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Abstract: Mastitis is one of the most common economically important diseases that require antibiotic
treatment in dairy cows in the world. Antimicrobial resistance of bacterial pathogens is of concern for the
antimicrobial therapy of both humans and animals. Harmonized and continuous monitoring of antimicrobial
susceptibility trends over time is an important component of stewardship to ensure long-term antimicrobial
efficacy. It is of particular concern in developing countries like Ethiopia, where milk and milk products are
scarce. A cross-sectional study was conducted in Jimma Zone, Tiro Afeta district between January, 2017 and
April, 2019 on 460 lactating cows to identify bacterial pathogens causing mastitis and determine their resistance
to selected antimicrobial agents, under current farming system. A total of 441 (333 local and 108 cross breed)
quarter milk samples from clinical and subclinical mastitic cows were microbiologically examined. A total of
347 isolates were obtained from 371 quarter milk collected. Staphylococcus, Streptococcus and coliform species
were identified with isolation frequencies of 186 (53.6), 101 (29.1) and 60 (17.23%) respectively. The most
common isolates from clinical mastitis were Staphylococcus aureus (19.3%), Escherichia coli (18.2%) and
Streptococcus agalactiae (15.9%) while from subclinical mastitis were Coagulase Negative Staphylococcus
(28.95%), S. aureus (21.62%), S. agalactiae (13.12%) and S. dsygalactiae (6.18%). The study showed that the
contagious pathogens had predominated over the environmental pathogens and remains the significant cause
of mastitis and economic loss in the area. Logistic regression analysis revealed that lactation stages, parity,
drying of teat with the same towel, hygiene and presence of teat lesions are a significant contributor to this
pathogens (P<0.05). In addition 89 (25.6%) isolates were subjected to antibacterial susceptibility tests and 91.0%
(81/89) isolates showed antimicrobial resistance to at least one of the six tested antibacterials (Tetracycline,
Streptomycin, Penicillin G, Gentamicin, SXT and Kanamycin). Multi-drug resistance was also observed.
Therefore hygienic housing and milking practices, minimizing irrational use of antibiotics and molecular studies
on the pathogens of mastitis for resistance gene isolation are very important.
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INTRODUCTION

Ethiopia holds a substantial potential for dairy
development mainly due to its large livestock population
coupled with the relatively suitable environment for
livestock production [1]. Ethiopia constitutes the largest
livestock population in Africa (59, 486, 667 cattle; 30, 697,
942 sheep; 30, 200, 226 goats; 2, 158, 176 horses; 409, 877
mules; 8, 439, 220 donkeys; 1, 209, 321 camels, 59, 495, 026
poultry and 6, 189, 329 bechives) with different
distribution and quantities depending on animal
husbandry system and agro-ecological zone. From these

cattle population, dairy-cows are estimated to be around
7.16 million and about 11.83 million are milking cows for
the private holdings [2]. Dairy cows are increasingly
becoming an important in poverty reduction -efforts
by the improvement of households’ income from sales
of milk and milk products as well as generation of
employment in addition to improved nutritional status of
families [3]. Despite the huge potential, dairy production
has not been fully exploited, mainly due to several
constraints including malnutrition, traditional management
and disease including mastitis [4, 5]. A number of
previous reports from different parts of Ethiopia indicated

Corresponding Author:

Sirajudin Kedir, Jimma University, College of Agriculture and Veterinary Medicine,

P.O. Box: 307, Jimma, Ethiopia. Tel: +251931538928.



Advan. Biol. Res., 14 (2): 85-105, 2020

that mastitis is a serious problem in the dairy cattle.
Prevalence of mastitis was reported as 69.8 in Sebeta,
56 and 71, 36.69 and 62%, in Selalle, Asella, Holeta town
and in smallholder dairy farms in Jimma, respectively [6-9].

It has been estimated that up to 150 microbial
species are potential causative agents for mastitis [10].
The pathogens responsible for causing bovine mastitis in
Ethiopia range from a number of gram positive bacterial
species, including members of the genera Staphylococcus
and Streptococcus, as well as gram negative bacteria,
such as the Coliform species [9, 11]. These pathogens are
normally classified as either contagious or environmental
based on their method of infection and spread through
the herd [12]. Contagious pathogens are those that are
transmitted from an infected cow to a susceptible cow,
which often occurs during milking. Staphylococcus
aureus, Streptococcus agalactiae and Mycoplasma
bovis, Corynebacterium coagulase negative
staphylococci (CNS) are contagious pathogens mainly
cause clinical and subclinical mastitis [12, 13].

The most important change in the epidemiology of
bovine mastitis over the past decade has been the rise in
the importance of environmental pathogens causing
clinical mastitis, relative to contagious pathogens.
Environmental mastitis is caused by bacteria that are
transferred from the environment to the cow, rather than
from other infected quarters [13]. Despite significant
progress in the control of contagious pathogens,
environmental mastitis continues to be a major cause of
financial loss throughout the world. Dairy herds, in which
contagious mastitis has been controlled and which have
low somatic cell counts, often have a higher incidence of
clinical mastitis caused by environmental pathogens [14].

Environmental mastitis refers to infections caused
by two groups of pathogens, the coliform bacteria and
non-agalactiae Streptococcus species. The usual source
of these organisms is the environment of the cow.
Examples of conditions and situations that will favour the
presence of these micro-organisms are over-crowding
with zero-grazing systems, poorly designed housing, wet,
unhygienic bedding, dirty lots, milking of wet udders,
poor udder preparation prior to milking, housing systems
that lead to teat injuries [12, 15].

Most of the previous studies in Ethiopia were
concentrated on the investigation of the prevalence and
risk factors for mastitis at cow level and little effort has
been made on identification of pathogenic bacteria
causing the disease. There is study on identification of
contagious and environmental pathogens causing clinical
and subclinical mastitis in Ethiopia. In Ethiopia, the

and
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isolation rates of Staphylococcus species from mastitic
cows has been conducted in different areas: in Assela
58.6% [16], Addis Abeba 28.7% [17], in Borena 29.2% [18],
in Adama 35.8% [19] and in Holota 77.1% [20]. However,
correct identification of these pathogens to the species
level is important to ensure proper treatment due to the
variability in each pathogen’s susceptibility to antibiotic
treatment.

In dairy cattle operations, antimicrobials are
administered for both therapeutic and prophylactic
purposes for treatment of mastitis for more than fifty
years, but consensus about the most efficient, safe and
economical treatment is still lacking. Among main reasons
of low efficacy of antibacterial treatment of mastitis
cases is the resistance of the bacteria to antibacterials in
many parts of Ethiopia [21, 22]. The zoonotic bacteria
(S. aureus, S. dsygalactiae, E. coli and K. pneumonia)
that are resistant to antimicrobials are of particular
concern, as they might compromise the effective treatment
of infections in humans [23, 24]. According to the UK’s
Review on antimicrobial resistance, a continued rise in
drug resistance would, by 2050; lead to 10 million deaths
every year and a reduction of 2 - 3.5% in Gross Domestic
Product (GDP)” [25]. Several studies in different parts of
Ethiopia indicate most of Staphylococcus species are
resistant to penicillin and ampicillin and susceptible to
ciprofloxacin, Sulphamethoxazole-trimethoprim [22, 26].
Kanamycin, Streptomycin and Gentamicin have relatively
a good efficacy for treatment of mastitis [21, 27].

Tiro Afeta is located within the Jimma Zone having a
high potential for dairy production. The production
system in the area is categorized under “Mixed crop
livestock production system”. Peoples in Tiro Afeta are
livestock based society where livestock and its products
are more important sources of food and income and dairy
production is a critical issue, but dairying has not been
fully exploited and promoted mainly due to mastitis and
several constraints including malnutrition and traditional
management. The local communities also witnessed that
mastitis was among their main problems. They also
complained that milk yield is continuously decreasing
per cow from year to year (personal communication).
The control of mastitis has been successfully achieved
through the establishment of effective herd health control
programs. Comprehensive information on major bacterial
pathogens causing mastitis, factors contributing to the
occurrence and distribution of pathogens and economic
consequences of the disease is lacking in the area.
Hence, it is important that isolation and identification of
those pathogens causing mastitis and susceptibility of
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the pathogens to common antibacterials used in the area
very are important for designing appropriate preventive
and control strategies which are important for restoring
economic loss and food security in the area. Therefore,
this study was initiated to isolate the major bacterial
pathogens causing mastitis; assess the major risk factors
associated with these pathogens distribution and to
evaluate the in a vitro antimicrobial sensitivity patterns of
the selected isolates (disc diffusion test) under current
farming system in the area.

MATERIALS AND METHODS

Description of the Study Area: The present study was
conducted between January 2017 and April, 2019 in Tiro
Afeta district, which is found in the eastern central part of
Jimma Zone, at 64 Kmfrom Jimma town in Oromia regional
state at 316 km south west of Addis Ababa at longitude
0f 35°52°-37°37’E and latitude of 7°36’-8°56°N. It has an
area of 1001.9 km* and five centre of rural community
(CRC) namely: Akko, Dimtu, Gebbera, Busa and Raga-siba
centers with 26 peasant associations. It has common
boundaries with Botor Tolayi, Sekoru, Limu Kossa, Kersa,
Omo Nada districts and Southern Ethiopian Peoples
Regional State. Altitudinally, the district lies between
1640 and 2800 metres above sea level. The district is
classified into woinadega (85%) and dega (15%) agro
climatic zones. The average minimum and maximum annual
temperatures were 7°C and 30°C, respectively. Agriculture
is the livelihood for more than 90% of the population in
rural farming community. The main agricultural system in
the area is mixed crop livestock production and animals
are mainly reared in an extensive system.

The area has livestock population of 414, 297
(188, 835 cattle; 56, 338 sheep; 37, 053 goats; 8, 829
donkeys; 7, 243 horses; 4, 581 mules and 111, 418 poultry)
among which 39, 379 were cows [28]. Accordingly, the
study was conducted in seven kebeles of the district
(Akko town, Akko, Kejelo, Busa, Dimtu, Raga Siba and
Dacha Gibe) (Figure 1).

Study Population: The study population was indiginous
local zebu and cross breeds of lactating cows of different
age, parity, sex and body condition score all from Tiro
Afeta District.The animals were categorized under small
scale dairy and livestock keeping system which are kept
under semi intensive and extensive husbandry system.

Study Design: Cross-sectional study design was
conducted between January 2017 and April 2019. The
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district was purposively selected for this study, due to its
high potential for dairy production and mastitis problem.
Types of samples included were quarter milk samples and
questioner survey.

Sample Size Determination: The sample size for lactating
cow were determined according to Thrusfield [29] using
95% confidence interval, 5% absolute level of precision
and expected prevalence of 85% which was reported by
Tolosa, et al. [3], from Jimma, which has similar features
with th e current study area.

5762
'(0.0025)

e 1962 Pexp 11— Pexp)  1.962(0.85)(1-0.85) 0
a2 (0.05)%

where n = sample size; P, = expected prevalence and
d = desired absolute precision.

Accordingly, the sample size was determined to be
460 (230 local and 230 cross breed) lactating cow.
However, due to the fact that few cross breeds are present
in the area, 368 local and 92 cross breed) lactating cow or
1840 quarters were included in the study (Table 1).

Sampling Method: In consultation with development
agent (s) (DA) and Kebele experts, all households in
selected kebeles were stratified as those who have 1-4,
4-7 and >8 heads of dairy cow. Then, 460 lactating cows
were randomly selected from 166 households (owners of
lactating cows) and included in this study. The reason for
stratification was: (1) it ensures that all strata are
represented in the sample; (2) the precision of overall
estimates might be greater than those derived from a
simple random sample. The gain in precision results from
the fact that the between-stratum variation is explicitly
removed from the overall estimate of variance and (3) it
produces estimates of stratum-specific outcomes,
although the precision of these estimates will be lower
than the precision of the overall estimate.

Study Methodology

Questionnaire Survey: Data on each sampled cow were
collected from the owners using a structured
questionnaire to assess the associated risk factors
contributing to distribution of contagious and
environmental bacteria. This includes breed, age,
husbandry system, stage of lactation, parity, washing of
udder and hands before milking, how towel were used to
dry hand and udder, previous history of mastitis
occurrences and presence of teat lesion (tick infestation).
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Fig. 1: The map of study area

Table 1: Towns and Kebeles selected for sample collection

Number of selected cows in for study

Kebeles No. lactating cows in the area Cross Local Total
Akko town, 308 12 49 61
Akko 330 13 52 65
Kejelo 241 10 38 48
Busa 385 15 61 76
Dimtu 200 8 32 39
Raga Siba 370 15 58 73
Dacha Gibe 496 20 78 98
Total 2330 92 368 460

Sample Collection and Transporting Method: Before milk
sample collection the udders were carefully inspected
followed by thorough palpation to detect possible
fibrosis, inflammatory swellings, visible injury and
appearance of milk secretion from each mammary quarter
were examined to categorize cows as infected (clinical
mastitis) and healthy. Clinically infected cows were
restrained; udders were then washed with tap water, dried
and swabbed with cotton soaked in 70% alcohol and the
first 3 milking stream were discarded to make free from
contamination and then approximately 10 ml the samples
were taken from each quarter. Visually healthy udders
were washed with tap water, dried and swabbed with
cotton soaked in 70% alcohol and the first 3 milking
stream were discarded to make free from contamination.
The milks were subjected to California Mastitis Test
(CMT). Approximately 10ml quarter milk samples were
then collected only from quarters with CMT score of 1, 2,
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3 and taken to JUCAVM Microbiology laboratory for
isolation and identification of the pathogenic bacteria.
Because, the non-pathogenic pathogens are identified
more frequently in quarters with low mastitis test
reactions (negative, trace and 1) and pathogenic bacteria
are identified from quarters with high mastitis test
reactions (CMT 2 and 3) [30].

The standard procedures of National Mastitis
Council [15] were followed for sample collection and
transportation. The collected milk samples were
transported in an ice cooled box at 4°C and analysed
within two to three days for identification of the bacterial
pathogens. The samples cultured within two days were
stored at refrigerator temperature and those not cultured
within two days and kept for secondary culture were
stored at freezer temperature. Freezing milk sample
enhance the detection of coliform species in particular
[14].
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Microbiological Examination

Sample Processing, Culturing and Isolation of the Major
Bacterial Pathogens: For primary culture, 10 plof each
quarter milk sample werestreaked onto 7% Sheep Blood
Agar (SBA) plate and incubated at 37°C for up to 48hr
under aerobic condition and examined for bacterial
growth, morphology and hemolytic features at 24 hr
and 48hr after inoculation: (1) the samples yield single
(one colony) and two colonies were further identified to
species level; (2) the samples yielded three or more
colonies were recorded as contamination; (3) the samples
with no growth (negative culture result) at primary culture
were enriched within Buffered Peptone Water and
recultured. The samples with one and two culture result
after secondary culture were further tested. Finally the
samples with three/ or more than three colonies and
negative culture after secondary culture were discarded.

Isolation and Identification of Staphylococcus Species:
Each pure colony that were grown on 7% sheep Blood
Agar (SBA) was, streaked on nutrient agar and
incubated at 37°C for up to 48hr under aerobic condition.
Then catalase test was performed to distinguish
Staphylococcus  species  (catalase-positive)  from
Streptococcus species (catalase-negative) (Figure 2).

Catalase-positive colonies were then cultured on
Mannitol Salt Agar (MSA) plates and incubated at
37°C for 24-48 hours. Growth on MSA agar plates was
taken as confirmative identification of the salt tolerant
Staphylococcus species.

MSA has Mannitol (alcohol of the carbohydrate
mannose) and Phenol red pH indicator. Mannitol
fermentation produces acid end products which turn the
medium yellow. Yellow indicates mannitol positive and
no colour change indicates mannitol negative. The
change in the pH of this medium was used for
Staphylococcus classification as highly fermentative
(S. aureus), weakly fermentative (S. intermedius) and

non-fermentative (S. Ayicus and CNS) (Figure 3a).
Colonies from Mannitol salt medium were cultured
overnight on Brain heart infusion broth medium and
tested using tube coagulase test (using rabbit plasma) to
differentiate coagulase positive (S. aureus, S. Intermedius
and S. hyicus) from coagulase negatives Staphylococcus
(CNS) species (Figure 3b).

Coagulase positive staphylococcus isolates were
further streaked on purple agar base (PAB) media
plate with 1% of maltose and incubate at 37°C for
24-48 hours to further differentiate species of CPS
(S. aureus, S. Intermedius and S. hyicus) (Figure 4a).
The identification was based on the fact that S. aureus
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rapidly ferment maltose to change the medium and
colonies to yellow (Figure 4b). S. intermedius gives a
weak or delayed reaction (Figure 4c) and S. Hyicus did not
ferment maltose (Figure 4d) [31, 32]. Coagulase negative
staphylococci were not identified to the species level, due
to scarcity of reagents.

Isolation and Identification of Streptococcus Species:
Catalase-negative colonies were sub-cultured on Edward's
agar and incubated at 37°C for 24-48 hours. Edward's agar
was used as a selective medium for the isolation of
streptococci. S. agalactiae, S. dsygalactiae and S. uberis
were identified according to their ability to split aesculine
and sodium hippurate. S. agalactiae was differed from
other by its positive result of CAMP test and negative
result of both aesculine and sodium hippurate hydrolysis
(Figure 5a). S. dsygalactiae was differed from other by
negative result of CAMP test, aesculine and sodium
hippurate hydrolysis (Figure 5b). S. uberis was identified
by its negative result of CAMP test and positive result of
aesculine and sodium hippurate hydrolysis (Figure 5c).
The enterococci (Enterococcus faecalis) and group D
Streptococci (S. bovis and S. equinus) were distinguished
by their growth at 45°C on MacConkey agar and
toleration of 40% bile.

Isolation and Identification of Coliform Bacteria: Each
pure colony that were grown on 7% sheep Blood Agar
(SBA) was, streaked on MacConkey (MaC) agar and
incubated at 37°C for up to 48hr under aerobic condition
and examined for bacterial growth, morphology and
lactose fermentation. Colonies that were grown as pink on
MaC Agar were Lactose fermenters and recorded as
coliforms species (Escherichia, Klebsiella, Enterobacter)
and Citrobacter species (Figure 6a).The colony which
was lactose fermenters, flat dry, pink colonies with
surrounding darker pink area of precipitated bile salts
was recorded as E. coli. Colonies that those were mucoid
lactose fermenters were recorded as Klebsiella species.
Colonies which were grown as translucent and colourless
are non-lactose fermenter and recorded as other gram
negative bacteria.

The colonies from MacConkey agar were then tested
with oxidase test to differentiate Enterobacteriaceae
(oxidase negative) from other gram negative (oxidase
positive) bacteria (Figure 6b). Oxidase negative colonies
were subcultured on Edwards Medium Agar to confirm
gram-negative bacteria and to differentiate between two
major coliforms, E. coli (smaller, green-metallic sheen)
and E. aerogenes (larger, rose colour) on other side. Only
gram-negative bacteria grow on this special media [33].
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Fig. 3: (a) Salt tolerant Staphylococcus species grow on Mannitol Salt medium; (b) Coagulase positive Staphylococcus
species
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Fig. 4: (a) Identification of Pure colonies of Coagulase Positive Staphylococcus (CPS) species on PAB agar in laboratory;
(b) S. aureus is highly fermentative after 18hr (c) S. intermedius start to fermentative after 28hr and (d) S. hyicus
is non-fermentative

(a) 5. agalactiae (b) 5. dsygalactiae {c) 8. uberis
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Fig. 5: Aesculine and Sodium hippurate hydrolysis tests
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Oxidase positive
Coliform Salmonella, Yersinia and Proteus species

Oxidase negative
Actinobacillus, Bordetella,

Pseudomonas and Aeromonas

Fig. 6: Colony morphology (a) and oxidation characteristics of coliform species (b)

Table 2: Follow chart for identification of Coliform species. Adopted from Quine, et al. [33]

Growth on MacConkey and
Eosine methylene blue

|

Oxidase Test

Positive Negative
Enterobacteriaceae
Lactose fermentation
Negative

Positive

Types of tests Yersinia  Salmonella species Proteus species  Escherichia coli  Enterobacter aerogenes _ Klebsiella pneumonia
Motility at 30°C +* + + + + -
Lactose fermentation - - - + +

IMVic test

+1 Indole production \% - Ea + - -
+2 Methyl red + + + + - -
*3 VP test - - \% - n +
+4 Citrate utilization - + \Y% - + +
H2S pron. in TSI - + + - - -
Urease +* - + - - +
Lysine decarboxylase - + - + +

*= Except Y. Pestis, **=P. vulgaris (+): P. mirabilis (-); v =reaction varies with individual species
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E. aerogenes

-
a

- - ~h ——

SIM+  Lyd+

MR = Methyl red, TSI = Triple Sugar Iron (for H,S pron), Ind = Indole Test, SIM = Simon Citrate test, Lyd = Lysine

decarboxylase, VP = vogues Proskaur
Fig. 7: Biochemical characterization of coliform species

Then Coliform species were further identified to
species level using primary (Motility and growth in triple
sugar iron agar) and secondary biochemical tests
(Lysine decarboxylase, Cimon citrate, MViC test and
Urease test) (Table 2, Figure 7).

Antibacterial Susceptibility Test: The antibacterial
profiles of all isolated Staphylococcus, Streptococcus and
Coliform species were determined using the Kirby-Bauer
test. Each isolates were prepared in a bacterial suspension
of sterile saline with turbidity equal to 0.5 McFarland
standards. The discs of antibiotic agents used in the
area were chosen and placed 4 cm apart on each
Mueller-Hinton agar. Of the many media available,
Mueller-Hinton agar was selected as the best for routine
susceptibility testing of non-fastidious bacteria because
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of: (a) it shows acceptable batch-to-batch reproducibility
for susceptibility testing; (b) it is low in sulphonamide,
trimethoprim and tetracycline inhibitors and (c) it supports
satisfactory growth of most no-fastidious pathogens.
Amphotericin B was added to the medium to prevent
fungal competition. Plates were inverted and incubated for
18-24 hours, after which zones of inhibition for each agent
were recorded in millimeters (Figure 8) according to Quine,
Markey and Maguire [33] (Table 3).

Data Management and Statistical Analysis: All data
collected were entered into Microsoft excel spread sheet,
transferred to software SPSS version 23 and processed for
analysis. The culture positive was the dependent
variables while parity, stage of lactation and presence of
teat lesions, milking hygiene were independent variables.
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Fig. 8: Measuring Zones of inhibition for antibiotic susceptibility

Table 3: Zone diameter interpretive standards for isolates [34]

Staphylococcus Enterobacteriaceae Streptococcus

R I S R 1 S R I N
Gentamycin (10 pg) =12 (13-14) =15 =12 (12-15) =15 =12 (13-14) =15
Erythromycin (15 pg) =13 (14-22) =23 =13 (13-18) =18 =13 (14-22) =23
Streptomycin (10 pg) =11 (12-14) =15 =11 (11-15) =15 =11 (12-14) =15
Penicillin-G (10 unit) =20 (20-28) 229 =20 (20-28) =29 =20 (20-28) =29
SXT (25 pg) =10 (11-15) =16 =10 (10-16) =16 =10 (11-15) =16
Tetracycline (30 pg) =14 (15-18) =19 =14 (14-19) =19 =14 (15-18) =19
Ampicillin (10 pg) =13 (13-17) =17 =13 (13-17) =17 =13 (13-17) =17
Kanamycin (K) =13 (14-17) =18 =13 (14-17) =18 =13 (14-17) =18

SXT = Sulphamethazole-trimethoprim, R = Resistance, I = Intermediate, S = Susceptible

Descriptive statistics were done to summarize the raw
data. Logistic regression statistical test was used to check
the presence of association between risk factors and the
mastitis. Factors with p < 0.25 in univariable analysis were
initially considered for inclusion in the multivariable
analysis. Multivariable logistic regression analysis was
run and only variables with p < 0.05 judged significant.
Confounding was checked by removing and replacing
variables one by one. Model results are presented as
odds ratios (OR) along with their 95% confidence interval
(CI).

RESULTS

Prevalence of Mastitis in the Tito Afeta District: A total
of 460 (368 local and 92 cross) lactating cows were
examined by visual inspection (for identification of clinical
mastitis) and California Mastitis Test (for identification of
sub clinically infected cows). A total of fifty two cows
have blind quarters (32, 17 and 3 cows have 1, 2 and 3
blind quarters respectively). This means 35 local
lactating cows have 53 blind quarters (20, 12 and 3 cows
have 1, 2 and 3 blind quarters respectively) while 17 cross
breed have 22 blind quarters (12 and 5 cows have 1 and 2
blind quarters respectively). Seventy cows (24 cross
and 46 local breed) cows were clinically infected and
390 (68 cross and 322 local breed) cows were subjected to
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California mastitis test (CMT). A total of 222 (36 cross and
186 local breed) were positive with California mastitis test
(CMT).

From the total positive for mastitis (clinical and
subclinical), twenty eight (28), twenty nine (29), fifty
seven (57) and one hundred seventy eight (178) cows
have 4, 3, 2 and 1 affected quarters respectively. This
means nineteen (19), seventeen (17), thirty eight (38) and
one hundred fifty eight (158) local cows have 4, 3, 2 and
1 affected quarters respectively while 9, 12, 19 and 20
cross breed cows have 4, 3, 2 and 1 affected quarters
respectively excluding 236 (148 local and 88 cross) Trace
CMT scores.

The overall prevalence of mastitis at cow level was
63.5% (292/460), among which 15.21% (70/460) were
clinical mastitis cases and 48.3% (222/460) were
subclinical mastitis cases. From70 clinical mastitis cases,
26.1% (24/92) and 12.5% (46/368) were cross and local
zebu cows respectively (Table 4).

Concerning prevalence of mastitis at quarter level, a
total of 1840 quarters were examined and 1, 765 (95.9%)
were functional quarters. The overall prevalence of
mastitis at quarter level is 26.7% (491/1840). On the other
hand the prevalence of mastitis at quarter level were
24.52% (361/491) and 35.33% (130/491) in local and cross
breed respectively. The result showed that higher
infection proportion in back quarters as compared to the
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Table 4: Overall prevalence of mastitis (n = 460)

Breed (No. examined) Clinical mastitis (%) Subclinical mastitis (%) Prevalence (%) 95% CI
Local (368) 46 (12.5) 186 (50.5) 232 (63.0) [58.1- 68.0]
Cross (92) 24 (26.1) 36 (39.1) 60 (65.2) [55.5-74.9]
Total (460) 70 (15.2) 222 (48.3) 292 (63.5) [59.1 - 67.9]
CI = Confidence Interval

Table 5: Prevalence of bovine mastitis at quarter level

Breed (No. quarters)  Right front (%) Right rear (%) Left front (%) Left rear (%) Prevalence (%) 95% CI
Local (1, 472) 85(5.8) 82 (5.6) 90 (6.1) 104 (7.1) 361 (24.52) 22.35-26.81
Cross (368) 32 (8.7) 31(8.4) 33 (9.0) 34(9.2) 130 (35.33) 30.44 - 40.45
Total (1840) 117(6.4) 113 (6.1) 123 (6.7) 138 (7.5) 491 (26.68) 24.68 - 28.77
Table 6: Prevalence of blind quarter (n=75)

No. of quarters examined) Right front (%) Left front (%) Right hind (%) Left hind (%) Overall Prevalence (%) 95% CI
Local (1, 472) 13(0.9) 12 (0.8) 17(1.2) 11(0.7) 53 (3.6) 2.76 - 4.68
Cross (368) 6 (1.6) 5(1.4) 7(1.9) 4(1.0) 22 (6.0) 3.78 -8.91
Total (1840) 19 (22.6) 17 (0.9) 24 (1.3) 15 (1.0) 75 (4.1) 4.03-6.35

front quarters in both breeds (Table 5). In addition, from
a total of 1840 quarters examined 75 (4.1%) quarters were
blind. On the other hand the prevalence of blind quarters
are 3.6% (53/1472) and 6.0% (22/368) in local and cross
breed respectively (Table 6).

Microbiological Cultures and Isolates: In this study,
441 quarter milk samples positive to clinical mastitis and
CMT (score 1, 2 and 3) were collected from 292 lactating
cows. The proportion of milk samples with growth
(culture positive) was 87.99% (388/441) after primary and
enrichment culture. The proportion of samples yielded
single and double colonies were 84.13% (371/441).
The proportion of milk samples with no growth culture
12.02% (53/441) primary and
enrichment culture. Sample yielding 2 different colonies
(mixed culture) accounted for 3.63% (16/441). The samples
yielding three or more different colonies and classified as
12.9% (57/441).
According to Ling, et al., (2015), milk samples yielding to
= 3 colonies should be taken as contamination.
Accordingly, total of 347 pathogens were identified from
331 quarter milk samples (Table 7).

result were after

contaminated were accounted to

Isolation Frequencies of Predominant Bacterial
Pathogens (N= 347) from Positive Culture: The most
frequently isolated bacterial pathogens in this study were
Staphylococcus 53.60% (186/347), Streptococcus 29.1%
(101/347) and coliform species 17.29 % (60/347). S. aureus
(22.45%), E. coli (16.33%) and S. agalactiae (14.29%)
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occupied prime position with 28.24% (47/98) of total
isolates from samples of clinical mastitis teats.
While coagulase negative staphylococcus (CNS)
(27.31%), S. aureus (19.9%), S. agalactiae (13.65%),
S. dsygalactiae (6.18%) and S. uberis (5.79 %) were the
predominant pathogens accounted for 75.67% (196/259)
of the total
milk samples. Among the major contagious pathogens,
S. aureus (21.29%), S. agalactiae (13.83%) and
S. dsygalactiae (6.43%) were the predominant agents
identified. Whilecoliform species (E. coli, K. pneumonia

isolates from the subclinical mastitis

and E. aerogenes) were the majority of the environmental
pathogens accounted for 17.29% (60/347) of total isolates
(Table 8).

The isolation frequency of contagious (S. aureus,
S. agalactiae and Coagulase negative staphylococcus)
and environmental pathogens (E. coli, S. dsygalactiae,
S.
K. pneumonia,

uberis, Other Streptococcus species, S. intermedius,
S.  hyicus,
and other gram negative pathogens) in the area were
59.7% (207/347) and 40.3% (140/347) respectively.
Among the major contagious pathogens, S. aureus
(21.6%), S. agalactiae (13.83%) and Coagulase negative
staphylococcus (25.10%) were the predominant agents
identified. While the major environmental pathogens
isolated were E. coli (8.64%), S. dsygalactiae (6.63%),
S. uberis (5.76%), S. intermedius (4.32%), K. pneumonia
(3.74%), S. hyicus (3.17%), Enterobacter aerogenes
(2.59%) and other environmental pathogens (5.5%) of the
total isolates (Table 8).

Enterobacter aerogenes



Table 7: Prevalence of Culture result and isolates after primary and enrichment culture at quarter level
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Separated culture Mixed culture Contamination/
Quarters (Single colony) (two colonies) Discarded Culture-negative Total
P°CR (No. samples) 242 (181LB+61CB) 9 (6LB+3CB) 47 (36LB+11CB)** 143 (110CB +33LB 441 (333LB+108CB)
Right front 56 (41LB+15CB) 2(1LB+1CB)x2 6 (4LB+2CB) 32 (27LB +5CB) 96 (73LB+23CB)
Right Rear 53 (39LB+14CB) 2(2LB+0CB) 13 (11LB+2CB) 35 (26LB +9CB) 103 (78LB+25CB)
Left hind 59 (44LB+15CB) 2(0OLB+2CB) 16 (11LB+5CB) 37 (29LB + 8CB) 114 (84LB+30CB)
Left rear 74 (57LB+17CB) 3(3LB+0CB) 12 (10LB+2CB) 39(28LB +11CB) 128 (98LB+30CB)
ECR (No samples) 73 (65LB + 8CB) 7 (5LB + 2CB) 10 (7LB + 3CB) 53 (33LB+20CB) 143 (110CB +33LB
Right front 18 (17LB +1CB) ———-e- 3 (3LB + 0CB) 11(7LB+4CB) 32 (27LB +5CB)
Right rear 18 (17LB + 1CB) 3 (2LB+ 1CB) 2 (OLB + 2CB) 12(7LB+5CB) 35 (26LB +9CB)
Left hind 16 (14LB +2CB) 2 (2LB + 0CB) 3 (3LB + 0CB) 16(10LB+6CB) 37 (29LB + 8CB)
Left rear 21 (17LB +4CB) 2 (ILB +1CB) 2 (1ILB + 1CB) 14(9LB+5CB) 39(28LB +11CB)
No. Isolates 315 (246LB+69CB) 16 (11LB+5CB) 57 (43LB+14CB)** 53 (33LB+20CB) 347 (268LB+79CB)
Right front 74 (58L+16CB) 2(1ILB+ICB)x2 - 0 78 (60LB+18CB)
Right rear 71 (56L+15CB) 5(4LB+1CB) 0 81 (64LB+17CB)
Left hind 75 (58L+17CB) 4Q2LB+2CB) - 0 83 (62LB+21CB)
Left rear 95 (74L+21CB) 54LB+1CB) - 0 105 (82LB+23CB)

P°CR=Primary culture result, ECR=Enrichment culture result, CB=cross breed, LB=local breed **=Not isolated to species level, contaminated=3 colonies

Table 8: Frequency of predominant bacterial pathogens in clinical and subclinical mastitis

Pathogens % of total CM % of total SCM % of total isolates 95% CI (Total)
Staph. Species 47 (47.96) 139 (55.82) 186(53.60) (48.4 - 58.5)
S. aureus 22 (22.45) 53 (21.29) 75(21.6) (16.7 - 25.4)
S. intermedius 4 (4.08) 11 (4.42) 15 (4.32) (2.3-6.6)
S. hyicus 4 (4.08) 7 (2.81) 11(3.17) (1.4-52)
CNS 17 (17.35) 68 (27.31) 85(24.5) (20.5 - 30.0)
Coliform species 24 (24.49) 36 (14.46) 60(17.29) (13.5-21.3)
E. coli 16 (16.33) 14 (5.62) 30 (8.64) (5.8-11.8)
K. pneumonia 3 (3.74) 10 (4.02) 13(3.74) (2.0-6.0)
E. aerogenes 2 (2.59) 7 (2.81) 9(2.59) (1.2-43)
Others 3 (3.06) 5(2.01) 8(2.3) 0.9-3.7)
Strep. Species 27 (27.55) 74 (29.72) 101(29.1) (24.2-33.7)
S. agalactiae 14 (14.29) 34 (13.65) 48(13.83) (10.1-17.3)
S. dsygalactiae 7(7.14) 16 (6.43) 23 (6.63) 4.0-9.2)

S. uberis 5(5.1) 15 (6.02) 20(5.76) (3.7-8.6)
Other Strep. 2 (2.04) 9 (3.61) 11(2.88) (1.4 -4.6)
Total isolates 98 (28.24) 249 (71.76) 347 (100)

CM: Clinical mastitis, SCM: subclinical mastitis, CNS: Coagulase-Negative Staphylococcus

Risk Factors Associated with Mastitis: Different factor
from management point of view, animal related and
environmental were assessed for their potential
contribution to the distribution of mastitis/ or bacterial
pathogens causing mastitis in the study area. Risk factors
with a trend toward significance (p < 0.25) under
univariable logistic regression analysed in the
multivariable logistic analysis. Table 9 illustrates
multivariable logistic regression result of frequencies of
bacterial pathogens as influenced by different risk factors.
Lactating cows with greater than five calves are 3.17 times
more high frequency of bacteria than cows those gives
one to three calves and 3.01 times more likely affected
than those gives three to five calves. Lactating cows at
last lactation stages are 2.29 times more high frequency of
bacteria than cows at early lactation stages and 2.1 more
likely affected than those at medium lactation stages.

Lactating cows in which there is a practice of drying
udder with common (single) towel after washing are
3.32 times more high frequency of bacteria than cows in
which no practice of drying udder with common towel.
Lactating cows with teat lesion are 0.19 times more
affected those cows without teat lesion. Those cows kept
in house with poor hygiene are 5.47 and 3.04 times more
high frequency of bacteria than cows kept in house with
good and medium hygiene respectively (Table 9).

Antimicrobial Susceptibility Profiles of Pathogens:
In this study, out of 347 bacterial pathogens identified,
89 (39, 25 and 25 Staphylococcus, Streptococcus and
coliform species respectively) isolates were subjected
to antimicrobial susceptibility tests against 6
antimicrobials of different classes. Staphylococcus
species were resistant to Tetracycline 54.0% (21/39),
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Table 9: Multivariable model output for frequencies of bacterial pathogens influenced with different risk factors

Frequencies of isolates

Risk factors No. Exa. Staph. (%) Strep. (%) Coliform (%) Total (%) OR(95%CI) P- Value
Parity

1-2 164 44 (26.8) 31 (18.9) 15(9.1) 90 (54.9) Reference

3-4 145 67 (46.2) 32(22.1) 21 (14.5) 120 (82.8) 3.01(1.03-4.11) 0.001*
>5 151 75 (49.7) 38(25.2) 24 (15.9) 137 (90.7) 3.17 (1.66 - 5.34) 0.001*
Lactation stages

Early (<2 months) 171 75 (43.8) 36 (21.1) 32 (18.7) 143 (83.6) Reference

Medium (3-6 months), 151 43 (28.4) 32(21.2) 10 (6.6) 85 (56.3) 2.10 (1.14 - 3.71) 0.017*
Late (> 6 months) 138 68 (49.3) 33 (23.9) 18 (13>0) 119 (86.2) 2.29 (1.23 - 4.26) 0.009*
Washing and drying of teat*?

Yes 173 50 (28.9) 21 (12.1) 12 (6.9) 83 (48.0) Reference

No 287 136 (47.4) 80(27.9) 48 (16.7) 264 (92.0) 3.32 (1.95 -5.64) 0.001*
Hygiene

Good 136 27 (19.8) 21(15.4) 7(5.1) 55 (40.4) Reference

Fair 160 63 (39.4) 38 (23.8) 24 (15.0) 125 (78.1) 3.04 (1.59 - 5.78) 0.001*
Poor 164 96 (58.5) 42 (25.6) 29 (17.7) 167 (101.8) 5.47 (2.68 -1.16) 0.001*
PHM

No 108 45 (41.6) 32(29.6) 25(23.1) 102 (94.4) Reference

Yes 352 141 (40.0) 69 (19.6) 35(9.9) 245 (69.6) 0.19 (0.05 - 0.67) 0.010*
Animal treatment

Veterinarian 234 61 (26.07) 42 (17.95) 23 (9.83) 126 (53.85) Reference

Farmers 226 125 (55.31) 59 (26.11) 37 (16.37) 221(97.79) 8.98 (2.74 -9.49) 0.001*
Total 460 186 (40.43) 101 (21.96) 60 (13.04) 347 (75.43)

PHM: Previous history of mastitis, ?*: Drying of teat with the same towel, OR: Odds ratio, CI: Confidence Interval, * there was significant association

Table 10: Antimicrobial susceptibility patterns of selected pathogenic Staphylococcus species (n=39)

Staphylococcus aureus strains (n=11)

Disks Inhibition zone diameters in mn
<77/ 8[9] 10 11 12 13 14 15 16 171 18 19 120 [ 20 (220023242526 27 [28] 29 [30]31]32]>33
Strep 2 [2]1] 2 1 1] 2
Gent ) [ 1] 1 2 1 1 1
Pen | 2 4 | [T 172 [
SXT AP 1 IRIE 1
Kana ] 1 213 ] 2
TTC 1 2 ) (1] 2 [ 1 | 1
Staphylococcus hyicus strains (n=6)
Disks Inhibition zone diameters in mm
<T)TI8] 9 10 11 12 13 14 15 16 17 18 19 [ 20 [ 2022023 [ 2425 [26(27[28) 29 |30]31]32]>3
Strep 1 [2] 1 1 ]
Gent 1 | 2 2 1
Pen 1 [ 2 [1]2 [
XT | [1]1 2 2
Kana | [ 1 2 [ 1 ]2
TTC 1 3 [1] 1 |
Staphylococcus intermedius strains (n=10)
Disks Inhibition zone diameters in mm
<TLTI8]9] 10 11 12 13 14 15 16 171 18 19 1020 |20 )22 023 [ 2425 [26(27[28) 29 |30]31]32]>3
Strep L [3]L1] 2 2 1
Gent i 2 T 2 1 1
Pen 1] 1 HHEE 2 [
SXT 1] 1] 1 1 2[2] 1 1
Kana | 2(3[ 2 |3
TTC 2 [372] 2 1 [
Coagulase Negative Staphylococcus specics (n=12)
Disks Inhibition zone diameters in mm
<T{7[8]9] 10 11 [P EE 14 15 16 17 18 19 120 [ 20 (2002324252627 28] 29 [30]31]32]>33
Strep 1] 2 [1] 1 [2]1] 3
Gent 2| 2 (1]l 2 2]
Pen 2 D 2 2] [ ]2
SXT 17T 1 1 2 331
Kana | L[1]s] 213
TTC 3 ) [ 1] 2 1 |

Elesistant to the drug

Intermizdiately susceptible
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Table 11: Antimicrobial susceptibility patterns of selected pathogenic Streptococcus species (n=25)

Streptococcus agalactiae strains (n=10)
Disks Inhibition zone diameters in mm

VT8[9 10 1| 12 [ B3] ’] 15 16 |17 8 [ 19 [ 20 [20[22(25[24] 2502627 (28] 29 [30(31]32]>3
Srep HEDERE |
Gant I L[2[3] 2
Pen 2 (2] | 200 ]
T Al 2 2 | 1] 2
Kana 1] 1 ]2 i 3
TTC 1 3] | 2] ]2

Streptococcus dsygalactiae strains (n=10)
Disks Inhibition zone diamerers in mm

STITE8[9L 10| 1| 2B u| 15 16 |17 8 [ 19 [ 20 [ 2002223 24] 2502627 (28|29 [303]32]>3
Sirep IR 3]0
Gent | ] I 1|2
Pen 1] 2 |1 12 |
KT Al 1 1 | ) )
Kana | HER
TTC 1 3 | 1 [2]2 |

Streptococcus uberis straing(n=p)
Disks Inhibition zone diameters in mm

AT 10 1| 12 [ 13]W] 15 10 |17 I8 [ 19 | 200 [20[22[25[24] 25 12627 (28] 29 [30(31]32]>%
Sirep Al |
Gent HIPE
Pen ) | |1 7
SXT | | 7 |3
Kana I 13
TTC 1 1] | 1

Reststant to the drog Intermedhately susceplible Busceptible to the drug

Table 12: Antimicrobial susceptibility patterns of selected pathogenic Enterobacteriaceae species (n=25)

Escherichia coli strains(n=8)

Disks Tnhibition zone diameters in mm
<77 (8[9l 102 13[4 a5 16| 17 18[19]20[21{22(23]24]25[2]27]28]29]30(31]32]>3
Strep HEEE 12
Gent 2 [ ] 2
Pen 3] BN
SXT 1] HIEEE
Kana 2 [ 11 1 [2]2
TTC a2 [ [2]1 [

Klebsiella pneumonia strains (n=9)
<TL 7081910 2] B4 151617 81912200 2{23]24[25[2(27|28[29][30]31]32][>33

Strep 2] 2 [ ] 2 | ]

Gent | HNEEEN

Pen NN 1]

SXT 1] ] L2271
Kana | HENEN
TTC 3] ] ]2 1 1]

E. aerogenes strains (n=8)
TL 7 (819110 )12 3141516 17 18[19[2]21[22]23]24]25]2]27]28]29]30]31]32][>3

Strep HEE Al
Gent | AHFAE
Pen 2 [ ]1 [1] 2 ]2
SXT | 1] 3] 4
Kana | |] 20411
TTC 2 | [ [z
Fesistant to the dmg Intermechately susceptible Susceptible to the dimg
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Table 13: Multi-drug resistance profiles of selected pathogenic bacteria

Selected Bacterial Species (%)

Total

Antibiotics (n=81) S. aureus  S. intermedius  CNS  S. agalactiae S. dsygalactiae S. uberis E. coli K. pneumonia E. aerogenes
P/S 26 (32.5) 4(36.4) 4 (40) 5(41.6) 3(30.0) 2(22.2) 2(33.3) 3(30.0) 2(22.2) 1(12.5)
P/S/TE 25(30.8) 3(27.3) 3(30.0) 5(41.6) 3(30.0) 2(22.2) 2(33.3) 4(50.0) 2(22.2) 1(12.5)
SXT/S/TE 11 (13.6) 2(18.0) 2(20.0) 1(8.0) 2 (20.0) 1(11.1) 1(16.7) 1(12.5) 1(11.1) 0

G/S/TE 11 (13.6) 3(27.3) 2(20.0) 2(16.7) 1(10.3) 1(11.1) 0 2(25.0) 0 0

K/S/TE 4(5.0) 2(18.0) 0 0 1(10.0) 0 0 1(10.0) 0 0
G/S/K/TE 4(5.0) 2 (18.0) 0 0 1(10.0) 0 0 1(10.0) 0 0

TE= Tetracycline; S= Streptomycin; GN= Gentamicin; P= Penicillin G; SXT= Sulphamethoxazole trimethoprim; K= Kanamycin

Penicillin 53.8% (21/39), Streptomycin 41.1 % (16/39),
Gentamicin20.5%(8/39), Sulphamethoxazole-trimethoprim
(SXT) 15.4% (6/39) and Kanamycin 5.1% (2/39) (Table 10).
Streptococcus species were resistant to Tetracycline 68%
(11/25), Streptomycin 44% (8/25), Penicillin 44% (11/25),
Gentamycin 16% (4/25), SXT 16% (4/25) and Kanamycin
4% (1/25) (Table 11). Coliform species were also resistant
to Tetracycline 44% (11/25), Streptomycin 36% (9/25),
Penicillin 44% (11/25), Gentamycin 8% (2/25), SXT 8%
(2/25) and Kanamycin 8% (2/25) (Table 12).

Multiple Drug Resistance of Isolates: Multi-antibiotic
resistance (MDR) (defined as lack of susceptibility to at
least two antibiotics from different classes) was also
recorded in several bacteria isolates with 91.0% (81/89)
of the bacterial isolates showing multi-antibiotic
resistance patterns, whereby 32.1% (26/81) isolates were
resistant to two antibiotics and 67.9% (54/80) were
resistant to more than two antibiotic drugs (Table 13).

DISCUSIONS

Prevalence of Mastitis: Numerous diseases are
responsible for reduction in milk production, among these
mastitis is the most important and various contributory
factors have been reported, but such reports are scanty in
Jimma Zone Tiro Afeta District. Therefore, it was
necessary and crucial to know the prevalence of mastitis
and different extrinsic and intrinsic risk factors which
favour the entry of different pathogens in the udder.
Therefore the current study revealed that the overall
prevalence mastitis at cow level was 63.5%. The result of
the present finding is in line with the previous findings
different researchers who reports 62.5% [35], 65.6% [7]
and 61.11% [36] in different parts of Ethiopia. In contrast,
higher prevalence were also reported by different authors
who reports 88% [4], 71% [8] and 69.9% [6] in North
Showa Zone of Ethiopia, dairy farms of Holeta town and
Addis Ababa, respectively. This difference might be due
to different management system and milking practice.
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The overall prevalence of mastitis at quarter level in
the present study was 26.68%. About twenty eight [37],
37% [38] and 20.4% [72] were also reported in different
parts of Ethiopia. The higher mastitis infection was
observed in hindquarters than front quarters. This is
similar with previous report in different parts of Ethiopia
[35, 39]. This might be due to increased milk production
performance followed with relaxed teat sphincters and
contaminated hind legs as a result, the pressure on teat
canal forces the canals to be opened widely which allows
entrance of microbes. In the present study, the proportion
of blind quarters was 4.1%. This result is in line with the
previous findings different researchers who reports 4.5%
[71, 6.1% [3] and 3.8 % [38] in different parts of Ethiopia.
This is an indication of serious mastitis problem in dairy
farms and absence of culling that should have served to
remove a source of mammary pathogens/or infections.

In the present study, the overall prevalence of clinical
mastitis at cow level in this study was 15.2%. The result
of this finding is in line with the previous findings
different researchers who reports 10% [41], 16.11% [42]
and 11% [3] in southern, in central Ethiopia and Jimma
town respectively. About 4.8% [43], 7.75% [44] and 3.9%
[45] which are lower than this report were also reported in
Bahir Dar, in and around Jimma town and Adama, Ethiopia
respectively. Overall 48.3% prevalence of subclinical
mastitis at cow level was recorded. The prevalence of sub
clinical mastitis in present study is comparable with
previous reports such as 62% [3], 34.8% [46] in Jimma and
Adama town, respectively and other country 56.3% [71]
in Egypt. About 89.5% [47] and 80.6% [4], which is higher
than this finding was also reported in North Showa Zone
of Ethiopia and Selale, North Shewa Zone (Central
Ethiopia) respectively. The difference in prevalence of
subclinical mastitis may be due to the fact that subclinical
form of mastitis received little attention and efforts have
been concentrated on the treatment of clinical cases
Ethiopia. In summary, the variations in reports of mastitis
prevalence between authors at cow and quarter level as
well as clinical and subclinical mastitis could be due to
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types and burden of pathogens that can transmit between
lactating cows as results of improper milking hygiene, lack
of post milking teat dipping and poor housing facilities.

Isolation Frequencies of Predominant Bacterial
Pathogens (n= 347): The commonly isolated pathogens
in current study were Coagulase negative staphylococci
(CNS) (25.10%) followed by S. aureus (21.04%),
S. agalactiae (13.83%), E. coli (8.64%), S. dsygalactiae
(6.63), S. uberis (5.76%) and S. intermedius (4.32%),
K. pneumoniae (3.74%), E. aerogenes (2.59%) and other
streptococcus and coliform species(5.2%). This result was
in agreement with most of previous studies [38-48].
Fufa et al. [48] reported S. aureus (21.13%), S. agalactiae
(18.31%) and K. pneumonia, (4.23%), S. uberis (4.23%),
S. dsygalactiae (5.63%), E. coli (7.04%) and CNS (51.9%)
in Addis Ababa city. About 19.6%, 9.4%, 5.8% and 4.3%
isolation frequency of S. aureus, E. coli, K. pneumoniae
and E. aerogenes respectively was reported in Algae
state dairy farm [38]. Bitew ef al. [43] reported isolation
rates of S. aureus (20.3%), S. agalactiae (8.8%) and
S. dsygalactiae (5.1%), E. coli (20.3%) and CNS (51.9%),
in Bahir Dar and its Environs. Rafik et al[71] reported
E. coli (25.5%), S. aureus (14.8%), Coagulase negative
Staphylococci (CNS) (12.7%), S. agalactiae (12.7%),
Klebsiella pneumonia (4 8.5%), S. pyogens (10.6%),
Pseudomonas aeruginosa (4.2%) and Salmonella species
(4.2%) as well as other mixed environmental and
contagious species in Egypt.The milk samples positive for
CMT and negative on culture could be due to difference
of causative agents of the disease i.e. it could be caused
by pathogens which need special media such as
Mycoplasma, Nocardia or virus [10].

The commonly isolated pathogens from clinical
mastitis cases were S. aureus (19.32%), E. coli (18.18%)
and S. agalactiae (15.9%) in descending order; while from
subclinical ~ mastitis cases  coagulase  negative
staphylococcus (CNS) (29.34%), S. aureus (21.23%),
S. agalactiae 33(12.74%) and S. dsygalactiae (6.17%)
were the predominant pathogens. Sub-clinical mastitis on
the other hand often goes unnoticed and can only be
detected if specific tests are performed on a milk sample
[69]. Generally, the findings in the current study showed
that the contagious pathogens such as S. aureus and
S. agalactiae were the most frequently isolated
pathogens which could be described as predominant
mastitis causing agents and most of lactating cows have
similar mastitis pathogen profile. According to Hussein
et al. [70] S. aureus was affirmed as the most transcendent
among contagious mastitis causing pathogens in Egypt
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utilizing bacteriological and molecular systems. On the
other hand, those bacteria spread from an infected animal
to herd mates on hands, inflations, common towels and
other items used during the milking process [49]. The high
occurrence of contagious mastitis is usually because
of improper hygienic and poor farm management of
small-scale farms [70].

Risk Factors Associated with Mastitis: The present
study showed that lactation stages, parity, drying of teat
with common towel after washing, hygiene of the housing
and presence of teat lesion (tick infestation) are
statistically significantly associated with burden of
pathogens (p < 0.05). The isolation frequencies of
isolates were 67.3, 49.7 and 73.9 inearly (<2 month),
medium (3-6 month) and late (> 6 month) respectively.
The occurrence of mastitis in this study was 2.08 times
higher in late (> 6 month) lactation stage than early
lactation stages. ie. [OR=2.08 (1.14 - 3.83)]. The increased
prevalence of mastitis with advancing lactation stages
agrees with previous investigations [21, 50]. Isolation
frequencies of pathogens increase with lactation stage.
The linear increasing of pathogens with lactation stages
in this study indicates the lack of proper milking
procedure before milking, during the time of milking and
post milking which can contribute to the spread of these
pathogens from infected teats to healthy ones and
remaining persistence. Most owners of the lactating cows
did not use towel and a few of them used a single towel
for all cows commonly to dry the udders as well as their
hands. The reuse of towel for cleaning and sanitizing may
result in recontamination of the udder. Pre milking udder
preparations play an important part in the contamination
of udder during milking [51]. Furthermore, milkers wash
their hands at the beginning of milking but did not dry
their hands and not repeat washings between milking and
some of the milkers used milk to moisten the teats when
they became dry in between milking, which could be
additional sources of contamination for udder.

The isolation frequency of the pathogens was
3.17 times higher in cows having >5 calves i.e. [OR=3.17
(1.66 - 5.34)]. A significant association of increased
parity with isolation frequency has been reported [20, 52].
This might be due to the increased opportunity of
infection with time and the prolonged duration of
infection, especially in a herd without mastitis control
program. In addition, the prolonged duration of infection
and the physiological defence mechanism of the udder
reduced with advancing age to overcome bacterial
pathogens, so that pathogenic organisms get access to
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the glandular tissue and cause inflammation of mammary
glands [53]. On the other hand this might be caused by
contagious pathogens. Contagious pathogens (S. aureus
and S. agalactiae) survive in the udder of the cow and
difficult to eliminate from mammary gland due to very low
rate of self-cure and treatment result.

In this study, hygiene was also highly significantly
related with isolation frequencies of pathogens (p<0.001).
The burdens of pathogens were 6.13 times higher in poor
hygiene. i.e. [OR=6.13 (3.05-12.35)] than those kept in
good hygiene. Cows kept in poor hygiene were severely
affected with mastitis than those with good hygiene
practices. The high frequencies of bacteria in dairy cows
kept under poor hygiene indicate that the surrounding
environment is not sufficiently clean and provides a
risk for spreading of environmental udder pathogens.
As observed throughout the study period, poor hygiene
practices contributed to the presence of environmental
pathogens at a considerable higher percentage. The high
frequencies of pathogens were reported by different
authors in different areas of Ethiopia [54-56]

Lactating cows in which there is a practice of drying
udder with common (single) towel after washing are 3.28
times more like affected with pathogens than cows in
which no practice of drying udder with common towel.
Similar finding was reported [57-59]. This might be due to
using of common udder cloths, which could be vectors of
spread especially for contagious mastitis.

Antibacterial Susceptibility Patterns of Isolated
Bacterial Pathogens

Drug susceptibility patterns of Staphylococcus Species:
The result of present study indicates that S. aureus
isolates were resistant to Tetracycline 54.6% (6/11),
Streptomycin 36.36% (4/11) and Gentamycin 27.3%,
Sulphamethoxazole-trimethoprim (27.3%), Penicillin-G
(72.7%) and Kanamycin (18%). This is similar with the
findings of Lencho [26] who reported (78.9%) resistant
level of S. aureus to Tetracycline; Alemayehu [35]; who
reported the resistant level of S. aureus to Streptomycin
(73.1%), Tetracycline (72.2%) in Bishoftu as well as Fitsum
[60] who reported S. aureus isolates were highly resistant
to Streptomycin (53.3%), Tetracycline (40%) and
Sulphamethoxazole-trimethoprim (26.7%) in Wolayta
Sodo, Southern Ethiopia, The probable explanation for
this could be; those drugs are commonly used
antimicrobials for the treatment of other infections as well
as mastitis in the area and S. aureus strains have the
capacity to change their resistance behaviour to the
exposed antimicrobials [61].
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Both S. hyicus and S. intermedius isolates were
found to be resistant to most antimicrobials. S. hyicus
isolates were resistant to Tetracycline 50.0% (3/6),
Streptomycin (50.0%), Penicillin-G (50%), Gentamicin
(16.7%) and 100% susceptible to Kanamycin and SXT.
S. intermedius isolates were resistant to Tetracycline
50% (5/10), Streptomycin (40%), Penicillin-G (40%),
Gentamicin (20%), SXT (20%) and 100% susceptible to
Kanamycin. While CNS species are resistant to
Tetracycline  50%  (6/12), Streptomycin (41.7%),
Penicillin-G (50%), Gentamicin (16.7%), SXT (8.3%) and
100% susceptible to Kanamycin.
report that CNS susceptible
Sulphamethoxazole-Trimethoprim  and  Gentamicin,
with efficacy rate of 95% and 100%, respectively [38].
The reason might be due to their frequent and long-term

There was similar

isolates were to

use of antibiotics and staphylococcus species have the
capacity to change their resistance behaviour to the
exposed antimicrobials. Antibiotic resistant genes carried
on plasmid and transposons can pass
Staphylococcus species to another [62]. The most
common strategy used by S. aureus to circumvent the
action of the penicillins is by the production of enzyme
B-lactamase, which hydrolyses the [-lactam ring,
rendering the entire compound inactive [63].

from one

Drug Susceptibility Patterns of Streptococcus Species:
Streptococcus agalactiae were resistant to Tetracycline
40% (4/10), Streptomycin (40%), to Penicillin-G (50%),
Sulphamethoxazole-trimethoprim (20%), Gentamycin (20%)
and to Kanamycin (10%). S. dsygalactiae were resistant
to Tetracycline 44.4% (4/9), Streptomycin (22.22%),
Penicillin-G ~ (40%), Gentamicin  (11.1%) and
Sulphamethoxazole-trimethoprim (22.2%) and susceptible
to and Kanamycin (100%). While S. uberis isolates were
resistant to Tetracycline 66.7% (4/6) Streptomycin
(33.33%), to Penicillin-G (33.33%), Gentamycin (16.6%),
(100%) susceptible to Kanamycin and Sulphamethoxazole-
trimethoprim. Similar finding was also reported [64, 65].

Drug Susceptibility Patterns of Coliform Species:
Escherichia coli were resistant to Tetracycline 62.5%
(5/8), Streptomycin (50%), Penicillin-G (50%) and
Gentamycin  (25%), Sulphamethoxazole-trimethoprim
(12.5%), Gentamycin (25%) and Kanamycin (25%).
There was similar report that, Escherichia coli was
resistant to Tetracycline (40.5%), Streptomycin (34.2%),
Gentamycin (3.8%) and Sulphamethoxazole-trimethoprim
(38%), in Addis Ababa abattoirs enterprise and Alema
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farm slaughter slab [66]. Klebsiella pneumoniae were
found to be resistant to Tetracycline 44% (4/9),
Streptomycin (44%), Penicillin-G (55.6%),
Sulphamethoxazole-trimethoprim (11.11%) and (100%)
susceptible to Kanamycin and Gentamicin. E. aerogenes
were 100% susceptible to Kanamycin, Gentamycin and
Sulphamethoxazole-trimethoprim, but resistant to
Tetracycline (25%) and Streptomycin (12.5%) and
Penicillin-G (25%).

The difference in susceptibility patters of bacteria to
different anti-biotic might be attributed to difference in
utilization of anti-microbial agents for treatment regimen
and development of resistance due to repeated use of
similar antibiotics for longer period. The other reason
might be their ability to grow in biofilm (self-produced
matrix). When growing in this mode of life,
microorganisms become more tolerant to
opsonophagocytosis and conventional antibiotics, being
100-1000 times less susceptible to antibiotics than their
planktonic counterparts [67]. Other reasons for
development of resistant bacteria to antibiotic could be
inappropriate use of the antibiotics in cattle, wrong
dosage and routes of administration, arbitrary drug
combinations and the acquisition of mobile genetic
characteristics of the pathogens [68].

Multiple Drug Resistance of Isolates: From the results of
this study it was found that many bacteria isolates were
resistant to all or most of the commonly used antibiotics
in the area. Multi-antibiotic resistance (MDR) was also
recorded in several bacteria isolates with 91.0% (81/89) of
the bacterial isolates showing multi-antibiotic resistance
patterns, whereby 32.1% (26/81) isolates were resistant to
two antibiotics and 67.9% (54/80) were resistant to more
than two antibiotic drugs. Multi drug resistance was also
reported by different authors in different areas of Ethiopia
[35, 38, 60]. There are several factors which might account
for the observed multi-antibiotic resistance, this include
long-term exposure, organism type and antibiotic type.
Other factors relate to under dosing, incomplete treatment
of animals and/or the long period of inappropriate use of
antibiotics, since in Tiro Afeta these are dispensed
without a prescription. Therefore, based on the findings
that majority of farmers in the area has tendency of
treating animals themselves and rarely seek advices from
veterinary or extension officers; the inappropriate use of
veterinary drugs increases the risk of resistant bacteria in
herds, which do not respond well to the antimicrobial
agents in use and this will lead to chronic diseases.
Finally, when comparing the overall efficacy of
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antimicrobials on isolates, Kanamycin, SXT and
Gentamicin were the most effective antibiotics where more
than 50% of the total isolates were found to be
susceptible respectively.

CONCLUSION

The current study revealed that the overall
prevalence mastitis in the area was 63.5% (15.2% clinical
and 48.3% subclinical mastitis). Sub-clinical infections
constituted the major component of prevalence indicating
the fact that the farmers are only concerned with clinical
mastitis and often are unaware about sub-clinical infection
in their herds. The present study showed that
Staphylococcus, streptococcus and coliform species are
the major pathogens causing mastitis in the area.
Contagious pathogens (S. aureus 21.04%, S. agalactiae
13.83% and Coagulase negative staphylococcus (25.10%)
are the most causative agents of the mastitis in the area.
Several risk factors such as parity and lactation stage,
hygiene and previous history of mastitis were found to be
significantly associated with isolates. From the results of
this study it was found that many bacteria isolates were
resistant to all or most of the commonly used
antimicrobials in the area. Antimicrobials are used
unconsciously to treat mastitis in the area and it is
observed that the level of antibacterial resistance has
been raising more and more compared to other area. As a
result, bacterial pathogens are the most important factor
that contributes for reduced milk production and
increased losses in dairy farm in different expenses, which
are treatment cost, veterinary and other costs that could
affect the profitability of the farmers business and has
public health importance. Based on this conclusion the
following points are recommended:

This study revealed that subclinical mastitis was the
main performance of the disease and attention should
be given to subclinical mastitis diagnosis, treatment
and control.

Awareness creation by implementing short-term
training on the importance of applying high
hygienic  standards of housing and milking
practices such as separate drying of udder with
single towel for each cow before every milking
is recommended to effectively stop the spread of
both contagious and environmental pathogens in
the area.

It is important if antibiotic susceptibility test is
carried out to choose effective drug for treatment of
mastitis.
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* It is also important if further research is carried on
both contagious and environmental pathogens by
using molecular methods on the genes favour
multidrug resistance of the pathogens so as to block
the economic impact of mastitis in the study area.

»  The milk samples positive for CMT and negative on
culture could be due to difference of causative
agents of the disease: it could be caused by Mycotic,
Mycoplasmal, Nocardial or viral mastitis. Therefore
further study should be conducted on Mycoplasmal
mastitis.

ACKNOWLEDGEMENTS

The authors acknowledge Tiro Afeta Administration
office for all the financial and Jimma University, School of
Veterinary Medicine for material supports and co-
operation in different aspects during our work. We also
thank the farm/animal owners for their cooperation during
our work.

REFERENCES

1. Bereda, A., Z. Yilma and A. Nurfeta, 2014. Dairy
Production System and Constraints in Ezha Districts
of the Gurage Zone, Southern Ethiopia. J. Global
Veterinaria., 12(2): 181-186.

2. CSA (Central Statistical Agency), 2017. Federal
Democratic Republic of Ethiopia, Agricultural Sample
Survey Volume II: Report on Livestock and Livestock
Characteristics, 585 Statistical bulletin. Addis Ababa,
Ethiopia. pp: 9-188.

3. Tolosa, T.,J. Verbeke, S. Piepers, K. Supre and S. De
Vliegher, 2015. Pathogen group specific risk factors
clinical mastitis intramammary infection and blind
quarters at the herd, cows and quarter level in small
holder dairy farms in Jimma, Ethiopia. Prev. Vet. Med.,
120: 306-312.

4. Dabash, H., A. Petros and A. Fekadu, 2014.
Prevalence and Identification of  Bacterial
Pathogens Causing Bovine Mastitis from Crossbred
of Dairy Cows in North Showa Zone of Ethiopia.
Jigjiga University, Ethiopia. J. Global Veterinaria.,
13(2): 189-195.

5. Idriss, Sh. E., V. Foltys, V. Tancin, K. Kirchnerova,
D. Tanc¢inovda and K. Zaujec, 2014. Mastitis
pathogens and their resistance against antimicrobial
agents in dairy cows in nitra, Slovakia.Slovak J.
Anim. Sci., 47(1): 33-38.

102

6.

10.

11.

12.

13.

14.

15.

16.

Getahun, K., B. Kelay, M. Bekana and F. Lobago,
2008. Bovine mastitis and antibiotic resistance
patterns in Selale smallholder dairy farms, Central
Ethiopia. Trop Anim Health Prod., 40: 261-268.
Lakew, M., T. Tolesa and W. Tigrie, 2009. Prevalence
and Major bacterial causes of bovine mastitis in
Assela, South Eastern, Ethiopia. J. Trop. Anim.
Health Prod., 41(7): 1525-1530.

Regassa, A., B. Mekibib, M. Furgasa, F. Abunna and
B. Megersa, 2010. Bovine Mastitis: Prevalence, Risk
Factors and Major Pathogens in Dairy Farms of
Holeta Town, Central Ethiopia J. Vet. World,
3:397-403.

Tolosa, T., J. Verbeke, S. Piepers, K. Supre and S. De
Vliegher, 2013. Risk factors associated with
subclinical mastitis as detected by  California
Mastitis Test in small holder dairy farms in Jimma,
Ethiopia using multilevel modelling. Prev. Vet. Med.,
112: 68-75.

Shaheen, M., H.A. Tantary and S.U. Nabi, 2016. A
Treatise on Bovine Mastitis: Disease and Disease
Economics, Etiological Basis, Risk Factors, Impact on
Human Health, Therapeutic Management Prevention
and Control Strategy. J. Adv Dairy Res., 4(1): 150-158.
Endale, M., E. Eyob, A. Addisu and T. Naod, 2016.
A Study on the Prevalence of Bovine Mastitis and
Associated Risk Factors in and the Surrounding
areas of Sodo Town, Wolaita Zone, Ethiopia. G. J.
Sci. Frontier Research: D Agriculture and Veterinary,
16(2): 1-9.

Barkema, H.W., M.J. Green, A.J. Bradley and
R.N. Zadoks 2009. Invited review: The role of
contagious disease in udder health. J. Dairy Sci.,
92: 4717-4729.

Hossain, M.K., S. Paul, M.M. Hossain, M.R. Islam
and M.G.S. Alam, 2017. Bovine Mastitis and Its
Therapeutic Strategy Doing Antibiotic Sensitivity
Test. Aust J. Vet Sci. and Anim Husb., 4(1): 1-12.
Ling, W., Y. Feng, W. Xiaojuan, L. Yongjiang,
Z. Xuzhen, G. Wenzhu, N. Jiangrong and G. Zhiting,
2015. Investigation of Bovine Mastitis Pathogens in
Two Northern Provincesof China from. J. Animal and
Veterinary Advances., 14(8): 237-243.

NMC, 2004. Microbiological Procedures for the
Diagnosis of Bovine Udder Infection and
Determination of Milk Quality.

Birhanu, A., L. Diriba and I. Iyob, 2013. Study of
bovine mastitis in Asella government dairy farm of
Oromia Regional state, South Eastern Ethiopia. Int. J.
Curr. Res. Aca. Rev., 1(2): 134-145.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Advan. Biol. Res., 14 (2)

Zeryehun, T., T. Aya and R. Bayecha, 2013. Study on
prevalence, bacterial pathogens and associated risk
factors of bovine mastitis in small holder dairy farms
in and around Addis Ababa, Ethiopia. J. Anim. Plant
Sci., 23(1): 50.

Bedane, A., G. Kasim, T. Yohannis, T. Habtamu,
B. Asseged and B. Demelash, 2012. Study on
Prevalence and Risk Factors of Bovine Mastitis in
Borana Pastoral and Agro-Pastoral Settings of
Yabello District, Borana Zone, Southern Ethiopia.
American-Eurasian J. Agric. and Environ. Sci.,
12(10): 1274-1281.

Mekonnen, H. and A. Tesfaye, 2010. Prevalence and
etiology of mastitis and related management factors
in market oriented smallholder dairy farms in Adama,
Ethiopia. J. Vet. Med., 161(12): 574-579.

Mekibib, B., M. Furgasa, F. Abunna, B. Megersa and
A. Regassa, 2010. Bovine Mastitis: Prevalence,
Risk Factors and Major Pathogens in Dairy Farms
of Holeta Town, Central Ethiopia. Vet. World.,
3(9): 397-403.

Abinet, K., 2015. Isolation and phenotypic
characterization of methicillin resistant
staphylococcus aureus (MRSA) from selected dairy
cattle mastitis infection in and around Batu town,
Ethiopia. MSc thesis, Addis Ababa University,
Ethiopia.

Asmelash, T., N. Mesfin, D. Addisu, F. Aklilu,
T. Biruk and S. Tesfaye, 2016. Isolation, identification
and drug resistance patterns of methicillin resistant
Staphylococcus aureus from mastitic cow’s milk from
selected dairy farms in and around Kombolcha,
Ethiopia, 8(1): 1-10.

Chambers, H.F. and F.R. De Leo, 2009. “Waves of
resistance: Staphylococcus aureus in the antibiotic
era, Nature Reviews Microbiology., 7(9): 629-641.

EFSA (European Food Safety Authority) and ECDC
(European Centre for Disease Prevention and
Control), 2013. The European Union Summary Report
on Trends and Sources of Zoonoses, Zoonotic
Agents and Food-borne Outbreaks in 2011; EFSA
Journal., 11(4): 3129, 250pp, doi:10.2903/
j.efsa.2013.3129.

Duncan, M., 2015. Antibiotics and Dry Cow Therapy:
What’s the Problem? Kellogg Rural Leaders
Programme, pp:1-54.

Lencho, M., 2015. Identification and Antimicrobial
Susceptibility Profiles of Staphylococcus Species
Isolated from Raw Milk, Swabs of Udders, Milking
Utensils and Milkers Hands in Small Holder and
Dairy Farms in Ambo and Guder Town. Msc Thesis.
Addis Ababa University, Bishoftu, Ethiopia.

103

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

2 85-105, 2020

Sumathi, B.R., B.M. Veeregowda and R.G. Amitha,
2008. Prevalence and antibiogram profile of bacterial
isolates from clinical bovine mastitis. Veterinary
World, 1:237-241.

TAPHO, 2018. Tiro Afeta Livestock Production and
Health office (unpublished data, Tiro Afeta, Jimma,
Ethiopia)

Thrusfield, M., 2005. Veterinary Epidemiology 3™ ed.
London: Blackwell Sc. Ltd., pp: 227-247.

Mansor, R., W. Mullen, A. Albalat, P. Zerefos,
H. Mischack and Barret, 2012. Proteomic and
metabolomic studies on milk during bovine mastitis.
Journal of Proteomics., 85: 89-98.

West, E.D., 2013. Assessment of Antimicrobial
Resistance in Pathogens Responsible for Causing
Bovine Mastitis in Kentucky. Online Thesis and
Dissertations, pp: 145.

LHVBM (Laboratory Handbook of Veterinary
Bacteriology and Mycology), 2011. Atlantic
Veterinary ~ College.  http://  people.upei.ca/
jlewis/index.htmlLakshmi

Quine P.J., B.K. Markey and D. Maguire, 2004.
Concise Review of Veterinary Microbiology.
Blackwell Science Ltd, pp: 1-153.
www.blackwellpublishing.com

CLSI (Clinical and Laboratory Standards Institute),
2017. Performance Standards for Antimicrobial
Susceptibility Testing; seventeenth Informational
Supplement, 35(1): M100-S17.

Alemayehu, B., 2015. Isolation and identification of
methicillin resistant S. aureus from bovine mastitic
milk in dairy farms of Bahir Dar and its surrounding
North West Ethiopia, MSc thesis, Addis Ababa
University, Faculty of Veterinary Medicine, Ethiopia.
pp: 1-91.

Bedada, B.A. and A. Hiko, 2011. Mastitis and
antimicrobial susceptibility test at Asella, Oromia
Regional state, Ethiopia. J. Microbiology and
Antimicrobials., 3(9): 228-232.

Biffa, D., E. Debela and F. Beyene, 2005.
Prevalence and risk factors of mastitis in lactating
dairy cows in southern Ethiopia. Int. J. Appl. Res.
Vet. Med., 3: 189-198.

Melesse, E.M., 2012. Study on Prevalence of Mastitis
and Associated Risk Factors With Isolation and
Antimicrobial Susceptibility of Major Pathogs in
Alage State Dairy Farm, Ethiopia. MSc Thesis, Addis
Ababa University, Ethiopia.

Zenebe, N., T. Habtamu and B. Endale, 2014. Study
on bovine mastitis and associated risk factors in
Adigrat, Northern Ethiopia. Afr. J. Microbiol Res.,
8:327-31.



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Advan. Biol. Res., 14 (2)

Almaw, G., 2004. Cross sectional study of bovine
mastitis in and around Bahir Dar and antibiotic
resistance patterns on major pathogens. MSc thesis,
Addis Ababa University, Ethiopia, pp: 1-91.

Kerro, D.O. and F. Tareke, 2003. Bovine mastitis in
selected areas of southern Ethiopia. Journal of
Tropical Animal Health and Production., 35: 197 - 205.
Hunderra, S., Z. Ademe and A. Sintayehu, 2005. Dairy
Cattle Mastitis In and Around Sebeta, Ethiopia. Int.
J. Appl. Res. Vet. Med., 3(4): 34-37.

Bitew, M., A. Tefera and T. Tolesa, 2010. Study on
bovine mastitis in dairy farms of Bahir Dar town and
its environs. J. Anim. Vet. Adv., 9: 2912-2917.
Tigre, W., A. Wakwoya, F. Regassa and T. Tolosa,
2011. Prevalence and associated risk factors of
bovine mastitis in local and cross breed dairy cows in
and around Jimma town. Bulletin of animal health and
Production in Africa, 59(2): 129.

Abera, M., B. Demie, K. Araga, F. Regassa and
A. Regassa, 2013. Isolation and identification of
Staphylococcus aureus from bovine mastitic milk and
their drug resistance patterns in Adama town,
Ethiopia. Afr. J. Dai. Far. and Mil. Prod., 1: 019-023.
Moges, N., T. Hailemariam, T. Fentahun, M. Chanie
and A. Melaku, 2012. Bovine mastitis and associated
risk factors in small holder lactating dairy farms in
Hawassa, Southern Ethiopia. Global Veterinaria,
9: 441-446.

Argaw, K. and T. Tolosa, 2008. Prevalence of
subclinical mastitis in smallholder dairy farms in
Selale, North Shewa Zone, Central Ethiopia. Internet
Journal of Vet. Medicine., 5: 1937-8165.

Fufa, A., F. Gemechis, M. Bekele and R. Alemayehu,
2013. Bovine Mastitis: Prevalence, Risk Factors and
Bacterial Isolation in Smallholder Dairy Farms in
Addis Ababa City, Ethiopia. Global Veterinaria.,
10(6): 647-652.

Arpini, CM., P.G. Cardos, ILM. Paiva,
D.A.C. Custoédio and G.M. Costa, 2016. Virulence
Genes of the Streptococcus agalactiae Associated
with Bovine Mastitis in Minas Gerais Livestock
Herds, Brazil. J. Applied Microbiology., 2(3) DOI:
10.4172/2471-9315.1000119

Girma, S., A. Mammo, K. Bogele, T. Sori, F. Tadesse
and T. Jibat, 2012. Study on prevalence of bovine
mastitis and its major causative agents in West
Harerghe zone, Doba district, Ethiopia. J. Veterinary
Medicine and Animal Health, 4(8): 116-123.
Anderson, K. and D. Pritchard, 2008. An Update on
Staphylococcus aureus Mastitis. 4"  Edition,
Benjamin/ Cummings Publishing Company, pp: 38.

104

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

2 85-105, 2020

Kathiriya, J.B., B.B. Kabaria, D.A. Saradava and
D.P. Sanepara, 2014. Prevalence of subclinical
mastitis in dairy cows in Rajkot district of Gujarat. Int.
J. Sci. Nature., 5: 433-436.

Tufani, N.A., D.M. Makhdoomi and A. Hafiz, 2012.
Epidemiology and therapeutic management of bovine
mastitis. Indian J. Anim. Res., 46(2): 148-151.
Mekuria, A., D. Asrat, Y. Woldeamanuel and
G. Tefera, 2013. Identification and antimicrobial
susceptibility of Staphylococcus aureus isolated
from milk samples of dairy cows and nasal swabs of
farm workers in selected dairy farms around Addis
Ababa, Ethiopia.

Fikru, G., 2014. Staphylococcus: Epidemiology and its
Drug Resistance in Cattle, Food Chains and Humans
in Central Ethiopia. MSc thesis, Addis Ababa
University, Faculty of Veterinary Medicine, Ethiopia,
pp: 1-100.

Biruke, D. and A. Shimeles, 2015. Isolation and
Identification of Major Bacterial Pathogen from
Clinical Mastitis Cow Raw Milk in Addis Ababa,
Ethiopia. Acad. J. Animal Diseases., 4(1): 44-51.
Hogan, J.K. and L. Smith, 2003. Coliform mastitis.
Veterinary Research, BioMed Central., 34(5): 507-519.
Kayesh, M.E.H., M. Talukder and A.K.M.M. Anower,
2014. Prevalence of subclinical mastitis and its
association with bacteria and risk factors in lactating
cows of Barisal district in Bangladesh. Int. J. biol.
Res., 2: 35-38.

Ahrar, K., S.K. Muhammad, Q. Abdul, A.K. Jawaria,
H. Riaz, Muhammad and A. Nisar, 2016. Prevalence
and Association of Possible Risk Factors with
Sub-Clinical Mastitis in Cholistani Cattle. Pakistan J.
Zool., 48(2): 519-525.

Fitsum, T., 2016. Prevalence and Drug Resistance
Patterns of Staphylococcus aureus in Lactating Dairy
Cow’s Milk in Wolayta Sodo, Ethiopia. EC Vet. Sci.,
2(5): 226-230.

Salih, M.K., N.I. Alrabadi, K.M. Thalij and
A.S. Hussien, 2016. Isolation of Pathogenic Gram-
Negative Bacteria from Urinary Tract Infected
Patients. J. Medical Microbiology., 6: 59-65.
Kernodle, D.S., 2000. Mechanisms of resistance to
B-lactam antibiotics. In: Gram-positive pathogens.
Fischetti, V.A., Novick, R.P., Ferretti, J.J., Portnoy,
D.A. and Rood, J.I. (Eds). American Society for
Microbiology. Washington, DC, USA, pp: 609-620.
Moon, J.S., A.R. Lee, HM. Kang, E.S. Lee, M.N. Kim,
Y.H. Paik, Y.H. Park, Y.s. Joo and H.C. Koo, 2007.
Phenotypic and genetic antibiogram of methicillin
resistant Staphylococci isolated from bovine mastitis
in Korea. J. Dairy Science., 90: 1176-1185.



64.

65.

66.

67

68.

Advan. Biol. Res., 14 (2)

Edward, M., K. Anna and Z. Ewa, 2011. Virulence
factors in coagulase-negative staphylococci isolated
from cows with subclinical mastitis. Bull Vet. Inst.
Pulawy, 55: 681-684.

Azuka, A. and E. Idahosa, 2013. Species Distribution
and Virulence Factors of Coagulase Negative
Staphylococci  Isolated From Clinical Samples
From the University of Benin Teaching Hospital,
Edo State, Nigeria. J. of Natural Sciences Research.,
3(9): 2224-3186.

Yohannes, EM., D.A. Reta, T.Y. Shimels,
T.T. Desiye, A.E. Bezina and M.W. Gebremeskel,
2017. Molecular determination of antimicrobial
resistance in Escherichia coli isolated from raw meat
in Addis Ababa and Bishoftu, Ethiopia. J. Clinical
Microbiology and Antimicrobials., 16(55): 1-9.
Fernanda, G., J.S. Maria and H. Mariana, 2016. Bovine
mastitis disease/pathogenicity: evidence of the
potential role of microbial biofilms. J. Pathogens and
Disease., 74(3): 1-7.

Sharma, D., S.P. Kumar and A. Malik, 2011.
Prevalence and Antimicrobial Susceptibility of Drug
Resistant Staphylococcus aureus in raw milk of dairy
cattle. Int. Res. J. Microbiol., 2: 466-470.

105

69.

70.

71.

72.

2 85-105, 2020

Nuraddis Ibrahim, 2017. Review on Mastitis and Its
Economic Effect. Canadian Journal of Scientific
Research, 6(1): 13-22, 2017 DOI: 10.5829/
idosi.cjsr.2017.13.22.

Hussein, H.A., A.M. Younes, Amany A. Arafa, E.A.
Fouad, Eman A. Khairy, A.M. Gomaa and K.A.
Abd El-Razik, 2017. Molecular and Bacteriological
Investigation of Contagious Mastitis Caused by
Staphylococcus aureus in Dairy Cattle Farms in
Egypt. Intl. J. Microbiol. Res., 8(3): 92-99. ISSN 2079-
2093, DOI: 10.5829/idosi.ijmr.2017.92.99.

Rafik H. Sayed, Selim S. Salama and Rafik T. Soliman,
2014. Bacteriological Evaluation of Present Situation
of Mastitis in Dairy Cows in Cairo, Egypt. Global
Veterinaria, 13(5): 690-695, ISSN 1992-6197. DOLI:
10.5829/idosi.gv.2014.13.05.86119

Bekele Megersa, Admasu Manedo, Mesele Abera
Alemayehu Regassa and Fufa Abunna, 2012.
Mastitis in Lactating Cows at Hawassa Town:
Prevalence, Risk Factors, Major Bacterial Causes and
Treatment Response to Routinely Used Antibiotics.
American-Eurasian Journal of Scientific Research,
7(2): 86-91. DOLI: 10.5829/idosi.aejsr.2012.7.2.6391



