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Purpose: Little is known about the features and implications of Pseudomonas aeruginosa (PA) 
and Acinetobacter baumannii complex (ABC) isolates discovered in patients with chronic 
obstructive pulmonary disease (COPD) and community-acquired pneumonia (CAP) requiring 
invasive mechanical ventilation and admission to an intensive care unit. Thus, our study aimed to 
investigate the clinical characteristics and antimicrobial susceptibilities of PA and ABC isolates 
cultured from endotracheal aspirates (EAs) in such population.
Patients and Methods: In this retrospective, cross-sectional study, clinical data from 
medical records were reviewed and collected for analysis.
Results: Of the 262 participants, 17.2% (45/262), 11.5% (30/262), and 27.1% (71/262) had 
PA, ABC, and any of the two isolates discovered from EA cultures, respectively. Patients with 
PA isolates were associated with poorer lung function (the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) III+IV versus GOLD I+II, odds ratio (OR)=2.39, p= 
0.022) and a lower body mass index (per increase of 1 kg/m2, OR= 0.93, p= 0.106) while 
the former was an independent predictor. Moreover, both subjects with ABC isolates and those 
with any of these two microorganisms were independently associated with a lower serum 
albumin level (per increase of 1 g/dL, OR= 0.44, p=0.009 and OR= 0.59, p=0.023, respec-
tively). Participants with PA isolates were more likely to have failed weaning (62.2% versus 
44.7%, p= 0.048) and death (28.9% versus 12.4%, p= 0.010) than those without PA isolates. 
The majority of the PA and ABC isolates were susceptible and resistant to all the tested 
antimicrobials, respectively, except that tigecycline had a reliable activity against ABC.
Conclusion: Our findings provide important information to help intensivists make better 
treatment decisions in critically ill patients with COPD and CAP.
Keywords: Acinetobacter baumannii complex, CAP, COPD, intensive care, Pseudomonas 
aeruginosa, Taiwan

Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by persistent 
respiratory symptoms and airflow limitation due to chronic airway inflammation 
and/or alveolar destruction, which can be caused by substantial exposure to noxious 
gas or particles.1 COPD has become one of the most common causes of morbidity 
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and mortality throughout the world and patients often die 
from it or its complications.1 COPD therefore represents 
an important public health challenge and has a significant 
global economic burden.1

Community-acquired pneumonia (CAP) commonly 
occurs in patients with COPD due to their impaired 
lung defenses.2,3 Once CAP progresses, COPD patients 
are at increased risk of respiratory failure that requires 
invasive mechanical ventilation (IMV) and intensive care 
unit (ICU) admission, which raises their risk of 
mortality.4,5

Although the most CAP pathogens in patients with 
COPD are known to be Streptococcus pneumoniae, 
Haemophilus influenzae and Moraxella catarrhalis. 
However, Pseudomonas aeruginosa (PA) and other gram- 
negative bacilli are more likely to be observed in older 
hospitalized patients with COPD and CAP, as well as 
those who have poorer lung function, are receiving oral 
corticosteroid treatment and require IMV and an ICU 
admission, and could significantly predict an increased 
risk of exacerbation that requires hospitalizations or all- 
cause mortality.5–11 Furthermore, previous studies have 
reported that Acinetobacter spp. is one of the major 
bacterial isolates in patients with hospital-acquired pneu-
monia (HAP) or ventilator-associated pneumonia (VAP) 
in Asia as well as in Taiwan. Meanwhile, infection with 
Acinetobacter spp. often leads to a high mortality rate (up 
to 33–50%) in HAP or VAP cases around the world, 
including Taiwan,6,12 while significant increases and 
upward trends in the relative abundance of the 
Acinetobacter genus and the Acinetobacter baumannii 
complex (ABC) species were associated with failed 
weaning in patients with COPD and CAP requiring 
IMV and admission to an ICU.13 Taken together, these 
findings indicate that more effort should be made to 
clarify the features of PA and Acinetobacter spp. in 
hospitalized COPD patients with either CAP, HAP or 
VAP, especially in the critical care setting.

We hypothesized that exploring the features of PA and 
ABC isolates discovered in critically ill patients with 
COPD and CAP could provide significant information 
and implications for managing this population. Therefore, 
the aim of our study was to investigate the characteristics, 
risk factors and antibiotic susceptibility of PA and ABC 
isolates identified from endotracheal aspirates (EAs) in 
patients with COPD and CAP at a respiratory ICU 
(RICU) in Taiwan.

Patients and Methods
Study Design, Setting and Population
The study setting and population have been described 
previously.10 Briefly, this retrospective, cross-sectional 
study included spirometrically confirmed COPD patients 
complicated with CAP, who required IMV on arrival at the 
emergency department (ED) as per physician assessment 
of the patient’s clinical status and an admission to the 
RICU at Taichung Veterans General Hospital (TCVGH), 
which is located in central Taiwan from January 2005 to 
December 2015. Individuals with tracheostomy, receiving 
endotracheal intubation before arrival of the ED, or 
a history of bronchiectasis, asthma, lung cancer and other 
respiratory diseases were excluded from this study. The 
diagnostic criteria for COPD and CAP have been pre-
viously reported in detail.10 Shortly, COPD was diagnosed 
spirometrically for all patients according to Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
2017 recommendations.14 The diagnosis of pneumonia 
was made based on radiological and clinical criteria 
while CAP was confirmed if patients were not documented 
as having healthcare-associated pneumonia, HAP or VAP 
in the medical records of the ED on admission, and if they 
had not been hospitalized in the month prior to the devel-
opment of pneumonia or resided in long-term care 
facilities.15,16 For each participant, only the first admission 
to the RICU was included for analysis to eliminate the 
possibility of bias from multiple admissions towards the 
isolates cultured from EAs of the same patient. This study 
was conducted in accordance with the regulations of 
patient data confidentiality and Declaration of Helsinki. 
The Institutional Review Board and Ethics Committee of 
TCVGH approved this study (approval number: 
CE17160B) and waived the need for informed consent 
because this study was based on a retrospective medical 
chart review.

Data Collection
By reviewing and extracting clinical data from electronic 
medical records, the investigators completed the patient 
record form for each participant. For the study purpose, 
the participants were then categorized based on the results 
of microbiology from EAs into those with or without PA 
isolates, those with or without ABC isolates, and those 
with or without PA and/or ABC isolates. Briefly, the 
patient record form included the demographic characteris-
tics, the most recent spirometry results prior to this study 
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admission which were performed and interpreted based on 
the American Thoracic Society statement,17 the airflow 
limitation severity and type of pharmacological mainte-
nance medications for COPD,14 other medications, pre-
vious history of hospital admissions and use of 
antibiotics within the 3 months prior to entry to the 
study, comorbidities, modified Glasgow Coma Scale with 
verbal score as one,17 Acute Physiology and Chronic 
Health Evaluation II score, pneumonia severity index,18 

chest X-ray findings, initial laboratory findings upon arri-
val at the ED, the results of bacteriology for EAs collected 
upon insertion of an endotracheal tube regardless of 
whether or not empiric antibiotic therapy, and in-RICU 
treatment outcomes. Further details on data collection 
have been previously published.10 Successful weaning 
was defined as liberation from IMV on RICU discharge. 
Otherwise, failed weaning was the case. Antimicrobial 
susceptibility testing was performed on isolates yielded 
from EAs that were collected following endotracheal intu-
bation in the ED. This was conducted using the disk 
diffusion method at the central laboratory of the study 
institute and the results were interpreted based on the 
recommendations of the National Committee for Clinical 
Standards; the results were grouped into three categories: 
susceptible, intermediate, and resistant.19

Statistical Analysis
All data were shown as frequencies (percentages) for cate-
gorical variables and as the mean ± standard deviation for 
continuous variables. Extreme values were considered to be 
outside the 75/25% boundaries and were excluded from 
analysis, with 75% of the sample dataset set at +3.0 × the 
interquartile range and 25% of the sample dataset set at −3.0 
× the interquartile range. Differences between the study 
groups were analyzed using an independent t-test for con-
tinuous variables, and a chi-squared test for categorical 
variables. Multivariate logistic regression models were 
used to analyze associated factors for the presence of PA 
or ABC or any of these two isolates from EA cultures, if 
they were significant in the univariate analysis. In the com-
parison of independent variables, odds ratios and 95% con-
fidence intervals were obtained. Statistical significance was 
set at p<0.05. All statistical analyses were performed using 
SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA).

Results
Demographic and Clinical Information
The patient enrollment diagram was shown in our pre-
viously published study [10]. A total of 262 patients 
were enrolled for analysis. The mean age of all the parti-
cipants was 78.7 ± 8.9 years, and the majority of them 
were male and ex- or current smokers. Nearly half of the 
participants had severe-to-very severe airflow limitation 
according to the GOLD spirometric classifications 
(Table 1).1 Furthermore, as high as 230 (88.8%) and 169 
(64.5%) participants had the use of systemic corticoster-
oids and a blood eosinophil count of more than 300 cells/ 
uL, respectively (Table 1).

Factors Associated with Pseudomonas 
aeruginosa and Acinetobacter baumannii 
Complex Isolates
Among the 262 enrolled patients, 45 (17.2%) had PA 
isolates (PA-positive group), 30 (11.5%) had ABC isolates 
(AB complex-positive group), and 71 (27.1%) had any of 
these two isolates (PA and/or AB complex-positive group), 
as discovered from their EAs (Table 1). The PA-positive 
group had a lower body mass index (BMI) and more 
severe airflow limitation compared with the PA-negative 
group. Moreover, in contrast to the AB complex-negative 
and the PA and/or AB complex-negative groups, the AB 
complex-positive and PA and/or AB complex-positive 
groups had a lower serum albumin level, respectively 
(Table 1).

Figure 1 shows the results of the multivariate logistic 
regression analysis for the discovery of PA and ABC from 
the EA cultures. We identified that severe-to-very severe 
airflow limitation (GOLD stage III+IV) was independently 
associated with the presence of PA isolates, while reduced 
serum albumin was a significant predictor for the discov-
ery of ABC isolates, and for the presence of PA and/or 
ABC isolates.

Treatment Outcomes in the RICU
The in-RICU treatment outcomes were shown in Table 2. 
Particularly, patients with PA isolates were more likely to 
be associated with failed weaning as well as mortality 
when compared to those without PA isolates.
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Antimicrobial susceptibility against 
Pseudomonas aeruginosa and Acinetobacter 
baumannii complex isolates
Table 3 shows that most PA isolates were susceptible to all 
of the tested antimicrobial agents, including β-lactam anti-
biotics, fluoroquinolones, third- and fourth generation 
cephalosporins and aminoglycosides. Meanwhile, the 
majority of ABC isolates were susceptible to tigecycline 
but resistant to the other tested antimicrobials (Table 4)

Discussion
Main Findings
To the best of our knowledge, this is the first study to 
evaluate the clinical characteristics and antibiotic suscept-
ibilities of PA and ABC isolates in patients with COPD 
and CAP, who required IMV and admission to the ICU. 
Our findings clearly demonstrated that the presence of PA 
in EA cultures was associated with a lower BMI and 
poorer lung function, while the latter was a significant 

Figure 1 Independent factors associated with the presence of Pseudomonas aeruginosa and Acinetobacter baumannii complex discovered from endotracheal aspirate cultures. 
*p<0.05. 
Abbreviations: CI, confidence interval; also see Table 1.

Table 2 Clinical Outcomes in the Respiratory Intensive Care Unit for the Enrolled Patients by Study Group

Outcomes Pseudomonas aeruginosa Acinetobacter baumannii Complex Pseudomonas aeruginosa and/or 
Acinetobacter baumannii Complex

Total

Positive 
(n=45)

Negative 
(n=217)

p value Positive 
(n=30)

Negative 
(n=232)

p value Positive 
(n=71)

Negative 
(n=191)

p value (n=262)

RICU length 

of stay

0.223 0.871 0.510

≦14 days 23 (51.1%) 134 (61.8%) 19 (63.3%) 138 (59.5%) 40 (56.3%) 117 (61.3%) 157 (59.9%)

>14 days 22 (48.9%) 83 (38.2%) 11 (36.7%) 94 (40.5%) 31 (43.7%) 74 (38.7%) 105 (40.1%)

Weaning‡ 0.048* 1.000 0.117

Failure 28 (62.2%) 97 (44.7%) 14 (46.7%) 111 (47.8%) 40 (56.3%) 85 (44.5%) 125 (47.7%)

Success 17 (37.8%) 120 (55.3%) 16 (53.3%) 121 (52.2%) 31 (43.7%) 106 (55.5%) 137 (52.3%)

Death 0.010* 0.560 0.304

Yes 13 (28.9%) 27 (12.4%) 3 (10.0%) 37 (15.9%) 14 (19.7%) 26 (13.6%) 40 (15.3%)

No 32 (71.1%) 190 (87.6%) 27 (90.0%) 195 (84.1%) 57 (80.3%) 165 (86.4%) 222 (84.7%)

Notes: *p<0.05. ‡The patients with a treatment outcome of death were considered as failed weaning. 
Abbreviation: RICU, respiratory intensive care unit.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                                https://doi.org/10.2147/COPD.S311714                                                                                                                                                                                                                       

DovePress                                                                                                                       
1807

Dovepress                                                                                                                                                           Chang et al

https://www.dovepress.com
https://www.dovepress.com


predictor for the discovery of PA. The discovery of ABC 
and the presence of any of PA and ABC in EA cultures 
were independently associated with a lower serum albu-
min level. Meanwhile, compared to those without PA 
isolates, patients with PA isolates were more likely to 
have failed weaning and death. Moreover, all of the tested 
antimicrobials had reliable activities against PA, while 
among the tested antibiotics, only tigecycline had 
a trustworthy therapeutic response to ABC.

Interpretation of the Findings
In addition to GOLD III–IV spirometric classification, 
which was independently associated with the discovery 
of PA from EA cultures in critical care patients with 
COPD and CAP found in our study and that from sputum 
cultures in exacerbated patients with COPD found by Eller 
et al and Miravitlles et al,20,21 we also found that PA was 
more likely to be discovered from EA cultures in critically 
ill patients with COPD and CAP who had a reduced BMI. 
Previous studies have also reported that chronic coloniza-
tion or previous isolation with PA from the sputum, 
a history of bronchiectasis, broad-spectrum antibiotic use 
within the past three months, chronic systemic glucocorti-
coid use, hospital admission within the past year and 
a higher BODE (BMI, airflow obstruction, dyspnea, exer-
cise capacity) index, were risk factors for PA isolation in 
the sputum of patients with exacerbated COPD.22–27 Taken 
together, it demonstrates that the discovery of PA from 

respiratory samples has a predictable clinical behavior in 
patients with COPD in various clinical settings.

Previous studies found that 84.4% of Acinetobacter 
baumannii (AB) related CAP patients had underlying 
COPD, while COPD was independently associated with 
colistin-resistance A. baumannii bacteremia,28,29 indicat-
ing that there was a close relationship between ABC and 
COPD. Furthermore, Li et al and Özgür et al found that 
higher Acute Physiology and Chronic Health Evaluation II 
scores and the presence of systemic illness, and higher 
Simplified Acute Physiology Score II scores, were 
strongly related to AB pneumonia. While we identified 
that a lower serum albumin level was independently asso-
ciated with the presence of ABC and the discovery of any 
of PA and ABC from EA cultures in patients with COPD 
and CAP, who required IMV and admission to an ICU.30,31 

All these findings suggest that ABC may be particularly 
pathogenic in patients with pneumonia who are severely ill 
and have malnutrition.

Our study, conducted between 2005 and 2015 in 
Taiwan, showed that the majority of PA isolates were 
susceptible to all of the tested antimicrobial agents, 
which was consistent with the findings reported by 
Restrepo et al in 2015.32 They showed a low prevalence 
(2.0% and 1.0%, respectively) of drug-resistant and multi-
drug-resistant PA in hospitalized patients with CAP in the 
United States.32 By contrast, according to the National 

Table 4 Antimicrobial Susceptibility of 30 Endotracheal Aspirate 
Isolates of Acinetobacter baumannii Complex

Antimicrobial 
Agent

All Isolates (n=30)

Susceptible Intermediate Resistant

Gentamicin 7 (23.3%) 1 (3.3%) 22 (73.3%)

Ampicillin/ 

Sulbactam

12 (40.0%) 1 (3.3%) 17 (56.7%)

Sulfamethoxazole/ 

Trimethoprim

7 (23.3%) 0 (0.0%) 23 (76.7%)

Imipenem/Cilastatin 9 (30.0%) 1 (3.3%) 20 (66.7%)

Ceftazidime 8 (26.7%) 2 (6.7%) 22 (73.3%)

Cefepime 8 (26.7%) 1 (3.3%) 21 (70.0%)

Ciprofloxacin 8 (26.7%) 0 (0.0%) 22 (73.3%)

Piperacillin/ 

Tazobactam

8 (26.7%) 1 (3.3%) 22 (73.3%)

Tigecycline 28 (93.3%) 2 (6.7%) 0 (0.0%)

Table 3 Antimicrobial Susceptibility of 45 Endotracheal Aspirate 
Isolates of Pseudomonas aeruginosa

Antimicrobial 
Agent

All Isolates (n=45)

Susceptible Intermediate Resistant

Gentamicin 43 (95.6%) 0 (0.0%) 2 (4.4%)

Amikacin 44 (97.8%) 1 (2.2%) 0 (0.0%)

Imipenem/Cilastatin 44 (97.8%) 0 (0.0%) 1 (2.2%)

Ceftazidime 43 (95.6%) 0 (0.0%) 2 (4.4%)

Cefepime 40 (88.9%) 2 (4.4%) 3 (6.7%)

Ciprofloxacin 43 (95.6%) 0 (0.0%) 2 (4.4%)

Piperacillin/ 
Tazobactam

39 (86.7%) 0 (0.0%) 6 (13.3%)

Levofloxacin 42 (93.3%) 1 (2.2%) 2 (4.4%)

Meropenem 44 (97.8%) 0 (0.0%) 1 (2.2%)
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Healthcare Safety Network, data collected from over 4,500 
hospitals in the United States from 2011 to 2014, showed 
multidrug-resistant rates among PA isolates were as high 
as 20%, 18%, 18% and 4% in VAP, central line-associated 
blood stream infections, catheter-associated urinary tract 
infections, and surgical site infections, respectively.33 

Conversely, a favorable trend was observed in a recent 
study published by Jernigan et al, which reported that the 
rate of multidrug-resistant PA infections among hospita-
lized patients decreased by 30% between 2012 and 2017 
across 890 hospitals in the United States.34 These data 
imply that the drug susceptibility pattern of PA changes 
with time, has geographic differences and should be 
updated regularly.

Similar to our findings that the majority of ABC iso-
lates were resistant to all tested antimicrobials except for 
tigecycline, previous studies found that at least 40% of 
Acinetobacter spp. isolates from various sites of infection, 
were multidrug-resistant; more than half of the AB isolates 
were resistant to quinolones (ciprofloxacin and levofloxa-
cin), sulfonamides (baktar), cephalosporins (ceftazidime 
and cefepime), beta-lactam/beta-lactamase inhibitor com-
binations (tazobactam/piperacillin), carbapenems (doripe-
nem, imipenem, and meropenem), and aminoglycosides 
(amikacin and gentamicin).33,35 It has also been reported 
that the use of tigecycline-based therapy for treating multi-
drug-resistant A. baumannii (MDRAB) pneumonia might 
lead to a higher mortality than colistin-based treatment in 
the ICU.36 Physicians should therefore be aware that their 
antibiotic choice for the treatment of MDRAB infection 
should be carefully considered, particularly in the critical 
care setting.

Previous studies have shown that patients with PA 
infection exhibited a worse outcome in terms of mortality 
rate, length of stay, risk of disease exacerbation and period 
of IMV in varied clinical settings.37–39 Together with our 
findings that participants with PA isolates discovered in 
EA cultures were associated with failed weaning and 
death, this suggests that early suspicion and identification 
of PA infection may play a crucial role to initiate an 
appropriate antibiotic therapy even improve disease out-
comes in clinical practice.

An interesting result of as high as 64.5% of participants 
with blood eosinophils > 300 cells/uL was found in our 
study. Although, the exact mechanism underlying blood 
eosinophilia remains unknown in such population, a body 
of evidence has shown that, in COPD, high circulatory 
eosinophil levels could be used as a biomarker to predict 

inhaled corticosteroid (ICS) response, or an indicator for 
ICS usage, whether the patient will be a frequent exacer-
bator or not, and the in-ICU treatment outcome,1,10,40–42 

making blood eosinophil counts could be a useful treatable 
trait for patients with COPD nowadays.41

Strengths and Limitations
A strength of the current study was that we enrolled 
a valid study population of COPD patients, which was 
confirmed by a lung function test. We also collected EA 
samples for microbiological analysis that were less-upper 
airway contaminated and more representative of the real 
bacterial profile of CAP. This compensates for the several 
limitations of the study, including the fact that this study 
was conducted in a single medical center located in central 
Taiwan, meaning that our results may not be generalizable 
to other regions or countries. It is also possible that there 
was antibiotic use in some participants prior to the collec-
tion of their EAs for microbiological culture, which may 
have impacted the microbiological profiling because of the 
study’s retrospective design. Moreover, patients with 
a history of bronchiectasis were not included in this 
study; the majority of participants received the treatment 
with systemic steroids at enrollment; the minimal inhibi-
tory concentration on tested antimicrobial agents for PA 
and ABC and the history of positive bacterial culture for 
PA and ABC prior to the enrollment were not recorded, 
making it less informative for further study.

Implications for Future Research, Policy 
and Practice
Previously, we found that PA and ABC were the most 
common potentially pathogenic microorganisms in inten-
sive care patients with COPD and CAP.10 This study 
further provided information on the predictors and drug 
susceptibilities of these two potentially pathogenic micro-
organisms in this population. Taken together, these find-
ings could help intensivists clarify bacterial profiling and 
patient selection for appropriate antibiotic therapies. 
Future multicenter, prospective studies should be con-
ducted, not only to validate our results but also to set 
recommendations regarding treatment decisions in such 
a population.

Conclusion
Our findings provide useful information for intensivists 
and have significant implications which could help them 
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make better decisions regarding their choice of antibiotic 
therapy, when managing intensive care patients with 
COPD and CAP.

Data Sharing Statement
Data supporting the reported results can be found at Lab. 
114 in Taichung Veterans General Hospital, Taichung, 
Taiwan.
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