11 5 16
0.03 2 1 . Falskt S 3
Total 36 a8 12 2 98
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Oppsummering

* Screening for resistensmekanismer har hgy sensitivitet og spesifisitet

* SIR — aminopenicilliner
» Kategoriske feil er hyppig - test ett middel og utled de andre to
* Lappediffusjon relativt ofte falskt R, men gradienttester er enda oftere falskt S

* SIR — cefotaksim, ceftriakson og piperacillin-tazobaktam

* Lappediffusjon palitelig for cefotaxim, men relativt ofte falskt R for ceftriakson
e Gradient MIC > BMD for cefotaksim (1-2 trinn) og < BMD for ceftriakson (1 trinn)
* Mangelfull dokumentasjon for piperacillin-tazobaktam (bade lapp og gradient)

* BMD bgr brukes mer i rutinediagnostikk
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