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Abstract
Background: The widespread overuse of antibiotics promotes the development of antibiotic resistance in bacteria,
which can cause severe illness and constitutes a major public health concern. Haemophilus species are a common
cause of community- and nosocomial-acquired pneumonia. The antibiotic resistance of these Gram-negative bacteria
can be prevented through the reduction of unnecessary antibiotic prescriptions, the correct use of antibiotics, and
good hygiene and infection control. This article examines, retrospectively, antibiotic resistance in patients with
community- and nosocomial-acquired pneumonia caused by Haemophilus species.
Methods: The demographic, clinical, and laboratory data of all patients with community- and nosocomial-acquired
pneumonia caused by Haemophilus species were collected from the hospital charts at the HELIOS Clinic, Witten/Herdecke
University, Wuppertal, Germany, within a study period from 2004 to 2014. Antimicrobial susceptibility testing was
performed for the different antibiotics that have been consistently used in the treatment of patients with pneumonia
caused by Haemophilus species.
Results: During the study period of January 1, 2004, to August 12, 2014, 82 patients were identified with communityand nosocomial-acquired pneumonia affected by Haemophilus species. These patients had a mean age of 63.8 ± 15.5
(60 [73.2 %, 95 % CI 63.6 %–82.8 %] males and 22 [26.8 %, 95 % CI 17.2 %–36.4 %] females). Haemophilus species had
a high resistance rate to erythromycin (38.3 %), ampicillin (24.4 %), piperacillin (20.8 %), cefuroxime (8.5 %), ampicillinsulbactam (7.3 %), piperacillin-sulbactam (4.3 %), piperacillin-tazobactam (2.5 %), cefotaxime (2.5 %), and levofloxacin
(1.6 %). In contrast, they were not resistant to ciprofloxacin in patients with pneumonia (P = 0.016).
Conclusion: Haemophilus species were resistant to many of the typically used antibiotics. Resistance toward ciprofloxacin
was not detected in patients with pneumonia caused by Haemophilus species.
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Background
Haemophilus are rod-shaped, aerobic, facultative anaerobic, Gram-negative coccobacilli belonging to the family
Pasteurellaceae [1]. All 16 species of Haemophilus are
motile rods; of these 16 species, the two of medical importance are H. influenzae and H. parainfluenzae. H. influenzae
is sometimes located in the mucous membranes of humans
and can cause inflammation in the case of injury to the
mucous membranes or immunosuppression [2]. H.
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influenzae is a common cause of bacterial superinfection of the respiratory tract. In particular, it often exacerbates chronic bronchitis in smokers [3].
Amoxicillin-clavulanic acid, azithromycin, clarithromycin, cefaclor, cefprozil, cefixime, and cefuroxime are antimicrobial agents of oral administration that may be used
as empiric therapy for respiratory tract infections due to
Haemophilus species [4]. The results of susceptibility
tests with these antimicrobial agents are often not useful
for the management of patients with pneumonia caused
by Haemophilus species. However, susceptibility tests
with these compounds may be appropriate for surveillance or epidemiologic studies.
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In H. influenzae, there is an increasing development of
resistance to aminopenicillin and cephalosporins due to
the production of beta-lactamases. It may be necessary
to resort to the calculated therapy of non-beta-lactams
or beta-lactam antibiotics with a beta-lactamase inhibitor [5–7]. Thus, the role of microbiologists is crucial in
providing accurate information concerning the susceptibility of clinical isolates in order to help clinicians in the
election of antimicrobials and contributes to reducing
the rate of antimicrobial resistance emergence.
For this reason, an investigation was conducted to identify the Haemophilus species that were resistant to commonly used antibiotics over the last 10 years. Using the
hospital database at the HELIOS Clinic, Witten/Herdecke
University, in Wuppertal, Germany, data were collected on
all the patients with pneumonia. The choice of the correct,
effective antibiotic against this Gram-negative bacterium
should shorten the duration of patients’ suffering and the
length of their hospital stay, as well as reduce mortality.

Methods
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the hospital records; and inflammatory markers from the
blood laboratory values. Data from these records were
recorded in spreadsheets using Excel (Microsoft).
Definition of pneumonia

Pneumonia is an acute inflammation of the lung caused
by Haemophilus species. Typical clinical symptoms of
pneumonia include coughing, chest pain, fever, and difficulty breathing. The diagnosis of pneumonia is performed
by X-ray examination and sputum culture [8, 10].
Community-acquired pneumonia is acquired from normal social contact in the community; this is in contrast to
nosocomial-acquired pneumonia, which is acquired during
hospitalization [11].
The specific criteria that were used for the diagnosis of
pneumonia by Haemophilus species were that all patients
were hospitalized and showed new areas of infiltration
upon X-ray examination and novel clinical symptoms,
together with a minimum of two of the following: difficulty breathing, temperature over 38 °C, sputum production, and coughing.

Patients

This quality-control observational study retrospectively
examined the resistance to antibiotics in isolates from patients with diagnosed community- or nosocomial-acquired
pneumonia triggered by Haemophilus species according to
the latest edition of International Classification of Diseases
(ICD) code J14 [8, 9]. Data were collected from hospital
charts at the HELIOS Clinic, Witten/Herdecke University,
in Wuppertal, Germany, during the study period from
January 1, 2004, to August 12, 2014. The study population
was mixed in terms of age. All patients over 18 years old
who were detected to have community- or nosocomialacquired pneumonia caused by Haemophilus species were
included in the study. All the patients with nosocomialacquired pneumonia caused by Haemophilus species but
who were treated initially for other medical reasons in
other departments, such as Internal Medicine and Surgery,
were included in this study. All the patients examined at
the Department of Neurology who had been suspected of
having pneumonia caused by Haemophilus species were
excluded from this study because of restricted access to
their patient data.
Data collection

All patients admitted to this hospital during the abovenoted study period who had a microbiological examination
of tracheal or bronchial aspirates, blood cultures, or secretion drainage performed for suspected pneumonia were included in this study. We usually noted the patient’s age and
sex; the number of tracheal or bronchial aspirates, blood
cultures, or secretion drainages collected; the outcome of
the culture; the susceptibility and resistance of the isolates
to commonly used antimicrobial agents; comorbidities from

Tested antibiotics

Susceptibility to the following antibiotics was tested against
Haemophilus species: ampicillin, piperacillin, ampicillin and
sulbactam, piperacillin and sulbactam, piperacillin and tazobactam, cefuroxime, cefotaxime, ciprofloxacin, levofloxacin,
and erythromycin.
The frequency of use of these antibiotics in clinical
practice for the treatment of the study group was recorded. Additionally, the frequency of the testing of
these antibiotics on an antibiogram after detecting microbial Haemophilus species was noted.
After evaluating the antibiograms, the antibiotic that
was most commonly used for treatment and most tested
for antibiotic susceptibility was compared with the other
antimicrobial agents. The antibiotic with the lowest resistance rate was also compared with the other antibiotics tested in the antibiograms. The rates of antibiotic
susceptibility and resistance were compared between all
isolates from the patients of the study group.
For Haemophilus species, inhibition zone diameter
breakpoints were used, as recommended in the Clinical
and Laboratory Standards Institute (CLSI) 2004–2011
antibiotic susceptibility testing guidelines [12]. In 2011,
the Europe-wide standards for susceptibility testing
(EUCAST) were adopted instead of CLSI since they
take into account the clinical and pharmacokinetic aspects of antimicrobial therapy [13].
Identification and antimicrobial susceptibility testing

H. influenzae was identified based on growth on chocolate
agar with bacitracin (Becton Dickinson, Heidelberg) after
18–48 h at 37 °C with 5 % CO2 and as oxidase-positive,
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porphyrin-negative bacteria requiring nicotinamide adenine dinucleotide and heme and lacking beta-hemolysis on
horse blood agar, as well as by the use of MALDI-TOF-MS
(Bruker, Bremen, Germany). Software suitable for the interpretation of the susceptibility testing results using the
EUCAST breakpoints 2012–2014 was used for the antimicrobial susceptibility testing [13]. H. influenzae isolates
were further confirmed by the use of the API NH system
(biochemical reactions) for Neisseria and Haemophilus
identification (bioMérieux, Marcy l'Etoile, France).
Antimicrobial susceptibility testing was performed using
the Kirby-Bauer disk diffusion method [14]. In cases of discrepancies or insufficient readings, determination of the
minimum inhibitory concentration (MIC) was performed
using the E-test for particular antimicrobials, and the results were interpreted according to the EUCAST criteria
[13]. Intermediate isolates were grouped with resistant isolates. The antibiotics that were tested against H. influenzae
isolates are shown in Table 1 [12, 15].
Beta-lactamase production was examined using the
nitrocefin test (Oxoid, Wesel, Germany). H. influenzae
strains were defined as beta-lactamase-negative strains
that were resistant to ampicillin (zone diameter >16 mm or
MIC ≥4 μg/mL, EUCAST Table) [13]. Inhibition zone diameters were interpreted according to the 2014 EUCAST
guidelines [13].
Disk diffusion (EUCAST standardized disk diffusion
method)

The secondary method used for susceptibility testing was
the disk diffusion method according to Kirby-Bauer [14].
Antimicrobial susceptibility testing of the H. influenzae
isolates was performed by the disk diffusion method following the EUCAST guidelines [13]; Mueller-Hinton agar

was supplemented with 5 % horse blood and 20 mg/L
beta-nicotinamide adenine dinucleotide (BD, Heidelberg,
Germany). Plates were inoculated with samples of each
isolate and adjusted to a turbidity of 0.5 McFarland. Antibiotic discs were applied to the dried surface of the inoculated agar and further incubated at 35 ± 1 °C for 18 ± 2 h
in a 5 % CO2 atmosphere.
Microbiology

The bronchoalveolar lavage was applied in the context of
a bronchoscopy. The guidelines and recommendations by
the European Respiratory Society Task Force were taken
into account for the technical aspects of the bronchoalveolar lavage. Most of the fiber-optic video bronchoscopies
used were the OLYMPUS type BF1T180 (Olympus Ltd,
Hamburg, Germany) or the high-resolution video bronchoscopy PENTAX type EPK-100p (Pentax Europe Ltd,
Hamburg, Germany). In each case, about 20 ml of 0.9 %
saline solution were instilled under local anesthesia and
aspirated through the fiber-optic bronchoscope again. The
aspirate thus obtained was deposited in three different
sterile, 40 ml specimen traps (Argyle™ Specimen Traps,
Covidien Germany Ltd, Neustadt/Donau, Germany). The
quality of the bronchoalveolar lavage was evaluated in
order to confirm that it was representative of the alveoli;
the criteria used were as follows: volume greater than
20 ml, total cell count greater than 60,000 cells/ml, less
than 1 % squamous cells, less than 5 % bronchial epithelial
cells, small amounts of debris, and some heavily damaged
cell morphology.
Tracheal secretions were also collected by fiber-optic
bronchoscopy through aspiration into sterile, 40 ml specimen traps (Argyle™ Specimen Traps, Covidien Germany
Ltd, Neustadt/Donau, Germany).

Table 1 Zone diameter interpretive standards and equivalent MIC breakpoints for H. influenzae and H. parainfluenzae
CLSI 2004–2011
MIC breakpoints
(μg/mL)

EUCAST 2012–2014
Disk
content (μg)

Zone diameter
breakpoint (mm)

MIC breakpoints
(mg/dL)

Sensitive ≥

Resistant ≤

Sensitive
≤

Resistant
>

Disk
content (μg)

Zone diameter
breakpoint (mm)
Sensitive ≥

Antibiotic

Sensitive
≤

Resistant
≥

Ampicillin

1

4

10

22

18

1

1

2

18

Piperacillin

1

4

10

22

18

1

1

2

18

Ampicillin + Sulbactam

2

2

10 + 10

20

19

1

1

10 + 10

Not available

Piperacillin + Sulbactam

1

2

10 + 10

20

19

2

2

10 + 10

Not available

Piperacillin + Tazobactam

1

2

100 + 10

21

–

2

2

Susceptibility inferred
from ampicillin susceptibility

Cefuroxime

4

16

30

20

16

1

2

5

17

Cefotaxime

2

–

30

26

–

0.125

0.125

5

25

Ciprofloxacin

1

–

5

21

–

0.5

0.5

1

28

Levofloxacin

2

–

5

17

–

1

1

1

26

Erythromycin

–

–

–

–

–

0.5

16

5

50
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The throat swab was collected using a commercial cotton
swab transport system (MEUS Srl®, Piove di Sacco, Italy) by
rotating the swab with slight pressure on the palatal arch of
the patients. The recovery of sputum was performed by
expectoration into a 30 ml sterile sputum collection tube
(Salivette®, SARSTEDT, Nümbrecht, Germany).
Sputum and tracheal and bronchial secretions were used
for microscopic examination, which was conducted after
Gram staining in 80–1000 fold magnification of at least
five visual fields according to the criteria of Bartlett [16].
After that, three solid culture media were applied for the
cultivation of the most common aerobic, fast-growing microorganisms as a base culture. Columbia Agar with 5 %
sheep blood and MacConkey Agar (Becton Dickinson,
Heidelberg, Germany) was incubated at 37 °C for 24 to
48 h as a general culture medium for the growth and discovery of Streptococcus pneumoniae, Streptococcus pyogenes, Staphylococcus aureus, Escherichia coli, and Shigella
flexneri.
BD™ Chocolate Agar (Becton Dickinson, Heidelberg,
Germany) was used as a variant of blood agar for the
isolation and cultivation of Neisseria and Haemophilus
species, in which lysis of the erythrocytes was achieved
through a brief heating of the agar at 80 °C.
The BBL™ CHROMagar™ Orientation medium (Becton
Dickinson, Heidelberg, Germany) was used for the detection of Enterobacteriaceae.
The medium BBL™ CDC Anaerobe 5 % Sheep Blood
Agar (Becton Dickinson, Heidelberg, Germany) was used
for antimicrobial susceptibility testing for the general
growth of anaerobes.
BD™ MacConkey Agar (Becton Dickinson, Heidelberg,
Germany) was used as a selective medium for the detection of Gram-negative bacteria.
BD™ Sabouraud Agar (Becton Dickinson, Heidelberg,
Germany) and microscopic analysis were used for the
identification of fungi.
Blood cultures

Several blood cultures were employed to detect pathogens that propagate through the blood stream. A minimum
of 20 ml of blood was taken through venipuncture with a
blood-collection needle (Safety-Multifly®, SARSTEDT,
Nümbrecht, Germany) and injected into two specific
media—BACTEC Plus Aerobic/F and Plus Anaerobic/F
medium (BD, Becton, Dickinson and Company, Heidelberg,
Germany).
Laboratory

After the sample collection, the quantitative determination
of C-reactive protein (CRP) in the human serum and
plasma (the normal value is less than 6 mg/L) was measured in lithium heparin SARSTEDT Monovette® 4.7 ml
(orange top) using a standard immunoturbidimetric assay
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on the COBAS® 6000 INTEGRA system c 501 (Roche
Diagnostics Ltd, Mannheim, Germany). The determination
of the leukocyte count (normal range 4000–10,000/μL) in
the blood was generally carried out as a routine part of
blood counts after collection in EDTA Monovette® 2.7 mL
by flow cytometry using the Sysmex® XE 2100 hematology
analyzer (Sysmex Germany Ltd, Norderstedt, Germany).
CRP and leukocyte counts were compared between all patients in the study group.
Comorbidities

Comorbidities were analyzed in the study group. Comorbidity was considered to be the presence of one or more
additional disorders, which may be a behavioral or mental
disorder, existing simultaneously with the primary disease.
Additionally, the lengths of the hospital stays and the
number of deaths during hospitalization were determined
in the study group. The survival analyses were completed
using the Kaplan Meier method; the number of days before
discharge from the hospital that death occurred was calculated, and the total number of patients in the study group
was considered.
Ethics statement

The methods of this study were carried out in accordance with the approved institutional guidelines of
Witten/Herdecke University in Germany. All the patients’
data were anonymized prior to analysis. The Ethics Committee of Witten/Herdecke University in Germany approved this study and all experimental protocols. Due to
the retrospective nature of the study protocol, the Ethics
Committee of Witten/Herdecke University in Germany
waived the need for written, informed consent.
Statistical analysis

The categorical data were expressed in proportion, while
continuous data were expressed as a mean and standard
deviation. The calculations were performed at a 95 % confidence interval (CI) for the sex difference of the patients in
the study group. A chi-square test for two independent
standard normal variables of three probabilities was carried
out to identify whether Haemophilus was sensitive, intermediate, or resistant to antibiotics; to compare the effect of
antibiotics on patients with community- and nosocomialacquired pneumonia; and to compare the results using
CLSI and EUCAST criteria. A chi-square analysis was performed using the VassarStats website for statistical computation, created by Richard Lowry of Vassar College in
Poughkeepsie, New York, USA [17]. For the calculation of
the P value using a 2 × 3 chi-square test, a contingency
table was created containing up to two rows and three
columns. The rows represented the amount of active substance of the antibiotics that was tested against Haemophilus; the antibiotic combination of ampicillin and sulbactam
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had the highest resistance rate, while ciprofloxacin had no
resistance profile when compared with the other antibiotic
substances. The three columns were populated by numbers
that categorized the Haemophilus as sensitive, intermediate,
or resistant to the tested antibiotics. One-way analysis of
variance (ANOVA) for independent samples was performed to compare, for each antibiotic, the number of
samples that were classified as sensitive, intermediate,
or resistant to the antibiograms. Two-tailed tests were
performed, and a P value of less than 0.05 was considered statistically significant.

Results
In the hospital database used in this study, 140 (2.0 %,
95 % CI 1.7 %–2.3 %) patients were found with pneumonia caused by Haemophilus species (ICD J14). This
is compared to 6932 patients in all age groups with
pneumonia caused by different types of bacteria who
had been treated at the HELIOS Clinic, Witten/Herdecke
University, Wuppertal, Germany, during the study period
from January 1, 2004, to August 12, 2014.
Eighty-two (1.2 %, 95 % CI 0.9 %–1.5 %) of 6932 patients,
with a mean age of 63.8 ± 15.5 (60 [73.2 %, 95 % CI
63.6 %–82.8 %] males and 22 [26.8 %, 95 % CI 17.2 %–
36.4 %] females), with pneumonia caused by Haemophilus
species met the inclusion criteria for this trial. The male
sex was more likely to suffer from pneumonia caused by
Haemophilus species.
The patients were divided into categorical groups depending on the origin of their pneumonia caused by
Haemophilus species. These groups were communityacquired pneumonia, to which 53 patients belonged
(64.6 %, 95 % CI 54.3 %–75.0 %); nosocomial-acquired
pneumonia, to which 26 patients belonged (31.7 %, 95 %
CI 21.6 %–41.8 %); and aspiration pneumonia, to which
three patients belonged (3.7 %, 95 % CI 0 %–7.8 %).
Fifty-eight patients were excluded from this study. The
reasons for the exclusion of these patients were that they
had another infectious disease caused by Haemophilus
species or that access to their patient data at the Department of Neurology was restricted. In addition, patients
with pneumonia caused by Haemophilus species that were
under the age of 18 and were treated at the Department of
Pediatric and Adolescent Medicine were excluded.
The number of tests for each antibiotic varied in this
study because some isolates were examined according
to the CLSI guidelines, while in more recent years,
others were examined according to the EUCAST guidelines. In general, the number of antimicrobial susceptibility tests using the CLSI guidelines was higher (Table 2). A
comparison of susceptibility testing between the CLSI and
EUCAST criteria showed more resistance rates in Haemophilus species to erythromycin using the EUCAST criteria (P = 0.002; Table 2).
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There were highly significant differences with regard
to the number of samples classified as either sensitive,
intermediate, or resistant to a particular antibiotic within
this study group (P <0.0001). In the susceptibility testing,
the mean numbers of samples tested against antibiotics
that were classified as sensitive, intermediate, and resistant were 59 ± 23.2, 1.2 ± 2.2 and 7.5 ± 10.1, respectively
(Table 2).
The most-administered antibiotics in these patients were
the combination of ampicillin and sulbactam, followed by
piperacillin-tazobactam and piperacillin-sulbactam combinations (Table 2).
No resistance was found to ciprofloxacin in any of the
patients in this study group compared to ampicillinsulbactam; this finding is statistically significant (P = 0.016;
Table 2).
Haemophilus species had the highest resistance rate to
erythromycin compared to both ampicillin-sulbactam and
ciprofloxacin in this study (P <0.0001; Table 2). Haemophilus species also had a high resistance rate to ampicillin
compared with ampicillin-sulbactam in this investigation
(P = 0.011; Table 2). The statistical comparison of ampicillin, with the highest rate of resistance, to ciprofloxacin,
with no resistance rate, was also determined in this study
(P <0.0001; Table 2). When the amount of each antibiotic
actually tested was taken into consideration, Haemophilus
species showed high resistance rates to erythromycin,
ampicillin, piperacillin, cefuroxime, ampicillin-sulbactam,
piperacillin-sulbactam, piperacillin-tazobactam, cefotaxime, and levofloxacin (Table 2). Again, when considering
the amount of each antibiotic that was actually tested,
Haemophilus species were most sensitive to the following
antibiotics, in order of decreasing effectiveness: ciprofloxacin, levofloxacin, cefotaxime, piperacillin-tazobactam,
piperacillin-sulbactam, ampicillin-sulbactam, cefuroxime,
piperacillin, ampicillin, and erythromycin (Table 2).
The susceptibility and resistance rates of antibiotics
were not significantly different when comparing patients
with community-acquired pneumonia and patients with
nosocomial-acquired pneumonia (Table 2).
Haemophilus species were most detected in tracheal
secretions (Table 3). More than half of the discovered
Haemophilus species were from isolates of H. influenzae
(Table 3). One patient had both species in their bronchial secretions.
The amount of CRP in the serum and plasma of the
study group patients had a mean value of 98.3 mg/L ±
109.5 mg/L. The leukocyte count in the blood of the
study group patients had a mean value of 12,729.9/μL ±
6345.9/μL. There was no difference in the level of CRP
between patients with community-acquired pneumonia
(103.8 mg/L ± 121.9 mg/L) and nosocomial-acquired
pneumonia (78.9 mg/L ± 84.4 mg/L) (P = 0.351). Likewise, the leukocyte counts did not differ between

Number of patients with Haemophilus species = 82
Drug groups

Active substance

Penicillins

Ampicillin
CAP

No. using antibiotics (%) No. of antibiotic
Sensitive (%) Inter-mediate (%) Resistant (%) P value compared P value compared P value
tests on antibiogram (%)
with Ampicillin + with Ciprofloxacin CAP
Sulbactam
compared
to NAP
1 (1.2)

82 (100)

61 (74.4)

1 (1.2)

20 (24.4)

0.011

<0.0001

0

53 (100)

38 (71.7)

1 (1.9)

14 (26.4)

0.010

<0.0001

0.730
0.730

NAP

1 (3.8)

26 (100)

20 (76.9)

0

6 (23.1)

0.066

<0.0001

CLSI

1 (2.9)

34 (100)

24 (70.6)

1 (2.9)

9 (26.5)

0.019

<0.0001

EUCAST

0

48 (100)

38 (79.2)

0

11 (22.9)

0.028

<0.0001

1 (1.2)

24 (29.3)

19 (79.2)

0

5 (20.8)

0.128

0.0001

CAP

1 (1.9)

12 (22.6)

8 (66.7)

0

4 (33.3)

0.022

<0.0001

0.430

NAP

0

10 (38.5)

9 (90.0)

0

1 (10.0)

0.848

0.0167

0.430

CLSI

1 (2.9)

24 (70.6)

19 (79.2)

0

5 (20.8)

0.128

0.0001

EUCAST

0

0

0

0

0

1.0

1.0

28 (34.1)

82 (100)

74 (90.2)

2 (2.4)

6 (7.3)

Piperacillin

Penicillin +
Ampicillin + Sulbactam
Beta- lactamase
inhibitors
CAP

23 (43.4)

53 (100)

47 (88.7)

2 (3.8)

4 (7.5)

0.905

0.008

0.604

4 (15.4)

26 (100)

24 (92.3)

0

2 (7.7)

0.723

0.042

0.604

CLSI

12 (35.3)

34 (100)

29 (85.3)

2 (5.9)

3 (8.8)

0.619

0.002

EUCAST

16 (33.3)

48 (100)

45 (93.8)

0

3 (6.3)

0.533

0.075

CAP

8 (9.8)

23 (28.0)

22 (95.7)

0

1 (4.3)

0.651

0.169

2 (3.8)

11 (20.8)

10 (90.9)

0

1 (9.1)

0.856

0.024

0.622
0.622

NAP

4 (15.4)

10 (38.5)

10 (100)

0

0

0.586

1.0

CLSI

8 (23.5)

23 (67.6)

22 (95.7)

0

1 (4.3)

0.651

0.169

EUCAST

0

0

0

0

0

1.0

1.0

79 (96.3)

77 (97.5)

0

2 (2.5)

0.135

0.354

Piperacillin + Tazobactam 24 (29.3)
CAP

16 (30.2)

51 (96.2)

49 (96.1)

0

2 (3.9)

0.375

0.199

0.592

NAP

8 (30.8)

26 (100)

26 (100)

0

0

0.254

1.0

0.592

CLSI

8 (23.5)

31 (91.2)

29 (93.5)

0

2 (6.5)

0.667

0.070

EUCAST

16 (33.3)

48 (100)

48 (100)

0

0

0.083

1.0

3 (3.7)

82 (100)

73 (89.0)

2 (2.4)

7 (8.5)

0.961

0.009

0

53 (100)

46 (86.8)

1 (1.9)

6 (11.3)

0.715

0.004

Cefuroxime
CAP

0.492
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Cephalosporins

0.016

NAP

Piperacillin + Sulbactam
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Table 2 Antimicrobial susceptibility of Haemophilus species from patients with pneumonia. Comparison of antimicrobial susceptibility between CLSI 2004–2011 and EUCAST 2012–2014
criteria

NAP

3 (11.5)

26 (100)

24 (92.3)

1 (3.8)

1 (3.8)

0.771

CLSI

3 (8.8)

34 (100)

28 (82.4)

1 (2.9)

5 (14.7)

0.454

0.0005

EUCAST

0

48 (100)

45 (93.8)

1 (2.1)

2 (4.2)

0.760

0.075

0

80 (97.6)

78 (97.5)

0

2 (2.5)

0.13

0.359

0

52 (98.1)

50 (96.2)

0

2 (3.8)

0.362

0.206

0.598
0.598

Cefotaxime
CAP

Gyrase
inhibitors

0.492

NAP

0

26 (100)

26 (100)

0

0

0.254

1.0

CLSI

0

32 (94.1)

31 (96.9)

0

1 (3.1)

0.461

0.279

EUCAST

0

48 (100)

47 (97.9)

0

1 (2.1)

0.235

0.427

5 (6.1)

81 (98.8)

81 (100)

0

0

0.016

CAP

2 (3.8)

52 (98.1)

52 (100)

0

0

0.067

1.0

1.0

NAP

2 (7.7)

26 (100)

26 (100)

0

0

0.254

1.0

1.0

Ciprofloxacin

CLSI

2 (5.9)

33 (97.1)

33 (100)

0

0

0.177

1.0

EUCAST

3 (6.3)

48 (100)

48 (100)

0

0

0.083

1.0

Levofloxacin

4 (4.9)

63 (76.8)

62 (98.4)

0

1 (1.6)

0.121

0.525

4 (7.5)

46 (86.8)

46 (100)

0

0

0.091

1.0

0.253
0.253

CAP
NAP

0

17 (65.4)

16 (94.1)

0

1 (5.9)

0.787

0.090

CLSI

0

16 (47.1)

16 (100)

0

0

0.427

1.0

EUCAST
Macrolide

0.042

4 (8.3)

47 (97.9)

46 (97.9)

0

1 (2.1)

0.244

0.419

0

81 (98.8)

43 (53.1)

7 (8.6)

31 (38.3)

<0.0001

<0.0001

CAP

1 (1.9)

52 (98.1)

27 (51.9)

6 (11.5)

19 (36.5)

<0.0001

<0.0001

0.458

NAP

0

26 (100)

13 (50)

1 (3.8)

12 (46.2)

<0.0001

<0.0001

0.458

CLSI

1 (2.9)

33 (97.1)

24 (72.7)

4 (12.1)

5 (15.2)

0.037

<0.0001

EUCAST

0

48 (100)

19 (39.6)

3 (6.3)

26 (54.2)

<0.0001

<0.0001

Erythromycin
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Table 2 Antimicrobial susceptibility of Haemophilus species from patients with pneumonia. Comparison of antimicrobial susceptibility between CLSI 2004–2011 and EUCAST 2012–2014
criteria (Continued)

Results of susceptibility testing of the active substances are shown in bold according to both CLSI and EUCAST criteria. Results are also shown to compare CAP and NAP
Abbreviations: CAP community-acquired pneumonia, CLSI Clinical and Laboratory Standards Institute, EUCAST Europe-wide standards for susceptibility testing, NAP nosocomial-acquired pneumonia, MIC minimum
inhibitory concentration
Significant P values shown in bold
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Table 3 Clinical specimens and species of Haemophilus from
patients with pneumonia
Specimen

No. of patients (%)

95 % CI %

Bronchial secretion

25 (30.5)

20.5–40.5

Tracheal secretion

30 (36.6)

26.2–47.0

Sputum

22 (26.8)

17.2–36.4

Throat swab

1 (1.2)

0–3.6

Arterial blood culture

0

0

Venous blood culture

9 (11.0)

4.2–17.8

Secretion drainage

1 (1.2)

0–3.6

Haemophilus influenzae

46 (56.1)

45.4–66.8

Haemophilus parainfluenzae

37 (45.1)

34.3–55.9

Species

Several tests were carried out partially in some patients. Both H. influenzae and
H. parainfluenzae were found in one patient’s bronchial secretions

patients with community-acquired pneumonia (12,455.2/
μL ± 7168.3/μL) and nosocomial-acquired pneumonia
(12,289.2/μL ± 5388.7/μL) (P = 0.921).
In this study group, most of the identified comorbidities were cardiac arrhythmias, acute respiratory failure
sepsis, and myocardial infarction (Table 4). The common
chronic comorbidities were hypertension, chronic obstructive pulmonary disease, coronary artery disease, and
diabetes (Table 4). The length of the hospital stay of
these patients had a mean of 12.1 ± 8.2 days. There were
10 (12.2 %, 95 % CI 5.1 %–19.3 %) deaths associated with
pneumonia caused by Haemophilus species. Thus, the
survival rate was 87.8 % (95 % CI 80.2 %–95.4 %) in this
study group.

Discussion
During the 10-year study period in this qualitative control
observational study, Haemophilus species did not develop
resistance to ciprofloxacin, an antibiotic used for the treatment of patients with pneumonia. Ciprofloxacin is a notably effective bactericidal against Gram-negative organisms.
Accordingly, the treatment of acute bacterial pneumonias
with high-dose parenteral ciprofloxacin was shown to be an
efficacious and well-tolerated treatment in a previous
Italian study [18]. In another study, ciprofloxacin administered alone or in combination was found to be effective in treating pneumonia when compared with a
standard beta-lactam monotherapy or the combination
of an aminoglycoside plus a beta-lactam [19].
Levofloxacin was also found to be effective in the present
study for the treatment of patients with pneumonia caused
by Haemophilus species. The development of resistance to
levofloxacin was very low over the 10 years in which this
study was conducted. The efficacy and safety of levofloxacin in patients with pneumonia has also been demonstrated in a previous study, which found levofloxacin to be
effective in the treatment of patients with pneumonia, all

of whom tolerated levofloxacin well [20]. However, other
studies have reported an increase in cases of levofloxacin
resistance in H. influenzae [21, 22]. Although fluoroquinolone resistance in H. influenzae remains rare, these studies
reported that their clinical and molecular investigations of
levofloxacin-resistant isolates showed that the increase was
mainly the result of the spread of several clones in the
elderly population in the different regions of study [21, 22].
H. influenzae does demonstrate resistance to cefotaxime [23]. The first plasmid-mediated beta-lactamase in
Gram-negative bacteria was discovered in Greece in the
1960s. It was named TEM, after the patient from whom
it was isolated, Temoniera [24]. Resistance to beta-lactams
in H. influenzae is mostly due to the presence of TEM
beta-lactamases and beta-lactamase-negative ampicillin
resistance [24]. It is also known that the beta-lactamase
non-producing ampicillin resistant H. influenzae strains
had their penicillin-binding protein 3 changed, causing
them to become beta-lactam non-susceptible during the
patients’ treatment. In these cases, CLSI recommended
reporting these strains as resistant [12, 25].
With its beta-lactamase inhibitor, the piperacillintazobactam combination improves the activity of penicillin
against many Gram-positive and Gram-negative pathogens [26]. High efficacy and a low rate of resistance were
observed for piperacillin-tazobactam in the present study.
An earlier study showed the clinical and bacteriological efficacy and safety of piperacillin-tazobactam in the treatment of adult patients with lower respiratory tract
infections needing hospitalization [27]. The data of this
earlier study suggested that piperacillin-tazobactam was a
reliable therapy for adult patients with severe infections of
the lower respiratory tract [27]. Piperacillin-tazobactam
was also the most effective beta-lactam tested against H.
influenzae isolates in the results of another study [28]. A
disk diffusion breakpoint for piperacillin-tazobactam of
greater than 21 mm was proposed, which we can confirm from the results of our study.
Piperacillin and sulbactam, another combination of
the penicillin and beta-lactamase inhibitor classes,
showed acceptable results in the susceptibility testing
of the patients in our study group. The most recent
Canadian and American guidelines for treatment of the
above-mentioned infections recommend the use of a
combination therapy with beta-lactams and a new generation macrolide or respiratory fluoroquinolone [29].
In the present study, the efficacy and rate of resistance
of the antibiotic ampicillin-sulbactam combination
were ranked behind the piperacillin and beta-lactam
combination.
A previous randomized prospective study compared
ampicillin-sulbactam and cefamandole in the therapy of
patients hospitalized with community-acquired pneumonia, and ampicillin-sulbactam was shown to be an
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Table 4 Acute and chronic comorbidities in patients with pneumonia caused by Haemophilus species
Organs

Acute comorbidities

Organs

Cardiovascular diseases

Number of patients (%)

Cardiovascular diseases

Chronic comorbidities
Number of patients (%)

Anemia

8 (9.8)

Aneurysm

3 (3.7)

Angina pectoris

1 (1.2)

Cardiomyopathy

3 (3.7)

Blood pressure derailment

1 (1.2)

Coronary artery disease

20 (24.4)

Cardiac decompensation

9 (11.0)

Heart failure

12 (14.6)

Cardiac arrhythmia

20 (24.4)

Hypertension

41 (50.0)

Cardiopulmonary resuscitation

8 (9.8)

Hypertensive heart disease

4 (4.9)

Deep vein thrombosis

1 (1.2)

Peripheral arterial occlusive disease

5 (6.1)

Myocardial infarction

9 (11.0)

State after heart attack

5 (6.1)

Sepsis

11 (13.4)

Valvular heart disease

4 (4.9)

Shock

3 (3.7)

Syncope

1 (1.2)

Pulmonary diseases
Acute respiratory distress syndrome
Acute respiratory failure
Exacerbation by chronic obstructive
pulmonary disease
Pleural effusion

Pulmonary diseases
1 (1.2)

Asbestosis

2 (2.4)

16 (19.5)

Asthma

3 (3.7)

8 (9.8)

Chronic obstructive pulmonary disease

27 (32.9)

8 (9.8)

Chronic respiratory insufficiency

1 (1.2)

Pneumothorax

1 (1.2)

Cor pulmonale

3 (3.7)

Pulmonary embolism

4 (4.9)

Emphysema

12 (14.6)

Gastrointestinal diseases
Cholecystitis

Lung fibrosis

1 (1.2)

Lung tumor

8 (9.8)

Obstructive sleep apnea syndrome

10 (12.2)

State after tuberculosis

1 (1.2)

Gastrointestinal diseases
1 (1.2)

Appendectomy

1 (1.2)

Gastritis

2 (2.4)

Cholecystectomy

2 (2.4)

Gastroenteritis

4 (4.9)

Chronic pancreatitis

2 (2.4)

Gastrointestinal bleeding

2 (2.4)

Colitis

1 (1.2)

Hyperglycemia

1 (1.2)

Crohn’s disease

1 (1.2)

Hypoglycemia

1 (1.2)

Diabetes

18 (22.0)

Diverticulosis

4 (4.9)

Kidney diseases
Acute renal failure

Gallstones

3 (3.7)

Hemorrhoids

1 (1.2)

Hiatal hernia

1 (1.2)

Hyperlipidemia

12 (14.6)

Liver cirrhosis

1 (1.2)

Obesity

8 (9.8)

Kidney diseases
5 (6.1)

Benign prostatic hyperplasia

2 (2.4)

Acute urinary tract infection

5 (6.1)

Chronic renal failure

6 (7.3)

Electrolyte imbalance

7 (8.5)

Diabetic nephropathy

2 (2.4)

Exsiccosis

1 (1.2)

Prostate carcinoma

1 (1.2)

Yayan et al. BMC Infectious Diseases (2015) 15:514

Page 10 of 13

Table 4 Acute and chronic comorbidities in patients with pneumonia caused by Haemophilus species (Continued)
Urinary retention

1 (1.2)

Urosepsis

1 (1.2)

Thyroid disease
Hypothyroidism

Renal cyst

1 (1.2)

Thyroid disease
5 (6.1)

Orthopedics

Goiter

2 (2.4)

Orthopedics

Fracture

4 (4.9)

Traumatic brain injury

1 (1.2)

Ear, nose, and throat diseases

Osteoarthritis

2 (2.4)

Osteoporosis

3 (3.7)

Rheumatism

3 (3.7)

Spondylosis

1 (1.2)

Ear, nose, and throat disease

Acute rhinosinusitis

3 (3.7)

Laryngitis

1 (1.2)

Nosebleed

1 (1.2)

Neurology diseases

Presbycusis

1 (1.2)

Neurology diseases

Hypoxic encephalopathy

1 (1.2)

Epilepsy

8 (9.8)

Rhabdomyolysis

1 (1.2)

Polyneuropathy

3 (3.7)

Stroke

3 (3.7)

Psychiatric diseases

Restless legs syndrome

6 (7.3)

State after encephalitis

1 (1.2)

State after stroke

6 (7.3)

Sturge-Weber syndrome

1 (1.2)

Psychiatric diseases

Delirium

4 (4.9)

Alcoholism

3 (3.7)

Depression

2 (2.4)

Dementia

3 (3.7)

Former smoking

4 (4.9)

Ophthalmological disorder
Retinal detachment

Ophthalmological disorder
1 (1.2)

Skin diseases

State after central retinal vein occlusion

1 (1.2)

Skin disease

Allergy

4 (4.9)

Erysipelas

1 (1.2)

Exanthem

1 (1.2)

effective agent for the treatment of community-acquired
pneumonia [30]. Another study compared the clinical usefulness of piperacillin therapy to ampicillin-sulbactam for
community-acquired pneumonia [31]. In that study, the
clinical efficiency of the piperacillin therapy was comparable to that of the ampicillin-sulbactam therapy. The results
proposed that piperacillin therapy had good efficiency and
tolerability and that piperacillin was highly effective in cases
of pneumonia [31]. However, in our study, ampicillinsulbactam was superior compared with piperacillin in the
susceptibility testing of the patients with pneumonia caused
by Haemophilus species.
Compared to the first-generation cephalosporin antibiotics, cefuroxime has an increased effect on Gram-negative
rods, especially against H. influenzae. Cefuroxime has a

Psoriasis

1 (1.2)

high stability toward beta-lactamase enzymes and has been
recommended for the treatment of pneumonia. A study
that compared the efficacy and safety of cefuroxime versus
amoxicillin-clavulanic acid in the treatment of communityacquired pneumonia found that compared to amoxicillinclavulanic acid, cefuroxime had comparable efficacy and
safety [32]. Cefuroxime axetil, an oral cephalosporin, was
approved as an antibiotic with broad-spectrum in vitro
antibacterial activity against the beta-lactamase positive respiratory pathogen H. influenzae [33]. Clinical studies have
evaluated cefuroxime axetil for the treatment of upper and
lower respiratory tract infections, and it has demonstrated
similar efficacy to established antibacterial agents, including amoxicillin-clavulanic acid and cefaclor [33]. However,
the effect of cefuroxime was low against Haemophilus
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species in patients with pneumonia in this study, which the
medical literature has long acknowledged [34].
Piperacillin has the broadest activity spectrum of all the
penicillins, including Pseudomonas, Enterobacteriaceae,
Gram-negative rods, and anaerobes [35]. To demonstrate
its efficacy, a study examined the clinical usefulness of
piperacillin therapy compared to ampicillin-sulbactam for
community-acquired pneumonia. The general clinical efficiency of piperacillin therapy in these patients was similar
to that of ampicillin-sulbactam therapy. The previous
study by Seki et al. concluded that piperacillin was effective in the treatment of pneumonia and proposed piperacillin as a first-line treatment for community-acquired
pneumonia [36]. From the results of our study, piperacillin
cannot be recommended as a first-line treatment for patients with pneumonia caused by Haemophilus species
because of its relatively high resistance rate and lower sensitivity rate according to our susceptibility testing results.
Ampicillin is a broad-spectrum antibiotic used against
H. influenzae [37]. The ampicillin resistance of H. influenzae has long been recognized [38]. H. influenzae was
assumed generally susceptible to ampicillin in patients
with pneumonia. Ampicillin resistance in H. influenzae
isolated from specimens of pneumonia patients is increasing, with resistance rates of 6.6 to 48 % from one institution to another [39]. Most of the resistant H. influenzae
isolates produce beta-lactamase enzymes. Therefore, it is
important for physicians to know their institution’s incidence rate of ampicillin-resistant H. influenzae when
choosing an empiric therapy for nosocomial-acquired
and community-acquired pneumonia. The resistance
rate for ampicillin was 24.4 % in this study’s patient
group. Patients with H. influenzae pneumonia who fail
to respond to ampicillin, or who are known to be infected
with ampicillin-resistant isolates based on laboratory findings, should receive therapy designed to combat ampicillinresistant isolates [40].
The antimicrobial spectrum of macrolides is similar to
the antibiotic class of penicillin [41]. Erythromycin is a
macrolide that is useful in the treatment of a number of
bacterial infections [42]. However, Haemophilus species in
this study demonstrated the highest resistance rate to
erythromycin. Macrolides are increasingly used for the
treatment of respiratory infections caused by H. influenzae,
but their usefulness is impaired by the development of resistance in H. influenzae. This development of resistance to
antibiotics is a growing problem among respiratory pathogens, and the rate of beta-lactam resistance is increasing in
H. influenzae [43]. Other research has acknowledged that
the increased use of macrolides in patients with pneumonia is a reason for the increasing development of resistance
in H. influenzae to macrolides [44].
Medical professionals can preserve the efficacy of
existing antibiotics against H. influenzae isolates by
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administering these only for bacterial infections according to guidelines and antimicrobial stewardship and in
the proper dose for the correct therapy duration.
This study used CRP, which is a beneficial biomarker
for the diagnosis of community-acquired pneumonia, for
diagnosis. The initial values of CRP were not high, with
very few exceptions, in the patients of this study group.
CRP values did not differ between the patients with
community-acquired and nosocomial-acquired pneumonia. CRP is particularly elevated in community-acquired
pneumonia caused by S. pneumoniae and L. pneumophila, which could be useful in differentiating from a
diagnosis of community-acquired pneumonia caused by
H. influenzae. Furthermore, initial levels of CRP reveal
the severity of the community-acquired pneumonia and
the need for hospitalization in the general ward or intensive care unit [45].
Another factor in the severity of pneumonia is white
cell count, which a previous study found to be predictive
[46]. In our study, white cell counts were slightly elevated in the patients with H. influenzae pneumonia. In
comparison to the previous study, the leukocyte counts
were different in the blood of the study group patients
in the present study. The leukocyte count in this study
had a mean value of 12,729.9/μL ± 6345.9/μL compared
to 19,800/μL ± 9500/μL in the previous study [46]. The
previous study involved only adult inpatients with
community-acquired pneumonia. The researchers examined the relations between the levels of CRP, leukocyte
count, and erythrocyte sedimentation rate and the severity
of pneumonia according to the criteria of different guidelines. Accordingly, medical professionals should consider
white cell counts for the diagnosis of pneumonia; however,
the increase of white cells also takes place in many other
clinical scenarios.
Study limitations

This study describes the situation of Haemophilus resistance in a single hospital, so we cannot generalize the results to other geographic locations. Another limitation
of the study was the low number of study patients, with
only 82 cases identified by Haemophilus over 10 years.
After the evaluation of this study, it became apparent
that not all antibiotics were tested with the same frequency in the antibiograms of patients with pneumonia
caused by Haemophilus. The authors were unable to
clarify whether or not all of these antibiotics were tested
for each H. influenza isolate.

Conclusions
All Haemophilus isolates from patients with pneumonia
showed resistance to a variety of antibiotics, but none of
the patients in the study group showed resistance to ciprofloxacin. In the case of the identification of Haemophilus
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species on culture media from a patient with pneumonia,
all common antibiotics, such as those in this study, should
be tested for susceptibility in order to determine the most
appropriate treatment and to monitor the trend in antibiotic resistance of Haemophilus species in the future.
Abbreviations
CAP: Community-acquired pneumonia; CI: Confidence interval; CLSI: Clinical and
Laboratory Standards Institute; CRP: C-reactive protein; EUCAST: Europe-wide
standards for susceptibility testing; ICD: International Classification of Diseases;
MIC: Minimum inhibitory concentration; NAP: Nosocomial-acquired pneumonia.
Competing interests
The authors report no conflicts of interest in this work.
Authors’ contributions
JY is responsible for the entire manuscript. The main author conceived and
designed the experiments, performed the experiments, and analyzed the data.
The main author contributed reagents, materials, and analysis tools. The main
author wrote the entire manuscript. BG was responsible for microbiological
testing and proofreading of the manuscript. KR was responsible for the
development of the study design and final approval of the manuscript. All
authors read and approved the final manuscript.
Funding
No funding was obtained for this study.
Author details
1
Witten/Herdecke University, Witten, Department of Internal Medicine,
Division of Pulmonary, Allergy, and Sleep Medicine, HELIOS Clinic Wuppertal,
Heusnerstr. 40, 42283 Wuppertal, Germany. 2Witten/Herdecke University,
Witten, Institute of Medical Laboratory Diagnostics, Center for Clinical and
Translational Research, HELIOS Clinic Wuppertal, Wuppertal, Germany.
Received: 27 February 2015 Accepted: 5 November 2015

References
1. Lichtenegger S, Bina I, Roier S, Bauernfeind S, Keidel K, Schild S, et al.
Characterization of lactate utilization and its implication on the physiology
of Haemophilus influenzae. Int J Med Microbiol. 2014;304:490–8.
2. Frickmann H, Podbielski A, Essig A, Schwarz NG, Zautner AE. Difficulties in
species identification within the genus Haemophilus—A pilot study
addressing a significant problem for routine diagnostics. Eur J Microbiol
Immunol (Bp). 2014;4:99–105.
3. Qvarfordt I, Riise GC, Andersson BA, Larsson S. Lower airway bacterial
colonization in asymptomatic smokers and smokers with chronic bronchitis
and recurrent exacerbations. Respir Med. 2000;94:881–7.
4. Amin AN, Cerceo EA, Deitelzweig SB, Pile JC, Rosenberg DJ, Sherman BM.
The hospitalist perspective on treatment of community-acquired bacterial
pneumonia. Postgrad Med. 2014;126:18–29.
5. Alpuche C, Garau J, Lim V. Global and local variations in antimicrobial
susceptibilities and resistance development in the major respiratory
pathogens. Int J Antimicrob Agents. 2007;30 Suppl 2:S135–8.
6. Sahm DF, Brown NP, Thornsberry C, Jones ME. Antimicrobial susceptibility
profiles among common respiratory tract pathogens: a GLOBAL perspective.
Postgrad Med. 2008;120(3 Suppl 1):16–24.
7. Rennie RP, Ibrahim KH. Antimicrobial resistance in Haemophilus influenzae:
How can we prevent the inevitable? Commentary on antimicrobial
resistance in H. influenzae based on data from the TARGETed surveillance
program. Clin Infect Dis. 2005;41 Suppl 4:S234–8.
8. Housset B. Definition of low respiratory tract infections. [In French.]. Med
Mal Infect. 2006;36(11–12):538–45.
9. World Health Organization (WHO). International Classification of Diseases
(ICD). http://www.who.int/classification/icd/en/. Accessed 23 January 2015.
10. Niederman MS, Mandell LA, Anzeuto A, Bass JB, Broughton WA, Campbell
GD, et al. Guidelines for the management of adults with communityacquired pneumonia. Diagnosis, assessment of severity, antimicrobial
therapy, and prevention. Am J Respir Crit Care Med. 2001;163:1730–54.

Page 12 of 13

11. Watkins RR, Lemonovich TL. Diagnosis and management of communityacquired pneumonia in adults. Am Fam Physician. 2011;83:1299–306.
12. Clinical and Laboratory Standards Institute. Performance standards for
antimicrobial susceptibility testing. CLSI M100-S22. Wayne: Clinical and
Laboratory Standards Institute; 2012.
13. European Committee on Antimicrobial Susceptibility Testing (EUCAST)
breakpoints 2011–2014. http://www.eucast.org. Accessed 23 January 2015.
14. Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic susceptibility testing by
a standardized single disk method. Am J Clin Pathol. 1966;45:493–6.
15. The European Committee on Antimicrobial Susceptibility Testing–EUCAST.
Zone Diameter Interpretive Standards and Equivalent Minimal Inhibitory
Concentration (MIC) Breakpoints for Haemophilus influenzae and Haemophilus
parainfluenzae. http://ww.eucast.org. Accessed 23 January 2015.
16. Barlett JG. Diagnosis of bacterial infections of the lung. Clin Chest Med.
1987;8:119–34.
17. VassarStats [website for statistical computation] and Concepts & applications of
inferential statistics [companion textbook]. http://vassarstats.net/ and http://
vassarstats.net/textbook/. Accessed 23 January 2015.
18. Periti P, Mazzei T, Curti ME, for the Italian Ciprofloxacin Study Group. Efficacy
and safety of high dose intravenous ciprofloxacin in the treatment of
bacterial pneumonia. Int J Antimicrob Agents. 1998;10:215–22.
19. Krumpe PE, Cohn S, Garreltes J, Ramirez J, Coulter H, Haverstock D, et al.
Intravenous and oral mono- or combination-therapy in the treatment of
severe infections: Ciprofloxacin versus standard antibiotic therapy. J
Antimicrob Chemother. 1999;43 Suppl A:117–28.
20. Mukae H, Kawanami T, Yatera K, Yanagihara K, Yamamoto Y, Kakeya H, et al.
Efficacy and safety of levofloxacin in patients with bacterial pneumonia evaluated
according to the new "Clinical Evaluation Methods for New Antimicrobial Agents
to Treat Respiratory Infections (Second Version)". J Infect Chemother.
2014;20:417–22.
21. Kuo SC, Chen PC, Shiau YR, Wang HY, Lai JF 1st, Huang W, et al.
Levofloxacin-resistant haemophilus influenzae, Taiwan, 2004–2010. Emerg
Infect Dis. 2014;20:1386–90.
22. Chang CM, Lauderdale TL, Lee HC, Lee NY, Wu CJ, Chen PL, et al.
Colonisation of fluoroquinolone-resistant Haemophilus influenzae among
nursing home residents in southern Taiwan. J Hosp Infect. 2010;75:304–8.
23. Bozdogan B, Tristram S, Appelbaum PC. Combination of altered PBPs and
expression of cloned extended-spectrum beta-lactamases confers cefotaxime
resistance in Haemophilus influenzae. J Antimicrob Chemother. 2006;57:747–9.
24. Bradford PA. Extended-spectrum beta-lactamases in the 21st century:
characterization, epidemiology, and detection of this important resistance
threat. Clin Microbiol Rev. 2001;14:933–51.
25. Abe K, Hoshino T, Imuta N, Nishi J, Ishiwada N. Bacterial meningitis caused
by beta-lactamase-negative, ampicillin-resistant nontypeable Haemophilus
influenzae in a 1-year-old girl: a case report. [In Japanese.]. Kansenshogaku
Zasshi. 2014;88(3):291–6.
26. Daley D, Mulgrave L, Munro R, Neville S, Smith H, Dimech W. An evaluation
of the in vitro activity of piperacillin/tazobactam. Pathology. 1996;28:167–72.
27. Sifuentes-Osornio J, Ruíz-Palacios GM, Jakob E, Rojas JJ, Jáuregui A, Villalobos Y,
et al. Piperacillin/tazobactam in the treatment of lower respiratory tract
infections: an open non-comparative and multicentered trial. J Chemother.
1994;6:197–203.
28. Hirakata Y, Ohmori K, Mikuriya M, Saika T, Matsuzaki K, Hasegawa M, et al.
Antimicrobial activities of piperacillin-tazobactam against Haemophilus
influenzae isolates, including beta-lactamase-negative ampicillin-resistant
and beta-lactamase-positive amoxicillin-clavulanate-resistant isolates, and
mutations in their quinolone resistance-determining regions. Antimicrob
Agents Chemother. 2009;53:4225–30.
29. Emmi V. Guidelines for treatment of pneumonia in intensive care units.
[In Italian.] Infez Med. 2005;Suppl:7–17.
30. Williams D, Perri M, Zervos MJ. Randomized comparative trial with ampicillin/
sulbactam versus cefamandole in the therapy of community acquired
pneumonia. Eur J Clin Microbiol Infect Dis. 1994;13:293–8.
31. Van den Brande P, Vondra V, Vogel F, Schlaeffer F, Staley H, Holmes C.
Sequential therapy with cefuroxime followed by cefuroxime axetil in
community-acquired pneumonia. Chest. 1997;112:406–15.
32. Oh HM, Ng AW, Lee SK. Cefuroxime compared to amoxicillin-clavulanic acid
in the treatment of community-acquired pneumonia. Singapore Med J.
1996;37:255–7.
33. Perry CM, Brogden RN. Cefuroxime axetil. A review of its antibacterial activity,
pharmacokinetic properties and therapeutic efficacy. Drugs. 1996;52:125–58.

Yayan et al. BMC Infectious Diseases (2015) 15:514

Page 13 of 13

34. Yeo SF, Chiew YF, Fung CP. Susceptibility of Haemophilus influenzae isolates
with known resistance mechanisms to five cephalosporins. Chemotherapy.
1996;42:85–9.
35. Eliopoulos GM, Moellering Jr RC. Azlocillin, mezlocillin, and piperacillin:
new broad-spectrum penicillins. Ann Intern Med. 1982;97:755–60.
36. Seki M, Higashiyama Y, Imamura Y, Nakamura S, Kurihara S, Izumikawa K,
et al. A clinical comparative study of piperacillin and sulbactam/ampicillin
in patients with community-acquired bacterial pneumonia. Intern Med.
2009;48:49–55.
37. Blasi F, Farrell DJ, Dubreuil L. Antibacterial activity of telithromycin and
comparators against pathogens isolated from patients with communityacquired respiratory tract infections: the prospective resistant organism
tracking and epidemiology for the ketolide Telithromycin study year 5
(2003–2004). Diagn Microbiol Infect Dis. 2009;63:302–8.
38. Bell SM, Plowman D. Mechanisms of ampicillin resistance in Haemophilus
influenzae from respiratory tract. Lancet. 1980;1(8163):279–80.
39. Thornsberry C, McDougal LK. Ampicillin-resistant Haemophilus influenzae. 1.
Incidence, mechanism, and detection. Postgrad Med. 1982;71(133–6):140,144–5.
40. Parker RH. Hemophilus influenzae respiratory infection in adults. 2.
Treatment guidelines. Postgrad Med. 1983;73:187–91.
41. Bukvić Krajacić M, Novak P, Dumić M, Cindrić M, Paljetak HC, Kujundzić N.
Novel ureas and thioureas of 15-membered azalides with antibacterial activity
against key respiratory pathogens. Eur J Med Chem. 2009;44:3459–70.
42. Zhu B, Marinelli BA, Abbanat D, Foleno BD, Henninger TC, Bush K, et al.
Synthesis and antibacterial activity of 3-O-acyl-6-O-carbamoyl erythromycin
A derivatives. Bioorg Med Chem Lett. 2006;16:1054–9.
43. Bozdogan B, Appelbaum PC. Macrolide resistance in Streptococci and
Haemophilus influenzae. Clin Lab Med. 2004;24:455–75.
44. Cizman M, Pokorn M, Seme K, Orazem A, Paragi M. The relationship
between trends in macrolide use and resistance to macrolides of common
respiratory pathogens. J Antimicrob Chemother. 2001;47:475–77.
45. Almirall J, Bolíbar I, Toran P, Pera G, Boquet X, Balanzó X, et al. Contribution
of C-reactive protein to the diagnosis and assessment of severity of
community-acquired pneumonia. Chest. 2004;125:1335–42.
46. Bircan A, Kaya O, Gökirmak M, Oztürk O, Sahin U, Akkaya A. C-reactive
protein, leukocyte count and ESR in the assessment of severity of
community-acquired pneumonia [In Turkish.]. Tuberk Toraks. 2006;54:22–9.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

