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Abstract The purpose of this study was to assess the main
clinical predictors and microbiological features of ventilator-
associated pneumonia (VAP) in the Intensive Care Unit (ICU)
environment. This work is a retrospective analysis over one
year from September 2010 to September 2011. Patients’ risk
factors, causes of admission, comorbidities and respiratory
specimens collected in six Italian ICUs were reviewed.
Incidence and case fatality rate of VAP were evaluated.
After stratification for VAP development, univariate and mul-
tivariate analyses were performed to assess the impact of pa-
tients’ conditions on the onset of this infection. A total of 1,
647 ICU patients (pts) were considered. Overall, 115 patients
(6.9 %) experienced at least one episode of VAP. The

incidence rate for VAP was 5.82/1,000 pts-days, with a case
fatality rate of 44.3 %. Multivariate analysis showed that ad-
mission for neurological disorders (aIRR 4.12, CI 1.24–13.68,
p=0.02) and emergency referral to ICU from other hospitals
(aIRR 2.11, CI 1.03–4.31, p = 0.04) were associated with
higher risk of VAP, whereas a tendency to a higher risk of
infection was detected for admission due to respiratory dis-
ease, cardiac disease, trauma and for having obesity or renal
failure. A total of 372 microbiological isolates from respirato-
ry specimens were collected in VAP patients. The most com-
mon species were Klebsiella pneumoniae, Acinetobacter
baumannii and Pseudomonas aeruginosa, showing high re-
sistance rates to carbapenems. Neurological disorders and
emergency referral at the admission into the ICU are signifi-
cantly associated with the onset of VAP. A high incidence of
multi-drug resistant Gram- species was detected in the
respiratory specimens.

Introduction

Ventilator-associated pneumonia (VAP) is currently recognized
as one of the most relevant causes of morbidity and mortality
among intensive care unit (ICU) patients worldwide and is
estimated to occur in 8% to 28% of all mechanically ventilated
patients [1]. In Europe, a burden of 18,900 cases of VAP have
been estimated to occur each year [2], with amortality rate up to
50 % of cases in some reports and as high as 76 % in the most
compromised patients, especially when multidrug-resistant
pathogens are involved [3, 4]. At the present time, VAP is
considered to be the secondmost frequent nosocomial infection
occurring in the ICU after central lines infections, and it may
account for up to 25 % of all hospital-acquired infections in the
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ICU environment [1]. According to the ATS/IDSA guidelines,
VAPs can be classified as early-onset VAP or late-onset VAP
depending on whether they occur within or after the first
96 hours of hospitalization, respectively [3].

The main risk factors for VAP development include recent
surgery, use of proton pump inhibitors, prolonged endotrache-
al tube (ETT) placement and difficulty in weaning from me-
chanical ventilation (i.e., need for re-intubation), nasogastric
tube placement, supine patient position, recent use of antibi-
otics, chronic pulmonary disease, trauma and previous
septicaemia [4]. Moreover, according to some reports, trans-
portation of the patient outside the ICU might also be associ-
ated with an increased risk of VAP [5].

The microbiological epidemiology of nosocomial pneumo-
nias is complex. The most important pathogens causing VAP
today are gram-negative bacteria (mainly Klebsiella spp,
Acinetobacter spp, Pseudomonas spp, Escherichia coli and
other Enterobacteriaceae) and some gram-positive species
such as Staphylococcus aureus and Enterococci, followed by
a small amount of anaerobic species [1, 6]. Furthermore, ex-
tensive antimicrobial resistance among bacteria isolated from
critically ill patients with VAP represents a serious concern for
the clinician, as it may lead to increased antibiotic drug usage,
higher mortality rates and prolonged length of stay in the ICU
[7, 8]. Recent studies have shown an increasing spread of
multidrug-resistant gram-negative and gram-positive bacteria
in ICUs across Europe and the United States in the last few
years, with carbapenem resistance usually found in almost
70 % of Acinetobacter spp and 40 % of Klebsiella spp and
an extended-spectrum beta lactamase (ESBL) pattern
expressed in up to 30 % of Enterobacteriaceae isolates glob-
ally [9]. Generally, mechanical ventilation, immunosuppres-
sion, recent antimicrobial therapy, hospitalization longer than
5 days, chronic dialysis, and residence in a nursing home or
extended care facility are considered the most relevant risk
factors for acquiring a respiratory nosocomial infection caused
by multidrug-resistant pathogens in the ICU [10].

This study retrospectively investigated VAP incidence in the
adult ICU to evaluate the incidence rate of VAP, causative or-
ganisms, outcomes of infection and the most significant clinical
predictors of VAP development, including the usual risk factors
for acquiring nosocomial infections on admission to the ICU.
As a secondary end point, the study aimed to identify the anti-
microbial susceptibility patterns and prevalence of multi-drug
resistant gram-positive and gram-negative bacteria in the respi-
ratory specimens in all patients who were diagnosed with
ventilator-associated pneumonia in the ICU.

Methods

The study was conducted as a post-hoc analysis of a pro-
spectively collected database over a 12-month period

from September 2010 to September 2011. All patients
admitted into the adult ICUs of six different hospitals in
Rome, Italy, were monitored by the attending physicians
for development of ventilator associated pneumonia
(VAP). Patients’ main demographics, risk factors, cause
of admission (when available), and comorbidities were
identified; cultures collected from respiratory samples
were acquired, and all the outcomes were registered.
Antimicrobial susceptibility testing was performed, and
the most common patterns of drug resistance for gram-
positive and gram-negative isolates obtained from respira-
tory specimens were identified.

Among the hospitals involved in the study, three were
teaching hospitals (University of Tor Vergata, University of
La Sapienza, and S. Andrea Hospital) and three were non-
teaching hospitals (S. Giovanni Hospital, S. Gallicano
Hospital, and S. Filippo Neri Hospital).

Clinical samples for microbiological culture comprised
bronchoalveolar lavage (BAL) and bronchial aspirates
(BAS). Cultures were processed using standard microbiolog-
ical methods. Identification of isolates was performed with the
VITEK (bioMérieux, Durham, NC) and API automated sys-
tems (bioMérieux, Marcy l’Etoile, France). Organism identi-
fication and susceptibility classification were completed with
the Vitek 2 system (bioMérieux, Balmes-les-Grottes, France)
and by manual biochemical identification when necessary.
Antimicrobial susceptibility testing was performed on all iso-
lates with the Vitek 2 system as approved by the United States
Food and Drug Administration to determine MICs. Organism
susceptibility was interpreted according to CLSI guidelines
[11].

VAP in the ICU was defined according to ATS/IDSA
guidelines [3], as a nosocomial pneumonia with an onset time
beyond 48 h after the patient has been placed on mechanical
ventilation with the presence of clinical and radiological signs
that are suggestive of a new infective process of the lung (e.g.,
a new or worsening pulmonary infiltrate on chest X-ray,
fever > 38 °C, elevated WBC> 12,000/mmc or leukope-
nia<4,000/mmc and onset of significant bronchial purulent
discharge). Early onset or late-onset VAP were defined wheth-
er the infectious process occurred within or after 96 h of ICU
admission.

The study was funded by the Italian Drug Agency (AIFA)
as part of a project aimed at monitoring the microbiological
epidemiology of Roman ICUs. The study was approved by all
the ethics committees of the centres involved.

Statistical analysis

The incidence rate (IR) of VAP was calculated as the ratio
between the number of VAP cases and the total number of
days in the ICU, and IRs were expressed per 1,000
patient-days in the ICU. IRs were also calculated by
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stratifying the cohort by several patient characteristics
[i.e., sex, age at ICU entrance, main underlying comor-
bidities and referring admission department (grouped as
clinical, surgical and emergency)] and by the most impor-
tant causes for admission into the ICU (grouped according
to the main organ dysfunction that was initially detected).
Using mixed (by clinical centres) Poisson regression
models, crude and adjusted incidence rate ratios (IRR)
were calculated to evaluate the most important clinical
predictors for VAP in the ICU comparative with

previously described clinical predictors. Adjusted IRRs
were obtained by a multiple regression model that only
included covariates from the univariate analysis with a p-
value <0.2.

Finally, the Kaplan-Meier method was used to estimate the
cumulative probability of survival in the ICU. To evaluate if
VAP was associated with a greater risk of death, an analysis
was also performed that stratified patients by VAP and non-
VAP occurrence. Data were allocated in a time-dependent
fashion from patients in whom VAP occurred [12].

Table 1 Characteristics of and association with VAP incidence for 1,647 patients admitted into six intensive care units (ICUs) in Rome, Italy, 2010-
2011

Characteristic Number Percent (%) VAP
number

Person-days
(thousands)

Rate 95 % CI p-value

Age group (years) ≤55 389 23.6 35 6.18 5.66 4.06 7.88 0.11
55–70 462 28.1 37 5.59 6.62 4.80 9.14
70–80 531 32.2 34 5.87 5.79 4.14 8.10
>80 260 15.8 9 2.09 4.30 2.24 8.27

Gender Male 1033 62.7 75 12.09 6.20 4.95 7.78 0.58
Female 612 37.2 40 7.66 5.22 3.83 7.12

Previous admission
before entry into ICU

Medical 357 21.7 13 3.11 4.18 2.43 7.21 <0.01
Surgical 651 39.5 23 5.75 4.00 2.66 6.02
Emergency 516 31.3 59 8.87 6.65 5.15 8.58
Emergency referral

from other centres
123 7.5 20 2.02 9.89 6.38 15.33

COPD No 1300 78.9 88 15.47 5.69 4.62 7.01 0.75
Yes 347 21.1 27 4.28 6.31 4.32 9.19

Heart disease No 1204 73.1 82 15.30 5.36 4.32 6.65 0.85
Yes 443 26.9 33 4.45 7.42 5.27 10.44

Vascular disease No 1586 96.3 114 18.94 6.02 5.01 7.23 0.20
Yes 61 3.7 1 0.81 1.24 0.17 8.82

Stroke No 1589 96.5 109 18.67 5.84 4.84 7.04 0.93
Yes 58 3.5 6 1.08 5.57 2.50 12.39

Hypertension No 1030 62.5 76 13.10 5.80 4.63 7.26 0.65
Yes 617 37.5 39 6.65 5.87 4.29 8.03

Diabetes No 1365 82.9 93 16.28 5.71 4.66 7.00 0.79
Yes 282 17.1 22 3.47 6.34 4.17 9.62

Obesity No 1562 94.8 101 18.46 5.47 4.50 6.65 0.17
Yes 85 5.2 14 1.29 10.84 6.42 18.30

Renal failure No 1523 92.5 100 18.00 5.56 4.57 6.76 0.11
Yes 124 7.5 15 1.75 8.58 5.17 14.23

Active neoplasia No 1281 77.8 110 17.90 6.14 5.10 7.41 0.14
Yes 366 22.2 5 1.85 2.71 1.13 6.51

Haematologic disorders No 1615 98.1 114 19.48 5.85 4.87 7.03 0.56
Yes 32 1.9 1 0.27 3.69 0.52 26.20

Number of comorbidities 0 438 26.6 36 6.76 5.33 3.84 7.39 0.97
1 481 29.2 30 5.41 5.55 3.88 7.93
2 387 23.5 23 3.76 6.11 4.06 9.20
3 217 13.2 19 2.61 7.29 4.65 11.43
≥4 124 7.5 7 1.22 5.76 2.74 12.08

Causes for ICU admission GI disease 181 11.0 3 1.75 1.71 0.55 5.30 0.10
CNS disease 240 14.6 40 5.35 7.48 5.49 10.20
Respiratory disease 353 21.4 31 4.70 6.60 4.64 9.38
Urinary disease 115 7.0 1 0.90 1.11 0.16 7.85
Surgical

intervention
368 22.3 11 2.04 5.40 2.99 9.76

Trauma 159 9.7 20 3.23 6.20 4.00 9.61
Cardiovascular

disease
106 6.4 8 0.92 8.74 4.37 17.48

Other diseases 125 7.6 1 0.87 1.15 0.16 8.20
Total 1647 115 19.75 5.82 4.85 6.99
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Statistical analyses were performed using the STATA sta-
tistical software package (Stata Statistical Software: Release
12, 2012. StataCorp LP, College Station, TX, USA).

Results

In the whole cohort, 115 patients (6.9 %) developed at least
one episode of VAP in the ICU, with an incidence rate of 5.82
(95 % CI 4.85–6.99) cases per 1000 patient-days. Among
these cases, 36 (31.3 %) were early-onset VAP and 79
(68.7 %) were late-onset VAP. Table 1 shows patient charac-
teristics by referring department and VAP occurrence. Overall,
a total of 1,647 patients—1,034 (62.7 %) males and 613
(37.3 %) females—were enrolled in the study, with a median
age of 69 years (IQR 56–77). Three hundred fifty-seven
(21.6 %) patients were referred to the ICU from medical
wards, 651 (39.5 %) from surgical wards, 516 (31.3 %) from
the emergency department, and 123 (7.4 %) patients were
directly transferred from other health centres. The most com-
mon reasons for admission into the ICU in the study popula-
tion were post-operative complications, pulmonary disease,
CNS or neurological disease, trauma and gastrointestinal dis-
ease (Table 1). The median length of ICU stay before VAP
onset was 6 days (IQR 3–11), with the highest percentages
occurring in patients admitted from the emergency department
(11.4 %) followed by those admitted from medical wards
(3.6 %) and surgical departments (3.5 %). The median age
of VAP patients was 65.1 years (IQR 50.5–76.1). Moreover,
we observed a median length of stay in the ICU of 27 days

(IQR 16–40) in patients with VAP versus 3 days (1–10, IQR)
in those without VAP.

In the univariate analysis of risk factors for development of
VAP (Table 1), the highest incidence rates (IR, episodes per
person/year) of pneumonia were observed in patients with
COPD (IR 6.31), heart disease (IR 7.42), diabetes (IR 6.34),
obesity (IR 10.84) and renal failure (IR 8.58) and in patients
admitted into the ICU due to neurological disease (IR 7.48),
trauma (IR 6.2) or cardiovascular disease (IR 8.74), whereas
the lowest incidence rates of VAP were observed in patients
admitted due to urinary or gastrointestinal disease.

In the multivariate analysis (Table 2), admittance into the
ICU for CNS disease was significantly associated with in-
creased relative risk of VAP when compared with admission
due to GI disease (p =0.02, aIRR 4.06, 1.24–13.68 95 % CI)
and emergency referral from other hospitals was associated
with a higher risk of disease when compared with referral
from medical wards (p=0.04, aIRR 2.11, 1.03-4.31 95 %
CI). Moreover, although not reaching statistical significance,
increased relative risk for VAP was observed in patients ad-
mitted for trauma, cardiovascular disease or respiratory dis-
ease and for patients with obesity or renal failure.

The overall mortality rate in the study for all causes was
25 % (412 of 1,647 patients). Out of 115 patients with VAP, a
total of 51 patients died, with a case fatality rate of 44.3 %.
Kaplan-Meier survival analysis of the whole patient cohort
showed a median ICU survival of 30 days (95 % CI 25–34)
(Fig. 1a). A time-dependent survival analysis in which the risk
of VAP was corrected by the length of stay showed a slightly
higher risk of death in the non-VAP group versus the VAP

Table 2 Estimated adjusted
incidence rate ratios (AIRR) of
VAP obtained by a multiple
Poisson regression model in
1,647 patients admitted into
intensive care units (ICU) in
Rome, Italy, 2010–2011

Parameter AIRR 95 % CI p-value

Previous admission Medical wards (reference) 1.00

Before entry into ICU Surgical wards 0.95 0.46 1.93 0.88

Emergency department 1.37 0.72 2.58 0.34

Emergency referral from
other hospitals

2.11 1.03 4.31 0.04

Causes for ICU admission GI disease (reference) 1.00

CNS disease 4.06 1.22 13.51 0.02

Respiratory disease 2.94 0.87 9.98 0.08

Urinary 0.62 0.06 6.20 0.68

Surgical intervention 2.90 0.79 10.72 0.11

Trauma 3.48 0.99 12.25 0.05

Cardiovascular disease 2.96 0.76 11.63 0.12

Other diseases 0.55 0.06 5.39 0.61

Obesity No (reference) 1.00

Yes 1.54 0.84 2.82 0.16

Renal failure No (reference) 1.00

Yes 1.57 0.86 2.84 0.14

Note: the final multiple Poisson regressionmodel included characteristics with a p-value <0.2 only (log-likelihood
ratio test)
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group in the first days after the admission, with a subsequent
reversal of this trend in the final days of ICU stay. However,
this difference was not statistically significant (p = 0.60,
Fig. 1b). Moreover, we observed a median survival of 34 days
(95 % CI 25–52) since VAP onset among the VAP subgroup
(data not shown). After stratifying the VAP group by early- or
late-onset episodes, we observed a slightly higher survival
probability in patients diagnosed with early-onset compared
with those with late-onset VAP (p=0.17, data not shown).

A total of 372 isolates were collected from bronchial aspi-
rates and bronchoalveolar lavages of ICU patients who were
diagnosed with VAP (Table 3).Microbiological analysis of the
respiratory tract pathogens showed that 68 % (n=253) were
gram-negative organisms, 24.7 % (n=92) were gram-positive
organisms, and 7.3 % (n=27) were Candida spp. In the gram-
positive cocci group, Coagulase negative staphylococci
(CoNS) were the most prevalent (40.2 %), followed by
Staphylococcus aureus (34.8 %), Enterococcus spp
(15.2 %), and other gram-positive species. Among the most
relevant gram-positive cocci, resistance rate to oxacillin
(MRSA) was detected in 56 % of S. aureus isolates, whereas
no resistance to ampicillin or to high concentrations of genta-
micin was detected in Enterococcus species (data not shown).
In the gram-negative bacilli group, Klebsiella pneumoniae

was the most common species (28.8 %), followed by
Acinetobacter baumannii (26.9 %), Pseudomonas aeruginosa
(20.5 %), Escherichia coli (7.5 %), and Proteus mirabilis
(5.9 %). Antimicrobial susceptibility patterns (Table 4) among
the gram-negative group showed resistance to amikacin in
64 %, 44 % and 22.7 % of Klebsiella pneumoniae,
Acinetobacter spp, and Pseudomonas aeruginosa isolates, re-
spectively. Ceftazidime susceptibility was retained in approx-
imately 55 % of Pseudomonas strains. Resistance to
meropenem was identified in 74 %, 76 % and 33 % of
K. pneumoniae, Acinetobacter spp, and P. aeruginosa iso-
lates, respectively. Overall, 29 % of K. pneumoniae isolates
and 6 % of A. baumannii isolates showed resistance to colis-
tin, while susceptibility to tigecycline was retained in 100 %
and 95% of isolates. Moreover, resistance to fluoroquinolones
was detected in approximately 76 % of Klebsiella spp, 97 %
of Acinetobacter spp, 33 % of P. aeruginosa strains, and 29 %
of E. coli strains.

Discussion

Among the nosocomial infections, ventilator-associated pneu-
monia acquired in the intensive care unit (ICU) represents a
significant and dreadful complication worldwide that is often
associated with highly resistant pathogens in the respiratory
tract [13, 14]. In our work, we found an incidence of VAP of
5.82 cases per 1,000 patient-days (almost 7 % of all ICU
population), which is consistent with other ECDC reports
[15]. In particular, this is a slightly lower rate when compared
to the rate of 8.0 cases per 1,000 ventilator-days reported in the

Fig. 1 ICU survival

Table 3 Distribution of microbiological isolates among 372 specimens
obtained from the respiratory tract of patients with definitive diagnosis of
VAP in all the centres involved in the study

Species Number
of isolates

Percent (%)
of total found

Klebsiella pneumoniae 73 19.6

Acinetobacter baumannii 68 18.3

Pseudomonas aeruginosa 52 14.0

Coagulase negative staphylococci 37 9.9

Staphylococcus aureus 32 8.6

Escherichia coli 19 5.1

Proteus mirabilis 15 4.0

Enterococcus faecalis 10 2.7

Enterococcus faecium 4 1.1

Klebsiella oxytoca 4 1.1

Other gram- 22 5.9

Other gram+ 9 2.4

Candida 27 7.3

Total 372 100
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German Krankenhaus Infektions Surveillance System (KISS)
and to a median rate of 16.4 cases per 1,000 ventilator-days in
the French national surveillance system [16, 17]. This differ-
ence might partly be explained by the fact that in our research
we registered VAP incidence as number of cases per patient-
days in ICU, since this might apparently underestimate the
incidence of the infectious episodes to some extent, as de-
scribed in previous reports [18]. However, all of the
European cohorts described above seem to have a significant-
ly higher incidence of VAP in comparison with the rate of 1.9–
2.9 cases per 1000 ventilator-days in medical-surgical ICUs
(median rate, 1.3–2.0 cases per 1000 ventilator-days) reported
in the North American National Healthcare Safety Network
(NHSN) [19]. As stated by other authors, several factors may
contribute to these differences in estimating VAP incidence in
the ICU in diverse countries. In fact, criteria for defining VAP
may differ across networks, and a vast number of medical
conditions occurring in the ICU such as atelectasis, pulmonary
edema, acute respiratory distress syndrome, hypersensitivity
pneumonitis, or pulmonary hemorrhage are reported to mimic
pneumonia, and they all may represent confounding factors
for VAP diagnosis [20, 21]. Finally, in our study we found a
proportion of early-onset VAP up to 31 %, with the rest of the
cases represented by late-onset (>96 h) episodes; this data is
aligned with similar reports in literature [22].

In our statistical analysis, a higher risk of VAP was
observed in patients who were admitted to the ICU from
emergency departments or who were referred to medical
centres for treatment of urgent diseases from other hospi-
tals. This phenomenon may be explained by factors in-
cluding urgent intubation (e.g., trauma or cardiorespirato-
ry arrest) and patient transportation outside the ICU,
which have previously been reported to facilitate the in-
fective process and may account for a lack of preventive
measures during intubation manoeuvres [23–25].
Moreover, in accordance with other research [26–28],
we found an increased incidence rate of VAP in patients
admitted to the ICU for neurological complications (in-
cluding stroke, post-traumatic and metabolic coma) and
in trauma patients. Finally, although not statistically

significant, we found higher VAP rates in obese patients
and in patients with a history of chronic renal failure.

According to other studies, an episode of VAP in the ICU is
significantly associated with higher rates of in-hospital mor-
tality [29, 30]. In our study, developing VAP in the ICU was
associated with a 19 % increase in the risk of in-hospital mor-
tality (from 25 to 44 %), which is similar to the findings of
other works [1, 31, 32]. Next, in our time-dependent survival
analysis, we could detect a slightly higher risk of death in the
non-VAP group versus the VAP group in the first days after
the admission, with a subsequent reversal of this trend in the
final days of ICU stay. These findings can be explained by the
fact that a higher mortality rate was generally observed during
the very first days of an ICU stay in all patients (presumably
due to presenting with the most critical conditions) before
sufficient time had elapsed to develop VAP. On the other hand,
patients who survive longer have a greater risk of developing
VAP in the future. A higher mortality rate was observed in this
subgroup towards the end of the survival curve as time since
admission into the ICU increased. However, the difference in
mortality between the two groups was not statistically signif-
icant. This fact might be related to the limited number of
patients enrolled (i.e. to lacking of statistical potency of the
sample), and should be better verified in larger prospective
cohorts.

In relation to our microbiological analysis, our study found
an extremely high incidence of resistance to carbapenems
among Klebsiella pneumoniae strains isolated from respirato-
ry specimens, which is consistent with the recent spread of
KPC K. pneumoniae subtypes across south European coun-
tries in recent years [33, 34]. In the European Antimicrobial
Resistance Surveillance Network (EARS-Net) surveillance
system, this phenomenon has been reported to remain stable
until 2009 in most countries except Greece and Italy, where an
increase has been registered from 1–2 % in 2006–2009 to
15.2 % in 2010, and up to 27 % in 2011 [35, 36]. Moreover,
recent surveys conducted by Italian local surveillance systems
have revealed a persistent condition of KPC-Kp endemicity in
different hospitals in North Italy [37, 38]. In general, poor
functional status, ICU stay, transplantation, mechanical

Table 4 Frequency of resistance (%) to the main antimicrobial classes used in clinical practice among the most relevant gram-negative species isolated
from respiratory specimens of VAP patients, according to CLSI clinical breakpoints11

Species amk gent amox ceft ctx tzp mer imp col lvx cip sxt tige

K. pneumoniae 64 12 69.6 78.3 76.2 72.2 73.9 68 29.2 76 76 78.9 0

A. baumannii 44 96.8 100 93.3 95.2 96.8 76.5 90.3 6.2 95.8 96.8 94.7 5

P. aeruginosa 22.7 22.7 94.7 45 78.9 25 33.3 18.2 5.3 31.2 33.3 100 84.6

E. coli 14.3 14.3 16.7 33.3 50 50 0 0 0 33.3 28.6 25 0

P. mirabilis 0 66.7 0 0 0 0 0 0 100 40 33.3 60 50

AMK amikacin, GEN gentamicin, AMOX amoxicillin, CEFT ceftazidime, CTX ceftriaxone, TZP piperacillin/tazobactam, MER meropenem, IMP
imipenem, COLI colimycin, LVX levofloxacin, CIP ciprofloxacin, SXT trimethoprim/sulfamethoxazole, TIGE tigecycline
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ventilation, prolonged hospital stay and previous antimicrobi-
al treatment are all recognized as major risks factors for nos-
ocomial acquisition of KPC K. pneumoniae [39]. In this con-
text, we think that clinicians should pay special attention to the
emergence of carbapenem-resistant strains among gram-
negative bacteria in the ICU, since infections due to these
species are notably associated with higher mortality rates
and therapeutic failure, often requiring complex and expen-
sive antibiotic treatments [40, 41]. Furthermore, in our micro-
biological analysis we were able to detect Candida species in
almost 7.3 % of cases (27 samples). In our work, Candida spp.
isolation in respiratory specimens was not associated with the
simultaneous presence of candidemia, therefore, it was more
likely to be considered as a colonization. However, this data
should be interpreted cautiously, since according to recent
works, Candida spp. isolation in respiratory samples in ICU
patients affected by nosocomial pneumonia seems to be asso-
ciated with more initial disease severity without influencing
the final outcome of these patients, and the role of the antifun-
gal therapy against these isolates in VAP patients has to be
clarified yet [42, 43]. On the other hand, Candida spp. airway
colonization in mechanically ventilated ICU patients has re-
cently been reported to be associated with subsequent
Acinetobacter baumannii VAP, so that this phenomenon
might deserve some attention as it seems to have an influence
on developing further microbial colonization and infection in
the respiratory tract [44].

Some limitations to our study should be mentioned. Given
the retrospective nature of our analysis, we were unable to
obtain reliable data on the specific cause of death in each
patient of our cohort. Moreover, antimicrobial resistance pat-
terns were only phenotypically identified because a genotypic
assay for ESBL and KPC resistance genes was not available in
all the centres involved. Next, we did not manage to furnish a
time-dependent evaluation of the microbial species in the re-
spiratory specimens in our cohort, which would be useful to
better understand the changing ecological pattern over the
length of stay in the ICU. Finally, we could detect a tendency
towards an increased risk of VAP in obese patients and in
subjects who suffered from chronic renal failure, but this data
needs to be corroborated by larger observational cohorts to
increase the statistic potency of our analysis.

However, our study showed that identification of the cause
for admission into the ICU may be of interest in predicting
VAP development, especially for patients suffering from CNS
disease, trauma or cardiovascular disease and for patients with
emergency referral into the ICU. At the same time, the emer-
gence of high rates of antimicrobial resistance particularly
among gram-negative species in the ICU in recent years might
represent a serious concern in addressing these events in the
near future. In conclusion, both clinical evaluation on admis-
sion and accurate microbiologic sampling of the respiratory
tract are key to understanding the complex management of

these kinds of nosocomial infections, and further prospective
investigations are needed to fully understand the clinical de-
terminants of VAP development in the ICU environment.
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