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Background and aims: Pseudomonas aeruginosa (PA) is the most common pathogen in 

bronchiectasis and frequently develops resistance to multiple classes of antibiotics, but little 

is known about the clinical impacts of PA-resistant (PA-R) isolates on bronchiectasis. We, 

therefore, investigated the prevalence, risk factors and prognostic implications of PA-R isolates 

in hospitalized bronchiectasis patients.

Patients and methods: Between June 2011 and July 2016, data from adult bronchiectasis 

patients isolated with PA at the First Affiliated Hospital of Zhengzhou University were retro-

spectively analyzed. PA was classified as PA-R in case antibiogram demonstrated resistance 

on at least one occasion.

Results: Seven hundred forty-seven bronchiectasis patients were assessed. Of these, 147 (19.7%) 

had PA isolate in the sputum or bronchoscopic culture. PA-R and PA-sensitive accounted for 

88 (59.9%) and 59 (31.1%) patients, respectively. In multivariate model, factors associated with 

PA-R isolate in bronchiectasis included prior exposure to antibiotics (odds ratio [OR] =6.18), 

three or more exacerbations in the previous year (OR =2.81), higher modified Medical Research 

Council dyspnea scores (OR =1.93) and greater radiologic severity (OR =1.15). During follow-up 

(median: 26 months; interquartile range: 6–59 months), 36 patients died, of whom 24 (66.7%) 

had PA-R isolate at baseline. However, PA-R isolate was not associated with greater all-cause 

mortality in bronchiectasis.

Conclusion: PA-R infection is common among bronchiectasis patients, mainly determined 

by prior exposure to antibiotics, frequent exacerbations, more pronounced dyspnea and more 

severe radiologic involvement. However, PA-R isolate is not an independent risk factor for 

all-cause mortality in bronchiectasis.
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Introduction
Bronchiectasis is a chronic suppurative lung disease characterized radiologically by 

permanent dilation of bronchi and is associated with a considerable morbidity and 

mortality.1 Patients with bronchiectasis are frequently colonized with potentially 

pathogenic microorganisms (PPMs), which readily trigger airway inflammation and 

destruction that collectively perpetuate the vicious cycle leading to disease progression.2,3 

PPMs (particularly Pseudomonas aeruginosa [PA] and Haemophilus influenzae) have 

been dominant microorganisms isolated from sputum in bronchiectasis.4–6 PA accounts 

for 21.4% of cases with bacterial colonization and is associated with accelerated lung 

function decline, poorer quality of life, greater risk of hospitalization and exacerba-

tions, and increased mortality.7 Accordingly, the British Thoracic Society guidelines 
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highlighted the importance of prompt evaluation of PA 

infection and resistance patterns for implementing optimal 

management.1

The prevalence of PA-resistant (PA-R) infection has 

been increasing in patients with chronic lung diseases, such 

as cystic fibrosis (CF) and COPD.8–10 Nevertheless, the asso-

ciation between PA-R infection and prognosis in CF and 

COPD remains controversial.10,11 A nationwide study in 

Australia11 documented progressively increasing prevalence 

of multidrug-resistant (MDR)-PA which was not associated 

with worse clinical outcomes in CF, nor was the isolation 

of PA-R being linked to higher mortality in COPD.10 Cur-

rently, there are scant data regarding clinical implications 

of PA-R infections in bronchiectasis. To date, only one 

retrospective study12 documented that PA infection occurred 

regardless of lung function impairment and that 11% of 

patients were infected with MDR strains. We, therefore, 

conducted a retrospective study to determine the prevalence, 

risk factors and long-term clinical impact of PA-R infection 

in bronchiectasis.

Patients and methods
Patient selection
A retrospective cohort study was performed on 813 con-

secutive bronchiectasis patients hospitalized in The First 

Affiliated Hospital of Zhengzhou University between 

July 2011 and June 2016. Bronchiectasis was confirmed 

by International Code for Disease-9 codes combined with 

chest high-resolution computed tomography (HRCT) from 

hospital information system. Patients without chest HRCT 

or aged ,16 years, or presented as traction bronchiectasis 

(assessed with chest HRCT) were excluded. Patients were 

also excluded from the analysis if they did not have PA being 

isolated from a sputum or bronchoscopic culture during 

the study period. This research was approved by the Ethics 

Committee of The First Affiliated Hospital of Zhengzhou 

University, which waived the need for informed consent 

for this retrospective, non-interventional design using ano-

nymized patient data.

Clinical data retrieval
Data on baseline characteristics (age, sex, body mass index 

[BMI], smoking history, etiological investigations), radio-

graphic extension, spirometry (forced expiratory volume in 

1 second [FEV
1
]% predicted and forced vital capacity % 

predicted), modified Medical Research Council (mMRC) 

dyspnea score, comorbidities and maintenance therapy 

were collected by chart review. Radiographic extension was 

assessed by the modified Reiff score based on the number 

of bronchiectatic lobes (with the lingula lobe being scored 

as a separate lobe) and the severity of bronchial dilatation 

(tubular: 1 point, varicose: 2 points, cystic: 3 points), with 

the maximum score being 18.13 Etiological investigations 

were assessed based on the protocol recommended by Pasteur 

et al.13 CF and α
1
-antitrypsin deficiency have been scarcely 

reported in Asian countries, therefore routine screening was 

not conducted.14

Microbiologic evaluation
Spontaneous sputum or bronchoscopic samples were sam-

pled for each eligible patient after hospitalization. Patients 

were instructed to expectorate sputum into sterile plastic 

containers following several cycles of deep cough. Sputum or 

bronchoscopic samples were sent for culture within 2 hours, 

and were deemed qualified for analysis if .25 leukocytes 

and ,10 squamous epithelial cells were observed per low-

power field for sputum samples. The most purulent portion 

of sputum was separated from saliva and placed on blood, 

chocolate and Sabouraud agar. A cutoff for bacterial load of 

103 colony-forming units per microliter or greater was defined 

as positive culture.4 Bacteria were classified into PPM strains, 

including PA, Klebsiella pneumoniae, Escherichia coli, 

Acinetobacter baumannii, Enterobacter cloacae and other 

pathogenic microorganisms (at the investigator’s discretion). 

The microorganism isolation and antibiotic susceptibility 

tests were conducted by laboratory technicians blinded to 

patients’ clinical characteristics.

Sensitivity testing was carried out using the agar disk 

diffusion method according to the Clinical Laboratory 

Standards Institute guidelines and resistance cutoffs.15 

Antimicrobial agents employed in drug susceptibility tests 

included levofloxacin, ciprofloxacin, amikacin, ceftazidime, 

colistin, gentamicin, meropenem, piperacillin–tazobactam, 

ticarcillin–clavulanic acid and tobramycin. The minimum 

inhibitory concentration interpretive standards for PA are 

presented in Table S1.

PA-R was defined as resistance to at least one of the fol-

lowing antimicrobial agents: antipseudomonal quinolone, 

cephalosporin, penicillin plus beta-lactamase inhibitors and 

carbapenem, aminoglycosides, monobactam and polymyxin. 

MDR-PA was defined as resistance to three or more antibiotic 

groups commonly active against the aforementioned antimicro-

bial categories.16 We categorized patients into “PA-R group” 

in case PA-R was isolated at the initial circumstances. Once an 

individual with bronchiectasis was infected with PA-R, they 

remained in the “PA-R” group for the remaining study period.
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survival analysis
Survival was initially obtained from patients or their relatives 

by telephone or hospital records. For patients who could not be 

contacted by telephone, the admission record in our hospital 

or during regular follow-up was collected and the date of the 

last visit or follow-up was used as censored data. Survival 

duration was calculated as the duration between hospital 

admission and death or December 2016 (censored).

statistical analysis
Descriptive statistics were presented as mean (SD) or median 

(interquartile range) or number (percentage) as appropriate. 

Chi-squared test, unpaired t-tests and Mann–Whitney U test 

were used for between-group comparisons when appropriate. 

Multivariate logistic regression analysis was conducted to 

explore the factors of PA-R isolates, and the results were 

reported as odds ratios (ORs) and 95% CIs. Variables with 

P,0.10 in univariate analyses were entered into multivariate 

analyses as potential confounders using backward selection 

strategy. Multivariate Cox proportional hazard regression 

model was used to investigate the potential factors associ-

ated with survival, and variables with P,0.10 in bivariate 

analysis were included as independent variables in multiple 

Cox regression analysis. Survival curves were depicted 

with Kaplan–Meier plot and compared with log-rank test. 

Subgroup analysis was performed by only including patients 

with PA-R (MDR vs non-MDR). All comparisons were two 

sided, and P-values #0.05 were considered statistically 

significant. All analyses were performed using SPSS 22.0 

(IBM Corporation, Armonk, NY, USA).

Results
recruitment and overall clinical 
characteristics
As shown in Figure 1, 747 patients were included in the final 

analysis after exclusion of 32 patients who mainly presented 

with traction bronchiectasis and 34 patients who did not have 

undergone any bacterial culture. PA was isolated from the 

sputum in 147 (19.7%) patients. Most patients with con-

firmed PA isolates had developed resistance to at least one 

category of antimicrobial agents (PA-R, n=88 [59.9%]), and 

59 (40.1%) had PA-sensitive (PA-S) isolate. Most patients 

with PA isolates were females (n=82 [55.8%]), with a mean 

age of 59.7 years, mean FEV
1
 of 53.6% predicted and a mean 

HRCT score of 11.4. Pulmonary hypertension (35.4%) was 

the most common comorbidity. Idiopathic and post-infectious 

bronchiectasis accounted for 31.3% and 29.9% of the under-

lying causes, respectively.

Characteristics of bronchiectasis patients 
with and without Pa-r
Table 1 compares the demographic and clinical parameters 

between patients with and without PA-R isolates. There was 

no significant difference in age, sex, smoking status, lung 

function, comorbidities (except for pulmonary hypertension), 

prior use of medications and etiologies. However, patients 

with PA-R had lower BMI, more than two exacerbations and 

more than one hospitalization in the previous year, greater 

radiologic severity, more severe dyspnea and were more 

likely to have received systemic corticosteroids and anti-

biotics, when compared with those patients who had PA-S 

isolates. The antibiotic susceptibility pattern of PA isolates 

is shown in online supplement (Table S2).

risk factors for Pa-r isolation
For identifying the risk factors of PA-R isolates in bron-

chiectasis, we included the age, BMI, frequency of exacer-

bations and hospitalizations, modified Reiff HRCT score, 

mMRC score, FEV
1
% predicted, presence of pulmonary 

hypertension, use of systemic corticosteroids and antibiotic 

as independent variables in multivariate logistic regression. 

The model showed that systemic antibiotic treatment in the 

previous month (OR =6.18; 95% CI, 2.22–17.19; P,0.001), 

more than two exacerbations in the previous year (OR =2.81; 

95% CI, 1.02–7.77; P=0.046), higher mMRC scores 

(OR =1.93; 95% CI, 1.34–2.78; P,0.001) and greater radio-

logic severity (OR =1.15; 95% CI, 1.04–1.28; P,0.001) were 

independently associated with an increased risk of isolating 

PA-R strains (Table 2).

survival analysis
Comparisons of survivors and nonsurvivors are shown in 

Table 3. Median follow-up lasted for 26 months (inter-

quartile range: 6–59 months). All 147 (100%) patients fully 

responded to the follow-up. Kaplan–Meier curves for patients 
Figure 1 Flow chart of the selected population.
Abbreviation: Pa, Pseudomonas aeruginosa.
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with PA-R (n=88; 24 deaths) and PA-S (n=59; 12 deaths) 

are shown in Figure 2. There was no significant difference 

between the two groups (log-rank test, 0.66; P=0.42) in the 

survival rate. Table 4 shows the adjusted Cox regression 

analysis. Isolation of PA-R did not increase the risk of 

all-cause mortality in bronchiectasis (hazard ratio =2.59; 

95% CI, 0.83–8.11; P=0.10). Aging, lower BMI and greater 

modified Reiff score had an independent adverse prognostic 

value in our fully adjusted model.

subgroup analysis
To further investigate the effect of MDR resistance pattern, 

we performed a subgroup analysis by only including patients 

with PA-R (n=88). Of these, 34 (38.6%) had PA strains 

resistant to three or more antibiotics categories (MDR) 

and 54 (61.4%) had PA strains resistant to less than three 

antibiotic categories (non-MDR).

There were no differences in demographic characteristics 

between MDR and non-MDR groups, except that the MDR 

group had a higher rate of more than one hospitalization in 

the previous year, higher mMRC score, greater lung function 

impairment and higher prevalence of pulmonary hypertension 

(Table S3). The potential risk factors for MDR-PA isolate 

included systemic antibiotic treatment in the previous month 

(OR =4.28; 95% CI, 1.43–12.79; P=0.009), more than two 

Table 1 Demographic and clinical characteristics of bronchiectasis patients with and without Pa-resistant in sputum

Items Parameters All patients 
(N=147)

PA-R 
(n=88)

PA-S 
(n=59)

P-value

anthropometry age, years 59.7±18.2 61.7±17.3 56.7±19.1 0.10
Female 82 (55.8) 46 (52.3) 36 (61.0) 0.30
BMI (kg/m2) 18.1±3.2 17.4±2.4 19.1±3.9 0.001
nonsmokers 107 (72.8) 61 (69.3) 46 (78.0) 0.25

Disease-related parameters no of acute exacerbations within 1 year .2 95 (64.6) 69 (78.4) 26 (44.1) ,0.001
no of hospital admissions within 1 year .1 88 (59.9) 65 (73.8) 23 (39.0) ,0.001
Modified Reiff HRCT score 11.4±4.7 12.8±5.0 9.4±3.4 ,0.001
mMrC dyspnea score 2.3±1.3 2.8±1.2 1.5±1.2 ,0.001

lung function FVC pred % 65.3±19.4 63.5±20.4 68.0±17.6 0.16
FeV1 pred % 53.6±21.1 51.4±22.7 56.9±18.1 0.12

Comorbidity ChD 18 (12.2) 12 (13.6) 6 (10.2) 0.53
hypertension 30 (20.4) 20 (22.7) 10 (16.9) 0.39
stroke 3 (2.0) 3 (3.4) 0 (0) 0.15
Pulmonary hypertension 52 (35.4) 43 (48.9) 9 (15.3) ,0.001
DM 9 (6.1) 6 (6.8) 3 (5.1) 0.67

Prior treatment systemic corticosteroids (prior 3 months) 81 (55.1) 59 (67.0) 22 (37.3) ,0.001
antibiotics (prior 3 months) 126 (85.7) 84 (95.5) 42 (71.2) ,0.001
antibiotics (prior 1 month) 95 (64.6) 64 (72.7) 31 (52.5) 0.01

Current medications ICs 71 (48.3) 42 (47.7) 29 (49.1) 0.87
laBa 68 (46.3) 40 (45.5) 28 (47.5) 0.81
laMa 52 (35.4) 33 (37.5) 19 (32.2) 0.51
Chronic macrolide treatment 45 (30.6) 28 (31.8) 17 (28.8) 0.70

etiology Post-infectious 44 (29.9) 25 (28.4) 19 (32.2) 0.62
Immunodeficiency 3 (2.0) 3 (3.4) 0 (0) 0.15
Miscellaneous known causes 54 (36.7) 31 (35.2) 23 (39) 0.64
Idiopathic 46 (31.3) 29 (33.0) 17 (28.8) 0.60

Note: The significance of bold values P,0.05.
Abbreviations: BMI, body mass index; ChD, chronic heart disease; DM, diabetes mellitus; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; hrCT, 
high-resolution computed tomography; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical 
research Council; Pa, Pseudomonas aeruginosa; Pa-r, Pa-resistant; Pa-s, Pa-sensitive.

Table 2 Factors associated with the presence of Pa-resistant in 
patients with bronchiectasis in a logistic regression model

Factors B Exp (B) 95% CI 
Exp (B)

P-value

antibiotics (prior 1 month) 1.82 6.18 2.22–17.19 ,0.001
no of acute exacerbations 
within 1 year .2

1.03 2.81 1.02–7.77 0.046

mMrC dyspnea scores 0.66 1.93 1.34–2.78 ,0.001
Modified HRCT scores 0.14 1.15 1.04–1.28 ,0.001
antibiotics (prior 3 months) 1.28 3.60 0.90–14.44 0.07

Notes: Variables were adjusted for age, BMI, comorbid conditions, mMrC dyspnea 
score, acute exacerbations or hospitalizations in the past years, FeV1% of predicted, 
HRCT scores and prior treatment. The significance of bold values P,0.05.
Abbreviations: B, B coefficient; BMI, body mass index; Exp (B), exponentiation 
of the B coefficient; FEV1, forced expiratory volume in 1 second; mMRC, modified 
Medical research Council; hrCT, high-resolution computed tomography; 
Pa, Pseudomonas aeruginosa.
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Figure 2 The Kaplan–Meier survival curves for bronchiectasis patients with Pa-r 
isolate (n=88; 24 deaths) and with Pa-s isolate (n=59; 12 deaths).
Note: Patients with Pa-r isolate were not associated with increased mortality 
compared to those with Pa-s isolate (log-rank test, 0.66; P=0.42).
Abbreviations: Pa, Pseudomonas aeruginosa; Pa-r, Pa-resistant; Pa-s, Pa-sensitive.

exacerbations in the previous year (OR =3.86; 95% CI, 

1.07–13.92; P=0.04), higher mMRC scores (OR =2.37; 

95% CI, 1.26–4.47; P=0.007) and lower FEV
1
% predicted 

(OR =1.04; 95% CI, 1.01–1.06; P=0.003), as shown in 

Table S4. However, there were no significant differences 

in all-cause mortality when stratified based on MDR 

status (P=0.11).

Table 3 Demographic and clinical characteristics of bronchiectasis patients according to survival status at the end of the study

Items Parameters Survivors 
(n=111)

Nonsurvivors 
(n=36)

P-value

anthropometry age, years 56.3±17.0 72.4±11.8 ,0.001
Female 66 (59.5) 16 (44.4) 0.12
BMI (kg/m2) 18.6±3.3 16.5±1.9 ,0.001
nonsmokers 82 (73.9) 25 (69.4) 0.60

Disease-related parameters no of acute exacerbations within 1 year .2 74 (66.7) 21 (58.3) 0.36
no of hospital admissions within 1 year .1 68 (61.3) 20 (55.6) 0.54
Modified Reiff HRCT score 10.9±4.6 13.0±4.6 0.019
mMrC dyspnea score 2.2±1.3 2.8±1.2 0.019

lung function FVC pred % 68.2±20.2 56.2±13.1 0.001
FeV1 pred % 55.9±21.8 46.4±17.2 0.018

Comorbid conditions ChD 13 (11.7) 5 (13.8) 0.73
hypertension 20 (18.1) 10 (27.7) 0.21
stroke 2 (1.8) 1 (2.7) 0.72
Pulmonary hypertension 34 (30.6) 18 (50.0) 0.035
DM 7 (6.4) 2 (5.6) 0.87

Prior treatment systemic corticosteroids (prior 3 months) 54 (48.6) 27 (75.0) 0.006
antibiotics (prior 3 months) 93 (83.8) 33 (91.7) 0.24
antibiotics (prior 1 month) 68 (61.3) 27 (75.0) 0.13

Current medications ICs 51 (45.9) 20 (55.6) 0.32
laBa 48 (43.2) 20 (55.6) 0.20
laMa 38 (34.2) 14 (38.9) 0.61
Chronic macrolide treatment 35 (31.5) 10 (27.8) 0.67

etiology Post-infectious 32 (28.8) 12 (33.3) 0.61
Immunodeficiency 3 (2.7) 0 (0) 0.19
Miscellaneous known causes 42 (37.8) 12 (33.3) 0.63
Idiopathic 34 (30.6) 12 (33.3) 0.76

Pa Isolate of Pa-r 64 (57.7) 24 (66.7) 0.34

Note: The significance of bold values P,0.05.
Abbreviations: BMI, body-mass index; ChD, chronic heart disease; DM, diabetes mellitus; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; 
HRCT, high-resolution computed tomography; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified 
Medical research Council; Pa, Pseudomonas aeruginosa; Pa-r, Pa-resistant.

Table 4 Variables associated with all-cause mortality in patients 
with bronchiectasis in a Cox proportional hazard regression model

Factors B Exp (B) 95% CI 
Exp (B)

P-value

age 0.11 1.11 1.05–1.17 ,0.001
BMI (kg/m2) −0.60 0.55 0.39–0.76 ,0.001
hrCT scores 0.15 1.16 1.02–1.32 0.02
Isolates of Pa-resistant 0.95 2.59 0.83–8.11 0.10

Notes: The significance of bold values P,0.05. Variables were adjusted for age, 
BMI, comorbid conditions, mMrC dyspnea score, FeV1% of predicted, FVC% of 
predicted and hrCT scores.
Abbreviations: B, B coefficient; BMI, body mass index; Exp (B), exponentiation 
of the B coefficient; FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity; HRCT, high-resolution computed tomography; mMRC, modified Medical 
research Council; Pa, Pseudomonas aeruginosa.
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Discussion
To date, limited data exist regarding the prevalence, risk 

factors and prognostic implications of PA-R isolates from 

bronchiectasis patients, especially in China. We found a high 

rate of PA-R isolates from hospitalized bronchiectasis patients. 

Systemic antibiotic exposures in the previous month, more than 

two exacerbations in the previous year, higher mMRC scores 

and greater radiologic severity were the major risk factors for 

isolating PA-R. However, isolation of PA-R did not increase 

all-cause mortality in bronchiectasis, suggesting that PA-R was 

a marker of more severe disease and more frequent or intensive 

antibiotic use, but was not associated with greater mortality.

PA infection in bronchiectasis presents a major challenge 

for clinicians, and has been associated with more severe 

disease and greater morbidity and mortality, emphasizing 

the importance of appropriate management of PA in clinical 

practice.7,17,18 Accordingly, susceptibility testing of PA to 

antimicrobial agents not only may guide the treatment for 

individual bronchiectasis patients, but is also valuable for 

identifying the prevalence of resistant strains within and 

between different treatment centers.17,19 In fact, suscepti-

bility of PA isolated from patients with CF has been well 

described,19,20 whereas the profiles are scant in non-CF 

bronchiectasis. Our study showed that PA was isolated 

from nearly 20% of patients with bronchiectasis, with 

nearly two thirds presenting with PA-R isolates, which was 

concordant with McDonnell et al’s report (resistance rate: 

17/155, 11%).12 As confirmed in our multivariable analysis, 

previous systemic antibiotic administration and repetitive 

exacerbations contributed considerably to PA-R isolation. 

In China, patients often self-medicate with oral antibiotics 

without consultation with physicians, which is possibly 

due to the lack of health education and awareness.21,22 Most 

patients with steady-state bronchiectasis had been prescribed 

systemic antibiotics when they attended respiratory clinics, 

especially for those with daily purulent sputum production.23 

Additionally, when patients had an acute worsening of respi-

ratory symptoms, they often received repeated and prolonged 

courses of antibiotics.23 Finally, antibiotic selective pressure 

and misuse may further predispose to the emergence of 

resistant bacteria, particularly PA-R that can be transmitted 

rapidly among patients who attend bronchiectasis clinics. 

Although there are no data about the risk factors of PA-R 

isolates in non-CF bronchiectasis, multiple studies in CF 

have shown that PA-R prevalence closely paralleled with 

the number of courses of antibiotic use.8,11,24

During follow-up, 36 (24.5%) patients died, which mirrored 

the findings by Goeminne et al25 (median: 5.18 years, 20.4%). 

PA infection has previously been linked to persistent and 

heightened lower airway inflammation which was asso-

ciated with increased risk of exacerbation and death in 

bronchiectasis.2,7 Nonetheless, no studies had correlated the 

impact of PA-R infection with mortality of hospitalized bron-

chiectasis patients. Our study suggested that isolation of PA-R 

did not increase the risk of death compared with that in those 

from whom PA-S was isolated, suggesting the presence of 

PA-R was probably a marker of more severe disease and more 

frequent or intensive antibiotic administration, rather than 

being an independent contributor to poorer outcomes. Con-

sistently, a recent study showed that MDR-PA was associated 

with greater doses of intravenous antibiotic administration, 

but not more adverse clinical outcomes in patients with CF.11 

Montero et al26 reported that exacerbated COPD patients with 

PA-R isolates had higher mortality. Conversely, Rodrigo-

Troyano et al10 demonstrated that the presence of PA-R was 

associated with lower mortality in COPD. These conflicting 

findings suggested that virulence of microorganisms might be 

determined by factors other than antibiotic resistance patterns. 

Alternatively, the comprehensive treatment for bronchiectasis 

exacerbation might have resulted in clinical improvement 

independent of the bactericidal effects of antibiotics. Of note, 

this study showed that PA-R isolate primarily represented a 

marker, which developed in sicker bronchiectasis patients 

who had frequent exacerbations and received repeated 

courses of antibiotics. Nevertheless, a larger prospective 

study with longer follow-up will be required to fully assess 

the effects of PA-R infection in bronchiectasis.

Noticeably, this study aimed to appreciate the clinical 

implications of bronchiectasis patients being identified 

initially as infected with PA-R. Therefore, patients were 

assigned to “PA-R group” once PA-resistant strains were 

initially isolated. Though bronchiectasis patients often have 

antibiotic-resistant strains isolated simultaneously or subse-

quently to the isolation of susceptible PA in clinical practice, 

it would be of significance for physicians to determine the 

impact on the prognosis after initial acquisition of PA-R 

isolates. Further studies are required to investigate the differ-

ence between patients who have intermittently positive PA-R 

cultures and those with persistently positive PA-R cultures. 

Additionally, 52 patients (35.4%) were diagnosed as having 

PH (Table 1). The prevalence of PH has not been system-

atically investigated in adults with bronchiectasis. A study 

investigating 94 patients found that nearly one third had 

PH assessed with echocardiography.27 In our study, 48.9% 

of patients with PA-R had PH, as compared with 15.3% of 

patients with PA-S who had PH. The underlying mechanisms 

were unclear, but hypoxic vasoconstriction, mechanical stress 

of pulmonary hyperinflation, loss of pulmonary capillaries, 
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spill over of airway inflammation and in situ thrombosis 

might have independently or collectively played a role.27,28 

These changes might be more commonly seen in patients 

with PA-R, which warrant further investigations.

As with any observational study, several limitations merit 

considerations. First, the data were collected from a single 

tertiary hospital in China. Only adult bronchiectasis patients 

were included, which might have limited the generalizability 

of our findings to pediatric patients or those admitted to 

primary or secondary hospitals. Second, no control group 

with non-PA infection was included, despite that this study 

aimed to investigate the impact of antimicrobial resistance 

and its association with clinical outcomes. Nevertheless, 

many studies have shown that PA infections correlate with 

worse clinical outcomes, and therefore, recapitulation of these 

findings was not our main objective. Third, the types of PA 

strains, such as mucoid or non-mucoid, may be associated 

with antibiotic resistance, but this special pathogen character-

istic was not evaluated herein. Fourth, we did not assess the 

association between individual resistance markers and prior 

antibiotic exposure. Fourth, the status of risk factors measured 

at baseline might change during follow-up (ie, weakened or 

strengthened) the association between PA-R infection and sur-

vival. Finally, some patients might have been misclassified. 

Patients were either in the “PA-R group” or “PA-S group” 

based on their initial sputum culture results. We did not assess 

multiple previous sputum cultures prior to their study entry. 

Therefore, an individual who had cultured PA-R previously 

might have been labeled erroneously as being susceptible at 

the time of study entry. Nevertheless, longitudinal assessment 

of microbiologic profiles in patients with bronchiectasis is 

urgently needed, which might help clinicians better appreciate 

the effects of PA-R infection on bronchiectasis.

Conclusion
In summary, infection with PA-R is common in hospitalized 

bronchiectasis patients and is independently associated with 

prior exposure to antibiotics, frequent exacerbations, higher 

mMRC scores and more severe radiologic appearances. 

However, PA-R isolation is not associated with poorer 

clinical outcomes. Future studies are needed to determine the 

molecular and genetic mechanisms underlying the increased 

virulence of PA regardless of antibiotic resistance patterns, 

which may help determine the optimal treatment regimens 

for bronchiectasis patients infected with PA-R.
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Supplementary materials

Table S1 MIC interpretive standards of the disk diffusion methodologies for Pa according to the ClsI

Antibiotic MIC interpretive standard (µg/mL)

S I R

gentamicin #4 8 $16
Tobramycin #4 8 $16
amikacin #16 32 $64
Ceftazidime #8 16 $32
Cefepime #8 16 $32
Ticarcillin–clavulanate #64/2 – $128/2
Piperacillin–tazobactam #64/4 – $128/4
aztreonam #8 16 $32
Meropenem #4 8 $16
Imipenem #4 8 $16
Ciprofloxacin #1 2 $4
Levofloxacin #2 4 $8
Colistin sulfate #2 4 $8

Abbreviations: ClsI, Clinical and laboratory standards Institute; I, intermediate; MIC, minimal inhibitory concentration; Pa, Pseudomonas aeruginosa; r, resistant; s, sensitive.

Table S2 Antibiotic resistance profile of 147 Pseudomonas aeruginosa isolates

Antibiotic Number of susceptible strains (%)

Ciprofloxacin 114 (77.6)
Piperacillin–tazobactam 121 (82.3)
Ceftazidime 121 (82.3)
Imipenem 95 (64.6)
gentamicin 131 (89.1)
amikacin 141 (95.9)
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Table S3 Baseline and clinical characteristics of bronchiectasis patients with Pa-r in non-MDr and MDr groups in sputum

Items Parameters Non-MDR 
(n=54)

MDR 
(n=34)

P-value

anthropometry age, years 62.7 (13.7) 60.2 (22.1) 0.52
Female 31 (57.4) 15 (44.1) 0.22
BMI (kg/m2) 17.4 (2.9) 17.6 (1.2) 0.74
nonsmokers 40 (74.1) 21 (61.8) 0.22

Disease-related parameters no of acute exacerbations within 1 year .2 39 (72.2) 30 (88.2) 0.08
no of hospital admissions within 1 year .1 36 (66.7) 29 (85.3) 0.05
Modified Reiff HRCT score 12.3 (5.1) 13.6 (4.8) 0.25
mMrC dyspnea score 2.5 (1.3) 3.3 (0.5) 0.003

lung function FVC pred % 69.4 (21.0) 54.1 (15.5) ,0.001
FeV1 pred % 58.6 (23.6) 40.0 (15.6) ,0.001

Comorbid conditions ChD 9 (16.7) 3 (8.8) 0.30
hypertension 12 (22.2) 8 (23.5) 0.89
stroke 0 (0) 3 (8.8) 0.16
Pulmonary hypertension 20 (37.0) 23 (67.6) 0.01
DM 6 (11.1) 3 (8.8) 0.73

Prior treatment systemic corticosteroids (prior 3 months) 33 (61.1) 26 (76.5) 0.14
antibiotics (prior 3 months) 51 (94.4) 33 (97.1) 0.57
antibiotics (prior 1 month) 36 (66.7) 28 (82.4) 0.11

Current medications ICs 26 (48.1) 16 (47.1) 0.92
laBa 24 (44.4) 16 (47.1) 0.81
laMa 19 (35.2) 14 (41.2) 0.57
Chronic macrolide treatment 13 (24.1) 15 (44.1) 0.18

etiology Post-infectious 15 (27.7) 10 (29.4) 0.87
Immunodeficiency 1 (1.9) 2 (5.9) 0.31
Miscellaneous known causes 18 (33.3) 13 (38.2) 0.64
Idiopathic 20 (37.0) 10 (29.4) 0.46

Abbreviations: BMI, body-mass index; ChD, chronic heart disease; DM, diabetes mellitus; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; 
hrCT, high-resolution computed tomography; ICs, inhaled corticosteroid; laBa, long-acting beta-agonist; laMa, long-acting muscarinic antagonist; MDr, multidrug 
resistant; mMRC, modified Medical Research Council; PA, Pseudomonas aeruginosa; Pa-r, Pa-resistant.

Table S4 Factors associated with the presence of MDr-Pa in patients with bronchiectasis in a logistic regression model

Factors B Exp (B) 95% CI Exp (B) P-value

antibiotics (prior 1 month) 1.45 4.28 1.43–12.79 0.009
no of acute exacerbations within 1 year .2 1.35 3.86 1.07–13.92 0.04
mMrC dyspnea scores 0.86 2.37 1.26–4.47 0.007
lower FeV1 pred % 0.04 1.04 1.01–1.06 0.003

Notes: The significance of bold values P,0.05. Variables were adjusted for age, BMI, comorbid conditions, mMrC dyspnea, acute exacerbations or hospitalizations in the 
past years, FeV1% of predicted, FVC% of predicted.
Abbreviations: B, B coefficient; BMI, body mass index; Exp (B), exponentiation of the B coefficient; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; 
MDR, multidrug resistant; mMRC, modified Medical Research Council; PA, Pseudomonas aeruginosa.
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