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BACKGROUND: Aspiration community-acquired pneumonia (ACAP) and community-
acquired pneumonia (CAP) in patients with aspiration risk factors (AspRFs) are infections
associated with anaerobes, but limited evidence suggests their pathogenic role.

RESEARCH QUESTION: What are the aspiration risk factors, microbiology patterns, and
empiric anti-anaerobic use in patients hospitalized with CAP?

STUDY DESIGN AND METHODS: This is a secondary analysis of GLIMP, an international,
multicenter, point-prevalence study of adults hospitalized with CAP. Patients were stratified
into three groups: (1) ACAP, (2) CAP/AspRFþ (CAP with AspRF), and (3) CAP/AspRF-
(CAP without AspRF). Data on demographics, comorbidities, microbiological results, and
anti-anaerobic antibiotics were analyzed in all groups. Patients were further stratified in
severe and nonsevere CAP groups.

RESULTS: We enrolled 2,606 patients with CAP, of which 193 (7.4%) had ACAP. Risk factors
independently associated with ACAP were male, bedridden, underweight, a nursing home resi-
dent, and having a history of stroke, dementia, mental illness, and enteral tube feeding. Among
non-ACAP patients, 1,709 (70.8%) had CAP/AspRFþ and 704 (29.2%) had CAP/AspRF-.
Microbiology patterns including anaerobes were similar between CAP/AspRF-, CAP/AspRFþ
and ACAP (0.0% vs 1.03% vs 1.64%). Patients with severe ACAP had higher rates of total gram-
negative bacteria (64.3% vs 44.3% vs 33.3%, P ¼ .021) and lower rates of total gram-positive
bacteria (7.1% vs 38.1% vs 50.0%, P < .001) when compared with patients with severe CAP/
AspRFþ and severe CAP/AspRF-, respectively. Most patients (>50% in all groups) independent
of AspRFs or ACAP received specific or broad-spectrum anti-anaerobic coverage antibiotics.

INTERPRETATION: Hospitalized patients with ACAP or CAP/AspRFþ had similar anaerobic
flora compared with patients without aspiration risk factors. Gram-negative bacteria were more
prevalent in patients with severe ACAP. Despite having similar microbiological flora between
groups, a large proportion of CAP patients received anti-anaerobic antibiotic coverage.
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Take-home Points

Study Question: Aspiration risk factors, microbi-
ology patterns, and empiric anti-anaerobic use in
patients hospitalized with CAP is not well defined.
Results: Hospitalized patients with ACAP or
CAP/AspRFþ had similar anaerobic flora compared
to patients without aspiration risk factors. However,
a large proportion of CAP patients received anti-
anaerobic antibiotic coverage. Severe ACAP patients
have a higher prevalence of GNB in comparison with
other groups.
Interpretation: According with new 2019 ATS/IDSA
CAP guidelines, our results do not support the
routine use of anti-anaerobic antibiotic coverage in
ACAP or CAP/AspRFþ which is currently over-
prescribed in clinical practice.
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Aspiration is common among all age groups, with a
higher prevalence in the elderly.1,2 An estimated 45% of
the population aspirates while sleeping without any
consequences.3 Chronicity, frequency, volume of
aspirated contents, and adequacy of host defenses may
increase the risk of aspiration community-acquired
pneumonia (ACAP), which accounts for 10% to 20% of
all community-acquired pneumonia (CAP) cases.4-9

Most of the studies reported in the literature regarding
ACAP come from hospitalized patients.10,11

Hospitalization due to ACAP is associated with high
morbidity (Charlson comorbidity index) and high in-
hospital and 30-day mortality that is four times higher
of non-ACAP patients.10,11 More than 20 individual
risk factors may be linked to ACAP, including impaired
swallowing, altered consciousness, impaired cough
reflex, and compromised host defenses.12,13 CAP
patients with aspiration or multiple aspiration risk
factors (AspRF) represent a therapeutic challenge to
clinicians. These patients often receive empiric
antibiotic coverage against anaerobes, which are
suspected to be the most likely pathogens in
ACAP.14-16

The 2019 American Thoracic Society and Infectious
Diseases Society of America (ATS/IDSA) clinical
practice guidelines recommend against the use of anti-
anaerobic coverage for suspected ACAP, unless abscess
or empyema is suspected.17 Additionally, other authors
suggested that patients with ACAP and CAP with
AspRF might present a distinct microbiological
spectrum compared with patients with CAP without
AspRF.9,18-23 Current studies of patients with ACAP
or CAP with AspRF have important limitations,
including small sample sizes with historical cohorts
(eg, pleuropulmonary conditions), different
microbiological techniques, and varying definitions of
ACAP. Thus, the true prevalence of anaerobic
pathogens in ACAP or CAP with AspRF and the
consequential effect on use of empiric anti-anaerobic
antibiotic coverage are unknown. Therefore, we sought
to assess aspiration risk factors, as well as
microbiology and empiric anti-anaerobic antibiotic
therapy in patients with ACAP and CAP with AspRF,
using a large international cohort of hospitalized
patients with CAP.

Methods
This study is a secondary analysis of an international, multicenter,
observational, point-prevalence study (Global Initiative for
59

mailto:restrepom@uthscsa.edu
https://doi.org/10.1016/j.chest.2020.06.079
http://chestjournal.org


Methicillin-resistant Staphylococcus aureus Pneumonia [GLIMP]).24

The GLIMP study enrolled hospitalized patients with CAP from 222
hospitals worldwide during 4 randomly selected days at the
investigator’s discretion between March and June 2015. Clinicians
were encouraged to diagnose and treat patients according to local
protocols and standards of care without feedback from the study
oversight committee.

The study was designed and conducted in accordance with the
amended Declaration of Helsinki and was approved by the
institutional review board of the coordinating center located at
the University of Texas Health San Antonio (HSC20150184E).
Because of the nature of the study, the review board waived the
need for receipt of informed consent. All other associated
centers were required to follow local, regional, or national
ethical regulations. A detailed description of the GLIMP study
organization and methodology has been previously published.24

Inclusion and Exclusion Criteria

We included all subjects with a clinical diagnosis of CAP in whom
bacterial testing was performed. CAP was confirmed by
visualization of pulmonary infiltrates by chest imaging (chest
radiography, lung ultrasound, or CT) within the first 48 hours or
less of admission and the presence of clinical signs, symptoms,
or laboratory abnormalities: (a) a new or worsening cough with
or without sputum production or purulent respiratory secretions;
(b) fever (>37.8�C by rectal or oral temperature) or hypothermia
(<36�C by rectal or oral temperature); (c) evidence of systemic
inflammation with a leukocyte count >10,000/cm3 or <4,000/
cm3 or bandemia >10%; increased C-reactive protein level; or
increased procalcitonin level.

We excluded patients hospitalized with a diagnosis of hospital-acquired or
ventilator-associated pneumonia and immunocompromised patients (eg,
hematological malignancies, asplenia, aplastic anemia, neutropenia, HIV/
AIDS, active solid tumor or active lung cancer and chemotherapy
received in the last 3 months, congenital/genetic immunosuppression,
and immunosuppressive therapy due to hematological/solid organ
transplantation <6 months before hospital admission).25

All site investigators were given verbal and written instructions, as well
as study definitions, before subject enrollment. Microbiological
samples were collected from the respiratory tract (sputum, pleural
fluid, endotracheal aspirate, or BAL) and blood within 24 hours of
hospitalization. Diagnostic testing was determined by the attending
physician caring for the patient and local microbiological testing
protocols.

Specific Definitions

ACAP was defined by the clinician making a clinical diagnosis of
presence or absence of aspiration for each patient as indicated in the
case report form.18,26

Severe CAP was defined as pneumonia in patients requiring any
of the following: ICU admission, invasive mechanical ventilation,
vasopressors or inotropes during the first 24 hours of
hospitalization.

Study Groups

Initially the groups were stratified in ACAP and non-ACAP
groups. However, the non-ACAP patients were further stratified
into two groups based on the presence (CAP/AspRFþ) or
absence (CAP/AspRF-) of risk factors for aspiration, resulting in
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three groups for comparison: (1) ACAP; (2) CAP/AspRFþ; and
(3) CAP/AspRF-.

Data Collection

Study variables were collected within 7 days of subject enrollment and
entered into a web-based application called Research Electronic Data
Capture (REDCap) hosted on the University of Texas Health San
Antonio server. Subject clinical information was collected within 24
hours of hospitalization and included demographics (age, sex),
chronic medical comorbidities (chronic lung, cardiovascular and
neurologic diseases, other medical conditions), chronic medications
(inhaled corticosteroids, proton-pump inhibitors, statins,
glucocorticoids), chronic interventions (enteric tube feeding,
hemodialysis, home oxygen therapy, tracheostomy), microbiological
testing, antibiotic use, other nonmedical conditions (bedridden,
nursing home resident, living in crowded conditions), and
pneumonia severity.

Microorganisms considered pathogenic included: Pseudomonas
aeruginosa, Haemophilus influenzae, Acinetobacter baumannii,
other gram-negative bacteria ([GNB], including Coxiella species,
Proteus species, Serratia species, Klebsiella pneumoniae,
Escherichia coli, Moraxella catarrhalis, and Enterobacter species),
Streptococcus pneumoniae, Staphylococcus aureus, other gram-
positive cocci (including Streptococcus pyogenes and Streptococcus
species), and anaerobes. Those samples with more than one
isolated microorganism were considered as a polymicrobial
result. P aeruginosa, H influenzae, Acinetobacter species, and
other GNB were grouped in a new category named “total GNB,”
and S pneumoniae, S aureus, and other gram-positive bacteria
(GPB) in another new category named “total GPB.”

Empiric antibiotics initiated within 24 hours of presentation were
stratified according to their anti-anaerobic (eg, including Bacteroides
fragilis group) properties: broad-spectrum anti-anaerobic antibiotics
(eg, ampicillin-sulbactam, amoxicillin-clavulanate, piperacillin-
tazobactam, meropenem, imipenem, and moxifloxacin), specific
anti-anaerobic antibiotics (clindamycin and metronidazole), both
(broad-spectrum and specific anti-anaerobic antibiotics), other
nonspecific or without anti-anaerobic coverage (including
cefotaxime, ceftriaxone, ceftaroline, azithromycin, clarithromycin,
vancomycin, linezolid, aztreonam, ceftazidime, cefepime,
ciprofloxacin, and levofloxacin).

Statistical Analysis

Continuous variables were expressed as means with SDs or as medians
with interquartile ranges, depending on their parametric or
nonparametric distribution. Categorical variables were reported as
absolute frequencies and percentages. Differences between groups
were analyzed using the c2 or Fisher exact test for categorical
variables, and the analysis of variance, Student t test or Mann-
Whitney U test for continuous variables, respectively. Logistic
regression was used to assess independent aspiration risk factors
associated with ACAP patients and further stratified the cohort into
CAP/AspRF-, CAP/AspRFþ, and ACAP. Subgroup analysis was
performed by stratifying the patients into severe CAP or nonsevere
CAP groups. Individual analyses were performed according to the
different anti-anaerobic therapies associated with the different
severity groups. ORs and 95% CIs were calculated. Statistical
significance was established at P < .05. Data were analyzed using the
Statistical Package for Social Sciences 24.0 (IBM SPSS Statistics) for
Windows.
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Results

Demographics and Risk Factors

A total of 2,606 hospitalized CAP patients were included
in the study (males, n ¼ 1,510 [58%]; median age, 69
[54-80] years). Among the hospitalized CAP patients,
7.4% (n ¼ 193) had ACAP (Fig 1), which was defined by
the clinician making the clinical diagnosis. Patients with
ACAP were mainly elderly men with neurologic diseases
(stroke, dementia, or mental illness), cirrhosis, proton-
pump inhibitor use, enteric tube feeding, home oxygen
therapy, tracheostomy, who were bedridden, were
admitted from a nursing home, or lived in crowded
conditions (Table 1). The presence of at least one AspRF
was identified in more than 90% of CAP patients with
male sex and age $ 65 years being the most prevalent
AspRFs (Fig 2). Half of the patients with CAP had at
least two of the evaluated AspRFs, with a remarkable
overlap among the five AspRF categories, including
neurological diseases (stroke, dementia, mental illness),
chronic interventions (enteral tube feeding,
tracheostomy, oxygen therapy at home, proton-pump
inhibitor use), medical and nonmedical conditions
(cirrhosis, underweight, nursing home resident,
bedridden, living in crowded conditions) and
demographic characteristics (elderly and male),
respectively (Fig 3A-C). In the multivariate analysis (OR
[95% CI]), we identified male sex (1.727 [1.232-2.420]),
stroke (1.912 [1.235-2.958]), dementia (2.744 [1.842-
4.088]), mental illness (2.011 [1.248-3.241]), being
underweight (2.612 [1.457-4.685]), enteral tube feeding
Hospitalized patients with CAP
initially enrolled

N = 3,702

Hospitalized patients with CAP
included in this study

n = 2,606

ACAP
n = 193 (7.4%)

Non ACAP
n = 2,413 (92.6%)

CAP/AspRF+
n = 1,709 (70.8%)

CAP/Asp
n = 704 (2

Exclusion criteria:
No microbiological tes
Immunosuppressed pa
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(3.767 [1.430-9.924]), bedridden (3.081 [2.128-4.460]),
or admission from a nursing home (2.168 [1.427-3.292])
as risk factors independently associated with ACAP (Fig
4). These AspRF were used to perform the study groups,
and finally, among those patients with non-ACAP, the
distribution of patients was 70.8% (n ¼ 1,709) as CAP/
AspRFþ and 29.2% (n ¼ 704) as CAP/AspRF-,
respectively (Fig 1).

Microbiology

The pathogens identified from all CAP patients were
recovered from sputum samples (58.0%) followed by
blood (17.3%), tracheal aspirate (11.9%), BAL (10.7),
and pleural fluid (1.5%) and were stratified according to
the aspiration risk (e-Tables 1-3). In addition, the
pathogens were stratified according to the severity of the
disease and are displayed in Figure 5. The denominator
of the different groups represents all the patients who
had microbiology tests performed (Fig 5A-C) and a
specific assessment among patients with culture-positive
pneumonia (Fig 5D-F). The proportion of CAP patients
with microbiology testing performed who had a
pathogen identified as the causative agent were
32% (ACAP), 28% (CAP/AspRFþ), and 25% (CAP/
AspRF-; Fig 5A).

The prevalence of anaerobes isolated from respiratory
samples in all patients with microbiology testing
performed was similar between ACAP, CAP/AspRFþ,
and CAP/AspRF- groups (0.5% vs 0.3% vs 0.0%, P ¼ .27
[Fig 5A]). ACAP compared with CAP/AspRFþ or CAP/
RF–
9.2%)

ting obtained - n = 509
tients - n = 587

Figure 1 – Flow chart of patients hospi-
talized with community-acquired pneu-
monia included in the study. ACAP ¼
aspiration community-acquired pneu-
monia; AspRF ¼ aspiration risk factors;
CAP ¼ community-acquired
pneumonia.
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TABLE 1 ] Characteristics of Hospitalized CAP Patients by Aspiration Status

Characteristics
Aspiration
N ¼ 193

Nonaspiration
N ¼ 2,413 P Value

Demographics

Age, y 76 (61-85) 68 (53-80) <.001

Sex, male 130 (67.4) 1,380 (57.2) .006

Chronic medical comorbidities

Chronic lung diseases

Asthma 9 (4.7) 199 (8.2) .077

Bronchiectasis 11 (5.7) 132 (5.5) .893

COPD 44 (22.8) 655 (27.1) .190

OSA 11 (5.7) 102 (4.2) .334

Interstitial lung diseases 6 (3.1) 59 (2.4) .569

Cardiovascular diseases

Coronary artery disease 42 (21.8) 407 (16.9) .083

Heart failure 34 (17.6) 323 (13.4) .100

Hypertension 83 (43.0) 1,136 (47.1) .275

Neurologic diseases

Stroke 39 (20.2) 171 (7.1) <.001

Dementia 73 (37.8) 226 (9.4) <.001

Mental illness 30 (15.5) 155 (6.4) <.001

Other medical conditions

Liver disease 10 (5.2) 83 (3.4) .209

Cirrhosis 8 (4.1) 37 (1.5) .007

Chronic renal failure 22 (11.4) 243 (10.1) .557

Diabetes mellitus 34 (17.6) 543 (22.5) .116

Alcoholism 17 (8.8) 210 (8.7) .960

Current or former smoker 63 (32.6) 839 (34.8) .550

Underweight 19 (9.8) 95 (3.9) <.001

Obese 27 (14.0) 418 (17.3) .236

Chronic medications

Inhaled corticosteroids use 32 (16.6) 434 (18.0) .624

Proton-pump inhibitor use 72 (37.3) 652 (27) .002

Statins use 44 (22.8) 532 (22.0) .809

Glucocorticoid use 13 (6.7) 136 (5.6) .527

Chronic interventions

Enteral tube feeding 13 (6.7) 20 (0.8) <.001

Hemodialysis 1 (0.5) 33 (1.4) .317

Home oxygen therapy 20 (10.4) 156 (6.5) .038

Tracheostomy 6 (3.1) 29 (1.2) .027

Other nonmedical conditions

Bedridden 75 (38.9) 233 (9.7) <.001

Nursing home resident 51 (26.4) 173 (7.2) <.001

Living in crowded conditions 26 (13.5) 548 (22.7) .003

Pneumonia severity

Severe CAP 71 (36.8) 734 (30.4) .065

Data expressed as frequencies and percentages [No. (%)] or medians and interquartile ranges (IQR or 25th-75th percentile).
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Figure 2 – Prevalence of risk factors for aspiration in hospitalized CAP patients classified by categories (demographics, chronic interventions, neurologic
diseases, medical conditions, nonmedical conditions). First row in every category shows the prevalence of at least one risk factor described below. RF ¼
risk factors. See Figure 1 legend for expansion of other abbreviations.
AspRF- had higher rates of other GNB
(7.8% vs 5.4% vs 3.6%, P ¼ .04 [Fig 5A]). Patients with
nonsevere CAP had similar microbiology patterns
among the three groups (Fig 5B). In contrast, patients
with severe CAP categorized as ACAP vs CAP/AspRFþ
or CAP/AspRF- had higher rates of P aeruginosa
(11.3% vs 3.8% vs 3.9%; P ¼ .015) and other GNB
(12.7% vs 8.7% vs 2.9%; P ¼ .007), but lower rates of S
pneumoniae (1.4% vs 5.9% vs 9.7%; P ¼ .032),
respectively (Fig 5C).

Among culture-positive pneumonia patients, the
prevalence of anaerobes isolated from respiratory
samples was also similar between ACAP, CAP/AspRFþ,
and CAP/AspRF- groups (1.6% vs 1.0% vs 0.0%; P ¼ .33
[Fig 5D]). Patients with ACAP had lower rates of S
pneumoniae (16.4% vs 25.6% vs 33.3%; P ¼ .023 [Fig
5D]). Again, patients with nonsevere CAP had similar
microbiology patterns among the three groups (Fig 5E).
Similarly to microbiology testing performed, patients
with severe ACAP in the culture-positive pneumonia
group analysis had higher rates of P aeruginosa
(28.6% vs 10.3% vs 12.1%; P ¼ .024) and other GNB
(32.1% vs 23.7% vs 9.1%; P ¼ .014), but lower rates of S
pneumoniae (3.6% vs 16.0% vs 30.3%; P ¼ .004),
chestjournal.org
respectively (Fig 5F). Patients with severe ACAP had
higher rates of total GNB (64.3% vs 44.3% vs 33.3%; P ¼
.021) and lower rates of total GPB
(7.1% vs 38.1% vs 50.0%; P < .001) when compared with
patients with severe CAP/AspRFþ and severe CAP/
AspRF-, respectively.

Severe and Nonsevere ACAP

Among patients with culture-positive CAP, 40% (n ¼ 288)
were stratified as severe CAP and 60% (n ¼ 434) as
nonsevere CAP (Fig 5D-F). Severe vs nonsevere ACAP had
a larger proportion of patients with GNB (64.3% vs 30.3%;
P¼ .007) and anaerobes (4% vs 0.0%; P¼ .274), but a lower
proportion of patients with gram-positive cocci
(7.1% vs 57.6%; P< .001) (Fig 6). These group differences in
the severe ACAP were driven mainly by the increased
prevalence of P aeruginosa (28.6% vs 6.1%; P ¼ .018), and
the low prevalence of S aureus (3.6% vs 21.2%; P ¼ .042)
and S pneumoniae (3.6% vs 27.3%; P ¼ .013) in the severe
ACAP group (Fig 5E, F).

Antibiotics Against Anaerobes for CAP

More than half of the patients with CAP in the three
study groups received anti-anaerobic antibiotic coverage
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Figure 3 – Characteristics of aspiration
risk factors in hospitalized CAP. A, Dis-
tribution of the number of aspiration risk
factors for patients with CAP; B, Box plot
representing the distribution of number of
aspiration risk factors among CAP pa-
tients; C, Graphic representation of the
different aspiration risk factors that over-
lap among hospitalized CAP patients. See
Figure 1 legend for expansion of other
abbreviations.
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(Fig 7A). A larger proportion of ACAP patients (72.5%)
received anti-anaerobic coverage (specific or broad-
spectrum antibiotics) compared with CAP/AspRFþ
(53.4%) and CAP/AspRF- (49.8%) patients (P < .001)
(Fig 7A). This difference was greater in the severe CAP
(80.3% vs 61.6% vs 62.1%; P ¼ .008) vs nonsevere CAP
group (68.0% vs 49.7% vs 44.8%; P < .001), respectively
(Fig 7B, C). Specific anti-anaerobic coverage with
metronidazole (9.3%, 2.7%, and 1.4%; P < .001) or
clindamycin (6.2%, 1.5%, and 3%; P ¼ .002) were also
more frequently prescribed to patients with ACAP when
compared to patients with CAP/AspRFþ and CAP/
AspRF- (Fig 7A). Additionally, specific anti-anaerobic
coverage was more frequently seen in patients with
severe and nonsevere ACAP vs other groups (Fig 7B, C).
Discussion
The key findings of this study are that (1) aspiration risk
factors are frequently found and overlap with each other
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in hospitalized patients with CAP; (2) microbiology is
similar among patients with CAP regardless of whether
risk factors for aspiration are present; (3) microbiology
differs among patients with severe ACAP compared
with nonsevere ACAP and non-ACAP, mainly driven by
a higher prevalence of GNB; and (4) antibiotics with
specific activity against anaerobes are overused in
clinical practice and are not supported by a higher
prevalence of anaerobes in ACAP or CAP/AspRFþ.

Aspiration at the time of hospitalization was identified
in 7% of our CAP patients, similar to prior observational
studies that reported a prevalence of approximately
10%.5-7 However, other observational studies tend to
report higher rates of aspiration pneumonia (23%-30%),
with one study’s rates as high as 47%.4,8,9 These
differences could be explained by differences in clinical
definitions and diagnostic criteria for ACAP based on
confirmation or suspicion of aspiration. Our clinical
definition was consistent with previously published
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Age ≥ 65 y 1.158 (0.797-1.682)

Sex (male) 1.727 (1.232-2.420)

Stroke 1.912 (1.235-2.958)

Dementia 2.744 (1.842-4.088)

Mental illness 2.011 (1.248-3.241)

Cirrhosis 2.255 (0.895-5.686)

Underweight 2.612 (1.457-4.685)

Proton-pump inhibitor use 1.228 (0.871-1.731)

Enteral tube feeding 3.767 (1.430-9.924)

Oxygen therapy at home 1.013 (0.566-1.813)

Tracheostomy 0.338 (0.091-1.259)

Bedridden 3.081 (2.128-4.460)

Nursing home resident 2.168 (1.427-3.292)

Living in crowded conditions 0.862 (0.547-1.357)

OR (95% CI)

Figure 4 – Multivariate analysis of independently associated risk factors related to aspiration in patients hospitalized with CAP. See Figure 1 legend for
expansion of other abbreviations.
literature, although we stratified non-ACAP patients
according to AspRFs as observed in clinical
practice.4,9,10,13,15,19-23,26-28 The large proportion of
patients with AspRFs (>90%) was higher than initially
expected. Our results showed that being male,
bedridden, underweight, a nursing home resident, and
having a history of stroke, dementia, mental illness, and
enteral tube feeding were independently associated with
aspiration; the novelty of these findings are the
significant overlap between these AspRFs.12,13,28,29 The
importance of stratifying ACAP and CAP/AspRFþ is
supported by a detailed understanding of the
microbiological variability associated with aspiration.

Based on studies from the 1960s through the 1980s,
prior clinical practice guidelines suggested that
anaerobic bacteria were the predominant pathogens in
ACAP.14-16,30,31 In contrast, our results showed that
specific anaerobic flora were not the predominant
pathogens among ACAP or CAP/AspRFþ patients. This
difference might be explained by a shift in
demographics, diseases (cavitary lung or
pleuropulmonary diseases), laboratory techniques
chestjournal.org
(eg, collection of samples, use of anaerobic culture
techniques, and so forth), and patient-related factors
(eg, prior administration of antibiotics and host
factors). However, studies over the past two decades
have suggested a trend toward lower rates of specific
anaerobes in patients with CAP.10,32-36 In addition, we
found a higher prevalence of GNB among patients
with ACAP compared with patients with CAP/
AspRFþ and CAP/AspRF-,32,34,37-39 mainly among
those with severe ACAP vs nonsevere ACAP.
Consequently, a higher prevalence of P aeruginosa and
Enterobacteriaceae (other GNB) was seen in patients
with severe ACAP. Because the oral cavity is
considered the principal source of pathogens
responsible for aspiration pneumonia, our results
suggest a shift in the oral flora of patients with severe
ACAP.12,40,41 Microbiology data from patients with
other comorbid conditions suggested that P
aeruginosa, K pneumoniae, and E coli were frequently
isolated from oral samples.40,42 These results should
alert clinicians of the need to appropriately cover
against GNB in severe ACAP, especially if risk factors
for Pseudomonas are present.
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Figure 5 – - Prevalence of microbiological results in the study groups in all patients with microbiological testing performed (A-C) and among patients
with culture-positive pneumonia (D, E) in all included patients (A, D) and stratified depending on the severity of the disease (B, C, and E, F). See
Figure 1 legend for expansion of other abbreviations. *P < .05, differences between CAP/AspRF-, CAP/AspRFþ, and ACAP by c2 in the indicated
microbiological groups.
As discussed previously and according to the 2019 ATS/
IDSA CAP guidelines, health care providers are
encouraged to avoid using empiric anti-anaerobic
antibiotic coverage in patients with ACAP.17 Despite
this recommendation, our results showed the
inappropriate use of anti-anaerobic antibiotic coverage
with clindamycin and metronidazole in 16% of patients
with ACAP. Overused anti-anaerobic antibiotic coverage
has been reported in a small cohort of ICU patients with
pneumonia.43 Surprisingly, specific anti-anaerobic
antibiotics were administered in approximately 5% of
CAP patients without any AspRFs. Metronidazole is the
most commonly prescribed specific anti-anaerobic
antibiotic that has limited efficacy in anaerobic
pulmonary infections but does have potential adverse
effects.44-46 Metronidazole should be reserved for
infections caused by the Bacteroides fragilis group,
particularly when the infection originated below the
diaphragm.47 The overuse of broad-spectrum antibiotics
with anti-anaerobic activity is a challenge for
antimicrobial stewardship programs. The benefit of
66 Original Research
covering GNB does not imply the need to cover
anaerobes, and de-escalation and specific therapy
against the most likely pathogens should be
implemented as soon as possible. Overuse and
inappropriate administration of broad-spectrum
antibiotics can be associated with C difficile infection,
development of multi-drug-resistant organisms,
adverse drugs reactions, and higher costs.48 Moreover,
some first- and third-generation cephalosporins are
active against prevalent oropharyngeal anaerobes,
such as the Bacteroides oralis group, Peptococcus or
Peptostreptococcus. However, ceftriaxone and
ceftaroline have limited sensitivity against Prevotella
species. In addition, Bacteroides species, particularly
the B fragilis group, which is relevant in patients with
intraabdominal infections, is usually resistant to
recommended CAP antibiotics.49 Our results suggest
that the changing epidemiology and microbiology of
ACAP should promote more judicious use of
antibiotics to appropriately cover the most likely
pathogens. Therefore, avoiding overuse of antibiotics
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against anaerobes in patients with CAP despite the
presence of AspRFs or aspiration, which is consistent
with the most recent ATS/IDSA clinical practice
guidelines for CAP,17 is important.
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The current study has important limitations. ACAP
clinical diagnosis is considered a heterogeneous process
that is not standard in clinical practice and is not based
on a reproducible definition. Because of geographical
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diversity, study design characteristics, differences in
health-care systems and units, the results of this study
should be carefully adapted to individual clinical
settings. The sample size of patients with ACAP is
similar to those of the other series, and because of this,
the analysis was constrained to the continental level and
not at the country level.7-9 Microbiological isolation of
anaerobic organisms by currently available laboratory
techniques is challenging and may have underestimated
the true prevalence. Other factors, such as specific
sampling methods, sample transport, and culture
techniques, might also have contributed to
underestimation of anaerobes. Furthermore, evidence of
aspiration or dysphagia was not measured by an
objective swallowing study, because the patients were
already admitted at the time of enrollment. Our study
was designed to address the prevalence of microbial
pathogens and the utilization of empiric antibiotics at
one point in time, but did not include specific anaerobic
pathogens or clinical outcomes. However, diverse groups
of subjects from 222 hospitals in 54 countries worldwide
were enrolled following a pragmatic approach, and the
68 Original Research
study results suggest clinical practice differences in real-
life settings.
Interpretation
In conclusion, this multinational, point prevalence study
found that most hospitalized patients with CAP have
risk factors for aspiration, but only a small proportion of
patients presented with CAP due to aspiration. The
microbiological findings of our study do not support the
routine use of anti-anaerobic antibiotic coverage, which
is currently overprescribed in clinical practice. Patients
with severe CAP with aspiration may have higher
proportion of GNB, and their empiric coverage should
be considered for this high-risk group of patients.
Finally, our study supports the recent 2019 ATS/IDSA
clinical practice guidelines that suggest not to use
antibiotics with anaerobic coverage in patients with
CAP, despite presence of risk factors. Future
microbiome studies might be able to better clarify the
role of anaerobes and other pathogens in health and
disease, as in patients hospitalized with CAP.
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