Luer Activated Device Priming Volume as a Predictor of
Biofilm Formation in an In Vitro Assay

Introduction

The introduction off'needleless connectors or luer activated devices
(LAD) has been @ccompanied by an increase in catheter related
bloodstream infegtions (CRBSI), which are among the most prominent
of nosocomial infections.!?

The effect of these LAD on CRBSI has been investigated and shown
to be associated with biofilm development.®> However, little attention
seems to have been given to the question of the priming volume and
fluid pathway tortuosity of LAD.

The conventional disinfection protocol, swabbing the exterior surface of
the LAD with'70% alcohol, has been shown to be ineffective, transmitting
microorganisms into the fluid pathway in 67% of devices sampled.*
Microorganisms evade the barrier protection that the septum provides,
colonize thelinterior of the LAD, multiply and form a biofilm.

Consequently, given an environment conducive to organism growth, the
priming volume and its effect on the rate of such biofilm development is
of importance, as it may lead to increased CRBSI rates in vivo.

Two experiments were designed wherein several commercially available
LAD with significantly different priming volumes were subjected to heavy
microbial colonization over 48 and 72 hour periods, and the resulting
organism growth was quantitatively cultured every 24 hours.

Method

Twelve types\ of commercial needleless luer-activated connectors,
each accessible by, a blunt male-connector luer-lock syringe,
were purchased fromyseven manufacturers and tested for biofilm
adhesion in two separate assays in the following manner.

The test connectors were aecessed with a sterile syringe containing
phosphate buffered saline (PBS) and tryptic soy broth (TSB) media
contaminated with approximately 10> colony-forming units (CFU)
of S. epidermidis, which was injeeted at a rate of 0.007 mL/minute
continuously for 48 and 72 hours respectively. The test connectors
were then sampled every 24 hoursyfor microbial colonization and
cultured quantitatively.

The septa of selected test connectors Wwere imaged by confocal
microscopy at 72 hours to confirm biofilm fogmation.
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Results

Figure 1: Biofilm growth on the B.Braun CSU100 ULTRASITE septum.
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Figure 2: Growth of S. epidermidis after 48 hours.
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Figure 3: Growth of S. epidermidis after 72 hours.

Discussion

The results show a general trend indicating a potential correlation
between the extent of microbial contamination and the priming
volume or dead space within each LAD. A comparison of the data in
Figure 2 (48 hour assay) with selected priming volumes presented
in Table 1 reveals that the LAD with the greatest priming volume,
the B.Braun CSU 100 ULTRASITE, was subject to the greatest level
of interior contamination. The RyMed InVision-Plus Neutral showed a
reduction of microbial colonization ranging from 93% to 99.9% when
compared to test connectors with higher priming volumes.

Needle-free 1I.V. Connector Priming Volume (mL)
B.Braun ULTRASITE CSU1000 0.35
Baxter CLEARLINK 0.25
Alaris SmartSite Plus 0.12
ICU Medical MicroCLAVE 0.04
RyMed InVision-Plus Neutral 0.03

Table 1: Selected Priming Volumes

In addition to a large priming volume, which may be a predictor of in
vivo infection, the B.Braun LAD has a multi-faceted septum made of
hard plastic (Figure 1), which shows increased biofilm growth relative
to more hydrophobic materials such as polyisoprene.

Conclusion

This study shows that if a needleless luer-activated connector is
heavily contaminated, its priming volume may be a determining factor
in the rate of microbial adhesion and subsequent biofilm formation.
The effects of priming volume, fluid pathway, and their relationship to
biofilm growth will be the subject of further studies from these labs.
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