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Preventing bloodborne pathogen exposure to healthcare 

workers has been an ongoing challenge. Blood exposure that 
might place health-care personnel at risk for HBV, HCV, or 

HIV infection is defined as a percutaneous injury (e.g. a 

needlestick or cut with a sharp object) or contact of 
mucous membrane or nonintact skin (e.g. exposed skin 
that is chapped, abraded, or afflicted with dermatitis) with 

blood, tissue, or other body fluids that are potentially 
infectious (MMWR, June 29, 2001/50(RR11);1-42).  The 

insertion of peripheral intravenous catheters (PIV) is the 
most common invasive procedure performed by nurses.  
Manufacturers have responded to reduce the risk to 

healthcare personnel for needlestick injury and infections 
related to blood exposure with the generation of advanced 
technologies for PIV insertion.

Figure 1.  Photograph during the catheter preconditioning 
procedure.

Figure 5.  Diagram showing blood contact areas within the 
flow paths of two valved catheters.

Figure 4. Mean bacterial log density in flush samples from 
catheters. *After the initial flush (1) to recover planktonic
and loosely attached bacteria the catheters were sonicated
to remove firmly attached bacteria and flushed again (2).
Error bars indicate repeatability standard deviation.

Cstudy 2: Comparison of two valved PIV catheters
These experiments were conducted using BD Insyte™

Autoguard™ BC Shielded I.V. Catheters and ViaValve®

Safety I.V. catheters. Three experiments were run, with 

three time points measured within each run: 0, 72 

and 96 hours.

A similar protocol was used in these experiments, 

however the inoculum density and nutrient conditions 
were changed to more closely simulate typical clinical 
conditions rather than intentionally promote biofilm 
formation. The inoculum density was reduced to 104

CFU/ml. Saline (3.0 ml) was used for daily flushing of the 
catheters, except 3-times a day, when 0.5 ml 1%-strength 
BHI was flushed through the connectors and locked for 1 
hour.

Figure 3.  Mean bacterial log density in flush samples from 
catheters. *After the initial flush (1) to recover planktonic
and loosely attached cells the catheters were sonicated to 
remove firmly attached bacteria and flushed again (2). 
Error bars indicate repeatability standard deviation.

All experiments were conducted using Staphylococcus 

aureus ATCC # 6538. Catheters were preconditioned with 
Bovine Serum Albumin (BSA) using a pressurized serum 

bottle to mimic venous insertion of the catheters (Figure 1).  

Study 1: Comparison of valved and non-valved PIV 

catheters

Four catheter types were evaluated in these experiments, 
including two valved catheters (Medikit Supercath™ 5 
Safety I.V. Catheter and ViaValve™ Safety I.V. Catheter) 
and two non-valved catheters (BD Instyte™ Autoguard™

Shielded I.V. Catheter and ProtectIV® Plus Safety I.V. 
Catheter). Three experiments were run, with three time 
points measured within each run: 0, 72 and 96 hours. For 
each experiment, there was a single replicate catheter of 

each type and time combination, except in the 3rd 
experiment at 72 hours, when there were 2 ViaValve™ , 2 
Supercath™ 5, 2 ProtectIV®, and 3 Autoguard™ catheters.

After preconditioning of the catheters, SmartSite™
connectors were attached to the connectors and they were 

inoculated by flushing with 0.5 ml of a 106 colony forming 
units per ml (CFU/ml) of S. aureus and incubated at room 

temperature for 2 hours. After this incubation period, the 
connectors were replaced with new sterile connectors and 

unattached bacteria were rinsed from the fluid paths of the 

assemblies using 5.0 ml of sterile Phosphate Buffered 
Saline (PBS). Catheters were then either sampled (T=0 

hours) or subjected to the simulated clinical use procedure 

(Table 1) which involved flushing 18 times daily with 0.5 ml 

sterile Brain Heart Infusion (BHI) for 72 to 96 hours. These 
experimental conditions were designed to promote the 

growth of biofilm within the catheters, with relatively high 

density  inoculum and nutrient conditions.

Study 1: Comparison of valved and non-valved PIV 
catheters

Bacteria in the flushes (mean LD) increased over time, 

indicating that they were growing within the devices (Figure 

3). Also the Flush 2 counts tended to be higher than the 
Flush 1 counts (Figure 1) suggesting that the sonication

procedure was dislodging attached bacteria within the 

devices. There were no statistically significant differences 

in the rates of bacterial increase in the flushes among the 
catheter types for Flush 1 (F-test p-value = 0.466) or Flush 
2 (F-test p-value = 0.894). There also were no statistically 

significant interactions between catheter type and time 
point for Flush 1 (p-value = 0.738) or Flush 2 (p-value = 

0.425). Thus data from all time points were pooled for each 

catheter type in subsequent statistical analyses.
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The purposes of the two studies presented herein were to 
1) compare biofilm formation and bacterial transfer rate 
between valved and non-valved PIV catheters in an in 
vitro biofilm model and 2) compare biofilm formation and 
bacterial transfer rate between two valved blood control 
PIVs in a clinically simulated in vitro model.

Figure 2.  Photograph of sampling procedure.

Statistical analyses were performed by fitting ANOVA 

models to the data using Minitab v.16. Tukeys multiple 
comparison method was used for all pairwise comparisons. 
Statistical significance was determined with respect to a 

significance level of 5% (95% confidence). 

The mean LD of bacteria in Flush 1 through the different 
hub types were not significantly different (F-test p-value = 
0.442).  However, an equivalence test also failed to find 
statistically significant equivalence of the mean LD of 
bacteria in Flush 1. For Flush 2, there were statistically 
significant differences between catheter types for Flush 2 
(Table 1). The ViaValve™ had a significantly lower mean 
LD than the Autoguard™ (p=0.006).

Table 1. Tukey multiple comparison results for Flush 2

A statistical comparison was also made between the two 
valved catheters and the two non-valved catheters. For 
Flush 1, the mean LD of the non-valved catheters was 

larger than the valved hubs, but this difference was not 
significant (p-value = 0.0767).  An equivalence test showed 
that the valved hubs and the non-valved hubs were 
statistically equivalent as long as mean LD differences as 
large as 0.04 were considered negligible and not of 

practical importance. In contrast to this equivalence, the 
Flush 2 data indicated that the mean LD of the valved hubs 

was significantly smaller than the non-valved hubs (p-value 

= 0.0006).

Study 2: Comparison of two valved PIV catheters

As a result of the lower nutrient concentrations used in 
these experiments, the mean LD of bacteria in the flushes 

decreased over time (Figure 4). This does not necessarily 

mean that the bacteria were not growing within the 

devices.  The growth rate may not have been adequate to 
overcome removal of bacteria by flushing, leading to a net 
decrease over time. The rates of decrease of the mean LD 

of bacteria were not significantly different between the two 
catheters for either Flush 1 or Flush 2 (p-values = 0.253 

and 0.106, respectively).
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As in the previous experiments, there were no statistically 
significant interactions between catheter type and time 
point for Flush 1 (p-value = 0.0.398) or Flush 2 (p-value = 
0.212) and so the data from all time points were pooled.

When averaged across all of the time points, there were 
statistically significantly smaller  bacterial mean LDs in 
Flush 1 (p-value = 0.0015) and Flush 2 (p-value = 0.00025) 
for the ViaValve® compared to the Autoguard™ BC  
catheter.

The infection risk to the patient receiving a peripheral IV 

has been historically regarded as minimal, however this 

assumption has come into question as well designed 
studies on PIV bloodstream infection (PIV-BSI) are lacking 

and surveillance of PIV-BSI is not routinely performed.  

Approximately 150 million PIVs are used annually in the 

US with catheter days reaching 450 million, which is 15 
times higher the cumulative dwell time of central venous 

catheters. The incidence density of PIV-BSI is estimated at 

0.2 to 0.7 episodes per 1000 device days.  Although the 

rates seem comparatively low to central venous catheters, 
studies have reported that the absolute PIV-BSI numbers 

may approach absolute numbers of central venous 

catheter-related bloodstream infection (CLABSI) rates 
(Zingg W, et al. International J Antimicrob Agents, 

2009;34S:S38-42). 

The pathogenesis of PIV-BSI is essentially the same as 

with CLABSI; extraluminal attachment of skin 
microorganisms and touch contamination of the catheter 

hub during insertion, colonization of the insertion site, and 

intraluminal transfer of bacteria during catheter 
maintenance.  The new generation of PIVs developed to 
reduce blood exposure during insertion utilizes additional 

internal components within the catheter hub.  These 

components increase the internal surface area which is 
thought to increase microbial attachment and subsequent 

biofilm formation.  This raises concern that while we are 

preventing potential infectious risks to the healthcare 
practitioner, we are increasing potential risk of PIV-BSI to 
the patient.

Catheters were sampled with a two-step procedure. First, 

the assembly was flushed with 1.1 ml of sterile Phosphate 

Buffered Saline (PBS) to recover planktonic and loosely 
attached bacteria, the flush was collected for viable plate 

counts (Flush 1). Then the assemblies were surface 

disinfected using a 70% isopropyl alcohol wipe, sonicated
in 7 ml of PBS for 30 seconds to remove firmly attached 
bacteria and flushed a second time with 1.1 ml PBS.  This 
flush was also collected and plated for viable plate counts 
(Flush 2).

Each 1.1 ml flush was collected in a sterile container, 

serially diluted in PBS and plated on Tryptic Soy Agar 

(TSA). The agar plates were incubated at 37°C for 24 
hours and the colonies on the plates were counted to 
determine CFU/ml. These data were then log10

transformed.

Under in-vitro conditions designed to promote biofilm 
growth there were no statistically significant differences 
between the valved and non-valved catheters, with the 
exception of Flush 2, where the ViaValve™ had a 
significantly lower mean LD than the Autoguard™
(p=0.006). These results indicate that valved catheters do 
not have a greater propensity for biofilm formation as 

compared to non-valved catheters under the test 

conditions.

When two valved catheters were compared significant 

differences were observed in the mean LD per flush. 
These differences were particularly apparent in the Flush 2 

samples, which were intended to recover firmly attached 

bacteria. These differences may be related to the flow-path 

geometries of the two catheters (Figure 5). However, 
further research will be necessary to confirm this 

hypothesis.

Valved PIV catheters did not demonstrate a greater 
propensity for biofilm formation than non-valved catheters 

under the conditions of these tests.

There were statistically significantly fewer bacteria in flush 
samples from ViaValve® Safety I.V. catheters compared to 
BD Insyte™ Autoguard™ BC Shielded I.V.catheters in a 
clinically simulated model.

RYDER SCIENCERYDER SCIENCERYDER SCIENCERYDER SCIENCE
…………..medical biofilm research ..medical biofilm research ..medical biofilm research ..medical biofilm research 

Table 3. Tukey multiple comparison results for Flush 2

Table 2. Tukey multiple comparison results for Flush 1

Blood Locations

ViaValve™ Safety I.V. Catheter

Insyte™ Autoguard™ BC Shielded IV Catheter

in back of 

seal

in actuator
in tube (entire 

length not 
shown)

in & around plunger in seal

in hub in eyelet

in tube (entire 
length not 

shown)
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