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ABSTRACT
Objective  To evaluate the effectiveness of handwashing 
with water and wood ash in reducing faecal contamination 
of the hands.
Design  A cluster randomised controlled trial was 
employed with two arms: handwashing with water and 
wood ash versus handwashing with water alone.
Setting  Rural households of East Dembiya District, 
Central Gondar Zone, Amhara National Regional State, 
Ethiopia.
Participants  440 mothers and caregivers of children 
younger than 5 years assigned (1:1, 220 in each group) in 
clusters, with buffer zones between each cluster.
Intervention  Health education on effective handwashing 
was given to the intervention and control groups. 
Participants in the intervention group used wood ash of the 
same quantity (ie, one closed palm).
Outcome measures  The primary outcome was 
microbial contamination of the hands, measured by 
means of Escherichia coli counts before and after 
handwashing.
Results  At baseline, 75.9% and 67.7% of the participants 
in the intervention and control groups, respectively, had 
dirt on their fingernails, and the hands of all participants in 
both groups were contaminated with E. coli. The mean E. 
coli counts recovered at baseline were 3.07 log10 colony 
forming unit (CFU)/swab in the intervention group and 3.03 
log10 CFU/swab in the control group, while at endline it 
was 1.4 log10 CFU/swab in the intervention group and 
3.02 log10 CFU/swab in the control group. The mean E.coli 
counts was reduced by 1.65 log10 due to the intervention 
(difference-in-differences: β= −1.65, 95% CI= −1.84 to 
–1.46).
Conclusion  Two-thirds of the swab samples tested 
positive for E. coli after handwashing with water and 
wood ash, which indicates wood ash is not very effective 
in terms of completely removing micro-organisms on 
the hands. However, wood ash was significantly better 
than water alone in reducing the concentration of faecal 
coliform organisms on the hands. Local health authorities 
should primarily promote handwashing with soap. 
However, in the absence of soap, use of wood ash over 
water alone might be appropriate.
Trial registration number  PACTR202011855730652.

INTRODUCTION
The hands are important given that they are 
the last line of defence within the chain of 
transmission of enteropathogens, with trans-
mission occurring either directly from the 
hand to the mouth or indirectly via handling 
and transfer of contaminated food and water. 
The hands can also play a role in the trans-
mission of respiratory pathogens through 
fingers contaminated with respiratory viruses; 
for example, transmission can occur by 
rubbing the conjunctiva of the eyes or the 
nasal mucosa with contaminated fingers. The 
hands can also play a part in the transmission 
of skin, wound, eye and other infections.1 2

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study assessed the effect of handwashing with 
ash on microbial contamination of the hands in rural 
Northwest Ethiopia as there is limited evidence on 
such effects in Ethiopian context.

	⇒ To control bias, clusters were randomly allocated to 
control and intervention arms, with a buffer zone of 
a minimum of 15 min walking distance applied be-
tween clusters and with the principal investigators 
blinded to the randomised group assignment until 
the primary analysis was completed.

	⇒ The adjusted and unadjusted values for the treat-
ment effect were the same, showing that the two 
trial groups were similar with respect to important 
confounders and indicating that randomisation was 
successful in ensuring well-balanced groups.

	⇒ Important limitations of this study include the in-
ability to inform on the efficacy of wood ash relative 
to soap due to lack of handwashing with soap as a 
comparator and lack of information on the poten-
tial harms of wood ash, including data on adverse 
events and on the pH and microbial quality of the 
ash.

	⇒ Investigating a proxy measure only (hand contam-
ination) rather than disease outcomes and using 
only a single indicator organism (Escherichia coli) 
are other important limitations.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-6713-1975
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There is a clear causal link between hand hygiene and 
infection transmission. The hands are among the most 
important mechanisms that transmit pathogenic micro-
organisms that cause infection.3 Evidence indicates that 
the hands, along with contact with food and other envi-
ronmental surfaces, cause 60% of spread of gastrointes-
tinal infections. Contaminated hands are also associated 
with up to 50% of respiratory tract infections.4 Promoting 
improved hand hygiene has been recognised as an 
important public health measure. Results from interven-
tion studies show that handwashing reduces gastrointes-
tinal and respiratory tract infections to up to 50%–60%.4 
Education about handwashing in the community reduces 
the number of people who get sick with diarrhoea by 
23%–40%,5–7 reduces diarrhoeal illness in people with 
weakened immune systems by 58%,8 reduces respiratory 
illnesses such as common cold in the general population 
by 16%–21%,6 9 and reduces absenteeism due to gastroin-
testinal illness among schoolchildren by 29%–57%.10

Both mechanical actions (rubbing and rinsing) and 
chemical actions (killing or inactivation) and disinfection 
of clean hands with, for example, alcohol, are generally 
considered very effective in removing micro-organisms 
from the hands.11–13 The effectiveness of rubbing in 
removing microbes from the hands is determined by the 
degree to which the microbes are bound to the surface of 
the skin. The effectiveness of the mechanical and chem-
ical actions of handwashing agents in removing micro-
bial contaminants can be measured by enumerating the 
density of indicators of faecal contamination or specific 
pathogens in the samples taken from the hands before 
and after washing.14 15 The occurrence and concentra-
tion of specific pathogens, instead of using indicators as 
proxies, are less commonly measured in environmental 
matrices (water, food, soil, hands and other surfaces), 
although they may be more representative of the 
actual health risks associated with specific pathogens.16 
Measuring specific pathogens needs to consider not only 
the diversity of potential pathogens occurring in environ-
mental matrices but also the relevance of each included 
pathogen in the health outcomes of interest, which is 
highly context-specific. The possibility of improved speci-
ficity of measuring specific pathogens instead of indicators 
of faecal contamination may come at a loss of sensitivity 
since selected pathogens may not be representative of all 
possible pathogens in the environment.16 Therefore, use 
of indicator organisms as a surrogate for evaluating the 
presence of pathogens in environmental matrices has the 
advantage of being easier and less expensive to measure 
compared with multiple specific pathogens and can also 
be indicative of a range of pathogens.17 Culturable faecal 
indicator bacteria such as Escherichia coli are indicators 
of the presence of faecal material from warm-blooded 
animals and can be used as microbial surrogates for envi-
ronmental quality monitoring. The existence of E. coli in 
environmental matrices corresponds to the presence of 
other pathogens such as bacteria, viruses, protozoans and 
helminths either from human or animal sources.18

Rubbing duration and quality of water are also important 
factors in determining the effectiveness of rubbing agents 
in removing microbial contaminants from the hands. It 
has been documented that handwashing for 30 s removes 
10 times the amount of bacteria as handwashing for 
15 s.19 20 Moreover, research suggests that extending the 
duration of washing to 1 min results in a reduction of 
2.6–3.23 log E. coli counts, but extending the process to 
more than 1 min did not show further reduction.4 In addi-
tion, hands washed with contaminated water pose a risk 
of higher levels of hand contamination.21–23 Poor sanita-
tion also affected the effectiveness of handwashing. Poor 
sanitation increases the frequency and intensity of hand 
contamination from human and animal excreta.1

The perception of individuals on the role of hands in 
infection transmission affects the handwashing behaviours 
since hand hygiene reflects attitudes, behaviours and 
beliefs. When someone believes their hands can be 
contaminated by germs and can spread infections, he/
she will avoid unnecessary touching of surfaces in close 
proximity to a source of contaminants and will wash their 
hands frequently. On the other hand, individuals will not 
frequently wash hands if they perceive that they have low 
risk of acquiring infection from the hands and contact 
surfaces. Furthermore, there might be lack of active 
participation in promoting hand hygiene if individuals do 
not believe in the value of hand hygiene in the prevention 
of infections.24–26

Due to its surfactants, the use of soap with water 
greatly improves elimination of bacteria from the hands 
compared with that accomplished by washing with water 
alone. In low-income societies in developing countries, 
where soap or alcohol-based agents are not usually avail-
able due to cost, soil, mud and ash are sometimes used 
as a zero-cost alternative to soap.4 For instance, studies 
conducted in Bangladesh and India found that soil, ash 
and soap were all effective in removing faecal coliforms 
from the hands.27 28 Cleansing using wood ash is achieved 
by its friction and disinfection (alkaline) properties. 
Wood ash has been mentioned as a disinfectant in a WHO 
publication.29 Wood or kitchen ash can be used to rub 
away, kill or inactivate pathogens on the hands. Wood ash 
can also aid in the mechanical removal of loosely adhered 
debris and microbes. However, depending on the source 
materials, ash may be contaminated with chemical toxi-
cants, such as metals, since it is a product of combusted 
wood, coal, leaves and other biomaterials. It may also be 
contaminated with microbial pathogens if it did not come 
from fresh sources.30

METHODS
Study area and setting
This study was carried out in a rural setting of the East 
Dembiya District, which is one of the 13 districts of 
Central Gondar Zone, Amhara National Regional State, 
Ethiopia. The district is subdivided into 28 rural and 4 
urban kebeles (the lowest administrative unit).31 The 
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district health department report in July 2020 showed that 
East Dembiya District had a total population of 210 761, 
of whom 192 020 (91%) and 18 741 (9%) were rural 
and urban residents, respectively.31 Hygiene-related and 
sanitation-related communicable diseases were highly 
prevalent in the area. In June 2017, intestinal parasitic 
infections and diarrhoeal disease were the top 4 and 5 
prevalent diseases, accounting for 5161 (9.97%) and 4981 
(9.62%), respectively.32

Study design
A two-arm, cluster randomised controlled trial was 
employed among mothers and caregivers of under-5 chil-
dren in rural Northwest Ethiopia to examine the effect 
of using wood ash, a local handwashing agent, on faecal 
contamination of the hands. The protocol of the trial was 
registered with the Pan African Clinical Trial Registry 
(PACTR202011855730652) on 6 November 2020 (http://
www.pactr.org) and published in BMJ Open.33

Participant eligibility and enrolment
This trial was implemented among mothers and care-
givers of children under the age of 5 in the East Dembiya 
District, Northwest Ethiopia, where no similar interven-
tions were operating or planned during the interven-
tion period. Participants were recruited based on the 
following inclusion criteria: (1) presence of under-5 chil-
dren in the household; (2) mothers who volunteered to 
be part of the study; (3) mothers who were not using soap 
to wash hands; and (4) geographical accessibility. One 
mother/caregiver with chronic skin lesions was excluded. 
Written informed consent was obtained from the study 
participants.

Description of interventions
We provided health education on effective handwashing 
procedures to both arms, and provided local rubbing 
agents such as wood ash to the intervention group. All 
participants in the intervention group used the same 
ash, that is, wood or kitchen ash, regardless of the type 
of wood that each household used as a cooking energy 
source, with the same quantity of ash used (ie, one closed 
palm). Since ash from municipal solid wastes contains 
toxic materials and accumulated ash at or near homes 
may be contaminated with pathogens from human or 
animal faeces, we only used ash freshly produced from 
burning of wood since this ash is sterile. The control arm 
did not use wood ash and continued with their usual 
handwashing practices.

Sample size determination
Stata V.14 was used to calculate the number of clus-
ters, with the following assumptions: log10 mean 
(±SD) bacterial count before handwashing (dominant 
hand)=3.17±0.71; log10 mean (±SD) bacterial count 
after handwashing=3.41 ± 0.6134; equal cluster size with 
average size (m)=20; intracluster correlation coefficient 
(ICC)=0.02, as recommended by Hayes and Bennett35; 
80% power; and 95% CI with 5% alpha level and a design 

effect of 1.38, that is, [1+(m−1) ICC]. With these assump-
tions, the number of clusters per arm is 10. Assuming 
one extra cluster for loss of follow-up, the total cluster 
becomes 11 per arm. Therefore, a total of 220 mothers 
and caregivers received the intervention and 220 mothers 
and caregivers were taken as the control group.

Sampling procedures
Clusters were selected and formed based on simple 
random sampling method. Clusters were defined by the 
presence of adequate households with under-5 children 
eligible for enrolment and by geographical accessibility. 
We conducted a pilot survey to determine the size of 
clusters. As indicated in the Sample size determination 
section, the geographical area where we got 20 households 
with children under the age of 5 was taken as a cluster. A 
buffer zone of a minimum of 15 min walking distance was 
used before enrolling the next cluster to minimise infor-
mation contamination between the enrolled clusters. 
All households with children under the age of 5 in the 
selected clusters and who fulfilled the inclusion criteria 
were entered in the cluster randomised controlled trial 
schemes.

Randomisation and blinding
Clusters were randomly allocated in each arm. Random 
sequence generation and allocation were conducted by 
the coordinating team. Due to the nature of the interven-
tion and the study purpose, participants were not blinded 
to their intervention assignment. Researchers remained 
blinded to the randomised group assignments until 
the primary analysis was completed. They also did not 
participate in the data collection. The supporting teams 
generated the random allocation sequence, enrolled 
the participants and assigned the participants to the 
intervention.

Outcome measures
The primary outcome of this study was microbial contam-
ination of the hands, measured by the mean concentra-
tion of the indicator organism for faecal contamination, 
that is, E. coli, in colony forming unit (CFU) before and 
after handwashing with plain water alone and with water 
and wood ash. We adopted a laboratory procedure to 
recover E. coli from the standard methods described in 
the WHO guideline.36 At the time of trial registration, we 
had intended to include additional outcome components 
(detection of viruses, parasites and other bacteria), but 
during study implementation resource constraints limited 
us to detecting E. coli as the only indicator organism.

Baseline data collection tools and procedures
Baseline data were collected using an interviewer-
administered questionnaire with a structured observa-
tional checklist to assess the baseline characteristics of 
the study participants. We prepared the tool based on a 
review of relevant literature. The tool was first prepared 
in the English language and translated to the local 
Amharic language by two native Amharic speakers fluent 

http://www.pactr.org
http://www.pactr.org
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in English, and then back-translated to English by two 
independent English language experts fluent in Amharic 
to check for consistency. After translation, we conducted 
face validity, content validity and internal consistency 
studies, and finally prepared a valid and reliable ques-
tionnaire (content validity ratio=0.93; item-level content 
validity index=0.96; universal agreement scale-level 
content validity index=0.95; modified kappa=0.96; Cron-
bach’s alpha for internal consistency=0.80).

Swab sample collection
Transferring peptone-buffered water (PBW, 0.1%) was 
prepared in each test tube (5 mL) with autoclaving. The 
prepared PBW tubes were transported in a cooler to the 
sampling sites. After getting consent, the fieldworkers 
asked the study subjects to do their usual activities that 
heavily contaminate their hands. The fieldworkers then 
took swab samples from the dominant hand before 
washing. After swabbing, the fieldworkers instructed the 
participants to wash their hands either with plain water 
alone or with water and wood ash and to rub for at least 
20 s. The fieldworkers demonstrated proper handwashing 
techniques to all mothers in the control and intervention 
groups, observed while they were washing and coached 
them when they missed the procedures, to ensure similar 
handwashing procedures between the two groups. The 
fieldworkers informed the mothers and caregivers to dry 
their hands in the air after washing and they then took 
swab samples from the dominant hand. The background 
level of E. coli in the water that was used for handwashing 
was in the range of 0–1613 CFU.

In order to collect swabs, the fieldworkers first inserted 
the swab in to the test tube to wet it by holding over the 
notch. After removing the excess buffer from the swab, 
they gently rubbed the swab all over the surface of the 
palm, between the fingers and on the tip of the fingers 
of the dominant hand. They first swabbed in horizontal 
direction by gently moving and rolling over back and 
forth and keeping the entire swab flat. They then swabbed 
in a perpendicular direction using the same technique. 
The head of the swab was then inserted into the test tube, 
the notch placed on the edge of the test tube, the swab 
handle pushed down until the head of the swab fell into 
the test tube, and then the cap carefully placed over the 
tube. The fieldworkers repeated the same procedure 
until the required 880 swab samples had been collected. 
The collected samples were transported in a cooler to the 
laboratory of the Department of Biology at University of 
Gondar for analysis.

E. coli measurement
We transferred the collected swab samples to a test tube 
containing 100 mL of sterile peptone buffer followed by 
vigorous manual shaking of the tube to release the E. coli 
cells from the swab into the buffer solution. The head of 
the swab was then aseptically wrung out inside the test 
tube to release the buffer solution, after which the head 
of the swab was removed. The entire 100 mL solution was 

then filtered through 47 mm diameter, 0.45 µm pore-sized 
filter membrane (Millipore, Burlington, Massachusetts, 
USA) and cultured on a membrane lauryl sulfate broth 
before pouring them into an absorbent pad (Oxoid, 
Basingstoke, UK). The prepared samples were incubated 
at 44.5°C for a 24-hour growth period before counting 
the number of CFU. This method followed the stan-
dard methods described in the WHO guideline.36 The 
laboratory personnel were blinded to the handwashing 
methods. The filtration apparatus was washed with 
distilled water and flamed between analyses of consecu-
tive samples and was sterilised at intervals. The number of 
colony was counted and the result was expressed as CFU/
swab. One field blank per sample collector per week and 
one laboratory blank per laboratory assistant per day were 
processed for quality control.

Statistical analysis
We used Stata V.14 for data analysis. χ2 test was applied to 
check for similarity of baseline data between the intervention 
and the control group. An intention-to-treat analysis was used 
to compare the mean E. coli count between the intervention 
and the control group. In our analysis, we compared the 
mean E. coli counts among the group doing handwashing 
with water alone and the mean E. coli counts among the 
group doing handwashing with water and wood ash.

A difference-in-differences (DID) model was used to 
estimate the average treatment effect of washing hands 
with wood ash in the intervention group by comparing 
the difference between before and after handwashing and 
the difference in mean E. coli counts between the control 
and treatment groups. We created two dummy variables 
for time: time=0 before handwashing and time=1 after 
handwashing. We also created two dummy variables 
for programme: programme=0 for the control group 
and programme=1 for the intervention group. We then 
created an interaction between time and programme. 
We entered in the final model the above three variables 
and the covariates which are associated with the level of 
E. coli with p<0.25 in the bivariate analysis and well-known 
confounders from the literature. The regression coeffi-
cient of the interaction term is the effect of handwashing 
with water and wood ash. We used Stata’s xtreg command 
to fit the model. We controlled for clustering effect by 
having option cluster (cluster identification) in the 
model. Statistically significant variables were identified on 
the basis of adjusted betas with 95% CI and p<0.05.

Patient and public involvement
No patients were involved.

RESULTS
Characteristics of the study participants
A total of 220 mothers and caregivers in 11 clusters in 
the intervention group and 220 mothers or caregivers 
in 11 clusters in the control group were enrolled. The 
size of each cluster was 20 mothers and caregivers. All 
study subjects completed the short trial, with no loss to 
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follow-up or missing outcome data (figure  1). Before 
implementing the intervention, we collected baseline 
data from the intervention and control groups. The 
baseline sociodemographic characteristics (table 1) and 
hygiene or sanitation characteristics (table 2) were well 
balanced between the study groups.

Perception of mothers and caregivers about handwashing 
practices
Of the mothers and caregivers, 17 (7.7%) and 15 (6.8%) 
in the intervention and control groups, respectively, did 
not perceive that human faeces contains disease-causing 
pathogens. Similarly, 63 (28.6%) and 56 (25.5%) mothers 
and caregivers in the intervention and control groups, 
respectively, did not recognise that animal excreta 
contains disease-causing pathogens. In the intervention 
and control groups, 93 (42.3%) and 96 (43.6%) mothers 
and caregivers believed that germs are found on dirty 
hands only. Of the mothers and caregivers, 60 (27.3%) 
and 53 (24.1%) in the intervention and control groups, 
respectively, did not think that they always have to wash 
hands after visiting the toilet. Of the mothers and care-
givers, 94 (42.7%) and 93 (42.3%) in the intervention 
and control groups, respectively, perceived that washing 

Figure 1  Trial flow diagram.

Table 1  Sociodemographic characteristics of the study 
participants in the intervention (n=220) and control (n=220) 
arms in rural Northwest Ethiopia, May 2021

Sociodemographic 
characteristics

Intervention,
n (%)

Control,
n (%)

Age

 � 20–25 42 (19.1) 47 (21.4)

 � 26–30 62 (28.2) 58 (26.4)

 � 31–35 35 (15.9) 30 (13.6)

 � 36–40 45 (20.5) 43 (19.5)

 � 40–45 36 (16.4) 42 (19.1)

Education status

 � No formal education 143 (65.0) 144 (65.5)

 � Primary education 48 (21.8) 44 (20.0)

 � Secondary education 29 (13.2) 32 (14.5)

Household has livestock

 � Yes 163 (74.1) 159 (72.3)

 � No 57 (25.9) 61 (27.7)
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hands with water alone can remove germs. Of the study 
participants, 141 (64.1%) and 138 (62.7%) in the inter-
vention and control groups, respectively, perceived that 
ash can remove germs as effectively as soap, and 81 
(36.8%) and 79 (35.9%) mothers and caregivers believed 
that they only need to wash hands with soap when their 
hands are heavily dirty. Of the mothers, 183 (83.2%) and 
181 (82.3%) in the intervention and control groups, 
respectively, perceived that germs are acquired when 
touching doors, chairs, tables, animals and other things. 

An overwhelming majority of mothers and caregivers, 208 
(94.5%) and 205 (93.2%) in the intervention and control 
groups, respectively, perceived that dirty hands transmit 
infections (table 3).

Microbial quality of the hands before and after handwashing
At baseline, the hand swabs collected from the interven-
tion and control groups were positive for E. coli (p>0.05), 
while at endline 142 (64.5%) swabs in the intervention 
group tested positive, while all samples in the control 
group tested positive (p<0.001). At baseline, the mean 
(±SD) E. coli counts recovered in the intervention group 
were 3.07 log10 CFU/swab (±0.22) and in the control 
group 3.03 log10 CFU (±0.22). The pretest E. coli counts 
in the intervention and control groups were not signifi-
cantly different (p>0.05). At endline, it was 1.4 log10 
CFU/swab (±0.12) in the intervention group and 3.02 
log10 CFU/swab (±0.22) in the control group. The mean 
E. coli counts in the control group before and after hand-
washing were not significantly different (p>0.05), and the 
mean E. coli counts in the intervention group before and 
after handwashing were significantly different (p<0.001; 
table 4).

With respect to the primary outcome, the mean E. 
coli counts reduced by 1.65 log10 due to the interven-
tion (DID result: β= −1.65, 95% CI =1.84 to –1.46), after 
adjusting the model for baseline E. coli level of the water 
used to wash hands, condition of the fingernails and sani-
tation conditions. The intervention (ie, washing hands 
with water and wood ash) is more effective in reducing E. 
coli counts compared with the control (ie, washing hands 
with plain water alone) (p<0.001; table 5).

DISCUSSION
This is a two-arm, cluster randomised controlled trial 
conducted in rural Northwest Ethiopia to assess the effect 
of handwashing with water and wood ash on microbial 
contamination of hands. It was found that handwashing 
with water and wood ash is significantly better in reducing 
the concentration of E. coli than washing hands with plain 
water alone. This suggests that using locally available hand-
washing agents such as wood ash can help to reduce hand 
contamination with faecal coliforms. However, a signifi-
cant proportion of the samples from the group doing 
handwashing with water and wood ash still tested positive 
for E. coli, which indicates that washing hands with water 
and wood ash is not very effective in completely removing 
micro-organisms. Similarly, other scientific studies 
conducted in Bangladesh27 37 and India28 reported that 
washing hands with wood ash and other locally available 
rubbing agents such as mud reduced the concentration 
of faecal coliform bacteria on the hands.

Cleansing using wood ash is achieved by its friction and 
disinfection (alkaline) properties. Wood ash has been 
mentioned as a disinfectant in a WHO publication.29 As 
discussed by Howard and Bogh,29 wood or kitchen ash 
can be used to rub away, kill or inactivate pathogens on 

Table 2  Personal hygiene and sanitation of the living 
environment among study participants in the intervention 
(n=220) and control (n=220) arms in rural Northwest 
Ethiopia, May 2021

Variables
Intervention,
n (%)

Control,
n (%)

Mothers and caregivers kept their fingernails short

 � Yes 53 (24.1) 71 (32.3)

 � No 167 (75.9) 149 (67.7)

Mothers’ and caregivers’ fingernails have visible dirt

 � Yes 142 (64.5) 140 (63.6)

 � No 78 (35.5) 80 (36.4)

Mothers’ and caregivers’ palms have visible dirt

 � Yes 139 (63.2) 141 (64.1)

 � No 81 (36.8) 79 (35.9)

Mothers and caregivers always washed hands

 � After visiting toilet 173 (78.6) 179 (81.4)

 � Before food preparation 194 (88.2) 190 (86.4)

 � Before eating 197 (89.5) 193 (87.7)

 � After defecating a child 155 (70.5) 157 (71.4)

 � After cleaning animal barns 180 (81.8) 177 (80.5)

 � Whenever hands have dirt 131 (59.5) 135 (61.4)

What mothers and caregivers usually use to wash hands

 � Water only 184 (83.6) 187 (85.0)

 � Water and soap 19 (8.6) 20 (9.1)

 � Water and ash 17 (7.7) 13 (5.9)

Handwashing practices of mothers and caregivers (results 
from the observation)

 � Used rubbing agent 46 (20.9) 45 (20.5)

 � Rubbed all parts of the hands 
well for at least 20 s

52 (23.6) 57 (25.9)

 � Wiped on their clothes to dry 
after washing

49 (22.3) 44 (20.0)

 � Dry in the air after washing 171 (77.7) 176 (80.0)

Family practised open defecation

 � Yes 99 (45) 119 (54.1)

 � No 121 (55) 101 (45.9)

Living environment has animal excreta

 � Yes 83 (39.5) 107 (48.6)

 � No 137 (60.5) 113 (51.4)
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the hands. Wood ash also aids in the mechanical removal 
of loosely adhered debris and microbes. According to 
research, the mechanical action of rubbing and rinsing 
removes organisms acquired by the hands. Hand rubbing 

with rubbing agents loosens the germs from the skin and 
rinsing the hands removes the germs.11 12 However, despite 
the fact that our study found that using freshly produced 
wood ash as a rubbing agent lowered the concentration of 
faecal indicator bacteria on the hands, there is no conclu-
sive evidence that washing hands with wood ash reduces 
the risk of infection.38 Furthermore, depending on the 
source materials, ash may be contaminated with potential 
toxic heavy metals such as arsenic, lead and chromium, as 
well as pesticides. Although this could represent a toxic 
hazard when used for handwashing, there are no epide-
miological or risk assessment data on the magnitude of 
risk, but again this is likely to be small relative to other 
routes of exposure (ie, drinking contaminated water).30 
Ash may also be contaminated by microbial pathogens 
if it did not come from fresh sources.30 Although there 
is microbiological evidence indicating the potential for 
transmission of infections with use of contaminated ash 
for handwashing, there is little or no epidemiological 
evidence to suggest to what extent this represents a risk.

The water used for handwashing contributes to hand 
hygiene. This study found that the mean E. coli counts 
were high among mothers who used water contaminated 
by E. coli for handwashing. Other studies also reported 
that E. coli measured on hands after handwashing has 
been found to have significant association with the micro-
bial quality of the water used for washing hands.21–23 This 
is due to the fact that hands washed with contaminated 
water pose a risk of higher levels of hand contamination.

Rubbing time is an important factor that determines 
the effectiveness of rubbing agents in removing microbial 
contaminants from the hands. This study revealed that 
rubbing the entire hands with ash for at least 20 s reduced 
the mean E. coli counts. Similarly, other studies have 
discussed that rubbing the hands for 30 s significantly 
reduced the amount of bacteria.19 39 Moreover, research 
has shown that extending washing time to 1 min results 
in a considerable reduction, but extending the process to 
more than 1 min did not show further reduction.4

This research depicted that reduction in the log mean 
E. coli counts was associated with the length of the finger-
nails. In the studied region, the log mean E. coli counts 
were found to be low among mothers who kept their finger-
nails short compared with mothers with long fingernails. 
This is because the area beneath the fingernails harbours 
the highest concentrations of micro-organisms and is the 
most difficult to clean. The risk of infection from using 
soil or ash for handwashing is likely to increase when soil 
or ash particles remain under the fingernails and are not 
removed by rinsing the hands.4 40 41

The current study pointed out that the mean E. coli 
counts were found to be low in households that managed 
human and animal faeces hygienically. The likelihood of 
hand contamination is higher in areas where human and 
animal excreta are disposed in an unhygienic way. Expo-
sure to human and animal faeces is of particular concern 
in developing countries, where animal husbandry within 
the household environment is common. Evidence 

Table 3  Perception of study participants about 
handwashing practices and their benefits in the intervention 
(n=220) and control (n=220) arms in rural Northwest 
Ethiopia, May 2021

Variables
Intervention,
n (%)

Control,
n (%)

Do you believe that human faeces contains disease-causing 
pathogens?

 � Yes 197 (89.5) 196 (89.1)

 � No 17 (7.7) 15 (6.8)

 � Don’t know 6 (2.7) 9 (4.1)

Do you believe that animal excreta contains disease-causing 
pathogens?

 � Yes 144 (65.5) 148 (67.3)

 � No 63 (28.6) 56 (25.5)

 � Don’t know 13 (5.9) 16 (7.3)

Do you believe that germs are present on dirty hands only?

 � Yes 93 (42.3) 96 (43.6)

 � No 111 (50.5) 116 (52.7)

 � Don’t know 16 (7.3) 8 (3.6)

I don’t think I have to always wash hands after visiting the 
toilet.

 � Yes 60 (27.3) 53 (24.1)

 � No 60 (27.3) 53 (24.1)

Do you perceive that washing hands with water alone can 
remove germs?

 � Yes 94 (42.7) 93 (42.3)

 � No 111 (50.5) 118 (53.6)

 � Don’t know 15 (6.8) 9 (4.1)

Do you perceive that washing hands with ash can remove 
germs like that of soap?

 � Yes 141 (64.1) 138 (62.7)

 � No 59 (26.8) 60 (27.3)

 � Don’t know 20 (9.1) 22 (10.0)

We only need to wash hands with soap when hands are 
heavily dirty.

 � Yes 81 (36.8) 79 (35.9)

 � No 139 (63.2) 141 (64.1)

Germs are acquired when we touch doors, chairs, tables, 
animals and other things.

 � Yes 183 (83.2) 181 (82.3)

 � No 30 (13.6) 28 (12.7)

 � Don’t know 7 (3.2) 11 (5.0)

Unwashed hands transmit infections.

 � Yes 208 (94.5) 205 (93.2)

 � No 12 (5.5) 15 (6.8)
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suggests that limited access to sanitation leads to higher 
rates of hand contamination from human and animal 
excreta.1 39 42 43 Due to the potential danger posed by 
animal faeces, a broader range of sanitation interven-
tions have been proposed, such as combining animal 
faecal management (eg, separating animals from living 
spaces, removing animal faeces from the household envi-
ronment with tools and reducing animal movement) with 
human faecal management (eg, latrines).44–47

Moreover, this study revealed that a significant propor-
tion of mothers and caregivers did not think that they 
always have to wash hands after visiting the toilet. A 
considerable number of mothers and caregivers also did 
not perceive that dirty hands transmit infections. A signif-
icant proportion of mothers and caregivers perceived 
that washing hands with water alone can remove germs, 
and more than one-third of mothers and caregivers 

believed that they only need to wash hands with soap 
when their hands are heavily dirty. Such perceptions on 
sources of hand contamination and the role of hands 
in infection transmission affect handwashing practices 
in the studied region. As documented in the literature, 
if someone believes that his or her hands play a role 
in infection transmission and that washing hands can 
lessen the rate of transmission, he or she will wash their 
hands frequently following effective handwashing prac-
tices.24 26

Overall, the findings of this study could be applicable to 
other situations and settings with similar hygiene and sani-
tation conditions as the population of the current study, 
such as rural settings in developing countries where the 
population has no access to soap and has limited access to 
hygiene and sanitation facilities. In this case, the level of 
contamination may not vary in different settings.

Table 4  Summary of Escherichia coli counts recovered before and after handwashing in both groups in East Dembiya District, 
Northwest Ethiopia, May 2021

Before handwashing After handwashing

Intervention Control Intervention Control

Min Max Mean Min Max Mean Min Max Mean Min Max Mean

E. coli counts in CFU/swab in log10 2.62 3.69 3.07 2.48 3.64 3.03 1.96 2.48 1.4 2.36 3.63 3.02

CFU, colony forming units.

Table 5  Effects of washing hands with water and wood ash on microbial contamination of hands in East Dembiya District, 
Northwest Ethiopia, May 2021

Variables Unadjusted β (95% CI) Adjusted β (95% CI)

Treatment group

 � Control Reference Reference

 � Intervention −1.65 (−1.84 to −1.46) −1.65 (−1.84 to −1.46)*

Escherichia coli found in water used to wash hands

 � Yes 0.73 (0.28 to 1.18) 0.51 (0.30 to 0 .72)*

 � No Reference Reference

Activities mothers and caregivers performed before washing hands

 � Visiting the toilet −0.08 (−0.24 to 0.08) −0.01 (−0.22 to 0.20)

 � Cleaning the house/yard −0.06 (−0.19 to 0.08) −0.03 (−0.23 to 0.16)

 � Cleaning animal barns Reference Reference

Mothers and caregivers kept their fingernails short

 � No Reference Reference

 � Yes −0.35 (−0.54 to −0.17) −0.09 (−0.16 to −0.02)†

Household practised open defecation

 � Yes Reference Reference

 � No −0.51 (−0.76 to −0.25) −0.33 (−0.45 to −0.21)*

Animal excreta in the living environment

 � Yes Reference Reference

 � No −0.41(−0.61 to −0.21) −0.16 (−0.25 to −0.07)*

*Statistically significant variables at p<0.001.
†Statistically significant variable at p<0.01.
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Our study has several important limitations. We did 
not assess the pH and microbial quality of the ash used in 
the trial. Relatedly, lack of data on the adverse effects of 
using wood ash, such as skin damage, is a limitation of this 
study. However, we used freshly produced ash to reduce 
cross contamination because ash freshly produced from 
burning of wood is sterile. Inability to inform on the effi-
cacy of wood ash relative to soap due to lack of a soap 
comparator is another important limitation. Moreover, 
the magnitude of reduction of actual diseases due to 
handwashing with water and wood ash is unknown given 
that the assessment was done with only a proxy outcome 
and using a single indicator organism.

CONCLUSION
Nearly two-thirds of the swab samples from the group 
doing handwashing with water and wood ash still tested 
positive for E. coli, which indicates washing hands with 
water and wood ash is not very effective in completely 
removing micro-organisms. However, washing hands with 
water and wood ash for at least 20 s significantly reduced 
the concentration of faecal coliforms, which indicates 
washing hands with water and wood ash can improve 
the microbial quality of the hands compared with plain 
water alone. Local health authorities should, therefore, 
primarily promote handwashing with soap. However, in 
the absence of soap, the use of freshly produced wood ash 
as a handwashing agent can be recommended following 
the results of this trial showing that washing hands with 
water and wood ash considerably reduced faecal coli-
forms compared with washing hands with plain water 
alone. It is important to consider the materials in which 
ash is resulting from to minimise its toxic effect. We must 
also avoid at all costs using ash from municipal wastes 
as a rubbing agent because ash from burning of munic-
ipal solid wastes contains toxic materials.48 49 Further-
more, attention should be taken to the type of ash used 
as a rubbing agent. Ash itself may be contaminated with 
pathogens from human or animal faeces if it is allowed 
to accumulate at or near homes. However, microbial 
contamination may not be an issue if the ash is fresh. 
Freshly produced ash from burning of woods is sterile. 
Damage to the skin when individuals with sensitive skin 
are exposed to ash for a long time is another concern. In 
regard to this, the benefit–harm balance of using wood 
ash is currently unknown as we do not have robust infor-
mation on its harmful effects. Above all, promoting envi-
ronmental sanitation and hygienic behaviours is useful 
to improve effectiveness of wood ash in reducing micro-
organisms from hands.

Acknowledgements  The authors are pleased to acknowledge the University 
of Gondar, Addis Continental Institute of Public Health, One Health Eastern Africa 
Research Training (OHEART) programme at the Ohio State University, Global 
One Health Initiative (GOHi) and the National Institutes of Health (NIH) Fogarty 
International Center for their support. The authors also acknowledge the study 
participants, data collectors and field supervisors for participation.

Contributors  ZG designed the study, conducted data analysis and produced the 
initial draft of the manuscript. BDB supervised the data collection and analysis and 
revised the manuscript. AWY contributed to conceptualising the study and revised 
the manuscript. JL and MB revised the manuscript. All authors approved the final 
version of the manuscript. ZG is responsible for the overall content of this article as 
guarantor.

Funding  This study is funded by the One Health Eastern Africa Research Training 
(OHEART) programme at the Ohio State University, Global One Health Initiative 
(GOHi) through the National Institutes of Health (NIH) Fogarty International 
Center (grant number TW008650) and the University of Gondar (R/T/T/C/
Eng./300/08/2019). The sponsor organisations have no role in study design; 
collection, management, analysis and interpretation of data; writing of the report; 
and the decision to submit the report for publication.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not required.

Ethics approval  This study involves human participants. The ethical and 
methodological issues of this protocol were approved by the Institutional Review 
Board (IRB) of the University of Gondar (reference number: V/P/RCS/05/1933/2020). 
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Zemichael Gizaw http://orcid.org/0000-0002-6713-1975

REFERENCES
	 1	 Bloomfield SF, Aiello AE, Cookson B, et al. The effectiveness of hand 

hygiene procedures in reducing the risks of infections in home and 
community settings including handwashing and alcohol-based hand 
sanitizers. Am J Infect Control 2007;35:S27–64.

	 2	 Fischler GE, Fuls JL, Dail EW, et al. Effect of hand wash agents on 
controlling the transmission of pathogenic bacteria from hands to 
food. J Food Prot 2007;70:2873–7.

	 3	 Pittet D, Allegranzi B, Sax H, et al. Evidence-Based model for hand 
transmission during patient care and the role of improved practices. 
Lancet Infect Dis 2006;6:641–52.

	 4	 Bloomfield SF, Nath KJ. Use of ash and mud for handwashing in 
low income communities, 2009. The International scientific forum 
on home hygiene (IFH). Available: http://www.ifh-homehygiene.org/​
best-practice-review/use-ash-and-mud-handwashing-lowincome-​
communities [Accessed 02 Jul 2021].

	 5	 Ejemot‐Nwadiaro RI, Ehiri JE, Meremikwu MM. Hand washing for 
preventing diarrhoea. Cochrane database of systematic reviews 
2008;37:470–3.

	 6	 Aiello AE, Coulborn RM, Perez V, et al. Effect of hand hygiene on 
infectious disease risk in the community setting: a meta-analysis. Am 
J Public Health 2008;98:1372–81.

	 7	 Freeman MC, Stocks ME, Cumming O, et al. Hygiene and health: 
systematic review of handwashing practices worldwide and update 
of health effects. Trop Med Int Health 2014;19:906–16.

	 8	 Huang DB, Zhou J. Effect of intensive handwashing in the prevention 
of diarrhoeal illness among patients with AIDS: a randomized 
controlled study. J Med Microbiol 2007;56:659–63.

	 9	 Rabie T, Curtis V. Handwashing and risk of respiratory infections: a 
quantitative systematic review. Trop Med Int Health 2006;11:258–67.

	10	 Wang Z, Lapinski M, Quilliam E, et al. The effect of hand-hygiene 
interventions on infectious disease-associated absenteeism in 
elementary schools: a systematic literature review. Am J Infect 
Control 2017;45:682–9.

	11	 Sprunt K, Redman W, Leidy G. Antibacterial effectiveness of routine 
hand washing. Pediatrics 1973;52:264–71.

	12	 Lowbury EJ, Lilly HA, BULL JP. Disinfection of hands: removal of 
transient organisms. Br Med J 1964;2:230–3.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6713-1975
http://dx.doi.org/10.1016/j.ajic.2007.07.001
http://dx.doi.org/10.4315/0362-028X-70.12.2873
http://dx.doi.org/10.1016/S1473-3099(06)70600-4
http://www.ifh-homehygiene.org/best-practice-review/use-ash-and-mud-handwashing-lowincome-communities
http://www.ifh-homehygiene.org/best-practice-review/use-ash-and-mud-handwashing-lowincome-communities
http://www.ifh-homehygiene.org/best-practice-review/use-ash-and-mud-handwashing-lowincome-communities
http://dx.doi.org/10.1093/ije/dyn069
http://dx.doi.org/10.2105/AJPH.2007.124610
http://dx.doi.org/10.2105/AJPH.2007.124610
http://dx.doi.org/10.1111/tmi.12339
http://dx.doi.org/10.1099/jmm.0.46867-0
http://dx.doi.org/10.1111/j.1365-3156.2006.01568.x
http://dx.doi.org/10.1016/j.ajic.2017.01.018
http://dx.doi.org/10.1016/j.ajic.2017.01.018
http://dx.doi.org/10.1542/peds.52.2.264
http://dx.doi.org/10.1136/bmj.2.5403.230


10 Gizaw Z, et al. BMJ Open 2022;12:e056411. doi:10.1136/bmjopen-2021-056411

Open access�

	13	 Paulson DS, Fendler EJ, Dolan MJ, et al. A close look at alcohol 
gel as an antimicrobial sanitizing agent. Am J Infect Control 
1999;27:332–8.

	14	 Pickering AJ, Boehm AB, Mwanjali M, et al. Efficacy of waterless 
hand hygiene compared with handwashing with soap: a field study in 
Dar ES Salaam, Tanzania. Am J Trop Med Hyg 2010;82:270–8.

	15	 Mattioli MC, Pickering AJ, Gilsdorf RJ, et al. Hands and water as 
vectors of diarrheal pathogens in Bagamoyo, Tanzania. Environ Sci 
Technol 2013;47:355–63.

	16	 Goddard FGB, Ban R, Barr DB, et al. Measuring environmental 
exposure to enteric pathogens in low-income settings: review and 
recommendations of an interdisciplinary Working group. Environ Sci 
Technol 2020;54:11673–91.

	17	 Tyagi V, Chopra A, Kazmi A, et al. Alternative microbial indicators of 
faecal pollution: current perspective. Journal of Environmental Health 
Science & Engineering 2006;3:205–16.

	18	 Baker KH, Bovard DS. Detection and occurrence of indicator 
organisms and pathogens. Water Environment Research 
1996;68:406–16.

	19	 Centers for Diseases Control and Prevention (CDC). 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, 2002. MMWR. 
51(RR-16). Available: http://www.cdc.gov/mmwr/PDF/rr/rr5116.pdf 
[Accessed 02 July 2021].

	20	 WHO. WHO Guidelines on Hand Hygiene in Health Care: First Global 
Patient Safety Challenge. In: Clean care is safer care. Geneva, 
Switzerland, 2009a. http://whqlibdoc.who.int/publications/2009/​
9789241597906_eng.pdf

	21	 Berhanu L, Mereta ST, Gume B, et al. Effect of microbial quality of 
washing water on hand hygiene status of food handlers in Jimma 
town: implication for food hygiene and safety. J Multidiscip Healthc 
2021;14:1129–34.

	22	 Verbyla ME, Pitol AK, Navab-Daneshmand T, et al. Safely managed 
hygiene: a Risk-Based assessment of handwashing water quality. 
Environ Sci Technol 2019;53:2852–61.

	23	 Navab-Daneshmand T, Friedrich MND, Gächter M, et al. Escherichia 
coli contamination across multiple environmental compartments 
(Soil, Hands, Drinking Water, and Handwashing Water) in 
urban harare: correlations and risk factors. Am J Trop Med Hyg 
2018;98:803–13.

	24	 Mathur P. Hand hygiene: back to the basics of infection control. 
Indian J Med Res 2011;134:611.

	25	 Kalam MA, Davis TP, Islam MA, et al. Exploring behavioral 
determinants of handwashing with soap after defecation in an urban 
setting in Bangladesh: findings from a barrier analysis. Journal of 
Water, Sanitation and Hygiene for Development 2021;11:1006–15.

	26	 Joshi SC, Diwan V, Tamhankar AJ, et al. Qualitative study on 
perceptions of hand hygiene among hospital staff in a rural teaching 
hospital in India. J Hosp Infect 2012;80:340–4.

	27	 Hoque BA, Mahalanabis D, Alam MJ, et al. Post-defecation 
handwashing in Bangladesh: practice and efficiency perspectives. 
Public Health 1995;109:15–24.

	28	 Anuradha P, Yasoda Devi P, Prakash MS. Effect of handwashing 
agents on bacterial contamination. Indian J Pediatr 1999;66:7–10.

	29	 Howard G, Bogh C. Healthy villages: a guide for communities and 
community health workers. World Health Organization, 2002.

	30	 Blomfield SF, Nath KJ. Use of ash and mud for hand washing in low 
income communities. The International Scientific Forum on Home 

Hygiene 2009 http://www.ifh-homehygiene.org/best-practice-review/​
use-ash-and-mud-handwashing-lowincome-communities

	31	 Brown J, Cairncross S, Ensink JHJ. Water, sanitation, hygiene and 
enteric infections in children. Arch Dis Child 2013;98:629–34.

	32	 Gizaw Z, Worku A. Effects of single and combined water, sanitation 
and hygiene (wash) interventions on nutritional status of children: a 
systematic review and meta-analysis. Ital J Pediatr 2019;45:1–14.

	33	 Gizaw Z, Yalew AW, Bitew BD, et al. Effects of local handwashing 
agents on microbial contamination of hands in the rural settings of 
northwest Ethiopia: protocol for a two-arm, clustered-randomised 
controlled trial. BMJ Open 2021;11:e046828.

	34	 De Alwis WR, Pakirisamy P, Wai San L, et al. A study on hand 
contamination and hand washing practices among medical students. 
ISRN Public Health 2012;2012:1–5.

	35	 Hayes RJ, Bennett S. Simple sample size calculation for cluster-
randomized trials. Int J Epidemiol 1999;28:319–26.

	36	 Checkley W, Buckley G, Gilman RH, et al. Multi-country analysis 
of the effects of diarrhoea on childhood stunting. Int J Epidemiol 
2008;37:816–30.

	37	 Hoque BA, Briend A. A comparison of local handwashing agents in 
Bangladesh. J Trop Med Hyg 1991;94:61–4.

	38	 Paludan-Müller AS, Boesen K, Klerings I, et al. Hand cleaning with 
ash for reducing the spread of viral and bacterial infections: a rapid 
review. Cochrane Database Syst Rev 2020;4:CD013597.

	39	 Berendes DM, Yang PJ, Lai A, et al. Estimation of global recoverable 
human and animal faecal biomass. Nat Sustain 2018;1:679–85.

	40	 Lin C-M, Wu F-M, Kim H-K, et al. A comparison of hand washing 
techniques to remove Escherichia coli and caliciviruses under natural 
or artificial fingernails. J Food Prot 2003;66:2296–301.

	41	 Wałaszek MZ, Kołpa M, Różańska A, et al. Nail microbial colonization 
following hand disinfection: a qualitative pilot study. J Hosp Infect 
2018;100:207–10.

	42	 Daniels ME, Shrivastava A, Smith WA, et al. Cryptosporidium and 
Giardia in humans, domestic animals, and village water sources in 
rural India. Am J Trop Med Hyg 2015;93:596–600.

	43	 Penakalapati G, Swarthout J, Delahoy MJ, et al. Exposure to animal 
feces and human health: a systematic review and proposed research 
priorities. Environ Sci Technol 2017;51:11537–52.

	44	 Fagernes M, Lingaas E. Factors interfering with the microflora 
on hands: a regression analysis of samples from 465 healthcare 
workers. J Adv Nurs 2011;67:297–307.

	45	 Ercumen A, Pickering AJ, Kwong LH, et al. Do sanitation 
improvements reduce fecal contamination of water, hands, food, soil, 
and flies? Evidence from a cluster-randomized controlled trial in rural 
Bangladesh. Environ Sci Technol 2018;52:12089–97.

	46	 Boehm AB, Wang D, Ercumen A, et al. Occurrence of host-
associated fecal markers on child hands, household soil, and 
drinking water in rural Bangladeshi households. Environ Sci Technol 
Lett 2016;3:393–8.

	47	 Sclar GD, Penakalapati G, Amato HK, et al. Assessing the impact 
of sanitation on indicators of fecal exposure along principal 
transmission pathways: a systematic review. Int J Hyg Environ Health 
2016;219:709–23.

	48	 Song G-J, Kim K-H, Seo Y-C, et al. Characteristics of ashes from 
different locations at the MSW incinerator equipped with various air 
pollution control devices. Waste Manag 2004;24:99–106.

	49	 Chen B-Y, Lin K-L. Biotoxicity assessment on reusability of 
municipal solid waste incinerator (MSWI) ash. J Hazard Mater 
2006;136:741–6.

http://dx.doi.org/10.1016/S0196-6553(99)70053-2
http://dx.doi.org/10.4269/ajtmh.2010.09-0220
http://dx.doi.org/10.1021/es303878d
http://dx.doi.org/10.1021/es303878d
http://dx.doi.org/10.1021/acs.est.0c02421
http://dx.doi.org/10.1021/acs.est.0c02421
http://dx.doi.org/10.2175/106143096X135263
http://www.cdc.gov/mmwr/PDF/rr/rr5116.pdf
http://whqlibdoc.who.int/publications/2009/9789241597906_eng.pdf
http://whqlibdoc.who.int/publications/2009/9789241597906_eng.pdf
http://dx.doi.org/10.2147/JMDH.S306359
http://dx.doi.org/10.1021/acs.est.8b06156
http://dx.doi.org/10.4269/ajtmh.17-0521
http://dx.doi.org/10.4103/0971-5916.90985
http://dx.doi.org/10.2166/washdev.2021.070
http://dx.doi.org/10.2166/washdev.2021.070
http://dx.doi.org/10.1016/j.jhin.2011.12.017
http://dx.doi.org/10.1016/S0033-3506(95)80071-9
http://dx.doi.org/10.1007/BF02752341
http://www.ifh-homehygiene.org/best-practice-review/use-ash-and-mud-handwashing-lowincome-communities
http://www.ifh-homehygiene.org/best-practice-review/use-ash-and-mud-handwashing-lowincome-communities
http://dx.doi.org/10.1136/archdischild-2011-301528
http://dx.doi.org/10.1186/s13052-019-0666-2
http://dx.doi.org/10.1136/bmjopen-2020-046828
http://dx.doi.org/10.5402/2012/251483
http://dx.doi.org/10.1093/ije/28.2.319
http://dx.doi.org/10.1093/ije/dyn099
http://www.ncbi.nlm.nih.gov/pubmed/1995938
http://dx.doi.org/10.1002/14651858.CD013597
http://dx.doi.org/10.1038/s41893-018-0167-0
http://dx.doi.org/10.4315/0362-028X-66.12.2296
http://dx.doi.org/10.1016/j.jhin.2018.06.023
http://dx.doi.org/10.4269/ajtmh.15-0111
http://dx.doi.org/10.1021/acs.est.7b02811
http://dx.doi.org/10.1111/j.1365-2648.2010.05462.x
http://dx.doi.org/10.1021/acs.est.8b02988
http://dx.doi.org/10.1021/acs.estlett.6b00382
http://dx.doi.org/10.1021/acs.estlett.6b00382
http://dx.doi.org/10.1016/j.ijheh.2016.09.021
http://dx.doi.org/10.1016/S0956-053X(03)00073-4
http://dx.doi.org/10.1016/j.jhazmat.2006.01.009

	Effects of local handwashing agents on microbial contamination of the hands in a rural setting in Northwest Ethiopia: a cluster randomised controlled trial
	Abstract
	Introduction﻿﻿
	Methods
	Study area and setting
	Study design
	Participant eligibility and enrolment
	Description of interventions
	Sample size determination
	Sampling procedures
	Randomisation and blinding
	Outcome measures
	Baseline data collection tools and procedures
	Swab sample collection
	﻿E. coli﻿ measurement
	Statistical analysis
	Patient and public involvement

	Results
	Characteristics of the study participants
	Perception of mothers and caregivers about handwashing practices
	Microbial quality of the hands before and after handwashing

	Discussion
	Conclusion
	References


