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1. Introduction

Enterobacter cloacae (E. cloacae) is one of the most 
frequently isolated and virulent human pathogens 
in its genus, and is increasingly significant as an 
intensive care unit (ICU)-acquired pathogen (1,2). This 
microorganism can cause a wide variety of infections, 
including bacteremia, soft tissue and ophthalmic 
infections (1), pneumonia (2), endocarditis (3), urinary 
tract infections (4), central nervous system infections 
(5), and osteomyelitis (6). Two cases of necrotizing 
pneumonia caused by E. cloacae were also reported 

(7,8). E. cloacae has emerged as a nosocomial pathogen 
from intensive care patients, especially who are on 
mechanical ventilation (9). However, no cases of E. 
cloacae-induced complicated necrotizing pneumonia 
with lung abscess, empyema, pyopneumothorax, and 
tension pneumothorax occurring simultaneously in an 
ICU has been reported. This paper reports an intractable 
case of ICU-acquired E. cloacae as the cause of fatal 
complicated necrotizing pneumonia. Ceftazidime or 
piperacillin–tazobactam is usually used empirically to 
treat ICU-acquired pneumonia. However, the increasing 
prevalence of extended-spectrum-beta-lactamase-
producing E. cloacae is becoming a concern, not only 
for infection therapy and empirical use of antibiotics 
but also for infection control programs (10). This case 
also highlights the importance of choosing appropriate 
empirical antimicrobial therapy for E. cloacae-induced 
complicated necrotizing pneumonia in ICUs.
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2. Case Report

A 58-year-old man with a history of diabetes mellitus 
and end-stage renal disease was admitted to an ICU 
of Tainan Municipal Hospital in March 2017 for 
hyperkalemia (serum potassium level: 7.06 mmol/L) 
resulting in bradycardia, shock, and acute respiratory 
failure. After cardiopulmonary cerebral resuscitation, 
endotracheal intubation with ventilator support, 
vasopressor therapy, and emergent hemodialysis, the 
patient's general condition gradually improved and he 
regained consciousness on day 3. He was successfully 
weaned from the ventilator and the endotracheal tube 
was removed on day 5.
 However, the patient subsequently developed 
shortness of breath that progressed to respiratory distress 
on day 7. Arterial blood gas (ABG) analysis revealed 
a pH of 7.287, PaCO2 level of 58.5 mmHg, PaO2 level 
of 113.8 mmHg, and bicarbonate concentration of 27 
mmol/L while the patient was breathing through a non-
rebreathing mask. He underwent secondary endotracheal 
intubation with ventilator support for acute hypercapnia 
respiratory failure. Laboratory examinations yielded 
a white blood cell count of 14,950/μL with 84% 
neutrophils; a platelet count of 92,000/μL; and a 
C-reactive protein level of 6.28 mg/dL (reference range: 
< 0.3 mg/dL). A chest radiograph (Figure 1A) revealed 
bilateral consolidation, suggesting pneumonia. Empirical 
broad-spectrum antimicrobial therapy consisting of 
ceftazidime (2 g every 8 hours) and vancomycin (1 g 
every 12 hours) was immediately initiated. The patient's 
pulmonary condition failed to improve within the first 2 
days (days 8 and 9) of antimicrobial therapy. Imipenem 
(500 mg every 6 hours) replaced ceftazidime on day 
10. However, tachypnea, respiratory distress, decreased 
consciousness, and shock occurred on day 11. A physical 
examination revealed absent breath sounds on the right 
side, subcutaneous crepitus over the right chest wall, and 
a distended abdomen. Under the impression of tension 
pneumothorax, a needle was promptly inserted into the 
right upper intercostal space for chest decompression. A 
large amount of air immediately flowed from the needle, 
thereby increasing the patient's blood pressure. ABG 
analysis revealed a pH of 7.081, PaCO2 level of 83.4 
mmHg, PaO2 level of 130.4 mmHg, and bicarbonate 
concentration of 24.2 mmol/L while the patient was 
breathing 100% FiO2. Laboratory examinations yielded 
a white blood cell count of 19,320/μL with 88% 
neutrophils; a platelet count of 79,000/μL; and a serum 
potassium level of 3.89 mmol/L. A chest radiograph 
(Figure 1B) revealed cavitation in the consolidation 
of the right lower and left upper lobes. Moreover, 
subcutaneous emphysema was observed. A right chest 
tube thoracostomy was promptly performed, and air 
and 500 mL of a foul-smelling reddish pleural effusion 
were drained. The patient's right pleural effusion was 
cloudy and contained 7 mg/dL glucose (serum glucose: 

180 mg/dL), 4.6 mg/dL protein (serum protein: 5.4 mg/
dL), 18,720 U/L lactate dehydrogenase (serum lactate 
dehydrogenase: 510 U/L), 100,000/μL red blood cells, 
and 80,000/μL white blood cells with 87 % neutrophils. 
Pleural effusion, blood, and tracheal aspirate cultures 
were performed.  Computed tomography (CT; 
Figure 2) revealed necrotizing pneumonia, lung 
abscess, pyopneumothorax, pneumoperitoneum, and 
subcutaneous emphysema. The patient's condition 
rapidly deteriorated and he died on day 12.
 Bacterial isolates were identified using the BD 
Phoenix automated microbiology system (Becton 
Dickinson Diagnostic Systems, Sparks, MD, USA). 
Antimicrobial susceptibility was tested using the disc 
diffusion method. Interpretation was performed according 
to the criteria of the Clinical and Laboratory Standards 
Institute (11). After the patient had died, all bacterial 
isolates were identified as E. cloacae, and the results of 
antibiotic susceptibility testing indicated susceptibility 
to imipenem, levofloxacin, aminoglycosides, and 
tigecycline but resistance to ceftriaxone, ceftazidime, 
cefmetazole, trimethoprim-sulfamethoxazole (TMP-
SMX), and ampicillin-sulbactam.

3. Discussion

We searched PubMed Advanced Search Builder for 
papers published in English until 30 September 2018 
using the following terms: ("Enterobacter cloacae" [All 
Fields] AND ("necrotizing pneumonia" [All Fields]). Of 
the 5 results, 3 were not relevant. Of the rest 2 results, 
necrotizing pneumonia caused by E. cloacae was 
reported in an adult and a neonate, respectively (7,8). 
According to our review of relevant studies, this case 
report is the first to describe E. cloacae as the cause 
of life-threatening pulmonary complications including 
necrotizing pneumonia, lung abscess, empyema, 
pyopneumothorax, and tension pneumothorax occurring 
simultaneously in an ICU. In our case, the patient 
likely acquired an E. cloacae infection through the 
respiratory tract during his ICU stay because of his 
underlying immunocompromised status. Common 
organisms associated with necrotizing pneumonia 
include Streptococcus pneumoniae, Staphylococcus 
aureus (S. aureus), methicillin-resistant S. aureus, 
Klebsiella pneumoniae, and Pseudomonas aeruginosa 
(12). E. cloacae should be considered in the differential 
diagnosis of complicated necrotizing pneumonia with 
lung abscess, empyema, pyopneumothorax, and tension 
pneumothorax. E. cloacae is predictably resistant to 
ampicillin and cefoxitin; however, aminoglycosides 
and ciprofloxacin are active against most strains of 
E. cloacae, whereas TMP-SMX has variable activity 
(1). Although ceftazidime or piperacillin-tazobactam 
is usually used empirically to treat ICU-acquired 
pneumonia, these are not appropriate antimicrobial 
therapies for ICU-acquired complicated necrotizing 
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described worldwide (14), and the emergence of 
greater resistance to carbapenems has become a global 
concern (15). However, carbapenems remain among 
the most active β-lactam antibiotics used to fight 
E. cloacae (1). In our case, the patient's underlying 

pneumonia  caused by E. cloacae .  E. cloacae 
strains that possess chromosomally encoded ampC 
β-lactamases can develop resistance to broad-spectrum 
cephalosporins (13). In addition, E. cloacae strains 
with extended-spectrum β-lactamases are increasingly 

Figure 1. (A) Chest radiography on hospital day 7 reveals a diffuse consolidation of the left lung and patchy areas of the 
consolidation in the right lung. (B) Radiography on hospital day 12 shows multiple cavities of variable sizes within the 
consolidation of the bilateral lungs (arrows). Subcutaneous emphysema of the right chest can be observed (arrowhead). A 
needle is inserted in the right upper intercostal space.

Figure 2 (A) Lung window of a CT shows necrotizing pneumonia in the right lower and left upper lobes (white arrows). 
Subcutaneous emphysema (arrowhead) and pneumoperitoneum (black arrows) can be observed. (B) An air-fluid level is 
present in the left pleural space (arrow), representing pyopneumothorax. (C) A cavity contains an air-fluid level within the 
left lower lobe consolidation (arrow), suggesting lung abscess. CT, computed tomography.
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immunocompromised status was the major cause of 
his death. Early initiation of carbapenems therapy 
in patients with underlying immunocompromised 
status could exert an appropriate therapeutic effect, 
thereby yielding an improved prognosis. Therefore, 
carbapenems therapy should be immediately initiated 
until the pathogen in such rapidly progressive ICU-
acquired pneumonia is confirmed.
 The true pathogenesis of E. cloacae-induced 
complicated necrotizing pneumonia remains unclear. E. 
cloacae is known to produce enterotoxins, α-hemolysin 
and thiol-activated pore-forming cytotoxins similar to 
the Panton-Valentine leukocidin produced by S. aureus, 
which causes leukocyte destruction and tissue necrosis 
(16,17). Thus, the potential pathogenesis of complicated 
necrotizing pneumonia is associated with pore-forming 
cytotoxins produced by E. cloacae.
 In this case, although necrotizing pneumonia could 
be diagnosed using a plain radiograph, the degree of 
parenchymal destruction was underestimated. Moreover, 
detection of other pulmonary complications including 
empyema, lung abscess, and pyopneumothorax on a 
plain radiograph was difficult. Therefore, CT should 
be employed immediately after plain radiography if a 
patient's condition progressively deteriorates to confirm 
the diagnosis and assess parenchymal complications that 
are not evident on the plain radiograph.
 In conclusion, E. cloacae should be considered 
in  the  d i ffe ren t ia l  d iagnos is  o f  compl ica ted 
necrotizing pneumonia with lung abscess, empyema, 
pyopneumothorax, and tension pneumothorax acquired 
in an ICU. Empirical carbapenems therapy should be 
immediately initiated until the pathogen in rapidly 
progressive pneumonia is confirmed. Increased 
awareness among physicians regarding E. cloacae-
induced complicated necrotizing pneumonia acquired 
in ICUs could enable earlier detection and appropriate 
antimicrobial therapy for this invasive disease.
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