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PREVALENCE, ASSOCIATED RISK FACTORS AND ANTIMICROBIAL
SENSETIVITY TEST OF STAPHYLOCOCCUS AUREUS ISOLATED FROM BOVINE
MASTITIS IN BABILE DISTRICT EASTERN HARARGHE ZONE, ETHIOPIA

ABSTRACT

Mastitis is a disease of major economic importance in dairy industry worldwide particularly in
Ethiopia. A cross-sectional study was carried out from August 2021 to March 2022 to determine
the prevalence and associated risk factors of bovine mastitis and antimicrobial sensitivity test of
S. aureus isolates in Babile district, eastern Ethiopia. A total of 384 lactating cows managed
under extensive production systems were selected from three selected kebeles of Babile district.
California mastitis test (CMT) was used for screening subclinical mastitis. Likewise, physical
examination was also conducted to detect clinical mastitis. Out of the total animals examined,
50.5% (194/384) had mastitis, where 5.5% (21/384) and 45% (173/384) were clinical and
subclinical mastitis respectively. The quarter-level prevalence was 19.01% (292/1536), from
which the clinical and subclinical form was 2% (32/1536) and 11.97% (184/1536) respectively,
whereas 2.7% (42/1536) of the quarters were blind. Milk samples from positive quarters were
cultured to isolate S. aureus using standard bacteriological test; accordingly, 30.9% of sample
showed growth of S. aureus. Among the risk factors analyzed using a univariable logistc
regression analysis, except lactation stage, all factors such as kebeles, age, parity, body
condition, udder size, milk yield, tick infestation and teats injury were found to be statistically
significant with the occurrence of mastitis (p < 0.05). However, using multivariable logestic
regression analysis udder size, tick infestation and teat injury were significantly associated the
occurrence of bovine mastitis in the study area while the other remaining factors were not
significant. Antimicrobial sensitivity test results of the 35 S. aureus isolates showed that, 100%
susceptible to chloramphenicol and gentamycin. In contrast, the highest (94.2%) resistance was
observed for penicillin G followed by amoxicillin (28.57%) and Erythromycin (20%). The study
confirmed S. aureus was an important cause of bovine mastitis particularly related to potential
risk factors and significant number of S. aureus isolates showed resistance against some
chemical drugs in the study area. Hence, it warrants serious attention for the control of mastitis
considering the risk factors and alternative treatment options.

Key words: Antibiotics, Bovine Mastitis, Prevalence, Resistance, Risk Factors, S. aureus
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1. INTRODUCTION

1.1. Background

Ethiopia has large potential for dairy development due to its huge cattle population and favorable
climate for improved high-yielding animal breeds for milk production (CSA, 2010). The total
cattle population in the country is estimated to be about 56.71 million. Out of this, the female
cattle constitute about 55.45%, and the remaining 44.55% are male cattle. From the total cattle,
98.66% are local breeds and the remaining are hybrid and pure exotic breeds that accounted for
about 1.19 and 0.14%, respectively (Central Statistical Agency, 2015). Accordingly, the per
capita milk availability was estimated at 17 to18 kg per year compared to the global average of
100 kg per year (Dimshasha Tolera et al., 2021). On the other hand, 42% of the total cattle herds
for the private holdings are milking cows. However, milk production often does not satisfy the
country's milk requirements; due to a multitude of associated factors such as poor genetic

performances, sub optimal feeding and diseases (Gutu Kitila et al., 2021).

Bovine mastitis is a common disease of high economic importance in dairy herds worldwide
(Jean Baptiste et al., 2019). It is a multi-etiological disease and many of microorganisms are
implicated as causes. Majority of microorganisms that are responsible for mastitis and spoilage
of milk are of bacterial origin (Tesfaheywet Zeryehun and Gerema Abera, 2017). The most
common bacteria involved are Staphylococcus aureus (S. aureus), S. agalactiae, S. pyogenes,
Trueperella3 pyogenes (T. pyogenes), E. coli, K. pneumoniae, K. oxytoca, Enterobacter
aerogenes, Pasteurella spp. (Abdalhamed et al., 2018; Zhang et al., 2018). S. aureus is the
common cause of mastitis in dairy animals. More than 50 species and sub-species of
Staphylococcus have been characterized to cause Staphylococcal mastitis. Based on the ability to
coagulate rabbit plasma, staphylococci are categorized as coagulase-positive Staphylococcus
(CPS) and coagulase-negative Staphylococcus (CNS). Among CPS, S. aureus is the frequent

causative agent of clinical or subclinical mastitis in cattle (Dimshasha Tolera et al., 2021).

The disease can be classified into clinical mastitis which is characterized by visible signs of
illness such as swelling of udder and milk abnormalities and subclinical mastitis which have not

visible clinical signs unless decrease of milk production. Subclinical mastitis (SCM) is 15 to 40



times more prevalent than clinical mastitis and infected cows become major source of infection
for healthier cows (Ruegg, 2017). This happens when there is lack of implementation of
preventive measures such as not wearing gloves during milking or not milking mastitis infected
cows last (Abebe et al., 2016). Moreover, several management practices that include Genetic
selection, nutrition, dry cow therapy and lactation therapy, Acoustic pulse therapy (APT) also
known as shockwave therapy utilizes the hand-held instrument that produces pulsing pressure
waves. Such waves penetrate through the deeper tissues and can break scar tissue of the chronic
wounds leading to revascularization (Khan et al., 2021).

Bovine mastitis is one of the major diseases severely affecting animal health, milk yield, quality
of milk and milk products (Dimshasha Tolera et al., 2021). Mastitis is probably one of the
factors that hinder the increase in net milk production yield in East Africa region compared to
other part of the world (Motaung et al., 2017). Cows with SCM have a reduced milk yield and
produce milk of lesser quality (Bobbo et al., 2017), which affects farm revenues. Although it is
difficult to harmonize methods used in evaluating losses due to both forms of mastitis, the total
cost per cow per year was estimated to be 338 € in Sweden in 2010 (Nielsen et al., 2010), 240 €
in the Netherlands between 2005 and 2009 and $ 117.35 in the USA in 1997 (Van Soest et al.,
2016). Economic estimations of losses associated with mastitis in Africa are rare and not well

documented (Motaung et al., 2017); thus, there is an overall low motivation for its control.

Apart from the substantial economic losses associated with the disease, mastitis has serious
zoonotic potential and has been associated with the increasing development and the rapid
emergence of multidrug resistance strains (Christine et al., 2020). S. aureus causes a diverse
array of diseases in both human and animals. Human infections range from mild skin infections
to life threatening ones; such as bacteremia, endocarditis, necrotizing pneumonia and toxic shock
syndrome (TSS) (Alem Abrha et al., 2020). S. aureus is the main cause of mastitis as well as it is
the second identified bacteria causing food poisoning in humans through its ability to produce
several enterotoxins in milk and milk products (Rania et al., 2020). Mastitis is a problem for the
dairy industry in East Africa where the prevalence of SCM was 86.2% in Uganda (Abrahmsén et
al., 2014), Prevalence of SCM is 76.2% in Rwanda (Jean Baptiste et al., 2019), 80% in Kenya
(Christine et al., 2020). In Ethiopia, there are several bovine mastitis studies showing spatial

variations in prevalence and risk factors. According to most recent studies, the prevalence of



mastitis ranges from 39.5 — 62.6% (Gutu Kitila et al., 2021; Melak Tezera and Endris Aman,
2021; Rahmeto Abebe et al., 2020; Birhanu et al., 2017; Mekonnen et al., 2017).

The diagnosis starts with physical clinical examination which involves palpation of the
mammary gland and visual inspection of milk. In CM cases, the infected quarter may manifest
inflammatory changes such as hot, red, swollen and painful. Inflammatory changes in milk
include change of color such as bloody or watery milk, change in consistency which can be
viscous, watery and/or clots, and change in smell of the milk (Lakew et al., 2009). .Indirect tests
such as, California Mastitis Test (CMT), White Side Test (WST), Surf Field Mastitis Test
(SFMT) can be used that are simple and do not require any complex laboratory equipment
(Mahfuz et al., 2020). The SCM can be known only after laboratory examination, as there are no
gross inflammatory changes in the udder tissue (Rahman et al., 2017). However, the California
mastitis test (CMT) is used as a screening test for sub-clinical mastitis. It was carried out

according to the procedure described by (Quinn et al., 2002).

The mastitis caused by S. aureus is susceptible to a variety of antibiotics in vitro but due to the
peculiar biology of staphylococci along with their adaptation to the bovine host environment,
development of microabscesses and biofilm-formation, some of the antibiotic agents become
ineffective clinically (Rainard et al. 2018). Recent study conducted in Ethiopia stated that S.
aureus was also found susceptible to antibiotics such as trimethoprim, erythromycin, gentamicin,
ciprofloxacin, and chloramphenicol, suggesting that these antibiotics have not been commonly
used as the treatment of choice for mastitis in farms (Letebrhan Yimesgen et al., 2021;
Dimshasha Tolera et al., 2021).

The absence of post milking teat dipping, lack of culling of chronically infected cows, absence of
dry cow therapy, and the invariable hand milking practice among the dairy herds and the
optimum temperature in most parts of Ethiopia are the predisposing factors of mastitis (Ababe et
al., 2016). Parity, stage of lactation, previous history of mastitis, floor type, milking hygiene, and

udder injury are also the potential risk factors of mastitis (Dimshasha Tolera et al., 2021).



In general, Mastitis could be prevented by implementing proper animal health management
systems. However, most of the emerging dairy farms in Ethiopia lack optimum management

practices and are predisposed to mastitis (Letebrhan Yimesgen et al., 2021)

1.2. Statement of the Problem

Bovine mastitis is a common disease of high economic importance in dairy herds worldwide. It
can reduces milk yield, increase culling rate, incur treatment cost and occasionally result in death
from severe infection (Rahmeto Abebe et al., 2020). It can also affect the quality of milk and it
is the most widespread infectious disease in dairy cattle. Mastitis is of a particular concern for
farmers in developing countries like Ethiopia where the disease hindering dairy productivity
(Fufa et al., 2013; Teshome Gemechu et al., 2019). In Ethiopia, different recently published
studies were conducted on bovine mastitis with the prevalence range from 30.5 - 64.3%
(Tesfaheywet Zeryehun and Gerema Abera et al., 2017; Biniam Tsegaye et al., 2019; Melak
Tezera and Endris Aman, 2021 Gutu Kitila et al., 2021; Dimshasha Tolera et al., 2021). For this
reason it requires the development of methodologies of control program under the prevailing

husbandry system.

In Ethiopia, various studies reported on the prevalence, etiology and risk factors of mastitis in
dairy farms managed by semi-intensive and intensive systems (Seyoum et al., 2017). S. aureus
is recognized worldwide as a leading pathogen causing many serious diseases in dairy and
healthcare surroundings. Accordingly, few study were conducted in the different part of Ethiopia
on the prevalence of S. aureus ranging from 12.5% - 59% and its highest level of resistance
which is >85% to the penicillin G and tetracycline (Letebrhan Yimesgen et al., 2021; Kaleab
Tesfaye et al., 2021; Dimshasha Tolera et al., 2021). In the last few decades, Staphylococcal
food poisoning has been reported as the third cause of food-borne illnesses in the world
(Weldemelak et al., 2020). Moreover, antibiotic-resistant S. aureus isolates pose a severe
challenge to both veterinary and health professions and dairy cattle producers because they have
a negative impact on the treatment of Staphylococcal mastitis cases. In addition, S. aureus udder
infection is of economic significance as it often results in increased veterinary and treatment

costs as well as premature culling of affected cows (Matlale et al., 2020).



The indiscriminate use of antibiotics has led to the development of multiple antibiotic resistances
thereby rendering the antibiotic treatment ineffective. Administration of antibiotics for the
feeding of animals for curative purposes or as growth promoters may also be a major factor in
the selection of antimicrobial-resistant bacteria (French Food Safety Agency, 2006). Emergence
of antibiotic-resistant bacteria has become a global public health concern affecting human and
veterinary medicine due to the persistent circulation of resistant strains of bacteria in the
environment and the possible contamination of water and food. Therefore, investigation of a
wide spectrum of antimicrobial resistance of S. aureus isolated from cows with mastitis is crucial
not only for bovine mastitis control, but also for public health (Xavier et al., 2017; Kadlec et al.,
2019).

As mentioned here the occurrence of bovine mastitis related to S. aureus in different part of
Ethiopia is prevalent. Many studies confirmed that S. aureus developed antibiotic resistances to
commonly used drugs. On the other hand, in most pastoral and semi-pastoral part of Ethiopia, a
large number of farmers treat their sick animals themselves or get the services from Para-
veterinarians. Such practices are particularly very common in Babile district where there is
limited veterinary service. This leads to increase the drug resistance and promote poor prognosis
during treatment of mastitis in study area. Also in the study area, most of a time animal health
technicians use only penicillin G as a drug of choice for the treatment of mastitis. However, there
is no recent study which shows the current prevalence and antimicrobial resistance of S. aureus
originated from cows’ milk in Babile District, eastern Hararghe, Ethiopia. All of the previous
study in and around the study area focused on intensive dairy farm. On the other hand, there is no
study conducted on the prevalence and antimicrobial resistance of S. aureus on dairy cows kept
under extensive management system where the cows are often provided with natural pasture and
agricultural by-products and occasionally supplemented with imported feed. Therefore, the
current study was conducted with the aim of estimating the prevalence of mastitis associated
with S. aureus; related risk factors of clinical and subclinical mastitis of lactating cows kept
under the extensive system and determination of the antimicrobial susceptibility of the isolated S.

aureus in Babile District.



1.3. General objective

e To determine the prevalence of bovine mastitis, associated risk factors and antimicrobial

susceptibility test of S. aureus in the study area.

1.4. Specific Objectives

e To determine the prevalence of bovine mastitis associated with S. aureus in Babile
district

e To detect antimicrobial resistance profile of S. aureus isolated from milk samples of
clinical and subclinical bovine mastitis in Babile District.

e To asses risk factor associated with the occurrence of bovine mastitis caused by S.

aureus in study area.



2. LITERATURE REVIEWS

2.1. Bovine Mastitis

Mastitis is an inflammation of the udder caused by a variety of microorganisms, mostly bacteria
that gain access to the interior of the mammary glands through the teat canal. Bovine mastitis is
one of the most frequently encountered and important diseases of dairy cows in Ethiopia.
(Getaneh and Gebremedhin, 2017). It is a result of host immune response to infectious agents
affecting the udder. Normally, there is a balance of micro flora in a healthy udder. The
Intramammary micro biota is composed of complex community of diverse bacteria (Andrews et
al., 2019). The commensal mammary micro biota present in the healthy udder plays a major role
in the immune homeostasis (Derakhshani et al., 2018). Therefore, a disruption in the diversity of
udder microbiota (dysbiosis) can have an impact on mastitis. The normal microbiome of udder is
an important factor to be kept in consideration when making diagnosis of mastitis as healthy
quarters also contain some bacteria. Any assault or congenital anomaly of the udder or teat, such
as teat fistula, teat spider, leaky teat, and udder wounds that exposes the udder to the external

microbes or retention of milk tends to cause mastitis (Rambabu et al., 2011).
2.2. Type of mastitis and clinical Relevance

Mastitis can be epidemiologically categorized into contagious and environmental mastitis and
are caused by a wide spectrum of pathogens (Khan et al., 2021). In addition to that, mastitis can
also be classified as either clinical or subclinical form. Clinical mastitis is characterized mainly
by appearances of changes in the milk such as flakes and clots and presence of signs of
inflammation on the mammary glands such as swelling, heat, pain, and edema, (Blowy and P.
Edmondson, 2010). as well as systemic signs on the animal including fever, rapid pulse,
appetite loss, dehydration, and depression Subclinical mastitis is that which is mainly
characterized by absence of visible appearance of changes in the milk or udder, but milk
production decreases, bacteria are present in the secretion, and composition is altered. Hence,
detection of the milk is not possible clinically but only by determining high somatic cell count
(SCC) in milk or by bacterial culture (Tesfaheywet Zeryehun and Gerema Abera, 2017).



Any increase in the level of humidity and pollution in the environment of the barn also increases
the load of bacterial pathogens in the environment. One of the studies has shown 74.7%
prevalence of mastitis at herd-level while 62.6% prevalence at cow level. In relation to the
subclinical and clinical mastitis, the former type appears to be responsible for the majority of
cases (59.2%) than the latter (3.4%)(Abebe et al., 2016). In General, Clinical mastitis, is less
prevalent, whereas subclinical mastitis is more common and results to reduced milk production
without observable clinical signs or abnormalities in the udder or milk. For this reason,
subclinical mastitis is challenging to diagnose, persists longer in the herd, and is associated with
higher losses compared to clinical mastitis (Christine et al., 2020). The somatic cell count (SCC)
in the milk should be less than 200,000 per mL in the healthy cow. Somatic cells are mostly
white blood cells (WBCs), viz., infiltrated neutrophils as well as macrophages into the tissue of
the mammary gland due to inflammation (Akers and Nickerson 2011). S. agalactiae mainly

localizes in the udder and causes persistent infections with higher SCC (Kefee 2012).
2.3. Mastitis causing pathogens

Mastitis is a multi-etiological disease and some bacteria are mainly responsible for clinical,
subclinical, contagious, and environmental mastitis. Majority of the pathogens that cause clinical
bovine mastitis are from environmental or ubiquitous origin. In adverse, contagious agents are
mainly related to subclinical infections (Abebe et al., 2016; Klaas and Zadoks 2018). The most
common bacteria involved are S. aureus, S. agalactiae, S. pyogenes, Trueperella pyogenes (T.
pyogenes), E. coli, K. pneumoniae, K. oxytoca, Enterobacter aerogenes, Pasteurella spp.
(Abdalhamed et al., 2018; Zhang et al., 2018).

Among these contagious pathogens S. aureus, S. dysgalactiae and S. agalactiae, are the
predominant organisms while major environmental pathogens are members of
Enterobacteriaceae particularly E. coli, S. uberis. S. agalactiae are the most common Gram-
positive bacterium from clinical mastitis, followed by S. aureus while Klebsiella spp. and E. coli
are the most isolated Gram-negative bacteria from clinical mastitis (Cortinhas et al., 2016). S.
agalactiae and S. aureus primarily spread through contact, so herd biosecurity may be
considered as an important preventive measure for reduction and elimination of the reservoirs. In

primiparous cows, the highest loss of milk is due to S. aureus, Klebsiella spp. as well as E. coli.



In older cows, significant losses are due to infections by Streptococcus spp., T. pyogenes, S.

aureus, Klebsiella spp., and E. coli.

In general, S. aureus, S. agalactiae, and S. uberis are common pathogens causing mastitis,
whereas Mycoplasma bovis and Corynebacterium bovis are less frequently involved
(Vakkame€aki et al., 2017). Coagulase-negative staphylococci and their role in causing mastitis
should also be seriously taken into consideration. S. agalactiae along with various pathogens
including Prototheca sp., Streptococcus spp. and T. pyogenes are associated with majority of the
cases of mastitis. Mastitis occurs in its heaviest form when associated with infections due to
coliforms, CAMP-negative Streptococcus spp., T. pyogenes, S. agalactiae, fungi (yeast-like) and
Prototheca sp. Corynebacterium spp. (40%) and S. aureus (32%) were the most common
isolates found by Steele and McDougall (2014) in cases of sub-clinical mastitis in New Zealand.
Prototheca spp. are pathogenic algae and opportunistic pathogens that cause mastitis in dairy
herds and possess zoonotic potential (Alves et al., 2017; Dos Anjos et al., 2019). S. aureus has
been the most common pathogen identified in mastitis (McParland et al., 2019). Methicillin
resistant-S. Aureus (MRSA) CC22-MRSA-IV has been reported as intramammary pathogen by
Magro et al. (2018).

Among all the pathogens of bovine mastitis, S. aureus is recognized as the most common
causative agent of bovine mastitis in Ethiopia (Birhanu Misrak et al., 2017 Lakew et al., 2009).
It is also reported that the most common contagious pathogens are S. aureus and Strep.
agalactiae indicating that their presence in high prevalence could be due to lack of effective
udder hygiene and poor milkers’ hygiene practice during milking. The most common

environmental mastitis pathogens are also coliform bacteria (Haftu et al., 2012).
2.4. Staphylococcus Aureus

Staphylococcus aureus is a significant public health bacterial pathogen, causing mastitis in dairy
animals including cattle, buffalo, sheep and goats (Abdel-Moein and zaher, 2019). More than 50
species and sub-species of Staphylococcus have been characterized to cause Staphylococcal
mastitis. Based on the ability to coagulate rabbit plasma, staphylococci are categorized as

coagulase-positive Staphylococcus (CPS) and coagulase-negative Staphylococcus (CNS).
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Among CPS, S. aureus is the frequent causative agent of clinical or subclinical mastitis in cattle.
It is also a foodborne pathogen and the leading cause of foodborne intoxications around the
globe (Fetsch and Johler, 2018) S. aureus associated mastitis and toxins produced by S. aureus
lead to great economic losses in dairy farms due to: (1) reduction in the milk production, (2)
alteration in the composition and quality of the produced milk, (3) the need to discard the
produced milk, (4) early culling of infected animals, and (5) high cost of treatment and control
(Martins et al., 2019).

On the other hand, according to the official European Union data from 2011, 346 foodborne
outbreaks were attributed to Staphylococcus spps. Furthermore, S. aureus can produce other
virulence factors such as exfoliative toxin A and B and toxic shock syndrome (TSST-1) (Rania
and Amira, 2020). Although, pasteurization can destroy S. aureus but cannot affect their
enterotoxins which are transmitted to humans and cause a public health hazard. Therefore
staphylococcus aureus causes a diverse array of diseases in both human and animals, including
dairy cows. Human infections range from mild skin infections to life threatening ones; such as
bacteremia, endocarditis, necrotizing pneumonia and toxic shock syndrome (TSS). The major
diseases in animals include mastitis in dairy cows, joint infections in poultry and surgical site
infections equine (Alem Abrha et al., 2020).

2.4.1. Staphylococcus aureus plasma biofilm feature

Staphylococcus aureus is a gram-positive coccus that colonizes the nasal mucosa and skin of
healthy individuals. This organism can cause a wide range of diseases from skin or soft tissue
infections to systemic and fatal diseases. In particular, methicillin-resistant S. aureus (MRSA) is
a hazardous organism because of its resistance to multiple antibiotics and biofilm formation
ability. It is well known that biofilm-forming bacteria can survive in the presence of high
concentrations of antimicrobial agents (Ayami et al., 2019). Bacterial biofilms consist of a
variety of components and substances from both the bacteria (polysaccharide, peptidoglycan, and
DNA) and the host (cell debris, coagulation products, and DNA). Biofilm composition varies
depending on the causative organism and/or host factors. S. aureus possesses a specific virulence
factor called coagulase, which plays a significant role in biofilm formation during S. aureus

infections (Crosby et al., 2016). So, coagulase binds to host prothrombin and forms active
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staphylothrombin complexes, which converts soluble monomeric fibrinogen into self-

polymerizing insoluble fibrin and activates a coagulation cascade.
2.4.2. Staphylococcus aureus strains spectrum

Staphylococcus aureus is the most important causative agent of intramammary infections in
dairy animals with potential virulence of surface components (adhesins, capsular
polysaccharides, protein A), toxins, extracellular enzymes and coagulase (Sutra L, Poutrel B.,
1994). A wide array of genotypic variations has been observed with great genetic diversity in the
isolates of bovine as well as caprine origin. Some of the variants are common throughout the
globe as ruminant specific S. aureus while others are geographic related in the literature
(Jorgensen et al., 2005). Inflammatory respondent metabolic pathways (BoLA-DRA,
GLYCAM1, FCER1G, B2M, CD74, NFKBIA and SDS), milk constituent associated (CSN2 and
CSN3) and immunity related (B2M and CD74) are also specific strains of S. aureus of dairy
mastitis (Filipe et al., 2019).

2.4.3 Pathogeneses of S. aureus

Bacterial pathogens can recognize, respond and adapt to the harsh environmental conditions that
prevail in mammalian hosts during infection. Despite the host’s immune response and
antibacterial treatment, it helps to invade, calm, and survive within the host (Masse, 2019).
Staphylococcus aureus produces a variety of enzymes, including coagulase, which can coagulate
plasma, converting plasma fibrinogen to fibrin, coat bacterial cells, and inhibit nutrition.
Hyaluronidase (also called diffusion factor) can break down the hyaluronic acid present in
tissues and support the spread of Staphylococcus aureus in the host. It also produces DNase
(deoxyribonuclease), an enzyme that breaks down DNA. Lipase breaks down lipids, and
staphylokinase also breaks down the fibrin. It is also known that Staphylococcus aureus produces
B-lactamase, esterase, elastase and phospholipase for drug resistance, and these enzymes promote
colony formation and pathogenicity (Quinn et al., 2011). Other toxic factors of S. aureus include
leukocidin (which can cause cytolytic destruction of phagocytic cells in some animals) and toxic
shock syndrome toxin (TSST). The latter can cause an overproduction of lymphokine, which can

lead to tissue damage (Amjad et al., 2021).
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Depending on the strain, S. aureus can release some toxins that are major virulence factors.
These toxins act on cell membranes containing superantigens, exfoliating toxins, and some two-
component toxins such as alpha toxins, beta toxins, gamma toxins, delta toxins and Panton
Valentine’s toxins and leukocidin (PVL) (Kashif et al., 2019). Staphylococcus aureus has a
characteristic virulence which is called Protein A, which plays an important role in strategies for
evading immunity, is immobilized on the staphylococcus-peptide-glycanpenta-glysin bridge
using transpeptidase sortase. Protein A is able to bind to fragments of the crystal region (Fc) of
IgG antibodies (y-immunoglobulins). This phenomenon is due to the fact that Protein A binds to
an IgG antibody produced against the target microorganism and reacts with the corresponding
antigen usually present in the patient sample to perform an aggregation test in which a visible
aggregation reaction can be observed. The Staphylococcus aureus strain is known to produce
pigments such as staphyloxanthin and gold carotenoid pigments (Amjad et al., 2021).

2.5. Epidemiology

Mastitis is a worldwide problem affecting mainly lactating animals but during their dry periods
as well. It affects a wide range of hosts; different breeds, age, parity, lactation stage, and milk
yield categories (Rebeka et. al., 2019). Even if the degree varies, mastitis exists under different

environmental conditions and poor management systems (Klaas and Zadoks, 2018).
2.5.1. Transmission of Staphylococcus aureus in udder infections

The main reservoirs of S. aureus are infected mammary glands, ducts, and papillary lesions.
These bacteria also found on the skin, nose and teat passages. The bacteria spread to uninfected
areas through the lining of the teat cups, milker’s hands, towels and fruit flies. Staphylococcus
aureus does not persist on healthy teat skin, but tends to colonize damaged skin and teat lesions
(Petersson et al., 2010). The body reproduces the infected lesion, increasing the likelihood of teat
colonization and subsequent udder infection. Heifers infected during calf pregnancy are an
important reservoir that can be passed on to uninfected S. aureus herds. There has been much
controversy over the route of infection with S. aureus in early prenatal heifers, but it is possible
that the cause is a calf that was fed on a mother infected with S. aureus (Amjad-Islam et al.,
2021).
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2.5.2. Associated Risk Factors

Mostly all microorganisms are involved in mastitis but some factors, pendulous udder with long
teats, larger size of teat orifice in high yielding cows, traumatic injuries may play an important
role as inciting factor of mastitis in dairy cows. Poor management, nutrition, and hygiene, are
mostly associated with mastitis (Rahman et al., 2017). The rate of intramammary infections
(IM1) in breeding age and pregnant heifers is much higher. Several potential heifer mastitis risk
factors have been identified which include- increased age at first calving, milk leakage (Yang et
al., 2015), calving in early summer, increased herd somatic cell count (SCC), presence of
organisms on the skin, feeding calves with mastitis milk, contact among calves and with adult
cows, absence of antibiotic therapy to heifers, poor milking practices and poor housing
conditions (Oliveira et al., 2015). Blood in the milk, udder and teat edema are also considered to
be important risk factors. The presence of IMI before calving increases the risk of infection
during lactation (Yang et al., 2015). Transition or periparturient period is a high-risk time for
modern dairy cows. IMI at calving has increased the risk of clinical mastitis within the first week
of lactation. Mastitis before parturition and within first week after calving has increased the risk
of further cases of mastitis and culling during first 45 days of lactation (Kour et al., 2020).
However, milk production often does not satisfy the country's milk requirements due to a
multitude of associated factors such as poor genetic performances, sub optimal feeding and
diseases (Gutu Kitila et al., 2021).

2.5.2.1. Host factor

For contagious pathogens, adult lactating cattle are most at risk for infection, either while
lactating or during the dry period. Stage of lactation is one of the intrinsic factors that determine
the level of infection. Particularly, the early stage of lactation is more prone to mastitis
occurrence than the remaining stage of lactation (Rahmeto et al., 2016). Age of cow is also a
factor that is associated with the case of mastitis where commonly aged cows are more liable to
mastitis than others. Parity has a direct relationship with mastitis occurrence. The presence of
mastitis increases with increasing parity number (Rahman et al.,, 2017). The likelihood of
mastitis is higher in multiparous cows having more calvings compared with primiparous cows.

This might partly be associated with the position of the udder in older cows that let exposure of
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the teat and udder to injury and pathogens easily so that makes it to be the most susceptible one
to mammary infections (Rahmeto et al., 2016). Breed of a cow is also another factor that
determines presence or absence as well as the level of mastitis. Mostly high producing cows are

more exposed to mastitis than low-level milk producers.

2.5.2.2. Environment factor

The primary source of environmental mastitis pathogens is the cows’ environment. The bedding
materials used for housing cattle may contaminate fomites, skin, and teat lesions and could be a
potential source of mastitis-causing pathogens. It appeared that the floor was a potential source
for mastitis organisms, particularly for the environmental pathogens, to enter the udder through
the teat orifice (Rahmeto et al., 2016). Bedding and bedding management contribute to udder
health and milk microbial quality. A clean, dry adequately bedded stall maintains cow

cleanliness, inhibits microbial growth, and their transfer to a teat (Gutu Kitila et al., 2021).

2.5.2.3. Agent Factor

Mastitis is a complex disease with multi-etiology. A wide range of pathogens including bacteria,
viruses, fungi, and the toxins of these agents can cause the disease. Most of the agents that cause
mastitis are opportunistic environmental pathogens that are more favored during a poor hygienic
condition in the cow's environment as well as related to the milkier. Others are contagious
pathogens that are systemic and may finally get access to the udder and localize themselves there
and cause infection. Mastitis is caused by a wide spectrum of pathogenic agents that penetrate
the teat canal and multiply in the udder cistern (Oliveira et al., 2015). The inflammation severity
depends on the causative agent. The etiology of mastitis is in a continuous changing spree, with

the evidence of new microbial species being incriminated (Shaheen et al., 2016).

2.5.2.4. Management

The presence of mastitis was significantly influenced by herd size (Tesfaheywet and Gerema,
2017). There is a high chance of occurrence of mastitis in herds under intensive management. In
intensively managed large herds, the higher chance of mastitis occurrence might be associated
with increased exposure of the cows for mastitis pathogens in their environment due to high

stocking density, dirty ground, poor ventilation, and high humidity (FAO, 2014). Cows with
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poor body conditionleaking milk, or previous udder infections had a significantly higher risk of
clinical mastitis. Milking a cow infected with mastitis and/or an infected teat, at last, is the best
technical management to reduce the risk of transmission of the disease from infected one to the
others.

2.5.3. Prevalence status of resistant S. aureus

The prevalence of MRSA was higher in America than Europe. Different studies reported that
prevalence rates of greater than 70% in South Korea and Vietnam, and less than 50% in Portugal,
Greece, and Italy (Chukwunonso et al., 2018). In Egypt, a study shows prevalence of S. aureus
was 17.2%. In another study, 70— 73% of S. aureus strains isolated from various foods were
resistant to B-lactam such as Penicillin and Ampicillin (BeyeneTakele et al., 2017). In study done
in South Africa the prevalence of MRSA was 5.7-7% in commercial farms. In other African
country, the prevalence of MRSA was higher Nigeria 28.57%, in Morocco 15% and low
prevalence in Kenya 7.8% were recorded (Lozano et al., 2016). In Ethiopia, overall prevalence
of S. aureus with different study showed that 15.3% originating from raw cows’ milk, 25% from
swabs of milkers’ hand, 20% from swabs of milking bucket, and 10% from swabs of drying
towel (Regasa Sema et al., 2019). The higher prevalence of MRSA were reported in Ethiopia
(60.3%).

2.6. Diagnosis of mastitis caused by S. aureus

Conventional diagnostic tests for mastitis are usually qualitative with lesser specificity and
sensitivity, whereas advanced tests are quantitative, highly specific and sensitive (Hussein et al.,
2018; Chakraborty et al., 2019). The SCM can be known only after laboratory examination, as
there are no gross inflammatory changes in the udder tissue (Rahman et al., 2017). Besides
causing huge losses to milk production, the subclinically affected animals remain a continuous
source of infection to other herd mates. Early diagnosis of mastitis is essential to prevent excess
economic losses. The CM can easily be detected by physical examination of udder and or
systemic signs of inflammation, whereas diagnosis of SCM is more problematic since the milk
appears normal. Various physical and chemical changes of milk and cultural isolation of

organisms are used for diagnosis of SCM. Although bacteriological culture of milk samples is
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the gold standard method for identifying mastitis but it does not provide a measure of the degree
of inflammation associated with the infection. Therefore, indirect tests such as, California
Mastitis Test (CMT), White Side Test (WST), Surf Field Mastitis Test (SFMT) can be used that
are simple and do not require any complex laboratory equipment (Mahfuz et al., 2020).
Advanced molecular techniques based on phenotyping as well as genotyping methods offer rapid
and specific identification methods for diagnosis of mastitis causing pathogens up-to species and
subspecies level. It is important to determine the species of bacteria for proper selection of
antibiotic for therapeutic purpose and for selecting proper processing method to produce dairy
products specifically. Systems of identification (automated), viz., VITEK identification cards are
available for this purpose providing results of identification of bacteria with stability (khan et al.,
2021). Another study stated that all dairy cattle which are admitted to any veterinary hospital
should be managed in a way that they are having intramammary infection even when there is no

overt clinical mastitis (Kandeel et al., 2018).
2.7. Treatment of mastitis due to staphylococcus aureus

Lysostaphin is a potent staphylococcus-degrading enzyme containing a peptidase that can
specifically cleave the polyglycine bridge specific to the cell wall of S. aureus. Lysostaphin
activity is measured by its ability to lyse Staphylococcus aureus cells. It is influenced by enzyme
concentration, pH, temperature, ion and salt concentration. Staphylococcus aureus is enveloped
in a thick layer of peptide glycans, and lysostaphin destroys the layer of peptide glycans, causing
lysis and cell death. Peptide glycans impart strength and rigidity to the cell walls of gram-
positive microorganisms, grow and divide, maintain cell shape, and prevent osmotic lysis of
Staphylococcus aureus. Recombinant lysostaphin (rLYS) is a zinc metal enzyme that hydrolyzes
the glycylglycine bond of a peptide glycan to a pentaglycine bridge on the cell wall of
Staphylococcus aureus (Cardoso et al., 2019).

On the other hand, treatment of choice for S. aureus mastitis includes antimicrobials such as -
lactams, tetracyclines, and aminoglycosides. glycopeptides, fluoroquinolones, and lincosamides
are also reserved for the treatment of methicillin-resistant S. aureus (MRSA) and multidrug-
resistant (MDR) Staphylococcus species. This notwithstanding, there are reports of -lactams,

aminoglycosides, and macrolides resistance among S. aureus (Matlale et al., 2020).
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2.7.1. Antimicrobial Resistance of S. aureus

Resistance of S. aureus to several antimicrobials complicates the treatment of these pathogenic
bacteria, which is considered an increasing challenge. Methicillin-resistant S. aureus (MRSA)
strains can cause nosocomial infections and consequently high mortality in humans (Abdelazeem
et al., 2020). The indiscriminate use of antibiotics for the treatment of animal and human
diseases as well as preservatives for milk has led to the development of multiple antibiotic
resistances, thereby rendering the antibiotic treatment ineffective. S. aureus has been reported to
frequently show multiple antimicrobial resistance patterns (Letebrhan Yimesgen et al., 2021)
Intramammary and systemic administrations are common methods for the treatment of mastitis
around the world. The long history of using antibiotics in the dairy farms to treat infectious
diseases, especially mastitis and this un-responsible application led to developing the resistance
of bacteria to the antibiotics. Methicillin-resistant S. aureus (MRSA) has been characterized by
the presence of mecA gene, which can resist the B-lactam antibiotics (jahan et al., 2015). As
different investigation conducted in Ethiopia showed that, high level of resistance was observed
to common drugs such as penicillin and tetracycline range from 88.89%-94% and 30%-74%
PenicilinG and Tetracycline respectively (Letebrhan Yimesgen et al., 2021; Alem Abreha et al.,
2021), and of panicilin G and tertracycline respectively ( Lakech Tibebu et al., 2021).

2.8. Control strategy of S. aureus

In general Bovine mastitis control includes early detection and treatment of existing udder
infection and prevention of new udder infection by blanket dry cow therapy, post milking teat
disinfection, identification and culling of chronically infected cows and the routine maintenance
of the milking machine (Tadele Tolosa and Feyissa Begna, 2021). Specific to S. aureus control
autogenous vaccination is very crucial. These vaccines are the preparations having specific
strains of bacteria obtained from mastitis suffered by animals and used to immunize the herd for
protection against further new udder infections with the same strain of bacteria. There are
evidences which shows that the use of autogenous S. aureus vaccines enhances antibody titer in
vaccinated animals as compared to non-vaccinated herd and reduce the risk of both clinical and
sub-clinical mastitis (Cheng, 2020).
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2.9. Economic Significance

Mastitis is the most economically important disease of dairy cattle, accounting for 38% of the
total direct costs of the common production diseases and is a global problem as it adversely
affects animal health, quality of milk and economics of milk production and every country
including developed ones suffer huge financial losses. It is the most important deadly disease of
dairy animals is responsible for heavy economic losses due to reduced milk yield (up to 70%),
milk discard after treatment (9%), cost of veterinary services (7%) and premature culling (14%).
India is the highest milk producer in the world but the per capita availability of milk still remains
half of the world average, demanding strategic intervention. One of the reasons for low
productivity is poor animal health, particularly, mastitis which is single largest problem in dairy
animal in terms of economic losses in India. It is proved by the reports that the annual economic
losses due to bovine mastitis was increased 114 folds in about 4 decades from 1962 (INR 529
million/annum) to 2001 (INR 60532 million/annum) (Subha Ganguly, 2014).

Mastitis is a problem for the dairy industry in East Africa where the prevalence of SCM was
86.2% in Uganda (Abrahmsén et al., 2014), 75.9% in Tanzania (Karimuribo et al., 2008), and
62% in Ethiopia (Mekonnen et al., 2017). For this reason mastitis is probably one of the factors
that hinder the increase in net milk production yield in East Africa region (Motaung et al., 2017).
Both clinical and subclinical mastitis causes loss of milk as it has to be discarded apart from the
cost of treatment and other expenses. Subclinical mastitis causes three times more production
losses than clinical mastitis; thus, is responsible for significant losses of 60-70% of the total
economic losses associated with all mastitis due to infections (De Vliegher et al., 2012; Sinha et
al., 2014). Sinha et al. (2014) performed study on dairy animals to assess the incidence and
economics of subclinical form of bovine mastitis in Central Region of India. The losses due to
mastitis were approximately 49% due to loss of value of milk and 37% owing to veterinary
expenses. The cost of treating an animal includes cost of medicine (31%) and services (5.5%).
Losses were comparatively higher in cross-bred cattle due to their high production potential that

was affected during mastitis period (Khan et al., 2021).
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2.9.1. Low milk yield

The loss of yield depends on certain factors of great importance like severity of mastitis, nature
of causative agent, stage of lactation at the time of mastitis. Losses are severe in primiparous
cows due to clinical mastitis caused by Staph. Aureus, E. coli with Klebsiella. However, the
maximum loss of production in multiparous is caused by Streptococcus spp., Staphylococcus
aureus and others pathogens (Mbindyo et al., 2020). The loss of production is higher in
multiparous cows than primiparous. Clinical mastitis occurring before peak production
stage/yield causes more extensive loss as compared to rest of the lactation and loss of milk yield
is persistent throughout the lactation. According to a study, this yield loss for multiparous could
be 300-400 kg (4-6% of lactation) while 200-300 kg in primiparous animals. The magnitude of
yield loss in 30% cases of clinical mastitis reached up to 950-1050 kg per lactation. Whereas, in
subclinical mastitis the losses incorporated are 80 kg/lactation (1.3%) and 120 kg/lactation

(1.7%) in primiparous and multiparous respectively (Amjad-Islam et al., 2021).
2.9.2. Altered milk composition and Discard of milk

The mastitis milk is low in fats and casein due to reduction in the synthetic capacity of secretary
tissues of the udder parenchyma. The reduction in the fats up to 3-22 kg (1.5-7.5%) and casein
protein contents up to 0 to 15 kg (0 to 8.5%) of the milk and higher SCC incurs the penalty to the
producers in premium payment. Milk of the cow is discarded after mastitis diagnosis or while
cow is being treated with antibiotics due to presence of antibiotic residues in milk during
withdrawal period. The length of the withdrawal period depends on the drugs used and
production system (i.e. conventional or organic). This discarded milk cost higher per unit than

the milk not produced due to feed costs inclusions (Amjad et al., 2021).
2.9.3. Veterinary and medicinal cost

The veterinarian cost for treatment fee, travel and labor charges. On an average a handsome
expenditure of $444 in clinical mastitis case are charged. This includes (128$) directly in term of
diagnostic (10$), medicinal expenditure ($36), discarded milk ($25), Veterinary charges ($41),
extra labor ($4) while death losses ($32). The indirect costs are ($316) which include ($125)

through future production losses and ($182) for culling and replacement and whereas
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reproductive losses are ($9). Therefore, to take an accurate decision to control the mastitis
depends on understanding of economic impact of mastitis (Rollin et al., 2015). Mastitis is among
the main reason in cattle for the use of antibiotics and this exposure of animal to antibiotics is
main reason behind the development of antibiotic resistant bacteria and antimicrobial residues in

milk which are of a great public health concern (Naseer et al., 2020).
2.9.4. Culling of animal

The risk of culling and mortality rate is increased with clinical mastitis. Similar to milk loss the
increased culling also augments the hidden cost. Involuntary culling is associated with
replacement costs and is an important component of total mastitis cost. Economic cost also

increases as cCows
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3. MATERIAL AND METHODS

3.1. Study Area

The study was conducted in Babile district, eastern Hararghe Zone, Ethiopia. Geographically,
Babile district is located at 561km away from the capital city of Ethiopia (Addis Ababa) at
8°39°5999” N latitude and 42°24°5999” E longitude and the elevation is ranges from 1450- 1700
meters above sea level (Figure-1). The weather conditions characterized by semi-arid and arid
climate with average annual temperature and the annual rain falls is ranged from 24 to 28 °C and
410 to 800mm respectively. Agro pastoral and pastoral is the main occupation of the population
of the area. According to Babile District agricultural office annual report (Babile District, 2016),
the livestock population estimated as 76,161 cattle, 11,470 sheep, 20,644 goats, 7,393 donkey,
15,430 camel and 21,114 poultry.
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3.2. Study population

The study populations were those lactating Zebu cows (indigenous cattle) found in the Babile
District and managed under an extensive management system. All age categories of cows and the
number of parities were included. Age of animals was determined from birth records and
categorized as young-adult (3—6 years), adults (6 to < 10 years), and old (> 10). Stage of lactation
was categorized as early (1-4 month), middle (> 4-8 month), and late (> 8 month to the
beginning of dry period). Parity was categorized as few (with < 3calves), moderate (4—7 calves),
and many (> 7 calves). Body condition score was also categorized as good medium and poor
(Biniam Tsegaye et al., 2019; Tesfaheywet Zeryehun and Gerema Abera, 2017; Berhanu misrak
et al., 2017; Haben Fesseha et al., 2021). On the other hand, the semi-intensively managed cattle
grazed freely on pasture but received supplementary feeds in the morning and evening when they

were also included. All cows were hand milked twice daily, in the morning and evening.
3.2.1. Inclusion criteria

All age categories of indigenous lactating Zebu cow (bos indecus) under extensive and semi-

intensive system were included in this study.
3.3. Sample size determination

The sample size was determined by using the formula given by Thrusfield (2005) with 95%
confidence interval (CI) and 5% desired absolute precision. The total sample size using the

formula given here below was 384.

n :ﬁmﬁmﬁx
d2
Where, n = required sample size.
Pexp = expected prevalence of S. aureus occurrence in bovine milk.
Z=z statistic for level of confidence which is 1.96.
d=desired absolute precision of 5%.
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Accordingly, a total of 384 lactating cows were selected from selected three kebeles of Babile
district to determine the prevalence of bovine mastitis and assess the associated risk factors

related to its occurrence.
3.4. Study design and sampling strategy

A cross-sectional study was conducted from August 2021 to March 2022 to determine the
prevalence and associated risk factors of bovine mastitis. Cows were examined directly using
physical examination technique to detect clinical mastitis and indirectly using CMT for the
detection of subclinical mastitis. The households and study animals were selected using

systematic random sampling.

Currently there are twenty two kebeles (Kebele refers to the smallest administrative unit under
district) in Babille district. From twenty two kebeles found in Babile district, three kebeles,
namely Ifa, Tula and Sheek, were purposively selected from the district on basis of road
accessibility (to transport the sample easily without any problem) and electric availability (to
store the collected samples properly in the refrigerator). Using systematic random sampling
techniques, the households were chosen from each of the selected kebeles. The study animals

within the households were also selected using a systematic random sampling technique.

Equal proportion of the sample size was divided in to three selected kebeles belonging to Babile

District as mentioned below.

+ Ifa with number of sample Size -128
+ Tula with the number of sample -128
+ Sheek Abdi with the amount of sample -128

3.5. Screening procedure for subclinical mastitis

3.5.1. California mastitis test (CMT)

The CMT were used as a screening test for sub-clinical mastitis. It was carried out according to

the procedure described by Quinn et al., (2002). A squirt of milk, about 2 ml from each quarter
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was placed in each of four shallow cups in the CMT paddle. An equal amount of the commercial
CMT reagent was added to each cup. A gentle circular motion was apply to the mixtures in a
horizontal plane for 15 s. The CMT results were scored as 0 (negative), trace, 1(weak positive), 2
(distinct positive) and 3 (strong positive) based on gel formation. All CMT scores of 0 and trace
were considered as negative while CMT scores of 1, 2, and 3 will be considered as indicators of
sub clinical mastitis. Positive cows were defined as having at least one quarter with CMT score
of 1 +.

3.5.1. 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, swelling and abnormal milk (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 color and consistency of milk (blood-tinged milk, watery secretions,

clots, pus) and (3) change in consistency of the udder (Lakew et al., 2009).
3.6. Associated risk factor determination procedure

Structured questionnaires and observer check list were develop and used to identify the
associated risk factors responsible for the occurrence of bovine mastitis. Information on cow
attributes such as breed, age, body condition, parity number, lactation stage, teat or udder
condition (lesion, fibrosis, atrophy), production system, floor type, milking hygienic practice,
tick infestation of udder or teat, presence of blind teat, milk condition (watery, bloody, pussy)
was collected at the time of sampling using data recording sheet. The age, lactation stage, and
parity numbers were recorded from animal owners, milkier and observation. In addition, the
livestock attributes like herd size, production type, and status of barn floor were also consider in

the questionnaire.
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3.7. Milk sample collection, handling, storage and transporting

Procedure for collection of milk was according to Quinn et al. (2002). Milk sampling and
screening were performed for each quarter. The time chosen for milk sampling was before
milking. Teats that identified as positive for clinical and subclinical mastitis were considered for
milk sample collection. First, after the hands were cleaned by detergents and clean water, the
udder and teats were washed with tap water and dried. If there was a considerable amount of dirt,
it was properly removed. The teat on the far side of the udder was cleaned first and then those on
the near side. Then the teat ends were vigorously swabbed with cotton soaked in 70% ethyl
alcohol prior to sampling. For bacteriological culture, 10 mL of mastitis milk (clinical and
subclinical) were collected aseptically from affected teats separately into horizontally hold sterile
test tube after discarding the first 2-3 milking streams (Moges et al., 2011). The 10 ml test tube
was used to collect milk sample. The examination of udder and milk and sample collection was
performed in this way. The samples were placed in racks for ease of handling and transported in
an icebox to the Microbiology Laboratory at College of Veterinary Medicine, Haramaya
University within 2 to 3 hours; where the samples were stored at 4 °C for a maximum of 24 hrs

until inoculation on a standard bacteriological media was done.
3.8. Isolation and identification of Staphylococcus aureus

3.8.1. Enrichment Medium

Bacteriological examination was done according to the Quinn et al., (2002) and National
Committee for Clinical Laboratory Standards (NCCLS, 2014). Refrigerated milk samples were
warm at room temperature (250 C) for about an hour and then mixed by shaking in order to
disperse bacteria and fat. Samples were allowed to stand for a while for foam to disperse before
just inoculation. A loopful of milk sample was streaked on blood agar base enriched with 7%
defibrinated sheep blood (Oxoid, UK) using the quadrant streaking method for each quarter.
Blood agar plates were incubated aerobically at 370 C. The plates were checked for growth after
24 hr, 48 hr, and 72 hr. to rule out slow growing bacteria. The plates were examined for growth,
morphological features, such as colony size, shape, and color, and hemolytic characteristic.
Suspected colonies were sub-cultured on mannitol salt agar plate (Oxoid, UK) were examined
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for growth and golden yellow fermentation which was considered as a presumptive identification
of S. aureus. Yellow colony on mannitol salt agar was sub-cultured on nutrient agar for further
examination. After pure colonies were obtained, Gram-stained smears were done for primary
identification of bacteria to genus level, such as Gram reaction (Gram positive and Gram

negative), and cellular morphology (coccus or rods).
3.8.2. Selective plating on culture media

The selective medium used for isolation of S. aureus was Mannitol Salt Agar (MSA). A loopful
of inoculum from blood agar plats were streaked on MSA and were incubated for 48 h at 37 °C.
Characteristic appearance of yellow colonies on MSA was considered to be presumptive S.
aureus. The pure cultures were streaked on Nutrient agar and incubated for 24 h at 37 °C to get a
pure culture. The pure isolated in the nutrient slant were preserved and maintain at +4 0C for

characterizing the isolates by biochemical tests (Quinn et al., 2002).
3.8.3. Gram's Stain Test

All suspect cultures of S. aureus were subjected to Gram's stain and observed under a light
microscope for Gram's reaction, size, and shape and cell arrangements. The Grams stain smears
from typical colonies that were show Gram-positive cocci occurring in bunch, grapelike irregular

clusters were taken as presumptive S. aureus.
3.8.4. Biochemical Tests for Staphylococcus aureus

3.8.4.1. Catalase test

Pure culture of the isolates was picked up by bacteriological loop from the agar plate and mixed
with a drop of 3% H202 on a clean slide for catalase test. When the organism was positive,
bubbles of oxygen were liberated within a few seconds. Those positive cocci were considered as
Staphylococci (Quinn et al., 2002).

3.8.4.2. Mannitol salt Agar (Mannitol fermentation)

The colonies were confirmed by grams staining reaction, catalase positive and oxidase negative

were selected and streaked on Mannitol salt agar plate and incubated at 37 °C and examined after
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24-48 hrs for growth. The presence of growth and change of pH in the medium (red to yellow)
were regarded as presumptive identification of S. aureus or coagulase positive S. aureus. Phenol
red pH indicator detected the acidic metabolic product of mannitol. Fermentation of mannitol by
S. aureus was also causes yellow discoloration of the medium within 24 hrs of incubation (Quinn
et al., 2002).

3.8.4.3. Coagulase test

The coagulase tests were used as both slide and tube coagulase tests. The presumptively
identified S. aureus from mannitol salt Agar were sub-cultured to nutrient agar plate and after 24
hours culture colonies of S. aureus were picked by bacteriological loop and placed on clean slide
with a small drop of distilled water and emulsified. The test suspension was also be treated with
a drop of rabbit plasma and mixed well with a needle for 5-10 seconds. Those forming Clumping

of cocci were taken as coagulase positive S. aureus (Quinn et al., 2002).
3.9. Antimicrobial Susceptibility Test

Antimicrobial susceptibility test was performed on isolates of S. aureus from bovine milk using
the disc diffusion according to the Bauer and Kirby method using Muller-Hinton agar (MHA)
(Oxoid, CM0405B, UK). The isolates were tested for 7 antibiotics which had been reported as
being commonly in use in the study area. Accordingly, Penicillin G (10 units), chloramphenicol
(30 pg), Sulfamethoxazole (25 pg), amoxicillin (10 pg), cefoxitin (30 pg) in place of methicillin
(5 pg), erythromycin (15 pg), and Gentamycin (30pug) were tested. The procedures recommended
by National Committee on Clinical Laboratory Standards for antimicrobial susceptibility testing
were followed. Three to five isolated colonies of isolated S. aureus were transferred to 5 ml of
0.85% saline water. Turbidity was measured using densitometry and adjusted to 0.5 McFarland.
After measuring the turbidity, sterile cotton tipped swab was dipped into the suspension and then
Mueller-Hinton agar plate was inoculated by rotating 60°. Each inoculated plate, seven
antibiotics discs were applied using a disc dispenser (Oxoid). The plates were incubated at 37 °C
for 16 - 18 hours and the zone of inhibition were measured and compared to standards as per the
manufacturer’s recommendation. Results were recorded as susceptible, intermediate and resistant
according to the size of the zone of growth inhibition (CLSI document, 2008). S. aureus ATCC
25923 was used as quality standard control strain in each run.
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3.10. Data Management and Analyses

The data generated during the sample collection and from the questionnaire were entered into the
Microsoft Excel spread sheets and was later analyzed by using STATA version 13 software. The
effect of risk factors with possible association of the disease was analyzed using crude odds ratio.
The associations between dependent and independent variables were tested, and p < 0.05 was

taken as statistically significant (Snedecor and Cochran, 1989).
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4. RESULTS

4.1. Prevalence of Clinical and Subclinical Mastitis

A total of 384 cows (1536 quarters) were examined for the detection of mastitis in this study.
The overall cow level prevalence of mastitis was 50.5% (194/384; 95% CI: 45.4%-55.6%); of
which 5.5% (21/384; 95% CI: 3.4%-8.2%) were clinically sick based on clinical examination and
45% (173/384; 95% CI: 40.0%-50.2%) had subclinical mastitis using CMT test (table 1).

Table 1. The percentage of clinical and subclinical mastitis

Number of animals Number of Prevalence
Type of mastitis Examined animals affected (%) 95% CI
Clinical Mastitis (CM) 384 21 (5.5) 3.4-8.2
Subclinical ~ Mastitis 363 173 (45.1) 40.0-50.2
(SCM)
Overall 384 194 (50.5) 45.4-55.6

From the total of 1536 quarters examined, the overall prevalence to the quarter level bovine
mastitis was 19.01% (292/1536). 2.7% (42/1536) of the teats were blind. The remaining 78.2%
(1202/1536) of udder were negative for mastitis. Accordingly, the prevalence of clinical and
subclinical mastitis at quarter level was 2% (32/1536) and 11.97% (184/1536) respectively (table
2).

Table 2. Prevalence of bovine mastitis at quarter level

Total Number Number Prevalence
Quarter Examined Positive (%)
Right Front 384 62 16.15
Left Front 384 62 16.15
Right Hind 384 69 17.97
Left Hind 384 99 25.78

Total 1536 292 19.01
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4.2. Mastitis Risk Factors

4.2.1. Prevalence with respect to risk factors

4.2.1.1. Univariable Logistic Regression Analysis

Prevalence of mastitis related to specific risk factors was determined as the proportion of
affected cows out of the total examined. Among the risk factors analyzed using a univariable
logistc regression analysis, except lactation stage all factors such as kebeles, age, parity, body
condition, udder size, milk yield, tick infestation and teats injury were found to be having
statistically significant association with the occurrence of mastitis (p < 0.05) as indicated in table
3. On multicollinearity test, age was found to be collinear to parity and udder size with that of
milk yield. Thus, in the multivariable analysis age and milk yield were removed from the

analysis (table 3).

Table 3. Result of a univariable logestic regression analysis

Risk factor/ Level/ Number  Number
Variable Category Examined Positive Prevalence  COR (95% CI) P-value
Kebele Abdulkadir 129 54 41.86 Ref.
Ifa 127 71 55.91 1.76 (1.07-2.89) 0.025*
Tula 128 69 53.91 1.62 (0.99-2.66) 0.054
Age Young-adult (3-6 yrs) 142 71 50.00 Ref.
Adult (7-<10yrs) 178 81 4551 0.84 (0.54-1.30)  0.424
Old (> 10yrs) 64 42 65.63 1.91(1.04-3.52)  0.038*
Parity Few (<3calves) 257 120 46.69
Moderate (4-7calves) 92 50 54.35 1.36 (0.84-2.19) 0.208
Many (> 7 calves) 35 24 68.57 2.49 (1.17-5.30)  0.018*
Body Good 172 74 43.02 Ref.
condition Medium 134 69 5149  1.41(0.89-221)  0.141

Poor 78 51 6538  2.50(1.44-4.36)  0.001*
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Lactation Early (1-4 month) 154 82 53.25 Ref.
stage Middle (>4-8 months) 127 59 4646 076 (0.48-1.22)  0.2958
Late (>8 months) 103 53 5146  0.93(0.56-1.53)  0.778
Udder size Small 168 61 36.31 Ref.
Medium 112 53 4732 158(0.97-2.56)  0.067
Large 104 80 7692  5.85(3.36-10.18) <0.001*
Milk yield Low 144 47 32.64 Ref.
Medium 138 65 4710  184(1.132.98) 0.013*
High 102 82 8030 846 (4.64-1542) <0.001*
Tick No 242 01 37.60 Ref.
Infestation Yes 142 103 7254  438(2.79-6.88)  <0.001*
Teats No 251 88 35.06 Ref.
Injury Yes 133 106 7970 7.27 (4.43-11.94) <0.001*
*Significant

4.2.1.2. Multivariate Logistic Regression Analysis

According to multivariate logistic regression analysis factors such as udder size, tick infestation
and teat injury were found to be having significant association with the prevalence of bovine
mastitis in the study area. Whereas, kebeles, parity, body condition, lactation stage did not show
any significant association to the prevalence of mastitis in the study area (table 4).

In the current study, statistically higher prevalence of both CM and SCM (P< 0.01) was recorded
in cow exposed to tick infestation (72.54%) as compared to cows not exposed to tick infestation
(37.60%). Cow exposed to tick infestation were 2.99 times more susceptible to mastitis than cow
not exposed to tick infestation (95% Cl= 1.77-5.05) (table 4). On the other hand, the difference
in presence and absence of teat lesion/injury was significantly associated (P<0.01) with the
occurrence of mastitis. Accordingly, higher prevalence (79.70%) was observed in cows that
exposed to teats injury when compared to cows not exposed to teat injury (35.06%). Cows with
teat injury were 4.80 times more prone to mammary infections than cows without teat injury
(95% Cl= 2.78-8.28) (table 4). The odd ratio of getting mastitis was greater in cows with
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pendulous udders than cows with normal udder position: 3.03 times that of the latter (95% CI

=1.59-5.77). Hence, the udder size was statistically associated with the occurrence of bovine
mastitis in the study area (P<0.01) (table 4).

Table 4. Result of a multivariate logestic regression analysis

Risk factor/ Level/ Number ~ Number
Variable Category Examined Positive Prevalence COR (95% CI) P-value
Kebele Abdulkadir 129 54 41.86 Ref.
Ifa 127 71 5591  1.75(0.96-3.21) 0.070
Tula 128 69 53.91 1.68 (0.91-3.09) 0.094
Parity Few (<3calves) 257 120 46.69 Ref.
Moderate (4-7calves) 92 50 54.35 1.25 (0.69-2.25) 0.460
Many (> 7 calves) 35 24 68.57 1.51 (0.62-3.67) 0.368
Body Good 172 74 43.02 Ref.
condition Medium 134 69 5149 092 (053-161)  0.783
Poor 78 51 65.38 1.89 (0.96-3.71) 0.064
Udder size Small 168 61 36.31 Ref.
Medium 112 53 47.32 1.00 (0.57-1.76) 0.996
Large 104 80 76.92  3.03(1.59-5.77)  <0.001*
Tick No 242 91 37.60 Ref.
infestation Yes 142 103 7254 299 (1.77-5.05)  <0.001*
Teats No 251 88 35.06 Ref.
injury Yes 133 106 7970  4.80(2.78-8.28)  <0.001*
STt

4.3. Bacterial Isolation and Identification

The current study showed that the overall prevalence of bovine mastitis in Babile district is

50.5%. During the course of the study, a total of 194 clinical and sub-clinical positive milk
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samples were collected from 3 kebeles of Babile district and cultured on blood agar media.
Accordingly, growth of different groups of bacteria was observed in 194 (100%) samples.
However, since the objective was to isolate S. aureus, further bacteriological tests were
conducted by taking only those colonies presumptive of this species and leaving others. Finally,
coagulase positive S. aureus was detected in 30.92% (60/194). Accordingly, 8.2% (16/194) and
6.84% (20/292) of S. aureus were isolated from clinical mastitis at cow level and quarter level
respectively, while 22.68% (44/194) and 19.17% (56/292) of S. aureus were isolated from
subclinical mastitis at cow level and quarter level respectively (table 5). In general the overall
prevalence S. Aureus isolated from both clinical and subclinical mastitis were 30.9% and 25% at

cow level and at quarter level respectively.

Table 5. Prevalence of isolated S. aureus

Isolated S. aureus Cow level prevalence Quarter level prevalence
Clinical mastitis 16/194 (8.2%) 20/292 (6.84%)

SCM 44/194 (22.68%) 56/292 (19.17%)

Total prevalence 60/194 (30.92%) 76/292 (26%)

4.4. Antimicrobial sensitivity test result

Antimicrobial sensitivity test results of the 35 COPS isolates showed that, 100% susceptible to
chloramphenicol and gentamycin. Similarly, highest susceptibility was recorded to cefoxitin
91.4% (32/35) but 8.5% (3/35) of cefoxitin were resistance to isolated coagulase positive S.
aureus. In contrast, the highest (94.2%) resistance development was observed for penicillin G
followed by amoxicillin 28.57% (10/35) and Erythromycin 20% (7/35). However, 71.4% (25/35)
and 80% (28/35) were susceptible to Amoxicillin and Erythromycin respectively. In the present
study 77%, 11.4% and 11.4% of isolated coagulase positive S. aureus showed susceptible,
intermediate, and resistance to sulfamethazole respectively. In the current study, 34/35 (97.2%)
of isolated S. aureus was resistant only one drug while 1/35 (2.8%) were multidrug resistance
(table 6).



Table 6. Antibiobic Sensceptablity Test Result

34

Antbiotics

Resistance in (%)

Inter mediate (%0)

Susceptable in (%)

Chloramphenicol
Gentamycin
Cefoxitin
Erythromycin
Sulfametathazol
Amoxacilin

Penicilin G

0

0

8.5

20

114

28.27

94.2

0

0

100

100

914

80

77

71.43

5.7
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5. DISCUSION

In the present study the overall prevalence of bovine mastitis at cow level were 50.5%; of which
45% and 5.5% were subclinical and clinical mastitis respectively. This finding was similar with
50.4% overall prevalence in Rwanda (Mpatswenumugabo et al., 2017). The cow-level
prevalence of this study was also comparable to three previous studies conducted in Ethiopia:
52.9% in and around Areka town (G/Michael et al., 2013), 53.25% in Dire Dawa town (Biniam
et al., 2015); 54.2% in southern Ethiopia (Rahmeto Abebe et al., 2020) and 56.5% in and around
Batu (Duro and Taddele, 2011). However, it was higher than those reported in other studies
conducted in selected areas of Bench Maji Zone, Southwest Ethiopia (30.2%) (Teshome
Gemechu et al., 2019); in and around Adama town central Ethiopia (31.5%) (Kaleab Tesfaye et
al., 2021) and in Bishoftu town (40.1%)(Birhanu et al., 2017).

In contrast, the present prevalence is lower than a previous report in Hawasa milk shed (62.6%)
(Abebe et al., 2016); North-West Ethiopia (62%)(Mekonnen et al., 2017); in selected district of
eastern Hararghe (64.3%)(Tasfahiyiwot zarihun and Gerema Abera 2017) and in and around
Haramaya District (63.2%)(Beniam tasfaye et al., 2019). The variability in prevalence of bovine
mastitis between the current and the previous studies could be due to the difference in the
management systems, improper use of antibiotics, agro climatic areas and differences in study

methods and instruments employed by the investigators.

In the present study, 5.5% prevalence of clinical mastitis (CM) was observed. This was
comparable with a recent published study (6.8%) in Kenya (Christine et al., 2020). In our
country, this finding was also in line with previous studies so far by Tesfaheywet Zeryehun and
Gerema Abera, (2017); Gutu Kitila et al., (2021) and Rahmeto Abebe et al., (2020). However,
the present finding was lower than the previous study (30%) elsewhere in Ethiopia (Mekibib et
al., 2010; Kaleab Tesfaye et al., 2021).

Higher prevalence of subclinical mastitis (SCM) (45%) was observed in this study, which is by
far higher than the occurrence of clinical cases (5.5%). This finding was slightly similar with two
previous studies in Rwanda 50.4% by Mpatswenumugabo et al. (2017), and 43.1% Jean Baptiste
Ndahetuye et al. (2019). In our country, this was in line with study done by Biniam Tsegaye et

al., (2019) and Rahmeto Abebe et al., (2020). Higher prevalence of subclinical bovine mastitis



36

was recorded in this study than other studies reported by Sori et al., (2005) (36.67%) and Biniam
et al., (2015) (44.16%). However, the present study recorded lower prevalence of subclinical
mastitis than study reported by Zeryehun et al., (2013) (55.1%) and Bedada and Hiko, (2011)
(55.8%). The overall prevalence of subclinical mastitis at both cow and quarter level was found
to be higher than clinical mastitis. This could be attributed to the little attention given to
subclinical mastitis while treating clinical cases. According to Sori et al. (2005), subclinical
mastitis was higher than clinical mastitis owing to the defense mechanism of the udder, which
reduces the severity of the disease. Moreover, farmers in Ethiopia are not well informed about
the silent cases of mastitis (Zeryehun et al., 2013). The differences might also be contributed
from the fact that clinical mastitis can easily be diagnosed and treated (Motaung et al., 2017),
while subclinical form has no visible abnormalities which is hardly diagnosed by the farmers and
progresses to be a source of infection in the extensive farm (Abebe et al., 2016).

The quarter level prevalence of mastitis in the present study was 19.01 % where 2% were clinical
whereas 11.97% were subclinical. This study result was closer to the findings of Mekibib et al.,
(2017) who report prevalence at quarter level of 16.2%. The finding was lower than study result
done by Melak Tezera and Endris Aman, (2021) who reported the quarter level prevalence of
26%, whereas 57.1% and 44% of prevalence was also reported by Tesfaheywet Zeryehun and
Gerema Abera, (2017) and Makbeb et al. (2010) respectively. The variability in the bovine
mastitis at quarter level among the reported findings at different area could be attributed to
difference in management of farm or farmer’s management and technical know-how of the
investigator. Additionally, ineffective mastitis control programmes and poor hygiene standards in

the study areas might have been a key contributor (Abrahmsén et al., 2014).

The finding of 2.7% blind teat in this study was comparable with 3.9% result conducted by
Melak Tezera and Endris Aman, (2021). The blind quarters observed in this study might indicate
the serious impact imposed by mastitis in the study area and the absence of culling that should
have served to remove a source of mammary pathogens for the cows. Besides, unable to screen
subclinical mastitis and late or complete absence of treating clinical cases could possibly leads to
blindness of mammary quarter. It can be hypothesized that blind mammary quarters contribute to
high subclinical mastitis and loss of milk production with a subsequent impact on food security
Melak Tezera and Endris Aman, (2021).
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In the present study it was also found that cows with more pendulous udders were the most prone
to mammary infections. The likelihood of getting mastitis was 3.03 times greater in cows with
pendulous udders than cows with normal udder position. This finding was in agreement with
study done by Nahom Belay et al., (2022); Abebe et al., (2016) and Tesfaheywet Zeryehun and
Gerema Abera, (2017). As reported by Girma et al. (2012) and Sori et al, (2005), animals with
pendulous udders had a higher incidence of mastitis than cows with non-pendulous udders. It has
also been noted that cows with pendulous udders turn out to be the most prone to mammary
infections. Pendulous udders open the teats and udders to injury, and microbes readily adhere to
the teats and gain entry to gland tissue (Abebe, et al., 2016).

Likewise, there was a statistical association between tick infestation and bovine mastitis in the
study area: the existence of elevated the likelihood of mastitis by 2.99 times on cow with tick
infestation when compared to those with no tick infestation. This result was in line with the most
recent report of Nahom Belay et al., (2022). Injuries produced by ticks are believed to create
direct inflammatory reactions, necrosis, and abscess formation within the mammary gland, which
can cause udder damage or risk of serious secondary infections (Biffa et al., 2005). In contrast,
this finding was disagreed with the study conducted by Biniam Tsegaye et al., (2019); Melak
Tezera and Endris Aman, (2021) and Dimshasha Tolera et al., (2021) who reported insignificant
association of tick infestation with the prevalence of bovine mastitis in their study area. The
variability between current finding and previous study was due to the different in the
management, control strategy of tick within the farmer and farm manager and breed of the

animal which have resistance against tick.

In this study, a strong association was also observed between teat injury (p<0.001) and
occurrence of bovine mastitis. The prevalence of mastitis was higher in cows with teat injury
(79.70%) than cows without teat injury (35.05%). Likewise, the odds of mastitis were 4.80 times
higher in cows exposed to teat injury than cows that was not exposed to with teat injury. Current
study was similar with previous reports elsewhere by Biniam Tsegaye et al., (2019) and Mekibib
et al., (2010). The higher prevalence of mastitis in cows having teat injury in this study suggests
that there may be unsatisfactory udder management and health. The presence of barbed wire
fence in the area and ticks infestation around the udder might be the customary causes of

udder/teat injuries in the farms or lactating cows in our case.
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According to multivariate logistic regression analysis factors such as parity, body condition,
lactation stage did not show any significant association to the prevalence of bovine mastitis in
the study area. This research showed statistically insignificant prevalence of mastitis among
different lactation stages which is in agreement with previous studies conducted elsewhere by
Beniam Tsegaye et al. (2019), Kaleb Tasfaye et al. (2021), Tesfaheywet Zeryehun and Gerema
Abera, (2017) and Haben Fesseha et al. (2021). Although it was insignificant, the prevalence of
mastitis was relatively higher in early and mid lactation compared to the late lactation; this might
be associated with the presence of higher number of the cows with early (154) and middle

lactation stage (127) compared to the late lactation stage stage (103).

The current observation showed that higher mastitis prevalence in the hind quarters (17.97%-RH
and 25.78% -LH) as compared with front quarter (16.15% both RF and LF). This higher mastitis
prevalence in the hind quarter was similar to earlier studies conducted by Nahom Belay et al.,
(2022); Tesfaheywet Zeryehun and Gerema Abera, (2017) and Ababe et al., (2016). Although it
was difficult to give a plausible explanation for this observation, this might be due to the lower
position of the hind quarters in relation to fore ones, which make them more prone to
contamination or injuries leading to mastitis. Greater milk yield produced by the hind quarters
may also be a reason as risk of mastitis tends to increase with increase in milk production
(Kocak, 2006).

The prevalence of isolated S. aureus from positive mastitic bovine milk sample was found to be
30.92%. The current study was similar with previous study done in and around Adama Town
(30.6%) by Kaleab Tesfaye et al., (2021). However, present finding was lower than the study
done in Bishoftu Town (44%) (Birhanu et al., 2017), Holota town (47%) (Mekibib et al., 2010)
and selected areas of Bench Maji Zone, Southwest Ethiopia (59.26%) (Teshome Gemechu et al.,
2019). In contrast, present finding was higher than earlier study finding conducted in and around
Haramaya District (24.1%) (Tasfahiyiwot zarihun and Gerema Abera, 2017), and in Toke
Kutaye, Cheliya, and Dendi Districts, West Shewa Zone, Oromia (5.5%) (Dimshasha Tolera et
al., 2021). This high prevalence of S. aureus in the study area may be due to the poor
management practiced in the study area and due to the treatment of clinical mastitis with
antibiotics particularly using penicillin G for which S. aureus might have been developed

resistance.
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The current study showed a very high level of resistance (94.2%) developed by coagulase
positive S. aureus isolates to penicillin G. The finding of this study was similar to the result
recovered by Tebabu Lakech et al. (2021), Alem Abrha Kalayu et al. (2020) and Letebrhan
Yimesgen et al. (2021) who reported high level of resistance development to penicillin. This
finding was also higher than recently published study done in Egeypt by Abdelazeem et al.,
(2020) who reported 64% of resistance to penicillin. S. aureus also developed 28.57% and 20%
of resistance to Amoxicillin and Erythromycin respectively. This finding was in agreement with
recent study conducted in western part of Romania (Corina et al., 2022) who reported 25% of
resistance to amoxicillin. This finding was lower than study conducted by Kaleab Tesfaye et al.,
(2021) who recovered the highest 75% of resistance. This finding was higher than 5.56% of
resistance observed by Letebrhan Yimesgen et al., (2021). This high S. aureus resistance to
penicillin G might be due to the fact that the beta-lactams are the drugs of choice for
intramammary infections. However, the inappropriate and regular use of these medications by
animal health experts and even the owner of animals in the study have contributed to the
emergence of resistance. It is also known that the isolates produce a penicillinase enzyme (a type
of B-lactamase) that hydrolyses the beta-lactam ring of penicillin (Letebrhan Yimesgen et al.,
2021).

In contrast, in the current study S. aureus was 100% susceptible to gentamycin and
chloramphenicol. Current study was in line with the finding recorded by Letebrhan Yimesgen et
al., (2021) who reported 100% susceptible S. aureus to gentamycin and chloramphenicol.
Tassew et al., (2015) and Dimishasha Tolera et al., (2020) also reported 100% susceptibility of
S. aureus to gentamycin in Konbolcha and West Shewa respectively. Infected animals and
associated products have been supposed to be a potential source of community acquired MRSA.
Recently, the isolation of MRSA in animal and human has become a worldwide concern. Though
highest susceptibility (91.4%) was recorded to cefoxitin, the current study revealed that
resistance to cefoxitin was 8.5% which is indicator of MRSA occurrence. In this investigation
the highest susceptibility rate and the lowest prevalence of resistance of cefoxitin was
comparable with previous study conducted in south Africa (Matlale et al., 2020) and Letebrhan
Yimesgen et al., (2021) who reported low prevalence of resistance was observed by S. aureus to
cefoxitin. The reason of MRSA occurrence is due to occurrence of sub-clinical mastitis in dairy

farms and this transmits to raw milk and by this the opportunity of MRSA transmission from the
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milking halls and from infected milkiers’ hands into the raw milk, other human and animal. In
addition, the presence of substandard hygienic procedure practiced by milkers is the most

important probable reasons for occurrence of MRSA (Tibebu Lakech, et al., 2021).
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6. CONCLUSION AND RECOMMENDATIONS

The present study recorded an overall prevalence of 50.5%, which might entail that mastitis was
a major health problem of dairy cows which undoubtedly will have drawback on productivity of
dairy industry. Particularly the prevalence of subclinical mastitis was higher than clinical form in
the study areas (45.1%) which might mean owners of lactating cows are only concerned with
clinical form of mastitis and often are unawareness of the status of subclinical infection in the
study area. In current study, the high prevalence of S. aureus was observed which indicate the
organism is a major cause of mastitis in dairy animals in the study area. Resistance development
by S. aureus to antimicrobials, such as penicillin G, might complicate the treatment of these
pathogenic bacteria, which is considered an increasing challenge. On the other hand, S. aureus
was also found susceptible to antibiotics, such as gentamicin, and chloramphenicol, suggesting
that these antibiotics have not been commonly used as the treatment of choice for mastitis in the
study area. Tick infestation, teat injuries and udder size were predictors of bovine mastitis in this
study. Therefore, based on the above conclusion the following recommendations are forwarded:-

+ Awareness creation among farmers about the problem of tick on the lactating cow and
proper prevention of tick infestation and avoiding of teat injury should be enhanced
through animal-health extension services.

+ Implementation of regular screening of subclinical mastitis and provision of treatment to
positive cases on dairy farms must be there.

+ Continuous surveillance of the emerging and antimicrobial resistant species using
molecular studies is warranted.

+ As a short-term solution, cows with clinical mastitis should be treated with gentamicin or
chloramphenicol antibiotics to cure and minimize the risk of transmission to other healthy
COWS.

+ Application of an in-vitro antibiotic susceptibility test prior to the use of antibiotics in
both treatment and prevention of intramammary infections should be implemented.

+ Genotypic analysis to accurately identify S. aureus species, detection of genes

responsible for antimicrobial resistance must be conducted in the future.



42

7. REFERENCES

Abdalhamed AM, Zeedan GSG, Zeina HAAA. 2018. Isolation and identification of bacteria
causing mastitis in small ruminants and their susceptibility to antibiotics, honey, essential
oils, and plant extracts. Veterinary World. 11(3): 355-362.

Abdelazeem M. Algammal , Mohamed E. Enany , Reham M. El-Tarabili , Madeha O. I.
Ghobashy and Yosra A. Helmy. 2020. Prevalence, Antimicrobial Resistance Profiles,
Virulence and Enterotoxins-Determinant Genes of MRSA Isolated from Subclinical
Bovine Mastitis in Egypt: open access journal of pathogens 9(2), 362-369

Abdel-Moein, K.A.;Zaher, H.M. 2019. Occurrence of multidrug-resistant methicillin-resistant
Staphylococcus aureus among healthy farm animals: A public health concern.
Intternational. Journal of Veterinary Science and Medicine 7, 55-60

Abebe R, Hatiya H, Abera M, Megersa B, Asmare K. 2016. Bovine mastitis: prevalence, risk
factors and isolation of Staphylococcus aureus in dairy herds at Hawassa milk shed,
South Ethiopia. BMC Veterinary Research. 12(1):270.

Abrahmsén, M., Persson, Y., Kanyima, B. and Bage, R., 2014. Prevalence of subclinical mastitis
in dairy farms in urban and periurban areas of Kampala, Uganda. Tropical Animal Health
and Production, 46(1), 99-105.

Akers RM, Nickerson SC. 2011. Mastitis and its impact on structure and function in the ruminant
mammary gland. Journal of Mammary Gland Biological Neoplasia. 16(4):275-289.

Alem Abrha Kalayu, Daniel Asrat Woldetsadik, Yimtubezinash Woldeamanue, Shu-Hua Wang,
Wondwossen A. Gebreyes and Tadesse Teferi, 2020. Burden and antimicrobial resistance
of S. aureus in dairy farms in Mekelle, Northern Ethiopia: BMC Veterinary Research
16(1), 1-8.

Alves A, Capra E, Morandi S, Cremonesi P, Pantoja J, Langoni H, de Vargas A, da Costa M,
Jagielski T, Bola~nos C, et al. 2017. In vitro algicidal effect of guanidine on Prototheca
zopfii genotype 2 strains isolated from clinical and subclinical bovine mastitis. Journal of
Apply Microbiology. 64(6):419-423.

Amjad Islam Agqgib, Muhammad ljaz, Muhammad Shoaib, Igra Muzammil, Hafiz Iftikhar
Hussain, Tean Zaheer. et al. 2021. Staphylococcus aureus and Dairy Udder. : Journal of
entech open, volume 10, pp. 123-137 DOI: http://dx.doi.org/10.5772/intechopen.95864
accessed July 6, 2021.



http://dx.doi.org/10.5772/intechopen.95864

43

Andrews T, Neher DA, Weicht TR, Barlow JW. 2019. Mammary microbiome of lactating
organic dairy cows varies by time, tissue site, and infection status. Public liberary One.
14(11), Doi: https://doi.org/10.1371 /journal.pone0225001 accessed march28/2022 view
at Google scholar.

APHA (American Public Health Association). 1992. Standard Method for the Examination of
Dairy Products. 16" ed., APHA, Washington.

Babile worada Data. 2016. Agricultural office annual Report.

Bedada, B. A. and Hiko, A. 2011. Mastitis and antimicrobial susceptibility test at Asella, Oromia
Regional state, Ethiopia. Journal of Microbiology and Antimicrobials. 3(9), 228-232
View at Google Scholar.

Beyene Takele, Hayishe H, Gizaw F. 2017. Prevalence and antimicrobial resistance profile of
Staphylococcus in dairy farms, abattoir and humans in Addis Ababa, Ethiopia. BioMed
Central Research Notes; 10 (1):171. doi:10.1186/s13104-017-2487-y

Biniam Tsegaye Lakew & Taresa Fayera & Yimer Muktar Ali. 2019. Risk factors for bovine
mastitis with the isolation and identification of Streptococcus agalactiae from farms in
and around Haramaya district, eastern Ethiopia: Tropical Animal Health and Production
51:1507-1513

Biniam, T., Rediet, T. and Yonus, A. 2015. Prevalence and potential risk factors of bovine
mastitis in selected dairy farms of dire Dawa town, Eastern Ethiopia. Applied. Journal of
Hygiene, 4 (1): 06-11

Birhanu, M., Leta, S., Mamo, G. and Tesfaye, S. 2017. Prevalence of bovine subclinical mastitis
and isolation of its major causes in Bishoftu town, Ethiopia. Biomedical Central
Research Notes, 10:767 ISSN: 1756-0500.

Blowey R, Edmondson P .2010. Mastitis Control in Dairy Herds (2" edition) CABI
International, UK Doi: 10.1079/9781845935504.0000 accessed March 28/2022.

Bobbo, T., Ruegg, P. L., Stocco, G., Fiore, E., Gianesella, M., Morgante, M., et al., 2017.
Associations between pathogen-specific cases of subclinical mastitis and milk vyield,
quality, protein composition, and cheese-making traits in dairy cows. Journal of Dairy
Science, 100: 4868-4883


https://doi.org/10.1371%20/journal.pone0225001%20accessed%20march28/2022

44

Cardoso CV, Barbosa EV, Liberal MHT, das Chagas EF. 2019. Transgenic technology: the

strategy for the control and prevention of bovine staphylococcal mastitis? Biotechnolo
gy and Research Innovation. Volume. 3 (2):291-297

Central Statistical Agency, “Report on livestock and livestock characteristics,) Federal
Democratic Republic of Ethiopia, Statistical Bulletin, vol. 570, Central Statistical
Agency, Addis Ababa, Ethiopia, 2015.

Chakraborty S, Dhama K, Tiwari R, Yatoo MI, Khurana SK, Khandia R, Munjal A, Palanivelu
M, Kumar MA, Singh M, et al. 2019. Technological interventions and advances in the
diagnosis of intramammary infections in animals with emphasis on bovine population-a
review. Veterinary Querterly. Volume. 39(1):76-94.

Cheng WN. 2020. Bovine mastitis: risk factors, therapeutic strategies, and alternative treatments.
Asian Australasian Journal of Animal Science 96(7):3620-3628

Christine M.Mbindyo GeorgeC. Gitao, and Charles M. Mulei.2020. Prevalence, Etiology, and
Risk Factors of Mastitis in Dairy Cattle in Embu and Kajiado Counties, Kenya:
Veterinary Medicine International, volume 2020 Article ID 8831172, 1-12 pages
https://doi.org/10.1155/2020/8831172 accessed august 03/ 2021.

Chukwunonso E, Veronica B, Toyo P.2018. Methicillin-resistant Staphylococcus aureus.

International Journal of Medical Research and Health science 7 (1):122-127.

CLSI. 2008. Performance standards for antimicrobial susceptibility testing; 18th informational
supplement. CLSI document M100-S18. Clinical and Laboratory Standards Institute,
Wayne, PA, USA

Corina Pascu , Viorel Herman , lonica lancu and Luminita Costinar. 2022. Etiology of Mastitis
and Antimicrobial Resistance in Dairy Cattle Farms in the Western Part of Romania.
Antibiotics 11, 57 https://doi.org/10.3390/antibiotics11010057 accessed March 24, 2022.

Cortinhas CS, Toma zi T, Zoni MSF, Moro E, Veiga Dos Santos M. 2016. Randomized clinical

trial comparing ceftiofur hydrochloride with a positive control protocol for

intramammary treatment of nonsevere clinical mastitis in dairy cows. Journal of Dairy
Science 99(7):5619-5628.

Crosby, H.A., J. Kwiecinski, and A.R. Horswill. 2016. Staphylococcus aureus aggregation and
coagulation mechanisms, and their function in host-pathogen interactions. Journal of

advanced Apply of Microbiology. 96:1-41


https://doi.org/10.1155/2020/8831172
https://doi.org/10.3390/antibiotics11010057

45

CSA. Central Statistical Authority, Federal Democratic Republic of Ethiopia, Statistical
Abstract. 2010.

De Vliegher S, Fox LK, Piepers S, McDougall S, Barkema HW. 2012. Invited review: mastitis in
dairy heifers: nature of the disease, potential impact, prevention, and control. Journal of
Dairy Science. 95(3):1025-1040.

Dehinenet, G., Mekonnen, H., Ashenafi, M., Emmanuelle, G. 2013. Determinants of raw milk
quality under a smallholder prod. Syst. in selected areas of Amhara and Oromia National
Regional States, Ethiopia. Agricaltural. Biology Journal of North America, 4(1): 84-90

Derakhshani H, Fehr KB, Sepehri S, Francoz D, De Buck J, Barkema HW, Plaizier JC,
Khafipour E. 2018. Invited review: Microbiota of the bovine udder: Contributing factors
and potential implications for udder health and mastitis susceptibility. Journal of Dairy
Science. 101(12):10605-10625.

Dimshasha Tolera Dabele ,Bizunesh Mideksa Borena, Petros Admasu, Endrias Zewdu
Gebremedhin, Lencho Megersa Marami. 2021. Prevalence and Risk Factors of Mastitis
and Isolation, Identification and Antibiogram of Staphylococcus Species from; Mastitis
Positive Zebu Cows in Toke Kutaye, Cheliya, and Dendi Districts, West Shewa Zone,
Oromia, Ethiopia. Journal of open access to scientific and medical research, 14: 987—
998.

Dos Anjos C, Sellera FP, Gargano RG, Lincopan N, Pogliani FC, Ribeiro MG, Jagielski T,
Sabino CP. 2019. Algicidal effect of blue light on pathogenic Prototheca species: Journal
of Photo diagnosis and Photodynamic Therapy. 26:210-213

Duro, B. D. and Taddele, H. M., 2011. Study on Prevalence of Mastitis and its Associated Risk
Factors in Lactating Dairy cows in Batu and its Environs, Ethiopia. Journal of Global
Veterinarian. 7 (6):632-637

FAO. 2014. Impact of mastitis in small scale dairy production systems. Animal Production and
Health Working Paper. No. 13. Rome

Fetsch A, Johler. 2018. S. Staphylococcus aureus as a foodborne pathogen. Journal of Current
Clinical Microbiology Repository: 5(2):88-96.

French Food Safety Agency, Veterinary Use of Antibiotics, Bacterial Resistance and Human

Health Consequences, French Food Safety Agency, Markham, Canada, 2006.



46

Fufa A, Gemechis F, Bekele M, Alemayehu R .2013. Bovine mastitis: prevalence, risk factors
and bacterial isolation in small-holder dairy farms in Addis Ababa City, Ethiopia. Global
Veterinarian 10(6):647-652.

G/Michael, L., Deressa, B., Begna, F. and Mekuria, A., 2013. Study on prevalence of bovine
mastitis in lactating cows and associated risk factors in and around Areka town, Southern
of Ethiopia. African. Journal of Microbiology and Research. 7(43): 5051-5056

Getaneh AM, Gebremedhin EZ. 2017. Meta-analysis of the prevalence of mastitis and associated
risk factors in dairy cattle in Ethiopia. Tropical Animal Health and Production;
49(4):697-705.

Gezehagn Kasa, Betelihem Tegegne, and Belege Tadesse. 2020. Isolation and Identification of
Major Pathogenic Bacteria from Clinical Mastitic Cows in Asella Town, Ethiopia:
Veterinary Medicine International Volume 2020, Article ID 6656755, 6 pages.

Girma S, Mammo A, Bogele K, Sori T, Tadesse F, Jibat T. 2012. Study on prevalence of bovine
mastitis and its major causative agents in West Harerghe zone, Doba district, Ethiopia.
Journal of Vetarinary Medicine and Animal Health; 4:116-23.

Gutu Kitila, Bedaso Kebede, Moti Wakgari. 2021. Prevalence, etiology and risk factors of
mastitis of dairy cows kept under extensive management system in west Wollega,
western Oromia, Ethiopia: journal of Veterinary Medicine and Science :1-7. https://
doi.org/10.1002/vms3.503 accessed July 5, 2021.

Haben Fesseha Mesfin Mathewos Saliman Aliye Amanuel Wolde. 2021. Study on Prevalence
of Bovine Mastitis and Associated Risk Factors in Dairy Farms of Modjo Town and
Suburbs, Central Oromia, Ethiopia: Veterinary Medicine: Research and Reports 12: 271—
283.

Haftu R, Taddele H, Gugsa G, Kalayou S. 2012. Prevalence, bacterial causes, and antimicrobial
susceptibility profile of mastitis isolates from cows in large-scale dairy farms of Northern
Ethiopia. Tropical Animal Health and Production 44: 1765-71. DOI: 10.1007/s11250-
012-0135-z. Accessed April 13/2022

Hala Abd EI-Menem Rizk Saed, Hussam Mohamed Mohamed Ibrahim. 2020. Antimicrobial
profile of multidrug-resistant Streptococcus spp. isolated from dairy cows with clinical

mastitis: Journal of Advanced Veterinary and Animal science Research 7(2), 186-197.



47

Hussein HA, Abd El-Razik KA, Gomaa AM, Elbayoumy MK, Abdelrahman KA, Hosein HI.
2018. Milk amyloid A as a biomarker for diagnosis of subclinical mastitis in cattle.
Vetarinary World. 11(1):34-41.

Jahan, M., Rahman, M., Parvej, S., Chowdhury, Z.H., Haque, E., Talukder, A.K. and Ahmed, S.
2015. Isolation and characterization of Staphylococcus aureus from raw cow milk in
Bangladesh. Journal of Advanced Veterinary and Animal Research, 2(1): 49-55.

Jean Baptiste Ndahetuye & Ylva Persson & Ann-Kristin Nyman & Michael Tukei & Martin
Patrick Ongo & Renée Bage. 2019. Aetiology and prevalence of subclinical mastitis in
dairy herds in peri-urban areas of Kigali in Rwanda: Tropical Animal Health and
Production 51:2037-2044.

Jorgensen HJ, Mark T, Caugant DA, Kearns A, Rervik LM. 2005. Genetic variation among
Staphylococcus aureus strains from Norwegian bulk milk. Apply Environ Microbiology.
71(12):8352-8361.

Kadlec, K., Entorf, M., Peters, T., 2019. Occurrence and characteristics of livestock-associated
methicillinresistant Staphylococcus aureus in quarter milk samples from dairy cows in
Germany. Frontiers in microbiology 10, 1295.

Kaleab Tesfaye, Zemichael Gizaw and Aklilu Feleke Haile 2021. Prevalence of Mastitis and
Phenotypic Characterization of Methicillin-Resistant Staphylococcus aureus in Lactating
Dairy Cows of Selected Dairy Farms in and Around Adama Town, Central Ethiopia.
Journal of Environmental Health Insights, Volume 15: 1-8

Kandeel SA, Morin DE, Calloway CD, Constable PD. 2018. Association of California mastitis
test scores with intramammary infection status in lactating dairy cows admitted to a
v;eterinary teaching hospital. Journal of Veterinary International Medicine 32(1):497-50.

Karimuribo, E. D., Fitzpatrick, J. L., Swai, E. S., Bell, C., Bryant, M. J., Ogden, N.H.,
Kambarage, D.M. andFrench,N.P.,2008.Prevalence of subclinical mastitis and associated
risk factors in smallholder dairy cows in Tanzania. Veterinary Record, 163(1): 16-21.

Kashif A, McClure J-AM, Lakhundi S, Pham M, Chen S, Conly J, et al. 2019. Staphylococcus
aureus ST398 Virulence Is Associated with Factors Carried on Prophage. Front
Microbiology. 10:2219.



48

Keefe G. 2012. Update on control of Staphylococcus aureus and Streptococcus agalactiae for
management of mastitis. Veterinary Clinic North American Food Animal Practice
28(2):203-216.

Khan Sharun, Kuldeep Dhama, Ruchi Tiwari, Mudasir Bashir Gugjoo, Mohd. Igbal Yatoo,
Shailesh Kumar Patel, et al. 2021. Advances in therapeutic and managemental
approaches of bovine mastitis: a comprehensive review: Journal of veterinary quarterly,
VOL. 41(1), 107-136

Klaas IC, Zadoks RN. 2018. An update on environmental mastitis: challenging perceptions.
Transboundary Emergency Disease. 65(1):166-185

Kocak O. 2006. Influence of mastitis on milk yields in Holstein Cows. Acta Veterinaria
Brunensis no. 75:507-13.

Lakew M, Tolosa T, Tigre W.2009. Prevalence and major bacterial causes of bovine mastitis in
Asella, South Eastern Ethiopia. Tropical Animal Health and Production 41:1525-1530

Magro G, Rebolini M, Beretta D, Piccinini R. 2018. Methicillin-resistant Staphylococcus aureus
CC22-MRSA-IV as an agent of dairy cow intramammary infections. Veterinary
Microbiology 227:29-33

Mahfuz uddin Bhuiyan, hossain Mohammad shahadat, shisir swapan ChakMa, fakhrul islaM,
rafiqul islaM, taohidul islaM, et al. 2020. Prevalence of Subclinical Mastitis of Dairy
Cows in Bijoynagar Upazila under Brahmanbaria District of Bangladesh: Advances in
Animal and Veterinary Sciences, Volume 8 (4):365-369

Maros Cobirka, Vladimir Tancin and Petr Slama. 2020. Epidemiology and Classification of
Mastitis 10(12):2212, Animals 10, 2212. www.mdpi.com/journal/animals. Accessed July
2,2021.

Martins, S.; Martins, V.C.; Cardoso, F.A.; Germano, J.; Rodrigues, M.; Duarte, C.; Bexiga, R.;et

al. 2019. Biosensors for On-Farm Diagnosis of Mastitis. Frontiers Bioengineering.
Biotechnolology, 7, 186

Masse E, chakravarty S. 2019. RNA dependent regulation of virulence in pathogenic bacteria.
Front Cell Infectous Microbiology; 9:337.

Matlale Phriskey Mphahlele, James Wabwire Oguttu, Inge-Marie Petzer and Daniel Nenene
Qekwana. 2020. Prevalence and antimicrobial drug resistance of Staphylococcus aureus

isolated from cow milk sample: Veterinary World, vol. 13(12): 2231-091.


http://www.mdpi.com/journal/animals

49

Mbindyo CM, Gitao GC, Mulei CM. 2020. Prevalence, Etiology, and Risk Factors of Mastitis in
Dairy Cattle in Embu and Kajiado Counties, Kenya: Veterinary Medicine Interntionanal
journal, volume 2020/ Article ID. 8831172. https://doi.org/10.1155/2020/8831172
accessed Augest16,2021.

McParland S, Dillon PG, Flynn J, Ryan N, Arkins S, Kennedy A. 2019. Effect of using internal
teat sealant with or without antibiotic therapy at dry-off on subsequent somatic cell count
and milk production. Journal of Dairy Science. 102(5):4464-4475.

Mekibib, B., Furgasa, M., Abunna, F., Megersa, B. and Regassa, A.2010. Bovine Mastitis:

Prevalence, Risk Factors and Major Pathogens in Dairy Farms of Holeta Town, Central
Ethiopia. Journal of Veterinary World Vol. 3(9):397-403

Mekonnen,S.A.,Koop,G.,Melkie,S.T.,Getahun,C.D.,Hogeveen,H. and Lam, T. J. G. M., 2017.
Prevalence of subclinical mastitis and associated risk factors at cow and herd level
indairy farms in NorthWest Ethiopia. Preventive Veterinary Medicine, 145: 23-5877.

Melak Tezera and Endris Aman Ali. 2021. Prevalence and associated risk factors of Bovine
mastitis in dairy cows in and around Assosa town, Benishangul-Gumuz Regional State,
Western Ethiopia. Veterinary medicine and science. 7(4):1280-1286.

Moges,Nebrat Asfaw,Y.and Belihu,K. 2011. A cross sectional study on the prevalence of
subclinical mastitis and associated risk factors in and around Gondar, Northern Ethiopia.
International Journal of Animal Veterinary Advance. 3(6): 455— 459.

Motaung, T., Petrovski, K., Petzer, I., Thekisoe, O. and Tsilo, T., 2017. Importance of bovine
mastitis in Africa. Animal Health Research Reviews, 18(1): 58-69.

Mpatswenumugabo, L. C. Bebora, G. C. Gitao, V. A. Mobegi, B. Iraguha, O. Kamana, and B.
Shumbusho. 2017. Prevalence of Subclinical Mastitis and Distribution of Pathogens in
Dairy Farms of Rubavu and Nyabihu Districts, Rwanda. Journal of Veterinary Medicine
Volume 2017, Article ID 8456713, 8 pages.

Nahom Belay, Nejib Mohammed, Wasihun Seyoum. 2022. Bovine Mastitis: Prevalence, Risk
Factors, and Bacterial Pathogens Isolated in Lactating Cows in Gamo Zone, Southern
Ethiopia. Veterinary Medicine: Research and Reports volume 13:9-19

Naseer MA, Aqgib Al, Ashar A, Saleem MI, Shoaib M, Kulyar MF-A, et al. 2020; Detection of
Altered Pattern of Antibiogram and Biofilm Character in Staphylococcus aureus Isolated

From Dairy Milk. Pakistan Journal of Zoology volume 54 (3):1-9


https://doi.org/10.1155/2020/8831172%20accessed%20Augest16,2021
https://doi.org/10.1155/2020/8831172%20accessed%20Augest16,2021

50

National Committee for Clinical Laboratory Standards (NCCLS). 2014. Performance Standards
for Antimicrobial Susceptibility Testing. Ninth Informational Supplement, M100-S9,
National Committee for Clinical Laboratory Standards, Journal of biomedical science
and engineering, vol.7 (5)

Nielsen, C., @stergaard, S., Emanuelson, U., Andersson, H., Berglund, B., and Strandberg, E,
2010. Economic Consequences of Mastitis and Withdrawal of Milk with High Somatic
Cell Count in Swedish Dairy Herds. Animal: an international journal of animal
bioscience 4, 1758-1770

Oliveira, C.S.F., H. Hogeveen, A.M. Botelho, P.V. Maia, S.G. Coelho and J.P.A. Haddad. 2015.
Cow-specific risk factors for clinical mastitis in Brazilian dairy cattle. Preventive
Veterinary Medicine, 121, 297-305.

Petersson-Wolfe CS, Mullarky IK, Jones GM. 2010. Staphylococcus aureus mastitis: cause,
detection, and control. Verginia cooperative extension 404-229

Quinn PJ, Markey BK, Leonard FC, Hartigan P, Fanning S, Fitzpatrick Es. 2011. Veterinary
microbiology and microbial disease. John Wiley & Sons;

Quinn, M. E. Carter, B. K.Markey, and G. R. Carter. 2002. Clinical Veterinary Microbiology,
Har Court publishers, Arlington, USA.

Radostitis, O. M., Gay, C. C., Hinchcliff, K. W. and Constable, P. D. 2007. Mastitis. In:
Veterinary medicine: a text book of disease of cattle, sheep, pigs, goats, and horses 10th
edition, Ballier, Tindall, London. Pp 674-762.

Rahman M, Momu JM, Adnan MR, Talha MH, Rahman MU, Ahmad M, Khasnobish A, Sabur
A, Rahman A. 2017. Prevalence of mastitis in dairy cows in selected areas of sylhet
district. International Journal of Advance Research Publisher. 1: 95-98.

Rahmeto A., Hagere H., Mesele A., Bekele M. and Kassahun A. 2016. Bovine mastitis:
prevalence, risk factors and isolation of Staphylococcus aureus in dairy herds at Hawassa
milk shed, South Ethiopia. BMC Veterinary Research, Biomedical Central series — open
access 24 (1), 52-68

Rahmeto Abebe, Mesele Abera , Yifat Denbarga , Mishamo Suleyman , Amene Fekadu , Fufa
Abunna , Adugna Abebe , Demisie.2020. Prevalence, risk factors and bacterial causes of

bovine mastitis in southern Ethiopia: Ethiopian Veterinary Journal vol. 24 (1), 52-68.



51

Rainard P, Foucras G, Fitzgerald JR, Watts JL, Koop G, Middleton JR. 2018. Knowledge gaps
and research priorities in Staphylococcus aureus mastitis control. Transboundary
Emergency Disease 65:149-165.

Rambabu K, Sreenu M, Suresh RVK, Rao TSC. 2011. Incidence of udder and teat affections in
buffaloes. Tamilnadu Journal of Veterinary and Animal Science 7(6):309-311.

Rania M. Ewida and Amira A. T. Al-Hosary. 2020. Prevalence of enterotoxins and other
virulence genes of Staphylococcus aureus caused subclinical mastitis in dairy cows:
Veterinary World, 2231-0916.

Rebeka S., Beena S., Ragini K., Vineeth M.R., Archana V. & |. D. Gupta. 2019. Effect of
season, stage of lactation, parity and level of milk production on incidence of clinical
mastitis in Karan Fries and Sahiwal cows. Biological Rhythm Research, DOI:
10.1080/09291016.2019.1621064

Regasa Sema, Mengistu Shemallis, Abraha Ashebir. 2019. Milk safety assessment, isolation, and
antimicrobial susceptibility profile of staphylococcus aureus in selected dairy farms of
Mukaturi and Sululta Town, Oromia Region, Ethiopia. Veterinary Medicine
Internationaal :pp. 1-11:https://doi.org/10.1155/2019/3063185

Rollin E, Dhuyvetter KC, Overton MW. 2015. The cost of clinical mastitis in the first 30 days of
lactation: An economic modeling tool. Journal of Preventive Veterinary Medicine
122(3):257-264.

Ruegg, P. 2017. A 100-Year Review: Mastitis detection, management, and prevention. Journal
of Dairy Science, 100: 10381-10397.

S. Kour, N. Sharma, Z.1. Huma, S. Devi, T. Ahmed, R. Singh et al. 2020. Prevalence of mastitis
in cow heifers and associated risk factors in Himalayan region, India: Journal of
Environmental Biology, Vol. 41, 796-802.

Seyoum, B., Kefyalew, H., Abera, B., & Abdela, N. 2018. Prevalence, risk factors and
antimicrobial susceptibility test of Staphylococcus aureus in Bovine cross breed mastitic
milk in and around Asella town, Oromia regional state, southern Ethiopia. Acta Tropica,
177, 32-36.

Shaheen M., Tantary H. and Nabi S. 2016. A Treatise on Bovine Mastitis: Disease and Disease

Economics, Etiological Basis, Risk Factors, Impact on Human Health, Therapeutic



52

Management, Prevention and Control Strategy. Journal of Advance Dairy Research., 4:1
DOI: 10.4172/2329-888X.1000150 29 accessed July 6, 2021

Sinha MK, Thombare NN, Mondal B. 2014. Subclinical mastitis in dairy animals: incidence,
economics, and predisposing factors. Scientific World Journal. Volume 2014/Article
1D.523984. https://doi.org/10.1155/2014/523984.

Snedecor and Cochran, 1989. Statistical Methods, IBH, New Delhi, India, 8th edition.

Sori, H., Zerihun, A. and Abdicho, S. 2005. Dairy cattle mastitis in and around Sebeta.
International Journal of Applied Research of Veterinary Medicine. 3: 338-341

Steele N, McDougall S. 2014. Effect of prolonged duration therapy of subclinical mastitis in
lactating dairy cows using penethamate hydriodide. New Zealand Veterinary Journal.
62(1):38-46.

Subha Ganguly. 2014. A comprehensive and illustrious review on clinical and diagnostic aspects
of mastitis infection in high yielding lactating cattle: World Journal of Pharmaceutical
Research Volume 3(9), 352-360.

Sutra L, Poutrel B.1994. Virulence factors involved in the pathogenesis of bovine intramammary
infections due to Staphylococcus aureus. Journal of Medical Microbiology; 40(2):79-89.

Tadele Tolosa Fulasa and Feyissa Begna Deressa, 2021. Bovine Mastitis in Ethiopia chapter in
Mastitis in Dairy Cattle, Sheep and Goats. DOI: 10.5772/intechopen.99235

Tassew A, Negash M, Demeke A, Feleke A, Tesfaye B, Sisay T. 2015. 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. Journal of
Veterinary Medicine and Animal Health. 8 (11):1-10. doi:10.5897/JVMAH2015.0422

Tesfaheywet Zeryehun and Gerema Abera 2017. Prevalence and Bacterial Isolates of Mastitis in
Dairy Farms in Selected Districts of Eastern Hararghe Zone, Eastern Ethiopia: Journal of
Veterinary  Medicine  Volume 2017, Article ID 6498618, 1-7 pages
https://doi.org/10.1155/2017/6498618 Accessed July 12/2021.

Teshome Gemechu, Hasen Awel Yunus, Morga Soma and Amare Beyene. 2019. Bovine

mastitis: Prevalence, Isolation and identification of major bacterial pathogens in selected
areas of Bench Maji Zone, Southwest Ethiopia: Journal of Veterinary Medicine and
Animal Health Vol. 11(2), 30-36.


https://www.intechopen.com/books/10589
https://doi.org/10.1155/2017/6498618

53

Thursfield, M. 2005. Veterinary Epidemiology. 3rd. Blackwell science, Ltd., London, UK. 228—
246.

Tolosa T, Verbeke J, Piepers S, Supré K. and De Vliegher S. 2013. Risk factors associated with
subclinical mastitis as detected by California Mastitis Test in smallholder dairy farms in
Jimma, Ethiopia using multilevel modeling. Preventive. Veterinary Medicine; 112:68-75.
DOI: 10.1016/j.prevetmed.2013.06.009.

Vakkame€aki J, Taponen S, Heikkil€a AM, Py€ or€ al€a S. 2017. Bacteriological etiology and
treatment of mastitis in Finnish dairy herds. Acta Veterinary Scandenevia 59(1):33

Van Soest FJS, Mourits MCM, Blanco-Penedo I, Duval J, Fall N, Krieger M, et al. 2019. Farm-
specific failure costs of production disorders in European organic dairy herds. Preventive
Veterinary Medicine 168:19-29.

Van Soest, F., Santman-Berends, 1., Lam, T. and Hogeveen, H., 2016. Failure and preventive
costs of mastitis on Dutch dairy farms. Journal of Dairy Science, 99(10), 8365-8374.

Wald, R., Hess, C., Urbantke, V., Wittek, T., Baumgartner, M. 2019. Characterization of
Staphylococcus species isolated from bovine quarter milk samples. Animals 9, (5):200

Weldemelak Girmay, Getachew Gugsa , Habtamu Taddele, Yisehak Tsegaye, Nesibu Awol,
Meselu Ahmed, et al. 2020. Isolation and Identification of Methicillin-Resistant
Staphylococcus aureus (MRSA) from Milk in Shire Dairy Farms, Tigray, Ethiopia:
Veterinary Medicine International Volume 2020, Article 1D 8833973, 7 pages

Yang, F.L., C. Shen, B.X. He, Y.Y. Yang and X.S. Li.2015. The prevalence of heifer mastitis
and its associated risk factors in Huanggang, Central China. Tropical Animal Health
Production, 47, 87-92.

Zaatout N, Ayachi A, Kecha M. 2020. Staphylococcus aureus persistence properties associated
with bovine mastitis and alternative therapeutic modalities. Journal of Apply
Microbiology. Volume. 129(5):1102-1119

Zeryehun T, Aya, T. and Bayecha, R. 2013. Study on prevalence, bacterial pathogens and
associated risk factors of bovine mastitis in small holder dairy farms in and around Addis
Ababa, Ethiopia. The Journalof Animal & Plant Science. 23(1):50-55View at Google
Scholar - View at Scopus

Zhang L, Gao J, Barkema HW, Ali T, Liu G, Deng Y, Naushad S, Kastelic JP, Han B. 2018b.
Virulence gene profiles: alpha-hemolysin and clonal diversity in Staphylococcus aureus
isolates from bovine clinical mastitis in China. BioMed Central Veterinary Research.
14(1):63



54

8. APPENDIX
Blood Agar Base (infusion Agar)
Directions:
Suspend 40.0 grams in1000 ml distilled water.
Heat to boiling to dissolve the medium completely.

Sterilize by autoclaving at 15 Ibs pressure (121 °c) for 15 minutes cool to 45-50 °c and
aseptically add 5% v/v sterile defibrinated blood. Mix well and pour into sterile petri plates.

Uses:

For isolation and cultivation of many fastidious pathogenic microorganisms after addition of
blood.

Standard Formula

Ingredients Grams/liter
Meat infusion# 10.0
Tryptose 10.0
Sodium chloride 5

Agar 15.0

Final PH (at25 %) 7.3 +0.2
Formula adjusted, standardized to suit performance parameters.

#Equivalent to Beef heart peptone.
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For in vitro Diagnostics

Country of origin- India.

2. MANNITOL SALT AGAR (MSA)
(CHAPMAN MEDIUM), (EUR PHARM)

For the isolation of and enumeration of pathogenic staphylococci from clinical samples and other
materials. Suspend 111 grams of the medium in one liter of distilled water were mixed well and
dissolved by heating with frequent agitation. Boil for one minutes until complete dissolution.
Finally the boiled medium were sterilized in autoclave at 121 ° for 15 minutes. It were cooled at

45-50 °c. Then it was mixed well and dispense into plates.
Compositions

Formula in grams per liter of distilled water

Ingredients: Grams/liters
Sodium chloride 75.0
D-Mannitol 10.0
Pancreatic Digest of casein 5.0

Peptic Digest of animal tissue 5.0

Beef extract 1.0

Phenol red 0.025
Bacteriological Agar 15.0

Country of origin India
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2. NUTRIENT AGAR MEDIUM
Directions:
Suspend 37.0 grams in 1000ml purified /distilled water.

It was heated to boiling to dissolve the medium completely. It was sterilized by autoclaving
at A 115 % for 30 minutes or alternatively at 15 Ibs Pressure (121 °c) for 15 minutes or as

validated cycle. A Corresponds to Ibs pressure.

Standard formula

Ingredients Grams/liters
Peptone 10.00

Beef Extracts 10.00
Sodium chloride 5.00

Agar 12.00

PH after sterilization 7.3+0.1

Formula adjusted, standardized to suit performance parameters.
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APPENDIX-2

QUESTIONNAIRES (Individual animals)
General Information

District , Kebeles , Name of Animal owners , phone

number

Put(x) mark in space provided for closed ended questions.

1. What is breed of the animal/cow?

2. Age of the animals/cow grouped under

Young , Adult any others

3. What is the lactation stage of the cow? Early , Mid , Late

4. What is parity of the animals/cow is?

5. Is the udder washed before milking? Yes No

When yes, always only when they are dirty , No

6. with what product? Only water , detergents__, Disinfectant___, other, what?
7. Body condition of animal/cow poor , good

8. Are treated cow clearly identified? Yes No

9. Are treated cows are separated from milking cows? Yes , No

10. Is there any dry cow therapy? Yes , No

11. Is your cow have any tick?  Yes , No




12. Do you have tick control activity? Yes , No
13. Isthere any blind teats? Yes_ innumber____ No
14. Is there any teats injuries? Yes , No
15. Are there any house for lactating cow? Yes No
16. What is type of housing?

17. What is type of floor?

Bad concrete _, good concrete_, muddy soil____and any other
18. Milking mastitis cow lastly? Yes __, No

19. Hand pre washing with detergent? Yes_  , No

20. Is the cow fungal pathogen positive? Yes | No

21. Is the cow bacterial positive? Yes , No

22. Do you isolate cow during milking when you know that they are infected with pathogen?

23. Quarters are disinfected after milking a cow? Yes , No
24. Fresh cows are separated from the rest of the group? Yes , No
25. Are treated cows separated from postpartum cows? Yes , No

26. What is treatment outcome of cow?

ANNEX-2: PRODUCTION SYSTEM MASTITIS

1. Is it closed herds for at list one years? YES , No

If it is not being closed herds answer the following questions
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2. Were mastitis records reviewed when the cow were bought? Yes , No

3. How many lactating cow does the herd have?

4. Was a culture for mastitis pathogen made at the arrival of the animals? Yes , No
5. Was a mastitis test for mastitis made when cows entered in lactation? Yes , No
6. If you bought animals what is their origin? A farm , several farms Auction

7. Are cows taken to expositions or other events where they are mixed with other events where

they are mixed with others animals? Yes , No

8. Cows are culled if they have more than cases of mastitis by lactation.
9. Cows are culled if they get more than , lactations.

10. Cows are culled when they show high chronic somatic cell count? Yes |, No

11. Do you isolate the cow during milking when you know that they are infected with pathogen?
Yes , No

12. Quarter are disinfected after milking a cow? Yes No

13. Are treated cows clearly identified? Yes , No

14. Fresh cows are separated from of the group? Yes , No
15. Are treated cows separated from milking cows? Yes , No
16. Are treated cow separated from postpartum cows? Yes , No
17. Frequency of mastitis occurrence in the herd? Yes , No

18. How do you manage this condition in your herd?

19. At what age is most susceptible to the mastitis?
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20. What are the clinical signs that they observe for them to conclude that the condition affecting

the animals is mastitis?

21. Parity of animal (number of time she had calved down)

22. Do you isolates cow with mastitis? Yes , No

MILKING PROCEDURE

23. Type of milking: Manually , Mechanical

24. The milker’s have been trained in the last years?

25. What is the sex of the milker’s? F , M

26. Milking with calf?

27. Milking protocols are written?

28. Do you apply oxytocin before milking?

29. How frequently do you milk your cows?

30. Are fist lactation cows separated from older lactating cow?

31. What is total number of adult cows (all lactation, milking and dry) cows on your her?

32. What is the number of milking cows?

33. How often do you scrape out the dirty bedding from your milking cows?

34. Are dry cows (far- off) pre fresh cows (close-up) kept in separate group?

Treatment and procedure
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35. What is response of mastitis to treatment? Good , poor

Appendex 3- important laboratory procedure

Reagents Used in Gram Staining

Crystal Violet, the primary stain
lodine, the mordant
A decolorizer made of acetone and alcohol (95%)

Safranin, the counterstain

Gram staining procedure

A w npoE

N o

8.

Take a clean, grease free slide.

Prepare the smear of suspension on the clean slide with a loopful of sample.

Air dry and heat fix

Crystal Violet was poured and kept for about 30 seconds to 1 minutes and rinse with
water.

Flood the gram’s iodine for 1 minute and wash with water.

Then ,wash with 95% alcohol or acetone for about 10-20 seconds and rinse with water.
Add safranin for about 1 minute and wash with water.

Air dry, Blot dry and Observe under Microscope.

Interpretation

The Grams stain smears from typical colonies that were show Gram-positive cocci occurring in

bunch, grapelike irregular clusters were taken as presumptive S. aureus.

BIOCHEMICAL TEST

Catalase test

Procedure of Catalase Test

Tube Method

1.

Pour 1-2 ml of hydrogen peroxide solution into a test tube.
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3.
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Using a sterile wooden stick or a glass rod, take several colonies of the 18 to 24 hours test
organism and immerse in the hydrogen peroxide solution.

Observe for immediate bubbling.

Slide Method

1.

2.
3.

Use a loop or sterile wooden stick to transfer a small amount of colony growth in the
surface of a clean, dry glass slide.
Place a drop of 3% H,0, in the glass slide.

Observe for the evolution of oxygen bubbles.

Positive- formation of bubble within few second whereas, Nagetive is has not formation of

bubble.

#+ Staphylococcus (catalase positive

Coagulase test

Procedure and Types of Coagulase Test

Slide Test (to detect bound coagulase)

1.
2.

Place a drop of physiological saline on each end of a slide, or on two separate slides.
With the loop, straight wire or wodden stick, emulsify a portion of the isolated colony in
each drops to make two thick suspensions.

Add a drop of human or rabbit plasma to one of the suspensions, and mix gently.

Look for clumping of the organisms within 10 seconds.

No plasma is added to the second suspension to differentiate any granular appearance of

the organism from true coagulase clumping.

Tube Test (to detect free coagulase)

1.

Dilute the plasma 1 in 10 in physiological saline ( mix 0.2 ml of plasma with 1.8 ml of
saline).

Take 3 small test tubes and label as T (Test), P (Positive Control) and N (Negative
Control). Test is 18-24 hour broth culture, Positive control is 18-24 hr S. aureus broth
culture and Negative control is sterile broth.

Pipette 0.5 ml of the diluted plasma into each tube.
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4. Add 5 drops (0.1 ml) of the Test organisms to the tube labelled “T”, 5 drops of S. aureus
culture to the tube labelled “P” and 5 drops of sterile broth to the tube labelled “N”.

5. After mixing, incubate the three tubes at 35-37 Degree Celsius.

6. Examine for clotting after 1 hours. If no clotting has occurred, examine at 30 minutes
intervals for up to 6 hours.

Interpretation of Coagulase Test

Positive- Those forming Clumping of cocci were taken as coagulase positive S. aureus (Quinn et
al., 2002).



1.Diagnosis of of SCM / CMT
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Clinical Examination of Udder
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2. Enrechment medium
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3. Selctive medium

Pure calture on nutrient agar medium
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4. Biochemical test
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Slide coagulase test
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tube coagulase test

VIACHER"400 CIRCULATOR
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Catalase Test




5. Microscopic morphology of staphylococcus

Morphology of bacteria
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Grape like shape of cocci
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7. Antibiotic susceptibility test
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