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Table 1: Outbreaks of foodbome listeriosis in humans

Year Country Food item No.of  No. of L .ml/g
implicated cases  deaths

1976 USA raw salad* 20 5

1980 New Zealand  shell or raw fish* 20 5 ;

1981 Canada coleslaw 41 18

1983 USA milk* 49 14

1985 USA soft cheese 142 48 10°-10*

1983-87  Switzerland  soft cheese 122 34 10*10°

1987-89 UK paté >350 - 10-10

1989-90  Denmark hard and blue cheese 26 6

1990 Australia paté 9 6 10°

1991 Australia smoked mussels - - 107

1992 New Zealand  smoked mussels 4 2 10°

1992 France pork tongue in aspic 279 85 10%-10°

1993 France Pork rillettes 33 - 10%-10°

1993 ltaly rice salad 18 -

1994 USA chocolate milk 45 - 107

1994-95  Sweden smoked fish 8 2 10%-10°

1995 France soft cheese 33 B

1996 Australia cooked chicken 4 1

1997 Italy corn meal 748 . 10°

1998-99 USA hot dogs and deli meats 100 =10

1998-99  Finland butter 18 4 10'-10*

L. m/e - L. monocyviogenes per gram of food sample * = epidemiological association only
£ VIO, g Loni)

Source: European Commuission (1999)





















= The Association of Official Analytical Chemists (AOAC) official met

* The International Organization for Standardization (ISO 11290) standard.

* The International Dairy Federation (IDF) method,

* The United States Department of Agriculture (USDA)-Food Safety and Inspection
Service (FSIS) method

= The French Standards (Association Francaise de Normalization, AFNOR) method and

= Health Canada method for foods and environmental samples.

Listeria species may be present in small numbers and are often accompanied and overgrown by
considerably larger numbers of other genera, therefore all efforts should concentrate on
suppressing possible accompanying flora using selective enrichment. It is also necessary to detect
myured Listeria species using a primary selective enrichment medium. Therefore. whatever
method is used in the diagnosis of L. monocytogenes in foods. for the best possible recovery of
all mjured cells, a three-stage procedure is recommended (ISO, 1996: FDA-CFSAN. 2003:
Merck, 2004): :

* Primary selective enrichment
= Secondary selective enrichment and
= Selective plating followed by

s  Biochemical tests

All culture media prepared should be subjected to quality control and must support growth of the
suspect organism from a small inoculum. The reference strain should also be cultured n parallel
with the suspicious samples to ensure that the tests are working correctly (FDA-CFSAN, 2003;
OIE, 2004). Punfication 1s a mandatory step in the conventional analysis becaL‘lse isolated
colonies on selective agar media may still be in contact with an invisible weak background of

partially inhibited competitors (FDA-CFSAN, 2003).
The FDA-CFSAN method utilizes Listeria enrichment broth (LEB), which contains nahdixic

acid and acriflavin, as a primary selective enrichment medium. After this step, plating is done on

lithium chloride-phenylethanol-moxalactam medium (LPM) and Oxford agar plates. Further
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Table 2: Biochemical reactions of Listeria species used i different bacteriological methods

Species L. monocytogenes | L.innocua | L. ivanovii | L. seeligeri | L. welshimeri L.grayi L. murrayi
Growth (at 35"C) o+ + + + + + o+
B-hemolysis f I Gl (+) = s 5
Catalase + + f + + + +
Nitrate reduction - - o B B : +
Urea hydrolysis - - - = . s _
Methyl red + + } + + + +
V(;L;c;-l’:‘ﬁrs_ikillll'_ =) 1 + | N T - + +
TSIA AIA" AIA A/A AA | A/A A/A A/A
SIM motihity" + + : + 4 + +
H-S production - = - = = - -
Indole - - - - Z E 5
Citrate utihzation = - - . 2 s =
Dextrose + +- + & + it T
Aesculin + . ‘ + + + i
Maltose T T 5 F 1| e s I T = T
Mannitol | - T B E e L . T Z
Rhamnose + = i, B 3 V 3 Vv
Xylose S g i O i - o

"Acid slantacid butt: "At 20-25"C “Variable reaction: (1) Weak hacmolysis,

Source: Merck (2004)
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Table 3: Serotypes of Listeria species

Listeria species

Serotypes

L. monocytogenes

L. ivanovii
L. innocua
L. welshimeri

L. seeligeri

1/2a, 1/2b. 1/2¢, 3a, 3b, 3c,
4a, 4ab, 4b, dc, 4d. 4e, "7"

D
4ab, 6a, 6b, Un*
6a. 6b

1/2b, 4c, 4d, 6b, Un

* Un, undefined
Source: FDA-CFSAN (2003)

2.4. Control of Listeria in foods

The complete elimination of L. monocytogenes from all foodstuffs 1s impracucal approach to the

control of this organism. The critical issues are to control its survival and grotvth. and to

minimize the recontamination of processed foods from the environment (WHO, 1988). Most

researchers concerned with food safety agree that a multifaceted approach to minimize the risk of

foodborne listeriosis is required. At least four factors should be considered in the overall control

of the organism:

* laboratory monitoring of risk products,

* the use of hazard analysis critical control point (HACCP) approach for controlling

Listeria during the food process,

¢ the use of ‘hurdles” (e.g. temperature treatments), and

» educating individuals at nisk (Axelsson and Sorn. 1998).

Survival and growth of L. monocytogenes are determined by the food substrate (including pH,

water activity and salt concentration), the time temperature relationship of a heating process and

effectiveness of other listericidal processes (Martin, 2003)
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3.3. Study type and sample size

A cross sectional study of Listeria species was undertaken in pastry shops and supermarkets in
Addis Ababa from September 2004 to March 2005. Each sample was collected aseptically and
transported in icebox packed with ice to the microbiology laboratory of the Faculty of Veterinary
Medicine, Addis Ababa University, Debre Zeit for analysis. A total of 711 food samples (Table
4) were collected for analysis during the study period. The samples were stored overnight in a
refrigerator at 4°C until processed in the morning of the next day following the standard

laboratory procedures set by the International Organization for Standardization (ISO 11290-1:

1996) for the detection of L. monocytogenes.

Table 4: Type and number of samples collected and analyzed during the study peniod

“Food items No. of samples examined
Pasteurized cows’ milk 50

Soft cheese 101 :

Cottage cheese S0

Ice cream 103

Cakes 107

Minced beef 109

Pork 80

Chicken carcass 8!

Total 711 =

3.4. Isolation and identification

Listeria species were identified and isolated according to the techniques recommended by the

International Organization for Standardization (ISO 11290-1: 1996), Figure 2. The detection of
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3
Combourg, France) in such a way that isolated colonies are obtained. The plates were then

incubated at 37°C for 24 to 48 hours based on the growth of colomes and examined for the
presence of colonies presumed to be Listeria species. On PALCAM agar, after 24 hours Listeria
species grow as small or very small grayish green or olive green colonies, 1.5 mm to 2 mm in
diameter, sometimes with black centers, but always with black halos. After 48 hours Listeria
species appear in the form of green colonies about 1.5 to 2 mm in diameter. with a central
depression and surrounded by a black halo. Typical colonies of Listeria species grown on Oxford
agar plates for 24 hours are small (I mm) grayish colonies surrounded by black halos. After 48
hours colonies become darker, with a possible greenish sheen, and are about 2 mm in diameter,

with black halos and sunken centers (ISO 11290-1,1996), Figure 1.
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Ist Enrichment Step

Add 25g sample 10
225 ml Fraser 1.2 broth

|
¢

Incubate 22-26 h at 3 “C

2nd Enrichment Step

=D e e -

F—
2 Add 0l mlto
¢ 10 ml Fraser broth

-

v

Incubate 46-50 hat 37 C

8
?". ‘]
v

,f"F-ﬂ;q i

7

Streak on
§ Palcam and
L Oxford agar

Readings after
24 and 4% hours

Confirmation ¢

Figure 2: Conventional enrichment method used for the 1solation and detection of Listeria

Adapted from ISO 11290-1 (1996)
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blood agar platc (Becton Dickinson, USA) so that the two cultures were parallel and
diametrically opposite. The test strains were then streaked n a similar fashion at right angles to
these cultures so that the test cultures and Staphviococcus aureus and Rhodococcus equi cultures
do not touch but at their closest were about | mm to 2 mm apart. Simultaneously, control cultures
of L. monocytogenes and L. innocua (obtained from the French Authority for Food Safety
(AFSSA). Ploufragan, France) and L. ivanovii (CIP. 7842) were streaked on the blood agar in the
same manner as the test cultures (Figure 3). The plates were then incubated at 37°C for 18-24
hours. An enhanced zone of PB-hemolysis at the intersection of the test strain with each of the
cultures of S. aureus and R. equi 1s considered to be a positive reaction. Listeria monocytogenes
showed an enhanced zone of hemolysis near the Staphyvlococcus aureus streak while L. ivanovii
formed a wide (5 mm to 10 mm) and clear “arrow-head™ hemolysis towards the R. equi streak.
Listeria seeligerr showed a weak enhanced hemolysis around the Staphviococcus akireus streak
while L innocua. L. welshimeri, L. gravi and L. murrayi were observed as non-hemolytic and

were considered as CAMP test negative.

R Efiti

Figure 3: CAMP test for differentiating Listeria species. Horizontal lines represent streaks of S
aureus and R. equi. Vertical lines represent streaks of Listeria species. Oval areas represent
typical hemolytic reactions of L. monocytogenes, L. seeligeri (both towards S. aureus) and L.

ivanovii (towards R. equi).






[able 5: Reactions for the identification ol Listeria species

Carbohydrate utilization test

Specics Hemolysis  ppamnose Xylose Mannitol
L. .';H_H;l:ll'h‘T.‘.::‘J-Jr'.\‘ o+ S 3 =

L. innocua - vV = >

L. ivanovu ' |

L. seeligert (+) = i &

L. welshimeri - Vv + y

L. grayi - - 3 |

L. omuravi - AV !

V: variable reaction
(+): Weak reaction

£ 290% of positive reactions
- no reaction

Source: (1ISO T1290-1,1996; FDA - CFSAN, 2003)
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Soauwreus  R.oequ stain Catalase  Motility
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- 3 o + 4
(_+) - =+ 4 L
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4. RESULTS

4.1. Description of food samples, supermarkets and pastry shops

It has been said that the number of supermarkets that serve the population through the supply of
milk and meat products in Addis Ababa. is on the increase in the last few years. The number of
people using these supermarkets as food shopping centers is also increasing. It is aklso obvious
that a number of people visit pastry shops and restaurants in Addis Ababa. Based on these
observations i1t would be logical to include such supermarkets, pastry shops and restaurants in the

epidemiological studies of food contaminating bacteria such as L. monocytogenes.

In our current study, thirty-seven supermarkets under six sub-cities were visited to collect munced
beef. pork, chicken, soft cheese. pasteurized milk and cottage cheese. Seventy-eight pastry shops
and restaurants under six sub-cities were also sampled for cakes and ice cream samples. All pork.
cottage cheese and chicken carcass samples purchased in the supermarkets were sold either deep
frozen (mostly chicken and pork) or refrigerated (mostly beef. soft cheese and milk). Chicken
carcasses are sold as wrapped by polyethylene plastic bags. Cottage cheese or “Ayib™ 1s an
Ethiopian traditional dairy product made from sour milk after the removal of the fat by chuming
and cooking the curd to a temperature of 40°C to 70° C. It comprises 79% water, 14.7% proten.

1 R% fat, 0.9% ash 3.1 % soluble milk constituents (O’Mahony, 1988).

Ice creams and cakes sold in the pastry shops were mostly displayed in display freezers. Cakes
were of various types but only those containing creams were sampled. Ice creams were
predominantly made of vanilla. pineapple, banana. orange. strawberry. lemon. chocolate, milk.

eggs and other sweeteners.
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Table 6: Distribution ol Listeria species in the different food samples examined

Number and percentage of Lisreria species isolated from the different food items examined

Listeria species Minced Chicken Pasteurized  Cottage  Soft Prevalence
1solated . , ;

Ly beef Pork carcass milk cheese  cheese  Cakes  lIce cream  Total (%)
[.. monocyvtogenes B 4 3 - 4 7 B 120 34 48
L. ivanovii 2 - 2 - - 4 0.6
L. innocua 34 43 9 - - 10 4 26 126 By g
L. seeligeri 3 - | | S 0.7
L. welshimeri 8 - | - - | 1 2 13 1.8
L. gravi - - - - | 1 0.1
L mrrayi 3 . - 2 6 0.8
Total positive 52 50 13 17 13 44 189 26.6
Samples [ )9 80 | 50 80 101 107 103 711

exanuned

Prevalence (%) 47.7 62.5 16 0.0 00 188 124 42.7 26.6

=5



The overall prevalence of Listeria species in the food items collected from the thirty-seven
supermarkets (minced beef, pork. chicken carcass, soft cheese, pasteurized milk and cottage
cheese) was 26.3%. The prevalence of Listeria species was found similar among the six sampled
sub-cities except that it was found higher in Lideta sub-city (41 .1%). Table 7. The prevalence of

L. monocytogenes in these food items in the same supermarkets and sub-cities ranged from 0% to

4.1% with an overall prevalence of 3%.

Table 7: Prevalence of Listeria species and L. monocitogenes in food items sampled from

supermarkets (minced beef, pork, chicken, milk, cottage cheese and soft cheese)

Number positive / number tested (% positive)

Sub-city Listeria species L. monocviogenes
Arada 19/73 (26.0) 1/73 (1.4)
Bole 39/152 (25.7) 7/152 (4.6)
Kirkos 37/161 (22.9) 5/161 (3.1)
Lideta 17/41 (41.4) 14124
Nifas silk Lafto 16/62 (25.8) 1/62 (1.6)
Yeka 4/12 (25.0) 0/12 (0.0)
Total 132/301 (26.3) 15/301 (3.0)

Lad
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The prevalence of Listeria species in cakes and ice cream samples collected from 78 pastry shops

and restaurants under six sub-cities was found to be 12.1% and 42.7% for cakes and ice cream

respectively. This prevalence in cakes in the sub-cities ranged from 0% to 14.1% while it ranged

from 0% to 54.5% in ice cream samples (Table 8).

Table 8: Prevalence of Listeria species in cakes and ice cream in the sampled sub-cities of

Addis Ababa

Number positive / Number tested (% positive) *

Sub-city Cake lce cream Total
Arada 5/38 (13.2) 12/26 (46.2) 17/64 (26.6)
Bole 2/14 (14.3) 9/29 (31.0) 11/43 (25.6)
Guelele 0/1 (0.0) 1/3(33.3) 1/4 (25.0)
Kirkos 6/48 (12.5) 18/33 (54.5) 24/81 (29.6)
Netas Silk Lafto 0/2(0) 0/4 (0) 0/6 (0)
Yeka 0/4 (0) 48 (50.0) 4/12 (25.0)
X Total 13/107 (12.1) 44/103 (42.7)

57/210 (27.1)
1
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Other Listeria species were also isolated from the different food samples examined. These
include L. welshimeri (1.8%), L. murrayi (0.8%). L. seeligeri (0.7%). L. ivanovii (0.6% ) and L
gravi (0.1%), Table 6. Listeria welshimeri was isolated with a relatively higher prevalence in
minced beef (7.3%) than in other food items. Only two samples from each of minced beef and
soft cheese were contaminated with L. ivanovii. Listeria murravi were found in ice cream. pork

and minced beef (Table 5)

Prevalence of Listeria in food items examined

s 42710
Q
U — -
&
= bl _ ~ 266
>
et L1468 "
i 12.1
& & S >
o~ ‘_‘-\‘v = &
&
Food item

Figure 4: Prevalence of Listeria in the different food items examinad

» Comparing the proportion of each of the Listeria species isolated to the total number of isolates
in the current study (189), L. innocua was dominant with a total of 126 isolates comprising
66.7% of the total isolates of Listeria species followed by L. monocytogenes, 18% (34 / 189) and
L. welshimeri, 6.9% (13 / 189). L. murrayi, L. seeligeri, L. ivanovii, and L. grayi comprised

3.2%, 2.6%, 2.1% and 0.5% of the total Listeria isolates respectively (Figure 5).
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Figure 7: Prevalence of L. monocytogenes in the different food items examined

From a total of 34 1solates of L. monocytogenes serotyped at the French Authority for Food
Safety (Ploufragan. France), 32 (94%) belonged to 4b/4e serotypes while the rest were identified
as 4c¢ and 4e (3% -ecach). Serotype 4b/4e was identified from each food iteri where L
monocytogenes was 1solated while 4c was isolated from cake sample and 4e from chicken

carcass.
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chinical forms of listeriosis might occur due to this serotype because it has been said that no clear
cut association seems to exist between a given serotype and a particular clinical form of
listenosis (bacteremia versus meningitis or meningoencephalitis) or a particular host (Rocourt
and Bille, 1997). There are no published reports of outbreaks or sporadic cases of listeriosis,
which can be attributed to this serotype or any other serotvpe ot L monocytogenes m Ethiopia.
However, this should not be interpreted as if foodborne listeriosis i1s not a risk in the country

where there are millions of high nisk groups including HIV/AIDS patients.
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6. CONCLUSIONS AND RECOMMENDATIONS

The complete elimination of L. monocviogenes on the farm level. as indicated by different
researches. has been said to be very difficult, if not impossible because Listeria are ubiguitous m
the environment. The elimination of the pathogen from food processing facilities is also generally
assumed to be a very hard-to-achieve goal for food manufacturers. The microbiological
examination of food samples particularly those RTE ones in our study sugge;ted that L.
monocviogenes is present in the different food items examined with the exception of pasteurized
milk and cottage cheese with considerable prevalence suggesting the possible risk of foodborne
listeriosis, It has also been generally accepted that raw meat products (beef, pork and poultry)
cannot be free from L. monocytogenes because of the methods of slaughter, evisceration and
sample preparation (Vitas ef al.. 2004). This has been witnessed in our study. These meat
products are commonly treated with heat before consumption which can kill cells of L

monocyiogenes or reduce them to undetectable levels.

The possible risks of cross-contamination of other foods which do not require further heat
treatmients and household and kitchen utensils including hands of food handlers. how:ex-er. should
not be underesimated. In addition. these meat products are stored under refngeration
temperatures in the sampled supermarkets and the suitable water activity and appropriate pH
values of these products might allow the growth of L. monocyiogenes to higher infectious levels

without considerable competition with other contaminating bacteria.

The prevalence of L. monocytogenes in cakes, ice creams and soft cheeses. however. can directly
be considered as a considerable risk to consumers. This study has also indicated us that the
current dairy processing plants are following appropriate hygienic procedures, which enabled
them to produce microbiologically safe pasteurized milk and cottage cheese products with special
reference to L. monocyrogenes.
¢

Different researches on L. monocytogenes and foodborne listeriosis have been done in various
countries among which most of these reports are coming from developed countries while reports

from Africa are lacking. We believe that research results like ours could be good assets to the



veterinary and public health organizations in the country in their effort in undertaking further
nvestigations. Such studies should be promoted to collect baseline information on the
distribution and foodborne nature of L. monocytogenes and other foodborne pathogens in
Ethiopia n order for public health authorities to design appropriate monitoring and surveillance
programs and to ensure microbiological food safety to the consumer with special reference to
foodborne diseases including listeriosis. Further detailed researches should be made with the aim
of collecting comprehensive data of this pathogen in the different food items commonly
consumed by the population at national level. Such researches should also be extended to clinical

studies both 1n human beings and animals and in identitying the common serotypes in these hosts

and in the food chain.

The presence of L monocytogenes has been demonstrated in a variety of milk and meat products
in Ethiopia in our study and previously by Molla ez al. (2004). Responsible veterinary and public
health authorities should educate food producers about foodbome diseases and the methods of
production of microbiologically safe food to the consumer. The food producers should be made
aware of the principles of HACCP so that they take the principles as the major tools i their effort

in producing safe food to the consumer.

Food suppliers and retailers also need to be educated about the nisks of foodborne diseases and
about the sanitary and hygienic methods of food storage and handling especially about the
principles and applications of HACCP. They should also be monitored and inspected regularly by

the responsible institutions so that they could supply safe food to the consumer.

It will also be very important to raise public awareness through various ways about the methods
of safe food handling, about the risks of foodborne diseases. and the methods of preventing such
diseases so that a considerable part of the population can be protected from many foodborne

diseases including listeriosis.

Uhy
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S. ANNEX

Annex 1: Sample collection sheet for bacteriological analysis

| Senial . Source

Type and number of samples collected

| Total

iNumber 'supermarket | MB | SC cc
|

C

P

M

| Remark

I
{

. -
1 |
|

i
e

| 2

LIF%)

Lh

6 I

MB = minced beef. SC = soft cheese, CC = cottage cheese. C = chicken carcass, P = pork,

M = milk
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Annex 2: Sample collection sheet for bacteriological analysis (cakes and ice creams)

Serial

. Number

Pastry
Shop

Type and number of samples

Remark

Cake | Ice cream

i 1

(9]

gl wo

Q| el ] en]
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8. ANNEX

Annex |: Sample collection sheet for bacteriological analysis

Serial

Number

Source

supermarket

Type and number of samples collected

MB

SC

CE

&

P

M

Total

Remark

1

h T L 2

Y| oo 3| &

—
on

16 |

17

19

18]
|
|

20

Zn |

MB = minced beef, SC = soft cheese, CC = cottage cheese. C = chicken carcass, P = pork.

M = milk



Annex 3: Location of sampling supermarkets, type and number of samples used for the study

Code Source Name Type of sample TNS Sub-city
1 Supermarket Abadir M,CC.SC.MB&C 13 Arada
2 Supermarket Abebe Abshir M, CC.SC.MB & C 12 Arada
3 Supermarket Abrico-1 M, CC,SC,MB & C 13 Bolg
4 Supermarket Abrici-2 M,CC,SCCMB&C 13 Bole
5 Supermarket Addis Ababa M, CC,SC. MB & C 12 Yeka
6 Supermarket  Almaz poultry C R Kirkos
7 Supermarket Bambis M,CC,SC,MB,P&C I8 Kirkos
8 Supermarket Belonias M.CC.SC.MB,.P&C 18 Arada
9 Supermarket Berta M, CC.SC.MB,P&C 18 Kirkos
10 Supermarket Central M, CC,SCCMB&C 12 Bole
11 Supermarket Dalol M 2 Arada
12 Supermarket Ethio M.CC.SC.MB& C Il Kirkos
13 Supermarket Ethiovision M,CC.,.SCMB&C 13 Kirkos
14 Supermarket Eyo-ta-1 M, C&MB 6 Kirkgs
15 Supermarket Fantu - 1 M,CC,SC.MB,P&C 20 Bole
16 Supermarket Fantu - 2 M.CC.SC,MB,Pp&C 20 Nifas silk lafto
17 Supermarket Fantu -3 M, CC.SC,MB,P & C 19 Bole
18 Supermarket Fantu-4 M,CC.SC,MB,P&C 20 Kirkos
19 Supermarket Felix M,CC.SC.MB,P&C 19 Kirkos
20  Supermarket Hadiya M,CC,SC,MB.P&C 16 Kirkos
21 Supermarket Leonardo M.CC.MB & C 9 Kirkos
22 Supermarket Loyal M,CC.SC,MB.P&C 15 Arada
23 Supermarket Meskerem M&C 3 Bole
24 Supermarket Negash M,CC,SCCMB&C 13 Lideta
25 Supermarket New York M,CC,SC.MB.P&C I8 Bole
26 Supermarket Novis - 1 M.CC,SC,MB,P&C 19 Bole
27 Supermarket Novis -2 M. CC.SC,MB. P& C 19 Nifas silk lafto
28  Supermarket Populare M,CC,SC,MB.P&C 16 Lideta
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29 Supermarket
30 Supermarket
31 Supermarket
31 Supermarket

33 Supermarket

34 Supermarket
35 Supermarket
36 Supermarket
37 Supermarket

Savemore
Scandic foods
Shisolomon -1
Shisolomon-2
Shopper's mart

Solsis
Summer
Supersave

The twins

M,CC.SC,MB. P& C
M & SC
M, CCSC; MB, P& C
M, CC,SC,MB,P & C
M, CC,SC,MB & C
M, CC.SC,MB & C
M
M. SC, MB
M.CC.SC,MB.P&C

Bole
Kirkos
Kirkos
Kirkos

Nifas silk lafto
Lideta
Nifas silk Lafto
Nifas silk lafto

Bole

MB = minced beef, SC = soft cheese, CC = cottage cheese, C = chicken carcass. P = Pork,

M = Milk. TNS = total number of samples taken in each supermarket



Annex 4: Location of sampling pastry shops, type and number of samples used for the

t

study
Code Source Name Type of sample TNS Sub-city

1 Pastry shop Abyssinia cafe Cake 2 Kirkos
2 Pastry shop Addisu Ice cream and cake 3 Arada
3 Pastry shop Addisu cafe Ice cream and cake 4 Arada
B Pastry shop Aled cafe Cake 2 Kirkos
5 Pastry shop Alem coffee Cake 2 Kirkos
6 Pastrv shop  Arat killo mini Cake 2 Arada
7 Pastry shop Bekele Molla Ice cream and cake 4 Bole

8 Pastry shop Betelehem Ice cream and cake 3 Yeka

9 Pastry shop Big Burger Ice cream and cake 3 ch;

10 Pastry shop Big mak Ice cream and cake - Kirkos
I Pastry shop Blue Tops Ice cream and cake R Arada
12 Pastry shop Bole mini Ice cream and cake B Bole

13 Pastry shop Bow cafe Cake 2 Kirkos
14 Pastry shop Bridge Cake 2 Arada
15 Pastry shop Brown forest Cake 2 Kirkos
16 Pastry shop Café Denebil Cake 2 Kirkos
17 Pastry shop Café Miru Cake 2 Kirkos
I8 Pastry shop Capitol cafe Ice cream and cake 4 Kirkos
19 Pastry shop Carem Ice cream and cake 3 Bole

20 Pastry shop Chintro Ice cream and cake 4 Arada
21 Pastry shop Christina Ice cream and cake 2 Kirkos
22 Pastry shop City cafe Ice cream and cake 4 Bole

23 Pastry shop Classic Ice cream 2 Bole

24 Pastry shop Cordial Cake 2 Arada
25 Pastry shop Crocodile cafe Cake 2 Kirkos
26 Pastry shop Dandi lce cream 2 Kirkos
27 Pastry shop Denver cafe Ice cream and cake B Kirkos
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Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastrv shop
Pastry shop
Pastry shop

Pastry shop

Diana
Dondor
Enana
Entermezo
Eyob
Fasika
FG cafe
Flonida
Fuge cafe
Genet
Geyus cafe
CGhion
Henok cafe
Kalids cafe
Lal

Lavera cucina

Lidia
Lions’ cage
Londo cafe
London café
Maleda
Median cafe
Meseret cafe
Mimmo
New York
Omega
Pelican
Pizzena
Purple cafe
Rainbow
Ras shell

Cake
Cake
Ice ¢ream and cake
Cake
Cake
Ice cream and cake
Cake
Cake
Cake
Cake
Ice cream and cake
Iee cream and cake
Ice cream and cake
Ice cream and cake
Cake
Cake
Ice cream and cake
lce cream and cake
Ice cream and cake
Ice cream and cake
Ice cream and cake
lce cream and cake
Cake
Cake
Ice cream and cake
Cake
Ice cream and cake
Ice cream and cake
Ice cream and cake
Cake

fce cream and cake
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Arada
Arada
Bole
Arada
Kirkc:s
Gulele
Kirkos
Arada
Kirkos
Kirkos
Bole
Kirkos
Kirkos
Kirkos
Kiri:?s
Arada
Yeka
Arada
Kirkos
Bole
Arada
Bole
Arada
Arada
Bole
Kirkgs
Bole
Kirkos
Kirkos
Arada
Kirkos



Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop
Pastry shop

Rea cafe
Riche cafe
Romina
Saay
Saay-22
Sara
Seasons cafe
Simret
Sofnia
Soul kid
Spot cafe
Temesgen
Top view
TS cafe
T-Top
Unique
Veronica
Wubet beisu
Youth cafe
Z cafe

Ice cream & cake
Ice cream and cake
Ice cream and cake
Ice cream and cake
Ice cream and cake

Cake
Ice cream and cake
Cake
Ice cream and cake
Ice cream and cake
Ice cream and cake
Cake
Ice cream and cake
Cake
Cake
Cake
Ice cream and cake
Ice cream and cake
Cake

Ice cream and cake

La b

F¥ SR 5 T % R S ¥

N W W

L

o L B2

Lad

Kirkos
Kirkos
Arada
Bole
Bole
Nifs Silk Lafto
Nifs Silk Lafto
Kirk(:s
Arada
Arada
Kirkos
Kirkos
Arada
Kirkos
Arada
Arada
Yeca
K:rkt:s
Arada
Arada

TNS = total number of samples taken in each pastry shop
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Annex omposition and preparation of culture media used for the study

a) Prir. © selective enrichment medium (Half Fraser broth) (AFS Lab Combourz. France)

Comp: el
-Meat  ‘one (peptic digest of animal tissue) 50
-Tryps  |peptic digest of casein) 5.0

- Beef it 5.0

- Yeast  ract 5.0

- Sodit hloride 200 ¢+
- Disoc hydrogen phosphate dehydrate 96
-Potas 1 dihydrogen phosphate 1.35

- Aesc 1.0

- Lithu hlonde 30
-Acnt 1 hvdrochlonde 0.0125
- Nahd acd 0.01
Direct

- | 55.0 g of the powder into one hiter of distilled water
- . carefully until complete dissolution
theze at 1217 C for 15 minutes (N.B: Do not overheat) J

- pucally add 0.5 g of ferric ammonium citrate after filter stenlization

b) Sect  ary selective enrichment medium (Fraser broth) (AES Lab . Combourg, France)

Compc 'mn (&M
-Meat  ione (peptic digest of animal tissue) 50
-Trypt  (peptic digest of casein) 50
- Beef rct 5.0
-Yeast  ract 5.0
-Sodiw londe 20.0
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- Disodium hydroger
- Potassium dihydro.
- Aesculin

- Lithium chlonde

- Acnfalvin hydroc!
- Nalidixic acid

Directions:
- Add3ssOgo
Mix carefull:
- Sterilize at |
- Aseptically »

Dispense it

¢) Polymixin Acrifl

Listeria Selective

i) Agar base |

Composition

- Peptones

- Starch

- Sodium chlonde
- Yeast extract

- Glucose

- Mannitol

- Aesculin

- Ferric ammonium «
- Phenol red

- Littum chlonde

- Agar

osphate dehydrat.
phosphate

de

= powdler into one litter of distillec

i1l complete dissolution

C for 15 minutes (N.B: Do not ov.

1.1 g of fernc ammonium ¢ irate a

srile test tubes

a Lith um chlori - Ceft:  lime

ating- ot medio

Lab. "ombourg. France)

e

\er

-at)

tilter st

«culin M

A

Zatio

itol |

LOCAM):



ii) Supplement for 1000 ml medium (one vial) (AES Lab . Combourg. France)

o ition (gn
- Polymixin B sulfate (100,000IU) 0.1
- Acniflavin hydrochlonde 0.05
- Sodium Ceftazidime pentahydrate 0.116
Directions

- Reconstitute the vial with 5 ml of sterile distilled water

iii) Complete medium

Directions:
- Add 73.9 g of powder into one litter of distilled water
- Mix carefully and heat with frequent agitation and boil till the powder dissolves
completely
Sterilize at 121 C for 13 mmnutes
Cool it to about 43°-30" C and add the 2 ampules of the reconstituted PALCAM
supplement

- Mix carefully and dispense into stenle petni-dishes

d) Oxford Listeria Selective Plating-out Medium

1) Agar Base (AES Lab . Combourg. France)

Composition gh

- Proteose peptone 23 ‘
- Starch |

- Sodium chlonide 5

- Agar (depending on the gel strength of the agar) 9-18

- Aesculin I



- Ammonium iron (ITI) citrate 035
- Lithium chlonde 15
13

1) Supplement for 1000 ml medium (one vial) (AES Lab.. Combourg. France)

Composition (/)
- Cyclohexamide 400
- Colistin sulfate 20
- Acnflavin hydrochloride 3
- Cefotetan
- Fosfomycin

Directions:

- Reconsuttute the vial with 5 ml of 50% ethanol

iii) Complete medium

Directions
- Add 57.5 g of powder into one litter of distilled water
Mix carefully and heat with frequent agitation and boil till the powder dissolves
completely
- Sterilize at 121° C for 15 minutes
- Cool 1t to about 45°-50° C and add the 2 ampules of the reconstituted Oxford supplement

- Mix carefully and dispense into sterile petri-dishes

e) Tryptone Soya Yeast Extract Agar (TSYEA) (Difco, Detroit, USA)

Composition (g/h
- Tryptone 17
- Soya peptone 3
- Sodium chloride 5



- Dipotassium phosphate 25
- Glucose 25
- Agar 15
- Yeast extract 6

Directions:
- Suspend 40 g of the powder in one litter of distilled water
- Mix thoroughly
- Heat with frequent agitation and boil for one minute to completely dissolve the powder
- Autoclave at 121° C for 15 minutes

- Dispense into sterile petri-dishes

f) Tryptone Soya Yeast Extract Broth (TSYEB) (Merck. Darmstadr. Germany)

Composition (g’h)

- Tryptone 17 '
- Soya peptone 3

- Sodium chlonde 5

- Dipotassium phosphate 2.5

- Glucose 2.5

- Yeast extract 6

Directions:

- Suspend 30 g of the powder 1n one litter of distilled water

Mix thoroughly

Autoclave at 121° C for 15 minutes

‘

Dispense into sterile test tubes



g) Blood Agar Base (Becton Dickinson, Maryland, USA)

Composition (gl

- Heart muscle infusion from (solids) 20

- Pancreatic digest of casein 13.0

- Yeast extract 50

- Sodum chlonde 50

- Agar 150 +

Directions:
Suspend 40 g of the powder 1n one litter of purified water
Mix thoroughly
- Heat with frequent agitation and boil for one minute to completely dissolve the powder
Autoclave at 1217 C for 15 minutes
- Cool the base to 45 to 50° C and add 5% sterile, defibrinated sheep blood

Dispense into stenile petri-dishes

h) SIM medium (Becton Dickinson. Marvland. USA)

Composition (g/h)
- Pancreatic digest of casein 20.0
- Pepuie digest of animal tissue 6.1

- Ferrous Ammonium iron sulfate 0.2

- Sodium thiosulfate 0.2

- Agar 35
Directions:

Suspend 30 grams of the powder in 1 litter of purified water
Mix thoroughly
- Heat with frequent agitation and boil for one minute -

- Autoclave at 1217 C for 15 minutes
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i) Carbohydrate utilization broths (rhamnose, xylose and mannitol)

i) Phenol red broth base (Merck, Darmstadt, Germany)

Composition (gl

- Peptone from casein 50

- Peptone from meat 5.0

- Sodium chlonde 5.0

- Phenol red 0.0180

Directions:

Dissolve 15g of powder in 1 litter of purified water

Autoclave at 121° C for 15 minutes and cool 10 about 60 “ C

it) Carbohyvdrate solutions

a) Rhamnose (AES Lab., Combourg, France)

b) Xylose (AES Lab., Combourg. France)

¢) Mannitol (Merck, Darmstadt, Germany)

Directions

Dissolve 5 g of each carbohydrate in 100 ml of water separately

Sterilize by filtration e

iii) Complete medium

Directions:

For each carbohydrate, add aseptically 0.5 m! of filter sterilized carbohydrate solution to

4.5 ml of phenol red solution prepared
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i) CAMP (Christie, Atkins, Munch-Peterson) test strains

Known [-hemolytic Staphviococcus aureus (CIP, Collection of Institute of Pasfeur. 5710).
Rhodococcus equi (CIP, 5869), L. ivanovii (CIP, 7842) and L. monocyviogenes and L innocua
(obtamned from AFSSA) were used for the CAMP test. Stock cultures of these bacteria were
maintained by inoculating onto TSYEA slopes incubating them at 37 ° €' for 24 hours and storing
in a refrigerator 4t 4 ” C. They were frequently sub-cultured once in & month duning the whale

research period.
k) Ferric ammonium citrate (Sigma, Steinheim. Germany)
Directions:

Dissolve 5 gm of powder in 100 ml of distilled water

Stenlize by filtration

1) Hydrogen peroxide (3%) (Sigma, Stemheim. Germany)
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Annex 6: Record sheet for laboratory analysis of Listeria species i foods (using PALCAM agar)

SN | Date | Sample Sample | Source | Mall | Fraser | Growth | Colony | Growth | Gram | Catalase | Mothty | Hemolysis
number | type | S/market | Fraser | Broth on number on stain
broth PALCAM TSYEA
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Annex 7: Record sheet for laboratory analysis of Listeria species i foods (using Oxford agar)

SN | Date | Sample | Sample | Source | Half | Fraser | Growth Colony | Growth | Gram | Catalase | Motility | Hemolysis
number | type S/market | Fraser | Broth | on Oxford | number | on stan
broth TSYEA
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Annex 8: Record sheet for biochemical reactions of Lisreria species '

Colony Sample . Carbohydrate utilization test CAMP test with
from No Colony |
E : No | Rhamnose Xylose | Mannitol S.aureus | R. equi
| PALCAM ] i | |
| | 2 1
| 3
4
] 5
Oxford 1 | 1|
| 2
| 3 |
N " 4
| 5 *
PALCAM | 2 | 1 |
[ : ‘l 2 :
1 | 3 |
4 l_
5
Oxford 2 | 1
'_ 2 __
& | 3 '
| | 4 ! |
. ' 5| |_
PALCAM L 1 [
2 |
3
4
5
Oxford 3 1 v
2 |
3 i
4 |
5 'f.
PALCAM 4 1
2
3
4
5
Oxford - 1
2
3
4
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