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Abstract

Older people are often especially susceptible to pneumonia and bacteria
may develop resistance to antibiotics quicker in the elderly, whose
immune systems gradually diminish. This study analyses, retrospectively,
resistance to antibiotics in high-risk elderly patients with fatal pneumonia.
Records of all patients aged over 65 who did not survive a bout with
pneumonia were gathered from the records of the Department of
Pneumology of HELIOS Clinic in Wuppertal, Germany from the period
of 2004-2014. Susceptibility testing was executed for the study popula-
tion, whose pneumonia was triggered by various kinds of bacteria. We
detected 936 pneumonia patients of the overall mean age of 68.0 & 13.6
years, with the following pneumonia types: 461 (49.3 %) community-
acquired, 354 (37.8 %) nosocomial-acquired, and 121 (12.9 %) aspiration
pneumonia. There were 631 (67.4 %) males and 305 (32.6 %) females
there. We identified 672 (71.8 %) patients who had a high risk for
pneumonia, especially staphylococcal pneumonia (p < 0.0001). The
elderly patients had a higher risk of dying from pneumonia (2.9 odds
ratio, 95 % confidence interval 1.8-4.6; p < 0.0001); of the 185 pneumo-
nia-related deaths, 163 (88.1 %) were in the elderly. In those with fatal
staphylococcal pneumonia, a high antibiotic resistance rate was found for
piperacillin-tazobactam (p = 0.044), cefuroxime (p = 0.026), cefazolin
(p = 0.043), levofloxacin (p = 0.018), erythromycin (p = 0.004), and
clindamycin (p = 0.025). We conclude that elderly patients with staphy-
lococcal pneumonia show resistance to common antibiotics. However, no
significant antibiotic resistance could be ascribed for other types of pneu-
monia in these patients.
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1 Introduction

Pneumonia is associated with an acute infec-
tion of the respiratory tissue, is usually of bac-
terial origin, and manifests with cough, fever,
and shortness of breath. Young adults usually
make a complete recovery from pneumonia. In
older and inveterately unwell individuals,
pneumonia can be lethal (Pepersack 2014;
Chong and Street 2008). Community-acquired
pneumonia in older people is commonly
triggered by Streptococcus pneumonia, Staph-

ylococcus aureus, Enterobacteriaceae,
Haemophilus influenzae, Pseudomonas
aeruginosa, or Legionella spp. (El-Solh

et al. 2001). Pneumonia in the elderly is a
major challenge for physicians due to a high
frequency, variety of causes, atypical clinical
presentation, and age-related factors. Despite
the special management of pneumonia in the
elderly, no specific recommendations for anti-
microbial treatment are provided in the inter-
national guidelines (Petrosillo et al. 2015).
With the increase in antibiotic resistance,
questions about the clinical impact of pneumo-
nia in the elderly have now been raised (Feikin
et al. 2000). An increase in mortality in elderly
pneumonia patients has been documented
(Feldman 2001; Marrie 2000). Therefore, it is
important to investigate antibiotic resistance in
fatal pneumonia in the elderly, so that a timely
antibiotic therapy can be initiated to shorten
the patients’ suffering and the duration of hos-
pitalization, in addition to reduced mortality.

In the present study we set out to retrospec-
tively identify antibiotic resistance in patients
aged over 65 with fatal pneumonia over the last
decade, according to the International Classifi-
cation of Diseases (ICD) J15.0-J15.6 (WHO
2015).

2 Methods

The Ethics Committee of the Witten-Herdecke
University in Germany approved the study, waiv-
ing the requirement for informed consent due to a
retrospective nature of the study. The majority of
patients’ information was anonymized before
investigation. This quality-control observational
investigation retrospectively analyzed the resis-
tance to antimicrobial agents commonly used in
daily practice in patients over 65 years old with
fatal community- or nosocomial-acquired pneu-
monia. Data were retrieved from clinical records
at the Department of Pneumology of HELIOS
Clinic, Witten/Herdecke ~ University, in
Wuppertal, Germany, during the period of
1 January 2004 to 20 September 2014. The
underlying bacterial background was the follow-
ing: group B Streptococcus (ICD J15.3), Strepto-
coccus pneumoniae (ICD J15.4), Staphylococcus
(ICD J15.2), Pseudomonas (ICD J15.1),
Escherichia coli (ICD J15.5), Gram-negative
bacteria (ICD J15.6), or Klebsiella (ICD J15.0).
The study elderly population was compared with
pneumonia inpatients less than 64 years of age
with fatal outcomes, and with those over and
under 65 years of age who survived (Table 1).
All in patients with nosocomial-acquired pneu-
monia who were first treated for different medi-
cal reasons in different departments were
enclosed in this trial. The elderly with acute
infections, like urinary infections or gastroenter-
itis, were disqualified from this investigation as
were the neurological inpatients due to a
restricted access to their records.

The criteria were used for the designation of
pneumonia were the infiltrations in X-ray exami-
nation, typical clinical symptoms, along with a
minimum of two of the following: breathing dif-
ficulty, fever > 38 °C, sputum production, and
coughing.
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2.1 Antibiotics Examined

Sensitivity and resistance of Streptococcus, Staph-
ylococcus, Pseudomonas, Escherichia coli, Gram-
negative bacteria, and Klebsiella to penicillin,
oxacillin, ampicillin, piperacillin, piperacillin-
tazobactam, ampicillin-sulbactam, cefuroxime,
cefazolin, cefepime, ceftazidime, cefotaxime,
tetracyclin, meropenem, imipenem, ciprofloxacin,
levofloxacin, erythromycin, co-trimoxazole,
clindamycin, gentamicin, vancomycin,
teicoplanin, linezolid, rifampicin, fosfomycin,
fucidin, colistin, tigecycline, and amikacin were
examined. The frequency of application of these
antibiotics in the elderly patients with pneumonia
in the clinical setting was noted. For bacterial
susceptibility testing, diameter breakpoints in the
inhibition zone were utilized according to the
guidelines of the Clinical and Laboratory
Standards Institute (CLSI 2012), with a modifica-
tion for European standards introduced by the
European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST 2011).

2.2 Susceptibility Testing

Streptococcus  and  Staphylococcus — were
identified based on growth on Columbia blood
agar and chocolate agar (Becton Dickinson;
Heidelberg, Germany) after 1848 h at 37 °C
using 5 % carbon dioxide and MALDI-TOF-
MS (Bruker; Bremen, Germany). H. influenzae
and Gram-negative bacteria were identified
based on growth on chocolate agar with
bacitracin (Becton Dickinson; Heidelberg,
Germany).  Gram-negative  isolates  and
H. influenzae were further confirmed by use of
the API NH system (biochemical reactions) for
the identification of Neisseria and Haemophilus
(bioMérieux; Marcy-l’Etoile, France). The panel
selected to perform the evaluation for Gram-
negative bacteria was NMIC/ID-76. BBL™
CHROMagar™ Orientation medium (Becton
Dickinson; Heidelberg, Germany) was utilized
to identify Enterobacteriaceae. The analyzed

Enterobacteriaceae were Escherichia coli,
Enterobacter spp., Klebsiella, Proteus mirabilis,
Citrobacter spp., Shigella, Serratia marcescens,
and Yersinia.

E. coli was grown on Columbia blood agar
and MacConkey agar (Becton Dickinson;
Heidelberg). The detection of E. coli by
MALDI-TOF MS was executed on a Microflex
LT device with FlexControl software (Bruker
Daltonik; Bremen, Germany) for the automatic
acquisition of mass spectra in the linear positive
mode within a range of 2-20 kDa. The antimi-
crobial susceptibility testing was achieved using
the programed system BD PHOENIX (Becton
Dickinson; Heidelberg, Germany). The measure-
ment of the minimum inhibitory concentration
(MIC) was executed by E-test for the antibiotics
which showed resistances to carbapenems.

BD™ Pseudosel™ Agar was used for detec-
tion of P. aeruginosa from clinical specimens.
The agar contains cetrimide, which is a selective
agent against alternative microbial flora.
Cetrimide also enhances the production of
white pyocyanin and fluorescein pigments of
Pseudomonas, which exhibit characteristic blue-
green and yellow-green colors. P. aeruginosa
colonies from agar plates were suspended in
Phoenix ID  broth (Becton Dickinson;
Heidelberg, Germany) to a 0.5-0.6 McFarland
standard. The identification was executed by
either BD Phoenix™ automated system or by
MALDI-TOF MS (Bruker Daltonik; Bremen,
Germany). A BD Phoenix ™ mechanized micro-
biology technique (Becton-Dickinson Diagnostic
Systems; Sparks, MD) was used, equipped with
software suitable for the interpretation of suscep-
tibility testing. Fungi were grown and detected
on BD™ Sabouraud Agar (Becton Dickinson;
Heidelberg, Germany). Susceptibility testing
was executed on Mueller-Hinton agar (BD,
Heidelberg, Germany) by means of McFarland
0.5 from overnight cultures, followed by incuba-
tion at 35 °C for 16—18 h.

A disc diffusion method established by Bauer
et al. (1996) was also used for susceptibility
testing for screening purposes and in cases
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when carbapenemase activity was ruled out, e.g.,
imipenem, meropenem, or ceftazidime resis-
tance. A synergy testing or metallo-beta-
lactamase E-test was performed when pheno-
typic metallo-beta-lactamase-producing Gram-
negative bacteria were suspected.

2.3 Microbiology

The expectoration from the oropharyngeal space
and windpipe was acquired in a number of ways,
such as bronchial lavage, tracheal secretion, or
throat smear. To perform bronchial lavage,
approximately 20 mL of 0.9 % salt-water solu-
tion were infused following the administration of
a local anesthetic and sucked back by means of
the fiber-optic bronchoscope. Bronchial fluid was
then deposited in three separate, sterilized 40-mL
sample containers. Tracheal secretions were
recovered also using flexible fiber-optic bron-
choscopy by suctioning into aseptic 40-mL spec-
imen traps (Argyle™, Covidien, Neustadt/
Donau, Germany). The throat-smear was taken
by applying slight turning pressure on the pha-
ryngeal cotton swab, using a commercially avail-
able cotton throat-swab system (MEUS Srl,
Piove di Sacco, Italy). Expectoration was col-
lected by having the patients cough into 30-mL
antiseptic ~ sputum  containers  (Salivette®,
SARSTEDT, Niimbrecht, Germany), which was
later examined microbiologically.

A microscopic investigation was performed
after Gram staining at magnification of 80—1000x
in a minimum five viewing fields, according to the
standards of Bartlett (1987). Adhering to the mor-
phological and bacteriological standards actually
produced higher than expected doubts in the
microbiological assessment of bacteria.

For blood cultures, 20 mL of blood was taken
through venipuncture and transferred into the
BACTEC plus aerobic and anaerobic/F media
(Becton, Dickinson and Company; Heidelberg,
Germany). The samples were then incubated at
body temperature and checked if positive for
growing microorganisms after 5 days. Negative
vials were discarded.
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24 Statistical Analysis

Categorical ~ variables were expressed as
proportions, while continuous variables were
given as means = SD. 95 % confidence intervals
(CI) were calculated. Odds ratios (OR) were calcu-
lated for the mortality in different age-groups and
for the risk of pneumonia triggered by different
types of bacteria in patients over 65 years old com-
pared with younger patients. Antibiotics used in
each kind of pneumonia were compared with a
4 x 2 chi-squared test, where samples were
categorized as sensitive or resistant after evaluating
the outcome of the antibiotic susceptibility testing.
In cases where the number of samples was greater
than 120, Fisher’s exact probability test was used to
classify an antibiotic as sensitive or resistant in the
contingency table. Types of pneumonia were com-
pared witha 4 X 3 chi-squared test. One-way anal-
ysis of variance ANOVA for independent samples
was performed to compare various agents causing
pneumonia. Two-tailed tests were performed, and
p < 0.05 was taken as an indicator of significant
differences.

Additionally, the number of deaths during hos-
pital stay was calculated in pneumonia patients.
Thereafter, survival probabilities were determined
by means of the Kaplan-Meier method.

3 Results

Overall, 936 pneumonia cases were detected out
of the total of 6,932 patients. One hundred and
eighty five (19.8 %) patients of all age died from
pneumonia (Table 1). The male patients older
than 65 years were more likely to come down
with pneumonia (Table 2). In addition, patients
older than 65 years had an increased risk of dying
from pneumonia, which was gender independent
(Table 2). Pneumonia in the elderly was mostly
of staphylococcal origin. Interestingly, fewer
pre-senile patients suffered from pneumonia
and they were not significantly more likely to
die from pneumonia. In the elderly patients
with fatal pneumonia, antibiotic resistance was
not found in streptococcus pneumonia (Table 3).
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However, increased antibiotic resistance was
found in those who died from staphylococcal
pneumonia. The resistance concerned in this
case the following antibiotics: piperacillin-
tazobactam, cefuroxime, cefazolin, levofloxacin,
erythromycin, and clindamycin (Table 4). Some
antibiotic resistance could be seen for pneumonia
caused by Pseudomonas (Table 5). No apprecia-
ble resistance was detected for pneumonia
caused by E. coli (Table 6), Gram-negative bac-
teria (Table 7), Haemophilus (Table 8), or Kleb-
siella (Table 9). The elderly were more likely to
develop community-acquired pneumonia
(Table 10). The bacteria were mainly discovered
in the tracheal and bronchial secretions
(Table 11). There were 163 (17.4 %, 95 % CI
15.0-19.8 %) deaths related to pneumonia in the
elderly patients. Consequently, the survival rate
in hospitalized patients with pneumonia in this
investigation was 82.6 % (95 % CI 79.9-85.3 %).

4 Discussion

This observational study, which covered a
10-year period, shows that pneumonia had an
overall mortality rate of 19.8 % in all age groups.
Pneumonia continues to be feared by clinicians
due to its high mortality rate for all ages, ranging
between 10 and 25 %. Fatal outcomes from pneu-
monia are related, among other factors, to the
advanced age of patients (Pachon et al. 1990).
A high frequency of pneumonia in the elderly has
been shown in several studies (Feldman 2001;
Marrie 2000). Pneumonia in the elderly could be
categorized for scientific reasons as community-
acquired pneumonia, nursing home-acquired
pneumonia, or hospital-acquired pneumonia
(Watkins and Lemonovich 2011; Niederman
et al. 2001; Marik 2001). Although this classifi-
cation was not considered in this study,
community-acquired pneumonia was the most
frequent form of pneumonia in the elderly.

In contrast, aspiration pneumonia was found
in all age groups in the present study. Aspiration
pneumonia is characterized as the misrouting of
gastric content into the lungs (Dikensoy

et al. 2002). While initial clinical reports focused
on aspiration pneumonia resulting from acciden-
tal  foreign-body  aspiration  (Riquelme
et al. 2008), the number of studies concerning
aspiration pneumonia in the elderly has increased
with aging populations in recent decades
(Donowitz and Cox  2007; Gutiérrez
et al. 2006). Since the definition of aspiration
pneumonia remains imprecise, a confusion may
arise in clinical reports.

There are sex differences in pneumonia
caused by different bacteria. The incidence rate
of pneumonia observed in the present study was
higher in males and was higher than that reported
in other studies (Millett et al. 2013; EIl-Solh
et al. 2001). The male sex has been defined as a
risk factor for pneumonia among nursing home
residents (Cunha 2001). We found that the
elderly was suffering predominantly from staph-
ylococcal pneumonia. The frequency of different
bacteriological causes of pneumonia in the
elderly varied by the region. These observations
are in line with those reported in some previous
studies (Hashemi et al. 2010; Schito 2006).

S. aureus is frequently resistant to beta-
lactams and also to beta-lactamase-resistant
penicillins (Gin et al. 2007). Although
piperacillin and tazobactam have a very broad
spectrum of activity in both the Gram-positive
and Gram-negative bacteria (Skov et al. 2002),
an increased resistance to this beta-lactam com-
bination was unraveled in this present study. The
increased antibiotic resistance of staphylococci
was mainly present in the elderly pneumonia
patients. Increased resistance of staphylococci
to cefuroxime, a second-generation cephalospo-
rin, was also observed in the elderly whose ill-
ness was fatal. Cefuroxime has a broad spectrum
of activity and it is used to combat pneumonia in
clinical practice. In the Gram-positive range,
cefuroxime  acts  against  staphylococci,
streptococci, and pneumococci, and others
(Shoji et al. 2014; Jalil et al. 2008). Additionally,
resistance to cefazolin, a first-generation cepha-
losporin, was found in the elderly who died from
pneumonia. Cefazolin is effective against
staphylococci (Mukae et al. 2014). According
to the results of the present study, special care
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Table 10 Type of pneumonia according to age-group and mortality
>65 deceased <64 deceased >65 survivor <64 survivor p
Community-acquired 73 (44.8) 9 (40.9) 242 (47.5) 137 (56.6)
Nosocomial-acquired 65 (39.9) 522.7) 213 (41.8) 71 (29.3)
Aspiration 25 (15.3) 8 (36.4) 54 (10.6) 34 (14.0)
Total no. of patients (%) 163 (17.4) 22 (24) 509 (54.4) 242 (25.9) 0.0004
Table 11 Specimen collection and bacterial species in patients with pneumonia; number (%) of patients
>65 <64 >65 <64
Specimen deceased deceased survivor survivor p
Sputum 12 (7.4) 0 71 (13.9) 31 (12.8)
Throat swab 3(1.8) 1(4.5) 3(0.6) 2 (0.8)
Tracheal secretion 92 (56.4) 14 (63.6) 231 (45.4) 116 (47.9)
Bronchial secretion 40 (24.5) 4 (18.2) 136 (26.7) 61 (25.2)
Arterial blood culture 2(1.2) 0 6(1.2) 4 (1.7)
Venous blood culture 11 (6.7) 3 (13.6) 58 (11.4) 27 (11.2)
Secretion drainage 3(1.8) 0 4 (0.8) 1(0.4) 0.110
Species
Streptococcus pneumoniae 5@3.1) 2(9.1) 33 (6.5) 27 (11.2)
Staphylococcus aureus 25 (15.3) 522.7) 84 (16.5) 37 (15.3)
Staphylococcus epidermidis 2(1.2) 0 6(1.2) 1(0.4)
Coagulase-negative staphylococci 3(1.8) 0 5(1.0) 4 (1.7)
Staphylococcus haemolyticus 1 (0.6) 0 1(0.2) 0
Methicillin-resistant Staphylococcus aureus 27 (16.6) 3(13.6) 40 (7.9) 11 4.5)
(MRSA)
Staphylococcus capitis 0 0 3(0.6) 0
Staphylococcus hominis 0 0 1(0.2) 1(0.4)
Staphylococcus warneri 0 0 0 1(0.4)
Pseudomonas aeruginosa 31 (19.0) 2(9.1) 90 (17.7) 45 (18.6)
Escherichia coli 24 (14.7) 3 (13.6) 87 (17.1) 21 (8.7)
Enterobacter cloacae 1 (0.6) 14.5) 3 (0.6) 1(0.4)
Serratia marcescens 4(2.5) 3 (13.6) 16 (3.1) 12 (5.0)
Proteus mirabilis 1 (0.6) 1(4.5) 7 (1.4) 6 (2.5)
Acinetobacter baumannii 2(1.2) 0 2(0.4) 0
Stenotrophomonas maltophilia 1 (0.6) 0 2 (0.4) 3(1.2)
Citrobacter koseri 1(0.6) 0 0 0
Prevotella buccae 0 0 1(0.2) 1(0.4)
Enterobacter aerogenes 0 0 1(0.2) 2 (0.8)
Proteus vulgaris 0 0 1(0.2) 0
Serratia plymuthica 0 0 1(0.2) 0
Haemophilus influenzae 7(4.3) 0 21 4.1) 18 (7.4)
Haemophilus parainfluenzae 3(1.8) 0 18 (3.5) 15 (6.2)
Klebsiella pneumoniae 25 (15.3) 29.1) 66 (13.0) 28 (11.6)
Klebsiella ozaenae 0 0 1(0.2) 1(0.4)
Klebsiella oxytoca 0 0 17 (3.3) 72.9)
Klebsiella granulomatis 0 0 2 (0.4) 0
Total no. of patients (%) 163 (17.4) 22 (24) 509 (54.4) 242 (25.9)
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is required in the application of cefazolin for the
treatment of pneumonia in the elderly.

The elderly patients with staphylococcal
pneumonia in the present study also had high
antibiotic resistance to levofloxacin, a gyrase
inhibitor. Gyrase inhibitors have emerged as an
important class of antibiotics in the treatment of
pneumonia (Nasiri et al. 2013). A secondary
development of resistance in staphylococci is
possible during treatment with levofloxacin in
pneumonia patients (Hidalgo et al. 2008).
Another study demonstrates a very high rate of
fluoroquinolone resistance in S. aureus, reaching
almost 100 % in methicillin resistant isolates
(Kim et al. 2004). Therefore, close monitoring
of antimicrobial resistance is necessary during
treatment with levofloxacin.

As a result of unnecessary application of
macrolides, resistance to these antibiotics is fre-
quently encountered. Erythromycin acts against a
broad spectrum of Gram-positive bacteria, but its
activity against staphylococci may be reduced
due to the occurrence of resistance (Piatkowska
et al. 2012). A past study shows this previously
unidentified process of S. aureus resistance to
erythromycin (Ying and Tang 2010). The present
study confirmed a high frequency of resistance of
staphylococci to erythromycin in the elderly
pneumonia patients with a fatal outcome.

Resistance to antibiotics among staphylococci
is a growing problem in everyday practice of
treating pneumonia. This has prompted a
renewed interest in the use of lincosamide anti-
infection agents to treat S. aureus pneumonia
(Guay 2007). Clindamycin is a clinically relevant
representative of this group of antibiotics, which
is usually effective against staphylococci
(Prabhu et al. 2011). However, the extensive
use of the antibiotics of this class has escalated
staphylococci resistance to them (Colakoglu
et al. 2008; Yilmaz et al. 2007; Kader
et al. 2005). The increased resistance to
clindamycin was also demonstrated by the sus-
ceptibility testing in the present study, mainly in
the elderly pneumonia patients who failed to
survive. Since the primary clindamycin-resistant
staphylococci may occur, sensitivity of

J. Yayan and K. Rasche

staphylococci to clindamycin must be evidenced
in vitro before the onset of pneumonia treatment.

A limitation of this study is that it was
performed in a single university hospital. Since
bacterial resistance to antibiotics may be
regional, the results of this study may not be
widely applicable and ought to be considered
mostly for comparison with other studies in dif-
ferent regions. Also, after completion of the pres-
ent study, it turned out that the antibiotics were
not always evenly distributed in susceptibility
testing.

In conclusion, bacterial resistance to
antibiotics is a widespread problem. The emer-
gence of resistance to piperacillin-tazobactam,
cefuroxime, cefazolin, levofloxacin, erythromy-
cin, and clindamycin in staphylococci pneumo-
nia in the elderly may contribute to fatal
outcomes. For that reason, close clinical and
microbial monitoring of antibiotic resistance
must be carried out during the treatment of pneu-
monia in patients over 65 years of age.

Conflicts of Interests The authors declare no competing
financial or otherwise interests in relation to this study.
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