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Abstract
Background: Microbial etiology for community-acquired pneumonia (CAP) is evolving with pathogens known for
high CAP mortality e.g., Pseudomonas species. Chronic obstructive pulmonary disease (COPD) patients are at risk for
hospitalization for CAP. Understanding regional patterns and risk factors for multidrug-resistant (MDR) Pseudomonas
acquisition has implications for antimicrobial stewardship.
Objectives: To evaluate the regional epidemiology of MDR Pseudomonas CAP and its association with COPD.
Methods: We queried the electronic medical records of the University of Alabama at Birmingham Healthcare System
to identify patients hospitalized for CAP with Pseudomonas positive respiratory samples between 01/01/2013–
12/31/2019. Log binomial regression models were used to examine associations between COPD diagnosis and risk of
Pseudomonas/MDR Pseudomonas CAP.
Results: Cohort consisted of 913 culture positive CAP cases aged 59-year (IQR:48–68), 61% (560) male, 60% (547)
white, 65% (580) current/past smokers, and 42% (384) COPD. Prevalence of Pseudomonas CAP in culture positive CAP
was 18% (167), MDR Pseudomonas CAP in Pseudomonas CAP was 22% (36), and yearly incidence of MDR Pseudomonas
CAP was stable (p = 0.169). COPD was associated with Pseudomonas CAP (RR 1.39; 95% CI 1.01, 1.91; p = 0.041) but not
with MDR Pseudomonas CAP (0.71; 95% CI 0.35, 1.45; p = 0.349). Stroke (RR 2.64; 95% CI 1.51, 4.61; p = 0.0006) and use
of supplemental oxygen (RR 2.31; 95% CI 1.30, 4.12; p = 0.005) were associated with MDR Pseudomonas CAP.
Conclusion: Incidence of MDR Pseudomonas CAP was stable over time. COPD was associated with Pseudomonas CAP
but not with MDR Pseudomonas CAP. Larger cohort studies are needed to confirm findings.
Keywords: Community-acquired pneumonia, Pseudomonas, Multidrug-resistant Pseudomonas, Chronic obstructive
pulmonary disease
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Background
Community-acquired pneumonia (CAP) is the leading infectious cause of death [1]. There are different risk
factors for hospitalization for CAP, however chronic
obstructive pulmonary disease (COPD) is the most common in adults [2, 3]. Annually, an estimated 5832 COPD
patients per 100,000 adult population in the United
States (US) are hospitalized due to CAP [3]. Additionally, chronic lower respiratory diseases, which includes
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COPD, was the fourth leading cause of death in the US
in 2019 with 156,979 deaths (age-adjusted death rate of
38.2 per 100,000 population); in Alabama, it was the third
leading cause of death with 3530 deaths (age-adjusted
death rate of 55.6 per 100,000 population) [4].
Traditionally, Streptococcus pneumoniae (pneumococcus) is the most common bacteria isolate in CAP; other
common bacterial isolates include Hemophilus influenzae, Moraxella catarrhalis, and atypical bacteria (i.e.,
Mycoplasma pneumoniae, Chlamydia pneumoniae)
[5–7]. But, over the years, there has been a decline in
the prevalence of pneumococcal pneumonia, especially
in the US. The decline in pneumococcal pneumonia has
been majorly linked to an increase in pneumococcal vaccination [8–11]. Also in the last decade, there were some
reports of the emergence of CAP caused by bacteria that
are conventionally not implicated in CAP including Pseudomonas and methicillin resistant Staphylococcus aureus
(MRSA) [12, 13]. The proportion of CAP due to these
bacteria could differ by region and time such that there is
a need for local and temporal risk assessment.
Lack of identifying CAP due to Pseudomonas and
resistant Pseudomonas may lead to inappropriate antimicrobial treatment, which can worsen CAP morbidity and
mortality, increase the risk for antimicrobial resistance,
and increase healthcare utilization and cost [14]. Furthermore, considering that pneumonia caused by Pseudomonas is associated with increased mortality [15, 16],
understanding the regional epidemiology and antibiotic
resistance profile of these bacteria is important in CAP
management, especially in vulnerable population which
includes those with COPD comorbidity. This study aims
to assess the local epidemiology of Pseudomonas and
multidrug-resistant Pseudomonas, and the association of
COPD comorbidity with these bacteria in patients hospitalized with community-acquired bacterial pneumonia
who had positive Pseudomonas isolates from respiratory
tract samples.

Methods
Study design and population

This was a retrospective clinical cohort study of
patients that were admitted to the University of Alabama at Birmingham (UAB) Healthcare System between
01/01/2013—12/31/2019 with a bacterial pneumonia diagnosis. We used bacterial pneumonia diagnosis from International Classification of Diseases (ICD)
codes which include ICD 9 (481, 482, 483) and ICD 10
(J13, J14, J15, and J16) to identify patients. Only ICD 9
and 10 codes designated as ‘final’ and/or ‘confirmed’
in the electronic medical records (EMRs) were considered for disease diagnosis. Also, we used a base cohort
of hospital inpatients aged 18 years or older admitted
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from a physician’s office or a non-healthcare facility and
who had bacterial pneumonia diagnosis. A patient in
the base cohort must have bacterial pneumonia diagnosis recorded in the EMRs to be present on admission.
In cases where there was bacterial pneumonia diagnosis
but no information about it being present on admission,
the patient must have a microbiology culture sample collected within 48 h of admission. From the base cohort,
we excluded those with cystic fibrosis, bronchiectasis,
no respiratory samples (sputum, bronchoalveolar lavage, bronchial wash, or tracheal aspirate), no culture isolates, and those with isolates from samples collected after
48 h from admission. For patients with multiple episodes
of hospitalization, only the first episode was included.
The University of Alabama at Birmingham Institutional
Review Board approved this study.
Data and data source

Data was obtained from EMRs through the UAB Informatics for Integrating Biology and the Bedside (i2b2)
program. The i2b2 program is an NIH-funded National
Center for Biomedical Computing based at the Partners HealthCare System. We obtained data on patients’
socio-demographic characteristics; microbial culture and
susceptibility; hospitalization, comorbidities, and other
clinical records. We used patients’ comorbidities and validated weights to calculate Charlson comorbidity index
(CCI) [17, 18].
Outcomes

The primary outcomes were cases of CAP with 1) Pseudomonas and 2) multidrug-resistant (MDR) Pseudomonas isolates. Multidrug-resistant Pseudomonas
isolate was defined as a Pseudomonas isolate that is nonsusceptible (resistant or intermediate susceptibility) to
at least one antipseudomonal antibiotic in three or more
different antibiotics classes (carbapenems [meropenem
or imipenem], cephalosporins [ceftazidime or cefepime],
piperacillin/tazobactam, fluoroquinolones [ciprofloxacin
or levofloxacin], aztreonam, aminoglycosides [amikacin,
tobramycin, or gentamicin]) [19].
Risk factors

The primary risk factor was a COPD diagnosis before or
during hospitalization with bacterial pneumonia diagnosis. Comorbidity with COPD was identified with ICD
9 codes (490, 491, 492, 495, 496, 506, 506.4) and ICD 10
codes (J40, J41, J42, J43, J44) designated as ‘final’ and/or
‘confirmed’. We classified COPD based on time of diagnosis. Patients who had their first diagnosis of COPD
during the current admission were classified as non-preexisting COPD; those diagnosed with COPD before the
current admission were classified as pre-existing COPD.
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Statistical analysis

Descriptive statistics, means, standard deviations,
median, interquartile ranges and frequencies were computed and compared with chi-square tests, Fisher Exact
tests, t-tests, or Mann–Whitney tests where appropriate. Log binomial regression models were used to examine associations between COPD diagnosis and risk of
Pseudomonas and MDR Pseudomonas CAP. Covariates
that had significant associations with the outcome, with
p-value < 0.05, were included in the final (adjusted) models in addition to COPD and socio-demographic characteristics. Model Goodness of Fit was assessed and used
to select the final models. The final model for the risk
of Pseudomonas CAP included COPD, age, smoking,
admission source, culture collection site, BMI, diagnosis for dependence on supplemental oxygen, and Charlson comorbidity index. The final model for the risk of
MDR Pseudomonas CAP included COPD, age, diagnosis for dependence on supplemental oxygen, and stroke.
Risk ratio (RR), 95% confidence interval, and p-value
were reported. A Poisson regression model was used to
estimate the annual rate ratio for the incidence of MDR
Pseudomonas CAP; we used the natural logarithm of the
annual total number of CAP cases with Pseudomonas
isolates as offset, and we accounted for overdispersion.
We used an alpha level of 0.05 for significance testing.
SAS version 9.4 software (SAS Institute, Cary, NC) was
used for statistical analyses.

Results
Isolates

A total of 1986 patients were admitted from community
settings (home or physician office) with bacterial pneumonia diagnosis present on admission, or microbiology culture sample collected within 48 h of admission
in cases where there was bacterial pneumonia diagnosis
but no information about it being present on admission
(Fig. 1). Of the 1986 patients, 77% (1525) had culturepositive respiratory samples (BAL, sputum, tracheal
aspirate, or bronchial wash), meaning isolates were
identified. A total of 913 patients had a culture positive respiratory sample that was collected within 48 h
of admission, constituting 46% of all CAP cases (1986).
Among the 913 patients, there were 167 patients with
Pseudomonas isolates. A total of 163 (98%) of the Pseudomonas isolates were Pseudomonas aeruginosa–the
remaining 4 (2%) were Pseudomonas fluorescens. The
prevalence of Pseudomonas CAP was 8% of all patients
admitted with CAP (1986), and 18% of those who had
culture positive respiratory samples that were collected
within 48 h of admission (913). Among the 167 patients
with Pseudomonas CAP, 36 (22%) were identified as
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MDR. The prevalence of MDR Pseudomonas CAP was
2% of patients admitted with CAP (1986), and 4% of
patients who had culture positive respiratory samples
that were collected within 48 h of admission (913).
Respiratory culture collected ≤ 48 h after admission

Patients had median age of 59 years (interquartile range
[IQR]: 48–68), and were mostly males (61%, 560), whites
(60%, 547), current/past smokers (65%, 580), and overweight or obese (54%, 491), as shown in Table 1. Also,
most of the patients were admitted from home (84%,
770), and had microbiology culture obtained from sputum (39%, 353). There were 384 (42%) patients diagnosed with COPD and the median Charlson comorbidity
index for all patients was 4 (IQR: 2–7). In unadjusted
analysis, COPD was associated with Pseudomonas isolation when compared to those with no COPD diagnosis (23.8% vs 14.3%; p = 0.0002). The association was
more evident when those with pre-existing COPD were
compared to those with COPD diagnosis during CAP
admission and those with no COPD diagnosis (28.1% vs
11.3% vs 14.3%; p < 0.0001). Other characteristics associated with Pseudomonas isolation in unadjusted analyses
included underweight/normal BMI (BMI < 25 vs ≥ 25:
22.9% vs 14.3%; p = 0.0008), culture collection site
(bronchial wash 30.0%, sputum 21.8%, tracheal aspirate
18.2%, BAL 10.1%; p = 0.0013), Charlson comorbidity
index (p = 0.011), medical intensive care unit admission
(p = 0.0004), diagnosis for dependence on supplemental
oxygen (p < 0.0001).
In adjusted models (Table 2), patients with pre-existing
COPD had 39% higher risk of Pseudomonas isolation
than those with no COPD diagnosis (RR 1.39; 95% CI
1.01, 1.91; p = 0.041). Also, patients who had diagnosis
for dependence on supplemental oxygen (RR 1.58; 95%
CI 1.16, 2.15; p = 0.004), and those with underweight or
normal BMI had higher risk of Pseudomonas isolation
(RR 1.70; 95% CI 1.20, 2.41; p = 0.003).
Among patients with Pseudomonas isolates, there
was no yearly trend in the admission of patients with
MDR Pseudomonas isolates (RR 1.05; 95% CI 0.98, 1.14;
p = 0.169). Also, COPD was not associated with MDR
Pseudomonas isolates (pre-existing COPD RR 0.71; 95%
CI 0.35, 1.45; p = 0.349), Tables 3 & 4. However, stroke
(RR 2.64; 95% CI 1.51, 4.61; p = 0.0006), diagnosis for
dependence on supplemental oxygen (RR 2.31; 95% CI
1.30, 4.12; p = 0.005), and 10-year increase in age (RR
0.83; 95% CI 0.69, 0.99; p = 0.043) were associated with
MDR Pseudomonas isolates. There were no statistically
significant associations between COPD and individual antibiotic classes and individual antibiotics in each
class.
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Fig. 1 Cohort’s flowchart for Pseudomonas isolates. Base cohort: Hospital inpatients aged 18 years or older admitted from a physician’s office or a
non-healthcare facility and who had bacterial pneumonia diagnosis. Patients must have bacterial pneumonia diagnosis recorded in the electronic
medical records to be present on admission. In cases where there was bacterial pneumonia diagnosis but no information about it being present
on admission, the patient must have a microbiology culture sample collected within 48 h of admission. PI: Pseudomonas isolate; hrs: hours; CAP:
community-acquired pneumonia

Discussion
In a clinical cohort of patients hospitalized with bacterial CAP between 2013 and 2019 at a tertiary hospital in
the southeastern USA, we examined the epidemiology of
CAP with Pseudomonas and MDR Pseudomonas isolates,
and the association of this CAP with COPD comorbidity. In patients with culture-positive respiratory samples,
the estimated prevalence of CAP with Pseudomonas isolates was 18%; among CAP patients with Pseudomonas
isolates, the estimated prevalence of CAP with MDR
Pseudomonas was 22%. There was no significant trend in
the yearly incidence of CAP with MDR Pseudomonas isolates over the years. Lastly, though COPD was associated

with the risk of isolating Pseudomonas isolates, it was not
associated with the risk of isolating MDR Pseudomonas
isolates.
There are variations in the estimated prevalence of
CAP due to Pseudomonas and MDR Pseudomonas in
different studies. This difference is possibly due to different populations [13, 20–24]. In an observational study by
Cilloniz et al. in an European population, the estimated
15-year prevalence of CAP due to Pseudomonas isolates
was 4% among patients with culture positive CAP [16].
This was lower than the 7-year estimated prevalence
of 18% in the current study. However, the estimated
prevalence of MDR Pseudomonas aeruginosa among
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Table 1 Comparison of patients with Pseudomonas isolates with those without Pseudomonas isolates in a cohort of patients with
community-acquired bacterial pneumonia (N = 913)
Characteristics

N (%)

Culture ( +) for
Pseudomonas N = 167
(18.3%)

Culture ( +) not for
Pseudomonas N = 746
(81.7%)

Age in years, median

59 (48–68)

60 (50–70)

59 (48–68)

612 (67.0)

105 (62.9)

507 (68.0)

301 (33.0)

62 (37.1)

239 (32.0)

Male

560 (61.3)

109 (65.3)

451 (60.5)

Female

353 (38.7)

58 (34.7)

295 (39.5)

Black

335 (36.7)

59 (35.3)

276 (37.1)

White

547 (60.0)

102 (61.1)

445 (59.7)

Others

30 (3.3)

6 (3.6)

24 (3.2)

Current/past smoker

580 (65.0)

110 (65.9)

470 (64.8)

Never smoker

281 (31.5)

54 (32.3)

227 (31.3)

Unknown

31 (3.5)

3 (1.8)

28 (3.9)

Age
  < 65 years
≥ 65 years

p value

0.301
0.206

Sex

0.248

Race

0.901

Smoking

0.420

Body mass index (Kg/m2)

0.005

< 18.5

97 (10.7)

25 (15.2)

72 (9.7)

18.5–24.9

318 (35.1)

70 (42.4)

248 (33.5)

25.0–29.9

217 (24.0)

35 (21.2)

182 (24.6)

≥ 30.0

274 (30.2)

35 (21.2)

239 (32.3)

Sputum

353 (38.7)

77 (46.1)

276 (37.0)

Bronchoalveolar lavage

207 (22.7)

21 (12.6)

186 (24.9)

Bronchial wash

40 (4.4)

12 (7.2)

28 (3.8)

Tracheal aspirate

313 (34.3)

57 (34.1)

256 (34.3)

Home

770 (84.3)

133 (79.6)

637 (85.4)

Physician office

143 (15.7)

34 (20.4)

109 (14.6)

Medicaid

146 (16.0)

30 (18.0)

116 (15.6)

Medicare

414 (45.4)

84 (50.3)

330 (44.2)

Financial assistance

24 (2.6)

3 (1.8)

21 (2.8)

Private

242 (26.5)

42 (25.2)

200 (26.8)

Others

87 (9.5)

8 (4.8)

79 (10.6)

Pre-existing COPD

278 (30.6)

78 (47.3)

200 (26.9)

Non-pre-existing COPD

106 (11.7)

12 (7.3)

94 (12.6)

No COPD diagnosis

526 (57.8)

75 (45.5)

451 (60.5)

Yes

120 (13.1)

27 (16.2)

93 (12.5)

No

793 (86.9)

140 (83.8)

653 (87.5)

Yes

289 (31.7)

49 (29.3)

240 (32.2)

No

624 (68.4)

118 (70.7)

506 (67.8)

Yes

73 (8.0)

13 (7.8)

60 (8.0)

No

840 (92.0)

154 (92.2)

686 (92.0)

0.001

Culture collection site

Admission source

0.065

Health Insurance

0.131

< 0.0001

COPD diagnosis, based on time of pneumonia admission

Asthma

0.201

HF

0.477

Stroke

0.911
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Table 1 (continued)
Characteristics

N (%)

Culture ( +) for
Pseudomonas N = 167
(18.3%)

Culture ( +) not for
Pseudomonas N = 746
(81.7%)

Yes

316 (34.6)

53 (31.7)

263 (35.3)

No

597 (65.4)

114 (68.3)

484 (64.8)

4 (2–7)

4 (2—8)

4 (2—7)

434 (47.5)

70 (41.9)

364 (48.8)

479 (52.5)

97 (58.1)

382 (51.2)

Yes

292 (32.0)

34 (20.4)

258 (34.6)

No

621 (68.0)

133 (79.6)

488 (65.4)

Yes

171 (18.7)

52 (31.1)

119 (16.0)

No

742 (81.3)

115 (68.9)

627 (84.1)

Type 2 diabetes mellitus

p value

0.388

Charlson comorbidity index, median (IQR)
Charlson comorbidity index

0.011
0.108

0–3
≥4

0.0004

MICU admission

< 0.0001

Dependence on supplemental oxygen diagnosis

In-hospital steroid administration

0.234

Yes

443 (48.5)

88 (52.7)

355 (47.6)

No

470 (51.5)

79 (47.3)

391 (52.4)

10 (5–19)~

9 (5–16)

10 (6–19)

Yes

133 (14.6)

26 (15.6)

107 (14.3)

No

780 (85.4)

141 (84.4)

639 (85.7)

Length of hospital stay (days), median (IQR)
In-hospital death

0.105
0.685

Median (interquartile range) reported for age, Charlson comorbidity index, length of hospital stay, and N (%) reported for others; % may not add up to 100% due to
approximation
p-values in bold are < 0.05

Table 2 COPD as a risk factor for Pseudomonas isolation among
hospitalized patients with community-acquired pneumonia
RR (95% CI )

p value

COPD diagnosis
Pre-existing COPD

1.39 (1.01, 1.91)

0.041

No COPD diagnosis

Ref

Ref

Dependence on supplemental
oxygen
Yes

1.58 (1.16, 2.15)

0.004

No

Ref

Ref

BMI
< 25

1.70 (1.20, 2.41)

0.003

25.0–29.9

1.32 (0.86, 2.01)

0.202

≥ 30.0

Ref

Ref

MICU

Yes

0.63 (0.44, 0.91)

0.013

No

Ref

Ref

Model adjusted for chronic obstructive pulmonary disease (COPD), BMI,
dependence on supplemental oxygen diagnosis, age, smoking, admission
source, culture collection source, and Charlson comorbidity index
p-values in bold are < 0.05

Pseudomonas aeruginosa isolates reported by Cilloniz
et al. was higher than the current study (32% vs 22%) [23].
In a multinational study by Restrepo et al., the estimated
global prevalence of CAP due to Pseudomonas aeruginosa was 11.3% in isolate-positive CAP cases. Again, this
was lower than the estimate (18.3%) for the current study
which drew its population from the southeastern US.
The estimated global prevalence for MDR Pseudomonas
aeruginosa, irrespective of positive culture isolates,
reported in the multinational study was 2.8%. This, again,
was lower than the estimated prevalence reported in
the current study (3.9%) [24]. Though the current study
focused on any Pseudomonas isolates while the multinational study focused on Pseudomonas aeruginosa isolates,
98% of Pseudomonas isolates in the current study were
Pseudomonas aeruginosa. There may be more cases of
Pseudomonas CAP in southeastern United States when
compared to the global average. Understanding validated
regional differences in Pseudomonas CAP could help
guide the clinical treatment of CAP at the regional level.
It will be informative to explore region-specific characteristics that drive regional differences in the prevalence of Pseudomonas and MDR Pseudomonas CAP in
future research; specifically, how regional differences in
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Table 3 Pattern of multidrug-resistant Pseudomonas isolates in Pseudomonas positive respiratory culture collected within 48 h of
admission (N = 161)
Characteristics

N (%)

+ MDR N (%) 36
(22.4%)

-MDR N (%) 125
(77.6%)

p-value

Age in years, median

60 (51–70)

57 (43–69)

62 (53–71)

0.035

100 (62.1)

25 (69.4)

75 (60.0)

61 (37.9)

11 (30.6)

50 (40.0)

Male

105 (65.2)

23 (63.9)

82 (65.6)

Female

56 (34.8)

13 (36.1)

43 (34.4)

Black

59 (36.7)

15 (41.7)

44 (35.2)

White

96 (59.3)

20 (55.6)

76 (60.8)

Others

6 (3.7)

1 (2.8)

5 (4.0)

Current/past smoker

107 (66.5)

18 (50.0)

89 (71.2)

Never smoker

51 (31.7)

17 (47.2)

34 (27.2)

Unknown

3 (1.9)

1 (2.8)

2 (1.6)

< 18.5

24 (15.1)

8 (22.9)

16 (12.9)

18.5–24.9

67 (42.1)

16 (45.7)

51 (41.1)

25.0–29.9

34 (21.4)

3 (8.6)

31 (25.0)

≥ 30.0

34 (21.4)

8 (22.9)

26 (21.0)

Sputum

73 (45.3)

12 (33.3)

61 (48.8)

Bronchoalveolar lavage

20 (12.4)

3 (8.3)

17 (13.6)

Bronchial wash

11 (6.8)

1 (2.8)

10 (8.0)

Tracheal aspirate

57 (35.4)

20 (55.6)

37 (29.6)

Age
< 65 years
≥ 65 years

0.303

Sex

0.849

Race

0.830

0.034

Smoking

Body mass index (Kg/m2)

0.144

0.047

Culture collection site

Admission source

0.321

Home

130 (80.8)

27 (75.0)

103 (82.4)

Physician office

31 (19.3)

9 (25.0)

22 (17.6)

Pre-existing COPD

75 (47.2)

15 (41.7)

60 (48.8)

Non-pre-existing COPD

12 (7.6)

1 (2.8)

11 (8.9)

No COPD diagnosis

72 (45.3)

20 (55.6)

52 (42.3)

Yes

27 (16.8)

6 (16.7)

21 (16.8)

No

134 (83.2)

30 (83.3)

104 (83.2)

Yes

49 (30.4)

11 (30.6)

38 (30.4)

No

112 (69.6)

25 (69.4)

87 (69.6)

Yes

13 (8.1)

7 (19.4)

6 (3.7)

No

148 (91.9)

29 (80.6)

119 (95.2)

Yes

51 (31.7)

11 (30.6)

40 (32.0)

No

110 (68.3)

25 (69.4)

85 (68.0)

4 (3—8)

4 (2—6)

5 (3—9)

66 (41.0)

16 (44.4)

50 (40.0)

95 (59.0)

20 (55.6)

75 (60.0)

COPD

0.248

Asthma

0.985

HF

0.986

0.010

Stroke

Type 2 diabetes mellitus

Charlson comorbidity index, median (IQR)

0.870

Charlson comorbidity index
0–3
≥4

0.217
0.633
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Table 3 (continued)
Characteristics

N (%)

+ MDR N (%) 36
(22.4%)

-MDR N (%) 125
(77.6%)

Yes

34 (21.1)

5 (13.9)

29 (23.2)

No

127 (78.9)

31 (86.1)

96 (76.8)

Yes

52 (32.3)

17 (47.2)

35 (28.0)

No

109 (67.7)

19(52.8)

90 (72.0)

Yes

83 (51.6)

15 (41.7)

68 (54.4)

No

78 (48.5)

21 (58.3)

57 (45.6)

9 (5–16)

8 (5–16)

9 (5–16)

0.564

8 (5–16)

9 (5–16)

0.148

23 (18.4)

MICU admission

p-value
0.228

0.030

Dependence on supplemental oxygen diagnosis

In-hospital steroid administration

0.178

Length of hospital stay (days), median (IQR)
In-hospital Death
Yes

26 (16.2)

3 (8.3)

No

135 (83.9)

33 (91.7)

102 (81.6)
rd

th

Antipseudomonal antibiotic classes with specific antibiotics: Fluoroquinolones (ciprofloxacin or levofloxacin); 3
 /4 -geberation cephalosporins (ceftazidime or
cefepime); aminoglycosides (tobramycin or amikacin or gentamicin); carbapenem (imipenem or meropenem)
Multidrug-resistance: non-susceptibility (resistance or intermediate susceptibility) to at least one antibiotic in three or more antipseudomonal antibiotics classes
above
MDR: multidrug-resistant
Median (interquartile range) reported for age, Charlson comorbidity index, length of hospital stay, and N (%) reported for others; % may not add up to 100% due to
approximation
p-values in bold are < 0.05
Out of the 167 patients who had culture-positive Pseudomonas isolates, 6 did not have antibiotics susceptibility data, 36 were MDR, and 125 were non-MDR

Table 4 Risk ratio of multidrug-resistant Pseudomonas isolates
(N = 161)
RR (95% CI)

p value

COPD diagnosis
Pre-existing COPD

0.71 (0.35, 1.45)

0.349

No COPD diagnosis

Ref

Ref

Stroke
Yes

2.64 (1.51, 4.61)

0.0006

No

Ref

Ref

Dependence on supplemental
oxygen
Yes

2.31 (1.30, 4.12)

0.005

No

Ref

Ref

0.83 (0.69, 0.99)

0.043

10-year increase in age

Antipseudomonal antibiotic classes with specific antibiotics: Fluoroquinolones
(ciprofloxacin or levofloxacin); 3rd/4th-generation cephalosporins (ceftazidime
or cefepime); aminoglycosides (tobramycin or amikacin or gentamicin);
carbapenem (imipenem or meropenem)
Multidrug-resistance: non-susceptibility (resistance or intermediate
susceptibility) to at least one antibiotic in three or more antipseudomonal
antibiotics classes above
CAP: community-acquired bacterial pneumonia, RR: risk ratio
p-values in bold are < 0.05
Model adjusted for age, diagnosis for dependence on supplemental oxygen
diagnosis, stroke out of the 167 patients who had culture-positive Pseudomonas
isolates, 6 did not have antibiotics susceptibility data, 36 were MDR, and 125
were non-MDR

vaccination (e.g., pneumococcal vaccines), antimicrobial
prescribing practices, and other factors affect regional
differences in MDR Pseudomonas CAP epidemiology.
According to the Centers for Disease Control and Prevention 2020 data on outpatient prescription of fluoroquinolones dispensed in US pharmacies, Southern US
(e.g., Alabama, Mississippi) accounts for the highest prescription rates [25]. Alabama had the second highest rate
of outpatient prescriptions of fluoroquinolones with 77
prescriptions per 1000 population, after Mississippi (1st)
with 82 prescriptions per 1000 population. A lot of effort
is geared toward improving rational use of antibiotics
through antimicrobial stewardship [26].
Cilloniz et al., like the current study, found that
COPD was associated with the risk of CAP due to
Pseudomonas, and it was not associated with the risk
of MDR Pseudomonas [16]. In a meta-analysis that
examined risk factors for MDR Pseudomonas aeruginosa, previous antibiotics use and hospital admission,
including intensive-care unit, were the risk factors
identified [27]. It is important to note that most of the
studies included in the meta-analysis had base cohorts
that were not CAP. In patients with intensive care unitacquired pneumonia due to Pseudomonas aeruginosa,
Barat et al. found no association between COPD and
risk of MDR Pseudomonas in adjusted models [28].
Restrepo et al., also found that chronic lung disease
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was associated with Pseudomonas CAP and MDR
Pseudomonas CAP in their multi-nation study [24].
Different results observed by various studies with the
association between COPD and MDR Pseudomonas
suggest that a regional approach to the assessment
of MDR Pseudomonas may be the effective means to
manage this public health burden.
Diagnosis for dependence on supplemental oxygen
during the current or a previous hospital visit was one
of the risk factors for MDR Pseudomonas identified in
the present study in an adjusted model. Supplemental
oxygen is a medical device that provides oxygen supply
to patients with low oxygen levels. Regular use of respiratory devices like supplemental oxygen could promote the formation of bacterial biofilm which could
predispose patients to infections when there is poor
hygiene in the handling of the device [29, 30]. This may
be a potential explanation for the association between
dependence on supplemental oxygen and the risk of
MDR Pseudomonas. Also, a patient who depends on
supplemental oxygen could have had a previous hospitalization which required mechanical ventilation.
This is also a potential source of acquisition of MDR
Pseudomonas [28, 31–33]. There are different indications for the use of supplemental oxygen, and COPD
is one of them, especially severe one. Though we did
not find any association between COPD and risk of
MDR Pseudomonas, future research could examine the
interaction between COPD and the use of supplemental oxygen and the risk of MDR Pseudomonas.
We found that among CAP patients with Pseudomonas isolates, those with current or previous
stroke diagnosis were more likely to have MDR Pseudomonas isolates in their respiratory samples when
compared to those with no stroke diagnosis. Stroke
clinical management may involve frequent hospital
admissions and prolong length of hospital stay [34–
36]. Such frequent and prolonged patient interactions
with healthcare facilities have been shown to be risk
factors for acquisition of drug-resistant bacteria like
Pseudomonas [27]. This may be the mechanism which
makes stroke comorbidity to be associated with the
risk of MDR Pseudomonas CAP. We also found that
increasing age was associated with lower risk of MDR
Pseudomonas CAP. It is possible that in this study setting known risk factors for MDR bacteria, like exposure to broad spectrum antibiotics, are lower in older
patients.
While the current study had a substantial population
to estimate the prevalence, incidence, and risk of Pseudomonas CAP, we had little sample size (161) for the
analysis of the risk of MDR Pseudomonas among CAP
patients with Pseudomonas isolates. We also relied
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on EMR for patient information, so the data we used
for analysis was limited to what was obtainable in the
EMR. Though EMR data might have some weaknesses,
it is inexpensive and provides real-world information.

Conclusions
In summary, we found that the incidence of MDR Pseudomonas CAP was stable over time, and prevalences
of Pseudomonas and MDR Pseudomonas communityacquired pneumonia were different in this study population when compared to other regions, highlighting the
importance of leveraging local epidemiology and validated risk factors for antimicrobial stewardship guidance.
Chronic obstructively pulmonary disease was associated
with Pseudomonas CAP but not with MDR Pseudomonas
CAP. Larger cohort studies are needed to confirm these
findings.
Acknowledgements
The University of Alabama at Birmingham i2b2 (Informatics for Integrating
Biology and the Bedside) group provided the data used for this project.
Author contributions
AJI was responsible for the initial draft and analysis. Author contribution is as
follows: conceptualization (AJI, MLB, and RAL); methodology (AJI, RLG, HWW,
GC, SS); initial manuscript draft (AJI); review (All); interpretation (JMW, MLB,
RAL). AJI had full access to all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis. All authors read
and approved the final manuscript.
Funding
This project was supported by Dr. Shrestha’s Quetelet Endowed Professorship
Research Fund.
Availability of data and materials
The datasets used during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The University of Alabama at Birmingham Institutional Review Board approved
this study.
Consent for publication
Not applicable.
Competing interests
No conflicts of interest exist for AJI, MLB, HWW, RLG, SS, and RAL.
Author details
1
Department of Epidemiology, School of Public Health, University of Alabama
at Birmingham, 1665 University Boulevard, Birmingham, Alabama 35233, USA.
2
Division of Pulmonary, Allergy, and Critical Care Medicine, University of Alabama at Birmingham, Birmingham, USA. 3 University of Alabama at Birmingham Lung Health Center, Birmingham, USA. 4 Birmingham VA Medical Center,
Birmingham, AL, USA. 5 Department of Pharmacy, University of Alabama
at Birmingham Hospital, Birmingham, USA. 6 Department of Biostatistics,
School of Public Health, University of Alabama at Birmingham, Birmingham,
USA. 7 Division of Infectious Diseases, University of Alabama at Birmingham
School of Medicine, Birmingham, USA.
Received: 5 March 2022 Accepted: 1 July 2022

Idigo et al. Antimicrobial Resistance & Infection Control

(2022) 11:95

References
1. Ramirez JA, Wiemken TL, Peyrani P, Arnold FW, Kelley R, Mattingly WA,
et al. Adults hospitalized with pneumonia in the united states: incidence,
epidemiology, and mortality. Clin Infect Dis. 2017;65(11):1806–12.
2. Restrepo MI, Sibila O, Anzueto A. Pneumonia in patients with
chronic obstructive pulmonary disease. Tuberc Respir Dis (Seoul).
2018;81(3):187–97.
3. Ramirez JA, Wiemken TL, Peyrani P, Arnold FW, Kelley R, Mattingly WA,
et al. Adults hospitalized with pneumonia in the united states: incidence,
epidemiology, and mortality. Clin Infect Dis. 2017;65(11):1806–12.
4. Centers for Disease Control and Prevention NCfHS. Underlying cause of
death 1999–2019 on CDC WONDER online database, released in 2020.
Centers for Disease Control and Prevention, National Center for Health
Statistics; 2020.
5. Jain S, Self WH, Wunderink RG, Fakhran S, Balk R, Bramley AM, et al.
Community-acquired pneumonia requiring hospitalization among US
adults. New Engl J Med. 2015;373(5):415–27.
6. Johansson N, Kalin M, Tiveljung-Lindell A, Giske CG, Hedlund J. Etiology
of community-acquired pneumonia: increased microbiological yield with
new diagnostic methods. Clin Infect Dis. 2010;50(2):202–9.
7. Ruiz M, Ewig S, Marcos MA, Martinez JA, Arancibia F, Mensa J, et al. Etiology of community-acquired pneumonia: impact of age, comorbidity, and
severity. Am J Respir Crit Care Med. 1999;160(2):397–405.
8. Bonten MJ, Huijts SM, Bolkenbaas M, Webber C, Patterson S, Gault S, et al.
Polysaccharide conjugate vaccine against pneumococcal pneumonia in
adults. N Engl J Med. 2015;372(12):1114–25.
9. Tomczyk S, Bennett NM, Stoecker C, Gierke R, Moore MR, Whitney CG,
et al. Use of 13-valent pneumococcal conjugate vaccine and 23-valent
pneumococcal polysaccharide vaccine among adults aged >/=65 years:
recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Morb Mortal Wkly Rep. 2014;63(37):822–5.
10. Jackson LA, Gurtman A, Rice K, Pauksens K, Greenberg RN, Jones
TR, et al. Immunogenicity and safety of a 13-valent pneumococcal
conjugate vaccine in adults 70 years of age and older previously vaccinated with 23-valent pneumococcal polysaccharide vaccine. Vaccine.
2013;31(35):3585–93.
11. Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K, et al.
Diagnosis and treatment of adults with community-acquired pneumonia.
An official clinical practice guideline of the American thoracic society
and infectious diseases society of America. Am J Respirat Crit Care Med.
2019;200(7):e45–67.
12. Torres A, Chalmers JD, Dela Cruz CS, Dominedò C, Kollef M, MartinLoeches I, et al. Challenges in severe community-acquired pneumonia: a
point-of-view review. Intensive Care Med. 2019;45(2):159–71.
13. Prina E, Ranzani OT, Polverino E, Cillóniz C, Ferrer M, Fernandez L, et al. Risk
factors associated with potentially antibiotic-resistant pathogens in community-acquired pneumonia. Ann Am Thorac Soc. 2015;12(2):153–60.
14. Tamma PD, Avdic E, Li DX, Dzintars K, Cosgrove SE. Association of adverse
events with antibiotic use in hospitalized patients. JAMA Intern Med.
2017;177(9):1308–15.
15. Montero M, Domínguez M, Orozco-Levi M, Salvadó M, Knobel H.
Mortality of COPD patients infected with multi-resistant pseudomonas
aeruginosa: a case and control study. Infection. 2009;37(1):16–9.
16. Cilloniz C, Gabarrus A, Ferrer M, Puig de la Bellacasa J, Rinaudo M, Mensa
J, et al. Community-acquired pneumonia due to multidrug- and nonmultidrug-resistant pseudomonas aeruginosa. Chest. 2016;150(2):415–25.
17. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis. 1987;40(5):373–83.
18. Austin SR, Wong Y-N, Uzzo RG, Beck JR, Egleston BL. Why summary
comorbidity measures such as the charlson comorbidity index and
elixhauser score work. Med Care. 2015;53(9):e65–72.
19. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG,
et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an international expert proposal for interim standard definitions for acquired resistance. Clin Microbiol Infect. 2012;18(3):268–81.
20. Cillóniz C, Dominedò C, Torres A. Multidrug resistant gram-negative
bacteria in community-acquired pneumonia. Crit Care (Lond, Engl).
2019;23(1):79.
21. Aliberti S, Cilloniz C, Chalmers JD, Zanaboni AM, Cosentini R, Tarsia P,
et al. Multidrug-resistant pathogens in hospitalised patients coming

Page 10 of 10

22.
23.
24.

25.
26.
27.

28.

29.
30.
31.

32.

33.
34.
35.
36.

from the community with pneumonia: a European perspective. Thorax.
2013;68(11):997–9.
Shindo Y, Ito R, Kobayashi D, Ando M, Ichikawa M, Shiraki A, et al. Risk factors for drug-resistant pathogens in community-acquired and healthcareassociated pneumonia. Am J Respir Crit Care Med. 2013;188(8):985–95.
Cillóniz C, Gabarrús A, Ferrer M, Puig de la Bellacasa J, Rinaudo M, Mensa
J, et al. Community-acquired pneumonia due to multidrug- and nonmultidrug-resistant pseudomonas aeruginosa. Chest. 2016;150(2):415–25.
Restrepo MI, Babu BL, Reyes LF, Chalmers JD, Soni NJ, Sibila O, et al. Burden and risk factors for Pseudomonas aeruginosa community-acquired
pneumonia: a multinational point prevalence study of hospitalised
patients. Eur Respiratory J. 2018;52(2).
CDC. Antibiotic Resistance and Patient Safety Portal: Fluoroquinolones.
Atlanta, GA. 2021.
CDC. Antibiotic Use in the United States, 2020 Update: Progress and
Opportunities. Atlanta, GA: US Department of Health and Human Services, CDC; 2021. 2021.
Raman G, Avendano EE, Chan J, Merchant S, Puzniak L. Risk factors for
hospitalized patients with resistant or multidrug-resistant Pseudomonas
aeruginosa infections: a systematic review and meta-analysis. Antimicrob
Resist Infect Control. 2018;7:79.
Fernández-Barat L, Ferrer M, De Rosa F, Gabarrús A, Esperatti M, Terraneo S, et al. Intensive care unit-acquired pneumonia due to Pseudomonas aeruginosa with and without multidrug resistance. J Infect.
2017;74(2):142–52.
Costerton JW, Lewandowski Z, Caldwell DE, Korber DR, Lappin-Scott HM.
Microbial biofilms. Annu Rev Microbiol. 1995;49:711–45.
Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: a common cause of persistent infections. Science (New York, NY).
1999;284(5418):1318–22.
Montero M, Sala M, Riu M, Belvis F, Salvado M, Grau S, et al. Risk factors
for multidrug-resistant Pseudomonas aeruginosa acquisition Impact of
antibiotic use in a double case-control study. Eur J Clin Microbiol Infect
Dis. 2010;29(3):335–9.
Parker CM, Kutsogiannis J, Muscedere J, Cook D, Dodek P, Day AG, et al.
Ventilator-associated pneumonia caused by multidrug-resistant organisms or Pseudomonas aeruginosa: prevalence, incidence, risk factors, and
outcomes. J Crit Care. 2008;23(1):18–26.
Mah TF, O’Toole GA. Mechanisms of biofilm resistance to antimicrobial
agents. Trends Microbiol. 2001;9(1):34–9.
Rhim H-Y, Won S-Y, Kashefiolasl S, Brawanski N, Hattingen E, Berkefeld J,
et al. Multidrug-resistant organisms (MDROs) in patients with subarachnoid hemorrhage (SAH). Sci Rep. 2021;11(1):8309.
Green DM, Burns JD, DeFusco CM. ICU Management of Aneurysmal
Subarachnoid Hemorrhage. J Intensive Care Med. 2012;28(6):341–54.
Kurtz P, Fitts V, Sumer Z, Jalon H, Cooke J, Kvetan V, et al. How does care
differ for neurological patients admitted to a neurocritical care unit versus
a general ICU? Neurocrit Care. 2011;15(3):477–80.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

