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Abstract

Background:

Source reduction is important in minimizing bacterial contaminated risk of blood

products but previous evaluation of chlorhexidine (CHX) was confounded by inability

of Tween and lecithin to neutralize CHX. The study aims to address this limitation

and also evaluate the effectiveness of two CHX—alcohol based skin disinfectants in

blood donation setting.

Methods:

A two-stage observational study was conducted. A single step 2% chlorhexidine

gluconate/70% isopropyl alcohol brush (CHX/IPA-1) was first compared with current

skin disinfection procedure consisting of sequential application of 10% povidone

iodine and 70% isopropyl alcohol (PI/IPA). Standard plates with conventional

neutralizers (0.3% Tween 80, 0.1% lecithin) were used to enumerate residual

bacterial counts. Then CHX/IPA-1 was compared with another applicator CHX/IPA-2

with identical disinfectant contents using in-house plates with neutralizers (3%

Tween 80, 0.3% lecithin, 0.1% histidine, 0.5% sodium thiosulphate, 3% saponin, 1%

ether sulphate) having enhanced ability to neutralize CHX.

Results:

All three products were found to reduce plate counts by > 2 log,0 after disinfection.



The CHX/IPA-1 group gave fewer residual bacterial growth on standard plates than

PI/IPA group (5.9% vs 61.7%, P <0.001). With the use of in-house plates, residual

bacterial growth were of no difference in both CHX/IPA-1 and CHX/IPA-2 groups

(42.5% vs 49.4%, P=0.26).

Conclusion:

Good efficacy was observed with one stage application of CHX/IPA in pre-donation

skin disinfection and it could replace PI/IPA. However, the efficacy of CHX/IPA could

be grossly overestimated in testing with standard plates because of insufficient

neutralization.



Background

Transfusion assoicated bacterial infection remains a major risk in clinical settings

[1-5]. Over the years, transfusion communities have introduced various strategies in

reducing the risk. These include improved skin disinfection [6-8], adoption of

diversion pouch [8-11], implementation of pre-release bacterial surveillance tests

[12-14] and pathogen reduction technologies [15-18]. Theoretically, some

combination of them could have the maximal effectiveness but may add operational

complexity and/or cost.

Source elimination should remain the most fundamental step in limiting bacteria

entering into the system. While a good health history screening of prospective

donors should always been in practice to reduce transfusion transmitted bacterial

and viral infection, it is by no mean exhaustive and some donors may not realize a

risk exposure history e.g. recent diarrhoea may result in asymptomatic bacteria

carrier stage. For bacterial risk, skin disinfection and diversion pouch are two main

approaches currently in practice. The latter is almost universally implemented in

most developed countries. On the other hand, skin disinfection protocol varies from

country to country.

Recently, 2% chlorhexidine gluconate/70% isopropyl alcohol formulation (CHX/IPA)

emerged to be at least as effective as other disinfectants [19-25]. As commercial



available applicator appears to be simpler to handle, some blood centers, after the

validation, have implemented it as route skin disinfection [21, 24]. Therefore, the

study is designed to evaluate the residual bacterial load after skin disinfection by two

commercial available CHX/IPA applicators.



Methods:

The study was conducted in two parts at the Hong Kong Red Cross Blood Transfusion

Service when the currently used skin disinfectant i.e. 10% povidone-iodine/70%

isopropyl alcohol (PI/IPA) was first compared with a commercially available 2%

chlorhexidine gluconate/70% isopropyl alcohol (CHX/IPA) brush (named as CHX/IPA-1)

in part one and then two preparations of CHX/IPA (CHX/IPA-1 brush and CHX/IPA-2

swab) were studied in part two.

Skin disinfectant (PI/IPA) consisted of 10% povidone-iodine swabstick (Professional

Disposables International Inc, NY, US) and 70% isopropyl alcohol swab (Professional

Disposables International Inc, NY, US). Both CHX/IPA-1 and CHX/IPA-2 contained 2%

chlorhexidine gluconate/70% isopropyl alcohol. They were ChloraPrep® 3 ml brush

(Cardinal Health Inc, KS, US) and SOLU-LV. swabstick (SOLUMED, 3M Canada

Company, Ontario, Canada)

Subjects were recruited into the studies based on the sample size estimation below.

The study has been approved by Research Ethics Committee of Kowloon East and

Central Clusters, Hospital Authority, Hong Kong.

In part one, one arm of each subject would be either disinfected by PI/IPA or

CHX/IPA-1 whereas the arm of contralateral side served as comparison of the

baseline bacterial count. Before disinfection, a baseline bacterial count was



enumerated by applying contact plate on both arms. Then, the selected arm was

disinfected by PI/IPA or CHX/IPA-1 under a defined protocol (see below). Upon

completion, the skin was air dried, another contact plate was applied to determine

the residual bacterial count. In part two, both arms of each subject were

disinfected by CHX/IPA-1 or CHX/IPA-2 with the same steps to enumerate bacterial

counts before and after the procedure.

Skin disinfection procedure

For each arm, at least 4 x 4cm area of the antecubital fossa was chosen as intended

“venepuncture site”. The site was first sampled by culture plate with a contact time

of 10 seconds (before disinfection) which allowed maximal contact between skin

and agar surface. Then trained nurse who used to perform blood collection

procedure would disinfect the skin according to the steps as outlined in flowchart 1.

At the end of the disinfection, after the “venipuncture site” was air dried, another

culture plate was applied with a contact time of 10 seconds (after disinfection).

Microbiological methods and neutralizers

In part one of the study, commercial TSA (Tryptone Soya Agar) standard contact plate

with neutralizers (0.3% Tween 80, 0.1% lecithin) (Oxoid, Germany) was used whereas

in part two, an in-house TSA contact plate was further prepared which contained the



following neutraliziers (3% Tween 80, 0.3% lecithin, 0.1% histidine, 0.5% sodium

thiosulphate, 3% saponin, 1% ether sulphate). The neutralizers were reported to

have better neutralization effect on chlorhexidine [26] but non-toxic to bacteria

such as S. aureus, S. epidermidis, Micrococcus luteus, Corynebacterium jeikeium

and E coli [26, 27]. Following applications, the plates were immediately incubated at

37°C for 24 hours. Afterwards, the growth on the plates was photographed and

colonies were counted manually by using the ImageTool software (version 3.0,

University of Texas Health Science Center, San Antonio, Texas). The disinfectant

assignments of the subjects were blinded to the research assistant who carried out

the plate counting. As quality control, 10% of the images were randomly selected for

a second count by the same research assistant. Scatterplot and correlation of

determination (R Square) analysis demonstrated that there was high correlation

between the first and second colony counts.

Sample size and statistical analysis

Sample size and power were determined by Statmate (GraphPad Software Inc, CA,

USA). For part one of the study, with a baseline of 85% no growth after disinfection, a

sample size of at least 80 per group would be required to detect a difference of 12%

or 0.36 log with 80% power at 5% level of significance. As CHX/IPA-1 and CHX/IPA-2



was compared in part two study, no more than 10% difference was expected.

Therefore, sample size of 160 would be required for 80% power at 5% level of

significance.

Descriptive statistics was performed and a paired student t-test using Prism version

5.03 was used (GraphPad Software Inc, CA, USA) was employed to determine any

statistical difference. A P value of < 0.05 was denoted as statistically significant.



Results

For the part one of the study, 81 subjects were enrolled to be disinfected by PI/IPA

and 85 were tested with CHX/IPA-1. Their baseline bacterial counts in both arms

were comparable. After disinfection, both disinfectants could achieve significant

bacterial reduction. As shown in Figure 1, the bacterial colonies per plate in log

scale decreased from 2.70 log;o * 0.42 to 0.46 logi o+ 0.61 in PI/IPA group whereas

for CHX/IPX-1, it dropped from 2.54 logo + 0.76 log;o to 0.02 logio+ 0.11. In fact,

50 out of 81 arms (61.7%) in PI/IPA group had residual bacterial colonies whereas

only 5 out of 85 arms (5.9%) in CHX/IPA-1 group were found to have bacteria (P

<0.001) (Table 1).

For the part two of the study with 160 subjects participated, the pre-disinfection

baseline bacterial count per plate in log scale for either arms assigned to CHX/IPA-1

and CHX/IPA-2 were 2.08 log;o = 0.74 and 2.08 logio* 0.75, respectively (Figure 2

upper panel, P = 0.86). Upon disinfection, in the CHX/IPA-1 side, the bacterial count

per plate dropped to 0.16 logio + 0.32 whereas it was 0.23 logi;o * 0.4 in the

CHX/IPA-2 side (Figure 2 lower panel, P = 0.07). 42.5% (68/160) of arm after

CHX/IPA-1 had residual bacterial count detected whereas 49.4% (79/160) of arm

after CHX/IPA-2 had residual bacterial count detected (P = 0.26) (Table 1).



Discussion

Skin disinfection has been found to be a crucial step in minimization of bacterial

contamination during blood donation [7, 23, 28, 29]. Therefore, a combination of

best skin disinfectant and procedure should be identified and practiced in the daily

blood collection procedure. The design of present study was influenced by the two

evaluation studies by McDonald et al [21] and Ramirez-Arcos et al [24] in blood

donation setting. Both of them showed one stage application of combined

formulation of 2% chlorhexidine gluconate and 70% isopropyl alcohol (CHX/IPA) as

skin disinfectant were effective. As our blood center had been using two stages

application by 10% povidone-iodine/70% isopropyl alcohol (PI/IPA) [29] together

with a long history of routine bacterial surveillance programme [30, 31], the

CHX/IPA if proven to be effective in local setting would be advantageous because of

the simplicity of application. Therefore, it would be necessary to first compare the

efficacy of CHX/IPA versus PI/IPA in an evaluation environment.

From the results of part one of the study, it appeared that CHX/IPA was

significantly better in lowering lower residual bacterial count than PI/IPA which

was consistent to the findings from two evaluation studies [21, 24]. However, we

noticed that the subjects’ skin after using CHX/IPA appeared to be sticky suggestive

of residual chlorhexidine. In retrospect, it is known from medical literature that this



non-volatile residual chlorhexidine could continue to exert antimicrobial effect on

the skin and on the culture plate [32]. It might confer advantage over PI/IPA.

Besides, the commercial standard contact plate (with Tween/Lecithin) used in this

part of study was found to be unable to neutralize residual chlorhexidine [26, 27].

We therefore, argued that this contributed to pitfalls in the efficacy tests and

should be properly addressed. To address this, the part two study was so designed

to use a contact plate that could neutralize any residual chlorhexidine during

sampling before culture. Though we acknowledged that direct comparison with

PI/IPA could not be made, we observed that the residual bacterial colonies counts

after applying CHX/IPA-1 or CHX/IPA-2 were still lower than that obtained from

PI/IPA in part one of the study. Therefore, we believe that CHX/IPA would be a very

effective skin disinfectant in blood donation but a proof may require further study

using properly designed contact plates for direct comparison between PI/IPA and

CHX/IPA.

When operation logistic was looked into, though about the same duration was

required in applying PI/IPA or CHX/IPA to the skin for disinfection, a single

application might result in an overall time reduction because of the elimination of

opening up two packages for the whole procedure. Moreover, the swabstick was

easier to manipulate by operator.



The present study was limited by not unable to have a direct comparison of Pl and

CHX skin disinfectants at the same time by using culture plates with their specific

neutralizers. Besides, though no occurrence of allergy observed in our small scale

of evaluation study, caution must therefore, be exercised in routine application as

other has suggested a higher rate of mild but self-limiting skin allergy in blood

donors [25].

In summary, the present study demonstrates that one stage application of 2%

chlorhexidine gluconate/70% isopropyl alcohol formulation (CHX/IPA) could replace

the currently used sequential application of 10% povidone iodine and 70% isopropyl

alcohol in pre-donation skin disinfection.
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Flowchart 1 showed the steps used for disinfection by three disinfectants.

| - | e ™
( PI/IPA \‘ f CHX/IPA-1 ‘ CHX/IPA-2 ‘
\ / o \ /
2% chlorhexidine 2% chlorhexidine
10% povidone-iodine gluconate/70% gluconate/70%
swabstick for 30 isopropyl alcohol isopropyl alcohol
seconds brush for 60 swabstick for 60
seconds seconds
) 4
70% isopropyl
alcohol for 30
seconds
4 \ 4 ) 4
air dry for 60 air dry for 60 air dry for 60
seconds seconds seconds

 PI/IPA, 10% povidone-iodine swab stick (Professional Disposables International Inc,
NY, US) and 70% isopropy! alcohol swab (Professional Disposables International Inc,
NY, US); Both CHX/IPA-1 and CHX/IPA-2 contained 2% chlorhexidine gluconate/70%
isopropyl alcohol. CHX/IPA-1, ChloraPrep® 3 ml brush (Cardinal Health Inc, KS, US)
CHX/IPA-2, SOLU-L.V. swabstick (SOLUMED, 3M Canada Company, Ontario, Canada).



Table 1. Comparison of the effectiveness of three different skin disinfection

methods and recover by contact plates with two different mixtures of neutralizing

agents.
Disinfection Neutralizing agents in culture % with growth P
method® media (No/total)
Part 1
PI/IPA 0.3% Tween 80, 0.1% Lecithin 61.7% (50/81) <0.001
CHX/IPA-1 0.3% Tween 80, 0.1% Lecithin 5.9% (5/85)
Part 2
CHX/IPA-1 TLHThSEt® 42.5% (68/160) 0.26
CHX/IPA-2 TLHThSEt 49.4% (79/160)

? See footnotes of flowchart 1 for the three disinfection methods.
IDTLHThSEt, 3% Tween 80, 0.3% lecithin, 0.1% histidine, 0.5% sodium thiosulphate,
3% saponin, 1% ether sulphate [26].




Figure 1: showed the bacterial counts before and after applying PI/IPA and
CHX/IPA-1
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Figure 2 showed the bacterial counts before and after applying CHX/IPA-1 and
CHX/IPA-2.
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