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ABSTRACT 
Background: Hand hygiene is the most effective way to reduce 
the spread of pathogens and the incidence of healthcare-asso-
ciated infections (HAIs) in health care facilities. The effecti-
veness of the hand rub in eliminating microorganisms from the 
surface of hands was assessed through hand culture. Two hand 
culture sampling techniques that are often used to assess the 
effectiveness of handwashing are hand-gloves and swab tech-
nique. 
Purpose: This study aims to compare the culture sampling tech-
nique in assessing the effectiveness of handwashing using al-
cohol-based hand rub products. 
Methods: An experimental study conducted at Dr. Soetomo 
Hospital, Surabaya, with 20 resident and nurse respondents. 
Handwashing was using an alcohol-based hand rub according 
to the WHO recommended method. Hand culture samples were 
taken, before and after handwashing, using hand-gloves and 
swab techniques. The data were analysed using Wilcoxon Rank 
test, ANOVA test and Linear regression. 
Results: This study showed a significant difference before and 
after handwashing using hand rub in eliminating microorga-
nisms on the hands (Sig = 0.000). However, the effectiveness 
of using three alcohol-based hand rub products (chlorhexidine 
gluconate, n-propanol, and hydrogen peroxide) in eliminating 
microorganisms is the same. This study also shows no signi-
ficant difference between the application of three hand rub pro-
ducts in all hand culture sampling techniques used (Sig = 
0.126). There are differences in the use of culture sampling 
techniques to assess hand culture results (Sig = 0.000). 
Conclusion: The use of alcohol-based hand rub products with 
the combination of chlorhexidine gluconate, n-propanol, and 
hydrogen peroxide has the same effectiveness in eliminating 
microbes on the hands surface. The hand-gloves technique bet-
ter describes the elimination of microorganisms after han-
dwashing. Although it cannot replace the hand-gloves tech-
nique, the swab technique may be used as an alternative tech-
nique in peripheral health care facilities. 
 
Key words: Culture sampling techniques. Healthcare associa-
ted infections. Swab technique. Hand-gloves. Hand rub  
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INTRODUCTION 
Maintaining  hand  hygiene  is one  of the  most  

effective efforts to reduce the spread of pathogens 
and reduce the incidence of healthcare-associated 
infections (HAIs) in health care facilities (Pincock 
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et al., 2012; Rosenthal, 2013; Ridley, 2020) Hand 
hygiene can be done using soap or alcohol-based 
hand rub (Kingston et al., 2017; Widmer et al., 
2007). Assessment of the efficacy of hand hygiene 
products (e.g., soap or hand rub) has been widely 
applied to evaluate the effectiveness of the product 
in removing pathogens from hand surfaces (Zapka 

evaluation were a comparison of the total colony 
count before and after the application of the product. 

Various sampling techniques can affect the inter-
pretation of the colony count in culture. The two 
most commonly used methods are the hand-gloves 
technique or the sterile bag technique and the swab 

2012). Based on FDA guidelines, the hand-gloves 
technique was used as a reference in culture sam-
pling to assess the effectiveness of handwashing in 
the operating room. This technique is complicated 
and takes a long time so it is considered impractical 

another method of collecting culture samples that 
are commonly used to assess microorganisms on 
hand surfaces (Visalachy et al., 2016). This tech-
nique is an easy procedure and is considered to be 
an alternative to the use of the hand-gloves tech-
nique because it allows the quantification of micro-
organisms with a proportion of the surface area of 
the hand (Larson et al., 1980). However, until now, 
the effect of these two sampling techniques on as-
sessing the success of hand washing is still 
unknown. 

The World Health Organization (WHO) re-
commends hand rub formulations containing etha-
nol/isopropyl alcohol, glycerol, and hydrogen pero-
xide as an alternative handwashing liquid besides 
soap (WHO, 2006; Pradhan et al., 2020). propanol 
is better at eliminating skin microorganisms (Kampf 
& Ostermeyer, 2005; Hennig et al., 2017). Alcohol-
based hand rubs in combination with n-propanol 
also appear to be superior to chlorhexidine gluco-
nate (Kampf & Kramer, 2004; Zandiyeh & Rosha-
naei, 2015). 
 

OBJECTIVE 
This study aims to compare culture sampling 

techniques in assessing the success of handwashing 
using an alcohol-based hand rub product with  
a combination of chlorhexidine gluconate, n-propa-
nol, and hydrogen peroxide. 
 

RESEARCH SAMPLE, METHODOLOGY  
The design of this research is experimental rese-

arch which has been approved by the ethics commit-
tee of RSUD Dr. Soetomo. The study was con-
ducted on residents and nurses in charge of infection 
prevention and control (PPI) Dr. Hospital. Soetomo 
Surabaya in the period September to October 2019. 
Sampling was carried out by consecutive sampling. 
The total sample until the end of the study was 20 
people, with the inclusion criteria of clean hands 
and short nails who did not use antibacterial sub-
stances and was willing to participate until the end 
of the study. Pregnant women, people with skin di-
seases, and the presence of wounds or abrasions on 
the hands, as well as allergies to hand rub materials, 
were the exclusion criteria for this study (Wilkinson 
et al., 2017; Turgeon, 2017; Lucero & Dryden, 
2019).  

Culture sampling on each subject will be carried 
out using 2 techniques, namely hands-gloves and 
swabs, on different days. Sampling and culture im-
plementation are carried out at intervals of not more 
than 30 minutes. 

Each research subject will take a culture sample 
on the dominant hand (Girou et al., 2002), before 
and after washing hands using several types of hand 
rub. Each research subject was instructed to wash 
hands using a hand rub according to the method re-
commended by WHO (Pittet et al., 2009). The hand 
rub used was alcohol-based with a combination of 
chlorhexidine gluconate, n-propanol, and hydrogen 
peroxide. 

Swab Technique: A cotton swab is ap-
plied/wiped on the surface of the dominant hand, 
around the nails, and between the fingers, then the 
cotton swab is placed in a sterile tube containing 2 
mL of Tryptic Soy Broth (TSB). Before culture, the 
cotton swab is removed by pressing it against the 
tube wall (Favero et al., 1968; Ganime et al., 2015). 

Hand-gloves Technique: The dominant hand 
(palms, fingers especially around the nails and be-
tween the fingers, excluding the back of the hand), 
is dipped and rubbed on the walls of a sterile polye-
thylene bag containing 100 mL of TSB for 1 minute 

 
Spread-plating method: Before culture, both spe-

cimens in tubes and sterile bags containing TSB 
were homogenized for five seconds. The culture 
was made without dilution by taking 0.1 mL of 
liquid, then spread on Tryptic Soy Agar (TSA) petri 
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dish media (Ehrenkranz & Alfonso, 1991; Sanders, 
2012).  

Quantification of Culture Results: The number 
of bacteria in the petri dish was calculated after in-
cubation for 18-24 hours at a temperature of 35-
37oC. Calculations were carried out by 2 observers. 
Calculation results are presented as colony forming 
units (CFU) which are calculated per ml (Ehren-
kranz & Alfonso, 1991). 

Differences in colony counts between observers 
and the significance of differences in colony count 
before and after hand rub application were analysed 

difference in effectiveness between several hand rub 
products using 2 sampling techniques was analysed 
using the ANOVA test and followed by the 
Newman-Keuls post hoc test with Sig. < 0.005 (We-
issgerber et al., 2018). Regression analysis was used 
to find the relationship between colony counts, 
which were taken using swab and hand-gloves sam-
pling techniques (Stapor, 2020) 
 

RESULTS 
This study was followed by 20 subjects who par-

ticipated in the entire series of studies, consisting of 
12 residents and 8 PPI nurses. A total of 12 cultures 
were obtained from various treatments that were the 
same for each subject. The results of hand surface 
culture were observed by 2 observers, where the 
Wilcoxon rank test difference test showed no signi- 

ficant difference between the colony counts of the 
first and second observers (Sig. > 0.005) (Table 1). 

Comparative analysis of hand culture colony 
counts before and after hand rub application found 
a significant difference in the number of microorga-
nisms on the surface of the hands (Sig = 0.000) 
(Table 2). The use of the three alcohol-based hand 
rub products (chlorhexidine gluconate, n-propanol 
and hydrogen peroxide) in eliminating microorga-
nisms has the same effectiveness. This study also 
showed that there was no significant difference bet-
ween the application of the three hand rub products 
in all hand culture sampling techniques used in the 
study (Sig = 0.126) (Table 3). 

Analysis of the application of hand-gloves and 
swab techniques to the assessment of hand culture 
results obtained a significant difference (Sig = 
0.000) (Table 4). 

Both before and after hand rub application, the 
hand-gloves technique gave a higher colony count 
than the swab technique, this can be observed in 
(Table 1). From these results, the researchers tried 
to perform a linear regression analysis, obtained a 
constant difference between the application of hand-
gloves and swab techniques to the assessment of 
hand culture results. If Y is the result of the colony 
count using the hand-gloves technique, and X is the 
result of the colony count using the swab technique, 
then the equation Y = 6123.7 + 6.8 X is obtained.

 
Table 1. Differences in colony counts between observers 

 
 

  
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 

Description: The first observer (P-1), the second observer (P-2). Count the colonies in CFU (colony forming units) 
 
Table 2. Significance of differences in colony count before and after hand rub application based on sampling technique 
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Table 3. Effectiveness of application of various hand rubs cultured using swabs and hand-gloves 

 
  

 
 

 
   

 
    

 

    
    

 
    
    
    

 

    
    
    

 

    
    
    

Description: Chlorhexidine-gluconate (CG), n-propanol (NP), hydrogen peroxide (HP) 
 
Table 4. Significance of the influence of hand-gloves and swab techniques on the count of microorganism  

 
DISCUSSION 

The results of this study confirm that hand wash-
ing using an alcohol-based hand rub is an effective 
effort to eliminate the number of microorganism co-
lonies on the surface of the hands. Alcohol has an 
antimicrobial effect through the mechanism of pro-
tein denaturation. Hand rub with an alcohol concen-
tration of 60-80 % is most effective in eliminating 
microorganisms from the surface of the hands. Al-
cohol has been shown to have bactericidal effects 
against vegetative Gram-positive and Gram-nega-
tive (including multidrug-resistant pathogens such 
as MRSA and VRE) as well as several types of fungi 
(Pittet et al., 2009; WHO, 2006; Sandoval Vergara 
et al., 2019).  

The combination of the active ingredients conta-
ined in the alcohol-based hand rub did not affect the 
number of microorganisms that were eliminated  
after the application of the hand rub. This can be ob-
served in Table 3, alcohol-based hand rub, both with 
a combination of chlorhexidine gluconate, n-propa-
nol, and hydrogen peroxide, has the same effecti-
veness in eliminating the number of microorga-
nisms on the surface of the hands (Sig > 0.005). The 
results of this study are different from several previ-
ous studies. Research by Hennig and colleagues, 

Kampf and Ostermeyer, as well as research by 
Zandiyeh and Roshanaei, found that alcohol-based 
hand rubs in combination with n-propanol were 
significantly better than chlorhexidine gluconate 
and hydrogen peroxide. The three studies used the 
same culture sampling technique, which was taken 
from the tips of the fingers that were dipped/rubbed 
in the culture medium without covering the surface 
of the palms or between the fingers (Kampf & 
Ostermeyer, 2005; Zandiyeh & Roshanaei, 2015). 

Assessment of the effectiveness of a hand hy-
giene product is recommended by calculating the to-
tal bacterial colony count on the surface. The diffe-
rence in results with previous studies can be caused 
by differences in the surface area of culture samples 
so that a too narrow surface area does not reflect the 
distribution of microorganisms on the surface of the 
hands after washing hands. 

Researchers compared the total colony count re-
sults from hand cultures taken using hand-gloves 
and swab techniques. The two sampling techniques 
gave the same results in assessing the effectiveness 
of hand rub products (Table 4) but resulted in a total 
colony count that was significantly different be-
tween the two techniques. Culture sampling using 
the hand-gloves technique resulted in a total colony 
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count greater than the swab technique. The volume 
of media exposure to the culture surface can affect 
these differences in the colony count results. The 
swab technique uses less volume of media (2 mL) 
than the hand-gloves technique (100 mL). The use 
of a cotton swab in the swab technique further 
reduces the volume of media exposure to the surface 
of the hand, while the hand-gloves technique allows 
exposure to a larger volume of media in a standard 
time. 

The researcher also analysed the colony count 
results using the two culture sampling techniques 
and found a constant difference between the appli-
cation of the hand-gloves and swab techniques to 
the assessment of hand culture results. If Y is the 
result of the colony count using the hand-gloves 
technique, and X is the result of the colony count 
using the swab technique, then the equation Y = 
6123.7 + 6.8 X. This indicates that the swab tech-
nique can be used as an alternative to the hand-glo-
ves technique in health facilities with limited reso-
urces. The use of these equations is limited to hand 
surface cultures in the research laboratory. Further 
research is needed with a larger sample size to vali-
date the equation. 
 

CONCLUSION 
The use of alcohol-based hand rub with a com-

bination of chlorhexidine gluconate, n-propanol, 
and hydrogen peroxide, has the same effectiveness 
in eliminating microorganisms on the surface of the 
hands. The hands-glove technique is better at des-
cribing the elimination of hand microorganisms af-
ter hand washing. Although it cannot replace the 
hand-gloves technique, the swab technique may be 
used as an alternative technique in peripheral health 
facilities. 
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