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Abstract The purpose of this study was to analyze the
mo lecu l a r mechan i sms o f amp ic i l l i n - r e s i s t an t
Haemophilus influenzae isolated in Geneva, Switzerland.
We investigated the association between specific patterns
of amino acid substitutions in penicillin-binding protein 3
(with or without β-lactamase production) and β-lactam
susceptibility. Another main focus for this study was to
compare the accuracy of disk diffusion and Etest methods
to detect resistance to ampicillin and amoxicillin/
clavulanic acid. The antibiotic susceptibility to β-lactam
antibiotics of 124H. influenzae isolates was determined
by disk diffusion and Etest methods, and interpreted by
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) and Clinical and Laboratory
Standards Institute (CLSI) breakpoints. Alterations in
PBP3 were investigated by sequencing the ftsI gene. Of
the 124 clinical isolates analyzed, ampicillin resistance
was found in 36 % (45 out of 124). The rate of resistance
to amoxicillin/clavulanic acid was 9 % and 0.8 %, using
EUCAST and CLSI breakpoints respectively. For the 78
β-lactamase negative ampicillin-susceptible (BLNAS)
isolates for which the Etest method indicated a high de-
gree of susceptibility (MIC≤1 mg/L), the disk diffusion
method revealed resistance to ampicillin and amoxicillin/

clavulanic acid in 33 cases (42 %). Most common amino
acid substitutions were Asn526Lys and Val547Ile, follow-
ed by Asp569Ser, Ala502Val, Asp350Asn, Met377Ile,
Ile449Val, and Arg517His. The patterns observed were
classified into six groups (IIa, IIb, IIc, IId, III-like, and
miscellaneous). Continued characterization of both inva-
sive and respiratory H. influenzae isolates is necessary in
order to observe changes in the microbiology and epide-
miology of this pathogen that could lead to clinical failure
when treated by empirical antibiotic therapy.

Introduction

Resistance to ampicillin in Haemophilus influenzae was de-
scribed at the beginning of the 1970s [1, 2]. β-Lactams have
long been used to treat H. influenzae infections, but resistance
has emerged and disseminated. Ampicillin resistance in
H. influenzae is now globally widespread, with incidence rates
varying from 8 to 30 % in different European countries and
North America to more than 50 % in some Eastern Asian
countries [3]. Two β-lactam resistance mechanisms have been
described. One involves enzymatic hydrolysis of β-lactam by
TEM-1 or ROB-1 β-lactamases, and such isolates are denoted
β-lactamase-positive ampicillin-resistant (BLPAR). The other
involves decreased β-lactam affinity for penicillin binding
protein 3 (PBP3) owing to alteration in the ftsI gene [4, 5].
The nomenclature of antimicrobial resistant H. influenzae is
complex. The commonly used term, β-lactamase-negative
ampicillin-resistant (BLNAR), is used for isolates with ampi-
cillin resistance, but no evidence of β-lactamase production
[6]. Ampicillin resistance in such isolates was due to key mu-
tations in the ftsI gene (encoding penicillin-binding protein 3
[PBP-3]), which lowered the affinity for β-lactam [7].
However, some isolates had such mutations, but were not
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ampicillin-resistant according to phenotype testing. Isolates
with key mutations in PBP-3 regardless of resistance pheno-
type are designated as genomic BLNAR (gBLNAR) [2]. The
commonly used term, β-lactamase positive, amoxicillin/
clavulanic acid-resistant (BLPACR), is used for isolates with
amoxicillin/clavulanic acid resistance and evidence of β-
lactamase production [7]. Such isolates were found to possess
both the β-lactamase gene and key mutations in the ftsI gene
[8]. Some isolates had such a profile, but were not amoxicillin/
clavulanic acid-resistant, according to phenotype testing.
These isolates are designated genomic BLPACR
(gBLPACR) [2]. Resistance due to altered penicillin-binding
proteins has emerged as an important mechanism of β-lactam
resistance in many bacterial pathogens, including non-
typeable H. influenzae (NTHi). Over the past decade many
countries have documented a rapid increase in the prevalence
of BLNARNTHi isolates, particularly among respiratory tract
isolates [9]. As a result, genotypically defined BLNAR
(gBLNAR) isolates account for 15–30 % of all NTHi isolates
in Australia, in the USA, and in Europe, and an alarming rate
of 50 % in Japan [10, 11].

Haemophilus influenzae is an important bacterial pathogen
that causes community-acquired respiratory tract infections,
such as acute otitis media, acute sinusitis, acute exacerba-
tions of chronic bronchitis, and community-acquired pneu-
monia [1, 12]. Owing to the severity of these infections
and the difficulties in determining the bacterial etiology
and the antimicrobial susceptibility, treatment is often em-
pirical, usually consisting of orally administered agents.
The choice of empiric antimicrobial chemotherapy is guid-
ed by the clinical presentation, the severity of the infec-
tion, and epidemiological data that include the causative
organisms and their local susceptibility to antimicrobial
agents [13]. Accurate molecular characterization of
H. influenzae clinical isolates, therefore, appears very im-
portant in monitoring and understanding changes in the
epidemiology of these bacteria. High-quality epidemiolog-
ical data will help to improve therapeutic guidelines for
infections due to H. influenzae.

The present study had three main objectives:

1. To determine the susceptibility toβ-lactam antibiotics of a
collection of 124 clinical isolates ofH. influenzae, accord-
ing to European Committee on Antimicrobial
Susceptibility Testing (EUCAST) and Clinical and
Laboratory Standards Institute (CLSI) criteria.

2. To analyze the molecular mechanisms of ampicillin-
resistant H. influenzae, with special emphasis on
BLNAR isolates.

3. To compare the disk diffusion and Etest methods for
their accuracy at detecting resistance to ampicillin
and amoxicillin/clavulanic acid according to
EUCAST criteria.

Materials and methods

Strains and growth conditions

This work examined 124H. influenzae strains collected be-
tween 2009 and 2014. These isolates were chosen according
to their different ampicillin MICs. All strains were stored at
−80 °C in skim milk with 15 % glycerol. H. influenzae were
cultured on chocolate agar supplemented with polyvitex
(bioMérieux SA, Geneva, Switzerland) and incubated at
35 °C for 18–24 h in a humid atmosphere containing 5 %
CO2. Identification of the 124H. influenzae isolates was con-
firmed using MALDI TOF/MS (Bruker Daltonics, Bremen,
Germany) [14–16], according to the manufacturers’ instruc-
tions. The MALDI TOF/MS score values ranged between
2.005 and 2.427.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed using both
the Etest and the disk diffusionmethod according to EUCAST
guidelines. The minimum inhibitory concentration (MIC) for
ampicillin, amoxicillin/clavulanic acid, cefuroxime, and
piperacillin/tazobactamwere determined using the Etest meth-
od (bioMérieux SA). The inoculum suspension was prepared
by selecting several colonies from overnight growth (16–24 h
of incubation) on chocolate agar plates supplemented with
polyvitex with a cotton swab and suspending the colonies in
sterile saline (0.85 % NaCl w/v) to the density of a McFarland
0.5 standard. The inoculum was spread over the entire surface
of the Mueller–Hinton agar plate (+5 % defibrinated horse
blood and 20 mg/L β-NAD) by swabbing in three directions,
and incubated in a humid atmosphere containing 5 % CO2, 35
±1 °C, for 18±2 h. Disk diffusion was performed according to
the EUCAST guidelines. β-lactamase production was
screened by the chromogenic cephalosporin assay using a
nitrocefin disk (Becton Dickinson AG, Allschwil,
Switzerland). For quality control we used H. influenzae
ATCC 49766 and H. influenzae NCTC 8468.

Screening for ampicillin-resistant determinants

The presence of the β-lactamase-encoding blaTEM-1 gene was
investigated in all 124 isolates by PCR using the following
primers and probe:

TEM-1frw (5’-GTGCGGTATTATCCCGTGTTG-3’)
TEM-1rev (5’-GTATGCGGCGACCGAGTT-3’)
TEM-1MGB PROBE (5’-CGCCGGGCAAGAG-3’)

Alterations in PBP3 were investigated by sequencing the
ftsI gene in all β-lactamase-negative isolates with MIC to
ampicillin ≥1 μg/ml and in all β-lactamase-positive isolates
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with MIC to amoxicillin/clavulanic acid ≥2 μg/ml. The ftsI
gene was first amplified by PCR using primers and conditions
previously described by Cerquetti et al. [17], ftsIfrw (5’-GACG
ATTTGGATAACCCATA-3’); positions 1197620 to 1197639
of the H. influenzae strain Rd sequence and ftsIrev (5’-CTGG
ATAATTCTGTCTCAGA-3’); positions 1199884 to
1199865. To increase the sequence accuracy, we designed
and used another set of primers: ftsI_2frw (5’-GCGGATAA
AGAACGAATTGC-3’); positions 1198212 to 1198232 of
the H. influenzae strain Rd sequence and ftsI_2rev (5’-TCTC
CTGCTTTTGGATCATTG-3’); positions 1199485 to
1199506. The sequenced products from amplification of the
ftsI gene were analyzed and corrected using the CodonCode
aligner software (http://www.codoncode.com/aligner). The
amino acid substitutions from PBP3 protein sequences were
investigated using clustalX version 2.0 [18]. Sequences were
compared with those of H. influenzae RD KW20 (accession
number NC_000907).

Serotype determination using the slide agglutination test

The slide agglutination test was performed on all 124 clinical
isolates. It was performed on several colonies (pure culture)
from overnight growth on a chocolate agar supplemented with
polyvitex using Difco H. influenzae antisera (Becton
Dickinson AG) according to the manufacturer’s instructions.

Results

Characteristics of patients and serotype b distribution

Among 124 isolates, 32 (25.8 %) were invasive isolates and
92 (74.2 %) were respiratory tract isolates. The source of iso-
lates were: 25 blood cultures, 5 pleural fluids, 29 sputa, 24
tracheal aspirates, 14 nasopharyngeal swabs, 8 eye swabs, 15
bronchoalveolar lavages, 2 middle-ear fluids, 1 cerebrospinal
fluid, and 1 synovial fluid. Males accounted for 61 % of the
cases. Fifteen isolates were from pre-school children (<5 years
old), 5 from older children (6–17 years old), 28 from adults
(18–60 years old), and 76 from older patients (>60 years old).
The prevalence of encapsulated type b H. influenzae (Hib)
among our collection was 4.8 % (6 out of 124; Table 1).
Serotype b strains were isolated from 2 pre-school children
(1 from blood culture, and 1 from a nasopharyngeal swab), 1
adult (bronchoalveolar lavage), and 3 older patients (2 from
tracheal aspirates, and 1 from sputum).

Antimicrobial susceptibility testing and β-lactamase
production

Table 2 shows the MIC50, MIC90, MIC range, and suscepti-
bility categories of β-lactam antibiotics for the 124

H. influenzae isolates grouped into the four different groups
(BLNAS, BLPAR, gBLNAR, and gBLPACR). Ampicillin
resistance was found in 36 % of isolates (45 out of 124; 22
were BLPAR, 19 were gBLNAR, and 4 were gBLPACR). All
isolates were susceptible to azithromycin, levofloxacin, and
moxifloxacin. For cotrimoxazole, 21 % (n=26) of the isolates
were nonsusceptible. For chloramphenicol, 3 % (2 gBLPACR
and 2 BLPAR) of the isolates were nonsusceptible (MIC
=8 mg/l). The rate of resistance to amoxicillin/clavulanic acid
was 9 % (11 out of 124) using a EUCAST breakpoint and
0.8 % (1 out of 124, MIC=12 μg/ml) with a CLSI breakpoint.
The most important discrepancies detected between the
EUCAST and CLSI criteria were for cefuroxime; by current
CLSI criteria, 94 % of BLNAS, 54 % of gBLNAR, 100 % of
BLPAR, and 25 % of gBLPACR isolates were susceptible to
cefuroxime. EUCAST has defined two different breakpoints
for cefuroxime, intravenous and oral; according to the intra-
venous breakpoint, 71% of BLNAS, 14% of gBLNAR, 87%
of BLPAR, and 0 % of gBLPACR isolates were susceptible to
cefuroxime. Fifteen BLNAS isolates were nonsusceptible to
cefuroxime (MIC range: 2–12 μg/ml), but still susceptible to
ampicillin (MIC range: 0.75–1 μg/ml). Piperacillin–tazobac-
tam was highly potent (MIC90=0.125 μg/ml); MIC range,
0.016 to 0.25 μg/ml; 100 % susceptible by current CLSI clin-
ical breakpoints. One gBLNAR isolate was resistant to ceftri-
axone (MIC=0.25 μg/ml) according to current EUCASTclin-
ical breakpoints.

Genetic determinants of β-lactam resistance

Twenty-six isolates identified, by the chromogenic cephalo-
sporin assay using nitrocefin as a subtract, as β-lactamase-
positive (25 BLPAR and 1 BLPACR) were resistant to ampi-
cillin (MIC for ampicillin ranged from 1.5 to 256 μg/ml). One
BLPAR isolate was β-lactamase-positive, but remained sus-
ceptible to ampicillin (MIC=0.38 μg/ml). Screening of the 26
BLPAR and 1 BLPACR isolates for the presence of TEM
showed that all strains harbored a blaTEM-1 gene (Table 1).
The sequence of ftsI encoding the transpeptidase region of
PBP3 was determined in all β-lactamase-negative isolates
with MIC to ampicillin ≥1 μg/ml and in all β-lactamase-
positive isolates with MIC to amoxicillin/clavulanic acid
≥2 μg/ml. Table 3 summarizes the amino acid changes ob-
served, corresponding to 26 % (32 out of 124) of the isolates
(28 gBLNAR and 4 gBLPACR). The 9 BLNAS phenotype
isolates (Table 3) found to possess mutations in the ftsI gene
were re-designated as gBLNAR. The 3 BLPAR phenotype
isolates found to possess both the blaTEM-1 gene and muta-
tions in the ftsI gene were re-designated as gBLPACR (strains:
22, 34, and 115). The most common amino acid substitutions
were Asn526Lys (28 out of 32, 88%) and Val547Ile (28 out of
32, 88 %), followed by Asp569Ser (23 out of 32, 72 %),
Ala502Val (18 out of 32, 56 %), Asp350Asn (18 out of 32,
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56%), Met377Ile (15 out of 32, 47%), Ile449Val (7 out of 32,
22 %), and Arg517His (2 out of 32, 6.3 %). The patterns
observed were classified into groups II and III-like, according
to the criteria of Dabernat et al. [19] and Garcia-Cobos et al.
[20], and a miscellaneous (M) group, according to the data
from this study. Group II included 26 isolates subdivided into
four subgroups:

1. Two isolates belonged to the subgroup IIa (1 isolate with
Asn526Lys, Val547IIe, Asp569Ser substitutions), and an-
other isolate with Asn526Lys and Asp350Asn
substitutions)

2. Seventeen isolates were classified as subgroup IIb, de-
fined by Asn526Lys and Ala502Val substitutions (those
isolates also presented the substitutions Asp350Asn and

Table 1 Ampicillin resistance classes of 124H. influenzae isolates according to the type of specimen, age of patients, gender, and serotype b

Phenotype Genotype

Resistance
pattern

Total
isolates,
n (%)

Serotype
b, n (%)

Ages group (number of
serotype b)

Gender Source of isolates Type Total
isolates. n (%)

≤5
years

6–17
years

18–60
years

>60
years

Male Female Invasive
isolates

Respiratory
tract isolates

BLNAS 78 (62.9) 4 (5.1) 9 (1) 5 15 (1) 49 (2) 51 27 20 58 BLNAS 69 (55.6)

BLPAR 26 (21) 2 (7.7) 4 (1) 0 7 15 (1) 13 13 7 19 BLPAR (TEM-1) 23 (18.5)

BLNAR 19 (15.3) 0 2 0 6 11 12 7 5 14 gBLNARa 28 (22.6)

BLPACR 1 (0.8) 0 0 0 0 1 0 1 0 1 gBLPACR (TEM-1)b 4 (3.3)

Total number 124 (100.0) 6 (4.8) 15 (2) 5 (0) 28 (1) 76 (3) 76 48 32 92 124 (100.0)

BLNAS β-lactamase-negative, ampicillin-susceptible, BLPAR β-lactamase-positive, ampicillin-resistant, BLNAR β-lactamase-negative, ampicillin-re-
sistant gBLNAR β-lactamase-negative with amino acid substitution in the PBP3 BLPACR β-lactamase-positive, amoxicillin/clavulanic acid-resistant,
gBLPACR β-lactamase-producing (TEM-1) with amino acid substitution in the PBP3
a 9 BLNAS phenotype isolates (ampicillin MIC =1 μg/ml) found to possess mutations in the ftsI gene were re-designated as genomic BLNAR
(gBLNAR)
b 3 BLPAR phenotype isolates (amoxicillin/clavulanic acidMIC =2 μg/ml) found to possess both the blaTEM-1 gene and mutations in the ftsI gene were
re-designated as genomic BLPACR (gBLPACR)

Table 2 Susceptibilities of 124H. influenzae isolates according to European Committee on Antimicrobial Susceptibility Testing (EUCAST) and
Clinical and Laboratory Standards Institute (CLSI) clinical breakpoints to four β-lactam antibiotics

Antibiotic Phenotype/genotype Total isolates MIC μg/ml EUCAST clinical
breakpoints (% isolates)

CLSI clinical breakpoints
(% isolates)

MIC 50 MIC 90 MIC range S I R S I R

Ampicillin BLNAS 69 0.38 0.75 0.064–1 100 0 100 0 0

BLPAR 23 12 256 0.38–256 4 96 4 22 74

gBLNAR 28 1.5 2 1–3 32 68 32 68 0

gBLPACR 4 128 256 24–256 0 100 0 0 100

Amoxicillin / clavulanic
acid

BLNAS 69 0.5 1 0.094–2 100 0 100 0 0

BLPAR 23 1 1.5 0.38–1.5 100 0 100 0 0

gBLNAR 28 2 4 0.75–4 64 36 100 0 0

gBLPACR 4 2 2 2–12 75 15 75 0 15

Cefuroxime BLNAS 69 1 2 0.19–12 71 20 9 94 6 0

BLPAR 23 0.75 1.5 0.25–3 87 8 5 100 0 0

gBLNAR 28 4 24 0.25–256 14 14 72 54 25 21

gBLPACR 4 6 6 2–24 0 25 75 25 50 25

Piperacillin/tazobactam BLNAS 69 0.023 0.125 0.016–0.19 100 0 0

BLPAR 23 0.032 0.094 0.016–0.5 100 0 0

gBLNAR 28 0.064 0.19 0.016–0.25 100 0 0

gBLPACR 4 0.064 0.094 0.064–0.25 100 0 0
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Met377Ile, and two of them had Gly490Glu, and one of
them had also Ala437Ser)

3. One isolate was classified as subgroup IIc, characterized
by Asn526Lys, Ala502Val, and Asp350Asn)

4. Six isolates were classified as subgroup IId, characterized
by Asn526Lys, Ile449Val, and one of them had also
Ala502Thr)

One isolate belonged to the group III-like (previously described
by Garcia-Cobos et al. [20]). Five patterns (5 isolates) were
characterized and classified into the miscellaneous group: one
of them (1 isolate) has already been described by Garcia-Cobos
et al. [20], while the remaining 4 were determined for the first
time in this study (1 isolate with Asp350Asn and Val547Ile; 1
isolate with only Val547Ile; 1 isolate with Asp350Asn,
Ile449Val, Asn526Lys, and Val547Ile; and 1 isolate with
Ser357Asn, Met377Ile, Ser385Thr, Leu389Phe, Arg517His,
Val547Ile, and Asp569Ser). Three isolates belonging to the
miscellaneous group were nonsusceptible to ampicillin (MIC
range: 1.5–2 μg/ml) and to cefuroxime (MIC range: 8–
64 μg/ml). One isolate (number 146) with Ser357Asn,
Met377Ile, Ser385Thr, Leu389Phe, and Arg517His, was resis-
tant according to EUCAST criteria to ampicillin (MIC=
2 μg/ml), to amoxicillin/clavulanic acid (MIC=4 μg/ml), and
to ceftriaxone (MIC=0.25 μg/ml). Nine of the 28 gBLNAR
isolates were susceptible to ampicillin (BLNAS phenotype;
MIC =1 μg/ml), but 6 out of 9 were nonsusceptible to
cefuroxime (MIC range: 3–6 μg/ml), suggesting that these mu-
tations might have been involved in decreased β-lactam sus-
ceptibility. Among gBLNAR strains, higher ampicillin MICs
have been previously associated with group III-like isolates
because of the unique patterns of amino acid substitutions ex-
hibited by these strains [20]. However, in this study one strain
belonging to the III-like group showed a particularly high am-
picillin MIC (256 μg/ml), was resistant to amoxicillin/
clavulanic acid (MIC = 12 μg/ml) and cefuroxime (MIC = 6
μg/ml), and harbored a blaTEM-1 gene (gPLPACR). In most of

the strains belonging to the different subgroups of group II, we
observed an association between reduced susceptibility to am-
picillin and the presence of Val547Ile and Asp569Ser substitu-
tions. The gBLNAR mechanism was the most prevalent in this
study (28 out of 124; 23%), exceeding the proportion of isolates
that produced β-lactamase (23 out of 124; 19%). Invasive
gBLNAR isolates belonged to the following groups: 1 strain
to group IIa, 3 strains to group IIb, and 1 strain to group IId. Of
the 23 BLPAR isolates, 7 were invasive (Table 1). The 3
BLPAR phenotype isolates found to possess both the
blaTEM-1 gene and mutations in the ftsI gene (gBLPACR)
were found in the following subgroups: IIa (1 isolate; ampicillin
MIC = 256 μg/ml) and IIb (2 isolates: ampicillin MICs = 24
and 48 μg/ml). The amoxicillin/clavulanic acid MIC was 2 μg/
ml for all three of these isolates, which were resistant to
cefuroxime (MICs = 2, 6, and 24 μg/ml).

Disk diffusion versus Etest method

Table 4 shows the susceptibility categories of ampicillin and
amoxicillin/clavulanic acid for the 69 BLNAS and 9
gBLNAR isolates according to the disk diffusion and Etest
methods (using EUCAST breakpoints). Ampicillin and
amoxicillin/clavulanic acid resistance were found in 26 out
of 69 BLNAS (38 %) and in 7 out of 9 gBLNAR (78 %) using
the disk diffusion method. For ampicillin the inhibition zones
ranged between 12 and 19 mm. For amoxicillin/clavulanic
acid the inhibition zones ranged between 13 and 17 mm.
Read zone edges in Mueller–Hinton agar+5 % defibrinated
horse blood and 20 mg/L β-NAD (incubated with 5 % CO2,
35±1 °C, 18±2 h) as the point showing absence of growth
viewed from the front of the plate with the lid removed and
with reflected light. The Etest method revealed a high degree
of susceptibility for all 78 isolates (Table 4). The European
Committee on Antimicrobial Susceptibility Testing recom-
mend using benzylpenicillin disks (1 U) in Mueller–Hinton
agar+5 % defibrinated horse blood and 20 μg/ml β-NAD to

Table 4 Comparison of the susceptibility of 78 β-lactamase-negative H. influenzae isolates (69 BLNAS and 9 gBLNAR) with ampicillin and
amoxicillin/clavulanic acid determined using the disk diffusion and Etest methods

Antibiotic Phenotype/genotype Total isolates Susceptibility categoryb

Disk diffusion (mm) Etest method (μg/ml)

R (%) S (%) Inhibition
zone range

MIC 50 MIC 90 MIC range R (%) S (%)

Ampicillin BLNAS 69 26/69 (38) 43/69 (62) 12–19 0.38 0.75 0.125–1 0 100

gBLNARa 9 7/9 (78) 2/9 (22) 15–17 1 1 1 0 100

Amoxicillin/clavulanic
acid

BLNAS 69 26/69 (38) 43/69 (62) 13–17 0.5 1.5 0.125–2 0 100

gBLNARa 9 7/9 (78) 2/9 (22) 14–16 1.5 2 0.75–2 0 100

a 9 BLNAS phenotype isolates (ampicillin MIC =1 μg/ml) found to possess mutations in the ftsI gene were re-designated as gBLNAR
bThe interpretative criteria were based on the EUCAST clinical breakpoints
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screen for β-lactam resistance. All 78 isolates were fully sus-
ceptible to penicillin (1 U) with an inhibition zone>12 mm.
Preliminary results from our laboratory therefore reflect an
important increase in β-lactam resistance in H. influenzae
when ampicillin and amoxicillin/clavulanic acid were tested
using disk diffusion. For these antibiotics the disk diffusion
and Etest methods are not entirely interchangeable.

Discussion

Over the past decade many countries have documented a rapid
increase in the prevalence of BLNAR non-typeable
H. influenzae (NTHi) isolates, particularly among respiratory
tract isolates [21]. Genotypically defined BLNAR (gBLNAR)
isolates account for 15–30 % of all NTHi isolates in Europe
[22]. The detection of this phenotype is clinically relevant, as
these strains have lower responsiveness to β-lactam and are
not affected by the addition of clavulanic acid. Note, however,
that the gBLNAR strains with ampicillin MIC=1 mg/L are
considered resistant according to neither the current CLSI
breakpoints nor the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) guidelines. Of the 78
BLNAS isolates analyzed in this study, 14 strains had ampi-
cillin MIC=1 mg/L. Of these 14 strains, 9 out of 14 (65 %)
were revealed to possess mutations in the ftsI gene and were
therefore re-designated as gBLNAR. Six isolates belonged to
the subgroup IIb, 1 isolate belonged to the subgroup IId, and 2
isolates belonged to the miscellaneous (M) group. Our find-
ings are in agreement with those of other studies that have
detected mutations in the ftsI gene of these strains, resulting
in PBP3 substitutions responsible for the decreased suscepti-
bility to ampicillin [2, 4].

Since 2001, the genetic basis of BLNAR was clarified and
attributed to the presence of either an Asn526Lys or an
Arg517His substitution in PBP3, encoded by de novo point mu-
tations in the ftsI gene [17]. In our study an important diversity in
PBP3 mutations was found and were categorized into six main
genotypic patterns (groups/subgroups) based on the amino acid
substitutions. Among our strains, the predominance of group II,
with the most common substitution Asn526 to Lys, is in agree-
ment with previous studies [2, 8, 9, 12]. The amino acid substi-
tutions at positionsMet377, Ser385, and Leu389 around the SSN
motif, which decrease susceptibility to cephalosporins, were de-
tected among our BLNAR strains. Our study confirms the cor-
relation between BLNAR-defining amino acid substitutions and
the ampicillin resistance phenotype established in earlier studies
[1, 2]. However, it appears obvious that mechanisms other than
PBP-3 mutations or β-lactamase production contribute to β-
lactam resistance inH. influenzae. Among potentialmechanisms,
disrupted repression of the acrR efflux pump or alterations in
outer membrane protein 2 (OMP2) have been suggested [8, 23].

The BLPACR strains, which have two mechanisms of an-
timicrobial resistance, including β-lactamase production and
mutations in the ftsI gene, show resistance against many β-
lactam. High detection rates of BLPACR strains have been
reported in Spain (22 %) from 2005 to 2007 and in some cases
clonal dissemination of the BLPACR strains has been ob-
served [12]. In this study, of the 124 isolates analyzed, 4 were
gBLPACR (3 BLPAR and 1 BLPACR). These isolates
belonged to the following groups: IIa, IIb, and III-like. The
3 BLPAR phenotype isolates found to possess both the
blaTEM-1 gene and mutations in the ftsI gene, showed particu-
larly high ampicillin MICs (24, 48, and 256 μg/ml) and were
resistant to cefuroxime (MICs=6, and 24 μg/ml), but still
susceptible to amoxicillin/clavulanic acid (MIC=2 μg/ml).
In this study, 6 out of 32 gBLNAR (19 %), 19 out of 32
BLNAS (59 %), and 7 out of 32 BLPAR (22 %) strains were
detected in invasive isolates. gBLPACR strains were not
found in invasive isolates. All 32 invasive isolates were sus-
ceptible to ceftriaxone, which has been the first-line antibiotic
for the treatment of bacterial meningitis. In this study, 29 % of
BLNAS, 13 % of BLPAR, 86 % of gBLNAR, and 100 % of
gBLNACR were nonsusceptible to cefuroxime (using
EUCAST breakpoints). Amoxicillin/clavulanic acid and oral
cephalosporins are frequently used for the treatment of respi-
ratory tract infections in our country. It is therefore necessary
to monitor the increased occurrence and spread of BLNAR
and BLPACR isolates in the community. Among the β-lactam
antibiotics tested in this study, piperacillin-tazobactam clearly
exhibited very strong activities against all classes of
H. influenzae isolates analyzed (Table 2). All 124 isolates
were susceptible to piperacillin–tazobactam according to the
current CLSI breakpoint. Piperacillin–tazobactam, previously
considered to be inactive against BLNARH. influenzae owing
to limited data, has now been found to have great potency
against these strains and should be assigned accurate suscep-
tibility breakpoints [24]. The European Committee on
Antimicrobial Susceptibility Testing does not yet provide
any breakpoint for piperacillin–tazobactam interpretation of
MICs and zone diameters.

Invasive infections due to H. influenzae are usually treated
with β-lactam antibiotics, including aminopenicillins or ceph-
alosporins. Interestingly, BLNAR isolates with PBP3 modifi-
cations show decreased susceptibility to both aminopenicillins
and cephalosporins. Of the 28 gBLNAR isolates, 5 were in-
vasive (18 %). Three strains were isolated from blood culture.
One isolate was from a pre-school child (male, 3 years old), 1
from a young adult (female, 21 years old), and 1 from an adult
(male, 74 years old).

For many years, the screening method for the identification
of β-lactam-resistant H. influenzae has been disk diffusion
testing for penicillin and cefaclor followed by a nitrocefin β-
lactamase test. Even though penicillin is rarely an alternative
for treatment of H. influenzae infections, experience suggests
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that this method might be suitable for resistance surveillance,
allowing for sensitive monitoring of β-lactam resistance.
Furthermore, the reliability of the disk diffusion method for
defining precise levels of β-lactam resistance inH. influenzae
has been questioned. In this study, ampicillin and amoxicillin/
clavulanic acid resistance were found in 26 out of 69 BLNAS
(38%) and in 7 out of 9 gBLNAR (78%) using disk diffusion.
The Etest method indicated a high degree of susceptibility for
all these 78 isolates. However, as a primary screening method
for resistance in clinical isolates, when followed by a detailed
examination (MIC determination and ftsI gene sequenc-
ing), the disk diffusion method was considered suitable
for the detection of low-level β-lactamase-negative
ampicillin-resistant (low-BLNAR) H. influenzae [25].
Etest remains a reliable method for defining precise levels
of β-lactam resistance in H. influenzae. In a study con-
ducted by Cerquetti et al. [17], the authors were able to
detect two NTHI isolates showing heterogeneous resis-
tance to imipenem by using the Etest. Checking for β-
lactamase alone is performed for clinical isolates of
H. influenzae, and antimicrobial susceptibilities are not
accurately determined in several laboratories. This may
result in the lack of detection of BLNAR and BLPACR.
The gold standard method of characterizing strains
exhibiting this non-enzymatic mechanism of resistance is
the sequencing of the ftsI gene.

In summary, this was a retrospective study of serotype
b distribution, phenotypic antibiotic resistance, and ampi-
cillin resistance mechanisms of 124 invasive and respira-
tory tract H. influenzae isolates. To the best of our knowl-
edge, a similar microbiological characterization of clinical
H. influenzae strains has not been previously done in
Switzerland. In this study we confirmed the low propor-
tion of β-lactamase-positive ampicillin-resistant invasive
serotype b isolates in our institution. The emergence of
BLNAR and BLPACR strains among respiratory tract iso-
lates may have implications for the treatment of respira-
tory tract H. influenzae infections. The detection of this
phenotype is clinically relevant, as these strains have low-
er responsiveness to β-lactam and are not targeted by
clavulanic acid. Continued monitoring of β-lactam sus-
ceptibility and the characterization of both invasive and
respiratory H. influenzae isolates are necessary to observe
changes in the microbiology and epidemiology of this
important pathogen that could lead to clinical failure
when treated with empirical antibiotics.
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