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Vergleichende Wirksamkeit antimikrobieller 
Substanzen gegenüber  

intrazellulärem nicht-typisierbaren  
Haemophilus influenzae

 Zusammenfassung. Einleitung: Nicht-typisierbarer 
Haemophilus influenzae (NTHi) ist ein wichtiger bakteri-
eller Erreger ambulant erworbener Infektionen der Atem-
wege und ist in der Regel extrazellulär zu finden. Studien 
haben jedoch gezeigt, dass NTHi die Fähigkeit besitzt in 
menschliche Epithelzellen einzudringen, wo er sowohl 
vor den Angriffen des lokalen Immunsystems als auch 
zum Teil vor der Abtötung durch Antibiotika geschützt ist. 
Ziel der vorliegenden Studie war es, die Fähigkeit der 5 
klinisch häufig eingesetzten Antibiotika Ampicillin, Azi-
thromycin, Telithromycin, Ciprofloxacin und Moxifloxacin 
zu bewerten, NTHi innerhalb von bronchialen Epithelzel-
len abzutöten. 

Methoden: Konfluierende humane bronchiale Epi-
thelzellen wurden mit NTHi 77, einem besonders inva-
siven klinischen Stamm infiziert. Die extrazellulären Bak-
terien wurden mittels Gentamicin abgetötet. Die intrazel-
lulären Bakterien wurden mit Antibiotika in einer Kon-
zentration von 1 mg/l oder 10 mg/l für 4 h oder 8 h be-
handelt. Lebensfähige intrazelluläre Bakterien wurden 
nach Lyse der Epithelzellen gezählt.

Ergebnisse: Mit Ausnahme von Ampicillin erreichten 
alle Antibiotika eine signifikante Reduktion der intrazel-
lulären Bakterien in einer Konzentration von 10 mg/l und 
einer Expositionszeit für 4 h sowie bei 1 mg/l für 8 h. Bei 
einer Konzentration von 1 mg/l eliminierte Moxifloxacin 
94% der intrazellulären NTHi nach 4 h und 98% nach 
8 h. Ciprofloxacin, Azithromycin und Telithromycin er-
reichten nur Killing-Indices < 75 nach 4 h, jedoch eine 
86–90%ige Abtötung nach 8 h. Bei 10 mg/l erreichten 
Moxifloxacin, Ciprofloxacin, Telithromycin and Azithro-
mycin nach einer Expositionszeit von 4 h eine 99,7%, 
96,3%, 86,7% und 74,7%ige Eradikation der intrazellu-
lären Bakterien.

Schlussfolgerung: Die Ergebnisse demonstrieren die 
rasche antibakterielle Effektivität von Moxifloxacin ge-
genüber intrazellulärem NTHi in vitro. Moxifloxacin, wel-
ches hohe extrazelluläre und intrazelluläre Wirksamkeit 
kombiniert, könnte eine vorteilhafte Substanz in der Be-
handlung von rezidivierenden Atemwegsinfektionen dar-
stellen.

Schlüsselwörter: Nicht-typisierbarer Haemophilus 
influenzae, Bronchiale Epithelzellen, Invasion, Intrazellu-
läre Wirksamkeit von Antibiotika.

Summary. Introduction: Non-typeable Haemophilus 
influenzae (NTHi) is a major bacterial pathogen of com-
munity-acquired respiratory tract infection and is usually 
found extracellularly, although studies have revealed that 
NTHi may possess the ability to invade human epithelial 
cells where it is then protected against attack by the lo-
cal immune system and partly against the effect of anti-
biotics. The aim of the present study was to assess the 
ability of ampicillin, azithromycin, telithromycin, cipro-
floxacin and moxifloxacin, five antibiotics in common 
clinical use, to kill NTHi within bronchial epithelial cells. 

Methods: Confluent human bronchial epithelial cells 
were infected with NTHi 77, a particularly invasive clini-
cal strain. Extracellular bacterial cells were killed with 
gentamicin and the intracellular bacteria were incubated 
with antibiotics at concentrations of 1 mg/l or 10 mg/l for 
4 h or 8 h. Viable intracellular bacteria were counted 
after lysis of the epithelial cells. 

Results: With the exception of ampicillin, all the an-
tibiotics caused significant reduction of intracellular bac-
teria at concentrations of 10 mg/l and exposure for 4 h 
or at 1 mg/l for 8 h. At 1 mg/l, moxifloxacin eliminated 
94% of intracellular NTHi after 4 h and 98% after 8 h; 
ciprofloxacin, azithromycin and telithromycin only 
achieved killing indices below 75 after 4 h but 86–90% 
killing after 8 h. At 10 mg/l, moxifloxacin, ciprofloxacin, 
telithromycin and azithromycin were able to achieve 
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Kundl, Austria) was used for killing extracellular NTHi. Ex-
tracellular minimal inhibitory concentrations (MICs) were 
determined using the broth microdilution reference method 
according to the guidelines of the Clinical Laboratory Stan-
dard Institute (formerly NCCLS) [10]. Haemophilus test me-
dium (HTM) was prepared from Mueller-Hinton broth (Oxoid 
Ltd, Basingstoke, UK) supplemented with HTM supplement 
(Oxoid) and yeast extract (Oxoid). Antibiotics were serially 
diluted in HTM broth. The final inoculum of NTHi was 
~5 × 105 cfu/ml and H. influenzae ATCC 49247 was used as 
quality control. MIC endpoints were read as the lowest con-
centration of antibiotic that totally inhibited macroscopically 
visible growth of the inoculum. Minimum bactericidal concen-
trations (MBCs) were defined as the lowest concentration of 
each drug resulting in > 99% reduction in growth and were 
determined by culturing each dilution on chocolate agar (bio-
Mérieux, Marcy l’Etoile, France) at 37°C in an atmosphere of 
5% CO2.

For the invasion experiments, all antibiotics were diluted 
in bronchial epithelial invasion medium consisting of bron-
chial epithelial basal medium (Clonetics Corporation, San Di-
ego, CA, USA) supplemented with recombinant human epider-
mal growth factor (0.5 µg/l), insulin (5 g/l), transferrin (10 mg/
l), epinephrine (0.5 mg/l), triiodothyronine (6.5 mg/l), bovine 
pituitary extract (52 mg/l) and retinoic acid (0.1 µg/l). The an-
tibiotics were tested at final concentrations of 1 mg/l and 
10 mg/l.

Epithelial cells

Normal human bronchial epithelial (NHBE) donor cells 
were obtained from Cambrex Inc. Lung tissues from two do-
nors were disease free and neither donor was a smoker: Donor 
1: NHBE 8699, lot number 1F1811, a 13-year-old boy; donor 
2: NHBE 9533, lot number 2F1142, a 24-year-old woman. The 
epithelial cells were cultured in bronchial epithelial invasion 
medium. For the invasion assay, NHBE cells of the 3rd to 6th 
passage were seeded into 24-well tissue culture plates (1 × 105 
cells/well).

Bacteria

To identify a particularly invasive clinical strain of NTHi, 
22 strains isolated in 2003 from the sputa of adult patients with 
acute exacerbation of chronic bronchitis were randomly se-
lected from our own collection. Identification of all strains was 
confirmed by standard microbiological procedures including 
biochemical identification (API NH) and serotyping (slide ag-
glutination assay with antisera specific for types a–f) [11]. All 
H. influenzae isolates were grown overnight on chocolate agar 
at 37°C in an atmosphere of 5% CO2. Prior to each invasion 
experiment, a few colonies of NTHi were inoculated into 
10 ml of brain-heart infusion broth (Oxoid) supplemented with 
nicotinamide adenine dinucleotide and hemin and incubated 
overnight at 37°C, followed by dilution and further incubation 
in fresh pre-warmed bronchial epithelial invasion medium as 
described previously [4].

Invasion assay

To examine NTHi invasion, confluent monolayers of 
NHBE cells were washed three times with PBS, stationary-
phase bacteria (10 µl 1–5 × 109 cfu/ml) were added to each 
well and infection was allowed to proceed for 4 h. Gentamicin 
was then added at a final concentration of 100 mg/l for 2 h to 
eliminate extracellular bacteria, as described by Ahrén et al. 
[4]. The monolayer was rinsed with PBS to remove gentamicin 

99.7%, 96.3%, 86.7% and 74.7% eradication of intracel-
lular bacteria, respectively, after exposure for 4 h. 

Conclusion: These results demonstrate the rapid an-
tibacterial efficacy of moxifloxacin against intracellular 
NTHi in vitro. Moxifloxacin, which combines high extra-
cellular and intracellular activities, could be an important 
tool in the treatment of recurrent respiratory tract infec-
tions.

Key words: Non-typeable Haemophilus influenzae, 
bronchial epithelial cells, invasion, intracellular activity of 
antibiotics.

Introduction

Community-acquired respiratory tract (RT) infec-
tions are among the most prevalent infectious diseases 
worldwide. Non-encapsulated, non-typeable Haemophilus 
influenzae (NTHi) is a major RT pathogen implicated in 
otitis media, sinusitis, conjunctivitis, exacerbated chronic 
bronchitis and pneumonia, particularly in patients with 
underlying diseases [1]. Invasion studies have revealed 
that NTHi, usually regarded as an extracellular mucosal 
pathogen, may possess the ability to invade and survive 
inside human epithelial cells [2–4], but the clinical sig-
nificance of these observations has remained unclear. 
However, intracellular localization of NTHi in respiratory 
tissue of the upper and lower RT seems to play a role in 
the pathogenesis of chronic bronchitis. In a study of pa-
tients with chronic bronchitis, Bandi et al. [5] detected the 
presence of intracellular NTHi in the lower RT of 33% of 
clinically stable patients and 87% of those who were 
acutely ill, whereas healthy volunteers yielded no NTHi. 
Recently, molecular typing of culture-negative sputum 
has revealed persistent colonization by NTHi in patients 
with chronic obstructive pulmonary disease [6].

Once inside the epithelial cells, H. influenzae is pro-
tected against attack by the local immune system and 
partly against the effect of aminoglycosides and beta-lac-
tams [7], whereas other antibiotics such as macrolides and 
fluoroquinolones are able to concentrate in eukaryotic 
cells and remain active against intracellular NTHi [8]. 

Nevertheless, as shown by the rising number of case re-
ports of failure of macrolide antibiotics to eradicate H. in-
fluenzae [9], high intracellular concentration alone does 
not allow accurate prediction of the intracellular killing 
index of an antibiotic. Thus, investigation of the intracel-
lular activity of an antibiotic is an important component 
in the evaluation of currently used antibiotics and in the 
development of new ones.

The aim of the present study was to compare the 
ability of the commonly used antibiotics ampicillin, 
azithromycin, telithromycin, ciprofloxacin and moxifloxa-
cin to kill intracellular NTHi in human bronchial epithe-
lial cells, using the invasion assay.

Materials and methods

Antibacterial agents and susceptibility testing

To investigate the intracellular activity of different antibi-
otics against NTHi, ampicillin (Biochemie, Kundl, Austria), 
azithromycin (Pfizer, Vienna, Austria), telithromycin (Aventis, 
Vienna, Austria), ciprofloxacin and moxifloxacin (Bayer Aus-
tria, Vienna, Austria) were studied. Gentamicin (Biochemie, 
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from the culture. NHBE cells were detached using 0.025% 
trypsin/0.01% EDTA solution (Clonetics Corporation), resus-
pended in 1 ml of PBS, transferred to a glass tube containing 
eight glass pearls and mechanically lysed by vigorous vortex-
ing for 1 min. To quantify the number of viable intracellular 
bacteria, tenfold dilutions of the lysates were made in PBS and 
100 µl aliquots spread on chocolate agar; incubation was at 
37°C in 5% CO2. Colony forming units (cfu) were counted 
after 24 h and the invasion efficiency (percent invasion) was 
calculated as (bacteria recovered/bacteria inoculated) × 100. 

Extracellular and intracellular antibiotic concentrations

The extracellular and intracellular concentrations of the 
five antibiotics were determined using the microbioassay agar-
diffusion technique as described by Harold et al. [12]. Unin-
fected cells were incubated with ampicillin, azithromycin, 
telithromycin, ciprofloxacin or moxifloxacin at a final concen-
tration of 10 mg/l for 2 h, 4 h and 8 h. The extracellular me-
dium was then decanted and the intracellular fluid was ob-
tained by detachment and mechanical lysis of the NHBE cells.  
Suspensions of different test organisms were used in the dif-
fusion plates: Bacillus subtilis ATCC 6633 (for ampicillin), 
Sarcina lutea ATCC 9341 (for azithromycin and telithromycin) 
and Escherichia coli 10536 (for ciprofloxacin and moxifloxa-
cin). Test organisms were inoculated into sterile melted agar 
cooled to and maintained at 42°C. Aliquots (6 ml) of inocu-
lated agar were poured into Integrid petri dishes (Becton Dick-
inson), allowed to solidify, and stored at 4°C for 1 h. Wells 
6.5 mm in diameter were punched into the agar and each was 
filled with 20 µl of an antibiotic standard or an extracellular 
or intracellular sample. The dishes were incubated overnight 
at 37°C. The inhibition zone was measured in mm and a stan-
dard curve was prepared to determine the antibiotic concentra-
tion in the extracellular and intracellular samples.

Invasion assay in combination with antibiotics

NHBE cells were infected with stationary-phase NTHi 77 
(10 µl 1–5 × 109 cfu/ml) for 2 h. Extracellular bacteria were 
then killed with gentamicin, after which the monolayer was 
rinsed with PBS to remove gentamicin from the culture. To 
determine the number of viable intracellular bacteria at time 
0 (before antibiotic treatment), the epithelial cells in three 
single wells were treated with trypsin, lysed and plated on 
chocolate agar. The remaining wells were incubated with fresh 
bronchial epithelial invasion medium alone (negative control) 
or supplemented with ampicillin, azithromycin, telithromycin, 
ciprofloxacin or moxifloxacin at final concentrations of 1 mg/

l and 10 mg/l for a further 4 h and 8 h. Monolayers were then 
washed three times with PBS, treated with trypsin-EDTA solu-
tion and mechanically lysed. Lysates were diluted tenfold and 
100 µl aliquots were plated on chocolate agar. Cfu were count-
ed after incubation for 24 h at 37°C.

Statistical analysis

Reduction of the number of viable intracellular NTHi was 
described by arithmetic means and standard deviation of three 
individual experiments in triplicate for each tested antibiotic 
at concentrations of 1 mg/l and 10 mg/l, in comparison with 
the antibiotic-free control, after 4 h and 8 h of incubation. The 
intracellular survival index (SI) and the antibiotic killing index 
(KI) at a defined time point t were determined according to 
the formula described by Nielsen et al. [13]:

SIt = [(cfu/ml)t / (cfu/ml)0] × 100; 
KIt;antibiotic = [(SIt;control – SIt;antibiotic)/SIt;control] × 100

Differences between the antibiotics and the antibiotic-free 
control were assessed with Student’s t-test for independent 
samples. If significance was achieved, the Bonferroni-Holm 
correction was used for multicomparison of means. The mul-
ticomparison significance level was ≤ 0.05. SPSS statistical 
software system 12.0 for Windows (SPSS Inc., Chicago, IL) 
was used for calculations.

Results

Invasiveness of NTHi strains in NHBE cells

All clinical isolates of NTHi exhibited an invasion 
efficiency of > 0.01% in bronchial epithelial cells: 41% of 
the tested strains reached an invasiveness of > 0.1% and 
14% of strains > 1% invasiveness after infection for 4 h. 
Isolate 77 was the most invasive strain of NTHi: 
~300,000 cfu/well (3.3% of the original inoculum) were 
detected within NHBE cells.

Extracellular susceptibility

The MICs and MBCs of the tested antibiotics against 
NTHi 77 are shown in Table 1. Low MIC values were 
detected for ciprofloxacin (0.03 mg/l) and moxifloxacin 
(0.06 mg/l); higher MICs of 1–2 mg/l were detected for 
ampicillin, azithromycin and telithromycin. NTHi 77 was 
susceptible to all tested antibiotics with MBCs four times 
higher than the MICs. Published mean peak serum con-
centrations (Cmax) of ampicillin, ciprofloxacin and moxi-

Table  1.  Extracellular minimal inhibitory concentrations (MICs), minimal bactericidal concentrations (MBCs), peak serum 
concentrations (Cmax) and intracellular-to-extracellular (C/E) ratios in bronchial epithelial cells (NHBE) for antibiotics against 

NTHi 77

Antibiotics MIC
(mg/l)a

MBC
(mg/l)a

Cmax

(mg/l)b
C/E ratioa after exposure for

2 hours 4 hours 8 hours

Ampicillin 1 4 7.8 [23] <0.1 <0.1 <0.1
Azithromycin 2 8 0.4 [24] 24.1 66.7 71.5
Telithromycin 2 8 1.7 [25] 27.1 20.1 18.9
Ciprofloxacin 0.03 0.12 1.9 [26] 5.6 6.1 6.3
Moxifloxacin 0.06 0.24 4.3 [27] 6.8 7.9 8.0

a Results obtained in the present study. b References are given in square brackets.
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floxacin were above the determined MBCs; peak serum 
concentrations for azithromycin and telithromycin were 
below the MBC.

Extracellular and intracellular antibiotic 
concentrations

Extracellular antibiotic concentrations decreased 
minimally during incubation for 8 h in bronchial epithe-
lial invasion medium. Intracellular/extracellular (C/E) 
ratios after 2 h, 4 h and 8 h are shown in Table 1. Intracel-
lular concentrations of ampicillin in NHBE cells were not 
detectable by the microbioassay agar-diffusion method, 
whereas higher intracellular than extracellular concentra-
tions were detected for the other antibiotics: after 8 h, 
azithromycin showed the highest intracellular level (C/E 
ratio 71.5), followed by telithromycin (C/E ratio 18.9), 
moxifloxacin (C/E ratio 8.0) and ciprofloxacin (C/E ratio 
6.3).

Intracellular killing of NTHi 77

At time 0 (after gentamicin treatment), NHBE cells 
harbored ~23,000 viable NTHi per well. After 4 h control 
NHBE cells loaded with bronchial epithelial invasion me-
dium without antibiotics contained ~86,000 viable NTHi 
per well and after 8 h ~13,000 NTHi per well. After 8 h, 
ampicillin at 10 mg/l did not influence the intracellular 
persistence of NTHi when compared with the antibiotic-
free control (P = 0.9). The fluoroquinolones, azithromycin 
and telithromycin at 10 mg/l (Fig. 1B) and 1 mg/l (Fig. 1A) 
caused significant reduction of intracellular NTHi after 
4 h and 8 h. Moxifloxacin at 10 mg/l achieved > 99% kill-
ing of intracellular NTHi after 4 h (P = 0.014); at 1 mg/l, 
94% (P = 0.022) were killed after 4 h and 98% (P = 0.001) 
after 8 h (Table 2). Ciprofloxacin, azithromycin and 
telithromycin showed delayed activity in killing intracel-
lular NTHi: at 1 mg/l they achieved a killing index < 75 
after 4 h and 86–90% killing (P = 0.002–0.003) after 8 h. 
At 10 mg/l ciprofloxacin killed 96% (P = 0.014) of the 
intracellular NTHi after 4 h, whereas azithromycin and 
telithromycin eliminated < 88% (P = 0.02–0.04). After 
8 h, the killing index of these latter two antibiotics climbed 
to 94 (P = 0.001).

Discussion

Infectious diseases, particularly those of the RT, re-
main a major cause of morbidity and a significant socio-
economic burden worldwide. The ability to predict the 
likelihood of a satisfactory outcome during antibacterial 
chemotherapy is an important aspect of treatment, the 
primary aim of which is to achieve sufficient drug con-
centration at the site of infection for an adequate length 
of time to ensure bacterial eradication and optimize clin-
ical success. This is particularly an issue for obligate or 
facultative intracellular agents in RT infections. 

Intracellular localization of NTHi might serve as a 
reservoir, promoting recurrent infections especially in pa-
tients with chronic obstructive pulmonary disease [5, 6]. 
It is therefore of great interest to evaluate the intracellular 
activity of antibiotics frequently used in RT infections.

The invasion assay is a simple method for assessing 
the intracellular killing properties of antibiotics in vitro 

[8, 13, 14]. Serum-free medium without albumin or other 
plasma proteins that influence protein binding of antibiot-
ics was used in the present study, and the pH in all cell 
cultures remained stable between 7.2 and 7.4 and was not 
influenced by the various antibiotic agents or by incuba-
tion with the test strain. 

The five antibiotics tested are clinically important 
members of four different antibiotic classes commonly 
prescribed against RT infections. As expected, the sur-
vival of NTHi in bronchial epithelial cells was not influ-
enced by ampicillin during eight hours of incubation but 
was significantly impaired by the other antibiotics. Simi-
larly, Ahrén et al. [8], when investigating the intracellular 
activity of antimicrobial agents against NTHi, also dem-
onstrated excellent activity of low-dose fluoroquinolones 
but only a limited effect of high-dose ampicillin despite 

Fig. 1. Time-dependant bacterial reduction of intracellular non-
typeable Haemophilus influenzae 77 in bronchial epithelial 
cells after exposure to 1 mg/l (A) or 10 mg/l (B) ampicillin 
(star), azithromycin (open square), telithromycin (open trian-
gle), ciprofloxacin (open circle) and moxifloxacin (open aster-
isk) for 4 h and 8 h in comparison with a control without active 
substance (cross), as determined with the invasion assay. Error 
bars represent the average of three samples ± 1 standard de-

viation
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longer antibiotic exposure. Beta-lactams, including ampi-
cillin, penetrate eukaryotic cells poorly (C/E ratios < 1) 
[15], whereas azithromycin, telithromycin, ciprofloxacin 
and moxifloxacin accumulate in eukaryotic cells and 
reach markedly higher levels in the intracellular compart-
ment than in the extracellular space [16–19].

Although penetration into eukaryotic cells is an im-
portant precondition for intracellular activity, high intra-
cellular levels do not accurately predict the level of intra-
cellular killing, as in the case of the macrolides. Anti-
biotics such as moxifloxacin, that combine excellent ex-
tracellular activity, high intracellular penetration and 
subsequent killing, are most effective against intracellular 
pathogens. This was demonstrated in the present study, 
where moxifloxacin showed the highest bactericidal effi-
cacy against intracellular NTHi 77: at 1 mg/l, a therapeu-
tic concentration far above the MBC, moxifloxacin erad-
icated 94% of the intracellular NTHi within four hours 
and 98% in eight hours. Ciprofloxacin at the same con-
centration showed delayed antimicrobial activity, although 
significant reduction of intracellular NTHi was found af-
ter exposure for four hours. However, for azithromycin 
and telithromycin, which reached higher intracellular lev-
els than the fluoroquinolones, lower intracellular activity 
corresponded with higher extracellular MICs and MBCs: 
at 1 mg/l (0.5 × MIC) and an exposure time of four hours, 
neither antibiotic achieved significant bacterial reduction, 
and longer incubation of eight hours was sufficient to kill 
only 86% of the intracellular NTHi.

A limitation of the present study was that the invasion 
experiments were performed with a single highly invasive 
strain of H. influenzae and therefore results could be spe-
cific for this particular strain. Additional work will be 
required to determine whether other strains of H. influen-
zae behave similarly.

Apart from NTHi, other RT pathogens such as Staph-
ylococcus aureus, Streptococcus pyogenes, Streptococcus 
pneumoniae and Mycoplasma pneumoniae are able to 
invade epithelial cells and leukocytes [13, 20–22]. Seral 

et al. recently demonstrated the high in vitro activity of 
moxifloxacin against intracellular S. aureus, in contrast to 
ciprofloxacin, azithromycin and telithromycin which were 
largely ineffective [14]. 

Moxifloxacin, which combines high extracellular and 
intracellular activities, could be seen as an important tool 
for the treatment of recurrent RT infections. These prop-
erties will become even more important in the future, 
when increasing changes in etiology and resistance will 
limit the choice of effective antibacterials further.
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