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Abstract

Background—Clusters of bloodstream infections caused by Burkholderia cepacia and 

Stenotrophomonas maltophilia are uncommon, but have been previously identified in hemodialysis 

centers that reprocessed dialyzers for reuse on patients. We investigated an outbreak of 

bloodstream infections caused by B cepacia and S maltophilia among hemodialysis patients in 

clinics of a dialysis organization.

Study Design—Outbreak investigation, including matched case-control study.

Setting & Participants—Hemodialysis patients treated in multiple outpatient clinics owned by 

a dialysis organization.

Predictors—Main predictors were dialyzer reuse, dialyzer model, and dialyzer reprocessing 

practice.
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Outcomes—Case patients had a bloodstream infection caused by B cepacia or S maltophilia; 

controls were patients without infection dialyzed at the same clinic on the same day as a case; 

results of environmental cultures and organism typing.

Results—17 cases (9 B cepacia and 8 S maltophilia bloodstream infections) occurred in 5 clinics 

owned by the same dialysis organization. Case patients were more likely to have received 

hemodialysis with a dialyzer that had been used more than 6 times (matched OR, 7.03; 95% CI, 

1.38–69.76) and to have been dialyzed with a specific reusable dialyzer (Model R) with sealed 

ends (OR, 22.87; 95% CI, 4.49–∞). No major lapses during dialyzer reprocessing were identified 

that could explain the outbreak. B cepacia was isolated from samples collected from a dialyzer 

header-cleaning machine from a clinic with cases and was indistinguishable from a patient isolate 

collected from the same clinic, by pulsed-field gel electrophoresis. Gram-negative bacteria were 

isolated from 2 reused Model R dialyzers that had undergone the facility’s reprocessing procedure.

Limitations—Limited statistical power and overmatching; few patient isolates and dialyzers 

available for testing.

Conclusions—This outbreak was likely caused by contamination during reprocessing of reused 

dialyzers. Results of this and previous investigations demonstrate that exposing patients to reused 

dialyzers increases the risk for bloodstream infections. To reduce infection risk, providers should 

consider implementing single dialyzer use whenever possible.
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More than 400,000 individuals receive maintenance hemodialysis for end-stage renal disease 

in the United States.1 More than 6,000 outpatient clinics provide regular hemodialysis 

treatments for these patients. Each treatment requires the use of a dialyzer2 (Fig S1, 

provided as online supplementary material). Some dialyzers are designated for single-use, 

whereas others may be reused for multiple treatments of the same patient. Reusable 

dialyzers must be reprocessed using a multistep procedure involving rinsing, testing, and 

disinfection of the dialyzer and associated parts, such as removable header caps and O-

rings.3 Dialyzer reuse has been associated with adverse outcomes,4 including bloodstream 

infections (BSIs),5 pyrogenic reactions,6–8 hospitalizations,9 and death.9–11

Burkholderia cepacia and Stenotrophomonas maltophilia are Gram-negative bacteria 

commonly found in water and soil. In health care settings, previous outbreaks of BSIs 

caused by these pathogens have been associated with contaminated medication, improper 

handling and disposal of used medical equipment, and inadequate hand hygiene.12–14 

Outbreaks of BSI caused by these and other similar pathogens among hemodialysis patients 

have been attributed to contamination during dialysis circuit priming practices, lapses in 

medication preparation and handling, the practice of dialyzer reuse and reprocessing, and 

improper storage and disinfection of reused dialyzers.15–23
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In August 2014, the California Department of Public Health and the Centers for Disease 

Control and Prevention (CDC) became aware of clusters of BSIs caused by B cepacia and S 
maltophilia among hemodialysis patients at multiple outpatient dialysis clinics owned by a 

single dialysis organization. In September 2014, we initiated an investigation that included a 

matched case-control study, direct observations of infection control practices and dialyzer 

reprocessing at select dialysis organization clinics, and environmental sampling and testing 

of reprocessed dialyzers from dialysis organization clinics. The purpose of the 

epidemiologic analysis was to assess risk factors for infection. We conducted observations of 

key practices to identify lapses that could have led to the outbreak. Environmental sampling 

was performed to help identify possible sources of contamination that resulted in patient 

infections.

METHODS

Case Definition

A definite case was a positive blood culture for B cepacia or S maltophilia from September 

1, 2013, through September 30, 2014, in a patient who had received hemodialysis at any 

dialysis organization clinic in the previous week. A possible case was a positive blood 

culture for Pseudomonas aeruginosa, Proteus species, Morganella morganii, Serratia 
marcescens, Xanthomonas species, Ralstonia pickettii, or Candida parapsilosis during the 

same timeframe in a patient who had received hemodialysis at any dialysis organization 

clinic in the previous week.

Case Finding and Review

The dialysis organization provided outpatient dialysis services in several states. The dialysis 

organization maintains a database of microbiology results for specimens submitted to their 

centralized laboratory from any of their clinics. We reviewed these data to identify all 

positive blood cultures for an organism of interest between April 1, 2012, and September 30, 

2014. We examined this expanded timeframe in order to understand the baseline frequency 

of infections.

We performed additional case finding by contacting infection preventionists at 14 local 

hospitals that frequently cared for patients from clinics A and B (dialysis organization 

clinics with highest case counts). Infection preventionists were asked to query their hospital 

microbiology records for any admission or emergency department blood culture positive for 

B cepacia or S maltophilia for September 1, 2013, through September 30, 2014. For all 

positive infection preventionist responses, we determined whether the patient was a dialysis 

organization client and if case definition criteria were met.

We developed a standard form to abstract information from electronic medical records for 

patient demographics, medical history, dialysis session details, and relevant outcomes. We 

collected dialyzer use count, which was recorded in the electronic medical record as the 

number of times a specific dialyzer had been used prior to that treatment session.
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Case-Control Study

Only definite cases were included in the case-control study and subsequent analysis. We 

performed a 1:3 matched case-control study, with cases and controls individually matched 

on clinic and treatment date, to assess risk factors associated with BSIs following dialysis 

treatment. Controls were randomly selected from patients who were treated at the same 

clinic on the same date as the matched case. For each case, we first determined the likely 

exposure date, and for that date, obtained a complete list of all patients treated at the case 

patient’s clinic. This patient list was then numbered and a random number generator was 

used to facilitate random selection of 3 controls for each case. Thus, each case patient’s 

exposure date was matched to a treatment date of controls. The case patient’s exposure date 

was defined by the timing of symptom onset (ie, fever, chills, or low blood pressure) relative 

to dialysis treatment. For case patients whose symptom onset was during dialysis, the date of 

onset was the presumed exposure date. For case patients whose symptom onset occurred 

before or after a dialysis treatment session, the presumed exposure date was the most recent 

dialysis treatment that preceded symptom onset. Patients were excluded from control 

selection if any of the following criteria were met 7 days prior to or after the exposure date 

of interest: positive blood cultures for any organism, antibiotic exposure, or signs or 

symptoms of a BSI (ie, fever, chills, or unexplained decrease in blood pressure). If a patient 

was excluded, another control was randomly selected from the patient list.

All statistical analyses were performed using SAS Enterprise Guide, version 5.1 (SAS 

Institute Inc). Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using 

matched univariate logistic regression with exact conditional analysis. Dialyzer use count 

was examined as a categorical and continuous variable. For the categorical variable, we 

divided dialyzer use into 2 categories relative to the median number of dialyzer uses among 

all cases and controls.

Clinic Observations and Reprocessing Assessment

We conducted site visits at 6 dialysis organization clinics and separated observations into 

categories based on the types of procedures observed. This was done to better understand 

how practices differed between dialysis organization clinics. Category 1 observations 

included observations of injectable medication preparation and handling and handling, and 

reprocessing of used dialyzers. Category 2 observations targeted infection control practices 

of the hemodialysis treatment, including vascular access care, management of blood tubing 

during priming, and disinfection of prime buckets. At clinics A and B, we performed both 

category 1 and 2 observations in order to better understand what may have contributed to the 

large number of cases there. We performed only category 1 observations at clinics C to F, 

which were chosen based on geographic location (ie, closest to where the team was based), 

dialyzer reprocessing equipment in use, and occurrence of cases. These clinics were visited 

to provide more information on how reprocessing methods were performed across dialysis 

organization clinics, including clinics with and without cases. Some clinics that had definite 

cases were not visited due to geographic limitations.
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Company-Wide Assessment

We conducted an organization-wide assessment of dialyzer reprocessing practices by 

examining data provided by the dialysis organization. Requested information included data 

for reprocessing equipment (whether automated or manual) and percentage of patients at 

each clinic undergoing treatment with reusable dialyzers.

Environmental and Dialyzer Sampling and Laboratory Testing

Collection and Processing of Surface and Water Samples—The dialysis 

organization performed sampling on the Renaclear (Medivators, Inc.) dialyzer header-

cleaning machine at clinic A prior to arrival of the investigation team. We collected 

additional environmental samples from multiple clinics using 3M Sponge-Sticks and swabs. 

Renatron reprocessing machine (Medivators) connectors, dialyzer rinsing equipment, and 

faucet heads were sampled. Reverse osmosis water samples were collected at multiple 

clinics from a variety of points in the water distribution loop.

Each 3M Sponge-Stick was separated from its handle and homogenized in a blender 

(Stomacher 400C) in phosphate-buffered saline with Tween-80. This fluid was centrifuged 

and cultured on blood agar plates, MacConkey II agar, and trypticase soy broth. Swabs were 

rolled onto the first quadrant of a MacConkey II agar plate and then streaked across the plate 

to isolate colonies. The swab was then vortexed in trypticase soy broth to release any 

microorganisms. All trypticase soy broth cultures were incubated overnight, before being 

streaked for isolation on blood agar plates and MacConkey II agar. All plates were incubated 

for up to 2 days at 35°C, then screened for suspect colony growth.

Finally, we evaluated water sample quality using heterotrophic plate counts as previously 

described.

Collection and Processing of Dialyzers—A convenience sample of 15 reused 

dialyzers from 6 dialysis organization clinics was provided for testing at the CDC. The 

purpose of this testing was to determine the adequacy of the dialysis organization’s typical 

reprocessing procedure by assessing microbiological organism burden in reprocessed 

dialyzers. Dialyzers were reprocessed by the individual clinics following their normal 

automated reprocessing procedures and filled with peracetic acid, then shipped to the CDC. 

All dialyzers were selected by the dialysis organization without input from the team and 

prior to the team’s arrival on site. Two of these dialyzers were collected from clinic A; none 

were collected from clinic B.

At the CDC, dialyzers were flushed with sterile saline. Peracetic acid levels of both the 

undiluted dialyzer eluent and saline rinse from the venous port were measured using 

midrange peracetic acid strips (LaMotte). The saline flush was then filtered through a 

polycarbonate filter and placed on tryptic soy agar with 5% sheep’s blood (blood agar plate; 

Becton Dickinson) and B cepacia selective agar (Remel) plates. All plates were incubated at 

30°C and screened for growth at 48 hours. polycarbonate filter and placed on tryptic soy 

agar with 5% sheep’s blood (blood agar plate; Becton Dickinson) and B cepacia selective 

agar (Remel) plates. All plates were incubated at 30°C and screened for growth at 48 hours.
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Organism Identification and Strain Typing—Organism identification was confirmed 

using an automated biochemical identification system (Vitek 2; bioMérieux) or with a 

MALDI-TOF (matrix-assisted laser desorption/ionization time-of-flight) mass spectrometer 

(Bruker Daltonics). Pulsed-field gel electrophoresis (PFGE) was performed on all B cepacia 
and S maltophilia isolates, including those collected from the Renaclear devices. Tenover 

criteria were used to compare the isolate PFGE patterns. Isolates with >95% similarity in 

PFGE band patterns were considered closely related. Detailed laboratory methods are 

included in the online supplemental methods (Item S1).

Ethics and Informed Consent

This activity underwent human subjects review at the CDC and was determined to constitute 

a nonresearch urgent public health response. As such, institutional review board review was 

not required. Because only pre-existing data were used, informed consent was not obtained.

RESULTS

Case Finding

We identified 17 definite cases (9 B cepacia and 8 S maltophilia) and 12 possible cases (Fig 

1) for September 1, 2013, through September 30, 2014. Of definite cases, 8 occurred at 

clinic A; 6, at clinic B; and 3, at 3 other clinics. Two of the definite cases were identified 

through case finding at local hospitals. Possible cases included 5 P aeruginosa, 4 S 

marcescens, and 3 Proteus species BSIs. Possible cases occurred across 10 dialysis 

organization clinics. For the 17 months preceding the investigation period (April 1, 2012, to 

September 1, 2013), dialysis organization records documented 3 instances of BSIs caused by 

B cepacia or S maltophilia and 10 BSIs caused by organisms included in the possible case 

definition (Fig 1).

Case Characteristics

The 17 definite cases occurred in 16 case patients. One case patient had 2 infections, each 

with a different organism, more than 21 days apart. Definite cases were characterized by 

chills (76%) and fever (59%). Hospitalization due to infection occurred in 6 (35%) definite 

case patients, with no deaths reported (Table 1). All definite cases occurred in clinics that 

practiced dialyzer reuse (Table S1).

Case-Control Study

Case patients and matched controls were similar in age, sex, dialysis treatment schedule, and 

catheter use (Table 2). All cases and controls were treated with polysulfone membrane 

dialyzers. A higher proportion of case patients than controls were treated with a reused 

dialyzer (94% vs 76%) and received nocturnal hemodialysis (24% vs 10%), but these 

differences were not statistically significant.

Each additional use of a dialyzer was significantly associated with increased BSI odds (OR, 

1.07; 95% CI, 1.01–1.14). Cases were more likely than controls to have a dialyzer use count 

greater than the median number, which was 6 (OR, 7.03; 95% CI, 1.38–69.76). There was 

also a significant association between case status and the Model R dialyzer, a reusable 
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dialyzer with a sealed header (OR, 22.87; 95% CI, 4.49–∞) that was used by all case 

patients from clinic A but no case patients from clinic B.

Clinic Observations and Reprocessing Assessment

Visited clinics typically used a combination of manual and automated methods to reprocess 

dialyzers (Table S2). The dialyzer was first flushed with reverse osmosis water by hand or 

with the aid of a rinsing station. At 2 clinics (clinic A and one where no cases occurred), the 

header space (ie, area under sealed header caps, including ends of the dialyzer fiber bundle) 

was then additionally cleaned using an automated Renaclear machine to further remove 

blood clots, fibrin, and protein deposits. The dialyzer header cap was removed (if 

removable) along with the O-ring and disinfected using a 1% Peracidin (Angelini) solution. 

In clinics with automated equipment, the dialyzer was then wiped with a disinfectant-soaked 

cloth and attached to a Renatron machine, which flushed the dialyzer with disinfectant, 

performed a membrane leak test and dialyzer volume check, and then filled the dialyzer with 

a peracetic acid solution. In clinics without automated systems, the dialyzer was filled with 

manually prepared disinfectant solution and the volume and leak tests were performed by 

hand. The dialyzer was then manually flushed with 3.5% Peracidin and filled with the 

disinfectant. All Renaclear dialyzer header-cleaning machines were removed and discarded 

prior to the team’s arrival, so related procedures could not be observed and detailed 

protocols were not available for review. The team was told by clinic staff that dialyzer 

reprocessing was rarely delayed following the completion of a treatment session. In 

circumstances in which delay was necessary (eg, following nocturnal dialysis), used 

dialyzers were refrigerated until the reprocessing technician arrived the next morning, when 

the normal reprocessing procedure was carried out.

The primary observed deviation from clinic protocol was in the handling of header caps and 

O-rings. Staff at multiple clinics failed to ensure that caps and O-rings were fully submerged 

in disinfectant solution. We also observed use of a high-pressure reverse osmosis water 

sprayer at clinic C to clean uncapped dialyzers and header caps. Hand hygiene procedures 

were not consistently followed in the reprocessing room. Staff at multiple clinics moved 

between the “clean” and “dirty” areas of the reprocessing room without changing gloves or 

performing hand hygiene. At clinics A and B, we observed no breaches during injectable 

medication preparation. Medication preparation areas were well separated from sinks. At 

clinic D, staff inappropriately rinsed prime buckets with tap water after disinfection of the 

bucket. Staff reported no recent changes in reprocessing procedures at any clinic, aside from 

discontinuation of the Renaclear machine use.

Environmental Sampling and Dialyzer Testing

In total, 40 environmental samples, 15 dialyzers, and 3 patient isolates (2 B cepacia and 1 S 
maltophilia) underwent testing. B cepacia was isolated from 2 swabs of Renaclear machine 

components (dialyzer header connector and water inlet) at clinic A and was 

indistinguishable from a clinic A case-patient isolate by PFGE. B cepacia was also isolated 

from reverse osmosis water and dialyzer rinsing equipment at clinic B; these differed from 

the clinic A case-patient isolate by either 2 or more than 7 bands upon PFGE analysis. S 
maltophilia was recovered from reverse osmosis water at clinic E, although it was unrelated 
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by PFGE to any case-patient isolate (Table S3). No other environmental sample tested 

positive for B cepacia or S maltophilia.

Fifteen Model R dialyzers were tested by CDC postreprocessing. The residual peracetic acid 

level for all dialyzers was >960 ppm (0.096% peracetic acid). S marcescens was cultured 

from one dialyzer (use count, 2), and P fluorescens, from another (use count, 3). Excess 

organic material was noted in the rinse solution of these 2 culture-positive dialyzers. Neither 

dialyzer collected from clinic A tested positive for organisms.

DISCUSSION

In this investigation, we identified an outbreak of BSIs caused by B cepacia and S 
maltophilia in multiple dialysis clinics consisting of 17 cases occurring over 13 months. 

Evidence from the investigation suggests that dialyzer reuse, reprocessing, and a specific 

dialyzer model contributed to increased risk for infection. Each additional use of the dialyzer 

significantly increased the risk for BSI by 7%, and higher dialyzer use count (>6) was 

associated with 7-fold increased risk for becoming a case. Among clinics that were visited, 

B cepacia was identified in reverse osmosis water and reprocessing equipment, and S 
maltophilia was also identified in reprocessing equipment, suggesting water introduced 

during reprocessing as the likely contamination source. Although lapses in infection control 

procedures were observed, we did not identify systematic problems in medication handling, 

vascular access care, management of blood tubing during priming, or dialyzer reprocessing 

that would have led to an outbreak of this magnitude. We determined that reuse and 

reprocessing under typical conditions can pose a risk for infection.

The percentage of facilities reusing dialyzers has declined since 1997, when ~82% of 

providers engaged in this practice.3,26 In a 2012 survey of US dialysis centers conducted 

through the CDC’s National Healthcare Safety Network, 24% of facilities reported reusing 

dialyzers (P.R.P., unpublished data). This trend has been attributed to a number of factors, 

including decreased cost for single-use dialyzers and more biologically compatible dialyzer 

membranes.3,27,28

A “safe” number of dialyzer reuses has not been established, and guidelines from the 

Association for the Advancement of Medical Instrumentation (AAMI) do not define such a 

threshold. Although AAMI guidelines recommend that reused dialyzers maintain at least 

80% of their original blood volume, blood clots might begin to impede proper disinfection 

during reprocessing without causing a marked reduction in dialyzer volume. Clots in the 

dialyzer header or within fibers can reduce the surface area in contact with disinfecting 

solution and result in incomplete decontamination.

We found that a particular dialyzer type (Model R) was used by all clinic A case-patients 

and was associated with increased risk for infection. This high-flux dialyzer differed from 

others used by the dialysis organization in that its header caps were nonremovable. We 

observed that cleaning and disinfection of this dialyzer type was more difficult than for those 

with removable header caps, often requiring multiple rinsing cycles to remove visible blood 

and clots. Among the dialyzers tested, 2 reprocessed Model R dialyzers had visibly retained 
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biological material and were culture positive for Gram-negative organisms, despite having 

adequate levels of disinfectant present. This finding was extremely concerning because the 

dialyzers had only been used 2 or 3 times and no other disinfection steps are performed 

before a dialyzer is used on patients.

The presence of B cepacia on Renaclear machines that was indistinguishable from a patient 

isolate by PFGE supports the hypothesis that outbreak pathogens were introduced into 

dialyzers during reprocessing. This machine was specifically designed to aid in the 

precleaning of dialyzers featuring nonremovable headers. The sampled header-cleaner piece 

injects a disinfectant-water mixture into the dialyzer header and should be wiped with 

disinfectant between uses. Because we were unable to observe Renaclear use, it is possible 

that the contamination of this machine component was a result of nonadherence to 

manufacturer’s instructions for Renaclear use and maintenance at the clinic. Of note, among 

clinics with cases, the Renaclear devices were only used at clinic A, and the Model R 

dialyzers were not in use at clinic B. Thus, these 2 exposures cannot explain all outbreak 

cases.

Outbreaks of Gram-negative bacteremia have previously been identified in the context of 

dialyzer reuse.15–19 Errors in different steps in the reprocessing procedure have been 

implicated, including improper handling of used dialyzers,16 cleaning of the header caps and 

O-rings,15,17 inadequate disinfectant concentration,30 and prolonged dialyzer storage and 

refrigeration prior to reprocessing.18 These various error types illustrate the complexity of 

dialyzer reprocessing and numerous opportunities for lapses that can undermine disinfection.

Dialyzer reprocessing is a multistep process that may be challenging to perform successfully 

and implement consistently across multiple dialysis clinics. There is also a lack of 

standardization of practices within the dialysis industry. Current AAMI guidelines allow for 

multiple types of reprocessing procedures to satisfy the basic requirements that clinics must 

follow. Despite the heterogeneity observed among clinics in this investigation, all of the 

clinic reprocessing protocols would satisfy current AAMI guidelines. Clinics run by the 

dialysis organization used both manual and automated methods to reprocess dialyzers, and 

both methods are acceptable under AAMI. Fully manual dialyzer reprocessing methods are 

not prohibited in the United States despite the additional challenge posed to standardization 

of disinfection procedures and possible increased risk to patients.31 Even among dialysis 

organization clinics with automated reprocessing procedures, practices for reprocessing O-

rings and header caps were inconsistent. Other important quality control aspects of dialyzer 

reprocessing concerning duration of dialyzer storage and refrigeration were unable to be 

assessed due to poor or nonexistent record keeping. In a prior study, dialyzer reprocessing 

and refrigeration were associated with BSI, particularly those caused by S maltophilia.18 

More rigorous quality controls related to the disinfection process and demonstration that 

dialyzer reprocessing practices can be safely carried out in a typical dialysis clinic setting 

are needed.

Our investigation has a number of limitations. The small number of cases at each dialysis 

clinic limited our statistical power and ability to analyze the data using multiple regression 

to detect confounding. Additionally, our selection of facility-matched controls likely resulted 
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in overmatching on dialyzer use and reuse practices and further decreased our statistical 

efficiency. These issues may have prevented us from identifying significant associations with 

dialyzer reuse (vs single-use). Our assessment of reprocessing-related risk factors was 

limited to data that were consistently documented. We were unable to evaluate potentially 

important factors such as the interval from dialyzer use to reprocessing, dialyzer 

refrigeration, or other parameters of disinfectant preparation and reprocessing adequacy. We 

had only 3 patient isolates available for PFGE testing. No dialyzers were made available 

from clinic B (where a large number of cases occurred). Finally, only Model R dialyzers 

were submitted for testing; we were unable to test dialyzers with removable headers, which 

might be less susceptible to incomplete disinfection.

During the investigation, the dialysis organization temporarily suspended Model R dialyzer 

use company-wide and discontinued reuse at clinic B. In January 2015, a BSI caused by S 
maltophilia occurred in a dialysis organization patient treated with a reprocessed dialyzer; no 

further cases have been reported to California Department of Public Health. In late 2015, the 

dialysis organization completed plans to phase out dialyzer reuse at all clinics.

Contaminated reprocessed dialyzers resulting from incomplete disinfection were associated 

with an outbreak of BSIs affecting patients in multiple hemodialysis clinics. The results of 

this and previous investigations demonstrate that in practice, reuse and reprocessing of 

dialyzers poses an increased risk for infection to patients. Improved standardization of 

processes within the industry and guidance to ensure proper implementation of best 

reprocessing practices is needed. Providers should carefully consider the risks for infection 

related to dialyzer reuse and consider discontinuing reuse in the interest of patient safety. 

Whenever reuse is practiced, rigorous quality assurance programs should be in place to 

routinely document and evaluate all aspects of reprocessing and potentially related patient 

infections.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Epidemic curve of bloodstream infections caused by select organisms at dialysis 

organization clinics, April 2012 to September 2014. *Pseudomonas aeruginosa, Proteus 
species, Morganella morganii, Serratia maracescens, Xanthomonas, Ralstonia pickettii, or 

Candida parapsilosis.
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Table 1

Characteristics of Definite and Possible Cases

Definite Possible Pa

Demographics   n = 16a   n = 12

 Age, y 59 (49–69) 62 (50–87) 0.8

 Female sex   5 (31)   6 (50) 0.3

 Race 0.04

  White   5 (31)   7 (58)

  Black   4 (25)   3 (25)

  Asian   4 (25)   0 (0)

  Other   3 (19)   2 (17)

Treatment characteristics   n = 17   n = 12

 Clinic 0.4

  A   8 (47)   1 (8)

  B   6 (35)   0 (0)

  C   0 (0)   1 (8)

  E   0 (0)   2 (17)

  F   0 (0)   1 (8)

  G   1 (6)   0 (0)

  Other   2 (12)   7 (58)

 Dialysis treatment

  Reusable dialyzer 16 (94) 10 (83) 0.4

  Dialyzer use countb 15 (7–21)   4 (0–7) 0.03

  Catheter use   4 (24)   5 (42) 0.3

  Symptoms during session 11 (65)   4 (33) 0.1

  Model R dialyzer use 10 (59)   1 (8) 0.01

 Treatment schedule

  MWF shift 10 (59)   7 (58) 0.9

  Nocturnal shift   4 (24)   0 (0) 0.08

 Outcomes

  Antibiotics givenc 11 (65)   8 (67) 0.9

  Hospitalized for infection   6 (35)   4 (33) 0.9

  Died   0 (0)   1 (8) 0.2

Note: Values for categorical variables are given as count (proportion); for continuous variables, as median (range). All P values were calculated 
using the Mantel-Haenszel Chi-Squares method.

Abbreviation: MWF, Monday, Wednesday, and Friday.

a
n = 16 due to 1 case-patient representing 2 cases.

b
Dialyzer use count 5 number of times dialyzer was used prior to the treatment session of interest.

c
Refers to antibiotics administered in the clinic.
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Table 2

Exposures Among Definite Cases and Matched Controls

Definite Cases (n = 17) Controls (n = 51) Matched OR (95% CI)

Demographics

 Age, y 59 [49–67] 64 [54–71] 0.99 (0.95–1.02)

 Female sex   6 (35%) 19 (37%) 0.92 (0.24–3.27)

Dialysis treatment

 Reusable dialyzer 16 (94%) 39 (76%) 4.42 (0.60–197.2)

 Dialyzer use counta 15 [7–21]   4 [0–15] 1.07 (1.01–1.14)

 Dialyzer use count > 6a 13 (76%) 21 (41%) 7.03 (1.38–69.76)

 Catheter use   4 (24%) 10 (20%) 1.26 (0.25–5.37)

Dialyzer model

 Model R (reuse/sealed) 10 (59%)   8 (16%) 22.87 (4.49–N)b

 Model O1 (reuse)c   1 (6%) 16 (31%) 0.14 (<0.01–1.06)

 Model O2 (single-use)c   1 (6%)   5 (10%) 0.58 (0.01–5.77)

 Model O3 (single-use)c   0 (0%)   2 (4%)    —d

 Model O4 (reuse)c   5 (29%) 15 (29%) 1.00 (0.23–3.76)

 Model O5 (single-use)c   0 (0%)   5 (10%)    —d

Treatment schedule

 MWF shift 10 (59%) 33 (65%) 0.33b (0–6.33)

 Nocturnal shift   4 (24%)   5 (10%) 3.65 (0.48–42.85)

Note: Values for categorical variables are given as count (proportion); for continuous variables, as median [interquartile range].

Abbreviations: CI, confidence interval; MWF, Monday, Wednesday, and Friday; OR, odds ratio.

a
Dialyzer use count 5 number of times dialyzer was used prior to the treatment session of interest.

b
A median unbiased estimate.

c
Dialyzer Models O1 to 5 were made by the same manufacturer.

d
OR was not calculated.
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