
















































































































































































4.4 Results of serotyping

Table 12 illustrates the results of serotyping of 72 Salmonella strains isolated from the

abalttoir cattle and personnel.

Table 12: Salmenella serotypes isolated from abattoir samples

Source No. of Salmonella isolates

SA [ SD |SME |SMU |[SR

Abattoir: Cattle
Faeces pooled 4 1

Lnn. mes.

Pooled 3 2

abdominal muscle 3 18

diaphragmatic muscle |2 |21

Abattoir: personnel 7 4 5 2
Total 72 15 49 5 1 2

SA = Salmonella Anatum

SD = Salmonella Dublin

SME = Salmonella Meleagridis
SMU = Salmonella Muenchen

SRF = Salmonella rough form

From the pooled samples of faeces (containing 5 single samples) 4 5. Dublin and 1 5.
Muenchen, of the pooled samples of mesenteric lymphnodes (containing 5 single samples) 3
S. Anatum and 2 5. Dublin have been found. Similar to the cattle faeces, S. Dublin
dominated in the beefl cuts single samples. In single samples of abdominal muscles 18 S.
Dublin and 3 S. Anatum and in diaphragm muscle samples 21 5. Dublin and 2 §. Anatum
occurred. The 18 Salmonella isolates from the abattoir personnel consisted of 7 .S. Anatum,
4 5. Dublin, 5 5. Meleagridis and 2 Salmonella rough forms. In total the distribution of 72
Salmonella serovars runs as follows: 15 5. Anatum, 49 S. Dublin, 5 5. Meleagridis, 1 S.

Muenchen and 2 8. rough form, respectively.
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Table 13 shows the frequency of Saimonella serotypes in minced beef {rom the three
abattoir sources.

Table 13: The frequency of Salmonella serotypes in minced beef from supermarkets in
three abattoir sources

Supermarket Source No. of Salmonella isolates
No. SA SD SSp SR
| 2 1
2 1
3 3 1
4 1 1
3 2 1
6 2 1
7 1 1
8 2 2
9 1 3 1 1
10 2 Z 1
11 1
12 1
13 2
14 1 1
15 1 1
16 1
17 1 1
18 3 2
19 1 2
20 2 1
21 1 1 1
22 2
Total 26 12 4 9 1
SA = Salmonella Anatum I = Addis Ababa abattoir
SD = Salmonella Dublin 2 = Kaliti abattoir
SSp = Salmonella Saintpaul 3 = Kara abattoir

SRF = Salmonella rough form

Of the 26 Salmonella strains are 12 5. Anatum, 4 S. Dublin, 9 5. Saintpaul and 1 S. rough
form. Arranged for the abattoir sources of the Salmonella 3 Salmonella scrotypes (2 S.

Anatum, | S. Dublin and 6 5. Saintpaul) originated from Kaliti abattoir. From Kara abattoir
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all 3 strains belonged to S. Saintpaul. In the minced beef from Addis Ababa 10 S. Anatum, 3
S, Dublin and 1 S. rough form were found. In all the samples of Addis Ababa abattoir

(faeces, mesenteric lymphnodes, beel cuts and minced meat) no S. Saintpaul was detected.
4.5 Antimicrobial test results

All the 98 Sabmonella strains, namely S. Anatum, S. Dublin, S. Meleagridis,
S. Muenchen, S. Saintpaul and S. rough form isolated from the abattoir cattle samples,
personnel and minced beef from supermarkets were tested in resistance against the 17

antibimicrobials already shown in the previous table 3. All the Salmonella strains were

sensitive to the 17 drugs.
4.6 Questionnaire survey

In order to assess some factors contributing to Salmonella occurrence, a questionnaire was
administered to the abattoir personnel and observations on pre-slaughter conditions,
slaughter facilities, post-slaughter handling and disease status. Additionally, the conditions,

storage facilities and sources of meat to the supermarkets were registered.

4.6.1 The pre-slaughter conditions

The source of cattle was from different parts of the country. It was transported by vehicle,
rail and foot. The noticed common cattle diseases were tuberculosis (TB), helminthiasis and,
in some cases, various metabolic disorders. Animals brought for slaughter were adults aged
5 years or older. Usually, animals were numbered after arrival at the abattoir by giving an
abattoir code number. An average of 450-500 animals are slaughtered daily. Disease
suspected cattle were additionally screened for TB, blood parasites and Foot and Mouth
Disease (FMD). A veterinarian and assistant meat inspectors carry out the ante-mortem

inspection.
4.6.2 Slaughter Facilities

Birds, rodents and other vermin are attracted by the bones that are exposed outside and do
invade the general surrounding of the abattoir. The design and facilities of the slaughter line

are both mechanized and manual. The major source of water is chlorinated tap water. A
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veterinarian and assistant veterinarian meat inspectors carry out the post-mortem inspection.
At slaughter the most frequent findings of meat inspection are pathological lesions,
pneumonia, emphysema, abscess, calculii, nephritis, pyaemia and TB lesions. The
condemned specimens and inedible slaughter offal including intestines and their contents
are processed into blood meal, animal concentrates and bone meal for pets, poultry, cattle
and other livestock. The disposed waste passes into the main internal drainage and is

emptied to the pit-holes and some of it is incinerated,
4.6.3 Post-slaughter handling and disease status

The type of laboratory analysis in case of a suspected disease are blood smears and faeces
for parasites, Bacillus anthracis, TB and discharges. TB is a reported disease the of the
abattoir’s personnel. The slaughterhouse storage facilities include cold rooms and
refrigerators. The meat is transported in closed trucks and then supplied to private and state

owned butcher shops and supermarkets.

4.7 Supermarkets

The source of meat from the supermarkets were Addis Ababa, Kaliti and Kara. The mode of
transport of meat and meat products are usually closed vehicles. The types of storage
facilities are mainly cold rooms and refrigerators. Meat is processed into sausages and
minced beef. The disease screening for the personnel is done by public health personnel, in
some cases screcning for TB, salimonellosis and other zoonotic diseases. Meat and meat

products are randomly collected for various laboratory analyses.



5. DISCUSSION

This study was planned as a baseline start. The Addis Ababa abattoir was selected as a
model to determine the Salmonella prevalence from cattle samples, starting with the pooled
faeces followed by mesenteric lymphnodes and muscles from the diaphragm as well as from
the abdominal region. The prevalence of Salmonella was determined up to the end product,
that means minced beef sold in Addis Ababa supermarkets. Additionally, the human stool

from the abattoir personnel was analyzed for Salmonella serotypes.

Abattoir cross sectional study

Generally the fact that Salmonella occurs at Addis Ababa abattoir is in agreement with
studies of other authors on the abattoir. From the current studies Sa/monella isolates from
the diaphragm 28 / 235 (11.9 %) and abdominal 23 / 235 (9.8%) muscles show beef cuts to
be the most important source for Salmonella in comparison to expected numbers (calculated
from pool samples) for individual faeces of cattle for n = 5/47 x 5 (2.1 %) and mesenteric
lymphnodes n = 10/47x 5 (3.8 %). Low prevalence in living animal, indicated by low
isolation rates of faeces and lymphnodes, leads to the conclusion that the contamination of
beef cuts is not due to spreading of Sa/monella in the living or dying organisms. There must
have been severe cross-contamination during the skinning process as a result of bad
hygienic conditions during subsequent dressing operations. One probable source could have
been from infected abattoir personnel because in 18 ( 6 %) of the 300 stool samples
Salmonella were isolated. On the other hand in the human faeces §. Meleagridis was
detected, a serovar which has never been found in cattle (see p. 46). Several reports have
stressed the impact of poorly disinfected knives or other slaughtering equipment and bad
hygiene among the slaughterhouse personnel on cross contamination (WHO, 1985). In this
Addis Ababa study other contamination routes are also probable. Mainly some
environmental factors, such as insects, rodents, avian vectors and water could have also
been involved in the infection of herds and contamination of processing areas. These vectors
have also been demonstrated in abattoirs of other countries to be the potential source of
contamination of meat destined for human consumption (Samuel et al., 1980). All the facts
mentioned above as causative agents of beef contamination during the slaughter process are

also found at the Addis Ababa abattoir.



In previous studies it was reported, that stressful conditions and over-crowding associated
with transport of animals {from rearing farms to the abattoir induces shedding of Salmonella
in animals (Samuel et al., 1981). However, from the Addis Ababa studies the Chi-Square
test indicates salmonellosis detection in cattle from the abattoir was not correlated with
circumstances of animal transport. On the other hand, the results lead to the conclusion that
the health status of the cattle is associated with salmonellosis because in the facces and/or

mesenteric lymphnodes of 12 cows classified as “poor conditioned” Salmonella was

detected in 11 times.

In this survey pool-testing was used for the facces and mesenteric sample in agreement to
Cowling et al. (1999). Collective sample testing can be used to determine herd status
(infected or non infected) or, if multiple pools per herd are used, the individual animal

prevalence can be estimated with the help of these results as shown in this study.

The consumption of raw meat by the abattoir personnel Salmonella was isolated of by stool
samples 18 (6 %) of the 300 stool samples may be interpreted as an indication of chain
contamination between cattle carcass and people. This is concluded from work carried out
in a Nigerian abattoir (Addo and Diallo, 1981). Outbreaks of human salmonellosis as a
result of eating raw ground beef have previously been described by Roels et al. (1997). 1t's
advisable to cook meat thoroughly for human consumption to reduce the risks of foodborne
illness. Despite some unsanitary practices at the slaughterhouse are detected in Ethiopia,
little is known to quantify the risk of contamination of meat with Salmonella at that level.
For example information is not available on the degree of contamination of the environment
with Salmonella caused by untreated effluents or the Sa/monella prevalence in pests like

rodents or birds.
Supermarket cross sectional study

In the present study the isolation rate of 26/330 (7.9 %) from minced beefl of the Addis
Ababa supermarkets was less than the rate of 20/50 ( 40 %) samples reported by Molla et al.
(1999). The difference between the results of the latter and the present one, though carried
out in the same environment, could have been due to improvement of the hygienic
standards, seasonal influences or fundamental differences between the shops included in
both studies. Especially there was demonstraled a lower Salmonella contamination of
minced beef in large supermarkets than in local shops. These findings underline a casual
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relationship between frequent handling and cross contamination of beel products But it is
clear that concerning the way from the Addis Ababa slaughterhouse to the consumer, the
prevalence of Salmonella does not increase during beef transport, production of minced beef

and sclling it in the supermarkets.

Questionnaire Survey

The scope of the questionnaire was gaining more information by an assessment of factors
contributing to salmonellosis in the abattoir and in minced beel from supermarkets.
Applying this questionnaire, important information about the health hazards of
salmonellosis to peoble and livestock can be obtained. Interviews or other efforts carried out
before and after the campaign contribute an important fact of a comprehensive control
program against Salmonella. As shown by this Addis Ababa study it is necessary to carry
out ante-mortem and post-mortem inspection on slaughter animals. Only apparently healthy
animals are to be recommended for slaughter in the abattoir, because a much higher risk of
salmonellosis can arise from animals of poor condition. Storage did not have any eflect on
Salmonella prevalence of minced beef from the supermarkets, but the sources of beef

impact on the isolated serotypes (p. 46).
Serotypes isolated

The present study was conducted to detect Salmonella serotypes which are common in the
Ehtiopian line from stable to table. Taking samples from cattle at the slaughterhouse, beef
cuts, abattoir personnel and minced beel should give some information whether there exists
a link between the serovars of different steps of pre-and post-harvest meat chain and
serovars of potential public health hazard that could be isolated. In this study carried out for
the first time on salmonellosis in the Addis Ababa region in abattoir cattle and human
personnel, predominant Salmonella serotypes were S. Dublin followed by S. Anatum. Both
serovars were mostly isolated from pooled samples of bovine faeces, mesenteric
lymphnodes and beef cut samples of the diaphragmatic and abdominal muscle. These results
agree with works carried out by various authors concerning different slaughterhouses in
Africa and other parts of the world (Miller, 1971; Chambers, 1971; Adesiyun and Oni,
1980; Sharma et al. 1996; FAO/World Bank; 1992; Anonymous, 1997). According to

literature 5. Dublin appears to be almost caltle specific as it is commonly identified in this



ruminant. On the other hand 5. Muenchen which was only isolated from cattle faeces and S.

Anatum are not host specific.

The Salmonella strains from the abattoir personnel comprised §. Anatum, S. Dublin and §.
Meleagridis. In this study carried out for the first time on abattoir workers these serotypes
are firstly reported for man in Ethiopia, too. Previous studies from human diarrhoeal
outpatients in Addis Ababa show 5. Typhi serogroup B, C, D and E whose source of
infection may be contaminated food (Mache and Megistu, 1998). Concerning the
slaughtered abattoir cattle S. Anatum and S. Dublin have been isolated. This could but must
not have been linked to the consumption of raw meat by the abattoir personnel, which
excreted the same serovars. These serovars were also isolated from the abattoir workers and
children in Zimbabwe (Chambers, 1977). S. Meleagridis was also detected from the stool of
abattoir workers. Its origin can only be justified by other contaminated food products, as it
was not identified in any sample of the abattoir cattle. It should be pointed out that there was

not any case of contamination of the 330 beef cut samples by §. Meleagridis.

Findings of Salmonella in minced beef from the supermarkets showed .S. Anatum,
S. Dublin and §. Saintpaul as the most frequent serotypes. The dominance of S. Anatum and
S. Dublin in minced beef is in agreement with the work of Molla et al. (1999), concerning
the same matrix. The source of the two serotypes found in minced beef from supermarkets
could have been from the Addis Ababa abattoir because these strains were isolated from
samples collected at the same slaughterhouse. On the other hand §. Saintpaul is a new
serovar to be reported in Ethiopia. The origin of . Saintpaul from Kaliti and Kara abattoirs
supplying meat to supermarkets to be processed into minced beef was clearly shown in this
study. From the point of view of tracing back it seems very important that no minced beef
from Addis Ababa slaughterhouse contained S. Saintpaul because this serotype was not
isolated at the slaughterhouse itself. However, S. Saintpaul has been well documented from
two other abattoir studies (Adesiyun and Oni, 1980; Shrama and Joshi, 1992). There was no
difference in overall frequency of Salmonella between the three abattoir sources except the
difference in frequency of serotypes. In future there should be designed a study covering all
meat products with a considerable Salmonella contamination risk to get more detailed

information about the Salmonella infection chains in Ethiopia.



Antimicrobial sensitivity of Salmonella isolates

From the viewpoint of food hygiene and therapy of salmonellosis the sensitivity of
Salmonella isolates to commonly used antimicrobial agents is of public health significance.
In the present study 98 Salmonella strains (namely S. Anatum, 5. Dublin, 5. Meleagridis, 5.
Muenchen, S. Saintpaul and S. rough form) isolated from the abattoir cattle samples,
slaughterhouse personnel and minced beef from supermarkets have been tested for
resistance against 17 antimicrobials. All Salmonella strains showed sensitivity against the
17 drugs in the following concentration: Amikacin (AK 30 pg), Ampicillin (AMP 10 pg),
Cefuraxolin (CXM 30 pg), Chloramphenicol (C 30 pg), Colistin (CT 10 pg), Enrofloxacin
(ENR 5 pg), Furazolidon (FR 100 pg), Gentamycin (CN 10 pg), Kanamycin (K 30 pg),
Nalidixin acid (Na 30 pg), Neomycin (N 10 pg), Polymyxin B (PB 300 1U), Streptomycin
(S 25 pg), Sulphamethoxazol/Trimethoprim (SXT 25 pg), Sulphonamide (SU 300 pg),
Tetracycline (TE 300 pg) and Trimethoprim (W 25 pg). This is a clear indication that most
of the antmicrobial drugs are rarely utilized in cattle hence no drug resistance was observed
antimicrobial testing. Preventing of development of resistance in Salmonella in food of
animal origin does not only imply that antibiotics should never be administered to control
subclinical Salmonella infection, but also that the use of antibiotics for food of animal origin
in general should be to the least possible extent. Special care should be taken for the classes
of antibiotics used for treatment of human Salmonella infections, notably flouroquinolones
and aminoglycosides. Basing on the information presented above, it is important that the
prudent use of fluoroquinolones in the Ethiopian veterinary field should continue with the
idea that their application should maximize the therapeutic effect and minimize the

emergence of resistance as documented by Malorny et al. (1999):

On the other hand recently research work demonstrated a rapid growing multidrug-
resistance for many Sa/monella strains isolated from livestock and humans in many regions
of the world. The predominant serovars isolated of foods of animal origin, mainly S§.
Anatum and 5. Dublin, have developed resistance patterns to streplomycin, neomycin and
tetracycline (Adesiyun and Oni, 1980, Shrama and Joshi, 1992). From abattoir
investigations carried out in Brazil the dominant strain from meat and meat products of
cattle origin was 5. Dublin too and this serotype was resistant to tetracycline,
chloramphenicol, kanamycin, ampicillin, nalidixic acid, gentamicin and trimethoprim-

sulmethoxazole (Composs et al., 1989). Other authors stated that the transition of
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sulinethoxazole (Composs et al, 1989). Other authors stated that the transition of
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multiresistant Salmonella strains from cattle to human is (still) a seldom event, but a low

risk does exist.

Regarding the given facts salmonellosis is of public health significance, because the
probability of eating meat or meat products contaminated with Sa/monella must be taken
into account. Prevention measures must start at the level of animal production. Reduction
of the prevalence of Salmonella should be based on good production practices (GPP) which
includes biosecurity, cleaning, disinfection and animal hygiene. This GPP should
furthermore be incorporated in food production, transport and selling as commodity food
safety/quality assurance programmes. Integral for the success of interventions at the animal
production level are in-depth understanding of the epidemiology and microbial
characteristics of specific pathogens, animal identification and diagnostics. At the
consumption end of the continuum, the public, especially food handlers and consumers,
need education in safe handling of food. Furthermore, recommendations about important
measures that reduce the general risk of infection from foods should be published. These
consultation includes guidelines regarding the storage, handling, use and preparation of

meat and meat products.

6. CONCLUSIONS AND RECOMMENDATIONS

/. Concerning the “cow-chain” the prevalence of Salmonella in single samples is relatively
low in the faeces (2.1 %) and mesenteric lymphnodes (4.2 %) of the Ethiopian abattoir
cattle in comparison to the Salmonella loads of beef cuts (9,8 % and 11.9 %
respectively) and minced beef from supermarkets (7.9 %). Apart from these sources the
level of the Salmonella prevalence in stool samples of slaughterhouse workers (6.0 %)
lies between thesc two groups.

2. The highest prevalence of Salmonella in beef cuts was found in cattle being slaughtered
in poor condition. To reduce the Sa/monella burden to the public it is therefore essential
to perform intensive live inspection and to slaughter only healthy animals.

3. The data from bacteriological analysis of beef cut samples from abdomen (9.8 %) and
diaphragm (11.9 %) show that there must have been severe additional contaminations
during the slaughter process, mainly during the step of skinning,

4. In 6 % of the human stool samples from the slaughterhouse workers Salmonella was

isolated. Theoretically, the employees play an important role as a source for Salmonella
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contamination. On the other hand S. Mecleagridis was only found in human faeces
samples and this serotype was never isolated from the “cow chain”.

Although the level of the Salnonella load of minced beef from supermarkets (7.9%)
does not exceed the Salmonella burden of the original beef cuts, there arises a severe
risk for the consumer of raw beef.

The most frequent isolated Salmonella serotypes in cattle/beef samples were
S. Dublin and S. Anatum. S. Muenchen and S. rough form were found less frequently. .S.
Meleagridis was only detected in human stool and S. Saintpaul in minced beef not
originating from Addis Ababa slaughterhouse.

None of the 98 tested Salmonella strains showed resistance against 17 antimicrobial

substances.

The following recommendations must be considered generally and are important to improve

the hygienic status of Ethiopian beef:

Separation of healthy and sick or suspected animals before slaughter and avoidance of
stress to the animals, strict separation in the slaughterhouse between “unclean” and
“clean” area.

Environmental factors such as insects, rodents and avian vectors must be under control
because they are involved in the infection of herds as well as in the contamination of
processing areas and carcasses.

During slaughter, Good Manufacturing Practices should be followed which include
cleaning and disinfecting of knives and aprons, hand washing, avoidance of contact
between carcasses and other surfaces and optimal cleaning education and motivation of

slaughterhouse personnel and adequate control by competent official authority.

48



7. REFERENCES

Abalaka, J A, Dribeil, R. H. (1980): Salmonellae. J. Microbio. Infect. 27, 167-174.

Addo, P. B, Diallo, A. A. (1981): Investigation of the presence of Sa/monella in two
Nigerian meat packing plants. Afr. J. Med. Sci. 10, 85-89.

Adesiyun, A. A., Oni, 0.0. (1989): Prevalence and antibiograms of Salmonella in
Slaughter cattle, slaughter areas and effluents in Zaria abattoir, Nigeria.

J. Food Prot. 52 (4), 232-235.

Anderson, E. S., Ward, L. R., De Saxe, M. J, De Sa, J. D. H. (1977): Bacteriophage-
typing designations of Salmonella typhimurium. J. Hyg. 78, 297-300.

Andrian, N. N,, Dellat, A. R. 'T. (1979): Microbiology of the allied health professionals.
2nd ed. Lea and Fibiger, pp. 203-206.

Anonymous (1997): Trends and sources of zoonotic agents in the European Union

Document no VI 8495/98-Rev.2 of the European commission.

Anonymous (1998): Report from the Danish zoonosis center and the Danish

veterinary and food administration. ISSN 0909-4172.

Arbeitskreis flir Veterindrmedizinische Infektionsdiagnostik (AVID) (1996):
"Mikrobiologie, Parasitologie und Hygiene" der Deutschen
Veterinairmedizinischen Gesellschaft; Loseblattsammlung: Methoden der
Infektionsdiagnostik 111/1996.

Barker, R. M., Old, D. C. (1980): Salmonellosis. .J. Med. Microbiol. 13, 369-371.

Barrow, P. (1997): Int. Salmonella symposium Ploufragan’97. /. Poult. Int.

36 (13), 19-20.

49



Biberstein, E. L., Zee, Y. C. (1990): Salmonellosis. In: Smith A.D., Miller. C. (eds):
Veterinary Medicine, 7th edition. London: May and Baker, pp. 643-655.

Brisabois, A. (1997): Salmonella and epidemiological approach. Food ingredients

Europe conference proceedings, 12-14 November 1996. Paris, France. 20, 208-208.

Bryan, F. L. (1980): Foodborne disease in the United States associated with vehicles of

food-borne toxin and poultry. J. IFood Prot. 43, 140-150.
Busse, M. (1995): Media for salmonellae. /nt. J. Food Microbiol. 26, 117-131.

Campos, L. C., Hofer, E. , Carvalho, C. L. (1989): Antimicrobial resitance among
Salmonella serovars isoated from the different sources in Brazil during 1978-

1983. Antonie-van-Leeuwenhoek 55 (4), 349-359.

Chambers, P. G. (1977): Salmonella in Zimbabwe: Sources and serotypes of some
isolates from abattoir, domestic animals, birds and man. .J. South African Vet.

Association 48 (4), 241-244.

Cowling, D. W., Gardner, 1. A, Johnson, W. O. (1999): Comparison of methods for
estimation of individual level prevalence based on pooled samples. Preventive

Veterinary Medicine 39, 211-225.

D'Aoust, J.-Y. (1989): Salmonellae. In: Doyle, M. P (Ed.), Foodborne Bacterial
Pathogens. Marcel Dekker Inc. New York, pp. 324-413.

D'Aoust, J.-Y. (1992): Commercial diagnostic kits for detection of foodborne

Salmonellae and Salmonellosis. Ploufragan/Saint-Brieuce-France, pp. 9-19.

D’Aoust, J-Y. (1994): Salmonella and International food trade. /nt. J. Food Microbiol.

24, 11-13.
Deutsches Institut flir Normung (1999). Medizinische Mikrobiologie; Methoden

zur Empfindlichkeitsprifung von bakteriellen Krankheitserregern
(auBler Mykobakterien) gegen Chemotherapeutika; Agar-Diffusionnstest. DIN
58940 Teil 3, Beuth Verlag, Berlin

50



. . y S . . . . il
Ewing, H. W. (1986): Edwards and Ewing’s identification of Enterobacteriaceae. 4" ed,

New York: Elsevier Sci. Publ.Co.,Inc., The Netherlands, pp.181-251.

FAO/ World Bank (1992): WHO surveillance program for control of food-borne
infections and intoxications in Europe, 6™ edition. Report 1990-92 Berlin,

Germany, pp. 203-216.

FAO/ World Bank (1993): Ethiopian Livestock Sector Development Report No.
24/93 CP. Ethi 45 Sr,. Ethiopian Sector Development Project. Vol. | of 2.
Food and WHO/UN.

Feng, P. (1992): Commercial assay systems for detecting foodborne saimonellae:

A review. J. 'ood Prot. 55, 927-934.
Fricker, C. R. (1987): Salmonellosis. J. Appl. Bact. 63, 99-116.

Georges-Courbot, M. C., Baya, C., Georges, A. J. (1984): Salmonellosis. Bull. Soc.
Pathol. Exot. 77, 158-163.

Glynn, M. K., Bopp, C., Dewitt, W., Dabney, P., Mokhtar, M., Angulo, F. (1998):
Emergence of multi-resistant Salmonella enterica serotype Typhimurium DT

104 infections in the United States. New England .J.med. 338, 1333-1378.

Hardy, A. V., Kraeger, J., Dufour, S. W., Cady, P. (1977): Salmonellosis. Appl.
Lenviron. Microbiol. 34, 14-17.

Helmuth, R., Schroeter, A. (1994): Molecular typing methods for 8. Enteritidis.
Int. J . Food Microbiol. 21, 66-77.

Hemmatzadeh, F., Salemi, A. (1998): Isolation and identification of different
Salmonella biotypes from human and animal cases in the Chahar-Mahal Bakhtiary
province in Iran. Proceedings of the 4™ World Congress. Foodborne infections and

intixications. 7"—12" June 1998, Berlin, Germany. Vol 1. S-B25 pp. 465-467.



Hildebrandt, G., Weil}, H. ( 1994): Sampling plans in microbiological quality control.

Fleischwirtschaft 74 , 56-59, 165-168.

Humbert, F., Colin, P. (1991): In: Mulder, R W.A.W. and Kan, C.A. Proceedings of
prevention and control of potentially pathogenic microorganisms in poultry
and meat processing (Flair No.6). 5. Zoonoses Control in the Europe union.
Centre for Poultry Research and Information Services, Beekbergen,

The Netherlands, pp. 13-24.

Hummel, P. H. (1979): Antibiotic resistance among Salmonella isolated from animals

in Tanzania. Bull. Anim. Health. Prod. Afr. 27, 113-121.

International Commission on Microbiological Specifications for Foods (1986):
Microorganisms in Foods. Sampling for Microbiological Analysis: Principles and

nd

Specific Applications. 2" ed. University of Toronto Press, Toronto.

pp. 139-140.

International Organization for Standardization (1998): ISO 6579: Microbiology-

General guidance on methods for the detection of salmonellae. ISO, Geneva.

Jackson, G. J., Langford, C. F., Archer, D.L. (1991): Control of salmonellosis and
similar foodborne infections. J. I'ood. Cont. 2 (1), 26-34.

Kauffmann-White Scheme (1989): Institut fiir Veterindrmedizin im Bundesgesund-
heitsamt Berlin und Staatliches Veterindruntersuchungs und Tiergesundheitsamt

Chemnitz. Vetmed Hefte. Robert von Ostertag-Institut.

Le Minor, L. (1984): Salmonella. In Krieg, N. R. and Holt, J. G, (eds): Bargey’s
Manual of Systematic Bacteriology. Vol. 1. Baltimore, London : Williams and

Wilkins. MD., pp. 427-458.

Le Minor, L. (1988): Typing of Salinonella Species. Lurop. J. Clin. Microbiol.
Infect. 7, 214-218.

W)
19



Le Minor, L., Popoff, M.Y. (1980). Designation of Salmonella enterica sp.nov.
nom. rev., as the type and only species of the genus Salmonella. Int. J. Syst.

Bacteriol. 37, 465-468.

Le Minor, L., Popoff, M.Y. (1997): Antigenic formulas of the Salmonella serovars.
WHO Collaborating Centre for Reference and Research on Salmonella. Institut

Pasteur, 28 rue du Dr. Roux, 75724 Paris Cedex 15, France.
Lubwana, S. W. (1985): Salmonellosis in Uganda. lsast Afr. Med. J. 62, 260-265.

Mache, A., Mengistu, Y. (1998): Salmonella serogroups identified from adult
Diarrhoeal outpatients in Addis Ababa Ethiopia: Antibiotic resistance and
plasmid profile analysis. Program and Abstracts. The 7" Annual Conference of

the Biological Society of Ethiopia. February 5-6, 1998, p. 20.

Malorny, B., Schroeter, A., Helmuth, R (1999): Incidence of quinolone resistance
over the period 1986 to 1998 in veterinary Sal/monella isolates from Germany.

J. Antimicrob. Chemother. pp. 2278-2282.

Martin, S.W., Meek, A.H., Willeberg, P. (1987): Veterinary Epidemiology Principles

and Methods. lowa United States: lowa State University Press.

Matayas, Z. (1988). Salmonellosis control: The role of farm animals and meat hygiene.

Report of a WHO Expert Committee. WHO, Technical Report Series 774.

Microsofl Encarta (1994): Ethiopian Microsoft Corporation. Funk and Wagnalls

Corporation.

Miller, A. S. (1971): Salmonellosis in Botswana: Incidence in Cattle.

J. Hyg. Camb. 69, 491.

Moats, W. A. (1981): Update on Salmonella in foods. Selective plating media and
other diagnostic media. .J. I‘ood Prot. 44, 375-380.

£



Molla, B., Kleer, J., Sinell, H.-J. (1999). Antibiotic resistance pattern of foodborne
Salmonella isolates in Addis Ababa (Ethiopia). Berl. Miinch. Tieraztl. Wschr.

112, 41-43,

Molomo, M. A. (1998): A study on prevalence and epidemiological key factors of
Salmonella species in selected poultry farms in Debre Zeit, Ethiopia. Master
thesis of Science in Tropical Veterinary Epidemiology, Freie University of

Berlin and Addis Ababa University.

Nasinyama, G. W., Mc Ewen, S. A, Waltner-Toews, D., Gyles, C. L., Wilson, J.,
Opuda-Asibo, J., Poppe, C. (1998): Prevalence, characteristics and distribution of
non-typhoidal Salmonella in diarrhoea patients and slaughter animals in Kampala
district, Uganda. Proceedings of the 4" World Congress. Foodborne infections and

intixications. 7" —12" June 1998, Berlin, Germany. Vol. S-B20. pp. 433-441.

National Committee for Clinical Laboratory Standards (1997): Performance standards

for antimicrobial disc susceptibility tests. M2-A6. Approved standard. National

Committee for Clinical Laboratory Standards, Wayne Pa.

National Meteorological Centre Agency (1999): Rainfall and Temperature data,
Addis Ababa, Ethiopia.

Notermans, S., Teunia, P., BorgdofT, M., Van de Giessen, A., Amen, J. H. A. (1996):

The cost-benefit analysis of S. Enteritidis eradication program. World Poultry.

May pp. 10-14.

Old, D. C. (1989): Salmonella. In: Wilson, G.S. and Miles, A. Principles of
Bacteriology, Virology and Immunology, 6" ed. Vol. 2, Topley and Wilson.
pp. 915-955.



Oslen, J. E., Brown, D. ], Skov, M. V, Christensen, J. P. (1993): Bacterial typing
methods suitable for epidemiological analysis. Applications in investigations of

Salmonellosis among livestock. J. Vet. Sci. 15, 125-135.
Peters, A.R. (1985): Salmonella. Vet. Rec. 117, 667-668.

Peters, M., Wiberg, C. Norberg, P. (1989): The effect of incubation temperature and
magnesium chloride concentration on growth of Salmonella in home-made and
in commercially available dehydrated Rappaport-Vassiliadis broths. .J. Appl.
Bact. 66, 523-528.

Popoff, M. Y., Bockemuhl, J., Hickman-Brenner, F.W. (1996). Supplement
1995 (no.39) to the Kauffmann-White Scheme. Res. Microbiol. 147, 765-769.

Quinn, P. J., Carter, M. E., Markey, B., Carter, G. C. (1994): Salmonellosis. In: Clincal
Veterinary Microbiology. Wolfe, Publishing London, pp. 226-234.

Ricci, N., Manuppella, A., Laurelli, T., Durante, M., Trillo, P. R. (1990): Case of food
poisoning from locally produced ice cream, attributed to rare Salmonella

serotype, Salmonella Uganda. J. Hyg. 2, 240-224.

Roels, T. H., Frazak, P. A., Kazmierczak, J. J., Mackenzie, W. R_, Proctor, M. E,
Kurzynski,T. A., Davis, J. P. (1997): Incomplete sanitation of a meat grinder
and ingestion of raw ground beef: Contributing factors to a large outbreak of

S. Typhimurium infecton. /. Iipidemiol. Infect. 119, 127-134.
Samuel, J. L., O'Boyle, D. A, Mathers, W. J., Frast, A. J. (1980): Distribution of

Salmonella in the carcasses of normal cattle at slaughter. Res. Vet. Sci.

28, 368-372.

Samuel, J. L., Eccles, J. A, Francis, J. (1981): Salmonella. J. Hyg. 87, 225-232.

Seifert, H. S. H. (1996): Salmonellosis.In: Tropical Animal Health. Doratrecht: Klumer
Academic Publ. pp 368-371.



o

Sharma, D. K. , Joshi, D. V. (1992): Antimicrobial drug sensitivity of Salmonella Stains

isolated from milk products and meat. /ndian J. Anim. Hith. 31 (1), 59-64.

Sharma, R. N., Musonda, M. M., Munang’andu, H. M., Muyoyela, P., Sinyangwe, P.G.
(1996): Salmonella {from Animals in the Republic of Zambia.
Bull. Anim. Hlth. Prod. Afri. 44, 5-7.

Sharp, J. C. M. (1990): Salmonellosis. .J. British food. 92 (4), 6-12.

Sojka, W. J. E., Hudson, B., Slavin, G. (1970): A survey of the drug resistance in
Salmonella isolated from animals in England and Wales during 1971.

Brit. Vet. J 130, 28-137.

Stoll, B (1993): Control of salmonellosis from the viewpoint of practical food
inspection. Erfahrungen in der Salmonellosebekidmpfung aus der Sicht der
praktischen Lebensmitteliiberwachung. /leischwirtschaft 73 (12), 1372, 1375,
1396.

Teshome, M., Mebratu,G. (1988): A study of the disemination and age difference of
chicks in susceptibility of Salmonella Pullorum. Proc: Sec. Nat. Livestock

Improvement conference.

Vassiliadis, R. (1983): The Rappaport-Vassiliadis (RV) enrichment medium for the

isolation of salmonellae. An overview. J. Appl. Bact. 54, 69-76.

Wegner, H. C., Bager, I'., Baggesen, D. L., Gerner-Smdit, P. (1997):; Current aspects of
food borne salmonellosis Proceedings of the 4" World Congress.Foodborne
infections and intixications. 7" —12" June 1998, Berlin Germany. Vol . K-BO3
pp.102-106.

World Health Organization (1985): Report of the working group on the WHO
veterinary public health programme on the prevention and control of

salmonellosis (and other zoonotic diarrhoea diseases). VPH/ 85.61, WHO, Geneva.



World Health Organization (1992). Antigenic formulas of the Sa/monella
serovars. Taxonomy of the genus Salmonella. Changes in serovars

nomenclature. WHO, Geneva: p. 5.

World Health Organization (1993): Guidelines for the establishment of system for
the epidemiological surveillance of food-borne diseases and investigation of

outbreaks of food poisoning, WHO Geneva: p. 27.

World Health Organization (1994): Control of salmonellae infections in animals and
prevention of human foodborne Salmonella infections. WHO consultation.

Bulletin of the WHO, Geneva: 72 (6), 831-833.



8. APPENDICES

Appendix 1.

Positive cattle pooled samples of mesenteric lymphnodes and faeces

Data worksheet

Pooled ID |MeS.Ln | Faeces |Status| Trans | Cond |Antibiogram|Serovar
1 P n p v 2
2 p n p Vv 1
3 p n P Vv 2
4 p n p f 1
5 n n n r 2
6 n n n f 2
I n n n r 2
8 n n n f 1
9 n n n v 2
10 n n n Vv 2
11 n n n Vv 1
12 n n n f 1
13 n n n v 1
14 n n n % 0
15 n n n f 1

16 n n n Vv 1
17 n n n r 1
18 n n n r 2
19 n n n f 2
20 n n n f =
21 n n n f 2
22 P n p f 2
23 n- n n f Z
24 n n n f 1
25 n n n f 2
26 n p p v 3
27 p n p Vv 3
28 n n n v 3
29 n n n Vv 2
30 n n n r 2
31 p n p r 2
32 p n p r 2
33 n p p Vv 1
34 n p p r 1
35 n p p r 3
36 n n n % 1
37 n n n v 1
38 n n n % 2
39 n n n Vv P

wun
(e o]



|
|

_40 | - |

41

42

43

44

45

46

s I o I s ) e oo 2 o [ o ) o |
NN EN EN TSNS

I <€ | < <

IS BIS|ISSSS

47

Appendix 2

Created pool for the abdominal and diaphragmatic muscles

Data work sheet

>
=
o
=

Status | Serotype |Antibiogram

COoOo|3|I2|I3(3 (S| Cc0CO0|IDO(D0 ||| O|Ico|S|Oo|D|Io|D]|D
'U'O'OJ33D'OLO'U”O'OBVOD'O:JD333"03"033'03'033

el = e G s Bl o ) o Bl o Bl B o il o 0 B o M s 0 e 8 e ) B B e e B P B s Bl o B b W = R i o B M o i e e R e Bl =

Pooled
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
iFi
18
19
20
21
22
23
24
25
26
27
28
29
30
31

39



32 P P p
33 p n p |
34 n p p
35 P P P
36 P P P
a7 n n n
38 n p p
39 p n P
40 P n p
41 P P P
42 P P P
43 n p p
44 n p p
45 P p p
46 p n p
47 n p p

Appendix 3

Abattoir Personnel Positive Results

SA Status | Antibiogram Serotype

10 A010 p NR SD
32 A032 p NR SA
41 A041 p NR SME
52 A052 p NR SME
70 AQ070 p NR SD
80 A080 p NR SME
98 A098 p NR SD
102 A102 p fi SA
129 A129 p : SD
148 A148 p 4 SA
159 A159 p " SME
168 A168 p K SA
176 A176 p v SME
178 A178 p . SR
224 A224 p 3 SA
239 A239 p v SR
272 A272 p v SA
274 A274 p N SA

7SA 4SD 5SME 2SR

N = Negative ; P = Positive

SA = Salmonella Anatum

SD = Salmonella Dublin

SME = Salmonella Meleagridis
SMU= Salmonella Muenchen
SRF = Salmonella rough form
NR = No Resistance
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Appendix 4

Salmonella isolation in minced beef from supermarkets

Supermarket | Status | Source |Storage | Antiboigram

No. of Salmonella

ID No isolates
SA | SD |Ssp |SR
1 p 2 1 NR 1
2 n 1 2 NR
3 p 3 1 NR 1
4 p 1 1 NR 1
5 p 2 0 NR 1
6 p 2 1 NR 1
7 p 1 1 NR 1
8 p 2 2 NR 2
9 p 1 1 NR < 1
10 p 2 1 n 2 1
11 n 2 0 -
12 n 2 1 N
13 n 2 1 o
14 p 1 1 v i
15 p 1 0 ! 1
16 n 1 2 v
17 p 1 1 . 1
18 p 3 1 “ 2
19 p 1 0 Y 2
20 p 2 1 ¢ |
21 p 1 1 i
22 n 2 1 2 1 1
Total 12 4 9 1

SA = Salmonella Anatum 1= Addis Ababa abattoir
SD = Salmonella Dublin 2 = Kaliti abattoir

SSp = Salmonella Saintpaul 3 = Kara abattoir

SRF = Salmonella rough form

NR= No Resistance
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Appendix 5
Questionnaire Specimen
A. Abattoir
e Pre-Slaughter conditions

1. Origin of animals
2. The Mode of '1‘rqnsporl
a. Vehicle b. Rail c¢. By foot
3. Disease History from source of animals
4. Age groups of animals brought for slaughte
a. Young b. Juveniles c. Adults
5. Identification of animals
a. Tatoo b. Eartags c. None
6. The number of animals slaughtered in a day
7. Against which diseases are animals screened before slaughter
8. Who carries out the ante-mortem inspection?

a. Veterinarians b. Animal Health Technicians c¢. None

e Slaughter Facilities

9. The design and facilities in the abattoir
10, The general surrounding in the abattoir
L. The facilities used during slaughter of animals
12, The type of protective clothing used by the personnel in the abattoir
13.  What is the source and quality of water used?
a. Tap water b. Hand carried c. Borehole d. wells
14.  How are the animals slaughtered?
a. Mechanized b. Manual
15, Who carries out the post-mortem inspection?
a. Veterinarians b. Animal Health Technicians ¢. None

16. How are the condemned specimens disposed?
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17.

18.

The disposal of waste

a. Incenerator b. Pit-holes c. Open disposal

What are the commonest conditions at meat inspection?

e Post-Slaughter handling and disease status

19
20.
21.

22.
23

The type of laboratory analysis in case of a suspected diseases

Any reported disease cases from the personnel

The type of storage facilities

a. Cold rooms b. Fridges c. none

How is the meat transported to the supermarkets and butcher shops?

To which supermarkets and butcher shops is the meat supplied in the city?

B. Supermarket and butcher shops

N o »w ok

10.
11.

The source of meat

What is the mode of transportation of meat and meat products

a. Open Vehicles b. Closed Vehicles ¢. Closed and refrigerated d. By hand
The type of storage facilities

a. Cold room b. Refrigerators ¢. None

What are the types of meat processing carried out?

The type of cutting facilities

How is the packaging done

Any previous complaints from clients on illness contacted on consumption of
meat and meat products

[s there any disease screening for the personnel? Which ones?

The type of protective clothing used by the personnel

Is there any inspection by the Public health personnel

Are there any specimens sampled for laboratory analysis?

~
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