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Abstract 

Introduction 

Hand hygiene is one of the cornerstones of the prevention of health care-associated infection, 

but health care worker (HCW) compliance with good practices remains low. Alcohol-based 

handrub is the new standard for hand hygiene action worldwide and usually requires a system 



 

 

 

 

 

  

change for its successful introduction in routine care. Product acceptability by HCWs is a 

crucial step in this process.  

 

Methods 

We conducted a prospective intervention study to compare the impact on HCW compliance 

of a liquid (study phase I) versus a gel (phase II) handrub formulation of the same product 

during daily patient care. All staff (102 HCWs) of the medical intensive care unit 

participated. Compliance with hand hygiene was monitored by a single observer. Skin 

tolerance and product acceptability were assessed using subjective and objective scoring 

systems, self-report questionnaires, and biometric measurements. Logistic regression was 

used to estimate the association between predictors and compliance with the handrub 

formulation as the main explanatory variable and to adjust for potential risk factors. 

 

Results 

Overall compliance (phases I and II) with hand hygiene practices among nurses, physicians, 

nursing assistants, and other HCWs was 39.1%, 27.1%, 31.1%, and 13.9%, respectively (p = 

0.027). Easy access to handrub improved compliance (35.3% versus 50.6%, p = 0.035). 

Nurse status, working on morning shifts, use of the gel formulation, and availability of the 

alcohol-based handrub in the HCW’s pocket were independently associated with higher 

compliance. Immediate accessibility was the strongest predictor. Based on self-assessment, 

observer assessment, and the measurement of epidermal water content, the gel performed 

significantly better than the liquid formulation. 

 



 

 

 

 

 

  

Conclusion 

Facilitated access to an alcohol-based gel formulation leads to improved compliance with 

hand hygiene and better skin condition in HCWs.   

 

© 2007 Traore et al.; licensee BioMed Central Ltd. 

This is an open access article distributed under the terms of the Creative Commons 

Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is properly 

cited. 

 

Introduction 

Health care workers’ (HCWs’) hands play a key role in the patient-to-patient transmission of 

microbial pathogens, and hand hygiene is the primary measure to prevent cross-infection in 

hospitals [1]. Improvement in hand hygiene practices reduces health care-associated infection 

[2] and the burden of disease in the community [3,4]. However, the impact of hand hygiene 

in reducing infections relies on multiple factors, including the type of hand-cleansing agent 

used [1,2]. Hand antisepsis with alcohol-based handrubs has many advantages over 

handwashing with soap and water: it requires less time, acts faster, and is more efficacious, 

more convenient, and better tolerated by HCWs’ skin [2]. 

 

Studies have shown that handrubbing contributes to enhanced compliance [5-7]. However, 

the use of a product also depends on dermal tolerance and user acceptability with 

consideration of parameters such as fragrance, drying speed, and skin feeling following 

application [8,9]. It has been suggested that among alcohol-based handrubs, gels could be 



 

 

 

 

 

  

associated with better skin care properties and dermal tolerance than liquid formulations, thus 

leading to more acceptable products and to potentially better compliance [10-13]. To our 

knowledge, there is no published study suggesting that adherence is higher when using gels 

rather than liquid formulations. We aimed to assess whether the introduction of a gel 

formulation would result in increased compliance with hand hygiene. A secondary objective 

was to compare the user acceptability and skin tolerance of the two formulations.  

 

Materials and methods 

Study design 

The intervention study was conducted in the medical intensive care unit (ICU) of the 

University of Geneva Hospitals (Geneva, Switzerland), a 2,300-bed, tertiary care institution 

serving a population of approximately 800,000. The 18-bed unit includes coronary care beds 

and admits approximately 1,500 patients per year for a mean length of stay of four days. In 

2004, the mean admission APACHE (Acute Physiology and Chronic Health Evaluation) 

score was 14 and approximately 40% of the critically ill patients (excluding the coronary care 

patients) received mechanical ventilation. The median 24-hour nurse-to-patient ratio was 2.2 

in 2004 and did not differ between the study phases. The institutional review board approved 

the study.  

 

During phase I (1 March to 18 May 2004), all ICU staff used the alcohol-based liquid 

formulation (Hopirub
®
; B. Braun Medical AG, Sempach, Switzerland) in use throughout the 

institution. During phase II (19 May to 31 July 2004), the liquid was replaced by the gel 

formulation (Figure 1). Both handrub formulations were widely available in bottles for 



 

 

 

 

 

  

pocket carriage as well as at different points at the patient bedside [7,14]. The ICU staff 

comprised 7 physicians, 80 nurses, and 15 nursing assistants throughout the study. 

  

The alcohol-based liquid formulation, Hopirub
®
, has been used extensively in the University 

of Geneva Hospitals for more than 30 years [7,14]. It contains 75% isopropyl alcohol (wt/wt), 

0.5% chlorhexidine gluconate, and isopropyl myristate. The gel formulation used in this 

study differs from the liquid solution only by the addition of a gelling agent. HCWs were 

asked not to change their hand-care practices with emollients between phases. 

 

Compliance with hand hygiene procedures  

After formal training and validation during a pilot phase in February 2004, an infection 

control physician recorded potential opportunities for, and actual performance of, hand 

hygiene practices during observation sessions distributed equally (Monday to Friday) during 

both study phases (Figure 1) [7,14]. Patient care activities and indications for hand hygiene 

were recorded according to standard definitions [1,7,14] on a specially designed report form. 

Indications comprised activities with a high risk of cross-transmission (for example, before 

direct patient contact, before invasive contact, and between care of a dirty and a clean body 

site), medium-risk activities (after patient care), and low-risk activities (indirect patient 

contact and hospital maintenance). We focused the study on activities with a high risk of 

cross-transmission. 

 

Hand cleansing was required regardless of whether gloves were put on or changed [1,7,14], 

and compliance was defined as either washing hands with plain soap and water or rubbing 

with an alcohol-based formulation. No judgment was made on the quality of the hand-



 

 

 

 

 

  

cleansing technique. Potential confounders of hand hygiene compliance included professional 

category, time of day, patient isolation, accessibility to handrub, and workload as quantified 

by the number of opportunities for hand cleansing per hour during the observation sessions 

[7,14,15]. 

 

Department chairpersons and ICU staff were informed prior to study initiation. The observer 

was as unobtrusive as possible but not concealed. The time and location of observation 

sessions in the ward and the HCWs observed were chosen at random. The observer followed 

a single HCW in a single- or two-bed space for each individual session as previously 

described elsewhere [7,14,15]. HCWs could be observed several times throughout the study. 

No observation was performed during weekends or night shifts. Performance feedback was 

not given.  

 

Assessment of skin tolerance 

The skin condition of the nurses’ and nursing assistants’ hands was assessed at the end of 

each phase (Figure 1) by means of subjective and objective scoring systems and biometric 

measurements conducted by an independent observer. Larson’s Skin Self-Assessment Rating 

Scale is an ordinal scale with a maximum of 28 points to assess four factors: appearance, 

integrity, moisture, and skin sensation (7 points for each factor assessed); the lower the score, 

the worse the skin condition [16]. The Frosch and Kligman [17] observer score rates 

erythema from 0 to a maximum severity of 4, and wrinkles and desquamation from 0 to 3. 

Biometric measurements were performed under a Plexiglas hood under controlled 

environmental conditions (temperature 23°C to 26°C, relative humidity 25% to 45%) after at 

least 10 minutes of acclimatization. Skin dryness was assessed by the mean value of electrical 



 

 

 

 

 

  

capacitance measured at three standardized sites on the dominant hand (Corneometer
®
 CM 

825; Courage + Khazaka electronic GmbH, Cologne, Germany). Transepidermal water loss 

(TEWL) (Tewameter
®
 TM 300; Courage + Khazaka electronic GmbH) was measured at 

three standardized sites on the back of the dominant hand. Participants were asked for a 

history of atopic and irritative dermatitis. Follow-up by a dermatologist was available at all 

times.  

 

Product acceptability 

At the end of each study phase, a questionnaire was completed individually by the nurses and 

nursing assistants (Figure 1). The study focused on the type of care that generated indications 

for hand hygiene during patient care, and HCWs were asked to give their opinion of and 

preference for either the liquid or the gel formulation. The following parameters were 

recorded on a 7-point scale (1 = unpleasant; 7 = pleasant) to obtain an overall acceptability 

score: color, smell, sticky feeling, irritation, skin dryness, ease of use, speed of drying of the 

skin after application, and pleasant feeling on application. HCWs were also asked to rate on a 

7-point scale to what extent their feeling of being observed during the study phases had 

modified their compliance with hand hygiene. 

 

Statistical analysis 

Assuming a baseline compliance of 50% with a 0.05 alpha error and 80% power, 530 

opportunities in both periods were required to detect a 10% difference in compliance between 

the liquid and the gel formulations.  

 



 

 

 

 

 

  

First, we performed simple descriptive statistics and compared groups by use of χ
2
 and non-

parametric tests. The unit of analysis was the opportunity for hand hygiene which could be 

followed or not by handrubbing or handwashing. Logistic regression was used to estimate the 

association between predictors and compliance and reported odds ratios and 95% confidence 

intervals. To account for interdependence of observations, we used generalized estimating 

equations to compute robust estimates of variance and included each HCW as a cluster 

[7,14]. The main explanatory variable was the hand hygiene formulation, gel versus liquid. 

Other potential risk factors were evaluated in univariate and multivariate analyses; only 

variables associated with compliance (p < 0.05) were kept in the final multivariate model. 

The Mann-Whitney U test was used to compare the measurement of skin condition and 

product acceptability score. Two-tailed p values of less than 0.05 were considered statistically 

significant. We used Stata 7.0 (StataCorp LP, College Station, TX, USA) for all analyses. 

 

Results 

From March to July 2004, 379 observation sessions were performed (mean duration, 14.3 ± 

8.9 minutes). Characteristics of the observation sessions and opportunities for hand hygiene 

across the two periods are shown in Table 1. The imbalance in the number of opportunities 

observed in the morning and afternoon across the study periods was not planned and occurred 

by chance. There were very few changes in ICU staff during the two periods; during phase II, 

two nurses and one nursing assistant left the ICU and one nurse was recruited. The proportion 

of nurses and nursing assistants who believed that they had been observed for hand hygiene 

compliance was 70% (56/80) and 69% (57/82) during phases I and II, respectively (p = 0.95). 

As calculated by the 7-point self-assessment scale to measure a modification of HCWs’ hand-

cleansing practice patterns, the mean scores were 3.1 ± 2 and 3.1 ± 1.8 during phases I and II, 



 

 

 

 

 

  

respectively (p = 0.75). Overall, the mean numbers of opportunities per hour were 15.7 ± 9.2 

for nurses, 9.6 ± 4.3 for physicians, 10.9 ± 5.8 for nursing assistants, and 13.9 ± 8 for other 

HCWs. 

 

Compliance varied with type of care: before respiratory tract care, 35.6%; before intravenous 

or arterial catheter care, 30.3%; before direct patient contact, 34.9%; before digestive tract 

care, 16.7%; before wound care, 70.4%; before handling clean material, 78%; and before 

urinary tract care, 25% (p < 0.001). A significant difference in compliance was observed 

across HCW categories: 39.1% among nurses, 27.1% among physicians, 31.1% among 

nursing assistants, and 13.9% among other HCWs (p = 0.027). However, it did not vary 

according to the intensity of patient care as assessed by the mean number of opportunities per 

hour (fewer than 10, 10 to 14, more than or equal to 15): 36.4%, 38.4%, and 35.1%, 

respectively (p = 0.14). Compliance was 33.3% (118/354) when the patient was isolated 

versus 37.8% (304/803) when he/she was not (p = 0.23). Compliance improved significantly 

when the alcohol-based formulation was available in the HCW’s pocket: 35.3% (380/1,074) 

versus 50.6% (42/83) (p = 0.035). On average, compliance was higher in the morning than in 

the afternoon: 41.2% (266/646) versus 30.5% (156/511) (p = 0.001). 

 

Table 2 compares compliance with hand hygiene between the two study phases. Overall, 

compliance increased from 32.1% during phase I to 41.2% during phase II (p = 0.035) (Table 

2). In multivariate analysis, use of a gel formulation was associated with improved 

compliance, although the association did not reach statistical significance (Table 3). 

Importantly, pocket carriage of the alcohol-based handrub was associated with increased 

compliance. Of note, workload (as estimated by the number of opportunities for hand hygiene 



 

 

 

 

 

  

per hour) was not a predictor of compliance in multivariate analysis and did not confound the 

association between study phase and compliance and was therefore removed from the final 

model. 

 

Eighty HCWs (66 nurses and 14 nursing assistants) participated in the skin tolerance 

evaluation during phase I, and 82 (68 nurses and 14 nursing assistants) during phase II (Table 

4). Mean user acceptability scores for the liquid and gel formulations were 39.1 ± 7.3 and 40 

± 7.6, respectively (p = 0.44). Based on self-assessment, observer assessment, and the 

measurement of epidermal water content, the gel performed significantly better than the 

liquid formulation (Table 4). At the end of phase II, 47 HCWs (57%) rated the gel as better 

than the liquid formulation, 13 (16%) as equivalent to the liquid formulation, whereas 22 

(27%) considered the gel formulation to be inferior. 

 

Discussion 

Evaluation of the effect of a gel versus a liquid formulation on hand hygiene adherence and 

skin health is a key issue [8,9]. Personal comfort and the likelihood that better tolerance will 

lead to better product acceptance and improved compliance support the importance of a 

healthy skin barrier [8,9]. Because the liquid and gel formulations tested differed only by the 

addition of a gelling agent, observed differences in our study cannot be associated with the 

active ingredient. 

 

Prospective observation of hand hygiene by a single observer is the most accurate means to 

assess compliance, and a comprehensive evaluation of skin condition was also performed. 

Overall compliance with hand hygiene recommendations was rather low but within the range 



 

 

 

 

 

  

observed in other studies [9], particularly those that were conducted in critical care and that 

focused on indications before patient care or contact [9,14,15,18]. As previously reported, 

compliance varied according to HCW category and was lower among physicians than nurses 

[7,14,18]. Introduction of the gel formulation was associated with improved compliance 

among nurses but not among physicians, nursing assistants, and other HCWs. Importantly, 

immediate access to alcohol-based handrubs was the stronger predictor of compliance. 

Availability of a handrub at the point of care, whether liquid or gel, increased compliance 

independently of the type of formulation, time of day, professional category, and other 

confounders. 

 

Reported reasons for poor HCW compliance with hand hygiene include skin irritation 

[8,19,20]. This issue is of particular relevance in critical care, where the need for hand 

hygiene is high [14,18]. Our results show that the acceptability of the gel formulation was 

very high and that HCWs’ skin condition improved during the study phase when the gel 

formulation was in use. No case of significant skin damage was observed for either product. 

Sustainability is a critical issue of hand hygiene promotion strategies, and user acceptability 

and skin tolerance of handrubs are key enabling factors [7,9,21].
 

 

Self- and observer-assessment variables as sensitive and reliable indicators of product 

acceptability were similar to those in earlier studies [16,21]. All studies on skin tolerance, 

whether performed with volunteers or HCWs, showed that alcohol-based formulations, either 

liquid or gel, were much better tolerated than handwashing with antimicrobial or non-

antimicrobial soap. Our study suggests that the gel formulation tested is better tolerated than 

the corresponding liquid formulation. Studies of the effects of alcohol-based products on 



 

 

 

 

 

  

HCWs’ skin have been performed on volunteers with normal skin in a non-clinical setting 

[21-24]. They were, therefore, less representative of field conditions that are characterized by 

the multifactorial interplay between skin integrity, skin flora, and individual attitudes [25-28].
 
 

 

Our study was not designed to evaluate the microbiological effectiveness of the gel 

formulation. Although the limited efficacy of some alcohol-based hand gels has been 

reported [22,29], the gel formulation used in this study, in contrast to earlier test products 

[29], meets the European Norm (EN)1500 standard for alcohol-based handrubs within 30 

seconds.  

 

There are several limitations to this study. First, because the HCWs and the observer were not 

blinded, assessments could have been biased. However, the Corneometer

 and the TEWL 

allowed objective measurement. Furthermore, except for TEWL data that did not show a 

difference between the two phases, all methods used to assess HCWs’ skin hand condition 

yielded concordant results. Similarly, Winnefeld and colleagues [25]
 
reported that TEWL was 

less sensitive than self-assessment at detecting a difference in skin tolerance. Second, HCWs 

may have changed their behavior because they were being observed. Observation bias is 

likely to increase compliance estimates. However, in each study phase, a similar proportion 

of HCWs felt that they had been observed, thus arguing against a major impact of observation 

on overall results [30]. Also, we cannot rule out that the improvement in compliance was due 

to the availability of a new formulation with a Hawthorne effect. Only repeated observations 

at a later time point could demonstrate a sustained improvement, but unfortunately, the 

observations in this study could not be extended longer than twonths following the change of 

formulation. Importantly, both the use of the gel formulation and the facilitated access to a 



 

 

 

 

 

  

handrub independently predicted improved compliance. Furthermore, considering the 

excellent tolerance of both formulations and user preferences, both formulations are currently 

proposed to ICU staff. Third, seasonal variation may have contributed to the better skin 

condition observed during phase II (between May and July), when the gel formulation was 

used, although only very low temperatures have been shown to have a significant impact on 

skin condition [31]. Fourth, generalizability of study results requires additional testing among 

other HCW populations, in other health care settings, and with other handrubs. Finally, the 

study was not powered to assess differences in infection rates.  

 

Conclusion 

This is the first study to compare the use of an alcohol-based liquid versus a gel formulation 

on hand hygiene compliance in daily patient care. The gel was associated with better skin 

condition, superior acceptance, and a trend toward improved compliance as compared to the 

liquid formulation. Immediate access to the handrub was the strongest predictor of 

compliance. Whether our study findings are generalizable to other gel formulations and 

whether the observed improvement in hand hygiene would result in a decrease in health care-

associated infection remain to be determined. 

 

Key messages 

• HCWs’ hands play a key role in the patient-to-patient transmission of microbial 

pathogens.  

• Alcohol-based handrubs are the new standard for hand hygiene action worldwide. 

• Good dermal tolerance and user acceptability of handrub products are essential pre-

requisites for an improvement of hand hygiene practices in health care. 



 

 

 

 

 

  

• This is the first study comparing the use of an alcohol-based liquid handrub versus a 

gel formulation on hand hygiene compliance in daily patient care. 

• Immediate access to the handrub is the strongest predictor of better compliance. 
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HCW = health care worker; ICU = intensive care unit; TEWL = transepidermal water loss. 

 

Competing interests 

The authors declare that they have no competing interests. 

 

Authors’ contributions 

DP and SH developed the study design and coordinated its implementation. OT coordinated 

the study implementation, was responsible for data collection, and drafted the manuscript. JL 

coordinated the dermal scoring systems and biometric measurements. WG developed the gel 

formula and provided intellectual content. All authors read and approved the final 

manuscript. 

 

Acknowledgments 

The authors thank the members of the Infection Control Program, in particular Marie-Noelle 

Chraitï for field work and Nadia Colaizzi for data management. They also thank Rosemary 

Sudan for providing editorial assistance. No external funding was provided; the project was 

conducted as a Quality Improvement initiative of the University of Geneva Hospitals. 

 



 

 

 

 

 

  

References 

1. Boyce JM, Pittet D: Guideline for hand hygiene in health-care settings. 

Recommendations of the Healthcare Infection Control Practices Advisory Committee 

and the HICPAC/SHEA/APIC/IDSA Hand Hygiene Task Force. Society for Healthcare 

Epidemiology of America/Association for Professionals in Infection Control/Infectious 

Diseases Society of America. MMWR 2002, 51:1-45. 

2. Pittet D, Boyce JM: Hand hygiene and patient care: pursuing the Semmelweis 

legacy. Lancet Infect Dis 2001, 1:9-20. 

3. Luby SP, Agboatwalla M, Feikin DR, Painter J, Billhimer W, Altaf A, Hoekstra RM: 

Effect of handwashing on child health: a randomized controlled trial. Lancet 2005, 

366:225-233.  

4. Pittet D: Clean hands reduce the burden of disease. Lancet 2005, 366:185-187. 

5. Bischoff WE, Reynolds TM, Sessler CN, Edmond MB, Wenzel RP: Handwashing 

compliance by health care workers: the impact of introducing an accessible, alcohol-

based hand antiseptic. Arch Int Med 2000, 160:1017-1021. 

6. Maury E, Alzieu M, Baudel JL, Haram N, Barbut F, Guidet B, Offenstadt G: 

Availability of an alcohol solution can improve hand disinfection compliance in an 

intensive care unit. Am J Respir Crit Care Med 2000, 162:324-327. 

7. Pittet D, Hugonnet S, Harbarth S, Mourouga P, Sauvan V, Touveneau S, Perneger 

TV: Effectiveness of a hospital-wide programme to improve compliance with hand 

hygiene. Lancet 2000, 356:1307-1312. 

8. Larson E, Girard R, Pessoa-Silva CL, Boyce J, Donaldson L, Pittet D: Skin reactions 

related to hand hygiene and selection of hand hygiene products. Am J Infect Control 

2006, 34:627-635. 



 

 

 

 

 

  

9. World Health Organization: WHO guidelines for hand hygiene in health care 

(advanced draft). Geneva: World Health Organization, 2006. 

10. Diekema DJ: Alcohol-based hand gels and hand hygiene in hospitals. Lancet 2002, 

360:1510; author reply 1511. 

11. Girard R, Aho LS, Goetz ML, Labadie JC, Lejeune B: Alcohol-based hand gels and 

hand hygiene in hospitals. Lancet 2002, 360:1510-1511; author reply 1511. 

12. Boyce JM, Larson EL, Weinstein RA: Alcohol-based hand gels and hand hygiene 

in hospitals. Lancet 2002, 360:1509-1510. 

13. Hoffman P, Cookson B, Teare L: Alcohol-based hand gels and hand hygiene in 

hospitals. Lancet 2002, 360:1510; author reply 1511. 

14. Pittet D, Mourouga P, Perneger TV: Compliance with handwashing in a teaching 

hospital. Ann Int Med 1999, 130:126-130. 

15. Pittet D, Stephan F, Hugonnet S, Akakpo C, Souweine B, Clergue F: Hand-cleansing 

during postanesthesia care. Anesthesiol 2003, 99:530-535. 

16. Larson E, Friedman C, Cohran J, Treston-Aurand J, Green S: Prevalence and 

correlates of skin damage on the hands of nurses. Heart Lung 1997, 26:404-412. 

17. Frosch PJ, Kligman AM: The soap chamber test. J Am Acad Dermatol 1979, 1:35-

41. 

18. Hugonnet S, Perneger TV, Pittet D: Alcohol-based handrub improves compliance 

with hand hygiene in intensive care units. Arch Int Med 2002, 162:1037-1043. 

19. Larson E: Skin hygiene and infection prevention: more of the same or different 

approaches? Clin Infect Dis 1999, 29:1287-1294. 

20. Boyce JM: Antiseptic technology: access, affordability, and acceptance. Emerg 

Infect Dis 2001, 7:231-233. 



 

 

 

 

 

  

21. Rotter ML, Koller W, Neumann R: The influence of cosmetic additives on the 

acceptability of alcohol-based hand disinfectants. J Hosp Infect 1991, 18 (suppl B):57-63. 

22. Pietsch H: Hand antiseptics: rubs versus scrubs, alcoholic solutions versus 

alcoholic gels. J Hosp Infect 2001, 28 (suppl A):S33-S36. 

23. Newman JL, Seitz JC: Intermittent use of an antimicrobial hand gel for reducing 

soap-induced irritation of health care personnel. Am J Infect Control 1990, 18:194-200. 

24. Grove GL, Zerweck CR, Heilman JM, Pyrek JD: Methods for evaluating changes in 

skin condition due to the effects of antimicrobial hand cleaners: two studies comparing 

a new waterless chlorhexidine gluconate/ethanol-emollient antiseptic preparation with a 

conventional water-applied product. Am J Infect Control 2001, 29:361-369. 

25. Winnefeld M, Richard MA, Drancourt M, Grob JJ: Skin tolerance and effectiveness 

of two hand decontamination procedures in everyday hospital use. Br J Dermatol 2000, 

143:546-550. 

26. Boyce JM, Kelliher S, Vallande N: Skin irritation and dryness associated with two 

hand-hygiene regimens: soap-and-water hand washing versus hand antisepsis with an 

alcoholic hand gel. Infect Control Hosp Epidemiol 2000, 1:442-448. 

27. Larson EL, Aiello AE, Bastyr J, Lyle C, Stahl J, Cronquist A, Lai L, Della-Latta P: 

Assessment of two hand hygiene regimens for intensive care unit personnel. Crit Care 

Med 2001, 29:944-951. 

28. Pittet D, Dharan S, Touveneau S, Sauvan V, Perneger TV: Bacterial contamination 

of the hands of hospital staff during routine patient care. Arch Int Med 1999, 159:821-

826. 

29. Kramer A, Rudolph P, Kampf G, Pittet D: Limited efficacy of alcohol-based hand 

gels. Lancet 2002, 359:1489-1490. 



 

 

 

 

 

  

30. Pittet D, Simon A, Hugonnet S, Pessoa-Silva CL, Sauvan V, Perneger TV: Hand 

hygiene among physicians: performance, beliefs, and perceptions. Ann Int Med 2004, 

141:1-8. 

31. Uter W, Gefeller O, Schwanitz HJ: An epidemiological study of the influence of 

season (cold and dry air) on the occurrence of irritant skin changes of the hands. Br J 

Dermatol 1998, 138:266-272. 

 

 

Figure Legend 

Figure 1 

Study design.  



 

 

 

 

 

  

Table 1 

Characteristics of the observation sessions and opportunities for hand hygiene 

across study phases 

 Phase I Phase II P value 

Number of observation studies 181 198  

Number of opportunities 604 553  

Median duration in minutes  12.3 13.0 0.74 

     25%-75% percentiles 8.0-17.0 8.5-16.7  

HCW
a
   0.17 

     Nurses 132 (73) 134 (68)  

     Physicians 29 (16) 29 (14)  

     Nursing assistants 12 (6.6) 27 (14)  

     Other 8 (4.4) 8 (4)  

Time of day
a
   0.027 

     Morning 92 (51) 123 (62)  

     Afternoon 89 (49) 75 (38)  

Isolated patient
a
 64 (35) 57 (29) 0.14 

Availability of handrub
a
    

     In the room 177 (98) 197 (99.5) 0.20 

     In the HCW’s pocket 16 (9) 17 (9) 0.53 

Median number of opportunities per 

hour  

13.7 11.6 0.004 

     25%-75% percentiles 8.3-20.6 8.6-16  

Type of opportunity   < 0.001 



 

 

 

 

 

  

     Respiratory care 40 (6.6) 47 (8.5)  

     Intravenous or arterial care 62 (10.3) 60 (10.8)  

     Direct patient contact 477 (79.0) 374 (68.0)  

     Digestive care 6 (1.0) 12 (2.0)  

     Wound care 9 (1.5) 35 (6.0)  

     Clean device/material 9 (1.5) 18 (3.2)  

     Urinary care 1 (0.2) 7 (1.5)  

a
Data are presented as numbers (percentages). Phase I: use of liquid handrub; phase II: use of 

gel handrub. HCW, health care worker. 

 

 



 

 

 

 

 

  

Table 2 

Compliance with hand hygiene related to the use of the liquid (phase I) or the gel (phase 

II) handrub formulation 

 Phase I
a
 Phase II

a
 P value 

Overall compliance 32.1 (194/604) 41.2 (228/553) 0.035 

Health care worker category    

     Nurses 33.6 (167/497) 45.7 (190/416) 0.011 

     Physicians 25.8 (16/62) 28.6 (16/56) 0.76 

     Nursing assistants 32.0 (8/25) 30.8 (20/65) 0.74 

     Other 15.0 (3/20) 12.5 (2/16) 0.84 

Time of day    

     Morning 35.0 (106/303) 46.7 (160/343) 0.039 

     Afternoon 29.2 (88/301) 32.4 (68/210) 0.75 

Workload (number of 

opportunities per hour) 

   

     <10 40.5 (36/89) 33.3 (38/114) 0.29 

     10-15 39.0 (62/159) 38.0 (89/234) 0.86 

     ≥16 27.0 (96/356) 49.3 (101/205) < 0.001 

Patient isolated    

     Yes 32.0 (65/203) 35.1 (53/151) 0.9 

     No 32.2 (129/401) 43.5 (175/402) 0.017 

Availability of handrub    

     Yes 46.9 (23/49) 55.9 (19/34) 0.53 

     No 30.8 (171/555) 40.3 (209/519) 0.035 



 

 

 

 

 

  

Availability of alcohol-based 

solution in the room 

   

     Yes 32.3 (193/598) 41.0 (224/547) 0.05 

     No 16.7 (1/6) 66.7 (4/6) 0.068 

Type of opportunity    

     Respiratory care 40 (16/40) 31.9 (15/47) 0.56 

     Intravenous or arterial care 24.2 (15/62) 36.7 (22/60) 0.17 

     Direct patient contact 31.7 (151/477) 39.0 (146/374) 0.13 

     Digestive tract care 0 (0/6) 25 (3/12) NA 

     Wound care 55.6 (5/9) 74.3 (26/35) 0.24 

     Clean device 77.8 (7/9) 77.8 (14/18) 0.87 

     Urinary care 0 (0/1) 28.6 (2/7) NA 

a
Data not in parentheses are presented as percentages. NA, not applicable. 

 



 

 

 

 

 

  

Table 3 

Independent factors associated with compliance with hand hygiene 

Variable Odds ratio (95% CI) P value 

Phase   

     Liquid formulation 1  

     Gel formulation 1.33 (0.97-1.82) 0.072 

Time of day   

     Morning 1  

     Afternoon 0.61 (0.45-0.84) 0.002 

Health care worker category   

     Nurses 1  

     Physicians 0.61 (0.37-1.01) 0.053 

     Nursing assistants 0.51 (0.28-0.92) 0.024 

     Other 0.30 (0.11-0.82) 0.020 

Pocket carriage of handrub   

     No 1  

     Yes 1.86 (1.06-3.28) 0.031 

Type of opportunity   

     Respiratory care 1  

     Intravenous or arterial care 0.85 (0.47-1.53) 0.60 

     Direct patient contact 1.16 (0.73-1.86) 0.534 

     Digestive care 0.41 (0.12-1.39) 0.151 

     Wound care 3.13 (1.40-7.02) 0.005 

     Clean device/material 7.25 (2.60-20.19) < 0.001 



 

 

 

 

 

  

     Urinary care 0.54 (0.10-3.06) 0.488 

CI, confidence interval.



 

 

 

 

 

  

Table 4 

Evaluation of skin condition by clinical scores and instrument measurements 

 Phase I Phase II P value 

Age (years)
a
 36.8 ± 8.8 36.0 ± 9.1 0.57 

Female 80% (64/80) 77% (63/82) 0.62 

Self-assessment score
a
 17.1 ± 6.2 21.2 ± 7.2 0.001 

Observer assessment score
a
 1.5 ± 1.8 0.5 ± 0.8 < 0.001 

Epidermal water content
a
 20.7 ± 6.2 25.1 ± 7.1 < 0.001 

Epidermal water loss (g/m
2
 per hour)

a
 19.8 ± 9.3 20.4 ± 8.2 0.66 

a
Values are presented as mean ± standard deviation. 
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