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Epidemiology of hospital-acquired pneumonia: Results of a Central European 
multicenter, prospective, observational study compared with data from the 

European region
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Background. Hospital-acquired pneumonia (HAP) is associated with high mortality. In Central Europe, there is a dearth 
of information on the prevalence and treatment of HAP. This project was aimed at collecting multicenter epidemiologi-
cal data on patients with HAP in the Czech Republic and comparing them with supraregional data.
Methods. This prospective, multicenter, observational study processed data from a database supported by a Czech 
Ministry of Health grant project. Included were all consecutive patients aged 18 and over who were admitted to 
participating intensive care units (ICUs) between 1 May 2013 and 31 December 2014 and met the inclusion criterion 
of having HAP. The primary endpoint was to analyze the relationships between 30-day mortality (during the stay in 
or after discharge from ICUs) and the microbiological etiological agent and adequacy of initial empirical antibiotic 
therapy in HAP patients.
Results. The group dataset contained data on 330 enrolled patients. The final validated dataset involved 214 patients, 
168 males (78.5%) and 46 females (21.5%), from whom 278 valid lower airway samples were obtained. The mean 
patient age was 59.9 years. The mean APACHE II score at admission was 21. Community-acquired pneumonia was 
identified in 13 patients and HAP in 201 patients, of whom 26 (12.1%) had early-onset and 175 (81.8%) had late-onset 
HAP. Twenty-two bacterial species were identified as etiologic agents but only six of them exceeded a frequency of 
detection of 5% (Klebsiella pneumoniae 20.4%, Pseudomonas aeruginosa 20.0%, Escherichia coli 10.8%, Enterobacter 
spp. 8.1%, Staphylococcus aureus 6.2% and Burkholderia cepacia complex 5.8%). Patients infected with Staphylococcus 
aureus had significantly higher rates of early-onset HAP than those with other etiologic agents. The overall 30-day 
mortality rate for HAP was 29.9%, with 19.2% mortality for early-onset HAP and 31.4% mortality for late-onset HAP. 
Patients with late-onset HAP receiving adequate initial empirical antibiotic therapy had statistically significantly lower 
30-day mortality than those receiving inadequate initial antibiotic therapy (23.8% vs 42.9%). Patients with ventilator-
associated pneumonia (VAP) had significantly higher mortality than those who developed HAP with no association 
with mechanical ventilation (34.6% vs 12.7%). Patients having VAP treated with adequate initial antibiotic therapy had 
lower 30-day mortality than those receiving inadequate therapy (27.2% vs 44.8%).
Conclusions. The present study was the first to collect multicenter data on the epidemiology of HAP in the Central 
European Region, with respect to the incidence of etiologic agents causing HAP. It was concerned with relationships be-
tween 30-day patient mortality and the type of HAP, etiologic agent and adequacy of initial empirical antibiotic therapy.
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INTRODUCTION

Early and correct identification of the etiologic agent for 
nosocomial bacterial infection and determination of its 
susceptibility or resistance to antibiotics are an essen-
tial precondition for rational targeted antibiotic therapy. 
Additionally, adequate selection of empirical antibiotic 
therapy makes the treatment more successful, shorter 
and less expensive1,2, eventually leading to reduced patient 
mortality3. One of the most common nosocomial infec-
tions encountered in intensive care is hospital-acquired 
pneumonia (HAP). In intensive care patients, HAP ac-
counts for 10-47% of nosocomial infections4,5, with a re-
ported mortality of 20-60% (ref.6-9). Most frequently, HAP 
is associated with invasive airway management and me-
chanical ventilation, such as the case of ventilator-assisted 
pneumonia (VAP) (ref.10). From an epidemiological point 
of view, there are two types of pneumonia. Community-
acquired pneumonia (CAP) develops outside the hospital 
setting or within 48 h from admission to hospital of a 
patient. By contrast, HAP is associated with a stay in a 
health care facility and is defined as developing within 48 
h or more from admission, but no later than 14 days after 
discharge of a patient. Clinical and laboratory manifesta-
tions of early-onset HAP occur 48 to 96 hours from ad-
mission; in late-onset HAP, the time period starts on day 
5 after hospital admission11. The pathogenesis of HAP is 
dependent upon the number and virulence of microorgan-
isms entering the lower airways and the patient’s reactions 
– immune, mechanical, humoral or cellular. The primary 
way of transmission of a pathogen into the airways is most 
commonly microaspiration of microbes colonizing the 
oropharyngeal region or the upper gastrointestinal tract9, 
or by droplet infection from the environment.

The most frequent pathogens causing CAP are Strepto
coccus pneumoniae, Haemophilus influenzae and atypical 
bacteria (Mycoplasma pneumoniae, Chlamydophila pneu-
moniae) or respiratory viruses12,13.

A 2009 pilot study carried out in our center showed 
that HAP was most commonly caused by endogenous 
pathogens originating from an individual’s bacterial mi-
croflora or, to a lesser extent, by exogenous pathogens 
from the hospital environment with clonal spread among 
patients. The most frequently identified pathogens were 
gram-negative bacteria, in particular Klebsiella pneumoni-
ae and Pseudomonas aeruginosa, resistant to multiple an-
tibiotics5.

This multicenter study aimed at assessing the ad-
equacy and effectiveness of initial antibiotic therapy of 
HAP with respect to mortality and providing a broader 
overview of the epidemiology of pathogens causing pneu-
monia in patients with respiratory insufficiency receiving 
mechanical ventilation.

METHODS

Setting and Study Design
A prospective, multicenter, observational study was 

designed to assess both clinical and epidemiological 
data of intensive care patients with CAP, HAP and VAP 
in the Czech Republic. The study was approved by the 
Ethics Committee for Multicenter Trials of the University 
Hospital Olomouc. Patients included in the study were 
not required to give informed consent. The study was en-
tered in the ClinicalTrials.gov database under the number 
NCT02614144.

Participants
The following four clinical centers in the Czech 

Republic participated in the study: (1) Department of 
Anesthesiology and Intensive Care Medicine, Faculty of 
Medicine in Hradec Kralove, Charles University in Prague 
and University Hospital Hradec Kralove; (2) Department 
of Anesthesiology and Intensive Care Medicine, Faculty 
of Medicine, Masaryk University in Brno and University 
Hospital Brno; (3) Department of Anesthesiology and 
Intensive Care Medicine, First Faculty of Medicine, 
Charles University in Prague and Thomayer Hospital 
Prague; and (4) Department of Anesthesiology and 
Intensive Care Medicine, Faculty of Medicine and 
Dentistry, Palacky University Olomouc and University 
Hospital Olomouc.

The sample comprised patients staying in intensive 
care units (ICUs) of the participating centers between 1 
May 2013 and 31 December 2014 who developed signs of 
CAP or HAP. Included were all individuals aged 18 and 
over who were consecutively admitted to the centers and 
had positive findings in their tracheal secretions during 
their ICU stay. In intubated patients, secretion samples 
for microbiology culture tests were obtained by aspira-
tion from the lower airway. Each sample was processed 
by semiquantitative method based on the four-quadrant 
streak technique using a calibrated loop. The etiologic 
agent was considered relevant if cultured from tracheal 
secretion samples at a quantity of >105 CFU/mL. The 
samples were processed by traditional microbiological 
methods. The microorganisms were identified by standard 
microbiological methods using MALDI-TOF mass spec-
trometry (Brucker Daltonics, Germany). If an identical 
culture, determined as the etiologic agent, was repeatedly 
isolated from multiple samples obtained from the same 
patient, only the first isolated culture was included in the 
study. Susceptibility to antibiotics was determined by the 
standard microdilution method according to the EUCAST 
criteria14. Production of ESBL and AmpC broad-spectrum 
beta-lactamases was detected by modified DDST and 
AmpC tests15. Positive phenotype results were verified 
by polymerase chain reaction detecting the blaCTX-M, 
blaSHV, and blaTEM genes16,17.
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Outcome Assessment 
The primary endpoint was 30-day mortality. To assess 

relationships between mortality and the type of pneumo-
nia, etiologic agent and adequacy of empirical antibiotic 
therapy, participants were divided into mono- and poly-
microbial groups based on the frequency of detection 
of the etiologic agent. The following basic patient data 
were recorder: gender (male/female), age at enrolment 
(years), Acute Physiology and Chronic Health Evaluation 
II (APACHE II) score, length of hospital stay, length of 
mechanical ventilation and 30-day mortality. Also re-
corded were initial empirical antibiotic therapy on the 
day when the criteria for pneumonia were met and its 
adequacy, that is, susceptibility of the identified etiologic 
agent to the applied antibiotic.

Definitions
The clinical signs of pneumonia are defined as the 

presence of newly developed or progressive infiltrates on 
chest radiographs plus at least two other signs of respira-
tory tract infection: temperature >38 °C, purulent sputum, 
leukocytosis (WBC >10×103/mm3) or leukopenia (WBC 
<4×103/mm3) signs of inflammation on auscultation, 
cough and/or respiratory insufficiency with a PaO2/FiO2 
ratio of ≤300 mmHg.

Statistical Methods
Patients with incomplete data for the key variables 

at all time points were excluded from the analysis. The 
time point was the moment of fulfilling the criteria for 
pneumonia. The selection of variables for a multivariate 
model was based on two principles: (i) variables with P 
< 0.1 in univariate analysis were selected for the develop-
ment of the multivariate model, and (ii) redundancy of 
variables was evaluated and only the most statistically 
significant variable out of the redundant set of predictors 
was selected. No replacement of missing values or outliers 
was performed in order to minimize bias due to changed 
content of retrospective clinical records. The prerequisites 

of statistical computations were evaluated using visual 
inspection of data and normality tests; the redundancy 
of predictors was evaluated using the analysis of their as-
sociations (correlation for continuous variables and con-
tingency table analysis for categorical variables). Standard 
descriptive statistics were applied to summarize the pri-
mary data; continuous variables as means and 95% confi-
dence intervals or median and range; categorical variables 
by absolute and relative frequencies. Potential predictors 
of 30-day mortality were analyzed using logistic regression 
and risk or protective association was quantified by odds 
ratios (OR) with corresponding 95% confidence intervals. 
Multivariate logistics regression was adopted for adjusting 
univariate results for age and APACHE II scores, and for 
defining the final multivariate model. Thirty-day mortality 
was statistically analyzed by Fisher’s exact test. The selec-
tion of variables for the multivariate model was based on 
univariate P < 0.1 and redundancy analysis of these pre-
selected predictors. P ≤ 0.05 was adopted as the level of 
statistical significance for all analyses and SPSS 21 (IBM 
Corporation, 2012) was the software used.

RESULTS

Patients 
The group dataset comprised data on 330 enrolled pa-

tients. Of those, 116 patients were excluded as their lower 
airway secretion samples either yielded negative culture 
findings or contained normal upper airway flora. Thus, 
the final validated dataset involved 214 patients, 168 males 
(78.5%) and 46 females (21.5%), from whom 278 etiologic 
agent samples were obtained.

Community-acquired pneumonia was identified in 13 
patients, from whom 18 etiologic agents were obtained 
(30-day mortality with adequate and inadequate initial 
antibiotic therapy was 0.0% and 33.3%, respectively; the 
overall 30-day mortality reached 15.4%).

Hospital-acquired pneumonia was identified in 201 
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Fig. 1. Study flow chart.
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patients, from whom 260 etiologic agents were obtained. 
Twenty-six patients (12.9%) were diagnosed with early-
onset HAP, with 26 samples of etiologic agents obtained. 
Late-onset HAP was detected in 175 patients (87.1%) 
with 234 etiologic agents. Monomicrobial etiology was 
detected in 149 patients. Polymicrobial etiology was seen 
in 52 patients, all of them having late-onset HAP. The flow 
chart is shown in Fig. 1.

The mean patient age was 59.9 ± 17.6 years (median, 64.0 
years); females 64.1 ± 18.1 years (median, 68.5 years), 
males 58.7 ± 17.4 (median, 63.0 years). Females were 
statistically significantly older (P = 0.021).

The mean APACHE II score at admission was 21.126 
(range, 8-43; median, 20.0); females 22.696 (range, 8-43, 
median, 23.0), males 20.696 (range, 8-40; median, 20.0). 
The difference in scores between males and females was 
not statistically significant (P = 0.061).

Table 1. Relationship between the etiologic agent and HAP type (etiologic agents from patients with monomicrobial etiology 
with detection rates higher than 5%). 

HAP
Total

early-onset late-onset
Burkholderia cepacia complex Count 0 7 7

% 0.0% 100.0% 100%
Enterobacter spp. Count 2 9 11

% 18.2% 81.8% 100%
Escherichia coli Count 2 13 15

% 13.3% 86.7% 100%
Klebsiella pneumoniae Count 1 24 25

% 4.0% 96.0% 100%
Pseudomonas aeruginosa Count 1 27 28

% 3.6% 96.4% 100%
Staphylococcus aureus Count 5 8 13

% 38.5% 61.5% 100%
Total Count 11 88 99

% 11.1% 88.9% 100%

Table 2. Relationship between the etiologic agent for HAP and adequate initial empirical antibiotic therapy (etiologic agents 
from patients with monomicrobial etiology with detection rates higher than 5%).

Adequate antibiotic therapy
Total

Yes No
Burkholderia cepacia complex Count 5 2 7

% 71.4% 28.6% 100%
Enterobacter spp. Count 5 6 11

% 45.5% 54.5% 100%
Escherichia coli Count 13 2 15

% 86.7% 13.3% 100%
Klebsiella pneumoniae Count 16 9 25

% 64.0% 36.0% 100%
Pseudomonas aeruginosa Count 13 15 28

% 46.4% 53.6% 100%
Staphylococcus aureus Count 9 4 13

% 69.2% 30.8% 100%
Total Count 61 38 99

% 61.6% 38.4% 100%

Main results
A significant relationship was found between the pneu-

monia type and age (the mean age was 48.4, 57.5 and 
60.8 years for patients with CAP, early- and late-onset 
HAP, respectively; P = 0.049). No association was found 
between APACHE II scores at admission and the type of 
pneumonia.

There was no statistically significant relationship be-
tween the type of pneumonia and patient gender (P = 
1.000).

Twenty-two bacterial species were identified as caus-
ing HAP (Appendix 1). Only six of them exceeded a fre-
quency of detection of 5% (Klebsiella pneumoniae 20.4%, 
Pseudomonas aeruginosa 20.0%, Escherichia coli 10.8%, 
Enterobacter spp. 8.1%, Staphylococcus aureus 6.2% and 
Burkholderia cepacia complex 5.8%).

There was a statistically significant association be-
tween the etiologic agent and HAP type (P = 0.046). 
Patients infected with Staphylococcus aureus had signifi-
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cantly higher rates of early-onset HAP than those with 
other etiologic agents (see Table 1).

Initial empirical antibiotic therapy included 19 dif-
ferent antibiotic agents as monotherapy or combination 
therapy (Appendix 2).

Adequate initial antibiotic therapy was noted in 120 
patients (59.7%); of those, 15 had early-onset and 105 
had late-onset HAP. Adequate initial antibiotic therapy 
was administered to 93 patients (62.4%) with monomicro-
bial etiology of HAP (P = 0.301) and to only 23 patients 
(44.2%) with polymicrobial etiology (P = 0.219).

The study failed to show a relationship between the 
etiologic agent for HAP and adequate initial antibiotic 
therapy (P = 0.084) – see Table 2.

30-day mortality
The overall mortality rate for HAP was 29.9%, with 

19.2% mortality for early-onset HAP and 31.4% mortality 
for late-onset HAP (P = 0.302).

In patients with monomicrobial etiology of HAP, the 
overall mortality was 28.9% and the rates for early- and 
late-onset HAP were 16.7% and 30.5%, respectively (P = 
0.277). Those with polymicrobrobial etiology had 32.7% 
mortality, with the rates for early- and late-onset HAP be-
ing 28.6% and 33.3%, respectively (P = 1.000).

The mortality rates were 21.3% and 40.2% for adequate 
and inadequate initial antibiotic therapy, respectively (P 
= 0.003).

There was no association between mortality and the 
gender (P = 0.361) or etiologic agent causing HAP (P = 
0.598).

In patients with late-onset HAP, mortality was signifi-
cantly lower if adequate initial empirical antibiotic therapy 
was administered as compared with inadequate therapy 
(P = 0.012) – see Table 3. In patients with early-onset 
HAP, however, the study failed to show the relationship 

between 30-day mortality and adequate initial empirical 
therapy (P = 0.620).

VAP
In 159 patients (74.3%), HAP was identified in as-

sociation with mechanical ventilation, that is, they had 
VAP. There was no statistically significant relationship 
between the development of VAP and gender (P = 0.850).

The subgroup of patients with VAP was shown to have 
statistically significantly higher mean APACHE II score 
(21.7) than those having HAP and not receiving mechani-
cal ventilation (19.3; P = 0.031).

Patients with VAP (n = 55) had higher mortality 
(34.6%) than those who developed HAP unrelated to 
mechanical ventilation (n = 7; 12.7%; P = 0.002).

There was a relationship between mortality in VAP 
and adequate empirical antibiotic therapy. Patients hav-
ing VAP treated with adequate initial antibiotic therapy 
had lower 30-day mortality (27.2%) than those receiving 
inadequate therapy (44.8%; P = 0.028) – see Table 4.

DISCUSSION

The present study was the first to collect multicenter 
data on the epidemiology of HAP in the Czech Republic. 
The result showed that the actual 30-day mortality was 
significantly lower than mortality predicted based on 
the initial APACHE II score. Patients with HAP had a 
real mortality rate of 30% (38% according to APACHE 
II), with the rates in the early- and late-onset HAP and 
VAP subgroups being 19% (35% APACHE II), 31% (40% 
APACHE II) and 35% (40% APACHE II), respectively. 
In the CAP patient subgroup, the actual 30-day mortality 
was 15%, as compared with 30% according to APACHE II.

Previously published data on HAP-associated mortal-

Table 3. Mortality rates for patients with late-onset HAP receiving adequate empirical antibiotic therapy.

Mortality
Total

Yes No
Adequate antibiotic therapy Yes Count 25 80 105

% 23.8% 76.2% 100%
No Count 30 40 70

% 42.9% 57.1% 100%
Total Count 55 120 175

% 31.4% 68.6% 100%

Table 4. Mortality rates for patients with VAP receiving adequate initial antibiotic therapy.

Mortality
Total

Yes No
Adequate antibiotic therapy Yes Count 25 67 92

% 27.2% 72.8% 100%
No Count 30 37 67

% 44.8% 55.2% 100%
Total Count 55 104 159

% 34.6% 65.4% 100%
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ity ranged between 20% and 50% (ref.6-9), with the most 
common rate being approximately 46% (ref.2,18). However, 
comparison of mortality data is limited by the fact that 
varied approaches are used to report the data. For ex-
ample, Forel et al.19 assessed ICU mortality in two VAP 
subgroups, 28-day (27%) and 90-day (41%) rates, whereas 
Werarak reported a 30-day mortality rate of 46% (ref.20) 
and Tejada et al. stated 46% mortality with no time period 
specified18. A study by Esperatti et al. described a group 
of 315 ICU patients and found in-hospital mortality rates 
36% for HAP and 42% for VAP (ref.21). Burgmann et al. 
investigated nosocomial infections in 456 patients staying 
in 34 Austrian ICUs to report 32% in-hospital HAP mor-
tality22. Rates similar to those in the present study were 
published in a 1-month prospective study by Hortal et al. 
comprising 986 patients undergoing cardiac surgery in 25 
hospitals in 8 European countries; the VAP mortality was 
35% (ref.23). By contrast, a higher VAP-associated mortal-
ity (52%) was reported by Lambiase et al. in a smaller 
cohort of 29 patients24.

The present study found a 30-day HAP-associated mor-
tality of 30%, a rate corresponding with 35% in-hospital 
mortality reported by a 2011 pilot study by Uvizl et al.5. 
According to numerous studies, higher mortality rates 
were associated with inadequate initial antibiotic thera-
py, inadequate dosage, inadequate length of administra-
tion of antibiotics and/or delayed initiation of antibiotic 
therapy12,25-27. While 40% of patients in the present study 
were treated inadequately, a 2006 study by Luna et al., for 
example, found inadequate antibiotic therapy in as many 
as 68% of patients28. A Spanish study by Alvarez-Lerma 
et al. prospectively assessing 244 critically ill patients in 
24 ICUs reported inadequate initial empirical antibiotic 
therapy in 14% (28% mortality) and adequate initial antibi-
otic therapy in 39% of patients (19% mortality). However, 
it failed to detect the etiologic agent for HAP in 47% of 
patients29. A similar association between mortality and 
adequacy of initial antibiotic therapy was presented in a 
study by Rello et al. using data from 27 European ICUs, 
with mortality rates of 35% and 48% in patients with ad-
equate and inadequate therapy, respectively30.

The present study showed that most (87%) HAP 
cases were late-onset and caused by gram-negative bac-
teria, in particular Enterobacteriaceae and strains of 
Pseudomonas aeruginosa, Burkholderia cepacia complex 
and Stenotrophomonas maltophilia, accounting for 86% 
of cases. Similar incidence rates were reported by numer-
ous studies21,23,24 such as an Asian study by Chung et al. 
involving 73 ICUs (82% incidence) and a study by Forel 
et al. (78%) (ref.19).

In 98% of cases of Pseudomonas aeruginosa being iden-
tified as a bacterial agents, the bacterium was found to 
cause late-onset HAP. This prevalence rate correlated with 
results from other studies2,32,33, namely that by Lambiase 
et al. reporting a prevalence of Pseudomonas aeruginosa 
in VAP of 52% (ref.24).

As compared with other pathogens, antibiotic therapy 
for Pseudomonas aeruginosa has been noted to fail due 
to resistance in a high proportion of cases. The present 

study showed inadequate therapy in 54% of cases caused 
by Pseudomonas aeruginosa and 39% mortality rate when 
HAP was associated with isolation of this pathogen.

The detection rate of Klebsiella pneumoniae as an 
etiologic agent causing late-onset HAP (10%) is compa-
rable to previously published data ranging from 4% to 
12% (ref.2,19,30).

Unlike data from other studies, the role of gram-
positive bacteria, in particular Staphylococcus aureus, 
in the etiology of HAP is less pronounced in the Czech 
Republic. In the present study, gram-positive bacteria ac-
counted for only 11.7% of cases, with Staphylococcus au-
reus being responsible for mere 7% of cases. Interestingly, 
Staphylococcus aureus was 100% susceptible to methicil-
lin and the agent was associated with the second lowest 
mortality rate (15%) of all pathogens investigated in the 
study, after Enterobacter cloacae (9%). The proportion 
of Staphylococcus aureus among pathogens causing late-
onset HAP was significantly lower in comparison with 
gram-negative bacteria. The 1997-2008 SENTRY program 
stated 28% prevalence of Staphylococcus aureus in the eti-
ology of HAP; in a study by Ioanas et al., methicillin-
resistant strains of Staphylococcus aureus accounted for 
16% of cases2,34.

Given its low frequency, Acinetobacter baumannii could 
not be assessed in the present study. Yet this pathogen has 
been reported to have high incidence and mortality rates 
in association with HAP/VAP (58.8%) (ref.25,33).  

CONCLUSIONS

The mean age of patients with early-onset HAP (54.7 
years) was lower than that of patients with late-onset HAP 
(60.8 years).

Pseudomonas aeruginosa was the most prevalent etio-
logic agent for late-onset HAP (15.4% of cases) but it 
less commonly caused early-onset HAP (3.8%). Klebsiella 
pneumoniae was considerably more important in the etiol-
ogy of late-onset HAP (13.7%) than in early-onset HAP 
(3.8%). Staphylococcus aureus was most frequently de-
tected in early-onset HAP (19.2%) but less commonly in 
late-onset HAP (4.6%).

The 30-day mortality rates were 19.2% and 31.4% in 
patients with early- and late-onset HAP, respectively. The 
study failed to show relationships between mortality and 
type of HAP as well as between mortality and etiologic 
agent for HAP. Patients with late-onset HAP receiving ad-
equate initial empirical antibiotic therapy had statistically 
significantly lower mortality (23.8%) than those receiving 
inadequate initial antibiotic therapy (42.9%).

Patients with VAP had significantly higher mortality 
(34.6%) than patients who developed HAP with no as-
sociation with mechanical ventilation (12.7%). Patients 
with CAP had a mortality rate of 15.4%.
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