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Abstract

Background: The impact of animals sources of food as a possible reservoir for extended-spectrum {3-lactamase (ESBL)
- Producing E. coli, and the dissemination of such strains into the food production chain need to be assessed. This
study was aimed to assess the presence and antimicrobial susceptibility patterns of ESBLs - producing E. coli isolates
from minced meat and environmental swab samples at meat retailer shops of Jimma town, Southwest Ethiopia.

Methodology: A cross-sectional descriptive study was conducted from March to June, 2016. A total of 168 minced
meat and swab samples were first enriched by buffered peptone water (BPW) for overnight and streaked onto
MacConkey agar. Double disk synergy (DDS) method was used for detection of ESBL-producing strains. A disk of
amoxicillin + clavulanic acid (20/10 ug) was placed in the center of Mueller-Hinton agar plate, and cefotaxime (30 pg)
and ceftazidime (30 ug) were placed at a distance of 20 mm from the central disk. Checklist was used to assess
hygienic status of butcher shops and practices meat handlers.

Results: A total of 35 (20.80%) biochemically confirmed E. coli were obtained from 168 samples. Of these, 21 (23.9%) of
them were detected from 88 minced meat and the other 14 (17.5%) from 80 swab samples taken from butcher's hand,
knives, chopping board and protective clothing. From 35 E. coli isolates, 7(20%) of them were confirmed as ESBL-
producers. Among ESBL- producing strains, 85.7% were resistant for cefotaxime and ceftriaxone and 71.4% for
ceftazidime. Among non-ESBLs-producing strains only seven isolates were resistant to third generation cephalosporin.
All E. coli isolates were resistant to ampicillin, penicillin and erythromycin, and susceptible to amikacin. Poor hygienic
status of butcher shops and unhygienic practice of meat handlers were observed.

Conclusion: The detections of ESBLs- producing strains could be contributed for the increment of multi drug resistant
isolates. This study also concluded that, unhygienic meat handling and processing practice can contribute for
contaminations of meat. Thus, strategies should be planned and implemented to improve the knowledge and practice
of butchers about handling and processing of meat.

Keywords: ESBLss, E. coli, Minced meat, Butcher shops, Jimma town

* Correspondence: menge.abay@gmail.com

School of Medical Laboratory Sciences, Mizan-Tepi University, PO Box 260,
Mizan-Aman, Ethiopia

Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-019-4554-6&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:menge.abay@gmail.com

Abayneh et al. BMIC Infectious Diseases (2019) 19:897

Background

Extended-Spectrum (- Lactamase (ESBLs)-producing Escher-
ichia coli isolates have emerged as a global threat to human
health, and have been isolated from human, animal and en-
vironment origins. The small but gradually increasing use of
third generation cephalosporins in food animal production
may be linked to the recent emergence of ESBLs-producing
bacteria that associated with cattle, poultry and pigs [1, 2].

Extended-spectrum B-lactamase (ESBLs) is the current
most important resistance mechanisms in Enterobacteri-
aceae. It can reduce the efficacy of modern expanded-
spectrum cephalosporin and monobactams drugs, with
the exceptions of cephamycins and carbapenems [3].
The emergence and spread of extended-spectrum f3- lac-
tamases (ESBLs) among members of Enterobacteriaceae
family originating from food-producing animals and pets
is a major public health issue worldwide. A conference held
in 2010 by the Veterinary Laboratories Agency reported that
ESBL-producing Escherichia coli now occurred on 37% of
dairy farms sampled a ‘completely unexpected’ finding [4].

The use of antibiotics for growth promotion in livestock
and for treatment of diseased animals may lead to the de-
velopment of considerable resistant bacterial strains, in
which it can be transmitted to humans through the food
chain [5]. Escherichia coli has been considered a good in-
dicator of the selective pressure exerted by the use of anti-
microbials on the intestinal population of bacteria in food
animals, and may also be used as a representative of the
Enterobacteriaceae to monitor the emergence and changes
in proportion of bacteria possessing extended-spectrum -
lactamase (ESBLs) [6—8].

A fresh red meats contains a high proportion of water
and protein which provides a suitable environment for
microbial growth [9]. The occurrence of Escherichia coli
in foods of animal origin in Ethiopia is high due to many
reasons like illegal slaughtering of animals in open fields,
unhygienic slaughter practices, and the risk of disease
due to this organism is high because of traditional prac-
tices of raw meat consumption. However, the precise
attribution of animals and their food products as the
sources of resistant strains, and the consequences of it
on human health were not yet seriously evaluated. Thus,
a study is designed to assess the presence of ESBL-
producing E. coli from minced meat of cattle and from
swab samples which is obtained from different meat re-
tailer shops in Jimma town, Southwest Ethiopia.

Methods

Study design, area and period

Laboratory based cross- sectional descriptive study design
was conducted in Jimma town, Southwest Ethiopia from
March to June, 2016. Jimma town is found at 352Kms,
Southwest of Addis Ababa, capital city of Ethiopia. The
town is divided in to 17 administrative kebeles. According
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to the information obtained from Jimma town trade and
industry office, the town has one municipality abattoir and
around 120 meat retailer shops which directly receive
slaughter service from the abattoir. Eighty eight (88) meat
retailer shops were purposively selected from five most
populated kebeles of the town (Mendera Kochi, Kosa Kito,
Mentina, Hermata Merkato, and Bochobore) and the re-
quired samples were collected from those meat retailer
shops operating during the study period in the five kebeles
of the town.

Laboratory sample collection
A total of 168 samples (88 minced meats of cattle and
80 swabs) were collected from meat retailer shops that
operating during the study period in the five kebeles of
the town. We made two visits of meat retailer shops per
week for consecutive 4 weeks and within this period of
time a total of 168 samples were collected. Eighty eight
raw minced meat samples were collected from meat dis-
played for vending at the butcher shops. Twenty five
grams (25 g) of minced meat samples were collected in
sterile, separated plastic bags and labeled with perman-
ent marker. The remaining 80 swab samples were also
collected from hands of meat handlers, protective cloth-
ing, knives and chopping boards of the butcher shops at
the beginning of operation. Swab samples were taken
from 15 to 20 cm® of the hands of meat handlers and
protective clothing and from the surface of meat-cutting
equipment such as knives and wooden chopping boards
using sterile, buffered peptone water (BPW) moisten
cotton swabs. The collected swab samples were returned
into a separate test tube containing 9 ml sterile BPW,
and all the collected samples were labeled, packaged in
sterile plastic bags and carried to the microbiology la-
boratory of Jimma University in a cold box within 2 hrs
of collection for processing [10].

Minced meat: is defined as a boneless meat that has
been reduced to fragments [11].

Sanitary status of butcher shops and hygienic practice of
meat handlers

Sanitary status of the butcher shops and hygienic meat
handling practices of workers were assessed by the use of
observational checklist at Jimma town. Two visits of
butcher shops were conducted per week for consecutive 4
weeks and the following variables were used: availability of
clean cold and warm tap water, availability disinfectant
and soap, regular hand washing practice during work, dis-
infection of the floor and processing tools before and dur-
ing the work, protective clothing is clean, use of separate
and washable chopping boards and knives for processing
of abdominal organs and other parts of meat, whether the
entire process was done in the same area without separ-
ation, whether the same buckets of water were used for
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cleaning knives, washing hands, whether butcher shops’
floor is constructed of concrete ceramic and has no crack,
dust, rodent and insects and whether the meat displayed
for vending protected from dust and flies.

Isolation and identification process

A 25-g of minced meat of cattle were weighted and sus-
pended into appropriate sterile cylinder/beakers that
containing about 225ml 0.1% buffered peptone water
(BPW) and homogenized by shaking for 5 minutes in a
sterile stomacher and incubated at 37°C for 24h for
enrichment purposes. Similarly, all the collected swab
samples were suspended into a test tube containing 9 ml
sterile buffered peptone water (BPW) immediately at the
collection sites and incubated at 37°C for 24 h. After
gently mixing, one loop-full (10 pl) of the overnight cul-
ture was streaked onto a MacConkey agar (Oxoid, UK)
and incubated for 24 h at 37 °C [10].

Identification of the isolates

The isolated colonies were first screened by their colony
morphology, pink colour producing lactose fermenting
colonies, gram staining techniques and further identified
as E. coli by motility and other relevant biochemical
tests, such as indole, citrate, urease, methyl red, gas and
acid production tests. All the confirmed isolates were re-
frigerated at 2-8°C until antimicrobial sensitivity test
and ESBLs-production test was done.

Screening of ESBL-producing isolates

The ESBL screening test was performed by standard disk
diffusion method by using ceftazidime (30 pg) and cefo-
taxime (30 pg) disks. After adjusting 0.5 McFarland’s
standard as indicated above, the suspension was inocu-
lated onto Muller-Hinton agar (Oxoid, UK) with sterile
cotton swab, and then the above two antibiotics disks
were placed on the inoculated plate and incubated at
37 °C for 24 h. Isolates with reduced susceptibility to cef-
otaxime (< 27 mm) and ceftazidime (< 22 mm) around
the disks were suspected as ESBLs- producers as recom-
mended by CLSI guidelines [12].

Conformation of ESBLs- producing isolates

Those isolates with reduced susceptibility to cefotaxime
(2 27 mm) and ceftazidime (< 22 mm) were conformed
for ESBLs- production using double disk approximation
or double disk synergy (DDS) method. After inoculation
of the suspension onto Muller-Hinton agar (MHA), a
disk of amoxicillin + clavulanic acid (20/10 ug) was
placed in center of the plate and then the disks of cefo-
taxime (30 pg) and ceftazidime (30 pg) were placed at a
distance of 20 mm from the central disk on the same
plate [12]. The plate was incubated at 37 °C for 24 h and
examined for an enhancement of inhibition zone of the
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B-lactam drugs caused by the synergy of the clavulanate
in the amoxicillin- clavulanate disk was interpreted as
positive for ESBLs-production.

Antibiotic sensitivity testing

The antibiotic sensitivity testing was performed by using
Kirby-Bauer disc diffusion technique. The suspension of
the growth were inoculated onto Muller-Hinton agar
and cefotaxime (30 pg), Ceftriaxone (30 pg), ceftazidime
(30 pg), amoxicillin-clavulanic acid (20/10 pg), penicillin
(10 pg), ampicillin (10 pg), gentamycin (10 pg), amikacin
(30 pg), neomycin (10 pg), ciprofloxacin (5 pg), erythro-
mycin (15 pg), trimethoprim-sulfamethoxazole (1.25/
23.75 pug), and tetracycline (30 pg) were placed on to the
plate using sterile forceps. After overnight incubation of
the plate at 37 °C, the zone of inhibition was measured
by using sliding calipers and interpreted by comparing
zone of inhibition with Kirby — Bauer chart as recom-
mended by CLSI guidelines [12]. K. pneumonia ATCC*
700603 and E. coli ATCC*25922 were used as positive and
negative control strains to monitor the quality of suscepti-
bility testing and ESBLs detection methods. Multi drug re-
sistance (MDR) is defined as a resistance to at least one
agent in three or more antimicrobial classes [13].

Data analysis

The data was analyzed by using SPSS version 16.0 with
an emphasis on the human health significance of the
findings. The difference in resistance between ESBL-
producer and non-ESBL- producing strains were ana-
lyzed by using chi-square (X) testing and p-value < 0.05
were regarded as statistically significant.

Results

Proportions of E. coli positive samples and ESBL- positive
E. coli isolates

The current study, a total of 35 biochemically confirmed
E. coli isolates were obtained from 20.8% (35/168) of
specimens. Of these, 21 were isolated from 23.9% (21/
88) of raw minced meat samples and the other 14 from
17.5% (14/80) of swab samples (i.e. 4 from 20% of hand
swabs, 3 from 15% of knife swabs, 5 from 25% of chop-
ping board swabs and 2 from 10% of protective clothing
swabs). From the total 35 E. coli isolates 20% (7/35) of
them were confirmed as ESBL- producers. The propor-
tions of ESBL- producing strains against minced meat,
hand swab and chopping board swab isolates were 23.8%
(5/21), 25% (%) and 20% (1/5), respectively (Table 1).

Sanitary status of butcher shops and hygienic practice of
meat handlers

In our observational checklist survey, only 32 (36.4%) of
the floors were made of concrete ceramic and only 29
(33%) of the floors were free of cracks (Table 2). Although,
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Table 1 Proportions of E. coli positive samples and ESBLs- positive strains of E. coli in minced meat of cattle and swab samples
obtained from different meat retailer shops in Jimma town, Southwest of Ethiopia

Types of samples # of samples Proportions of Proportions of ESBLs- Proportions of ESBLs-
tested E. coli (+) samples (%) positives E. coli isolates (%) negative E. coli isolates (%)

Minced meat 88 21 (23.9%) 5 (23.8%) 16 (76.2%)

Hand swabs 20 4 (20%) 1 (25%) 3 (75%)

Knives swalbs 20 3 (15%) 0 3 (100%)

Chopping board swabs 20 5 (25%) 1 (20%) 4 (80%)

Protective clothing swabs 20 2 (10%) 0 2 (100%)

Total 168 35 (20.8%) 7 (20%) 28 (80%)

72 (81.8%) of the butcher shops have ceiling (local name;
hCiA), only 27 (30.7%) of them were properly finished
and free of dusts. Only 7 (8%) butcher shops have insect
and dust proof shelf for meat display and only 17 (19.3%)
of them were having smooth and easily washable chop-
ping board for cutting of meats. Only 30 (34.1%) of
butcher shops use clean knives and clean meat hanger.

In our observations, from the 88 meat retailer shop’s
workers, only 9 (10.2%) of them wore clean protective
clothing during meat handling. None of the butchers
had taken any form of formal training on safe handling
of meat and hygienic practices. About 73 (83%) the

butchers were handling money with bare hands during
their works and only 2 (2.3%) were have wash hand
basin nearby and regular hand washing, processing tools
practices. However, none of the butchers have disinfec-
tion practice of hands, the floor and processing tools
and only 22 (25%) of them were used separate chopping
boards (flat wooden tables) and knives for cutting of
meat and internal and/or abdominal organs (Table 2).

Antibiotic resistance profile
In our study, all 35 isolates of E. coli tested for their anti-
biotic resistance profile against 13 different antimicrobial

Table 2 Summary of observational checklist survey on sanitary status of the meat retailer shops and hygienic practice of meat

handlers in Jimma town, Southwest Ethiopia

Variables (checklists)

# of butcher shops checked =88

Meat handlers practices Frequency %
Use of protective clean clothing 9 10.2%
Meat handling training 0 0
Handling money with bare hands 73 83%
Wash hand basin nearby 2 2.3%
Use of plastic bag, newspaper to wrap meat 88 100%
Regular washing of hand & processing tools 2 2.3%
Regular disinfection of hand, the floor and processing tools 0 0
Use of separate chopping boards (flat tables) for cutting of meat and 22 25%
internal and/or abdominal organs
Use of separate knives for cutting of meat and abdominal contents 22 25%
Use of the same buckets of water for cleaning knives, washing hands 61 69.3%
Hygienic status of the butcher shops premises, utensils
Floor is made of concrete ceramic 32 36.4%
Floor free of cracks 29 33%
Having ceiling (local name; N0 72 81.8%
Wall and ceiling free of dust 27 30.7%
Wall painted white color paint 76 86.4%
Having insect and dust proof shelf for meat display 7 8%
Having washable chopping board 17 19.3%
Clean knives 30 34.1%
Clean meat hanger 31 35.2%
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agents (Table 3). Significant differences in resistance to
third generation cephalosporin were observed among
ESBL-producers and non- ESBL-producers (p < 0.05).
Among ESBL-producers 6 (85.7%) of the isolates were
resistant to cefotaxime and ceftriaxone and 5 (71.4%) of
them were resistant to ceftazidime. Among non-ESBLs-
producing strains only seven isolates were resistant to third
generation cephalosporin; 6 were resistant to ceftazidime
and only one was resistant to cefotaxime. All E. coli isolates
were resistant to ampicillin, penicillin and erythromycin,
and all of them were susceptible to amikacin (Table 3).

Multi- drug resistance (MDR) profiles

In this study, 26 (74.3%) of E. coli isolates were resistant
to three or more classes of antibiotics, such as tetracyc-
line, cotrimoxazole and erythromycin plus - lactam
group of antibiotics. The most frequent resistant pheno-
type was for ampicillin, penicillin and erythromycin,
followed by the above antibiotics plus cotrimoxazole and
tetracycline. The resistance against three, four, five, six
and seven antibiotic classes were 9 (34.6%), 8 (30.8%),
5(19.2%), 3(11.5%) and 1(3.5%), respectively (Table 4).

Discussion

Meat passed through different contacts starting from
slaughter house until it consumed as food, which increase
its chance of antimicrobial contamination. However, little
information is available concerning the prevalence of the
resistant strains of E. coli in raw meat and environmental
samples from meat retailer shops in the study area as well
as in the country, Ethiopia. The current study revealed
that, a total of 35 biochemically confirmed E. coli isolates
were obtained from 21(23.9%) of minced meat samples

Page 5 of 8

and 14 (17.5%) of swab samples. Of these, 7 (20%) of them
were confirmed as ESBLs- producers. This is the first re-
port presenting data on meat sources of ESBLs- producing
E. coli in our setting. Thus, comparison of our results from
different countries is may not be feasible due to differ-
ences in the study methodology, such as method of en-
richment and isolation procedures, differences in sample
size and type of sample and how and when it was col-
lected. However, the proportion of ESBL- producing E.
coli strains obtained in this study was lower than the study
finding in Vietnam [14] and Pakistan [15] and higher than
the study finding in China [16]. In addition to the above
methodological differences, the observed differences might
be also related with the frequent and miss-use practices of
third generation cephalosporins in humans and food ani-
mal, since the use of these antibiotics greatly linked to the
recent emergence of ESBLs-producing bacteria.

The total E. coli isolates obtained in this study is
higher than the study finding in Sothern [17] and East-
ern [18, 19], Ethiopia and slightly lower than the study
finding in different parts of Ethiopia [20—22]. The differ-
ence observed in the prevalence of E. coli could be due
to the differences in the sanitary standards of meat
retailer shops premises and hygienic practices of meat
handlers. The low sanitary standard of meat retailer
shops and poor hygienic practices of meat handlers ob-
served in our survey might be contributing to cross-
contamination of meat with E. coli isolates.

The occurrence of E. coli in the raw minced meat sam-
ples in this study was (23.9%), which was the highest
proportion as compared with hand, knife, chopping
board and protective clothing swab samples. This is the
fact that, fresh red meats contains a high proportion of

Table 3 Antibiotics resistance profiles of E. coli isolates in minced meat and swab samples obtained from different meat retailer

shops of Jimma town, Southwest of Ethiopia

Antibiotics Total R ESBL- positive (n=7) ESBL-negative (n = 28) p

6) R (%) S (%) R (%) S %) value
Cefotaxime 7 (20.0) 6 (85.7) 1(14.3) 1(3.6) 27 (96.4) 0.001
Ceftazidime 11314 5714 2 (286) 6 (214) 22 (78.6) 0.021
Ceftriaxone 6 (17.1) 6 (85.7) 1(14.3) 0 28 (100) 0.001
AMC 11 (314) 6 (85.7) 1(14.3) 5(17.9) 23 (82.1) 0.002
Ampicillin 35 (100) 7 (100) 0 28 (100) 0 -
Penicillin 35 (100) 7 (100) 0 28 (100) 0 -
Gentamycin 3(86) 1(14.3) 6 (85.7) 2(7.) 26 (92.9) 0499
Amikacin 0 0 7 (100) 0 28 (100) -
Ciprofloxacin 4(114) 1(143) 6 (85.7) 3(10.7) 25 (89.3) 1.000
Tetracycline 19 (54.3) 6 (85.7) 1(14.3) 13 (46.4) 15 (53.6) 0.096
SXT 19 (54.3) 6 (85.7) 1(143) 13 (46.4) 15 (53.6) 0.096
Erythromycin 35 (100) 7 (100) 0 28 (100) 0 -
Neomycin 1 1 (14.3) 6 (85.7) 0 28 (100) 0.200

R: Resistant, S: Sensitive, AMC: Amoxicillin-clavulanic acid, SXT: Trimethoprim- sulphamethoxazole
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Table 4 Multi-drug resistance profiles of E. coli isolated from minced meat and swab samples obtained from different meat retailer

shops of Jimma town, Southwest of Ethiopia

Resistant patterns

# of antibiotics classes Total R (%)

Amp, P, ERY, T
Amp, P, ERY, SXT

Amp, P, ERY, CS, AMC, T

Amp, P, ERY, SXT, T

Amp, P, ERY, CIP, SXT

,ERY, CS, SXT, T

, ERY, CAZ, SXT, T

| ERY, CS, AMC, SXT, T

| ERY, CAZ, AMC, SXT, T

, ERY, CS, AMC, GEN, N, SXT, T
Amp, P, ERY, CAZ, CIP, SXT, T

Amp, P, ERY, CS, AMC, GEN, SXT, T
Amp, P, ERY, CS, AMC, CIP, SXT, T

Amp, P, ERY, CAZ, AMC, GEN, CIP, SXT, T

Amp,
Amp,
Amp,
Amp,

P
P
P
P
Amp, P
P

3 9 (34.6%)

4 8 (30.8%)

5 5(19.2%)

6 3 (11.5%)

7 1(3.8%)

Amp ampicillin, P penicillin, ERY erythromycin, CS (cefotaxime, ceftazidime and ceftriaxone), GEN gentamycin, N neomycin, CIP ciprofloxacin, CAZ ceftazidime,
SXT trimethoprim-sulphamethoxazole, AMC amoxicillin-clavulanic acid, T tetracycline

internal water and protein activities, which provides a
suitable environment for microbial growth [9]. Surface
contamination on the carcass can be transferred to meat
cuts via meat processing equipment as the animal is
further processed [9]. When primal cuts of meats are
further processed (e.g. minced/ground meat, sausages),
microorganisms are homogenized throughout the prod-
uct. This is why higher proportions minced meat sam-
ples were positive for E. coli in this study. A study from
Turkey also showed that, almost all of minced meat
samples analyzed were contaminated with E. coli [23].
However, there are no regular inspections of meat re-
tailer shops and abattoirs in our setting to protect meat
from contaminations. This is might be posing great
problems especially because of the wide spread practice
of eating raw meat throughout the country.

Intestinal carriage of E. coli, including ESBLs- producing
strains in food-producing animals may leads to contamin-
ation of retail meat [24]. A study in France indicates a worri-
some prevalence of fecal carriage of cephalosporin resistance
in cattle, with a higher prevalence of ESBL-producing E. coli
at slaughterhouses compared to farms [25]. Improper hand-
ling, processing and display of meat at the slaughtering places
and at butcher shops can affect the quality of meat which
indicated as the presence of cross-contamination [26]. Thus,
the presence of resistant strain of E. coli in meat of cattle and
swab samples might be due to cross-contaminations either
from caecal contents of animals and/or from different con-
taminated materials and hands of meat handlers.

The summary of our observational checklist survey
showed that, most of butcher shops were didn’t fulfill
the requirements of WHO and FAO food safety

standards [27]. For example, more than half of butcher
shops’ floors and walls were not constructed from mate-
rials that are easily washable and only 33% of the floors
were free of cracks. Although, more than 80% of the
butcher shops have ceiling (local name; n(Cyh), only
30.7% of them were free of dusts and insects. In addi-
tions, only 8% butcher shops have insect and dust proof
shelf for meat display and the more than 80% of meat
retailer shops’ chopping board was made of wooden ma-
terial with no easily washable surface. Poor hygienic sta-
tus of butcher shops and unhygienic practice of meat
handlers were also reported in other study in Gondar
and Somali region of Ethiopia [28, 29].

None of the butchers had taken any form of formal
training on meat safety and hygiene. In addition, none of
them have had regular disinfection practices of hands, the
floor and processing tools and only one fourth of them
were use of separate chopping boards (flat wooden tables)
and knives for cutting of internal and/or abdominal or-
gans that have contaminated with caecal contents and
other parts of the meats. Eighty three percent (83%) of the
butchers were handled money with their bare hands dur-
ing selling of meat. It is well documented facts that un-
hygienic practice is one of the most important sources of
contamination for foods [13, 26, 30]. For instance, simul-
taneous handling of food and money increases the risk of
cross contamination of meat [31]. Thus, the range of ac-
tivities involved in meat hygiene should be carried out by
responsible bodies with the appropriate training on know-
ledge and hygienic practices of meat handlers.

In the current study, higher resistance rate were observed
in ESBLs-producers toward third generation cephalosporin
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(p —value <0.05). However, there is no difference in other
classes of antibiotics agents tested. In this study 26 (74.3%)
of E. coli isolates were showed co-resistance to three or
more classes of antibiotics, such as tetracycline, co-
trimoxazole and erythromycin plus p- lactam group of
antibiotics. The higher rate of multi-drug resistant (MDR)
isolates were also reported in other area of Ethiopia [32],
Vietnam [14] and Pakistan [15], in which (56.5 to 96.3%) of
ESBLs-producing and non- ESBLs-producing E. coli isolates
were showed multiple drug resistance for three or more an-
tibiotics. The result of this study, combined with data from
previous studies in different countries, suggests that un-
hygienic practice of food handling and processing is major
contributors to the dissemination of not only ESBL- E. coli
but also MDR bacteria. Thus, the development of stringent
monitoring strategies and the promotion of hygienic meat
distribution practices are needed to control the spread of
these antibiotic-resistant bacteria.

In the present study, lower resistance was observed
against gentamycin, neomycin and ciprofloxacin and no
resistance was seen with amikacin. In contrast, all E. coli
isolates of meat and swab samples were resistant to
ampicillin, penicillin and erythromycin and more than
50% of the isolates were resistant to tetracycline and co-
trimoxazole. This finding is comparable with the previ-
ous reports in Eastern part of Ethiopia, in which the
prevalence of resistance among E. coli isolates of meat to
penicillin, ampicillin, erythromycin and tetracycline were
ranging from (33.3 to 100%) [19, 22]. This situation has
dragged our condition towards increased load of antibi-
otics, poor clinical outcome and limited therapeutic
options.

Conclusion

In the present study, the presence of ESBLs-producing
strains may contributed for the occurrence of multi-
drug resistant isolates to many classes of antibiotics,
such as ampicillin, penicillin and erythromycin, SXT and
tetracycline. In addition, the low sanitary standard of
butcher shops and unhygienic practices of meat handlers
observed may have implications for contaminations of
meat with E. coli isolates. Therefore, strategies should be
planned and implemented to improve the knowledge
and practice of butchers about handling and processing
of meat. Moreover, monitoring the prevalence of anti-
microbial resistance among isolates from healthy animals
and their food products provide evident data for design-
ing strategy on prevention and control of this resistant
strain from spread in the community.

Acknowledgements

First, we would like to thanks Jimma University, institute of health and
department of medical laboratory science. We thank all the owners of meat
retailer shops for participating in this study.

Page 7 of 8

Authors’ contributions

MA, GT, KW, MY and AA participated in the study design. MA was
responsible for recruitment and sampling. MA, GT and AA were responsible
for the laboratory analyses. MA analyzed the data. MA, GT and AA drafted
the manuscript. All the authors have contributed to the manuscript and
approved the final version.

Funding
“No funding was allocated for this study”.

Availability of data and materials
“All the data supporting our findings were incorporated within the
manuscript.”

Ethics approval and consent to participate

Ethical approval was obtained first from Jimma University Institutional
Review Board. Official permission was also sought from Jimma town
municipal administration. All the owners of meat retailer shops were
convinced to participate in the study and written informed consent was
obtained before collecting data.

Consent for publications
“Not applicable”.

Competing interests
“The authors declare that they have no competing interest”.

Author details

'School of Medical Laboratory Sciences, Mizan-Tepi University, PO Box 260,
Mizan-Aman, Ethiopia. ?School of Medical Laboratory Sciences, Jimma
University, Jimma, Ethiopia. *Departments of Epidemiology, Jimma University,
Jimma, Ethiopia. “Schools of Veterinary Medicine, Jimma University, PO Box
378, Jimma, Ethiopia.

Received: 3 December 2018 Accepted: 10 October 2019
Published online: 28 October 2019

References

1. Byarugaba DK. Antimicrobial resistance in developing countries. 2009.
15-27 p.

2. Sihem M, Salah H, Riadh M, Salah AM. Overview of ESBL-producing
Escherichia coli of Animal Origin in Tunisia: In the Way of the Global Spread
of CTX-M B-Lactamases. iMedPub Journals. 2015;6(2:4):1-7.

3. Livermore DM. Defining an extended-spectrum {-lactamase. The
beginnings of a term. Clin Microbiol Infect. 2008;14:3-10.

4. Watson E, Jeckel S, Snow L, Stubbs R, Teale C, Wearing H, et al.
Epidemiology of extended spectrum R-lactamase - producing £ .coli (CTX-
M-15) on a commercial dairy farm. Vet Microbiol Elsevier BV. 2012;154(3-4):
339-46.

5. Okeke IN, Laxminarayan R, Bhutta ZA, Duse AG, Jenkins P, O'Brien TF, et al.
Antimicrobial resistance in developing countries. Part I: recent trends and
current status. Lancet Infect Dis. 2005;5(8):481-93.

6. EFSA. The European Union summary report on antimicrobial resistance in
zoonotic and indicator bacteria from humans, animals and food. EFSA J.
2013;11(5):1-359.

7. Dhillon RH, Clark J. Extended Spectrum (- lactamases (ESBLS): a clear and
present danger ? Hindawi Publ Corp. 2012; 11p.

8. Nuesch-Inderbinen M, Stephan R. Epidemiology of extended-Spectrum @3-
lactamase (ESBL) -producing Escherichia coli in the human-livestock
environment. Curr Clin Microbiol Reports. 2016:1-9.

9. International Commission on Microbiological Specifications for Foods
(ICMSF). Micro-organisms in foods 6: Microbial ecology of food
commodities. Second Edition. New York: Kluwer Academic/Plenum
Publishers; 2005.

10.  Hasman H, Agersg Y, Hendriksen R, Cavaco LM, Food DTU, Guerra-roman B.
Laboratory protocol for Isolation of ESBL-, AmpC- and carbapenemases -
producing E.coli from fresh meat. 2015;3:3-10.

11. FAO. Animal production and health manual. Good practices for the meat
industry. Rome, Italy: Food and agriculture organization of the United
Nations; 2004. p. 1-44.



Abayneh et al. BMIC Infectious Diseases

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2019) 19:897

CLSI. Performance standards for antimicrobial susceptibility testing; twenty-
fourth informational supplement. CLSI document M100-524. Wayne, PA:
Clinical and Laboratory Standards Institute; 2014.

Magiorakos A, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et al.
Bacteria : an international expert proposal for interim standard definitions
for acquired resistance. Clin Microbiol Infect. 2011;18:268-81.

Le et al. Widespread dissemination of Extended- Spectrum B-lactamase
(ESBLs) -producing, multidrug-resistant Escherichia coli in livestock and
fishery products in Vietnam. International journal of food contamination.
2015; 2:17. DOI https//doi.org/10.1186/540550-015-0023-1 2015.

Saleem R, Ejaz H, Zafar A, Younas S, Rathore AW. Phenotypic
characterization of extended-spectrum-beta-lactamase producing E. coli
from healthy individuals, patients, sewage sludge, cattle, chickens and
raw meat. Pak J Med Sci. 2017;33(4):886-90. https://doi.org/10.12669/
pjms.334.12647.

Ye Q, Wu Q, Zhang S, Zhang J, Yang G, Wang J, Xue L, Chen M.
Characterization of extended-Spectrum B-lactamase -producing
Enterobacteriaceae from retail Food in China. Front Microbiol. 2018;9:1709.
https://doi.org/10.3389/fmicb.2018.01709.

Atnafie B, Paulos D, Abera M, Tefera G, Hailu D, Kasaye S. Occurrence of
Escherichia coli O157 : H7 in cattle feces and contamination of carcass and
various contact surfaces in abattoir and butcher shops of Hawassa, Ethiopia,
BMC Microbiol 2017; 14(17):1-7. Available from: https://doi.org/10.1186/
512866-017-0938-1

Mengistu S, Abayneh E, Shiferaw D. E. coli O157:H7 and Salmonella Species:
Public Health Importance and Microbial Safety inBeef at Selected Slaughter
Houses and Retail Shops in Eastern Ethiopia. J Vet Sci Technol. 2017,8:468.
https.//doi.org/10.4172/2157-7579.1000468.

Mohammed O, Shimelis D, Admasu P, Feyera T. Prevalence and
antimicrobial susceptibility pattern of E. coli isolates from raw meat samples
obtained from abattoirs in Dire Dawa City, eastern Ethiopia. Int J Microbiol
Res. 2014;5(1):35-9. https://doi.org/10.5829/idosi.ijmr.2014.5.1.82306.

Afera B, Kebede T, Taddele H, Bisrat A. Assessment of bacteriological quality
of sold meat in the butcher shops of Adigrat, Tigray Ethiopia. Appl J Hyg.
2014;3(3):38-44.

Tassew H, Abdissa A, Beyene G, Gebresilasie S. Microbial flora and food
borne pathogens on minced meat and their susceptibility to antimicrobial
agents. Ethiop J Health Sci. 2010,20(3):137.

Taye M, Berhanu T, Berhanu Y, Tamiru F, Terefe D. Study on carcass
contaminating Escherichia coli in apparently healthy slaughtered cattle in
Haramaya University slaughter house with special emphasis on Escherichia
coli O157:H7 Ethiopia. J Veterinar Sci Technol. 2013;4(1):132. https;//doi.org/
104172/2157-7579.1000132.

Ayten KE, Daygu S, Didem O, Ezgi O. Microbiological quality of minced
meat samples marketed in Istanbul. YU Vet Fak Derg. 2014;25(3):67-70.
Carattoli A. Animal reservoirs for extended Spectrum {3-lactamase producers.
Clin Microbiol Infect. 2008;14:117-23 http://www.ncbi.nlm.nih.gov/
pubmed/18154535.

Madec JY, Lazizzera C, Chatre P, Meunier D, Martin S, Lepage G, et al.
Prevalence of fecal carriage of acquired expanded-spectrum cephalosporin
resistance in Enterobacteriaceae strains from cattle in France. J Clin
Microbiol. 2008:46(4):1566-7.

Food and Agriculture Organization of the United Nations: joint FAO / WHO
activities on risk assessment of microbiological hazards in foods for the joint
FAO / WHO expert consultation on DFAO/WHO. 2006.

WHO and FAO. Food Hygiene Basic Texts. 4th ed. Rome, Italy: FAO and
WHGO; 2009. p. 8-22.

Garedew L, Hagos Z, Addis Z, Tesfaye R, Zegeye B. Prevalence and
antimicrobial susceptibility patterns of Salmonella isolates in association
with hygienic status from butcher shops in Gondar town Ethiopia,
Antimicrob Resist Infect Control 2015: 4: 21. Available from: https://doi.org/
10.1186/513756-015-0062-7

Dulo F, Feleke A, Szonyi B, Fries R, Baumann MPO, Grace D. Isolation of
multidrug-resistant Escherichia coli 0157 from goats in the Somali region of
Ethiopia: a cross-sectional Abattoir-Based Study. PLoS One. 2015;10(11):
e0142905. https;//doi.org/10.1371/journal.pone.0142905.

Mekonnen H, Habtamu T, Kelali A, Shewit K. Food safety knowledge and
practices of abattoir and butchery shops and the microbial profile of meat
in Mekelle City Ethiopia. Asian Pac J Trop Biomed. 2013;3(5):407-12. https://
doi.org/10.1016/52221-1691(13)60085-4.

31

32.

Page 8 of 8

Ukwuru M, Gabriel A. Cross contamination between food and money
due to simultaneous handling in Nigeria. J Appl Sci Environ. 2012;3:
42-8.

Bahiru AA, Emire SA, Ayele AK. The prevalence of antibiotic resistant
Escherichia coli isolates from fecal and water sources. Acad J Microbiol Res.
2013;1(1):001-10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s40550-015-0023-1
https://doi.org/10.12669/pjms.334.12647
https://doi.org/10.12669/pjms.334.12647
https://doi.org/10.3389/fmicb.2018.01709
https://doi.org/10.1186/s12866-017-0938-1
https://doi.org/10.1186/s12866-017-0938-1
https://doi.org/10.4172/2157-7579.1000468
https://doi.org/10.5829/idosi.ijmr.2014.5.1.82306
https://doi.org/10.4172/2157-7579.1000132
https://doi.org/10.4172/2157-7579.1000132
http://www.ncbi.nlm.nih.gov/pubmed/18154535
http://www.ncbi.nlm.nih.gov/pubmed/18154535
https://doi.org/10.1186/s13756-015-0062-7
https://doi.org/10.1186/s13756-015-0062-7
https://doi.org/10.1371/journal.pone.0142905
https://doi.org/10.1016/S2221-1691(13)60085-4
https://doi.org/10.1016/S2221-1691(13)60085-4

	Abstract
	Background
	Methodology
	Results
	Conclusion

	Background
	Methods
	Study design, area and period
	Laboratory sample collection
	Sanitary status of butcher shops and hygienic practice of meat handlers
	Isolation and identification process
	Identification of the isolates
	Screening of ESBL-producing isolates
	Conformation of ESBLs- producing isolates
	Antibiotic sensitivity testing
	Data analysis

	Results
	Proportions of E. coli positive samples and ESBL- positive E. coli isolates
	Sanitary status of butcher shops and hygienic practice of meat handlers
	Antibiotic resistance profile
	Multi- drug resistance (MDR) profiles

	Discussion
	Conclusion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publications
	Competing interests
	Author details
	References
	Publisher’s Note

