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a b s t r a c t

Objectives: The usefulness of routine microbiological testing for rationalising antibiotic use in hospital-
ised patients with community-acquired pneumonia (CAP) continues to be a subject of debate. We aim to
determine the effect of positive microbiological testing on antimicrobial de-escalation and clinical out-
comes in CAP.
Methods: A retrospective analysis of a prospectively collected cohort of non-immunosuppressed adults
hospitalised with CAP was performed. The primary study outcome was antimicrobial de-escalation.
Secondary outcomes included 30-day case-fatality rate, adverse events, and CAP recurrence. Adjust-
ment for confounders was performed by inverse probability weighting propensity score, logistic
regression, and cause-specific Cox model.
Results: Of 3677 patients with CAP, 1924 (52.3%) had any positive microbiological test. Antimicrobial de-
escalation was performed in 648/1924 (33.7%) of patients with positive microbiological testing and in
179/1753 (10.2%) of those with non-positive results. When propensity score was entered into the
multivariate analysis, positive microbiological testing (adjusted OR (AOR)], 2.59; 1.96e3.41) and clinical
stability at day 3 (AOR 1.87; 1.45e2.10) were two of the main factors independently associated with
antimicrobial de-escalation. After applying an adjusted cause-specific Cox model, antimicrobial de-
escalation was not associated with a higher 30-day case-fatality rate (adjusted hazard ratio (AHR),
0.44 (95% CI, 0.14e1.43)), higher frequency of adverse events (AHR, 0.77 (95% CI, 0.53e1.12)), or CAP
recurrence (AHR, 0.65 (95% CI, 0.35e1.14)).
Discussion: Antimicrobial de-escalation was more often performed in hospitalised patients with CAP
who had positive microbiological tests than in those with non-positive results, and it did not adversely
affect relevant clinical outcomes. Gabriela Abelenda-Alonso, Clin Microbiol Infect 2022;28:1602
© 2022 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and
Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
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Introduction

Community-acquired pneumonia (CAP) is a major public health
problem around theworld. The prevalence of CAP is estimated to be
between 1.5 and 14.0 cases per 1000 person-year [1], and it remains
the fourth leading cause of death worldwide [2].
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Streptococcus pneumoniae is the leading causative agent of CAP
in most countries [3]. However, in spite of the use of conventional
microbiological techniques [4e6] (gram stain and sputum culture,
blood cultures, S. pneumoniae and Legionella pneumophila urinary
antigens), the aetiology of CAP remains unknown in 62% of cases
[7]. The usefulness of routine microbiological testing to rationalise
antibiotic use and improve CAP clinical outcomes is a subject of
debate, and, in fact, the most recent clinical CAP guidelines identify
the need for more sensitive methods for aetiological detection as a
priority area for research [8,9].

The arguments in favour of determining the aetiology of CAP
include the epidemiological surveillance of causative agents, the
detection of specific microorganisms with significant public health
implications, such as L. pneumophila, antibiotic susceptibility testing,
and compliance with antimicrobial stewardship strategies. On the
other hand, the main arguments against the regular use of microbi-
ological studies inhospitalised patientswithCAPare the limited yield
of individual conventional tests [10,11] and the lack of clear evidence
linking aetiological identification with improved antimicrobial
stewardship, better clinical outcomes, or economic benefits [12,13].

CAP is one of the leading causes of antimicrobial prescription
worldwide [14]. As stated above, the causative agent is often not
identified, and patients are frequently overtreated with antibiotics.
The excessive use of antibiotics is amatter of concern, since it is a key
driver of antimicrobial resistance and is known to increase
antibiotic-related adverse events. Therefore, applying efficient anti-
microbial stewardship strategies is of paramount importance for
rationalising antibiotic use. Antimicrobial stewardship should be
based on the combination of interdisciplinary strategies in order to
improve adherence to guidelines, ensure antimicrobial de-
escalation, allow a timely switch to the oral route, and reduce
duration of treatment [15]. Although there is some evidence sup-
porting the feasibility and safety of antimicrobial de-escalation
[16e19], there are a number of drawbacks that currently limit its
implementation in hospitalised patients with CAP. Firstly, there are
few clinical trials supporting systematic de-escalation [20]. Secondly,
certain behavioural features among treating physicians preclude
antimicrobial de-escalation, particularly among patients with severe
infection of unknown aetiology [21,22]. Furthermore, there are few
literature reports [12,23] of the effect of positive microbiological
testing on antimicrobial de-escalation in CAP, particularly adjusting
for confounding factors such as clinical stability.

The aim of this study was to assess the effect of positive
microbiological testing on antimicrobial de-escalation and clinical
outcomes, adjusting for clinical stability, in a large cohort of hos-
pitalised patients with CAP.

Methods

Study design, setting, and patients

We performed a retrospective post hoc analysis of a prospec-
tively collected cohort of hospitalised patients with CAP from
January 1995 to February 2017 at Bellvitge University Hospital, a
700-bed public hospital in Barcelona, Spain. All immunocompetent
patients over the age of 18, admitted to the hospital with radio-
logically proven CAP via the emergency department, were
included. Patients who died within 72 hours of hospital admission,
those with an already targeted antimicrobial treatment as
described below, and cases lacking data on de-escalation were
excluded. Patients with empyema or aspiration CAP were also
excluded. This study is reported in accordance with the STROBE
(STrengthening the Reporting of OBservational studies in Epide-
miology) recommendations (see Supplementary material,
Appendix A).
Study outcomes

The primary outcome was antimicrobial de-escalation. The
secondary outcomes were 30-day case-fatality rate, duration of
antimicrobial intravenous (IV) therapy, total duration of antimi-
crobial therapy, adverse events, length of hospital stay, and CAP
recurrence.

Clinical assessment

Patients were followed up during their hospital stay by one or
more of the investigators, and data were recorded with the aid of a
standardised computer-based protocol. Empirical antibiotic treat-
ment was prescribed according to hospital guidelines, which
recommend the administration of a b-lactam agent (ceftriaxone or
amoxicillin/clavulanate) with or without a macrolide or a fluo-
roquinolone from 1998 onward. Combination treatment was rec-
ommended for patients with clinical suspicion of Legionella spp. or
an atypical pathogen or, in the case of severe pneumonia, in the
absence of a demonstrative sputum Gram stain. Levofloxacin
monotherapy was allowed for patients with allergy to b-lactam
antibiotics. During the influenza season and since year 2009,
oseltamivir was recommended for cases with clinical suspicion of
influenza pneumonia.

During the study period, because of the lack of a specific hospital
policy, antimicrobial de-escalation was determined by the
attending physicians in each case. The microbiological data and the
antimicrobial de-escalation process in all study patients were
assessed by at least two experienced clinical investigators who
were blinded to the patient's outcomes. All patients were seen at
the outpatient clinic at day 30 after hospital discharge.

Definitions

Positive microbiological testing was considered when any of the
microbiological tests were positive and meet the aetiological
diagnosis of CAP criteria (see Supplementarymaterial, Appendix B).
No positive microbiological testing was defined as the lack of
positivity of any of the microbiological tests performed. Clinical
stability was defined as described elsewhere [24]. Antimicrobial de-
escalation was considered when the initial empirical antimicrobial
therapy was narrowed to penicillin, amoxicillin, or amoxicillin/
clavulanate; to a quinolone or macrolide in cases of Legionella
pneumonia; and to oseltamivir in cases of influenza disease
without proven bacterial co-infection.

Thirty-day case-fatality rate was defined as death due to any
cause in the first 30 days of hospitalisation. Duration of antimi-
crobial IV therapy was considered from the day of the first IV
antimicrobial dose to the last. Total duration of antimicrobial
therapy was considered from the first day of antimicrobial treat-
ment to the last, including all antimicrobial treatment received
after hospital discharge. Adverse events were documented ac-
cording to Medical Dictionary for Regulatory Activities (MedDRA)
definitions. Length of hospital stay was measured from admission
to emergency department until hospital discharge. CAP recurrence
was defined as re-admission or consultation for persistence or
clinical recurrence of the same clinical process of the first episode of
CAP within 30 days of hospital discharge. Further definitions can be
seen in the Supplementary material, Appendix B.

Microbiological studies

Microbiological workup at the admission commonly included
two sets of blood cultures and sputumGram stain and culturewhen
available. Urinary antigen detection for S. pneumoniae and
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L. pneumophila was performed if indicated by the attending
physician. From 2009 onwards, several techniques to detect virus
by PCR were used including influenza A; influenza B and human
respiratory syncytial virus were also performed if requested by the
attending physician. Information regarding these methods can be
seen in the Supplementary material, Appendix C.

Ethics

The study was approved by the Ethics Committee of the coor-
dinating centre in accordance with Spanish legislation, and the
procedures followed complied with the ethical standards of the
Helsinki Declaration (PR140/20). Because of the observational and
anonymous nature of the study, informed consent was waived by
the local Ethics Committee.

Statistical analysis

A descriptive analysis was performed to characterize clinical
profile of subjects included. Means and standard deviations were
used for continuous variables, and medians and interquartile
ranges for those with a non-normal distribution. To address po-
tential bias in patients with positive microbiological testing, we
performed an inverse probability weighting propensity score (IPW-
PS), including all the variables that reached statistical significance
in the univariate analysis between positive and non-positive
microbiological testing patients. Then, we performed a logistic
regressionmodel, including this IPW-PS, to estimate the probability
that a patient would be de-escalated based on his/her probability to
have a positive microbiological test.

Afterwards, to evaluate the effect of the antimicrobial de-
escalation on the secondary outcomes, we performed a IPW-PS
based on the variables that reached statistical significance in the
univariate analysis comparing de-escalated and nonede-escalated
patients. This analysis, the list of the variables included in both
IPW-PS together with the Hosmer-Lemeshow test and the receiver
operating characteristic (ROC) curve, can be consulted in the Sup-
plementarymaterial, Appendix I. To deal with death as a competing
risk, we performed a cause-specific Cox regression model with the
variables that were univariately associated with the secondary
outcomes adjusted by the IPW-PS for de-escalation. Cases were
censored at death. The Cox proportional hazards model was used to
perform multivariate survival analysis, which are reported as haz-
ard ratio (HR) and 95% CI. To avoid immortal time bias, during the
time between admission and the moment of antimicrobial de-
escalation, patients were considered not de-escalated. Likewise,
during the time from admission to clinical stability, patients were
considered not clinically stable. The proportionality of risks in the
Cox models was verified using the Schoenfeld residuals. The per-
centage of missing values among covariables were between 2% to
10%. Missing values were assumed at random.We used the function
impute from Harrell miscellaneous R package to imput all missing
values. A diagram of the statistical methods performed is provided
as Supplementary material, Appendix L.

Results

A total of 3677 consecutive episodes of CAP were analysed.
Microbiological results were positive in 1924 (52.3%) and non-
positive in 1753 (47.7%). Study flowchart and further information
regarding the distribution of the microbiological studies used to
assess the aetiology of CAP is provided in the Supplementary ma-
terial, Appendix D. As seen in Table 1, patients with positive
microbiological tests more frequently presented chronic obstruc-
tive pulmonary disease and have received previous antibiotic
therapy. Furthermore, signs of severity, like shock and intensive
care unit (ICU) admission, were more common in patients with
positive microbiological testing than those with non-positive
results.

Antimicrobial de-escalation was performed in 648/1924 (33.7%)
of patients with positive microbiological tests and in 179/1753
(10.2%) of those with non-positive results (OR, 4.46; 95% CI,
3.76e5.36). The median time to de-escalation was three days
(interquartile range (IQR), 2e6) and was significantly longer in the
group of patients with positive microbiological testing (4; IQR, 2e7
vs. 3; IQR, 2e5; OR, 2.21 (95% CI, 1.10e3.22)). Factors independently
associated with antimicrobial de-escalation are detailed in Table 2,
with positive microbiological testing (adjusted OR (AOR), 2.59 (95%
CI, 1.96e3.41)) being one of the main associated factors. The com-
bination of positive blood cultures, urinary antigen, and sputum
culture (AOR, 2.07 (95% CI, 1.04e4.15)) followed by positive blood
culture and urinary antigen (AOR, 2.03 (95% CI, 1.39e2.97)) were
the results most frequently linked to antimicrobial de-escalation.
Clinical stability at day 3 was more commonly present in the
group of patients who underwent antimicrobial de-escalation
(AOR, 1.76 (95% CI, 1.42e2.24)) than those who did not.

As shown in Table 3, quinolone monotherapy and the combi-
nation of b-lactam and macrolide were the more frequently
empirical schemes used in the group of not de-escalated patients.
Regarding directed therapy, b-lactam monotherapy was the
preferred choice in the de-escalated group, whereas quinolone
monotherapy was the main treatment in the group of not de-
escalated patients. Broad spectrum antibiotics were more
frequently used as directed therapy in the not de-escalated group
(0.6% vs. 15.8%; OR, 0.26 (95% CI, 0.10e0.65)).

As displayed in the univariate analysis in Table 4, patients who
underwent de-escalation presented lower 30-day case-fatality
rates, less adverse events, and shorter hospital stay than patients
whowere not de-escalated. Nonetheless, aftermultivariate analysis
adjustment, there were no differences between both groups
regarding 30-day case-fatality rate (AHR, 0.44 (95% CI, 0.14e1.43)),
adverse events (AHR, 0.77 (95% CI, 0.53e1.12)), or CAP recurrence
(AHR, 0.65 (95% CI, 0.37e1.14)). Duration of antimicrobial IV ther-
apy was significantly lower in the group of antimicrobial de-
escalated patients (AHR, 0.85 (95% CI, 0.73e0.99)).

Discussion

In this large retrospective analysis of a prospectively collected
cohort of non-immunosuppressed adults hospitalised with CAP,
antimicrobial de-escalation was more often performed in patients
with positive microbiological testing than in those with non-
positive results, and it did not adversely affect relevant clinical
outcomes.

The usefulness of routine microbiological testing for ration-
alising antibiotic use and improving CAP clinical outcomes con-
tinues to be a subject of controversy. Previous studies have mainly
analysed the effect of a separate microbiological technique in
antimicrobial de-escalation; the results obtained have been mixed
probably due to the different diagnostic value of the various tests
assessed [12,25,26]. Furthermore, some investigators [27] have
reported that even with a reasonably high rate of aetiological
diagnosis in hospitalised patients with lower respiratory tract
infection, antimicrobial treatment was changed in 9% of patients.
Interestingly, we found that even a relatively low rate of individual
positive microbiological testing had an overall effect on antimi-
crobial de-escalation compared to patients with non-positive
microbiological testing. Furthermore, we found higher rates of
positive microbiological testing and antimicrobial de-escalation in
patients admitted from 2005 to onwards (especially between 2005



Table 1
Univariate and multivariate analysis for clinical characteristics of patients with positive and non-positive microbiological testing

Total (n ¼ 3677) Positive microbiological
testing (n ¼ 1924; 52.3%)

Non-positive
microbiological testing
(n ¼ 1753; 47.7%)

OR (95% CI) AOR (95% CI)

Age, median (IQR) (y) 69 (56e78) 68 (55e77) 70 (57e78) 1.00 (0.99e1.00) 0.99 (0.98e1.00)
Sex, female 1182 (32.1) 607 (31.5) 575 (32.8) 0.94 (0.82e1.08) 1.03 (0.83e1.26)
Current/former smoker 2210 (60.1) 1220 (63.4) 990 (56.5) 1.34 (1.17e1.52) 0.95 (0.84e1.08)
Influenza vaccination 1700 (46.2) 852 (44.3) 848 (48.4) 0.85 (0.74e0.97) 0.86 (0.70e1.06)
Pneumococcal vaccination 625 (17.0) 344 (17.9) 281 (16.0) 1.14 (0.06e1.36)
Pre-hospital antibiotic therapy 807 (22.4) 347 (18.4) 460 (26.7) 0.62 (0.53e0.72) 0.69 (0.55e0.86)
Baseline conditions
COPD 1064 (28.9) 611 (31.8) 453 (25.8) 1.34 (1.16e1.54) 1.33 (1.07e1.66)
Diabetes mellitus 807 (21.9) 410 (21.3) 397 (22.6) 0.92 (0.79e1.08)
Chronic heart disease 948 (25.8) 467 (24.3) 481 (27.5) 0.85 (0.73e0.98)
Cancer 361 (9.8) 210 (10.9) 151 (8.6) 1.30 (1.04e1.62) 1.38 (1.01e1.89)
Chronic kidney disease 356 (9.6) 186 (9.7) 170 (9.7) 1.00 (0.80e1.24) 0.97 (0.73e1.30)
Chronic hepatitis 299 (8.1) 191 (9.9) 108 (6.2) 1.68 (1.31e2.15) 1.44 (1.04e1.99)
Cerebrovascular disease 249 (6.7) 126 (6.5) 123 (7.0) 0.93 (0.72e1.20)
Dementia 117 (3.1) 58 (3.0) 59 (3.4) 0.89 (0.62e1.29)
Year of admission
1995e1999 701 (19.1) 258 (13.4) 443 (25.3) Ref.
2000e2004 803 (21.8) 380 (19.8) 423 (24.1) 1.54 (1.25e1.90) 1.51 (1.03e2.22)
2005e2009 1250 (34.0) 792 (41.2) 458 (26.1) 2.97 (2.45e3.60) 1.56 (1.28e1.90)
2010e2017 923 (25.1) 494 (25.7) 429 (24.5) 1.98 (1.62e2.42) 1.65 (1.01e2.11)
Clinical features at admission
Tachycardia (�100 beats/min) 1689 (45.9) 1010 (52.5) 679 (38.7) 1.75 (1.53e1.99) 1.16 (0.96e1.40)
Tachypnoea (�24 breath/min) 2551 (69.4) 1385 (72.0) 1166 (66.5) 1.29 (1.12e1.49) 1.20 (0.98e1.46)
Shock 227 (6.2) 172 (8.9) 55 (3.1) 3.02 (2.24e4.16) 1.66 (1.10e2.49)
Cough 3138 (85.7) 1679 (87.5) 1459 (83.7) 1.37 (1.14e1.65) 1.34 (1.01e1.77)
Productive cough 1738 (56.5) 1031 (59.4) 707 (52.6) 1.32 (1.14e1.52) 0.99 (0.89e1.22)
Clinical stability at day 3 2043 (55.6) 1172 (60.9) 871 (49.7) 1.58 (1.38e1.80) 0.98 (0.87e1.37)
Laboratory and radiological findings at admission
Bilateral pneumonia 1009 (27.4) 586 (30.5) 423 (24.1) 1.38 (1.19e1.59) 1.16 (0.93e1.45)
Leukocytosis (�12 � 109/L) 2025 (55.1) 1119 (58.2) 906 (51.7) 1.30 (1.14e1.48) 1.19 (0.98e1.44)
Respiratory insufficiency 2061 (56.1) 1153 (60.0) 908 (51.8) 1.39 (1.22e1.59) 1.06 (0.87e1.29)
Pleural effusion 125 (3.4) 76 (3.96) 49 (2.80) 1.43 (1.00e2.07) 0.89 (0.88e2.11)
Severity index scores
PSI �4 631 (17.2) 370 (19.3) 261 (14.9) 1.36 (1.14e1.62) 0.86 (0.65e1.14)
SAPS �15 95 (2.6) 67 (3.5) 28 (1.6) 2.22 (1.44e3.53) 1.20 (0.57e2.54)
ICU admission 335 (9.1) 251 (13.0) 84 (4.8) 2.98 (2.31e3.87) 2.53 (1.69e3.79)

Data are presented as n (%) unless otherwise indicated.
COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IQR, interquartile range; PSI score, Pneumonia Severity Index or PORT score; SAPS, Simplified Acute
Physiology Score.
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and 2009). This could be partially explained because of the effect of
the urinary antigen tests and high-sensitivity viral PCR during the
H1N1 influenza pandemic.

As previously reported [28], we found that patients with posi-
tive microbiological testing presented more severe forms of CAP
with higher severity index scores and were more frequently
admitted to the ICU. In this regard, it is important to stress that even
in this situation of severe CAP, which may negatively affect the
achievement of clinical stability, we found that positive microbio-
logical testing was an important factor related to antimicrobial de-
escalation. Prospective studies evaluating the application of a
combined diagnostic and antimicrobial stewardship strategy
stratifying by CAP severity might be needed.

Our study shows that, among other important factors such as
ICU admission, clinical stability should be considered when eval-
uating the effect of microbiological testing on antimicrobial de-
escalation and clinical outcomes. As other investigators have
pointed out, it is likely that the lower mortality associated with
antimicrobial de-escalation in observational studies might be due
to bias [20]. In this regard, van Heijl et al. [29] conducted a study in
which the effect of clinical stability was quantified using previous
data from the literature to simulate clinical stability on day 3 and
found that this variable strongly mediates the effect of de-
escalation on mortality. Interestingly, our study found that when
adjusting for clinical stability, de-escalation was not associated
with any change in the 30-day case-fatality rate. We observed that
clinical stability influences the effect of antibiotic de-escalation on
other clinical outcomes. Therefore, adjusting for severity but also
for clinical stability may be an important issue that should be
addressed in future clinical trials assessing the effect of microbio-
logical testing in antimicrobial de-escalation.

Our study has some limitations that should be acknowledged.
Firstly, we did not assess healthcare prescribers' behavioural fac-
tors, which may have influenced the antibiotic de-escalation deci-
sion [30]. Secondly, patients' data were collected over a long period
of time but multiplex viral PCR has only been available since 2009.
Thirdly, our study was performed at a single institution with 24/7
availability of the microbiology laboratory and infectious disease
consultation, and so our results may not be generalisable to all
institutions. Finally, data regarding antimicrobial resistance were
not recorded.

In summary, antimicrobial de-escalation was more frequently
performed in patients with positive microbiological testing than in
those with non-positive results. It did not negatively affect relevant
clinical outcomes, including 30-day case-fatality rate, adverse
events, and CAP recurrence. Our findings provide evidence of the
importance of microbiological diagnosis in antimicrobial steward-
ship decision-making in hospitalised patients with CAP. Clinical
trials evaluating comprehensive rapid diagnostic microbiological
techniques and analysing the behaviour of prescribers are needed.



Table 2
Factors associated with antimicrobial de-escalation: univariate analysis and multivariate analysis after applying propensity score for positive microbiological testing

Antimicrobial de-escalation
(n ¼ 827; 22.5%)

No de-escalation
(n ¼ 2850; 77.5%)

OR (95% CI) AOR (95% CI)

Age, median (IQR) (y) 70 (57e79) 69 (56e78) 1.00 (1.00e1.01) 1.02 (0.99e1.01)
Sex, female 273 (33.0) 909 (31.9) 1.05 (0.89e1.24) 0.92 (0.74e1.15)
Current/former smoker 512 (61.9) 1698 (59.6) 1.10 (0.94e1.24)
Influenza vaccination 404 (48.9) 1296 (45.5) 1.15 (0.98e1.29)
Pneumococcal vaccination 171 (20.7) 454 (15.9) 1.38 (1.13e1.67) 1.24 (0.97e1.59)
Pre-hospital antibiotic therapy 132 (16.2) 675 (24.2) 0.61 (0.49e0.74) 0.77 (0.58e1.03)
Baseline conditions
COPD 246 (29.7) 818 (28.7) 1.05 (0.89e1.25)
Diabetes mellitus 184 (22.2) 623 (21.9) 1.02 (0.85e1.23)
Chronic heart disease 219 (26.5) 729 (25.6) 1.05 (0.88e1.25)
Cancer 97 (11.7) 264 (9.3) 1.30 (1.01e1.66) 1.08 (0.78e1.50)
Chronic kidney disease 101 (12.2) 254 (8.9) 1.42 (1.11e1.80) 1.36 (1.00e1.83)
Chronic hepatitis 77 (9.3) 222 (7.8) 1.22 (0.92e1.59)
Cerebrovascular disease 65 (7.9) 184 (6.5) 1.24 (0.92e1.65)
Dementia 29 (3.5) 88 (3.1) 1.14 (0.73e1.73)
Year of admission
1995e1999 60 (7.3) 641 (22.5) Ref.
2000e2004 120 (14.5) 683 (24.0) 1.87 (1.35e2.62) 2.20 (1.47e3e36)
2005e2009 380 (45.9) 870 (30.5) 4.65 (3.50e6.28) 4.34 (1.87e5.26)
2010e2017 267 (32.3) 656 (23.0) 4.34 (3.23e5.90) 4.56 (2.12e5.67)
Clinical features at admission
Tachycardia (�100 beats/min) 434 (52.5) 1255 (44.0) 1.40 (1.20e1.64) 1.03 (0.81e1.29)
Tachypnea (�24 breaths/min) 572 (69.2) 1979 (69.4) 0.99 (0.84e1.17) 1.16 (0.93e1.44)
Shock 46 (5.6) 181 (6.35) 0.87 (0.62e1.20)
Cough 721 (87.4) 2417 (85.2) 1.20 (0.96e1.52)
Productive cough 417 (54.4) 1321 (57.1) 0.90 (0.76e1.06)
Laboratory and radiological findings at admission
Bilateral pneumonia 205 (24.8) 804 (28.2) 0.84 (0.70e1.00)
Leukocytosis (�12 � 109/L) 488 (59.0) 1537 (53.9) 1.23 (1.05-e1.44) 1.65 (0.98e1.89)
Respiratory insufficiency 453 (54.8) 1606 (56.4) 0.94 (0.80e1.10)
Pleural effusion 18 (2.2) 106 (3.7) 0.57 (0.33e0.93)
Clinical stability at day 3 618 (74.7) 1425 (50.8) 2.95 (2.49e3.52) 1.76 (1.42e2.24)
Positive microbiological testing 648 (78.4) 1276 (44.8) 4.47 (3.73e5.36) 2.59 (1.96e3.41)
All blood cultures 138 (16.7) 249 (8.7) 2.09 (1.67e2.62) 1.65 (1.27e2.13)
Only blood culture 36 (4.3) 96 (3.4) 1.31 (0.87e1.92)
Only sputum culture 152 (18.4) 394 (13.8) 1.40 (1.14e1.72) 0.98 (0.89e1.32)
Only Legionella þ S. pneumoniae urinary antigen 255 (30.8) 415 (14.5) 2.62 (2.19e3.14) 1.49 (1.22e1.81)
Blood culture þ sputum culture 22 (2.7) 53 (1.9) 1.45 (0.86e2.37)
Blood culture þ urinary antigen 62 (7.5) 73 (2.6) 3.08 (2.17e4.37) 2.03 (1.39e2.97)
Sputum culture þ urinary antigen 75 (9.2) 120 (4.2) 2.37 (1.76e3.18) 1.58 (1.14e2.17)
Blood culture þ sputum culture þ urinary antigen 18 (2.2) 26 (0.9) 2.33 (1.25e4.24) 2.07 (1.04e4.15)
Viral PCR 19 (2.3) 83 (2.9) 0.79 (0.46e1.28) 0.46 (0.20e0.79)
Positive serology (atypical agents)a 9 (1.1) 16 (0.6) 1.75 (0.70e4.02)
Causative agent
Streptococcus pneumoniae 461 (55.7) 799 (28.0) 3.23 (2.76e3.79) 1.69 (1.41e2.02)
Haemophilus influenzae 53 (6.4) 120 (4.2) 1.56 (1.11e2.17) 0.63 (0.26e1.54)
Legionella pneumophila 58 (7.0) 157 (5.5) 1.30 (0.94e1.76)
Moraxella catarrhalis 2 (0.2) 7 (0.2) 1.04 (0.14e4.43)
Other atypical bacteriaa 9 (1.1) 16 (0.6) 1.96 (0.82e4.41)
Gram negative bacilli 5 (0.6) 61 (2.1) 0.29 (0.10e0.65) 0.16 (0.05e0.50)
Staphylococcus aureus 0 (0) 34 (1.2)
Virus 35 (4.2) 82 (2.9) 1.50 (0.99e2.22)
Viral and bacterial coinfection 3 (0.4) 24 (0.8) 0.45 (0.10e1.29)
Unknown 201 (24.3) 1550 (54.4) 0.27 (0.23e0.33) 0.32 (0.28e0.65)
Severity index at admission
PSI �4 150 (18.2) 481 (16.9) 1.09 (0.89e1.33)
SAPS �15 11 (1.3) 84 (2.9) 0.45 (0.23e0.81) 0.63 (0.26e1.54)
ICU admission 41 (5.0) 294 (10.3) 0.46 (0.32e0.63) 0.41 (0.25e0.67)

Data are presented as n (%) unless otherwise indicated.
COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IQR, interquartile range; PSI score, Pneumonia Severity Index or PORT score; SAPS, Simplified Acute
Physiology Score.
aAtypical community-acquired pneumonia (CAP) bacteria: Mycoplasma pneumoniae, Chlamydophila pneumoniae, Coxiella burnetiid, Legionella pneumophila.
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Table 3
Distribution of empirical and directed antimicrobial treatment between antimicrobial de-escalated patients and those who had no de-escalated

Antimicrobial de-escalation (n ¼ 827; 22.5%) No de-escalation (n ¼ 2850; 77.5%) OR (95% CI)

Empirical antimicrobial treatment
b-lactam þ quinolone 334 (40.4) 1033 (36.2) 1.19 (1.00e1.40)
b-lactam monotherapy 343 (41.4) 762 (26.7) 1.94 (1.65e2.28)
Quinolone monotherapy 57 (6.9) 512 (18.0) 0.44 (0.27e0.67)
b-lactam þ macrolide 22 (2.7) 168 (5.9) 0.26 (0.16e0.41)
Macrolide monotherapy 1 (0.1) d d

Broad spectrum b-lactama 60 (7.3) 236 (8.3) 0.87 (0.65e1.16)
b-lactam þ antiviral 10 (1.2) 139 (4.9) 0.24 (0.13e0.46)
Directed antimicrobial treatment
b-lactam monotherapyb 725 (87.3) 541 (19.0) 30.34 (24.1e38.1)
b-lactam þ quinolone d 471 (16.5) d

Quinolone monotherapy 57 (6.9) 893 (31.3) 0.04 (0.03e0.06)
b-lactam þ macrolide d 153 (5.40 d

Macrolide monotherapy 2 (0.2) 65 (2.3) 0.10 (0.03e0.43)
Broad spectrum antibioticsc 5 (0.6) 450 (15.8) 0.26 (0.10e0.65)
Antivirals 35 (4.2) 0 d

b-lactam þ antiviral 3 (0.4) 132 (4.6) 0.01 (0.02e0.24)
Otherd 0 145 (5.1) d

Data are presented as n (%) unless otherwise indicated.
a Broad spectrum b-lactam antibiotics: included cefepime, piperacillin/tazobactam, meropenem, imipenem, ertapenem and amikacin, tobramycin, gentamycin, colistin.
b The 541 patients in the nonede-escalation group received treatment with ceftriaxone. In the case of the de-escalation group, the distribution was as follows: 364 received

amoxycilin, 289 received amoxycilin/clavulanic, and 72 received penicillin.
c Broad spectrum antibiotics included cefepime, piperacillin/tazobactam, meropenem, imipenem, ertapenem, amikacin, tobramycin, gentamycin, colistin.
d Other antibiotics included 95 cases treated with macrolide and quinolone combination, 34 cases treated with linezolid, and 5 cases treated with vancomycin.

Table 4
Univariate and multivariate analysis for secondary clinical outcomes associated with antimicrobial de-escalation after applying adjusted cause-specific Cox regression model

Total (n ¼ 3677) Antimicrobial
de-escalation
(n ¼ 827; 22.5%)

No de-escalation
(n ¼ 2850; 77.5%)

OR (95% CI) AHR (95% CI)

30-day case-fatality rate 142 (3.8) 12 (1.5) 130 (4.6) 0.31 (0.17e0.56) 0.44 (0.14e1.43)
Duration of antimicrobial intravenous therapy,

median (IQR) (days)
4 (2e6) 4 (2e6) 4 (2e7) 0.85 (0.71e1.03) 0.85 (0.73e0.99)

Total duration of antimicrobial therapy,
median (IQR) (days)

11 (9e15) 11 (9e13) 11 (10e15) 0.80 (0.61e1.06) 1.11 (0.94e1.31)

Adverse event 445 (12.1) 73 (8.8) 372 (13.1) 0.68 (0.50e0.93) 0.77 (0.53e1.12)
Rash 62 (1.7) 7 (0.8) 55 (1.9) 0.32 (0.11e0.77) d

Hepatitis 33 (0.9) 2 (0.2) 31 (1.1) 0.20 (0.01e1.07) d

Gastrointestinal 61 (1.7) 11 (1.3) 50 (1.8) 0.78 (0.34e1.66) d

Renal 7 (0.2) 0 7 (0.2) d d

Phlebitis 238 (6.5) 41 (5.0) 197 (6.9) 0.79 (0.52e1.19) d

Length of hospital stay, median (IQR) (days) 7 (5e11) 7 (5e9) 8 (5e11) 0.65 (0.56e0.85) 0.92 (0.79e1.08)
CAP recurrence 95 (2.6) 24 (2.9) 71 (2.5) 0.87 (0.51e1.43) 0.65 (0.37e1.14)

Data are presented as n (%) unless otherwise indicated.
AHR, adjusted hazard ratio; CAP, community-acquired pneumonia; IQR, interquartile range.

G. Abelenda-Alonso et al. / Clinical Microbiology and Infection 28 (2022) 1602e1608 1607
Transparency declaration

All authors have completed the ICMJE uniform disclosure form.
GAA received a predoctoral grant by La Marat�o de TV3 (201,808-10)
2018 through 2021 and a predoctoral grant (CM21/00047) from the
Instituto Carlos III, Spanish Ministry of Science, Madrid (co-funded
by European Social Fund (ESF) investing in your future) from 2022
until now. AR received a research grant from the Instituto de Salud
Carlos III, Spanish Ministry of Science, Innovation and Universities,
through the 2018 call for predoctoral contracts for training in health
research (PFIS contract FI18/00183), with additional help from the
European Social Fund (programming period 2014 through 2020)
“The European Social Funds invests in your future.” This study was
also supported by CIBERINFEC (CB21/13/00009) and CIBERES
(CB06/06/0037), who were supported by Instituto de Salud Carlos
III, Madrid, Spain.

The study's funders were not involved in the study design, data
interpretation or analysis, or the revision of the final report. The
corresponding author had full access to all study data and had final
responsibility for the decision to submit the paper for publication.
The authors thank CERCA Programme/Generalitat de Catalunya for
institutional support.

Author's contributions

GAA, AR, and CG contributed to the concept and design of the
study. The inclusion, data collection and interpretation were per-
formed by GAA and AR. Microbiological data was supervised by CA,
LC, and JN. EGL, NP, and CT supervised and performed statistical
analysis. CG, AR, and JC contributed greatly to the writing of this
paper. All authors have read and approved the final version of this
manuscript.

Access to data

Data collected for the studydincluding de-identified individual
participant data and a data dictionary defining each field in the
setdwill be made available to researchers who provide a meth-
odologically sound proposal to the corresponding author and a
signed data access agreement.



G. Abelenda-Alonso et al. / Clinical Microbiology and Infection 28 (2022) 1602e16081608
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.cmi.2022.06.021.
References

[1] Prina E, Ranzani OT, Torres A. Community-acquired pneumonia. Lancet
2015;386:1097e108. https://doi.org/10.1016/S0140-6736(15)60733-4.

[2] Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi-Kangevari M, Abbastabar H, et al.
Global burden of 369 diseases and injuries in 204 countries and territories,
1990e2019: a systematic analysis for the Global Burden of Disease Study 2019.
Lancet 2020;396:1204e22. https://doi.org/10.1016/S0140-6736(20)30925-9.

[3] Howard LSGE, Sillis M, Pasteur MC, Kamath AV, Harrison BDW. Microbiolog-
ical profile of community-acquired pneumonia in adults over the last 20 years.
J Infect 2005;50:107e13. https://doi.org/10.1016/j.jinf.2004.05.003.

[4] Bjarnason A, Westin J, Lindh M, Andersson LM, Kristinsson KG, L€ove A, et al.
Incidence, etiology, and outcomes of community-acquired pneumonia: a
population-based study. Open Forum Infect Dis 2018;5:ofy010. https://
doi.org/10.1093/ofid/ofy010.

[5] Musher DM, Roig IL, Cazares G, Stager CE, Logan N, Safar H. Can an etiologic
agent be identified in adults who are hospitalized for community-acquired
pneumonia: results of a one-year study. J Infect 2013;67:11e8. https://
doi.org/10.1016/j.jinf.2013.03.003.

[6] File TM. Community-acquired pneumonia. Lancet 2003;362:1991e2001.
https://doi.org/10.1016/S0140-6736(03)15021-0.

[7] Jain S, Self WH, Wunderink RG, Fakran S, Balk R, Bramley AM, et al. Com-
munity-acquired pneumonia requiring hospitalization among U.S. adults.
N Engl J Med 2015;373:415e27. https://doi.org/10.1056/nejmoa1500245.

[8] 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 infec-
tious diseases society of America. Am J Respir Crit Care Med 2019;200:
e45e67. https://doi.org/10.1164/rccm.201908-1581ST.

[9] Woodhead M, Blasi F, Ewig S, Garau J, Huchon G, Leven M, et al. Guidelines for
the management of adult lower respiratory tract infections. Clin Microbiol
Infect 2011;17. https://doi.org/10.1111/J.1469-0691.2011.03672.X. :E1eE59.

[10] García-V�azquez E, Marcos MA, Mensa J, de Roux A, Puig J, Font C, et al.
Assessment of the usefulness of sputum culture for diagnosis of community-
acquired pneumonia using the PORT predictive scoring system. Arch Intern
Med 2004;164:1807e11. https://doi.org/10.1001/archinte.164.16.1807.

[11] Piso RJ, Iven-Koller D, Koller MT, Basetti S. The routine use of urinary pneu-
mococcal antigen test in hospitalised patients with community acquired
pneumonia has limited impact for adjustment of antibiotic treatment. Swiss
Med Wkly 2012;142:w13679. https://doi.org/10.4414/smw.2012.13679.

[12] Falguera M, Ruiz-Gonz�alez A, Schoenenberger JA, Touz�on C, G�azquez I,
Galindo C, et al. Prospective, randomised study to compare empirical treat-
ment versus targeted treatment on the basis of the urine antigen results in
hospitalised patients with community-acquired pneumonia. Thorax 2010;65:
101e6. https://doi.org/10.1136/thx.2009.118588.

[13] Campbell SG, Marrie TJ, Anstey R, Dickinson G, Ackroyd-Stolarz S. The
contribution of blood cultures to the clinical management of adult patients
admitted to the hospital with community-acquired pneumonia: a prospective
observational study. Chest 2003;123:1142e50. https://doi.org/10.1378/
CHEST.123.4.1142.

[14] Harris AM, Hicks LA, Qaseem A. Appropriate antibiotic use for acute respira-
tory tract infection in adults: advice for high-value care from the American
college of physicians and the centers for disease control and prevention. Ann
Intern Med 2016;164:425e34. https://doi.org/10.7326/M15-1840.

[15] Barlam TF, Cosgrove SE, Abbo LM, MacDougall C, Schetz AN, Septimus EJ, et al.
Implementing an antibiotic stewardship program: guidelines by the infectious
diseases society of America and the society for healthcare Epidemiology
of America. Clin Infect Dis 2016;62:e51e77. https://doi.org/10.1093/cid/
ciw118.

[16] Carugati M, Franzetti F, Wiemken T, Kelley RR, Peyrani P, Blasi F, et al. De-
escalation therapy among bacteraemic patients with community-acquired
pneumonia. Clin Microbiol Infect 2015;21:936. https://doi.org/10.1016/
j.cmi.2015.06.015. e11e8.

[17] Khasawneh FA, Karim A, Mahmood T, Ahmed S, Jaffri SF, Mehmood M. Safety
and feasibility of antibiotic de-escalation in bacteremic pneumonia. Infect
Drug Resist 2014;7:177e82. https://doi.org/10.2147/IDR.S65928.

[18] Garnacho-Montero J, Guti�errez-Pizarraya A, Escoresca-Ortega A, Corcia-
Palomo Y, Fern�andez-Delgado E, Herrera-Melero I, et al. De-escalation of
empirical therapy is associated with lower mortality in patients with severe
sepsis and septic shock. Intensive Care Med 2014;40:32e40. https://doi.org/
10.1007/s00134-013-3077-7.

[19] Viasus D, Simonetti AF, Garcia-Vidal C, Niub�o J, Dorca J, Carratal�a J. Impact of
antibiotic de-escalation on clinical outcomes in community-acquired pneu-
mococcal pneumonia. J Antimicrob Chemother 2017;72:547e53. https://
doi.org/10.1093/jac/dkw441.

[20] Paul M, Dickstein Y, Raz-Pasteur A. Antibiotic de-escalation for bloodstream
infections and pneumonia: systematic review and meta-analysis. Clin
Microbiol Infect 2016;22:960e7. https://doi.org/10.1016/j.cmi.2016.05.023.

[21] Viasus D, Vecino-Moreno M, De La Hoz JM, Carratal�a J. Antibiotic stewardship
in community-acquired pneumonia. Expert Rev Anti Infect Ther 2017;15:
351e9. https://doi.org/10.1080/14787210.2017.1274232.

[22] Tabah A, Cotta MO, Garnacho-Montero J, Schouten J, Roberts JA, Lipman J,
et al. A systematic review of the definitions, determinants, and clinical out-
comes of antimicrobial de-escalation in the intensive care unit. Clin Infect Dis
2016;62:1009e17. https://doi.org/10.1093/cid/civ1199.

[23] Yamana H, Matsui H, Tagami T, Hirashima J, Fushimi K, Yasunaga H. De-
escalation versus continuation of empirical antimicrobial therapy in
community-acquired pneumonia. J Infect 2016;73:314e25. https://doi.org/
10.1016/j.jinf.2016.07.001.

[24] Halm EA, Fine MJ, Marrie TJ, Coley CM, Kapoor WN, Obrosky DS, et al. Time to
clinical stability in patients hospitalized with community-acquired pneu-
monia: implications for practice guidelines. JAMA 1998;279:1452e7. https://
doi.org/10.1001/jama.279.18.1452.

[25] van der Eerden MM, Vlaspolder F, De Graaff CS, Groof T, Bronsveld W,
Jansen HM, et al. Comparison between pathogen directed antibiotic treatment
and empirical broad spectrum antibiotic treatment in patients with commu-
nity acquired pneumonia: a prospective randomised study. Thorax 2005;60:
672e8. https://doi.org/10.1136/thx.2004.030411.

[26] Afshar N, Tabas J, Afshar K, Sillbergleit R. Blood cultures for community-
acquired pneumonia: are they worthy of two quality measures? A sys-
tematic review. J Hosp Med 2009;4:112e23. https://doi.org/10.1002/
JHM.382.

[27] Skodvin B, Wathne JS, Lindemann PC, Harthug S, Nilsen RM, Charani E, et al.
Use of microbiology tests in the era of increasing AMR rates - a multicentre
hospital cohort study. Antimicrob Resist Infect Control 2019;8:28. https://
doi.org/10.1186/s13756-019-0480-z.

[28] Carugati M, Aliberti S, Reyes LF, Salud RF, Irfan M, Prat C, et al. Microbiological
testing of adults hospitalised with community-acquired pneumonia: an in-
ternational study. ERJ Open Res 2018;4:96e2018. https://doi.org/10.1183/
23120541.00096-2018.

[29] van Heijl I, Schweitzer VA, Boel CHE, Oosterheert JJ, Huijts SM, Dorigo-
Zetsma W, et al. Confounding by indication of the safety of de-escalation in
community-acquired pneumonia: a simulation study embedded in a pro-
spective cohort. PLoS One 2019;14:e0218062. https://doi.org/10.1371/
journal.pone.0218062.

[30] Schweitzer VA, van Heijl I, Boersma WG, Rozmeijer W, Verduin K,
Grootenboers MJ, et al. Narrow-spectrum antibiotics for community-acquired
pneumonia in Dutch adults (CAP-PACT): a cross-sectional, stepped-wedge,
cluster-randomised, non-inferiority, antimicrobial stewardship intervention
trial. Lancet Infect Dis 2022;22:274e83. https://doi.org/10.1016/S1473-
3099(21)00255-3.

https://doi.org/10.1016/j.cmi.2022.06.021
https://doi.org/10.1016/S0140-6736(15)60733-4
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/j.jinf.2004.05.003
https://doi.org/10.1093/ofid/ofy010
https://doi.org/10.1093/ofid/ofy010
https://doi.org/10.1016/j.jinf.2013.03.003
https://doi.org/10.1016/j.jinf.2013.03.003
https://doi.org/10.1016/S0140-6736(03)15021-0
https://doi.org/10.1056/nejmoa1500245
https://doi.org/10.1164/rccm.201908-1581ST
https://doi.org/10.1111/J.1469-0691.2011.03672.X
https://doi.org/10.1001/archinte.164.16.1807
https://doi.org/10.4414/smw.2012.13679
https://doi.org/10.1136/thx.2009.118588
https://doi.org/10.1378/CHEST.123.4.1142
https://doi.org/10.1378/CHEST.123.4.1142
https://doi.org/10.7326/M15-1840
https://doi.org/10.1093/cid/ciw118
https://doi.org/10.1093/cid/ciw118
https://doi.org/10.1016/j.cmi.2015.06.015
https://doi.org/10.1016/j.cmi.2015.06.015
https://doi.org/10.2147/IDR.S65928
https://doi.org/10.1007/s00134-013-3077-7
https://doi.org/10.1007/s00134-013-3077-7
https://doi.org/10.1093/jac/dkw441
https://doi.org/10.1093/jac/dkw441
https://doi.org/10.1016/j.cmi.2016.05.023
https://doi.org/10.1080/14787210.2017.1274232
https://doi.org/10.1093/cid/civ1199
https://doi.org/10.1016/j.jinf.2016.07.001
https://doi.org/10.1016/j.jinf.2016.07.001
https://doi.org/10.1001/jama.279.18.1452
https://doi.org/10.1001/jama.279.18.1452
https://doi.org/10.1136/thx.2004.030411
https://doi.org/10.1002/JHM.382
https://doi.org/10.1002/JHM.382
https://doi.org/10.1186/s13756-019-0480-z
https://doi.org/10.1186/s13756-019-0480-z
https://doi.org/10.1183/23120541.00096-2018
https://doi.org/10.1183/23120541.00096-2018
https://doi.org/10.1371/journal.pone.0218062
https://doi.org/10.1371/journal.pone.0218062
https://doi.org/10.1016/S1473-3099(21)00255-3
https://doi.org/10.1016/S1473-3099(21)00255-3

	Effect of positive microbiological testing on antibiotic de-escalation and outcomes in community-acquired pneumonia: a prop ...
	Introduction
	Methods
	Study design, setting, and patients
	Study outcomes
	Clinical assessment
	Definitions
	Microbiological studies
	Ethics
	Statistical analysis

	Results
	Discussion
	Transparency declaration
	Author's contributions
	Access to data
	Appendix A. Supplementary data
	References


