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Abstract
Background The widespread habit of consumption of raw meat along with poor hygiene during handling,
transportation and processing are the major contributors to the high prevalence of food-borne diseases in
Ethiopia. Listeriosis is one of the important food-borne diseases acquired through consumption of meat.
The aim of this study was to assess the occurrence and antimicrobial susceptibility of Listeria species in
meat collected from abattoir and butcher shops.

Methods A cross-sectional study was conducted from January 2018 to February 2019 on isolation,
phenotypic characterization, and determination of antibiotic susceptibility pro�les of isolates of L.
monocytogenes. A total of 100 meat samples were collected from abattoir and butcher shops in Jimma
Town. Laboratory based isolation and characterization of the Listeria species was made using
conventional culture and biolog. Antimicrobial susceptibility test was conducted using ten different
selected antibiotics of current veterinary and human therapy. An observational check list was used to
assess meat handling practices of butcher shops and abattoir workers.

Results From the total of 100 samples collected from butcher shops and the abattoir, 29 (29%; 95% CI:
21.0-38.5%) were found positive for Listeria species. Out of this, 15 (30%, 95% CI: 34.4–68.6%) samples
were from the butcher shops and 14 (28%, 95% CI: 31.4–65.6%) were from the abattoir. L. innocua
(48.3%) was the dominant species followed by L. seeligeri (27.6%). L. monocytogenes accounts 7% of the
isolates. Antibiotic susceptibility tests revealed that L. monocytogenes isolates were susceptible to
gentamicin, vancomycin, Sulfamethoxazole-Sulfamethrimethoprim, chloramphenicol and cloxacillin. In
contrary, L. monocytogenes isolates were resistant to cloxacillin, penicillin, nalidixic acid and tetracycline.
On the other hand, low level of education, lack of training on meat handling and poor cleanliness of meat
contact surfaces were signi�cantly associated with the occurrence of Listeria spp. (P < 0.05).

Conclusion The �ndings highlighted the need for regular training on hygienic meat handling practices for
meat handlers in order to minimize the risk of food borne diseases. Furthermore, regulation of the optimal
use of antimicrobials in food producing animals is highly recommended so as to reduce antimicrobial
resistance.

Background
Food-borne diseases encompass a wide spectrum of illnesses and are growing public health problems
worldwide. The global burden of food-borne diseases and its impact on development and trade is
currently increasing in both industrialized and developing countries [1, 2, 3]. The diseases are caused by
ingestion of a wide variety of foods contaminated with pathogenic microorganisms and microbial toxins.
Food-borne diseases occur commonly in developing countries because of the prevailing poor food
handling and sanitation practices, inadequate food safety laws, lack of �nancial resources to invest in
safer equipment’s, and lack of education for food-handlers [4, 5, 6].
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Meat is an excellent source of protein in human diet and is highly susceptible to microbial contamination
due to its nutritive value [7, 6]. Although muscle of healthy animals does not contain microorganism,
meat tissues get contamination during the multiple steps along the food production chain including
production, processing, distribution, and handling or preparation in abattoirs and retail outlets [8, 9].

Listeriosis is an emerging bacterial zoonosis capable of causing severe food-borne infections both in
humans and other animals worldwide. The genus Listeria includes a group of Gram-positive, non-spore
forming, catalase-positive, oxidase negative, and facultative anaerobic bacteria. Among thirteen identi�ed
species of the group, L. monocytogenes is the only emerging food borne pathogen of high public health
signi�cance infecting humans and animals. While L. ivanovii is usually restricted to cause disease in
ruminants, mainly sheep, other Listeria species are generally considered as non-virulent [10, 11, 3]. The
species of Listeria are widely distributed in nature and have been isolated from soil, vegetation, sewage,
water, and animal feed, fresh and frozen meat including poultry, slaughter house wastes and in the faces
of healthy animals including human [12]. A number of food-borne out breaks caused by Listeria specie
have been reported in different regions, especially in Europe and the USA. However, in most developing
countries there are few reports on Listeriosis as compared to the Europe and the USA [5, 13, 14]. In
Ethiopia, the wide spread habit of raw meat products consumption is a potential cause for food borne
diseases. Raw meat products are available in open-air at local retail shops without appropriate
temperature control. These products are purchased by households and served at home and restaurants
as raw, slightly-cooked, or well heat treated. Meat processing at retail level is likely to contribute for the
higher levels of contamination in minced beef (kitfo and dullet- local names) as compared to carcasses
which are considered to be high risk for diseases and are suggested as possible reasons for the
emergence of food-borne listeriosis [15, 16, 2, 17].

On other hand, the global increase in the incidence, prevalence, and antimicrobial resistance are being
reported in recent years. Multiple drug resistance of bacterial pathogens severely limiting therapeutic
option for infections in both animals and humans has increased concerns of food-borne diseases [18, 2,
19]. The use of antimicrobials as prophylaxis or sub-therapeutic level in food producing animals has been
a great concern, because it is believed to be an important factor in the emergence of strains of resistant
to certain antimicrobials and markedly increase the human health risk associated with consumption of
contaminated meat products [2, 20, 21]. In Ethiopia, only few researches have been reported on listeriosis
and the antimicrobial susceptibility pro�le of Listeria isolates in animal products. As a result, this
research was conducted with the aim of isolation, phenotypic characterization and antimicrobial
susceptibility pro�le of Listeria species from bovine meat at municipal abattoir and butcher shop in
Jimma Town.

Materials And Methods

Study area and population
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The study was conducted in Jimma Town municipal abattoir and butcher shops. The town is located at
352 km south west of Addis Ababa, the capital city of Ethiopia. Geographically, the town lies between at
70º 41' N latitude and 36º 50' E longitude. The area characterized by humid tropical with bimodal heavy
rainfall which is uniform in amount and distribution, ranging from 1200 to 2000 mm per year, with short
and main seasons occurring from mid-February to May and June to September, respectively. The mean
annual minimum and maximum temperatures are 6ºC and 31ºC respectively. According to the estimate
of Ethiopia Jimma town had about 177, 900 human population [22]. The livestock populations of Jimma
zone were estimated to be 53, 250 heads of cattle; 25, 230 heads of sheep; 12,570 heads of goats; 10,030
heads of equine and 90,157 heads of poultry [23]. In town speci�cally, there is one municipal abattoir and
85 legally registered butcher shops which are directly get slaughter service from the same abattoir of the
town. In Jimma Town municipality abattoir, on average, 20–65 heads of cattle are slaughtered daily for
local consumption. The cattle slaughtered at Jimma municipal abattoir were originated mostly from
different districts of Jimma zone.

Study design and sampling techniques
A cross-sectional study was conducted from January, 2018 to February, 2019 in Jimma Town. A total of
100 bovine meat samples (50 from the abattoir and 50 from butcher shops) were collected by using
systematic random sampling from the abattoir while the slaughtered cattle were in the lairage and
purposively from legally registered butcher shops. The samples were collected using the method
described by [24]. All samples were collected with interval of two weeks and in each visit one hundred
grams of meat samples were taken just after the stage of evisceration before washing from different
regions of the carcass, such as neck, �ank, brisket, and rump region in abattoir. The same amounts of
meat samples were taken from the hanged display in the butcher shop outlets to be sold raw to
consumers. All samples were collected aseptically using disposable glove to avoid cross contamination.
On completion of meat cut process, the meat samples were transferred in sterilized labeled universal
bottles and transported in ice-box to Jimma University medical microbiology laboratory for
microbiological analysis within one to two hours. Up on arrival, the samples were stored in refrigerator at
4 °C until being processed.

Sample preparation and processing
Twenty �ve grams of the meat sample was weighted weighed and chopped aseptically into small pieces,
using sterile knife and transferred into sterile plastic bag contained 225 ml of buffered peptone water
(Oxoid Ltd. Hampshire, UK) and homogenized using a laboratory blender (Stomacher 400, Seward,
England) at high speed for 2 min and incubated at 30 °C for 24 h. The resulting suspension was used for
isolation and identi�cation of Listeria.

Isolation and identi�cation of Listeria

Listeria isolation and identi�cation was performed using the techniques recommended by [24]. Brie�y,
1 ml of the well mixed BPW suspension was transferred to 9 ml of Listeria Enrichment Broth (Difco
Laboratories, USA) and incubated at 37 °C for 48 h. Then, a loop-full from incubated LEB was streaked on
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PALCAM (Polymixin Acri�avin Lithium Chloride Ceftazidime Aesculin Mannitol) agar (Oxoid, Basingstoke,
UK) and OXA (Oxford) agar (Oxoid, Basingstoke, UK) and the plate was incubated at 37 °C for 24 to 48hr.
Then, plate was examined for the presence of Listeria typical grey-green, or greenish black colony, on
PALCAM ager and OXA agar were as Listeria species identi�cation respectively. Then, up to 3–5 isolated
colonies from each selective medium were picked and streaked into pre-dried Tryptose Soya Yeast Extract
Agar (TSYEA) (Difco, Becton, USA) and incubated at 37 °C for 18 to 24 h for puri�cation. Then, puri�ed
Listeria isolate colonies cultured on TSYEA were subjected to different biochemical tests; Grams staining,
catalase, oxidase, and hemolysis tests. Bacteria that appeared as coccoid to rod shaped and Gram-
positive; formation of gas bubble in 3% hydrogen peroxide; oxidase test strips no color change; and on
sheep blood agar showing narrow, ß-hemolytic colonies were considered presumptively as Listeria spp.
as recommended by [24].

Phenotype characterization of listeria species

Biochemically con�rmed the genus of Listeria isolates were kept in sterile labeled (cryovials), aseptically
transported to National Animal Health Diagnostic and Investigation Center (NAHDIC); for the Biolog test
for further phenotypic characterization of Listeria isolates at species level identi�cation. The phenotypic
characterization of Listeria species was performed using manufacturer’s instructions (GEN III database,
version 5.2). This was done by growing Listeria isolates on Biolog Universal Growth agar (Hayward, USA)
with 5% sheep blood and incubated at 33 °C for 18–24 hours. A single colony was selected and
emulsi�ed in to a special gelling inoculating �uid. Then, cell density of the bacterial inoculums was
measured for a speci�ed transmittance 90 to 98% using a turbidimeter, as speci�ed in the user guide. For
each isolate, 100 µl of the cell suspension were inoculated into the GEN III micro plates aseptically, using
automatic multichannel pipette into 96 well of plates and incubated at 33 °C for 18 to 22 hours. After
incubation, the micro plates were loaded into the OmniLog reader and analyzed. The result was
compared to biolog bacterial identi�cation system software library GEN III database, provided
identi�cation of the organisms at species level [25].

Antimicrobial susceptibility tests
Antimicrobial susceptibility test was performed for Listeria monocytogenes isolates by using disc
diffusion method in Muller Hinton Agar with sheep blood supplement. Antimicrobial drugs that are
commonly used both in human and veterinary medicine were included in the susceptibility test; namely
amoxicillin, (AML20µg), chloramphenicol (CAF30µg), tetracycline (TE 30 µg), ampicillin, (AMP 10 µg),
sulfamethoxazole-trimethoprime (SXT 25 µg), cloxacillin (OX 30 µg), gentamicin (CN 10 µg), penicillin (P
10 µg), nalidixic acid and vancomycin (VA 30 µg), (Oxoid Ltd, Basingstoke, Hampshire, England). About
3–5 pure colonies con�rmed to be Listeria monocytogenes were suspended in to a tube containing
buffered saline. A 0.5 McFarland Standard was used to optimize the suspension for disc diffusion test
[26] and transferred to Mueller-Hinton agar plate using a sterile cotton swab. Plate was uniformly spread
on the entire agar surface and allowed to dry. Different antimicrobial impregnated disks were applied to
the surface of the plates and then incubated aerobically at 37 °C for 24 hours. Each plate was examined
under an indirect light source from lamp to see the growth and inhibition zone around the discs. The
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inhibition zones were measured to the nearest millimeter using sliding caliper. Finally, zone of inhibition
was compared with the reference table categorizing as susceptible, intermediate and resistant on the
basis of the critical points recommended by clinical and laboratory standards institute [27]. Control strain
(S. aureus (ATCC 25923)) was obtained from the Ethiopian public health institute (EPHI), Addis Ababa
and included as quality control on each procedure date and each batch of cartridges of antibiotic discs.

Questionnaire survey and Observation checklist
A structured questionnaire was administered by using face-to-face method to a total of 100 (50 from
butcheries shops and 50 from abattoir) purposively selected meat handlers. Direct observational check
lists were also used to assess the risk factors contributing to contamination with Listeria on bovine meat
along the production chain from the abattoir to butcher shops outlets. The questions were administered
within two weeks interval at both abattoir and in butcher shops with the key elements including
educational level, attendance of training on meat handling and hygiene, hygienic practices, the use of
apron and hair cover, and hygienic status of working equipment and utensils.

Data management and analysis
Data generated from laboratory investigation and questionnaire survey were recorded and coded using
Microsoft Excel for Windows 2007 and transferred to Statistical Package for the Social Sciences (SPSS)
version 20.0 (IBM SPSS, 2011). Descriptive analysis was used to describe the study variables. Fisher’s
exact test was used to calculate the association of positive results with putative risk factors for meat
contamination. The strength of association between outcome and explanatory variables was assessed
using odds ratios (OR). Finally, those variables with P < 0.05 was considered as a statistically signi�cant
potential risk factors for Listeria isolates.

Ethical consideration
Ethical clearance was obtained from the Institutional Review Board (IRB) of Institute of Health, Jimma
University. Written consent was obtained from meat handlers working in abattoir and butcher shops.
Con�dentiality of the information was maintained throughout the study.

Results
Among a total of 100 meat samples, 29 (29%; 95% CI: 21.0-38.5%) were positive for Listeria species. Out
of this, 15 (30%, 95% CI: 34.4–68.6%) were isolated phenotypically characterized from butcher shops and
14 (28%, 95% CI: 31.4–65.6%) were from the abattoir. The dominant Listeria species isolated was L.
innocua (48%) followed by Listeria seeligeri (28%), L. welshimeri (10%) whereas L. monocytogenes and L.
grayi were the least (7%) isolated ones (Table 1).
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Table 1
Listeria species from meat samples in abattoir and butcher shops of Jimma town

Sources Listeria species

L.monocytogenes L. innocua L. seeligeri L. welshimeri L. grayi Total

Abattoir 1 (7%) 8(57%) 3 (22%) 1 (7%) 1 (7%) 14

Butcher shops 1 (7%) 6(40%) 5 (33%) 2 (13%) 1 (7%) 15

Total 2 (7%) 14 (48%) 8 (28%) 3 (10%) 2 (7%) 29

Table 2
Antimicrobial resistance pro�les of L. monocytogenes from meat samples
SN Antimicrobial agent Number of isolates (%)

Resistant Intermediate Susceptible

1 Amoxicillin 0 0 29 (100%)

2 Chloramphenicol 7(24%) 6(21%) 16(55%)

3 Penicillin 22(76%) 2(7%) 5(17%)

4 Cloxacillin 29(100%) 0 0

5 Tetracycline 17(59%) 3(10%) 9(31%)

6 Vancomycin 0 0 29(100%)

7 Sulfamethoxazole-

Sulfamethrimethoprim

0 0 29(100%)

8 Gentamycin 0 0 29(100%)

9 Nalidixic acid 29(100%) 0 0

10 Ampicilin 0 0 29(100%)

Antibiotic susceptibility pattern
The two con�rmed isolates of Listeria monocytogenes, one from abattoir and the other from butchers’
shop, were assessed for antimicrobial susceptibility pattern with 10 different antibiotics. They were found
to be resistance towards cloxacillin, nalidixic acid penicillin. However, the isolates were susceptible to
amoxicillin, vancomycin, Sulfamethoxazole-Sulfamethrimethoprim, gentamicin, ampicilin,
chloramphenicol and tetracycline

Factors affecting the prevalence of Listeria monocytogenes in meat
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This study demonstrated that the occurrence of Listeria monocytogenes in meat was associated with the
socio-demographic characteristics of meat handlers. Educational status of meat handlers was
statistically associated with Listeria occurrence (OR = 2, 95% CI: 0.93–9.6, P < 0.05) with higher risk of
contamination in respondents with low level of education than those attended primary educational levels.
Training related to meat hygiene and handling was statistically associated with Listeria isolates (OR = 3,
95% CI: 0.36–5.7, P < 0.05) with higher risk of contamination in respondents unattended any training.
There was also a difference in the proportion of Listeria positive results among butcher shops and
abattoir works in relation to their washing and cleaning practice of knife. The higher frequency of Listeria
positive result was seen among sample obtained from workers who do not wash their knives before and
after use which was statistically associated with meat contamination with Listeria (OR = 5.4, 95% CI: 2.1–
11.8, P < 0.05) (Table 3).
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Table 3
Fisher’s exact test analysis of association of the putative risk factors with Listeria positive result from

butcher shops and the municipal abattoir in Jimma town
Variables Categories Total Positive

(%)
(95%
CI)

OR (95%
CI)

Fishery exact test P-
value

Education 1–4 grade 52 17
(32.7)

21.5–
46.2

2 (1.93–
9.6)

∗

0.035

∗
5–8 grade 36 9 (25.5) 13.7–

41.0

9–12
grade

12 3 (25.0) 8.9–
53.2

Training Attended Yes 29 5 (17.2) 7.6–
34.6

∗

3 (1.36–
5.7)

∗

0.02
No 61 24(39.3) 28.1–

51.9

Hygienic practices Yes 45 9 (20.4 ) 10.9–
33.8

∗

2.5(1.5-
22.0)

∗

0.012
No 55 20(36.4) 24.9–

49.6

No 33 9 (27.3) 15.1–
44.2

Equipment
cleanliness

Yes 44 8 (18.2) 9.5–
31.9

∗

5.4(2.1–
11.8)

∗

0.02
No 56 21(37.5) 26.0-

50.6

Butcher Shop
hygiene

Good 20 4 (20.0) 8.1–
41.6

4.4 0.11

Poor 30 11
(36.7)

21.9–
54.5

White Coat
Hygiene

Good 14 4 (28.6) 11.7–
54.6

3.9 0.14

Poor 36 11(30.6) 18.0-
46.9

Use Hair Coat Yes 20 4 (20.0) 8.1–
41.6

4.4 0.11

No 30 11
(36.7)

21.9–
54.5

Use Apron Yes 30 6 (27.3) 9.5–
37.3

5.3 0.07
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Variables Categories Total Positive
(%)

(95%
CI)

OR (95%
CI)

Fishery exact test P-
value

No 20 8 (44.4) 21.9–
61.3

Discussion
The overall prevalence of Listeria species in meat samples was found to be 29% that indicated signi�cant
public health risk associated with consumption of meat. The �ndings of this study is consistent with the
study done in Addis Ababa and Gondar where the prevalence of Listeria species was 27.5% and 26%
respectively [15, 28]. However, the present study was higher than the 14% occurrence reported in Jimma
town [29] and 12% occurrence in Addis Ababa [30]. The variation in detection of Listeria species in foods
in different studies could be attributable to the difference in sample type, samples sizes, variations in
meat handling and hygienic practices of meat handlers.

In the present study, the predominant identi�ed Listeria species was L. innocua (14, 48%), L. seeligeri (8,
28%), L. welshimeri (3, 10%), L. monocytogenes (2, 7%) and L. grayib (2, 7%). In this study, bacteriological
examinations showed that raw bovine meat was found contaminated with Listeria species in both
abattoir and butcher shops. This might be due to raw bovine samples were exposed to contaminants
during slaughtering, processing and retailing. This �nding is in agreement with report of [30].

In this study, L.monocytogenes isolates were found to be resistant to cloxacillin, tetracycline, nalidixic
acid penicillin. This �nding is in agreement with the previous report of [16, 17, 31, 32, 33]. This may be
attributed to the indiscriminate use of these antimicrobial agents in food producing animals at sub-
therapeutic levels or prophylactic doses resulted in the emergence of antimicrobial-resistant strains to
certain antimicrobials [16, 20, 33, 34]. In developing countries there is a wide spread and uncontrolled
usage of this antimicrobials due to its relatively cheaper price and easily accessibility. Penicillin and
tetracycline are one of the most frequently prescribed drugs for most of infectious diseases in veterinary
medicine that could be mentioned as one of the reasons for the development of increased resistance
pro�le [16, 35, 36]. Therefore, such antimicrobial resistant L. monocytogenes isolates in raw meat
products has an important public health implication. In contrary, L. monocytogenes isolates had showed
high susceptibility to gentamicin, vancomycin, sulfamethoxazole, chloramphenicol and cloxacillin which
is in agreement with previous studies [6, 16, 37].

In this study, the butcher shop and abattoir workers who had a low level of education (1–4) were
statistically associated with Listeria meat contamination 32.78% (95% CI: 21.5–46.2%; P < 0.05). This
�nding is in agreement with the report of [38, 39]. Studies have shown that butcher shop and abattoir
workers who had low level of education were not adhering with strict hygienic practices and standard
slaughtering practices which lead to microbial contamination of meat [40, 41].
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Likewise, meat samples examined from butcher shops and abattoir workers who did not attend any
training regarding meat hygiene and handling practices were statistically associated with contamination
of meat by Listeria 39.3% (95% CI: 28.1–51.9%; P < 0.05). Several reports showed that, the workers
working in the abattoir and butcher shops in most cases in developing countries are untrained and thus,
they pay no attention to the hygienic standards and as result contribute immensely to bacterial
contamination [43]. Therefore, food safety training of meat handlers about the basic concept and
requirements of personal hygiene and its environment plays an important part in safeguarding the quality
of meat products [42, 44, 45].

In this study, the use of unclean equipment in butcher shops and abattoir was statistically associated
with Listeria meat contamination 37.5% (95% CI: 26.05–50.6%; P < 0.05). This �nding is in agreement
with other �ndings [46, 47]. This could be due to numerous cross-contamination risks exist in primary
food production systems especially at the point lairage, slaughter processes and post-harvest handling
due to unclean knives, working surface and utensils [48].

Conclusion: The overall proportion of Listeria positive samples from raw bovine meat in this study was
29% (95% CI: 21.0-38.5%). Out of these, 15 (30%, 95% CI: 34.4–68.6%) and 14 (28%, 95% CI: 31.4–65.6%)
were isolated in the samples collected from butcher shops and abattoir of Jimma town respectively. The
dominant Listeria species isolated was L. innocua (48%). The presence of Listeria species both in the
abattoir and butcher shops of Jimma town have been attributed to unhygienic meat handling practices.
This turn in�uenced by lack of on job training and use of unhygienic equipments and meat contact
surfaces. Therefore, there is a need for periodic training on hygienic meat handling practices for meat
handlers at each stage of meat production chain.
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