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Background: Catheter-related bloodstream infections 
(CRBSIs) are a major cause of morbidity and mortality 
among hospitalized patients. Different studies suggest 
that the use of disinfectant caps (DCs) significantly re-
duces the rate of CRBSIs. The first purpose of this study 
is to analyze, through an in-vitro-model, the antiseptic 
effect of DCs produced by two manufacturers; the sec-
ond aim is to assess potential differences in terms of 
effectiveness between the two manufacturers’ prod-
ucts.
Methods: A know concentration of thirteen different mi-
croorganisms was incubated with the sponge drenched 
in antimicrobial fluid inside DCs and cultured through 
several assays to investigate the disinfectant effective-
ness of some commercially available caps. Disinfectant 
properties were evaluated under two different condi-
tions: baseline (DCs placed on the needle-free connec-
tors (NFCs) and stress test (DCs directly applied to the 
catheter hub). 

Results: Both manufacturers overcame the basal tests 
(fourteen different assays). Regarding stress tests: the 
only significant bacterial load was found for Serratia 
marcescens (104 CFU/mL in ICU Medical™), both at 90 
and 180 minutes after incubation; due to the low load, 
MDR Acinetobacter baumannii was not considered sig-
nificant (<103 CFU/mL in BD PureHub™).
Conclusions: Our results confirm what was reported in 
BD PureHub™ datasheet and add data not previously 
shown by ICU Medical™. Moreover, no difference was 
observed between the two manufacturers products: the 
use of both DCs on NFCs was able to reclaim the cath-
eter lumen. These findings support the routine use of 
DCs with NFCs, as part of a structured bundle of inter-
ventions, to reduce the incidence of CRBSIs.
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SUMMARY

n	 INTRODUCTION

Catheter-related bloodstream infections (CRB-
SIs) are clinical conditions characterized by 

fever and systemic clinical signs. A CRBSI should 
be diagnosed using paired qualitative (as meas-

ured using differential time to positivity-DTP) 
and/or using paired quantitative (as measured 
using pour plates) blood cultures from a peripher-
al vein and from the catheter. For hospitals using 
DTP, a CRBSI is diagnosed if the same organism is 
isolated from blood obtained through the catheter 
hub and from blood obtained from a peripheral 
vein and the DTP is more than 2 hours (catheter 
hub culture positive first) [1]. CRBSIs are poten-
tially life-threatening healthcare associated infec-
tions, that continue to be one of the most impor-
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tant public health issues throughout the world [2]. 
Although the reported incidence of CRBSIs is 
around 0.4 percent, these clinical entities consti-
tute an important cause of hospital-acquired infec-
tions associated with elevated morbidity, mortali-
ty and increased costs [3, 4]. 
Researchers have reported that the use of 70% iso-
propyl alcohol just before needle free connectors 
(NFCs) is not enough against microbial contami-
nation: most health care organizations use a wipe 
impregnated with 2% chlorhexidine and 70% iso-
propyl alcohol, which has been shown to decon-
taminate NFCs when applied for at least 15 sec-
onds, as recommended by evidence-based guide-
lines [5-7]. However, manual disinfection of NFCs 
is significantly affected by expertise and some-
times lack of healthcare workers compliance [8]. 
Therefore, as recommended by guidelines, NFCs 
disinfection should be achieved using a disinfect-
ant cap (DC) [5, 8, 9]. 
The DC (also known as Disinfecting Port Protec-
tor) is a plastic device that contains 70% isopropyl 
alcohol. It is effective within 10 minutes from ap-
plication and may be used for up to 7 days. Sever-
al studies and a recent meta-analysis suggest that 
the clinical use of DCs significantly reduced the 
incidence of CRBSIs when compared with manual 
disinfection [9-15]. 
To the best of our knowledge, there aren’t inde-
pendent studies aiming to evaluate DCs effective-
ness and to point out potential differences between 
what the manufacturers claim in their datasheets.
The first purpose of this study is to analyze, in an 
in vitro model, the antiseptic effect of the DCs pro-
duced by two manufacturers; we evaluated if, in 
the event of maximum bacterial contamination, 
the DCs could still succeed in reclaiming the cath-
eter from various micro-organisms. The second 
purpose was to analyze potential differences in 
terms of effectiveness between the two manufac-
turers products.

n	 MATERIALS AND METHODS 

From April 2022 to February 2023, the Microbiolo-
gy Unit of ASST Fatebenefratelli-Sacco, Milan, Ita-
ly, conducted a study to investigate the efficacy of 
some commercially available DCs, under two dif-
ferent conditions: the baseline, recommended by 
guidelines (application of DC to NFC) and a stress 
test (placing the DC directly on the catheter hub) 

[16]. We then compared the antimicrobial capacity 
of various Port Protectors in these two conditions. 
In the first phase of the study (basal test), a known 
concentration (0.5 McFarland) of different mi-
cro-organisms was inoculated in the two NFCs 
applied on a two-lumen catheter (Arrow®, Tele-
flex; 20cm length 7 FR dual lumen). After bacterial 
growth was completed (12 hours after inocula-
tion), we used two disinfectant caps belonging to 
two different brands (BD PureHub™ and ICU 
Medical™) as shown in Figure 1. The DCs were 
placed on NFCs as indicated by guidelines [17]. 
Ten minutes after application (as stated in DCs da-
tasheets), we removed the sponge drenched in an-
timicrobial fluid inside the DC and cultured it for 
90 and 180 minutes after incubation. To confirm 
proper contamination, also NFCs were cultured.
In sample size calculation, we considered a single 
proportion with an estimated 3% positivity and a 
10% accuracy in terms of confidence level 95%. We 
calculated a sample size of at least 12 cultures, in-
creased to 14 due to an expected 10% drop out.
In the second phase, a known concentration (0.5 
MF) of different micro-organisms was inoculated 
in the two hubs of a two-lumen catheter (Arrow®, 
Teleflex; 20cm length 7 FR dual lumen) as shown 
in Figure 1.
After bacterial growth was completed (12 hours 
after inoculation), we used two disinfectant caps 
of two different brands (BD PureHub™ and ICU 
Medical™). The DCs were applied directly on the 
catheter hubs.
Ten minutes after application (as stated in DCs da-
tasheets), we removed the sponge drenched in an-
timicrobial fluid inside the DC and cultured it for 
90 and 180 minutes after incubation. 
We decided to define this as “stress test” because 
the hollow surface of the catheter hub is usually 
harder to be disinfected than the smooth surface of 
the NFC. 
To confirm proper contamination, distal catheters 
hubs were cultured.
The MALDI-TOF MS systems (bioMerieux Coro-
prate) was used for all bacterial identification in 
both first and second phase. 
In the second phase sample size calculation, we 
considered a single proportion with an estimated 
16% positivity and a 10% accuracy in terms of con-
fidence level 95%. We calculated a sample size of 
at least 52 culture, increased to 58 due to an ex-
pected 10% drop out.
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According to the literature and in order to increase 
the sensitivity value of the test, in both baseline 
and stress test, each microbial strain was cultured 
both at 90 and 180 minutes after incubation [18]. 
Only microbial loads above 104 were considered 
relevant [18].
Thirteen different strains of the most involved mi-
croorganisms in the setting of hospital acquired 
infections (6 Gram-positive bacteria, 6 Gram-neg-
ative bacteria, 1 yeast), were tested.

n	 RESULTS

During the baseline test, fourteen different as-
says were performed: 3 Gram negative bacteria 
(carbapenem-resistant Klebsiella pneumoniae, multi-
drug-resistant Pseudomonas aeruginosa, multid-
rug-resistant Acinetobacter pittii), one the most 
involved bacteria in soft tissue infections (methi-
cillin-resistant Staphylococcus aureus) and one 
fungus (Candida glabrata) were tested once; Es-
cherichia coli was tested twice. As shown in the 

left section of Table 1, both BD PureHub™ and 
ICU Medical™ tested negative. All the NFCs 
cultured were positive to confirm the correct 
contamination process.
As shown in the right section of Table 1, fifty-eight 
assays were performed in the stress test: 3 Gram 
negative (multidrug-resistant P. aeruginosa, Serratia 
marcescens, MDR Acinetobacter baumannii), and 
several Gram positive (methicillin-resistant S. au-
reus, Streptococcus agalactiae, Corynebacterium stria-
tum, Staphylococcus capitis and Staphylococcus epi-
dermidis) were tested three times; glycopeptide-re-
sistant Enterococcus faecalis and E. coli twice; C. 
glabrata was tested once. 
The only significant bacterial load was found for 
S. marcescens (104 CFU/mL in ICU Medical™), 
both at 90 and 180 minutes after incubation; due to 
the low microbial load, MDR Acinetobacter bau-
mannii was not considered significant (<103 CFU/
mL in BD PureHub™). All the cultured catheters 
hub tested positive to confirm the correct contam-
ination process.

Figure 1
A known concentration 
(0.5 MF) of different 
microorganisms was 
inoculated into a two-
lumen catheter (A, B). 
At the end of bacterial 
growth, disinfectant 
caps of two main brands 
(BD PureHub™ and ICU 
Medical™) were screwed 
onto each catheter lumen 
and retained on it for ten 
minutes (C). After this time, 
we removed the filter 
inside the disinfectant 
caps (D) and cultured it for 
90 and 180 minutes after 
incubation
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Table 1 - Basal Test and Stress Test performed with different pathogens (column 1) on the 2 types (BD PureHub™ 
and ICU Medical™) of port protectors. NFC means Needle free Connectors. 90 and 180 minutes are times after 
microbial incubation. N means negative

BASAL TEST
BD PureHub™ + NFC ICU Medical™ + NFC

STRESS TEST 
BD PureHub™ ICU Medical™

90 180 90 180 90 180 90 180

Carbapenem-
resistant 
Klebsiella 
pneumoniae

N N N N Glycopeptide-resistant 
Enterococcus faecalis 1

N N N N

Multidrug-
resistant 
Pseudomonas 
aeruginosa

N N N N Glycopeptide-resistant 
Enterococcus faecalis 2

N N N N

Escherichia coli 1 N N N N Multidrug-resistant 
Pseudomonas aeruginosa 1

N N N N

Escherichia coli 2 N N N N multidrug-resistant 
Pseudomonas aeruginosa 2

N N N N

Methicillin-
resistant 
Staphylococcus 
aureus

N N N N Multidrug-resistant 
Pseudomonas aeruginosa 3

N N N N

Multidrug-
resistant 
Acinetobacter 
pittii

N N N N Methicillin-resistant 
Staphylococcus aureus 1

N N N N

Candida 
glabrata

N N N N Methicillin-resistant 
Staphylococcus aureus 2

N N N N

Methicillin-resistant 
Staphylococcus aureus 3 

N N N N

Escherichia coli 1 N N N N

Escherichia coli 2 N N N N

Streptococcus agalactiae 1 N N N N

Streptococcus agalactiae 2 N N N N

Streptococcus agalactiae 3 N N N N

Serratia marcescens 1 N N N N

Serratia marcescens 2 N N N N

Serratia marcescens 3 N N 10^4 10^4

Corynebacterium  
striatum 1

N N N N

Corynebacterium  
striatum 2

N N N N

Corynebacterium  
striatum 3

N N N N

Acinetobacter baumannii 
MDR 1

10^3 10^3 N N

Acinetobacter baumannii 
MDR 2

N N N N

Acinetobacter baumannii 
MDR 3

N N N N

Continue >>>
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n	 DISCUSSION 

There are no in vitro and in vivo studies comparing 
DCs. Moreover, no information about the sponge 
dimension and the amount of 70% isopropyl alco-
hol are displayed in the datasheets [19, 20]. Before 
the beginning of the study, we have asked the 
manufacturers for the above information and they 
answered that those data were not public; thus, we 
remained blind to some important structural dif-
ferences that could have been useful in DCs com-
parative evaluation.
To the best of our knowledge, this is the first inde-
pendent study that evaluates DCs antimicrobial 
effectiveness and that brings out potential differ-
ences between what manufacturers have claimed 
in their datasheets.
With the aim to compare the results on microbial 
strains claimed by manufacturers, our study eval-
uated, in an in vitro model, the ability to suppress 
bacterial growth of two of the many commercially 
available DCs: BD PureHub™ and ICU Medical™, 
despite micro-organisms resistance patterns. 
In the in vitro model we chose a high load of bacte-
rial contamination, in order to reproduce the worst 
clinical settings. The use of femoral catheters, 
mainly with mid-thigh exit site, is becoming in-
creasingly common in hospitals, particularly in 
bedridden patients with psychomotor agitation, 
delirium, and dementia [21-22]. These patients are, 
among others, those at greater risk of bacterial skin 
colonization; indeed, many of them live in nursing 
homes, have had several hospital admissions and 
undergo bed hygiene [21]. During this cleaning 
procedure, it is common to get the catheter’s hub 

dirty and contaminated with a high bacterial load 
(>0.5 McFarland). The microbiological conditions 
in this clinical setting could be considered similar 
to the ones recreated in the present study.
Another clinical setting to be mentioned is the 
presence of a catheter hub close to a tracheostomy, 
where respiratory secretions are abundant. During 
the cleaning of the stoma, even in well positioned 
venous catheters (with exit site at least 10 cm away 
from the stoma), a high microbial contamination 
could happen when aspiration of secretions is per-
formed.
In the baseline test, no significant microbial growth 
was observed, confirming that the use of NFCs in 
combination with Port Protectors significantly re-
duces the risk of CRBSIs [17]. Thus, respecting the 
aseptic technique of accessing to the system, NFCs 
are difficult to contaminate.
In the stress test the results obtained in vitro for 
both DCs were promising; only in one out of fif-
ty-eight trials the bacterial growth was significant. 
Therefore, our results confirm what has been report-
ed in the BD PureHub™  datasheet and add data not 
previously shown by ICU Medical™ [19, 20]. 
Moreover, no difference was shown between the 
two manufacturers products: the use DCs on 
NFCs was able to reclaim the catheter lumen in 
situations. These findings support the routine use 
of DCs together with NFCs to reduce the incidence 
of CRBSIs, as part of a structured bundle of inter-
ventions. 
Finally, the stress test confirms what the producers 
claim: DCs cannot be used merely as disinfectants 
of the distal hub, on which the manual scrub-the-
hub technique is needed.

BASAL TEST
BD PureHub™ + NFC ICU Medical™ + NFC

STRESS TEST 
BD PureHub™ ICU Medical™

90 180 90 180 90 180 90 180

Candida glabrata N N N N

Staphylococcus capitis 1 N N N N

Staphylococcus capitis 2 N N N N

Staphylococcus capitis 3 N N N N

Staphylococcus  
epidermidis 1

N N N N

Staphylococcus  
epidermidis 2

N N N N

Staphylococcus  
epidermidis 3

N N N N

Continue >>>
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A special consideration should be made about the 
two positive results on S. marcescens and A. bau-
mannii cultures: both are gram-negative, hospi-
tal-acquired pathogens responsible for several no-
socomial infections, especially CRBSIs [23]. The 
two bacteria are well known producers of biofilm 
and that means an advantage on catheters coloni-
zation process [24]. Bacterial biofilm is a complex 
surface-adhered community of viable and dead 
bacteria, encased within an extracellular matrix 
composed of polysaccharide, proteins and extra-
cellular DNA. Bacteria in biofilm also exhibit in-
creased resistance to antimicrobial agents for rea-
sons such as resistance to drug penetration and to 
desiccation, due to metabolic changes such as 
slower growth rates [25]. Even if biofilm produc-
tion could be one of the major explanations, other 
virulence factors cannot be excluded; for this rea-
son, further investigations are needed.
This study has some potential limitations: first of 
all, we analyzed only one fungus, which was test-
ed once in both basal and stress test; furthermore, 
this is a monocentric study so it was not possible 
to highlight any differences in the results among 
different centers. 
As suggested by the recent SHEA guidelines 2022, 
a single recommendation could be ineffective 
when used alone: DCs are useful as part of a broad 
set of strategies to prevent CRBSIs [26]. 
Further investigations are needed to confirm our 
data both in vitro and in clinical settings and to 
compare other manufacturers products.
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