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Background: In most cases, people pay more attention to the microbial quality of drinking 
water than the quality of water they used to wash hands. This may lead to the occurrence of 
various foodborne illnesses through the introduction of pathogenic microbes during prepara-
tion and serving of food.
Objective: To determine the effect of microbial quality of washing water on the hand 
hygiene status of food handlers in Jimma town.
Methods: Laboratory-based cross-sectional study design was used. A total of 150 food 
handlers were selected randomly for hand hygiene examination, and 150 water samples 
were collected aseptically from water storage tanks, food handlers used to wash their 
hands. The samples were subjected for microbiological analysis using standardized proto-
col. Descriptive statistics and Pearson correlation coefficient were used to summarize the 
data and to determine the effect of microbial quality of water on hand hygiene of food 
handlers, respectively.
Results: Among 150 food handlers included in the study, 104 (69.0%) of them were males and 
64 (43.0%) of them aged between 35 and 50 years. On the other hand, 64 (42.7%) of the study 
participants had not attended formal education. About three-fourth of them used stored water to 
wash their hands, and almost similar proportion of them were waiters. The mean coliform 
bacteria of water and hand rinsate samples were 4.2 ± 0.8 and 4.1 ± 0.8 log CFU/mL, 
respectively.
Conclusion: The study revealed that the microbial quality of water used to wash hands 
significantly affects the hand hygiene status of the food handlers. Hence, improving the 
microbial quality of washing water is important to improve the hand hygiene status of food 
handlers and consequently to prevent the occurrence of food-borne illness in the town.
Keywords: Jimma town, hand hygiene, stored water, food handler, hand rinsate

Introduction
A food handler is any person who prepares or serves food in food establishments. 
The hands of food handlers are a major vehicle of food contamination so that 
improved personal hygiene and handwashing would lead to the basic control of 
faeces to hand-to-mouth spread of potentially pathogenic microorganisms.1–3 

Unwashed hands or hands washed with contaminated water pose a risk for higher 
levels of hand contamination.4 Escherichia coli measured on hands after hand 
washing has been found to have significant association with E. coli concentration 
in the hand washing water.5,6Correspondence: Leykun Berhanu  
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Consumption of contaminated food may result in food-
borne illness, which remains a major public health pro-
blem affecting about one-third of the population in 
developed countries. In the USA during 2017,841 food-
borne outbreak was reported from 50 states, resulting in 
14,481 illnesses, 827 hospitalization, and 20 deaths. 
A single etiologic agent was confirmed in 395 (47%) of 
the total outbreak, resulting in 8,954 (62%) illnesses. 
Bacterial was the leading etiologic agents. Consumption 
of contaminated mollusks, fish, chicken, and beef were the 
major causes of foodborne outbreaks. Scombroid, cigua-
toxin, and salmonella in fish, and Clostridium botulinum in 
herbs were the most common confirmed etiologic agents 
where restaurants were found to be the sources for 44% of 
the illnesses.7

In developing countries, consumption of contaminated 
foods is also responsible for a wide range of diseases, 
including cholera, campylobacteriosis, E. coli gastroenter-
itis, salmonellosis, shigellosis, typhoid and paratyphoid 
fevers, brucellosis, amoebiasis and poliomyelitis, which 
accounted about 70% of diarrheal diseases.8

In Ethiopia, even though foodborne diseases are rarely 
investigated and under-reported, it is a major public health 
problem. Salmonella spp.,Shigella spp.,Staphylococcus 
aureus, E. coli O157:H7, Listeria spp., and Bacillus cereus 
were the major causes of foodborne outbreak identified 
from raw meat, dairy products, ice cream, chicken, and 
Pizza in many towns of the Ethiopia such as Modjo, 
Bishoftu, Jimma, Bahir Dar, Gondar, and Addis Ababa, 
the capital City of Ethiopia. Bacteria are responsible for 
more than 90% of the foodborne illnesses.4,9

A study conducted in Tigray Region, in Ethiopia, indi-
cated that about 63% of the study participants harboured 
one or more of intestinal parasites, including; Entamoeba 
histolytica, Salmonella and Shigella species, which indi-
cates poor food handling practices undertaken by the food 
handlers.10,11 Absence of food safety laws, poor handling 
and sanitation practice of the food, weak regulatory sys-
tems, poor personal hygiene of food handlers were the 
major causes of foodborne illness where contaminated 
hands contribute more in this regard.4,9

Hand washing is therefore a fundamental precautionary 
measure to reduce the transfer of bacteria, this transfer can 
occur from person to person or from bacterial counts of 
from water having increased bacterial counts used to pro-
cess food in catering establishments to food contact 
surfaces.4 Water used to wash hands before or during 
food preparation, and serving should be of the same 

good quality as for human consumption; This water should 
be free from fecal coliforms and pathogenic 
microorganisms.12 In most cases, people worried about 
the quality of water used for drinking but give little atten-
tion to the quality of water they used to wash hands.

Many towns in Ethiopia do not have continuous water 
supply of tap water. Due to this, stored water is commonly 
used to wash hands in food service establishments. Hence, 
investigation of hand contamination of food handlers 
could have of great importance to understand the hygienic 
practice of food handlers and consequently to reduce 
foodborne disease. In Jimma Town, the hand hygiene 
status of food handlers and its connection with the micro-
bial quality of washing water is not studied. Therefore, this 
study aimed to determine the effect of microbial quality of 
washing water on the hand hygiene status of food 
handlers.

Methods
Study Area Description
The study was conducted in Jimma Town located 356 km to 
southwest of Addis Ababa at a latitude range from 7013ʹ to 
8056 ‘N and longitude range 35052ʹ to 37037ʹ E at an 
elevation ranging from 880 meters to 3360 meters above 
sea level. The town receives a mean annual rainfall of about 
1530 millimeters, which comes from the long and short 
rainy seasons.13 According to the population projection con-
ducted by the central statistical agency of Ethiopia, there are 
177,943 people of whom 89,233 are women.14 The town 
serves as a business center for the surrounding areas leading 
to the increment of food service centers. Lack of regular 
monitoring on the sanitary condition of these establishments 
is a great problem in foodservice investment.15

Sample Size and Sampling Technique
For this study, 150 food-service establishments were 
selected using simple random sampling techniques. The 
list of food service establishments was obtained from 
Jimma Town administration and used as a sampling 
frame. Then, simple random sampling technique was 
used to select food service establishment from the list. 
One-food handler from each establishment was selected 
randomly for hand hygiene examination, making the 
total hand rinsate sample to be 150. In addition, 150 
water samples were collected for microbial 
investigation.
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Sample Collection and Analysis
Before sample collection, verbal consent was obtained from 
food service establishment management and from each food 
handler. From each of the selected cafeterias, restaurants and 
hotels, 100 mL water samples were collected directly from 
tap water and water storage tanks from where the food 
handlers use to wash their hands. In addition, 150 hand 
rinsate samples were collected by swabbing using sterile 
cotton headed swabs from both hands of the food handlers 
working in the selected cafeterias, restaurants and hotels 
using a sterile template measuring 2.5×2.5 cm2. The sample 
was collected after the food handlers washed their hands and 
get dried. Hand rinsate sample was taken directly from both 
hands of food handlers. Thereafter, the swab stick was 
placed into the tubes containing 9 mL sterile peptone 
water. Finally, the tubes and water samples were labeled 
and put into cold box with an ice pack and transported to 
the Laboratory of Environmental Health Science and 
Technology Department in Jimma University for analysis 
within four hours of collection.16

In the laboratory, serial dilution was made by transferring 
one mL sample into the first test tube containing nine mL 
sterilized peptone water to make 10−1 dilution. Then, 
one mL from the first tube was transferred to a second test 
tube containing nine mL sterilized peptone water to give 
10−2 dilution and the process is continued similarly until the 
desired dilution is obtained. One mL diluent from the appro-
priate dilution was taken and spread plated in triplicate onto 
a separate plate containing sterilized MacConkey agar 
(Oxoid, UK) and incubated at 37°C and 44°C for 24 
hours. Colonies appearing pink to red were identified as 
coliform and E. coli bacteria, respectively.17–19

Data Quality Assurance
Close supervision was conducted during the actual sample 
collection. All sample analyses were carried out in tripli-
cate with its control. All media and reagents used were up 
to date, and all microbiological analysis was carried out 
inside level II biosafety cabinet (BDK, Genkingen, 
Germany). All culture media and materials were sterilized 
using autoclave (Astell, England). The adequacy of ster-
ilization was also assured using sterilization indicator.

Statistical Analysis
The laboratory results were recorded on each day of 
counting. Each bacterial count was transformed to log 
values. Descriptive measures including mean and standard 

deviation were used. To determine the relationship 
between water quality and the hand hygiene status of the 
food handlers, the Pearson correlation coefficient was cal-
culated. P < 0.05 was considered statistically significant.

Results and Discussion
Socio-Demographic Characteristics of 
the Study Subjects
Out of 150 respondents from establishments included in the 
study, 104 (69.0%) of them were males and 64 (43.0%) of 
them aged between 35 and 50 years. On the other hand, 64 
(42.7%) of the study participants had not attended formal 
education, whereas similar proportion of the study partici-
pants, 61 (40.7%), reported to have attended elementary 
schools. In addition, 41.3% of them had food handling 
experience of 1 to 2 years while about a third of them had 
experience of 3 to 5 years. About three-fourth of them used 

Table 1 Socio-Demographic Characteristics of the Food 
Handlers Working in Jimma Town Food Service Establishments

Variables Responses Frequency Percent

Sex Male 104 69.3

Female 46 30.7

Age 18 to 35 53 35.3

35 to 50 64 42.7

>50 33 22.0

Educational status No 

education

64 42.7

Elementary 

School

61 40.7

Secondary 
School

25 16.7

Food handling experience 
(years)

Less than 1 24 16.0

1 to 2 62 41.3

3 to 5 47 31.3

6 to 10 17 11.3

Job category Cooker 41 27.3

Waiter 109 72.7

Source of water used for 

hand washing

Stored 

water

115 76.7

Tap water 35 23.3
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stored water to wash their hands, and almost similar propor-
tion of the study participants were waiters (Table 1).

Keeping good hand hygiene practice is an important means 
of preventing the occurrence of foodborne illness as contami-
nated hands serve as a vehicle for microorganisms causing 
a potential risk to public health.1 In this study, the mean coli-
form and E. coli count of water samples were 5.4 and 5.0 log 
CFU/mL, respectively, while the mean coliform and E. coli 
count of the hand rinsate samples were 4.9 and 4.2 log CFU/ 
mL, respectively (Table 2). The high coliform bacteria in 
a washing water sample indicates that effective hygienic prac-
tices were not implemented during the storage, handling, and 
collecting of water at the point of processing.20 In this study 
about three-fourth of the food handlers used stored water to 
wash their hands. This implies that there is a possibility of 
transferring diseases causing agents from the hand washing 
water to the hands of food handlers and then to the food they 
handle. This may cause various foodborne diseases to the 
consumers.

The presence of E. coli in hands of food handlers indicates 
inadequate washing or washing hands using contaminated 
water.1 All of the analyzed hand rinsate and washing water 
samples had been contaminated with one or more coliform and 
E. coli bacteria. This value is much higher than the finding of 
the study done by Allam et al1 and Banik et al,21 where the 
prevalence of E. coli bacteria was found to be 41.7% and 
20.7%, respectively. This level of E. coli in the hands of food 
handlers in the present study may indicate inadequate hand 
washing practices or using microbiologically poor water qual-
ity for hand wash. Since E. coli is found in the intestinal tract of 
human beings and other warm-blooded animals, the presence 
of this organism in the hands of food handlers is an indication 
of fecal contamination. Fecal contamination in turn indicates 
the presence of other harmful organisms.4 This situation leads 
to the transfer of microorganisms to the hands in the process of 
washing and then to the food they prepared.22 It is known that 
E. coli has frequently been implicated as the causative agent of 

diarrhea, urinary tract infection, hemorrhagic colitis, and 
hemorrhagic uremic syndrome.20 Hence, improving the micro-
bial quality of washing water and following appropriate hand 
hygiene practices are of paramount importance in preventing 
the occurrence of foodborne infection and intoxication among 
the consumers.

According to Codex Alimentarius Commission, impro-
per food handling is one of the main causes of food con-
tamination with poor hand hygiene representing a major 
risk factor. In the present study, a positive and strong 
correlation (r = 0.71; P ≤ 0.001) was observed between 
the microbial quality of washing water and the hands of 
food handlers. Similarly, E. coli count from water and hand 
rinsate had a positive and strong relationship (r = 0.70; 
p ≤ 0.001) (Table 2). This finding is supported by 
Daneshmand et al6 that showed E. coli counts of washing 
water had a significant association with the E. coli counts of 
hands after washing.

Conclusions
This study revealed that both the microbial quality of hand 
washing water and the hands of food handlers were poor. 
The quality of water used by the food handlers to wash 
their hands had a great effect on the hand hygiene status of 
food handlers. Hence, Jimma town water and sewerage 
authority in collaboration with café and restaurant owners 
should regularly check the water pipeline and train food 
handlers about the importance of using quality water to 
improve hand hygiene. Food handlers should avoid using 
stored water if possible. Food service establishment own-
ers in collaboration with the town health department 
should regularly monitor the hand hygiene status of food 
handlers in Jimma food establishment. Further study 
should be performed to quantify the level of pathogenic 
microorganisms in washing water and hands of food 
handlers.

Table 2 Correlation Between Mean Bacterial Counts of Water and Hand Rinsate Samples in Food and Drinking Establishments of 
Jimma Town

Type of Bacteria Isolated Mean Bacterial Count (log CFU/mL) Pearson Correlation Coefficient (r)

Water coliform count 5.4 ± 0.6 0.71*

Hand rinsate coliform count 4.9 ± 0.6

Water E. coli count 5.0 ± 0.6 0.70*

Hand rinsate E. coli count 4.2 ± 0.6

Note: *Indicates a positive and strong correlation.
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All the data of the manuscript can be obtained from the 
corresponding author upon request.

Ethical Consideration
The study was conducted following a set of ethical prin-
ciples for medical principles involving human research 
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World Medical Association in Helsinki. Ethical clearance 
was obtained from the ethical review board of Jimma 
University Institute of Health. Verbal permission was 
also obtained from the establishments’ management before 
collecting hand rinsate. It was difficult to obtain written 
consent from study participants since not all of the respon-
dents were not educated. Consequently, verbal consent 
was obtained from study participants before the hand 
rinsate samples were taken after obtaining approval from 
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from each study participant was kept confidential.
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