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Abstract: Staphylococcus bacteria are major public health problem which causes a number of human and animal
diseases. A cross sectional study was conducted on a total of 100 samples from ten dairy cows including hand
swabs and 94 samples from abattoir including abattoir nasal swab and abattoir hand swab in selected dairy
farms in Holeta town from October 2013 to April 2014. In order to isolate and identify the bacteria from the
selected dairy farms (Udder milk, tank milk, tank swab and bucket swab) and abattoir (Slaughter line swab, knife
swab and meat swab) as well as nasal and hand swabs of farm and abattoir workers were collected. All collected
samples were cultured on sheep blood agar. Presumptive Staphylococci colonies were sub-cultured on mannitol
salt agar, nutrient agar and confirmed by BiOLOG Identification system. The prevalence of staphylococcal
species was (40.2%, 78 out of 194 samples). Of 78 (40.2%) positive isolates, Staphylococcus aureus accounted
for 32(41%) followed by Staphylococcus intermedius 10(12.8%), Staphylococcus hyicus 17(21.8%) and CNS
19(24.3%). The prevalence of S. aureus in the farm is higher 23(23%) than in abattoir which is 9(9.6%).
Antimicrobial susceptibility pattern of the isolates was done by Kirby-Bauer disk diffusion method using fifteen
antimicrobials. Thus, out of a total of 53 isolates that were selected from the total isolates (78) for test, higher
resistance rate was observed to penicillin G 48 (90.6%) followed by cloxacillin38 (69.8%), cefoxitin 36 (67.9%)
and amoxicillin 35(66.0%). There was no statistically significant difference observed (p>0.05) between the type
of samples in determining resistance pattern to each antimicrobial except for penicillin G and cefoxitin. Multidrug
resistance was also observed in 46 (86.9%) of the total isolates and most of them were from farm samples, with
no statistically significant difference (P>0.05) between source of samples and Staphylococcus status at both
farm and abattoir. Staphylococcus aureus was almost resistant to -lactams and tetracycline. Hence,
antimicrobial susceptibility should be done before treating dairy cows in order to decrease the transmission of
resistant Staphylococcus aureus strains between humans and animals.
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INTRODUCTION before arrival at and while on the farm contributes to

Bacterial pathogens are estimated to cause ~5 million these pathogens. Pathogens can then be transmitted
illnesses, 46,000 hospitalizations and 1458 deaths in the through the food chain to humans and cause human Food
United States each year, especially enteric bacteria. Food- borne illness.
producing animals (e.g., cattle, chickens, pigs and Food borne diseases (FBD) are universal public
turkeys) are the major reservoirs for many of these health problems and the implications are great including
organisms, which include Campylobacter species and health and economic losses [2, 3]. Globally, millions of
non-Typhi serotypes of Salmonella enterica, Shiga people suffer from communicable and non-communicable
toxin–producing strains of Escherichia coli and Yersinia diseases caused by contaminated foods [4]. Food borne
enterocolitica [1]. Food producing animals acquire these diseases or food poisonings are defined by the World
pathogens by ingestion. Contamination of animal feed Health Organization (WHO) as an illness or diseases of

infection and colonization of food producing animals with
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infectious or toxic nature caused by the consumption of antimicrobial drug residues [17]. The quality of milk may
foods or water contaminated with bacteria and/or their be lowered by numbers of factors such as adulteration,
toxins, parasites, viruses, or chemicals [5, 6]. contamination during and after milking and the presence

Contamination of food products with pathogenic of udder infections (Mastitis) [18]. Pathogenic organisms
organisms may influence considerably their harmlessness; in milk can be derived from the cow itself, the human hand
endanger the health of consumers and decrease the shelf or the environment [17]. They can be derived from the
life of food resulting in food-borne infections, cow both by contamination and mastitis. Mastitis is a
intoxications and economic losses from food spoilage [2]. highly prevalent problem in dairy cattle and is one of the
Food-borne infections are caused by the ingestion of most important threats affecting the world’s dairy
viable pathogenic microorganisms in food from infected industry [19]. Staphylococcal mastitis is the commonest
animals or contaminated by infected persons during and economically the greatest concern wherever dairy
processing prior to their consumption [7-9]. Food must be farming is practiced. Moreover, Staphylococcal mastitis is
visibly clean and free from noxious materials. It should be the risk factor for food borne diseases.
also nourishing and attractive as the aim of food hygiene Meat is considered an important source of proteins,
should be the production and service of food, which is essential amino acids, B complex vitamins and minerals.
both safe and suitable for consumption [2, 9]. Due to this rich composition, it offers a highly favorable

A FBD outbreak is said to occur if similar illness, environment for the growth of pathogenic bacteria. The
often gastrointestinal, in a minimum of two people and microbiological contamination of carcasses occurs mainly
evidence of food  as  the  source  are  confirmed  [2,  11]. during processing and manipulation, such as skinning,
In many countries, national health care organizations evisceration, storage and distribution at slaughter houses
defined FBD outbreaks as the occurrence of two or more and retail establishments [20, 21]. Staphylococcal food
cases of a similar illnesses resulting from the ingestion of poisoning (SFP) is one of the most common FBD
a common food [2]. worldwide with  high  occurrence  second to

Food-borne pathogens are the leading cause of Salmonellosis [22, 23]. Staphylococci are widespread in
illness and death in developing countries. Changes in nature, they can be found in the air, in dust, in water, and
eating habits, mass catering, unsafe food storage on humans and animals. The main human reservoirs of
conditions and poor hygiene practices are major these organisms are the skin and nasal cavity [24]. About
contributing factors to food associated illnesses. In 40 to 44% of healthy humans carry Staphylococci in the
Ethiopia, the widespread habit of raw beef consumption nose [25]. Strains present in the nose often contaminate
is potential cause for food borne illnesses. The safety of the back of hands, fingers and face and so, nasal carriers
milk and meat with respect to FBD is of great concern can easily become skin carriers. Although it is difficult to
around the world. This is especially true in developing determine the origin of the strains involved in
countries like Ethiopia, where production of milk and staphylococcal food poisoning outbreaks, food handlers
various dairy products often takes place under unsanitary are usually regarded as one of the primary sources of
conditions and the consumption of raw milk, which is these organisms [26]. It has been reported that, one of the
typically manufactured in small dairy farms under important pathogens often transmitted via food
unsatisfactory hygienic conditions [12, 13]. contaminated by infected food handlers is

Livestock farming in general and milk and meat Staphylococcus aureus [27]. For many years, S. aureus
production   in     particular       still      play    an  important was the only staphylococcal species known to produce
socioeconomic role in developing countries [14]. enterotoxins [28]. An important characteristic that
Therefore, it is important that foods and raw ingredients, differentiates S. aureus from most staphylococcal species
including milk, should be subjected to microbiological is its ability to produce coagulase, an enzyme that clots
controls. However, these products have not been blood plasma. Other coagulase - positive species such as
subjected to hygiene or sanitary control, because they are S. intermedius [29] have been also identified. These and
made at home [15, 16]. several coagulase negative species including S.

Milk is a very nutritional food that is rich in epidermidis [30] and S.xylosus have been shown to
carbohydrate, proteins, fats, vitamins and minerals. produce low levels of enterotoxins. Among them, S.
However, health risk to consumers can be associated with epidermidis and S. intermedius were reported to be the
milk, due to the presence of zoonotic pathogens and causative agents in food borne outbreak [31].
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Antimicrobial resistance is a main public health worry were collected from October 2013 to April 2014. During the
worldwide. Public hazards associated with the study period udder milk(60), bucket swab(10), tank
consumption of antibiotic contaminated milk could be milk(10), tank swab(10), farm hand swab(10), abattoir hand
allergic responses, changes in intestinal flora and swab(8), knife swab(8), abattoir nasal swab(1), slaughter
development of antibiotic resistant pathogenic bacteria line swab(8) and carcass(meat) swabs(69) were collected
[32]. The expansion of resistance both in human and from farms and abattoir in Holeta town. All samples were
animal bacterial pathogens has been allied with the aseptically collected and put into a sterile screw capped
widespread remedial use of antimicrobials or with their bottles and kept in an ice box containing ice packs and
administration as growth promoters in animals. Further transported immediately to the laboratory of Microbiology
transfer of antimicrobial resistant bacteria to humans via at the College of Veterinary Medicine and Agriculture,
the food chain has been reported [33]. Addis Ababa University, Bishoftu. Up on arrival, the

In spite of the aforementioned prevailing situation sample was stored overnight in a refrigerator at 4°C until
and the presence of a number of public health problems it was analyzed the next day.
due to FBDs resulting from the consumption of different
food items in Ethiopia, there is paucity of well- Bacteriological Examination: Bacteriological
documented information on the occurrence of examinations of the collected samples were conducted
Staphylococcus in milk and meat. Therefore, the according to standard methods recommended by
objectives of this study were to isolate and identify the Woldehiwot [34] and Quinn et al. [35]. The specimens
Staphylococci in dairy farm, abattoir and to evaluate the from farms and abattoir were cultured on blood agar plates
antimicrobial susceptibility patterns of the Staphylococci and incubated at 37°C for 24-48 hours aerobically. After 24
isolates derived from dairy farm, abattoir and humans in hours of incubation, colonial morphology, color, presence
the study area. or absence of hemolysis and growth on blood agar plates

MATERIAL AND METHODS colonies were further sub cultured to nutrient agar to get

Study Area: The study was carried out in Oromia National tests. Pure culture isolates were subjected to tests that
Regional State, in and around Holeta district from October were used as primary identification (Growth on mannitol
2013 to April 2014. The area has a mild subtropical salt agar and purple agar base, Gram stain, catalase test
weather; with minimum and maximum annual temperature and O-F test) and secondary biochemical test (Slide and
of 6.3°C and 22.1°C, respectively, which is in average tube coagulase test) were carried out according to
14.5°C.The area also experience bimodal rainfall pattern technique recommended [35, 36]. Depending on
with a long rainy season extending from July to September preliminary characteristics, appropriate selective media
while the short rainy season extends from March to April. were also used for identification of the isolates. 
The minimum and maximum annual rainfalls are 834mm and
1300mm respectively. Antibiotic Sensitivity Profile: Antibiotic sensitivity

Study Design and Study Population: A cross-sectional fifteen different antimicrobials which were bought from
study design was carried out from October 2013 to April (Oxoid, England) organization. These antimicrobialswere
2014. Sampling was carried out repeatedly every week. Penicillin G (10units), Amoxicillin (25µg), Cefoxitin (30µg),

The study populations are lactating Holstein chloramphenicol (30µg), ciprofloxacin (5µg), cloxacillin
Friesian, cross or zebu breed dairy cows whilst for abattoir (5µg), erythromycin (15µg), gentamycin (10µg), kanamycin
work it was zebu beef breed. Dairy farm and abattoir (30µg), nalidixic acid (30µg), nitrofurantoin (50µg),
workers were also the study population. The animals in streptomycin (10µg), sulphamethoxazole trimetheprim
the farm were predominantly crosses of the Zebu and (25µg), tetracycline (30µg) and vancomycin (30µg).
Holstein-Friesian cattle and exotic, aged above 18 months
at first parturition and managed under an intensive or semi Disc Diffusion (Bauer-Kirby) Susceptibility Test: The
intensive management systems. modified disc diffusion according to method Bauer et al.

Sample Collection and Transportation: A total of 10 dairy the interpretation chart provided by the manufacturer of
farms including small holders and Holeta municipality discs depending on the diameter of zone of inhibition of
abattoir at Holeta town were used. A total of 194 samples bacterial growth. The disc diffusion test was done for

were recorded. From culture positive plates representative

pure colonies (Oxoid, Hampshire, England) for further

screening of the bacterial organisms was analyzed for

[37] was employed and the interpretation was made as per
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each isolate on Mueller Hinton agar (Hi-media). 20 ml of Data Analysis: Data were entered in micro soft excel
medium was poured into 90 mm diameter sterile Petri sheet, coded and analyzed using the statistical package
dishes to a depth of 4 mm on a level surface to make the for social science (SPSS) version 20 (Product of California
depth of the medium uniform and left at 37 C temperature State University). Descriptive statistics such aso

overnight to check sterility. proportion or percentage were used to summarize the data

Preparation of Inoculum for Disc Diffusion Test: For and abattoir. Chi-square was used for association studies
inoculum's preparation 5 ml tryptic soya broth (Hi media) at 5% type I error (Alpha) and 95% confidence interval.
was dispensed in screw capped tubes and sterilized by
autoclaving at 121°C for 15 minutes. The tubes were RESULTS
cooled and kept in an incubator for 24 hours at 35°C to
check sterility. Each isolate was inoculated in the sterilized Distribution of the Staphylococcus species in Abattoir
tubes containing the medium and placed in an incubator and Farm: In this study, a total of 194 samples were
overnight at 35°C. The presence of turbidity in broth collected from both dairy farm and abattoir, of which 78
cultures was adjusted according to 0.5 McFarland (40.2%) samples were found to be positive for
standards by the addition of sterilized plain broth [38]. staphylococcal species. Staphylococcus aureus was the
Standardized bacterial suspension was saturated with a predominant isolates accounting for (41%), followed by
sterile Dacron tip swab and excess culture was removed coagulase negative staphylococci (24.4%)
by turning the swab against the side of the tube. Staphylococcus hyicus (21.8%) and Staphylococcus
Inoculum was spread evenly over the entire surface of the intermedius (12.8%) (Table1).
Mueller-Hinton agar plates by swabbing back and forth
across the agar in three directions to give a uniform Distribution of the Staphylococcus Species in Abattoir
inoculum to the entire surface. These plates were allowed and Farm by Sample Type: The overall occurrence of
to dry before and discs of given potency were applied and staphylococcal species both at farm and abattoir in
plates were then placed in an incubator at 35 ± 2°C for 24 different types of samples collected from both was
hours in inverted position. After  24  hours  of  incubation, summarized in Table 2. The prevalence of S. aureus in
plates were examined and the zone of inhibition was udder milk was higher than in other types of samples from
measured. both farm and abattoir but CNS showed higher percentage

and calculate status of staphylococcus species at farm

Table 1: Staphylococcus species identified from abattoir and farm and statistical association between sources of samples in Holeta town.

Source of sample S. aureus n (%) S. intermedius n (%) S. hyicus n (%) CNS n (%) Total  n (%)

Abattoir 9(25.7) 4(11.43) 11(31.43) 11(31.43) 35(100)
Farm 23(53.5) 6(13.95) 6(13.95) 8(18.6) 43(100)
Overall 32(41) 10(12.8) 17(21.8) 19(24.4) 78(100)

Table 2: Staphylococcal species identified from different types of samples at farm and abattoir in Holeta

Number and prevalence (%) of species identified
----------------------------------------------------------------------------------

Sample type S. aureus S. intermedius S. hyicus CNS Overall

UM(n=60) 14(23.3) 4(6.7) 3(5.0) 7(11.7) 28(46.7)
TM(n=10) 4(40) 1(10.0) 1(10.0) 0(0.0) 6(60.0)
TS(n=10) 2(20.0) 0(0.0) 0(0.0) 1(10.0) 3(30.0)
BS(n=10) 2(20.0) 0(0.0) 1(10.0) 0(0.0) 3(30.0)
FHS(n=10) 1(10.0) 1(10.0) 1(10.0) 0(0.0) 3(30.0)
MS(n=69) 5(7.2) 4(5.8) 7(10.1) 8(11.6) 24(34.8)
KS(n=8) 0(0.0) 0(0.0) 2(25.0) 1(12.5) 3(37.5)
AHS(n=8) 3(37.5) 0(0.0) 0(0.0) 0(0.0) 3(37.5)
ANS(n=1) 0(0.0) 0(0.0) 0(0.0) 1(100.0) 1(100.0)
SLS(n=8) 1(12.5) 0(0.0) 2(25.0) 1(12.5) 4(50.0)
Overall(N=194) 32(41) 10(12.8) 17(21.79) 19(24.34) 78(40.2)

Key: AHS=Abattoir hand swab, ANS=Abattoir nasal swab, BS=Bucket swab, FHS=Farm hand swab, KS=knife swab, MS=Meat swab, SLS=Slaughter line
swab, TM=Tank milk, TS=Tank swab and UM=Udder milk. 
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Table 3: Results of the antimicrobial susceptibility test of the 53 isolates for 15 drugs

Susceptible Intermediate Resistant
--------------------------------------- ---------------------------------- -------------------------------

List of drugs No. isolates N % N % N %

AML 53 28 34.0 _ _ 35 66.0
FOX 53 17 32.1 _ _ 36 67.9
C 53 38 71.7 9 17 6 11.3
CIP 53 51 96.2 2 3.8 0 0.0
OB 53 15 28.3 1 1.9 38 69.8
E 53 21 39.6 21 39.6 11 20.8
CN 53 52 98.1 1 1.9 0 0.0
K 53 41 77.4 4 7.5 8 15.1
NA 53 15 28.3 13 24.5 25 47.2
F 53 22 41.5 8 15.1 23 43.4
P 53 5 9.4 _ _ 48 90.6
S 53 31 58.5 4 7.5 18 33.1
SXT 53 37 69.8 6 11.3 10 18.9
TE 53 31 58.5 5 9.4 17 32.1
VA 53 26 49.1 _ _  27 50.9

Key:AML=Amoxycillin,FOX=Cefoxitin,C=Chloramphenicol,CIP=Ciprofloxacin,OB=Cloxacillin,E=Erythromycin,CN=Gentamycin,K=Kanamycin,NA
=Nalidixic acid,F=Nitrofurantoin,P=Penicillin G,S=Streptomycin,SXT=Sulphamethoxazole trimethoprim,TE=Tetracycline,VA=Vancomycin.

Table 3: Prevalence of the multi-drug resistance (  3 drugs) results of the
isolates derived from Holeta

No. resistance No. isolates Percent (%)

0 1 1.9
1 3 5.7
2 3 5.7
3 3 5.5
4 11 20.8
5 6 11.3
6 6 11.3 isolates that showed resistance to one, two and/above
7 5 9.4
8 7 13.2
9 1 1.9
10 3 5.7
11 2 3.8
12 1 1.9
13 1 1.9
- - -
MDR 46 86.9

Total 53 100.0

Key: MDR=Multiple Drug Resistant

in meat swab than in other types of samples. The
percentage of occurrence of staphylococci in knife swab
and abattoir hand swab was comparable which mean
3(37.5%) and 3 (37.5%) from all species.

Antimicrobial Susceptibility Test Result: In this study,
a large proportion of the isolates of this study area were
resistant to penicillin G (10 IU), cloxacillin (5µg), cefoxitin
(30µg), amoxicillin (25µg) and vancomycin (30µg)
respectively from higher to lower, while a similarly large

proportion of those were susceptible to gentamycin
(10µg), ciprofloxacillin (5µg), kanamycin (30µg) and
chloramphenicol (30µg) respectively as well. A summary
of the percentage of the isolates that were susceptible,
intermediate and resistant to these antibiotics was
provided in Table 3.

Multi-Drug Resistance Isolates: There were many

antimicrobials. The following table was tried to show the
summary of multiple drug resistant isolates with their
percentage.

DISCUSSION

The study showed that out of 194 samples that were
taken from abattoir and farm, 78(40.2%) were positive for
staphylococcus species. From the 78(40.2%) isolates
35(44.87%) were collected from the abattoir and
43(51.13%) from the farm, in which the prevalence at farm
level showed higher percentage of distribution. The
overall prevalence of staphylococci in udder milk was
higher 28(46.7%) than the prevalence of it in meat swab
which was 24(34.8%). However, its overall in slaughter
line was higher 4(50%) than its prevalence in bucket swab
which accounted for 3(30%).

In the present study, the overall prevalence of S.
aureus was found to be 32 (41%) from farm and abattoir
(Table 1), which is in agreement with findings of
Workineh  et  al.  [39],  Dego and Tareke [40], Lakew et al.
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[41], Ndegwa et al. [42] and Bedada and Hiko, [43] who highly susceptible to gentamycin (98.1%) and
reported 39.2, 40.3%, 41.1 and 43.3, 39.1% S. aureus ciprofloxacillin (96.2%). For some drugs, this result is
isolates in Ethiopia, respectively. But this finding is higher similar to the work of Mekonen et al. [49]. Hence, the use
than the findings observed in Egypt (17.2%) by Seedy et of antimicrobials in both the treatment and prevention of
al. [44] and 19.5% by Jakee et al. [45] that isolated S. intra-mammary infections must be based on in vitro
aureus strains from human and animal sources. antimicrobial susceptibility test.

Microbiological examination of milk from lactating Of the total isolates (53) subjected for the test about
dairy cows, swabs of materials and personnel in the farm 46(86.79%) revealed multidrug resistance to different
showed 23 (53.5%) (Table 1) positive for S. aureus. This drugs, which means the isolates were resistant to three
is higher than the findings of Bitaw et al.  [46]  who  found and more antimicrobials. This finding is higher than
20.3% in dairy farms in Bahir Dar town and its Normanno et al., 2007 [53] who reported 60-70% of MDR.
environments. Similarly, it is almost five times higher than S. aureus have developed high degree of MDR (100%)
the findings of Bishi [47] and Hussein et al. [48] who which is higher than Chao et al. [54] who reported higher
reported 9% and 10% prevalence in Addis Ababa, MDR rate (79.0%) among the isolates. This was due to S.
respectively. In the present study there was 4(40%) of aureus strains have developed MDR worldwide with
S.aureus from tanks milk. This result is higher than the broad diversity rate in different regions [53].
findings of Mekonen et al. [49] who reported 10% Indiscriminate use of antimicrobial agents and antibiotic
prevalence in Debre zeit, Ethiopia. The possible sale behavior (for example, sale of antibiotics without
explanation for this might be that S. aureusis a contagious prescription, giving under dose and substituting brands)
pathogen transmitted from one cow to another or enhances the development of drug resistance [55].
individual by contact with animals during unhygienic
milking procedures [50]. Transmission among cows CONCLUSIONS
increase whenever there is lack of effective udder washing
and drying, post-milking, teat dip and drying, inter-cow In conclusion, food must be clean, free from noxious
hand-washing and disinfection, washing clothes and materials and should also be nourishing and attractive as
milking machine cups [51]. The present finding of S. the aim of food hygiene should be the production and
hyicus from the farm was 6(13.95%) which is higher than service of food, which is both safe and suitable for
the findings of Mekonen et al. [49] reported 10% of S. consumption. The current study showed the presence of
hyicus in selected dairy farms in Debre Zeit. In the present staphylococcal species in which S. aureus was
study, of 6(60%) Staphylococci spp. identified from tanks predominantly isolated from farm and abattoir in average
milk, S. hyicus accounted for 1(10%). This result is higher than other species of the isolates. Most species of the
than the result of Abeba [52] who reported 6(6%) from staphylococcal isolates had no association with the
tanks milk. source of samples except S. aureus. A large proportion of

In present study, S. intermedius from tanks milk the isolates obtained were resistant to three or more
showed 1(10%) prevalence but this value revealed lower antibiotics. These were also resistant to Vancomycin (30
prevalence when compared with the report of Mekonen et µg). This was particularly the case in the public setting
al. [49] who reported 11(11%) prevalence. 8(18.6) of the and is cause for concern. From the antimicrobial
isolates from the farm were CNS. CNS are a part of the susceptibility tests, almost all the tested isolates were
normal teat skin flora and mucosa of humans and animals, susceptible to ciprofloxacin (5µg) and gentamycin (10µg).
some species are also found free-living in the environment As the tested organisms showed high susceptibility to
[53] and therefore are a common cause of contamination the above and other drugs for the test but they were
of milk and milk product. highly resistant to penicillin G (10IU) and cloxacillin(5µg).

Antibiotic susceptibility test was conducted for 15
drugs. The antimicrobial susceptibility test indicated the ACKNOWLEDGMENTS
existence of resistance against one or more antibiotics.
The in-vitro antimicrobial susceptibility test showed some The authors would like to thank the dairy farm
degree of resistance in varying proportions of the owners for their willingness to cooperate. Fieldwork was
isolates. Staphylococcus aureus isolates was found to be sponsored by Addis Ababa University Research
resistant to penicillin G (90.6%) and cloxacillin (69.8) but Directorate.
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