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Clinical Question Box
Is it necessary to use anaerobic antibiotics to cover aspiration pneumonia?

Using anaerobic antibiotics for aspiration pneumonia did not reduce hospital mortality, length
of stay, or intensive care unit admission. Given the lack of improvement in key clinical outcomes,
the routine use of anaerobic antibiotics in managing aspiration pneumonia may not be warranted.

Abstract

Introduction: Aspiration pneumonia (AP) is a primary cause of community-acquired pneumonia.
However, few studies have focused on promoting the necessity of anaerobic antibiotic coverage in AP.
Methods: In May 2024, a systematic review and a meta-analysis were conducted to identify the clinical
effectiveness of anaerobic antibiotic coverage in AP. Three databases, such as PubMed, Web of Science,
and Cochrane were searched. Results: Through a comprehensive database search, 388 articles were
initially identified, and four studies, including 4,940 patients, were considered in the final analysis. The
analysis revealed that anaerobic antibiotics did not reduce in-hospital mortality risk, with an odds
ratio (OR) of 1.13 (95% confidence interval [CI]: 0.97, 1.31; I2 = 0%; P = 0.11). There was also no
significant effect on length of stay, with a mean difference of 0.92 days (95% CI: −0.40, 2.23; I2 = 76%;
P = 0.17), or difference in intensive care unit admission rates, with an OR of 1.09 (95% CI: 0.72, 1.63;
I2 = 0%; P = 0.69). Conclusion: The findings suggest that the routine use of anaerobic antibiotics in
managing AP may not be warranted, given the lack of improvement in key clinical outcomes.

Keywords: Aspiration pneumonia, anaerobic antibiotic, in-hospital mortality, length of stay,
intensive care unit.

1. Introduction

The increasing elderly population globally poses significant challenges for healthcare systems.1 Senior
citizens face a higher risk of infectious diseases like pneumonia, which increases illness and death rates.
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This is mainly due to age-related changes in the immune system, multiple chronic health conditions,
and overall frailty.2 In older adults, community-acquired pneumonia (CAP) frequently results from
aspiration. However, the lack of definitive diagnostic criteria for aspiration pneumonia (AP) causes
substantial variations in reported prevalence and clinical management.3 AP can be classified into
two conditions: pneumonia and pneumonitis. Pneumonia is the primary pathogenic mechanism. In
contrast, pneumonitis occurs when a substantial quantity of oropharyngeal or upper gastrointestinal
contents is inhaled into the lungs through the vocal cords and trachea.4

AP should be viewed as part of a continuum that includes CAP and hospital-acquired pneumonia
(HAP). Its prevalence within CAP cases varies extensively, particularly affecting frail individuals up
to 10 times more frequently.5 Due to unclear diagnostic criteria, AP’s reported prevalence and clinical
management differ significantly.6 Furthermore, the mortality rate for AP is higher than for non-
AP.7 Risk factors for aspiration events involve complex anatomical and physiological dysfunctions in
the nervous, gastrointestinal, and pulmonary systems.8 Preventing AP primarily involves addressing
oropharyngeal dysphagia, which is a significant risk factor for AP, particularly among elderly
individuals and those with cognitive and neurodegenerative disorders.

Current guidelines suggest antibiotic selection based on infection severity, pathogen risk factors,
and whether the infection is community-acquired or healthcare-associated. Initial treatment typically
starts with broad-spectrum antibiotics, adjusted as microbiological data become available. Recent
studies indicate that anaerobic coverage may not improve clinical outcomes, as few anaerobes are now
associated with CAP and HAP.9 Consequently, guidelines no longer recommend routine anaerobic
pathogen coverage for AP.10 However, several studies on the effectiveness of anaerobic antibiotic
coverage in AP prompted this meta-analysis to explore the latest evidence.

2. Methods

2.1. Search Strategy
A systematic literature search was conducted using PubMed, EMBASE, Cochrane Library, and
Web of Science until May 31, 2024. The search terms were “aspiration pneumonia” and “anaerobic
antibiotics.” Additional studies were identified by hand-searching the included studies’ reference lists
and relevant reviews.

2.2. Inclusion and Exclusion Criteria
Randomized controlled trials (RCTs), cohort studies, or controlled observational studies that eval-
uated the effectiveness or outcomes of antibiotic treatments in AP patients and reported outcomes
such as mortality, clinical resolution, or microbiological eradication were included in the study. On the
other hand, case reports, editorials, expert opinions, studies that did not specifically address outcomes
for AP patients, and studies involving pediatric populations, who have differing pathophysiology and
treatment responses compared to adults, were excluded from the research.

2.3. Data Extraction
Two reviewers (R.A. and T.H.) extracted data independently using a standardized data extraction
form. Discrepancies were resolved through discussion or by consulting a third reviewer. Extracted
information encompassed study characteristics (i.e., author, year of publication, study design), patient
demographics, antibiotic therapy type and duration, clinical outcomes, and microbiological profiles.

2.4. Quality Assessment
The quality of included studies was assessed using the Cochrane Risk of Bias tool for randomized
trials and the Newcastle-Ottawa Scale for observational studies.11 Studies were rated based on various
criteria, including the selection of participants, comparability of groups, and the assessment of
outcomes.
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2.5. Statistical Analysis
Meta-analysis was performed using the random-effects model to account for variability among studies.
The key outcomes assessed were overall mortality and clinical resolution rates. Heterogeneity among
studies was assessed using the I2 statistic and was interpreted as follows: I2 = 0%: no heterogeneity;
I2 > 0% but < 25%: minimal heterogeneity; I2 ≥ 25% but < 50%: mild heterogeneity; I2 ≥ 50% but
< 75%: moderate heterogeneity; and I2 ≥ 75%: strong heterogeneity.12 A p-value of less than 0.05 was
considered statistically significant.

2.6. Ethical Considerations
Since this meta-analysis did not involve direct patient interaction and relied on already published data,
formal ethical approval was not required. However, all procedures performed in studies involving
human participants were according to the ethical standards of the institutional and/or national
research committee and the 1964 Helsinki Declaration and its later amendments or comparable ethical
standards.

3. Results

3.1. Overview
Through a comprehensive database search, 388 articles were initially identified (Fig. S1). After a
rigorous screening and removing duplicates, four articles were selected for the final analysis.13–16 The
studies encompassed 4,940 patients, as detailed in Table 1. Three studies were conducted in Japan
and one in Canada. The study designs varied, with three being prospective and one retrospective. The
average age of participants across the studies ranged from 78.8 to 85.4 years.

Table 1. Characteristics of enrolled studies

Author (year) Country Study Setting Age
(years)

Covered
cases

Uncovered
cases

Antibiotic NOS

Bai
et al. (2024)13

Canada Res CAP 79.6 2,683 1,316 EAC vs.
LAC

7

Hasegawa
et al. (2019)14

Japan Pro N.S. 81.8 400 237 SBT/ABPC
vs. CTRX

7

Marumo
et al. (2014)15

Japan Pro NHCAP 78.8 81 36 SBT/ABPC
vs. AZM

6

Oi
et al. (2020)16

Japan RCT CAP/
NHCAP

85.4 86 101 MEPM vs.
CFPM

7

Note: NOS: Newcastle-Ottawa Scale; Res: retrospective study; Pro: prospective study; RCT: randomized clinical
trial; CAP: community-acquired pneumonia; N.S.: not specified; NHCAP: nursing and healthcare-associated
pneumonia; EAC: extended anaerobic coverage (amoxicillin-clavulanate, moxifloxacin, or any of ceftriaxone,
cefotaxime, or levofloxacin in combination with clindamycin or metronidazole); LAC: limited anaerobic coverage
(including ceftriaxone, cefotaxime, or levofloxacin); SBT/ABPC: sulbactam/ampicillin; MEPM: meropenem;
AZM: azithromycin; CFPM: cefepime.

3.2 In-Hospital Mortality
Four articles assessed the impact of anaerobic antibiotic coverage compared to no coverage on
in-hospital mortality. The analysis demonstrated that anaerobic antibiotics neither decreased nor
increased mortality risk, with an odds ratio (OR) of 1.13 (95% confidence interval [CI]: 0.97, 1.31; I2

= 0%; P = 0.11), as illustrated in Fig. 1.
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Figure 1. Odds ratio of in-hospital mortality in aspiration pneumonia by anaerobic antibiotic
coverage compared with no coverage. CI: Confidence interval.

Figure 2. Mean difference in length of hospital stay in aspiration pneumonia by anaerobic
antibiotic coverage compared with no coverage. CI: Confidence interval.

Figure 3. Odds ratio of intensive care unit admission in aspiration pneumonia by anaerobic
antibiotic coverage compared with no coverage. CI: Confidence interval.

3.3 Length of Stay
Three studies evaluated the difference in hospital stay lengths between patients with and without
anaerobic antibiotic coverage. The results indicated no significant effect on the length of stay, with a
mean difference of 0.92 days (95% CI: −0.40, 2.23; I2 = 76%; P = 0.17) and strong heterogeneity, as
presented in Fig. 2.

3.4 Intensive Care Unit (ICU) Admission
The risk of ICU admission was compared in two studies between patients treated with or without
anaerobic antibiotics. These studies found no significant difference in ICU admission rates, with an
OR of 1.09 (95% CI: 0.72, 1.63; I2 = 0%; P = 0.69), as depicted in Fig. 3.

Figure 4. Odds ratio of clinical cure in aspiration pneumonia by anaerobic antibiotic coverage
compared with no coverage. CI: Confidence interval.
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3.5 Clinical Cure
Three studies investigated the clinical cure rates in patients who received anaerobic antibiotic coverage
versus those who did not. The findings showed no significant difference in clinical cure rates, with an
OR of 0.98 (95% CI: 0.90, 1.07; I2 = 37%; P = 0.64), but substantial heterogeneity (Fig. 4).

3.6 Risk of Bias
The quality of the selected articles was evaluated using the Newcastle-Ottawa Scale, with scores ranging
from 6 to 7, indicating limited bias. Reporting bias was further assessed through a funnel plot analysis,
which also suggested minimal bias (Figs. S2–S5).

4. Discussion

This study presents compelling evidence that using anaerobic antibiotic coverage did not improve
clinical outcomes in AP patients in terms of in-hospital mortality, length of stay, ICU admission rate,
and clinical cure. This finding aligns with previous meta-analyses that exposed the limited effectiveness
of anaerobic antibiotics in AP.9 Updating published studies identified new evidence of the limited
effectiveness of anaerobic antibiotics in AP patients, such as length of stay and ICU admission. These
results support the current guidelines that do not suggest routine anaerobic antibiotic use in AP based
on the shallow quality of evidence.10 Only a few studies have centered on evidence of the effectiveness
of anaerobic antibiotics in AP. Thus, this meta-analysis summarized the latest evidence of avoiding
routine anaerobic antibiotic use in AP.

AP occurs when bacteria-laden secretions from the oropharynx or upper gastrointestinal tract
enter the alveolar regions of the lungs, leading to lung consolidation and an inflammatory immune
response.17 In healthy individuals, effective swallowing and coughing mechanisms prevent these secre-
tions from reaching the lungs in amounts needed to cause pneumonia.18 To determine the necessity of
anaerobic coverage, it is essential to understand the role of anaerobes in AP development. Research
from the 1970s that used transtracheal sampling identified anaerobic bacteria as primary pathogens
in AP, influencing the use of broad-spectrum antibiotics targeting anaerobes in treatments.19 Later,
studies in the 1990s, which utilized protected specimen brushes, found that the predominant organisms
in aspiration syndromes varied by location: CAP often involved S. pneumoniae, Staphylococcus aureus,
Haemophilus influenzae, and Enterobacteriaceae, while HAP featured P. aeruginosa and other gram-
negative bacteria. However, despite specific culturing methods, these studies did not find significant
anaerobic organisms.20,21 Therefore, the 2019 ATS/IDSA CAP diagnostic and treatment guideline
update advises that adding anaerobic coverage to standard CAP regimens in inpatients is unnecessary
unless a lung abscess or empyema is suspected.

Despite advances in microbial testing methods, not all pathogens are identified. Anaerobes are
challenging to obtain and culture.22 Thus, the non-identification of anaerobes does not rule out their
possibility of being the causative organism. This risk of underestimating the involvement of anaerobes
may lead to undertreatment, putting the patient at risk of prolonged illness, treatment failure, and
death.23 Moreover, the definition of AP remains ambiguous. While it is generally accepted that AP
refers to pneumonia in individuals with risk factors or signs of aspiration, there are no definitive
criteria for diagnosis.24 The prevalence of AP in CAP cases varies widely, ranging from 5.6% to over
90%, impacted by diverse settings, populations, and local interpretations of the disease.25,26 These
inconsistencies have thus hindered clinical research progress in AP.

There were several limitations to our study. First, only one RCT was conducted to identify the
efficacy of anaerobic antibiotic coverage in AP. Second, there is no consensus on the definition of
AP, and the selected studies varied in their design and methodology, which might have introduced
biases that affected the comparability of the results. Although we used the Newcastle-Ottawa Scale
to assess the quality of the studies, the inherent limitations of the original data could not be entirely
overcome by meta-analytic techniques, potentially introducing selection bias in the considered studies.
Third, the four included studies showed inconsistency in the types of antibiotics used, with variations
in the specific agents, dosages, and treatment durations. This heterogeneity may affect the results’
comparability and influence the meta-analysis’s findings. Future studies should standardize antibiotic
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protocols to improve the comparability of results and enhance their generalizability to clinical practice.
Fourth, the lack of individual patient data and detailed clinical information limited our ability to
explore more nuanced questions about the effectiveness of anaerobic antibiotics in specific subgroups
of patients, such as those with different severities of AP or coexisting conditions.

5. Conclusion

Our findings suggest that routine use of anaerobic antibiotics in managing AP may not be warranted,
given the lack of improvement in key clinical outcomes. Hence, further research is necessary to refine
these recommendations and optimize treatment strategies for AP.
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