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Abstract: Polymicrobial infections in hemodialysis contribute to increased morbidity and mortality. We report a patient who was
readmitted due to infection with multiple pathogens and was treated with favorable outcomes. A 51-year-old male with diabetes
mellitus, hypertension, and end-stage renal disease was evaluated in the emergency room following fever and chills observed during
hemodialysis via a right chest tunneled catheter 2 days before admission. Two months prior, a left forearm arteriovenous graft had been
placed. Initial blood cultures at his dialysis center grew Gram-negative bacilli. Empiric vancomycin and gentamicin were initiated to
cover both Gram-positive and Gram-negative pathogens commonly associated with catheter-related infections. When contacted, the
dialysis center reported cultures had revealed Klebsiella pneumoniae and Enterobacter cloacae complex. Chest imaging suggested
pneumonia, and antibiotics were changed to vancomycin and piperacillin-tazobactam. Blood cultures obtained at admission subse-
quently identified ESBL-producing Klebsiella pneumoniae, prompting escalation to meropenem. Following tunneled dialysis catheter
removal and placement of a right femoral central venous catheter, subsequent cultures identified Achromobacter xylosoxidans sensitive
to meropenem. He was discharged 3 weeks after negative cultures. One month later, he was readmitted with fever and worsening
hypoxemia requiring oxygen supplementation. Hospital course was complicated by diarrhea, with stool analysis confirming
Clostridioides difficile infection. Symptoms resolved with oral vancomycin. Blood cultures identified 4. xylosoxidans, leading to
meropenem treatment. The left internal jugular tunneled dialysis catheter was removed. He experienced spontaneous bleeding at the
graft site. Angiography showed no pseudoaneurysm. An urgent graft excision revealed 4. xylosoxidans in the resected arteriovenous
graft, along with A. denitrificans in blood cultures. Antibiotics were switched to ceftazidime due to suspected meropenem-induced
transaminitis and confirmed susceptibility of the organism. Following negative cultures, a left chest tunneled dialysis catheter was
placed, and he was discharged. Infections with multiple microorganisms in hemodialysis require prompt and targeted antimicrobial
therapy for favorable outcomes.

Keywords: polymicrobial bacteremia, vascular access infection, dialysis catheter infection, end-stage renal disease, opportunistic
gram-negative pathogens

Introduction
Achromobacter xylosoxidans and Achromobacter denitrificans are ubiquitous gram-negative bacteria found in the
environment and cause opportunistic infections in immunocompromised individuals.'~

Infections with 4. xylosoxidans have been identified among patients undergoing chemotherapy, individuals with
diabetes, and those with chronic kidney disease.’ In these patients, complications like bacteremia and/or sepsis,
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endocarditis, and established catheter infections through biofilms*® contribute to morbidity and mortality. Treatment of
these infections is complicated by both intrinsic and acquired antimicrobial resistance. Achromobacter xylosoxidans
exhibits intrinsic resistance to several commonly used antibiotics, including aminoglycosides, aztreonam, and many
cephalosporins, although susceptibility to ceftazidime and carbapenems has been reported.” '* Antibiotics resistance by
Achromobacter species involves multiple genes encoding [-lactamases, efflux pumps, and drug-modifying
enzymes.”'*'* Similarly, Klebsiella pneumoniae and Enterobacter cloacae possess intrinsic resistance mechanisms,
including chromosomal B-lactamase production, which may limit susceptibility to certain B-lactam antibiotics and
complicate antimicrobial selection in polymicrobial infections. Klebsiella pneumoniae also acquires additional resistance
through transfer of plasmid-encoded B-lactamases (including carbapenemases and ESBLs) and efflux pumps.'>’
Enterobacter cloacae complex expresses chromosomal AmpC B-lactamases and demonstrates innate resistance to
aminopenicillins, early generation cephalosporins, cephamycins, and other B-lactam/p-lactamase inhibitor combinations
(except piperacillin-tazobactam).'®'® Additionally, inducible Amp expression confers additional resistance to certain -
lactams, including third-generation cephalosporins like cefotaxime and ceftriaxone.?%*!

Interestingly, although a rare cause of human infections, A. denitrificans was identified in a patient undergoing hemodialysis
with an indwelling non-tunneled central venous catheter (CVC).*>** Infections with A. denitrificans often require multiple
courses and doses of antibiotics for eradication, given their resistant nature and tolerance to drug microbicidal activity.***2°

Previous studies found that bacteremia with Achromobacter species was associated with a high all- cause 30-day
mortality rate of 23%.%”*® There are no clinical guidelines that describe the treatment of patients with co-infection of
both A. xylosoxidans and A. denitrificans, or those that present with any other infections. Co-infection with polymicrobial
organisms is likely challenging and requires prompt management to prevent detrimental outcomes including mortality
among patients undergoing hemodialysis.

To our knowledge, to date, there is no reported case of polymicrobial infections, including co-infection with
A. xylosoxidans and A. denitrificans among patients with end -stage renal disease (ESRD) undergoing hemodialysis.
Here, we describe a male patient with diabetes mellitus and ESRD undergoing hemodialysis who presented with
recurrent polymicrobial infections with Klebsiella pneumoniae, Enterobacter cloacae complex, A. xylosoxidans, and
A. denitrificans, which were successfully managed with appropriate antimicrobial therapy.

Case Report

We report a case of a 51-year-old male with a past medical history of diabetes mellitus, hypertension, chronic obstructive
pulmonary disease, cerebrovascular accident with anoxic brain injury complicated by mild cognitive impairment,
hyperparathyroidism, seizure disorder, and end-stage renal disease on maintenance hemodialysis (3 days weekly) via
a tunneled dialysis catheter (TDC). He was transferred to the emergency room (ER) following positive blood culture
results at an outside dialysis center. He lives independently and denied tobacco, alcohol, or illicit drug use. Two months
prior to admission, an arteriovenous (AV) graft had been placed in the left forearm. Two days before admission, he
developed fever with chills while undergoing dialysis via a right TDC. Blood was obtained for an infection work up.
Cultures grew gram-negative bacilli. He received empiric broad-spectrum therapy with vancomycin and gentamicin at
the dialysis unit to cover both Gram-positive and Gram-negative organisms while awaiting definitive identification and
susceptibility results. He was transferred to our hospital for further management.

Vital signs at the ER were: Blood pressure, 130/75 mmHg, heart rate, 79 bpm, temperature, 98.4 °F (36.9 °C), and
saturation, 97% on room air. Physical examination revealed an adult male in no acute distress. Laboratory evaluation
found mildly decreased hemoglobin 10.1 g/dL; elevated white blood cell counts 15.3 k/uL, elevated neutrophil count
13.3 k/uL, with neutrophil % of 87.1%; blood urea nitrogen of 29 mg/dL; and elevated creatinine of 6.5 mg/dL. Table 1 is
a summary of laboratory findings at admission. During dialysis at the ER, he was observed to spike a fever with chills.
Hemodialysis was performed via a left upper chest TDC. Blood specimens were obtained for repeat culture. His outside
dialysis Center was contacted and reported the initial blood culture had identified growth of Klebsiella pneumoniae and
Enterobacter cloacae complex. There were no patients at the Center with similar symptoms. A chest X-ray at the ER
revealed right lower lung opacity along the costophrenic and cardiophrenic angles, with features of infiltrates/pleural
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Table | Laboratory Parameters (Complete Blood
Count, Renal Function Tests, Hepatic Function) at
Initial Admission

Laboratory Test Result Reference Range
White blood cell count 15.3 (H) | 4.8-10.8 k/uL
Neutrophil count 13.3 (H) | 1.5-8.0 k/uL
Neutrophil % 87.1 (H) | 40.0-70.0%
Lymphocyte count 0.7 (L) 1.0-4.8 k/uL
Lymphocyte % 4.3 (L) 20.0-50.0%
Hemoglobin 10.1 (L) | 12.0-16.0 g/dL
Platelet count 169 150 — 400 k/uL
Creatinine 6.5 (H) 0.5-1.5 mg/dL
Blood Urea Nitrogen 29.0 (H) | 8.0-26.0 mg/dL
eGFR 7.19 Ml/min/1.73m2
Sodium 135 135 — 145 mEq/L
Potassium 42 3.5-5.0 mEq/L
Chloride 95 98 — 108 mEq/L
Calcium, Total serum 89 8.5-10.5 mg/dL
Aspartate Transaminase 16 9 — 48 unit/L
Alanine Aminotransferase | 37 5 — 40 unit/L
Alkaline Phosphatase 228 (H) | 56 — 119 unit/L
Bilirubin, serum Total 0.5 0.2 —1.2 mg/dL

disease with atelectasis and pleural effusions. Antibiotics were switched to vancomycin and piperacillin-tazobactam to
cover pneumonia with bacteremia.

Infectious disease was consulted to evaluate for possible TDC infection and recommended changing the catheter after
2-3 negative blood cultures. Culture results from admission day 1 grew Klebsiella pneumoniae (ESBL) sensitive to
meropenem. Table 2 shows the sensitivity of Klebsiella pneumoniae (ESBL) to different antibiotics tested. Antimicrobial
susceptibility testing results were interpreted according to the Clinical and Laboratory Standards Institute (CLSI) 34™

Table 2 Laboratory Parameters (Complete Blood
Count, Renal Function Tests, Hepatic Function) at Re-

Admission
Laboratory Test Result Reference Range
White blood cell count 13.9 (H) | 4.8-10.8 k/uL
Neutrophil count 12.7 (H) | 1.5-8.0 k/uL
Neutrophil % 91.3 (H) | 40.0-70.0 k/uL
Lymphocyte count 0.5 (L) 1.04.8 k/uL
Lymphocyte % 3.7 (L) 20.0-50.0%
Hemoglobin 6.7 (L) 12.0-16.0 g/dL
Platelet count 81 (L) 150 — 400 k/uL
Creatinine 1.9 (H) 0.5-1.5 mg/dL
Blood Urea Nitrogen 13 8.0-26.0 mg/dL
eGFR 28.98 mL/min/1.73m2
Sodium 135 135 — 145 mEq/L
Potassium 35 3.5-5.0 mEq/L
Chloride 93 98 — 108 mEq/L
Calcium, Total serum 85 8.5-10.5 mg/dL
Aspartate Transaminase 23 9 — 48 unit/L
Alanine Aminotransferase | 7 5 — 40 units/L
Alkaline Phosphatase 201 56 — 119 unit/L
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edition guidelines used by the institutional microbiology laboratory. Piperacillin/tazobactam was discontinued, and
meropenem started. The TDC was removed, and a temporary right femoral non-tunneled CVC placed. On day 12, the
white blood cell count decreased to 10.7 k/ulL, within the normal range (4.8-10.8 k/uL). Culture results from blood
specimens obtained on admission day 2 identified Achromobacter (Acaligenes) xylosoxidans. The patient continued to
receive meropenem given the identified sensitivity to this antibiotic. Table 3 shows the sensitivity of 4. xylosoxidans
identified to different antibiotics tested.

Subsequent blood cultures on day 4 and day 5 grew A. xylosoxidans, while that on day 9 grew Achromobacter (Acaligenes)
denitrificans with similar sensitivity to 4. xylosoxidans. A transthoracic echocardiogram revealed no valvular vegetations.
On day 16, the right non-tunneled CVC was removed due to ongoing infection. A left femoral non-tunneled CVC was placed
on day 19. Blood cultures from day 18 and day 21 were subsequently negative and he was discharged on day 29.

One month after discharge, the patient was readmitted following a febrile episode and shortness of breath during
dialysis via left internal jugular (IJ) TDC at his center. Vancomycin and gentamicin were initiated, and he was transferred
to the ER. Vitals were: Blood pressure, 142/86 mmHg, heart rate, 68 bpm, temperature, 98 °F, and saturation, 92% on
room air. Laboratory tests revealed a low hemoglobin 6.7 g/dL; elevated white blood cell count 13.9 k/uL, neutrophil
count 12.7 k/uL, with neutrophil % of 91.3%; blood urea nitrogen of 13 mg/dL; and elevated creatinine of 1.9 mg/dL.
Hemoglobin Alc was 5.7%. Table 4 is a summary of laboratory test results at readmission. He was transfused with one

Table 3 Sensitivity Profile for Klebsiella pneumoniae
(ESBL) with Respective Minimum Inhibitory
Concentrations (MIC) for Tested Antibiotics

Antibiotic Sensitivity (MIC)
Amoxicillin/Clavulanate Susceptible (4)
Ampicillin Resistant (>32)
Ampicillin/Sulbactam Intermediate (16)
Aztreonam Susceptible (4)
Cefazolin Resistant (>64)
Cefepime Susceptible (2)
Ceftriaxone Resistant (>64)
Cefuroxime, sodium Resistant (>64)
Ciprofloxacin Resistant (>4)
Ertapenem Susceptible (<0.12)
Gentamicin Intermediate (8)
Imipenem Susceptible (<0.25)
Levofloxacin Resistant (>8)
Meropenem Susceptible (<0.25)
Piperacillin/Tazobactam Susceptible (<4)
Tobramycin Intermediate (8)
Trimethoprim/Sulfamethoxazole | Resistant (>320)

Table 4 Sensitivity Profile for Achromobacter xylo-
soxidans with Respective Minimum Inhibitory
Concentration (MIC) for Tested Antibiotics

Levofloxacin

Meropenem
Piperacillin/Tazobactam
Trimethoprim/Sulfamethoxazole

Antibiotic Sensitivity (MIC)
Aztreonam Resistant (>64)
Ceftazidime Susceptible (2)
Imipenem Susceptible (2)

Intermediate (4)
Susceptible (<0.25)
Susceptible (<4)
Susceptible (<20)
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Figure | Timeline of bacterial species isolated.

unit of packed red blood cells. He was admitted to the intensive care unit (day 4 to day 6) due to worsening hypoxemia
and placed on bilevel positive airway pressure ventilation. He developed worsening diarrhea and on day 4, stool analysis
detected C. difficile Toxin B and GDH antigen. He was treated with oral vancomycin 250 mg every 6 hours daily for
C. difficile colitis. Chest X-rays revealed obscured cardiac and mediastinal silhouettes, with left pleural effusion and
moderate vascular congestion. Thoracocentesis was performed on day 5 for worsening pleural effusions. Blood cultures
obtained at admission revealed 4. xylosoxidans sensitive to meropenem, and the antibiotic was initiated. The left IJ TDC
was removed on day 11. A decision was made to remove the AV graft due to recurrent infections. While vascular surgery
planned for graft excision on day 13, he developed spontaneous bleeding at the left forearm graft site. CT angiography of
the left upper extremity revealed no pseudoaneurysm or vaso-occlusive disease. He underwent urgent graft excision and
patch repair on day 13. Blood cultures from day 11 grew A. denitrificans, while the resected AV graft grew
A. xylosoxidans (day 14). Subsequently, blood cultures from day 16 and day 19 were negative for growth. At this
stage, Klebsiella pneumoniae ESBL was no longer isolated, and the ongoing infection was attributed to Achromobacter
species. On day 19, he developed worsening transaminitis (AST 1128 unit/L, ALT 202 unit/L, ALP 1155 unit/L), for
which meropenem-drug induced liver injury was suspected. Meropenem was discontinued, and ceftazidime initiated.
Final culture results from day 19 were reported negative 5 days later. A left chest TDC was placed on day 26, while
transaminitis resolved on day 39. The non-tunneled CVC was subsequently removed. She improved and was discharged
on day 43. A timeline of infection is presented in Figure 1.

Discussion

This report describes infection with Enterobacter cloacae complex, Klebsiella pneumoniae (ESBL), and recurrent
bacteremia with 4. xylosoxidans and A. denitrificans in a patient undergoing hemodialysis. While 4. xylosoxidans and
A. denitrificans are considered low virulence opportunistic pathogens that may infect immunocompetent individuals,
infections in immunocompromised states are associated with increased rates of readmissions,’ mortality and

morbidity.**? Type 2 diabetes and ESRD are associated with immune dysfunction,®***

33,35,36

predisposing to an increased
risk of infections and other comorbidities, with poor outcomes, especially among patients like the case we present
here.

Achromobacter species have increasingly been recognized as opportunistic pathogens in immunocompromised
patients and those with indwelling vascular devices. Previous reports have described A. xylosoxidans bacteremia in
patients with malignancy, cystic fibrosis, and chronic kidney disease, frequently associated with catheter-related
infections.>>>"*® Several outbreaks and sporadic infections have also been reported in healthcare settings, including
hemodialysis units, highlighting the organism’s ability to persist in aqueous environments and contaminated medical
equipment.*~*? However, most reported cases involve monomicrobial infections caused by A. xylosoxidans. In contrast,
the present case involved recurrent polymicrobial bloodstream infection with both 4. xylosoxidans and A. denitrificans in
addition to other Gram-negative pathogens.

Although no outbreaks were reported at the dialysis center, this infection was likely contracted through nosocomial
contamination of equipment and catheter manipulation during hemodialysis, as previously reported by other groups.®”*

Infection prevention in dialysis units relies on strict adherence to established infection control practices, including hand
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hygiene, aseptic technique during catheter access and manipulation, routine disinfection of dialysis equipment, and
monitoring of dialysis water treatment systems. Dialysis facilities follow standardized infection prevention protocols to
reduce the risk of bloodstream infections associated with vascular access devices. In this case, communication with the
dialysis center did not identify other patients with similar symptoms or evidence of an outbreak during the same period,
and the unit reported adherence to standard infection control practices. This suggests that the infection likely represented
an isolated event rather than a broader breach in infection prevention measures. Common sources of infection during
dialysis using venous catheters include contaminated aquatic environments like deionized water in the dialysis system,

and mishandling of saline flush, multidose heparin doses, antiseptics, intravenous fluids, and tap water.®*"*°

414244 with Achromobacter spps™

Indwelling intravascular catheters are a possible source of sustained bacteremia
when contaminated, and pose a challenge with eradication of infection.*®*” Often, patients may require a long duration of
antibiotics,*® and/or combination therapy/antibiotics**>* before the infection is cleared. This predisposes patients to the
risk of drug-related adverse effects due to prolonged duration of treatment. This patient developed transaminitis
following treatment with meropenem, which resolved with cessation of the drug and required switching to ceftazidime.

Treatment of Achromobacter infections can be challenging because these organisms demonstrate intrinsic and
acquired resistance to multiple antimicrobial agents, including aminoglycosides, aztreonam, and several
cephalosporins.”'® Optimal therapy therefore relies on susceptibility-guided antimicrobial selection, and agents such
as carbapenems, piperacillin-tazobactam, or ceftazidime may be required depending on the antimicrobial susceptibility
profile.*’

Despite numerous advantages like early maturity, synthetic AV grafts in hemodialysis are associated with several
infectious and non-infectious complications that increase mortality and fatal outcomes.’'* Dec B Nguyen et al,”
R A Bonome et al,”* IW Fong et al,”> and George M Nassar et al>® have observed that AV grafts have an intermediate
risk of vascular access-related infection when compared to AV fistulas and CVCs. Upon excision, the graft from this
patient grew A. xylosoxidans, while subsequent cultures were negative for infection. Although arteriovenous fistulas are
generally preferred due to their lower infection risk, creation of a new fistula may not always be feasible because of
patient-specific vascular anatomy, prior vascular access history, or the need for immediate dialysis access. In this case,
the infected graft was excised to achieve source control, and vascular access decisions were made in consultation with
vascular surgery to ensure continued dialysis while minimizing the risk of recurrent infection.

Blood stream infections in end-stage renal disease are associated with unfavorable outcomes,”’

with polymicrobial
infection described as an independent risk factor for death in hemodialysis.>” Prompt identification and management of
patients with empirical antibiotics is required®’ while awaiting sensitivity results for definitive management. Blood
cultures at the initial admission identified Enterobacter cloacae complex and A. xylosoxidans. On readmission, cultures
grew A. xylosoxidans and A. denitrificans. The patient was initiated on broad spectrum antibiotics, that were promptly
changed as soon as sensitivity results were availed. Upon developing suspected meropenem-induced transaminitis during
the subsequent readmission, the antibiotic regimen was changed, with improvement in hepatic function. Among patients
undergoing hemodialysis who present with polymicrobial infections, prompt recognition and identification of the

sensitivity profile of antibiotics, as well as close monitoring for related toxicity is required for favorable outcomes.

Limitations

This report has several limitations. As a single case report, the findings may not be generalizable to all patients with end-
stage renal disease undergoing hemodialysis. Additionally, the exact source of infection could not be definitively
established, although contamination of vascular access devices and dialysis-related equipment was suspected.
Furthermore, microbiological analysis was limited to routine clinical cultures, and environmental or molecular investiga-
tions were not performed to confirm the precise source or transmission pathway. Despite these limitations, this case
highlights the complexity of managing recurrent polymicrobial infections in immunocompromised patients and under-
scores the importance of early pathogen identification, targeted antimicrobial therapy, and timely vascular access

management.
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Conclusions

In summary, we report a case of recurrent polymicrobial bloodstream infection in a patient with ESRD undergoing
hemodialysis involving Klebsiella pneumoniae, Enterobacter cloacae complex, A. xylosoxidans, and A. denitrificans.
Successful management required prompt microbiological identification, targeted antimicrobial therapy including carba-
penems and ceftazidime, and removal of infected vascular access devices (including TDCs) and an arteriovenous graft.
This case highlights the importance of early pathogen identification, appropriate antimicrobial therapy, and vascular
access management in treating complex polymicrobial infections in hemodialysis patients.
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