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Abstract

Background Anaerobic bacteraemia is an uncommon but clinically significant bloodstream infection associated with sub-
stantial mortality. The respective roles of pathogen-specific and host-related factors in determining outcomes are not fully
elucidated.

Aim To identify predictors of mortality in anaerobic bacteraemia and to evaluate whether genus-based microbiological clas-
sification offers prognostic value beyond established clinical risk factors.

Methods A retrospective cohort study was performed involving patients with anaerobic bacteraemia (n=96) treated at a
tertiary-care centre in Hungary from January 2021 to December 2025. Survival was analysed using Kaplan—Meier estimates
and Cox proportional hazards regression. The incremental prognostic value of anaerobic genus was assessed using nested
multivariable models, with Firth-penalised logistic regression applied as a sensitivity analysis.

Results Among 96 patients (median age 68 years), the most common isolates were Bacteroides spp. (33%), Clostridium
spp. (17%), Actinomyces spp. (16%), and Fusobacterium spp. (9%). Mortality rates were 43.8% at 30 days, and 54.2%
at 180 days. Survival varied significantly by genus, with Clostridium spp. bacteraemia exhibiting the highest mortality
(75.0%). Independent predictors of 180-day mortality were increasing age (HR 1.03, p=0.037), acute kidney injury (HR
2.27, p=0.007), liver cirrhosis (HR 2.83, p=0.022), hypertension (HR 1.95, p=0.048), and Clostridium spp. bacteraemia
(HR 3.00, p=0.006). Microbiological classification significantly improved model performance (likelihood-ratio p=0.016).
The final model had an apparent 180-day AUC of 0.81.

Conclusions Bacterial genus provides prognostic information beyond host-related risk factors in anaerobic bacteraemia.
Clostridium spp. bacteraemia was associated with the highest mortality and independently predicted 180-day mortality.

Keywords Anaerobic bacteraemia - Bloodstream infection - Clostridium - Liver cirrhosis - Mortality - Prognostic
factors

Introduction

Anaerobic bacteria play a pivotal role in the human micro-
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improvements in microbiological diagnostics have con-
tributed to the rising incidence of anaerobic bacteraemia
[7-9]. Moreover, the implementation of matrix-assisted
laser desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS) has substantially improved the identifi-
cation of anaerobic pathogens [10].

Bacteroides species are the most frequently isolated
anaerobic organisms in blood cultures, followed by Clos-
tridium and Fusobacterium species [2]. Clinical presenta-
tions and outcomes vary among these genera. Bacteroides
bacteraemia is primarily linked to intra-abdominal infec-
tions, while Fusobacterium bacteraemia usually arises from
the oropharyngeal or gastrointestinal tract and is often asso-
ciated with underlying malignancy [11, 12]. In contrast,
Clostridium bacteraemia is more frequently linked to severe
disease and poorer clinical outcomes [7].

It remains unclear whether these differences are attrib-
utable to the intrinsic pathogenicity of specific anaerobic
genera or are primarily related to host factors. The majority
of studies have focused on mortality, antimicrobial resis-
tance, or individual genera, with limited data available from
multivariable prognostic analyses. As a result, the relative
contributions of microbiological characteristics, patient
demographics, comorbidities, and infection-related factors
to clinical outcomes are not well defined.

Accordingly, this retrospective study was conducted to
characterise the clinical and microbiological features of
anaerobic bacteraemia and to identify predictors of mortal-
ity. The study also assessed whether the anaerobic genus
offers prognostic information beyond established host-
related risk factors, utilizing multivariable Cox regression
and complementary Firth-penalised logistic regression
analyses.

Methods
Patients and definitions

This retrospective observational cohort study was per-
formed at the Clinical Centre of the University of Debrecen
(Great Forest Campus), a tertiary-care institution with over
1,700 beds in Hungary. The cohort comprised all patients
diagnosed with anaerobic bloodstream infection between 1
January 2021 and 31 December 2025. Only the initial epi-
sode of anaerobic bacteraemia per patient was analysed.
Anaerobic bacteraemia was defined as at least one positive
anaerobic blood culture yielding an anaerobic pathogen.
The date of the first positive blood culture was designated
as the index blood culture date. Episodes involving Cutibac-
terium acnes or polymicrobial bloodstream infections were
excluded. Polymicrobial anaerobic bloodstream infection
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was defined as the isolation of more than one clinically rel-
evant microorganism during the same infectious episode,
regardless of whether the additional organism was another
anaerobic or a non-anaerobic pathogen. Therefore, episodes
involving multiple anaerobic genera (n=5) or an anaerobic
organism together with one or more non-anaerobic patho-
gens (n=14) were excluded to reduce ambiguity in genus-
specific mortality analyses. Monomicrobial bacteraemia
was defined as the isolation of a single clinically significant
microorganism.

The cohort included patients with clinically significant
bloodstream infections caused by bacterial species conven-
tionally classified in clinical diagnostic microbiology as
anaerobic microorganisms. Because physiological oxygen
tolerance varies within certain genera, particularly Actino-
myces, inclusion criteria were not based solely on a strict
obligate anaerobe definition. Actinomyces isolates were
retained in the primary cohort but analysed as a distinct
microbiological group. To evaluate the robustness of the
main findings, a sensitivity analysis excluding all Actinomy-
ces cases was also performed.

The focus of bloodstream infection was determined
through comprehensive review of available clinical,
microbiological, and radiological data. Infections were
classified as ear/nose/throat, abdominal, urinary/genital,
pulmonary, or skin and soft tissue in origin based on over-
all clinical assessment rather than any single symptom or
diagnostic investigation. Cases with insufficient evidence
to confidently identify a focus were classified as primary
bloodstream infections.

Demographic characteristics, comorbidities, micro-
biological findings, laboratory parameters, and infection
focus were retrospectively extracted from electronic medi-
cal records. Acute kidney injury at the time of bacteraemia
was assessed according to the serum creatinine criteria of
the Kidney Disease: Improving Global Outcomes (KDIGO)
definition [13]. Acute kidney injury was defined as an
increase in serum creatinine of > 26.5 pmol/L within 48 h
or to > 1.5 times the baseline value within the preceding 7
days. Urine-output criteria were not assessed because reli-
able retrospective urine-output data were not consistently
available. Moderate-to-severe chronic kidney disecase was
defined as established pre-existing chronic kidney disease
stage G3b—G5 (eGFR < 45 mL/min/1.73 m?), including
kidney failure requiring chronic dialysis [14]. Chronic kid-
ney disease classification was based on previous medical
documentation and/or prior renal function data supporting
chronicity for at least 3 months, in accordance with KDIGO
criteria; a single reduced eGFR value during the acute bac-
teraemic episode was not considered sufficient to establish
chronic kidney disease. Renal status could be assessed in 92
of 96 patients. Liver cirrhosis was defined as a documented
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diagnosis based on the treating physician’s assessment and
supporting clinical, laboratory, radiological, and/or histo-
logical findings. Severe neutropenia was defined as an abso-
lute neutrophil count less than 500 cells/uL at the time of
bloodstream infection. Gastrointestinal surgery was defined
as any abdominal surgical procedure involving opening of
the gastrointestinal lumen within 30 days prior to bacterae-
mia onset.

Patients were followed from the date of the index blood
culture until death or until 30 and 180 days after blood-
stream infection onset. Survival status was determined by
retrospective review of electronic medical records. Com-
plete 180-day follow-up data were available for all included
patients, and no patients were lost to follow-up.

Blood cultures were processed in accordance with stan-
dard institutional microbiological protocols. The Bact/Alert
3D system (bioMérieux SA, Marcy-I’Etoile, France) was
utilized throughout the study period. The number of positive
anaerobic blood culture bottles was retrospectively recorded
for each patient. The number of anaerobic bottles collected
was not standardised across patients. Samples from posi-
tive bottles were plated onto Schaedler agar (bioMérieux
SA, Marcy-l’Etoile, France) containing 5% v/v horse blood,
haemin, and Vitamin K1 to facilitate anaerobic bacterial iso-
lation. Plates were incubated in an anaerobic environment
with an atmosphere of 90% N,, 5% H,, and 5% CO, using
an anaerobic chamber (Whitley A45 anaerobic incubator,
Don Whitley Scientific, UK). Incubation was maintained
for 2-5 days at 37 °C. Anaerobic isolates were identified by
MALDI-TOF analysis. Identification was performed using
a Bruker Biotyper Microflex LT instrument (Bruker Corpo-
ration, Billerica, MA, USA) following standard formic acid
extraction and a-cyano-4-hydroxycinnamic acid treatment.
Log(score) values of 2.0 or higher were considered accept-
able for species-level identification.

Statistical analysis

Statistical analyses were conducted using R statistical soft-
ware (R Foundation for Statistical Computing, Vienna,
Austria; version 4.5.0). Baseline characteristics were sum-
marised by anaerobic genus. Continuous variables are
reported as medians with interquartile ranges (IQR) and
compared using the Kruskal-Wallis test. Categorical vari-
ables are presented as frequencies and percentages and
compared using Fisher’s exact test. Overall survival was
assessed at 30 and 180 days following the index blood
culture. Survival probabilities were estimated using the
Kaplan—Meier method and compared using the log-rank
test. Risk factors for mortality were initially evaluated using
univariable Cox proportional hazards regression analyses.
Hazard ratios (HRs) with 95% confidence intervals (Cls)

were calculated. The variables included in the univariable
analyses were age, sex, underlying comorbidities, infection
focus, and microbiological genus. Variables demonstrat-
ing an association with mortality at p<0.05 in the uni-
variable analyses were selected for further evaluation. Of
these, those deemed clinically relevant and directly related
to the study question were incorporated into the multivari-
able clinical model. The anaerobic genus was then added to
the clinical model to evaluate its independent association
with mortality and its additional prognostic value beyond
the established clinical predictors. For genus-specific com-
parisons in the Cox regression analyses, Bacteroides spp.,
the largest microbiological group in the cohort, was used as
the reference category. To determine whether microbiologi-
cal classification improved prognostic performance beyond
host-related clinical factors, nested Cox regression models
were compared using likelihood-ratio testing. The propor-
tional hazards assumption was assessed using Schoenfeld
residuals. The discriminative performance of the final mul-
tivariable Cox model was evaluated using Harrell’s concor-
dance index (C-index). Time-dependent receiver operating
characteristic (ROC) curve analysis was also performed,
with discrimination quantified by the area under the curve
(AUC) for both 30-day and 180-day mortality.

As a complementary analysis, 180-day all-cause mortal-
ity was evaluated using Firth-penalised logistic regression.
Due to small subgroup sizes and sparse data, Firth penalisa-
tion was applied to reduce small-sample bias and improve
estimate stability. Odds ratios (ORs) with 95% confidence
intervals were reported. Model discrimination was assessed
using ROC curve analysis and quantified by the AUC.
The optimal probability threshold was identified using the
Youden index, and the corresponding sensitivity and speci-
ficity were calculated.

Sensitivity analyses were conducted to assess the robust-
ness of the findings. First, the multivariable Cox model was
repeated after excluding patients with Actinomyces spp.
bacteraemia, using 180-day all-cause mortality as the end-
point. As an additional sensitivity analysis, the model was
repeated in the Actinomyces-excluded cohort using 30-day
all-cause mortality as the endpoint. Internal bootstrap vali-
dation was performed using bootstrap resampling with 1000
iterations to assess model stability and potential overfitting.
Calibration slope estimates were obtained for both the full
genus model and a simplified binary microbiological model
comparing Clostridium spp. with all other anaerobic genera.
Bootstrap-derived hazard ratios for Clostridium spp. bacte-
raemia were additionally calculated to evaluate the robust-
ness of the primary microbiological association.

Patients with unavailable renal classification (n=4) were
excluded from models including acute kidney injury or
chronic kidney disease using complete-case analysis.
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All statistical tests were two-sided, and a p-value less
than 0.05 was considered statistically significant.

Results

During 2021-2025, a total of 84,602 blood culture bottles
were processed, of which 18,788 (22.2%) were positive. The
annual numbers of processed/positive blood culture bottles
were 11,730/2,431 (20.7%) in 2021; 11,965/2,462 (20.6%)
in 2022; 16,111/3,987 (24.7%) in 2023; 20,943/4,663
(22.3%) in 2024; and 23,853/5,245 (22.0%) in 2025. Anaer-
obic bacteria were recovered from 15, 23, 50, 38, and 53
bottles annually (179 overall), corresponding to 0.21% of
all processed and 0.95% of all positive blood culture bottles.

A total of 96 patients with anaerobic bacteraemia were
included in the study. Baseline characteristics of the study
population stratified by anaerobic genus are shown in
Table 1. Several baseline characteristics differed across
anaerobic genera, including age, haematological malig-
nancy, neutropenia, and the distribution of selected infec-
tion foci (Table 1). The median age was 68 years (IQR
58.8-77.0). Bacteroides spp. were the most frequently
isolated organisms (n=32; 33%), followed by Clostridium
spp. (n=16; 17%), Actinomyces spp. (n=15; 16%), and
Fusobacterium spp. (n=9; 9%) (Supplementary Table S1).
Regarding blood culture positivity, one anaerobic bottle was
positive in 80 patients (83.3%), whereas >2 anaerobic bot-
tles were positive in 16 patients (16.7%) (Table 1). Haema-
tological malignancies were most frequent in patients with
Clostridium spp. bacteraemia (37.5%, p<0.001) (Table 1).
The distribution of bacteraemia foci varied significantly
among anaerobic genera, particularly for abdominal infec-
tions and primary bloodstream infections (p=0.021 and
p=0.018, respectively) (Table 1).

Species-level analysis demonstrated substantial hetero-
geneity within the major anaerobic genera (Supplementary
Table S2). Among the 16 Clostridium bloodstream infec-
tions, C. perfringens (n=5) and C. tertium (n=4) were the
most frequently isolated species, followed by C. hathewayi
(n=2); C. innocuum, C. paraputrificum, C. ramosum, C.
septicum, and C. sordellii were each identified in a single
patient. Within the Bacteroides genus, B. fragilis predomi-
nated, accounting for 26 of 32 isolates (81%), whereas B.
thetaiotaomicron was identified in four patients and B. nordii
and B. vulgatus in one patient each. Crude 180-day mortal-
ity varied substantially across species. Among Clostridium
isolates, mortality was highest for C. perfringens (80%),
compared with 50% for both C. tertium and C. hathewayi.
Within the Bacteroides genus, the predominant species, B.
fragilis, was associated with a crude 180-day mortality of
65%. Because most individual species were represented by
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very small numbers of patients, these analyses were consid-
ered descriptive only, and all analyses were performed at
the genus level.

Overall mortality reached 54.2% at 180 days, with most
deaths occurring during the first 30 days after bacteraemia
onset. Thirty-day mortality was 43.8% (42/96), increasing
to 51.0% at 90 days and 54.2% (52/96) at 180 days. Nota-
bly, 80.8% of deaths during the 180-day follow-up occurred
within the first 30 days after bacteraemia onset. Mortal-
ity varied significantly among microbiological groups.
Kaplan—Meier analysis demonstrated significant differences
in survival among anaerobic genera at 180 days (log-rank
p=0.033) but not at 30 days (log-rank p=0.062) (Fig. 1).
Patients with Clostridium spp. bacteraemia showed the
poorest survival, with crude mortality rates of 62.5% at 30
days and 75.0% at 180 days. Similarly, reduced survival was
observed among patients with Fusobacterium spp. (55.6%
and 66.7%, respectively) and Bacteroides spp. bacteracmia
(53.1% and 62.5%, respectively). In contrast, patients with
Actinomyces spp. bacteraemia had the most favourable sur-
vival, with mortality rates of 13.3% at 30 days and 20.0%
at 180 days.

In univariable Cox analyses, increasing age, hyperten-
sion, acute kidney injury, and liver cirrhosis were associated
with mortality. A multivariable clinical Cox model identi-
fied increasing age (HR 1.03, 95% CI 1.00-1.05; p=0.025),
acute kidney injury (HR 2.14, 95% CI 1.20-3.81; p=0.010),
and liver cirrhosis (HR 2.54, 95% CI 1.06-6.11; p=0.037)
as independent predictors of mortality (Fig. 2). To determine
whether microbiological classification provided prognostic
information beyond established host-related risk factors,
anaerobic genus was subsequently incorporated into the
multivariable Cox model. The addition of bacterial genus
to the clinical model significantly improved model fit com-
pared with the clinical model alone (likelihood-ratio test >
=13.95,df=5; p=0.016). In the extended model, increasing
age (HR 1.03, 95% CI 1.00-1.05; p=0.037), acute kidney
injury (HR 2.27, 95% CI 1.25-4.14; p=0.007), hyperten-
sion (HR 1.95, 95% CI 1.01-3.79; p=0.048), liver cirrhosis
(HR 2.83, 95% CI 1.16-6.86; p=0.022), and Clostridium
spp. bacteraemia (HR 3.00, 95% CI 1.37-6.54; p=0.006)
were independently associated with 180-day mortality
(Fig. 2). No violation of the proportional hazards assump-
tion was detected (global Schoenfeld test p=0.879). Due to
the limited number of events per variable in the full genus,
a sensitivity analysis was conducted using a simplified
binary microbiological classification of Clostridium spp.
bacteraemia with all other anaerobic bloodstream infections
(Supplementary Table S3). In this analysis, Clostridium spp.
remained strongly and independently associated with 180-
day mortality (HR 3.48, 95% CI 1.74-7.00; p<0.001) (Sup-
plementary Table S3). Incorporating the binary Clostridium



European Journal of Clinical Microbiology & Infectious Diseases

Table 1 Baseline demographic, clinical and microbiological characteristics according to anaerobic genus

Variable Overall, Actinomy-  Bacteroides Clostridium Fusobacte- Other Prevotella  p-value?
n=96' cesn=15" n=32! n=16" rium n=9" n=19' n=5"
Demographics
Age, years 68.0 56.0 72.5 65.0 65.0 71.0 66.0 0.020
(58.8-77.0) (1.0-73.0) (66.5-81.0) (58.5-72.5) (53.0-71.0) (54.0-81.0) (65.0-78.0)
Sex 0.803
Female 41 (42.7%) 6(40.0%) 16 (50.0%) 8(50.0%) 3(33.3%) 6(31.6%) 2(40.0%)
Male 55(57.3%) 9(60.0%) 16 (50.0%) 8 (50.0%) 6(66.7%) 13 (68.4%) 3 (60.0%)
Comorbidities and predisposing
conditions
Hypertension 54 (56.3%) 5(33.3%) 22(68.8%) 5(31.3%) 6(66.7%) 13 (68.4%) 3(60.0%) 0.052
Type 1 or 2 diabetes mellitus 26 (27.1%) 3(20.0%) 6(18.8%) 5(31.3%) 4(44.4%) 6(31.6%) 2(40.0%) 0.557
Acute kidney injury? 37/92 2/13 15/32 7/15 2/8 9/19 2/5 0.374
(40.2%) (15.4%) (46.9%) (46.7%) (25.0%) (47.4%) (40.0%)
Moderate-to-severe chronic kidney =~ 24/92 3/13 9/32 2/15 2/8 5/19 3/5 0.531
disease (26.1%) (23.1%) (28.1%) (13.3%) (25.0%) (26.3%) (60.0%)
Liver cirrhosis 10 (10.4%) 0 (0.0%) 3(9.4%) 2(12.5%) 1(11.1%) 4(21.1%) 0(0.0%)  0.501
Solid malignancy 27 (28.1%) 2 (13.3%) 13 (40.6%) 4(25.0%) 2(22.2%) 4(21.1%) 2(40.0%) 0.416
Haematological malignancy 13 (13.5%) 3(20.0%) 1(3.1%) 6(37.5%) 3(33.3%) 0(0.0%) 0(0.0%)  0.001
Neutropenia (<0.5 G/L) 5(5.2%) 1 (6.7%) 0 (0.0%) 3(18.8%) 1(11.1%) 0(0.0%) 0(0.0%)  0.047
Corticosteroid treatment 19 (19.8%) 4(26.7%) 8(25.0%) 3(18.8%) 1(11.1%) 3(15.8%) 0(0.0%) 0.854
Abdominal surgery 18 (18.8%) 1 (6.7%) 9(28.1%) 2(12.5%) 2(22.2%) 4(21.1%) 0(0.0%)  0.501
Prosthetic device 16 (16.7%) 2 (13.3%) 7(21.9%) 3(18.8%) 0(0.0%) 3 (15.8%) 1(20.0%) 0.786
Pancreatitis 4 (4.2%) 1 (6.7%) 2 (6.3%) 0 (0.0%) 1(11.1%) 0 (0.0%) 0(0.0%)  0.540
Severity of illness
Intensive care unit admission 22 (22.9%) 7(46.7%) 5(15.6%) 3(18.8%) 0(0.0%) 6(31.6%) 1(20.0%) 0.096
Invasive mechanical ventilation 13 (13.5%) 5(33.3%) 2(6.3%) 2(12.5%) 1(11.1%) 2(10.5%) 1(20.0%) 0.215
Central venous catheter 28 (29.2%) 7 (46.7%) 8(25.0%) 4(25.0%) 4(44.4%) 3(15.8%) 2(40.0%) 0.325
Urinary catheter 52 (54.2%) 6(40.0%) 18 (56.3%) 7(43.8%) 4 (44.4%) 13(68.4%) 4(80.0%) 0.414
Number of positive anaerobic blood
culture bottles
1 bottle 80 (83.3%) 14 (93.3%) 25(78.1%) 9 (56.3%) 9 (100.0%) 18 (94.7%) 5 (100.0%)
>2 bottles 16 (16.7%) 1 (6.7%) 7(21.9%) 7 (43.8%) 0(0.0%) 1(5.3%) 0(0.0%)
Focus of infection
Primary bloodstream infection 45 (46.9%) 12(80.0%) 10(31.3%) 6(37.5%) 6(66.7%) 10 (52.6%) 1(20.0%) 0.018
Abdominal focus 27 (28.1%) 0 (0.0%) 14 (43.8%) 5@31.3%) 1(11.1%) 5(26.3%) 2(40.0%) 0.021
Ear/nose/throat focus 4 (4.2%) 3(20.0%)  0(0.0%) 0 (0.0%) 0(0.0%)  0(0.0%) 1(20.0%) 0.006
Urinary/genital focus 6 (6.3%) 0 (0.0%) 3(9.4%) 1(6.3%) 1(11.1%) 1(5.3%) 0(0.0%)  0.896
Pulmonary focus 3(3.1%) 0 (0.0%) 1(3.1%) 1 (6.3%) 1(11.1%) 0 (0.0%) 0(0.0%)  0.529
Skin/soft tissue focus 9 (9.4%) 0(0.0%) 4 (12.5%) 1(6.3%) 0(0.0%)  3(15.8%) 1(20.0%) 0.468
Vascular focus 1 (1.0%) 0 (0.0%) 0(0.0%) 1(6.3%) 0(0.0%)  0(0.0%) 0(0.0%)  0.469
Osteoarticular focus 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0(0.0%)  0(0.0%) 0(0.0%)  >0.999

"Median (Q1-Q3); n (%)
2K ruskal-Wallis rank sum test; Fisher’s exact test

3Acute kidney injury and moderate-to-severe chronic kidney disease could be assessed in 92 of 96 patients; percentages for these variables were

calculated among patients with available data

variable significantly improved model fit (likelihood-ratio
v = 10.22, df=1; p=0.001). Internal bootstrap validation
with 1000 resamples yielded optimism-corrected calibra-
tion slopes of 0.66 for the full genus model and 0.86 for
the binary Clostridium model. Bootstrap resampling fur-
ther supported the stability of the Clostridium effect, with
a median hazard ratio of 3.67 and a 95% bootstrap per-
centile interval of 1.94-8.54. These findings suggest that

Clostridium spp. bacteraemia provides additional prognos-
tic information beyond host-related clinical risk factors and
is independently associated with mortality in patients with
anaerobic bloodstream infection.

Patients with Actinomyces bacteraemia exhibited a dis-
tinct clinical profile compared with those infected by other
anaerobic genera. Most episodes (12/15, 80%) were classi-
fied as primary bloodstream infections, and no abdominal
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Fig. 1 Kaplan—Meier survival curves according to anaerobic genus.
(A) Thirty-day survival and (B) 180-day survival among patients with
anaerobic bacteraemia stratified by anaerobic genus. Survival differed
significantly among microbiological groups at 180 days (log-rank
p=0.033), whereas the difference at 30 days did not reach statistical

source was identified. Liver cirrhosis was absent, and acute
kidney injury was less frequently observed than in patients
with Bacteroides bacteraemia. Only three patients (20%)
died within 180 days, representing the lowest crude mortal-
ity among the major anaerobic genera. Given the markedly
lower mortality observed among patients with Actinomyces
spp. bacteraemia, a sensitivity analysis excluding these cases
was performed. The principal findings remained unchanged.
Clostridium spp. bacteraemia (HR 2.84, 95% CI 1.30-6.22;
p=0.009), liver cirrhosis (HR 2.79, 95% CI 1.14-6.80;
p=0.024), and acute kidney injury (HR 2.02, 95% CI
1.09-3.73; p=0.025) remained independently associated
with 180-day mortality. An additional sensitivity analysis
was performed in the Actinomyces-excluded cohort using
30-day all-cause mortality as the endpoint. Similar results
were observed for 30-day mortality, with Clostridium spp.
bacteraemia (HR 2.33, 95% CI 1.01-5.39; p=0.047), liver
cirrhosis (HR 3.18, 95% CI 1.31-7.75; p=0.011), and acute
kidney injury (HR 2.21, 95% CI 1.12-4.33; p=0.021)
remaining independently associated with mortality. The
global Schoenfeld test did not indicate violation of the pro-
portional hazards assumption (p=0.411).

The final multivariable Cox model showed moderate-to-
good apparent discrimination. Harrell’s concordance index
was 0.74 (SE 0.037). Time-dependent receiver operating
characteristic analysis yielded an AUC of 0.81 for both
30-day and 180-day mortality prediction (Fig. 3). These
apparent performance measures suggest moderate-to-good
discrimination; however, the optimism-corrected calibra-
tion slope indicated overfitting of the full genus model.

As a complementary analysis of the survival analysis
findings, a Firth-penalised logistic regression model was
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significance (log-rank p=0.062). Patients with Clostridium spp. bac-
teraemia had the poorest survival, whereas Actinomyces spp. bacter-
aemia was associated with the most favourable outcomes. Tick marks
indicate censored observations

fitted using 180-day all-cause mortality as the endpoint
(Supplementary Table S4). Increasing age showed a border-
line association with mortality (OR 1.03, 95% CI 1.00-1.07,;
p=0.060), whereas acute kidney injury (OR 3.02, 95% CI
1.12-8.89; p=0.029) and Clostridium spp. bacteraecmia (OR
5.04, 95% CI 1.08-30.49; p=0.038) were independently
associated with mortality. The model demonstrated good
discriminative performance, with an AUC of 0.82 (95% CI
0.732-0.905). At the optimal probability threshold of 0.60
determined by the Youden index, sensitivity was 0.73 and
specificity was 0.83 (Supplementary Table S4).

Discussion

This retrospective study of anaerobic bacteraemia demon-
strated substantial mortality, with 30-day mortality of43.8%,
increasing to 54.2% at 180 days. These findings indicate
that anaerobic bloodstream infections remain associated
with poor outcomes despite advances in microbiological
diagnostics and antimicrobial therapy. Increasing age and
host-related clinical factors, particularly acute kidney injury
and liver cirrhosis, were associated with mortality, while
Clostridium spp. bacteraemia remained independently asso-
ciated with reduced survival after multivariable adjustment.
Notably, incorporation of anaerobic genus into the multi-
variable model significantly improved model performance,
demonstrating that anaerobic genus contributes independent
prognostic information beyond established host-related risk
factors and comorbidities. Previous studies have reported
mortality rates ranging from 15% to 40%, although direct
comparisons are limited by differences in study populations,
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Fig.2 Forest plot of the multivariable Cox proportional hazards model
for 180-day mortality. Adjusted hazard ratios (HRs) and 95% confi-
dence intervals are shown for clinical and microbiological predictors
of all-cause mortality within 180 days after anaerobic bacteraemia.

study design, follow-up duration, and outcome definitions
[5, 6, 10, 15]. The higher mortality observed in this cohort
may reflect the tertiary-care setting and the advanced age
and comorbidity burden of the study population. Addition-
ally, the extended follow-up period likely captured deaths
related not only to the acute infectious episode but also to
severe underlying conditions frequently associated with
anaerobic bacteraemia [2, 7]. Another potential explanation
for the adverse outcome of anaerobic bloodstream infec-
tions is the time required for definitive microbiological
identification. In our laboratory, species identification was
performed from colony growth after anaerobic subculture

The vertical dashed line indicates an HR of 1.0 (no effect). Increasing
age, acute kidney injury, hypertension, liver cirrhosis, and Clostridium
spp. bacteraemia were independently associated with 180-day mortal-
ity in the clinical-plus-genus model

of positive blood culture bottles, which prolongs the time to
definitive identification compared with many aerobic patho-
gens. Although this may delay optimization of antimicrobial
therapy in some patients, the timing and appropriateness of
antimicrobial treatment were not evaluated in the present
study; therefore, no causal relationship can be inferred.

A primary objective of this study was to determine
whether differences in outcome are primarily attributable
to genus-specific characteristics or host-related factors.
Although substantial differences in crude mortality were
observed between anaerobic genera, several associations
were attenuated after adjustment for demographic and
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clinical variables. This finding suggests that much of the
observed variation in mortality is attributable to patient
characteristics rather than genus-related microbiological
factors alone. Previous studies have similarly identified
host-related factors as major determinants of outcome. Vena
et al. reported that the Charlson comorbidity index and sep-
tic shock independently predicted mortality, while Zoug-
gari et al. identified sepsis and chronic kidney disease as
important risk factors for adverse outcomes [10, 15]. Older
age was independently associated with 180-day mortality
in the clinical, full genus, and simplified binary Clostrid-
ium Cox models, although the association was borderline
in the complementary Firth-penalised logistic regression,
while liver cirrhosis and acute kidney injury also emerged
as significant prognostic factors in the multivariable sur-
vival analysis, whereas moderate-to-severe chronic kidney
disecase was not significantly associated with mortality in
univariable analysis.

Liver cirrhosis remained independently associated with
180-day mortality in the primary analysis and with 30-day
mortality in the Actinomyces-excluded sensitivity analysis
[16]. This association is biologically plausible, as cirrhosis
is characterised by profound immune dysfunction, impaired
bacterial clearance, and increased bacterial translocation
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from the gastrointestinal tract. Previous studies have dem-
onstrated that bacterial infections substantially worsen prog-
nosis in cirrhotic patients and frequently precipitate sepsis,
organ dysfunction, and clinical decompensation [17, 18].
Despite the predominant influence of host-related fac-
tors, Clostridium spp. bacteraemia remained independently
associated with mortality after multivariable adjustment.
This observation aligns with previous reports demonstrat-
ing Clostridium spp. as particularly virulent anaerobic
pathogens associated with poor clinical outcomes [7, 19].
Watanabe et al. also identified Clostridium spp. as an inde-
pendent predictor of in-hospital mortality, while Zouggari et
al. observed a significantly higher prevalence of Clostridium
bacteraemia among non-survivors, supporting the hypothe-
sis that Clostridium infections represent a particularly high-
risk subgroup of anaerobic bloodstream infections [10, 19].
The adverse outcomes associated with Clostridium bacter-
aemia may partly reflect the ability of several Clostridium
species to produce potent exotoxins and tissue-destructive
enzymes, which can contribute to rapid clinical deterioration
and severe systemic inflammatory responses [20]. Further-
more, Clostridium bacteraemia frequently occurs in patients
with serious underlying illnesses, including haematologi-
cal malignancies, solid cancers and immunosuppressive



European Journal of Clinical Microbiology & Infectious Diseases

conditions [21, 22]. In this cohort, Clostridium infections
were also disproportionately associated with haematologi-
cal malignancy, supporting this interpretation.

Beyond confirming the adverse prognostic impact of
Clostridium spp., these findings demonstrate that inclusion
of bacterial genus significantly improved model fit compared
with a model based solely on clinical variables, supporting
the independent prognostic contribution of anaerobic genus
classification. This observation complements previous
studies that primarily focused on mortality associated with
individual anaerobic genera and suggests that genus clas-
sification — primarily Clostridium spp. bacteraemia — may
contribute meaningful prognostic information in the man-
agement of anaerobic bloodstream infections [19, 23].

Although the primary analyses were performed at the
genus level, species-level identification remains clinically
relevant. In our cohort, C. perfringens was associated with
the highest crude mortality among the more frequently
isolated Clostridium spp., consistent with previous reports
describing its rapidly progressive clinical course and high
mortality. Likewise, C. septicum, although represented by
a single case in our cohort, has been consistently associ-
ated with colorectal and haematological malignancies,
whereas C. sordellii is recognised as a cause of fulminant
toxic shock syndrome. Within the Bacteroides genus, B.
fragilis accounted for the vast majority of isolates, in line
with previous epidemiological studies identifying it as the
predominant cause of Bacteroides bloodstream infection
[1-5]. Nevertheless, because most species were represented
by only a few patients, our data do not permit reliable spe-
cies-specific comparisons. Larger multicentre studies will
be required to determine whether prognosis differs between
individual anaerobic species beyond the genus level.

These findings have several potential clinical implica-
tions. The high mortality associated with anaerobic bacte-
raemia underscores the importance of early recognition and
prompt initiation of antimicrobial therapy [24]. Previous
studies have demonstrated that inadequate empirical treat-
ment and delayed source control are associated with worse
outcomes in anaerobic bloodstream infections [10, 15].
Identification of Clostridium spp. in blood cultures may
provide clinically useful prognostic information beyond
standard patient characteristics. Recognition of this high-
risk subgroup could support more intensive monitoring,
earlier source control interventions, and closer clinical fol-
low-up. In addition to prognostic implications, species-level
identification may provide broader clinical information.
Recent population-based studies have demonstrated strong
associations between bloodstream infections caused by
Fusobacterium spp., selected Bacteroides species, Gram-
positive anaerobic cocci, and certain Clostridium species
and subsequent diagnosis of colorectal cancer [25]. These

observations suggest that anaerobic bacteraemia may occa-
sionally serve as a marker of occult gastrointestinal pathol-
ogy and warrant further diagnostic evaluation in selected
patients [25, 26].

An unexpected finding of our study was the remark-
ably favourable prognosis observed among patients with
Actinomyces bacteraemia. Although Actinomyces spp. are
traditionally considered within the spectrum of clinically
relevant anaerobic bacteria, the genus is physiologically
heterogeneous with regard to oxygen tolerance. Despite this
physiological heterogeneity, the inclusion of Actinomyces in
studies of anaerobic bloodstream infections is not unprec-
edented. Several previous studies investigating anaerobic
bacteraemia or anaerobic organisms recovered from blood
cultures have included Actinomyces spp. within their study
populations. These include the Italian nationwide ITA-
NAEROBY survey by Di Bella et al., the study of rapid
identification of anaerobic bacteria from blood cultures by
Rassolie and Ozenci, and the recent European survey of
anaerobes recovered from paediatric and adult blood cul-
tures by Boattini et al. [1, 2, 27]. In addition, the clinical
relevance of Actinomyces bloodstream isolates has recently
been specifically examined by Ayantunde et al. [28]. It is
noteworthy that most patients in our cohort presented with
primary bloodstream infection and lacked an identifiable
abdominal focus. Furthermore, differences in host-related
characteristics and infection focus may have contributed
to the favourable prognosis observed in the Actinomyces
group. These findings suggest that the favourable prognosis
observed in our cohort is more likely related to differences
in patient characteristics and infection focus than to intrinsic
differences in bacterial virulence. Because of the retrospec-
tive design and limited number of cases, we could not deter-
mine whether some episodes reflected transient mucosal
translocation or catheter-associated bloodstream infection,
and these possibilities warrant further investigation.

Nevertheless, several limitations should be highlighted
regarding the current study. The relatively small size of the
Clostridium subgroup should be considered when interpret-
ing the effect estimates. Although Clostridium spp. bacter-
aemia remained independently associated with mortality in
the full genus model and in the binary sensitivity analysis,
the subgroup included only 16 patients. Therefore, the mag-
nitude of the hazard ratio should be interpreted cautiously
and requires confirmation in larger multicentre cohorts.
Another limitation concerns the distinction between true
bloodstream infection and blood culture contamination.
This is particularly relevant for organisms such as C. per-
fringens, which may occasionally represent contamination
[29]. Although all C. perfringens cases were individually
examined and considered clinically significant, misclas-
sification cannot be completely excluded because of the

@ Springer



European Journal of Clinical Microbiology & Infectious Diseases

retrospective study design. In addition, disease severity
scores such as SOFA or APACHE II score were not consis-
tently available. Furthermore, the timing and appropriate-
ness of antimicrobial therapy were not evaluated. Because
of the retrospective design, reliable classification of empiri-
cal therapy as appropriate or inappropriate was not feasible.
Consequently, differences in antimicrobial management
may have contributed to the observed differences in mortal-
ity between microbiological groups.

In conclusion, anaerobic bacteraemia remains associated
with substantial short- and long-term mortality. Although
patient-related factors were the principal determinants of
outcome, Clostridium spp. bacteraemia provided indepen-
dent prognostic information beyond clinical risk factors.
These findings support further evaluation of anaerobic
genus classification as a component of clinical risk strati-
fication in patients with anaerobic bloodstream infection.
Further multicentre studies are required to validate genus-
specific associations and to determine whether species-level
classification can further improve risk prediction.
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