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Introduction
Water quality is deteriorating globally due to severe and 
increasing pollution of fresh water sources.1 Factors contribut-
ing to this deterioration include the inadequacy of treatment 
plants, high population growth, expansion in industries, and 
direct discharge of wastewater and chemicals into canals and 
other water sources without treatment.2 Lack of safe water, 
sanitation, and hygiene are responsible for approximately 88% 
of diarrheal diseases reported worldwide.3

In developing countries like Ethiopia, millions suffer from 
poor water quality and the risk of water-borne diseases such as 
diarrhea because most people have no access to clean water or 
sanitation services.4 Of the 159 million people collecting 
drinking water directly from surface water sources, the majority 
(58%) were in Sub-Saharan Africa.5 Due to inadequate access 
to improved water supply and sanitation services in developing 
countries, such as Ethiopia, where only 65% of the population 
has access to improved water supply and a mere 6% has access 
to sanitation facilities, a significant number of people are 
affected by waterborne illnesses. In fact, it is estimated that up 
to 80% of all illnesses in these countries can be attributed to the 
consumption of microbial contaminated drinking water.6

The deterioration of water quality in food and drinking 
establishments results in food and waterborne disease 

outbreaks. In the United States, 9040 food and water-borne 
disease outbreaks occurred, with food and drinking establish-
ments accountable for 52%.7 Drinking water samples from 
these establishments showed that 69.1% and 73.2% were con-
taminated by bacterial contamination.8 This may occur due to 
poor hygiene behaviors such as improper collection, storage, 
handling, and serving methods. Many foods establishments 
store drinking water without proper hygienic precautions.7

The common waterborne enteric pathogens include Vibrio 
cholerae, Salmonella, Shigella, E. coli, Klebsiella, Legionella, 
Pseudomonas aeruginosa, Campylobacter, Cryptosporidium par-
vum Enterobacter, and Helicobacter.9 Antimicrobial resistance 
(AMR) is an emerging issue that may occur within any bacte-
rial species. These AMR genes may horizontally transfer 
between bacteria and present a higher risk due to antimicrobial 
treatment failures.10

Antimicrobial-resistant bacteria have become a global 
public health threat found in humans, population, foods, live-
stock, and drinking water.11 In Ethiopia rising levels of anti-
microbial resistance was reported among human patients, 
food animals, food products, and the environment in 
Ethiopia.12 Even though one of the crucial interventions for 
saving lives in cases of diarrhea and other waterborne diseases 
is antimicrobial treatment, treatment options become limited 
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due to the widespread occurrence of pathogens resistant to 
commonly prescribed antibiotics.41

Diarrheal diseases were consistently ranked among the top 
leading causes of high diseases burden in Ethiopia.13 This can 
be attributable to several factors, including inadequate sanita-
tion, contaminated water sources, poor hand hygiene practices, 
absence of rotavirus vaccination, improper disposal of feces, 
and lack of food hygiene.13 In addition, unhygienic water and 
food handling practices and weak regulatory systems in food 
establishments was reported as significant predictors of water 
and food borne diseases.14

Study conducted in Wolaita Zone, Boloso Sore district 
reported that 20% to 87.5% of water sources were contami-
nated by fecal coliforms and did not meet the World Health 
Organization’s criteria for drinking water quality standards.15 
Drinking water used in food and drinking establishments in 
Addis Ababa was found contaminated with fecal coliforms, 
and posed serious health risks to consumers.16 Similarly, study 
conducted on drinking water in food establishments in 
Bishoftu town revealed heavy contamination by fecal coliforms 
at the point of use.17 In Shashemane district, despite continued 
efforts on water sanitation and hygiene as well as frequent 
inspection and licensing of food establishments, frequent out-
breaks including acute watery diarrhea persist.18

Nonetheless, these studies focused on detecting the pres-
ence of E. coli in drinking water only at the point of use, with-
out detecting at the source. This study aims to assess the 
bacteriological drinking water quality both at the point of use 

and at its source, with a focus on identifying potential contami-
nation from hygienic handling of stored water in food estab-
lishments. Therefore, this study fills this gap by identifying the 
bacteriological quality of drinking water and antimicrobial 
resistance pattern from source to point of use in Shashemane 
town food and drinking establishments.

Materials and Methods
Study area

The study was conducted in Shashemane town, located in the 
West Arsi zone of the Oromia region, Ethiopia. Shashemane 
is 248 km far from Ethiopia’s capital city, Addis Ababa. The 
study was conducted between July and August 2022. The 
town has a total population of 218 335 based on the 2007 
Census and is composed of 8 kebeles, which are the lower-
level administration. The town’s geographical coordinates are 
between latitudes of 7°8′50′′N and 7°18′17′′N and longitudes 
of 38°32′43′′E and 38°40′58′′E, with an elevation range of 
1826 to 2107 m above mean sea level. The average highest 
temperature occurs in May at 24.3°C, while the average low-
est temperature occurs in December at 7.5°C. The town also 
experiences an average annual precipitation of 1200 mm. 
According to data from Shashemane town health office, there 
are a total of 500 licensed food establishments in the town. 
Additionally, the town relies on 6 boreholes and one surface 
water source for its water supply.19 The location map of the 
town is illustrated in Figure 1.

Figure 1.  Location map of the Shashemane town.
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Study design

A cross-sectional study design was employed to evaluate the 
bacteriological quality and antimicrobial susceptibility of bac-
terial isolates present in the drinking water of food and bever-
age establishments located in Shashemane town.

Sample size determination and sampling procedure

For water quality analysis, at least 5% to 10% of the total 
sample size was recommended depending on laboratory 
capacity, test method availability, and resources.20 Due to 
resource limitations in this study, a total of 50 food and drink-
ing establishments, representing 10% of the total food and 
drinking establishments, were selected for bacteriological 
analysis. The sample sizes were distributed proportionally 
among the 8 kebeles. Systematic random sampling was used 
to select food and drinking establishments, and the selection 
of the first establishment for the study was determined by a 
lottery method.

Water sample collection

Before collecting samples, written informed consent was 
obtained from each food and drinking establishment. Sample 
bottles were sterilized using an autoclave to avoid contamination 
and 2.5 ml of sodium thiosulphate was added to each bottle pre-
pared for chlorinated water samples.21 Water samples were col-
lected from tap water and at the point of use from 8:30 to 11:30 
a.m. In total, 100 water samples were collected, with 50 taken 
from tap water and 50 from stored drinking water, using steri-
lized 250 ml sterilized glass bottles according to standard meth-
ods for the examination of water and wastewater.21

When collecting tap water samples, the tap was turned on at 
maximum flow rate and allowed to flow for 2 minutes. The tap 
was then disinfected using alcohol (70%) for a minute and 
allowed to flow for another 2 minutes at a medium flow rate 
before collecting the sample in a prepared sterilized glass bottle.21 
Water samples from storage containers were collected using cups 
by food handlers. After collection, samples were transported to 
Hawassa University Environmental health laboratory within 
1 hour of collection using an ice box.

Analysis of water samples

Physicochemical analysis.  The temperature of each sample was 
measured using a thermometer (Bio Abron student mercury 
thermometer). Before dipping the thermometer into the sam-
ple, it was cleaned with distilled water to remove any contami-
nants that could affect the measurement. The thermometer 
was then immersed in the sample and the temperature was read 
to the nearest 0.1°C.

The pH of the sample was determined using Wagtech pH 
meter (model CP 1000, Singapore). The pH meter was cali-
brated before use by using buffer solutions of pH 4, 7, and 9. 

The pH of the sample was then measured by placing the elec-
trode in the sample and reading the pH value on the meter.

To measure the turbidity of the sample, Wagtech turbidity 
meter (model Wag–WT 302, Singapore) was used. Prior to its 
use, the turbidity meter was calibrated by employing a blank 
solution. Subsequently, the sample’s turbidity was measured by 
placing it in a cuvette and reading the turbidity value displayed 
on the meter. The reported turbidity is expressed in 
Nephelometric Turbidity Units (NTU).

Microbial Analysis.  The analyses of indicator organisms were 
done in the Hawassa University Environmental Health 
department laboratory, and the tests of bacteria isolation and 
susceptibility were done at Hawassa University microbiology 
department laboratory.

The determination of total and fecal coliform counts was 
performed using the membrane filtration method.21 In this 
process, growth absorbent pads (Millipore EO, USA) were 
carefully transferred into the base of Petri dishes, utilizing a 
sterilized pad dispenser. These growth pads were saturated 
with Hach’s new m-ColiBlue24® Broth (HACH company, 
US), which was used to detect simultaneously E. coli and total 
Coliform within 24 hours.15 These media were obtained from 
the Environmental Health department laboratory. A 100 ml 
water sample was filtered using a 0.45 µm membrane filter 
(HACH company, USA), and all the filters were transferred to 
the absorbent pad saturated with the Broth. The Petri dishes 
were incubated for 24 hours at 35°C, and all the red and blue 
colonies were counted as total coliforms, whereas all the blue 
colonies were counted as E. coli.15,22 The duplicate culture was 
used to perform bacterial counting.

For testing the presence of Salmonella and Shigella, 1 ml of 
each sample was aseptically inoculated into 10 ml of buffered 
peptone water and incubated at 37°C for 24 hours for recovery 
and proliferation of cells. After the pre-enrichment, 1 ml of the 
culture from peptone water was transferred into 10 ml of sec-
ondary enrichment broth (selenite F broth) and incubated at 
42°C for 48 hours. After secondary enrichment, 0.1 ml of cul-
ture from selenite F broth was streaked onto Salmonella–Shigella 
agar and incubated at 37°C for 18 hours.21 Suspected colonies 
were selected and inoculated into the respective biochemical 
media, which included Triple Sugar Iron Agar (TSIA), Lysine 
Iron Agar (LIA), Urea Agar (UA), Simmons Citrate Agar 
(SCA), and Sulfide Indole Motility (SIM) medium.23

For the isolation and count of Staphylococcus aures, 0.1 mL 
of the diluted sample was streaked on mannitol salt agar and 
incubated at 37°C for 24 hours. Then colonies showing a yel-
low zone of fermentation were suspected as Staphylococcus 
species and further confirmed by a catalase test. Gram-
positive colonies were counted using a digital colony counter 
as Staphylococcus and reported in colony forming unit per mil-
limeter. First catalase test was conducted for Staphylococcus 
species, and the coagulase test was followed to isolate 
Staphylococcus aures from other species.24
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Pseudomonas species were tested using a 0.1 ml diluted sam-
ple streaked on MacConkey agar and incubated at 37°C for 
24 hours. After incubation, non-lactose fermenting typical pre-
sumptive colonies from MacConkey agar were selected and 
assessed for oxidase reaction. Then positive oxidase tests were 
subjected to the Indole test, methyl red, and Voges–Proskauer 
test to differentiate Pseudomonas from Aeromonas species.25

Klebsiella species isolation and count were tested using a 
0.1 ml diluted sample streaked on MacConkey agar and incu-
bated at 37°C for 24 hours. After incubation, lactose ferment-
ing colonies that appear large, mucoid, and red with diffusing 
red pigment on MacConkey agar indicating fermentation of 
glucose and acid production was suspected as Klebsiella colo-
nies. Suspected colonies were further analyzed by biochemical 
test, and colonies that do not produce hydrogen sulfide and are 
positive on methyl red and Voges-Proskauer tests were identi-
fied as Klebsiella.21

Antimicrobial Sensitivity Test

The susceptibility of the identified bacteria to the common 
antibiotics was determined using the Kirby-Bauer disk diffu-
sion method.26 Bacterial isolates were inoculated into a tube 
containing 5 ml sterile nutrient broth and grown to a 0.5 
McFarland turbidity standard within 4 hours. A sterile swab 
was dipped in a bacterial suspension and streaked onto Mueller-
Hinton Agar.26 The following commonly prescribed drugs 
were tested on bacterial isolates: ceftriaxone (30 μg), chloram-
phenicol (30 μg), ciprofloxacin (5 μg), cotrimoxazole (25 μg), 
gentamicin (10 μg), ampicillin (10 μg), and amoxicillin (2 µg). 
Antibiotic disks were applied using sterile forceps and incu-
bated at 37°C for 18 hours, and the zone of inhibition was 
measured in millimeters using a ruler. Following 18 hours of 
incubation at 37°C, the diameters of the inhibition zones were 
measured in millimeters using a manual caliper to classify them 
as susceptible and resistant (intermediate considered as resist-
ant in this study).26

Quality control

Bacteriological analysis of water samples was performed 
according to standard operating procedures and laboratory 
safety rules.21 The sterility of the used media was checked 
using 5% of the prepared batch of media incubated overnight 
and checked for microbial growth in the media. Field blank, 
positive control, negative control, and internal quality control 
were used to assure the quality of species identification and the 
antimicrobial susceptibility test. A reference strain of Escherichia 
coli ATCC 25922 was used to check the performance of bio-
chemical and disk diffusion tests at each stage of species iden-
tification and antimicrobial susceptibility test.26 The water 
samples were filtered using a 0.45 -µm membrane filter, and the 
filtrate was then inoculated onto a nutrient agar plate and incu-
bated at 37°C for 24 hours. The colonies that grew on the agar 

plate were then identified using biochemical tests. The antimi-
crobial susceptibility of the identified bacteria was determined 
using the Kirby-Bauer disk diffusion method.21,26

Data analysis and interpretation

The investigator entered, coded, recorded, edited, and cleaned 
the data in Epi data before transforming it into SPSS version 25 
for analysis. The results were then presented using tables and 
graphs, and compared and discussed based on different princi-
ples, standards, and other similar findings. A Mann-Whitney U 
test was used to analyze the data at a P < .05 significance level 
and 95% confidence interval to detect any significant differences 
in the mean coliforms and E. coli between water samples taken 
from taps and storage containers.

Results
Water storage and hygienic handling practices

During the assessment, water storage and handling procedures 
in food and beverage establishments were evaluated using an 
observational checklist. Results showed that during the visit, 
about 58% and 76% of water storage containers were discov-
ered uncovered and unclean, respectively. Additionally, it was 
found that 82% of these establishments did not utilize any 
water treatment methods, and 66% of them fetched water from 
storage containers by hand, leading to water contamination.

Physico-chemical parameters of water samples

The temperature of the water samples ranged from 20°C to 
22°C, which was higher than the WHO standard of <15°.27 
Elevated temperatures in drinking water can lead to taste and 
odor issues, affecting esthetic value of water for consumption in 
food and beverage establishments.

The pH of the samples taken from the establishments 
ranged from 6.9 to 7.1, with the tap water having the lowest 
pH of 6.9 and water samples from storage containers having 
the highest pH of 7.1. These pH values fell within the WHO 
recommended range of 6.5 to 8.5.27 The turbidity of the water 
samples ranged from 1 to 3 NTU, with a mean turbidity of 
1.6 ± 0.69 for tap water samples and 1.9 ± 1.5 for water sam-
ples from storage containers.

Biological Analysis

Total and fecal coliforms count.  This study investigated the qual-
ity of drinking water from tap water and storage containers in 
Shashemane town, Oromia, Ethiopia. A total of 100 water 
samples were collected from 50 food and drinking establish-
ments, including restaurants, hotels, and cafes. The samples 
were analyzed for total coliforms (TC) and E. coli.

Approximately 80% and 48% of the water samples taken 
from the tap water were contaminated with total coliforms and 
E. coli, respectively, with counts ranging from 17 to 176 colony 
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forming unit per 100 ml (CFU/100 ml) for TC and 0 to 11 
CFU/100 ml for E. coli. Analysis of indicator organisms in 
water samples taken from storage containers revealed that 
100% and 18% of the water samples had total coliforms and E. 
coli, respectively (Table 1).

According to WHO’s risk classification for thermotolerant 
coliforms, 12% of tap water samples were categorized as low 
risk (1-10 CFU/100 ml), while 8% were categorized as inter-
mediate risk (11-100 CFU/100 ml). As for water samples 
obtained from storage containers, 26% of them tested positive 
for E. coli, with 16% of samples falling into the low-risk cate-
gory (1-10 CFU/100 ml) and 10% categorized as intermediate 
risk (11-100 CFU/100 ml).

Isolation of pathogenic bacteria.  The predominant species iso-
lated from water samples was E. coli which was detected in 10 
(20%) and, 13 (26%) of tap water and storage containers, 
respectively (Table 2). Staphylococcus aureus was found in 3 (6%) 
of tap water and 7 (14%) of the water samples from storage 
containers. Klebsiella species were found in 2 (4%) of tap water 
samples, while 4 (8%) were detected from storage containers. 
Salmonella species were also detected in 4 (8%) of the tap water 
and 7 (14%) of storage container water samples. In addition, 
Shigella species were detected in 6% of tap, and 8% of water 
samples from storage containers.

In this study, a total of 68 bacterial isolates of 6 genus were 
isolated (Table 3). These include E. coli, Salmonella, Shigella, 

Table 1.  Indicator bacteria concentration of water samples taken from food and drinking establishments in Shashemane town.

Indicator Water samples

Tap water (N = 50) SC (N = 50)

E. coli
(CFU/100 ml)

Mean 2.34 11.2

95% CI for Mean 1.31-3.36 8.64-13.75

TC
(CFU/100 ml)

Mean 91.84 116.1

95% CI for Mean 80.05-103.6 107.41-124.78

Abbreviations: CI- Confidence Interval, SC- Storage Container.

Table 2.  Prevalence of pathogenic bacteria detected in drinking water samples taken from food and drinking establishments of Shashemane town.

Isolated bacteria Water samples

Tap water (N = 50) Storage container (N = 50)

E. coli 10/50 (20%) 13/50 (26%)

Klebsiella 2/50 (4%) 4/50 (8%)

Salmonella 4/50 (8%) 7/50 (14%)

Shigella 3/50 (6%) 4/50 (8%)

Staphylococcus 3/50 (6%) 7/50 (14%)

Pseudomonas 0 1/50 (2%)

Table 3.  The distribution of bacterial isolates of water samples taken from food and drinking establishments of Shashemane town.

Bacteria isolates Tap water samples Storage container samples Total

E. coli 10 (14.7%) 13 (19.1%) 23 (33.8%)

Klebsiella 2 (2.94%) 6 (8.8%) 8 (11.76%)

Salmonella 5 (7.35%) 7 (10.29%) 12 (17.64%)

Shigella 3 (4.4%) 4 (5.88%) 7 (10.29%)

Staphylococcus 7 (10.29%) 10 (14.7%) 17 (25%)

Pseudomonas 0 1 (1.4%) 1 (1.4%)

Total 27 (39.7%) 41 (60.29%) 68 (100%)
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Klebsiella, Pseudomonas, and Staphylococcus aureus. A higher 
number of bacterial isolates were obtained from storage con-
tainer samples 41 (60.29%), and the lower bacterial isolates 
were from tap water 27 (39.7%). With regards to bacterial spe-
cies, 23 (33.8%) were E. coli, followed by Staphylococcus aureus 
17 (25%), Salmonella 12 (17.64%), Klebsiella 8 (11.76%), 
Shigella 7 (10.29%), and Pseudomonas 1 (1.4%).

Susceptibility of bacterial isolates to antibiotics.  The antibiotic sus-
ceptibility of bacterial isolates was assessed, and the resulting 
mean resistance was depicted in Figure 2. The figure also high-
lights the variability among bacterial isolates in their resistance 
to commonly employed antibiotics, as illustrated by the stand-
ard errors from the mean. From all bacterial isolates tested the 
highest resistance was observed against ampicillin (96%) fol-
lowed by amoxicillin (94%), cotrimoxazole (76.8%), chloram-
phenicol (36%), gentamycin 23%, ciprofloxacin (23%), and 
ceftriaxone (12%). The resistance observed against ampicillin 
was 100% for Shigella, Pseudomonas, and Klebsiella, 96% for 
Staphylococcus, 93% for E. coli, and 91% for Salmonella. Salmo-
nella resistance to amoxicillin and ampicillin was found to be 
100%, followed by cotrimoxazole (83%). In the same manner, 
Shigella were found highly resistant to ampicillin and amoxicil-
lin (100%) followed by cotrimoxazole (86%) (Figure 2).

As shown in Figure 2, all isolated bacteria showed multiple 
drug resistance to 3 or more antibiotics. E. coli had higher level 
of resistance to many of the tested antibiotics like ampicillin 
(96%), amoxicillin (91%), cotrimoxazole (70%), and ciprofloxa-
cin (35%). Salmonella was found the second most resistant bac-
terial isolate.

Discussion
Identification of drinking water contamination in food and 
drinking establishments was essential for the development and 
implementation of effective regulatory systems. The prevalence 
of total coliforms in tap water and storage containers water 
samples was found 80% and 100%, respectively. However, total 
coliforms must not be detected in any 100 ml of drinking water 

samples, according to WHO guidelines and Ethiopian stand-
ards27,28 and the results of total coliforms obtained in this study 
exceeded the recommended values and were not safe for drink-
ing. These findings were in line with the study conducted in 
Adama town, where all stored water was contaminated with 
total coliforms.29 Likewise, a study done in Bangladesh on the 
water quality conditions of Sylhet city restaurants found that 
the drinking water of each restaurant was contaminated with 
total coliforms.8

The prevalence of total coliforms from storage container 
water samples in this study was found higher than the study 
conducted in Bule Hora (78%),30 Bahir Dar (24.4%)31 and 
South Gondar (50%). The higher prevalence of coliforms in 
water samples suggests the differences in storage and handling 
practices, which is a risk to the health of the consumers in food 
establishments. In addition to total coliforms, 20% of tap water 
and 26% of the storage container water samples were contami-
nated with E. coli. This finding was found lower compared to 
the study conducted in Cajamarca, Peru (37.3%),32 Farta dis-
trict, Northern Ethiopia (100%),33 Adama (37%),29 and higher 
than Addis Ababa16 and Wageda, Northern Ethiopia (18%).34 
However, the prevalence of E. coli obtained in this study was 
found consistent with a study done in Bule Hora, Ethiopia 
(26.6%).30

The WHO guidelines recommend that drinking water 
should not contain any total coliforms or E. coli. The Ethiopian 
Standards Agency has also set a limit of 0 CFU/100 ml for 
total coliforms in drinking water.27,28 The high levels of total 
coliforms and E. coli in the water samples indicate that the 
water is contaminated with fecal matter (27). This contamina-
tion could pose a serious health risk to people who drink the 
water. There are several possible reasons for the high levels of 
contamination in the drinking water in Shashemane town. 
One possibility is that the water is not being properly treated 
before it is distributed to the public. Another possibility is that 
the water is being contaminated after it is distributed, perhaps 
through leaks in the water pipes or through contamination of 
the water storage tanks. The high levels of contamination in 

Figure 2. A ntimicrobial resistance pattern of bacterial isolates from water samples taken from food and drinking establishments of Shashemane town.
Abbreviations: AMX, Amoxicillin; AMP, Ampicillin; CTX, Cotrimoxazole; CHL, Chloramphenicol; GEN, Gentamycin; CIP, Ciprofloxacin; CRO, Ceftriaxone.
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the drinking water in Shashemane town are a serious public 
health concern.

Staphylococcus aureus was found in 6% of tap water and 14% 
of the water samples from storage containers. This finding was 
lower than the prevalence reported in Sao Paulo, Brazil (25%)35 
and Jaju Sagar, India (100%).36 The difference could be due to 
water sources and methods used for identification. The pres-
ence of the genus Staphylococcus, mostly Staphylococcus aureus, is 
considered an indicator of poor hygienic status employed in the 
field of production or distribution of drinking water.37

Klebsiella species were found in 4% of tap water and 8% of 
storage container water samples. Likewise, Klebsiella isolates 
from water containers were in line with the study in Cajamarca, 
Peru (8%),32 and Andean, Peru (10.7%).38 Salmonella species 
were also detected in 4 (8%) of the tap water and 7 (14%) of 
storage container water samples. In addition, Shigella was 
detected in 6% of tap and 8% of water samples from storage 
containers. The prevalence of the isolates of Salmonella in this 
study was lower than the study conducted in South Gondar 
(22.7%) and Bule Hora (24%).30 Shigella species was found 
lower than the study done in Bule Hora (16%).30 This might be 
due to the addition of residual chlorine to the pipeline, the effi-
ciency of a water treatment plant, and the season of the year.

In this study highest antimicrobial resistance was observed 
against ampicillin (96%), followed by amoxicillin (94%), and 
cotrimoxazole (76.8%). This finding was consistent with a 
study in Bahir Dar, where 98 % to 100% resistance was 
observed against ampicillin.31 Similarly study in Bule Hora 
reported that 100% resistance to ampicillin and amoxicillin.30 
Relatively lower resistance was observed against ciprofloxacin 
(23%) and ceftriaxone (12%). This finding agreed with find-
ings from South Gondar, where higher resistance was observed 
to amoxicillin, and none of the bacterial isolates were detected 
as resistant to ciprofloxacin. Furthermore, in this study, the 
observed 100% resistance of Salmonella, Shigella, Pseudomonas, 
and Klebsiella against ampicillin was consistent with the study 
conducted in Bahir Dar (98%-100%), and Bule Hora 
(100%).30,31 However, it was found lower than the findings of 
the study done in South Gondar, where 22.7% resistant 
Salmonella and 15% resistant Shigella were reported. In addi-
tion, E. coli resistance to amoxicillin (91%), and ampicillin 
(96%) observed was consistent with the study conducted in 
South Gondar, Ethiopia (94.4% and 94.4%) (23,22), and 
Bahir Dar, Ethiopia, where 100% resistance was reported for 
both amoxicillin and ampicillin.31 But it was found higher 
than the findings from Camarja, where 3.4% resistance to 
amoxicillin and 28.2% resistance was detected against ampi-
cillin.32 The differences might be attributable to the used 
media and disk used in the investigation.

All bacterial isolates showed multiple drug resistance to 3 or 
more antibiotics. E. coli had higher level of resistance to many 
of the tested antibiotics like ampicillin (96%), amoxicillin 
(91%), cotrimoxazole (70%), and ciprofloxacin (35%). Likewise, 

isolates of Pseudomonas and Klebsiella showed 100% resistance 
to ampicillin and amoxicillin. A similar pattern of multidrug 
resistance was reported for Enterobacteriaceae.30,31

The isolates of E. coli had a higher level of resistance to 
many of the tested antibiotics like ampicillin (96%), amoxicillin 
(91%), cotrimoxazole (70%), and ciprofloxacin (35%). With 
regards to specific species, Salmonella species showed resistance 
to amoxicillin and ampicillin (100%), followed by cotrimoxa-
zole (83%). Similarly, Shigella species isolates were highly 
resistant to ampicillin, amoxicillin (100%), and cotrimoxazole 
(86%). Regarding the Staphylococcus isolates, a high level of 
resistance was observed to ampicillin (89%), amoxicillin (82%), 
cotrimoxazole (76%), and lower resistance to gentamycin 
(12%), chloramphenicol (18%), ciprofloxacin (18%), and ceftri-
axone (6%). Isolates of Pseudomonas and Klebsiella showed 
resistance to ampicillin and amoxicillin (100%) and were sus-
ceptible to ciprofloxacin, gentamycin, and ceftriaxone. The 
lowest antimicrobial resistance was detected against ciprofloxa-
cin, gentamycin (23%), and ceftriaxone (12%), as depicted in 
Figure 2.

The drinking water contamination with these antimicro-
bial-resistant water-borne bacteria in the food and drinking 
establishments may result in outbreaks, resulting in treatment 
failure and prolonged morbidity, hospitalization, and increased 
mortality.39,40

Limitations of the study
The study was conducted for a few months, and the seasonal 
variation of the microorganisms present in the water was not 
addressed. In addition, pathogenic bacteria like Vibrio cholerae, 
viruses, fungi, and parasites (protozoa and helminths) were not 
investigated. Further, we did not assess factors that could be 
associated with bacterial contamination of the drinking water 
in food and drinking establishments.

Conclusions
In conclusion, this study showed that drinking water in food 
and drinking establishments was found vulnerable to microbi-
ological contamination and it is a health risk to consumers. 
Water samples collected from storage containers had a higher 
level of contamination than tap water. The higher prevalence of 
fecal coliform in storage container water samples suggests 
hygienic storage and handling practices in food and drinking 
establishments. Antimicrobial resistant pathogenic bacteria 
such as E. coli, Salmonella, Shigella, Klebsiella, and Staphylococcus 
aureus was identified from both tap water and storage container 
samples. This indicates that food and drinking establishments 
were risk sites for the incidence of waterborne diseases and 
make treatment options limited due to the occurrence of anti-
microbial resistant pathogens. Therefore, awareness should be 
given to food handlers and owners of the establishments on 
hygienic water handling practices by the regulatory bodies of 
Shashemane town and stakeholders.
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