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ABSTRACT

Current study was planned with the objective of isolation of maor bacteria
from cases of mastitis from lactating cows and buffaloes, thereafter isolation of
bacteriophages against these bacterial isolates from samples of animal wastewater to
assess the in vitro antibacterial potential of phage isolates. For this, collection,
isolation and preliminary characterization of major bacteria (Staphylococcus aureus
and E. coli) from milk samples of clinica mastitis (CM) and sub-clinical mastitis
(SCM) cases from various farms and goshalas in and around Mathura, U.P. India was
conducted and antibiotic sensitivity testing was performed. After this, isolation and
characterization of specific phages from various locations including goshala/farms
was attempted as part of a search for phages which might prove useful as anti-
bacterial agents against mastitis pathogens. To achieve this, atotal of seven hundred
seventy composite milk samples from lactating cows and buffal oes were screened for
SCM and CM and tested for bacteria isolation. The prevalence of SCM in lactating
cows was found to be 32.94% by CMT and 50.9% by SCC, while in buffaloes
23.43% by CMT and 29.68% by SCC. The prevalence of CM was 87.5% in lactating
cows and 73.47% in lactating buffaloes. Among 770 lactating cows and buffaloes,
61.94% animals were found positive for bacterial growth and no bacteria could be
isolated from 38.06% animals. In the present study, a total of 85 S aureus, 271
Coagulase negative Staphylococci (CNS) and 121 E. coli isolates were recovered.
When antibiotic susceptibility testing was done, antibiotic resistant strains of S
aureus (resistant to kanamycin, methicillin, vancomycin and cotrimoxazole) and E.
coli (resistant to ampicillin, amoxycillin, penicillin, methicillin and co-trimoxazole)
were recovered. Among coagulase negative staphylococci, 100 % resistance was
recorded against methicillin and co-trimoxazole, while more than 50% resistance was
observed against ampicillin, amoxycillin, ampicillin/sulbactum, amikacin,
erythromycin, gentamicin, kanamycin, penicillin-G, chloramphenicol, streptomycin,
tetracycline, vancomycin, ceftriaxone, cefotaxime including methicillin and co-
trimoxazole.

For rapid and preliminary detection of Staphylococcal phage and coliphage, a
total of 55 representative samples of animal wastewater (urine/dung) constituting
various body excretions of animals (cattle, buffalo, goats, sheep and poultry) were
collected from various places including ILFC faam DUVASU Mathura, TVCC,
DUVASU Mathura, different Goshalas of Mathura, Barsana, Goverdhan and
Vrindavan, Goat farm, Sheep unit and Poultry farm. For rapid detection of phages,
among 55 samples of wastewater, 45 (81.8%) samples were found positive by
turbidity reduction method, while 30 (54.5%) were positive by spot inoculation
method. A total of 51 phage isolates were obtained including 21 phage strains isolated
against S. aureus while 30 against E. coli. Phage isolates (SaD;, SaD,, SaD3, EcDy,
EcD,, and EcD3) were tested against bacterial isolates of S aureus (85) and E. coli
(121) to assess the in vitro Iytic activity as a means of phage sensitivity testing and
maximum lytic efficacy was shown by EcD, (100%), followed by EcD; (94.21%),
EcD; (90.08%), SaD; (81.17%), SaDs (78.64%) and SaD, (75.29%). Electron
microscopic findings indicated that coliphages belonged to family Sphoviridae.
Coliphages were found more efficacious and can be explored for cocktail preparation
in treating cases of SCM and CM.

This study provided first ever effort in Bra region (U.P.) focusing on
investigation of the in vitro lytic strength of bacteriophages as natural antibacterial
agents against S. aureus and E. coli involved in bovine mastitis.






CHAPTER-1

INTRODUCTION

Mastitis is considered as one of the expensiveade® of milch animals in
dairy sector which affect the profitability of regr animals, in terms of production
losses (Seegers et al., 2003). Bovine mastitihiesinflammation of one or more
guarters of the bovine mammary gland/udder caugdzhbteria and/or yeast or molds
and aggravated by physical/environmental factdes frauma, extreme weather, soil
and contaminated water. The term ‘mastitis’ is i from two latin words;
Mammae (Mammae=mammary gland) and itis (ltis=inflaation). Mastitis is
characterized by warm reddish painful swellinge#ttudder/quarter and deterioration
of milk quality as well as reduced milk yield inetlaffected animals (Khan and Khan,
2006). Inflamed udder reduces the cost of animahe animal market and exerts
economic burden over the owners along with expeokegatment costs (Bansal and
Gupta, 2009). Mastitis, not only causes loweredkmiloduction but if not treated
timely may lead to loss of functional quarter amaleath of cow (Abebe et al., 2016;
Dufour et al., 2019).

Mastitis is categorized into clinical mastitis (CMyub clinical (contagious)
mastitis (SCM) and environmental mastitis (Sudhaeh &harma, 2010). Clinical and
subclinical mastitis are with known aetiology ofshdactors while environmental
mastitis is related to the ambient environment. €heironmental mastitis is caused
by bacteria which spread primarily outside of thakimg parlor i.e. the causative
bacteria spreads from the cow’s environment suclbeailing, soil, manure, etc.
(Garcia, 2004; Al-Haddadi et al., 2020). CM cam ibentified easily based upon
clinically visible symptoms in terms of udder inflmation showing redness in
affected part or complete udder, warmth, swellpan upon touch, presence of clots
in milk, discoloration of milk and change in corieiscy of milk. Usually 5-10%
mastitis cases are of CM type. The general sympamasncreased body temperature
(> 39.5°C) and loss of appetite. As per the sgvand intensity of symptoms, clinical
form can be sub-categorized into mild, moderate sakre. In mild form of CM,
colour, volume and consistency of milk gets abnadrmamoderate form, swelling of

the teat or udder, warmth, pain and redness magvident, while the severe form of
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CM is characterized by acute toxic mastitis depgtsymptoms of fever, anorexia
and shock. Acute form of mastitis needs immediateective measures as compared
to chronic form (Sol et al., 2000).

As compared to clinical form, in SCM no clinicalsible symptoms appear,
however, change in milk composition can be an itdicsign with increased somatic
cell count (SCC). Somatic cells are largely leukesyincluding neutrophils,
macrophages, lymphocytes and sometimes alveoldhedipi cells as a part of
defence mechanism to fight local infection and supfast healing of damaged teat
or udder tissue (Bradley and Green, 2005; AkersNicerson, 2011). The SCC in
the milk should be less than 2 lakh per ml in tldelar of healthy cow. Studies
suggested that milk samples with SCC between Dt@akh per ml have been found
to be infected with coagulase-negative staphylacehlS), Slaphylococcus aureus
(S aureus) along withStreptococcus spp (Plastridge, 1958; Malinowski et al., 2006).
As the animal remain apparently healthy and milesss normal, SCM is recognized
and confirmed by laboratory examination of milk [y animal-side tests such as
California mastitis test (CMT) followed by laborayoisolation of bacterial agent.
SCM causes three times more production loss than &Mce is responsible for
significant economic loss (60-70%) of total econonbsses associated with all
mastitis infections (Samanta and Prasad, 1998; lizgher et al., 2012; Sinha et al.,
2014; Mpatswenumugabo et al., 2017). Major findnotaden witnessed in cases of
SCM is due to reduced milk production (78%), cddreatments (8%) and culling of
affected animals (14%) (Abrahmsen et al., 2012; &onet al., 2018). During the last
century, significant advances to control mastitevén been made but changing
population dynamics and variable herd structure emtila complicated disease and
continues to remain a foremost problem of small lange dairy industry (Bergonier

et al., 2003). Thus, further extensive researc¢hemarea is demanded (Ruegg, 2017).

Mastitis is one of the largest production concemsthe dairy sectors
worldwide (Aghamohammadi et al. 2018; Dalanezilgt2920). Mastitis has a long-
lasting effect on the milk yield because the cohat tencountered mastitis in past
generally do not recuperate pre-mastitis milk seild their rest part of the lactation
after onset of the disease (Rajala-Schultz etLl@b9). Inspite of following advanced
management practices in the cattle and buffalarmgan dairy sector, mastitis is still

a daunting disease and among the major economiessd farmers and dairy owners.
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Although, the cost of mastitis involving varioustiars may vary from farm to farm
and from country to country, but the financial bemdcausing monetary and animal
losses are more or less similar in all countriealgsia et al., 2007; Azooz et al.,
2020). In cattle and buffalo, mastitis is an impatteconomic problem of most of the
developing as well as developed countries includimiia (Tiwari et al., 2013; Das et
al., 2018), Canada (Aghamohammadi et al., 2018ym@ey (Hamann, 2001),
Bangladesh (Kader et al., 2002), United Kingdomn(iBt et al., 1999), Netherlands
(Hogeveen et al., 2011), United States (Hadrichl.et2018) and Kenya (Anakalo et
al., 2004;Mbindyo et al., 2020). Also, it has beeported that bovine mastitis is
associated with a daily loss of 1.0 to 2.5 kg okrduring the first 2 weeks following
the onset, and a total loss of 110 to 552 kg milkrdy the entire period of lactation
depending upon the parity and time of occurrencgalR-Schultz et al., 1999). In
India, the economic losses are due to mastitibasiaRs. 57.5 crore per annum which
can be ascertained from the estimation that masgtiuces milk production by 21%
(https://shodhganga.inflibnet.ac.in/). India rankédp among milk producing
countries (including cattle and buffalo milk protioa) and hence mastitis is very
important disease to be considered in India havamgest population of bovines
(Bradley, 2002). In addition to the economic losstbe consumption of mastitis
affected milk is harmful and is a major public hkatoncern/hazard (Auldist and
Hubble, 1998). Also, the antibiotic residue in mitkue to injudicious use of
antibiotics to treat and prevent mastitis is anangnt concern for human health.
Another aspect of worry is the possibility of tremssion of zoonotic threats due to
consumption of mastitis affected animal’s milk. hthe milk of affected animal can
neither be consumed nor the animal is preferreds&be and therefore no profit is

generated, moreover such situation add on burd#drettarmers and dairy owners.

Mastitis is a multi-etiological disease and somesnflawed milking habits of
milkers and defective machine milking techniquesodhvour the pathogens to gain
entry inside the udder to propagate and producditisasAs vacuum pressure is
applied, this may broaden the teat orifice and bemake animal more prone to
contagious and environmental mastitis (Mein et200Q1, 2004; Tiwari et al., 2013).
The involvement of bacterial agents in mastitischegy was first discovered in 1887
but major pathogenic bacteria involved were congdnmearly around 1940s (Watts,

1988). According to the available literature, mtivan 137 species and subspecies of
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microbes including bacteria, fungi and viruses barassociated with udder infection
(Blajan, 1985; Kirk and Bartlett, 1986; Singh anddh, 1994; Rajala-Schultz et al.,
1999; Ndlela et al., 2016; Mbindyo et al., 202@).clinical form of mastitis, mostly
Saphylococcus or Escherichia coli (E. coli) bacteria overcome the normal microbiota
of udder (Bradley and Green, 2001; Demme and AheZa¥5). The most common
bacteria involved areS aureus, Streptococcus agalactiae (Str. agalactiae),
Streptococcus pyogenes (Sr. pyogenes), Corynebacterium pyogenes (C. pyogenes), E.
coli, Klebsiella pneumoniae (K. pneumoniae), Klebsiella oxytoca (K. oxytoca),
Enterobacter aerogenes, Pasteurella spp etc (Green and Bradley, 2004; Bradley et al.,
2007). Among the contagious pathogens, the mostnmmmareS. aureus, Sr.
dysgalactia and Str. agalactiae, and S. aureus is the predominant organism, while
major environmental pathogens are member&mérobacteriacae particularly E.
coli, and Sr. uberis. Usually, subclinical mastitis and intra-mammaryeitfons in
heifers during calving are predominantly causedONS leading to heifer mastitis
(Pyorala and Taponen, 2009 primiparous cows, the highest incidence of itiast
is caused bys. aureus, Klebsiella spp. ancE. coli. In older cows, significant losses
are caused due to infections Blyeptococcus spp., Arcanobacterium pyogenes, S.
aureus, Klebsiella spp., andE. coli (Dufour et al., 2012). Overals. aureus, Str.
agalactiae, and Str. uberis are the most common pathogens causing mastitige wh
coliform mastitis accounts for 16.4% of the totahstitis cases (Grohn et al., 2004;
Petersson-Wolfe et al., 2010; Vakkamaki et al.,720uesch-Inderbinen et al., 2019;
Yu et al., 2019). Also, it has been proposed #ithter because of establishment of
udder infection normal microbiome get upset duevkoch opportunistic pathogens
prevail and mastitis is developed, or due to prgémhantimicrobial therapy normal
inhabitant of udder get disturbed, hence mastégirs and establishes (Ruegg, 2012;
Oikonomou et al., 2014; Falentin et al., 2016; Hogtial., 2019). Once established, if
mastitis persists due to consistently disturbedmabrmicrobiota and presence of
pathogenic bacteria for long, it may convert inézurrent clinical mastitis (RCM)
(Derakhshani et al., 2018; Hoque et al., 2020).

As time progressed, anti microbial therapy was madglable by 1945, but it
was not effective against all mastitis pathogertne fiecognition of the multi-factorial
etiology of bovine mastitis in the 1960s paved vi@yfurther research in mastitis and

since then research is going on in identifying tteusal agents and finding
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appropriate therapy to cure and control mastits.pfevent the mastitis, along with
management practices antibiotic therapy is the midly used procedure to control
infection. Bovine mastitis is treated through matien via intramammary route
along with intramuscular (/M) administration oftdmotics. Both routes are preferred
over single route to achieve the effective con@giain of antibiotics in the udder.
Moreover, high doses of antibiotics negatively uefice milk quality and antibiotic
residues in the milk are another problem. Resessclave documented that
development of multidrug resistance bacterial sgrabtained from cases of SCM and
CM are growing and spreading world-wide. As hostthpgen and environment all
three components are responsible for the outcomeidoler infection. Bacteria
undergo many drastic changes to survive the perddsarvation which increases
their resistance to a variety of environmental itss@Kolter, 1992). Now-a-days,
antibiotics have been so overused in medicine andjrawth promoters in farm
animals that many potentially pathogenic bactepecigs are becoming resistant to
them (WHO, 2014). In current situation, occurreéanulti drug resistant (MDR)
strains, Methicillin resistant Saphylococcus aureus (MRSA), vancomycin-
intermediateS. aureus (VISA), vancomycin-resistant. aureus (VRSA), livestock
acquired (LA), community acquired (CA) and humaguaed (HA) resistant strains
of bacteria are grave concern emphasizing the si#gesf adopting appropriate
effective control strategies (Walther et al., 20@én Loo et al., 2007; Fessler et al.,
2012). As resistance to antibiotic therapy and nemd resistant strains of bacterial
pathogens are consistently increasing with the titherefore alternative means of
disease control have become essential (Shi €@lQ; Gomes and Henriques, 2016;
Francoz et al., 2017). One of the effective, natuiendly alternatives way is to
explore natural enemies of bacteria, such as baptexges or phages for biological
control of various bacterial infections like woundgpticemia, meningitis, diarrhea,
metritis and mastitis (Slopek et al., 1987; Smitid &luggins, 1987; Barrow et al.,
1998; Hanlon, 2007; Tiwari and Hirpurkar, 2011; amwet al., 2014; Titze et al.,
2020). The alarming increase in antibiotic resistatcteria coupled with problems of
antibiotic residues has proved renewed interephamge therapy (Dixon, 2004). It is,
thus, foresighted that phage ‘the real conquerdyagteria’ will provide potential tool
to face the crisis of antibiotic overuse and wiltedy be the best choice to replace
antibiotics for sustainable livestock productiorddmuman welfare (Douglas, 1975;
Lorch, 1999; Weinbauer, 2004; Bolte et al., 2026n&et al., 2020).
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In 1896, Hankins studied the effect of water okrivcanga and Yamuna of
India onVibrio cholerae and revealed that the holy water of these riverssgssed
marked antibacterial activity (Hankin, 1896). Harsk(1896) also documented that,
what so ever the antibacterial agent was; it Kepicholera epidemic away from being
spread through ingestion of water from these rivehgs opinion invited a great many
scientists to come forward and ponder over theasdn. A British bacteriologist,
Twort (1915) appeared as first person to recogtisse agents as viruses which
infect bacteria, followed by D'herelle in 1917, whiotually gave them the name
Bacteriophage (D'Herelle et al., 1922). Phages caleured in host bacteria by
conventional microbiological methods. They are tded and classified primarily by
their morphology in electron microscopy (EM), plagghole or clear areas of
bacterial lysis developed over bacterial lawn asesult of phage replication)
morphology and bacterial host range (AckermannNgulyen, 1983). Most of phages
belong toSphoviridae group (61.7%), followed bivyoviridae (24.5%),Podoviridae
(13.9%),Leviviridae andMicroviridae. On account of their cosmopolitan distribution,
the phages have had a profound positive impacthenréduction of microbial
population in the poultry and animal houses. Theyndt let bacteria to grow and so
they became part and parcel of natural check almh&a (Ngassam-Tchamba et al.,
2020). Bacteriophages are specific for their tadggtterium and hence create no
negative impact on the surrounding mammary tissuabe environment and hence
can also be used as udder wash before milkingegsate safe for animals, handlers
and ecosystem. Narrow spectrum host specific phkijesnly target bacterium in
exponential mode until all the similar strains a@icteria get destroyed; this property
makes them a potential candidate against the pathogacteria (Carson et al., 2010;
Kasman and Porter, 2020). Such remarkable bendiggnguish bacteriophage
therapy from antibiotic therapy and make the phageideal candidate for the
biocontrol of bovine mastitis (Gill et al., 2006&jwari et al. 2014; Ngassam-
Tchamba et al., 2020).

A number of bacteriophages have been isolated awestigated for their
potential in eliminating pathogenic bacteria sustSaaureus andE. coli associated
with mastitis (Barrow, 2001; Kwiatek et al. 2012aP et al. 2013; Porter et al. 2016;
Varela-Ortiz et al. 2018; Ganaie et al. 2018). 8iatt of the evaluations were based
onin-vitro studies, furthem-vivo studies have to be conducted to prove their effica

in clinical cases. Literature reveals that bacrages can be used as a promising
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candidate in preventing infections due to MRSA (W&008). Likewise, researchers
have isolated and characterized novel coli phagesontrol antibiotic-resistant
pathogenic strains d&. coli such as enterohemorrhagdtccoli and enteropathogenic
E. coli (EHEC and EPEC) (Viscardi et al., 2008). Diasle{2013) reported that the
isolated bacteriophages had features like therrpitisgaand high lytic potential
which make them suitable candidates agains&tlaereus antibiotic resistant strains.
As mastitis is mostly poly-microbial disease, hewoektail of lytic phages can be
used more efficiently. When phage cocktails weedusr the treatment & aureus-
induced mastitis in mouse model, it was found sopdp either of the individual
phages used alone (Geng et al., 2020). Howevererly literature regarding the
composition of therapeutic phage cocktail prepamatagainst bovine mastitis is
scanty and no reports of phage therapy againshbawiastitis are available from Braj
region, Uttar Pradesh (U.P.), India. In view of #igove facts, it is imperative that
there is a clear need of a sustainable controboptid manage the mastitis, but at
present no single phage-based commercial produatadable to be used against
bovine mastitis. Hence, appropriate phage/phages teebe identified and tested for
their antibacterial potential under laboratory dtinds at initial level before their
application in the biological system. Thereforeg fresent study was planned and
conducted with the following objectives:
Objectives:

1. Isolation and characterization of the major baatéiaphyl ococcus aureus/E.

coli) from milk samples of mastitis cases of cattle haoffalos.
2. Detection, isolation and characterization of theclyacteriophages against
these bacterial isolates, from samples of animatega
3. Assessment ofin vitro antibiotic sensitivity pattern andh vitro Phage

sensitivity testing against bacterial isolates.






CHAPTER-2

REVIEW OF LITERATURE

2.1 Mastitis: Causative agents and Economic concerns

Mastitis is one among the most economically deviastadiseases of dairy
cows and buffaloes mainly for the small scale ahiomaners in developing countries,
with various levels of economic losses reporteddifferent countries. As it is a
production disease the loss associated with bawiastitis can be reduction in milk
production, poor altered quality of milk and milkeplucts, expenses over preventive
measures of mastitis, treatment cost including obstedication, veterinary services,
culling of infected cows, cost of labour etc. ANey the world researchers have

documented various aspects of mastitis.

Dohoo and Meek (1982) illustrated the role of somegll counts in assessing
the quality of bovine milk as number of SCC usuaélynain below 2 lacs but due to

udder infection, a significant rise in SCC is res.

Harmon (1994) mentioned that there are multipletofac including
physiological and environmental conditions respolesfor change in somatic cell
counts, hence while predicting SCM or CM in corielato SCC, all should be taken

into account.

Honkanen-Buzalski et al. (1994) isolated a totall68 coagulase-negative
staphylococci (CNS) strains from milk samples ofwsosuffering with clinical
mastitis from Ambulatory Clinic, College of Veteary Medicine, Finland and
suggested tha®aphylococcus hyicus, S. ssmulans andS. epidermidis were the most
commonly isolated CNS. CNS induced mastitis moséign during early lactation in

young COws.

Saini et al. (1994) documented the prevalence dinliogy of subclinical

mastitis among crossbred cows and buffaloes inaPastate.

Samanta and Prasad (1998) stated that subcliniasiita causes three times
more production loss than clinical mastitis, ledolssignificant economic loss (60-

70%) of total economic losses associated with aktitis infections.
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Gianneechini et al. (2002) determined the incidenteclinical mastitis,
prevalence of sub-clinical mastitis and identifiedcterial causative agents in the
West Littoral Region of Uruguay. The prevalenceS&M was 52.4% and among
bacterial isolates 62.8% weSaureus isolates, 11.3%reptococcus agalactiae, 8%
Enterococcus sp., 7.4% coagulase-negative staphylococci, 6f#ptococus uberis,

1.8% Streptococcus dysgalactiae and 1.5% weré&. coli.

Boerlin et al. (2003) performed study on isolatafrStaphylococcus spp. from
cases of bovine mastitis and isolated 272 stapbglad isolates from cases of bovine
mastitis, tested for catalase, DNase, and coaguasgity by using two rapid
identification kits for slide coagulase test (Skd&taph Plus kit and RAPIDEC Staph
from Bio-Merieux) and confirmed 159 strainsSéphylococcus aureus.

Burvenich et al. (2003) reported thataureus andE. coli cause mastitis in
dairy cows around parturition and during early a#icin as bacteria, cow and
environmental factors are interdependent and inflaeanimal susceptibility to

mastitis.

Pitkala et al. (2004) selected 3282 cows from 2§ in Finland to conduct
a national survey for estimating prevalence of bevnastitis, to find out distribution
of mastitis pathogens and performed in vitro argiobial susceptibility of different
mastitis pathogens. Somatic cell count, bactersblation and antimicrobial
sensitivity testing was done and obtained resultsewcompared with the previous
results documented in 1995. Findings concluded phexalence of mastitis reduced
from 38% in 1995 to 31% in 2001, presence of ba&ltegents increased notably
from 21.0 to 33.5% and coagulase-negative stapbgtbcwere the most common
bacteria, followed by isolates o8aphylococcus aureus. Result of in vitro
antimicrobial sensitivity testing revealed that 2. S. aureus strains showed
penicillin resistance while it was reduced to 32.08y coagulase-negative

staphylococci.

Adwan et al. (2005) documented that Staphyloco&8.3%) were the
predominant cause of subclinical mastitis, followdw/ coagulase-negative
staphylococci accounted for 35.6%djicrococcus spp (18.3%),Proteous mirabilis
(9.4%) andBacillus spp (4.0%).
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Bradley and Green (2005) suggested that somaticaent of higher than 2
lac cells/ml is an indication of either existingcbexial infection or is linked with

increased susceptibility of animal towards clinicadstitis.

Dhakal (2006) have reported that there is diffeeeimcsomatic cell count of

the milk in normal and subclinical mastitis caseMiurrah buffaloes.

Haltia et al. (2006) collected quarter milk sampiesn 3,166 cows from 25
dairy herds for SCC and bacterial isolation studissults proposed high prevalence
of mastitis as 52.7% milk samples showed SCC mbas 200,000/ml and upon
bacterial analysisStaphylococcus aureus. Corynebacterium bovis and coagulase

negative staphylococci were the most common iselatéacteria.

Joshi and Gokhale (2006) documented that subclimastitis was more
important (10-50% in cows and 5-20% in buffalobgahtclinical mastitis (1-10%) in

India.

Moroni et al. (2006) studied relationship betweeamatic cell count and
intramammary infection in buffaloes and suggestet teviation in values of SCC
can be accounted as important indications of tdd&uinfection.

Batavani et al. (2007) described effect of subcihimastitis on the quality

and composition of milk in dairy cows.

Bradley et al. (2007) screened 97 dairy farms igl&md and Wales for
clinical and subclinical mastitis by collecting mmBamples aseptically and performing
somatic cell counts. Result concluded that mear@mce of clinical mastitis as per
farm records was 47 cases per 100 cows per yede Wwbm sample testing it was
higher with 71 cases per 100 cows per year. Amaugebial isolates, 23.5 % were
Sreptococcus uberis and Escherichia coli were 19.8 %, however most common
isolates from the samples with high cell counts ewetoagulase-negative

staphylococci.

Kivaria and Noordhuizen (2007) performed a studglétermine the etiology
and distribution of bovine clinical mastitis in sithalder dairy herds in Tanzania.
They reported that contagious mastitis pathogen® usolated from 45.6% of the

culture-positive samples, while environmental pgtns were isolated from 48.2%.
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Oviedo-Boyso et al. (2007) evaluated factors ingdhn the immunological
mechanisms against the main pathogenic bactergngamastitis and highlighted the
innate immune response of the mammary gland. Thggested that inflammation is
a consequence of the activity of a number of cetl aoluble factors that function
altogether to eliminate invading microorganisms dadtors involved in such

inflammatory response vary depending upon the fitfes agents.

Sharif et al. (2007) investigated the effect ofesdéy of sub-clinical mastitis
on somatic cell count and lactose contents in thialo milk.

Taponen et al. (2007) based on amplified fragmength polymorphism-
analysis reported that in ovine species intra-mamiimdections caused by coagulase-

negative staphylococci may remain present througtheulactation period.

Miranda-Morales et al. (2008) suggested tHaaphylococcus aureus,
coagulasenegative  Staphylococci  bacteria,Sreptococcus agalactiae, and

Mycoplasma spp. are primarily responsible for clinical anddinical mastitis.

Abdel-Rady and Sayed (2009) performed epidemioddgistudies on
subclinical mastitis over 350 cows of differentdutie and ages in Assiut governorate,
Assiut, Egypt during the period from June 2006 dilly 2007 by using California
mastitis test (CMT) and bacteriological examinatwas conducted. Results revealed
that major causative agents wesaphylococcus aureus, Streptococcus agalactiae
andEscherichia coli with prevalence of 52.5, 31.25 and 16.25%, re$ypalgt

Mdegela et al. (2009) reported prevalence of saleal mastitis (51.6%) and

effect of mastitis on milk quality on smallholdeaid/ farms in Tanzania.

Thorberg et al. (2009) described that subclinicatitis caused by coagulase-
negative staphylococci (CNS) is common in dairy s@md due to enormous number
of species of CNS it is imperative to have knowkdd epidemiology of different
CNS species in dairy herds. Persistent form of lsuibal mastitis is oftenly caused
by Saphylococcus chromogenes, Saphylococcus epidermidis and Staphylococcus

simulans.

Kumar et al. (2010) studied incidence and econdmaspects of clinical

mastitis.
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Nam et al. (2010) determined the distribution dfedent mastitis pathogens in
1255 milk samples from 368 lactating cows on 24yd&rms in Korea during 2008.
Out of 368, 200 (54.3%) cows showed SCC of 2,0068&/ml and out of 1255
milk samples, 356 (28.3%) samples were positivebmrterial isolation and total 415
bacteria were isolated. The most commonly isol&i@cteria was coagulase-negative
staphylococci (40.7%), followed by Gram-negativectbeaa (19.5%) other thahk.
coli, S aureus (12.2%), Sreptococcus uberis (5.3%), Enterococcus spp. (4.8%)E.
coli (4.5%), and environmental streptococci (3.1%) othanS. uberis.

Petersson-Wolfe et al. (2010) elaborated that duedstitis milk yield may
get reduced and quality of milk is also detericdlatess bacterial enterotoxins can

contaminate the milk.

Turkyilmaz et al. (2010) performed molecular idéo#tion of bacterial
isolates obtained from dairy herds with mastitisd asuggested that sub-clinical

mastitis was more common than clinical mastitis.

Piessens et al. (2011) described that there iati@miin the occurrence of kind
of coagulase-negative Staphylococci species inntile and environment of dairy
cows between the herds. They reported ®aphylococcus chromogenes and S.
epidermidis were seldom found in the environment wh8e haemolyticus and S.

simulans were mostly present in the environment

Supre et al. (2011) performed study over threeydhaerds of twenty five
animals in each, reported that among various speck coagulase-negative
Staphylococci;  Saphylococcus ~ chromogenes, Saphylococcus  xylosus,
Saphylococcus cohnii and Staphylococcus simulans were the most prevalent and
among all CNS few species causes persistent infetty affecting udder more than

other CNS species.

Abera et al. (2012) enlisted major causes of mastitd associated risk factors
in smallholder dairy farms in and around Hawassati®rn Ethiopia and mentioned
that incidence of subclinical mastitis was morejfrent than the clinical mastitis.

Abrahmsen et al. (2012) reported prevalence ofIsubal mastitis as 87.9%

in dairy farms in urban and peri-urban areas of Kala, Uganda.
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Carrillo-Casas and Miranda-Morales (2012) studieel prevalence of major
mastitis pathogens responsible for bovine mastitid described their effects on

somatic cell count and on milk production.

Hussain et al. (2012) investigated the biochemmadl cellular changes
occurring in milk due to mastitis by performing @alnia Mastitis Test (CMT) and
somatic cell count on 592 buffaloes and 453 caRlesults revealed that SCC was
higher with considerably higher number of neutrégplais compared to macrophage
and lymphocytes in the milk samples obtained froastitic buffaloes and cattle.

Hussein (2012) described prevalence (38.89%) antefal etiology of sub-

clinical mastitis in dairy cows in district Al-Sutaaniyah in Sudan.

McAdow et al. (2012) reported thapagulase test can differentiate highly
pathogenicS. aureus from comparatively lesser pathogenic strains aplsylococci as
due to deficiency of coagulase-encoding gene CKnstfail to produce coagulase

enzyme.

Shittu et al. (2012) calculated prevalence of dubeal mastitis as 85.3% in
lactating cows in the Savannah Region of Nigerial awescribed risk factors
associated with SCM.

Bardhan (2013) documented the estimates of econm®ées due to clinical

mastitis in organized dairy farms.

Hegde et al. (2013) analyzed the incidence of &uibal mastitis and
distribution of major mastitis pathogens in orgadiZarms and unorganized zones.
Out of 246 milk samples, 323 bacterial isolatesemebtained comprised of 95
aureus, 95 coagulase negative staphylococci (CNS),E4&oli and 85 strains of

streptococci.

Jeykumar et al. (2013) emphasized on increased afskransmission of
communicable diseases such as tuberculosis, boagllstaphylococcal toxemia,

septic sore throat etc through mastitis.

Katsande et al. (2013) calculated prevalence otitisa@1.1%) in dairy cows

from smallholder farms in Zimbabwe.

Kayesh et al. (2014) described that increase inasontell count (SCC) is
helpful in prediction of subclinical mastitis, pided bacterial isolation can be made.
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They have isolate8taphylococcus spp.,Streptococcus spp. andescherichia coli from

cases of clinical and subclinical mastitis.

Sinha et al. (2014) performed study on subclinmaktitis in dairy animals to
assess the incidence and economics of subclirecad bf bovine mastitis in Central
Region of India. They reported the losses due tgtitigin monetary terms were
estimated to be Rs 1390/- per lactation, among hvaround 49% was due to loss of
value from milk and 37% on veterinary expensesskesvere comparatively higher
in crossbred cattle due to their high productioteptal that was affected during
mastitis period. The cost on treatment of an animas approximately Rs 509 /-
including expenditure on medicine (31.10%) and thes¢rvices (5.47%). Antibiotics
not only involve cost but they are not as effectageearlier, hence other therapeutic
modalities need to be explored for the treatmentastitis. He reported that losses

were comparatively higher in crossbred cattle.

Iraguha et al. (2015) estimated the prevalenceowving mastitis and discussed
associated risk factors in dairy cows in Nyagatasrict, Rwanda. They suggested
that coliform mastitis occurs mainly due to contaation of teat/udder from soil and

faecal material.

Patil et al. (2015) analyzed milk samples of faxpparently healthy lactating
buffaloes for subclinical mastitis and clinical mias by performing CMT and SCC
and reported that SCC was higher in buffaloes wilbclinical mastitis than in
buffaloes with normal milk and SCC was higher irfféloes with clinical mastitis

than those with subclinical mastitis.

Abebe et al. (2016) screened 529 lactating cowsSl6M by CMT and
estimated the prevalence and risk factors assdciatth bovine mastitis in dairy
herds at South Ethiopia. Results revealed prevalen@4.7% mastitis at herd-level
and 62.6% at cow-level (59.2 % for sub-clinical a®hd% for clinical mastitis).
Saphylococcus aureus was isolated as an important causative agent ofitsafsom
51.2% of the 172 CMT positive milk samples.

Argaw (2016) reviewed epidemiology of clinical asdbclinical mastitis on
dairy cows, mentioned the prevalence of mastittesand emphasized that antibiotic

resistance is increasing due to inappropriate ushgestibiotic drugs.
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Martins et al. (2016) evaluated the microbiologipabfile of milk samples
collected before and after mastitis treatment wggntamicin and investigated
antimicrobial susceptibility o&taphylococcus spp. They isolated 210 bacterial strains
from milk samples of cows tested for clinical amtbdinical mastitis and showed that
among bacterial isolates, Coagulase-negative siagdgci (CNS) were the most

frequent (47.61%) among the 63 (30.013@phyl ococcus spp. recovered.

Sanotharan et al. (2016) investigated prevalensiloélinical mastitis (SCM)
by CMT in 152 lactating cows of Batticaloa Distri@ri Lanka. CMT positive milk
samples were processed for microbiological andhgotcal analysis. Result revealed
66 lactating cows (43%) were positive to CMT, hoere®3.9% samples showed
bacterial growth upon culturing an8aphylococcus spp. (90.5%) was the most
frequently isolated genera.

Gogoi et al. (2017) assessed the prevalence ofisigat mastitis in 92 (local
and cross bred) cows belonging to unorganized farfridorth Lakhimpur town in
Assam. Milk samples were collected from 92 cows (1856 %) cows were found
CMT positive and out of 18E. coli was isolated from 7 samples (38.88%) and

coagulase negative Staphylococcus spp. from 5 ssn(pr.77%).

Saglam et al. (2017) conducted a study to deterntime role of
Saphylococcus in case of subclinical mastitis. Four hundred laeta cows were
screened by California Mastitis Test (CMT) and baat isolation for confirming
subclinical mastitis. Results showed out of 40@ 28Ik samples were found positive
for sub-clinical mastitis by CMT. A total of 117 94%) Saphylococcus spp. were
isolated, including 76 (64.95%) aS aureus, 74 (63.24%) coagulase-positive
staphylococci and 43 (36.75%) coagulase-negataghgtococci.

Mpatswenumugabo et al. (2017) conducted study irstév¥e Rwanda and
reported the prevalence of subclinical mastitisNBGvas 50.4% and identified
coagulase negative Staphylococci (51.5%gphylococcus aureus (20.6%),
Sreptococcus  species  (10.3%), Bacillus species (10.3%), Streptococcus

agalactiae (5.8%), andescherichiacoli (1.5%) as the causative bacteria.

Zeryehun and Abera (2017) performed study in Eadihiopia to measure
the prevalence of CM and SCM in lactating cows. Pphevalence of clinical and
subclinical mastitis were 12.5% and 51.8%, respelsti and microbiological
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examination of milk sample revealed coagulase meg&taphylococci species (CNS)
as the most predominant (34.2%) species wHiteptococcus faecalis (2.1%) was
identified as the least bacteria.

Jadhav et al. (2018) suggested that SCC is the ommsmonly used single
consistent indicator of udder health after perfongnia study over 214 Holstein
Friesian crossbred dairy animals and reported eshtimid value of 3,10,000 somatic

cells/ml of milk to differentiate case of sub-ctial mastitis from normal milk.

Romero et al. (2018) conveyed that subclinical mag6CM) causes most of
the financial losses due to reduced milk productit8o), cost of treatments (8%)
and culling (14%).

Fahim et al. (2019) isolateH. coli strains from thirty lactating cows and
fifteen lactating buffaloes from five dairy farms éstimate the prevalence Bf coli
in case of sub-clinically mastitis (SCM) and aldadsed antibiogram oE. coli
isolates. Before attempting bacterial isolatior, rallk samples were screened by
California Mastitis Test (CMT) and somatic cell oo (SCC) techniques for SCM.
They reported recovery d&. coli from 50% composite milk samples of cows and
buffaloes both.

Nuesch-Inderbinen et al. (2019) isolated 82 strahsE. coli from milk
samples of bovine mastitis cases of cows and asbdbe antibiogram. Result of
ABST showed resistance of 22 % to ampicillin andb1% to tetracycline. They were
susceptible to most of antibiotics and few strast®owed mild resistance to

gentamicin (3.7 %), amoxicillin/clavulanic acid426) and ceftiofur (1.2 %).

Yu et al. (2019) documented high incidenceEotoli from 750 bovine milk

samples from mastitis cases in China.

Mbindyo et al. (2020) investigated the prevalennd atiologies of clinical
and subclinical mastitis in Kenya by screening 8aby cows for subclinical mastitis
by using the California mastitis test (CMT) andtieaal isolation. The result revealed
overall prevalence of mastitis based on CMT andicd examination was 80%
(316/395), out of which 6.8% (27/395) was clinicastitis, while 73.1% (289/395)
was subclinical mastitis. Based on culture, thelpngéinant bacteria were coagulase-
negative Staphylococci (CNS) with 42.8% (435/101d@)owed by Streptococcus
species with 22.2% (226/1016) Staphylococcus aureus with 15.7% (160/1016),
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Pseudomonas aeruginosa with 5.1% (52/1016), andenterobacter species 0.7%
(7/1016), while 23.7% of the sample yielded no éaat growth. The findings
suggested a relatively high prevalence of subdinimastitis with CNS as

predominant bacteria.
2.2 Role of antibioticsin controlling SCM and CM

Chandler (1971a and b) performed experimental stodymouse model

against bacterial mastitis to assess the relathieaey of antibiotics.

Sandholm et al(1990) described that many times due to diverseofact
bovine mastitis does not respond to antibioticapgrand hence alternative treatment

options need to be thought of.

Owens (1998) evaluated various antibiotics for gatien of L-forms fromS

aureus isolated from cases of bovine mastitis.

Manie et al. (1999) determined the antibiotic-resise pattern of the
microbes recovered from freshly slaughtered bedfarpasteurized and pasteurized
packaged milk. Obtained bacterial isolates of Sglgocci and Enterobacteriaeae
were checked for resistance spectrum to gentamicmcomycin, streptomycin,
penicillin, methicillin and tetracycline by usinfe disc diffusion susceptibility test.
They suggested that resistant bacteria can beferagd through the consumption of

raw beef and unpasteurized milk to human beings.

Sol et al. (2000) detailed numerous important fact@sponsible for early

recovery of animal after therapy of clinical masttaused b#@aphylococcus aureus.

Gentilini et al. (2002) performed ABST over 123 l&es of coagulase-
negative staphylococci isolated from cases of ciihand subclinical bovine mastitis
in Argentina from March 1998 to March 2000. Isotatef coagulase-negative
staphylococci showed resistance to penicillin  (2e),6 oxacillin (3.2%) and
erythromycin (4.8%), while were sensitive to gentam cephalothin and ampicillin-

sulbactam.

Barkema et al. (2006) documented that successeatig Staphylococcus
aureus associated bovine mastitis depends not only orntlteepeutic regimen but
interplay of cow, pathogenic bacteria and environiredl plays active role in the

recovery of animal.
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Tenhagen et al. (2006) isolated mastitis pathofyens dairy cows and tested
their antimicrobial resistance pattern against Gcted antimicrobial agents in
Brandenburg, Germany. Mastitis pathogens were tsslrom 26.4% of the milk
samples, where 9.1% were coagulase-negative staquvgi and percent & aureus
was 5.7%. Cephalosporins were the preferably used dnd maximum resistance

was shown to ampicillin b$. aureus.

John and Harvin (2007) markedly reported that CiNBich were normally
considered as non-pathogenic, being part of nommatoflora have shown more
resistance to antimicrobials specigfiytactam antibiotics, as compared Soaureus.
Some studies have claimed 90% of oxacillin resg#an CNS and urge the need of
newer antimicrobial agents with effective antistdpboccal activity. As
Staphylococcal biofilm formation is a common featun case of CNS infections,
hence therapeutic agent must have capacity to pé@ehe biofilm in order to inhibit

and eradicate adherent staphylococci.

Sharma et al. (2007) studied prevalence, etiologg antibiogram of
microorganisms associated with cases of sub-climesstitis in buffaloes in Durg,
Chhattisgarh, India.

Kahir et al. (2008) analysed prevalence and riskofa of subclinical bovine

mastitis in some dairy farms of Sylhet districBangladesh.

Rodloff et al. (2008) described basis of tripartassification scheme for
categorization of bacterial strains into susceepfibitermediate and resistant group as

per thein vitro efficacy to the bacterial strain.

Sumathi et al. (2008) investigated prevalence wiiadl mastitis in bovines
and studied the antibiogram of bacterial isolage®vered from mastitis cases.

Koksal et al. (2009) evaluated antibiotic resiseapatterns of 200 strains of
CNS in Turkey in between 1999 and 2006. Among 2085 @solates, most prevalent
species wastaphylococcus epidermidis and 67.5 % CNS were methicillin resistant.
Resistance of CNS to gentamicin was 90% while it @8% to erythromycin.
Likewise 72% to clindamycin, 68% to trimethoprimfamethoxazole, 67% to

ciprofloxacin, 60% to tetracycline, 56% to chlordmepicol and 25% to fusidic acid.
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Nam et al. (2009) determined prevalence and antiiial susceptibility of
gram-negative bacteria isolated from bovine mastitetween 2003 and 2008 in

Korea.

Bal et al. (2010) reported prevalence and antimiedosusceptibility pattern
of Staphylococci and Streptococci from subcliniosstitis cases. A total of, 100
isolates of (CNS) were recovered, which showedstasce of 58% to penicillin-G,

48% to ampicillin and 20% to neomycin.

Virdis et al. (2010) studied antimicrobial resistarpatterns in 2% aureus
and 75 coagulase negative staphylococci (CNS)nstiaolated from milk samples of
goats suffering with subclinical mastitis. ResUitABST depicted that 56.0% &.
aureus and 41.3% of CNS isolates expressed multi-drugsteesce. 28.0% ofs
aureus were resistant to kanamycin, 16.0% to oxytetraogcl and 12.0% to
ampicillin, while CNS showed maximum resistance ampicillin (36.0%) and
kanamycin (6.7%). Findings suggested that among, ©N& strain oBtaphylococcus
epidermidis was resistant to six antibiotics. In the study tlyostrains were resistant
to single drug and multidrug resistance was lesguently observed characteristic.

Bhatt et al. (2011) reported prevalence of clinigatl subclinical mastitis in
cattle to be 5.5% and 15.75%, respectively by u§iafifornia Mastitis Test (CMT)
kit in Anand and in nearby villages of Gujarat. Amgo bacterial isolates,
Saphylococcus aureus, B. pumilus, Staphylococcus chromogenes, Bacillus species,
and Pseudomonas species were recovered. Antibiogram showed highesterial

resistance to penicillin G and oxacillin antibiatic

Kaliwal et al. (2011) investigated the prevalencad aantimicrobial
susceptibility of coagulase-negative staphylocasolated from bovine mastitis in
and around Dharwad region. Out of 310 samples setg€el80 isolates of coagulase
negative staphylococci were acquired. The resulardfmicrobial susceptibility of
CNS illustrated maximum sensitivity of 83.88% tdtgaxone, followed by 79.41%
to cefotaxime, 76.47% to methicillin, 73.52% to rofboxacin, 70.05% to
erythromycin, 66.11% to amikacin, 42.94% to gentaimy36.76% to amoxicillin,
29.41% to ampicillin and 23.23% to penicillin. Tresults indicated that CNS strains
isolated from bovine mastitis showed highest susuiéfy to ceftriaxone.
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Kalmus et al. (2011) demonstrated tBateptococcus uberis andE. coli were
the major pathogens associated with clinical mastithile S. aureus and CNS were
mainly involved with subclinical mastitis. Most sfrains ofS aureus and CNS were

resistant to penicillin.

Mahami et al. (2011) evaluated the risks of antiob@l resistant microbes
associated with branded and unbranded milk soldciera, Ghana. Microbiological
analysis showed occurrence &f aureus, S epidermidis, Enterococcus faecalis,
E.coli, Salmonela tyhpi, Klebsiella spp, Proteus vulgaris and Enterobacter spp.
Results of antibiotic susceptibility tests conclddéat all the isolates were multi-
resistant and showed no susceptibility to ampigiltetracycline, chloramphenicol,
gentamycin, cotrimoxazole, ceturoxime and cefotaxand found 100 % resistant to
the above tested antibiotics.

Waller et al. (2011) compared prevalence and aotobial susceptibility of
CNS species in clinical and subclinical mastitisl aeported tha&aphylococcus
chromogenes and Saphylococcus epidermidis were the most frequently occurring
CNS species followed b$taphylococcus simulans and Saphylococcus haemolyticus.
S epidermidis was notably more prevailing in subclinical mastithan in clinical
mastitis, whereaStaphylococcus hyicus was comparatively more common in clinical

mastitis.

Haftu et al. (2012) determined the prevalence ofir® mastitis, isolated
mastitis pathogens and studied the antibiotic t@st® pattern of bacteria isolated
from a total of 305 cows of dairy farms in Northefthiopia. The prevalence of
clinical and subclinical mastitis was 3.6 and 3%8 respectively. Among bacterial
isolates, 36 % were S. aureus and 27.3 % \lec®li isolates. Result of antibiotic
susceptibility testing o8. aureus showed highest sensitivity to nalidixic acid (8%}
and chloramphenicol (58.8 %) and highest resistamadindamycin and ampicillin.

E. coli isolates were resistant to most of the antibiotigyd tested.

Kenar et al. (2012) isolated 67 (11.7%) coagulasgative staphylococci from
572 CMT positive milk samples of subclinical mastitases of bovine in Turke$.
epidermidis (18 in number) was most prevalent among CNS. Cidfates showed
resistance to trimethoprim and sulphamethoxazote2@3), erythromycin (73.2%),
oxacillin and ampicillin (70.2%), penicillin (58.3%gentamicin (53.8%), tetracycline
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(52.3%), vancomycin (51.8%), ciprofloxacin (26.9%efoxitim (23.9%), and
cephalothin (13.5%). Results indicated that maxinresistance was shown to beta-

lactam antibiotics due to their extensive use gvpntion and treatment of mastitis.

Alekish et al. (2013) studied prevalence of bovwnastitis and antimicrobial
resistance pattern of bacterial pathogens isoldtesh bovine mastitis cases in
northern Jordan. They showed 92% resistance of @N&acrolides in northern

Jordan.

May et al. (2014) evaluated national resistancea dabtained from the
Surveillance Network (TSN) to know the national yadence of CNS of 13 years
(1999 to 2012) in USA. They studied the resistapattern of CNS mainlyS
epidermidis against ciprofloxacin, levofloxacin, and clindarmycand suggested
continuous increase in the resistance with theipgsgears. They reported th&t
epidermidis resistance to ciprofloxacin was increased fronB%8to 68.4% and to

clindamycin from 43.4% to 48.5% in the period aftden years.

Al Tayyar et al. (2015) studied the prevalence afagulase-negative
staphylococci (CNS) and their antimicrobial susit®lgly pattern by using 18
antibiotics in Jordan. Results reveal8depidermidis and S. haemolyticus as most
common CoNS isolates. A total of two hundred twethitge (223) isolates of CONS
were found highly sensitive to vancomycin, rifampamd linezolid while resistant to
ampicillin, amoxicillin, penicillin, ceftriaxone,efazolin, amoxicillin-clavulanic acid

and erythromycin.

Bansal et al. (2015) compared antibiogram of casgpihegative
Staphylococci (CNS) associated with subclinical ahlidical mastitis in dairy cows.
Findings suggested that CNS isolates were mos8geqtible to chloramphenicol,
gentamicin and streptomycin, while they showed camafive resistance to penicillin
group of drugs. Percentage sensitivity of CNS iteslavas 98.3% to chloramphenicol,
93.1% to gentamicin, 91.4% to streptomycin, 91.4806 linezolid, 87.9% to
ceftixozime, 86.2% to cloxacillin, 86.2% to clot@xole, 86.2% to bacitracin, 84.5%
to enrofloxacin and 70.7% to ceftrioxone/tazobactudowever, 77.6% isolates
shown resistance to amoxicillin, 75.9% to penigiind 74.1% to ampicillin among

Penicillin group and 51.7% to cefoperazone amongha®sporins. Workers also
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emphasized that bacterial isolates recovered friamical cases of mastitis showed

higher resistance than the subclinical isolates.

Ventola (2015) described various causes of théiatit resistance and crisis
originated due to AMR.

Attili et al. (2016) studied the role of Enrofloxadn controlling the severity
of the clinical mastitis caused [Saphylococcus aureus in a commercial dairy flock
of 73 sheep and results showed that enrofloxadm inereducing rectal temperature
and somatic cell count and all isolatédl aureus strains were sensitive to

enrofloxacin.

Martins et al. (2016) investigated the antimicrblsasceptibility profile of
Saphylococcus spp. by the disc diffusion test on Mueller-Hintagar by using
ampicillin 1Qug (AMP), gentamicin 109 (GEN), kanamycin 3@y (KAN), oxacillin
1ug (OXA), penicillin G 10 IU (PEN), ceftiofur 3@ (CTF), and cefaclor 3@
(CEC). Findings revealed that TH& aureus strains were resistant to neomycin
(37.5%), kanamycin (25.0%), and gentamicin (12.5%gphylococcus spp. showed
high levels of resistance to neomycin (16.95%),@kn G (10.17%), and ampicillin
(10.17%), CPS showed resistant to neomycin (13.64icillin G (13.64%), and
ampicillin (13.64%), while CNS were resistant td ahtimicrobial agents tested.
Multidrug resistance to all antibiotics tested wabserved in 1.69% of the

Saphylococcus spp. isolates.

Beyene et al. (2017) described the prevalence atichiarobial resistance
profile of Staphylococcus spp including aureus and coagulase negative

staphylococci in dairy farms.

Bhat et al. (2017) mentioned incidence of bovinaichl mastitis in Jammu

region and discussed antibiogram of isolated pathsg

Kalinska et al. (2017) revealed that approxima®@d§o of mastitis cases are
caused by environmental bacteria, which showed H@ausceptibility to antibiotics
and this is alarming condition for the researchierencourage them for finding new

solutions towards mastitis prevention and treatment

Amer et al. (2018) reported the prevalence of C 8&M to be 12.0% and
60%, respectively in 250 cattle in Ecuador. Micodbgical analysis of milk samples
of CM revealed that 33.3% were coliforms, 25.8%qguoase-positive staphylococci,
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20.4% coagulase-negative staphylococci (CNS), 9stféptococci, 7.5%Bacillus
spp., and 3.2%lebsiella spp. while samples of SCM showed that 55.4% weé\& C
higher than CM, 22.1%acillus spp., 9.3% streptococci, and 6.1% coagulase-pesiti
staphylococci. In vitro antibiotic susceptibilityesting of the bacterial isolates
indicated that all strains were susceptible to apidir, ampicillin, cefotaxime,
enrofloxacin, sulfamethoxazole-trimethoprim, gentam and neomycin. In the

study, no multidrug-resistant strains were reported

Al-Haddadi et al. (2020) reported that bovine nimsttases in Oman are
mainly associated with environmental bacteria dmely texpress high resistance to

commonly used antibiotics.

Bolte et al. (2020) performed a study on 58 North@erman dairy farms to
investigate the susceptibility of frequently ocougrmastitis pathogens isolated from
clinical mastitis cases against commonly used aotohials. They reported presence
of 51 isolates oftreptococcus agalactiae, 54 isolates oftreptococcus dysgalactiae,
50 isolates oftreptococcus uberis, 85 isolates o&aphylococcus aureus, 88 isolates
of non-aureus staphylococci, 54 isolates Estherichia coli and 52 isolates of
Klebsiella species and calculated minimal inhibitory concaidn (MIC) against
cefquinome, cefoperazone, cephapirin, penicillin,xaaillin, cloxacillin,
amoxicillin/clavulanic acid and cefalexin/kanamycResults revealed that growth of
most of Gram positive mastitis bacteria was hindem higher cloxacillin
concentration than oxacillin concentration and Mi@lues of Gram negative

pathogens were higher as compared to earlier Ml@egaof the drugs.
2.3 Bacteriophage

Bacteriophages are viruses that naturally infeattdsea. Hankin (1896)
documented that the waters of the Ganges and Yamnera in India had a marked
antibacterial action. He particularly studied th#e& of holy water onVibrio
cholerae and reported that the substance was responsitiegip cholera epidemics
from being spread by ingestion of the water of ¢hagers. D'Herelle et al. (1922)
discussed about nature and properties of phagésregard to plaque formation and
composition, infective centers, the lysis procdssst specificity of adsorption and
multiplication, the dependence of phage productanthe precise state of the host,
isolation of phages from sources of infectious &aatand the factors controlling

23



Review of Literature

stability of the free phage. For the first time [@t#dlle coined the term bacteriophage,

commonly called as phage (Borysowski et al., 2006).
2.3.1 Morphology and Classification of phage:

Literature reveals countless reports on morpho#@igatudies of different

bacteriolphages.

Adams (1953) first time formulated considerationsow phages and
accordingly he considered all available criterindiassification. On the basis of these
criteria he gave biological classification of phage

Ackermann and Nguyen (1983) performed a morphoddgtudy on sewage
coliphages by electron microscopy. Based on diffieraorphology, they classified
them into ten varieties and also suggested thatrele microscopy is the method of
choice for investigation of phage geography andyplecology and these phages were
classified into four different families; namellylyoviridae, Styloviridae, Podviridae

andMicroviridae based on different morphology.

Adeles et al. (1984) grouped bacteriophages irfferdnt clusters on various
basis such as, morphology, host range, nucleic Bpd, strategies of infection,
physico-chemical characteristics and dependenceproperties of hosts and the

environment.

Phages replicate only inside the susceptible hastebal cells. Goyal et al.
(1987) described in detail the replication of lypicages. They documented that phage
use the ribosomes, protein synthesizing factorsharacids and energy generating
systems of host cell to replicate, and hence phagesmultiply only in actively

metabolizing host bacteria.

Pelczar et al. (1988) documented that phages varelof particular interest in
water quality assessment are classified into fahgwsix families on the basis of
phage morphology and their nucleic acid contdgbtviridae, Sphoviridae,

Podoviridae, Microviridae, Inoviridae andLeviviridae.

Ackermann et al. (1994) described nine new speatfi¢siled Bacillus phages.

He reported phage P-10 as one of the largest kiraan.

Pedroso and Martins (1995) performed an experini@nthe detection of
coliphages in water by employing the ARCAT techreiqlihe study over 45 different
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plague morphology indicated that the phages inwhelonged to 3 families
Myoviridae, Podoviridae and Sphoviridae. He showed presence of broad spectrum
coliphage in water and concluded that there wer@appmarent relationship between
coliphage family and specific plaque morphology.

In a separate study, Ackermann and Krisch (199@adly defined the T-4
type of bacteriophage on the basis of phage mooglyolHe showed that 18
apparently unrelated phages with prolate headscanttactile tails were found in a
wide range, a descriptive catalogue of these phagegresented in the study.

Various reports are available on the detection ofktof the members of
different phage families in a wide variety of waggvironments. Grabow et al. (1998)
reviewed such condition and reported that countaliphages may increase in
certain water environments and they can be detdstedlatively simple, inexpensive

and rapid plague assays.

Maniloff and Ackermann (1998) in a separate stughorted the classification
of phages. They classified phages into followingiifees on the basis of phage
morphology and their nucleic acid contéiyoviridae, Sphoviridae, Podoviridae,

Microviridae, Inoviridae andLeviviridae.

Grabow (2001) described the structure of bacteagphHe detailed that the
phages basically consist of a nucleic acid mole(@dmome) surrounded by a protein
structure (capsid). The capsid is made up of mdagical subunits called capsomers.

Ackermann (2003) studied more than 5100 bacteriggdhaand based on
electron microscopic study, grouped them into oméeioCaudovirales and 13
families. He also stated th&phoviridae is by far the most frequent phage group
(61.7%), followed by thévyoviridae (24.3%) andPodoviridae (13.9%). In addition,
there are number of families such @gstoviridae, Lipothrixviridae, Carticoviridae,
Tectivividae, Plasmaviridae, Rudiviridae and Fuselloviridae. He also observed that
phages with long, non contractile tails predominptdyhedral filamentous and
pleomorphic phages. He reported that at least 49%%) were tailed phages.

Han et al. (2013) performed isolation and charaaton of virulent
bacteriophage SAH-1 againStaphylococcus aureus from sewage near a dairy cow
farm and classified it undévlyoviridae family. They also suggested the therapeutic
potential of phage SAH-1in treatirfjgphyl ococcus aureus infections.
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Litt and Jaroni (2017) studied morphological chtegstics of bacteriophages
isolated againdEscherichia coli O157:H7 by using transmission electron microscope.
Based on morphological features, phages were gdoup® Myoviridae and
Sphoviridae family.

2.3.2 Source of Phage: Animal waste and sewage asrich resource

Ewert and Paynter (1980) performed an experimentenomeration of
bacteriophages in sewage treatment plant and hwteepthat the maximum total

phage concentration in the fluid phase of sewage22x 16/ml.

Goyal et al. (1987) documented that phages exisrewier bacteria occur and

they share a common ecology with their respectactdsial hosts.

Duran et al. (2002) reported that bacteriophagee wmre resistant than their
host bacteria to the environmental changes andspagen in the absence of host

bacteria.

Brussow (2005) have recently reviewed importanceplége typing and
suggested that phages or phage like genomic seemieaucounted for the major
genomic differences between members of bactereadisg.

Kutter and Sulakvelidze (2005) studied about ther f phage in biosphere
and they consider these phages to be the most abuedtities in the biosphere with

total number estimated from *fao 152

McLaughlin et al. (2006) worked on isolation$#lmonella bacteriophages by
an enrichment protocol as well as directly fromlusfiits and observed that phage
titres of 2.9x18to 2.1x18 PFUmI and 12 to 148 pfl were obtained, respectively.

Voluminous literature is available which suggesattiphages of bacterial
pathogens of animals are shed in animal feces andbe isolated from soil, aqueous
environment and sewage. The incidence and surgivathages in sewage is subjected
to many variables such as temperature, pH, orgaatteretc. (Aidan et al., 2009; Al-

Khafaji, 2012) However, cent percent recovery of phages is diltfic

Ibrahim (1969) reported that lyitc bacteriophagegaiast E. coli and

Salmonella species were isolated from fecal samples of tugaylts.

Dhillon et al. (1976) worked on distribution of badophage and showed that

phages for different bacteria have been isolateth fdomestic sewage containing
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mammalian feces (cows, pigs and humans) and alsorped enumeration of

coliphages an&almonella phages.

Goyal et al. (1980) described method for conceotmabf coliphages from
large volumes of water and wastewater and repotiad coliphages occurring
naturally in raw and secondarily treated sewageswecovered with increase average

efficiencies of 56.5 % and 55.0%, respectively.

Calvo et al. (1981) performed a study on waterbdwaeteriophages active on
Yersinia enterocolitica (YE), which were isolated from the samples of acef water.
These new waterborne phages were used for phameg typYE and results indicated
that the isolation of waterborne bacteriophagedieflect the presence of lysogenic
YE.

Ackermann and Nguyen (1983) made a study on cajigdarecovered from
sewage. By enrichment of sewage culture they obti® morphologically different

varieties of coliphages and grouped them undeffdrent families.

Havelaar et al. (1986) attempted an experimenifaen the presence of F-
specific RNA phages in waste water and fecal matérom human and animals.
They suggested that phages were detected in appleciumbers only in feces from

pigs, broiler chickens, sheep and calves but oh fdogs, cows, horses and humans.

Tartera and Jofre (1987) performed study on detectf bacteriophages
active againsBacteriodes fragilis in sewage polluted waters and reported that phages
were always recovered from sewage and sewage @ollsamples of water and

sediments but not from non-polluted samples of wate

The concentration of phage in natural unpollutetevgis in general, believed
to be low. Bergh et al. (1989) developed a new pekflor quantitative enumeration
and reported that in natural unpolluted watersdramgihage concentration was found
up to 2.5x18 phage/ml. These concentrations indicated thatghsgction might be
an important factor in the ecological control cdupktonic micro-organisms.

Salama et al. (1989) documented thatCé@npylobacter phages were isolated
from 272 effluent samples of which 42 produceddysith C. jguni strains and 7
with C. coli strains. Phages were recovered from pig manurattaab effluents,

poultry manure, sewage and human feces or farnungasoil.
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Grabow (2001) documented a wealth of informationpbages which were
found in sewage. He reported that counts of sontatiiphages (in sewage) was in
order of 16-1C¢° per litre where as slaughterhouse waste waterar@d counts of
somatic coliphages as high as%er litre.

Huff et al. (2003a) isolated bacteriophages fromnitipal waste treatment
and poultry processing plants in his study on bagieage used for treatment of a

severekE. coli respiratory infection in broiler chickens.

Klausa et al. (2003) analyzed different sourcesmfironmental water for
isolation of bacteriophages of T-4 type morphol@gy they suggested that highest

abundance of coliphages were present in wastewatesewage.

Muniesa et al. (2004) conducted an experimentHerdetection of phages by
using a lab strain oE. coli as host and with the help of plaque-hybridizati@sed

method phages were isolated from a range of sesageles.

Carey-Smith et al. (2006) found that phages infigcalmonella species were
isolated from sewage using soft agar overlays aointathreeSalmonella serovars.

McLaughlin et al. (2006) reported isolationS#imonella bacteriophages from

nine swine manure lagoons.

Zhilenkov et al. (2006) identified @. jgjuni flagellum specific phage PV22

from Proteus vulgaris in sewage by sampling of the drainage sewage water

Jamalludeen et al. (2007) performed isolation efenbacteriophages from

sewage of 38 different pig farms which lyse 014&mtoxigenic strain of. coli.

Yoon et al. (2010) isolated two bacteriophagesrey& aureus from sewage,
soil and straw samples collected from cowsheds.g&havere confirmed by
performing plaque assay over lawnSfureus.

2.3.3 Rapid detection, enrichment, Isolation, characterization and lysate
preparation:

Adams (1959) designed the principles of plaqueyatsszhnique. Numbers of
phage particles are generally determined by digeentitative plaque assays. The
guantitative detection of phages in numbers belmvdetection limit of direct plaque

assay is therefore carried out by direct plaquayasasing large Petri dishes.
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Rima and Steensma (1971) performed a study on awsopaof different
isolation techniques foB. subtilis phages. They observed that when different
techniques were used for the isolation of phagds. efibtilis, a number of different
phages were also obtained. They reported presdramrtain defective phages in the

old cultures of all strains d. subtilis tested.

Parisi and Talbot (1974) used an improved rapideplaethod by which

isolation of bacteriophages become easier even liysogenic bacteria.

Berman et al. (1980) described molecular filtratteashnique for increasing

the concentration of viruses in water, hence regowas enhanced.

Goyal et al. (1980) developed membrane filter gotsmm-elution technology
for the concentration of coliphages from large vods of wastewater and suggested
that coliphages could be concentrated from 17 htodumes of tap water with

recoveries ranging from 34 to 100%.

Divizia et al. (1989) also documented that, amoifigrent methods used for
recovery of phages, ultrafiltration technique hasigh efficiency of recovery.
Efficiency of recovery has been recorded as 100%véorious commercial filter

devices with different diameters of flat sheetafitiration membranes.

Salama et al. (1989) have demonstrated an improwettiod for the isolation
of Campylobacter jgjuni andE. coli bacteriophages from different effluent samples

and 49Campylobacter phages were isolated.

Grabow et al. (1998) conducted an experiment apdrted that small number
of phages in large volumes of water may also beatletl by qualitative enrichment

procedures.

McLaughlin et al. (2006) used phage enrichmentrigghe and reported that

phage titer obtained was increased by the enrichpretocol.

Tiwari et al. (2010) detailed the protocol for mstbn and characterization of
lytic phages from natural waste material of livektoThey used turbidity reduction
method for rapid detection of lytic activity of plepresent in wastewater.

Kwiatek et al. (2012) isolated lytic bacteriophaggsinstS. aureus from milk
samples through enrichment protocol by using a dhigelture of three arbitrarily

selected bacterial strailssaureus American Type Culture Collection (ATCC) 43300,
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ATCC 25923 ands aureus MRSA 643. Presence of phage was detected by favmati

of lytic zones of plaques over the bacterial lawn.

Rehman et al. (2016a) isolated and purified bampbages again§ aureus
from the sewage water by following enrichment pecoto

2.3.4 Factor s affecting replication and char acterization of phages:

Ellis and Delbruck (1939) described the growth grattof phages. There are
several factors which can promote the replicatibrpltages in their host bacterial

cells.

Havelaar and Hogeboom (1983) reported that catsuth as calcium and
magnesium ions, promote the phage adsorption tneehdst bacteria. These cations

in appropriate concentration have an impact orctida of bacterial cell by phage.

Goyal et al. (1987) documented the effect of sdveasiables on phage
survival under laboratory condition. They studidobat the factors which affect the
number and behaviour of phages in water environraedtreported that the densities
of both bacteria and phages; the association afjgd and bacteria with solids; the
presence of organic matter, especially organic endttat influences the metabolic
activity of the host bacteria; ultraviolet and tnig light; temperature; pH; the
concentration and type of ions; and the metabditviies of micro-organisms other
than the host bacteria are important factors wisah affect the phage replication.
They also evidenced that successful phage remitatquires at least 1thost

bacteria per ml.

Brenner et al. (1999) investigated the effect cdiss@ on replication and
recovery of phages from rural watershed. They usedue assay technique for
detection of enteric phages agaiatmonella typhimurium and Bacteroides fragilis
and reported the presence of host specific phaggsecially during the summer

months.

Several important factors include pH, temperatahégroform, organic matter,
relative number of host bacteria and phage, ioonzentrationgtc.

Effect of pH:

Hydrogen ion concentratiof(pH) is an important criteria which is used for

characterization of phages as it affects the bsit of phage. Grilione and Carr
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(1959) reported that phage appears to be stablthéobasic range of pH but
inactivation was evident at the lower pH levelsgBs and Sarles (1963) also studied

the effect of pH in order to characterize Hrgerococcus bacteriophage.

Phelps (1967) used the criteria of pH inactivafimncharacterization of newly

isolated phages fayeisseria.

Colasito and Rogoff (1969) reported that no sigaifit difference was seen
due to pH effect on the various phages. They sugdebat stability was maximal
between 6 and pH 8 and all the phages were corhplatetivated at pH values of 4
and 10.

Goyal et al. (1987) have documented that pH of maday not have a major

effect on phage adsorption and replication.

Kinoshita et al. (1993) investigated the effect pif on attachment and
detachment of 2 phages in sandy soil in a seridabofratory experiments and found
that attachment of the lipid-containing phage wesensitive to pH (5.7-8.0) but an

increase in pH had a moderate effect on enhan@tagdment.

Basdew and Laing (2014) performed study to as$essftect of pH on si&
aureus phages sabp-pl, sabp-p2, sabp-p3, sabp-p4, satpdpSabp-p6 and findings
concluded that all six phages showed optimal lghdity at pH 6 to 7 and reduced

activity above or below pH of 6 to 7.

Rehman et al. (2016b) reported the effect of pHtlom stability of lytic
bacteriophage isolated from the sewage water afy darm againststaphyl ococcus
aureus causing mastitis and findings of the study showmeat the Iytic activity of

bacteriophage was highest at pH of 7.0.

Litt and Jaroni (2017) tested stability of isolatenliphages against a wide
range of pH (1-11). By using 1 M NaOH and/or HAdkfier Scientific, NJ) pH range
of 1-11 was maintained in PBS in which phages veeispended and incubated at
37-C to determine their viability at time period of2,,4, 6, 12, and 24 h.

Oduor et al. (2020) isolate®taphylococcus phages Stab20, Stab21, Stab22,
and Stab23. Characterization studies based on gdbilist experiments were carried
out by incubating phage suspensions at pH of 14,34, 7.4, 9.4, 11.4 and 12.9 at
37 °C for one h and results suggested that phdgeeesl tolerance to pH range of 5.4
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to 9.4. Findings suggested that an increase intgad alkalinity both had negative
effect on the viability of phage as all four pha&tab20, Stab21, Stab22, and Stab23
were inactivated below the pH of 5.4 and above pH 9

Effect of Temperature:

Several reports are available on the effect of sraipre on physiology and
ecology of phages, hence, it has been consideredvdrious workers for
characterization of phages. Bronfenbrenner (1982)jis study performed on phages
detailed about the temperature inactivation of pisatye to effect of heat.

Rogers and Sarles (1963) discussed about the vatioti of Enterococcus
bacteriophages due to effect of temperature. Thepprted that more than 99%
phages were inactivated at®60and completely inactivated at °Z0 after 1 hour

exposure.

Nishihara and Romig (1964) conducted an experimemt temperature
sensitive mutants dB. subtilis phages to observe the effect of temperature agyl th
concluded that the burst size get changed as & ofsifect of higher temperature on
the metabolism of the host because the bactermityr rate differ at different

temperature scales.

Phelps (1967) performed a study in which he disstisdbout characterization
of Neisseria phages based on temperature studies.

Colasito and Rogoff (1969) in a separate study dotimat lytic phages of

Bacillus thuringiensis get inactivated at 8C when exposed for 5 min.

Charles et al. (1970) reported the effect of eleddemperature on synthesis
of DNA in bacteriophag@29-infectedBacillus amyloliquefaciens, hence replication
was affected.

Lamontagne and McDonald (1972) performed an experinonB. subtilis
phage which forms plaques only at temperature abBoR@. In the study, adsorption
of B. subtilis phage TSP-1 t8. subtilis strain W168 was tested with cells grown at
37, 45 and 5% and results indicated that irreversible adsompticcurs only with
cells grown at 5%. If TSP-1 was allowed to infect cells a®63subsequent shifts to
37°C inhibited phage replication and resulted in thactivation of plaque farming

units.
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Seeley and Primrose (1980) studied the effectroperature on the ecology of
aquatic bacteriophages. They classified the cofjppaaccording to effect of
temperature on their efficiency of plating intowldemperature (LT) phages with
optimum plating temperature at or below’@pMid temperature (MT) phages in the
range of 15 to £Z and high-temperature (HT) phages in the rang25ab 42C or
30 to 45C and concluded that the feces of warm blooded asigontained only MT
and HT phages.

Mendez et al. (2002) found that titers of phagéseeiin pure culture phage
suspension or in naturally occurring phage suspessivere stable at (-70+£03 and

at (-20+5C, when protected with glycerol.

Lu et al. (2003) performed an experiment and reubthat phages against
Lactobacillus plantarum get inactivated above %D temperature.

Jonczyk et al. (2011) summarized the influenceiwérde external factors like
temperature, acidity and ion concentration on saivof phages under unfavorable
conditions and documented that morphology of pHaage correlation with survival
rate of phage. Knowledge of these properties ofgebaare important for their

therapeutic and agricultural applications underade environmental conditions.

Basdew and Laing (2014) studied the effect of tematpee on six phages &
aureus and showed that phages sabp-pl, sabp-p2 and S8alwere most stable at
increasing temperatures (45 °c to 70°c), in corsparto phages sabp-p4, sabp-p5 and
sabp-p6. They also documented that 4°c was thenmmumi temperature at which
phages could be stored without a significant radacin their lytic and replication
abilities.

Rehman et al. (2016b) reported the effect of teatpee on the stability of
lytic bacteriophage isolated from the sewage watér dairy farm against

Saphylococcus aureus causing mastitis. Study showed that the lytic dtgtivof

bacteriophage was optimally highest a@7emperature.

To assess the thermal stability, Litt and JaroBil{) analysed the effect of
range of temperature on phage viability. Phagesewsrspended in PBS and
incubated at 40, 60, 70, and-@for 60min to determine their viability. For cold
storage stability, 1ml phage solution was stored, at20, and —84C and tested after
0, 1, 30, 60, and 90 days duration for activity siability.
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Oduor et al. (2020) conducted thermo-tolerant siidbn Staphylococcus
phages Stab20, Stab21, Stab22, and Stab23 by imoglphages at 35, 40, 45, 50, 55
and 60 °C in phosphate buffered solution (pH 7o#)time period of one h and after
that tubes were cooled on ice for 30 min. Resdt®aled that phages were active

below temperature of 40°C.
Effect of chloroform:

Basdew and Laing (2014) demonstrated that allS&phylococcus aureus
phages sabp-pl, sabp-p2, sabp-p3, sabp-p4, sabpepSabp-p6 showed variable
sensitivity to chloroform exposure and sabp-p5 leixéd the highest level of

reduction in activity (74.23%) as compared to ttleeophages.

Oduor et al. (2020) showed th&aphylococcus phages Stab20, Stab21,
Stab22, and Stab23 were 100 % resistant to chlomofiveatment as no loss or

reduction in viability was recorded.
Host range:

A comprehensive study has been made on isolatidnchaaracterization of
different phages from various sources to determwige host range in which the

phage life cycle can be completed.
Phages for Staphylococcus spp:

Wentworth (1963) conducted bacteriophage typinghef Staphylococci to
characterize them.

Brown et al. (1972) studied morphology and physigabperties of
Saphylococcus bacteriophage.

Talbot and Parisi (1976) performed phage typing foonfirmative
identification ofStaphylococcus epidermidis by using specifi&aphylococcus phage.

Jefferson and Parisi (1979) conducted phage tymhgten species of
coagulase-negative staphylococci by bacterioph&sggated agains&aphyl ococcus
epidermidis.

Barcs et al. (1992) emphasized that Coagulase-megatphylococcal (CNS)

strains are mainly part of normal microbial flolagwever their involvement in

nosocomial infections is reported. Scientists iwula total of 152 coagulase-negative
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staphylococcal strains mainlyStaphylococcus epidermidis and Staphylococcus

haemolyticus from clinical samples of 14 patients hospitalizter bone-marrow
transplantation and characterized these CNS strAysbacteriophage typing,
biotyping, and determining antibiogram, extracaliul products like biofilm
generation, plasmid or exoprotein pattern. Phagendgy was done by using 16

polyvalent staphylococcal phages.

Boussard et al. (1992) reported phage typing as adnthe technique for
characterization of coagulase-negative staphylacocc

O'Flaherty et al. (2005) isolated and characterized anti-staphylococcal
phages namely DW2 and CS1 from farmyard slurry effldents and assessed their
lytic activity against pathogeni&aphylococcus aureus associated with bovine
infections. Researchers recommended that becawsated phages were active
against pathogeni8. aureus, hence they can be utilized in form of teat dipa®teat
washing solution as means of non-antibiotic propbtiyt against staphylococcal

bovine mastitis.

Balasubramanian et al. (2007) discussed use af fpytages as a specific and

selective probe for detection 8faphylococcus aureus.

Garcia et al. (2009) investigated prevalence oftdsaaphages infecting
Saphylococcus aureus in dairy samples and described the applicationghafges as
biocontrol agents.

Synnott et al. (2009) isolated and characteriZaphylococcus aureus
bacteriophages from sewage influent and illustréhed wide host ranges along with
potent lytic activity.

Gutierrez et al. (2010) isolated and characteribadteriophages infecting
Staphylococcus epidermidis.

Mishra et al. (2011) performed a study to charae®taphylococcus aureus

phage SA4 and assessaditro lytic activity of phage SA4.

Deghorain and Melderen (2012) described that Stapbgci phages family
has phages used for typing 8faphylococcus aureus and CNS both. Based on
morphological studies, these phages belong to ther&audovirales and family

Sphoviridae.
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Deghorain et al. (2012) interestingly revealed tp@tomic studies indicated
close evolutionary relationship &aphylococcus aureus phages with novel phages

isolated for coagulase-negative staphylococci.

Wisniewska et al. (2012) described phage typinggoa for characterization
of clinical isolates of methicillin-resistan&aphylococcus aureus by using a
standardized panel of bacteriophages tested irtienadly. By means of infecting
each bacterial strain systematically with a sepltdges claimed for that species, all
strains can be identified individually by observitige pattern of susceptibility and

resistance to each phage type.

Melo et al. (2014) characterizegtaphylococcus epidermidis phage named

vB_SepS_SEP9 and grouped iftphoviridae family.

Melo et al. (2018) isolated lytic bacteriophagesnad vB_SauM_LM12,
againstS aureus from environmental sewage waters by using differelimical
MRSA isolates.

Moller et al. (2019) described that all the knovepsiylococcal phages belong
to orderCaudovirales containing linear double-stranded DNA as genontegaouped
into three families as per their distinguishing ptaslogical features; members of
Sphoviridae with long, noncontractile-tailMyoviridae with the contractile-tail and

Podoviridae with short but noncontractile-tail.
Phagesfor E. coli:

Stirm (1968) performed a study oB. coli K-bacteriophages regarding

isolation and characterization oE5coli K-phages.

Ellis and Winters (1969) reported isolation of puial MS2- bacteriophage
strains ofE. coli.

Kudva et al. (1999) reported the isolationEofcoli 0157 phages from bovine
and ovine fecal samples and tested their lyticvagtiagainst cultures ot. coli
0157:H7 in animals. Based on antigen specificity plaque morphology, three phage
isolates KH1, KH4 and KH5 were isolated. When a tav of these three 0157
specific phages (cocktail) were tested for Iytithaty, this cocktail lysed all thé.

coli 0157 cultures tested.
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In a separate study, Jothikumar et al. (2000) dsed for the first time
isolation of coliphages specific to enterotoxigesicains ofE. coli (ETEC). All
fifteen isolated phages were grouped into 3 diffeqghage strain based on RAPD
pattern. These three phages yielded clear plaghes ¥ested for morphology. They

prepared lysate of high phage titer and plaqueyasaa performed.

Goodridge et al. (2003) conducted an experimensalation, propagation and
characterization of two coliphages. Phages wereaactexized on the basis of

morphological and host determination studies.

Huff et al. (2003a) also reported isolation of plag a nonmotileE. coli
serotype from municipal waste treatment and poultocessing plants and used these

isolated phages for treating a seViereoli respiratory infection.

Sajjad et al. (2004) made a study on isolationjfipation and titration of
coliphages T and T,. They also detailed about the different plaque phology for

characterization purpose.

Jamalludeen et al. (2007) investigated isolatiod emaracterization of nine
bacteriophages from pig farm sewage which can 0 enterotoxigeni&. coli.
They reported that phages produced large, cleagqupk and phage titer was

maintained even after 16 h exposure of pH 5-9.

Begum et al. (2010) isolated 49 phages from 12ewbfit surface water
samples in Dhaka. Among forty nine, one phage naivd-001 showed lytic
activity to Enterotoxigenidscherichia coli (ETEC) due to specificity towards CS7
fimbrial proteins which acted as colonization fac{@€F) and potential receptor for
IMM-001.

Manohar et al. (2018) performed a study on isamgtienrichment and

characterization dt. coli phage myPSH1131 equipped with broad host range.
Phages for Salmonella spp:

Ibrahim (1969) made the study regarding the ismtatand host range

determination oBalmonella phages from fecal samples of turkey poults.

Alavidze et al. (2000) also reported isolation astdhracterization of lytic

phages against select8a monella serotypes.
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In a separate study, Carey-Smith et al. (2006)rteddsolation of two types
of phages infectingalmonella from sewage. Characterization was done on thes basi
of plaque morphology and host range studies. PR&€SSal had the broadest host
range infecting six of eigtalmonella isolates and neither of twi coli isolates.

McLaughlin et al. (2006) discussed in detail abmatation of Salmonella

phages from swine effluent lagoons.

Bielke et al. (2007) investigated host rangé&ainonella phages and reported
that phage host range is not always genera-restrantid phages could be of wide host

range.
Phage for Bacillus species:

Grilione and Carr (1959) reported that phages e genusBacillus have
rightfully gained popularity as virological reselarctools. They isolated a
bacteriophage foB. pumilus from a manure sample and investigated the general

properties of this phage.

Romig and Brodetsky (1961) devised a simple metbodsolation of phages
active against various strains Bhcillus and reported preliminary steps for their
characterization. Based on plaque morphology theyead isolated phages as SP 5,
SP 6, SP 7, SP 8, SP9 and SP 13.

Nishihara and Romig (1964) performed a study ofaism of twelve temp-
sensitive mutants oB. subtilis phage SP 3. The classification of temperature

sensitivity was based on the inability of isola$orm plaques at 48.

Anderson et al. (1966) studied the detail strucnfr®. subtilis phage. The
criteria of plaque morphology, temperature and pétiivation and host range were
used in preliminary characterization of newly isetiBacillus phages.

Colasito and Rogoff (1969) characterized six lyifages oB. thuringensis
on the basis of phage morphology, plague morpholdgyst range, calcium

requirements, thermal inactivation and stability.

Shimizu et al. (1970) worked on isolation, charaz&tion and morphological
studies of B. subtilis phage Nf. Based on electron microscopic obsematio
morphology of phage was described. Nf phage hasbémg head with a six-sided

outline and a tubular tail. Twelve wedge shapedeappges were attached to the
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lower part of two collars. They made physico-chexththaracterization of Nf phage

by performing sucrose density gradient centrifugyati

Rima and Steensma (1971) worked on isolationBofsubtilis phage by
employing various techniques and reported that rusbf different phages could be

obtained by using different techniques.

Yasbin and Ledbetter (1977) conducted a study aatisn of a derivative of
B. subtilis strain 168 which is sensitive to defective pha®SR and PBSZ. They
reported thaB. subtilis strain 168 and W 23 maintain the defective ph&gSX and
PBSZ. Phage PBSX KkillB. subtilis strain W23 and phage PBSZ is bactricidal to
strain 168.

Ackermann et al. (1994) defined nine new specietitéd Bacillus phages,
based on morphological and physico-chemical pragserand reported that total

number of tailed phage species Bacillus species was 33.
Phages for Pseudomonas:

Postic and Finland (1961) isolated and charact@rigeven pseudomonas
phages from clinical sources and used them fontypf strains oP. aeruginosa.

Alavidze et al. (1999) performed isolation of lyphages against multidrug

resistanfPseudomonas aer uginosa.

Park et al. (2000) isolated phage specific to A pathogenPseudomonas
plecoglossicidia, as a candidate for disease control.

Harper and Enright (2011) advocated use of bagikages for the treatment

of Pseudomonas aeruginosa infections.
Other phages:

Rogers and Sarles (1963) performed characterizabbnEnterococcus

bacteriophage isolated from the small intestinthefrat.

Phelps (1967) reported the isolation and charaetéon of phages for
Neisseria. Characterization was based on plague-morpholtegyperature and pH
effect on phages and host range studies.

Stevenson and Airdrie (1984) worked on isolationl ditration of Yersinia

ruckeri phages.
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Salama et al. (1989) made study on isolatiorCafnpylobacter jguni and
Campylobacter coli phages from the samples of pig manure, abattdiuesits,

sewage and poultry manure.

Bhimani and Freitas (1990) documented the isolatiod characterization of

phages of lacti&reptococci. They also determined host rangestwEptococci phage.

Atterbury et al. (2003) detailed the isolation amtiaracterization of

Campylobacter phages from retail poultry.

Lu et al. (2003) studied the isolation and charaaéon of Lactobacillus
plantarum phage @ JL-1.

2.4 Clinical application: Phagetherapy in Veterinary Field:

The careful study of the host range, lytic spectraross resistance and other
fundamental properties of the phage being used nsapr factor in the reported

successes of the phage therapy work.

The first known report of successful phage theragye from Bruynoghe and

Maisin (1921), who used phage to tr8&atphylococcal skin infections.

Welkos et al. (1974) investigated the effect of gindysate onSalmonella
strains tested. They reported that phage lysate avtiter of 16? pfu/ml was found to
be optimal. This preparation lysed 98.2% &flmonella strains tested, while
maintaining high specificity of phage O-1 f8almonellae, however, 5.9% dE. coli
strain tested were found susceptible.

In France, Vieu (1975) led the therapeutic phag®rtsf for preparing
Pseudomonas phages for patients. Subsequently, the field @8 required great

appraisal in therapy against diseases of man anthim

Smith and Huggins (1982) and workers (Smith anddihgy 1983; Smith and
Huggins, 1987) in Britain, carried out a serieewrtellent, well controlled studies on
the use of phages in systerkiccoli infections in mice and then in diarrhea in young
calves and pigs. This phage treatment was founce refdective than using antibiotic
such as tetracycline, streptomycin, ampicillin émziethoprim / sulfafurazole.

Cislo et al. (1987) performed an experiment to alige the effect of phage
treatment on suppurative skin infections and adwataise of phage lysate for

recovery from infection.
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Slopek et al. (1987) treated purulent mastitis sungburative infection caused

by S aureus andE. coli with 93% success rate by using bacteriophages.

Bogovazova et al. (1991) evaluated the safety dfidaey of Klebsiela
phages. Pharmacokinetic and toxicological studiesingu intramuscular,
intraperitoneal or intravenous administration oagds were carried out in mice and
guinea pigs. The phage preparation was reportebletmontoxic and effective in
treating Klebsiella infections as manifested by marked clinical im@ments and
bacterial clearance in the phage treated pati@uagovazova et al. (1992) conducted

similar studies and also reported immunologicapprties ofKlebsiella phage lysate.

Soothill (1992) performed a study on use of phafms treatment of
experimentally induced infection in mice and sudgegsherapy to be effective.

Levin and Bull (1996) carried out a detailed aniaslysf the tissue-phage
distribution study which can be helpful in assegsthe parameters involved in
efficacy of antibiotics. They have gone on to perfanteresting animal studies and

conclude that phage therapy is well worth study.

Alisky et al. (1998) reviewed the literature frord6b-1996 that dealt with the
therapeutic use of phages against infections lilggsrative wound infections gastro-
enteritis, sepsis, dermatitis, empyema and pneuwmomathogens included
Saphylococcus, Sreptococcus, Klebsiella, Escherichia, Proteus, Pseudomonas,
Shigella and Salmonella species. They administered phage orally, topicalty
systemically for treating wide variety of antibtresistant pathogens in animal
models (mice, guinea pigs and livestock) and regpbat demonstrable efficacy against
E. coli, Acinetobacter, Pseudomonas and Saphylococcus species. Conclusion was
drawn that phages are promising for treating amtiibresistant pathogens.

Barrow et al. (1998) used a lytic bacteriophageptevent septicemia and
meningitis like infection in chicken and calves sed byE. coli. In newly borne
colostrum deprived calves given tkecoli orally, i/m inoculation of phage, delayed
appearance of the bacterium in the blood and lemgitth life-span. With all these
findings, it was concluded that phage therapy hesrsiderable potential for treating

bacterial diseases.
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Carlton (1999) described that phage therapy wasesstul in treating variety
of bacterial infections in the past and has agatome popular particularly in view of

emerging antibiotic resistance.

Kudva et al. (1999) studied biocontrol Bf coli 0157 with 0157 specific
bacteriophage and reported that these 0157:H7tinfephages effectively killed
EDL 932, but only aerobically thus these phageseweappropriate for use in the
anaerobic gut. They also stated that virulent (diilgen specific phages could play a
role in bio control oE. coli 0157:H7 in animals.

Weber-Dabrowska et al. (2001) reported the recovatg of 85.9% when
specific bacteriophages were used for the treatwfesuippurative bacterial infections

caused by multidrug-resistant bacteria of diffeisgrecies.

Summers (2001) documented that there are good neatp believe in
effective phage therapy in some circumstances.h@rasis of laboratory and animal
studies and exploiting understandings of phageobigl he suggested that phages

might be useful as antibacterial agents in vartamlitions.

Benson (2002) successfully treatBdeudomonas aeruginosa mastitis in 7

cows in USA by using bacteriophages.

Bull et al. (2002) developed quantitative microbgital procedures to
explore the therapeutic potential of phagesitro (the Phage Replication Assay or
PRA) as well asn vivo, using theE. coli in mouse model. Results depicted that

application of phages reduced the mortality.

Huff et al. (2002) conducted three studies to aeiee the efficacy of aerosol
administration of phage to prevent Bncoli respiratory infection in broiler chickens.
Results indicated that phage treatment did notideogomplete protection; however,
in all 3 studies mortality was significantly decsed, indicating that aerosol spray of
phages might be practical for administration of tbeaophage and provide an

alternative to the use of antibiotics in poultrpguction.

Goode et al. (2003) worked on reduction of expeni@eSalmonella and
Campylobacter contamination of chicken skin by application otfidyphages and
reported that by increasing the number of phagéctes applied (increased phage
titer) it was possible to eliminate not orflglmonella enterica serovar Enteritidis or
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Campylobacter jgjuni but also otherSalmonella strains which were resistant to

antibiotics.

Huff et al. (2003b) conducted an experiment to rmheitee the efficacy of
multiple Vs single intramuscular injection of phages for tregtia severeE. coli
respiratory infection in broiler chickens. The rés$suggested that phages can be an
effective treatment when administered early in ¢éperimentalE. coli respiratory
disease and early multiple treatments are better ¢hsingle treatment. The efficacy
of phage treatment diminished as it was delayeth mo difference between single or

multiple treatments.

Mathur et al. (2003) reported phage therapy asngwoitant alternative to
antibiotics in the current era of multidrug resmtgpathogens. They used phages
topically, orally and systemically and success fatsd in these studies was 80-95%.
They also demonstrated significant efficacy of msaggainsk. coli, Acinetobacter
spp.Pseudomonas spp. andaphylococcus aureus and concluded phages therapy as

an important alternative to antibiotics for tregtmultidrug resistant pathogens.

Chibani-Chennoufi et al. (2004) made comparisonnokitro andin vivo
bacteriolytic activity of 4E. coli phages in mice, when administered orally. For, this
four T-4 coliphages with broad host range were u3dw minimal oral dose for
consistent fecal recovery was as low ag pfu/ml of drinking water and when
introduced into mice, bacterial colonies were lysedkewise, anin vitro phage
susceptibleE. coli strains freshly inoculated into axenic mice waselin vivo by an
orally applied phage. In contrast, the norrgalcoli gut flora of conventional mice
was only minimally affected by oral phage applicatdespite the fact than vitro
majority of the murine intestinakE. coli strains were vulnerable to the phage

preparation.

In similar studies, Johnson (2004) reported theoefof phage therapy for
controllingE. coli 157:H7.

O’Flynn et al. (2004) performed a study on evalatdf a cocktail of 3
bacteriophages for biocontrol &f coli 0157:H7. The study detailed the exploitation
of phages as biocontrol agent to eliminate theqgehsE. coli 0157:H7. A cocktall

of 3 phages were evaluated for their ability tcelyse bacteriunmn vitro andin vivo
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and results indicated that the phage cocktail cetefyl eliminatecE. coli 0157:H7

from the beef meat surface in seven of nine cases.

Sajjad et al. (2004) performed a trial to treaieaperimentakE. coli infection
by using coliphage lysate in broiler chicken. Tlegessed phage activityvitro and
in vivo againstk. coli in chicken. The results indicated a good protectavel using
coliphages, hence it was concluded that phagestrbigiused effectively as good

alternatives of antibiotic resistant bacteria.

Shasha et al. (2004) also documented about thieaaterial action of phages

and suggested that phages are proved antibacaggats.

Tanji et al. (2004) and same group of workers (ifengal., 2005) conducted a
trial on therapeutic use of phage cocktail for coltihg E. coli 0157:H7 in mice and
reported that a three-phage cocktail worked effebtiin vitro (aerobically and

anaerobically) but was unable to clear mic&afoli duringin vivo studies.

Brussow (2005) performed an experimental trial bicken, mice and calves
using phages. He found phage therapy to be efteaiainst. coli in these species

whenin vivo studies were made.

Huff et al. (2006) evaluated the influence of phditgr on the treatment of

collibacillosis in broiler chicken.

Capparelli et al. (2007) described that bacterigghgM(Sa)) against
Saphylococcus aureus protected mice wheB. aureus is inoculated into mice along
with M(Sa) phage as phage completely eliminatehadlbacterian vivo andin vitro
and hence workers suggested that phage M(Sa) casdakin controllindS. aureus

infections.

Viscardi et al. (2008) isolated and characteriaed hovel coli phages with
proven potential in controlling antibiotic-resistaamd pathogenic EHEC and EPEC

strains ofEscherichia coli.

Li and Zhang (2014) isolated and characterized @IS&yV depicting strong
lytic activity against mastitis causirfjlaphylococcus aureus, from the wastewater of
dairy farm. Phage SPW showed resistance to chlorond isopropanol, has wide

host range and was stable at broad range of pHeamgerature.
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Longping and Zhiying (2014) also carried out isolatand characterization of

Anti- Staphylococcus aureus SPW phage against bovine mastitis.

Sarhan et al. (2016) conducted one study to isotatd identify the
bacteriophage with anftaphylococcal activity from sewage water samples. They
investigated then vitro antibacterial activity of phage and antibioticsttband
reported thatS. aureus isolates which were resistant to antibiotic PemcilG,
methicillin and cefoxitin showed sensitivity to lated phage. However, other factors
need to be considered while using phage thera@acheeve the maximum favorable

results.

Moller et al. (2019) suggested that coherent pedjmar of phage cocktails will
be more effective in treating staphylococcal infatd either alone by phage

combinations or in combination with antibiotics.

Oduor et al. (2020) reported that due to varialdst mange among different
Saphylococcus strains, phages Stab 20, 21, 22, and 23 couldskd in cocktalil

preparations for therapeutic applications or fa-tontrol of bacterial infections.

These results suggested that the use of a phag&at@ontaining phages that
used different receptors might have prevented timergence of phage resistant

bacterial mutants and these phages multiplied énid host.
2.5 Phage Therapy against mastitis

Chilamban and Rawat (2004) isolated 853 aureus phages and used

successfully for treatment of mastitis in mice mode

Sridevi (2005) worked on isolation, characterizateind therapeutic efficacy
of bacteriophage againStreptococus agalactiae associated with ruminant mastitis in
IVRI, Bareilly.

Gill et al. (2006a) showed that bovine whey pradamhibited the interaction
of Saphylococcus aureus and bacteriophage K and reduced the expected suofe

phages in mastitis cases clinically.

Gill et al. (2006b) documented the efficacy of leaicphage therapy in
treating subclinicalS aureus induced mastitis in lactating dairy cattle wheme a

increase in the SCC of treated udders along witlre rate of 16.7% was recorded.
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Basdew and Laing (2011) evaluated the use of hapteages as an alternative
therapy to antibiotics in USA and suggested thatgels can be the next avenue in

controlling bovine mastitis.

Gupta and Prasad (2011) documented efficacy ofvatdnt bacteriophage P-

27/HP to control multidrug resistaitaureus associated with human infections.

Tiwari et al. (2013) presented a compilation ofuftss of bacteriophage
therapy in treatinde. coli infections in animal models, meningitis in mousedel,
respiratory infections in chicken and diarrhea a@lves. Workers stated that phage
therapy in treating mastitis caused ®yureus has variable results as in some studies
intramammary infusion of bacteriophage ir8oaureus infected quarters of lactating
cow did not show significant protection, hence thevised to explore further
research on therapeutic applications of bacteriggfan treating bacterial infections

associated with clinical and subclinical mastitis.

Mishra et al. (2014) assessed bacteriolytic pcaewoii bacteriophages against
multi-drug resistan®. aureusinduced mastitis in goats.

Basdew and Laing (2014) conducted a study onSsphylococcus aureus
phage isolates and suggested that bacteriophagdsecsuccessfully used to control
Staphylococcus aureus, associated with bovine mastitis as out of sixe¢hphages
sabp-pl, sabp-p2 and sabp-p3, showed considerabteriolytic activity duringin
vitro lytic assays and hence can be employedrfervo applications to treat mastitis-

infected dairy cattle.

Ndlela et al. (2016) performed a study for biotagdicontrol of S. aureus
induced bovine mastitis in dairy cows using baotgiages & documented that t8e
aureus isolates from mastitis positive animals showedistaace to penicillin,
methicillin, vancomycin, amoxycillin/flucloxacillin erythromycin, streptomycin,

trimethoprim and ampicillin but were sensitive lode strains of bacteriophages.

Porter et al. (2016) investigated the potential wdebacteriophage in
preventingE. coli mastitis on dairies and in vitro results showedtéx@cidal activity

of bacteriophage in raw milk and mammary tissuéucelsystems.

Saglam et al. (2017) determined the role of Staqtodcus in the formation of

subclinical mastitis in cows and isolated phagesire S aureus strains obtained
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from cases of sub-clinical mastitis and phages sldaw vitro lytic activity against

the field isolates o$. aureus.

Ganaie et al. (2018) isolated and characterized Iyt phages SAJK-IND
and MSP agains8&aphylococcus aureus and documented that phage SAJK- IND
exhibit 100% lytic activity while phage MSP showé@% lytic activity against a

number ofStaphylococcus aureus strains isolated from mastitis milk samples.

Manohar et al. (2018) performed a study on isahatémd testedn vivo
efficacy ofEscherichia coli phage named myPSH1131, which has broad host range.

Manohar et al. (2019) isolated bacteriophages femwage water samples
from Tamil Nadu, India and showed the promisingteaclytic ability againsg. coli,

K. pneumoniae, andEnterobacter species, inn vitro phage killing assay.

Geng et al. (2020) evaluated success of phagepyhemathe treatment of

Staphyl ococcus aureus-induced mastitis in mice.

Titze et al. (2020) evaluated the Iytic efficacy loécteriophage mixture
containing three phages, STA1.ST29, EB1.ST11, aBdl. £T27 against. aureus
isolates. The significant reduction in tise aureus bacterial density indicated the

potential therapeutic potential of phage therapy.
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CHAPTER -3

MATERIALS AND METHODS

The present study describe the methodology for collection, isolation and
preliminary characterization of major bacteria (5. aureus/F. coli) from milk samples
of CM/SCM cases and isolation of specific phages from various goshalas/farms as
part of a search for phages which might prove useful as anti-bacterial and biocontrol

agents.
3.1. Place of study

The present study was conducted at the Department of Veterinary
Microbiology, College of Veterinary Science and Animal Husbandry, Uttar Pradesh
Pandit Deen Dayal Upadhayaya Pashu Chikitsa Vigyan Vishwavidyalaya Evam Go-
Anusandhan Sansthan, (DUVASU), Mathura, Uttar Pradesh, India. The samples of
milk from cases of clinical and sub-clinical mastitis were collected for screening of
mastitis and for bacterial isolation, while samples of animal wastewater (cows and
buffaloes), fecal pellet {goats) and semidry feces (poultry) were collected from

different locations and subjected to isolation of bacteriophages.
3.2. Permission to conduct the study

For sample collection permission was taken from DUVASU, Mathura as per

University rules. Ethical approval was not required to conduct this research work.
3.3. Materials

3.3.1. Source of milk samples

Milk samples were collected during the period of June, 2017 to Sept, 2019
from cases of clinical/sub-clinical mastitis of lactating cows/buffalos from Teaching
Veterinary Clinical Complex (TVCC), DUVASU, Mathura; Instructional Livestock
Farm Complex (ILFC) farms, DUVASU, Mathura; Ambulatory visits/clinical camps
and from different Goshalas (Surabhi Goshala, Vrindavan; Mataji, Rangili Mahal and
Shriji Gopi Goshala Barsana; Bhaktivedanta Goshala, Vrindavan; Hassanand
Goshala, Vrindavan; Panchayati Goshala, Vrindavan; Samarpan Goshala and Jai

Gurudev Goshala, Mathura) in and around Mathura, U.P. India.
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Table 3.1: Details of different locations for collection of milk samples

‘Total no. Sample
Sl. . of collected
Source Location .
No. animals/c o B
ases
1. TVEE DUVASU, Mathura 160 83 77
Z ILFC farm DUVASU, Mathura 123 92 31
Ambulatory Farah 2 2 )
visits and
; 1
3. Clinical Vrindavan 13 12
camps Mathura 8 4 4
Surabhi Goshala
(Akshaypatra temple}, 17 17 0
Vrindavan
Bhaktivedanta Goshala
(Eskcon temple), 12 12 0
Vrindavan
Hassan'c‘md (Goshala, 38 23 0
Vrindavan
Pancha)‘/atl (Goshala, o o 0
1, Goshalas Vrindavan
Samarpan Goshala, 10 10 0
Jai Gurudev Goshala, 0
Mathura = L
Mataji Goshala, Barsana 212 212 0
Rangili Mahal, Barsana 17 17 0
Shriji Gopi Goshala, 5 5 0
Barsana

*C=Cattle; B=Buffalo

3.3.2. Source of samples for bacteriophages

different species of animals (Cows, buffaloes, goats, sheep and poultry) were
collected in sufficient amount (100-250 ml) from ILFC farms, DUVASU, Mathura;
TVCC, DUVASU, Mathura; Goat farm unit, DUVASU, Mathura; Sheep unit,
Aurangabad Mathura; Poultry farm unit, DUVASU, Mathura and different Goshalas
(Surabhi Goshala, Vrindavan; Mataji, Rangili Mahal and Shriji Gopi Goshala

Barsana:

49

Bhaktivedanta Goshala, Vrindavan: Hassanand Goshala,

The samples of animal waste disposal constituting various body excretions of

Vrindavan:




Materials and Methods

Panchavati Goshala, Vrindavan; Samarpan Goshala; Pt Deen Dayal Upadhyaya
Kamdhenu Goshala, Farah and Jai Gurudev Goshala, Mathura). For this purpose 50
ml disposable syringe and 30 cm long, sterile disposable pipette, pipette bulb and
multipurpose sample containers were used.

Table 3.2: Details of different locations for collection of suitable samples as

source of phage

S1. No. of
Source Location Species# Sample
No.
collected
1. TVCC DUVASU, Mathura C/BD//?_I/G/ 5
2. ILFC farm DUVASU, Mathura C/B 9 (6+3)
3. | Poultry farm unit DUVASU, Mathura P 3
4. Goat farm unit DUVASU, Mathura G 3
5. Sheep unit Aurangabad, Mathura 5 2
Surabhi Goshala
(Akshaypatra temple), G 3
Vrindavan
Bhaktivedanta Goshala C 3
(Eskcon temple),
Vrindavan
Hassanand Goshala, C 3
Vrindavan
Panchayati Goshala, C 3
Vrindavan
6. Codhalas Samarpan Goshala, C 3
Jai Gurudev Goshala, C 3
Mathura
Mataji Goshala, Barsana ¢ 3
Rangili Mahal, Barsana ¢ 3
Shriji Gopi Goshala, C 5
Barsana
Pt Deen Dayal c
Upadhyaya Kamdhenu 3
(Goshala, Farah

#C=Cattle; B=Buffalo; S=Sheep; G=Goat; H=Horse; D=Dog; P=Poultry-chicken
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3.3.3 Millipore syringe filters: APD 0.22pm Millex GV disposable syringe filters

were used for the preparation of samples for bacteriophage isolation.
3.34 Standard Host bacteria

Clinical (field) isolates of bacteria obtained from cases of CM in the study
were used as the primary indicator host for the isolation, propagation and
characterization of phages. The known isolates of S. aureus (MTCC No. 96), S.
epidermidis (MTCC No. 435), E. coli (MTCC No. 443) and Bacillus cereus (ATCC
No. 10876) were used for testing host range of phage isolates. Bacterial strains used
for study were procured from the Microbial Type Culture Collection and Gene Bank
(MTCC) CSIR- Institute of Microbial Technology, Chandigarh and from cultures
stock of Department of Veterinary Microbiology, College of Veterinary Science and
Animal Husbandry, DUVASU, Mathura (U.P.). All the isolates were preserved as
25% glycerol stock in the department and were maintained by serial subculture at

regular intervals.
3.3.5 Laboratory media
A. For Bacteriphage Isolation and Characterization

Following dehydrated defined media (HiMedia Iaboratories Limited,
Mumbai) were used for the preparation of culture media for phage isolation in the

present investigation.

1. Luria Bertani agar (LBA)
Luria Bertani HiVeg broth (LB)
NZCYM Growth Agar
NZCYM Growth Top agar
LB Growth Top agar
LB Growth agar for lambda

o= o o~ e

Deca strength nutrient broth (DSNB)

All the media were prepared as per the instructions given by manufacturer.
The media prepared were first tested for sterility and stored at refrigeration
temperature till use. Composition and detail preparation of media is mentioned in

appendix.
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B. For Isolation and Identification of Bacteria

Following dehydrated defined media (HiMedia Iaboratories Limited,
Mumbai) were used for the preparation of culture media for isolation, identification,

characterization and maintenance and preservation of bacterial isolates

Nutrient Agar (NA)

Nutrient Broth (NB)

MacConkey Agar (MLLA)

FEosine Methylene Blue Agar (EMB)
Mannitol Salt agar (MSA)

HiCrome £. coli Agar

Simmons Citrate Agar
Muller-Hinton Agar (MHA)

10% Sugar solution

= 0 =gy oo W e

—
=)

. Peptone water

All the media were prepared as per the instructions given by manufacturer.
The media prepared were first tested for sterility and stored at refrigeration
temperature till use. Composition and detail preparation of media is mentioned in

appendix.
3.3.6. Bulffers and Reagents

The recipes for buffers/reagents used in this study are mentioned in the

Appendix.
3.3.7. Chemicals and Reagents

For conducting different studies/tests for identification and biochemical
characterization, following ANL.AR/Guaranteed grade chemicals and reagents were

used procured from reputed firms.

1. Newman's Stain Solution, modified (Sigma-Aldrich, St. Louis, Missouri,
USA)

2. CMT Reagent (Alkyl aryl sulfonate with bromocresol purple) (GADVASU,
Ludhiana)

3. Magnesium sulphate Heptahydrate (MgSQ04.7H,0) (Sigma-Aldrich, St. Louis,
Missouri, USA)
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Chloroform solution (Sigma-Aldrich, St. Louis, Missouri, USA)
Andrade’s Reagent (HiMedia laboratories Limited, Mumbai)
Glycerol (87% w/v) (GeNei, India)

Sodium Chloride (Merck, India)

2 o o Hu o

Hydrogen peroxide (Qualigens, India)
3.3.8. Antibiotic discs

Commercially available antibiotic discs (HiMedia laboratories ILimited,
Mumbai) were used to test the sensitivity of the bacterial isolates under investigation.
The details of the twenty commonly used antimicrobials belonging to ten classes used

in present study is mentioned in Table 3.3

Table 3.3: Details of antimicrobial discs used in the study

No. | Antimicrobia Aniissobia Symbol | Cone./disc
1. Amoxicillin Am 10pg
2. Ampicillin A 10pg
3. B-Lactams Ampicillin/Sulbactum AS 10/10 pg
4, Methicillin M Ipg
0. Penicillin-G P 10 units
6. Amikacin AK 30 pg
1. Gentamicin GEN 10pg
- Aminogylcosides Kanamycin - g
9. Streptomycin S 10pg
10. Phenicols Chloremphenicol C 0 ng
11. Ciprofloxacin CIP Ipg
12. | Floroquinolones Enrofloxacin En 10pg
13. Gatifloxacine GF pg
14. Quinolone Norfloxacin NX 10pg
15. Cefotaxime CE 3pg
75, | “epbelospanis CelitaRone CTR 30 g
17. gﬁﬁiﬁ?ﬁ;ﬁ;ole Cotrimoxazole Col 2ong
18. Macrolide Erythromycin E lopg
19. Tetracycline Tetracycline TE 30 pg
20. Glycopeptide Vancomycin VA 10pg
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3.3.9. Glassware, Plasticware and Rubberware

The glasswares used during this study were procured from Corning (USA) and

Borosil (India). All the glasswares were properly washed, dried, wrapped and

sterilized at 160 °C for 1 hour in Hot air oven before use, as and when required.

Pre-sterilized polystyrene plates, centrifuge tubes and test tubes, pipettes,

microtips (0.5-10 pl, 200 ul, and 1000 ul) and petri-plates were procured from Tarson
(India), HiMedia (India), Axiva (India), Axygen (India), GeNie (India), Millex

(Millipore) and Eppendorf {Germany) were used. All plastic wares were washed with

distilled water, dried and sterilized by autoclaving at 121 °C for 15 min at 15 lbs as

and when needed.

3.3.10. Instruments

1.

& B N gy 0 g o e

—_ = = = =
W N = O

Centrifuge
a. Refrigerated centrifuge CPR-30 (Remi Equipments, India)
b. RM12C micro centrifuge (Remi Equipments, India)
c. Tabletop centrifuge (Remi Equipments, India)

d. Refrigerated benchtop centrifuge (Genetix Biotech Asia Pvt I.id,

Germany)
Incubator (Vaiometra, Sonar, India)
Water Bath with shaker (Remi Equipments, India)
Autoclave (Sonar, India)
Hot Air Oven (Sonar, India)
Freezer (-20°C) ( Voltas, India)
Refrigerator (Videocon, India)
Weighing balance (Kern, Germany)

Vortex mixer (Remi Equipments, India)

. Micro pippettes of various volumes (0.5 pL.-1000 pL) (Eppendorf, Germany)
. Magnetic stirrer (Scientech, India)

. pH System 361 (Systronics, India)

. Bio-safety cabinet A-1I (Esco,)

. Compound light microscope (Metzer, India)
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3.4. Methods

3.4.1. Isolation and characterization of . aureus and E. coli from milk samples

of mastitis cases of cattle and buffaloes

3.4.1.1. Identification of cases of clinical and sub-clinical mastitis of cattle and

huffalo

In present study, a total of seven hundred seventy lactating animals (cows and
buffaloes) at ILFC, DUVASU, Mathura; ambulatory visits/clinical camps; TVCC,
DUVASU, Mathura; and various Goshalas in and around Mathura, U.P. were
identified and selected for screening of their animal-wise composite milk samples for
presence of sub-clinical and clinical mastitis. The clinical mastitis cases were
identified on the basis of signs and symptoms viz. inflammation of teat/udder, reduced
and poor quality milk; flakes or blood in milk while cases of sub-clinical mastitis

were suspected on the basis of history of decreased milk vield and/or compromised

milk quality. Further, the SCM was confirmed by CMT and SCC.
3.4.1.2. Collection of milk samples

Seven hundred seventy (770) milk samples were aseptically collected from
lactating cows and buffaloes for screening of sub-clinical and clinical mastitis. Out of
770 lactating cows and buffaloes, 657 were cows while 113 were buffaloes. Amongst
657 cows, 601 cows were screened for SCM while 56 showed symptoms of CM.
Amid 113 buffaloes, 64 were screened for sub-clinical mastitis while 49 showed
symptoms of clinical mastitis. Among 637 selected lactating cows, 92 cows were
from ILFC, DUVASU, Mathura; 18 were from ambulatory visits/clinical camps; 83
were from TVCC, DUVASU, Mathura and 464 were from various Goshalas in and
around Mathura, U.P. India. Likewise, among 113 buffaloes screened for sub-clinical
and clinical mastitis, 31 were from [LFC, DUVASU, Mathura, 05 were from
ambulatory visits/clinical camps and 77 were from TVCC, DUVASU, Mathura
(Fig. 3.1).

The milk samples were collected from affected quarter in case of clinical
mastitis and from each quarter {(of same animal and combined as one composite milk
sample from one animal in case of SCM) after proper washing and cleaning of udder
and teat surface, thereafter swabbed with cotton scaked in 70 % alcohol and allowed

to dry. First few streams of milk from teat were discarded and then from each quarter
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Fig. 3.2: Screening of milk samples by California mastitis test (CMT)
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10-15 ml of milk was collected in sterilized multipurpose sample container (HiMedia
Laboratories Pvt Ltd, Mumbai, India India) and used for screening of sub-clinical and
clinical mastitis either on the same day of collection or kept at 4 °C to process on the

next day of collection.
3.4.1.3. Initial screening of milk by CMT and SCC

All collected milk samples were subjected to indirect test like CMT and direct
test like SCC. Condition of udder and milk quality both were observed. The clinical
examination of udder was conducted by observation and palpation for presence of any
swelling, pain, erythema, hotness, firmness and fibrosis. Milk samples were examined

for the appearance, consistency, smell, pigmentation, viscosity, presence of any

Makes/clots or blood.
3.4.1.3.1. California Mastitis test (CMT)

CMT test was performed as per the method described previously by Abdel-
Rady and Sayed (2009) with some modification. To perform the test, 2 ml of milk
sample from each animal was placed in the respective cups of CMT Paddle and equal
quantity of CMT reagent (CMT reagent- alkyl aryl sulfonate with bromcresol purple)
was added in 1:1 ratio. After gentle mixing, mixture was allowed to swirl in gentle
circular manner on horizontal plane for approximately 10-15 seconds and slightly

tilted to read the results as mentioned below in Table 3.4 and Fig. 3.2.

Table 3.4: Result interpretation criteria for CMT

S. No. | Visible observation Grade | Interpretation

No change in color, consistency,
L. 0 Negative or in traces
mixture appears liquid

Gel formation begins but disappear

2. upon continuous swirling and vellow 1 Slightly positive, acidity
color
Gel formation after mixing which is

3. 2 Positive
stable gel

Thick  gel  formation  starts

immediately after mixing and upon

4. 3 Strongly positive
swirling gel tends to adhere at one

place
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3.4.1.3.2. Somatic cell count (SCC)

Somatic cell count was performed by using Modified Newman’s stain
technique as per method of Hegde et al. (2013) with some modifications. In this
technique, 1 sq cm area was marked on the clean grease free glass slide and 10 pl of
milk was smeared in 1 cm® marked area on the glass slide. Smear is allowed to air
dry. Smear was flooded with Modified Newman's stain for 1 minute, after 1 min stain
was removed by tilting the slide under running tap water for 30 seconds (sec). Then,
the slide is allowed to air dry and somatic cells were observed under microscope using

oil immersion lens.

The milk samples containing number of somatic cells (leukocytes and/or
epithelial cells) between 3-5 lakh cells per ml (3 X 10°- 5 X 10°) were considered
positive for sub-clinical mastitis and SCC above 5 lakh cells per ml of milk indicated

mastitic milk.

3.4.1.4. Isolation and characterization of bacteria S. anreas and E. coli from milk

samples

Milk samples suspected for SCM found positive for CMT and SCC and each
milk sample collected from cases of CM were directly streaked over nutrient agar and

incubated at 37°C for 24-48 h for primary isolation of target bacteria.

S. aureus: Nutrient agar was observed for characteristic yellow, round and smooth
colony of Staphylococcus spp. and the culture was microscopically examined to detect
presence of gram positive cocci in bunches. All the milk samples showing no growth
over nutrient agar were incubated till 96 h and in absence of any detectable growth,

they were discontinued from the experiment.

E. coli. Along with nutrient agar every milk sample was also streaked directly over
MacConkey agar (MLLA) and incubated at 37°C for 24-48 h to screen the milk sample
for the presence of F. coli. Pink color umbonate medium size colonies surrounded by

pink halo were presumed for £. coli.

3.2.1.5 Characterization based on-Cultural, morphological & biochemical

characteristics

S. aureus: For cultural characterization, milk samples showing vellow colonies over

nutrient agar were sub-cultured over selective media. For S. aureus, MSA media
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selective for Staphylococcus and differential for mannitol fermenting and mannitol
non-fermenting Staphylococcus was used. S. aureus is mannitol fermenting bacteria.
Thus, plates showing non-fermenting red colonies were discontinued from the
experiment and vellow colonies causing yellow discoloration of media indicating
fermentation of mannitol were picked up. Colonial characteristics, pigment

production and Gram’s staining features were observed after incubation.

After cultural characterization, Gram's staining and motility testing was
performed to confirm the morphology of bacteria and Gram positive non-motile cocci
present in bunches were selected for further biochemical characterization. The isolates
were further characterized as per the scheme of Cowan and Steel (1974). The bacteria
identified as staphylococci were subjected to catalse and coagulase test. Catalase
positive staphylococci were tested by coagulase test. Coagulase test was performed to
differentiate between coagulase positive S aureus. and coagulase negative
Staphylococci {(CNS). Coagulase positive isolates of S. aureus were selected for

phage isolation studies.

E. coli: Pink colonies on MacConkey agar were sub-cultured over selective media.
Selective media, eosine methylene blue (EMB) and HiCrome F. coli agar were used
for the growth of £. coli. Small colonies depicting metallic sheen over EMDB and blue
colored small colonies over HiCrome £. coli agar were selected for Gram'’s staining
and motility testing. Gram negative motile rods were subjected to biochemical
characterization like indole, methyl red, voges proskauer, sugar fermentation tests
against glucose, lactose and maltose and citrate utilization test to observe the IMViC

pattern and for biochemical characterization of isolates.of isolates.

Pure isolates of bacteria were transferred onto nutrient agar slants in duplicate.
After incubation and morphological checking for purity, slants were assigned a

number and stored at 4°C.

3.4.2. Detection, Isolation and Characterization of the lytic bacteriophages from

samples of animal wastes
3.4.2.1. Collection of samples of wastewater from disposal tanks

A total of fifty five samples of wastewater/fecal material were collected from
different locations (cattle/buffalo/sheep/goat/poultry farms). Among 55, 33 from

Goshalas (6 each from Hassanand Goshala, Jai Gurudev Gaushala, and Panchayati
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Goshala; 3 each from Akshaypatra-Surabhi Goshala, Rangili Mahal & Shriji Gopi
Goshala, Mataji Goshala, Eskcon-Bhaktivedanta Goshala, and Pt Deen Dayal Dham
Kamdhenu Goshala); 9 were from ILFC Farm (6 samples from cattle and 3 samples
from buffalo); 5 from TVCC, DUVASU (3 from large animal OPD and 2 from small
animal OPD); 3 samples each from University Goat Unit and Poultry farm DUVASU,
Mathura; and 2 from sheep flock, Aurangabad. Approximately 100-230 ml of
representative samples from each of the livestock farms, Goshala were collected
taking utmost precautions so as to ensure that the sample will provide sufficient
population of phages. For this, sampling was done at different locations of the
livestock and poultry farm/Goshala/TVCC clinics, DUVASU, Mathura. Sterilized 50
ml disposable syringe and modified pipetting device, fitted with rubber tube, rubber
bulb/hand pumped device to aspirate the fluid and multipurpose sample collection
container was used for collecting the fluid samples. From goats and poultry farm,
fecal pellet and semi-dry fecal droppings were collected, mixed properly with 100 ml
of LB and centrifuged at 3000 rpm for 15 minutes. Supernatant was collected for

further processing and phage enrichment protocol.
3.4.2.2. Enrichment of Bacteriophage

The collected wastewater samples were processed for enrichment of phages
against field (clinical) isolate of both the (8. aureus and E. coli bacteria obtained

from milk samples, separately as per the method of Rehman et al. (2016).

To increase number of 5. aureus phages, enrichment was done by using deca
strength nutrient broth (DSNB) medium. Collected wastewater samples were initially
centrifuged at 3000 rpm for 15 min to settle down the large sized particles and
supernatant was used for phage enrichment. About 1 ml of 16-18 hr incubated pure
broth culture of S. aureus and 5 ml of DSNB was added into 45 ml of each of
supernatant of (as a source of phage) wastewater sample and incubated overnight at
37 °C. To enhance number of £. coli phages, enrichment was done by using Luria
Bertani HiVeg broth (LB) medium. About 1 ml of 16-18 hr incubated pure broth
culture of F. coli and 5 ml of LB broth was added into 45 ml of each of centrifuged

supernatant wastewater sample and incubated overnight at 37 °C.

Next day, after incubation, bacteria-wastewater-nutrient medium suspension

was centrifuged at 6000 rpm at 4°C for 30 min by using refrigerated centrifuge. Pellet
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was discarded and supernatant was filtered through 0.2Z2pm pore size syringe filters
(Millex GV) into sterile tubes. This bacteria free phage enriched filtrate was named as
S. aureus bacteria free filterate (SBFF) and kept at 4°C until the use. Similarly, to
obtain BFF against 7. coli next day, after incubation, bacteria-wastewater-nutrient
medium suspension was centrifuged at 6000 rpm at 4°C for 30 min by using
refrigerated centrifuge. Pellet was discarded and supernatant was filtered through
0.22pm pore size syringe filters (Millex GV) into sterile tubes. This bacteria free
phage enriched filtrate was named as F. coli bacteria free filterate (EBFT) and kept at
4°C until use. Both SBFI & EBIT were tested for presence of any lytic activity

against respective bacteria.
3.4.2.3. Detection of Bacteriophage in the samples (BFF)

Presence of bacteriophages in SBFTF and EBFT was determined by turbidity

reduction method and spot inoculation/streaking over the bacterial lawn.
a) Turbidity reduction method

Turbidity reduction method was employed as a rapid tool for preliminary
detection of lytic activity of phages. The procedure as described by Tiwari et al.
(2010) was employed so as to detect the presence of phage by observing any lytic
activity against indicator clinical isolates of S. awreus and FE. coli obtained in

laboratory from milk samples and also tested against standard known bacterial
isolates (5. aureus MTCC No. 96; S. epidermidis MTCC No. 435; E. coli-tMTCC No.
143).

For turbidity reduction technique, 3 ml of sterilized LB broth was taken, 300
1l of six hour old culture of E. coli bacteria (matched with McFarland Nephlometer
tube 0.5 resembling to 1.5 X 10% cfu/ml) was taken into this broth and 100 11 of EBFF
obtained from samples of wastewater collected from various sources was added. One
bacterial control was also kept in which 100pl of normal saline solution (NSS) was
added along with 300 pl of six hour old culture of £. coli bacteria into 3 ml of LB
broth. Control and test sample of each bacteria were incubated at 37 °C and result was
recorded after 24 and 48 hrs. They were observed for reduction in turbidity of test

samples as compared to control tube (Fig. 3.3).

Likewise, for assessment of lytic activity of phage against S. aureus, 3 ml of

sterilized NB broth was taken, 300 pl of six hr old culture of S. aureus bacteria was
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taken into this broth and 100 pl of SBFF obtained from samples of wastewater
collected from various sources was added. One bacterial control was also kept in
which instead of 100 pl of SBFF, 100 nl of NSS was added into 3 ml of NB along
with 300 pul of 6 hr old S. aureus bacterial culture. Control and test sample of each
bacteria were incubated at 37°C and result was recorded after 24 and 48 hrs. They

were observed for clearance of turbidity in test samples as compared to control tube.

The test was done twice for each sample by using bacterial suspensions of
each bacterial isolates of 8. aureus and £. cofi using NB and LB broth, respectively
and results were recorded before the wastewater sample is adjudged negative for the

presence of phage.
b) Phage streaking/spot inoculation method

SBFF and EBFF were also tested by spot inoculation method for detection of
lytic activity in terms of zone of bacterial lysis {plaque formation) over the bacterial
lawn. The test was performed as per the method given by Goodridge et al. (2003) with
some modification. For this, briefly, 100 ul of 6 hr old bacterial cultures of each
clinical isolate was added into 2.5 ml of molten soft top agar (LB Growth Top Agar
for E. coli phages and NZCYM Growth Top Agar for 5. aureus phages) held at 45°C
in a water bath, mixed properly and poured over basal agar plate containing 10 ml of
LB growth agar and NZCYM growth agar for £ coli and S. aureus phages,
respectively. After 10 min, 10 ul of BFF to be tested was spotted or streaked over the
respective bacterial lawn of different bacterial isolates. After absorption of added
BFF, plates were incubated in upside down position at 37 °C for 24 hrs. Next day they

were examined for presence of plaques on the spot over bacterial lawn.
3.4.2.4 . Isolation of phage by double agar layer (DAL) method

The DAL method as described by Adams (1959) was employed. The agar gels
used were 10 ml of basal growth agar (1.5%) dispensed into 100 mm sterile Petri
dishes and 2.5 ml of soft top agar (0.7%) stored in sterile glass test tube (LB Growth
Top Agar for E. coli phages and NZCYM Growth Top Agar for S. aureus phages).
For the isolation of phage from the BFF, six hr old bacterial culture of S. aureus and
E. coliwere taken and tested separately. The concentration of bacteria was adjusted to

1.5x10° cfu/ml. NB and LB broth were used for S. aureus and E. coli, respectively
(Fig. 3.4).
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Materials and Methods

In a sterile vial 100 pl of BFF and 300 pl of six hour old bacterial culture were
mixed and 10 pl of 2.4 g/lit MgCl,.7H,0 was added to enhance the adsorption of
phage over bacterial surface. Thereafter, it was kept in incubator for 10-15 min, and
then added into test tube containing 2.5 ml of molten soft agar held at 45°C in water
bath/hot plate. The mixture was swirled, poured over LB growth agar and NZCYM
growth agar plates for £. coli and S. aureus, respectively. Plates were allowed to
solidify and then incubated at 37°C upto 48 hrs. Plates were observed at 6 h, 12 h, 24
h, and 48 h intervals for developments of plaques and plaque morphology was

recorded for characterization.
3.4.24 .1. Purification of phages:

Phages were purified by three consecutive single plaque isolation cycle and
propagated on the corresponding bacterial host strain. Individual plaques were picked
up by using sterile Pasteur pipette or with the help of sterile micro-tip of 1 ml to cut
the circular area of plaque and transferred into 300 pl of 12-18 hr old bacterial culture
of indicator bacteria and incubated at 37 °C for 24 hrs. Next day, bacteria-phage
suspension was filtered through 0.22 jpm pore size syringe filters, and obtained phage
lysate filtrate was again spot inoculated on Luria Bertani agar (LBA)or NA plate
preinoculated with indicator (E. coli and S. aureus) bacteria. The plaques produced
were passaged similarly for 3 consecutive times to obtain purified coliphage lysate
containing FEcl) and Staphyloccocal phage lysate containing Sal). The phage strains
were designated by the laboratory identification number of Department of Veterinary
Microbiology, DUVASU, Mathura as Sal) (Staphylococcus aureus phage isolated in
DUVASU) for Staphylococcus aureus phages and EcD (E. coli phage isolated in
DUVASU) for FE. coli phages of the bacterial isolates and subjected to
characterization. In brief, the procedure of isolation and purification of phage is

depicted in Figure 3.3.

3.4.2.5. Characterization of SaD and EcD based upon plaque morphology and
type of plague, host range, effect of pH, effect of temperature and effect

of chloroform
3.4.2.5.1 Characterization based on plaque morphology and type
Morphology of plaque was described by the method of Ellis and Winters

(1969). Recovered phage isolates were characterized by size of the plaque, by
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diffused edge or defined round edge and boundaries of plaques. Measurements of
plaque morphology were taken displaying the variation among plaques of the separate
morphologies. The types of plaques were also noted as small pin-point (less than 2
mm), medium sized (2 mm) or large sized (larger than 2 mm), clear, opaque or

diffused type plaques.

Electron microscopy: For morphological characterization of phage, scanning
electron microscopy (SEM) was conducted (though electron microscopy was not part
of the current study) to observe morphology of E. coli host specific (EcD) phage, as
facility of Transmission electron microscopy (TEM) was not available during the time

of study.
3.4.2.5.2 Host Range determination

Host range of phage isolates was determined by using the method of
Goodridge et al. (2003) with slight modification. To predict the lytic activity,
recovered phage isolates were tested against bacteria namely S aureus, S
epidermidis, Pseudomonas aeruginosa, E. coli, Bacillus cereus and Klebsiella
pneumonia maintained at Department of Veterinary Microbiology, DUVASU,
Mathura. To assess the lytic effect of phage isolates Sal) and FcD) against Coagulase
negative Staphylococci (CNS), standard known isolate of S. epidermidis (MTCC No.
435) was used.

In order to determine the host range of isolated phages, lytic activity of
purified phage was tested against standard culture of 5. aureus, S. epidermidis, E. coli,
FP. aeruginosa, B. cereus and K. pneumonia by spot inoculation method. Each
bacterial culture was inoculated into NB and incubated at 37 °C for 6 hrs. Six hr old
pure broth culture of each target bacteria was mixed to 2.5 ml (0.5 %) top molten agar
maintained at 45 °C and poured over the NA plate and allowed to solidify at room
temperature for 10-15 min. Volume of 10 pl of purified phage lysate (10° pfu/ml) was
aseptically placed on the dried surface of agar. Plates were inverted and incubated at
37 °C for 24 hrs. After incubation period, sensitivity of target bacteria against the
phage lysate was observed by appearance of plaques formed at the spot where phage

lysate was deposited over the bacterial lawn.
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3.2.25.3 Effect of Temperature

Viability of phage in terms of % activity was studied at 4°C, 22°C, 37°C and
70°C for 60 min exposure by the method of Litt and Jaroni (2017) and Svab et al.
(2018) with some maodification. 0.1 ml of phage suspension was mixed with 4.9 ml of
NB in test tubes. 5 ml was distributed as 1 ml into five test tubes. The test tubes
containing 1 ml mix were placed in water bath at temperature range of 22°C, 37°C,
70°C for 1 hr and 1 tube was kept at 4°C for 1 hr. Phage concentration (titer) before
and after treatment with 1 hr exposure to heat was adjudged by DAL method (Adams,
1959). After 1 hr, 0.1 ml of exposed phage suspension was mixed with 0.3 ml of 16-
18 hr old respective bacterial (S. aureus and F. coli) culture, mixed in between palm
and added into 2.5 ml of soft top agar and plating was done as per DAL method of
Adams (1959), media plates were inverted and incubated at 37°C for 24 hrs and
observed for presence of plaques. Any reduction in phage titer and viability of phage

was observed and compared with exposure at 4°C which acted as control.
3.2.2.54 Effect of pH

Effect of pH (3, 5, 7, 9 and 11) was seen on phage titer and viability of phages
by using the method of Litt and Jaroni (2017) and Svab et al. (2018) with some
modification. For this, 0.1 ml of phage suspension was mixed with 4.9 ml of nutrient
broth, kept at various pH of 3, 5, 7, 9 and 11 and all five tubes were incubated at 37°C
for 1 hr before assessment of effect of pH. The pH in test tubes were adjusted using
IM hydrochloric acid (HCL) and 1M sodium hydroxide (NaOH) solution and
confirmed by using pH System 361 (Systronics). After 1 hr, 0.1 ml of exposed phage
suspension was mixed with 0.3 ml of 16-18 hr old respective bacterial (S. aureus/E.
coll) culture, mixed and added into 2.5 ml of soft top agar and plating was done as per
DAL method of Adams (1959). Reduction in phage titer and/or viability of phages

was adjudged as marker due to change in pH of the medium.
3.2.2.5.5 Effect of chloroform

Sensitivity of phages to chloroform was tested by following the method of
Chow and Rouf (1983) with some modifications. Sensitivity of phages to chloroform
was determined by mixing 0.05 ml (50 ul) of chloroform (10 %) in a test tube with 1
ml (2 x 10% phage suspension. To another tube of phage suspension, 0.05 ml of

physiological saline/normal saline was added and kept as control. The mixture was
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properly mixed for approximately 10 min and centrifuged at 3000 rpm for 5-7 min.
After centrifugation, 0.1 ml from top most layer of liquid present in test tube was
taken for plaque assay (as per DAL method of Adams, 1959) to visualize the effect of

chloroform treatment on the viability of phages.

3.4.3. Assessment of in vifro antibiotic sensitivity pattern and in vifro Phage

sensitivity testing against bacterial isolates
3.4.3.1. Antibiotic sensitivity test

All the bacterial isolates were subjected to antibiotic sensitivity test using
standard antibiotic disc by the method described by Bauer et al. (1966). Each culture
was inoculated into sterilized NB and incubated at 37 °C for 18-24 hrs. Pure broth
culture of each bacterial isolate (S. aureus/CNS/E. coli) was spread plated on the
surface of MHA media plates and allowed to dry at room temperature for 5-10 min.
Antibiotic discs were placed by maintaining distance of 24 mm in between centre of
any two disc and plate is incubated in inverted position at 37°C for 18-24 hrs.
Antibiogram of bacterial isolates was recorded against twenty antimicrobials /
antibiotics (Ampicillin (AMP), Amoxycillin, Ampicillin/Sulbactum (A/S), Amikacin
(AK), Erythromycin (E), Gentamicin (Gen), Kanamycin (K), Methicillin (MET),
Norfloxacin (Nx), Penicillin-G (P-G), Ciprofloxacin (CIP), Chloramphenicol (C),
Streptomycin (S), Tetracycline (T), Enrofloxacin (En), Vancomycin (Va), Ceftriaxone
(CTR), Cefotaxime (CTX), Cotrimoxazole (Co-T), Gatifloxacine (GAT)) to know the
pattern of drug susceptibility/resistance as per CLSI, {(2012). The zone of inhibition
(diameter in mm) of each antibiotic disc was then correlated with sensitivity as per
standard chart supplied along with disc and results was recorded in terms of either

sensitive, intermediate or resistant bacteria to the respective antibiotics.

3.4.3.2. In-vitro phage sensitivity against bacterial isolates
3.4.3.2.1. Titration of phage lysate to standardize the PFU

i. Phage lysate preparation

High titer phage lysate stocks were prepared by the soft agar plate method
(Adams, 1959). Phage stock (100 pl) was mixed with 300 jl of respective host
bacterial culture either of S. aureus or £. coli (6 hour old) which had bacterial
concentration of 1.5x10° to 9x10°® cfu/ml; 10 nl of 2.4 gflit. of MgCl, was added and

kept for 10-15 min in incubator. The suspension was then mixed into 2.5 ml of molten
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soft agar kept at 45°C and plated. Plates were incubated up to 48 h at 37°C.
Confluently lysed plates were selected and the top agar was scrapped with 5 ml of LB
and/or NB broth. The scrappings were pooled and 2-3 drops of chloroform was added
to this and kept for 10 min and then centrifuged at 5000 rpm for 20 min in refrigerated
centrifuge. Agar debris was settled down and supernatant was filtered through a
0.22pm syringe filter. This lysate was stored in sterile plastic vials at 4°C. Further,
titration of lysate was done by using dilution method against respective (S. aureus and

E. col bacterial host.
ii. Titration

Titration was done by preparing tenfold serial dilution of the phage lysate. For
titration, 10! to 107 dilutions were made in normal saline solution (NSS) and each
dilution was subjected to plaque formation by DAL method (Adams, 1959). For this,
100 ul of each dilution from 10" to 10 was mixed with 300 pl of overnight
incubated pure broth culture of (S. aureus and E. col) bacteria in separate sterile
tubes. This suspension was mixed gently and kept at 37°C for 10-15 min. To each
tube, about 2.5 ml of molten soft top agar was added at 45°C, mixed and poured over
the plate of NA media. Plates were incubated at 37°C for 24 hrs and number of
plaques were counted next day in units of pfu/ml. Mean titer of one morphological
type of phage isolates was calculated (in PFU/ml) and presented in Table-4.23. Phage
titer was determined in terms of plaque forming units (PFU/ml) with the help of

formula given below:
PFU /ml= No. of plaques x Dilution factor
3.4.3.2.2. Phage sensitivity testing

The sensitivity of the bacterial isolates to bacteriophages was assessed by
observing and counting the plaques over bacterial lawn and/or by visual reduction in

bacterial colony.
i. By Plaque formation

In vitro Iytic activity of (SaDy, SaD;, SaD)3) phage isolates against 85 S. aureus
and E. coli phage (EcD;, EcD; and EcD3) isolates against 121 E. coli bacterial isolates

of target host bacteria was tested by spot inoculation method of Park et al. (2000).
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Fach bacterial culture was inoculated into sterile NB and LB broth and
incubated at 37°C for 6 hrs. After 6 hrs, pure broth culture of each target bacteria (S.
aureus/E. coll) was swabbed/ spread plated onto the NA and LBA plate and a loopful
(10 ul) of each purified phage stock lysate was aseptically placed on the dried
superficial surface of agar and allowed to be absorbed at room temperature for 15
min. Plates were inverted and incubated at 37°C for 24 hrs. After incubation at 37°C,
the sensitivity of target bacteria against all the phage stock lysate was observed by
formation of number of plaques at the spot and pattern of bacterial lysis. The result is
recorded by observing number of plaques and pattern of bacterial lysis and compared
as uniform volume of 10 ul was used for testing in vitro lytic activity of all phage
isolates under test. Number of plaque formed (less than 15, 15- 100, more than 100)
along with pattern of lysis {light or confluent lysis) on the spot of phage lysate over
bacterial lawn were considered as parameters to compare the efficacy of in vitro lytic
activity of various phage strains recovered from the animal wastewater samples.
Result of in vitro lytic activity of various phages against bacterial isolates was

summarized in Table-4.24 and Table-4.25 in terms of percent lytic efficacy.
ii. Reduction in number of bacterial colonies:

This test was performed as per the method of Sajjad et al. (2004) with slight
modification. In this method, the concentration of six hour old host bacterial culture
was kept constant (1.5x10% cfu/ml) while phages were used in 10-fold serial dilution.
Both were mixed and processed as per the method of Adams (1959) and then
observed for any reduction in number of bacterial colonies and observation was

recorded.
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CHAPTER -4

RESULTS

4.1 Isolation and characterization of the major bacteria (Staphylococcus aureus

and E. coli) from milk samples of mastitis cases of cows and buffaloes

4.1.1 Identification of cases of clinical and sub-clinical mastitis of cows and

buffaloes

A total of seven hundred seventy lactating cows and buffaloes were selected
for screening of animal-wise composite milk samples for the presence of sub-clinical
and clinical mastitis. Out of 770 lactating animals, 657 were cows, among which 601
were screened for SCM and 56 for CM. Among these 601 lactating cows screened for
SCM, 459 were from various Goshalas in and around Mathura, U.P. India; 92 cows
were from Instructional Livestock Farm Complex (ILFC) and 40 were from Teaching

Veterinary Clinical Complex (TVCC), DUVASU, Mathura, U.P., India; and 12 were

from ambulatory visits and clinical camps (Table 4.1).

Out of fifty six lactating cows suspected for CM, forty three were from TVCC,
DUVASU, Mathura; six were from ambulatory visits and clinical camps; five were
from various Goshalas in and around Mathura; and two were from ILFC, DUVASU,
Mathura, U.P., India.

Amongst 770 lactating animals, a total of 113 were buffaloes, out of which 64
were screened for SCM and 49 for CM. Among 64, 30 each were from ILFC Farm
and TVCC, DUVASU, Mathura, U.P., India; and 4 from ambulatory visits and
clinical camps. Among 49 buffaloes studied for CM, 47 were from TVCC, DUVASU,
Mathura; and one each from ambulatory visits/clinical camps, and ILFC Farm,
DUVASU, Mathura, U.P., India. No buffalo samples were collected from any of
Goshalas (Fig. 4.1).

4.1.2 Collection of milk samples aseptically from respective animals

A total of seven hundred seventy (770) milk samples were aseptically
collected after proper washing and cleaning of udder and teat surface from lactating
cows and buffaloes. First few streams of milk from teat were discarded and then from
each quarter 10-15 ml of mid-stream milk was collected in sterilized multipurpose

sample container for screening of SCM.
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4.1.3 Initial screening of milk by California mastitis test (CMT) and somatic
cell count (SCC)

In the present study, all the collected composite milk samples from lactating

cows and buffaloes were screened for SCM by performing CMT and SCC.
4.1.3.1 Results of CMT

Based upon visible observation, grade of 0, 1, 2 and 3 were provided for milk
samples and considered as negative, slightly positive, positive and strongly positive,
respectively. In the current study, samples attaining score of 1, 2 and 3 were recorded
as positive (Fig. 4.2). Out of 601 cows, 198 were found positive for SCM by CMT
(Fig. 4.3). The prevalence of SCM in lactating cows was found to be 32.94% by CMT
(Table 4.2). Out of 459 cows screened from various Goshalas, 166 (36.16%) were
found positive for SCM, while out of 90 cows screened from ILFC, DUVASU,
Mathura, 12 (13.33%) were positive; among 12 cows from ambulatory visits and
clinical camps, 5 {(41.67%) were positive; and out of 40 cows from TVCC, DUVASU,
Mathura, 15 (37.50%) were found positive for SCM. The detailed results of 166
positive cows for SCM among various Goshalas are presented in Table 4.3 and Fig.

4.4

Out of 64 buffaloes screened for CMT, 15 (23.43%) were found positive for
SCM by CMT. Out of 30 milk samples from TVCC, DUVASU, 8 were positive
(26.6%): out of 30 samples from [LFC, DUVASU, Mathura, 6 were positive (20%)
and among 4 milk samples obtained from buffaloes during ambulatory visits and

clinical camps, one (25%) was found positive for the presence of SCM (Table 4.4;
Fig. 4.5).

4.1.3.2 Results of SCC

Besides performing CMT, all the collected composite milk samples from
lactating cows and buffalos were subjected to somatic cell count (SCC) for indirect

estimation of SCM.

Somatic cell count was performed using Modified Newman's stain technique
as per method of Hegde et al. (2013) with some modifications. The milk samples
containing number of somatic cells {leukocytes and/or epithelial cells) between 3-5
lac cells per ml (3 X 10° - 5 X 10°) were considered as positive for sub-clinical

mastitis and SCC above b lac cells per ml of milk were indicated as mastitic milk,
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Table 4.1: Number of milk samples collected from cows and buffaloes for the study of sub-clinical mastitis and clinical mastitis

Number of cows Number of buffaloes
S. No. | Place of sample collection
Sub-clinical Clinical L L Clinical
- o Sub-clinical mastitis .
mastitis mastitis mastitis
1. ILFC Farm, DUVASU 90 2 30 1
5 Ambulatory and Clinical 12 6 A |
camp
3. TVCC, DUVASU 40 43 30 47
4. Goshalas 459 5 0 0
Total 601 56 64 19
770 657 113




Table 4.2: Details of milk samples collected from cows for the study of sub-clinical mastitis by California Mastitis Test (CMT)

S. No. | Place of sample collection Cm;; s(;:ll\‘/(;;‘ned le’)v; E(I)\;i;‘ive % of CMT positive
1. ILFC Farm, DUVASU 90 12 13.33
9 CA;InnlI))l;latory and Clinical 12 5 1167
3. TVCC, DUVASU 40 15 37.50
4. Goshalas 459 166 36.16
Total 601 198 32.94




Table 4.3: Details of milk samples collected from cows of various Goshalas for the study of sub-clinical mastitis by California

Mastitis Test (CMT)

S. No. Name of Goshala Covl\)f; gll\"/(laeTned Cows Cpﬁi;ive by % of CMT positive
1. Akshaypatra Goshala 17 3 17.64
2 Mataji Goshala 212 92 43.39
3. Rangili Mahal (17) + Shriji Gopi (5) Goshalas 22 1 4.54
4. Eskcon (Bhaktivedanta) Goshala 12 6 50
5. Jai Gurudev Goshala 62 20 46.77
6. Hassanand Goshala 88 25 2841
¥l Panchayati Goshala 36 5 13.88
8. Samarpan Goshala 10 5 50

Total 459 166 36.16




B Sub-<linical mastitis in cows B Clinical mastitis in cows
w Sub-clinical mastitis in buffaloes m Clinical mastitis in buffaloes
B 459
450
400
350
300
250
200
150
%0
100 =
. m: _°°‘' Hi=l ol
ILFC Farm Ambulatory/ TVCC, DUVASU Goshala
Clinicalcamp

Fig. 4.1: Number of milk samples collected from cows and buffaloes for the

screening of sub-clinical mastitis and clinical mastitis

Fig. 4.2: Results of California mastitis test (CMT) - Score 0, 1, 2 and 3
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Fig. 4.3: Percentage of milk samples found positive by California Mastitis Test
(CMT) for detecting sub-clinical mastitis (SCM) in cows
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Fig. 4.4: Percentage of milk samples found positive by California Mastitis Test
(CMT) for detecting sub-clinical mastitis (SCM) in cows in Goshalas



Table 4.4: Details of milk samples collected from buffaloes for the study of sub-clinical mastitis by California Mastitis Test
(CMT)
S. No. [ Place of sample collection Buffaloe(s]svc;;ened by Buffa]oil\[/)l(r?ifiﬁve by % of CMT positive
1. ILFC Farm, DUVASU 30 6 20
2. Ambulatory and Clinical camps 1 1 25
3. TVCC, DUVASU 30 8 26.6
Total 64 15 23.43

Table 4.5: Details of milk samples collected from cows for the study of sub-clinical mastitis by somatic cell count (SCC)

S. No. | Place of sample collection G s;:‘:eéned by Cows positive by SCC % of SCC positive
1. ILFC Farm, DUVASU 90 Zr 30
2. Ambulatory and Clinical camps 12 5 41.67
3 TVCC, DUVASU 40 16 40
4. Goshalas 459 258 56.21
Total 601 306 50.9
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Fig. 4.5: Percentage of milk samples found positive by California Mastitis Test
(CMT) for testing sub-clinical mastitis (SCM) in buffaloes
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Fig. 4.6: Percentage of milk samples found positive by somatic cell count (SCC)
for testing sub-clinical mastitis (SCM) in cows



Results

while samples with less than 3 lac cells per ml of milk were recorded as negative. But
irrespective of the results of SCC all the milk samples were subjected to bacterial

isolation.

In the current study, milk samples reported as positive for SCM showed range
of SCC as minimum somatic cell count of 3.5 x 10°to maximum of 4.8 x 10” in case
of cow milk samples, while a minimum of 3.12 x 10° to maximum of 3.8 x 10° SCC
was recorded in case of buffalo milk samples. Out of 601 cows, 306 were found
positive for SCM by SCC. The prevalence of SCM in lactating cows was found to be
50.9% (Table 4.5). Out of 459 cows screened from various Goshalas, 258 (56.21%)
were found positive for SCM, while out of 90 cows screened from ILFC, DUVASU,
Mathura, 27 (30%) were positive; among 12 cows from ambulatory visits and clinical
camps, 5 (41.67%) were positive; and out of 40 cows from TVCC, DUVASU,
Mathura, 16 (40%) were found positive for SCM (Fig. 4.6). The detailed results of
258 positive cows for SCM among various Goshalas are presented in Table 4.6 and

Fig. 4.7.

Out of 64 buffaloes screened for SCM, 19 (29.68%) were found positive by
SCC. Out of 30 milk samples from TVCC, DUVASU, 10 were found positive
(33.3%); out of 30 samples from ILFC, DUVASU, Mathura, 8 were positive (26.6%)
and among 4 milk samples obtained from buffaloes during ambulatory visits and

clinical camps, one (25%) was found positive for the presence of SCM (Table 4.7;
Fig. 1.8).

414 Isolation of bacteria (S. aureus and F. col)) from milk samples of SCM
and CM of cows and buffaloes

All the milk samples of selected lactating cows and buffaloes were screened
for SCM and each milk sample collected from cases of CM were directly streaked
over nutrient agar and MacConkey agar, inverted and incubated at 37 C for 24-48 h
for primary isolation of S. aureus and FE. coli bacteria from milk samples,

respectively.

Out of 601 lactating cows screened for SCM, 7 (1.16%) S. aureus, 263
(43.76%) isolates of CNS and 107 (17.80%) isolates of £. coli were recovered (Table
4.8 and Table 4.9). Out of 56 lactating cows tested for clinical mastitis (CM}), 45 S.
aureus isolates (82.14%) and 4 (7.14%) isolates of £. coli were isolated (Table 4.11).
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QOut of 601 milk samples of lactating cows screened for SCM, no bacteria were
isolated from 224 (37.27%) milk samples; and out of 56 lactating cows tested for CM,
7 (12.50%) milk samples were negative for any bacterial growth. The prevalence of

CM in lactating cows was found to be 87.5%.

Among 657 cows tested for SCM and CM, 426 cows were found positive for
bacterial growth (64.84%) and 231 (35.15%) were found negative as no bacterial
isolation was observed. In the present study, out of 426 positive cows, a total of 52 §.

aureus (12.20%), 263 (61.73%) isolates of CNS and 111 £ coli (26.05%) isolates

were obtained.

Among 64 lactating buffaloes screened for SCM, eight isolates of CNS
(18.75%), 4 isolates of S. aureus and 3 (4.68%) isolates of E. coli were recovered
(Table 4.10). Out of 49 lactating buffaloes tested for clinical mastitis, 29 (59.18%) S.
aureus isolates and 7 (14.28%) isolates of E. coli were isolated (Table 4.11). The

prevalence of CM in lactating buffaloes was found to be 73.47%.

Out of 64 milk samples of lactating buffaloes screened for SCM, 49 {76.56%)
samples did not reveal any bacterial growth and out of 49 lactating buffaloes tested
for CM, no bacteria could be isolated from 13 (26.53%) milk samples of buffaloes. In
total, among 113 buffaloes tested for SCM and CM, 51 (45.13%) buffaloes were
positive while 62 (54.87%) were negative for bacterial isolation. Therefore, out of 51
positive buffaloes, a total of 33 S. aureus (64.71%), 8 CNS (15.69%) and 10 E. coli

(19.61%) isolates were obtained.

Overall, from 770 lactating cows and buffaloes, 477 (61.94%) animals were
positive for bacterial growth and no bacteria could be isolated from 293 (38.06%)
animals. In the present study, a total of 85 S. aureus, 271 Coagulase negative

Staphylococci (CNS) and 121 E. coli isolates were recovered.

4.1.5 Caltural, morphological and biochemical characterization of bacteria (S.

aureus and E. colf) from milk samples

All the milk samples inoculated over nutrient agar and MacConkey agar were
incubated at 37°C for 24-48 h and observed for cultural characteristics of S. aureus

and F. coli bacterial isolates.

S. aureus: Colonial characteristics, pigment production and Gram’s staining features

were observed and recorded after incubation. Milk samples showing round, smooth,
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Fig. 4.7: Percentage of milk samples found positive by somatic cell count (SCC)
for detecting sub-clinical mastitis (SCM) in cows in Goshalas
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Fig. 4.8: Percentage of milk samples found positive by somatic cell count (SCC)
for testing sub-clinical mastitis (SCM) in buffaloes



Table 4.6: Details of milk samples collected from cows of various Goshalas for the study of sub-clinical mastitis by somatic cell

count (SCC)

S. No. | Place of sample collection Cows s;:;‘:eéned by Cows IS)(():s(i:tive by (%;)((::it?\ic

1. Akshaypatra Goshala 17 10 58/82

2 Mataji Goshala 212 100 47.16

3. Rangili Mahal (17) + Shriji Gopi (5) Goshalas 22 2 9.01

4. Eskcon Goshala 12 8 66.67

5. Jai Gurudev Goshala 62 38 61.29

6. Hassanand Goshala 88 60 68.18

7. Panchayati Goshala 36 35 91.22

8. Samarpan Goshala 10 5 a0
Total 459 258 56.21




Table 4.7: Details of milk samples collected from buffaloes for the study of sub-clinical mastitis by somatic cell count (SCC)

S. No. | Place of sample collection BUHalOESSECE%HEd by Buffaloes positive by SCC % of SCC positive
1. ILFC Farm, DUVASU 30 8 26.6
2. Ambulatory and Clinical camps 4 1 25
3. TVCC, DUVASU 30 10 33.3
Total 64 19 29.68
Table 4.8: Number of milk samples from cows found positive for isolation of Staphylococcus aureus, coagulase negative
Staphylococci (CNS) and Escherichia coli bacteria from sub-clinical mastitis
& Ni. | Place ol samnls collsction No. of | Positive for S. aureus /| Percentage of Positive for Percentage of
U P COWS CNS isolates positive cows | . coliisolates positive cows
1. ILFC Farm, DUVASU 90 29 CNS 32.22 5 5.55
5 Ambulatory and Clinical 12 6 CNS 50 9 16.66
camp
3. TVCC, DUVASU 40 16 CNS 40 2 5
212 CNS
4. Goshalas 459 47.71 98 21.35
/T 8. aureus
Total 601 263 CNS/ 44.92 107 17.80
1 5. aureus




Table 4.9: Number of milk samples from cows of various Goshalas found positive for isolation of Staphylococcus aureus, coagulase

negative Staphylococci (CNS) and Fscherichia coli bacteria from sub-clinical mastitis

Positive for S.

S. No. | Place of sample collection No. of cows aureus /CNS Per(.:e.ntage of Posit'i.ve dor Per(.:e'ntage of
. positive cows | E. coliisolates positive cows
isolates

1. Akshaypatra Goshala 17 10 CNS 58.8 0 0
2. Mataji Goshala 212 65 CNS 30.66 35 16.5
Rangili Mahal (17) + Shriji
3. Gopi (5) Goshalas 22 2 CNS 952 0 0
5 CNS
4. Eskcon Goshala 12 66.67 8 66.67
/3 8. aureus
8. Jai Gurudev Goshala 62 38 CNS 61.29 4 6.45
56 CNS
9. Hassanand Goshala 88 67.0 32 36.36
/3 8. aureus
35 CNS
10. | Panchayati Goshala 36 97.22 16 44.44
/1 S. aureus
11. | Samarpan Goshala 10 2 20 3 30
212 CNS/
Total 459 47.71 98 21.35

1 8. aureus




Table 4.10: Number of milk samples from buffaloes found positive for isolation of Staphylococcus aureus,

Staphylococci (CNS) and Escherichia colibacteria from sub-clinical mastitis

coagulase negative

No. of Positive for S. Percentage of Positive for Percentage of
S. No. | Place of sample collection
buffaloes aureus/CNS positive E. coli positive

1. ILFC Farm, DUVASU 30 6 CNS 20 0 0
2. Ambulatory and Clinical 4 0 0 1 25

camps
3 TVCC, DUVASU 30 4 S. aureus / 20 2 6.66

2 CNS
Total 64 8 CNS/ 18.75 3 4.68

4 S. aureus




Table 4.11: Milk samples from cows and buffaloes found positive for isolation of Staphylococcus aureus and Escherichia coli bacteria

from clinical mastitis

S. No Place of sample No. of Positive for Positive for No. of Positive for 5. Pusitive for
T collection COWS S. aureus (%) E. coli (%) buffaloes auretts (%) E. coli (%)
ILFC Farm,
1. DUVASU 2 2 (100) 0 (0) 1 1 (100) 0 (0)
g, | Ambulatory and 6 4 (66.6) 0 (0) 1 1 (100) 0 (0)
Clinical camps
3. | TVCC, DUVASU 43 31 (79.1) 1 17 27 (57.44) 7 (11.89)
4. | Eskcon Goshala 2 2 (100) 0 (0) 0 0 0
5. | Hassanand Goshala 3 3 (100) 0 () 0 0 0
Total 56 45 (82.14) 4(7.14) 49 29 (59.18) 7 (14.28)

Number shown in bracket indicates percentage




Results

raised, glistening, and yellow colonies over nutrient agar were sub-cultured onto
Mannitol salt agar (MSA). Circular (2-3 mm in diameter), smooth, and opaque
characteristic golden yellow colonies causing yellow discoloration of media were
obtained after 24-48 h of incubation (Fig. 4.9). This is characteristic cultural feature of
S. aureus, which was confirmed by Gram's staining for typical morphological
character. Mannitol fermenting vellow colonies showed Gram positive cocci in
bunches upon Gram staining (Fig. 4.10), which were non-motile upon motility testing.
Culture plates failed to produce yellow colonies and yellow discoloration of media
were discontinued from the experiment as detection of bacteria other than S. aureus

and £. coli was beyond the objectives of the study.

After cultural characterization, Gram's staining and motility testing, Gram
positive non-motile cocci present in bunches were subjected to further biochemical
characterization by standard procedure in the laboratory. Catalase and coagulase tests
were performed and results showed all 366 Staphylococcus isolates were catalase
positive (Fig. 4.11), on the other hand 74 S. aureus isolates recovered from milk
samples of CM and 11 §. aureus isolates recovered from milk samples of SCM were
coagulase positive (in total 85 S aureus isolates) and rest 271 isolates of
Staphylococcus spp. were coagulase negative Staphylococci and regarded as CNS,

mostly isolated from milk samples of SCM.

E. coli Milk samples inoculated over MacConkey agar were incubated at 37°C for
2448 h and observed for the presence of lactose fermenting (Fig. 4.12) and non-
fermenting colonies. Pink colored lactose fermenting circular colonies were further
streaked over Eosin Methylene Blue agar and HiChrome £. coli agar, incubated at
37°C for 24 h and tested by Gram staining and motility testing. Gram staining and
motility testing revealed Gram negative motile rods present in single form. The
isolates showing black-magenta colored small dry colonies over EMB agar with
characteristic metallic sheen (Fig. 4.13) and bluish-green colored small colonies over
HiChrome F. coli agar were recorded as F. coli (Fig. 4.14). These strains were further
confirmed by biochemical characterization by performing for indole, methyl red,
Voges Proskauer (VP), citrate and sugar fermentation tests (1% glucose, 1% lactose
and 1% maltose sugar). Results of biochemical reaction showed that 121 isolates were
indole positive, methyl red positive, VP negative, citrate negative and ferment all

three sugars.
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Results

Pure isolates of bacteria were transferred onto nutrient agar slants (Fig. 4.15)

in duplicate, were assigned a number and stored at 4 C.

4.2 Collection of samples of wastewater from disposal tanks from different

locations

4.2.1 Rapid detection of bacteriophage by turbidity reduction method and

streaking over the bacterial lawn and isolation of bacteriophage

Approximately 100-250 ml of 55 wastewater samples were collected for
detection and isolation of bacteriophages (Fig. 4.16). From goats and poultry farms,
fecal pellet and semi-dry fecal droppings, respectively were collected and processed.
Details of wastewater sample collection from different locations were given in Table

41.12 and Fig. 4.17.

High efficacy of recovery depends on initial concentration of phage in sample
and to enhance the concentration, enrichment protocol was adopted (Fig. 4.18)

followed by filtration to have bacterial free filtrate (BFF) comprised of target phages
(Fig. 4.19).

All the samples were subjected for the isolation of bacteriophage following a
systematic approach. First, rapid detection of lytic activity of phage in wastewater was
assessed by turbidity reduction method (Tiwari et al, 2010}, secondly by spot
inoculation (SP) method (Goodridge et al., 2003) and finally isolation of phages was
done using Double Agar Layer (DAL) method (Adams, 1959).

The comparative results of lytic activity shown by various samples against
bacteria by turbidity reduction method, spot inoculation method and DAL method

were shown in Table 4.13.

Results of initial screening by the turbidity reduction method indicated that
possibility of recovery of phages was maximum from wastewater samples collected
from TVCC, DUVASU (100%), followed by samples of Goshalas (90.9%) and ILFC
farm (88.8%) as compared to goat fecal pellet (66.6%). No reduction in turbidity was
detected from sheep fecal pellet (0% positive sample), and poultry farm fecal
droppings (0% positive sample). All five samples from TVCC, DUVASU were
positive. In 90.9% positive samples of Goshala, among 33, 30 samples were positive
(6 each from Hassanand Goshala, Jai Gurudev Gaushala and Panchayati Goshala; 3

each from Akshaypatra Goshala, Rangili Mahal & Shriji Gopi Goshala, Mataji
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Fig. 4.9: Round yellow colonies of Fig. 4.10: Gram positive cocci in
Staphylococcus  aureus over Mannitol  bunches. Gram Staining, 100X objective
Salt Agar

Fig. 4.11: Catalase positive isolates of Staphviococcus aureus



Fig. 4.12: Pink lactose fermenting Fig. 4.13: Characteristic metallic sheen
colonies of F. coli over MacConkey of E. coli over EMB agar

agar

b

Fig. 4.14: Typical blue-green colonies of
E. coli over HiChrome E. coli agar

Fig. 4.15: Growth of Staphylococcus aureus over Nutrient Agar Slant



Table 4.12 Details of animal wastewater samples collected from different locations

S. No. Place of sample collection Number of wastewater samples collected
1. ILFC Farm, DUVASU 9 (Cattle shed-6, Buffalo shed-3)
Z TVCC, DUVASU 5
3. Goshalas 33
4. Goat Farm, DUVASU 3
5. Sheep Flock, Aurangabad 2
6. Poultry Farm, DUVASU 3
Total 35




Fig. 4.16: Collection of wastewater sample from ILFC farm, DUVASU

H ILFCFarm HTVCC & Goshala H Goat Farm M Sheep Flock E Poultry Farm

Fig. 4.17: Details of animal wastewater samples collected from different

locations



Fig. 4.18: Enrichment of bacteriophage from sample of animal

wastewater

Fig. 4.19: Preparation of bacterial free filtrate (BFF)



Table 4.13: Wastewater samples showing lytic activity by turbidity reduction method, spot inoculation method and double agar

layer (DAL) method
S.No. | Source of samples w:‘s(zaa\:f:tl;n:)ai:l Olfes Eositive by tuchidity Positive by spot Positive by DAL
o P collected P reduction method (%) | inoculation test (96) method (96)
1. ;LI}?‘(;ASU Farm, 9 (Cattle 6, Buffalo-3) 8 (88.8%) 6 (75%) 6 (75%)
2. TVCC, DUVASU 5 5 (100%) 3 (60%) 3 (60%)
3 Goshalas 33 30 (90.9%) 20 (60.6%) 20 (60.6%)
S e 3 2 (66.6%) 1 (33.3%) 1 (33.3%)
Sheep Flock,
> | puvasu 2 0 0 0
Poultry Farm,
% | puvasu 8 0 0 0
Trital 55 15 (81.8 %) 30 (54.5%) 30 (54.5%)

Number shown in bracket indicates percentage.




Results

Goshala, and Eskcon Goshala) and from Pt Deen Dayal Dham Kamdhenu Goshala, no
sample showed reduction in turbidity. Among 9 samples collected from ILFC,
DUVASU, Mathura, 8 samples (6 from cattle and 2 from buffalo wastewater) were

found positive (88.8%). From three samples collected from goats, two were positive

(66.6%) (Fig. 4.20).

In the present study, among fifty five, forty five (81.8%) samples shown

turbidity reduction method as a rapid technique for detection of presence of phages

(Fig. 4.21).

Spot inoculation or streak plate method was then performed on all samples and
development of plaques on surface of solid media was adjudged as indication of lytic
activity and among 55, 30 samples were found positive. As a result, maximum
recovery was observed from cattle and buffalo wastewater from ILFC Farm (75%),
followed by cattle wastes from Goshalas (60.6%), and from TVCC (60%), DUVASU,
Mathura. Only 33.3% of positive results were obtained from goat faecal samples (Fig.
4.22).

Comparison of results of turbidity reduction method with that of streak plate
or spot inoculation method indicated that number of samples showing lytic activity
reduced from 81.8% to 54.5% when studied by streak plate method. This is possibly
because assessment of plaque formation was difficult due to irregular plaque
morphology and volume of BFF used in spot inoculation method (10pl) was ten times

lesser than the turbidity reduction method (100 ul) (Fig. 4.23).

Further comparison of SP method with DAL method showed cent percent
correlation as all the samples processed by SP method (54.5%) were also positive by
DAL method (54.5%) and used finally for obtaining pure culture of specific phages

i.e.on S aureusand E. coli.

Those samples which failed to induce lysis of bacteria in turbidity reduction
method also did not show plaque formation by streak plate method. Every sample that
showed lytic activity on the bacterial lawn by streak plate method was finally

processed for isolation of phages by DAL method.
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Results

In the present study, primary isolation was done using two most common
causative agents (clinical field strain) of bovine mastitis namely S. aureus and E. coli
isolated from cases of CM and number of phages specific for S. aureus and £. coli

were shown in Table 4.14.

A systematic approach was followed in present study for the recovery of

phages so as to obtain pure phage isolated on the basis of single plaque morphology.

Wastewater samples found positive by rapid detection techniques of turbidity
reduction method and streak plate method were subjected to DAL method. Out of 55
samples tested, a total of 51 phage isolates were obtained. Total number of phage
strains recovered against 5. aureus were 21 while 30 in case of £. coli. More recovery
of . coli phages may be because of abundant presence of host bacteria F. coli in soil

and water as an environmental pathogen.
4.2 Characterization of phage isolates

Phage isolates were further subjected to physical and biological
characterization based on plaque morphology, chloroform, temperature effect, pH
effect and host range studies. Scanning electron microscopy was conducted for

morphological characterization, though it was beyond the part of study.
4.2.1 Plaque morphology

Ellis and Winters (1969) reported that plaque morphology is one of the
foremost criteria for characterization. In the present study, phages were categorized
by plaque size, consistency of plaques and were assigned the designation. Plaque
types ranged in size with small plaque categorized as being under 2 mm, medium
plaque being 2 mm, and large plaque being more than 2 mm. Variation also occurred

in the plaque consistency as clear and opaque or diffused plaques (Table 4.15, Fig.
4.24a and Fig.4.24b).

Media plated were observed from 6 h-48 h for appearance of plaques. Results
revealed that I coli supported the growth of more phages as compared to S. aureus as
indicated by recovery of 30 E. coli host specific (EcD) phage as against 21 S. aureus
host specific phages (SaD). Once, plaques begin to appear after 6 h, their number
increased with the time of incubation upto 48 h. The size, morphology and edges of
plaques vary as per respective phage isolate type and on the basis of plaque

morphology, phages were categorized into different types. As per plaque morphology,
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Fig. 4.20: Percentage of wastewater samples from different locations showing lytic

activity by turbidity reduction method

Fig. 4.21: Turbidity reduction test - Control-Left tube and Test-Right tube
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Fig. 4.22: Percentage of wastewater samples from different locations showing lytic

activity by spot inoculation method

e

Fig. 4.23: Spot inoculation method - Control (C)
and Test (T)



Table 4.14: Number of phages isolated against Staphylococcus aureus and Escherichia coliby DAL method

No. of phages isolated on bacteria Total no. of
S.No. [ Source of samples No. of samples selected*

phages

S. aureus phage E. coli phage isolated
1. ILFC Farm, DUVASU 6 o 6 11
2 TVCC, DUVASU 3 - 3 3
3. Goshalas 20 15 20 35
4. Goat Farm, DUVASU 1 1 1 2
Total 30 21 30 51

* Selected on the basis of spot inoculation method




Table 4.15: Differentiation of phage isolates by plaque morphology

No. of
Designation on the
isolates/ Percentage
S. No. Phage type and designation basis of plaque Plaque morphology
Total no. of (96)
morphology
isolates

Sal), Small-pin headed clear 15/21 71.4

plaque

Phages isolated on S.
1. Sal); Small diffused/opaque 4/21 19.0
aureus (SaD)

plaque
Sal); Large clear plaque 2/21 9.5
EcD, Medium sized and clear 24/30 80.0

round plaque

) Phages isolated on E. coli EcD» Small sized and clear 4/30 13.3

‘ (EcD) plaques
EcD; Large sized and clear round 2/30 6.66

plaques

Number shown in bracket indicates percentage.




Fig. 4.24a: Control: No plaques over  Fig. 4.24b: Plaques of bacteriophage on

Luria Bertani agar lawn of E. coli over Luria Bertani agar

(LBA)



Results

phages isolated on 5. aureus (SaD)) were designated as; SaD); with small-pin headed
clear plaque, Sal}, with small diffused/opaque plaque and SaDj; with Large clear
plaque; and phages isolated F. coli (EcD) were designated as; EcD; with medium
sized and clear plaque, EcD); with Small sized and clear plaque and EcDj3 with Large

sized and clear round plaque (Fig.4.25-Fig.4.30).

For each prime host, three different phage isolates were obtained on the basis
of plaque morphology. In the present study, large batches (1000 ml) of soft top agar
(0.7%) were made at one time, so that entire batch would have uniform gel strength.
Hence, the phage isolates differentiated based on plaque morphology were all

different from each other.

Electron microscopy: For morphological characterization of phage, scanning
electron microscopy (SEM) was conducted to observe morphology of F. coli host
specific phage, as facility of Transmission electron microscopy (TEM) was not
available during the time of study. The electron microscopy of Ecl); after negative
staining showed presence of hexagonal head and long non-contractile tail, which
indicated that isolated phage may belong to Siphoviridae family. Electron micrograph
of EcI); has been presented in Fig. 4.31. Further studies including TEM and genomic
characterization are desired to correlate with the host-range studies and physico-

chemical method of characterization.
4.2.2 Effect of temperature

All the phage isolates were investigated for their temperature sensitivity based
on ability of phage isolates to form plaque when exposed to temperatures of 4°C,
22°C, 37°C and 70°C for 60 min. For this, 0.1 ml of phage suspension was mixed with
4.9 ml of nutrient broth in test tubes. Volume of 5 ml was distributed as 1 ml into test
tubes. The test tubes containing 1 ml mix were placed in water bath at temperature
ranges of 22°C, 37°C, 70°C for 60 min and 1 tube was kept at 4°C for 60 min. Phage
concentrations (titer) before and after treatment with 60 min exposure to heat were
adjudged by DAL method. After 1 hr, 0.1 ml of exposed phage suspension was mixed
with 0.3 ml of 16-18 hr old respective bacterial (S. aureus and E. coli) culture, gently
mixed and added into 2.5 ml of soft top agar and plating was done as per DAL
method, plates were inverted and incubated at 37°C for 24 h and observed for

presence or absence or any reduction in number of plaques.
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Results

Any reduction in phage titer and viability of phage were observed and
compared with exposure at 4°C, which acted as control. The effects of temperature on

viability of phages are mentioned in Table 4.16.

Results presented in Table 4.16 indicated that the phage isolates EcD;, EcD;
and EcD3 remain viable after treating at 70°C for 60 min but there was distinct
reduction in the % viability (33.33% EcD; remain viable and among EcD; and EcDj
50% remain viable), and SaD);, SaD, and SaD; phage isolates failed to show any
viahility and all three types were inactivated when exposed to temperature of 70°C for
60 min. When exposed to 4°C for 60 min, all phage isolates Sal);, SaD,, Sal};, Ec,
EcD); and EcD3 remain viable and stable, which showed that they can be stored at
refrigeration temperature of 4°C safely for longer duration of time. When exposed to
37°C for 60 min, all phage isolates Sal};, SaD;, SaDs;, EcDj, EcD; and EcDj
maintained viability and were stable, indicating that all phage isolates under study
maintain their bacterial infectivity and viability at incubation temperature of 37°C.
Temperature of 22°C for 60 min, inactivated all SaD; type phages and marked
reduction in the % viability of 50% was shown by SaD); types; however, rest all phage

isolates Sal)y, EcD)q, EcD; and EcD); remain viable and stable.
4.2.3 Effect of pH

In order to characterize the phage, pH study was conducted to see the effect of
variable pH seen on phage titer and viability of phages using the method of Litt and
Jaroni (2017) and Svab et al. (2018) with some modification. Here, S. aureus and E.
coli phage isolates were tested for their viability at different pH i.e. 3, 5, 7, 9 and 11
for 60 min. For this, 0.1 ml of phage suspension was mixed with 4.9 ml of nutrient
broth, kept at various pH of 3, 5,7, 9 and 11 and all five tubes were incubated at 37 °C
for 1 h before assessment of effect of pH. The pH in test tube was adjusted by using
1M hydrochloric acid (HCI) and 1M sodium hydroxide (NaOH) solution. After 1 h,
0.1 ml of exposed phage suspension was mixed with (.3 ml of 16-18 hr old respective
bacterial (S. aureus and E. coli) culture, mixed and added into 2.5 ml of soft top agar
and plating was done as per DAL method. The effects of different pH on phage

isolates were presented in the Table 4.17.
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Fig. 4.25: Small pin-headed clear plaques Fig. 4.26: Small diffused and opaque
on bacterial lawn (SaD) plaques on bacterial lawn (SaDy)

Fig. 4.27: Large clear plaques (SaDs) Fig. 4.28: Medium sized clear round
plaques on bacterial lawn (EcD)

Fig. 4.29: Small sized clear plaques on Fig. 4.30: Large sized clear round
bacterial lawn (EcDy) plaques on bacterial lawn (EcDs)



Fig. 4.31: Scanning Electron microscopic image (SEM)

depicting hexagonal head and long tail of phage



Table 4.16 Effect of temperature on viability of phage isolates

No. of isolates

Viability of the phages at various temperature for 60 min (% activity)

S. No. Phage tested
tested
1°C 22°C 37°C 70°C
15 (100 15 (100 15 (100 0@
L Sa, 5 (100) (100) (100) 0)
Stable Stable Stable Inactivated
4 (100) 2 (B0) 4 (100) 0
2. SaD, 4
Stable Reduced Stable Inactivated
2 (100 0 2 (100 0@
" SaDs ) (100) 0) (100) )
Stable Inactivated Stable Inactivated
24 (100 24 (100 24 (100 81(33.33
i EeD, - (100) (100) (100) (33.33)
Stable Stable Stable Reduced
4 (100) 4 (100) 4 (100) 2 (50)
5. EcD, 4
Stable Stable Stable Reduced
2 (100 2 (100 2 (100 1 (60
i EeDy 5 (100) (100) (100) (50)
Stable Stable Stable Reduced

Number shown in bracket indicates percentage




Results

Observations indicated no significant effect due to pH on viability of phage
isolates. The isolates appear to be stable to the pH range of 5 to 9, but inactivation

was evident at the very low (pH 3) and very high pH (pH 11) levels.
4.2 4 Effect of chloroform

Sensitivity of phages to chloroform was tested by following the method of
Chow and Rouf (1983) with some modifications to visualize the effect of chloroform
treatment on the viability of phages. The effect of chloroform on phage isolates was

recorded in terms of percent viability as shown in the Table 4.18.

Results showed that Ecl); and EcD maintain 100 % viability and activity after
their exposure to chloroform; whereas, EcDj (50%) and ScD; (66.6%) demonstrated
reduction in percent viability. Phage isolates Sal); and ScD3 were inactivated and no
plaques were produced after chloroform treatment. Results as presented in Table 4.18

revealed better % viability by Coliphages as compared to Staphylococcal phages.
4.2.5 Host range determination of phage isolates

Phage isolates which were initially isolated using S. aureus and £. coli were
also tested for lytic activity against standard strain of bacteria viz. Staphylococcus
aureus, S. epidermidis, Bacillus spp., F. coli, Pseudomonas aeruginosa, and
Klebsiella pneumoniae maintained in the laboratory. Number of phage isolates that

showed susceptibility to these bacteria were shown in Table 4.19.

Phages were tested against S. aureus, S. epidermidis, Bacillus spp., F. coli,
Pseudomonas aeruginosa and Klebsiella spp. Results indicated that phage isolates
either produced plaques or showed reduction in bacterial colony number against other
bacterial genera. The host range of Sal) phage and EcD phage was determined with
selected strains of 6 different bacterial isolates maintained in laboratory. Phage isolate
Sal) showed lytic activity only against S. aureus strains, and not against any of five
other bacteria. Few FEcl); type phage isolates showed lytic activity against
Pseudomonas aeruginosa and Klebsiella spp. also besides £. coli but not against 5.

aureus, S. epidermidis and Bacillus spp.

In the present study, phage isolate EcD; had wide hosts range as compared to

other phage strains as it showed lytic activity against all 3 bacterial genera tested.
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Results

Phage isolates SaD{, SaD; and Sal)s, isolated during the study were narrow

range phages as they demonstrated lytic activity only against S. aureus.
4.3 In vitro antibiotic sensitivity test and in vitro anti-bacterial potential of Phage
4.3.1 Antibiotic sensitivity pattern of bacteria isolated from SCM and CM

The bacteria were also subjected to Antibiotic Sensitivity test (AST), to know
the bacterial sensitivity for various antibiotics or in other words to know the
percentage of antibiotic resistant bacteria against different antibiotics. Now-a-days,
antibiotic resistance is developing world wide and a major cause of delayed recovery

from mastitis, which led to subsequent economic losses.

Each bacterial culture was inoculated into sterilized NB and incubated at 37 °C
for 18-24 h. After incubation, turbidity of culture was matched with McFarland
Nephlometer tube 0.5 (resembling to 1.5 X 10°® cfw/ml) and pure broth culture of each
bacterial isolate was spread on the surface of Muller Hinton agar plates and allowed to
dry at room temperature for 5-10 min. Antibiotic discs were placed and plates were
incubated in inverted position at 37 °C for 18-24 h. The results of antibiotic sensitivity

testing are described in Table 4.20.

Antibiotic sensitivity test of all 85 isolates of S. aureus obtained from milk
samples of SCM and CM were conducted against selected 20 antimicrobial discs
(Table 3.3, provided in chapter 3), namely, Ampicillin (AMP), Amoxycillin (AMC),
Ampicillin/Sulbactum (A/S), Amikacin (AK), Eryvthromycin (E), Gentamicin (GEN),
Kanamycin (K), Methicillin  (MET), Norfloxacin (NX), Penicillin-G (P),
Ciprofloxacin (CIP), Chloramphenicol (C), Streptomycin (S), Tetracycline (1),
Enrofloxacin (En), Vancomycin (VA), Ceftriaxone (CTR), Cefotaxime (CTX),
Cotrimoxazole (CoT) and Gatifloxacine (GAT). Their zone of diameter was measured
by using Zone-reader scale, compared with the provided standard chart and results are
expressed in the form of S (Number of bacterial isolates found sensitive to particular
drug), I (Number of bacterial isolates found intermediately sensitive to particular
drug) and R (Number of bacterial isolates found resistant to particular drug) as
mentioned in Table 4.20. Results indicated that S. aureus bacteria isolated from milk

samples showed resistance to one or more than one antibiotic.

Against Ampicillin, 47 (55.29%) out of 85 bacterial strains showed sensitivity,

23 showed intermediate sensitivity, while 15 (17.64%) were found resistant; against
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Table 4.17 Effect of pH on viability of phage isolates

No. of No. of phage strains viable at different pH (% viability)
S. No. | Phage tested isolates

tested pH:3 pH:5 pH:7 pH:9 pH:11
1. |SaD, 15 0 (0) 15 (100) 15 (100) 8 (53.39) 0 (0)
2. | saD, 1 0 (0) 2 (50) 4 (100) 1 (25) 0 ()
3. | SaD; 2 0 (0) 2 (100) 2 (100) 1 (25) 0 (0)
4. | EcDy 24 0 (0) 24 (100) 24 (100) 24 (100) 0 (0)
5. | EcD, 1 0 (0) 1 (100) 4 (100) 2 (50) 0 (0)
6. |EcD; 2 0 (0) 2 (100) 2 (100) 2 (100) 0 (0)

Number shown in bracket indicates percentage.




Table 4.18: Effect of chloroform on viability of phage isolates

S. No. | Phage tested No. of isolates tested Stability of the phages to chloroform treatment % viability
1. SaD; 15 10 66.67
2. SaD, 4 0 0
3. Salj3 2 0 0
4. Ecly 24 24 100
5. EcD; 4 100
6. EcDs 2 50
Table 4.19: Host range studies on phage isolates
. Bhiage tlj;’t‘e?]ffis;’]‘:‘i; Host range of phage strains against bacterial ho}s;sb —
tested host S. aureus S. epidermidis | Bacillusspp | P. aeruginosa ehsie -a E. coli
prieumoniae
1 Sal) 15 15 0 0 0 0
2 SaD, 4 4 0 0 0 0
3 Sal; 2 2 0 0 0 0
4 EcDy 24 0 0 0 20 15
5 EcD» 9 0 0 0 0 2
6 EcDs3 2 0 0 0 0 0




Table 4.20 Results of antibiotic sensitivity testing of various isolates of Staphylococcus aureus

Antibiotic discs used
Name of
. Sensitivit
mlcroorgan
ism y pattern
amP [amc | as| ak | B | cen| kK | MET | nx | P |lcap| c| s| T | En|va|cCcTR| cTX | CoT | GAT

S 47 54 | 84| 27 | 20| 23 |o 0 2 | 3| | 6| 3| 2| o | 69 0 69
Staphylococ
cus aureus I 23 24 | o 18 16 15 |11 1 35 |17 40 | 31| 1] 11| 8| o | 11 10 2 1
(N=85)

R 15 7 1 0 | 49 | 47 |74 84 | 48 | 65| 14 | 48| 7| 2 | o8 | 1 7 83 5

N= Total number of isolates tested; S: Sensitive; I: Intermediate; R: Resistance

AMP — Ampicillin, AMC - Amoxycillin, A/S - Ampicillin/Sulbactum, AK - Amikacin, E - Erythromycin, Gen - Gentamicin, K - Kanamycin, MET -
Methicillin, Nx - Norfloxacin, P - Penicillin-G, CIP - Ciprofloxacin, C - Chloramphenicol, S - Streptomycin, T - Tetracycline, En - Enrofloxacin, Va
- Vancomycin, CTR - Ceftriaxone, CTX - Cefotaxime, Co-T - Cotrimoxazole, GAT - Gatifloxacine



Results

Amoxycillin 54 (63.53%) showed sensitivity, 24 showed intermediate sensitivity and
7 (8.23%) were found resistant. Against Ampicillin/Sulbactum, 84 (98.82%) out of 85
bacterial strains were sensitive while 1 (1.17%) isolate remain resistant; against
Amikacin, 27 (31.76%) out of 85 bacterial strains showed sensitivity, 18 showed
intermediate sensitivity while 40 (47.06%) were found rtesistant. Against
Erythromycin, 20 (23.53%) strains were found sensitive, 16 were intermediately
sensitive and 49 (57.64%) were found resistant; against Gentamicin 23 (27.06%) out
of 83 bacterial strains showed sensitivity, 15 showed intermediate sensitivity while 47
(55.29%) were found resistant; against Kanamycin no sensitive bacterial strains were
observed, 11 were intermediately sensitive, while 74 (87.06%) were resistant.
Likewise, against Methicillin no bacterial strain showed sensitivity, 1 showed
intermediate sensitivity and 84 (98.82%) were found resistant; against Norfloxacin 2
(2.35%) out of 85 bacterial strains showed sensitivity, 35 showed intermediate
sensitivity while 48 (56.47%) were found resistant. Against Penicillin-G, only 3
(3.52%) strains were found sensitive, 17 were intermediately sensitive and 65
(76.47%) were found resistant. Against Ciprofloxacin, 31 (36.47%) bacterial strains
showed sensitivity, 40 showed intermediate sensitivity while 14 (16.47%) were found
resistant; against Chloramphenicol, 6 (7.06%) strains were found sensitive, 31 were
intermediately sensitive and 48 (56.47%) were found resistant; and against
Streptomycin, 3 (3.52%) out of 85 bacterial strains showed sensitivity, 11 showed
intermediate sensitivity while 71 (83.52%) were found resistant. Against tetracycline,
72 (84.70%) strains showed sensitivity, 11 showed intermediate sensitivity and 2
(2.35%) showed resistance. Against Enrofloxacin, 77 (90.58%) strains were found
sensitive, 8 were intermediately sensitive and no resistant strains were noticed.
Against Vancomycin, no sensitive strains were observed and all 85 (100%) strains

were found resistant.

Against Ceftriaxone, 73 (85.88%) out of 85 strains showed sensitivity, 11
showed intermediate susceptibility while 1 (1.17%) showed resistance. Against
Cefotaxime, 69 (81.17%) were found sensitive, 10 intermediately sensitive and 6
(7.06%) were resistant. Against Cotrimoxazole, no sensitive bacterial strains were
observed, 2 were intermediately sensitive, while 83 (97.64%) were resistant; and at
last, against Gatifloxacine 69 (81.17%) strains out of 85 were sensitive, 11

intermediately sensitive and 5 (5889%) were resistant. Among tested 20 drugs, out of
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85 stains, no strain was found sensitive to Kanamycin, Methicillin and Cotrimoxazole

(Fig.4.32).

Antibiotic sensitivity test of 271 isolates of CNS obtained from milk samples
of SCM and CM were also conducted against selected 20 antimicrobial discs as
mentioned earlier. Their zone of diameter was measured, compared with the provided
standard chart and results are expressed in form of S, I and R as mentioned in Table
4.21. Results indicated that CNS bacteria isolated from milk samples were resistant to

many antibiotics.

Against Ampicillin, 8 (2.95%) out of 271 bacterial strains showed sensitivity,
15 showed intermediate sensitivity while 248 (91.51%) were found resistant; against
Amoxycillin, 5 (1.84%) showed sensitivity, 7 showed intermediate sensitivity and 259
(95.57%) were found resistant; against Ampicillin/Sulbactum, 54 (19.92%) out of 271
bacterial strains were sensitive, 38 were intermediately sensitive while 179 (66.05%)
isolates were resistant; against Amikacin, 3 (1.10%) out of 271 bacterial strains
showed sensitivity, 18 showed intermediate sensitivity while 250 (92.25%) were
found resistant; against Erythromycin, 21 (7.74%) strains were found sensitive, 33
were intermediately sensitive and 217 (80.07%) were found resistant; against
Gentamicin, 5 (1.84%) out of 271 bacterial strains showed sensitivity, 20 showed
intermediate sensitivity while 244 (90.04%) were found resistant; against Kanamycin
no intermediately sensitive bacterial strains were observed, 14 (5.16%) were sensitive,
and 257 (94.83%) were resistant. Likewise, against Methicillin, no bacterial strains
showed sensitivity, 85 showed intermediate sensitivity and 186 (68.63%) were found
resistant; against Norfloxacin, 127 (46.86%) out of 271 bacterial strains showed
sensitivity, no intermediate sensitive and 134 (49.44%) were found resistant. Against
Penicillin-G, only 6 (2.21%) strains were found sensitive and 265 (97.79%) were
resistant. Against Ciprofloxacin, 152 (56.08%) bacterial strains showed sensitivity, 11
showed intermediate sensitivity, and 108 (39.85%) were found resistant; against
Chloramphenicol, 97 (35.79%) strains were found sensitive, 22 were intermediately
sensitive and 152 (56.08%) were found resistant; against Streptomycin, 5 (1.84%) out
of 271 bacterial strains showed sensitivity, no intermediate sensitive strain and 266
(98.15%) were found resistant. Against tetracycline, 124 (45.75%) strains showed
sensitivity and 147 (54.24%) showed resistance. Against Enrofloxacin, 230 (84.87%)

strains were found sensitive, 12 were intermediately sensitive and 29 (10.70%)
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Fig. 4.32: Antibiogram of various isolates of Staphylococcus aureus
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Fig. 4.33: Antibiogram of various isolates of Escherichia coli



Table 4.21 Results of antibiotic sensitivity testing of various isolates of coagulase negative Staphylococci (CNS)

Name of Sensitivity Antibiotic discs used
microorganis | pattern
m
AMP | AMC|AS|AK| E |GE| K [ME| NX| P |CIP| C 5 T | En| VA| CT | CT | CoT | GAT
N T R | X

CNS 5 8 5 54 3 | 21 5 141 0 [127] 6 | 152 | 97 5 | 124 230 |13 44 | 49 0 140
(N=271)

I 15 7 38| 18| 3320 O | & | 10| O [ 11| 22 0 0|12 19| 8 3 11 34

R 248 | 259 | 179 | 250 | 217 | 244 | 257 | 186 | 134 | 265 | 108 | 152 | 266 | 147 | 29 | 239 | 219 | 217 | 260 i

N= Total number of isolates tested: S: Sensitive: I: Intermediate: R: Resistance

AMP - Ampicillin, AMC - Amoxycillin, A/S - Ampicillin/Sulbactum, AK - Amikacin, E - Erythromycin, Gen - Gentamicin, K - Kanamycin, MET -
Methicillin, Nx - Norfloxacin, P - Penicillin-G, CIP - Ciprofloxacin, C - Chloramphenicol, S - Streptomycin, 1 - Tetracycline, En - Enrofloxacin, Va
- Vancomycin, C1R - Ceftriaxone, C'1X - Cefotaxime, Co-T - Cotrimoxazole, GAT - Gatifloxacine




Results

resistant strains were noticed. Against Vancomycin, only 13 (4.79%) strains showed
sensitivity, 19 were intermediately sensitive and 239 (88.19%) strains were found

resistant.

Against Ceftriaxone, 44 (16.23%) out of 271 strains showed sensitivity, 8
showed intermediate susceptibility while 219 (80.81%) showed resistance. Against
Cefotaxime, 49 (18.08%) were found sensitive, 5 intermediately sensitive and 217
(80.07%) were resistant. Against Cotrimoxazole, no sensitive bacterial strains were
observed, 11 were intermediately sensitive, while 260 (95.94%) were resistant; and
against Gatifloxacine, 140 (51.66%) strains out of 271 were sensitive, 34
intermediately sensitive and 97 (35.79%) were resistant. Among tested 20 drugs, out

of 271, no strains were found clearly sensitive against Methicillin and Cotrimoxazole.

Alike Staphvlococcus aureus and CNS, all 121 isolates of F. coli obtained
from milk samples of SCM and CM of cows and buffaloes were subjected to
antibiotic sensitivity testing against selected 20 antimicrobial discs as mentioned
earlier. Their zone of diameter was measured using Zone-reader scale, compared with
the provided standard chart and results are expressed in form of S (Number of
bacterial isolates found sensitive to particular drug), I (Number of bacterial isolates
found intermediately sensitive to particular drug) and R (Number of bacterial isolates
found resistant to particular drug) as mentioned in Table 4.22. Results indicated that
many bacteria isolated from milk were resistant to various antibiotics. Against
Ampicillin, out of 121, no bacterial strains were found sensitive, 6 were
intermediately sensitive and 115(95.04%) were found resistant. Similarly against
Amoxycillin, no bacterial strains showed sensitivity, one showed intermediate
sensitivity and 120 (99.17%) were found resistant. Against Ampicillin/Sulbactum, 15
(12.39%) out of 121 bacterial strains were sensitive, 6 showed intermediate sensitivity
while 100 (82.64%) isolates remain resistant. Against Amikacin, 98 (80.99%) out of
121 bacterial strains showed sensitivity, 23 showed intermediate sensitivity while no
strains were found resistant. Against Erythromycin, 5 (1.84%) strains were found
sensitive, 65 were intermediately sensitive and 51 (42.14%) were found resistant.
Against Gentamicin, 102 (84.29%) out of 121 bacterial strains showed sensitivity, 19

showed intermediate sensitivity while no strains were found resistant.

Against Kanamycin, 43 (35.53%) sensitive bacterial strains were observed, 14

were intermediately sensitive, while 64 (52.89%) were resistant; against Methicillin

82



Results

not even single bacterial strain showed sensitivity or intermediate sensitivity and all
121 (100%) were found resistant. Against Norfloxacin, 4 (3.30%) out of 121 bacterial
strains showed sensitivity, one showed intermediate sensitivity while 116 (95.86%)
were found resistant. Against, Penicillin-G also, like Methicillin no strains were found
sensitive or intermediately sensitive and all 121 (100%) were found resistant. Against
Ciprofloxacin sensitivity tests, 89 (73.55%) bacterial strains showed sensitivity, 15
showed intermediate sensitivity while 17 (14.04%) were found resistant. Against
Chloramphenicol, 66 (54.54%) strains were found sensitive, 43 were intermediately
sensitive and 12 {9.91%) were found resistant. Against Streptomycin, 11 (9.09%) out
of 121 bacterial strains showed sensitivity, 43 showed intermediate sensitivity while
67 (55.37%) were found resistant. Against tetracycline, 6 (4.95%) strains showed
sensitivity, 99 (81.81%) showed intermediate sensitivity and 16 (13.22%) showed
resistance. Against Enrofloxacin, 81 (66.94%) strains were found sensitive, 30 were
intermediately sensitive and 10 (8.26%) resistant strains were noticed. Against
Vancomycin, only one strain (0.83%) showed sensitivity, three were intermediately
sensitive while rest 117 (96.69%) strains were found resistant. Against Ceftriaxone,
95 (78.51%) out of 121 strains showed sensitivity, 26 showed intermediate
susceptibility while no strains showed resistance. Against Cefotaxime, 88 (72.72%)
were found sensitive, 33 intermediately sensitive and no strains showed resistance.
Against Cotrimoxazole, no sensitive bacterial strains were observed, 56 were
intermediately sensitive, while 65 (53.71%) were resistant; and at the last, against
Gatifloxacine, 78 (64.46%) strains out of 121 were sensitive, 32 intermediately
sensitive and 11 (9.09%) were resistant. Among tested 20 drugs, out of 121, no strains
were found clearly sensitive against Ampicillin, Amoxyecillin, Penicillin, Methicillin
and Cotrimoxazole (Fig. 4.33). All 121 bacterial strains showed complete resistance

to Ampicillin, Amoxycillin, Penicillin, Methicillin and Cotrimoxazole.

In the current study also antibiotic resistant strains of 5. aureus (resistant to
Kanamycin, Methicillin, Vancomycin and Cotrimoxazole) and £. coli (resistant to

Ampicillin, Amoxycillin, Penicillin, Methicillin and Cotrimoxazole) were recovered.
4.3.2 Preparation and titration of phage lysate

After characterization of the recovered phage isolates, these phages were
subjected for titration to obtain high titer phage lysate preparation, to ensure

maximum number of phages in lysate to trigger lytic activity even if used in single or
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Table 4.22 Results of antibiotic sensitivity testing of various isolates of Escherichia coli

Antibiotic discs used
Name of Sensitivity
microorganism | pattern

AMP | AMC | A/S | AK | E |GEN| K |MET | NX | P |CIP| C S T En [ VA | CTR | CTX | Co-T | GAT

S 0 0 15 98 5 102 43 0 4 0 89 66 11 6 81 1 95 88 0 78
E. coli

I 6 1 6 23 65 19 14 0 1 0 15 43 43 99 30 3 26 33 56 32
(N=121)

R 115 120 100 0 51 0 64 121 116 121 17 12 67 16 10 117 0 0 65 11

N= Total number of isolates tested; S: Sensitive; I: Intermediate; R: Resistance

AMP - Ampicillin, AMC - Amoxycillin, A/S - Ampicillin/Sulbactum, AK - Amikacin, E - Erythromycin, Gen - Gentamicin, K - Kanamycin, MET -
Methicillin, Nx - Norfloxacin, P - Penicillin-G, CIP - Ciprofloxacin, C - Chloramphenicol, S - Streptomycin, 1 - Tetracycline, En - Enrofloxacin, Va -
Vancomycin, C1R - Ceftriaxone, C1X - Cefotaxime, Co-T - Cotrimoxazole, GAT - Gatifloxacine
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small dose (10 jl} for assessment of in vitro phage lytic activity and for phage

therapy.

Lysate was prepared and titrated to know the concentration of phages in
lysate. Titration was done by preparing ten-fold serial dilutions of the phage lysate (in
order to have countable plaques number). For titration, 10" to 10 dilutions were
made in NSS and each dilution was subjected to plaque formation by DAL method.
For this, 100 pl of each dilution from 10 to 10” was mixed with 300 p1 of overnight
incubated pure broth culture of S. aureus and E. coli bacteria in separate sterile tubes.
This suspension was mixed gently and kept at 37 C for 10-15 min. To each tube,
about 2.5 ml of molten soft top agar was added at 45 C, mixed and poured over the
plate of NA agar. Plates were incubated at 37 C for 24 h and number of plaques were
counted next day and mean titer of one morphological type of phage isolates was
calculated in units of pfu/ml. Mean phage titer was determined in terms of plaque

forming units (pfu/ml) with the help of formula given below:
pfu /ml= No. of plaques x Dilution factor

‘The mean phage titer in the prepared lysate for all 6 types of phage isolates
were shown in Table 4.23. All 15 phage isolates of Sal}; type showed mean titer of
3.6x10° pfu/ml, four phage isolates of SaD; type showed mean titer of 5.2x10° pfu/ml,
two phage isolates of SaD3type showed mean titer of 2.4x10° pfu/ml.

Likewise, mean phage titer of Ecl) type phages was also calculated. All 24
phage isolates of EcD; type showed mean titer of 5.1x10" pfu/ml, four phage isolates
of EcD; type illustrated mean titer of 3x10* pfu/ml and two phage isolates of EcD;
type showed mean titer of 4x10'° pfu/ml. Results depicted that phage EcD); type has
highest pfu/ml, followed by EcD; and EcDj3 type. Among Sal) phage types, SaD; type
has maximum pfu/ml, followed by SaDj type and SaD; type.

4.3.3 In vitro antibacterial activity of phages:
44.2 Effect of phage on bacterial isolates obtained from SCM and CM:

Bacterial strains isolated from SCM and CM cases of cows and buffaloes were
tested for phage sensitivity either for plaques formation or reduction in number of
bacterial colony. Phage isolates tested against respective host genera showed variation
in plaque number and pattern of lysis. Number of plaques formed (15, 15-100 and

more than 100) along with pattern of lysis (light or confluent lysis) over bacterial
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lawn were considered as parameters to compare the efficacy of in vitro lytic activity

of various phage strains recovered from the animal wastewater samples.

Phage isolates (Sal}1, SaDs, SaD)s;, EcD)y, EcDy, and EcD3) were tested against
bacterial isolates of S. aureus (85) and E. coli (121) to assess the in vitro lytic activity
as a means of phage sensitivity testing and results are presented in Tables 4.24 &
Table 4.25 in terms of % lvtic efficacy.

Phage therapy can be very effective in certain conditions and has some unique
advantages over antibiotics. With the increasing incidences of antibiotic-resistant
bacteria and a deficit in the development of new classes of antibiotics to counteract
them, there is a need to investigate the use of phage in a range of infections. Clearly
the time has come to look more carefully at the potential of phage therapy, both by

strongly supporting new research and by scrutinizing the research already available.
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Table 4.23: Mean titer (pfu/ml) of phage lysate

S. No. Phages used for titration Mean titer of phage (pfu/ml)
1. SaD; 3.6 x 10°
2, SaD, 5.2x 10°
3. SaD; 2.4 x 10°
4. EcD, 5.1x 10"
5. EcD, 3x 10"
6. EcD; 4x10"




Table 4.24: In vitro lytic efficacy of the Staphylococcus aureus phages (SaD) against different isolates of Staphylococcus aureus

S. No. Phage isolates Lytic efficacy against bacterial isolates (%)
1. SaD, 69/85 (81.17%)
2. SaD, 64/85 (75.29%)
3. SaD; 66/85 (78.64%)

Table 4.25: In vitro Iytic efficacy of the E. coli phages (EcD) against different isolates of F. coli

S. No. Phage isolates Lytic efficacy against bacterial isolates (%)
1. EcD; 114/121 (94.21)
2. EcD; 121/121 (100)

3 EcD; 109/121 (90.08)







CHAPTER -5

DISCUSSION

Agricultural livestock is the widely contributingstor to India’s gross capital
income. The cow is one of the remarkable domestimals in the world, adapted to
live in arid and semi-arid conditions. In Indiawcas inherently associated with the
culture, religion and social life of the most ofetkcommunities. Cow is used for
production of milk, meat, as well as for transpoota of both people and goods.
However, under unhygienic conditions, the oppostinimicro organisms invade the
udder through the teat canal and colonize arouedt¢ht duct and epithelial cells

causing massive inflammation of udder resultingattle mastitis.

Mastitis causes economic and production lossesebgridrating milk quality,
reducing production performance, carrying risk @nsmission of communicable
diseases, increased culling rate, cost of treatnaeak sometimes mortality associated
with per acute form of the disease (Batavani et28l07; Bardhan, 2013; Jeykumar et
al.,, 2013; Sinha et al., 2014; Romero et al., 20B)veral groups of microbial
organisms are accredited with the ability to predioth clinical and subclinical
forms of the disease. Subclinical form of masigisnore dangerous as compared to
the clinical mastitis due to its ability to deteate milk quality to such a level that it
cannot be detected grossly but will affect the allequality. From early 19's a lot of
studies have been conducted to draw the attenfianimal owners and veterinarians
in understanding the mechanism behind the occugrefanastitis and responsible
causative agents, so that proper preventive measuck therapeutic applications can
be followed (Saini et al., 1994; Samanta and Prak2@B).

Current study aids significantly to the literatumedescribing the prevalence of
sub-clinical mastitis and clinical mastitis in covesxd buffaloes maintained at
organized farms and goshalas, and from cases afilatoby visits and clinical camps.
Along with reporting prevalence, major associategtéria & aureus andE. coli)
were investigated, their antibiogram was studied an lieu of the developing
antimicrobial resistance, as an alternative tharapesolution bacteriophages were
isolated, characterized and tested for in vitraclgctivity againstS. aureus andE.

coli.
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Several well established and economic conventidizgnostic techniques are
available for the diagnosis of mastitis (Boerlinadt, 2003; Taponen et al., 2007;
Hussain et al., 2012; Sanotharan et al., 2016)re@urstudy utilized direct and
indirect quick diagnostic tests like California rtias test (CMT) and Somatic cell
count (SCC) to ascertain the prevalence of SCM @n Our screening method
coincides with earlier approaches employed by otlverkers for screening of
lactating cows and buffaloes for subclinical mastiand clinical mastitis by
performing CMT and SCC (Hegde et al., 2013; Patdle 2015; Fahim et al., 2019).
In current study, out of 601 cows, 198 were foundifive for SCM by CMT. The
prevalence of SCM in lactating cows was found ta3B94% by CMT. Among 12
cows screened from ambulatory visits and cliniaahps, 5 (41.67%) were positive
for SCM; out of 40 cows from TVCC, DUVASU, Mathurgs (37.50%) were found
positive; out of 459 cows screened from varioushatss, 166 (36.16%) were found
positive for SCM, while out of 90 cows screenedfrilFC, DUVASU, Mathura, 12
(13.33%) were positive. Our results expressing gence of SCM of 32.94% by
CMT in lactating cows were very similar to the réswlepicted in previous study
conducted earlier in dairy herds at South Ethiopiaere out of 529 lactating cows,
172 (32.51%) were positive for SCM by CMT (Abebeakt 2016). The results of
current study were also in conformity to the reswlt study performed at Northern
Ethiopia over 305 cows of dairy farms, where premaé of subclinical mastitis was

33.8 %, very close to our findings.

However, our reported prevalence of 32.94% by CMdsweomparatively
lower than the results of other studies conducteddifferent countries. Our
prevalence values were lesser than the prevalehceCM of 43% among 152
lactating cows in Sri Lanka (Sanotharan et al.,620the prevalence of SCM of
50.4% in Western Rwanda (Mpatswenumugabo et all/)2061.6% in Tanzania
(Mdegela et al., 2009), prevalence of 52.75% frdma study conducted on 400
lactating cows by CMT (Saglam et al., 2017), 87.@tJganda (Abrahmsen et al.,
2012), prevalence of SCM of 73.1% in 395 cows imy&e(Mbindyo et al., 2020) and
85.3% in Nigeria (Shittu et al.,, 2012). Differenae the values of prevalence
emphasizing low prevalence values in India is atpessign reflecting on the better
animal management practices in Indian conditiormadly when compared to other

regions and countries as described above in vasmases.
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Maximum prevalence of 41.67% was observed in cows fambulatory visits
and clinical camps, which is well understood asuiral areas hygienic conditions are
not properly maintained and under such poor hygi@oinditions, teat orifices are
more prone to acquire infection from the soil, eoninated water or surroundings
(Piessens et al., 2011; Iraguha et al.,, 2015). Ahilmoks apparently healthy and
unless until milk production or quality of milk hgmrs, animal owners usually do not
consider probability of mastitis, hence most of dirmases of sub-clinical mastitis
remain unnoticed (Burvenich et al., 2003; Peterdsife et al., 2010)). Minimum
prevalence of 13.33% was noticed in cows screemed fLFC, DUVASU, Mathura.
This is one of the reasons that animals are keptganized farm and sound milking
practices help in keeping the prevalence of madotv. These findings are somewhat
similar to the results of Gogoi et al. (2017) wheparted prevalence of 19.56% by
CMT in North Lakhimpur town in Assam.

Likewise, Out of 64 buffaloes screened for CMT,vi&re found positive for
SCM by CMT. The prevalence of SCM in lactating lldes was found to be 23.43%
by CMT, where, TVCC, DUVASU showed 26.6%; ILFC, DW8U, Mathura had
20% and ambulatory visits and clinical camps exg@d<25% prevalence of SCM. In
buffaloes, maximum prevalence of 26.6% was recordebuffalo screened from
clinics, which is accurately justified as thesenaals had history of abnormal milk
production, hence were brought to clinics and utesting of milk, occurrence of
SCM was confirmed. Lowest prevalence of 20 % wamde buffaloes of ILFC,
DUVASU, Mathura as compared to other places as asimere properly maintained
in the organized livestock farm following practidesprevent mastitis such as post-
milking teat cleaning, hand milking instead of miaehmilking, treatment of mastitis

during non-lactating period and culling of chrodiganfected animals.

Besides performing CMT, all the collected compositék samples from
lactating cows and buffalos were subjected to smntail count (SCC) for indirect
estimation of SCM. As bovine mastitis is charaaedi by inflammation of the udder
and severity of inflammation is influenced by tha&thpgenic potential of causative
agent and resultant host response to the bacteriece resident and recruited cells
collectively play an important role in direct desenagainst local infection, which
may turn to mastitis. In this regards, extensiveitroghil recruitment from the

circulation to the lumen of the teat/udder and diveglof alveolar epithelial cells into
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the milk, both as somatic cells are an indicatdintexrk of the early immune response
towards sub-clinical and subsequently clinical miasOviedo-Boyso et al., 2007,
Carrillo-Casas and Miranda-Morales, 2012). For dfogious reason, the International
Dairy Federation recommended that the diagnosisastitis should be based on the
SCC and microbiological findings (Hegde et al., 20IThe acceptable cut-off values
of SCC adopted by different countries vary as & Huropean Union, Australia and
New Zealand penalty limit of SCC is 4.9 x°Ig&lls/ml while in Canada it is 5 x1,0
in the US 7.5 x10and in Sweden 2 x I@ells/ml. As no standards are universally
adopted in India, in our study value of 5 X’ b@lls/ml was considered as SCC limit
value to differentiate sub-clinical mastitis frodinecal mastitis (Hegde et al., 2013).
Estimation of somatic cell counts is described ragngortant indicator parameter in
assessing the quality of milk as number of SCC liswmamains below 2 lacs and
value of 3.1 X 10 somatic cells/ml of milk can be considered assheéd limit to
differentiate case of sub-clinical mastitis fronrmal milk (Harmon, 1994; Kayesh et
al., 2014; Gogoi et al., 2017; Jadhav et al., 2018)

The prevalence of SCM in lactating cows was foumté 50.9% by SCC. In
Goshalas, prevalence was 56.21% for SCM, followedh67% in animals screened
from ambulatory visits and clinical camps, 40% wows from TVCC, DUVASU,
Mathura, and 30% in cows screened from ILFC, DUVASMUAthura. In lactating
buffaloes screened for SCM, prevalence of SCM w86 by SCC. Place-wise
prevalence in lactating buffaloes was 33.3% in TYOQUVASU; 26.6% in ILFC,
DUVASU, Mathura and 25% in ambulatory visits anihicl camps. The prevalence
of SCM in lactating cows was found to be 50.9% arakimum (56.21%) was from
Goshalas. The higher prevalence of 56.21% in Gashahs expected and could be
because in few of the Goshalas many animals wenatam@ed under intensive
management system with large herd size. Poor waéptil in stalls, no bedding
material, damp dirty floors owe to presence of amme and dung, close contact
because of overcrowding of animals were some atif@ctors responsible for high
prevalence of SCM. Our findings are closely in agrent with earlier reports
documenting high prevalence of mastitis of 52.4%3gnneechini et al. (2002) and
52.7% by Haltia et al. (2006). Higher somatic cellint of more than 2 lac cells/ml is
an indication of either existing bacterial infectior is linked with increased

susceptibility of animal towards clinical masti(Bradley and Green, 2005; Moroni et
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al., 2006; Hussain et al.,, 2012). Researchers teghdhat udder injury/infection,
multiple physiological and environmental conditiaran be responsible for change in
somatic cell counts and a significant rise in SGCevident, therefore samples
rendered positive by CMT and SCC must be confirimgthacterial isolation (Dohoo
and Meek, 1982; Harmon, 1994; Honkanen-Buzals&l.e1994; Kayesh et al., 2014)

In present study prevalence of 30% and 26.6% iafieg cows and buffaloes,
respectively for SCM reported from ILFC, DUVASU, Mara was lowest as
compared to other places under study possibly duéhe¢ adaptation of modern
approaches for animal husbandry systems, propanlaiess, appropriate nutrition,
routine health checkups of animals and practicaiting mastitis animal in the last.
Studies suggested that SCC assessment is mordhainaase of cows as compared
to buffaloes (Joshi and Gokhale, 2006), howevdsufialoes also there is difference
in the SCC values of normal and mastitis milk (Dddakk006; Sharif et al., 2007).
Variations have been observed in the prevalenaguastitis in the current study and
other scientific reports which may be probably daeagro-climatic geographical
differences, animal parity, stage of lactation, dkiof teat surface-flat or raised,
disparity in management and husbandry practicéiserarea and lack of awareness in
the farmers regarding long-term health effects ezwhomic losses due to the mastitis
(Burvenich et al., 2003).

The prevalence of CM in the current study was fotmble 87.5% and 73.47%
in lactating cows and buffaloes, respectively. Phesent finding is within the range
of mastitis prevalence ranging from 19.56% to 87.1@%orded by most of recently
published studies. Numerous studies have documewnggble prevalence of
mastitis; 19.56% (Gogoi et al., 2017), 21.1% (Katkaet al., 2013), 31-38% (Pitkala
et al.,, 2004), 33.8 % in Northern Ethiopia (Haftuak, 2012), 38.89% in Sudan
(Hussein, 2012), 50.4% (Mpatswenumugabo et al.7R@R.4% (Gianneechini et al.,
2002), 52.7% (Haltia et al., 2006), 58.75% (Sag&tmal., 2017), 59.2% (Abebe et
al., 2016), 73.1% in Kenya (Mbindyo et al., 20287,9% in Uganda (Abrahmsen et
al., 2012) with significant economic losses asdediavith the disease. In our study,
prevalence of clinical mastitis was higher than shb-clinical mastitis. This finding
is in contrast to what is reported by other worker® documented that subclinical
mastitis was more common in the investigated sagriplen clinical mastitis (Kahir et
al., 2008; Turkyilmaz et al., 2010; Abera et a012; Amer et al., 2018).

90



Discussion

Once all the milk samples were adjudged by CMT &@C, further
microbiological investigation and biochemical tesised to be performed for
identifying the infectious and causative agent adstitis for adopting accurate
treatment strategy. Therefore, all the milk samplesitive for sub-clinical mastitis
and clinical mastitis as well as negative samplesewsubjected to microbiological
evaluation for isolation and identification of catige agents. In majority, most of
cases of sub-clinical and clinical mastitis aresealiby reasonably small group of
bacteria, mainlyStaphylococcus aureus, Streptococcus uberis, Mycoplasma spp,
Escherichia coli and coagulase negative staphylococci (Miranda-Merat al., 2008;
Abdel-Rady and Sayed, 2009).

In the current study, from 477 positive animals d¢agn total 770 animals), a
total of 85S aureus (17.81%), 271 (56.81%) coagulase negative stapbgto (CNS)
and 121 (25.37%l. coli isolates were recovered from cases of SCM and &b
buffaloes, a total of 33. aureus (64.71%) 8 CNS (15.69%) and 1B. coli (19.61%)
isolates were obtained, while from cows, a total5@fS aureus (12.20%), 263
(61.73%) isolates of CN&nd 111E. coli (26.05%) isolates were obtained. Our
results are similar to earlier reports confirminggegence ofS aureus, coagulase
negative staphylococci anél. coli as causative agents of clinical and subclinical
mastitis (Burvenich et al., 2003; Haltia et al.p8DHegde et. al., 2013; Kayesh et al.,
2014;Sanotharan et. al., 2016; Saglam et al., 2017eBal@al., 2020). In the present
study, CNS ancE. coli both were isolated in higher numbers as compaoef t
aureus, this finding coincides with other reports, whigdmonstrated that majority of
mastitis cases were associated with environmenthh@nor bacteria than contagious
pathogens (Kivaria and Noordhuizen 2007; Carriles&s and Miranda-Morales,
2012; Al-Haddadi et al., 2020).

In the current study, coagulase negative Stapbglbc which were
considered minor pathogens in earlier times, wéme ost frequently isolated
bacteria. Moreover, recent trends of publicatiofleocted that CNS strains are
emerging as common pathogens associated with magfilwan et al., 2005;
Zeryehun and Abera 2017). This findings of currgidy depicting more number of
CNS bacteria than th& aureus are similar to the earlier reports of availabledsts
performed by various other researchers (HonkaneraBki et al., 1994; Gentilini et
al., 2002; Pitkala et al., 2004; Tenhagen et &062 Bradley et al., 2007; Bal et al.,
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2010; Nam et al., 2010; Virdis et al., 2010; Kaliveaal., 2011; Martins et al., 2016;
Mpatswenumugabo et al., 2017). In our study, pradan bacteria recovered from
cases of subclinical mastitis were coagulase neg&iaphylococci and this finding is
in conformity with other reports illustrating highrevalence of subclinical mastitis
with CNS as major bacteria, while. coli was the chief pathogen associated with
clinical mastitis (Kalmus et al., 2011; Zeryehurdaibera, 2017; Mbindyo et al.,
2020). Available literature documented that amolhgypes of CNS Saphylococcus
epidermidis were the most frequently occurring and markedlyemarevailing CNS
species in subclinical mastitis than in clinicalstitzss (Waller et al., 2011; Al Tayyar
et al.,, 2015). This is perhaps because of the neabat coagulase-negative
staphylococci (CNS) get entry to the teat orificent the skin of animal or milkers as
many species of CNS are normal inhabitant of the @akd environment and if animal
had once encountered CNS induced mastitis, such Ka&¢®ria may continue to
present throughout the lactation period and caesgigtent infection (Taponen et al.,
2007; Thorberg et al., 2009; Piessens et al., 28iipye et al., 2011). However, our
findings are contrary to some studies, which fothred among the recovered bacterial
isolatesS. aureus (62.8-68.3%) were more than coagulase-negativehglacocci
(7.4-35.6%) ancE. coli (1.5%) isolates (Gianneechini et al., 2002; Boest al.,
2003; Adwan et al., 2005; Sanotharan et al., 2016).

Isolation of 121 isolates of coliform bactefia coli ((25.37%) from milk
samples indicated probability of contamination frammal environment, soil, cow
urine, dung or water used for teat washing priomitking (Iraguha et. al., 2015;
Gogoi et al., 2017; Fahim et al.,, 2019; Nueschbuen et al., 2019; Yu et al.,
2019). Our findings showing occurrence of 19.61% Eof coli from buffaloes
coincides with the results of previous study conelddo screen 97 dairy farms in
England and Wales for clinical and subclinical niesstvho reported that 19.8 % of
bacterial strains obtained wee coli (Bradley et al., 2007). However, another study
showed occurrence of 38.88% &f coli, which is slightly higher than what is

reported in the current study (Gogoi et al., 2017).

Our findings revealed tha® aureus was the most frequently (64.71%)
isolated bacteria from buffaloes and these findiogoborate with previous reports of
other studies (Gianneechini et al., 2002; Boerlirale 2003; Abebe et al., 2016;
Rehman et al., 2016; Sanotharan et al., 2016).r€aults showing presence of 85
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isolates ofS. aureus in total, are also similar to the findings of Bo#t al. (2020) who
similarly isolated 85 isolates & aureus from Northern German dairy farms in their
report. The high prevalence & aureus in this study could be associated with
absence of hand cleaning in between cows and tlaiable hand milking practice
among the dairy herd$§ aureus and other contagious microorganisms are usually
found on the udder or teat surface of infected camd buffaloes and are the primary
source of infection between uninfected and infeatdder quarters, usually during
milking. Although it is observed that milkers wasieir hands before milking but this
was done only before milking the first cow and mobetween milking all the cows.
Hence it is evident that the causative organismddcbe transmitted easily from
infected to uninfected udder quarters or from itddccows/buffaloes to uninfected
lactating animal through the milkers hands.

Once mastitis is diagnosed the main challengetter veterinarian or the
producer is to treat the animals in such a way ithaill not become an economic
burden to the production system. Antibiotics arestrmopular and widely preferred
treatment option. Effortless availability of anbbcs and their user-friendly route of
application led to the indiscriminate use of amtilzis in mastitis suspected cases even
without proper antibiotic susceptibility testinguch medication practices followed
for long time in past many decades have inducedeliacto express their defense
system including inherent drug resistant geneticchmrism and resulted into
emergence and gradual spread of antimicrobial teggistrains of mastitis bacteria.
Such AMR strains of bacteria may be transmittedhfrailkers or environment to the
lactating animals or vice-versa during animal hamgdlnd/or milking. Furthermore,
the bacteria and their genes can also be transimilteing consumption of non-
pasteurized milk to humans (Manie et al., 1999)ulgh it is conceived that success
of antibacterial therapy in treatirfgaphylococcus aureus associated bovine mastitis
depends not only on the therapeutic regimen batpidy of cow, pathogenic bacteria
and environment all three components plays actole in the recovery of animal
(Barkema et al., 2006). To assess the effects dabua antibiotics, ABST was
performed against all bacterial isolates & aureus, Coagulase negative

Staphylococci ané. coli.

In the current study, all recovered isolates Sfaureus (85), Coagulase
negative Staphylococci (271) artel coli (121) were tested against selected 20
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antimicrobial  discs namely, ampicillin  (AMP), amadljin (AMC),
ampicillin/sulbactum (A/S), amikacin (AK), erythrgmin (E), gentamicin (GEN),
kanamycin (K), methicillin (MET), norfloxacin (NX)penicillin-G (P), ciprofloxacin
(CIP), chloramphenicol (C), streptomycin (S), tey@ine (T), enrofloxacin (En),
vancomycin (VA), ceftriaxone (CTR), cefotaxime (C)Xo-trimoxazole (CoT) and
gatifloxacine (GAT). The results are recorded ire ttorm of susceptible (S),
intermediate (I) and resistant (R) bacterial isdato particular drug as per the
guidelines of new ISO 20776-1 standard, which ifoveed world-wide to express
result of ABST (Rodloff et al., 2008). Microorgamis are called susceptible to a
given antibiotic when it is inhibitedh vitro by a concentration of particular drug
associated with a high probability of therapeuticccess. On the other hand,
susceptibility of a bacterial strain to a giveniliotic is called to be intermediate
when it is inhibitedin vitro by a concentration of this drug but with an uresert
therapeutic effect, that means they should noteoemmended for therapeutic use;
and finally bacterial strains are considered tadsstant to a given antibiotic when
they are inhibitedn vitro by a concentration of this drug that is associatgd a high
likelihood of therapeutic failure, means such drags not effective, hence should not
be used. Outcome of ABST indicated that bactes@ated from milk samples
showed variations in antibiotic susceptibility pkes as many isolates were
susceptible to few drugs while some were residtantirious antibiotics, and similar
type of antibiotic spectrum was reported by otlaard attributed to differences in the
use of antimicrobials (Kalinska et al., 2017). Thesults were discussed with the
available literature to compare the pattern of AMiRiong bacterial isolates
(Tenhagen et al., 2006; Sumathi et al., 2008; Wallal., 2011; Alekish et al., 2013;
Beyene et al., 2017; Bhat et al., 2017; Al-Hadddil., 2020).

Against ampicillin, 55.29% bacterial strains db aureus showed
susceptibility, while 17.64% were resistant; agaiamoxycillin 63.53% showed
susceptibility and 7 8.23% were resistant. Agaiastpicillin/sulbactum, 98.82%
bacterial strains were susceptible while 1.17% aisolremain resistant; against
amikacin, 31.76% bacterial strains showed susaéptib while 47.06% were
resistant. Against erythromycin, 23.53% strainsenm@und susceptible and 57.64%
were resistant; against gentamicin 27.06% bacteti@ins showed susceptibility

while 55.29% were resistant; against kanamycinuszeptible bacterial strains were
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observed, 87.06% were resistant. Likewise, agammsthicillin no bacterial strain
showed susceptibility, 98.82% were resistant; aganorfloxacin 2.35% bacterial
strains showed susceptibility while 56.47% wereastast. Against penicillin-G, only
3.52% strains were found susceptible and 76.47%e weassistant. Against
ciprofloxacin, 36.47% bacterial strains showed epsbility while 16.47% were
resistant; against chloramphenicol 7.06% strainseveeisceptible and 56.47% were
resistant; and against Streptomycin, 3.52% badttstrains showed susceptibility
while 83.52% were resistant. Against tetracycling4.70% strains showed
susceptibility and 2.35% showed resistance. Agagmsbfloxacin, 90.58% strains
were found susceptible and no resistant straing weticed. Against vancomycin, no
susceptible strains were observed and cent-persteains were found resistant.
Against ceftriaxone, 85.88% strains showed sudoiéipti while 1.17% showed
resistance. Against cefotaxime, 81.17% were fouunsceptible and 7.06% were
resistant. Against co-trimoxazole, no susceptibéetdérial strains were observed,
while 97.64% were resistant; and at last, agaiasifigxacine 81.17% strains were
susceptible, and 5 (5.88%) were resistant. In atistudy, all 85 strains @& aureus
showed cent-percent resistance to 4 drugs i.e.nkgria, methicillin, vancomycin
and co-trimoxazole as not even single strain wasdosusceptible. More than 50 %
S aureus strains were susceptible to 8 drugs namely antipiciamoxycillin,
ampicillin/sulbactum, tetracycline, enrofloxacin,efttiaxone, cefotaxime and
gatifloxacine; more than 75% were susceptible to dfugs that is; to
ampicillin/sulbactum, tetracycline, ceftriaxone,fataxime and gatifloxacine; and
more than 90% to only 2 antibiotics i.e. ampiciBubactum and enrofloxacin.
Isolates were resistant to many antibiotics asestiffom the results. More than 50%
resistance was shown to 10 antibiotics namelyheoytycin, gentamicin, kanamycin,
methicillin, norfloxacin, penicillin-G, chloramph@wol, streptomycin, vancomycin
and co-trimoxazole. No antibiotic showed 100% sp8bdity but 4 antibiotics were
100% resistant. Such escalating percentage of desgptant strains of bacterial
pathogens is an alarming call to the veterinari@tinjcians and researchers to be
prepared with the solutions for treating bactenéctions and diseases. Comparative
discussion on trend of susceptibility and/or resise to previous studies is discussed
after detailing the ABST results of CNS.
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Results of ABST against CNS bacteria showed thainagampicillin, 2.95%
bacterial strains showed susceptibility, while 9¥bwere found resistant; against
amoxycillin, 1.84% showed susceptibility, and 9%9&Were found resistant; against
ampicillin/sulbactum, 19.92% bacterial strains wesesceptible, while 66.05%
isolates were resistant; against amikacin, 1.10%tebal strains showed
susceptibility, while 92.25% were found resistaagainst erythromycin, 7.74%
strains were found susceptible, and 80.07% weredgasistant; against gentamicin,
1.84% bacterial strains showed susceptibility, &80.04% were found resistant;
against kanamycin 5.16% were susceptible, and 9¢.8&re resistant. Against
methicillin, no bacterial strains showed suscelityhi and 68.63% were found
resistant; against norfloxacin, 46.86% bacteriahiss showed susceptibility, and
49.44% were found resistant. Against penicillinghly 2.21% strains were found
susceptible and 97.79% were resistant. Againsoftgacin, 56.08% bacterial strains
showed susceptibility, and 39.85% were found raststagainst chloramphenicol,
35.79% strains were found susceptible, and 56.088%e viound resistant; against
streptomycin, 1.85% bacterial strains showed susnkyy, no intermediate
susceptible strain and 98.15% were found resist&gainst tetracycline, 45.75%
strains showed susceptibility and 54.24% showetbteege. Against enrofloxacin,
84.87% strains were found susceptible, and 10.7@8#stant strains were noticed.
Against vancomycin, only 4.79% strains showed sudméity, and 88.19% strains
were found resistant. Against ceftriaxone, 16.23%irss showed susceptibility, while
80.81% showed resistance. Against cefotaxime, ¥8.0@re found susceptible, and
80.07% were resistant. Against co-trimoxazole, asceptible bacterial strains were
observed, while 95.94% were resistant; and aggat#ftoxacine, 51.66% strains were

susceptible, and 35.79% were resistant.

Coagulase negative Staphylococci (CNS), were géperansidered as non-
pathogenic bacteria due to their insignificant itttel impact on udder health being
part of normal microflora as per earlier studiag, fecent reports suggested that CNS
have become one of the leading pathogen isolated frases of SCM, which may
cause considerable herd problems in several cegntim current study, majority of
CNS isolates shown more resistance to antimicrstaal compared t8. aureus. In
current study, among tested 20 antibiotics, CNSvsldomore than 50% resistance to

16 antibiotics, namely; ampicillin, amoxycillin, gmeillin/sulbactum, amikacin,
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erythromycin, gentamicin, kanamycin, methicillinergcillin-G, chloramphenicol,
streptomycin, tetracycline, vancomycin, ceftriaxonefotaxime and co-trimoxazole
and 100 % resistance was recorded against meihiaild co-trimoxazole. Resistance
to antimicrobial agents in bacteria may occur doeatspontaneous mutation or
acquired via plasmids, transposons and integrams &ther resistant bacteria. Results
were compared with previous studies performed mhialrand other countries and
results are variable though most of them indicaisohg pattern in emergence of
antibiotic resistant strains with the passing yé€htartins et al., 2016; Rehman et al.,
2016; Al-Haddadi et al., 2020).

Results of current study are similar to the repoft®rmer study featuring the
role of enrofloxacin in controlling the severity tiie clinical mastitis caused by
Staphylococcus aureus as all isolatedS. aureus strains showed susceptibility to
enrofloxacin (Attili et al., 2016). Our results aedso in agreement that among
floroquinolones, enrofloxacin were highly suscelgtitn CNS as we reported 84.87%
and such high level of susceptibility of CNS to aflaxacin (84.5%) has also been
reported in previous studies (Bansal et al., 200H)r findings are more or less
consistent (80.07% resistance to erythromycin) wité findings of Alekish et al.
(2013) who reported 92% resistance of CNS to malgslsuch as erythromycin in

northern Jordan.

Our results showed that only 3.52% aureus strains were susceptible to
penicillin-G while 76.47% were found resistant aamdong CNS, only 2.21% strains
were susceptible and 97.79% were resistant. Thedads are in agreement to the
findings of Bhatt et al. (2011), who documented thaureus strains showed highest
resistance to penicillin. However, our resultsiareontrast to end results of studies of
in vitro antimicrobial sensitivity testing done by earleorkers, which revealed that
52.1% S aureus strains showed penicillin resistance while it wa2.0% by
coagulase-negative staphylococci (Pitkala et 8042 Another study illustrated that
coagulase-negative staphylococci showed 27.6%taesis to penicillin, 4.8% to
erythromycin, while were sensitive to gentamicirgplealothin and ampicillin-
sulbactam (Gentilini et al., 2002). Our findings &9.07% resistance of CNS to
erythromycin, 90.04% resistance to gentamicing8% to methicillin and 56.08% to
chloramphenicol were very similar to results repdrin earlier studies that CNS
showed 67.5% resistance to methicillin, 90% to gemtin, 80% to erythromycin,
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60% to tetracycline and 56% to chloramphenicol (&ket al., 2009). Other studies
conducted few years back illustrated that CNS rsdrésolated from bovine mastitis
showed highest susceptibility of 83.88% to cefiiae, and 79.41% to cefotaxime,
76.47% to methicillin, 73.52% to ciprofloxacin, 88% to erythromycin, 66.11% to
amikacin, 42.94% to gentamycin, 36.76% to amoxigil29.41% to ampicillin and
23.23% to penicillin (Kaliwal et al., 2011). Thessults are contrary to the findings
of current study that reported higher rate of tasise against mentioned antibiotics.
Our study is in close accordance to evidence béisdohgs of earlier study, which
emphasized that coagulase-negative staphylocoa@ wesistant to many antibiotics
such as they showed resistance of 73.2% to erytuiom/0.2% to ampicillin, 58.3%
to penicillin, 53.8% to gentamicin, 52.3% to teyrellme and 51.8% to vancomycin;
but comparatively they are most resistant to pimaroup of drugs probably due to
their extensive use in prevention and treatmemadtitis (Kenar et al., 2012; Bansal
et al., 2015).

In current study, CNS isolates showed 54.24% i@msi&t to tetracycline,
which is nearly similar to acclaimed 60% resistatcetetracycline as reported
previously by workers (Koksal et al., 2009). Modereesistance (54.24%) shown by
tetracyclines in the present study, is comparahte 82.3% as reported by Kenar et
al. (2012), while is in contrast to Mahami et &012), who reported 100% resistance

to tetracycline.

Separate study showed that CNS isolates reveakdréSistance to penicillin
G and 48% to ampicillin (Bal et al., 2010), whighlésser than latest findings of our
study. Our results are similar to the findings nmmd earlier that isolates of CNS
were found highly resistant to ampicillin, amoxia penicillin, ceftriaxone and

erythromycin (Al Tayyar et al., 2015).

Result of current study is also in conformity torliea findings which
described that CNS isolates were resistant to rabsintimicrobial agents tested
namely, ampicillin, gentamicin, kanamycin and pélmc (Gentilini et al., 2002;
Sumathi et al., 2008; Mahami et al., 2011; Bansalle 2015; Beyene et al., 2017;
Martins et al., 2016).This could be logically jdi€tdl looking into the growing pattern
of antibiotic resistance among microbes due toserininate use of antibiotics
(Sharma et al., 2007; Ventola, 2015; Argaw, 2016).
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Among E. coli isolates tested against ampicillin, no bacteriahiss were
found susceptible, 95.04% were resistant. Similagginst amoxycillin, no bacterial
strains showed susceptibility, 99.17% were resistAgainst ampicillin/sulbactum,
12.39% bacterial strains were susceptible, while68% isolates remain resistant.
Against amikacin, 80.99% bacterial strains showesceptibility, while no strains
were resistant. Against erythromycin, 1.84% straiese susceptible, 42.14% were
resistant. Against gentamicin, 84.29% bacteriadisr showed susceptibility, while
no strains were resistant. Against kanamycin, uigie bacterial strains were
35.53%, while 52.89% were resistant; against miihicmmot even single bacterial
strain showed susceptibility or intermediate susbgfy and all strains were (100%)
resistant. Against norfloxacin, 3.30% bacteriahists showed susceptibility, 95.86%
were resistant. Against, penicillin-G also, like tmeillin no strains were found
susceptible or intermediately susceptible and all {100%)E. coli strains were
resistant. Against ciprofloxacin susceptibility ties73.55% bacterial strains showed
susceptibility, while 14.04% were resistant. Agaictsloramphenicol, 54.54% strains
were susceptible, and 9.91% were resistant. Agatieptomycin, 9.09% bacterial
strains showed susceptibility, 55.37% were resistAgainst tetracycline, 4.95%
strains showed susceptibility, and 13.22% showsdtance. Against enrofloxacin,
66.94% strains were susceptible, and 8.26% weréstaas strains. Against
vancomycin, only one strain (0.83%) showed susb#ipyi and 96.69% strains were
resistant. Against ceftriaxone, 78.51% strains stbausceptibility, while no strains
showed resistance. Against cefotaxime, 72.72% weseeptible, and no strains were
resistant. Against co-trimoxazole, no susceptibdetérial strains were observed,
while 53.71% were resistant; and against gatiflm@c 64.46% strains were
susceptible, and 9.09% were resistant. Conditiomae worrisome for treating
environmental bacterig. coli induced mastitis as among tested 20 drugs, oliRbf
E. coli strains, no strains were susceptible to ampicilamoxycillin, penicillin,
methicillin and co-trimoxazole. AlE. coli strains showed complete 100% resistance

to ampicillin, amoxycillin, penicillin, methicillirand co-trimoxazole.

Result of ABST described in earlier studies showed E. coli isolates were
susceptible to most of antibiotics and few strastsowed mild resistance to
gentamicin (3.7 %), while resistance to ampicilivas 22 % and 14.6 % to

tetracycline (Nuesch-Inderbinen et al., 2019). @sult is consistent with the above
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mentioned study as we reported resistance of 13.@2%tracycline, very close to
14.6 % resistance as described by the workers (@Mueslerbinen et al., 2019),
however in contrast to mentioned resistance of 220%mpicillin, current study
described much higher resistant strains compri€@bd@4%. Our results are in
agreement with some former studies, which elabdraibat E. coli isolates were
resistant to most of the antibiotic drugs testedrn{Net al., 2009; Haftu et al., 2012).

Such comparative results are a clear indicatiocanfsistent increase in the
number of antimicrobial resistant strains of baatewith the passage of time.
Findings of recent studies further confirmed thathsdrug resistant and multi-drug
resistant (MDR) strains are increasing. Hence high time to search, test, validate

and opt other alternative anti-bacterial therapeubdalities.

In the current study, antibiotic resistant straofsS. aureus (resistant to
kanamycin, methicillin, vancomycin and cotrimoxagoland E. coli (resistant to
ampicillin, amoxycillin, penicillin, methicillin ad co-trimoxazole) were recovered.
Until now, antibiotics have been widely used as #Hwode therapeutic agent in
managing mastitis, but with the emergence of astiibiresistant microorganisms,
which occurred due to the unsupervised use of iatitb, several other treatment
options are being explored (Sandholm et1#890). Several therapeutic strategies like
antibiotics, vaccines, bacteriocins, herbal therdgacteriophage therapy have been
evaluated for efficacy in treating mastitis, but siagle technique was found to be
effective in controlling or treating the diseaseedio the variable response of

etiological agents to the therapeutic techniques.

Nevertheless, considering the vast potential anofneous applications of
phage therapy, current study included isolatiomyatterization and assessmentrof
vitro lytic activity of phages obtained from animal weagater against clinical isolates
of S aureus andE. coli and results were truly encouraging to pave the waearch
of some noble alternative anti-bacterial agentacé&idiscovery of phages, various
workers have isolated phages from different enwvirental samples namely cow
dung, sewage, wastewater from the collection tatkgRehman et al., 2016). Phage
subsists wherever bacteria exist and share comiaongy with respective bacterial
species (Goyal et al., 1987). A report from Kutterd Sulakvelidze (2005) has
estimated that titer of phage was around Hid 162 in biosphere and hence stated

that phages are one of the most abundant entisgpee in the environment.

100



Discussion

In the present study various farms were visitedjfeantly and wastewater
samples were collected from different depths frtwa $urface of the collection tank.
Subsequently, these water samples were subjectedsdtation of phages using
initially S aureus andE. coli as host bacteria. Most of the workers stresseah upo
choice of appropriate host bacterium for optimumoxery of phages. There are
reports that support the use of eitBeaureus and/orE. coli (Goodridge et al., 2003;
Huff et al., 2003a; Muniesa et al., 2064gn et al., 2013).

All the samples were subjected for the isolatiorbacteriophage following a
systematic approach. First, rapid detection otlgttivity of phage in wastewater was
assessed by turbidity reduction method (Tiwari ket 2010), secondly by spot
inoculation (SP) method (Goodridge et al., 2003) anally isolation of phages was
done using DAL method as described by Adams (1959).

First step of rapid detection of lytic activity h&agen advocated by some
workers (Parisi and Talbot, 1974). This technigedp$ to assess the possibility of
phages that may be present in sample. Rapid tashmsginexpensive and relatively
simple. In the present study also the rapid detediy either one or both of the above
mentioned methods was found much helpful for furgirecessing of sample by DAL
method. This has reduced the bulk of work and highlighted importance of initial

screening for successful isolation of phage.

Result of initial screening by the turbidity redoct method indicated that
possibility of recovery of phages was maximum froattle and buffalo waste water
collected from TVCC, DUVASU (100%) Mathura, follodeby various Goshalas
(90.9%) and ILFC farm (88.8%) as compared to samplegoat waste (33.3%),
sheep (0%), and poultry farm waste (50%). Spotutadon or streak plate method
was then performed on all samples and developmieptaques on surface of solid
media was adjudged as indication of lytic activlResult of spot inoculation method
revealed that maximum recovery was observed frottbecand buffalo wastewater
from ILFC Farm (75%), followed by cattle wastesnfradGoshalas (60.6%), from
TVCC DUVASU, Mathura (60%) and only 33.3% from gosamples. Similar
observations of maximum phage recovery from catiestes were also reported by
other workers (Dhillon et al., 1976; Klausa et &Q03). However, findings of
Havelaar et al. (1986) deviate from the currentigtas they reported greater number

of phages in pig feces followed by chicken, shee@ aalves. They did not find
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appreciable number of phages in cow dung. Abundahceliphages in pig feces was
also reported in other studies (McLaughlin et 2006; Jamalludeen et al., 2007). In
the present study 81.8% samples showed presenpbagfes, however maximum

recovery was observed from cattle & buffalo wastes.

Comparison of results of Turbidity reduction methuith that of streak plate
method indicated that number of samples showirig &dtivity reduced from 81.8 %
to 54.5 % when studied by streak plate method. iEhmossibly because assessment
of plaque formation was difficult due to irregulaaque morphology. As reported by
Goyal et al. (1987) large volume of sample is regpifor phage propagation. Hence,
failure of streak plate method to give cent percesttovery at par with that of
turbidity reduction method may be attributed byslesncentration of phages in the
volume of 10 ul used for spot inoculation besidém®pfactors.

Further comparison of SP method with DAL methodvetab cent percent
correlation as all the samples processed by SPometlere also positive by DAL
method and used finally for obtaining pure cultafespecific phage i.e. o8 aureus
andE. coli.

High efficacy of recovery depends on initial contcation of phage in sample.
Some workers stressed upon concentrating the sdoyp@richment (Goyal et al.,
1987; Grabow et al.,, 1998 and McLaughlin et al.0&0 ultrafiltraton as well as
density gradient ultracentrifugation (Divizia et, d1989).

On this basis, it is strongly recommended that lughcentration of phages is
essential for primary isolation and done eitherultyacentrifugation; enrichment of
sample or density gradient centrifugation (Kwiatek al., 2012; Rehman et al.,
2016a).

Those samples which failed to induce lysis of baate turbidity reduction
method also did not show plaque formation by stydate method. Every sample that
showed lytic activity on the bacterial lawn by spedculation method was finally
processed for isolation of phages by DAL methodad, 1959).

In the present study primary isolation was done ti@o most common
causative agents of bovine mastitis ham@&lyaureus and E. coli causing mastitis.
Phages have lytic activity against pathoge8iaureus and E. coli isolated from

mastitis milk. A systematic approach was followadoresent study for the recovery
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of phages so as to obtain pure phage isolated enbtsis of single plaque
morphology. Out of 55 samples tested, a total ofpbdge isolates were obtained;
including 21 phage strains recovered agalsaureus while 30 against. coli.
Results revealed th&. coli supported the growth of more phages as compar&d to
aureus as indicated by recovery of 3 coli host specific (EcD) phage as compared
to twenty oneS. aureus host specific phages (SaD). Our findings on recp\ar
phages agains$. aureus support earlier reports of other workers (Ackermama
Nguyen, 1983; Brenner et al., 1999; Han et al.,320More recovery oft. coli
phages may be because of seasonal variation amdiaftupresence of host bacteria
E. coli in soil and water as an environmental pathogem{$S1968; Jothikumar et al.,
2000; Goodridge et al., 2003; Begum et al., 2018n&har et al., 2018).

For confirmation of presence of phage in plaguss,igh electron microscopy
was not part of the current study, but for morphalal characterization of phage,
scanning electron microscopy (SEM) was conductedaasity of Transmission
electron microscopy (TEM) was not available at tivae. Results based on negative
staining of EcD showed presence of hexagonal head and long ndractle tail,
which indicated that isolated phage may belon@ phoviridae family. Our results
are supported by similar findings reported earbgrother studies (Deghorain and
Melderen, 2012; Melo et al., 2014; Litt and Jar@@i17; Moller et al., 2019). Further
studies including TEM and genomic characterizatoe desired to elaborate more

information.

These phage isolates were further subjected to igdlysind biological
characterization based on plague morphology, Frsie determination, chloroform,
pH and temperature effect studies. Earlier sinafgroach was adopted by number of
workers for characterization of phages (Andersonakt 1966; Adeles, 1984;
Ackermann et al., 1994; Ackermann, 2003). In lighthis the present study is worth
to set an appropriate methodology to proceed faati®n of phages from the waste
water and also probably from other environmentatas. It is also suggested that
more concentration of phages in the sample by lemént improve recovery of

phages.

Various workers have adopted different schemeglaracterization of field
isolates of bacteriophage (Romig and Brodetsky11S$himizu et a] 1970). By and

large these workers have stressed upon charadienizaf isolates on the basis of
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plague morphology, host-range and physical parasisteh as effect of temperature
and pH on the propagation of phages (Lu et al.320Pedroso and Martins (1995),
however did not find any relationship between dudige family and specific plaque

morphology.

Plaque morphology is considered as one of the fosencriteria for
characterization (Ellis and Winters, 1969). In tpeesent study, phages were
categorized by plaque size, consistency of plagnéswere assigned the designation.
Plaque types ranged in size with small plaque caisgd as being smaller than 2
mm, medium plagque being 2 mm, and large plaguegdanger than 2 mm. Variation

also occurred in the plaque consistency as clehppaque or diffused plagues.

For each prime host, three different phage isolat® obtained on the basis
of plaque morphology. Variation in the plaque malplgy indicated the difference in
phage strain (Romig and Brodetsky, 1961; Colasitd Rogoff 1969). However,
standardization of the soft agar medium, used fepgration of bacterial lawn in the
plaque assay, became a variable which interferéd tve isolation. It is also opined
that the strength of gel, also affected the sizgladue. As the gel strength was lower,
the larger the pore size, resulting in a large ypdad he stronger the gel strength, the
pore size would be the smaller resulting in a sengllaque. This indicated that the

size of the plaque is not independent of the gehsth.

In the present study, large batches (1000 ml) &f &sgar were made at one
time, and the entire batch would have uniform gedrgth. Hence, the phage isolates
differentiated based on plaque morphology were défierent from each other.
Scientists have also reported that cations havielein€e on plague morphology
(Romig and Brodetsky, 1961; Havelaar and Hogebod®83)l In this study
MgCl,7H,0 was used in concentration of 2.4 g/litre as d@npoted better adsorption
of phage over the bacteria. Findings of currendyst@re in consistent with the reports
of Havelaar and Hogeboom (1983). Our findings areantrast to that of Jothikumar
et al. (2000) who did not observed favourable éffgfcaddition of cations. Other
workers have also characterized the phages basgldaue morphology (Anderson et
al., 1966; Colasito and Rogoff, 1969; Sajjad et2004; Jamalludeen et al., 2007).

After isolation and purification of phages theirshoange was determined and

for this purpose phages were allowed to grow ofediht bacterial strains and their
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ability to infect those bacteria was determinedobgerving the formation of plaques
in case of each new hosts. Phage isolates whick imérally isolated by using.
aureus (30) andE. coli (21) were also tested for Iytic activity againshey bacteria
viz. S aureus, S epidermidis, Bacillus spp., E. coli, Pseudomonas aeruginosa, and
Klebsiella pneumoniae. Results indicated that phage isolates either medylaques
or showed reduction in bacterial colony number mgfabther bacterial genera. It was
found that most of our isolated phages showed nahast range due to their ability
to specifically infect only one type of bacteria pisage isolate SaD showed lytic
activity only againss. aureus strains, and not against any of five other genenase
are in contrast to the findings of Synnott et 2009), who isolated and characterized
S aureus bacteriophages with wide host ranges along witlemqdiytic activity. Phage
isolate Ec@ had comparative wider hosts range as comparethé&r phage strains as
EcD; type phage isolates showed lytic activity agaPssudomonas aeruginosa and
Klebsiella spp. also beside€. coli but not againsS. aureus, S. epidermidis and
Bacillus spp. Our observations are in total conformity to theieareports of Bielke
et al. (2007) who reported that phage host range is meye genera restricted and
phages could be of wide host range. These obsengatire in partial conformity to
earlier researchers who reported that narrow rahgges are restricted to maximum
of two bacterial species (Ibrahim, 1969; Bhimanil &meitas, 1990; Goodridge et,al.
2003; Carey-Smith et aR006).

All the phage isolates were investigated for themperature susceptibility
based on ability of phage isolates to form plaghemexposed to temperature 6€4
22°C, 37°C and 76C for 60 min. Our findings are in partial conforynito those
reported by Lu et al.(2003), who reported that phages get inactivated0%C and
above 76C. Our reports are also similar to previous literatwhich documented that
4°C was the minimum temperature at which phages cteldstored without a
significant reduction in their lytic and replicati@bilities (Basdew and Laing, 2014).
The reduction of burst size at higher temperatarprobably result of the effect of
higher temperature on the metabolism of the hestabse the bacterial growth rate is
decreased between 45 and°’G1(Nishihara and Romig, 1964). Interpretation is
complicated by the possibility that the metabokaation accelerated at the high
temperature may continue at an increased rate eTiredings of present study are in

accordance to other workers (Bronfenbrenner, 1B82jers and Sarles. 1963; Phelps,
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1967; Charles et al., 1970; Lamontagne and McDori8d2; Seeley and Primrose,
1980; Litt and Jaroni, 2017). Our findings are aillscagreement to Rehman et al.
(2016b), who reported that the lytic activity ofckeriophage isolated from the
sewage water of dairy farm, agairsaphylococcus aureus causing mastitis was
optimally highest at 37C temperature. Our results are also comparable thi

findings of Oduor et al. (2020) who suggested Saphylococcus phages were active

below temperature of 40°C.

Besides, assessing thermo-tolerance many workers banducted the pH
study in order to characterize the phage (Andeetaad., 1966; Phelps, 1967). Here,
S aureus andE. coli phage isolates were tested for their viabilityidterent pH i.e.
3,5,7,9and 11 pH for 60 min. Observations iathd no significant effect due to pH
on viability of phage isolates. The isolates appedre stable to the pH range pH 5 to
pH 9 but inactivation is evident at the very lowH(8) and very high pH levels (pH
11). These findings are in total confirmation wehrlier reports of Colasito and
Rogoff (1969) who described that phage viabilityswaaximal between pH 5 and 9
and all phages were completely inactivated at pldegsof 3 and 11. Similar findings
have also been recorded by other workers who stuties effect of pH on viability of
phages as important criteria for characterizatiophages and suggested that the lytic
activity of bacteriophage was highest at pH of (Goilione and Carr, 1959; Rogers
and Sarles, 1963; Phelps, 1967; Jamalludeen e20dl7; Rehman et al., 2016b; Litt
and Jaroni, 2017; Oduor et al., 2020). Our resarésalso consistent to the previous
findings that isolate@®aphylococcus phages showed tolerance to pH range of 5.4 to
9.4 but an increase in acidity or alkalinity bodmegative impact on the viability of
phage as phages were inactivated below the pHiadrid above pH 9.4 (Oduor et al.,
2020).

Our findings are contrary to Goyal et al. (1987)vd#uggested that pH would
not have a major effect on phage survivability. @adings does not support earlier
findings that isolates showed optimal lytic abiliyply at pH 6 to 7 and above or
below pH of 6 to 7, their activity would be redug®hsdew and Laing, 2014) as we
observed that isolates were stable to the pH rarige to 9 and inactivation was
evident at the very low (pH 3) and very high pH (fH#) levels. It is important to
characterize phages based on physic-chemical ptaesmas stability of phages at
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variable conditions is a prime necessity for tlweinsistent and sustainable therapeutic

efficacy and application undar vitro andin vivo both.

Therefore, all six types of phage isolates weregattarized and thein vitro
Iytic activities were assessed. Among six typesy fohages Sal) EcD,, EcD, and
EcD; remain viable and stable to a wide range of teatpegs which indicates that
these four types could withstand the hot climatinditions of India. Similarly, all six
types of phages were able to withstand the pH dtitiamilk which varied from 6.9
to 7.4 because of their stability over a wide raofypH (Hussain et al., 2012).

The phages also showed considerable survivabilittesr at chloroform
treatments. Chloroform treatment of a phage suspens necessary because it
removes cells infected with lysogenic phages, @lating any possibility of transfer
of toxic/resistance genes (Carlton, 1999). Resd#picted that EcDand EcD
maintain 100 % viability and activity after theixposure to chloroform, these
findings are similar to work done by others (Odeoral., 2020). Ecband SckR
demonstrated reduction in percent viability by 58%a 66.6%, respectively. Phage
isolates Sap and ScRR were inactivated and no plaques were produced afte
chloroform treatment. Our results are comparabléhéofindings of earlier workers,
who had reported variation in the sensitivity obgh isolates to chloroform exposure
as we also observed somewhat similar variation dBasand Laing, 2014) Our
results revealed better % viability by coliphages ammpared to staphylococcal
phages.

All isolates demonstrated considerable long-terabities at 37°C and 4°C.
Long-term stabilities are the essential requirenfentany phage-preparation to be
used therapeutically. The shelf life should be gotor the time needed for quality
control, packaging and labelling, distribution tinical sites and treatment. All the
phage isolates qualified on these physio-chemitdlstability parameters were tested
further for theirin vitro potential against bacterial isolates obtained frcames of
SCM and CM of cows and buffaloes.

After characterization of the recovered phage teslathese phages were
subjected for titration to obtain high titer lysgeeparation so as to ensure maximum
number of phages in lysate to trigger lytic acyieven if used in single or small dose
for phage therapy. Lysate was prepared by usiegnmbthod of Jothikumar et al.
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(2000) and titrated to know the concentration cdgds in lysate. Many other workers
have prepared high titre phage lysate (Lu et &@032 Sajjad et al., 2004 and
McLaughlin et al., 2006) so that it could be usedtherapy.

The use of antibiotics is popular in our daily Bverhe indiscriminate and
improper use of these remarkable drugs is the owsimon cause of the emergence
of drug resistant bacterial strains. This has eckatterest among scientists to develop
alternatives for antibiotic therapy. Bacteriopha&igerapy is re-emerging as a possible
alternative for the treatment of bacterial infeaiqLorch, 1999) as evident from the

results of current study.

The bacterial isolates obtained from SCM and CM ewsubjected to
Antibiotic Susceptibility test (ABST) so as to knawe bacterial susceptibility for
various antibiotics or in other words to know thergentage of antibiotic resistant
bacteria against different antibiotics. Now a dastibiotic resistance is developing
world wide and a major cause of delayed recovery subsequent economic loss.
Results indicated that many bacterial isolates wesestant to various antibiotics. Our
findings are in conformity to results of previousnkers, who had reported about the
resistance of bacteria against many antibioticsh sag streptomycin, ampicillin,
tetracycline and trimethoprim/sulfafurazoles andoahighlighted that they were
phage susceptible (Smith and Huggins, 1982; Basdal\_aing, 2011; Sarhan et al.,
2016).

In the current study antibiotic resistant straifisEocoli and S. aureus were
recovered. These bacteria were tested for phagestisility and found susceptible
to phage. These findings are in agreement to tlserghtions made by several other
workers (Ahmad, 2002; Chilamban and Rawat, 2004tl8ib et al., 2004; Ndlela et
al., 2016; Porter et al., 2016).

Phage therapy can be very effective in certain itimmdand has some unique
advantages over antibiotics. With the increasingidence of antibiotic-resistant
bacteria and a deficit in the development of neassés of antibiotics to counteract
them, there is urgent need to investigate the dfigghage in a range of infections.
Clearly the time has come to look more carefullyhet potential of phage therapy,
both by strongly supporting new research and bytsgring the research already

available.
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Bacterial strains isolated from SCM and CM casesewested for phage
susceptibility (either for plagues or reduction niomber of bacterial colony) also
besides ABST and bacteria were found phage subteptivitro. These findings are
in support to those reported by other researci®opék et al., 1987; O’'Flynn et al.,
2004; Sajjad et 3l2004; Brussow, 2005; Titze et al., 2020).

Our findings are similar to many other workers wéaated and characterized
anti-staphylococcal phages from farmyard slurry effldients and also assessed their
lytic activity against pathogeni&aphylococcus aureus associated with bovine
infections (O'Flaherty et al., 2005; Garcia et 2009; Synnott et al., 2009; Mishra et
al., 2011; Li and Zhang, 2014; Ganaie et al., 20B&sed on efficacy of phages, it is
recommended to use such tested phages in formabfdips or as teat washing
solution as means of non-antibiotic prophylacticaiagt staphylococcal bovine
mastitis (Shasha et al., 2004; Longping and Zhiyiagl4; Sarhan et al., 2016;
Saglam et al., 2017).

The literature revealed use of Staphylococcal phaged coliphages for
successful treatment of many bacterial infectionsluding experimental murine
mastitis and sub-clinical and clinical bovine migstinduced by&. aureus andE. coli
and(Kudva et al., 1999; Bull et al., 2002; Huff et, @002; Goode et al., 2003; Gill et
al., 2006b; Atterburry, 2007; Viscardi et al., 20@upta and Prasad, 2011; Basdew
and Laing, 2014, Porter et al., 2016; Manohar e28l19; Geng et al., 2020).

The first and mandatory step for developing a usi@ke phage based
therapeutic system is to search for the broad tawmgje lytic phages isolated from an
epidemiological area. Therefore, we assessed tleedgtential of the SaD and EcD
phages again& aureus andE. coli bacterial isolates. The results of the presentystud
provided insight for using lytic bacteriophages tberapeutic interventions against

multi-drug-resistan®. aureus and/or coliform induced infections including mésti
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CHAPTER-6

SUMMARY AND CONCLUSIONS

Mastitis deteriorates milk quality, reduces product performance and
increases cost of treatment. Several groups ofamiak organisms are responsible for
clinical and subclinical forms of the disease. Jumbzal form of mastitis is
considered more dangerous as compared to theatlimastitis due to its ability to
deteriorate milk quality to such a level that ihoat be detected grossly but will
affect the overall quality. The main challenge fbe veterinarian is to treat the
animals in such a way that it will not become aaneenic burden to the production
system. Until now, antibiotics have been widelyduss the sole therapeutic agent in
managing mastitis, but with the emergence of amtiibresistant microorganisms due
to the unsupervised use of antibiotics, severakrotheatment options are being
explored. Development of a universal therapeutiendlitechnique that can be
considered as a replacement of the antibiotic fyeta solve the emerging problem
of antibiotic resistance is the need of this centdiherefore, the present study was

conducted with the following objectives:

Objectives of the Study
1. Isolation and characterization of the major baat€d aureus’E. coli) from
milk samples of mastitis (SCM & CMjases of cattle and buffaloes.
2. Detection, isolation and characterization of theclypacteriophages against
these bacterial isolates, from samples of animates
3. Assessment ofin vitro antibiotic sensitivity pattern andh vitro phage

sensitivity testing against bacterial isolates.
Results are summarized as below:

1. A total of seven hundred seventy composite milk@amfrom lactating cows
and buffaloes were screened, animal-wise for preseri sub-clinical and
clinical mastitis from various Goshalas in and adiathura, U.P. India.

2. Out of 770 lactating animals, 657 were cows, amehigh 601 were screened
for SCM and 56 for CM and 113 were buffaloes, amdngm 64 were
screened for SCM and 49 for CM.
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. The prevalence of SCM in lactating cows was fountd 32.94% by CMT as
out of 601 cows, 198 were found positive for SCM@WT. Prevalence of
SCM was 41.67% in cows from ambulatory visits almical camps followed
by 37.50% from TVCC, DUVASU, Mathura, 36.16% frorarmus Goshalas
and 13.33% from ILFC, DUVASU, Mathura.

. The prevalence of SCM in lactating buffaloes wasntb to be 23.43% by
CMT as out of 64 buffaloes, 15 were found positiee SCM by CMT. The
prevalence of 26.6% was recorded from TVCC, DUVASX5% from
ambulatory visits/clinical camps and 20% from ILBLDVASU Mathura. A
comparative lower prevalence was observed in walhaged dairy farm e.g.
ILFC DUVASU Mathura.

. Upon screening the milk samples by somatic cellncd®CC), out of 601
cows, 306 were found positive for SCM with the aaliwise prevalence of
50.9% in lactating cows, where prevalence of 56.2486 reported from
various Goshalas, 41.67% from ambulatory visitsicil camps, 40% from
TVCC DUVASU, Mathura and 30% from ILFC DUVASU, Matta for
SCM.

. Among buffaloes screened for SCM, prevalence 06&%. was observed by
SCC, including 33.3% from TVCC, DUVASU, 26.6% frdbdFC, DUVASU,
Mathura and 25% from ambulatory visits and clinicainps.

. The prevalence of CM was found to be 87.5% in taajacows and 73.47% in

lactating buffaloes.

. Overall, from 770 lactating cows and buffaloes, 48%.94%) animals were
found positive for bacterial growth and no bacteoald be isolated from 293
(38.06%) animals. In the present study, a tota@d58. aureus, 271 Coagulase

negative Staphylococci (CNS) and 1RIcoli isolates were recovered.

. For rapid detection and isolation of bacteriophalges1 animal wastewater,
55 samples of wastewater, fecal pellet and semifdecal droppings were
collected from different Goshalas, TVCC, DUVASU aldC, DUVASU,

Mathura mainly comprised of animal wastes of catil&faloes, goats, sheep

and poultry.
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10. Among 55 samples of wastewater, 45 (81.8%) sanwpdes found positive by
turbidity reduction method, while 30 (54.5%) sanspleere found positive by
streak plate or spot inoculation method.

11.Results of turbidity reduction method indicatedttpassibility of recovery of
phages was maximum from wastewater samples calleitem TVCC,
DUVASU (100%), followed by samples of Goshalas §96) and ILFC farm
(88.8%) as compared to goat fecal pellet (66.6%) samples of sheep and
poultry were found negative.

12.By spot inoculation method, maximum recovery ofggsmwas observed from
cattle and buffalo wastewater from ILFC Farm (75%)jowed by cattle
wastes from Goshalas (60.6%), and from TVCC (6@YYVASU, Mathura.
Only 33.3% of positive results were obtained fromatgfaecal samples.

13.0ut of 55 samples tested, a total of 51 phage ts®levere obtained. Total
number of phage strains isolated agafstureus were 21 while 30 in case of
E. coli and were designated &saureus host specific phages (SaD) aidcoli
host specific (EcD) phages, respectively.

14.As per plague morphology, phages isolated ®naureus (SaD) were
designated as; Salwith small-pin headed clear plaque, $alith small
diffused/opaque plaque and Safdth Large clear plaque; and phages isolated
againstE. coli (EcD) were designated as; Eclvith medium sized and clear
plaque, Ecwith Small sized and clear plaque and geldh Large sized and
clear round plaque. The electron microscopy of Eafler negative staining
showed presence of hexagonal head and long noractid tail, which
indicated that isolated phage may belon§iphoviridae family.

15. Thermo-tolerance studies showed that all phagatsslSal SalD, Sal,
EcDy, EcD, and Ec maintained viability and were stable when exposed
37°C for 60 min; however phage isolates EcBcD, and Ecl3 remain viable
at 70C for 60 min with a distinct reduction in the % bility (33.33% EcQ)
remain viable and among Eg@nd EcR 50% remain viable), and Sa5ah
and Sal phage isolates were inactivated.

16.When tested for effect of pH, all the isolates §&&aD, Sal, EcD,, EcD,
and EcD appear to be stable to the pH range of 5 to 9jradtivation was
evident at very low (pH 3) and very high pH (pH 1&yels.
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17. Sensitivity of phages to chloroform revealed be#eviability by Coliphages

as compared to Staphylococcal phages as only &wDEcD maintained 100

% viability and activity after their exposure tod@toform.

18.Host range studies demonstrated that phage idbtdide had wide hosts range

as compared to other phage strains as it showed #&gtivity against
Pseudomonas aeruginosa and Klebsiella spp. also besides. coli, however
phage isolates Sap SaD and Sal were narrow range phages as they
showed lytic activity only again§& aureus.

19. After isolation and characterization of the recaekephage isolates their high

titer phage lysate was prepared to ensure maximumbar of phages in lysate

for assessment o vitro phage lytic activity.

20.When all the bacterial isolates were tested fomaottc susceptibility profile,

isolates were resistant to many antibiotics. Mdrant 50% resistance was
shown to 10 antibiotics namely; erythromycin, gemtan, kanamycin,
methicillin, norfloxacin, penicillin-G, chloramph®mol, streptomycin,
vancomycin and co-trimoxazole and all 85 strainSadureus showed even
cent-percent resistance to 4 drugs i.e. kanamyaathicillin, vancomycin and
co-trimoxazole. However they showed more than 9Qfceptibility to 2

antibiotics i.e. ampicillin/sulbactum and enrofloxa

21.Among coagulase negative staphylococci, isolatesvel more than 50%

resistance to 16 antibiotics, namely; ampicillin, maxycillin,

ampicillin/sulbactum, amikacin, erythromycin, gentein, kanamycin,
methicillin, penicillin-G, chloramphenicol, strephycin, tetracycline,
vancomycin, ceftriaxone, cefotaxime and co-trimatazand 100 % resistance

was recorded against methicillin and co-trimoxazole

22.All E. coli strains showed complete 100% resistance to arpjcil

amoxycillin, penicillin, methicillin and co-trimoxale.

23.In the current study, antibiotic resistant straofsS. aureus (resistant to

kanamycin, methicillin, vancomycin and cotrimoxagoandE. coli (resistant
to ampicillin, amoxycillin, penicillin, methicillinand co-trimoxazole) were

recovered.
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24.Phage isolates (SaPSaD, SaD, EcD,, EcD;,, and EcR) were tested against
bacterial isolates db. aureus (85) andE. coli (121) to assess the vitro lytic
activity as a means of phage sensitivity testing araximum lytic efficacy
was shown by EcP(100%), followed by Ecb (94.21%), Ech (90.08%),
SaD (81.17%), Sab (78.64%) and SaD(75.29%). Coliphages were found
more efficacious and can be explored for cocktappration in treating cases
of SCM and CM.

In brief, conclusion from the study can be drawet fihom the milk samples of
CM/SCM cases. aureus andE. coli were isolated as major bacteria and then specific
phages were isolated and characterized from vargoshala/farms against these
major bacteria, which might prove useful as antitbaal and bio-control agents. This
study provided first ever effort in Braj region RJ) focusing on investigation of the
in vitro lytic strength of bacteriophages as natural antdsed agents againss

aureus andE. coli involved in bovine mastitis
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APPENDIX

1) Nutrient agar- (HiMedia, Laboratories Limited, Mumbai)

Composition:
Agar powder 2gm
Nutrient broth 100 mi

Use-Nutrient agar is used as a source of nutrfbothe bacteria.

2) Nutrient broth- (HiMedia, L aboratories Limited, Mumbai)

Ingredients Grams/ liter
Peptone 5
Sodium chloride 5

Beef extract 15

Yeast extract 15

Final pH (at 28C) 740.2

Use- A general culture medium which may be useshashed medium.

3) Mac Conkey Agar- (HiMedia, LaboratoriesLimited, Mumbai)

Ingredients Grams/ liter
Peptic digest of animal tissue 20.50
Lactose 10

Sodium taurocholate 5
Neutral red 0.04

Agar 20

Final pH (at 25C) %0.2

Use: For cultivation and differentiation of enteric bada, the omission of sodium

chloride prevents the spreadingRvbteus colonies.

4) EM BAgar- (HiMedia, LaboratoriesLimited, Mumbai)

Ingredients Grams/ liter
Peptic digest of animal tissue 10
Dipotassium phosphate 2
Lactose 5

Sucrose 5

Eosin 0.40

Methylene blue 0.065



Agar 13.50
Final pH (at 25C) HD.2
Use. Recommended for the isolation and differentiatadnGram negative enteric

bacteria from clinical and non clinical specimens.

5) HiCromeE. coli Agar (HiMedia, Laboratories Limited, Mumbai)

6) Mannitol salt agar (HiMedia, Laboratories Limited, Mumbai)

Ingredients Grams/ liter
Peptone 5.0
Tryptone 5.0

HM Peptone B 01
Sodium chloride 5.0
Mannitol 10.00
Phenol red 0.025

Agar 15.00

Final P'at 28° 7.410.2

Use: It is used for selective isolation 8faphylococcus aureus.

7) Simmons Citrate Agar- (HiMedia, Laboratories Limited, Mumbai)

Ingredients Grams/ liter
Magnesium sulphate 0.2
Ammonium dihydrogen phosphate 1.0
Dipotassium phosphate 1.0
Sodium citrate 2.0

Sodium chloride 5.0

Bromo thymol blue 0.08

Agar 15

Final pH (at 2&) 7%a.2

Use: For the differentiation of enteric pathogens biitgtto utilize citrate.

8) Luria Bertani HiVeg Broth (HiMedia, L aboratories Limited, Mumbai)

Ingredients Grams/ liter
HiVeg hydrolysate 10.0
Yeast extract 5.00

Sodium chloride 0.a0



Final pH (at 25C) 750.2

Use: Recommended as a selective medium.

9) LB Growth Agar for Lambda (HiMedia, LaboratoriesLimited, Mumbai)

Ingredients Grams/ liter
Tryptone 10.00
Yeast extract 5.00
Sodium chloride 0.0
MgSO,. 7H,O 2.00
Agar 15.00

Final pH (at 28C) 750.2

Use. Recommended as a selective medium for isolatiosotiphages particularly

lambda phage.
10) LB Growth Top Agar for Lambda (HiMedia, Laboratories Limited,

Mumbai)
Ingredients Grams/ liter
Tryptone 10.00
Yeast extract 5.00
Sodium chloride 0.0
Agar 7.00

Use: Recommended as a selective medium for isolatidarobda phage.

11) NZCYM Growth Agar (HiMedia, LaboratoriesLimited, Mumbai)
Ingredients Grams/ liter

Casein enzymic hydrolysate (Tryptone) 10.00

Casein enzyme hydrolysate 1.0
Yeast extract 5.0
Sodium chloride 5.0
Magnesium sulphate heptahydrate 0 2.
Agar 15.0

Uses. Recommended as a selective medium for isolation pbges against

Saphyl ococcus aureus.



12) NZCYM Growth Top Agar (HiMedia, Laboratories Limited, Mumbai)

Ingredients Grams/ liter
Casein enzymic hydrolysate (Tryptone) 10.00
Casein enzyme hydrolysate 1.0

Yeast extract 5.0
Sodium chloride 5.0
Magnesium sulphate heptahydrate 0 2
Agar 7.0

Uses. Recommended as a selective medium for isolation pbages against

Saphylococcus aureus.

13) Decastrength nutrient broth (DSNB)
Use. Recommended for enrichment of wastewater for phaggainst
Saphylococcus aureus.

14) Muller-Hinton Agar
Use: Recommended for antibiotic sensitivity testingbatterial isolates.
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