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ABSTRACT 
 

Blood Establishments strive to provide blood and blood derivatives that are safe for transfusion. A 
recurrent concern is providing blood components that are free from bacterial contamination. 
Bacterial and fungal contamination of blood products is nowadays a major apprehension when it 
comes to transfusion adverse events. Over the years, several disinfection products and protocols 
have been devised to mitigate the risks of such contaminants, nonetheless, sepsis is still the leading 
cause of transfusion reaction fatalities. This fact raises the question of whether disinfection on its 
own is sufficient for preventing such outcomes. 
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1. INTRODUCTION 
 
Blood establishments developed several 
preventive measures to avert this unwanted entry 
of bacteria into the bloodstream from happening. 
A very important measure in preventing this is 
how the skin is disinfected before blood 
collection [1].  Inadequate or ineffective 
disinfection is one of the main sources of 
bacterial contamination of blood products [2]. 
Over the years, several disinfection products and 
protocols have been devised, however, sepsis is 
still the leading cause of transfusion reaction 
fatalities [3]. Several factors could affect the 
efficacy of disinfection which increases the 
likelihood of contaminated blood products. It is 
being proposed that cleaning the skin before 
blood donation increases the effectiveness of the 
disinfection process [4]. 
 

2. CAUSES OF FAILED DISINFECTION 
 

2.1 Bacterial Load on the Skin 
 
The skin harbours a diverse microbiome, some 
of which have a symbiotic relationship with the 
skin itself [5]. It has been shown that the higher 
the bacterial load on the skin, the less effective 
skin disinfection is [6]. The greater the bacterial 
load on the skin, the more contact time is 
required to eradicate most of the bacteria. 
Additionally, clumped bacterial cells on the skin 
are more difficult to eradicate than single 
bacterial cells [7]. Micro-organisms can also be 
found in the deeper layers of the skin and on skin 
appendages such as sweat glands, sebaceous 
glands and hair follicles [8]. Resident bacteria 
cannot be eradicated by disinfection and run the 
risk of contaminating blood products after 
venepuncture [9]. 
 

2.2 Dimpled Phlebotomy Sites 
 
Dimpled phlebotomy sites tend to make skin 
disinfection less effective. Repeated blood 
donations result in scarring of the skin and the 
formation of dimples at the venepuncture sites. 
Research has shown that dimpled and scarred 
phlebotomy sites make disinfection less effective 
and lead to a higher risk of bacterial 
contamination of blood products [10]. 
 

2.3 Resistance to Disinfection 
 

Bacterial resistance to disinfectants can be 
innate or acquired [11]. Innate resistance of 
bacteria to the disinfection process is due to 

structures that act as barriers. For example, 
bacterial spores are resistant due to the spore 
coat and cortex. Gram-negative bacteria are 
surrounded by an outer membrane and 
mycobacteria have an outer waxy cell wall which 
makes the uptake of disinfectant more difficult 
[7].  
 
Disinfectants are useful in reducing the number 
of skin flora but over time bacteria are known to 
develop a degree of resistance to the product 
[12]. Resistance can be acquired by a mutation 
or by amplification of an endogenous 
chromosomal gene [11]. The minimum inhibitory 
concentration (MIC) and minimum bactericidal 
concentration (MBC) tend to be higher in places 
where disinfectants are routinely used, such as 
blood establishments and operating theatres 
[13]. One of the most commonly found bacteria 
on the antecubital fossa is the Gram-positive 
Staphylococcus aureus and it produces protein 
complexes known as adherents that will help it 
adhere to the skin [14]. One of the reasons why 
Staphylococcus aureus has a higher MIC is due 
to mutations in the smr and norA, qacA, 
and qacB genes [11].  Since the skin contains 
various bacterial species and strains, those that 
are resistant to disinfectants will survive the 
process of disinfection, thus causing the risk of 
contaminating blood products [13]. The World 
Health Organization recommends chlorhexidine 
(CHX) to be used as a skin disinfectant prior to 
venepuncture and it is one of the most widely 
used disinfectants in health care settings [15]. 
When compared to other disinfection products, 
CHX offers the greatest residual activity which 
means its antimicrobial effect is maintained even 
after drying completely [16]. Although 0.5% CHX 
is effective at eradicating a vast number of Gram-
positive and Gram-negative bacteria, it is 
responsible for the low bacterial reduction rates 
and for the increasing microbial persistence [17]. 
 

2.4 Biofilm Formation 
 
Bacteria have the ability to form a dense layer 
and attach themselves firmly to the skin surface, 
thus they are difficult to remove by the 
disinfection process [7]. The MIC of CHX 
required to inactivate bacteria in biofilms is 64 
times higher than the MIC required to inactive 
free-floating bacteria. Once formed, bacteria 
produce a matrix which will further protect them 
from the action of disinfectants. An example of 
bacteria which can form biofilms is 
Staphylococcus epidermidis and it is one of the 
main contaminants of platelet units [18]. 
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2.5 Low Concentrations of Disinfectants 
 
When a disinfectant below the MBC is used, it 
will likely be ineffective when it comes to 
eliminating bacteria. Additionally, disinfectants at 
low concentrations may cause bacteria to exhibit 
the hormetic effect. This means that bacteria are 
stimulated to grow even more at low 
concentrations of a disinfectant [19].  
 

3. THE CLEANING TECHNIQUE 
 
The cleaning technique is divided into 3 stages: 
preparation, washing and drying [20]. The first 
stage involves wetting the skin with water before 
the application of soap. The second stage 
involves the application of liquid soap to the skin 
and rubbing for a few seconds to create a lather. 
This is followed by scrubbing the skin for at least 
20 seconds [21]. Friction is created through the 
action of scrubbing the skin with soap and water 
on the skin. This helps to lift off bacteria from the 
skin [4]. Prolonged washing time i.e., more than 
30 seconds, loosens resident bacteria from the 
skin but does not remove them. Therefore, 
rinsing with clean and running water is essential 
to remove the loosened resident bacteria by 
dilution [22]. Drying the skin with a clean towel is 
an important last stage but many tend to skip it 
[21]. Drying the skin after cleaning makes it more 
difficult to acquire bacteria on the skin [23]. 
 
The uppermost layer and deeper layers of the 
skin harbour many resident and transient 
bacteria [24]. Apart from causing diseases when 
transmitted from one person to another, they run 
the risk of contaminating blood products if proper 
cleaning of the antecubital fossa is not carried 
out [25]. Cleaning the skin with soap and water is 
more effective than washing the skin with just 
water or no hand washing at all [26]. Cleaning 
the skin with just water is ineffective because 
bacteria are mixed with the oil on the skin. Oil 
and water are immiscible; therefore, soap is 
needed to be able to remove both oil and 
bacteria from the skin [4]. 
 
Soap is a detergent-based product that contains 
sodium or potassium hydroxide and esterified 
fatty acids. It also contains surfactant molecules 
which lower the surface tension between water 
and oil on the skin, making it easier for surfactant 
molecules to reach the skin surface and exert 
their effect. Surfactant molecules in soap can 
exist in two forms: as monomers when they are 
low in concentration, but they can also come 
together to form micelles when they are at a high 

concentration, also known as the critical micelle 
concentration. A surfactant monomer is 
amphipathic as it consists of a hydrophilic head 
and a lipophilic tail. When they are in the micelle 
shape, they come together in a way that the 
lipophilic tails point inwards, and the hydrophilic 
heads point outwards [27]. Some bacterial cell 
membranes have a similar structure to that of 
surfactant monomers. The cell membrane is also 
amphipathic as it consists of a phospholipid 
bilayer with an outer hydrophilic region and a 
middle lipophilic region. Like a micelle, the 
phospholipid hydrophilic heads in the bacterial 
cell membrane point outwards and the lipophilic 
tails point towards the centre. The presence of oil 
on the skin makes it easier for bacteria to adhere 
to the skin [28]. 
 

3.1 How Cleaning Works 
 
When surfactant monomers come in contact with 
the skin through the act of cleaning, they insert 
themselves in the outer half of the bacterial cell 
membrane and similarly arrange themselves. 
Surfactant monomers put mechanical stress on 
the bacterial cell membrane and bend it. 
Consequently, pores in the bacterial cell 
membrane form which leads to the breakdown of 
the bacterial cell. Hybrid micelles form containing 
both surfactant monomers and phospholipids 
from the bacterial cell membrane [27]. 
 

3.2 Why is Cleaning Necessary? 
 
The presence of dirt on the skin increases the 
bacterial load, and as mentioned earlier, the 
bacterial load on the skin affects the 
effectiveness of disinfection. The higher the 
bacterial load on the skin, the less effective 
disinfection will be [6]. Dirt on the skin can act as 
a barrier which prevents the disinfection product 
from reaching the surface of the skin and 
effectively performing it [21]. Since cleaning 
reduces the initial bacterial load on the skin, it 
helps to increase the effectiveness of the 
disinfection process, which will remove the 
remaining bacteria [29]. Cleaning also makes the 
disinfection process more effective by perforating 
the outer membranes of bacteria which will be 
further broken down during disinfection [4]. 
 
Bacteria on the skin can proliferate to colonise 
the skin surface and produce a biofilm [30]. To 
increase their adherence to the skin and their 
proliferating capability, bacteria produce an 
extracellular matrix containing DNA, lipids, 
proteins and polysaccharides [31]. Surfactant 
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molecules disrupt the cohesive forces in the 
extracellular matrix and the bonds between 
bacteria and the skin, detaching them from the 
skin [30]. Micelles can also trap the oil on the 
skin, which makes bacteria more likely to adhere 
to the skin. During rinsing, hybrid micelles are 
washed off; therefore, removing bacteria that 
were once present on the skin [28]. 

 
4. CONCLUSION 
 
The presence of bacteria on the skin is one of 
the main causes of bacterial contamination of 
blood products. One of the reasons is inadequate 
skin disinfection before venepuncture. Bacteria 
may remain present on the skin even if skin 
disinfection is carried out properly. Cleaning of 
the skin also reduces the bacterial load through 
the action of detergent monomers. Therefore, to 
further reduce the bacterial load on the skin, 
cleaning of the antecubital fossa should be 
carried out, making skin disinfection more 
effective. 
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