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Nontypeable Haemophilus influenzae (NTHi) is a common cause of respiratory infections in adults, who are frequently treated
with fluoroquinolones. The aims of this study were to characterize the genotypes of fluoroquinolone-resistant NTHi isolates and
their mechanisms of resistance. Among 7,267 H. influenzae isolates collected from adult patients from 2000 to 2013, 28 (0.39%)
were ciprofloxacin resistant according to Clinical and Laboratory Standards Institute (CLSI) criteria. In addition, a nalidixic acid
screening during 2010 to 2013 detected five (0.23%) isolates that were ciprofloxacin susceptible but nalidixic acid resistant. Se-
quencing of their quinolone resistance-determining regions and genotyping by pulse-field gel electrophoresis and multilocus
sequence typing of the 25 ciprofloxacin-resistant isolates available and all 5 nalidixic acid-resistant isolates were performed. In
the NTHi isolates studied, two mutations producing changes in two GyrA residues (Ser84, Asp88) and/or two ParC residues
(Ser84, Glu88) were associated with increased fluoroquinolone MICs. Strains with one or two mutations (n � 15) had cipro-
floxacin and levofloxacin MICs of 0.12 to 2 �g/ml, while those with three or more mutations (n � 15) had MICs of 4 to 16 �g/ml.
Long persistence of fluoroquinolone-resistant strains was observed in three chronic obstructive pulmonary disease patients.
High genetic diversity was observed among fluoroquinolone-resistant NTHi isolates. Although fluoroquinolones are commonly
used to treat respiratory infections, the proportion of resistant NTHi isolates remains low. The nalidixic acid disk test is useful
for detecting the first changes in GyrA or in GyrA plus ParC among fluoroquinolone-susceptible strains that are at a potential
risk for the development of resistance under selective pressure by fluoroquinolone treatment.

Haemophilus influenzae is a human-restricted pathogen that
forms part of the normal nasopharyngeal microbiota. It is

classified either as encapsulated or as nontypeable H. influenzae
(NTHi), depending on the presence of a polysaccharide capsule.
Before the introduction of the conjugate vaccine against H. influ-
enzae type b (Hib), this serotype was the most common cause of
meningoencephalitis in young children. Since the introduction of
the Hib vaccine, strain replacement has been observed and NTHi
has become the predominant species among both invasive and
noninvasive diseases such as otitis media, sinusitis, conjunctivitis,
chronic bronchitis, and pneumonia (1–4). Fluoroquinolones
(FQs) are frequently used as antimicrobial therapy in respiratory
tract infections in adults and have shown good activity against
respiratory pathogens such as H. influenzae, Streptococcus pneu-
moniae, Pseudomonas aeruginosa, and Moraxella catarrhalis (5, 6).
Since their first description in 1993, FQ-resistant H. influenzae
isolates have been detected all over the world (7–16). Although
resistance in this bacterial pathogen remains low (8, 17), treat-
ment failure with ofloxacin or levofloxacin (LVX) has already
been described (15, 18). FQ resistance in H. influenzae is due
mainly to chromosomal point mutations in the quinolone resis-
tance-determining regions (QRDRs) of the genes encoding DNA
gyrase (gyrA and gyrB) and topoisomerase IV (parC and parE)
(19). As in other Gram-negative bacteria, DNA gyrase is a primary
target and topoisomerase IV is a secondary target for FQs. Muta-
tions in the H. influenzae QRDRs have been shown to occur in a
stepwise manner: a first mutation in gyrA produces reduced sus-
ceptibility to quinolones, but MICs remain in the susceptible
range according to currently established breakpoints (20, 21).
Strains susceptible to ciprofloxacin (CIP) or LVX could harbor

first alterations in the QRDRs (22). Corkill et al. found that nali-
dixic acid (NAL) was a good indicator of reduced CIP susceptibil-
ity (23), and it has been proposed as a useful indicator for testing
of low- and high-level quinolone resistance (24). Double muta-
tions in both FQ targets generate a resistant phenotype that is
detectable by using the current Clinical and Laboratory Standards
Institute (CLSI) and European Society of Clinical Microbiology
and Infectious Diseases (EUCAST) breakpoint interpretations
(20, 21).

The aims of this study were (i) to analyze the genotypes of
FQ-resistant NTHi clinical isolates collected in our hospital over a
14-year period (2000 to 2013), (ii) to detect CIP-susceptible iso-
lates with NAL resistance that could harbor a first mutation in
their QRDRs, and (iii) to characterize the mechanisms of resis-
tance to FQs in clinical isolates.
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MATERIALS AND METHODS
Hospital settings and bacterial strains. This laboratory-based study was
carried out at the Hospital Universitari de Bellvitge (HUB), a tertiary-care
center for adult patients located in Barcelona, Spain. CIP susceptibility
data on all of the H. influenzae isolates collected from patients who at-
tended the HUB during a 14-year period (2000 to 2013) were recorded as
part of the normal laboratory routine activity. These data were analyzed to
determine the proportion of CIP-resistant isolates over the period stud-
ied. CIP susceptibility was determined by disk diffusion on Haemophilus
test medium (HTM) plates and was interpreted by following CLSI criteria
(20, 25). CIP-resistant isolates were stored at �80°C. Isolates were grown
on chocolate agar plates and incubated at 37°C with 5% CO2. Informed
consent was not required, as this process was part of the normal microbi-
ological routine; patient confidentiality was protected in all cases. To de-
tect isolates harboring first mutations in the QRDRs, isolates collected
from 2010 to 2013 that showed susceptibility to CIP and had an inhibitory
zone diameter of 21 to 28 mm were screened with NAL disks (30 �g). NAL
screening was done by disk diffusion on HTM plates and interpreted
according to EUCAST criteria, considering any isolate with an inhibitory
zone diameter of �23 mm resistant, since CLSI has not defined break-
points for NAL (21).

Identification. H. influenzae was identified by conventional method-
ology (26). Isolate identification was confirmed by mass spectrometry
with a matrix-assisted laser desorption ionization–time of flight Biotyper,
version 3.0 (Bruker). Differentiation between H. influenzae and H. hae-
molyticus was performed by amplification of the fucK, iga, and lgtC genes
(27); an isolate was considered H. influenzae when positive amplification
of the genes tested was detected.

Serotyping, susceptibility testing, and sequencing of QRDRs. Cap-
sular serotypes were determined by PCR with the primers and under the
conditions previously described (28). MICs were determined by the mi-
crodilution method with HTM and commercial panels (STRHAE2; Sen-
sititre, West Sussex, England) and interpreted by following CLSI guide-
lines (20, 25). H. influenzae ATCC 49247 was used as a susceptible control
strain. �-Lactamase activity was screened for by the chromogenic cepha-
losporin method (nitrocefin disks; BD, Madrid, Spain). QRDRs were am-
plified with specific oligonucleotide pairs as described previously (19, 29).
PCR fragments that included gyrA nucleotides 137 to 546, parC nucleo-
tides 129 to 547, gyrB nucleotides 1094 to 1539, and parE nucleotides 1002
to 1473 were purified with a GeneJET PCR purification kit (Thermo Sci-
entific) and sequenced on both strands with the same oligonucleotides
used for the PCRs and an Applied Biosystems 3730 XL DNA analyzer.

Molecular typing. For molecular typing, genomic DNA was digested
with SmaI and the fragments were separated by pulsed-field gel electropho-
resis (PFGE) as reported previously (30). PFGE band patterns were analyzed
with the Fingerprinting II Software 3.0 (Bio-Rad). The similarity of the PFGE
banding patterns was estimated with the Dice coefficient. Isolates with �80%
relatedness were considered highly genetically related. For multilocus se-
quence typing (MLST), DNA sequencing of internal fragments of seven
housekeeping genes (adk, atpG, frdB, fucK, mdh, pgi, and recA) was performed
as previously described (31). Allele numbers and sequence types (STs) were
assigned by using the H. influenzae MLST website (http://haemophilus
.mlst.net). The STs were analyzed with e-BURST v3 in order to define the
clonal relationship between the isolates.

RESULTS
Patients and CIP-resistant NTHi isolates. Twenty-eight (0.39%)
CIP-nonsusceptible isolates (CLSI criteria) were detected among
7,267 H. influenzae isolates collected in our Laboratory from 2000
to 2013. The proportion of CIP resistance over the period studied
was low and remained stable over time at 0.58% from 2000 to
2004, 0.26% from 2005 to 2009, and 0.36% from 2010 to 2013.

Unfortunately, only 25 out of 28 isolates were available for
molecular analysis. All of these 25 were NTHi isolates collected
from 19 patients (16 [84%] males) with different episodes of

respiratory disease. The mean age of these patients was 72.7
(range, 52 to 88) years. The main underlying diseases were chronic
obstructive pulmonary disease (COPD) (n � 10, 52.7%) and
bronchiectasis (n � 2, 10.5%), whereas no underlying disease was
reported for 7 patients (36.8%).

NAL disk screening of isolates with CIP susceptibility.
Among 2,201 isolates collected from 2010 to 2013, 7 (0.32%) had
a CIP inhibitory zone dimater of 21 to 28 mm. Five of these were
resistant to NAL (inhibitory zone diameter of �23 mm). All of
them were NTHi isolates from sputum samples of five patients
(three females and two males) with a mean age of 69.4 years suf-
fering from lung cancer, ischemic heart disease, bronchial asthma,
COPD, and bronchiectasis.

Genotyping. Thirty NTHi isolates (25 CIP resistant and 5 CIP
susceptible but NAL resistant) were grouped into 15 different
PFGE patterns (Table 1). Nine genotypes were unique, and the
remaining 21 isolates were grouped into six small clusters. MLST
results showed 16 different STs, 8 previously described in the
MLST database and 8 described as new. Eleven STs were unique,
and six clusters were detected (Table 1). The clusters were grouped
as follows: cluster 1, isolates 16.1, 18.1, and 24.1, PFGE pattern B
and ST 1281; cluster 2, isolates 3.1 and 7.1, PFGE pattern D and ST
New4; cluster 3, isolates 15.1 and 23.1, PFGE pattern F and STs
159 and 485, a double-locus variant; cluster 4, isolates 20.1, 20.2,
and 22.1, PFGE pattern A and ST New3; cluster 5, isolates 2.1 to
2.5 and 11.1, PFGE pattern C and ST 519; cluster 6, isolates 4.1,
5.1, 10.1, 10.2, and 14.1, PFGE pattern E and ST New5. No rela-
tionship between the patients in each cluster could be demon-
strated.

Three COPD patients were persistently infected with a partic-
ular NTHi strain (ST 519, New 3, or New 5) with a median per-
sistence time of 17.6 (range, 1.33 to 48) months (Table 1).

Antimicrobial susceptibility. NTHi isolates resistant to CIP
(n � 25) were also resistant to other antimicrobial agents. The
highest proportion of resistance was to cotrimoxazole (56%), fol-
lowed by resistance to azithromycin (20%). Regarding �-lactams,
4% were ampicillin resistant because of �-lactamase production
and 4% were �-lactamase-negative ampicillin-resistant (BLNAR)
isolates with intermediate susceptibility to ampicillin and cefu-
roxime. All isolates were fully susceptible to cefotaxime, imi-
penem, tetracycline, and chloramphenicol. As for FQs, 22 isolates
had CIP resistance (MIC, �1 �g/ml). The remaining three isolates
had a CIP MIC of 1 �g/ml, which is considered susceptible ac-
cording to the CLSI breakpoints, although all of them had a CIP
disk diffusion inhibitory zone diameter inside the resistance range
and had mutations in their QRDRs. Fifteen (60%) isolates were
resistant to LVX (MIC, �2 �g/ml).

Seven CIP-resistant isolates with a CIP MIC of 2 �g/ml were
considered low-level CIP resistant whereas 15 isolates were de-
fined as high-level CIP resistant (MICs, 8 to 16 �g/ml). Although
low-level CIP-resistant isolates were susceptible to LVX according
to CLSI criteria, these isolates had gyrA and parC mutations that
would favor the development of high-level resistance. All of the
high-level CIP-resistant isolates showed cross-resistance to LVX
(Table 2).

Of the five isolates susceptible to CIP but resistant to NAL, four
were resistant to cotrimoxazole and one was considered interme-
diately resistant to ampicillin.

FQ resistance and amino acid substitutions in the QRDRs.
Determination of susceptibility to FQ antimicrobials (by microdi-
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lution) and characterization (by DNA sequencing) of the QRDRs
of gyrA, gyrB, parC, and parE were performed. All of the isolates
studied had nonsynonymous polymorphisms leading to amino
acid substitutions in their QRDRs (Table 2), including the isolates
resistant to CIP (n � 25) and those that were NAL resistant but
CIP susceptible (n � 5). Two isolates presenting the single GyrA
Ser84Leu change with CIP and LVX MICs of 0.12 to 0.5 �g/ml
were considered susceptible. Thirteen isolates had two changes in
equivalent positions of GyrA (Ser84 or Asp88) and ParC (Ser84 or
Glu88) and had CIP MICs of 0.5 to 2 �g/ml and LVX MICs of 0.5
to 1 �g/ml. We also assessed five isolates from the same patient
(isolates 2.1 to 2.5) with identical QRDR mutations which, despite
having two GyrA (Ser84Tyr, Asp88Tyr) and two ParC (Asp83Gly,
Ser84Ala) changes, had a CIP MIC of 2 �g/ml. As far as we know,
the ParC Asp83Gly and Ser84Ala changes have not been impli-
cated in resistance in H. influenzae or other bacteria and are prob-
ably polymorphisms. The mutations in GyrA (Ser84Tyr and
Asp88Tyr) may have been the sole causes of the CIP and LVX
MICs of the five isolates. Finally, 15 isolates harbored three (n �
13) or four (n � 2) amino acid substitutions and were fully resis-
tant to CIP (Table 2). Four isolates with high-level resistance
showed the Asp420Asn change in ParE. However, the involve-
ment of this change in FQ resistance has not been demonstrated
by genetic transformation.

DISCUSSION

Since its first description in 1993, FQ-resistant H. influenzae has
been isolated mainly from elderly patients with chronic lung dis-
eases who received frequent antimicrobial treatments, including
quinolones (7, 15, 16, 32). Resistance to FQs in H. influenzae re-
mains very low worldwide. A global study (SENTRY) performed
by American and European institutions found that 0.15% of H.
influenzae isolates were resistant to FQs (8). In Hong Kong, Japan,
and South Korea, H. influenzae-resistant isolates were first de-
scribed in 2009, when Hirakata et al. reported 0.1% CIP resistance
in Japan (33, 34); by 2014, the level had increased to 1.3% (29). A
recent surveillance study published in Taiwan showed a major
increase in LVX resistance from 2% in 2004 to 24.3% in 2010 (35).
In the United States in 2006, the percentage of FQ resistance was
0.1% (36), similar to the percentage found in Spain in 2011 (0.2%)
(17). In our study, we found a low percentage of FQ-resistant H.
influenzae isolates (0.39%), in accordance with the data published
in other parts of the world but higher than previous reports in
Spain (17). However, the proportion of H. influenzae isolates re-
sistant to CIP may depend on the criteria used (CLSI or EUCAST)
because of the difference in the breakpoints. In the disk diffusion
method, the current EUCAST breakpoint for CIP susceptibility is
�26 mm, whereas the CLSI breakpoint is �21 mm. This differ-

TABLE 1 Characteristics of 24 patients and molecular characterization of NTHi clinical isolatesa

Patient
no.

Age (yr),
gender Isolate

Isolation date
(day-mo-yr) PFGE ST

MLST

adk atpG frdB fucK mdh pgi recA

1 73, male 1.1 01-02-00 G 18 18 6 3 7 10 28 12
2 88, male 2.1 01-02-00 C 519 26 1 46 1 79 64 23
2 88, male 2.2 13-12-00 C 519 26 1 46 1 79 64 23
2 88, male 2.3 29-12-02 C 519 26 1 46 1 79 64 23
2 88, male 2.4 23-03-03 C 519 26 1 46 1 79 64 23
2 88, male 2.5 11-04-04 C 519 26 1 46 1 79 64 23
3 81, male 3.1 18-11-00 D New4 3 18 53 2 7 40 10
4 78, male 4.1 05-01-02 E New5 33 33 7 7 11 40 48
5 69, male 5.1 30-01-02 E New5 33 33 7 7 11 40 48
6 77, male 6.1 19-06-02 H New1 28 33 7 1 236 125 48
7 71, male 7.1 29-01-03 D New4 3 18 53 2 7 40 10
8 76, male 8.1 02-07-03 I New6 68 12 32 55 45 120 123
9 74, female 9.1 11-01-05 J New7 150 60 48 18 23 38 92
10 62, male 10.1 02-03-05 E New5 33 33 7 7 11 40 48
10 62, male 10.2 12-06-05 E New5 33 33 7 7 11 40 48
11 84, male 11.1 04-02-06 C 519 26 1 46 1 79 64 23
12 74, female 12.1 07-02-07 K 139 1 1 1 14 45 14 21
13 65, female 13.1 09-03-10 L New2 14 7 13 7 17 13 4
14 78, male 14.1 15-10-10 E New5 33 33 7 7 11 40 48
15 77, male 15.1 23-02-11 F 485b 33 8 16 16 78 2 3
16 67, male 16.1 14-04-11 B 1281 16 8 16 14 70 1 3
17 67, female 17.1 12-07-11 M New8 11 100 121 5 59 130 19
18 76, male 18.1 29-03-12 B 1281 16 8 16 14 70 1 3
19 52, female 19.1 05-09-12 O 270 69 54 8 47 80 1 61
20 69, male 20.1 22-04-13 A New3c 14 8 18 11 161 138 3
20 69, male 20.2 31-05-13 A New3 14 8 18 11 161 138 3
21 76, male 21.1 02-05-13 N 196 14 8 18 11 17 2 3
22 67, male 22.1 15-05-13 A New3 14 8 18 11 161 138 3
23 62, male 23.1 04-07-13 F 159 33 8 16 16 17 2 29
24 65, male 24.1 14-07-13 B 1281 16 8 16 14 70 1 3
a Gray-shaded lines indicate patients with persistent isolates.
b eBURST analysis showed that ST 485 is a double-locus variant of ST 159.
c ST New3 is a double-locus variant of ST 196 (eBURST analysis).
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ence is also observed when using susceptibility microdilution
breakpoints (CIP MICs of �1 �g/ml for CLSI and �0.5 �g/ml for
EUCAST (20, 21). The use of current CLSI criteria underrecog-
nizes a proportion of the low-level CIP-resistant strains with first-
step mutations in gyrA and parC (22, 37, 38). In the present study,
we identified five isolates with CIP MICs of 0.12 to 0.5 �g/ml and
three strains with a MIC of 1 �g/ml that had at least one amino
acid alteration in a position of the FQ targets involved in resis-
tance. According to the current EUCAST resistance breakpoints
for disk diffusion, 28 of the 30 isolates studied could be considered
resistant. In order to detect nonsusceptible CIP strains with first-
step mutations, the EUCAST guidelines have proposed screening
with NAL as an indicator of resistance (22–24). In our study, five
(0.23%) isolates collected from 2010 to 2013 with CIP inhibitory
zone diameters of 21 to 28 mm were resistant to NAL and had
changes in GyrA and/or ParC. Other authors have recommended
general screening with NAL in order to identify these strains and
to avoid therapeutic failures (22–24). Although FQs present good
activity against H. influenzae, their use in respiratory tract infec-
tions merits special attention. To the best of our knowledge, two
reports of FQ treatment failure have been published to date (15,
18). In 1999, Vila et al. reported a case of FQ resistance after treat-
ment with ofloxacin in a patient with recurrent respiratory infec-
tions (15), and in 2003, Bastida et al. reported a case of LVX treat-
ment failure in a patient with community-acquired pneumonia
who had previously been treated with LVX and moxifloxacin (18).

Some specific mutations involved in FQ resistance in H. influ-
enzae were originally described in 1996 (19). Subsequent studies
have confirmed the mutations described by Georgiou et al. and
described new mutations involved in resistance (15, 16, 18, 19, 22,

24, 29, 33, 37, 39). FQ resistance is acquired gradually with in-
creasing numbers of mutations. Strains harboring one or two mu-
tations in gyrA and parC have low-level resistance to FQs, while
those with three or more mutations in gyrA, parC, and parE show
high-level resistance (19, 40). In our study, strains with a single
change in GyrA or one change in GyrA plus one in ParC had CIP
MICs of 0.12 to 2 �g/ml, while those with three or four mutations
(in GyrA, ParC, and ParE) had higher MICs (8 to 16 �g/ml). In the
present study, the most common changes in GyrA were Ser84 to
Leu or Tyr and Asp88 to Tyr, Asn, or Gly, which have been re-
ported to contribute to resistance in H. influenzae (15, 16, 18, 19,
22, 29, 33, 37, 39). In ParC, the most common changes were
Ser84Ile and Glu88Lys, which have been widely described in the
literature (16, 18, 19, 22, 29, 33, 39), and Ser84Arg, a change also
reported by other authors as an alteration involved in resistance
(15, 16, 22, 24, 29, 33, 39). In addition, our study presents two
strains harboring two new previously unidentified ParC changes,
Ser84Asn and Ser84Ala. The strain carrying Ser84Asn had two
additional changes in GyrA and had a CIP MIC of 8 �g/ml, sug-
gesting its involvement in FQ resistance. In contrast, the strain
carrying the ParC Ser84Ala change had a CIP MIC of 2 �g/ml,
suggesting that this change would not be involved in resistance.
Besides these changes at residues 84 and 88 of ParC, two strains
had previously described changes in Gly82 (to Asp or Cys) (16, 22,
29, 39) and an Asp83Gly change that was not linked to any in-
crease in the CIP MIC. This change (Asp83Gly) was already de-
scribed by Pérez-Vázquez et al., but its involvement in quinolone
resistance has not yet been established (22). Only one change was
detected in ParE, Asp420Asn, which has been previously reported

TABLE 2 Mutations in the QRDR of and CIP and LVX MICs for 30 NTHi clinical isolates resistant to NAL

Isolate(s)a

Disk diffusion
inhibitory zone
diam (mm) MIC (�g/ml) Mutation(s) in QRDRb

NAL CIP CIP LVX GyrA ParC ParE

13.1 12 28 0.12 0.12 Ser84Leu — —
17.1 10 26 0.5 0.5 Ser84Leu — —
15.1, 23.1 6 24 0.5 0.5 Ser84Leu Ser84Ile —
1.1 9 20 0.5 0.5 Ser84Tyr Glu88Lys —
21.1 6 22 1 0.5 Ser84Leu Ser84Ile —
6.1 10 20 1 0.5 Ser84Leu Ser84Ile —
3.1 6 20 1 1 Ser84Leu Glu88Lys —
12.1 6 20 2 1 Ser84Leu Glu88Lys —
5.1 10 16 2 1 Asp88Tyr Glu88Lys —
2.1–2.5 6 20 2 1 Ser84Tyr, Asp88Tyr Asp83Gly, Ser84Ala —
11.1 6 15 8 4 Ser84Tyr, Asp88Tyr Ser84Asn —
7.1 6 6 8 4 Ser84Leu, Asp88Tyr Glu88Lys —
10.1, 10.2, 14.1 6 6 16 16 Ser84Leu, Asp88Tyr Glu88Lys —
8.1 6 6 16 16 Ser84Leu, Asp88Asn Gly82Asp —
19.1 6 6 16 16 Ser84Leu, Asp88Asn Ser84Arg —
16.1 6 6 16 8 Ser84Tyr, Asp88Gly Ser84Ile Asp420Asn
18.1 6 6 16 16 Ser84Tyr, Asp88Gly Ser84Ile Asp420Asn
24.1 6 6 16 16 Ser84Leu, Asp88Gly Ser84Ile Asp420Asn
20.1, 20.2, 22.1 6 6 16 16 Ser84Leu, Asp88Asn Ser84Ile Asp420Asn
4.1 6 6 16 16 Ser84Leu, Asp88Tyr Gly82Cys, Glu88Lys —
9.1 6 6 16 16 Ser84Tyr, Asp88Tyr Ser84Ile, Glu88Lys —
a Isolates are numbered accord to their origins of isolation as defined in Table 1.
b Changes at positions classically involved in resistance are shown in bold. Additional amino acid changes, found also in susceptible isolates, were ParC S133A (six isolates), ParC
N138S (eight isolates), ParE R368H and S458L (one isolate), and GyrB A400V (three isolates). No amino acid changes have been detected in GyrB. —, no changes.
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(11, 29, 33), although its role in resistance has not been proved by
genetic transformation.

In spite of a clonal spread previously described in long-term
care facilities (11, 12, 41), our study reports a high genetic diversity
among FQ-resistant NTHi isolates. Although we found six small
clusters, the majority of the strains were isolated from patients
who had no relationship to each other. In a recent publication
from Taiwan, regional clonal emergence was found in different
areas of the country (35). None of the STs published in Taiwan
were found in our study, suggesting that the evolution of FQ-
resistant strains is regional (35).

A relevant finding in our study was the persistence of genotyp-
ically identical quinolone-resistant isolates in COPD patients.
During the period studied, these three patients had more than one
isolate that had the same PFGE pattern and ST. It is well known
that COPD patients have several impairments in innate lung de-
fenses, facilitating microorganism persistence (42). Groeneveld et
al. found COPD patients persistently infected with the same H.
influenzae strain for up to 23 months, and their antibiotic treat-
ment was not effective in eradicating the strains (43). In addition,
Sethi et al. reported that a quarter of the acute exacerbations of
COPD were caused by a persistent strain when bacterial pathogens
were present in sputum (44). Long persistence of NTHi was also
described in patients with cystic fibrosis (32).

In conclusion, although FQs are commonly used to treat respi-
ratory infections, the proportion of FQ-resistant NTHi isolates
during the period studied remained low. Long persistence of FQ-
resistant isolates was identified in three COPD patients. The NAL
test is recommended to detect FQ-susceptible strains with first
mutations in the QRDRs that may acquire full resistance under
selective pressure with FQ therapy and cause treatment failure.
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