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Summary (221words) 

Background: Recently, new non-alcohol-based hand disinfection formulae have come to the 

market. Although they have passed the EN1500 test, data on their clinical efficacy compared 

with alcohol-based hand rubs is scarce, covering mainly benzalconium chloride (BAC). 

Aim: To test the efficacy of one silver polymer, one lactic acid and one BAC-based hand 

disinfectant foam, and one alcohol-based hand rub gel, in reducing bacterial counts on the 

health care workers’ fingertips working at hospital wards. 

Methods: Each of the 84 testers tested one of the four products during their morning shift 

at a hospital ward using the ‘fingertips on Petri dish’ method before and after rubbing hands 

with the product. After incubation, two independent readers assessed bacterial counts on 

the culture plates. 

Findings: The alcohol-based hand rub efficiently reduced bacteria from the testers’ 

fingertips in the test situation, whereas two of the tested products (lactic acid and BAC) did 

not have any detectable efficacy on bacteria present on the testers’ fingertips at a patient 

ward. The silver polymer-based formula had some effect, but requires further study.  

Conclusion: Non-alcohol-based hand rubs require careful consideration and further study 

before they can be accepted for clinical use. 

Keywords: hand disinfectant, non-alcohol-based rub, ethanol-based rub, BAC-based rub, 

lactic-acid-based rub, silver-polymer-based rub  
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Introduction 

Alcohol-based hand rub formulation is commonly used in health care organizations 

worldwide. Since the European commission forbade the use of PHMB (polyhexamethylene 

biguanide, polyhexamethylene biguanide hydrochloride) as a biocidal product in human 

hygiene in 2016, there were no alcohol-free hand rub formulations available in Finland until 

2018-2019 [1, 2]. After that, three alcohol-free hand rub formulations entered the market, 

silver polymer, lactic acid and benzalkonium chloride (BAC)-containing products [3-5]. All 

three had passed the standard test EN 1500. Chlorhexidine-based hand rubs are not 

available in Finland [6, 7,]. 

 In environments where for example alcoholic abusers and drug addicts are treated, alcohol-

based hand rub formulations cannot be displayed [8]. In those places, the alternative for 

using alcohol-based hand rub formulation has been washing hands with water and soap or 

using alcohol-based hand rub from small personal dispensers. Washing hands with soap and 

water regularly can affect skin dryness and carrying personal hand rub dispensers is not 

always practical [9-10]. Moreover, alcohol-based hand rubs can cause dryness and a burning 

sensation, or irritant contact dermatitis, especially if used repeatedly and after excess 

scrubbing with water and detergents [11, 12, 13]. Irritated skin can then in turn reduce 

compliance with hand hygiene. [12] Therefore, for several reasons there is a demand for 

alcohol-free hand rub formulations.  

In all the new non-alcoholic hand rubs, the formulation was foam and all contain skin 

protective ingredients. Even though the need for these alcohol-free formulations was far 

from universal, several long-term care and rehabilitation providers were interested in these 
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and asked for an expert opinion from our infection control team at Helsinki University 

Hospital.  

Few studies or data on these non-alcohol-based products were found in the literature [7,14-

16]. In addition, they mainly looked at the long-term effects of the BAC. [15-16] We 

therefore decided to study the usability and efficacy of these products in a clinical setting.  

Methods 

We tested three non-alcohol hand disinfectants, Bea Pro (active ingredient NollaTM-silver 

polymer, CAS 7783-90-6) by Berner Oy, Finland, Sure Instant Hand Sanitazer (active 

ingredient lactic acid 1.8 w%, CAS 50-21-5) by Diversey Europe Operations B.V. (the only one 

of these approved in the Biocide Registry in Finland) and TecCare Protect (active ingredient 

benzalkonium chloride, BAC, 0.1%, CAS 68424-85-1) by Talley Environmental Care Ltd, 

Hants, UK, and one alcohol-based hand disinfectant LV (active ingredient ethanol 74 w%, 

CAS 64-17-5) by Berner Oy, Finland, during three days at eight wards in Helsinki University 

Central Hospital [3-5, 17]. We invited altogether 96 voluntary health care workers including 

nurses, doctors, and cleaners for a five-minute break to individually test one of the products 

during their normal working day. They were asked not to do the routine hand disinfection 

when interrupting their working for the test. Workers who had long or artificial nails or nail 

polish were excluded. We did not gather any identifying information on participants.  

Before the test, the test person was asked to place his or her right-hand fingertips on a 

blood agar plate, with first the four fingertips and then the thumb pressed firmly but lightly 

for a couple of seconds under the supervision of an infection control nurse. Then they were 

asked to take a defined dose of one of the test products on their palm. The dosage was as 

suggested by the manufacturers: two doses of silver polymer-based and alcohol-based 
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disinfectants, one dose of BAC-based and three doses of lactic acid-based disinfectant. The 

volumes of each product were measured with a syringe. The foamy products were first 

allowed to turn back into liquid phase in a small cup. When dispensed according to the 

manufacturers’ recommendations, two full doses of alcohol-based product contained 3.1 

mL (range 2.8-3.2 mL). Two doses of the silver polymer-based product contained 1.5 mL, 

three doses of the lactic acid-based product contained 2.3 mL and one dose of the BAC-

based product contained 0.7 ml. 

While rubbing, participants were supervised by the infection control nurse who stood in 

front of the person modelling the hand rubbing movements after applying the product in a 

cupped hand: 1) first fingertips, 2) palms against each other with the fingers intertwined 3) 

the back of the hands 4) the thumbs 5) fingers crooked against each other.  Wrists or arms 

were not rubbed. The participants were instructed to rub their hands until hands were so 

dry that they could wear protective gloves. An assisting researcher timed all the rubbings 

with a stopwatch. Immediately after rubbing, the persons were asked to place his or her 

fingers of the same hand on another culture plate. Individuals who did not follow the 

instructions were excluded from the analysis.  

Twenty-one workers tested each product successfully. All products were in 500 mL pump 

dispensers. During each of the three testing days, we tested all four products and we 

opened new bottles of the products for each testing day. During the last testing day, two 

rubbings and finger sampling for each product were recorded on video. Each recorded test 

person approved the recording. 

After two days incubation the bacterial inocula of each five fingers were evaluated by two 

independent readers, VJA and ET. The index count for a finger was defined as 0 if there was 
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one, or no, bacterial colonies; 1 if there were two to nine bacterial colonies; 2 if there were 

ten or more discrete bacterial colonies; and 3 if there was a semi-confluent or confluent 

growth (Supplementary Figure 1). The index counts of all five fingers were added together, 

so that the maximum summary index count of a hand was 15. The final summary index 

count for a hand was expressed as a mean of the two readers’ evaluations.  

Stata 16.1 statistics were used for the data analysis. Pearson Chi2, Fisher`s exact, Kruskal 

Wallis tests were used. Bootstrap has been used to calculate confidence intervals; the 

number of iterations was 1000.   

Results  

Altogether, 84 eligible healthcare workers were included in the study, 21 for each 

disinfectant formulation. 

The correlation of the counts read by the two readers (VJA and ET) was high, Spearman 

correlation coefficients for the readers’ counts in the Petri dishes before and after hand 

disinfection were 0.970 (p < 0.001) and 0.978 (p < 0.001). 

The means of the final summary index counts of the testers’ hands before hand disinfection 

did not significantly differ between the product groups. It varied from 7.8 (95% CI 6.0-9.6) 

for alcohol-based to 5.8 (95% CI 4.0-7.8) for BAC-based hand disinfectant group (Figure 1a). 

However, there were differences in the medians of final summary index counts after using 

the different disinfectant products (Figure 1b). The lowest number of bacteria were seen in 

the alcohol-based disinfectant group (mean summary index count 1.8; 95% CI 0.4-3.1) and 

the highest number in the BAC-based hand disinfectant group (mean summary index count 

8.0; 95% CI 5.5-10.7) 
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Statistically significant reductions were observed between the before and after mean 

summary index counts and these reductions also differed between groups (Table 1). The 

largest decrease between before and after counts was observed with alcohol-based hand 

rub group. Some reduction also occurred in silver polymer-based testers’ fingers. However, 

there was no difference in the bacterial counts in fingers after using the lactic acid-based 

product. In the BAC-based group the mean summary index counts even increased. 

The drying times varied among the same products: in alcohol-based group, median time was 

1.5 minutes (range 0.8-2.3 minutes), in silver polymer-based group 2.2 minutes (range 1.23- 

4.7), in lactic acid-based group 2.8 minutes (range 1.85-7.6) and in BAC-based group 1.7 

minutes (range 1.0-3.1). No significant correlations were seen between the drying times and 

the efficacy of the hand disinfectant products (Figure 2). 

Discussion 

Testing of three non-alcoholic hand rub formulations available on the Finnish market 

showed that two of them, BAC and lactic acid-based products were ineffective in reducing 

bacterial counts on the testers’ fingertips. The third one containing silver polymer probably 

had some effect but less than alcohol-based hand rub formulation.  

All the products, we tested had passed the test EN1500 before reaching the market [3-5, 

17]. We did not repeat that test but aimed to re-examine their efficacy in a real-life situation 

focusing on fingertips, and using our “fingertips on Petri dish” method. A reduction in 

bacterial counts on the fingertips may be the most important impact of hand rub 

formulations, because critical items such as iv cannulas are touched by fingertips. We did 

not use test bacteria, and we did not identify bacteria isolated from finger tips. Thus, it 

cannot be concluded categorically that the test products were effective in reducing or 
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eliminating more pathogenic bacteria. We note that EN tests only measure transient flora, 

which is more likely to comprise bacteria of medical importance.  

 

The long drying times over two minutes of the non-alcoholic hand rub formulations 

presumably reflected slower evaporation. This is a practical concern because time is lost 

before clinical activities can be undertaken. Also, drying and rubbing times may be 

associated with skin damage and irritation, and might in addition be more likely to remove 

the protective normal skin flora thus exposing hands to more virulent bacteria.  

The fact that the BAC-based product was largely ineffective contrasts with previous studies 

that showed that BAC has good or even superior efficacy to alcohol when using test bacteria 

e.g., Serratia spp., Staphylococcus aureus or Escherichia coli [15,18-19]. BAC was also more 

effective than alcohol hand rub in a study using a similar fingertip test method to ours, and 

in ward conditions without added test bacteria [16].  Our different result could be due to 

the method, as we did not use test bacteria but instead measured reduction in bacteria 

encountered in the fingertips during normal patient work. Our results might also apply only 

to the specific commercial products tested. Chojnacki et al. tested various hand rub 

products against S. aureus and E. coli and found variation in efficacy according to viscosity of 

alcohol-based rubs [19]. We also note that the recommended volume of the BAC-based 

product in our study was smaller than that recommended by comparators, which may also 

explain a difference in efficacy. 

A strength of our study is that testing was carefully planned. Product application was 

directly observed by an infection control nurse, and some performances were video 

recorded for internal quality control. A new three-step technique for hand disinfection has 
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recently been proposed, where disinfectant is first rubbed on all surfaces of hands, then the 

fingertips and finally the thumbs [20]. However, we used the five-step method in use in our 

institution at the time of the study. Wrists and elbows were not rubbed, to avoid the risk of 

contaminating the finger tips during the final stages of rubbing.  

Other strengths were that the study was carried out over during three days,  on two to four 

wards daily, to control differences between wards and to avoid fatigue for the supervising 

infection control nurse. Care was taken to avoid the contamination of the bottles. 

Weaknesses of our study include the lack of use of inhibitors in the culture media, although 

given that bacteria were able to be isolated after use of the test products suggests that this 

did not influence the results. The study was anonymized, meaning that any effect of age or 

gender on the results cannot be ascertained. Each tester tested only one hand, and so the 

influence of using the dominant or non-dominant hand cannot be assessed. Although the 

current state of the skin or participants was assessed as healthy by the infection control 

nurse, details of any previous skin problems were not recorded.  

Conclusion 

In our study on hospital wards, alcohol-based hand rub showed the most reliable efficacy. 

Further, larger, studies are required to ascertain whether any of the non-alcohol-based 

products are suitable for clinical use.   
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FIGURE CAPTIONS 

Figures 1a-b 

Boxplots of the final summary index bacterial counts before (a) and after (b) use of hand 

disinfection with each hand disinfectant product 

Figure 2 

Correlation between the drying time of a hand disinfectant and its efficacy (i.e. reduction in 

the mean index bacterial counts between the before and after use measurements) in each 

hand disinfectant product. 

 

Supplementary Figures 1 a-d 

Examples of determination of an index count of bacterial colonies on culture plates 

Figure 1a: Index count zero. 

Figure 1b: Index count one 

Figure 1c: Index count two 

Figure 1d: Index count three 
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Table 1  

Reduction of the final summary index bacterial counts of testers’ fingers in each group between 

before and after using the hand disinfectant. 

Each finger`s index count was defined with numerals 0-3 depending on the quantity of bacterial 

colonies, the maximum possible index count of a hand being 15.  

 

 Mean 
reduction 

95% CI Median 
reduction 

Min 
reduction 

Max 
reduction 

Ethanol-based 6.02 4.14 7.91 5 0 15 

Silver polymer-based 3.64 2.18 5.11 4 -3 8.5 

Lactic acid-based 0.17 -2.77 3.10 0 -12.5 10 

BAC-based -2.14 -4.08 -0.20 -1.5 -8.5 6.5 
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Figure 1a.                                                           Figure 1b.  
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Figure 2  

 

 

 

 
Jo

urn
al 

Pre-
pro

of


