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Abstract

Objectives Enterobacter cloacae (E. cloacae) is a Gram-

negative rod commonly found on intensive care units

(ICU) causing severe infections with high mortality. Spe-

cific characteristics of E. cloacae pneumonia, however,

have not been identified.

Design Evaluation of clinical and microbiological

records of patients with positive respiratory samples for

E. cloacae was performed by a 1-year retrospective study

in a large university hospital.

Results Ninety-seven of 115 eligible patients with

E. cloacae-positive respiratory samples developed pneu-

monia. Patients were predominantly male (68%), older

(median age = 62 years), and immunodeficient (54%).

Seventy-eight percent required ICU admission, of which

97% required mechanical ventilation. Ventilator-associated

pneumonia (VAP) occurred in 58%. Those who developed

E. cloacae VAP had undergone twice as many surgical

procedures under translaryngeal intubation prior to VAP

onset (89 vs. 48%, P \ 0.0001). Overall, E. cloacae VAP

mortality was 24%. In E. cloacae VAP patients, presence

of translaryngeal tubes (P = 0.02) and female gender

(P = 0.0003) were associated with poor survival. Multi-

variate analysis confirmed male sex as a protective factor

(relative risk: 0.39; P = 0.007).

Conclusion Enterobacter cloacae causes VAP with high

mortality, predominantly in women. Risk factors for

E. cloacae pneumonia seem to match those for VAP. The

presence of translaryngeal endotracheal tubes seems to be

the specific factor for E. cloacae VAP.

Keywords VAP � Infection � Mechanical ventilation �
Critical care � Enterobacteriaceae � Outcome � Risk factors

Introduction

Enterobacter cloacae (E. cloacae) is a commensal from the

bacterial genus Enterobacter. It is a peritrichously flagel-

lated, facultative anaerobic, Gram-negative rod-shaped

bacterium of the family Enterobacteriaceae [1]. So far,

more than 40 species and subspecies of Enterobacter have

been identified [2]. Enterobacter sp. are opportunistic

pathogens typically found on intensive care units (ICU),

with varying incubation times from a few hours up to

20 days [1]. In healthy individuals the gastrointestinal tract

represents the most important reservoir [1, 3]. During the

last 40 years, the clinical importance of these pathogens
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has increased, with actual isolation rates of approximately

10% in nosocomial respiratory tract infections [4]. E. cloacae

has the highest pathogenic potential corresponding to

approximately 60–75% of all Enterobacter infections [1, 3, 5].

Nosocomial lower respiratory tract infections have a

high mortality rate but about one third of these infections

are considered preventable [6, 7]. Gram-negative bacteria

account for about 30% of all hospital-acquired infections

and up to 70% of nosocomial infections in the ICU [6]. In

addition, nosocomial respiratory tract infections, especially

ventilator-associated pneumonia (VAP), from Gram-nega-

tive, multidrug-resistant pathogens pose a growing clinical

and economic burden [8]. E. cloacae shows constitutive

and inducible expression of b-lactamases that generally

confer resistance to aminopenicillins and first- and second-

generation cephalosporins [9]. Although general risk fac-

tors for Enterobacter sp. infections, such as male gender,

old age, immunodeficiency, malignant hematological dis-

eases, and intensive care have been identified [1], a sys-

tematic characterization of E. cloacae pneumonia in the

ICU setting has not been performed thus far.

The aim of the present study was to characterize patients

with E. cloacae pneumonia in our center and to evaluate

specific aspects of E. cloacae VAP in order to identify

possible prevention strategies.

Materials and Methods

Study Design

The study was performed retrospectively from the 1 Jan-

uary 2007 to 31 December 2007. We included eligible

patients from all wards of the University Medical Centre

Hamburg–Eppendorf (Hamburg, Germany), a 1,489-bed

tertiary-care hospital. Included was the Department of

Critical Care Medicine comprising three nonsurgical, three

surgical, and one interdisciplinary unit, totaling 84 ICU

beds at the time of the study. The institutional data safety

officer waived the need for obtaining written consent from

the patients as this was a retrospective, noninterventional

study.

A VAP prevention protocol had been initiated at our

hospital prior to the study. It included the use of an ele-

vated head position, regular cuff suction, and specialized

nursing measures. Regular selective digestive tract decon-

tamination was implemented as clinical routine in 2007.

All cases with positive cultures for E. cloacae in

respiratory specimens (see below) were identified using

the database of the Department of Medical Microbiology,

Virology and Hygiene. Patients’ charts were retrieved and

relevant data concerning demographics, radiological

findings, chemistry, suspected and final diagnosis,

comorbidities, immunosuppression, treatment, and out-

come were extracted. Patients younger than 18 years or

without sufficient clinical information regarding type of

pneumonia, comorbidities, and demographic, serological,

microbiological, or radiological data were excluded from

the study.

Cases were categorized as nonpathogenic colonization

of the respiratory tract, community-acquired pneumonia

(CAP), nosocomial/hospital-acquired pneumonia (HAP),

and ventilator-associated pneumonia (VAP). CAP was

defined as pneumonia occurring within 48 h after hospi-

talization without prior residence in a health-care institu-

tion such as a nursing home. HAP was defined as

pneumonia with onset more than 48 h after hospital

admission. VAP was defined as HAP occurring at least

48 h after endotracheal intubation. Patients were classified

as apathogenically colonized when E. cloacae was isolated

from respiratory samples without signs or symptoms of

pneumonia.

Diagnostic criteria for pneumonia were defined

according to accepted standards [10]: new or persistent

pulmonary infiltrates, consolidations, or pleural effusion on

chest radiographs; purulent bronchopulmonary secretions

or sputum; clinical signs of pneumonia such as fever,

cough, and rales on auscultation of the lung; and raised

serum levels of C-reactive protein, procalcitonin, and/or

interleukin-6 in combination with isolation of E. cloacae in

respiratory materials.

Immunosuppression was defined as the presence of any

cause of immunodeficiency, including AIDS, radiation

therapy, systemic chemotherapy, post organ transplanta-

tion, or glucocorticoid therapy with a daily dose of [10 mg

prednisolone or equivalent.

Statistical Analysis

Previously described general risk factors for Enterobacter

sp. infections were evaluated [1]: male sex, age [65 years,

immunodeficiency, intensive care, presence of malignancy,

substance abuse, and indwelling catheters. Univariate sta-

tistical analyses were performed using JMP 5.0.1 software

(SAS Institute Inc., Cary, NC, USA) for Pearson’s v2 test,

Student’s t-test, Mann–Whitney-test, or ANOVA where

appropriate.

Univariate survival analyses were carried out using the

Kaplan–Meier method. Multivariate analysis was per-

formed utilizing the Cox regression model. P values of less

than 0.05 were regarded as statistically significant.

VAP rate per 1,000 ventilator days was calculated as

follows: The total number of all VAP episodes in all ICUs

of the center per year were divided by 1,000 times the total

number of ventilator days in all ICUs of the center per year.
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Results

Study Population

During the study period E. cloacae was detected in respi-

ratory tract specimens from 137 patients. Pediatric patients

(n = 13) and cases with incomplete documentation (n = 9)

were excluded, leaving 115 cases that formed the study

population. Of the 115 patients, 90 were treated on the ICU

(78%) and 87 of these 90 patients (97%) required

mechanical ventilation (MV). The median time of these

patients on MV was 20 days (range = 0–90 days).

The study population was predominantly male (68%)

and older (mean age = 62 years, range = 18–87). The

most frequent underlying diseases were neurological

(38%), bronchopulmonary (34%), and cancer (32%). About

half of the patients were immunodeficient. Overall mor-

tality in the study population was 20% (23 of 115 patients).

Nineteen patients died in the ICU (21% of ICU patient

subgroup equaling 83% of all fatalities). While only 15%

of the male patients died in hospital (12/78), the mortality

rate within the female study population was twice as high

(30%, 11/37, P = 0.07). Details of the characteristics of

the study population can be found in Table 1.

Table 1 Characteristics of study population (total population, intensive care, or normal care)

All Intensive care Normal care P

No. of patients 115 (100) 90 (78) 25 (22) –

Male 78 (68) 62 (69) 16 (64) n.s.

Age [median, (range)], (years) 62 (18–87) 62.5 (18–87) 61 (28–81) n.s.

Mechanical ventilation [median (range)] – 20 days (0–90) – –

Comorbidities

Neurological disorders 44 (38) 41 (46) 3 (12) \0.01

Intracranial bleeding 27 (23) 27 (30) 0 (0) –

Bronchopulmonary disorders 39 (34) 23 (26) 16 (64) \0.01

Cancer 37 (32) 16 (25) 21 (84) \0.01

Type of cancer \0.0001

Upper intestine 41 (45) 1(7)

Ear–nose–throat 33 (37) 1 (7)

Lung 8 (9) 15 (60)

Hematological 0 (0) 7 (27)

Digestive tract disorders 25 (22) 22 (25) 3 (12) n.s.

Cardiovascular disorders 18 (16) 16 (18) 2 (8) n.s.

Ear–nose–throat disorders 8 (7) 7 (8) 1 (4) n.s.

Smokers 57 (50) 41 (46) 16 (64) n.s.

Alcohol abuse 17 (15) 14 (16) 3 (11) n.s.

Immunodeficiency due to any cause 62 (54) 47 (52) 15 (60) n.s.

Without ICB patients 24 (27) 15 (61) \0.01

Type of immunosuppression \0.0001

Glucocorticoids 35 (39) 2 (8)

Radiation/chemotherapy 5 (5) 7 (29)

Oropharyngeal colonization 36 (40) 10 (39) n.s.

Surgical procedure under general anesthesia 84 (73) 79 (89) 5 (20) \0.0001

Craniotomy 33 (37) 0 (0) \0.05

Thoracotomy 20 (22) 20 (80)

Laparotomy 14 (15) 0 (0)

E. cloacae-associated VAP 67 (58) 66 (74) 1 (4)a –

Mortality (overall) 23 (20) 19 (21) 4 (16) n.s.

VAP patients 16 (84)

Data are presented as n (% of group). P values evaluate differences between intensive care and normal care

VAP ventilator-associated pneumonia; ICB intracranial bleeding; n.s. nonsignificant (P [ 0.05)
a Patient was released from intensive care shortly before onset of pneumonia
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Most patients included in this analysis had E. cloacae-

associated VAP (58%), followed by CAP (17%), asymp-

tomatic colonization (16%), or HAP (10%) (Table 2).

Pneumonia subgroups differed significantly by age:

individuals with E. cloacae CAP were the youngest

(median age = 57 years), whereas patients with E. cloacae

HAP were the oldest (median age = 70 years, P \ 0.05).

Mortality was lowest in CAP (5%) and highest in VAP

(24%) but this difference did not reach statistical signifi-

cance (P = 0.35).

Microbiological Analysis (Sampling, Coisolates,

Isolation Sites, Resistance, and Colonization)

Respiratory tract specimens were taken from all cases of

suspected or clinically apparent pneumonia. Samples were

gathered by endobronchial aspiration (74% of all cases

included in the study), bronchoalveolar lavage (19%), or

sputum (7%) and processed according to standard clinical

routines. There was no apparent E. cloacae outbreak

detectable.

The most common coisolates with E. cloacae were

Candida species (25% of all, mostly C. albicans [23 of

29]), followed by coagulase-negative staphylococci (21%),

Staphylococcus aureus (20%), alpha-hemolytic strepto-

cocci (17%), Klebsiella spec. (11%), Stenotrophomonas sp.

(8%) and Escherichia coli (6%). E. cloacae alone was

isolated in 15% of the respiratory samples.

The presence of coisolated microorganisms varied

between VAP and non-VAP patients: whereas Staphylo-

coccus aureus was present in VAP almost three times as

often as in non-VAP cases (27 vs. 10%, P \ 0.05), coag-

ulase-negative staphylococci occurred three times as often

in samples from non-VAP patients (9 vs. 27%, P \ 0.01).

Yet, in about every fifth case, E. cloacae alone was the

cause of VAP (21 vs. 6%, P \ 0.05, Fig. 1).

In vitro, all but one of the E. cloacae isolates were

resistant to aminopenicillins. VAP patients had an

increased rate of ureidopenicillin-resistant E. cloacae

strains compared with non-VAP patients (28 vs. 10%,

P \ 0.05). However, microbial resistance rates against

standard therapeutics (e.g., carbapenems, aminoglycosides,

and fluoroquinolones) were clinically insignificant.

Oropharyngeal samples were taken from 57 patients

(50% of the total) and 19 of these were colonized with E.

cloacae (33%). No differences between patients with VAP

and patients without VAP were observed. However, ICU

patients treated in nonsurgical units had a significantly

Table 2 Clinical data of 115 patients with E. cloacae-positive respiratory samples in the subgroups of community-acquired pneumonia (CAP),

ventilator-associated pneumonia (VAP), hospital-acquired pneumonia (HAP), and apathogenic colonization

CAP VAP HAP Colonization P

No. of patients 19/115 67/115 11/115 18/115

Age [median (range)] (years) 57 (19–80) 60 (18–86) 70 (49–87) 68 (41–84) \0.05

Males 12 (63) 46 (69) 9 (82) 11 (61) n.s.

Underlying diseases

Digestive tract disorders 1 (5) 19 (28) 3 (27) 2 (11) n.s.

Oncological disorders 5 (26) 18 (27) 6 (55) 8 (44) n.s.

Cardiovascular disorders 0 (0) 16 (19) 2 (18) 3 (17) n.s.

Neurological disorders 7 (37) 29 (43) 2 (18) 6 (33) n.s.

Ear–nose–throat disorders 0 (0) 6 (9) 1 (9) 1 (6) n.s.

Bronchopulmonary disorders 7 (37) 21 (31) 4 (36) 7 (39) n.s.

Documented comorbidities

Smoking 1 (33) 12 (60) 3 (50) 2 (33) n.s.

Alcoholism 3 (16) 11 (16) 3 (27) 0 (0) n.s.

Type of immunosuppression \0.01

Glucocorticoids 5 (26) 26 (39) 0 (0) 5 (28)

Radiation/chemotherapy 3 (16) 3 (4) 1 (9) 6 (33)

Post organ transplantation 0 (0) 5 (7) 1 (9) 0 (0)

AIDS 2 (11) 0 (0) 0 (0) 0 (0)

Other 0 (5) 2 (3) 0 (0) 0 (0)

No immunosuppression 9 (42) 31 (46) 9 (82) 5 (22)

Unknown 0 (0) 0 (0) 0 (0) 2 (11)

Data are presented as n (% of group). P values represent differences between all four groups as determined by ANOVA

n.s. nonsignificant (P [ 0.05)
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higher rate of colonization than patients on surgical ICUs

(9/15, 60% vs. 8/36, 22%, P \ 0.01). Patients with neu-

rological disorders showed a greater proportion of coloni-

zation (12/24, 50%, P \ 0.05), while patients with

underlying bronchopulmonary diseases were less fre-

quently colonized oropharyngeally (12%, P \ 0.05).

ICU Versus Normal Care

On normal-care (NC) wards bronchopulmonary and

oncological disorders were the most common underlying

diseases (62% and 58%, respectively, P \ 0.01 each;

Table 1). Lung cancer was the most frequent malignancy

on NC wards (60%) followed by hematological malig-

nancies (27%). In contrast, cancer of the upper digestive

tract represented the most common malignancy within the

ICU group (45% of all cancers).

Previously described risk factors for Enterobacter

include alcohol abuse, smoking, and immunodeficiency

[3].While high alcohol intake was rare among patients of

both groups (16 vs. 11%), many were smokers (46 vs.

64%). Approximately half of all patients on ICU and NC

wards were immunosuppressed. The same rate of patients

on ICU and NC wards showed asymptomatic colonization

(40 vs. 39%). A subgroup analysis of immunodeficient

patients revealed a trend toward increased oropharyngeal

colonization in this group of patients but this did not reach

statistical significance (43 vs. 22%, P = 0.09).

Most interestingly, the majority of E. cloacae-positive

individuals on ICU (89%) had undergone surgical proce-

dures under general anesthesia prior to isolation of the

pathogen compared to only 20% of the patients on regular

wards (P \ 0.0001, more details in Table 1).

Apathogenic Deep Respiratory Tract Colonization

with E. cloacae

Of the 18 patients colonized with E. cloacae, 76% featured

therapy- or illness-related immunodeficiency (P \ 0.05).

These patients received mostly glucocorticoids (5 of 18,

28%) or systemic chemotherapy (5/18, 28%). Nine patients

(50%) suffered from malignoma, predominantly squamous

cell carcinoma of different origins (3/18, 17%). Sixty-one

percent of the patients (11/18) were male and 10 were older

than 65 years (56%). Ten of these patients had been treated

on surgical wards (10/18, 56%). Most colonized patients

were referred to ICU or intermediate-care units (IMC)

before isolation of E. cloacae (12/18, 67%). Ten patients

had indwelling central venous catheters (56%) at the time

of diagnosis. Only two patients had a documented sub-

stance abuse (smoking); no patient apathogenically colo-

nized suffered from alcoholism (see Table 2 for further

information). Neither immunosuppression nor type of

immunosuppression influenced survival of the patients

colonized with E. cloacae (both P [ 0.05). For information

on upper airway tract and oropharyngeal colonization, see

Tables 1 and 3.

Enterobacter cloacae CAP

In total, 12 out of 19 CAP cases were secondary to aspi-

ration (63%), mostly due to underlying neurological dis-

orders (7/12, 58%). Immunosuppression was present in ten

CAP patients (56%). These CAP patients were on steroid

medication (5/19, 26%), on systemic chemotherapy (2/19,

11%), had AIDS (2/19, 11%), or had radiation therapy (1/

19, 5%). Neither immunosuppression nor type of immu-

nosuppression influenced survival of patients suffering

from E. cloacae CAP (both P [ 0.05). Ten patients with E.

cloacae CAP (10/19, 53%) were instrumentalized with

central lines; in nine of these patients catheters were placed

within 2 days before isolation of the pathogen.

Because it has been described that E. cloacae CAP

presents as necrotizing pneumonia [11, 12], we investi-

gated whether there was a typical pattern on chest X-ray

examinations in our patients. A typical radiographic pattern

was not identifiable and cavitational pulmonary lesions

were present in only 16% of our CAP patients (3/19).

E. cloacae VAP

About two thirds of all patients with E. cloacae pneumonia

had VAP, which occurred mostly as late VAP, with onset

more than 5 days after endotracheal intubation (42/60,

70%). Patients with late E. cloacae VAP were 10 years

younger on average (mean age ± SEM: 66 ± 3.7 vs.

56 ± 2.5 years, P \ 0.05) and were less likely to have
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digestive tract (50 vs. 19%, P \ 0.05) or oncological dis-

orders (50 vs. 17%, P \ 0.01) than those with early VAP.

We also observed a trend toward an increased prevalence

of severe neurological (22 vs. 48%, P = 0.07) or bron-

chopulmonary diseases (17 vs. 38%, P = 0.10) in those

with late VAP. Systemic inflammatory response and sepsis

seemed to occur more often in patients with early E. clo-

acae VAP (61 vs. 38%, P = 0.09). We observed an

E. cloacae VAP rate of 37.1 cases per 1,000 ventilator

days. In other words, 67 of 87 (77%) mechanically venti-

lated patients with E. cloacae present in respiratory fluids

developed VAP. Although there was no total difference in

immunosuppressed individuals between both groups, VAP

patients have more often been treated with glucocorticoids

([10 mg prednisolone or equivalent) than patients suffer-

ing from other E. cloacae pneumonia (39 vs. 22%). On the

other side, non-VAP patients more often had radiation or

chemotherapy (5 vs. 14%, P\ 0.05).

In the VAP patients, women had a significantly higher

overall mortality rate than men (43 vs. 15%, P \ 0.05);

however, fewer women suffered from E. cloacae VAP

overall (31 vs. 69%).

There was no detectable difference in oropharyngeal

colonization rates between VAP and non-VAP groups, but

patients with E. cloacae VAP had twice as many surgical

procedures with translaryngeal endotracheal intubation

performed prior to onset of pneumonia corresponding to 61

of 67 patients (91 vs. 48%, P \ 0.0001, see Table 3 for full

details).

Possible Risk Factors for E. cloacae VAP Mortality

In the Kaplan–Meier analyses, female sex and the presence

of translaryngeal endotracheal tubes were associated with an

unfavorable outcome for E. cloacae VAP (Fig. 2a, b, P =

0.0003 and P = 0.02, respectively). However, a trend

toward poor survival was also detected for immunocom-

promised patients (Fig. 2e, P = 0.11), those without

underlying hematological malignancies (Fig. 2d, P = 0.11),

and those treated on medical ICUs (Fig. 2c, P = 0.08). No

other tested conditions such as age (Fig. 2f, P = 0.33),

noncancerous comorbidities, substance abuse, isolation site,

coisolates, or onset of VAP revealed any significant associ-

ations with prognosis. Additionally, the type of immuno-

suppression did not influence survival (P = 0.71).

A multivariate analysis that included sex, age, airway

management, presence of malignant disease, type of

intensive care, and immunological status identified only

female sex (P = 0.0066) as an independent predictor of

poor outcome. However, an unfavorable trend toward the

presence of translaryngeal endotracheal tubes was observed

(P = 0.09, see Table 4).

Discussion

VAP is a potentially lethal disease and a costly burden

within intensive care medicine [8, 13]. Gram-negative

bacilli are involved in 60–70% of all VAP cases [14].

Enterobacter are among the most common Gram-negative

bacteria isolated from the respiratory tracts of VAP patients

after inadequate antibiotic pretreatment [8]. E. cloacae is

the most virulent of the Enterobacter species [1].

In our study population, E. cloacae was present mainly

in respiratory tract samples of patients in the ICU (78% of

all patients in this study). Virulence seems to be high: only

16% of all patients were apathogenically colonized. This

finding is supported by the particularly high E. cloacae

VAP rate of 37.1 per 1,000 ventilator days within our study

population, which is about ten times higher than the actual

VAP rate of 3.89 per 1,000 ventilator days within the

complete Department of Critical Care Medicine in 2008.

Table 3 Risk factors in patients with E. cloacae VAP vs. E. cloacae
non-VAP

VAP Non-VAP P

No. of patients 67 30

Males 46 (69) 21 (70) n.s.

Underlying diseases

Digestive tract disorders 19 (28) 4 (13) n.s.

Oncological disorders 18 (27) 11 (37) n.s.

Cardiovascular disorders 13 (19) 2 (7) n.s.

Neurological disorders 29 (43) 15 (50) n.s.

ENT disorders 6 (9) 1 (3) n.s.

Bronchopulmonary disorders 21 (31) 9 (30) n.s.

Documented comorbidities

Smoking 12 (60) 3 (33) n.s.

Alcoholism 11 (16) 6 (20) n.s.

Immunosuppression 35 (53) 12 (41) n.s.

Type of immunosuppression \0.05

Glucocorticoids 26 (39) 5 (17)

Radiation/chemotherapy 3 (5) 4 (14)

Post organ transplantation 5 (8) 1 (3)

AIDS 0 (0) 2 (7)

Other 1 (2) 0 (0)

No immunosuppression 31 (47) 17 (49)

Surgical procedure performed 61 (91) 13 (43) \0.0001

Oropharyngeal colonization 11 (31) 5 (38) n.s.

Bacteremia 2 (5) 0 (0) n.s.

All-cause mortality 16 (24) 3 (10) n.s.

Data are presented as n (% of group). Deviations from total are due to

missing data

VAP ventilator associated pneumonia; ENT ear nose throat
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However, this could be attributed to the selection bias in

the microbiological sampling as most of the samples were

taken in the ICU or the bronchoscopy unit due to the

presence of respiratory tract infections. This most likely

leads to overselection of symptomatic patients who are

infected with E. cloacae. The true colonization rate or

E. cloacae prevalence therefore cannot be identified in this

retrospective study.

E. cloacae pneumonia, and especially E. cloacae VAP,

generally can be regarded as a polymicrobial infection with

a high coincidence of Candida sp., Staphylococcus aureus,

and Gram-negative bacteria; however, every fifth case of E.

cloacae VAP within our study was exclusively caused by

this pathogen. If coisolation of Candida albicans is regar-

ded as colonization rather than infection of the lung [15],

the rate of VAP caused solely by E. cloacae increases to

40% in our patients. We found that the presence of addi-

tional pathogens did not affect the mortality of E. cloacae

VAP patients.

Possible Risk Factors for Acquisition and Poor

Outcome of E. cloacae VAP

General risk factors previously identified for other Enter-

obacter sp. infections and bacteremia also seem to be

applicable to E. cloacae pneumonia. Patients at risk in our

study were mostly older men who were being treated on

ICU with severe underlying pathologies such as neuro-

logical, bronchopulmonary, or oncological disorders. Sur-

prisingly, abusive alcohol intake was infrequent within our

study population (15% of all), but this may be attributed to

incomplete documentation. Smoking, in contrast, was fre-

quent. Central venous catheters were present in 62% of the

ICU patients.

Intensive care in general has been identified as a risk

factor for Enterobacter (bloodstream) infections [1]. This

also seems to hold true for E. cloacae pneumonia, since

66% of patients with HAP or apathogenic colonization

within our study had been treated on the ICU before
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Fig. 2 Survival of patients with E. cloacae VAP. Kaplan–Meier

analyses of 67 patients suffering from E. cloacae VAP. Survival is

gender-dependent (a, P = 0.0003) and impaired in patients with

prolonged translaryngeal endotracheal intubation (b, P = 0.02).

Trends toward poorer prognosis can be detected in immunodeficient

(d) patients treated on medical ICUs (c) and not suffering from

oncological disorders (e). Age, an independent risk factor for general

VAP outcome, does not affect E. cloacae VAP survival (f). Median

follow-up after isolation of E. cloacae from respiratory samples was

20 days (range = 0–92 days)

Table 4 Multivariate analysis

for prognosis of patients with E.
cloacae VAP: female sex is an

independent risk factor for

impaired survival

RR relative risk; 95%

CI = 95% confidence interval

Parameter Variable RR (95% CI) P

Gender Male 0.39 (0.18–0.77) 0.007

Airway management Tracheostomy 0.61 (0.32–1.07) 0.090

Oncological disorder Malignoma 0.67 (0.29–1.35) 0.285

Intensive care Medical ICU 1.31 (0.68–2.50) 0.413

Immunosuppression Immunocompromised 1.13 (0.65–2.09) 0.668

Age \65 years 1.12 (0.62–1.07) 0.703
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isolation of E. cloacae. Most of the above-mentioned fac-

tors have also been characterized as general risk factors for

VAP [13].

VAP caused by E. cloacae is a severe and life-threat-

ening condition: in our study 16 of 19 patients who died in

the ICU died from E. cloacae VAP (84%). Nevertheless,

all-cause mortality in our sample is within the range of

overall VAP mortality [14]. Although more men had E.

cloacae VAP, the mortality rate in women was higher in

our study population. Female gender had previously been

shown to be a general risk factor for poor VAP outcome

[16]. The same holds true for E. cloacae VAP. We iden-

tified female sex as an independent unfavorable factor for

death from E. cloacae VAP. Surprisingly, all other tested

conditions, including immunosuppression, presence of

hematological malignancies, and age, were not signifi-

cantly associated with a poor outcome in univariate or

multivariate analysis.

Endotracheal Intubation as Principal Factor?

From our study, endotracheal intubation appears to be the

most important factor for acquiring E. cloacae pneumonia.

Similar proportions of patients on normal-care and

intensive care units, respectively, had oropharyngeal col-

onization with E. cloacae (36 vs. 40). Most patients with

upper-airway colonization were also immunosuppressed

(76%). The striking difference between patients colonized

and those developing E. cloacae pneumonia seems to be

the surgical procedure under general anesthesia with

translaryngeal endotracheal intubation before the onset of

E. cloacae pneumonia/VAP. Although the proportion of

upper-airway colonization differed significantly between

nonsurgical and surgical ICUs, with a lower incidence on

surgical wards, the vast majority of E. cloacae VAP

occurred on surgical ICUs (77% of all). Additionally, we

observed a trend toward a higher risk of dying from

E. cloacae VAP in patients with translaryngeal endotra-

cheal tubes rather than dilatational or surgical tracheoto-

mies according to the Kaplan–Meier analysis.

Taken together, we believe that translaryngeal endotra-

cheal intubation is the principal risk factor for acquiring

and maintaining E. cloacae pneumonia: Translaryngeal

intubation may move E. cloacae from the upper to the

lower respiratory tract and maintain it there. The presence

of E. cloacae in the upper respiratory tract alone appears

not to be sufficient to cause E. cloacae pneumonia in most

cases, even in the presence of immunosuppression. This

becomes obvious in light of the high rate of apathogenic

E. cloacae colonization in immunosuppressed patients.

Therefore, special protective measures should be con-

sidered, including strict personnel hygiene, selective

(digestive tract or oropharyngeal) decontamination (SDD

or SOD [17]), and the use of specially coated endotracheal

tubes [18]. In other centers, Enterobacter and E. cloacae

outbreaks have been traced to poor personnel hygiene and

contaminated devices such as stethoscopes, endoscopes,

invasive monitoring devices, and even intravenous solu-

tions or cotton swabs [1, 19]. Consequently, the highest

hygiene standards should be applied on ICU.

Our findings need to be confirmed by further investi-

gations due to the intrinsic limitations of a retrospective

cohort study lacking the power of a controlled, matched, or

randomized trial.

Conclusions

E. cloacae is a pathogen with high virulence predominantly

causing VAP with high mortality. Women have a higher

risk of dying from E. cloacae VAP. The risk factors for

E. cloacae pneumonia seem to match the risk factors for

VAP. A specific factor for E. cloacae VAP, however,

seems to be the presence of translaryngeal endotracheal

tubes.
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