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Abstract

Purpose Multidrug-resistant (MDR) bacteria impose a considerable health-care burden and are associated with
bronchiectasis exacerbation. This study investigated the clinical outcomes of adult patients with bronchiectasis
following MDR bacterial infection.

Methods From the Chang Gung Research Database, we identified patients with bronchiectasis and MDR bacterial
infection from 2008 to 2017. The control group comprised patients with bronchiectasis who did not have MDR
bacterial infection and were propensity-score matched at a 1:2 ratio. The main outcomes were in-hospital and 3-year
mortality.

Results In total, 554 patients with both bronchiectasis and MDR bacterial infection were identified. The types of
MDR bacteria that most commonly affected the patients were MDR- Acinetobacter baumannii (38.6%) and methicillin-
resistant Staphylococcus aureus (18.4%), Extended-spectrum-beta-lactamases (ESBL)- Klebsiella pneumoniae (17.8%),
MDR-Pseudomonas (14.8%), and ESBL-E. coli (7.5%). Compared with the control group, the MDR group exhibited

lower body mass index scores, higher rate of chronic bacterial colonization, a higher rate of previous exacerbations,
and an increased use of antibiotics. Furthermore, the MDR group exhibited a higher rate of respiratory failure during
hospitalization (MDR vs. control, 41.3% vs. 12.4%; p <0.001). The MDR and control groups exhibited in-hospital
mortality rates of 26.7% and 7.6%, respectively (p <0.001); 3-year respiratory failure rates of 33.5% and 13.5%,
respectively (p <0.001); and 3-year mortality rates of 73.3% and 41.5%, respectively (p < 0.001). After adjustments were
made for confounding factors, the infection with MDR and MDR bacteria species were determined to be independent
risk factors affecting in-hospital and 3-year mortality.

Conclusions MDR bacteria were discovered in patients with more severe bronchiectasis and were independently
associated with an increased risk of in-hospital and 3-year mortality. Given our findings, we recommend that clinicians
identify patients at risk of MDR bacterial infection and follow the principle of antimicrobial stewardship to prevent the
emergence of resistant bacteria among patients with bronchiectasis.
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Introduction Methods

Bronchiectasis is characterized by the permanent dilation
of bronchi, recurrent respiratory infections and exacer-
bations [1]. Frequent exacerbations are associated with
worse outcomes [2]. The main pathogens that cause exac-
erbations include bacteria, fungi, nontuberculous myco-
bacteria and viruses [3—5]. Bacterial infections can also
occur during stable periods. Because bacterial coloniza-
tion increases the risk of mortality in patients with bron-
chiectasis, it is included in bronchiectasis severity index
(BSI) as a clinical prediction tool [6].

The incidence of multidrug-resistant (MDR) bacteria
is increasing worldwide and becomes a threat to public
health [7, 8]. Hospitalized patients, especially patients
with critical illnesses and multimorbidity, are more
likely to develop MDR bacterial infections because they
undergo extensive antibiotic therapy [9]. Approximately
10-38% of hospitalized patients develop MDR bacterial
infections during their hospital stay, and MDR bacterial
infection is associated with increased hospital expenses,
prolonged hospital stays, and higher mortality rates [9,
10].

Patients with bronchiectasis often receive antibiotics
during exacerbations. The risk of acquiring MDR infec-
tion increases after several courses of broad-spectrum
antibiotics treatment [11, 12]. In bronchiectasis, sev-
eral risk factors for MDR infection were identified dur-
ing exacerbations, including previous hospitalization,
chronic kidney disease, and previous MDR isolation
[11]. Increased risk of mortality has been implicated
in patients with bronchiectasis and MDR infection but
remain less well investigated [12]. In the international
multicenter study which derives and validates BSI, meth-
icillin-resistant Staphylococcus aureus (MRSA) infec-
tion and Pseudomonas aeruginosa infection exhibited
the highest mortality rates (MRSA, 62.5%; P aerugi-
nosa, 21.2%) [6]. Because previous studies have had lim-
ited numbers of patients with both bronchiectasis and
MDR bacterial infection, these studies have not analyzed
the impact of each MDR bacterial species on clinical
outcomes.

Few clinical studies have investigated the clinical out-
comes of or identified the independent prognostic factors
associated with MDR bacterial infection in patients with
bronchiectasis. Even fewer studies have explored whether
MDR bacterial species, patient characteristics, prior use
of antibiotics, or comorbidities affect the clinical out-
comes of bronchiectasis. To address this research gap,
the present study investigated the risk factors associated
with MDR bacterial infection in bronchiectasis and their
effects on clinical outcomes in an Asian cohort.

Bronchiectasis cohort

This study analyzed data of Chang Gung Research Data-
base (CGRD) from the electronic medical records of
three medical centers and four regional hospitals that
operate under in the Chang Gung Memorial Hospital
(CGMH) system [13]. The multi-institutional bronchi-
ectasis cohort comprised adult patients (aged >18 years)
with at least two bronchiectasis diagnoses (Interna-
tional Classification of Diseases, 9th Clinical Modifica-
tion (ICD-9-CM) 494.0 or 494.1) from outpatient visits
or from hospitalization records from January 2008 to
December 2017 [14—16]. The diagnosis of bronchiectasis
was made by radiologist and pulmonary specialist based
on the high-resolution computed tomography results
and clinical symptoms. The exclusion criteria included
patients without sputum culture, duration of follow up
less than 6 months and cystic fibrosis.

Definition of MDR infection

MDR bacteria were classified according to the interna-
tional guideline [17]. For Pseudomonas aeruginosa and
Acinetobacter baumannii (AB), MDR was defined as
resistance to at least three antimicrobial classes. For S.
aureus, MRSA was defined as resistance to oxacillin. For
Escherichia coli (E. coli) and Klebsiella pneumoniae (KP),
extended-spectrum-beta-lactamases (ESBL) was defined
as resistance to at least three classes of  -lactam antibi-
otics, including penicillin, cephalosporins, and aztreo-
nam. At least one culture of MDR pathogen was needed
to define an individual as having MDR bacteria. The lab-
oratory in CGMH used disc diffusion method (BD BBL
Sensi-Disc, USA) to determine the susceptibility/resis-
tance of antibiotics during the study period. The stan-
dard criteria of antibiotics sensitivity by disc diffusion
method are added in the supplement Table S1. Chronic
bacterial colonization which is defined as isolation of the
same bacteria in two or more sputum cultures, at least 3
months apart within one year [18]. Bacterial infection in
bronchiectasis was defined as an exacerbation related to
bacteria with the use of antibiotics and worsening respi-
ratory symptoms (increasing cough, sputum, or dys-
pnea) [19]. Convert to non-MDR status was defined as
no growth of MDR bacteria in all sputum culture within
one year. Because this study was based on a database of
real-world practice, we did not set a minimum number of
samples to define convert to non-MDR status.

Main outcomes
The primary outcomes were in-hospital mortality and
3-year overall mortality after the index date, which was



Chang et al. Annals of Clinical Microbiology and Antimicrobials

defined as the date of sputum culture collection pre-
scribed by clinicians for suspicion of bronchiectasis exac-
erbation. Acute respiratory failure was defined according
to ICD-9-CM code 518.81 or 518.82 or ICD-10-CM code
J96.0 with mechanical ventilator use [20].

Clinical parameters

Demographic data, CT reports, laboratory and micro-
biology data and pulmonary function reports were
retrieved from the CGRD. The Bronchiectasis Aetiology
Comorbidity Index (BACI) scores of the bronchiectasis
cohort were calculated on the basis of their documented
diagnoses (ICD-9-CM and ICD-10-CM) of comorbidi-
ties from CGRD [21]. The etiology of bronchiectasis was
determined on the basis of the definition in another study
[14]. Age was calculated from the birth date to the index
date. The clinical details (body mass index (BMI) and
lung function) were retrieved from the medical records
within one year before index date. Comorbidities were
retrieved from the medical records within three years
before index date. We retrieved sputum microbiology
reports including bacteria species and antibiotics sensi-
tivity. Shock was defined according to diagnoses (/CD-
9-CM code 785 or ICD-10-CM code R57) involving the
use of systemic inotropic agents or vasopressors [22].
The medical treatments considered in the present study
included systemic antibiotics, inhalation antibiotics, sys-
temic corticosteroids, and inhalation steroids. Acute kid-
ney injury during hospital admission was defined on the
basis of serum creatinine level (an increase of 0.3 mg/dL
or of 50% above baseline) [23].

Statistical analysis

Because an imbalance was identified in the distribution
of clinical characteristics between the MDR and con-
trol groups, propensity score matching was performed
to address potential confounding factors. The predicted
probability of identifying positive MDR isolates was cal-
culated through logistic regression and served as the
propensity score, which incorporated several covariates
related to outcomes, namely age, sex, comorbidities, and
BACI score (Table 1). The MDR and control groups were
matched at a 1:2 ratio.

For dichotomous variables, we used chi-square tests
and two-sided Fisher exact tests for analysis. Unpaired
t-tests were used for normally distributed continuous
variables. For non-normally distributed continuous data,
Mann-Whitney U tests were used for analysis. P-values
(two-sided) <0.05 were considered statistically signifi-
cant. Risk factors for mortality were identified through
univariate descriptive analysis. For the variables with sig-
nificant results (p<0.05, as revealed through univariate
descriptive analysis), multivariate Cox proportional-haz-
ards regression was performed to identify independent
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risk factors. Statistical analyses were performed using
SAS software, version 9.4 (SAS Institute, Cary, North
Carolina, USA).

Results

From the CGRD, 8,063 patients with bronchiectasis and
sputum culture were identified between 2008 and 2017.
A total of 554 bronchiectasis patients having MDR infec-
tion were confirmed. After propensity score matching
was performed, the MDR and control groups exhibited
similar distributions for age, sex, and comorbidities (sup-
plementary Table S2). In the MDR group, 214 (38.6%)
were MDR-AB, 102 (18.4%) were MRSA, 99 (17.8%) were
ESBL-KP, 82 (14.8%) were MDR-Pseudomonas, and 47
(7.5%) were ESBL-E. coli. The distribution of patients with
bronchiectasis in the CGMH-affiliated institutions is pre-
sented in Table 1, which reveals that the Linkou branch
accounted for the largest proportion of the patients with
MDR (42.6%), followed by the Chiayi branch (23.1%)
and Keelung branch (21.3%). The bacteriological results
were mainly from sputum culture (MDR:95.4%, control:
94.9%). Only a small portion of bacteriological results
were from bronchial washing or bronchoalveolar larvage
culture reports (MDR:4.6%, control: 5.1%).

The demographic and clinical characteristics are sum-
marized in Table 1. Compared with the control group,
the MDR group exhibited lower FEV1 levels and BMI
scores, a higher rate of previous exacerbation, and an
increased use of antibiotics. The MDR group had a sig-
nificantly higher rate of chronic bacterial colonization
than control group (90 (16.25%) vs. 17 (1.53%), p<0.001).
During treatment, the MDR group exhibited higher rates
of acute kidney injury and hemodialysis than the con-
trol group. Relative to the patients in the control group,
a higher proportion of the patients in the MDR group
were administered antibiotics (MDR vs. control, 98.2%
vs. 79.9%; p<0.001) and systemic corticosteroids (MDR
vs. control, 71.3% vs. 42.5%; p<0.001) (Table 2). 130
patients (MDR group: 40) had non-tuberculous myco-
bacterium in sputum culture within one months of
index date. 37 patients (MDR group: 21) had mycobac-
terium avium-intracellulare complex in sputum culture.
1164 patients (MDR group: 517) had blood culture and
240 patients (MDR group: 151) had positive pathogen
results in blood culture. 28 patients had MDR bacteria in
blood culture and were all in the MDR group. The MDR
group exhibited a higher rate of respiratory failure dur-
ing hospitalization (MDR vs. control, 41.3% vs. 12.4%;
»<0.001) (Table 3). The MDR and control groups had
an in-hospital mortality rate of 26.7% and 7.6%, respec-
tively (p<0.001); a 3-year respiratory failure rate of 33.6%
and 13.5%, respectively (p<0.001); and a 3-year mortality
rate of 73.3% and 41.5%, respectively (p<0.001) (Table 3).
Respiratory failure (MDR: 90(60.8%), control: 56(67.5%))
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Table 1 Demographics and clinical characteristics of patients
Control group MDRgroup p-value MDR-AB  ESBL-E coli ESBL-KP  MDR-Pseudomonus MRSA p-value
n=1108 n=554 n=214 n=47 n=99 n=82 n=102
Age 750+ 11.7 751 +127  0.968 745+122 748+129 771+111 709+133 77.1+£13.9 0.006
Sex (Female) 455 (41.1%) 228 (41.2%) 0.972 95 (44.4%) 16 (34.0%) 32(323%) 43(52.4%) 41 (40.2%) 0.053
BMI 2234+£42 209+43 <0001 209+43 212+31 208+44 203+36 219450 0181
Pulmonary function <0.001 0.246
FVC: <80 pred.% 243 (33.3%) 150 (44.3%) 59 (45.0%) 19(67.9%) 24 (48.0%) 26 (43.3%) 21 (33.3%)
FEV1: > 80 pred.% 219 (30.0%) 58(17.1%) 19(145%) 3(10.7%)  6(12.0%) 0(16.7%) 18 (28.6%)
FEV1:50-80 pred.% 154 (21.1%) 53 (15.6%) 21 (16.0%) 3 (10.7%) 8 (16.0%) 1(18.3%) 10 (15.9%)
FEV1: <50 pred.% 114 (15. 6%) 78 (23.0%) 32(244%) 3(10.7%) 12 (24.0%) 13(21.7%) 14 (22.2%)
Previous exacerbation* 23 +6.6 39+66 <0.001 3.7+40 56+129 35+33 37+33 43+103 0419
0 284 (25.6%) 40 (7.2%) <0.001 16 (7.5%) 3(6.4%) 5(5.1%) 7 (8.5%) 9 (8.8%) 0.811
1 408 (36.8%) 142 (25.6%) 57 (26.6%) 11(234%) 21(21.2%) 20 (24.4%) 30 (29.4%)
2 158 (14.3%) 90 (16.3%) 29 (13.6%) 9 (19.2%) 23 (23.2%) 12 (14.6%) 16 (15.7%)
>3 258 (23.3%) 282 (50.9%) 112(52.3%) 24 (51.1%) 50 (50.5%) 43 (52.4%) 47 (46.1%)
BACI index 11.0+68 113+£64 0358 104+58 123+85 11.0+£59 119+64 125+£69 0047
Comorbidity
Solid tumor 126 (11.4%) 64(11.6%) 0913  20(94%)  10(21.3%) 8(8.1%) 10 (12.2%) 16 (15.7%) 0.087
Hematological 56 (5.1%) 25 (4.5%) 0.629 10 (4.7%) 1(2.1%) 2 (2.0%) 6 (7.3%) 6 (5.9%) 0436
malignancy
COPD 737 (66.5%) 365 (65.9%) 0.797  133(622%) 29(61.7%) 64 (64.7%) 62 (75.6%) 70 (68.6%) 0.236
Liver disease 308 (27.8%) 143 (25.8%) 0.391 44 (206%) 12(255%) 26(26.3%) 27 (32.9%) 30(29.4%) 0.201
Connective tissue 84 (7.6%) 39 (7.0%) 0.691 13 (6.1%) 1(2.1%) 6 (6.1%) 8 (9.8%) 11(10.8%) 0.268
disease
Diabetes 452 (40.8%) 226 (40.8%) 1 80 (37.4%) 4(51.1%) 43 (43.4%) 30 (36.6%) 3(42.2%) 0402
Asthma 500 (45.1%) 256 (46.2%) 0676  110(51.4%) 22 (46.8%) 41 (41.4%) 38(46.3%) 2(41.2%) 0372
Ischemic heart disease 348 (31.4%) 151 (27.3%) 0082  58(27.1%) 11(234%) 23(23.2%) 22 (26.8%) 5(34.3%) 0446
Cerebrovascular disease 8 (37.7%) 206 (37.2%) 0829  67((31.3%) 17(36.2%) 48 (48.5%) 21 (25.6%) 49 (48.0%) 0.001
Cardiovascular disease 586 (52.9%) 285(51.4%) 0.578 (46 3%) 23 (489%) 60 (60.6%) 34 (41.5%) 64 (62.8%) 0.007
Chronic renal disease 363 (32.8%) 176 (31.8%) 0.684 6 (26.2%) 5(31.9%) 38(384%) 24 (29.3%) 1(40.2%) 0.071
GERD 359 (32.4%) 176 (31.8%) 0.795 (29 4%) 3(Q277%) 21(21.2%) 31(37.8%) 2(41.2%) 0.021
Osteoporosis 272 (24.6%) 141 (25.5%) 0.688 2(243%) 10(21.3%) 21(21.2%) 24(29.3%) 1(304%) 0483
CGMH institutes <0.001 0.002
Keelung 182 (16.4%) 118 (21.3%) 1(23.8%) 11(234%) 15(152%) 9(10.9%) 31 (30.4%)
Linkou and Taipei 392 (35.4%) 236 (42.6%) 85(39.7%) 25(532%) 47 (47.5%) 40 (48.8%) 34 (33.3%)
Chiayi 256 (23.1%) 128 (23.1%) 9(182%) 7 (14.9%) 7(27.3%) 20 (24.4%) 31 (30.4%)
Kaohsiung 245 (22. 1%) 70 (12.6%) 38(17.8%) 3 (6.4%) 10(10.1%) 13 (15.9%) 6 (5.9%)
Yunlin 33 (2.9%) 2 (0.4%) 1 (0.5%) 1(2.1%) 0 (0%) 0 (0%) 0 (0%)

Note AB, Acinetobacter baumannii; BACI, bronchiectasis aetiology comorbidity index; BMI: body mass index; CGMH, Chang Gung Memorial Hospital; COPD, chronic
obstruction pulmonary disease; ESBL, extended-spectrum-beta-lactamases; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; GERD,
Gastroesophageal reflux disease; KP, Klebsiella pneumoniae; MDR: multidrug- resistant; pred.; MRSA, methicillin-resistant Staphylococcus aureus; predicted value;

* Previous exacerbation within one year

was the major cause of in-hospital mortality and other
causes included cardiovascular deaths (MDR:14(9.4%),
control: 10(12.0%)) and other deaths (MDR:44(29.7%),
control: 17(20.5%)). Respiratory failure (MDR:255(62.8%),
control: 271(58.9%)) was the major cause of 3-year mor-
tality and other causes included cardiovascular deaths
(MDR:35(8.6%), control: 70(15.2%)) and other deaths
(MDR:116(28.6%), control: 119(25.9%)). In MDR group,
42.1% convert to non-MDR status during follow up. The
mean number of negative sputum culture in convert to
non-MDR patients were 4.95+4.51 within one year and
83.2% of them had more than two times of negative

sputum culture. Relative to the control group, the MDR
group had a considerably higher cumulative incidence of
mortality during a 3-year follow-up period (Fig. 1a). The
mean duration of follow up was 2.1+0.8 years for MDR
group and 2.7+1.3 years for control group (p<0.01). Fig-
ure 2 presents the incidence of MDR infection stratified
by year.

The characteristics of the MDR subgroups are pre-
sented in Table 1, which reveals that the MDR subgroups
had similar distributions for sex, BMI score, lung func-
tion, and acute exacerbation rate in the preceding year.
Among the MDR subgroups, the ESBL-KP subgroup had
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Table 2 Antibiotics exposure, clinical parameters and treatment during hospitalization
Control MDR group p-value MDR-AB ESBL-E coli ESBL-KP MDR-Pseudomonus MRSA p-value

group
n=1108 n=554 n=214 n=47 n=99 n=82 n=102

Previous antibiotics*

Penicillin/ b -lactamase 416 261 (47.11%) 0.001 107 (50%) 25 (53.19%) 44 (44.44%) 36 (43.9%) 45 0.663

inhibitor (37.55%) (44.12%)

Antipseudomonal 92 (8.3%) 299 (53.97%) <0.001 123 21 (44.68%) 60 (60.61%) 35 (42.68%) 53 0.066

penicillins (57.48%) (51.96%)

st or 2nd generation 367 242 (43.68%) <0.001 87 (40.65%) 27 (57.45%) 49 (49.49%) 33 (40.24%) 39 0.118

cephalosporin (33.12%) (38.24%)

3th or 4th generation 321 445 (80.32%) <0.001 175 35(74.47%) 83(83.84%) 62 (75.61%) 80 0.498

cephalosporin (28.97%) (81.78%) (78.43%)

Carbapenems 42 (3.79%) 256 (46.21%) <0.001 108 11(234%) 56 (56.57%) 47 (57.32%) 30 <0.001

(50.47%) (29.41%)

Fluoroquinolones 487 418 (75.45%) <0.001 172 35 (74.47%) 73 (73.74%) 61 (74.39%) 69 0173
(43.95%) (80.37%) (67.65%)

Antibiotics in ward

Antibiotics days 9.1+£90 149+ 115 <0.001 156+109 145+137 166+11.8 147+139 122+9.1  0.105

Penicillin/ b -lactamase 240 (21.7%) 86 (15.5%) 0.003 52 (243%) 6(12.8%) 9(9.1%) 11 (13.4%) 6 (5.9%) <0.001

inhibitor

Antipseudomonal 95 (8.6%) 121 (21.8%) <0.001 38(17.8%) 12(255%) 21(21.2%) 20 (24.4%) 26 (25.5%) 0463

penicillins

1st or 2nd generation 206 (18.6%) 36 (6.5%) <0.001 11 (5.1%) 6 (12.8%) 7 (7.1%) 3(3.7%) 9 (8.8%) 0.229

cephalosporin

3th or 4th generation 252 (22.7%) 238 (42.9%) <0.001 86 (40.2%) 19(404%) 39(39.4%) 36 (43.9%) 54 (52.9%) 0.241

cephalosporin

Carbapenems 60 (5.4%) 219 (39.5%) <0.001 84 (393%) 19(404%) 57 (57.6%) 27 (32.9%) 27 (26.5%) 0.001

Fluoroquinolones 345(31.1%) 182(32.9%) 0479 57 (26.6%) 14(29.8%) 41 (41.4%)  35(42.7%) 30(294%) 0.022

Glycopeptide 85 (7.7%) 262 (47.3%) <0.001 111 (51.9%) 7 (14.9%) 40 (404%) 23 (28.1%) 77 (75.5%) <0.001

Aminoglycoside 11 (0.9%) 33 (5.9%) <0.001 10 (4.7%) 1(2.1%) 8(8.1%) 7 (8.5%) 5 (4.9%) 0416

Other 159 (14.4%) 242 (43.7%) <0.001 143 (66.8%) 11(23.4%) 28(283%) 34 (41.5%) 24 (23.5%) <0.001

Time from diagnosis 52+172 28.1+309 <0.001 229+279 161+175 208+255 389+336 419+356 <0.001

(months)

WBC (x10A3 /ul) 104 +73 13.1+ 141 <0.001 129+6.5 99+64 13.0+59 121+50 1594303 0.157

Platelet (x10A3 /ul) 2265+92.1 2291+ 0.629 2418 + 201.3+986 213.8+951 230.7+936 2295+ 0.085

106.8 112.5 116.6

C-reactive protein 648+ 745 799+842  0.002 758+753 635+£786 1039+ 704 +£80.3 814+89.3 0.055

(mg/L) 102.5

Creatinine,baseline 13£13 14+£15 0.533 13+16 15413 15+16 09+09 1616 0.019

(mg/dL)

Creatinineward (mg/  14+16 18+19 0.001 18+19 18+18 19+19 14+14 19+20 0354

du)

Acute kidney injury 149 (13.5%) 157 (283%) <0.001 69 (32.2%) 12(255%) 31(31.3%) 16(19.5%) 24(23.5%) 0.162

Hemodialysis 34 (3.1%) 60 (10.8%) <0.001 22 (103%)  8(17.0%) 15(152%) 4 (4.9%) 10(9.8%) 0.138

Inhospital medication

Systemic steroid 471 (42.5%) 395 (71.3%) <0.001 165 (77.1%) 35 (74.5%) 66 (66.7%) 50 (60.9%) 71(69.6%) 0.057

Inhalation steroid 135(12.2%) 118(21.3%) <0.001 53(24.8%) 9(19.2%) 23(232%) 21 (25.6%) 11(10.8%) 0.051

Antibiotic 885 (79.9%) 544 (98.2%) <0.001 211(98.6%) 46(97.9%) 98(98.9%) 79 (96.3%) 100 0.662

(98.0%)
Inhalation gentamicin =~ 51 (4.6%) 50 (9.0%) 0.001 22 (103%) 4(8.5%) 6 (6.1%) 11 (13.4%) 7 (6.9%) 0419

Note AB, Acinetobacter baumannii; ESBL, extended-spectrum-beta-lactamases; KP, Klebsiella pneumoniae; MDR: multidrug- resistant; MRSA, methicillin-resistant
Staphylococcus aureus; WBC, white blood cell count

* Previous antibiotics 6 months before index date
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Table 3 Main clinical outcomes of hospitalization
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Control MDR p-value MDR-AB ESBL-E ESBL-KP MDR-Pseudomonus MRSA p-
group group coli value
n=1108 n=554 n=214 n=47 n=99 n=82 n=102
Length of ward 126+ 105 264+223 <0.001 273+168 299+ 273+175 286+422 203+128 0043
(days) 20.5
Length of ICU 98+9.2 189+ 142 <0.001 193+125 172+ 200+ 146 224+185 13.7+126 0.068
(days) 16.9
Respiratory failure 137 229 (41.3%) <0.001 97 (45.3%) 1 41 (41.4%) 36 (43.9%) 41 (40.2%) 0.096
(12.4%) (23.4%)
Invasive MV 77 (6.9%) 150 (27.1%) <0.001 69 (32.2%) 7(14.9%) 28 (28.3%) 26 (31.7%) 19(186%) 0.027
Non-invasive MV 89 (8.0%) 125 (22.6%) <0.001 42(196%)  7(149%) 22((222%) 21 (25.6%) 31 (304%) 0.156
Duration of venti- 78+74 179+ 137 <0.001 182+128 171+ 185+139 216+182 11.7+£9.1 0.033
lator (days) 136
Shock 67 (6.1%) 169 (30.5%) <0.001 68(31.8%)  9(19.2%) 40 (404%) 23 (28.1%) 25(24.5%) 0.048
Inhospital 83 (7.6%) 148 (26.7%) <0.001 67 (31.3%) 10 27 (27.3%) 15 (18.3%) 27 (26.5%) 0.201
mortality (21.3%)
Convert to (%) 233 (42.1%) 88(41.1%) 24 39(394%)  31(37.8%) 45 (44.1%)  0.609
non-MDR (51.1%)
Time to non-MDR (%) 272 +648 15.1+291 375+ 280+871 328+719 473+948 0004
(days) 526
3 year Respiratory 150 186 (33.6%) <0.001 79 (36.9%) Il 35 (35.4%) 35 (42.7%) 23(22.6%) <0.001
failure (13.5%) (23.4%)

Invasive MV 101 (9.1%) 149 (26.9%) <0.001 66 (30.8%) 7 (149%) 29 (29.3%) 32 (39.0%) 14 (13.7%) <0.001
Non-invasive MV 87 (7.9%) 84 (15.2%) <0.001 30(14.0%) 6(12.8%) 14(14.1%) 13 (15.9%) 18 (17.7%)  0.001
3year mortality 460 406 (73.3%) <0.001 166 (77.6%) 32 80 (80.8%) 48 (58.5%) 71(69.6%) <0.001

(41.5%) (68.1%)

Note AB, Acinetobacter baumannii; ESBL, extended-spectrum-beta-lactamases; KP, Klebsiella pneumoniae; MDR: multidrug- resistant; MRSA, methicillin-resistant
Staphylococcus aureus; MV, mechanical ventilator
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Table 4 Univariate and multivariate analysis of in-hospital

mortality

In-hospital Univariate Analysis Multivariate Analysis

mortality

Control group Ref. Ref.

MDR group 3.079 <0.001 2408 <0.001
(2.322-4.084) (1.795-3.231)

Age 1.022 0.0010 1.020 0.001
(1.010-1.035) (1.008-1.033)

BMI 0.966 0.044  0.991 0.633
(0.933-0.999) (0.956-1.028)

WBC (x1013/ 1.016 <0.001 1.013 0017

ub) (1.009-1.023) (1.002-1.025)

Platelet (x10A3  0.998 0.019 0.999 0.052

/ul) (0.997-0.999) (0.997-1.000)

C-reactive pro-  1.003 <0.001 1.001 0.119

tein (mg/L) (1.002-1.005) (1.000-1.003)

Acute kidney 4.161 <0.001 3.024 <0.001

injury (3.184-5.439) (2.284-4.004)

Hematological ~ 2.140 0.001 1.971 0.007

malignancy (1.363-3.358) (1.209-3.212)

Diabetes 0.734 0.029 0.731 0.031

mellitus (0.556-0.969) (0.551-0.970)

Asthma 0.619 0.001 0.685 0.009
(0.469-0.817) (0.516-0.910)

GERD 0.546 0001 0727 0.057
(0.396-0.752) (0.523-1.010)

Note BMI: body mass index; GERD: Gastroesophageal reflux disease; MDR:
multidrug- resistant; WBC, white blood cell count

the highest mean age, and the MRSA subgroup had the
highest BACI scores. Furthermore, the ESBL-KP and
MRSA subgroups had higher proportions of patients
with preexisting cerebrovascular disease and cardiovas-
cular disease relative to the other subgroups.

The outcomes of the MDR subgroups are presented
in Table 3. Among the MDR subgroups, the ESBL-E.

coli subgroup exhibited the shortest time to MDR infec-
tion following a diagnosis of bronchiectasis, whereas
the MRSA subgroup exhibited the longest time to MDR
infection following a diagnosis of bronchiectasis. In addi-
tion, the MDR-AB subgroup had the highest rate of inva-
sive ventilator use; the MDR-Pseudomonas subgroup had
the highest number of days of ventilator use; the ESBL-
KP subgroup had the highest incidence of shock (47%
vs. 6%; p<0.001); the ESBL-E. coli subgroup had the lon-
gest duration of hospital stay; the MDR-Pseudomonas
subgroup had the highest 3-year respiratory failure rate;
the ESBL-KP subgroup had the highest 3-year mortality
rate; and the MDR-AB subgroup required the least time
to convert from an MDR to a non-MDR status. For in-
hospital mortality, the MDR subgroups did not exhibit
significant differences. Figure 1b presents the survival
curves of the MDR subgroups during a 3-year follow-up
period.

Through multivariate analysis, several independent fac-
tors for in-hospital mortality were identified (Table 4),
namely MDR bacteria (odds ratio [OR], 2.41; 95% confi-
dence interval [CI], 1.80-3.23; p<0.001), age (OR, 1.02;
95% CI, 1.01-1.03; p=0.001), hematological malignancy
(OR, 1.97; 95% CI, 1.21-3.21; p=0.006), and acute kid-
ney injury (OR, 3.02; 95% CI, 2.28-4.00; p<0.001). The
analysis also revealed several independent risk factors for
3-year mortality (Table 5), namely MDR bacteria (OR,
1.90; 95% CI, 1.65-2.19; p<0.001), age (OR, 1.04; 95%
CIL, 1.03-1.04; p<0.001), male sex (OR, 7.66; 95% CI,
3.73-15.75; p<0.001), per-unit decrease in BMI score
(OR, 7.66; 95% CI, 3.73-15.75; p<0.001), acute kidney
injury (OR, 7.66; 95% CI, 3.73-15.75; p<0.001), BACI
score (OR, 7.66; 95% CI, 3.73-15.75; p<0.001), and
hemodialysis (OR, 0.99; 95% CI, 0.99-0.99; p=0.021).
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Table 5 Univariate and multivariate analysis of 3-year mortality
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3-year mortality

Univariate Analysis

Multivariate Analysis model 1

Multivariate Analysis model 2

Control group Ref. Ref. Ref.
MDR group 2697 (2.357-3.085) <0.001 1.900 (1.645-2.193) <0.001
Control group Ref. Ref.
MDR conversion 2711 (2316-3.172) <0.001 1.850 (1.566-2.186) <0.001
MDR non-conversion 2.677 (2.241-3.198) <0.001 1.971 (1.640-2.367) <0.001
Age 1.039 (1.032-1.045) <0.001 1.036 (1.029-1.043) <0.001 1.036 (1.029-1.043) <0.001
Sex (Female) 0.695 (0.605-0.799) <0.001 0.745 (0.647-0.858) <0.001 0.746 (0.648-0.858) <0.001
BMI 0.934 (0.917-0.951) <0.001 0.950 (0.933-0.967) <0.001 0.950 (0.933-0.967) <0.001
Previous exacerbation*® 1.010 (1.004-1.016) 0.002 1.003 (0.995-1.102) 0.464 1.003 (0.995-1.012) 0.469
BACI index 1.036 (1.026-1.045) <0.001 9 (1.009-1.030) 0.001 1.019 (1.009-1.030) 0.001
Acute kidney injury 2.329(1.997-2.716) <0.001 1.789 (1.526-2.098) <0.001 1.793 (1.529-2.103) <0.001
Hemodialysis 2.025 (1.583-2.590) <0.001 1.593 (1.217-2.084) 0.001 1.602 (1.224-2.098) 0.001
Inhospital medication
Systemic steroid 2.200 (1.914-2.529) <0.001 1.643 (1.413-1.910) <0.001 1.645 (1.415-1.913) <0.001
Inhalation steroid 1.327 (1.115-1.579) 0.001 0.998 (0.834-1.194) 0.979 0.999 (0.835-1.195) 0.989
Antibiotic 3.707 (2.778-4.946) <0.001 1.862 (1.376-2.519) <0.001 1.859 (1.374-2.515) <0.001

Note AB, Acinetobacter baumannii; BACI, bronchiectasis aetiology comorbidity index; BMI: body mass index; MDR: multidrug- resistant

Table 6 Adjusted hazard ratio of in-hospital and 3-year mortality
in MDR subgroups
In-hospital mortality

3-year mortality

Control group Ref. Ref.

MDR subgroups

MDR-AB 2.865 <0.001 2376 <0.001
(2.024-4.055) (1.971-2.864)

ESBL-E coli 1.816 0.097 1204 0.324
(0.898-3.672) (0.833-1.741)

ESBL-KP 2.184 0.001 2190 <0.001
(1.371-3.480) (1.715-2.796)

MDR-Pseudomonus  1.856 0.032 1.525 0.007
(1.055-3.265) (1.125-2.066)

MRSA 2.551 <0.001 1.611 0.001
(1.594-4.082) (1.248-2.080)

Note AB, Acinetobacter baumannii; ESBL, extended-spectrum-beta-lactamases;
KP, Klebsiella pneumoniae; MDR: multidrug- resistant; MRSA, methicillin-
resistant Staphylococcus aureus

MDR conversion and MDR nonconversion were both
independent risk factors for 3-year mortality after adjust-
ments were made for confounding factors (Table 5). All
MDR bacteria except ESBL-E. coli were independent risk
factors for in-hospital and 3-year mortality in the bron-
chiectasis cohort after adjustments were made for con-
founding factors (Table 6).

Discussion

This study revealed an association between MDR bacte-
rial infection and poor outcomes in patients with bron-
chiectasis. In our bronchiectasis cohort, MDR-AB was
the most frequently isolated MDR bacteria, followed by
MRSA, ESBL-KP, MDR-Pseudomonas, and ESBL-E. coli.
Relative to the control group, the MDR group exhib-
ited significantly higher rates of in-hospital mortality,
3-year respiratory failure, and 3-year mortality. All MDR

subgroups (stratified by MDR bacteria species) exhibited
a higher risk of mortality relative to the control group.

The prevalence of MDR bacteria is increasing world-
wide. In the Unites States, more than 2 million patients
were infected with MDR pathogens annually [24]. In
Asia, high rates of MDR bacterial isolation have been
reported in patients in normal wards and intensive care
units (ICU) [7]. The substantial burden of antimicrobial
MDR bacteria poses a public health problem and leads
to increased morbidity, mortality, and medical expenses
[7-9]. The prevalence of MDR bacteria varies across
different countries. In a European study that analyzed
a cohort of patients with bronchiectasis, MDR bacte-
ria were isolated in 20% of exacerbation cases, with the
most frequently isolated bacteria being Pseudomonas,
MRSA, and ESBL- Enterobacteriaceae [11]. Studies have
reported significant geographic variations in the preva-
lence of pathogens during bronchiectasis exacerbations
[25]. However, the literature on the prevalence of MDR
bacterial infection among patients with bronchiectasis in
Asia is limited. In the bronchiectasis cohort of the pres-
ent study (retrieved), the most frequently identified MDR
bacteria were MDR-AB (38.6%), MRSA (18.4%), ESBL-
KP (17.8%), MDR-Pseudomonas (14.8%), and ESBL-E.
coli (7.5%). In Asia, the emergence and spread of MDR
bacterial infection among hospitalized patients is becom-
ing a health-care concern. To the best of our knowledge,
the present study is the first to report on the characteris-
tics and outcomes of MDR bacterial infection in patients
with bronchiectasis in Asia.

The effects of MDR bacterial infection on outcomes is a
key clinical topic that should be investigated. Nosocomial
pneumonia due to MDR bacteria has been reported to
be associated with poor clinical outcomes [9, 10]. MDR
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bacteria were independently associated with increased
in-hospital, 1-month, and 6-month mortality in patients
undergoing mechanical ventilation [9, 26]. MDR bac-
teria are commonly identified in patients with chronic
obstructive pulmonary disease (COPD) who experience
severe acute exacerbations that require intubation and
mechanical ventilation [27, 28]. A study reported MDR
infection caused higher mortality rate than drug-sensi-
tive patients in COPD exacerbation (12%, vs. 4.7%) [29].
The effects of MDR bacterial infection on the clinical
outcomes of patients with bronchiectasis require further
clarification. Our findings indicate that MDR bacterial
infection is associated with worse clinical outcomes in
patients with bronchiectasis, including a longer duration
of mechanical ventilation, prolonged ICU and hospital
stays, and increased mortality.

Bacteria colonization increase the risk of mortality in
bronchiectasis and is incorporated into BSI as a clinical
prediction tool [6]. The mortality rates associated with
colonizing bacterial species varied significantly in an
international multicenter study, which derives and vali-
dates BSI score and reported that P aeruginosa (21.2%)
and MRSA (62.5%) infections exhibited the highest mor-
tality rates among MDR bacterial species [6]. Although
the culture results of that study revealed that only 8 of
1,310 patients with bronchiectasis had MRSA infection,
the high mortality rate was an alarming finding that war-
ranted further exploration [6]. Studies have reported that
MDR bacterial infections involving P. aeruginosa, ESBL
Enterobacter, and MRSA were independently associated
with an increased risk of 30-day mortality in the general
population [9, 30]. However, the effects of MDR bacte-
rial species on the outcomes of bronchiectasis remain
unclear. The findings of the present study indicate that
in-hospital mortality rates were not significantly different
among the MDR subgroups. However, among these MDR
subgroups, the MDR-Pseudomonas subgroup exhibited
the highest 3-year respiratory failure rates, whereas the
ESBL-KP subgroup exhibited the highest 3-year mortal-
ity rates.

Several risk factors have been reported to be associated
with MDR infection in hospitalized patients, including
previous exposure to antibiotics, use of invasive cath-
eterization devices, mechanical ventilation, and hospi-
tal admission (particularly admission to an ICU) [31].
In patients with bronchiectasis, several risk factors for
MDR bacterial infection during exacerbations have been
identified, including hospitalization within the preceding
year, chronic kidney disease, and previous MDR isola-
tion [11]. In the present study, the MDR group exhibited
lower FEV1 levels and BMI scores, higher BACI scores,
a higher rate of previous exacerbation, and an increased
use of antibiotics relative to the control group; these find-
ings indicate the presence of more comorbid diseases and
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a higher disease severity. Age, hematological malignancy,
and acute kidney injury were identified as risk factors for
in-hospital mortality. Age, male sex, per-unit decrease in
BMI score, acute kidney injury, hemodialysis, systemic
steroid use, and BACI score were identified as risk fac-
tors for 3-year mortality. The risk factors for poor clinical
outcomes due to MDR bacterial infection include inap-
propriate administration of initial antibiotic therapy,
underlying comorbidities, and poor immunity [10]. Thus,
clinicians should identify patients at risk of MDR bacte-
rial infection from the onset of infection.

Decolonization of MDR bacteria has been proposed
to reduce subsequent infection risk and improve clinical
outcomes [32]. For carbapenem-resistant enterobacteria-
ceae colonization in digestive tract, oral antibiotic decol-
onization has been reported to be effective in reducing
mortality [33, 34]. However, the routine decolonization
of other MDR bacteria (MDR-gram-negative bacteria,
carbapenem-resistant AB, and third-generation ceph-
alosporin-resistant Enterobacteriaceae) is not recom-
mended [32]. In the present study, MDR nonconversion
contributed to a higher risk of 3-year mortality in the
MDR group than in the control group. Although MDR
conversion was associated with a lower risk of 3-year
mortality relative to MDR nonconversion, MDR conver-
sion was still an independent risk factor for 3-year mor-
tality compared to the control group. The present study
provides evidence of the risk of MDR nonconversion in
patients with bronchiectasis. Nevertheless, further pro-
spective clinical research is required to assess the effects
of various interventions on patients with both bronchiec-
tasis and MDR bacterial infection.

The prevalence of MDR bacterial infection varies
across countries [7, 35]. In numerous countries, the
trends in the prevalence of MDR bacterial infection may
increase or remain stable, depending on the status of
endemic infection or ongoing regional spread. In Asia,
the prevalence of MDR bacterial infection is increasing
in numerous countries, and the burden of antimicrobial
drug resistance is greater in this region than in Western
countries [7]. A decrease in the incidence of MDR bac-
terial infection has occasionally been observed after the
implementation of surveillance programs and infection
control interventions. In the United States, the incidence
of MDR bacterial infection involving the P aeruginosa,
MRSA, and carbapenem-resistant Acinetobacter species
decreased from 2012 to 2017 [24]. This study found that
regional differences in MDR bacteria proportion of bron-
chiectasis existed in the institutes of CGMH and over ten
years, the number of patients with bronchiectasis who
developed MDR bacteria was increasing. The increasing
trend of MDR bacterial infection highlights the crucial
role that infection-control measures play in health-care
settings in reducing the prevalence of resistant bacteria.



Chang et al. Annals of Clinical Microbiology and Antimicrobials

The present study has several limitations. First,
although the data retrieved from the CGRD comprised
data from medical centers and regional hospitals, such
data may differ from those of other hospitals of Taiwan.
Second, we could not retrieve several parameters from
the CGRD, and BSI scores could not be calculated to
stratify our results by disease severity. However, we dem-
onstrated that BACI scores can be used to predict mor-
tality in CGRD [15]. Third, previous exacerbation rates,
lung function and BMI were not included in propen-
sity score matching. We list age, gender, comorbidities
and BACI score as basis for propensity score matching
because BACI score has been validated to predict prog-
nosis in bronchiectasis [21]. In a European study, the
BACI predicted 5-year mortality rate, hospital admis-
sions, exacerbations, and health-related quality of life
[21]. Our previous study has provided evidence that
BACI could be used to accurately stratified the risk of
hospital and 1-year follow-up mortality in CGRD [15].
Although we did not include previous exacerbation rates
in propensity score matching, exacerbation rates were
adjusted in the univariate and multivariate analysis of
3-year mortality when evaluating the effect of MDR bac-
teria on the outcome. Because there were some missing
data in lung function and BMI, we did not include these
two parameters in propensity score matching. Fourth, the
present study adopted a retrospective observation design
and was based on a database of real-world practice. The
clinicians may choose different regimens for the treat-
ment of MDR bacteria. Therefore, treatment selection
bias may exist when evaluating the outcomes of MDR
infection and future prospective study with standard pro-
tocol is needed.

Conclusions

MDR bacteria were identified in a proportion of patients
with bronchiectasis and were revealed to be indepen-
dently associated with an increased risk of in-hospital
and 3-year mortality. In the bronchiectasis cohort of the
present study, MDR-AB was the most frequently isolated
MDR bacteria, followed by MRSA, ESBL-KP, MDR-Pseu-
domonas, and ESBL-E. coli. In addition to MDR bacterial
infection, we identified several independent risk factors
for in-hospital and 3-year mortality. Given our findings,
we recommend that clinicians identify patients at risk of
MDR bacterial infection and follow the principle of anti-
microbial stewardship to prevent the emergence of resis-
tant bacteria among patients with bronchiectasis.
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