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Background: In recent years, Delftia acidovorans has gained attention for its rare occurrence in patient infections. The literature 
consists mostly of case reports, necessitating further research to comprehensively understand risk factors, clinical characteristics, and 
management strategies.
Methods: We conducted a retrospective cohort study involving patients diagnosed with Delftia acidovorans infection at a tertiary 
teaching hospital between January 2014 and December 2022. The data included demographic details, comorbidities, bacterial cultures, 
antibiotic susceptibility, and treatment outcomes.
Results: There were 26 patients diagnosed with Delftia acidovorans infection who were predominantly older with multiple 
comorbidities. Approximately 76.9% of Delftia acidovorans infection patients had polymicrobial infections. Twenty-one patients 
had received antibiotics within three months before they developed the Delftia acidovorans infection, and these antibiotics were 
primarily third-generation cephalosporins, glycopeptides and fluoroquinolones. Antibiotic susceptibility testing showed resistance to 
aminoglycosides and susceptibility to imipenem, meropenem, ceftazidime, and piperacillin/tazobactam. Treatment outcome showed 
a mortality rate of 11.5%, mainly in patients with malignancy and advanced age.
Conclusion: Delftia acidovorans infections predominantly affect older patients with multiple comorbidities. In terms of antibiotic 
therapy, carbapenems, cephalosporins, and piperacillin/tazobactam with antipseudomonal activity could all be considered.
Keywords: Delftia acidovorans, antibiotic susceptibility, mortality rate

Introduction
The term “Delftia” originates from the city of Delft in the Netherlands, where the type species was first isolated. This 
nomenclature pays homage to the pioneering contributions of research groups in Delft to the field of bacteriology. In 
1987, Pseudomonas acidovorans was reclassified as a Comamonas species based on phenotypic and chemotaxonomic 
characters, along with DNA‒DNA homology.1 Later, in 1999, it was renamed Delftia acidovorans (D. acidovorans) 
following 16S rRNA gene sequence analysis after being removed from the Comamonas genus.2 In recent years, the 
medical community has become increasingly aware of infrequent infections caused by a diverse array of microbial 
pathogens. Among these pathogens, D. acidovorans, characterized as a gram-negative, aerobic, nonfermenting, and 
nonsporeforming rod-shaped bacterium, is commonly found in soil and water environments. Although initially con-
sidered nonpathogenic with limited clinical significance, it has gained attention due to its rare occurrence in patient 
infections. Beyond its environmental habitat, D. acidovorans has been detected in clinical settings, including surgical 
vacuum manifolds, operating scrub sinks, hemodialysis wall boxes, prime buckets, and reverse osmosis systems. 
Notably, it exhibits survival within biofilms and displays resistance to various disinfectants, including chlorhexidine.3 

The clinical spectrum of these infections spans from ocular, respiratory, or urinary tract infection to bloodstream 
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infection, peritonitis, and even endocarditis.4–9 Despite the relatively low incidence of D. acidovorans infections, their 
impact on affected patients can be substantial.

Currently, the understanding of D. acidovorans infection remains limited and is primarily derived from case reports 
and sporadic retrospective case series studies. Given the paucity of knowledge surrounding the pathogenicity and clinical 
outcomes associated with D. acidovorans infections, further research is imperative to elucidate risk factors, clinical 
features, and optimal management strategies for affected patients. To bridge this knowledge gap, we embarked on 
a retrospective cohort study involving patients diagnosed with D. acidovorans infection at a tertiary teaching hospital 
between 2014 and 2022. The aim of the study is to elucidate the clinical characteristics and outcomes of these infections. 
Through a comprehensive analysis of diverse case data, the populations most susceptible to these infections were 
identified, and the efficacy of the current treatment modalities was evaluated.

Methods
Study Design
We undertook a retrospective investigation involving individuals diagnosed with D. acidovorans infection at a tertiary 
teaching hospital, during the period from January 2014 to December 2022. The patient cohort included those with 
confirmed D. acidovorans infection based on positive culture reports, coupled with the presence of clinically relevant 
signs and symptoms associated with the infection.

Data Collection
We procured patient data and pertinent clinical information regarding confirmed D. acidovoran infections through the 
utilization of microbiology laboratory reporting system, clinical information and medical record repository. The data 
collection encompassed a spectrum of aspects, including demographics, existing comorbidities, antibiotic treatments 
administered within the preceding 3 months, results of bacterial cultures and antibiotic susceptibility, the trajectory of 
hospitalization, and ultimate clinical outcomes.

Antibiotics Susceptibility
Using the Clinical & Laboratory Standards Institute’s M100–25 interpretative criteria, antibiotic susceptibility was assessed 
using the VITEK® II system and VITEK® II Gram Negative Susceptibility cards (bioMérieux, Marcy-l’Étoile, France). The 
transfer tube and matching suspension tube were positioned in the adjacent slots, together with one Gram-negative 
identification card and another VITEK II AST-N322 card (for susceptibility testing of aerobic Gram-negative bacilli against 
selected antimicrobials.10 Our microbiology laboratory susceptibility test report for D. acidovorans included amikacin, 
gentamicin, ciprofloxacin, ceftazidime, cefepime, imipenem, meropenem, and piperacillin/tazobactam.

Ethics and Consent Protocol of the Study
This study was conducted in accordance with the Declaration of Helsinki. Ethical considerations were rigorously evaluated 
and approved by the Dalin Tzu Chi Hospital Research Ethics Committee (Approval IRB No. B11203013). The study was 
a retrospective medical records data collection and analysis. The risk and degree of harm or discomfort were no greater than 
in everyday life, a normal physical examination, or a psychiatric assessment. The legal biological database cannot identify 
a specific person. It is unable to identify specific individuals’ data, files, information, or samples for research purposes. The 
study had the lowest risk, and the potential harm to the research subject was not greater than that of the nonparticipating 
researchers, and the researcher’s rights were not affected by the exemption from prior consent. The research risk did not 
surpass the minimum risk. The subject’s rights and well-being were unaffected by the exempt informed consent. Research 
could not be performed without exempting informed consent. Informed consent statement is not applicable. No individual 
patient cases are described in the manuscript. No written informed consent is required.
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Results
Our study focused on D. acidovorans infection and involved a total of 26 patients between January 2014 and 
December 2022. The patient characteristics and comorbidities are presented in Tables 1 and S1–S5. Notably, the mean 
age of the patients at the time of infection was 73 years, indicating that this infection primarily affected older individuals. 
Out of the 26 patients, 16 were male and 10 were female. The average number of comorbidities, 2.3, indicates that each 
patient with a D. acidovorans infection had on average two or more concurrent medical conditions. These comorbidities 
encompassed a wide range of conditions, including cardiovascular diseases, malignancies, diabetes mellitus, cerebro-
vascular diseases, chronic kidney disease or end-stage renal disease, chronic obstructive pulmonary disease, autoimmune 
rheumatic diseases, and hepatitis B or C.

The distribution of D. acidovorans infections among the patient cohort is presented in Table 2. Among the varied 
clinical presentations, pneumonia was the most prevalent condition, impacting 10 patients. Urinary tract infections were 
the second most prevalent, with nine cases, followed by primary bacteremia, which was four cases. Furthermore, 
a noteworthy pattern emerged, as 76.9% of D. acidovorans infections were accompanied by coexisting microorganisms, 
as shown in Table S6. Escherichia coli (five cases), Pseudomonas aeruginosa (four cases), and Stenotrophomonas 
maltophilia (three cases) were the predominant companions. Out of these cases, 21 individuals (80.8%) had undergone 
antibiotic therapy preceding 3 months, as indicated in Table 3. The comprehensive analysis of the antibiotic susceptibility 
patterns is presented in Table 4. Our findings reveal significant resistance rates, particularly within the aminoglycosides 

Table 1 Clinical Characteristics and Comorbidities in Twenty-Six Cases of Delftia acidovorans 
Infection

Male Female Total Patients

Case number (%) 16 (61.5%) 10 (38.5%) 26
Age at the time of infection, Mean (min, max) 71.4 (51, 89) 76.1 (37, 90) 73.2 (37, 90)

Intensive care unit hospitalization, Case number (%) 4 (25.0%) 4 (40.0%) 8 (30.7%)

Cured, Case number (%) 14 (87.5%) 9 (90.0%) 23 (88.5%)
Deceased, Case number (%) 2 (12.5%) 1 (10.0%) 3 (11.5%)

Comorbidities, Case number (%) 15 (93.7%) 9 (90.0%) 24 (92.3%)

Cardiovascular diseases 9 7 16
Malignancies 8 3 11

Diabetes mellitus 7 3 10

Cerebrovascular diseases 5 2 7
Chronic obstructive pulmonary disease 5 1 6

Chronic kidney disease or End-stage renal disease 2 2 4

Autoimmune rheumatic diseases 0 3 3
Hepatitis B or C 3 0 3

Total Comorbidity number, (average) 39 (2.4) 21 (2.1) 60 (2.30) *

Notes: *Patients may have more than one comorbidity. Additionally, among the patients, there is one male and one female 
without any comorbidity.

Table 2 Distribution of Delftia acidovorans 
Infections Cases

Clinical Presentation Case Number (%)

Pneumonia 10 (38.5%)
Urinary tract infection 9 (34.6%)

Bacteremia 4 (15.4%)

Peritonitis 2 (7.7%)
Liver abscess 1 (3.8%)

Total patients 26 (100%)
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and ciprofloxacin. In contrast, our study found that carbapenems, specifically imipenem and meropenem, demonstrated 
susceptibility rates of 95.8% and 91.7%, respectively. Furthermore, the isolates were susceptible to ceftazidime (88.0%), 
piperacillin/tazobactam (87.5%), and cefepime (75.0%).

The treatment outcomes are presented in Table 1, revealing that 23 of the 26 patients (88.5%) achieved a successful 
cure. Notably, among these patients, four were treated with imipenem, while 12 received 3rd- or 4th-generation 
cephalosporins (including eight patients treated with ceftazidime, three with cefepime, and one with ceftibuten). 
Additionally, four patients were treated with penicillin agents, comprising one piperacillin/tazobactam, two with 
ampicillin/sulbactam, and one with amoxicillin/clavulanate. An intriguing observation is the successful recovery of 
three outpatients with positive urine cultures of D. acidovorans without documented antibiotic therapy.

Regrettably, three patients succumbed to the infection despite receiving antibiotic therapy, including one case of 
urinary tract infection, one case of pneumonia, and one case of primary bacteremia. All of the three patients had 
underlying malignant disease (one case of pancreatic cancer, one case of colon cancer, and one case of rectal cancer). 
A distinctive observation within our cohort pertains to a hepatocellular carcinoma patient developed a polymicrobial liver 
abscess, including D. acidovorans, Aeromonas caviae and Escherichia coli. This underscores the potential for this 
microorganism to be involved in unique and atypical clinical scenarios.

Discussion
Characteristics of the Patients with Delftia acidovorans Infections
We conducted a systematic review of D. acidovorans infection cases based on previously reported cases in the literature 
from January 1990 to June 2023. To ensure the integrity of our analysis and to prevent the inclusion of potentially 
misleading information, we excluded papers that were unavailable, not in English, or lacked patient data. Our effort 

Table 3 Prior Intravenous Antibiotic Use Within 3 Months in 
Twenty-One Cases of Delftia acidovorans Infection

Types of Antibiotics Case Number*

Third generation cephalosporin# 16

Glycopeptides (Vancomycin, Teicoplanin) 10

Quinolones (Levofloxacin, Ciprofloxacin) 10
Carbapenems (Ertapenem, Imipenem, Meropenem) 5

Piperacillin/tazobactam 2

Colistin 2
Aminoglycoside (Amikacin) 1

Notes: *Patients had received one or more types of antibiotics within the 3 months 
before Delftia acidovorans infection was identified. #Third generation cephalosporin 
included Flomoxef, Ceftriaxone, and Ceftazidime.

Table 4 Antimicrobial Susceptibility to Delftia acidovorans Among Three Cohorts Patients

AMK GEN CIP CAZ FEP IMI MEM TZP

Our Cohort
Susceptible number 1 1 7 22 18 23 22 21

Resistant number 24 24 17 3 6 1 2 3

Susceptible rate (%) 4.0% 4.0% 29.2% 88.0% 75.0% 95.8% 91.7% 87.5%
Højgaard et al
Susceptible rate (%) N 7.7% 90.7% 94.4% N 94.2% 94.6% 94.0%

Other cases cohort
Susceptible rate (%) 17.2% 13.8% 80.0% 76.0% 25.0% 100.0% 90.9% 84.6%

Abbreviations: N, No data; AMK; Amikacin; GEN, Gentamycin; CIP, Ciprofloxacin; CAZ, Ceftazidime; FEP, 
Cefepime; IMI, Imipenem; MEM, Meropenem; TZP, Piperacillin/tazobactam.
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yielded a collection of 40 sporadically reported cases of D. acidovorans infections (excluding Højgaard et al’s study). 
Among these cases, the spectrum of infections included 16 cases of bacteremia,7,11–23 eleven ocular infections (including 
three patients with positive contact lens cultures),4,24–27 two pneumonia cases,5,28 three empyema cases,29–31 one urinary 
tract infection,6 one combined bacteremia and urinary tract infection,32 three cases of peritonitis in patients undergoing 
continuous ambulatory peritoneal dialysis8,33,34, two endocarditis,9,35 and one skin infection.36 Regrettably, our analysis 
also revealed three cases resulting in mortality. The first case was in 1990. Horowitz et al reported a 42-year-old patient 
with alcoholic liver disease and intravenous drug abuse. Two weeks prior, she received intravenous ampicillin therapy for 
viridans streptococcal endocarditis. The chest radiograph demonstrated ill-defined densities in the right lobe, and the 
blood culture was positive for Pseudomonas species. Further biochemical testing revealed the organism to be 
D. acidovorans, which was susceptible to ceftazidime and resistant to amikacin and gentamicin. The clinical course 
progressively deteriorated despite antibiotic therapy. She died on hospital day 25 with progressive multisystem failure.9 

The second case was reported by Singh et al a 29-year-old patient underwent chemotherapy for breast cancer. After 10 
days of the last dose of chemotherapy, she presented with pancytopenia, pneumonia, and bacteremia. A blood sample was 
obtained from peripheral and central lines, and the isolates were identified as D. acidovorans. The isolates were 
susceptible to ceftazidime, piperacillin-tazobactam, meropenem, levofloxacin and aztreonam but resistant to amikacin 
and colistin. Antibiotic therapy with meropenem was continued for 4 days. She developed respiratory failure and 
bradycardia. She was declared dead.21 The third case was reported by Khan et al, involving a 4-year-old child who 
presented with fever, cough, and respiratory distress. The patient had no preexisting comorbidities. A chest X-ray 
revealed fluid accumulation on the right side of the chest. Antibiotic treatment with ceftazidime and amikacin was 
initiated. An intercostal drainage tube was inserted, and cultures of pleural effusion and sputum identified 
D. acidovorans. Notably, the isolate showed resistance to gentamicin and ceftazidime. Although the antibiotic regimen 
was subsequently changed to cefoperazone-sulbactam based on a susceptible profile, the patient’s condition deteriorated, 
leading to septic shock and eventual death on the 12th day of admission.30 This observation resonates with our cohort, 
where the deceased patient also had a preexisting comorbidity. Notably, Bilgin et al have previously emphasized the 
rarity of D. acidovorans infections, highlighting their potential to cause severe and even fatal infections in individuals 
with compromised immune systems, malignancies, or those undergoing immunosuppressive therapy.5

The most recent and comprehensive cohort study, conducted by Højgaard et al, has significantly contributed to our 
understanding of D. acidovorans infections.37 This study encompassed 59 patients between 2002 and 2020 at a tertiary 
referral center in Denmark, representing the largest cohort to date. Within these patients, a sex distribution of 35 male 
patients (59%) and a median age of 47 years at the time of infection were observed. Notably, the high prevalence of 
preexisting comorbidities was evident in 57 cases (97%), including conditions such as malignancies (N=25) and 
cardiovascular diseases (N=12). The study suggested that blood (N=17) and airway secretions (N=20) constituted the 
predominant sources of infected specimens. Among these specimens, a substantial proportion (70%) exhibited poly-
microbial cultures, frequently involving Pseudomonas spp. (N=12) and Stenotrophomonas maltophilia (N=10). Four 
cases resulted in mortality within 30 days. An important observation is the correlation between the fatal cases and 
polymicrobial cultures, implicating the potential impact of this aspect on clinical outcomes. It is crucial to acknowledge 
that only 35 patients out of the total 59 provided comprehensive data on prior antibiotic therapy, revealing that 25 of them 
had undergone antibiotic treatment within three months prior to their initial positive D. acidovorans culture. Penicillins 
and fluoroquinolones were the predominant antibiotics employed.

Comparing our cohort study to Højgaard et al’s findings, our patient population demonstrated an older age distribu-
tion, with a median age at infection onset of 77 years; 76% were aged over 65 years; and no pediatric cases were 
included. Similarly, both cohorts exhibited a high prevalence of preexisting comorbidities, especially malignancies. The 
concurrent presence of multiple comorbidities highlights the considerable burden of preexisting health conditions carried 
by infected patients. This situation could impact their health and potentially affect the outcomes of their treatment. The 
dominant infected specimens in our study were airway secretions and urine. We observed a comparable ratio of 
polymicrobial cultures in our cohort, with 76.9% of the specimens indicating polymicrobial involvement, often including 
Escherichia coli, Pseudomonas aeruginosa, and Stenotrophomonas maltophilia. Differing from the Højgaard et al study, 
our investigation encompassed comprehensive antibiotic therapy histories for all cases. Among the 26 patients within our 
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cohort, 80.8% had undergone antibiotic treatment within the three months preceding the D. acidovorans infection, 
predominantly involving 3rd generation cephalosporins, followed by glycopeptides and fluoroquinolones. This observa-
tion suggests a possible connection between exposure to these antibiotics beforehand and the development or continua-
tion of D. acidovorans infections in the group of patients being studied. Looking closely at the specific patterns of 
antibiotic usage before D. acidovorans was detected can provide valuable insights into potential factors that contribute to 
the risk, thus guiding future treatment strategies.

Antimicrobial Susceptibility Pattern of Delftia acidovorans
In the context of antibiotic susceptibility, a comprehensive analysis of 40 sporadically cases was conducted, and it has 
been consistently observed that D. acidovorans infections exhibit susceptibility to certain antibiotics, such as ciproflox-
acin, ceftazidime, carbapenems (imipenem and meropenem), and piperacillin/tazobactam. Notably, a significant pattern 
emerges, with most case reports indicating resistance to aminoglycosides such as amikacin, and gentamicin (Table 4). 
The analysis of antibiotic susceptibility in Højgaard et al’s study revealed that a substantial proportion of the isolates 
exhibited susceptibility to meropenem (94.6%), imipenem (94.2%), ceftazidime (94.4%), ciprofloxacin (90.7%), and 
piperacillin/tazobactam (94.0%). Conversely, higher resistance rates were observed for gentamicin (92.3%).37

Our observations pertaining to antibiotic susceptibility closely paralleled those outlined in Højgaard et al’s work, with 
over 85% of isolates exhibiting susceptibility to meropenem, imipenem, ceftazidime, and piperacillin-tazobactam and 
a 75% susceptibility rate for cefepime. Our study showed that the isolates had a high rate of resistance to aminoglyco-
sides (96%). The susceptibility rate of ciprofloxacin was 29.2% in our study, and the susceptibility rate of ciprofloxacin 
was 90.7% in Højgaard et al’s study, which was the major difference between the two studies. Camargo et al demon-
strated their findings by studying D. acidovorans isolates isolated from tracheal aspirate samples of 21 adult inpatients in 
a Brazilian hospital. The susceptibility rate of ciprofloxacin was 16.7%. The isolates showed resistance to polymyxin 
B and aminoglycosides (such as amikacin, gentamicin, and tobramycin), but no β-lactam resistance was found.38 These 
researches revealed both parallels and variations in the clinical and microbiological features of D. acidovorans infections 
across countries and patient groups.

Regarding the phenomenon of β-lactam antibiotic resistance, Ravaoarinoro et al conducted an insightful investigation 
into the underlying mechanisms within D. acidovorans strains. Their study elucidated a significant factor contributing to 
the resistance of D. acidovorans to β-lactam antibiotics, namely, the synergistic interplay between the production of β- 
lactamase enzymes and structural alterations in the outer membrane proteins. Furthermore, their findings highlighted the 
correlation between the relative hydrophilicity of D. acidovorans strains and their susceptibility to β-lactam antibiotics. 
Notably, strains exhibiting higher hydrophilicity were discernibly more resistant to β-lactam antibiotics than those with 
higher hydrophobicity.39

Kang et al made a significant observation, noting the intrinsic resistance of Delftia species to aminoglycoside and 
quinolone antibiotics. This intrinsic resistance could signify an evolutionary adaptation toward resistance against 
a broader spectrum of antibiotics, further emphasizing the dynamic nature of bacterial antibiotic resistance 
mechanisms.40 These scientific insights collectively contribute to a deeper understanding of the intricate factors govern-
ing antibiotic resistance patterns and mechanisms within D. acidovorans and related species.

In alignment with our cohort study, we identified analogous findings, revealing a notable trend of elevated resistance 
to amikacin and gentamicin. Furthermore, resistance to ciprofloxacin was also observed, while a consistent and 
substantial susceptibility was noted toward ceftazidime, meropenem, imipenem, and piperacillin/tazobactam. This 
complexity emphasizes the necessity for an in-depth exploration into the intricate genetic, molecular, and environmental 
determinants that contribute to these noticeable patterns. Such investigations hold the potential to enhance our compre-
hension of the underlying mechanisms and further illuminate avenues for comprehensive research in this domain.

Furthermore, Højgaard et al identified four patients (including 2 children) who met the criteria for persistent infection 
or colonization. The specimens in these cases included wound discharge, airway secretions, and blood, with one patient 
ultimately succumbing to the infection.37 Notably, in our cohort, observation emerged involving three outpatients who 
exhibited positive polymicrobial urine cultures but spontaneously recovered without any documented antibiotic therapy. 
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These observations reveal the potential for spontaneous resolution or bacterial colonization without eliciting clinical 
symptom.

Limitation
Only limited clinical experience can be obtained from our tiny case series retrospective study of D. acidovorans 
infections. Clinical characteristics and treatment strategies for D. acidovorans infections will be improved by an 
additional 40 sporadically reported cases and Højgaard et al’s study of D. acidovorans infections.

Conclusions
Our retrospective analysis showed that D. acidovorans infections predominantly affect older patients with multiple 
comorbidities, such as cardiovascular diseases, and malignancies. Most Delftia acidovorans infection patients had 
polymicrobial infections and had received antibiotics within three months before they developed the Delftia acidovorans 
infection. In terms of antibiotic therapy, carbapenems, cephalosporins, and piperacillin/tazobactam with antipseudomonal 
activity could all be considered. These findings have the potential to significantly enhance our understanding of 
D. acidovorans infections.
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