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A cross-sectional study was conducted to determine the prevalence of mastitis in bovines and to,
isolate and identify the major bacterial pathogens of lactating cows in six selected woredas of Bench
Maji Zone of Southwestern Ethiopia from June 2017-October 2017. Three hundred eighty four lactating
cows were examined for mastitis by combination of udder physical examination, California Mastitis Test
and subsequent bacteriological isolation. During the study period, 116 (30.21%) cows had mastitis, of
which 35 (30.17%) and 81(69.83%) showed clinical and subclinical mastitis, respectively. The prevalence
rates of mastitis in cross breed and local breed cattle were found to be 71.43 and 28.65%, respectively.
Based on parity, higher prevalence (45.45%) was recorded in cows which had greater than 5
parturitions and the lower prevalence (13.04%) was recorded in cows with 1-2 parturitions. Based on
lactation stage, the prevalence was (45%) in late stage, followed by middle stage (36.60%) and early
stage of lactation (13.85%). The prevalence rates of mastitis based on different age groups of lactating
cows were found to be 48.78 , 30.54 and 18.52% in cows of greater than 8 years old, 4-8 years old and in
cows less than 4 years old, respectively. Except parity, the other associated risk factors (breed,
lactation stage and age group) had significant association (P<0.05) with the prevalence of mastitis in
the study animals. Upon subsequent bacterial culturing, the quarter milk samples yielded three types of
bacteria. Staphylococcus aureus (59.26%), Streptococcus agalactiae (38.27%) and Escherchia coli
(2.47%) were the major isolates. In conclusion, the overall prevalence of mastitis in lactating cow of the
study area was high and this suggests the need of improved hygienic practices and applies different
methods for prevention and strategic control of the disease.
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INTRODUCTION

Ethiopia is believed to have the largest livestock contributing considerable portion to the economy of the
population in Africa. This livestock sector has been country and still promising to rally round the economic
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development of the country. Among livestock, cattle play
a significant socio-economic role in the livelihoods of the
Ethiopian people. Livestock products (meat, milk, cheese
and butter) and by-products supply animal protein that
contributes to the improvement of the nutritional status of
the people (CSA, 2015). Conversely, low annual per
capita consumption of milk in Ethiopia (19 kg) revealed
that current milk production in Ethiopia is insufficient to
fulfill the requirements due to a multitude of factors (FAO,
2017).

Mastitis can reduces milk yield, increase culling rate,
incur treatment cost and occasionally result in death from
severe infection. Moreover, mastitis had been known to
cause a great deal of loss or reduction of productivity, to
influence the quality and quantity of milk yield and to
cause culling of animals at an unacceptable age
(Radostits et al., 2007).To increase milk production cross
breeding of indigenous zebu cattle with exotic breeds
particularly Holstein Friesian is widely practiced. This
resulted in a larger portion of the dairy cattle population
especially in urban areas to be with a high level of exotic
blood. However, this market oriented dairy production in
many African countries, is subjected to diseases of
intensification including mastitis and reproductive
disorders (Lemma et al., 2001).

Oviedo-Boyso et al. (2007) and Suriyasathaporn et al.
(2000) revealed that mastitis is a multifactorial disease.
As such, its incidence depends on exposure to
pathogens, effectiveness of udder defense mechanisms
and presence of environmental risk factors, as well as
interactions between these factors. Seegers et al. (2003)
indicated that mastitis has been described as the most
common and costly disease in dairy production causing
over 38% economic losses due to health problems. Many
infectious agents have been identified as cause of
mastitis in cattle. The most common organisms being
Streptococcus agalactiae and Staphylococcus aureus
whereas, environmental mastitis is associated with
Coliforms and environmental Streptococci that are
frequently found in the cow’s environment (Radostits et
al., 2000; Quinn et al., 2002; Endale et al., 2016; Jafer et
al., 2016; Belay and Tadele, 2017).

It is a serious problem in the dairy industry of Ethiopia
(Mekonnen et al., 2005). Bovine mastitis is among the
major health problem hindering dairy productivity in
Ethiopia, which requires the development of
methodologies of control program under the prevailing
husbandry system (Fufa et al., 2013). However, the
information about prevalence of the disease is
inadequate. Such information is important when
designing appropriate strategies that would help to
reduce its prevalence and effects. From the economic
point of view, mastitis especially the-subclinical form
causes extensive economic losses that include reduction
of milk yield, changes in the milk composition and
reduction in milk as well as shortens the productive life
span of the affected animals (Radostits et al., 2007).

Mastitis is one of the most important destructive
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infectious diseases of dairy cattle industry and it is
considered of quite vital importance to the public health
as it is associated with many zoonotic diseases in which
milk acts as a vehicle for the infectious agents. Mastitis
not only brings huge economic losses of dairy cow
production, but it also cause public health and food
safety. The safety of milk with respect to food born
disease is a great concern around world this is especially
true in developing countries like Ethiopia where the
production of milk often take place under unsanitary
conditions and consumption of raw milk which is typically
produced in small dairy farm under unsatisfactory
hygienic conditions is a common practice (FHR, 2006;
Teshome and Tesfaye, 2016). Most of the studies in
Ethiopia were carried out in Addis Ababa and its
surrounding, which may not representative of other
regions of the country (Almaw et al., 2009). In Bench Maji
Zone, mastitis is commonly observed in dairy cattle.
However, scientific data and literature is not available on
the current status of mastitis in the targeted area.
Therefore, the objectives of this study were to determine
the prevalence of mastitis and to isolate and identify the
most common bacteria associated with the subclinical
and clinical mastitis of cows in study area.

MATERIALS AND METHODS
Description of the study area

This study was conducted in Bench Maji zone (BMZ) of
Southwestern part of Ethiopia. The zone is found at a distance of
about 561 km from Addis Ababa and 830 km from the regional
capital Hawassa. Agro-ecologically, BMZ consists of 52% lowland
(<1500 m above sea level (masl), 43% mid altitude (1500-2300
masl) and 5% highland (>2300 masl). The zone s found at 34°45’-
36°10" east and 5°40’-7°40’ north. The annual average temperature
ranges from 15.1 to 27.5°C, while the annual rainfall ranges from
400 to 2,000 mm. The total cattle, sheep and goats population in
the zone is about 334,502, 181, 203 and 93,952, respectively (CSA,
2016/2017).The study was conducted in six woredas of the zone
namely Sheko, Guraferda, Debub Bench, Shey Bench, Semen
Bench, Menitgoldia and Maji.

Study animals

The study was conducted on lactating local (indigenous zebu,
Sheko) and cross breed cows that were managed under extensive,
semi intensive and intensive farming system.

Study design

A cross-sectional study was carried out in June 2017 - October
2017 to investigate the prevalence of mastitis and to isolate and
identify the most common bacteria associated with the subclinical
and clinical mastitis of cows in study area.

Sampling method and sample size

Out of 10 woredas of the BMZ six woredas were selected
purposively based on accessibility for transportation of milk samples
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and population of cattle. From each woreda, two kebeles were
selected purposively and the household with at least one lactating
cow was involved in the study. From each selected kebele, 32
lactating cows were selected by using simple random sampling
method for CMT and bacteriological examinations. The sample size
for the study is calculated based on the formula developed by
Thrustfield (2007) for random sampling method. A 5% absolute
precision and 95% confidence interval was used for determining
sample size. Since there is no previous study on the prevalence of
mastitis in the study areas, an expected prevalence of 50% was
used to determine the maximum sample size.

n:(Z%)Z p(1-p) _(196)? 05(1-05)

72 RE—yT =384.16

Where, P= is the expected prevalence, Sd = is standard deviation
(desired absolute precision).
n = the total sample size

Accordingly, the calculated sample sizes was 384 samples.

Clinical examination

Physical examination for evidence of clinical mastitis was conducted
in all lactating cows that were sampled in the study area. The
udders of the selected cows were examined visually and by
palpation for any presence of clinical mastitis. During examination,
attention was paid to cardinal signs of inflammation, blindness,
injuries, milk clots, symmetry, size, consistency of udder quarters
and swelling (Radostits et al., 2007). A cow was considered to have
clinical mastitis if it fulfilled at least two of the clinical findings, (1)
pain reaction upon palpation, (2) changes in colour and consistency
of milk (blood tinged milk, watery secretions, clots, pus) and (3)
change in consistency of the udder (Lakew et al., 2009). Cows that
did not have clinical mastitis were tested further for sub-clinical
mastitis based laboratory investigation.

Milk sample collection and Laboratory investigation

According to Quinn et al. (2002) procedures of mastitis testing, the
lactating cows’ milk samples were directly collected using universal
sample collection bottles. The first 3-4 streams of milk were
discarded. The collecting bottle was held as near horizontal as
possible and by turning the teat to a near horizontal position and
approximately 10 ml of milk were collected into the container. After
collection, the sample was labeled and placed in ice box and
transported to the Mizan Regional Veterinary Diagnostic
Laboratory. The analysis was performed within two to three hours
after sampling.

California mastitis test (CMT)

The CMT was conducted to diagnose the presence of subclinical
mastitis (Quinn et al., 1999). Collected milk samples were poured in
to four shallow cups in the CMT paddle and equal amount of CMT
reagent was added to each cup and gentle circular motion was
applied to the mixture on the horizontal plane. Based on the
thickness of the gel formed by CMT reagent and milk mixture, test
results were scored as 0 (negative), 1 (weak positive), 2 (distinct
positive) and 3 (strong positive). Milk samples with test result of
CMT 1 to 3, was classified as evidence of subclinical mastitis
(Quinn et al., 1999; Radostits et al., 2007).

Bacterial isolation and identification

Bacteriological study was performed on milk samples from the
sepositive CMT reactive and mastitis milk for culture. Identification
of mastitis pathogens was carried out following microbiological
procedures for diagnosis of bovine udder infection described in
Quinn et al. (1999). One standard loop (0.01 ml) of milk was
streaked on 7% blood agar. The inoculated plate was incubated
aerobically at 37°C. The plates were checked for growth after 24,
48 and up to 72 h to rule out slow growing bacteria species. A milk
sample was considered positive for mastitis pathogens if at least
single colonies of a potential pathogen were detected and the
positives were identified by biochemical tests. For primary
identification, size, shape, color, hemolytic characteristics, Grams
reaction and catalase production was used. For confirmation,
biochemical tests were used after sub culturing isolated distinct
colony on selective media. MacConkey agar (Oxoid) and Edward’s
agar (Oxoid) were used to detect the most aerobic pathogens,
enteric bacteria and  Streptococci, respectively. Primary
identification of Staphylococci was based on colony morphology,
catalase test, Gram-staining morphology and differentiated from
micrococci on the basis of the oxidative fermentative (OF) test
carried out on semi-solid OF medium(Difco, Becton, Dickinson and
Company, Franklin Lakes, NJ,USA). The Staphylococci were also
tested for production of coagulase enzyme by the tube method as
described by Quinn et al. (1994).

Isolates that produced Gram-positive cocci in clusters, and were
catalase positive, glucose-fermentative, resistant to bacitracin and
did not produce coagulase were identified as coagulase-negative
staphylococci (CNS). S. aureus isolates were differentiated from
other coagulase-positive staphylococci on the basis of mannitol
fermentation on mannitol salt agar (Oxoid). The enteric bacteria
were identified using colony morphology, oxidase test, lactose
fermentation on MacConkey agar (Oxoid), indole production test,
citrate utilization Quinn et al. (1999). Interpretation was made
according to NMC (1990). The culture was considered negative if
no growth occurs after 72 h of incubation and plates showing mixed
and confluent growths, with no evidence of single discernible
colonies, were not investigated further.

Data analysis

Data collected from the laboratory test and the questionnaire survey
was recorded and coded in Microsoft excel spread sheets 2010 and
analyzed using statistical data analysis of SAS version 9.10. The
prevalence of mastitis was calculated as the number in study
population testing positive divided by the total study units tested.
The Chi-square (x%) test was applied to determine existence of any
association between the laboratory test positivity and the
associated risk factors (such as breed type, parity, lactation stage
and age of milking cows). For all analysis, a P-value of less than
0.05 was taken as significant.

RESULTS AND DISCUSSION
Prevalence of mastitis

The overall prevalence of mastitis of cow level in the
study areas were tested by using CMT and clinical
inspection of the udder (Table 1). From the total 384
lactating cows examined during the study period, 116
(30.21%) cows had mastitis, of which 35 (30.17%) and
81(69.83%) showed clinical and subclinical mastitis,
respectively. In the current study, the clinical and



Gemechu et al. 33

Table 1. Clinical and subclinical mastitis in lactating cows in study area (n=384).

Type of mastitis No. of cow examined Positive % Culture positive %
Clinical mastitis 384 35 30.17 35 100
Sub-clinical mastitis 384 81 69.83 79 97.53
Total 384 116 30.21 114 98.28

n= number of lactating cows.

Table 2. The prevalence of mastitis in association with potential risk factors in the study areas.

Variable Total number of examined cows CMT positive Prevalence (%) X2 P-value
Breed type
(i) Cross breed 14 (3.65%) 10 71.43 21.9429 < 0.005
(i) Local breed 370 (96.35%) 106 28.65
Parity
(i) 1-2 161 (41.93%) 21 13.04
(i) 3-4 146 (38.02%) 60 41.10 4482 <0001
(iii) >5 77 (20.05%) 35 45.45
Lactation stage
(i) Early Lactation 130 (33.85%) 18 13.85 <0.001
(i) Mid Lactation 194 (50.52%) 71 36.60 38.99 '
(iii) Late Lactation 60 (15.63%) 27 45.00
Age
(i) <4 years 135 (35.16%) 25 18.52 <0.001
(ii) 4-8 years 167 (43.49%) 51 30.54 73.20 '
(iii) >8 years 82 (21.35%) 40 48.78

subclinical mastitis examined was higher than that influence on the prevalence of bovine mastitis (P<0.05).

reported by Alebachew and Alemu (2015) who found
21.2% clinical and 46.8% subclinical mastitis in selected
commercial dairy farms in Addis Ababa. Jafer et al.
(2016) also reported the minimum clinical mastitis
(15.27%) and maximum subclinical mastitis (84.73%) in
dairy farm of Dire Dawa City.

The present study showed an overall prevalence of
30.21% lower than that of Biffa et al. (2005) in and
around Addis Ababa and Getahun (2006) in Haramaya
who reported 38.9 and 36.9%, respectively. The
difference in results could be due to variations in the
distribution of mastitis risk, laboratory techniques, study
design, climate, the level of management and animals
studied. As indicted in the Table 1, all CMT positive
samples were cultured for etiological agent identification.
From 81 samples cultured, 79 were positive for known
subclinical mastitis pathogens while all of the samples
cultured from clinical mastitis were positive for mastitis.

The potential associated risk factors

Breed, parity, lactation stages and age had significant

The result showed that the prevalence of mastitis was
significantly higher in cross breed (71.43%) than local
breed of cows (28.65%) (Table 2). The effect of cross
breed on the current prevalence of mastitis was relatively
comparable with the reports of Jafer et al. (2016) in Dire
Dawa city (71.1%). Compared to present study results,
Belay and Tadele (2017) reported the lower prevalence in
cross breeds (58.46%) and higher prevalence (38.2%) in
local breeds in HoroGuduru Wollega Zone. In Ethiopia,
many studies showed statistically significant difference in
mastitis between local and cross breeds. Furthermore,
cows with high milk yield is more susceptible to mastitis
where as low-yielding cows tend to be more resistant
(Biffa et al., 2005; Mekibib et al., 2010; Megersa et al.,
2012; Moges et al., 2012). This may be due to genetic
improvement for milk yield is accompanied by gradual
decline in genetic resistance to mastitis (Radostits et al.,
2008). Parity also showed an effect on the occurrence of
mastitis. Higher prevalence (45.45%) was recorded in
cows multiparous (greater than 5 parturition) and the
lower prevalence (13.04%) was recorded in cows with
first and second parity. Similarly, Alebachew and Alemu
(2015) reported the higher prevalence (90.8%) in cows
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Table 3. The identified and isolated major pathogenic bacteria
species in the areas.

S/N Isolated bacteria Frequency Percentage

1 Escherichia coli 2 2.47
2  Staphylococcus aureus 48 59.26
3 Streptococcus agalactiae 31 38.27

with 4-7 parturition and the lower prevalence (61.6%) in
cows with 1-3 parturition in Addis Ababa.

Lactation stage had association with the occurrence of
mastitis were the prevalence was higher (45%) in late
stage, followed by middle (36.60%) and early stages of
lactation (13.85%). Belay and Tadele (2017) reported that
the similar results based on the stage of lactation which
was 34.21, 38.24 and 56.1% in the 1%, 2" and 3"
trimester of lactation, respectively. The high prevalence
of mastitis at late lactation might be due to an increased
period of exposure of the udder during previous stages of
early and mid-lactations.

There was a significant difference in prevalence
between animals of different age of lactating cows
(P<0.05). The highest prevalence (48.78%) was found in
lactating cows of ages greater than 8 years, followed by
cows of ages 4-8 years (30.54%) and the lowest
prevalence (18.52%) was recorded in cows of ages less
than 4 years. Correspondingly, Belay and Tadele (2017)
reported that the highest prevalence (61.16%) of older
cows (>9.5 years), followed by cows age 6-9.5 years
(36.96%) and the lowest prevalence (34.15%) by cows
age of 2.5-6 years. The high prevalence of the mastitis
revealed in older animals might be due to the physiology
of exhausted canal which is more dilated and remains
partially open due to years of repeated milking. This
facilitates the entrance of environmental and skin-
associated microorganisms leading clinical or sub clinical
mastitis. Blowey and Edmondson (2010) also reported
the high occurrence of mastitis in older aged cows
compared to young and adult cattle. This could be due to
damage of teat canals in old animals facilitates access of
bacteria into the mammary gland.

Identified and isolated major pathogens

As shown in Table 3, milk samples collected from 116
mastitis positive cows (35 clinical cows and 81 CMT
positive subclinical cows) were cultured on blood agar.
The dominant bacteria isolated were Staphylococcus
species followed by Streptococcus species and other
Gram negative enteric bacteria, of which Escherichia coli.
By using further biochemical tests and selective media,
three major strains of pathogenic bacteria namely S.
aureus, S. Agalactiae and E. coli were found. Among
three major pathogenic bacteria, S. aureus was the

highest prevalent organism (59.26%); followed by S.
Agalactiae (38.27%) and E. coli (2.47%).

The prevalence of S. aureus in the present study was
higher (59.26%) than early findings of Milne et al. (2002);
Fufa et al. (2013) and Jafer et al. (2016) who reported
44.4% in Sebeta, 21.13% in Addis Ababa city and 48.4%
in Dire Dawa, respectively. Likewise, this finding was
disagreeing with the report of Bitew et al. (2010), Biruke
and Shimeles (2015) who reported 20.3% in Bahir Dar
and 45.1% in Addis Ababa, respectively. Present findings
are comparable with the results of Endale et al. (2016)
who reported 57.14% Staphylococcus species and
28.57% Streptococcus species in and around Sodo
Town, Wolaita Zone, Ethiopia. The relative high
prevalence of S. aureus in this study could be associated
with the absence of post milking teat dipping, poor udder
and teat washing before milking, poor hand milking
practice and wide distribution of the organism inside the
mammary gland and on the skin of teat and udder.

Available literature also showed that Staphylococcus
species causing mastitis is the common and economically
the greatest concern wherever dairy farming is practiced
(Workineh et al., 2002; Fufa et al.,, 2013; Jafer et al.,
2016). S. aureus has adopted to survive in the udder and
established chronic and subclinical infection (Radostits et
al., 1994). The isolation of S. aureus is of public health
significance since it is a commonly recovered pathogen in
outbreaks of food poising due to milk and milk product.
This could be due to S. aureus is environmentally robust,
surviving wide extremes of temperature and moisture. S.
agalactiae (38.27%) was the second major pathogenic
isolated in the study areas. This result was higher than
the early findings of Kerro and Tareke (2003); Almaw
(2004) and Bitew et al. (2010) who reported isolation
rates of 13.1, 8.15 and 13.9%, respectively.

The justification given for S. aureus could also be a
factor for S. agalactiae relative high isolation rate since
both of them are contagious pathogens. The isolation of
streptococcus species is of public health significance as it
causes various gastrointestinal upset ranging from
abdominal pain to diarrhea. Generally, the present study
showed that contagious mastitis pathogens were the
predominant isolated bacteria. This might be due to lack
of effective udder and teat washing and drying, inter-cow
hand washing and poor cleaning of milking area.
Contamination of milkers’ hands, cloths and milking
utensils leads to high spread of mastitis disease.

The present result also indicated that E. coli was the
third predominant pathogens (2.47%) isolated in the
study areas. This finding was much lower than the early
findings of Igbal et al. (2004) and Biruke and Shimeles
(2015) who reported 18.6 and 40.7%, respectively.

However, it is comparable with the previous reports of
Mekibib et al. (2010) at Holeta (4.6%) and Sori et al.
(2005) in and around Sebeta (0.75%). The prevalence of
E. coli is probably due to the fact that E. coli is the
commonest environmental contaminants which are



closely associated with hygiene. It becomes pathogenic
whenever the hygienic conditions of the animal or
environment become poor. In addition, the existence of
high concentration of E. coli in milk also indicates the
relatively poor quality of milk, related with substandard
hygiene of the farm management.

CONCLUSION AND RECOMMENDATIONS

The overall 30.21% prevalence of mastitis at cow level
was tested by using California Mastitis Test (CMT) and
clinical inspection of the udder. Breed, parity, lactation
stages and age have a significant influence on the
prevalence of bovine mastitis (P<0.05). Increasing age,
lactation stage, parity and poor management increased
the risk of mastitis. The major pathogenic strains isolated
were; S. aureus (59.26%), S. agalactiae (38.27%) and E.
coli (2.47%). This indicates that mastitis caused by S.
aureus is one of the major problems of dairy cows in milk
production followed by S. agalactiae. The distribution of
these bacterial pathogens in the herd indicates the
economic impact of the disease. Beside the disease has
economic importance it also to harm the health and well-
being of human being. The professionals should apply
different methods for prevention and strategic control of
the disease and should be informed to the public about
the relevance of pasteurization of milk before
consumption to avoid food born infection and intoxication.
There is a need of further study on drugs to which the
bacterial are sensitive to use it used as primary choice to
treat the disease in the study area.
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