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Among 547Haemophilus influenzae isolates recovered in our center, 45 displayed a phenotype of loss of PBP 3 af-
finity (8.2%). Two isolates with 6 substitutions in PBP 3 showed decreased susceptibility to third-generation
cephalosporins. Clinical data revealed clinical failure after ceftriaxone treatment in a context of bronchitis in a pa-
tient with pulmonary sarcoidosis.
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Haemophilus influenzae belongs to human oropharyngeal commen-
sal flora and is incriminated in a wide variety of infections (Tristram et
al., 2007). Since implementation of the H. influenzae type b conjugate
vaccine in France in 1992, H. influenzae meningitis incidence has been
divided by 10 (De Benoist et al., 1999). After a decrease, the bacteremia
incidence is now similar to that observed in 1991, with an increase in
people aged over 65 years (Réseau Epibac, 2017). As in other European
countries (Whittaker et al., 2017), about 80% of invasive infections are
currently caused by nontypeable strains (Gaillot, 2015), which can
also cause noninvasive infections.

β-Lactams remain the main antibiotics used against H. influenzae
(Tristram et al., 2007). Amoxicillin resistance may occur either by β-
lactamase or by decreasing affinity with penicillin-binding protein 3
(PBP 3) modifications (Ubukata et al., 2001). PBP 3, encoded by the
ftsI gene, has transpeptidase activity and is involved in the septal pepti-
doglycan synthesis. In 2015, 20% of the strains studied by the FrenchNa-
tional Reference Center produced β-lactamase, and 5% were β-
lactamase–negative ampicillin-resistant (BLNAR) (Gaillot, 2015).

The aim of our work was to evaluate the prevalence of H. influenzae
clinical isolates with alteration of PBP 3 sequence in our center and to
study their susceptibility to third-generation cephalosporins.

Susceptibility to ampicillin (2 μg), amoxicillin–clavulanate (2–
1 μg), tetracycline (30 μg), and trimethoprim–sulfamethoxazole
(1.25–23.75 μg) was determined by disc diffusion method according
to EUCAST 2016 recommendations. Nitrocefin test was also per-
formed in daily practice. Minimum inhibitory concentrations
(MICs) for cefotaxime, ceftriaxone, and levofloxacin were deter-
mined by Etest® on MHF medium (bioMérieux, Marcy l'Etoile,
France).

Among 547 H. influenzae isolates recovered from 441 patients be-
tween April 1, 2016, to March 31, 2017, 45 isolates from 44 patients
were amoxicillin–clavulanate resistant. Thirty-seven of 45 isolates
were recovered in a context of respiratory infection, 6/45 in a context
of otorhinolaryngological infection, and 2/45 in a context of genital in-
fection. Twelve of 45 isolates produced β-lactamase. Sequencing of the
ftsI gene could be performed as previously described (Dabernat et al.,
2002) for 37 isolates and revealed PBP 3 modifications in all of them
(Table 1).

Forty-three of 45 isolateswere susceptible to third-generation ceph-
alosporins withMICs for cefotaxime ranging from 0.012 to 0.094 μg/mL.
Two isolates recovered from the same patient showed decreased sus-
ceptibility to third-generation cephalosporins, without producing β-
lactamase. They both displayed the same MICs: 0.25 μg/mL for cefotax-
ime (resistant according to EUCAST), 0.094 μg/mL for ceftriaxone (10-
fold that of wild strains [Hasegawa et al., 2006]), and 0.16 μg/mL for
levofloxacin. They were tetracycline susceptible and trimethoprim–sul-
famethoxazole resistant. The deduced amino acid sequences of PBP 3 re-
vealed 6 substitutions for both isolates including Ser357Asn, Met377Ile,
Ser385Thr, Leu389Phe, Ala502Thr, and Asn526Lys. Pulsed-field gel
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Table 1
Deduced amino acid substitutions identified in PBP 3 from 37 amoxicillin-clavulanate–resistant strains of H. influenzae.

Groupa Strain or no. of strains Amino acid substitutions MIC for cefotaxime (μg/mL)

Ser-357 Ala-368 Met-377 Ser-385 Leu-389 Ala-437 Ile-449 Gly-490 Ala-502 Arg-517 Asn-526

Control ATCC 9007 0.012
I 1 His 0.032
II 1 Lys 0.094

2 Val Lys 0.023–0.032
3 Val Lys 0.032
1 Thr Thr Lys 0.032
1 Thr Val Lys 0.047
1 Val Val Lys 0.047
1 Ser Val Lys 0.047
1 Glu Val Lys 0.047
18 Ile Val Lys 0.023–0.094
5 Ile Glu Val Lys 0.023–0.047

III+ 2 Asn Ile Thr Phe Thr Lys 0.25

a According to Ubukata et al. (2001) and Skaare et al. (2014).
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electrophoresis and relatedness analysis were performed as previously
described (Dabernat et al., 2002). Macrorestriction profiles were identi-
cal for both isolates, thus belonging to the same cluster. They were re-
covered from sputum in a 58-year-old immunocompromised patient
with digestive and pulmonary sarcoidosis. His medical history included
vestibular neuritis 4 years earlier and depressive disorder. Clinical data
are summarized in Fig. 1. We report here a clinical failure after an 8-
day ceftriaxone treatment in a context of H. influenzae bronchitis. The
BLNAR strain involved was isolated before and after treatment.

More than 20 different substitutions in PBP 3 have been described in
BLNAR strains. The presence of Arg517His or Asn526Lys appears to be
essential for loss of PBP 3 affinity (Tristram et al., 2007). Ubukata et al.
demonstrated the role of 3 additional substitutions leading to increase
of cefotaxime MIC: Met377Ile, Ser385Thr, and Leu389Phe (Ubukata et
al., 2001). Several other Japanese studies confirmed the impact of
these additional substitutions in third-generation cephalosporin's loss
of activity (Hasegawa et al., 2006; Kubota et al., 2006). Such strains
were also reported in Spain (Garcia-Cobos et al., 2007), South Korea
(Park et al., 2013), and Norway (Skaare et al., 2014). Garcia-Cobos et
al. assumed that the initial step leading to cefotaxime resistance was
achieved by additional substitutions Met377Ile and Ser385Thr, and
that Leu389Phe further increased resistance (Garcia-Cobos et al.,
2007). Osaki et al. introduced mutations into the ftsI gene of a suscepti-
ble strain and found that cephalosporins resistance depended on
Arg517His, Asn526Lys, Ser385Thr, and Leu389Phe but not onMet377Ile
(Osaki et al., 2005).

In France, among108 strainswith PBP 3 substitutions received at the
National Reference Center until 2001, the triple substitutionwas not en-
countered and no cefotaxime-resistant strain was observed (Dabernat
et al., 2002). From 2002, rare cefotaxime-resistant H. influenzae strains
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Fig. 1. Summary of the pat
exhibiting Ser385Thr were reported (Gaillot, 2015). The situation is
strikingly different in Japan, where strains with Arg517His or
Asn526Lys, associated with Met377Ile, Ser385Thr, and Leu389Phe, in-
creased from 6% to 20% of clinical isolates between 1997 and 2003
(Sanbongi et al., 2006). This difference could be linked to prescribing
habits, with more use of low doses of oral cephalosporins in Japan. Be-
cause of the high cephalosporins' affinity for PBP 3, mutations in ftsI
can be selected under their selective pressure (Hasegawa et al., 2006).
Such mutations may result of interspecies recombination of ftsI with
H. haemolyticus (Witherden et al., 2014).

In this case, ftsI sequencing revealed 6 substitutions, classifying the
isolates in the group III+ of the high-level PBP 3-mediated resistance
strains according to Skaare classification (Skaare et al., 2014). To our
knowledge, this case represents most likely the first clinical failure
after ceftriaxone treatment of H. influenzae bronchial superinfection,
with the first description of this combination of 6 substitutions in a
French strain. The patient had a history of antibiotic-treated bronchial
superinfections and received cefpodoxime few days before the strain
isolation, which may explain mutations selection.

The strain remained susceptible to fluoroquinolones, allowing treat-
ment with levofloxacin. Clinical failures with high-dose ceftriaxone and
cefotaxime have been reported in Japan in H. influenzae type b BLNAR
strains meningitis in children (Hasegawa et al., 2006). In this situation,
meropenem could be an alternative (Fujimoto et al., 2013; Hasegawa
et al., 2006). Nevertheless, nonsusceptibility in vitro to this antibiotic
has been described in group III+ (Skaare et al., 2014).

Over a 1-year period in our laboratory, only 2 H. influenzae isolates
showed decreased susceptibility to third-generation cephalosporins.
However, dissemination of such strains has been described in Europe
(Garcia-Cobos et al., 2007). Furthermore, a group III+ clone with β-
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lactamase and co-resistance to ciprofloxacin, tetracycline, chloram-
phenicol, and trimethoprim–sulfamethoxazole has been described in
Norway (Skaare et al., 2014), highlighting the need to carefully follow
the resistance of strains with loss of PBP 3 affinity. In the future, micro-
biologists and clinicians should be aware of the possibility of reduced
susceptibility to third-generation cephalosporins in H. influenzae.
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