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Abstract

Objective: Pseudomonas aeruginosa bloodstream infection (PA-BSI) and COVID-19 are independently associated with high mortality.
We sought to demonstrate the impact of COVID-19 coinfection on patients with PA-BSI.

Design: Retrospective cohort study.

Setting: Veterans Health Administration.

Patients: Hospitalized patients with PA-BSI in pre-COVID-19 (January 2009 to December 2019) and COVID-19 (January 2020 to June 2022)
periods. Patients in the COVID-19 period were further stratified by the presence or absence of concomitant COVID-19 infection.

Methods:We characterized trends in resistance, treatment, andmortality over the study period. Multivariable logistic regression andmodified
Poisson analyses were used to determine the association between COVID-19 and mortality among patients with PA-BSI. Additional
predictors included demographics, comorbidities, disease severity, antimicrobial susceptibility, and treatment.

Results: A total of 6,714 patients with PA-BSI were identified. Throughout the study period, PA resistance rates decreased. Mortality
decreased during the pre-COVID-19 period and increased during the COVID-19 period. Mortality was not significantly different between
pre-COVID-19 (24.5%, 95% confidence interval [CI] 23.3–28.6) and COVID-19 period/COVID-negative (26.0%, 95%CI 23.5–28.6) patients,
but it was significantly higher in COVID-19 period/COVID-positive patients (47.2%, 35.3–59.3). In themodified Poisson analysis, COVID-19
coinfection was associated with higher mortality (relative risk 1.44, 95% CI 1.01–2.06). Higher Charlson Comorbidity Index, higher modified
Acute Physiology and Chronic Health Evaluation score, and no targeted PA-BSI treatment within 48 h were also predictors of higher
mortality.

Conclusions: Higher mortality was observed in patients with COVID-19 coinfection among patients with PA-BSI. Future studies should
explore this relationship in other settings and investigate potential SARS-CoV-2 and PA synergy.

(Received 22 June 2023; accepted 17 August 2023)

Introduction

Invasive infections caused by Pseudomonas aeruginosa (PA) are
challenging to treat among hospitalized patients due to the organism’s
high virulence and complex patterns of antimicrobial resistance,
including decreased outer membrane permeability, efflux pump
systems, and antibiotic-inactivating enzymes.1–3 The acquisition of
resistance genes via horizontal transfer or spontaneous mutation
can also induce additional mechanisms of resistance, either due to
exposure to broad-spectrum antibiotics or nosocomial transmission.4
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Mortality associated with PA is high, particularly in the
bloodstream, with an estimated 30-d mortality rate for PA
bloodstream infection (PA-BSI) between 24% and 32%.5–7

The Centers for Disease Control and Prevention (CDC)
published encouraging data in 2019 indicating a decrease in
multidrug-resistant (MDR) PA from 46,000 estimated cases and
3,900 deaths in 2012 to 32,600 cases and 2,700 deaths in 2017.8

However in 2022, CDC reported a 32% increase in rates of MDR
PA from 2019 to 2020, largely attributed to antibiotic overuse in
patients with COVID-19.9 In addition to observed higher rates of
MDR PA, several studies have identified a recent rise in PA-BSI
incidence. A retrospective analysis of English National Health
Service acute trusts between August 2020 and February 2021
observed an increase both in incidence of hospital-onset PA-BSI
(4.9–6.2 cases per 100,000 bed-days) and in percentage of patients
with PA-BSI and concomitant COVID-19 infection (0.7–34.1%
among PA-BSI cases).10 A study performed within the Ascension
health system additionally noted a 28% increase in hospital-onset
PA-BSI and approximately five times higher rate of PA-BSI
among patients with COVID-19 compared to patients without
COVID-19.11 Other published reports have demonstrated similar
findings.12,13While these studies collectively suggest that the rise in
observed PA-BSI coincides with the onset of the COVID-19
pandemic, outcomes of patients with PA-BSI and COVID-19
coinfection have not been evaluated.

In this study, we aimed to use the Veterans Health
Administration (VHA) population to study the impact of
concomitant COVID-19 infection on all-cause mortality in
patients with PA-BSI. We hypothesized that patients with PA-
BSI and COVID-19 coinfection would have a higher risk of
mortality compared with patients with PA-BSI only. Further, we
hypothesized that patients with PA-BSI diagnosed during the
COVID-19 pandemic period would have higher mortality than
those with PA-BSI prior to this period, regardless of COVID-19
coinfection status.

Materials and methods

Data source and population

Clinical data were extracted from the VHA Corporate Data
Warehouse (CDW), which serves as a repository for patient data
recorded in the electronic health record for all patients throughout
the VHA system. The VHA is the largest integrated healthcare
system in the United States and provides care to a heterogeneous
population of over 9 million Veterans distributed among both
urban and rural settings throughout the country.14,15 Patients
≥18 yr with at least one hospital admission to a VHA facility as of
January 1, 2006 were eligible to be included in this analysis. We
defined a case of PA-BSI as a positive blood culture collected from a
patient from January 1, 2009 through June 30, 2022. We excluded
eligible cases 1) among patients with unknown mortality status
30 d from the index culture; 2) without hospitalization; and 3) in
which the blood culture was collected greater than 7 d before or
30 d after the date of hospital admission. Multiple blood cultures
with PA collected within 30 d from the same patient were included
as one case. If a patient had multiple PA-BSIs that met our
inclusion criteria collected more than 30 d apart, we only included
the first episode of PA-BSI; thus, each case represented a unique
patient. We defined the pre-COVID-19 period as January 1, 2009
through December 31, 2019 and the COVID-19 period as January
1, 2020 through June 30, 2022. Cases during the COVID-19 period
were identified as having COVID-19 coinfection if a positive test

result for COVID-19 was documented during the associated
hospitalization.

We collected clinical information for each case-patient
including age, sex, race, ethnicity, Charlson Comorbidity Index,
and modified Acute Physiology and Chronic Health Evaluation
(mAPACHE) score.16 mAPACHE score was based on clinical
information collected within 48 h following the blood culture
collection corresponding to the index PA-BSI occurrence for
each case. Antimicrobial susceptibility testing results were
obtained from laboratory reports within the CDW; individual
laboratory susceptibility testing methods and standards were
not available. We collected information regarding treatment
against the identified PA isolate administered within 48 h of the
index positive culture. Targeted treatment was defined as
administration of an agent with in vitro activity against the
identified PA isolate on at least one day between days 0 and 2
from the date of index positive blood culture collection.

We defined four resistance phenotype classifications: (1)
difficult-to-treat resistant (DTR); (2) MDR; (3) other unclassi-
fied resistant (OUR); and (4) expected resistant (ER). DTR was
defined as in vitro resistance or intermediate resistance to all
tested agents within the beta-lactam and fluoroquinolone
classes (and aztreonam if tested).17 DTR determination required
in vitro testing results for ≥1 expanded-spectrum cephalo-
sporin, ≥1 carbapenem, and ≥1 fluoroquinolone. MDR was
assigned for isolates not meeting criteria for DTR and with
in vitro resistance or intermediate resistance to ≥1 drug in at
least three categories including piperacillins, expanded-
spectrum cephalosporins, fluoroquinolones, carbapenems,
and aminoglycosides.18,19 OUR was any other pattern of
in vitro resistance not otherwise classified as DTR or MDR.
We classified cases as ER if there was no resistance detected to
any tested agent within the piperacillin, expanded-spectrum
cephalosporin, fluoroquinolone, carbapenem, aminoglycoside,
monobactam, or polymyxin classes.

Analysis

We performed a descriptive analysis characterizing all PA-BSI
cases by resistance phenotype, targeted antimicrobial treatment,
and 30-d mortality rate by year. A multivariable logistic regression
analysis was performed to characterize the independent associa-
tion between the primary predictors of COVID-19 coinfection and
COVID-19 period and the primary outcome of 30-d mortality, as
defined by the odds ratio with 95% confidence interval (CI)
estimates. Relative risk (RR) was calculated by modified Poisson
regression using a sandwich estimator to model robust error
variance.20 Models both with and without COVID-19 coinfection
as a predictor were estimated. The pre-COVID-19 period was
additionally divided into early (2009–2016) and late (2017–2019)
periods in the model for better characterization of possible
changing mortality trends over the study period. The late-
pre-COVID-19 period (2017–2019) was limited to 3 yr to create
a more comparable cohort to the 3-yr COVID-19 period
(2020–2022). For categorical variables that were missing at least
15% or more of the observations, the missing values were recoded
to a new category, “missing data.”Data for variables with a smaller
proportion of missing observations were completed with multiple
imputation using the mice package (version 3.15.0) with 10
imputations. Continuous predictor variables were rescaled (e.g.,
age in decades) or considered as categorical terms to allow formore
interpretable assessment of effect size. Sensitivity analyses were
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performed using a complete case analysis and uncategorized
continuous data. Due to concern that the estimated effect of
targeted antimicrobial treatment administered within 48 h could
be biased by death prior to this timepoint, analyses were also
performed with and without targeted treatment within 48 h and
mAPACHE score before and after excluding patients with death
within 48 h. All analyses were performed in R version 4.1.2.

Ethics

Data were obtained as part of a protocol approved by the
Institutional Review Board of the Cleveland Veterans Affairs
Medical Center to study MDR organisms in hospitalized patients.

Results

Characteristics of the study population

Among 7,804 PA-BSIs identified from January 1, 2009 to June 30,
2022, 6,714 PA-BSIs met our case definition (Figure 1). Among
these, 5,484 (82%) were included from the pre-COVID-19 period,
1,158 (17%) were included from the COVID-19 period without
COVID-19 coinfection, and 72 (1%) were included from the
COVID-19 period with COVID-19 coinfection (Table 1). A
majority of the case-patients were male, ≥70 yr old, white, and
non-Hispanic, with multiple chronic comorbid medical conditions
including uncomplicated diabetes mellitus (n= 2,892, 43.1%),
cancer without metastases (n= 2,825, 42.1%), chronic pulmonary
disease (n= 2,670, 39.8%), and chronic renal disease (n= 2,294,
34.2%).

Antimicrobial resistance

Antimicrobial susceptibility information sufficient for classifica-
tion into the defined resistance phenotypes was available for 5,537
PA-BSI cases (82%). Throughout the study period, antimicrobial
resistance decreased, with a downward trend observed for both
MDR andDTR phenotypes and a steady increase in the proportion
of PA isolates with ER; the proportion of PA isolates with OUR
remained relatively unchanged (Figure 2). Among PA-BSI cases
with COVID-19 coinfection, no DTR isolates were identified,
though the proportion of MDR resistance in patients with
COVID-19 was higher in 2021 and 2022 than in patients without
COVID-19 coinfection during the same years.

Antimicrobial treatment data were available for 6,620 PA-BSI
case-patients (99%). Throughout the study period, the proportion
of case-patients who received targeted treatment for PA-BSI
increased (Figure 2). The proportion of case-patients who received
targeted treatment within 48 h was lowest among the DTR and
MDR groups (20.6% and 53.4%, respectively) compared with the
OUR and ER groups (78.4% and 89.8%, respectively).

COVID-19 period and coinfection

Overall, 30-d all-cause mortality decreased among case-patients
during the pre-COVID-19 period; conversely, we observed an
increase in 30-d mortality among all case-patients during the
COVID-19 period (not stratified by COVID-19 coinfection status)
(Figure 3). Case-patients identified in either period were similar in
terms of age, comorbidities, and severity of illness (characterized
by the mAPACHE score) (Figure 4a–c). Case-patients with
COVID-19 coinfection in the COVID-19 period had a 30-d
mortality rate of 47.2%, whereas case-patients without
COVID-19 during the COVID-19 period and case-patients in the

pre-COVID-19 period had similar, lower mortality rates of
approximately 25% (Figure 4d).

The pre-COVID-19 periods were associated with lower
mortality among all patients with PA-BSI in the unadjusted
analyses; however, this association was no longer significant after
adjusting for the presence of COVID-19 coinfection (Table 2).
After adjusting for potential confounders, patients with PA-BSI
and COVID-19 coinfection were associated with higher mortality
compared to patients with PA-BSI without COVID-19 in both the
logistic regression (odds ratio 2.15, 95% CI 1.26–3.68) and
modified Poisson (RR 1.44, 95% CI 1.01–2.06) models (Table 2).
Higher Charlson Comorbidity Index, higher mAPACHE score,
and lack of targeted treatment for PA-BSI within 48 h were also
associated with higher risk of mortality in both analyses (Figure 5).

In a sensitivity analysis, the DTR resistance phenotype was
associated with higher mortality when the results were not adjusted
for targeted antimicrobial treatment administered within 48 h (RR
1.32, 95% CI 1.10–1.58). Analyses including cases with no missing
data, consideration of Charlson Comorbidity Index and mAPACHE
as continuous variables, and exclusion of patients with death in less
than 48 h did not substantially alter the relationship between the
primary predictors and the primary outcome.

Figure 1. Flow diagram of inclusion and exclusion criteria resulting in 6,714 cases and
further categorization into COVID-19 period and coinfection cohorts.
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Table 1. Demographic characteristics among patients with Pseudomonas aeruginosa bloodstream infection (n= 6,714) stratified by COVID-19 status and COVID-19
period

Pre-COVID-19 period
(n = 5484)

COVID-19 period

Total
(n = 6714)

COVID-19 negative
(n = 1158)

COVID-19 positive
(n = 72)

Male sex, n (%) 5,346 (97.5) 1,125 (97.2) 71 (98.6) 6,542 (97.4)

Race, n (%)a

White 3,885 (70.8) 808 (69.8) 47 (65.3) 4,740 (70.6)

Black 1,190 (21.7) 264 (22.8) 19 (26.4) 1,473 (21.9)

Other 64 (1.2) 16 (1.4) 0 (0) 80 (1.2)

Hispanic ethnicity, n (%)b 437 (8.0) 111 (9.6) 9 (12.5) 557 (8.3)

Age, median (IQR) 70 (63–79) 74 (68–79) 73 (66.8–83) 71 (64–79)

Charlson Comorbidity Index, median (IQR) 4 (2–6) 4 (2.3–7) 5 (3–7) 4 (2–6)

Modified APACHE score, median (IQR) 52 (41–65) 51 (40–63) 58 (44–71.5) 52 (41–65)

DTR phenotype, n (%) 188 (4.1) 18 (1.9) 0 (0) 206 (3.7)

Note. IQR, interquartile range; DTR, difficult-to-treat resistant.
aExcludes 421 patients with missing race data.
bExcludes 278 patients with missing ethnicity data.

Figure 2. Figure demonstrates that the proportion of PA-BSI isolates within the VHA system susceptible to all tested agents increased over the study period, with a similar increase
in proportion of all cases in which targeted treatment was administered within 48 h. A corresponding decrease in MDR and DTR resistance was also observed over the study period.
Among patients with COVID-19 in addition to PA-BSI relative to patients with PA-BSI only, more isolates had OUR in 2020–2021 and more MDR was present in 2021–2022, but no
DTR was present. Bar chart excludes 1,177 patients with missing resistance phenotype data. Line plot excludes 94 patients with missing data for targeted treatment within 48 h.
2022 data represent January 1 through June 30. PA-BSI, Pseudomonas aeruginosa bloodstream infection; VHA, Veterans Health Administration; ER, expected resistant; OUR,
otherwise unclassified resistant; MDR, multidrug-resistant; DTR, difficult-to-treat resistant.
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Discussion

In this study of hospitalized adult patients with PA-BSI identified
within the VHA system, we observed approximately 50% greater
adjusted risk of 30-d all-cause mortality in patients with PA-BSI
and COVID-19 coinfection compared with patients with PA-BSI
only. Increased mortality was additionally observed in patients
with higher Charlson Comorbidity Index, higher mAPACHE
score, and no targeted antibiotic treatment administered within
48 h relative to patients without these features. The Charlson
Comorbidity Index and mAPACHE score remained stable
between the pre-COVID-19 and COVID-19 periods; however,
the proportion of patients who received targeted treatment for
PA-BSI increased. Decreasing rates of PA resistance were also

observed throughout the full study period (2009–2022). While
the mortality rate among case-patients increased during the
COVID-19 period compared to the pre-COVID-19 period, the
COVID-19 period itself did not appear to be associated with
increased mortality independent of COVID-19 coinfection. This
remained true even when isolating the late-pre-COVID-19
period corresponding to the 3 years immediately preceding the
COVID-19 period with the lowest observed mortality rate of the
entire study period. These results suggest that COVID-19
coinfection may account for the increased PA-BSI mortality
observed during the COVID-19 period.

To our knowledge, our study is the first description of the direct
relationship between COVID-19 and mortality in patients with
PA-BSI. Our findings are consistent with previous reports of poor

Figures 3. Figure indicates the proportion of
PA-BSI cases in the VHA system meeting the
primary end point of mortality at 30 d during
each year of the study period. Mortality
decreased across the pre-COVID-19 period to a
low of 20.6% and increased during the COVID-19
period, peaking at 30.8% in 2022 through June 30.
PA-BSI, Pseudomonas aeruginosa bloodstream
infection; VHA, Veterans Health Administration.

Figure 4. Distribution of clinical characteristics
and mortality rate are shown stratified by
COVID-19 period and COVID-19 coinfection
status. Age (A), Charlson Comorbidity Index
(B), and modified APACHE score (C) are noted
to have a similar distribution across each
cohort, despite that the mortality rate (D) is
significantly higher in the COVID-19-positive/
COVID-19 period patients.
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outcomes among hospitalized patients with any BSI type and
COVID-19 coinfection. Amulticenter study of adults with BSI and
COVID-19 coinfection in 271 US facilities showed higher rates of
intensive care unit admission (73% versus 55%), longer length of
stay (35 d versus 26 d), and higher rates of ventilator use (53%
versus 22%) compared with patients in the prepandemic period.20

Multiple studies have also identified higher mortality in patients
with COVID-19 and BSI.21–23 Zhu et al. noted 27% higher
mortality and 20 excess days of hospital stay in patients with
hospital-acquired BSI during the COVID-19 pandemic period,
regardless of COVID-19 coinfection status.21

Several factors could account for the increased mortality among
patients coinfected with BSI and COVID-19. Excessive focus on

the diagnosis of COVID-19 infection may delay recognition and
workup of coexisting or secondary processes, thereby delaying
initiation of appropriate treatment.24 Logistical barriers could affect
management and subsequent outcomes in patients with COVID-19
related to isolation procedures and need for personal protective
equipment.25,26 Additionally, circumstances at the institutional level
related to the pandemic period, such as nursing- or provider-to-
patient ratio, hospital volume, and availability of infectious diseases
expertise, could impact outcomes on an individual level. Finally, the
interaction of the two infectious processes could lead to a synergistic
or additive effect on infectivity and the host response. Respiratory
viruses have been found to alter pulmonary tissue innate immune
function and promote bacterial growth through an increased burden

Table 2. Predictors of 30-d mortality among patients with Pseudomonas aeruginosa bloodstream infection (n= 6,714) with and without adjustment for COVID-19
coinfection

Logistic regression Modified Poisson

Unadjusted OR 95% CI Adjusted OR 95% CI Unadjusted RR 95% CI Adjusted RR 95% CI

COVID-19 coinfection NA NA 2.15 1.26–3.68 NA NA 1.44 1.01–2.06

Period

COVID-19 period Reference

Early pre-COVID-19 period 0.85 0.72–0.99 0.89 0.76–1.05 0.91 0.80-1.03 0.94 0.82–1.07

Late pre-COVID-19 period 0.78 0.64–0.94 0.82 0.67–1.00 0.86 0.73–1.00 0.88 0.75–1.04

Sex

Female Reference

Male 0.83 0.56–1.23 0.83 0.56–1.23 0.90 0.66–1.22 0.90 0.66–1.22

Age

Age in decades over 40 1.07 1.01–1.13 1.07 1.02–1.13 1.04 1.00–1.09 1.04 1.00–1.09

Race

White Reference

Black 1.03 0.88–1.20 1.03 0.88–1.20 1.02 0.91–1.15 1.02 0.91–1.14

Other 0.72 0.40–1.29 0.73 0.40–1.30 0.82 0.52–1.30 0.83 0.52–1.31

Ethnicity

Non-Hispanic/Latino Reference

Hispanic/Latino 1.02 0.82–1.27 1.02 0.82–1.27 1.01 0.86–1.20 1.01 0.85–1.20

Charlson Comorbidity Index

0–2 Reference

3–5 1.45 1.23–1.72 1.45 1.23–1.72 1.29 1.13–1.49 1.29 1.13–1.49

6þ 2.11 1.78–2.50 2.11 1.78–2.50 1.62 1.41–1.86 1.62 1.41–1.86

Modified APACHE score

<50 Reference

50–59 2.37 1.91–2.95 2.36 1.90–2.93 2.15 1.76–2.63 2.15 1.76–2.62

60–74 4.26 3.48–5.22 4.25 3.47–5.20 3.35 2.79–4.02 3.34 2.79–4.02

75–84 10.89 8.40–14.13 10.89 8.39–14.13 5.77 4.69–7.08 5.76 4.69–7.07

85þ 22.13 16.78–29.19 21.95 16.63–28.96 7.59 6.24–9.23 7.53 6.19–9.16

Missing 7.52 6.22–9.08 7.48 6.19–9.04 4.80 4.06–5.68 4.79 4.05–5.66

Treatment administered within 48 h

Targeted treatment Reference

No targeted treatment 1.84 1.59–2.13 1.84 1.59–2.13 1.43 1.29–1.60 1.43 1.28–1.60

Note. OR, odds ratio; CI, confidence interval; RR, relative risk.
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on macrophages and decreased dendritic cell and macrophage
antigen-presenting capabilities.27,28 The inflammation and fluids,
which accumulate within the alveoli secondary to SARS-CoV-2
virus infection in particular, are thought to serve as good substrates
for PA and other bacterial respiratory pathogens.29 Alteration of the
respiratory tract microbiome may also play a role.30

Our study has several limitations. The retrospective study
design generated potential biases, particularly for mAPACHE
score and resistance phenotype. Missing data may have been
secondary to factors undefined within our data set, such as
intensive care unit admission and differences in antimicrobial
susceptibility testing protocols between facilities. Other factors not
included but potentially relevant to the primary outcome were
source of PA-BSI, other concomitant infections, COVID-19
treatment, indication of recurrent versus initial COVID-19
infection, ventilatory support, facility complexity, and ratio of
staff support to hospital volume. Focusing on PA-BSImay limit the
generalizability of the results to other types of BSI, though this
must be weighed against the potential risk of diluting the results
with inclusion of other BSI types involving different patient
populations, settings, sources of infection, and risk factors. The
mAPACHE score may not be the best measure of disease severity
in context of PA-BSI, but it is more readily available relative to
other measures such as the Pitt bacteremia score, which rely on
more resource-intensive data collection or natural language
processing tools. The small number of COVID-19 positive cases
also represented a potential limitation, and it is unknown whether
patients in this study with detectable SARS-CoV-2 virus had a
clinical syndrome consistent with COVID-19 infection, though
asymptomatic COVID-19 infection could still pose immunologic
effects. Finally, this study focused on the VHA population, which
may not capture the full spectrum of patients at high risk for PA
infection, such as individuals with cystic fibrosis.

There are also notable strengths. This is the first study to
examine the impact of the COVID-19 pandemic on outcomes for
patients with PA-BSI. The VHA CDW serves as a rich database
for this study, capturing data from over 150 medical centers
throughout the continental United States and Puerto Rico and

spanning a period of almost 20 yr.14 Moreover, the VHA data
regarding resistance trends generally align with CDC data in
that rates of MDR PA infection were observed to decrease in the
last decade until 2020 when an increase was observed; in our
VHA cohort, the increase from 12 MDR/DTR cases in 2019
(2.6%) to 21 cases in 2020 (4.2%) represents approximately a
60% increase. Another strength is that while the subset of
patients with concomitant COVID-19 infection was modest in
size, this study included data for nearly 7,000 unique patients,
thereby serving as one of the largest studied cohorts of patients
with PA-BSI.

Our findings lay the groundwork for many potential future
studies. The relationship between COVID-19 and PA should be
explored in more detail to determine whether characteristics of
either pathogen enhance the infectivity of the other or work
synergistically against the host immune response, and inclusion of
observations of patients with COVID-19 with and without
PA-BSI could be helpful to this end. More features related to
the COVID-19 period would also be worthwhile to investigate,
such as impact of staffing, hospital volume, and resources on PA-
BSI-associated outcomes. Utilizing alternative measures of disease
severity and complexity such as Pitt bacteremia score, Sequential
Organ Failure Assessment score, neutrophil-to-lymphocyte ratio,
or the Veterans Health Administration COVID-19 Index (VACO)
for COVID-19 mortality could enhance these types of analyses.
Further, novel disease severity scores relevant to PA-BSI with
inclusion of COVID-19 infection status should be validated for
inclusion in future analyses. Finally, interventions that represent
innovative measures to improve care and outcomes of patients
with PA-BSI, including those with concomitant infections such as
COVID-19, would be hugely impactful given the prevalence and
poor outcomes associated with these conditions.

Conclusions

Patients with PA-BSI had higher 30-d mortality during the
COVID-19 period compared to the pre-COVID period. No
targeted PA treatment within 48 h, higher mAPACHE score, and

Figure 5. Modified Poisson analysis results illustrate the positive
association between COVID-19 coinfection and increased all-
cause 30-d mortality risk in patients with PA-BSI in the VHA
system during the study period. Additional predictors associated
with 30-d mortality include Charlson Comorbidity Index,
administration of targeted treatment within 48 h, and modified
APACHE score.
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higher Charlson Comorbidity Index were also associated with
higher mortality among all patients with PA-BSIs.

Acknowledgments. The authors would like to thank the Veterans Affairs
Science and Health Initiative to Combat Infectious and Life-Threatening
Diseases (VA SHIELD) for their support of this work.

Financial support. This work was in part supported by the National Institutes
of Health (R01 AI063517-13 to RAB) and the Veterans Affairs Merit Review
Program (BX001974 to RAB).

Competing interests. FP receives grant funding and research support from
Accelerate, Merck, and Pfizer. RAB receives grant funding and research support
from NIH, VA, VenatoRx, Merck, Wockhardt, Entasis, and the Cystic Fibrosis
Foundation. The other authors report no conflicts of interest.

References

1. Rice LB. Federal funding for the study of antimicrobial resistance in
nosocomial pathogens: No ESKAPE. J Infect Dis 2008;197:1079–1081. doi:
10.1086/533452

2. Pang Z, Raudonis R, Glick BR, Lin TJ, Cheng Z. Antibiotic resistance in
Pseudomonas aeruginosa: Mechanisms and alternative therapeutic strat-
egies. Biotechnol Adv 2019;37:177–192. doi: 10.1016/j.biotechadv.2018.
11.013

3. Breidenstein EBM, de la Fuente-Núñez C, Hancock REW. Pseudomonas
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