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ABSTRACT 
BACKGROUND AND OBJECTIVE: The Centers for 

Disease Control and Prevention has published a new guideline 
on hand hygiene promoting the use of the alcohol-based handrub, 
but the technique was not addressed. The goal of this study was 
to evaluate the influence of technique on the efficacy of the alco
hol-based handrub. 

PARTICIPANTS: Healthcare workers (HCWs) attending 
a course in hospital epidemiology. 

METHODS: A fluorescent dye was added to a hand anti
septic, and hands were checked under ultraviolet light after anti
septic cleansing. Data regarding the numbers of predefined 
fluorescent areas on the skin were collected in addition to demo
graphic data such as age, gender, job description, and job experi
ence. Results of the visualization test were compared with the 
data from microbiological samples before and after the proce
dure by the hand plate technique. 

RESULTS: Sixty HCWs were tested, 63% of whom had 
worked in infection control for more than 10 years. Sixty-six per
cent of all participants still had detectable bacteria after antisep
sis. The mean log10 CFU reduction was 2.0 (range, 0-3.85). 
Twenty-five percent of all HCWs achieved less than 1.1 log10 
CFU. Staphylococcus aureus was isolated from 13% (one of them 
being methicillin resistant) and gram-negative bacilli from 6.7%. 
After using the alcohol handrub, one subject still remained posi
tive for S. aureus. Years of experience was the single most impor
tant factor predicting antimicrobial efficacy. 

CONCLUSIONS: Technique is of crucial importance in 
hand antisepsis. Major deficiencies were detected among even 
highly trained HCWs. Training should be provided before switch
ing from handwashing to the alcohol handrub (Infect Control 
Hosp Epidemiol 2004;25:207-209). 

Hand hygiene is an important component of any 
infection control program.1 Handwashing with soap and 
water has been the standard of care in most hospitals. 
Recently, many hospitals have introduced a waterless 
alcohol handrub for hand hygiene. This can complement 
or replace traditional handwashing (when hands are not 
visibly soiled).2 The alcohol handrub is faster, microbio-
logically more effective, and associated with a higher rate 
of compliance with hand hygiene.3"5 The Centers for 
Disease Control and Prevention (CDC) has issued a new 
guideline on hand hygiene that promotes the use of the 
alcohol handrub.6 Therefore, hospitals may choose to 
emphasize the use of alcohol handrub to improve compli
ance.7 Handwashing ensures that almost all parts of the 
hands come into contact with water and soap, and formal 
training is likely not necessary. The most important pre
dictor of antimicrobial efficacy for handwashing has been 
the amount of time spent washing the hands. However, 
the alcohol handrub requires good technique to apply 
alcohol to all parts of the hands. If several areas are fre
quently missed, this may potentially limit the efficacy of 
the alcohol handrub. Hospitals may not provide formal 
training when switching from handwashing to the water
less alcohol handrub. We therefore tested the influence of 
handrub technique on microbiological efficacy against 

bacteria on the skin to evaluate whether technique 
seemed to be a problem. 

METHODS 
A group of trained infection control professionals and 

hospital epidemiologists were tested for their technique dur
ing a training course in hospital epidemiology (August 
24-27, 2002) sponsored by the Society for Healthcare 
Epidemiology of America and the European Study Group on 
Nosocomial Infection. A test center was provided during the 
training course. All participants were asked to check their 
technique with a commercially available alcohol handrub 
(Sterillium [2-propanol, 45.0 g; 1-propanol, 30.0 g; and 
mecetronium etilsulfat, 0.2 g], Bode Chemie, Hamburg, 
Germany) with a fluorescent dye. A standardized question
naire was administered to participants regarding their age, 
gender, years of experience in infection control, wearing of 
rings, standard of hygiene at their institution (handwashing 
or use of handrub), and country of origin. Subjects placed 
their fingertips on a blood agar plate, using the four fingers 
first, followed by the thumb in the middle of the plate; plates 
were processed as previously described.8 Without any train
ing or instructions, students were asked to cleanse their 
hands using an amount of alcohol as seemed necessary to 
them. After 1 minute allowed for the procedure, they placed 
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TABLE 
MICROBIOLOGICAL EFFICACY OF HAND HYGIENE WITH ALCOHOL: 
UNIVARIATE ANALYSF;S 

FIGURE. Areas missed (outlined) after applying alcohol handrub. 

their hands in a box with ultraviolet light with a high-resolu
tion 3-CCD digital camera attached. A beamer projected an 
image of the hands onto a screen; areas in contact with the 
fluorescent alcohol became yellow on the skin, whereas the 
rest of the hands remained blue (Figure). Trained infection 
control practitioners counted 5 different, predefined areas (3 
cm2) following a written protocol. Inter-rater variability, test
ed in a pilot phase, was low (K > 0.9). Each area with suffi
cient fluorescent dye was counted as 1 point and the sum 
was calculated (all areas missed, 0 points; areas in contact 
with the dye, 1 point); the maximum number of points in the 
test was 5. After 1 minute, the students placed their hands 
again on a blood agar plate and were cultured as previously 
described.8 In brief, bacterial counts on the plates were trans
formed to log10 colony-forming units (CFU). The log reduc
tion factor was calculated by the difference of log10 CFU 
before and after hand antisepsis. 

Data from the case report form were transferred to 
the database (Microsoft Access 1997, Microsoft Corp., 
Redmond, WA). Categorical data were compared using chi-
square or Fisher's exact test if the expected value for a cell 
was below 5. Additional statistical tests including multivari
ate regression analyses were performed using SPSS soft
ware (version 10.1.3; SPSS, Inc., Chicago, IL). Variables 
considered to have clinical importance and those having a 
P value less than .1 were entered into the model. 

RESULTS 
Sixty attendees participated in the study. Two par

ticipants did not provide all data (each failing to record 
one variable), but microbiological analyses were available 
from all of the participants. 

Most of the participants originated from Northern 
European countries and had worked more than 10 years 
in infection control (Table). Artificial fingernails were not 
detected in any of the participants, and only 5% reported 
any skin diseases. 

The mean log10 CFU reduction was 2.0 (range, 0 to 
3.85 CFU). Twenty-five percent of all participants achieved 

Variable 

Age.y 
=s25 
26 to 35 
36 to 45 
>45 

Gender 
Female 
Male 

Job description 
Infection control 

practitioner 
Physician 
Other/no data 

(n = 2) 
Skin disease 

Not present 
Present 

Infection control 

experience, y 
None 
<1 
l t o 5 

6 to 10 
>10 

Country of origin 
Scandinavian 

countries/the 
Netherlands 

France/Spain/ 

Italy 
Switzerland/ 

Germany/other 
European countries 

Asia/ Africa 
Others 

Participant's type of 
hand hygiene at his 
or her institution 
Handwashing with 

plain soap 
Handwashing with 

antimicrobial soap 
Any alcohol handrub 
No data provided 

Wearing a ring during 

test 
No 
Noble metal 
Fashion jewelry 

CFU = colony-forming units. 

Distribution 

0% 
25.0% 

38.3% 

35.0% 

55% 
45% 

21.7% 

73.3% 

5% 

95% 
5% 

5.0% 

1.7% 

11.7% 

18.3% 

63.3% 

21.7% 

5.0% 

58.3% 

3.3% 

11.7% 

36.7% 

16.7% 

45.0% 

1.7% 

35.0% 

56.7% 

6.7% 

Mean log 1 0 CFU 

Reduction Factor 

1.82 ± 0.95 

1.89 ± 0.91 

2.34 ± 0.95 

1.92 ± 0.89 

2.24 ± 0.90 

1.99 ± 1.15 

2.05 ± 0.85 

1.63 ± 1.26 

2.60 ± 1.07 

1.20 ± 0.93 

1.3 ± 1.05 

1.54 

1.50 ± 0.84 

1.94 ± 0.90 

2.17 ± 0.96 

1.85 ± 1.02 

2.67 ± 0.32 

2.03 ± 0.92 

2.79 ± 0.12 

1.80 ± 1.07 

2.05 ± 0.87 

1.95 ± 0.82 

2.04 + 1.04 

2.18 ± 1.03 

1.94 ± 0.86 

1.94 ± 1.17 

P 

.244 

.18 

.65 

.28 

.03 

.35 

.49 

.69 
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less than 1.1 log10 CFU. One-third had no detectable bacteria 
on their skin after disinfection; for the two-thirds who had 
detectable bacteria remaining on their skin, Bacillus species 
predominated. Before antisepsis, Staphylococcus aureus was 
isolated from the hands of 13% of all participants; one strain 
was methicillin resistant. This was confirmed by a positive 
result on the Penicillin Binding Protein 2' latex agglutination 
test for MRSA (Denka Seiken, Tokyo, Japan) and detection 
of the meek gene by polymerase chain reaction. Gram-nega
tive bacilli were detected in 6.7%, predominantly 
Acinetobacter species. No Pseudomonas species or 
Enterobacteriaceae were isolated. After use of the alcohol 
handrub, only one participant remained positive for S. 
aureus. 

Sixty-five percent of the participants kept their rings 
on their hands while performing the test. No significant dif
ferences in the log10 reduction factor were observed with 
versus without rings. However, this area of the hands was 
not included in the microbiological test area. The usual type 
of hand hygiene at their institution was not associated with 
the level of antimicrobial effectiveness. Nurses, physicians, 
and other professionals did not differ in their hand hygiene 
technique (Table). Only years of job experience was a sig
nificant predictor of a good technique in univariate analyses. 
This variable remained significant even after adjusting for 
confounding variables by multiple logistic regression analy
sis (P = .03). The participant with the highest reduction fac
tor (3.85 log10 CFU) was a citizen of Germany, where alco
hol handrub was introduced in the 1970s. 

D I S C U S S I O N 

To our knowledge, this is the first study systemati
cally addressing the problem of technique using the alco
hol handrub for hand antisepsis. The large range of reduc
tion factors from 0 to 3.85 log10 CFU provides ample 
evidence of the need for training. Before antisepsis, 13% of 
the participants carried S. aureus on their hands. Such 
strains may be transmitted to patients during the next 
patient contact if compliance or technique with hand anti
sepsis is poor. In addition, one participant carried methi-
cillin-resistant S. aureus. This was surprising because this 
population is likely to be highly motivated during a training 
course in hospital epidemiology, and represents a selected 
group of healthcare workers (HCWs) with special training 
in infection control. Several experimental studies with arti
ficially contaminated hands have shown that rubbing the 
hands with alcohol is more effective than handwashing 
with any unmedicated or antiseptic soap.9,10 However, only 
a few trials have been done in a clinical setting.810 None of 
these studies addressed the question of technique.71112 A 
large proportion of this highly selected population of infec
tion control professionals failed to perform appropriate 
technique. In addition, they had ample time to perform the 
procedure, lacking the time constraints in clinical practice. 
Given this bias, one can only estimate the performance of 
HCWs who are not infection control professionals in a busy 
hospital. The multivariate analysis showed that years of 
training was the single most important factor predicting 

performance in hand hygiene technique. The CDC pro
motes the use of the alcohol handrub for hand hygiene in 
its latest recommendation.6 Therefore, many hospitals are 
in the process of switching from handwashing to using 
alcohol handrub. The fact that years of job experience is an 
independent predictor for efficacy underlines the impor
tance of appropriate training for HCWs before introducing 
the alcohol handrub into an institution. 

Several limitations of this study should be men
tioned. First, the microbiological technique does not allow 
for precise counting of CFU. The bag-broth technique 
allows better quantification, but is time consuming and 
expensive.13 Second, our method has been found to be 
useful in clinical studies addressing the problem of hand 
hygiene, but this study did not take place in a hospital set
ting. However, participants failed even though they had 
plenty of time and were not interrupted, which is uncom
mon in clinical practice. Finally, the fluorescent dye may 
alter the technique; however, several products have been 
tested during a 2-year period without finding major 
changes in technique after adding dye (data not shown). 

Technique of applying the alcohol handrub strongly 
influences antimicrobial effectiveness, and is of crucial 
importance. Major deficiencies were detected among even 
highly trained infection control professionals, providing 
ample evidence for the need for formal training before 
switching from handwashing to the use of a waterless alco
hol handrub. 
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