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Summary

We used a test that combine microbicidal action and mechanical effect to test sixteen wipes. A ceramic tile was inoculated with 109 CFU of Staphylococcus aureus ATCC 6538 and Pseudomonas aeruginosa ATCC 15442 and dried for 60 minutes. The tile surface was then wiped using a standardized protocol by the same researcher, and washed. The remaining bacteria were suspended, cultured and enumerated. The reduction factor of the wipes was between log 1.56 and 5.67 for S. aureus and 1.23 and 5.23 for P. aeruginosa. In conclusion,  wipes have various efficacies that can be shown by using the present test.
Introduction
High-touch environmental surfaces can potentially contribute to the spread of healthcare–associated infections (HAI) 
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(1, 2)
. Pathogens such as Staphylococcus aureus are able to survive in the patient’s environment; when these pathogens are acquired by health care personnel or by patients, transmission to other patients can occur 3()
. Contaminated surfaces of medical equipments such as stethoscope could also act as a vehicle for person-to-person transmission 3()
. Elimination of microbial contamination from surfaces is thus needed to prevent HAI. Surface disinfectants play an important role because simple cleaning alone is often not effective 
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(4, 5)
. 
For easy disinfection of such surfaces, wipes impregnated with a disinfectant is frequently used. When an impregnated wipe is used to decontaminate surface, microbicidal action of the disinfectant is combined with the mechanical action of wiping 2()
. Various wipes impregnated with disinfectants with various properties are available on the market. The selection of wipes is dependent on factors such as information from the suppliers, ease of use and costs. However, the manufacturers often assess wipes based on the suspension test which does not mimic the real life situation 2()
. Furthermore, they only supply information of their own products and do not compare their products with other wipes 6()
. 
The aim of this study is to evaluate the efficacies of sixteen wipes:  fifteen surface disinfectant wipes and one household wipe, by using a standardized method that combine microbicidal effect and mechanical action of wiping.
Material and Methods
Microorganisms and growth condition

One Gram-positive (Staphylococcus aureus ATCC 6538) and one Gram-negative strains (ATCC Pseudomonas aeruginosa 15442) were used as test organisms 7()
. Stock cultures were kept at - 80°C and were grown at 37°C. These strains were cultured aerobically on trypticase soy agar (TSA) for 24 hours and transferred to fresh TSA for another 24 hours of incubation. Serial dilution was performed to determine the inoculums. 
Disinfection procedure

A 50 mm x 50 mm, degreased and sterilized ceramic tile (DGHM, Germany) was inoculated with 100 μl of test suspension (10 9.23 - 9.95 CFU) and dried for 60 minutes at 37 °C. This surface was then wiped in three parallel directions exerting weight of 175 ± 50 g. After one minute contact time, the tile, facing down, was transferred into a beaker prefilled with 100 ml of washing solution (0.1% tryptone (BD, USA) in 0.85% NaCl) and glass beads. The bacteria were then removed from the surface by vigorously shaking for 30 seconds. 0.1 ml of the rinsing fluid was spread  over plates with neutraliser (Trypticase Soy Agar, 0.07% Lecithin, 0.5% Polysorbate 80, BD, USA) that quench the activity of disinfectant. The plates were incubated for 24 hours at 37 °C. Each wipe was tested three times with each strain. All tests were performed by the same researcher.
To investigate the mechanical effect, the same procedures as above were performed, except that that the tile was wiped using a cotton wipe soaked in distilled water. 
Impregnated wipes
Sixteen wipes were tested. The disinfectant composition of the wipes listed in the table 1 are published by or were obtained from the manufacturers. The wipes are made from different fabrics and their weight ranged from 1.94 to 10.93 gram under wet conditions. Wipes used for experiments were the eleventh and consecutive wipes taken out from the container because the first wipes withdrawn from the container were often dry. All wipes were tested within one minute of being removed from their container. 
Statistical analyses

Log reduction factor (RF) was calculated by subtracting the mean log number of bacteria left on the tile after applying wipes from the number of survival bacteria after drying of the tile. Numbers and percentages were calculated. Means ± standard deviation (SD) were used to describe the log RF´s. Data were analyzed using SPSS Statistics version 20.0 (IBM Corp, Armonk, NY, USA). 

Table I. Characteristics of sixteen wipes tested.
	Wipes
	Composition 
	Packaging
	Surface compatibility

	Mixtures
	
	
	

	1.
	Nonylphenol ethoxylate, alkyl dimethyl benzylammonium chloride, didecyldimethyl benzylammonium chloride and polyhexamethylene biguanide hydrochloride.
	Rigid container
	Medical devices.

	2. 
	Didecyldimethylammonium, poly(hexamethylene-biguanide), and isopropanol.
	Soft container
	Medical devices.

	3. 
	Benzalkonium chloride, 2-(2 Ethoxyethoxy) ethanol, alkyl polysaccharide, and EDTA.
	Soft container
	Endoscope surfaces.

	4.
	Ethanol, tensides. 
	Individual package
	Endoscope surfaces.

	5. 
	Hydroalcoholic solution of alkylamine.
	Rigid container
	Ultrasound probe and transducer cleanser

	6. 
	Didecyl Dimethyl Ammonium Chloride, N-Alkyl Dimethyl Benzyl Ammonium Chloride. 
	Rigid container
	Hard and soft surfaces.

	7.
	Isopropyl tricdecyl dimethyl ammonium.
	Rigid container
	Environmental surfaces and non-invasive medical devices.

	8. 
	Benzalkonium chloride, propane 1-2-diol.


	Plastic bag
	Environmental surfaces.

	9. 
	Pottasium citrate, disodium EDTA, disodium coamphodiacetate, sodium lauryl acetate, alkyl dimethylbenzyl, ammonium chlorides, polyaminopropyl biguanide, iodopropynyl buthylcarbamate.


	Plastic bag
	Environmental surfaces.

	10.
	Didecyldimethylammoniumchloride  and surfactants. 
	Rigid container
	Environmental surfaces.

	11. 
	Ethanol and propylene glycol butyl ether.
	Soft container
	Environmental surfaces (household)

	Alcohol only
	
	
	

	12.
	Isopropyl alcohol.
	Rigid container
	Environmental surfaces and non-invasive medical devices.

	13.
	Propan-2-ol.
	Rigid container
	Environmental surfaces.

	14.
	2-propanol, 1-propanol. 
	Rigid container
	Environmental surfaces.

	15. 
	70% isopropyl alcohol.


	Individual package
	Environmental surfaces.

	16.
	Four different alcohols with ethanol as the main component.
	Individual package
	Small surfaces such as toilet seats, door handles.


Results

Drying and mechanical effect
After drying, the mean of CFU ± SD left on the tile was  10 6.39 ± 0.02  of Staphylococcus aureus and 10 6.01 ± 0.07  of Pseudomonas aeruginosa.  The log RF of mechanical wiping with a wipe impregnated with distilled water only was  2.38 ± 0.02 and 2.00 ± 0.02 CFU for Staphylococcus aureus and Pseudomonas aeruginosa, respectively. 
Wipe’s performance

The log RF’s after using impregnated wipes on tiles were between 1.56 (wipe number 8) and 5.67 (wipe number 1) for Staphylococcus aureus and 1.23 (wipe number 16) and 5.23 (wipe number 1) for Pseudomonas aeruginosa . Five wipes performed worse than household wipe (wipe that is not promoted by the manufacturer to be used in health care facilities). The household wipe had log RF of 2.47 for removal Staphylococcus aureus. Only three wipes performed better than household wipe that had log RF of 4.44 for removal of Pseudomonas aeruginosa.
Table II. Log reduction factor ± standard deviation (n=3) of sixteen wipes tested.
	Wipes/ bacteria strain
	Staphylococcus aureus
	Pseudomonas aeruginosa

	Mixtures
	
	

	1.
	5.67 ± 0.18
	5.23 ± 0.18

	2.
	3.20 ± 0.26
	4.47 ± 0.18

	3.
	3.70 ± 0.49
	3.75 ± 0.37

	4.
	1.60 ± 0.07
	1.55 ± 0.0

	5.
	3.23 ± 0.56
	2.82 ± 0.34

	6.
	4.03 ± 0.38
	3.39 ± 0.37

	7.
	2.26 ± 0.17
	2.26 ± 0.17

	8.
	3.54  ± 0.64
	3.01 ± 0.33

	9.
	1.56 ± 0.17
	2.9 ± 0.22

	10.
	3.28 ± 0.43
	3.28 ± 0.43

	11.
	2.47 ± 0.44
	4.44 ± 0.65

	Alcohol only
	
	

	12.
	3.53 ± 0.13
	4.24 ± 0.69

	13.
	2.40 ± 0.33
	2.39 ± 0.33

	14.
	3.66 ± 0.52
	3.23 ± 1.20

	15.
	2.62 ± 0.61
	2.55 ± 0.31

	16.
	1.61 ± 0.05
	1.23 ± 0.18


Discussion
In the present study, we used a disinfection test which combines microbicidal effect with the mechanical effect, to evaluate the efficacy of wipes in decontaminating surfaces. Several conclusions can be withdrawn from this study. Firstly, wipes available on the market have various efficacies in decontaminating surfaces.  However, one wipe (wipe number 1) consistently performed better than other wipes in the decontamination of Gram positive and Gram negative microorganisms. Secondly, surfaces decontamination of Gram-positive is not the same as decontamination of Gram-negative. Impregnated wipes are better than a household wipe in removing Staphylocococus aureus,  while wiping with a household wipe may be good enough when removing Pseudomonas aeruginosa. Thirdly, applying wipes with mechanical force led to log RF of about 2.
In a standardized wipe test that is used by manufacturers, a log RF of 5 is considered as the cut-off to define that a wipe is effective in decontaminating a surface 
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(2, 6)
,  and log RF of 6 for Mycobacterium species 8()
 is considered by Food and Drugs Administration in the US as high-level disinfectant. This level of performance is mainly based on practicality than on any proven evidence that log RF of 5 is linked with reduction of the rates of HAI spread via environmental surfaces 2()
. It is important to bear in mind that 5 log reduction was based on in vitro test where disinfectants have longer and better contact with bacteria than in a mechanical test. Moreover, log RF was calculated by subtracting survival bacteria from initial inocula without any drying effect. In our opinion, a log RF lower than 5 (i.e. 3 to 3.5) can be used to consider a wipe as effective when a test that combine microbicidal and mechanical test is used.
The difference in the decontamination of Gram positive and Gram negative by using wipes is perhaps caused by the variation of the susceptibility of the pathogens to antimicrobial impregnated wipes. The susceptibility depends on the biology and the growth phase of the pathogens but also on the interaction between pathogens and the surface 2()
. 

The mechanical test used in this study is simple to perform and represents the real life situation. Many other tests are performed  in vitro and do not include wiping mechanisms 2()
. The frequency of wiping action and the pressure exerted during wiping can arguably influence the log RF, and they are variables that are difficult to control in real and testing situation 2()
. However, we standardized the wiping action and control all these variables for reproducible data.  All tests were performed by a single researcher in a similar manner. This approach appears to have been successful, given the small standard deviations of tests performed in triplicate. Additionally, this test is shown to have discriminatory ability in evaluating various types of wipe, as can be seen by the wide range of log RFs. However, there is a limitation of this study. The ceramic tile only partly simulates the real life surface. Other test surfaces which can also simulate real situation, such as stainless steel or artificial plastic should also be evaluated. Stainless steel as surface has been used previously for example by Williams and colleagues 
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(9)
. 
Our findings have several consequences. First, user should be critical with the published data concerning log RF of wipes. It should be examine whether the published data are based on mechanical test or not. When mechanical test is not used, lower log RF is perhaps more appropriate than the published log RF. Second, for effective wiping, the wipes must designed to cover as wide pathogens type as possible. Third, mechanical wiping without the use of wipes impregnated with antimicrobial is proven to be inadequate to remove bacteria from the surface 10()
.
Further studies are clearly needed to assess the effect of currently available wipes when making decisions on which wipes should be used in the healthcare setting. Future studies should focus on other test surfaces. It remains a challenge to invent an appropriate mechanical test to assess the role of different fabrics of different wipes. A wipe may have a rough or smooth surface, or the fabric may be tightly or less tightly woven. It is rational that these factors influence the log RFs. Another challenge is to investigate the role of packaging (individual vs. multiple or rigid vs. soft container) on the efficacy of the wipes.
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