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Background: Antibiotic resistance continues to rise due to the

increased number of antibiotic prescriptions and is now a major threat

to public health. In particular, there is an increase in antibiotic resistance

to Escherichia coli according to the latest reports.

Trial Design: This article examines, retrospectively, antibiotic

resistance in patients with community- and nosocomial-acquired

pneumonia caused by E coli.

Methods: The data of all patients with community- and nosocomial-

acquired pneumonia caused by E coli were collected from the hospital

charts at the HELIOS Clinic, Witten/Herdecke University, Wuppertal,

Germany, within the study period 2004 to 2014. An antibiogram was

performed for the study patients with pneumonia caused by E coli.

Antimicrobial susceptibility testing was performed for the different

antibiotics that have been consistently used in the treatment of patients

with pneumonia caused by E coli. All demographic, clinical, and

laboratory data of all of the patients with pneumonia caused by E

coli were collected from the patients’ records.

Results: During the study period of January 1, 2004 to August 12, 2014,

135 patients were identified with community- and nosocomial-acquired

pneumonia affected by E coli. These patients had a mean age of

72.5� 11.6 (92 [68.1%, 95% CI 60.2%–76.0%] males and 43 [31.9%,

95% CI 24.0%–39.8%] females). E coli had a high resistance rate to

ampicillin (60.7%), piperacillin (56.3%), ampicillin–sulbactam (44.4%),

and co-trimoxazole (25.9%). No patients with pneumonia caused by E coli

showed resistance to imipenem (P< 0.0001).

Conclusion: E coli was resistant to many of the typically used antibiotics.

No resistance was detected toward imipenem in patients with pneumonia
MD, MSc, and Kurt Rasche, MD, PhD

Abbreviations: CI = confidence interval, CLSI = Clinical and

Laboratory Standards Institute, EUCAST = Europe-wide standards

for susceptibility testing, ICD = international classification of

diseases.

INTRODUCTION

E scherichia coli is a gram-negative, acid-forming, rod-shaped
bacterium with peritrichous flagella that allows it to be

motile.1 E coli is the most important representative within
the family Enterobacteriaceae.2 E coli occurs in the intestinal
flora of healthy humans, especially in the colon.2,3

The physiological intestinal flora associated with E coli
strains are facultative pathogenic strains and can cause infec-
tions if they enter from the intestine into corresponding regions
of the body. E coli plays an important role as a frequent cause of
bacterial infections, such as urinary tract infections, wound
infections, pneumonia, cholecystitis, peritonitis, and gastroen-
teritis.4–7

The detection of intestinal pathogenic E coli is difficult. E
coli is diagnosed by culture of the appropriate isolates and
biochemical identification. To detect E coli, cell culture assays,
enzyme-linked immunosorbent assays, or molecular biological
methods are used.8 Serotyping remains reserved for specialized
laboratories.9

Although most E coli are harmless, some E coli can cause
pneumonia.10 Pneumonia caused by E coli has been neglected
with growing frequency over the years.11 Meanwhile, E coli has
become the prominent cause of nosocomial- and hospital-
acquired pneumonia in recent years, but very little attention
has been given to E coli as a cause of community- and hospital-
acquired pneumonia.12 In the meantime, some strains of E coli
have developed resistance to commonly used antibacterial
drugs.13

The prevalence of resistance in E coli has deteriorated in
recent years in some cases. The proportion of strains with
resistance to ampicillin increased in all investigated E coli
isolates. The most common cause for ampicillin resistance is
beta-lactamases, which are largely inhibited by beta-lactamase
inhibitors. At the same time, the resistance rate increases in
comparison with other antibiotics.13 The susceptibility of E coli
strains to imipenem decreased over recent years.14

The early identification of bacteria and determination of
their sensitivity to certain antibiotics are important factors in
determining the appropriate use of existing antibiotics. For that
reason, an investigation was conducted to identify antibiotics
that E coli was resistant in the last 10 years. Using the hospital
database at the HELIOS Clinic, Witten/Herdecke University, in
Wuppertal, Germany, data were collected on all of the patients
with pneumonia, defined as an acute lower respiratory tract
infection caused by E coli according to the International Classi-
CD) code J15.5.15,16

udy was to investigate antibiotic resist-
sceptibility testing of the tracheal or
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bronchial secretions and blood cultures of patients with pneu-
monia caused by E coli over a period of 10 years. Antibiotic use
and the failure of antibiotic treatment were monitored in the
study population during the study period. The choice of the
correct, effective antibiotic against E coli should shorten both
the duration of patients’ suffering and the length of their
hospital stay, as well as reduce patient mortality.

MATERIAL AND METHODS

Patients
This quality-control observational study retrospectively

examined the resistance to antibiotics in patients with diagnosed
community- or nosocomial-acquired pneumonia triggered by E
coli. Data were collected from hospital charts at the HELIOS
Clinic, Witten/Herdecke University, in Wuppertal, Germany, in
the study period from January 1, 2004 to September 19, 2014.
The study population with community- and nosocomial-
acquired pneumonia initiated by E coli was mixed in terms
of age. All patients over 18 years of age who were detected to
have community- or nosocomial-acquired pneumonia caused by
E coli were included in the study. All of the patients with
nosocomial-acquired pneumonia caused by E coli, but who
were treated initially for other medical reasons in other depart-
ments, such as Internal Medicine and Surgery, were included in
this study. All of the patients examined at the Department of
Neurology who had been suspected of having pneumonia
caused by E coli were excluded from this study because of
restricted access to their patient data.

Definition of Pneumonia
Pneumonia is an acute inflammation of the lung, primarily

affecting the alveoli, which is usually caused by infection from
bacteria or viruses and less commonly other microorganisms.
Typical clinical symptoms of pneumonia include cough, chest
pain, fever, and difficulty in breathing. The diagnosis of pneu-
monia is performed by X-ray examination and sputum cul-
ture.16,17

Community-acquired pneumonia caused by E coli is an
acute infection of the lung parenchyma acquired from normal
social contact in the community; this is in contrast to hospital-
acquired pneumonia caused by E coli, which is acquired during
hospitalization.18 The classification of pneumonia caused by E
coli was made in each case, from 2004 to 2014, according to the
latest edition of the ICD.15

Tested Antibiotics
The susceptibility to the following antibiotics was tested

against E coli: ampicillin, piperacillin, ampicillin–sulbactam,
piperacillin–tazobactam, cefepime, cefotaxime, ceftazidime,
cefuroxime, tetracycline, tigecycline, imipenem, meropenem,
ciprofloxacin, levofloxacin, amikacin, gentamicin, tobramycin,
co-trimoxazole, colistin, and rifampicin.

The frequency of the use of these antibiotics in clinical
practice for the treatment of patients with pneumonia caused by
E coli was recorded. The frequency of testing of these anti-
biotics on an antibiogram after detecting microbial E coli
was noted.

After evaluating the antibiograms of the E coli causing
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pneumonia, the antibiotic that was most commonly used for
treatment and most tested for antibiotic susceptibility was
compared with the other antimicrobial agents. The antibiotic
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with the lowest resistance rate was also compared with the other
antibiotics tested in the antibiograms.

For E coli, inhibition zone diameter breakpoints were used
according to the Clinical and Laboratory Standards Institute
(CLSI) 2004 to 2011 antibiotic susceptibility testing guide-
lines.19 In 2011, the Europe-wide standards for susceptibility
testing (EUCAST) were adopted in place of the CLSI because
the EUCAST sets standards for almost all of the pathogens in
which our tests are based.20 These standards take the clinical
and pharmacokinetic aspects of antimicrobial therapy into
account more than the previous standards.

Identification and Antimicrobial Susceptibility
Testing

The growth of bacterial isolates was performed on Colum-
bia blood agar and MacConkey agar plates (Becton Dickinson,
Heidelberg, Germany) at 378C for 18 to 48 hours. The identi-
fication of the E coli isolates by MALDI-TOF MS was per-
formed on a Microflex LT instrument (Bruker Daltonics GmbH,
Bremen, Germany) with FlexControl (version 3.0) software
(Bruker Daltonics) for the automatic acquisition of mass spectra
in the linear positive mode within a range of 2 to 20 kDa,
according to the instructions of the manufacturer. The anti-
microbial susceptibility testing was performed by use of the
automated system BD PHOENIX (Becton Dickinson). In cases
of resistance toward carbapenems, the determination of the
minimum inhibitory concentration was performed by E-test
for these antimicrobials.21 The susceptibility results were inter-
preted according to EUCAST guidelines (breakpoints 2011–
2014, www.eucast.org).20

Microbiology
The indication for the performance of a microbiological

examination was either routine or explicitly because of a
suspected respiratory infection. The secretions from the oral/
nasal cavity and trachea were obtained differently depending on
the particular case; the commonly used methods applied were
bronchoalveolar lavage, tracheal secretions, throat swabs, and
sputum collection. The bronchoalveolar lavage was applied in
the context of a bronchoscopy. The fiber-optic video bronch-
oscopies used were OLYMPUS type BF1T180 (Olympus Ltd,
Hamburg, Germany) or 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 3 different sterile, 40 mL specimen traps (Argyle
Specimen Traps, Covidien Germany Ltd, Neustadt/Donau,
Germany). Tracheal secretions were also collected by fiber-
optic bronchoscopy through aspiration into sterile, 40 mL speci-
men traps (Argyle Specimen Traps, Covidien Germany Ltd,
Neustadt/Donau). The throat swab was collected with a com-
mercial cotton swab transport system (MEUS Srl, Piove di
Sacco, Italy) by rotating the swab with slight pressure on the
palatal arch of patients with suspected pneumonia. The recovery
of sputum was performed by expectoration into a 30 mL sterile
sputum collection tube (Salivette, SARSTEDT, Nümbrecht,
Germany), which was then sent to the laboratory for analysis.

After the clinical specimens of sputum and tracheal and
bronchial secretions were collected, these were transported in
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suitable containers to the Institute of Medical Microbiology.
After propagation of the sputum in a sterile petri dish and testing
against a dark background, a macroscopic evaluation was
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performed to categorize the samples as slimy, purulent, or
bloody. Then, a needle was used to separate the bronchial
secretions and pus constituents of the saliva. Sputum and
tracheal and bronchial secretions were used for microscopic
examination, which was conducted after gram staining in 80- to
1000-fold magnification of at least 5 visual fields according to
the criteria of Bartlett.22 More suspected diagnoses of the
pathogen were expressed in the microscopic bacteriological
examination than would be expected according to typical
morphology and the microbiological infectiological quality
standards. Determination was performed of the semiquantita-
tive squamous epithelia, granulocytes, and microorganisms.
After that, 3 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) was incubated at 378C for 24 to 48 hours as a
general culture medium for the growth and discovery of Strepto-
coccus pneumoniae, Streptococcus pyogenes, Staphylococcus
aureus, E coli, and Shigella flexneri. BBL CHROMagar Orien-
tation medium (Becton Dickinson) was used for the detection of
Enterobacteriaceae. The tested Enterobacteriaceae were E coli,
Shigella, Klebsiella, Proteus mirabilis, Enterobacter spp., Citro-
bacter spp., Serratia marcescens, Salmonella, and Yersinia. The
medium BBL CDC Anaerobe 5% Sheep Blood Agar (Becton
Dickinson) was used for antimicrobial susceptibility testing for the
general growth of anaerobes. BD Chocolate Agar (Becton Dick-
inson) 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 808C. The lysis caused hemin (factor X) and nicotinamide
adenine dinucleotide (factor Y) to be released into the agar and
subsequently metabolized by bacteria, resulting in the destruction
of the hemolytics as well. BD MacConkey Agar (Becton Dick-
inson) was used as a selective medium for the detection of gram-
negative bacteria. BD Sabouraud Agar (Becton Dickinson) 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. First, skin was care-
fully disinfected with alcohol (72% ethanol and 10% propan-2-
ol) by Bode Cutasept F (Bode Chemie Ltd, Hamburg,
Germany). Then, with Braun Injekt single-use syringes (B.
Braun Melsungen PLC, Melsungen, Germany), a minimum
of 20 mL of blood was taken through venipuncture with a
blood-collection needle (Safety-Multifly, SARSTEDT, Nüm-
brecht, Germany) and injected into 2 specific media—BACTEC
Plus Aerobic/F and Plus Anaerobic/F medium (BD, Becton,
Dickinson and Company, Heidelberg, Germany) and enriched
soybean casein digest broth medium. After injecting the blood
culture bottles with new needles, they were sent to the micro-
biology department where they were entered into a blood
culture machine that incubated the specimens at body tempera-
ture. The blood culture instrument reported positive blood
cultures with bacteria present; most cultures were monitored
for 5 days, after which negative vials were removed.

Laboratory
After the sample collection, the quantitative determination
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of C-reactive protein in 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

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
immunoturbidimetric assay on the COBAS 6000 INTEGRA
system c 501 (Roche Diagnostics Ltd, Mannheim, Germany).
The determination of the leukocyte count (normal range 4000–
10,000/mL) 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 hema-
tology analyzer (Sysmex Germany Ltd, Norderstedt, Germany).

Comorbidities
The comorbidities were analyzed in patients with pneu-

monia caused by E coli. Comorbidity was considered the
presence of one or more additional disorders existing simul-
taneously with the primary disease. The additional disorder may
also be a behavioral or mental disorder.

Additionally, the length of the hospital stay was assessed in
patients with pneumonia caused by E coli.

The number of deaths during hospitalization was determined
in the study group. The survival analyses were completed using
the Kaplan Meier method; the number of days after 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 the Witten/Herdecke
University in Germany. All of the patients’ data were anonymized
prior to analysis. The Ethics Committee of the 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 the 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 95% confidence intervals
(CIs) for the sex difference of patients with pneumonia caused by
E coli. A Chi-square test for 2 independent standard normal
variables of 3 probabilities was carried out to identify whether E
coli was sensitive, intermediate, or resistant to antibiotics. 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.23 For the calculation
of the P value using a 2� 3 Chi-square test, a contingency table
was created containing up to 2 rows and 3 columns. The rows
represented the amount of active substance of the antibiotics on
antibiograms that was tested against E coli; when compared with
the other antibiotic substances, ampicillin had the highest resist-
ance rate, while imipenem had low resistance profile. The 3
columns were populated by numbers that categorized the E coli as
sensitive, intermediary, or resistant to the tested antibiotics, in
order to calculate the results. One-way analysis of variance for
independent samples was performed to compare the number of
samples of each antibiotic that were classified as sensitive,
intermediary, or resistant from the antibiograms of the culture
media from the patients with pneumonia caused by E coli. Two-
tailed tests were performed, and a P value of <0.05 was con-
sidered statistically significant.

Pneumonia Caused by Escherichia coli
RESULTS
In the hospital database used in this study, 240 (3.5%, 95%

CI 3.1%–3.9%) patients were found with pneumonia caused by
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E coli (ICD J15.6). 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 of
January 1, 2004 to August 12, 2014.

A total of 135 (1.9%, 95% CI 1.6%–2.2%) of 6932 patients
with a mean age of 72.5� 11.6 years (92 [68.1%, 95% CI
60.2%–76.0%] males and 43 [31.9%, 95% CI 24.0%–39.8%]
females) with pneumonia caused by E coli met the inclusion
criteria for this trial. The male sex was more likely to suffer
from pneumonia caused by E coli.

The patients were divided into categorical groups depend-
ing on the origin of their pneumonia caused by E coli. These
groups were community-acquired pneumonia, of which 73
patients belonged (54.1%, 95% CI 45.7%–62.5%); noso-
comial-acquired pneumonia, of which 43 patients belonged
(31.9%, 95% CI 24.0%–39.8%); and aspiration pneumonia,
of which 19 patients belonged (14.1%, 95% CI 8.2%–20.0%).

One hundred five patients were excluded from this study.
The reasons for the exclusion of these patients were that they
had another infectious disease caused by E coli or that access to
their patient data at the Department of Neurology was restricted.
In addition, patients with pneumonia caused by E coli 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 CLSI guide-
lines, while others, in more recent years, were examined
according to EUCAST guidelines. In general, the number of
antimicrobial susceptibility tests using CLSI guidelines was
higher (Table 1).

There were highly significant differences with regard to
the number of samples classified as sensitive, intermediary, or
resistant to a particular antibiotic within the patients with
pneumonia caused by E coli in this study (P< 0.0001). In
the susceptibility testing, the mean number of samples tested
against antibiotics that were classified as sensitive, intermedi-
ary, and resistant was 80.5� 39.4, 2.0� 3.7, and 21.3� 24.2,
respectively (Table 1).

The most administered antibiotics in patients with pneu-
monia caused by E coli in this study were the combinations of
piperacillin–tazobactam and ampicillin–sulbactam, followed
by imipenem (Table 1). No resistance was found to imipenem in
any of the patients with pneumonia caused by E coli compared
with ampicillin; this finding is statistically significant
(P< 0.0001; Table 1). E coli had the highest resistance rate
against the antibiotic ampicillin compared with imipenem in
this study (P< 0.0001; Table 1). E coli also had a high
resistance rate against piperacillin compared with ampicillin
in this investigation (P¼ 0.641; Table 1). The statistical com-
parison of ampicillin, with the highest rate of resistance, with
imipenem, without any rate of resistance, was also determined
in this study (P< 0.0001, Table 1).

E coli was most detected in tracheal secretions, followed
by bronchial secretions and sputum (Table 2). The tracheal
secretions of patients with pneumonia caused by E coli were
sent to the Department of Medical Microbiology at the HELIOS
Clinic in Wuppertal, Germany, for further investigation into the
germs present in the secretions (Table 2). All discovered E coli
were from isolates of facultative pathogenic E coli strains in
patients with pneumonia (Table 2).

Yayan et al
The amount of C-reactive protein in the serum and plasma
of patients with pneumonia caused by E coli had a mean value of
89.9� 91.7 mg/L. The leukocyte count had a mean value of
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12,263� 6377.4/mL in the blood of the patients with pneumonia
caused by E coli.

Most discovered acute comorbidities were cardiac arrhyth-
mias, sepsis, acute respiratory failure, and anemia in patients
with pneumonia caused by E coli (Table 3). The common
chronic comorbidities were hypertension, chronic obstructive
pulmonary disease, coronary artery disease, and diabetes in
patients with pneumonia caused by E coli (Table 3).

The length of the hospital stay of patients with pneumonia
caused by E coli had a mean of 18.4� 17.3 days.

There were 27 (20.0%, 95% CI 13.3%–26.8%) deaths
associated with pneumonia caused by E coli. Thus, the survival
rate was 80.0% (95% CI 72.5%–87.5%) in patients with
pneumonia caused by E coli in this study.

DISCUSSION
During the 10-year study period in this qualitative control

observational study, E coli developed no resistance to imipe-
nem, an antibiotic used for the treatment of patients with
pneumonia. Imipenem is a broad-spectrum antibiotic against
aerobic and anaerobic gram-positive and gram-negative patho-
gens. Imipenem is stable to bacterial beta-lactamases.24 In an
open prospective study, the efficacy and safety of imipenem has
been studied in critically ill patients with nosocomial pneumo-
nia. E coli was the most frequently isolated pathogen from
tracheobronchial secretions. Imipenem proved to be very effec-
tive and relatively well tolerated in the treatment of nosocomial-
acquired pneumonia caused by E coli.25 The clinical efficacy of
imipenem for the treatment of aspiration pneumonia caused by
E coli was also shown in an earlier multicenter study. The
efficacy of imipenem monotherapy was found to be very high in
cases of aspiration pneumonia caused by E coli in this multi-
center study.26 In another previously conducted multicenter
study, the efficacy and safety of imipenem in the treatment
of bacterial community- and nosocomial-acquired pneumonia
was evaluated. E coli was frequently discovered as a cause,
among others. The treatment with imipenem was very success-
ful in many of the patients. Resistance to imipenem was
detected after the therapy; however, a monotherapy with imi-
penem was approved as relatively safe and highly effective in
severe pneumonia in this previous multicenter study.27

Meropenem, another important representative from the
antibiotic group of carbapenem, showed very low resistance
against E coli in this current study. Meropenem is a broad-
spectrum antibiotic against aerobic and anaerobic gram-positive
and gram-negative bacteria.28 Thus, meropenem is still an
important option for the empirical treatment of serious com-
munity- and nosocomial-acquired pneumonia.29

Amikacin had a better resistance rate but lower effective-
ness in comparison to meropenem in this present study. It is
effective against aerobic gram-negative bacteria.30 In a study,
the first-line treatment of amikacin was found with a decrease in
resistance to other aminoglycosides and a slight increase in the
total resistance to amikacin against aerobic gram-negative
bacteria.30 In general, amikacin is not used as a first-line
treatment in the therapy of pneumonia.

A relatively low resistance of E coli to fosfomycin was also
observed in the E coli detected in tracheal secretions of patients
with pneumonia in this current study. Fosfomycin is often used

Medicine � Volume 94, Number 25, June 2015
because of its good activity against some commonly occurring
gram-negative bacteria in nosocomial infections in clinical
settings.31
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TABLE 2. The Various Detection Methods and Species of
Escherichia coli Bacteria in Patients With Community- and
Hospital-Acquired Pneumonia

Specimen
Number of

Patients N¼ 135, %
95%
CI %

Bronchial secretion 46 (34.1) 26.1–42.1
Tracheal secretion 47 (34.8) 26.8–42.8
Sputum 27 (20.0) 13.3–26.8
Throat swab 1 (0.7) 0–2.1
Venous blood culture 14 (10.4) 5.3–15.6

Yayan et al
Aminoglycoside antibiotics such as tobramycin are also
highly effective against gram-negative bacteria according to
clinical data in the literature. Previous studies have favored
aminoglycosides as monotherapy over beta-lactam monother-
apy in gram-negative pneumonia, but there is remarkably little
data to suggest the superiority of 2 antibiotics over single agents
when they have been compared prospectively.32 E coli was well
sensitive and had relative low resistant against tobramycin in
this current study.

Species
E coli 135 (100) 100
Another representative of the antibiotic class of aminogly-
cosides is gentamicin. Gentamicin acts primarily against gram-
negative bacteria and also staphylococci. In a previously

TABLE 3. Summary of the Most Common Acute and Chronic Co
coli Comorbidities Was Not Considered Below 10%

Organs N

Cardiovascular disease
Anemia
Cardiac arrhythmia
Cardiac decompensation
Cardiopulmonary resuscitation
Coronary artery disease
Heart failure
Hypertension
Peripheral arterial occlusive disease
Sepsis

Pulmonary disease
Acute respiratory failure
Chronic obstructive pulmonary disease
Emphysema

Gastrointestinal disease
Diabetes
Hyperlipidemia

Kidney disease
Acute renal failure
Chronic renal failure

Thyroid disease
Hypothyroidism

Neurology disease
Epilepsy
State after stroke

Psychiatric diseases
Smoking

6 | www.md-journal.com
performed study, antibiotic susceptibility was tested against
gram-positive and gram-negative bacteria from patients with
purulent infections. Gentamicin was very effective against the
main pathogens of purulent infections, including multidrug-
resistant E coli. Gentamicin was very effective in the treatment
of pneumonia, peritonitis, sepsis, postoperative purulent
wounds, and urinary tract infections.33 In this present study,
gentamicin showed a good effectiveness at a relatively low
resistance rate in E coli in patients with community- and
nosocomial-acquired pneumonia.

Tetracycline had the same resistance rate in E coli as
gentamicin in this study, but the effect of tetracyclines against
E coli in patients with pneumonia was significantly lower than
that of gentamicin. Tetracycline, an antibiotic of the class called
glycylcyclines, is still used extensively because of its unusually
broad antimicrobial spectrum and its relative safety.34 However,
tetracycline is not recommended for the empiric treatment of
pneumonia caused by E coli.35

Tigecycline is a first-in-class glycylcyclines with broad
spectrum activity. The drug has been used since 2005 for com-
plicated intra-abdominal infections and complicated skin and soft
tissue structure infections; it is currently used in the United States
for community-acquired pneumonia in adults. Tigecycline has
good activity in vitro against a range of gram-positive, gram-
negative, and atypical bacteria causing community-acquired pneu-
monia.36 In this current study, E coli responded as sensitive to

Medicine � Volume 94, Number 25, June 2015
tigecycline in the susceptibility testing of all examined patients
with pneumonia, but not all the isolates of tracheal secretions were
examined after detecting E coli in this study population.

morbidities in Patients With Pneumonia Caused by Escherichia

umber of Patients, % 95% CI %

18 (13.3) 7.6–19.0
55 (40.7) 32.4–49.0
14 (10.4) 5.3–15.6
17 (12.6) 7.0–18.2
35 (25.9) 18.5–33.3
27 (20.0) 13.3–26.8
71 (52.6) 44.2–61.0
24 (17.8) 11.4–24.3
33 (24.4) 17.2–31.6

25 (18.5) 12.0–25.1
42 (31.1) 23.3–38.9
14 (10.4) 5.3–15.6

32 (23.7) 16.5–30.9
14 (10.4) 5.3–15.6

15 (11.1) 5.8–16.4
27 (20.0) 13.3–26.8

14 (10.4) 5.3–15.6

17 (12.6) 7.0–18.2
27 (20.0) 13.3–26.8

14 (10.4) 5.3–15.6

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



A previous randomized trial compared the safety and
efficacy spectrum of cefepime and ceftazidime in the treatment
of severe bacterial infections, including sepsis, urinary tract
infections, bacterial bronchitis, bacterial pneumonia, and intra-
abdominal infections. Most patients had a urinary tract infec-
tion, and the most frequently isolated pathogen was E coli. The
results of the previously conducted study by Huang et al showed
that cefepime was an effective antibiotic as ceftazidime in the
treatment of severe bacterial infections such as sepsis, urinary
tract infections, bacterial bronchitis, bacterial pneumonia, and
intra-abdominal infection.37

Ceftazidime is a third-generation cephalosporin. The
activity of ceftazidime is against gram-negative bacteria,
including P aeruginosa. Ceftazidime remains an important
option for the treatment of hospital-acquired pneumonia.38

Cefepime is a broad-spectrum cephalosporin antibiotic of the
fourth generation with broad spectrum of activity against gram-
positive and gram-negative aerobic bacteria. Cefepime has
demonstrated clinical efficacy against a variety of infections,
including urinary tract infections, pneumonia, and skin infec-
tions.39 Cephalosporin antibiotics ceftazidime and cefepime
showed a very similar sensitivity and resistance in the drug
susceptibility testing against E coli from patients with pneu-
monia in this current study.

The antimicrobial activity of cefuroxime was slightly
lower than that of ceftazidime and cefepime in this current
study. Cefuroxime is a cephalosporin of the second generation
with a broad antimicrobial activity against both gram-positive
and gram-negative organisms.40 Clinical studies have shown
cefuroxime to be effective therapy for infections of the respir-
atory tract, as well as other infections.41

The gyrase inhibitors ciprofloxacin and levofloxacin had
the same results in both the spectrum of activity and in the
resistance rate against E coli in this current study. The resistance
rate of ciprofloxacin and levofloxacin was increased in this
present study related to previous studies. Ciprofloxacin and
levofloxacin are broad-spectrum antibiotics of the fluoroqui-
nolone group against a range of gram-positive and gram-nega-
tive bacteria and atypical organisms.42

Co-trimoxazole is a combination of trimethoprim and
sulfamethoxazole antibiotics. Since the late 1960s, co-trimox-
azole was used in clinical practice for the treatment of pneu-
monia, urinary tract infections, sexually transmitted diseases,
gram-negative sepsis, intestinal infections, and typhoid. Several
retrospective and prospective studies have demonstrated good
clinical results with co-trimoxazole treatment of invasive methi-
cillin-resistant S aureus infections.43 Co-trimoxazole was effec-
tive in over three-quarters of the tested E coli detected in
tracheal secretions of patients with pneumonia in this current
study. E coli was resistant to co-trimoxazole in a quarter of the
patients with pneumonia in this study. Although the spectrum of
activity of co-trimoxazole is against both gram-positive and
gram-negative bacteria, co-trimoxazole is not generally used as
an empiric treatment of community- and nosocomial-acquired
pneumonia in clinical practice.

Among the antibiotic group of penicillin, piperacillin–
tazobactam had the lowest resistant rate in E coli isolated from
tracheal secretions of this study population. Piperacillin–tazo-
bactam had the same effectiveness as some representatives of
the cephalosporins, such as cefepime and ceftazidime, in this
study. Piperacillin–tazobactam is a commonly prescribed intra-

Medicine � Volume 94, Number 25, June 2015
venous antibiotic from moderate to severe infections in the
hospital, used because of its broad activity against many
pathogenic bacteria.44

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Ampicillin–sulbactam is a beta-lactamase inhibitor com-
bination antibiotic that is commonly used in hospitals against a
broad spectrum of aerobic gram-positive and gram-negative and
anaerobic bacteria.45 Although ampicillin–sulbactam is usually
effective against E coli, an increase in the rate of resistance has
been described in previous studies.46,47 A high variability in
resistance frequencies to the beta-lactam inhibitor combination
ampicillin–sulbactam was also observed in this study. Resist-
ance to beta-lactamase inhibitor combinations in E coli isolates
has been widely reported.48,49

Piperacillin is a new generation of semisynthetic penicillins.
It has a broad spectrum of activity against gram-positive and
gram-negative aerobic and anaerobic bacteria. Although piper-
acillin has shown higher activity against beta-lactamase produ-
cing organisms than the other penicillins;50 in this study,
piperacillin was less effective toward E coli from the tracheal
secretions of patients with pneumonia. Piperacillin showed a high
resistance rate in E coli in the susceptibility testing in this study.

Ampicillin has effectiveness against gram-positive organ-
isms as well as some gram-negative bacteria; therefore, ampi-
cillin is referred to as a broad-spectrum antibiotic.51 However,
ampicillin had the highest rate of resistance in E coli in patients
with pneumonia in this current study. The E coli from the
tracheal secretions of patients with pneumonia in this study was
less sensitive to ampicillin in the susceptibility testing.

The prevalence of antibiotic resistance in E coli is increas-
ing rapidly. Excessive use of antibiotics may promote the
emergence and spread of resistant microorganisms. Consistent
infection control measures and modification of antibiotic use
patterns limit or reduce the prevalence of resistant organisms.

Study Limitations
This study describes the situation of E coli resistance in a

single hospital, so the results cannot be generalized to other
geographic locations. After an 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 E coli. The author was unable to clarify whether or
not all of these antibiotics were tested for each E coli isolate.

CONCLUSIONS
All of the patients with pneumonia caused by E coli

showed resistance to a variety of antibiotics. No patients with
pneumonia caused by E coli showed resistance to imipenem. A
similarly good result was found for tigecycline in the suscepti-
bility testing toward E coli, but not all patients were tested
against tigecycline. All common antibiotics, such as those in
this study, should be tested for susceptibility in the case of
identification of E coli on culture media from all patients with
pneumonia, both for the actual drug treatment of patients with
pneumonia caused by E coli and for monitoring the trend in
antibiotic resistance in E coli in the future.
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