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Background: In the global dairy industry, mastitis is the main economic significant disease
of cattle. Milk and other dairy outputs are scarce in developed countries, including Ethiopia.
Methods: In this cross-sectional investigation in the Modjo district, milk samples were
collected aseptically from 384 randomly selected lactating cattle to investigate the prevalence
of clinical and sub-clinical mastitis and determine the possible risk factors and isolate
bacterial pathogens causing mastitis. Besides, clinical mastitis cases have been reported by
veterinarians based on milk, udder, or systemic cow anomalies, whereas the presence of
subclinical mastitis was determined using California Mastitis Test (CMT).

Results: The research revealed that subclinical mastitis (71.02%) is more prevalent in dairy
farms of the study area than in the clinical type (28.9%). The quarter-level frequency was
36.9%; from which, 34.9% and 3.4% were from subclinical form and blind teat, respectively.
There was a significant correlation between the frequency of mastitis in lactating cows (p <
0.05) and factors, such as breed, age, body condition score, herd size, milking mastitic cow at
the end, and previous mastitis history. The dominant mastitis-causing agents isolated in this
study were Staphylococcus aureus (40.3%), Streptococcus species (24.3%), Coagulase-
negative Staphylococcus (12.5%), E. coli (8.3%), Staphylococcus hyicus (3.5%), and
Staphylococcus intermedius (1.4%). The high occurrence of mastitis, particularly sub-clinical
mastitis, revealed significant economic potential losses in dairy farms in the research district.
Conclusion: Therefore, appropriate measures aimed at increasing the understanding and
hygiene milking methods of dairy farmers, routine monitoring for subclinical mastitis, dry
cow therapy, and culling of chronically contaminated cows to reduce bovine mastitis and its
impact on milk production and food security.
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Introduction

Ethiopia has a large livestock resource in Africa with a total of 57.8 million cattle
population of which 7.2 million are mainly kept for the processing of milk." Milk is
one of the most crucial human food. Owing to its important ingredients, it is widely
accepted as a full diet.>” In Ethiopia, however, milk consumed annually is poor in
comparison with other developing countries’ total dairy intake. Local milk production
fails to meet the milk requirements of the country because of low inputs and common
cattle health conditions.*” The growth of the Ethiopian dairy sector will dramatically
reduce poverty and nutrition in the region. Nevertheless, in many African countries,
this consumer-orientated milk processing, a fast-growing system, is subject to inten-

sification diseases like mastitis and reproductive disorders.>®"
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Mastitis is a mammalian gland inflammation caused by
pathogenic microorganisms that invade the mammary
gland. Besides, injury of the teat canal and results in
physical, chemical, pathological, and bacteriologic
changes in glandular tissues and milk composition. In the
dairy business, mastitis is among the most severe and
economically important infections throughout the globe.
Mastitis causes higher economic losses in milk production
as a result of the infected quarters’ inflammation. Bovine
mastitis leads to a decrease in milk production, increases
culling rate, incurs medical costs, and often leads to severe
deaths from infections.**'°

Mastitis is of extreme zoonotic importance since the
milk is unsafe for human consumption. This is due to the
risk of bacterial contamination of the milk from infected
cows.> 12 Clinical and subclinical mastitis (SCM) are the
two types of mastitis. Variations in physical characteristics
of milk, udder enlargement, redness, and increase in udder
temperature were commonly observed as a clinical mani-
festation of clinical mastitis, whilst SCM infected dairy
cattle display no significant milk or udder changes and can
only be detected by somatic cell count (SCC) or bacterial
culture. %1314

Mastitis in cattle is a complex and multifactorial dis-
ease, depending on the animal, environmental and patho-
genic variables.”'>™'” Contagious pathogens are the most
important reservoirs for diseased cows. The prevalent and
identified

Streptococcus

infectious bacteria in different trials were

agalactiae,
6,9,12,18—

Staphylococcus  aureus,
Corynebacterium bovis, and Mycoplasma species.
2 They spread mainly during milking between cows and
appear to develop chronic subclinical infections with out-
breaks of clinical incidents. Environmental mastitis can be
generally identified as an infection of the mammary glands
(E. coli, Klebsiella species, Strep. dysgalactiae, and Strep.
uberis) and the ecosystem is the principal reservoir in
which the cow.”?1%2%-232% Mastitis is most likely attribu-
ted to poor milk sanitation, low barn sanitation, lack of teat
dipping and the use of lubricant during contact, and lack of
treatment in milking cows of various age groups.'""'?
Over the past few years, numerous scientists in
Ethiopia have researched the frequency of mastitis in
dairy herds. Previous studies found that the occurrence of
mastitis in the country fell between 23.2% and
81.1%.%%% Although both clinical and subclinical mas-
titis are serious constraints in most semi-intensive and
intensive dairy farms in Ethiopia, including the study
area, only a few investigations were conducted, mostly

confined to the central part of the country, without repre-
senting the prevalence of mastitis in different ecological
and management conditions. This study tries to identify
both the prevalence of clinical and subclinical mastitis as
well as the pathogens that were responsible for the infec-
tion. In addition, most previous studies only focus on
prevalence studies and there was limited research that
investigated the isolation of the pathogens responsible for
mastitis. Also, subclinical mastitis received little regard in
several of the previous studies, though it is still a major
constraint in the dairy industry in most of the country as
well as in the current study area. Hence, this research aims
at investigating the occurrence and precipitating factors of
clinical and subclinical mastitis in dairy farms of Modjo
district.

Materials and Methods
Study Site and Animals

The research was conducted from November 2018 to
June 2019 in Mojo town and its surroundings in central
Ethiopia, located in the East Shewa zone of the Oromia
Region. The area has a latitude and longitude of 8°39'N
39°5’E with an elevation between 1788 and 1825 meters
above sea level. It is the administrative center of Lome
woreda. The study subjects were lactating dairy cows
located on different nominated farms in Modjo town and
its surroundings.

The study animals were lactating indigenous zebu,
Holstein Friesian cross with local zebu breed and jersey
breeds that were kept under an intensive, semi-intensive,
and extensive management system. In addition, the farms
were categorized into small, medium, and large-scale dairy
farms based on the dairy cows in the farm. The study
animals were classified as young (3—6 years), adult (6—
9), and old (>9) based on their dentition.?

Study Design

A cross-sectional study design was wused from
November 2018 to June 2019 to determine the prevalence
of clinical and sub-clinical mastitis, detect the potential
risk factors, and isolate bacterial pathogens causing mas-
titis, from lactating dairy cows. In this research, 90 dairy
farms were selected using convenience sampling from
total dairy farms in the areas on the basis of accessibility
and willingness of the farm owners to participate in the

study and grouped into small, medium-sized farms
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depending on the number of cows. The research included
all lactating dairy cows on selected farms.

Sampling Method and Sample Size

Determination

In this research, a total of 90 dairy farms were first
selected using convenience sampling techniques from
total dairy farms in the study area on the basis of accessi-
bility and willingness of the farm owners to participate in
the study. Then, the lactating dairy cows were selected
from 90 dairy farms using a simple random sampling
technique. The total number of lactating dairy cows was
determined based on the number of the cattle population in
each farm. The sample size was determined on the basis of
the Thrusfield,?° formula that uses a 95% confidence level
and 5% precision. Since there was no similar study under-
taken in the district and thus, a 50% expected prevalence
was assumed.

1.96° Pexp(1 — Pexp)
n= 7
Where, Pexp = expected prevalence, d = absolute pre-
cision, n = sample size. Hence, 384 lactating cows were
selected for the current study.

Study Methodology
Data Collection Methods
A structured questionnaire survey was conducted to
achieve the goals of the study. For this purpose, data
regarding farm location and cow-related factors, such as
age, parity, body condition score, lactation stage, breed,
the existence of a lesion on udder’s skin and milking
method, milking, and floor type, were gathered by ques-
tioning 110 farm workers and owners. In the present study,
three different breed types, namely local zebu, crossbreed
(both crosses of Holstein Friesian and Jersey with local
zebu breed), and Jersey were included. The study dairy
cows were classified as young (three to six years), adults
(seven to nine years), and old (greater than nine years old)
on the basis of birth records and dentition features; lacta-
tion stage was classified into early (1°-3" months), mid
(4-6™ months), and late (7™ month to the beginning of dry
period). The parity was recorded and grouped into few
with (one-three calves), moderate (four to six calves), and
seven and above calves.

Milk yield was categorized as low (1-5 liters), medium
(6-10 liters), and high (greater than 10 liters). The lacta-
tion stage was categorized as less than 4 months, 4-8

months, and greater than 8 months. Herd size was also
categorized into less than 10, 10—42, and greater than 42;
type of floor was also classified as good (if it is made of
the concrete floor), bad (if it is not the well-constructed
concrete floor) and soil (if it is constructed of mud). The
milking method was categorized into hand and machine.
The farm hygiene was also categorized as good (clean
farm husbandry) and bad (if it has poor farm husbandry).
The udder lesion (present vs absent) and hygiene (washing
and drying and washing only before and after milking).
The farm types were classified as intensive, extensive, and
semi-intensive (kept indoor based on the farm manage-
ment system). Factors such as milking mastitis cow at the
end (yes vs no) and previous mastitis history (yes vs no).

Clinical Inspection of Udder and Milk for Detection
of Mastitis
Any anomalies of secretions, size abnormalities, consis-
tency, and temperature of all the lactating cows in sampled
farms have been carefully investigated. The mammary
gland was sensed to harden and the teats to assess the
teat canal capacity. Palpatory pain, changes in milk (blood-
mixed milk, watery discharges, flakes, pus), and variation
in udder consistency were regarded as signs of clinical
mastitis and all the physical examination procedures
were conducted as per the guidelines of Quinn et al."'
The CMT has been conducted as mentioned by Quinn
et al'' to identify the presence of subclinical cases of
mastitis. In each cup of the CMT paddle, about two mL
of milk and an equivalent amount CMT were added and
mixed for 15 seconds. The findings were analyzed based
on gel formation and rating as 0 for negativity, 1 for weak
positive, 2 for distinct positive, and 3 for the strong posi-
tive. Milk samples were graded as proof of subclinical
mastitis for CMT 1, 2, and 3 test results.'!

Milk Collection

Milk has been collected from both clinical and subclinical
mastitis cases using standard milk sampling techniques
adopted by the National Mastitis Council.®' First, the
dairy cow’s udder and teat orifice has been completely
watered, cleaned, and dried before collecting milk sam-
ples. In addition, dirt particles and other debris were also
cleaned from the udder as well as teat with a dry towel.
Then, the teats were further scrubbed with cotton, soaked
in 70% alcohol to prevent recontamination. Teats on the
far side of the udder were first scrubbed with alcohol and
sampled, then those on the near side were sampled later.
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After a few millimeters of milk were discarded, about
10 mL of milk was collected by keeping the collection
container nearly horizontal and all the procedures were
the National Mastitis
Council*' Finally, all milk samples were labeled, trans-

conducted as suggested by
ported within 2 to 3 hrs using an icebox to Veterinary
Microbiology Laboratory and examined bacteriologically.

Bacterial Isolation and Identification

We present a bacteriological analysis of milk samples from
both clinical and subclinical quarters using the standard
bacteriological protocols.''** Milk samples obtained from
each teat quarter were individually cultured using 7%
defibrinated bovine blood on MacConkey agar and blood
agar bases and incubated aerobically at 37°C for 2448
hours. Then, plate growth, morphology, and hemolysis
pattern on the blood agar base were subsequently studied.
Subcultures were made for the pure identification of
isolates.

The growth of bacteria on mannitol salt agar and pur-
ple agar was used to identify Staphylococci species. The
fermentation of mannitol by S. aureus causes yellow dis-
coloration of the medium. Colonies that show a weak or
delayed yellow color on Mannitol Salt Agar (MSA) after
24 hrs of incubation were considered as S. intermedius and
colonies that failed to produce any change in the medium
were determined as S. hyicus and CNS.'"' On the other
hand, colonies that were grown on the MSA plate were
sub-cultured on nutrient medium broth and incubated at
37°C for 24 hrs. Then, 0.5 mL of rabbit plasma and a drop
of the 24 hrs old colonies taken from nutrient broth (NB)
were mixed and incubated for 4-24 hrs at 37°C. The
clotting of the suspension was evaluated at 30 minutes
intervals for the first 4 hrs of the test and then after 24
hrs of incubation. The reaction was considered as coagu-
lase-positive if any degree of clotting was visible.*?

The detection of Streptococci species was performed
on Edwards’s media according to their growth character-
istics. Different biochemical tests, such as Tube coagulase
test, catalase test, esculin hydrolysis test, indole produc-
tion, methyl red test, Voges-Proskauer reaction, urease
production, citrate utilization, and sugar fermentation,
were used to identify the Staphylococci and Streptococci
species.!! Also, pink-colored presumptive E. coli colonies
were sub-cultured onto Eosin Methylene Blue (EMB).
Colonies with a metallic green sheen on EMB were later
characterized microscopically using Gram’s stain.
Presumed E. coli colonies were then transferred onto

nutrient agar for further identification using biochemical
tests. Oxidase reaction, Catalase testing, Triple Sugar Iron
(TSI), “IMViC” (indole, methyl red, Voges-Proskauer, and
citrate) test, and motility test have been used to identify
the E. coli species."!

Data Analysis

All data collected were analyzed using STATA version 13.
Descriptive statistics were used to summarize data gath-
ered from the incidence of mastitis, various precipitating
factors, CMT, and bacterial isolation. Effects of specific
variables (breed, hygienic practice, age, parity, lactation
stage, and udder or teat lesion) on the occurrence of
mastitis were considered using the chi-square (X?) test.
The association between prevalence of mastitis and asso-
ciated risk factor was assessed using logistic regression
analyses. A p-value less than 0.05 was considered statisti-
cally significant.

Results
Isolation of Bacterial Pathogens from

Clinical and Subclinical Mastitis Cases

Of the total 283 CMT-positive cows tested, 144 cows
(50.8%) were sampled for each of their positive quarters
from clinical and subclinical cases. Of the total isolates,
both
Streptococcus  species) and environmental

contagious  pathogens  (Staphylococcus  and
pathogens
(E. coli) were involved. Staphylococcus species were the
major pathogens out of which Staphylococcus aureus con-
tributed the major share (45.14%). Generally, the predo-
minant bacterial species isolated were Staphylococcus
species [Staphylococcus aureus, Staphylococcus intermi-
dus and Staphylococcus hyicus and Coagulase-negative
Staphylococcus (CNS)] (52.8%), Streptococcus species

(24.3%), and E. coli (8.3%) (Table 1).

Association Mastitis with Bacterial

Isolation Rate

According to the investigation, the isolation rate from the
subclinical mastitic case 70.8% (102/144) was higher than
that of the clinical one 29.2% (42/144). Bacterial species
such as E. coli (18.41%), S. intermedius (4.98%), S. hyicus
(4.48), CNS (4.98%), Streptococcus species (5.97%), and
mixed (growth of different bacterial isolates) were isolated
in higher proportion from quarters infected with subclini-
cal mastitis. On the other hand, S. aureus (13.41%) was

isolated in a higher proportion from clinically infected

2 7 4 https:
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Table | Isolation Rate of Bacteria Species from Cow with
Clinical and Subclinical Mastitis
Isolated Bacterial Pathogens Frequency | Proportion
(%)
Staphylococcus aureus 58 40.3
Staphylococcus intermidus 2 1.4
Staphylococcus hyicus 5 3.5
Coagulase negative Staphylococcus 18 12.5
(CNS)
Streptococcus species 35 243
Escherichia coli 12 83
Mixed growth* 14 9.7
Total 144 100

Note: *Represents the presence of the three species of bacterial isolates namely,
Staphylococcus aureus, Staphylococcus intermidus, and Escherichia coli.

mastitic quarters. However, there is no statistically signifi-
cant association between the isolation rate of different
bacterial species and mastitis (clinical and subclinical)
cases (Table 2).

Prevalence of Mastitis

The current research revealed the overall occurrence of
mastitis was 73.7% (283/384), out of which 28.9% (82/
283) of clinical and 71.02% (201/283) of subclinical mas-
titis cases were identified during the study period
(Figure 1).

According to the present investigation, 71.02% (201/
283) of the lactating dairy cows were found to be infected
with subclinical-type mastitis after the California mastitis
test (CMT). Based on CMT results and clinical examina-
tion, 74.4% of the herds and 73.7% of the cows were
positive for mastitis. All quarters of cows (1536) were
checked for the presence of gross abnormalities, and it
was found that 52 (9.15%) teats were blind, while 15
(0.7%) of
Subsequently, CMT was conducted on milk samples from

them had various types of lesions.

1536 quarters; out of which 568 (36.9%) were positive for
mastitis. Sub-clinical mastitis was the predominant type of
mastitis observed at herd 62.2% (56/90), cow 52.34%
(201/384), and quarter 34.9% (536/1536) levels. There
was a higher prevalence of subclinical mastitis than clin-
ical mastitis at both cow and quarter levels (Table 3).

Out of 1536 teat quarters inspected, 52 (3.4%) teat
quarters were blind teat and non-functional. Out of 1484
screened functional teats, 568 (36.9%) teat quarter were
infected with a subclinical type of mastitis. The left rare
(58.3%) and right front (55.2%) were the most infected
teat quarters during the study (Table 4).

Associations of Risk Factors with the

Prevalence of Mastitis

The present research showed that factors such as herd size,
milking mastitis cow at the end, and the previous history
of mastitis have a strong correlation (p < 0.05) with the
prevalence of mastitis. Age is a determinant factor in the
occurrence of several infections since sometimes it may
predispose to stress. Hence, the prevalence of mastitis on
the basis of the cows’ age groups revealed that the highest
frequency was recorded in ages of 6-9 years (61.5%)
when compared to 3-6 years (49.5%), and >9 years of
age (47.2%). Also, the odd of cows infected with mastitis
was 1.76 (95% CI; 1.02-3.03) higher in 7-9-year-old cows
than >9-year-old cows 1.23 (95% CI; 1.02-3.03) while
holding cows with 3—6 years old (Table 5).

Breed differences also play a key role in mastitis
occurrence. At the present research site, three breeds of
cows were considered and examined at dairy farm levels.
The highest prevalence of mastitis was recorded in Jersey
(78.6%) followed by the crossbred of Holstein Friesian x
indigenous zebu cows (51.9%), while the lowest was
recorded in indigenous zebu (16.7%) breeds. The odds
of mastitis infection are 4.27 and 0.11 times greater in the

Table 2 Isolation Rate of Bacterial Species from Mastitic Quarters in the Study Areas

Bacterial Species | % Isolation from SCM % lIsolation from CM % lIsolation from Mastitis x2
(N=102) N (%) (N=42) N (%) (N=144) N (%) (p-value)

E. coli 37 (18.41) 7 (8.54) 44 (15.55) 10.81 (0.15)

S. aureus 9 (4.48) 11 (13.41) 20 (7.07)

S. intermedius 10 (4.98) 5 (6.10) 15 (5.30)

S. hyicus 9 (4.48) 3 (3.66) 12 (4.24)

CNS 10 (4.98) 5 (6.10) 15 (5.30)

Streptococcus species | 12 (5.97) 4 (4.88) 16 (5.65)

Mixed growth 15 (7.46) 7 (8.54) 22 (7.77)
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Figure | Prevalence of clinical and subclinical mastitis in the study area.

Jersey breed (95% CI; 1.07-17.09) and Holstein Friesian
(95% CI; 0.01-1.32), respectively, while indigenous zebu
breeds held constant. The highest prevalence (54.1%)
was noted in cows that have a parity of 1-3 calves
when compared to cows with >7 parity cows (50%) and
cows that gave 4-6 calves (45.1%). The odds of mastitis
infection were 1.08 (95% CI; 0.13-8.95) and 0.87 (95%
CI; 0.49-1.55) times greater in cows with parity of seven
and above, and cows with parity between four and six,
respectively, while cows that gave 1-3 calves held

constant.

71.02

Subclinical Mastitis

In the present investigation, milking activities like
cleaning and drying of the udder and milking mastitic
cows at the end have a major role in the highest prevalence
of mastitis and lead to low milk production. In comparison
to frequently cleaned cows and low-milk-yielding cows,
there was a higher risk of occurrence in cows with poor
udder hygienic (53.4%) and medium milk yields (58.04%).
The odds of mastitis prevalence is 1.08 times (95% CI;
0.63—1.84) higher in the owner that uses washing as the
only method of keeping udder hygiene. On the other hand,
the odds of mastitis is 0.94 times greater (95% CI; 0.59—

Table 3 Prevalence of Mastitis at the Cow, Herd, and Quarter Levels

Variable Overall Mastitis
Total Examined No. Positive Cows Frequency N Clinical Mastitis N (%) Subclinical Mastitis N (%)
At cow level 384 283 737 82 (28.9) 201 (52.34)
At herd level 90 67 744 I (12.2) 56 (62.2)
At quarter level 1536 568 36.9 32 (2.1) 536 (34.9)
Table 4 Prevalence of Subclinical Mastitis and Blind Teat Cases Across the Four Quarters
Quarter No Examined Quarters No Affected Prevalence (%) Blind Teats Prevalence (%)
RR 384 189 49.2 22 5.7
RF 384 212 55.2 15 3.9
LR 384 224 58.3 6 1.6
LF 384 201 523 9 23
Total 1536 568 36.9 52 3.4

Abbreviations: RR, right rare; RF, right front; LR, left rare; LF, left front.
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Table 5 Multivariate Logistic Regression Analysis of Risk Factors with Prevalence of Mastitis in the Study Area

Factors No. of Examined No of Positive Prevalence (%) OR p-value 95% CI
Age

3—6 years 208 103 49.5 Ref Ref Ref

7-9 years 104 64 61.5 1.76 0.04 1.02-3.03

>9 years 72 34 47.2 1.23 0.53 0.65-2.32
Breed

Local 6 | 16.7 Ref Ref Ref

Cross breed 364 189 51.9 0.11 0.08 0.01-1.32

Jersey 14 I 78.6 427 0.04 1.07-17.09
Herd size

<I0 44 34 773 Ref Ref Ref

1042 133 70 52.6 0.32 0.01 0.13-0.76

> 42 207 97 46.9 0.25 0.001 0.11-0.58
Type of floor

Good concrete 312 168 53.8 Ref Ref Ref

Bad concrete 19 10 52.6 1.16 0.77 0.43-3.15

Soil 53 23 434 0.84 0.62 0.43-1.65
Parity

1-3 309 167 54.1 Ref Ref Ref

4-6 71 32 45.1 0.87 0.65 0.49-1.55

>7 4 2 50.0 1.08 0.95 0.13-8.95
Lactation stage

-3 months 119 66 555 Ref Ref Ref

4-6 months 99 57 57.6 1.17 0.603 0.65-2.12

= 7 months 166 78 46.9 091 0.728 0.53-1.55
Milking method

Hand 332 182 54.8 Ref Ref Ref

Machine 52 19 36.5 0.59 0.125 0.3I1-I1.16
BCS

Poor 106 64 60.4 Ref Ref Ref

Moderate 238 125 52.5 1.07 0.8l 0.63-1.81

Good 40 12 30.0 0.43 0.07 0.17-1.07
Farm hygiene

Good 236 122 51.7 Ref Ref Ref

Bad 148 79 534 0.94 0.79 0.59-1.49
Udder lesion

Present 47 23 48.9 Ref Ref Ref

Absent 337 178 52.8 1.02 0.95 0.51-2.05
Udder hygiene

Washing and drying 298 156 524 Ref Ref Ref

Washing only 86 45 523 1.08 0.79 0.63—1.84
Type of farm

Intensive 310 165 53.2 Ref Ref Ref

Semi-intensive 62 29 46.8 1.00 0.99 0.54-1.87

Extensive 12 7 58.3 1.34 0.66 0.37-4.87

(Continued)
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Table 5 (Continued).

Factors No. of Examined No of Positive Prevalence (%) OR p-value 95% ClI
Milking mastitic cow at the end

Yes 277 157 56.7 Ref Ref Ref

No 107 44 41.1 1.87 0.025 1.08-3.23
Milk yield

Low 172 95 55.2 Ref Ref Ref

Medium 112 65 58.04 1.13 0.65 0.67-1.91

High 100 41 41.0 0.67 0.166 0.38-1.18
Previous mastitis history

Yes 67 27 40.3 Ref Ref Ref

No 317 174 54.9 2.17 0.0l 1.20-3.91

Note: “2"-greater than or equal, “<” -less than.

1.49) in cows kept under poor hygienic condition as com-
pared to those in good farm hygiene.

In cows with poor body conditions (BCS), mastitis was
higher in poor (60.4%) than medium (52.5%) and good
BCS (30%). The prevalence of mastitis is commonly
observed in cows with prior history of mastitis (40.3%).
Udder lesion and herd sizes have also played a crucial role
in mastitis at the current study site. The odds of mastitis is
1.02 times greater in cows having udder lesion in reference
to cows free from udder lesion. Also, the odds of mastitis
is 0.32 times greater in farms with 10—42 herds size (95%
CI; 0.63—1.84) than those farms having greater than 42
(95% CI; 0.63-1.84), while farms with less than 10 herd
size kept constant. The prevalence of mastitis was higher
with previous no history of mastitis (54.9%), but there is
also a 40.3% prevalence in cows with a previous history of
mastitis. The odds of mastitis is 2.7 times greater in cows
with a previous history of mastistis (95% CI; 1.20-3.91)
(Table 5).

Discussion
The outcome of the study revealed that the total occur-
rence of mastitis was 73.7%. The finding was comparable

with Sori et al*

who reported a prevalence of 75.22%
from 218 lactating cows in dairy farms of Jimma town,
Mekibib et al'* 71% from 107 crossbred milking cows in
Holeta town, Zeryehun et al*® 74.3% from 499 dairy cows
in Addis Ababa district, and Tuke et al'? 68.11% from 138
dairy cows in Alage ATVET College Dairy Farm.

The current finding was greater than the previous
results of Zeryehun and Abera’ 64.3% (247/384) in
selected districts of Eastern Harrarghe Zone, Bedane et al**
59.1% from 460 lactating Boran breed cows in Borana,

Bedacha and Menghistu,”> 56.5% from 278 lactating dairy
cows in Batu district, and Belina et al*° 50.03% from 471
cross and pure Borana breed dairy in the North Shewa and
pastoral area of Borana zones, Kitila et al'” 39.67% from
532 lactating cows in west Wollega of western Oromia,
Ethiopia and Dabele et al’ 30.5% from 404 lactating zebu
cows in selected (Toke Kutaye, Cheliya, and Dendi) dis-
tricts of West Shewa Zone, western Ethiopia.

The current result is, nevertheless, less than that of
Argaw and Tolosa,*® from 153 lactating cows and
Dabash et al,'® from 144 lactating crossbred dairy cows
around North Shewa, who reported 89.5% and 88.9%,
respectively. According to the reports, mastitis prevalence
might vary depending on the husbandry practiced on the
farms, breed of cows, and agroecology of the study sites.
Furthermore, the majority of dairy cows housed on farms
were managed under intensive and semi-intensive husban-
dry systems, which increased the likelihood of cow-to-cow
contact and, as a result, greatly contributed to a greater
frequency of mastitis in the area’s dairy cows.”’

The quarter-level prevalence revealed that 568 (36.9%)
were CMT positive and most of the cases of mastitis at the
quarter level were observed in both right fronts and left
rare quarters. This was comparable with earlier reports of
Zeryehun and Abera,” who reported 41.4% in selected
districts of eastern Harrarghe Zone, Ethiopia. The current
quarter-level finding was higher than the report of Bitew
et al,*® who reported 12.3% prevalence in and around
Bahir Dar town, Girma et al,’® who reported a 10.12%
prevalence in Doba District, East Hararghe zone, Dabele
et al’ who reported 8.3% in
Cheliya, and Dendi) districts
Belachew,”® who reported a

selected (Toke Kutaye,
of West Shewa Zone,
prevalence of 6% in
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Bishoftu and its surrounding, and Zeryehun et al,”® who
reported a prevalence 5.2% in Addis Ababa and suburbs,
Ethiopia.

This result is lower than the finding of Argaw and
Tolosa,36 from 612 teat quarters and Birhanu,40 from 230
examined teat, who stated 63.1% and 52.4%, correspond-
ingly at the teat level. This disparity in frequency might be
attributed to regional differences in veterinary services,
animal and farm sanitary practices. In Ethiopia, most farm-
ers treat their diseased animals themselves, which contri-
butes to drug abuse, degrades drug quality, and contributes
to a greater prevalence of mastitis infection in the area.

From the 1536 examined teat quarters, 52 (3.4%) teat
quarters were blind, and most of the cases of mastitis at the
quarter level were observed in both right front and left rare
quarters. The frequency of blind teats (3.4%) is compar-
able with the outcome of Kebebew and Jorga,® who
reported 5.5% (33/604) in Ambo town of West Shewa
Zone, Oromia, Ethiopia and lower than the report of
Kitila et al'” in extensively managed dairy cows in west
Wollega, western Oromia, Ethiopia. The mammary gland
may become blind if subclinical mastitis is not checked
earlier and also if the clinical cases are not treated earlier.
Another explanation for the difference in infection across
the quarters is that milkers prefer to milk the left front
quarter since most of them are right-handed, which raises
the likelihood of infection in the left teat quarters.*’ This
finding is supported by the previous work of Shittu et al*’
from Nigeria; however, the study of Abebe et al,’ from
Hawassa, south Ethiopia, showed that the hindquarters
were more infected by mastitis.

The cost of mastitis is higher because of loss in milk
production and non-selling milk losses, veterinary costs,
drug costs, labor, and the separation of cows infected with
chronic conditions the economic loss of clinical mastitis.
The current research showed that the occurrence of 28.9%
for clinical mastitis, which was higher than the finding of
Zeryehun et al®® 19.6% (98/373) in Addis Ababa,
Workineh et al*? 21.5% (40/186) in the two major farms
of Ethiopia, and Mekibib et al'® 22.4% (24/107) in Holeta
district, Bedane et al** 21.1% (97/460) in Yabello district
of Borana zone, Southern Ethiopia, Sori et al® 16.11%
(29/180) in Sebeta district, Tuke et al'? 16.67% (23/138)
in Alage College dairy farm, Zeryehun and Abera,’
12.5% (48/384) in the selected district of Eastern
Harrarghe Zone, Ethiopia and Belina et al*® 9.5% (45/
471) in selected zones of Oromia regional states,
Ethiopia.

The present study results, however, were much higher
than the result of Dabele et al” 3.2% in selected districts of
West Shewa Zone, Oromia, Ethiopia, Bedacha and
Menghistu,> 5.3% (15/278) in Batu districts, Bitew et al*®
3% (9/302), Moges et al** in the Gondar district by 0.93%
(3/322) and Dabash et al'® 8.3% (12/144). This variance in
mastitis prevalence between studies might indicate that the
illness is complicated, interacting with a number of fac-
tors, including management methods, husbandry systems,
the environment, causal factors, veterinary service cover-
age, and a lack of intermammary infusion.

The present study revealed that a statistically signifi-
cant (p < 0.05) association was observed among the risk
factors, such as herd size, previous history of mastitis, and
milking mastitic cows at the end. In addition to the short-
age of information from the community about dairy prac-
tice, this shows that a huge herd size may disturb the status
of animal health. The presence of clinical mastitis, which
is more elevated in old age animals (>9), has also been
observed to be associated with aging. The other significant
factor was that of previous mastitis history.

In cows with a history of prior mastitis, the frequency
of clinical mastitis was greater than cows without a history
of mastitis. This is attributable to the probability of ship-
ment of pathogens to potential parities. Milk yields were
also observed to be lower in higher-yielding livestock in
this study in relation to clinical mastitis. This will possibly
be correlated with a high degree of emphasis in terms of
management of higher-than medium- and low-milk ani-
mals. The occurrence of clinical mastitis was greater in
dairy cattle in the existence of udder lesions compared to
cows with the lack of udder lesions.

The current research also reported that subclinical mas-
titis frequency was 71.02%. This finding was higher than
the outcome of Zeryehun and Abera,’ 51.8% (199/247) in
the Eastern Harrarghe zone, Tuke et al'? 51.44% (71/138)
in Alage dairy farm, Zeryehun et al*® 55.1% (275/373) in
Addis Ababa, Bedane et al,>* 38.8% (175/460) in Asella,
and Mekibib et al,'* 44.6% (52/107) in Holeta district,
Workineh et al** 38.2% (71/186) from two major
Ethiopian dairies. The results of this research were far
higher than the outcomes of Bedacha and Menghistu,*
40.6% (113/278) in Batu district, Belina et al,*® 40.7%
(192/471) in North Shewa, and Borana pastoral area,
Sori et al* 36.67% (66/180) in Sebeta district, Moges
et al** 31.67% (102/322) in Gondar district, Dabele
et al’ 27.2% in three districts of West Shewa Zone,
Bitew et al*® 25.2% (76/302) in Bahir Dar districts, and
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Kitila et al'” 22.7% in west Wollega, western Oromia,
Ethiopia and lower than the findings of Dabash et al,'®
who found 80.6% (116/144) in North Shewa zone of
Ethiopia.

The incidence of subclinical mastitis in milk cows can
rely on environmental factors that play a vital part in the
onset of the infection.'> The result indicated that clinical
mastitis was lower than subclinical mastitis. Similarly,
Belina et al reported that subclinical mastitis was the
most prevalent in the selected areas of Oromia regional
states.”’ This may be due to the indistinguishable and quiet
essence of subclinical mastitis, which gives the farmers
little focus. Veterinarians, in contrast to the clinical masti-
tis during therapy, have given greater emphasis to treat-
ment and control efforts.

In general, the invisible loss of subclinical mastitis is
not well known to Ethiopian farmers, especially to small
farmers because milking among these farmers is a sideline
business.”?® Compared to clinical cases that can be seen
clinically, subclinical mastitis cases are not easily detected
without the help of screening tests such as CMT, and the
cases are mostly neglected since the majority of the dairy
owners have less awareness about the disease. The office
for animal development, hygiene, and marketing programs
should cooperate to raise awareness of subclinical mastitis
for dairy farmers in order to increase their milk production
in the region. In order to avoid cross-contamination with
healthier cattle, mastitis-positive cows should also be
milked at the end.

The research also measured the number of parties as
a predisposition factor for the occurrence of mastitis.
According to Sharf et al,* dairy cattle were found to be
more resilient to mastitis during their first lactation period.
Different justifications can be provided to explain the
diverse causes of the decrease in teat potency,' in the
current research, the occurrence of subclinical mastitis
was higher in the first three months of lactation and then
decline at subsequent lactation period. Udder hygiene with
the occurrence of subclinical mastitis has also been shown
to be statistically important. In this study, in cows with the
washed udder, the incidence of subclinical mastitis is
higher than in cows with dirty udder. Dirty udder contri-
butes to the spread of infectious and environmental patho-
gens in and around the teat orifice and may bring a mild
subclinical infection.

In cows with udder lesions, the occurrence of subcli-
nical mastitis is lower than in those without udder lesions.
This is most likely attributed to therapies for removing the

gross lesion. The incidence of subclinical mastitis was also
linked with the age of dairy cows, being higher in animals
of old age. This may be related to an animal’s ability to
protect itself against infectious agents in the immune sys-
tem. Another important reason for subclinical mastitis was
the state of the body. The poor body condition of cows is
another key risk factor for an increased incidence of mas-
titis. This may be related to the decreased cows’ immune
status, which predisposes the udder to infection by various
opportunistic pathogens.45 Several causes, including mal-
nutrition or parasite infection, and reproductive stress, can
lead to poor body conditions.

This research revealed that the highest frequency was
observed in high-producing dairy cattle compared to those
that produce lower milk yields per lactation period.
Radositis et al'® also stated that high-producing dairy
cattle are more susceptible to udder inflammation (masti-
tis) than low-producing cows. This might be as a result of
the chance of injuries that are more likely to occur in
bigger size udders and this predisposes the udder for
infection since it creates the entrance of pathogens and
stress due to a high milk yield may also disrupt the cow’s
defense system.

According to the current investigation, the frequency
of subclinical mastitis was higher in cows found in small
herd sizes compared to farms with medium and large
herd sizes. This could probably be because of the low
attention given to cow management when the farm size
is small. In subclinical mastitis, the breed also plays an
important role. A significantly higher udder infection
was detected in Jersey and crossbred cows than indigen-
ous breeds. This was in agreement with the previous

report by Lakew et al,®!

who reported a strong correla-
tion between udder infection and breed (crosses and
local Arsi breed), and Biffa et al,*® who reported
a significant correlation between mastitis and local
zebu, Holstein Friesian, and Jersey breeds. Exotic breed
cows, such as Holstein Friesian and Jersey breeds, have
been found to be more susceptible to mastitis due to the
size of the udder, the location of the teat, and the anat-
omy of the teat canal. Variations in the hereditary
makeup of teat canal muscles, teat canal keratin, or teat
end form where the pointed end is vulnerable to
infection.'

The frequently isolated bacterial genera and species
(Staphylococcus aureus, Staphylococcus intermidus, and
Staphylococcus hyicus, and Escherichia coli) in the current
research agree with the results of Kalla et al,*’ and Abera
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et al®®> who

Radositis et al'> described how Staphylococcus aureus

identified similar bacterial pathogens.

commonly contaminates the udder and typically results
in a minor long-lasting, and subclinical disease that is
transferred through milk to healthy animals, especially
during milking procedures. Staphylococcus aureus
(40.3%) and Streptococcus 24.3% were predominant iso-
lates. The remaining isolates are Coagulase-negative
CNS (12.5%), E. (8.3%),
Staphylococcus hyicus (3.5%), and Staphylococcus inter-
midus (1.4%).

Staphylococcus species [Staphylococcus aureus and

Staphylococcus coli

Coagulase-negative Staphylococcus (CNS)] are the most
common pathogens isolated during the current study per-
iod and accounted for 52.8% of all bacterial isolates. This
is comparable to the outcomes of Mekonnin et al* and
Workineh et al,*> who described 57.14% and 57% of the
overall isolates, respectively. The identification of
a greater number of species of Staphylococcus is due to
the massive diffusion of bacteria in the teat and udder
tissue.' '+

The current study revealed that the prevalence of
Staphylococcus aureus in clinical mastitis (13.4%) is
higher than in subclinical mastitis (4.48%) S. intermedius
were isolated in higher proportion from clinical mastitis
(6.1%) than subclinical mastitis (4.98%);
S. hyicus were isolated in higher proportion from subcli-
nical cases mastitis (4.48%) than clinical cases (3.66%).

Similarly, Zeryehun and Abera’ reported a higher isolation

however,

of Staphylococcus aureus from clinical cases of mastitis as
compared to subclinical cases. In contrast to the current
study, Dabele et al” from Toke Kutaye, Cheliya, and Dendi
Districts, West Shewa Zone, Oromia, Ethiopia, and Kitila

et al'’

in west Wollega, western Oromia, Ethiopia.
Reported higher cases of subclinical mastitis than clinical
mastitis. Furthermore, Staphylococcus species live to per-
sist in the udder, where they generally form a long-term
chronic subclinical case that is masked through milk, act-
ing as reservoirs of infection for other healthy cows and
transferred during the milking process. When dry cow
treatment and post-milking teat dipping are not used, the
invariable hold milking technique is used, and the culling
rate of chronically infected cows is low, transmission
among cows rises.”’

In this research, Streptococcus species (24.3%) were
also responsible for the existence of mastitis. This finding
coincides with that of Kassa et al,16 who reported 23.5%,
but much lower than the report of Kingwill et al*® which

was 80.95%. This lower incidence of Streptococcus spe-
cies might be due to the widespread utilization of Penstrip
in the field for the treatment of mastitis.

The other important bacterial isolate was Escherichia
coli with an 8.3% share of the total isolates. The result was
higher than the findings of Mekibib et al,'* 4.6% in Holeta
district and lesser than the outcome of Mekonnin et al,*
14.29% in and around Wolaita Sodo town. However, the
current outcome was far higher than the previous findings
of Sori et al,* in the Sebeta district (0.75%). The main
precipitating factor for the higher occurrence of environ-
mental mastitis is teat canal infection by different patho-
gens that are associated with poor husbandry management
in dairy farms.'®

In the present study, 12.5% of CNS bacteria species were
isolated from mastitic cow milk. This was comparable with
the earlier report of Dabele et al’ who reported a 7.9%
prevalence of CNS from mastitic zebu cow milk. However,
the isolation rate of CNS was much lower than the finding of
Zeryehun and Abera,” who reported a 34.2% from cross-
breeds of Holstein-Zebu and local Zebu cows. Few studies
have proven CNS isolation from mastitis milk in Zebu cows
in Ethiopia. This variation in the frequency of CNS observed
from mastitic milk might be attributable to differences in
dairy cow breeds, management practices, and laboratory
analytical methodologies used in different nations.

Conclusion

This research revealed a significant prevalence of mastitis
(73.7%) at the cow and quarter level both in clinical and
subclinical mastitis forms in studied farms of Modjo district.
Staphylococcus species (45.14%) such as Staphylococcus
aureus, Staphylococcus intermidus, Staphylococcus hyicus,
Streptococcus species (24.3%), and Escherichia coli (8.3%)
were isolated from the raw milk samples and the existence of
such a high prevalence of bacterial pathogens was associated
with age, breed, body condition score, herd size, milking
mastitic cow at the end, and previous mastitis history. Thus,
awareness creation for farm owners about regular testing for
subclinical mastitis, pre- and post-milking udder washing,
and proper sanitation of bedding should be applied to dairy
farms to overcome the problem in the study area. In addition,
there should be a regular pattern of diagnosis of mastitis in
order to minimize the disease prevalence and cull chronically
infected animals. In addition, effective prevention strategies
should be established, and identifying the most pathogenic
species would ensure future research.
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Abbreviation
SCM, Subclinical Mastitis; CNS, Coagulase-negative
Staphylococcus; CM, clinical mastitis.
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