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INTRODUCTION



LITROEDUCTION

Bovine magtitis dg one of the major cobetaclos in the
development of dalry industry g 4t leads to heavy econonde
loss. among the various miorcorganisma causling hestitis,
staphylocoocl have an important role (dhala, 1976 Vorma
and Mishra, 1977 Gingh and Daxi, 1982), One of the

r*v:linﬁ phenonanon io the control of staphylocossal infoos

tiong is the emcrgence aﬁu@tﬁains»xasishanu Lo chemnotharas~
pentic agents. Prior to 1942, sta @hjl@@ﬂﬂebl isolates from
various Ainfections were sansltive Lo ponieoililin and othor
anedblotdes (UWilson ond Hiles, 1978). Bub the indiserindnote
use of these drugo had resulted a3 increase in moderately

or complotely drug sends ant staphylococol.

Por guccessful chemothorany of ”‘B‘*&i” saloctidn of
propor antiniorobiel agent is csgential. Ao such antiblotic
sensitivity test which iz o very useful ool in sasesslng
the effectivoncee of the antiblotlcs against apcalfic micro-
organisms, hos asswncd groot fmpartancs, Mochonisvn of

anergence of drug resistant staphivliocooed has not oen
glucidated éleaxxy¢ Cf the threa ddentified modes, % plasnld
medinted resisteoncs hos Boon roported to bo the mest dmortant
in Enterohactériscsas and staphylococsl (Rush et al.s: 19693

£l
Fovich, 1980¢ ﬁkﬁvn%hvlgaz); The other two mechoniomg reported

ere ohronosons noddagtsd and transpogen mediated resictances



(Chopra ond Howe, 1978). Though there are a oumber of
reports on the antibiotic censitivity pattern of staphylo-
coccl, little 1s kmown about the R plasmids of staphylocoocd
isclated £rom glinlcal cages of mastitls. Bactorial drug
mfaistance mediated throuwgh R plasmids do f:r..unamitteﬂ £rom
‘one strain to anothor Ly con j’uggation, ﬁgmnsﬂuc:tion and
t_iraﬁsformati@n; The resishance Lransﬁ:er in staphylococed

is nainly mediated by transduction and conjugation.

Phace typdng 13 an dmportant method in the eépideniolo-
gical studles of staphwlocoocel infeetions. The vimulonce
of stonhylococel hias alse boen faund to be related 0 their

phage types [(Foiranen, 1969),

In India staphylococci igolated £rom 'cases of bovine
mastitis have not boen mcﬁsn%m:r:@a vilth respect to thelir
manndtol formontation, coagulase productlon, homolysin nwce-

duetion, mercuric rasistance, lysostaphin gensitivity, susce-

ptibiiity o various phages and antibdoco rare  Honce thv
present investigosicon was degioned o study ¢ho otanhyvlogocel

igolated from cages of bowvine nmastitls olving inportonad to

the £oiloving ospecks,

1. 2 comparatlive gtudy of mannltol fermentation,; coagulase
wroduction, homolysin production, lysostaphin sensitivity,

suscoptibllity o various phages and mercuric resiohance.
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.

Detornine the antiblotic resistanca pattarné of shaphy=-

locooed by agar diffusion ond agar dilution methodo.

Find out the correlation betwaen phage pattorns and

antiblogranm.

Investigate the possibility of transfer of R plasmid

DNA through conjugation in vitro.

Reconmond the moet sultahle chenntherapeutic agont-

active agalnst ckaphylocegol igolated from cases boving
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REVIZI OF LITERATURE

I. Charactorization of staphyviloccead

ogeton (1630) discoverced the cluster forming coacus
from pyogenic abscesdses in man, while Louls Pasteour mado
aimilar conclusicns in Pranca at about the sane timd

- {Pastcur, 1880)., During tho decade 1950-60, the name

Micrococcus pyogenes was in common use when diseussing

atéphyloccccal.mastitis in animals (Schalm gt al., 1971).

Therae was considerablé objection in aceepting Micrococgus

in place of Staphylocowcus as a generle name (Shaw gt ales

1951}, 3In the mid-£ifties there was rénewed Intorest in
the classification ¢f staphylecccci and micrococel and a
pumber of papers prasented arguments £or and agalnst the
geparation of these orgenisma into two separbte genara
(van Eseltine, 19333 Thatchor and Simon, 1957). However
Bvans gt 2l.,(1955) proposed that staphylococel should be
separated from microcedcel on the basis of their ability to
grow anaerdhically and to form acid £rom glucoses In 1957,

the officlal name for the genus was reoverted to Staphylococcous

£rom Micrococcus in the Bergey's manual (Breed gb al., 1957).

Pamdly Micrococcaceac was divided Ainto three generz, navielys

lcrocooeus, Staphviegooccus and Planococous in the 8l odie

tion of Bergey's Maonual of determinative bagteriology

(Buchanan and Glbbonio, 1974).



tn

“ha use of the stendard gluenco formentation hast

for dlstinguishing Staphyleoosocous fron Micrégooous (Evang

ek glss 1953) had beon eriticised by soveral investigators
{Ciboon, 1067 Morkenoon and Hoour, 189677 Baind and
Darker (1966) proposed a double=tube oxidation/fermentation

tost to differentiste staphylocovot and niorococci.

Reld and Wilgon {(19959) found that 1008 of staphwlocoscd
isolakod fwom cases of acute mastltis, 89.7% resovered from
cases of ahvonile mastitis and 73.1% of isolates fxom nosmal

udders formented mannitcl. Anscroblc formentation of mannitol

was suggested to dlffcrentiato botveen Stophvlococcus guicus

and Stephviocogous epddermidis (Cown, 1974). Thic wes used

by a nunbey of invastioators fer thoe charactorization of
staghiyioocced (Mobonald and andezson, 1981; Evans, 1083).
Use of catalose test in the charackerizetion of stapby-
locoded isolated from bovine mastitis cases was roported by
various authors (MoDonald and Anderson, 19813 Hodges ot al.

1‘984} i _ !
Staphylocoood produced at lesst four homolyocing, vie.,
alpha, heta, gamma and delta. On sheop bleoed ager, a wide

e 0f incomnlcte or partial hemolysis wagn rep&xtéﬁ'axaumﬂ

13
ey
‘23

colonies of stachylocosel after incdubation at 35°C (Uinor
and Marth, 1976)s The hemdlysin produdtion as a parametor

in the choracterization of stavhylococei had been reportoed



by a nunber of workors (Loken and Harvaey, 1962; MoDonald
and Anderson, 19813 Walla gb als, 1981: ond Poubrel, 1904).

Loeb (1903} discovered that Stachylococcus

Byogenas
could coagulate goese plasma in vitro. Two types of
coagulase had beén degoribad - the bound coagulase and
froe cosgulagsa.  The tefm bound coagulass wags Antrodused
by Duthie (1984) bo designate a.ﬁamt@:>tha&,he songidered
was respomsible for the clumping of cells that Was asso-
clated with siide ﬁmaéulage test. Cupta gk als (1978) made
a comparative study on the afficacy of plasma from rabkit,
humany bovine, shdep and horse, and found that horse piasma
gave better results than othors, Sheep plasma was consi-
deved unreliable for coagulase test, whercas rabbit, human
and bovine plasma showed this ackivity in decreasing ovder.
Singh gt al. (1981) comparcd coagulase test with egg yoll
ﬂ@é@ﬁi@ﬂg polymyxin B agar growkth, tellurite glycine agar
growth, proteage activity and mereuric chloride agar growth
using 230 stephylocdoccal strains isolated from bovine nasge
titis and found that the coagulase tost could nok Ho sube

stituted by any of these tests used in the study. Hodgas

teet on staphylococsal stroins iscolated from hovineg maseitis.
Thoy have identified Gaﬂhsﬁrainsfwf staphylosocel/rdarocosei
£rom sanples o€ bovine milk axamined for mastitis producing
erganicms and found that 831 were coagulasewpositive and

65 cosgulase-neagative.



"

The discovery and chawooherization of the staphyloiytic
engyme, lvsostaphin, v Schindler and Schuhardt (1964)
provided & mild and rapid methed for liborating the nuclelc

acide and other gvtoplasmic contents f£yom lysostaphin
wowbors of Lewaly ’ :

sugsesptibic Mi@:eeo@ca&@a&. After tosting a large numhar
P

of orgoanisns under doregoccaceae and other familiocs of

bactoria; the iytic activity of lysostaphin wag found speci-

fic for membors of the genua Stephylococcus (Klesius anxd

Schuhardt,; 1968). GCuticrres gt ak. (1981) have exanined
195 gram positive catalase pcsitiﬁe cocel isolated fron
ovine mastitlis, abseesoés in slaughtored andmals and puls
monary lesions'in lambs for the susceptibility €o the lvtde
action of lysostaphin and by @thér biocchemical tostg. They
gould identify 192 out ©of the 195 otrains, as staphylococeld
on tho bosis of lysostaphin sensitivity. The studies aloo
indicated that sensitivity to lysostaphin ceuld not be used
B0 diffeséntiate coaguiase~positive and coagulago=noegative

astrainge

Phage-tyning
The acopmitation of Imowlodge concezndng the staphylo~
coccal. bacteriophages and thelr iytic action hied led to a
teohnique for the differentiztion of staphylocoocal straino
on thw hagis of phage susceptibllitye TLarly phage dselates
P a8t

were not of o type sultable Zor dilforentiation of host

straing, for they had brond lytle power, lysing nost



staphviocogcal cultuxaé {toirancn, 1969). Callew {1522) wag
tho £ipst o obtain a serdes of phages which differed in
lytie activity. TFrom 14 ¢eses of ccuto purulent infections
she ohtained six phages with verving ability to iyse stock
sﬁrauns of staphyvlozocel jsolateﬁ from similar sources,.
Fiah‘{lﬁﬁﬁ) laid the foundatilon £or a practlical typlng
techrilcque utilising lysis on solid madia. He had uesed
undiluted phage lycate, whordag Milson and Atkinson (19245)
had adopted the use of the "routine test dilutlon® (ATD)
1.6, the highest dllucdion giving confluent lysis of tho
propagating strain. Dacteriophagy typlng was considered
parciculorly significant for the staphylococcl which were 50
Alfficuls to distinguish on any other basls and thisfcsuLﬁ
ho ube& in the study of the epldendology of staphyioooccal
infections (Ceding and Williams, 1958;‘ﬁen;wwrth. 1053;

Kolranon, 19693.

Ths euhcommittee o bacteriophags typing of staphyio-
Goeel, @f the International Committeo on Bagteriological
Homenclature, London had cstablished a baslc sories of
phages that waere divided inte Zour groups (Colos and
Eisemstafk; 1989, .

Group I, phages 29, 52, 52A and 79

Group II, phages 38, 3B, 3¢ and 55

Group ITTs; phages 6, 7, 428, 47, 53, 54, 70, 73, 75 and 77

Snoup IV, phages 42D,



v plalr snd Willlams (1961) worked for the development
of standard methods of phage typing in order to improve the
comparabildty of the resulis obtained;hy A gferant labora-
vories, In this way a basic intarnational phage set was

developed which ineluded 21 phages.

Loken end Haryey (1262) isolated staphylocoeel from
kovine udders ond roported that the lysis by phage 42D
(group IV) was the most common cobsarvation., The Interna-

tional Subcomalitee on Staphyloecccus Phage Typing decided

[
r
oo
£
i)

shizrd meoting in 1962 that a standard set chould be

amposed for the typlng of bovine staphylococel (Subcommittec,

3

1963). Ian Davidson, of Weybridge, Bngland performed the
comparison of different phages by typing 454 ctrains with
ﬁo&ine phages and the phages of the human get at RTD. Dased
on the compirisen, he had chosen a get coneslsting of 17
phages and suggested an enxtensive international experimeﬁt
on its use ia the typing of bovine staphylococcl (Davidson,

1064, 1966).

Uaing the International sezi@s of phagas and Davidoon'’s
set of phages, attempts were made by Sonin and Blohel (1987)
o tyme 1073 cuiﬁures of coagulase @ositiv@ staphivliococcd
isolated £xom bovine milllh samples. It wvas observed that
only 73% of the culbures could bo typed with the internaticnal
series as agalnst 84 tyvpod with Davidoson's sct., Using a

medificd Davidoon's set the authors were able to bypo 950U of



8738 isolotes. Of the typable gtrains 84.4% could be assicgned
to the various lysogroups and 63% of then Lo group IV,
Frost (1970) studied tha action of 20 gelectad phages on

1187 strains of Staphviocoocus anreus isolated from dairy

cattle. The phage patterns of 933 strains were analysed and
45 simple patterns could he aceounted for 6%% oflat:ains and
7% were untyoobles The phages were sonaratad into fo;lowing
?hag@ aroups, group I «-11.4%5, group TI 0.8, group IIX =2,23%,
group ITI/IV 20.9%5s group IV «5l.4%, mi&eella couns 5.8¢ and

others 7.5%.

Ahatia ok al. {3921 dsolated zixu now phages from

untypeble strainyod Shanhwicogogous zugeud. In the study

456 gkrains of Stoplrzdococous sureng were includod, ALL

thase phages were employed to type the 456 wntypable strains
of S. gureug at RTD gnd 100RTD, AL 100 RID, those phages
coul@ type 165 (36.18%) . straing which included 83 {18.20%)
strains thot could be typed gkt RTD alss. These phagos waere
found o give better wesults thon tha stonderd orperimenta

control phagho.

In India the phages used at the Staphvlocogoal Phage

f

Tyning Contre, YNew Belhi, inciuded an International basic
sot of 23 and 4 cxperimental wyping phages (Ralran and Baxd,

1983a) as shown bolowu:



Groun Phauos

I 29/52/520/79/80
Iz 3a/30/55/71
IIX ' 6/428/4T/53/54/75/77T/330/84/85
v 81/94/95/96
Tupordimontal B/BIC/T

Rahman and DBaxi (1983h) reported the predominance of

phage‘gréup ITIT among Staphylococcus aurcus lsolated from

cows and buffaloos suffering from mastitis.
IY. Staphyiococoi as the couse of mastitls

The prosence of staphylococsl in bovine wdders had
been Imown for many yecarss Evans (1916) exgmined the bace
terial fiora of 192 nilk comples from five dairy herds aad
recovered “micrococci® f£rom DB.83 of the samplaes, ‘an-t&a
basis of homolysis, fermonteation of mannite and pilgmonta-
tion, one half of the isolates vags considered to be tywical
of S. aureus. Ten of 17 sclested streins injocted into
fabblts vere shovn to be virulent staphylococci. So thoy
opined that pathogeide staphyloconci could bo iaolaﬁaﬁ gron

millk drawn £rem apparontly normal udder.

Dhanda and Sethd (1962) found that 41.2% cf mastitic
in cows and 30.5% of mastitlis in buffalocs woere caused y

%

he charactoristics of 1312 coaculaseepositive

v

S pUZeUs.

and 109 coagulase-negative staphylocogcl isolated from

rovine mastitis vere reported by Weiranen (1969). iophril



(1972} K@pﬁ&ﬁ@ﬁdﬁ,-‘ $¢7s.as the predeminpnt organism in

mastitis in covws, followed by Shreptocogous saplactine,

. opidermidis and Streptecoceus ubords. Misra gt ale

{1973} roported thot 38.1% of the vdder infections in

305 oows wore dug ko S. g@urgus. Jhoala {19276) reported

103 (45.38% of g. aurgug from 227 milk samples in o study
aonducted in Gujarat. A survey performed during 1965~G66
ghowed that 40.7% of 3956 composite milk samples collectod
randomly f£rom cows In 399 New Zeaslond hords ylelded
coasulase-positive hacmolytie staphylococel (Rlliot et ales
1976as Elliot gt al.. 19761k and Tottersileld gt al., 1976).
¥ohlor-samoullidis {1977} demonstrated 71 strains of

8. sureus; 82 strains of S. opldermidds end 17 stralns of

Micrococous from 170 rdlk samples obtained from cows with

suspooted mastitio. Suribaby gt al. (1979) studicd the milk
samplas from clindeal cagos of mastitls from cows and
im€faloss for determining tho bacterial etdlogy and Sound
that B5% was 8. auwdous. Pearson and HMackie (1979) examined
477 quartoys affected for the first ime and found that

139 ( 29%) were duc to S. guroud. Hapur ¢k gl. (1979) found
that among the 304 stephyloctocal strakis lsolated from
boving wmammary glands, 103 wers coagulasespositive and 201
a8 coagnlaso-negative. Bacteriological erxaminstion of 1262
milk samples from cases of maotitis was carried out Iy

Romachandra gt gl {(1984) and obhsorved that dtaphylococcal



and streprococcal mostitis ranked high. Sudharma gt al.
{1588y exomined 483 mill sompleos from cases of DOving masw
titis from difforont poarts of Morala and different types
of bactoria were dsolatad €rom 240 causge, 3L.87) of the

organisms isolated uvere found o I staphylosoccoi,

IIiT. Antibiokic resistange of staphylococci

Prem 1943 onwards, penicillinase forming straing bocame
increasinnly common, £lrst in hospitals and subsequently in

the goneral p@pﬁla&isn and among andmals (Parkewr, 1933).

Van ond Devriopse {(1971) tested 1232 nastitis straing
£rom 63 herds and showed tﬁaﬁ 383 produced peniclllinaso,
263 were racistant to shreptonveln, 21% to tetracycline,
3.5% to chloramphenlcal and 3% pozseéssed miltiple Arug
registance to four antihkicticss They also observed dlhat
all the gkreing were sensitive to neomwein, virginiamyeln,
and rifamyoin. Janctschke and Rizk (1973) reporied in
Syria that S gureus was tho most comnon organism isolated
from bovine mosticis and it was cbeezved that 783 of the
isolates were pondieillin resistant Zolilowed by gtreptomyein
{29%) and chloramphonicol (6:68). Jhala {(1976) reported
that neowein and chioranmpheniccl gave the bost resulis in
Znhibiting the majority of organioms isoloked from mastitis
cases whidle streptomyein and terramyein shoved variable

senoltivity. Zn mld Viestein USh 813 cultures from nilk of



infected uvdders from 24 herds vers examined by Mebonald

-and énd@rSOﬂ (1981) Zor antibilotic sensitivity to 5. gureus
and coagulase-ncyative staphylocccel and found that over

80% wag seneltive to bagitracin, cephalothin, chloramphonicol,
cloxacdililin, @rythr@myciﬁ, gentanicln, Nhanemyeln, linomycin,
neonyein, penicillin, oleandonyoin and vancomycin. S aureus
Gisplafed greater antiblotic resisiance thas the coagulasce-

negative otaphylococei,
styains of
Toocks on 1657 m. auroug igalatcd £r8m maviﬁo ﬁﬁqtitﬂs

eollected by 13 Aua&ralian laboratcziea hetween 197479
ghowed that the commonest resistance was to penicillin and
streptomyain, anﬂ rultiple rgsistance was rare. 1o strain
was resistant to methiciliin. Resistance to penilciliin
ﬂeclinéd from 35% in 1974-75 to V% in 1979 (Frost and
O'Doyle, 1981). Nag and Ghosh (1982) studied the sonsi-
tivity to antibiotics of 390 coagulase-pogitive staphylo-
cocci from Gows and buffaloss vzth mastlils, endomctritis,
Ostgmyeliuis and surgical wvounds and found tnaﬁ 13,3%‘0£
straing wore rosictant o all seven antibiotics (beasylpeni-
ciliin, ampicediling str@ptmmycin, oxytetracycline, chloram-
pheniool, bacitracin and kanamycin} tested; 62% was single
”Eaiqtaﬂﬁy othors wore rmultiple resistant. AmOng these 763
of the strainc werc resictant £o benzylpenicillin, 66% to
amploeillin, 38% n@.oxvtetracfclineg 46% to streptomycin, 349

o bagitracin, 18% to u%lorampbonicol and 1625 to kanamycine



In a study on the incidonce, epldoniology and anti-
biotic sensitivity of staphyiwcccci isolated from mastitls
¢ases in bovines, Rehman and Baxi (19283b) reported the

susceptibility pattern of 8, auvreus and S. opidermidis to

various antimicrobial ggents like nedmyeln, chioranphonicol
and nitrofurantoin as egual and signidicantly greater number
of organlsms weroe found resistant to penicilldn; and
streptonvedn. Pranklin ond Ratsien (1883) determined the
minimum inhibltory concdentration (HIC) of ten ontimicrobial
drugs to 287 g aureus straine ioolated from bovino mastitic,
Thirtyceven straing produced botalaghamasc. Al gtzwiﬂs WRre
censitive to oxaciilin, nedmyein and more than 90% Lo oRre-
ptomycin, trimethoprin, chloranphenicol, erythremyedin and

tetracyaline, vhereas all were rosictant to sulfamethoxagolo,

Croven ond Aniderson (1983) cxamined 24 isolates of
S¢ gureug from bovine mastitls cases and found that all
strains prodaced penieillinase and none shoved intrino
resistonce (methledilldin resistance) to cloxacillin. In a

gtudy of Se gurcug isolated from bovine mastitis Kapur gt al.

(1984) observed sensitivity to varicus chemotherapatic
agenta in the followlng ordery Furadantin (53,1810),
cloacilidn (97.56%), chloramphenicol (90.20%), oleandomypoin
(80,775} neonyoin (79,259, streptomyein (71,820), oxytetra-
cycline {40.54%), polymyuin B (49,5050, ampiciliin (33.33%)

and penicillin (36.36%). Oudharma st al, (1905) studied the



antibiogram of staphylococel isolated from bovine mastitla
cases, by agar diffusion method and found that 843 of the
organicms vere sensitive to gentamyein, 78.46% to chloram-
phenicol, 62.5% to nooaycin, 60.965% to tetracycline, 55.56% to
furedantin, 50% to ampleillin end 43.17% to penicillin. MNone

of the isolates was rasistant to all the antiblotics tested.

IV, Mercuric resistance

Hercury and organomercurlal-resistant bacteria wore
first isolated from mercury contaminated soil in Japan
(Rebinson and Tuovinon, 1984). DBacterial resistanco o
mercury and organcamercurials wag reported to bhe determined
by plasmids vhich Iin meny instonces also encode resistance
to other heavy matals and antiblotics (Novick and Roth. 1968).
The penicillinase plasmids or Z. gureus carry determinants
for rasistance Lo mercury as well as arsenate, lead, cadmiun
and bismuth lons all grouped in one regilon (Rondo gt al.s
1974). The wg” phénotyre was reported to be closely asso-
clated with tetracycline rosistance, a lack of mannitol
fermentation and coagulasc-pousitive phenotype (Groves and
Young, 1975). Ueiss ot al. (1977) reported that ponicilliie-
nase plasmids of S gureus often contained genes conferring
rosistance o inorganic mercury (Mgz*) and the organomnercu-

rial phenyl mercury acetat,



The plasmid ﬁetcrmin@é naturce of raesistance Lo mercury
compounds wag establishod by determining the ability for
cotransduction (with othor plasmid cencoded determinanto)
ardd hioh freqpency of conjugel transfer of the ng dotel-
rminant. Isolation of covalently closed circuler DHA Erom
the ng strains and its ablliey ta'ﬁramsfcrm-ﬁga reeimiemts-
Lo tha Hg phenotypté provided further svidenso txht tle Mg
determinant was plasmid encoded, as did curing the ng strains
with agonts such ags cthylmethane sulfohatce. There appeared
te he a utvong correlation betveen antliblotic resistance and
roglstenca o mercury and several other metals (Hoviek and

Roth, 1968; Halwhara gt gk., 1977a; Naokahara et gl.. 1977b).

Btanisich et al. (1977) and Bennett gt al. (1978)
reportad the ccourronce of mercuric registance gones on
trangposons, ag for other reuistance gones ecarried by plag=
mids., The evolution of multiple metal and anLibiotgc roeglse
tant sﬁraina micht be the rosult of the gequential acquisié
ticn of individual transposcns o form c@ﬁposiﬁe transposable
unlts. Iventhough mercuric resistance transposon had been
reported in othoer specles of bacteris, no mercury resistance
transposon had bccn demonstrated in any of the broad-spectrum

Mgt etrains of S. aureus (Robinson and Tuovinen, 1984).

Ve R plasmids of stophylocooel
The temm “plaomld" was introduced by Lederiborg (1952)

generic name £or axtragchromasonal genetic olement.



» plosmid is & roplicon that 4 ctably inhorited (1.0,
readily maintained without spocific selection) in an cobra-
- chrosogomal states Naﬁurally<o¢eurxiﬁg 9la$mid§n@£ PEC=
karyotes are ganezally ﬁispensahle. an R plasmld is o
'plasﬂiﬁ thaﬁ carries gonetie information for resistance to

antibiotics ana/er antibacterial drugs.(¥evick gt al., 1576Y.

Resistance (R) factors mediated registance to various
antibiotics was reported originally in species of shigells
in Japan (watanabé; 1963)s Novick (1963) had shown that
both the gones £or detormining the synthesis of penicilii-

hase and contyol of its production werde very probably carried
| by onc plasnids Chabbest gt ale (1964) reported that all the
ovidence pointed to & plasmid Lee:ems‘;' for the genos deter=
wining chloramphonicol resistance in ail chloramphendcol
-resistantnsurains;atuﬂi,,@ The evidence £or plasmid inhori-
tanca of %et*aaycline rasistance wag reported by Aghoshov
{1966} and Novick aﬁd.aaaanahaué, 1971)

Drag resistance asgociated with R factors was originslly
thought €0 resulb ﬁrdmvdedﬂéaSéé perneability to the drugd.
But, latey this view was changed, Harwood and Smith (1569)
presanted avidence that cells bearing R factors contained an
ensyme logdated in the periplasnic space which iﬂa&t&%ateﬂ
streptomycin by atienylation. In many cases, streptomycin
rcqistancc in sthphyloﬂscc* was reported to be plasmid
mediated (Grinatea and Laceoyy, 1973).



Resistance of staphylococel to penicillin, erythromyein,
aei;s:azzycu;ne; ehloramphenicol,; kanamycin, methiciilin and
fusidic acid wag suspected to be or known to be plasmia
Linked (Falkow, 1975)s Lacey (1975) opined that most anti-

blotic resistance in 3, mureus, as in Enterchacterisdeas,
could be plasmid mediated,

Bastos et al. (1980) igolated & plasmid with a molecular
walght of 1.4 = 10% daltong which determined constitutive

zesistance to crybhromycin snd lincemyedn in Se¢ guresus, It

was reported to ko the 5mazlest.natuza;1?‘Qﬂﬂuzring‘eiemaﬁt
coding f@ﬁ%@nﬁibi@&ic‘rﬁaistaﬁée in this specico. ﬁ.atuﬁy
waa conducted by Gshen o zl. (1982) on §. aureus which was
recistant to many antibiésics like oleandompeing erthromyeih,
 gentamdcin, methicillin, penicillin and tdtracycline. 5B
gingle 32-megadalton (md) plasmid was detected in»all the
strains ang &he'eaﬁanﬁcléasa restriction pat&efns of all
isolates with the apidemic antibiogram were identicals
VI. Conjugation in éﬁaphylacmml

Conjugation 48 a progess whoreby DNA iz transferved
Srom one hacterial cell to snother by o mechanicm reguiring
cell-to~cell contact. This process hes fnwariably been found
to be encofed by hadtorial plasnids, and such plasmids are
ﬁeaigﬁat@ﬂ‘*aenjuggﬁive’ {Willetes and Shurcay, 1980},

The litoratuve on conjugetion in staphyloceccal spocies
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is scants Ioz:'cﬁanes@a et al. (1972) and Sjostrom gb al.(1973)
described simtler types of res;staa@e;gxasmiaa from S¢ pureus
and S« epidermidis, c«:njmai;im was not considered as a mode
of transfer of DNA between stiains of staphylocosel, while
transduction and t;&fansi;‘@mamn were thought to be the only
means of transfer of drug resistange botween sivalns of
staphylococed {Laceay, 1975). The int;exapeeifm spraad of
vesistance to sntiblotics petieen straine of staphyloconcd

in nature wag su:spmted +0 ooour Iy cell~t@~ce1}. can!;act,
Aseoy phage-nadiSated conjugation ( Lagey, 197:..&.1:;, Qai)a.,l.q !
Ageording to Novicok (1989) sataphyz;@cocmal R factors eould
not apparently ;aro%n@;z;e thelr own transfer by conjugation.

The rariey m‘;‘. 'gene trangfer betwesn animal and humnan
(1i980L}. Fawaatt,vgg,gggv{Iﬁﬁlé-repmﬁﬁﬁﬁiﬁhﬂ faliure of
@Qa%laseﬁmsyatiw staphyviotooct to t¥ansfor atinistic

igtanga to S, M 1030 in mixed culgure. chaberg =13 al,
(1982} domonatrated the intergenorie trangfor of conjugal

rosistance plaomids £m'x i%mgtmmcusz facda

is to 8, aurous.
mergence of ant::!.bi@ti_.c: resistance in B, aureus wis Guepoated

o oteur by genctic transfer from S. gpidermidis (Cohen &t al.

1982)s  Porbos and Schabery (1983) wers the firsk investigators
'\ta ropork conjugation in \&ta@hymamci Ty Edleer tmtiﬁtj mathod,
though theéy falled o transfer resistance markors in both
cultures. Mathew and Punncose {1988) have roported for the



 first time, the conjugal transfer of streptomyoiln reésistant
- plasmid DHA from coagulase-negative stephvlogccel to

8. gureus R 450 RP in mlxed cultures.



MATERIALS AND METHODS



| VMATERIALS M METHODS |

mm samples: ﬁx:um att ] aﬁ bovine mastitis werd .
aolx.ecztea fram the Rerala Ag&*&eulﬁuml Undversity Livestock
‘Fars, Mennuthy and the University Vetevinery Hospitals ak
Hanmuthy and Teichus's A total of 360 milk sarples wore
X Zsolation of staphylocooed

The milk ganples were plated on Muslleretinton Agex
{rr-tiedis) and dncubated at 37°C for 24 hours for ddoloking

She irial. organisng, Thoge ealmiea euggeativa @f staphylt}-

coted. wers oxandned mdorodcoptoally after Gram staining.

' The gfem positive cocel, azrmnr_:;ed a8 nchas of grapas voera
 subcuitured on Mannitol Salt Agar and incubated for 2436
hours at 37°Cs afker inghbation the colonies wave subouls
tured on Tryptic oy Agar (Difce) slents in duplicate tubes

and shored at 4°C for further exporimental studicss

; Tyndng Of Starhylocooed

The typing of staphyloceocl wag dong by using the

following tests.
1) Orem staining, anserohic fermontation of glucese, acrobic
and anserobie utdlisation of mannitol, cotalase toot



1i) Heemelysin productions
The hageolytie abllity of the strains were studled

usdng sheop blood agar.
1i4) QQ%@U&&uQ tost (G@uan, 19233)

?a- ml undiluted rabbit plasma was mixed with an
equal;valumﬂ of an 18-24 hour broth culture and incubated
Cak 37°C for 4 hours ; and enanined after 1 and 4 hours for a

cosguitm,. Megatlive tubes wore left ot room temperature

over pignt and then re-exanined.
iv) Lysostaphin sensitivity (BDemmett, 1978)

1. an isoleted colony from an agar plate was transferrod
usdng an inoculation loow €0 0.2 ml of phosphate i ored

malim@ f2pg) and emulsificd.

2+ iR2LE of suspended cells was transferred o apothier cubo
(3 x 100 ma) epd wes misxed with C.i ml of 905 and kopt

as conkrol.

3s 041 21 lysostaphin (Sigma Chemical Co., St. Loulo, U5A)
dissolved in G.ﬁz H phogphato buffoer containing 13 Jasl
was added to the origlnal tube Lo give a €inal concon-

tration of 25 ym Lysostaphin per mls
4. Both the tubey ‘QE incubated ag 85°C for not moro than
2 houvs. A clearing of turbidity in the tost nimturd wao

considercd positive.
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v} Phage typing
The phage typing of S« aureus was dong at the Staphy-
lococcal Phage Typing Centre, ICMR, Maulans Azad Medidal
‘College, New Delhi. The phages used for typing were
as followsy
I 28/52/520/73/80
1z 3N/35/85/71
TIE | 6/43T/4T/33/54/75/11/030/B4/B5
o 81/94/93/95

| Ir. antiblotie sensitivity

Av Bgee diffusion method

rhy-Bauer method {Brown and Blowers, 1978) was used

for testing the sensitivity/recistence of the staphylocoscal
sErainc. |
1) vedium

tuellor-Hinton Agar (Hi-media) medy

un was used throughe

et

out the atudy.
1i) Antivdotde discs

hntiblotde sensitivity dises manuSagtured by Wa. Pagtour
Biologicals, Gujorst ond /s, $pm§5a@1@st;cs, Surat vere
ustd in the studys The antiblotic dises used wizh their
stFongih are Surnished belows



1. amosxyeillin | « 10 meg
2. Mmpicillin = 10 meg
3. Bacitraecin - igu

4» Chlorampbonicol = 30 mog
5. Cloxaciilin - = 1meg
6« Brytheomycin -~ 15 meyg
- 10 mag

= 5 g

10, Mitrofurantoln - 300 mez:g.
11, rPeniciliin - 10D units
132, Stroptomyein - 10 wog
13, Sulphamethovazole - 25 oy

14. Tétroayeiine - 30 e
1ii) Proparation of enliure plates

‘z‘ﬁe fefle AQay was reconghituted and stordlinzed by
avtoglaving at 121°%C for 15 minukes and gooled o 45-30°C
and poured inte sterile glass potridichos of 100 wmm sice
£o oitain a depth of approxfmately 4 mms Vhen cooled the
mofcture on the ager surface was roemoved by keoplng then

at 37°C for 30 minutes and wore usced after sterility tosit.
iv) Preparation of inoculum

At least four morphologieally similay colontes £ren

an agar paddum were touchad with a wire loop and the growth



was:tfansférraﬂ Lo 2 test tubs contadning 4 ml of starile
Pryptic Soy broth (Difeol, The tubes were incoulated Loy
5 hours st 37°C to produce & bacterial suspeneion of modo-
rate cloudiness. The density of the suspansion was stons
dardised by dilution with steorile saiine to a donsity
visually equivelent €o a barium sulphate stondard. The
standard was propared by adding 0.5 ml of 0.048 11 hariun
chloride (1.175% W/V of naczzzwza) €0 99,5 ml of 0.18 ®
sulphuric acid (1% W/V)e Tho standard was kept in sorew
‘copped tuke of the same size o9 that used dor the roth
cultures and stored 4n the dark at room tdmperaturc. Defore

use the stonderd wag shalon vigorously.
v) Incgulation of plates

Platas were incculated within 15 minutes of proparoe-
tion of the suspension 8o as 0 provenhit any change in the
density of the incoulum, & storile cotbton-wobhl swaly was
divped in the susponsion and surplus fluld vas romoved by
rotation of the swab ageinst the side @f the test tube above
the £iuid ievalg The medlum was incoulated by swebing over the

antire surface of the plabo.
vi) Application of antibdotic discs

Afeer the incculum has dried, antiblotie discs vere
appilcd with a storile foreeps and pressed gently to onoure

aver: contact with the mediums Seven discs were placed on a



160 mm plate. The gpatial agrangement of the diges wao
such that they were not closer than 15 mm €rom the odoe of
the plate and £oF apert to prevent overlaoping of sono of

inhinition,
v1d) Incubation

Flates verxc inverted and placed singly in the incubator
at 37°C within 15 minutes of application of the;&igcs, a5
long delay before incubation would allow ercess prediffusion

of antibiotlc., The plates ware Incuhated for 16-18 hours.
viil) Resding of zone of inhibition

The diameter of szono of inhibition was measurcd o thoe
nearcst ndldlinette with a millimetre zuloe. The point of ‘
abrupt diminutlon of growth, which in moot Gasces earregpon-
ded with the polnt of complete inhibidtion of grouwth, wag

taken as the zone edges

i:) Interprotation

Bach gone size was intorpreted, by reference to a table
{Table 1} into one of the three coteguries as sensitive,
intermediate oy rosistant,

B« Ager dilubion mothod (Bagry, 1976)

ALL the gtrains werc tested by ager dilution method
using single concentration of antiblotic.
1y medduns Mueller-Hinton Ager (HI-medial was used.

1i) mngibilotics



Brythromysin, chloromphonical, tetrodyeline, stoopioe
myadn, cifampicin, gontanlcin, ampicillin {Central DEueg

Roseareh Lab, ; Caloutta) and benpyl pendeillin (Cloyo Rabo-

ratories, Bombay) were uscds

Thoe actdvity standard of tho entiblotics used wHLc proe-
vided by the manufacturars {(Tablic 2).
3114) antiblotie atock solutions

“he ﬁtaz*ﬁ:mﬁ oL xc:ai‘émnam obtadnad from thb above
laboratories wore storad at -20° unieos othorvisce spocifiod,
A stock golution containing 2000 meg/ml or 1.U/m)l was proe
pared (Barcy, 1976). Tho actual weight of active substanco
in the sanple was caloulated by multiplying the weight of
the sample (in mg) by the welcht (mog or IU) of sctivo Sube
stance par mge  The voluna cs;f: gsolvent recuired o achieve
tho desired conconteation wag calguloted by dividing the
welght in mog of é@%ziva ’E,mhaﬁaxzc@. in ghe S&ﬁ}?}s@f' iw desired
Loncaentratici.

- Weight of sample (in mg) x activity
Volurne of golvent = _ gtondard (moo or I,0/m1)

Desived concentration (meg or I.U/mL)

The following solvents and dlluents wore used {Barsy,

1975) .



angibiotic | Solvent Diluent

1o Ampdoeiliin - Phosgliste buffer Phosphate buifer
pH 8400, 0.1 pH BeDy 0l M

2» Chloramphenicol Bthanol Wator

3. Rifampicin pivethyl sulfoxide Prhosphate uffer,

pH 7.0

4, Streptoryein | Vater Water

S+ Tetracyeline  Waker Water

66 Cenkamicin Phogphate affer Wabor
1 Bally Gl M

7+ Eryehromyoin Euhanol liater

8. Penfcllilin Watow wober

Stock solutions were prepared anx 1 dletributed in small
2licusts recuired Zor onc antibiobic incorporotion ond

stored at «20°C.
iv) Proparation of antiblotic containing ﬁLmiJm

Mucller-Hinton aga¥ was réconstituted and sterilized
by autdclaving at 121°C for .15 minutes. The antibictic
gtock soluticons prepared and stored ag ~230°C were toban out
and thaved.,  When the agar has cooled down o 45-00°C o
Fiyved guontdity of antiblotlo solut wion was im@@f@@f; d Ainto
the aoar a@@ mized by rotatdng and poured inte sterile petri-
dlshes. When golidificod, the moistur ure on the agar surface
was removed by placing them at 379C for 30 minutes: Tho
following woere the £inal concantration of antibiotics por od

of moediun (Barry, 1976).



?&traQEGline ~ 12 mog/ml
Stréeptomyein ~ 15 mog/ml
Chlorsmphenicol - 25 mog/nl
Erythronyeldn - 8 mog/ml
Gentamicin - 6 mog/ml
Bemzyl Pendeillin 1 mog/ml
Rifampdolin - 2.5 meg/ml

apiodlidn - 32 neg/nl
v} Inoculation of medium and incubation

An 18 hour old, 4 to 5 ml Tryptic Soy broth culture
éﬂntaining‘a@@xﬁximately 1@9 colony formdny unit (CFU) por
- ml was useds This was diluted o 1 iﬁ 2Q and G402 ml of
it was ugaed as tho incculum (Bacry, 1976}, To focliiiate
a number of strains to Lo teoted at the same time, potrie
dloh was divided into 12 reclons and each Fosicn wagd Inoe
celated with a gag@icular strain and incubated ab 37°C for
13-24 hours. The results wore read after the incubaticon
and the sensitlvity of tha orgonisms gt he particular
concentration of ontiblotic used, was indicated by absence
of growth on ths inoculatod reglcon. A Gefinite donso £ilm
of growth or more than one colony at the site of incoulation
wan consldered evidence o show that the antiblotic falled

to inhibit growth adequately st that cohcentration.



IIt. Mercuric resistance

The mercurice resisgance of all the lsolatos wore dotopr-

mdned as per the progedure desoribed by Moore (1960G).

The nadian for the preparation of mercuric chioride
agar wag made from a peptone agar bage containing pophono
2%, sodium chloride 0,5% and agar 1%. The pH of the maddiun
was adjusted to 7.4 and was autoclaved at 10 1be pressura
for 15 mtas Thoe mercuric chloride was added from a stoohk
solution Just before plates were poured. The stock solution
was not stordlized. To propare the medivm 100 ml of the
peptone agar was molted and alloved £o cool 0 BO°C. Thon,
3:63 1l of the agar ves plpetted ofFf and replaced by the
pame volume of 1 in 1000 msrouric chlorides The ploteo woere
poured and deied ai 37°C for 30 mto and used lmmediakelys
Tho mediun was inmmat@ﬁ with a largs logp full of an over-
night broth culsure of sho test strain, Twoelve strains
were tested on each peptong agary plated. Aftor inoeulaﬁi@n
the plates were indubated at 37°C overnight =nd were oxtamdnod

for g clvale of confluent giowth oF no growth.
IV, Cenjugztion experiments

For t¢he ¢onjugatdon e:@:e;*ime@t- the method deséribed
by Datta (1978} with slight modifications was used.
1) Hodla useds
a) Tryptic Soy bioth (Difeo)

b) Huellersiinton Agar (Hi-Hedia),



A1) nmtibistics
The antibiotics and the concéntrations used vere come
as that used for determining the sensitdvity/resistance Ly
agar dilutlon method. ‘
11i) Reaipicnt strains
Both the xacipi@ﬁﬁs‘usad WOrG mévimg‘thcmma@ma&
fesiatanae\és dotallod bolow.
&),@ylgggggg RI 450RF, phago=free, plagnid-free Riﬁ#/?mara
by $. epidemmidis 131S, plasmld-froe, str®

iv) Donor strains

o

In the meting emperinonts uwsing S. aureus os recipiont

~*  an e 9

20 strains (Toble 3) ond in the mating cxperimonts using

8. opddormidis as recipient, 7 strains {Table 4) wora sclccked

=

after studying the diug resistance pattern of all the strains
by agar diffusion and ager dilution methodos ALY the donor

stralns were rifamplein sconeltdvo. In the conjugoation oxpori-

moente with 8. geldormidds 1318 as tho reciplonty only otrontos
mycinesensitive donors woere upod.
v} In vitro trangfor

a) Using 2. gurous RN 4B0RT as rdeciplent

From six howr old cultures, D.1 ml of =ifanpicin
scensitive donor (Table 3) and 0.2 ml of the rFociplent wore

mmnmaw»«p—mwumammnmnm«mu@nmmmﬂwnmﬁ

¥ Rindly provided by DR. Dennis, R. Schaberg of the Univoroley
of Hlchigon,; YoA.



co-cultivated in 10 ml of Tryptie soy broth {(Difco) and
incubated ovornight st 37°C and was contriinged at 3000 xom
for 30 mngo ab 4°C, Tho sediment was plated on 4O Muellops
Winton agar containing 2.5 fmeg/ml of rifampicin and ona of
£ha antiblotics to which the donor was rasistént (selective
media) and incubated at 37°C for 24 hours. Donor and
regiplent contyols were plated soparately. The concentraw-
ticng of the &ntﬁbi@tiéa‘wmfavthe game o8 used in agar
dilution method of sQnsiﬁiviéy toste, . The colonles conlng
up on tho gsolectlve wedia - transciplents - word purificd

By subculturing on *sclective media' and the resistances

tronsferyed weke further eonfirmed by, agar diffusidn method.
b) Using ¢ gpidormidie 1318 es rocipiont

Since the chromosomal marker for the reciplent wao
streptomyein regisbonce; only stroptomycine-gsensitive donors
were used in the experiment. From six hour old cultures, O.1 ol
of the stﬁeptemyeiﬂﬁaansigiv@\aénmr (Talble 4) and 0.2 il Of
the recipleont were coecultivated in 10 ml of Tryptic suy broth
(Difco) and incubated at 37°C for 24 hours and was contzi-
fuged at 3000 rpn for 30 mats ot 4°Cs The sedimont wao
plated on o Mucller-Hinton agar containing 150 mog/ol of
séreptonydin and ong of the énﬁibi@tics.ta‘whiah-thﬂ donoy
waé rosistant {(gelective media) and 1neﬁbated b 37°C for
24 hours, The concentration of ervihromyein snd tetracveling

used was the same as uged in agar dilution mothod of



gsensitivity teosts. The donor and regipicnt controls wore

alwave plated separataly.

vi} EBxperiment to exclude thae possibiliby of transduction
and transformabkion

Cell-frac £iltratos of an overnight culture of tho
donors in Tryptic soy broth were prepasred by £4)tering
through 450 nm (Miillinore filser) ond 200 an (Sartorius
£ilter) membrane filters. Throo millilitre of goli-froe
£1lrrate of each donor was mixed separately vith three
millilitre of an ovoernigit culture of the recipient and
incubated at 37°C for 6«8 hours and the nirture was plated
on to approvriste 'selectlve madis’ and iaéubateﬁ at 37%C.
After 24-48 hours Juncubation the plates wore axanined for
the presence of any é@l@nies@ Raciplent and filtrate cons-

krols were plated separately.
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A total of 360 milk pomples from coses of hovine

- mastitis were Q:{:aﬂiifiﬁu gor the presongt of gtophylogoced.
Bacterial organismg could b dsclated from 195 (S54.1
samplos. From those, 52 stralns of (26.67%) stuphylocoset
were isclated whir:ﬁ congdsted of 17 (32.6%%) S. aurcus

strains and 35 (67.31%) c'mgulaso-vze~;,amw stapliplocoacd.
I. Tgoletion and i_{ﬁeﬁtiﬁiaa&im}

ALl tho 52 isolatos wore Sram

3
0
§
E
a
-

al Gram®s 3t
N § ‘i .
pasitiva,

-~

b} Anacrobde ferrmentation of aglusoso: AL the strodns
were abka o férment glucose anacroblcally. 10 nicroocosel

could be detacteds

<) Hanndeol fermentation: lMannitol wag fermeontod
angevebically by 39 stialns vhile 13 steains vore unoble o
forment momdte) anagrobically.. Mannitol was ukiliscd

aroxMeally by 40 stroains while 12 straing wore unable o do

S0s  Ton straine gould not ubilice momnitol bokh acrobically

0 ancerabiconily.

d) Catalaze tests ALL bhe

.(“.r

isolates werae positive for

e) Humemolyaln produckions Mmong the 52 strodns of

staphylocosel 21 (40.309%) were found ko produce hoemolysis



on s0lid nedis eontaining 5% defibrinated shicen blood,
Arongy thﬂ‘37 coagulasc~positive staphylococei four straine
623;52%3 (M19, 151, M79 and M37) could not produce haemo-
Iysis on sheep blood ager while all other ooaculase-positive
st;aiﬁs (76.48%) produced hacmolytic zone on sheep bhlood
agars Nine out of the 35 (25,71%) coagulasc-negative
staphylocegel vore found to produce hadmolysis of sheop réd
plood colls. |

£) Coagulase tests Out of the 52 straino 17 (32.69%9)
were coagulase~positive and 38 (67.31%} wers coagulage-
negative, Tho cdagulasoepositive strains are referred hove
a3 S pureus, OFf ghe 17 congulagoe=pogitive isolates, oix
gave positive zeaction in ong hour, twe strailns in four
hours end the femaining,nine-sﬁrainé gave a positive roacs

tion afte® keeping at roun tompersture ovornight.

¢) Lysostaphin sensitivity: Fortyseven (90.38%) out of
the 52 stophylococoal stralns were gensliive to lysostachin.
ALl the coamulase-positive staphyzﬁcoacﬁ.wor@ ﬁaﬂn& gensitivo
to lysostophine The results of znacroblc fermentation of
glucose, aereoble and anseroble utilisation of memnitol,
catalase tost, bacnolysin production, ¢naculase test and

lysostephin sensitiviey ave presented in table S.

h) Dogteriophago typings All the eoagulase-positive

straing (8. gureus) were phage typed ot routine test dilution



{71D) and the untypable strains were retyped at 100 RTD,
The aﬁraims.whﬁah-m@miﬁ.meﬁ he typed gﬁ both dijutions vere
clagsified ap nonstypable (NP). Scven (41.178) of £he 17
esa@ulasamgcéiﬁivasBﬁraina could ke typed with one or other

of the phages of the Internationsl basic set of 23 phaves.

Pen strains were grouped as ngnstypable, 0f the typable
atraiﬁs group ITI showed predominsnce (28.57%) over other
groupss 57147 of the otrains bholonged to nixaed ground.
Only ong snéa;ﬂ balonged to group IIXs The dotalls of the
phage patiern, pha§a~g&mup($}:angftha anbibicotio E@ﬁiétance

pattern are prasonted in table G.
II. antibictic sensitivity

- a) hgay diffusion method: ALl the 17 3. gurcus straing
vere sensitive to bacitrocin, whilafmajmxity of then were
rasigtant to streptonyeln (64.70%) . émﬂxyﬂillin (5229455 ¢
ampicillin (52,949),; sulphamothoxazole (42.867) and totias
eyeline (41.182%). Only 5.88% of the S. agutous stralngs wore
resistant to cloxacillin, nitrofurantoin, néomyoln, mothieillin
and gentamicing 11.76% to chloramphendcol and 23,53% to
arvihronyein and pendcililin,

21l the 35 coagulaso-nogabive staphylococsi were sangie
slve t@,eimxaeilliﬁ, gentaniedn, methiclllin, neomyedn and
nitrofurantoldn. 42.86% of the coagulase-negative strains
vers resistant to skreptomyein and sulphamethonazole while

only 37.14% was resistont o itebracyclincs 7The ragsistance



mattorn to other aﬁtuLlDthB ware o ampliedilliin and penie
cillin (22,86%); amowvedllin (11.437%); c"ythrcﬂya {17.,1343%)

and bacitracin and chloranmgy @n*m@l (2:865655)

Out of thé 52 stophylococeal strains studied, ten
{19.2373) (ML10, M19, M29, N3k, M36, M43, 156, MHd, 165 and
¥79) 'were scensitive o gl the 14 aﬂéibﬁmtica toakad
{Pable 7). The detalls of the recults of antibdotic oonsie
tivity'®§ all tho straing by cgar diffasion mothod are civen

in table B,

) Agar dilution method: Ali. tab 17 8. surcus loolates
were sensitive to gentanicolin, erythrdmyoln and rifampicims
4?@65% <f the S. aurcug ctraine were vesistant to penicillin
and gtreptomycin followed Ly tetf&a§aline {35.20%), ampiéillz
(11.773) and chloramphenicol (5.8973).

All the 38 ca wrilaseo-negative staphwlooosel werve

sensitive to ampm&illin, gentandeln, chloramphenicol amﬂ

rlfanpicin and 31.43% of the coagulase-nogative strains weons

C\

rosistant to tetragycling, 28.57% to shreptomvein, 22,868
to henzyl pendciliin ond 14.29% to erythromyein. Tho rosults
of the drug sonsitivity/reslstonce of the isclates by agar

dilution méthod are prosented in tablae 9.
IXT. ¥Marcouric resickanon

ALl tho 52 straing oFf stﬂfuylacoaai ware sonsitive o

cur;c ¢nqu4ao gt a concentration of 1 4n 27,500.
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T Gon juemti.cm aipgrinents

In the conjugation eperiments, on S+ gureus and
ten cosgulasee-niacative geralng were used af donorg when
S+ aurous RN 45007 was used ag the regipient. One S.gureus
and aix coagulasc-négative strains of staphylocorcei were

*,

used as donors when 8. epddernddis 1313 was used as the

recd 11@;’1’{:.

i) Using Se ourgus RN 450RF as resipient

aj Se %ﬁ ag donorst | Siz of the ton Se gureus donor
straing ueed Ao the study could transfor either one or more
drug m-‘zz;f.»sstama markere Lo she ﬁ@@ipiéﬁt; 0f these ono
gtredn (M51) sruncferred tetrgcyoling rosis %:am@ ornly, whilce
‘two gtrodns (M1Z and 218) transforred streptomyain rools=
Lanoe, two stralns {M3% end M80) tranaforred ponieilldn and

straptomyein fesistances jolntly while one strsin (128)

tranciorred gtreptonyeln and toetrooveling raslctancon Logow

ther, o ¢hloramphenicol, ampliclliin oz ;ezsgfahmmyczim rooige

LAN0es wWare fouvnd traapfosved from ¢ho donors to &he rocte

plont in the study. Dotalls of the c!@z\m‘ rogiplont,
solectlive donorematiors and the transdéiplents obtained ave

prosontod dn table 10

b} Qoamilase-ntgative staphylocoged a6 dopors: 11l tho
four streptomyein rooiskant donor straiuns {m « M32, M4l and

MY were found to tronsfer the resistonce $£6 She roodplent



Be aureus "W 450RPs  Bub the two muleiple resistant strains
(241 and #49) could transfor only the streptonyein rosis-
tance and not &£he ponielllin and tetraoyeline resistances.
Erythrompein, tetracycline and penicillin fesistances were
zm;faf: sranaferred fxom any of the donors to the reciplant
{(Table 10},

11) Using S. opidermidis 13318 as recipient
B X i

. a) S gufcus as dono¥s  Only one S auz"eua, gerain (M87)

.EG

was used in the skudy. It was obsarvad ¢ the tetzacyciine
r&amst nge oould aok boe tranafeorred from thoe donor Lo the

reoin *ML (Table 11},

) Coagulase-negative st_,;z;“zyl&cmun ag donor: The
 selectlve douor marlers used weve totracyeline and arythoo-
mwoin reésistances. ALl the olx douor otroins studiad in
the expericont failed O transiew ony of these yesistonco

mavkors (Table 11).

V. Experiment to exeluds the possibility of transdudtion
and sransformation

e gocdplont strain could acgulse the antibiotic
ragictanoee narkors whon mmi with whe Silgrate of the
donoro. The donor filtrete eontrols were wunsble to produce
any growth on the Muallor=-Hinton agar. Similarly the zeci-
Mcmt cem_,ml,a plaked on o selective medis contelning tho

sporoprizie antiblotico also AA not show any groiths
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Aﬁble 1 * e vt

L’%@ti‘lﬁﬂ

Ong-al e Iaﬁexyretatiwe chart for the agar diffasion

81

W 1y i K 50w o K

R

R R B ST Q- ST IN

- anpimicrobial Agont

Dise

Qﬁﬂt@ﬂﬂ

Dig. of zone Gf
inﬁimaammg

inhibition

Raﬁiatawca Eﬁt&ﬁa
{mm op mediato

lesg)

sensttive
{rm ox
OLe)

Arpictliin
Bagdtracin
Amoxyeiliin
Ponicillin-G
Hothiciliin
Tetracyoling
Chloramphenicol
Erythromyain

Stroptemyeln

Closacililin
Noomyedn
Contamioin
Sulphamethcsancle
Hitreforantodin

i ol i e

10
pe
10
10
5
30
30
15
10
1
30
in
25
300

g

units

TGy
units
meg

i1
il
el
mag

o

80
B

2828

9«13
13«17
€128
19-13
15-18

13-27

14w17
13=14
1i-12
i3~16
11-15
1514

(Qﬁﬂ@l@)



Table 2.

Activity atandarvd of the antibiotics used

o Aceivity
antibldotic standard

{mog or IU/mg)

Tetragyeline Hydrochloride 8983
Streptonyeln sulphote | 748
Brythromyoir 920
Chloramphenicol (Assay 100%) 1000
Rifampieln ' 900
Gentamioin 641
Ampiciliin 455
Benmyl pentcillin 1658




Table 3. Details of the donors and selective donor
markers when using B. gureus RN 450RF ag
rocipient '

S1.N0. - Tonors Selective donor
' rarkera

a) S. gureus strain nunbers
142 Str, et
M12 Str
M17 Chl
Hig Pon, Sty,; Anp
M34 Str, Nup
M35 Str, Tet, Amp, Pen
148 Skr, Teb
- MBL Str, Tabt, Pen
B0 Em; Pen, Str, Tet
M7 Tek

WG o W oy

o
o

b) Coagulase-nagative

staphylocoogal strain

nunbers
13 Mo Str
i2 M22 Em, Teb
13 1437 Tet
14 1438 Ste g
15 41 Pen; 8tr, Tet
16 149 Pan, Str, Tot
17 167 Em, Tabt
i3 H68 Em
19 M70 Bmy TOk
20 1489 By Tob

Abbreviations used: Stre Streptomyeing Pon « Penlcillin
Tet - Totracyeline, £m - Brythromyelin
Amp - Amplciliin

{Concl}
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Table 4. Detolls of the danors and selective donor markexa
when using S. cegiﬁemdis 1318 ae redipient

Sl lio. Donors Selective donor
rmarkes{s)

a) 8. aureus strain number
1 ‘ 1487 Tet

) Coagulase-nagative
astaphylocoocal strain

‘nuwnber
2 122 ' Bng Tot
3 137 et
4 M7 Bm, Tot
5 M68 Bm
6 M7 . By Tek
7 ek B, Dot

Abbreviations useds Tet - Totracycline, Dm - Erythronyein

{(Conel)



Table 5. Results of the anaercbic fermentation of glucese, mannitol utflization, catalase
test, heemolysin production, coagulase test and lysostaphin sensitivity

strain
“rpamhoer

i o s e 0

fnaercbic Mannitel utilisation Catalase

"f:ementav
#ion of

glucose

Aerobic Anaerobic

s

test

Haemoly~ Cosgulase Lysostaphin
test

sin proe
duction

sensitivity

OV O@ s e w o W e

T T
g R O G R

M5

i vt

M7
MO
M10

M1

Mi12
HMl3
mid
117
1B
M19
122

H25

26

3

4 b b R

%

+ F o+ o+ F 4 b kB

a

& &

i i+ 1 4 % 3

N S

4

R B |

+

4 o+

+

TP IR S S N R A

_tél_

}

¥ &

H

'

&

in

4h

ik

PN T I A N A

 $ 1

{Comedy )

K-t



M29
K31

17
i3
20

2t

+

M34 -
H3s

4+ 1

M35 -
w37

-

23
2

25

138

1514 §

a3
144
=5
H4G

26

o+

28

@ + o+ + +

28

¥48

30 -
31

A
#50

ua

. .P;

32
33

34

s

K57

&

| 4
hod

{Contd.)
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Table 6. The phage pattorn, phage groups and antibiotic resistance pattern of
coagulase-positive staphylocoocl

Sl.No. Strain

Phage pattern

Phage group(s)

Artibiotic resistance
{Acar diffusion method)

e
- O

s
¥

14

17

WM MOk W N ]

e
b8

M2
M7
M2

H17
18
119
M34 -
135
139
148

M51

nse
166
169
H79
¥80

BT

IN/4T/6/425/4T/75

HaT :
ANBC/E/A2E/4T/15/81/94
T '

HaT

H,T

47

BN/3C/6/87/75/81/94

HaT

38/3C/55/71

6/ 42B/47/54/15/7T1/830/84/81
6/425/54

DT

H.T

NaT

2 Y o

- LT

:fcI/IxI
IT/ITI/IV
3T
II/I1X/IV
i

IITI/IV
IIY

-

Tots
Buly

- Str

Stryg

BLEs

Nil
str;
str;
Sul
sty
8sexs
Nil
Chls
Pen;
¥nil

stxrs

Sul

- Taby

Strs Amps Nit
Amp

B Pens Amp; Chl
Pang Suls Mmpi Amo

sul: Amp

Taty Anp

Tat; Em
Tely Peng Sulyp Anp

Suk
Amp; Em

Tet; Bmg Amps Geng AmoOg

Bul

-

Abbreviations usedi

1.T. - Hon~typabla, Str - Stroptomycin, Tet - Tetracycline,

Amp - ampicillin, Pen - pendeoillin, Chl « ghloramphenicol,
Gon - gentamiein, Sul - sulphamethoxazole



antibiotic resistence to ctaphylococel by agay

Tabvie 7. ‘ _ _
diffusion and Agar Gllutdion methods

Resistanee®

o Agar dflution methaed

Agar diffusion method

(14 antibioticae)

(8 antibiotics)

_1,. g a p

foor

Btr; Ano

Pany
wBiy
(5250
ren

Pang o

1 9

Tats Sty

(111 3ty Sty
12 Strs Heop AmO Peng St
113 Sul i
10 14 Skry Sulp My Ao Stxm
1% 117 Emg Peng Sty Ampp €hl Chl.
12 118 Pary S&rp Suly dmpp Ao Pepg 3603 Mo

711

Emy Tat

Toby ¢
Ampy

3.5
74
Suls

sul

Bl

Em; Tot

=
K e
H

i8 M34 Sty Ampy Amg SLrg Pen
20 £135 Pely Sty Amps Sulz Amo Shry Tahp Pens Ao

MAL
M43
M44

Nil
Teb
Sty
sul
reny
AR R
Paing

Suly

- Suls

gSerg

Eing 2

& =

Gnrs
11
Tety
41
ren

Pén

Suls Pen



“ o - e ot o

1 2 3 4
28 MAS Sul 100

29 46 Tat Tet

Ky 48 Tet; Omi Stw Taky Str

31 149 Tty Pang Sty Anp Toty Peng Ser

32 M50 sury Sul N4l

33 M1 peng Tebty Stry Suls Peng Stry Tet

Ampy M0

34 1452 peny Suly Yeti Amp peng Stry Tet

35 156 i SO

36 MB7 vongToti Awpd St peng Stri Tob

37 164 Nil nii

38 H6s Wiy Nil

39 H66 Chlj Sul HiY

40 167 Emg Sul Ems Pet

41 166 Bm B
42 M69 omg Peng dmpy Chly Strp Pon

» _ Clos Sulg A »

43 170 Ampg Emy Tot Frap Tet
44 Mg str str

45 M9 wil Nil

46 120 Em; Tati Stis Sulg pang Stry Tet

Amps Omp Ao

47 225 1 Tebk 1741

48 iCE) Pong Sul Pen

49 il Bmg Chi WL

53 0 M85 sul Ml

51 o7 Taty Sul ot

82 maa Tet: Bm ﬁsms Sul ;fmm- Bm
N » . . .

alsy grouped mider rasistant CatGOory.

E&bsvr@v.!.a&ima uwads

?en - ﬂani‘cil im str - stm;:stom..m

Chl - Chloramphonicols Tet - Tetracyolines
B - Bgythromyeing Sul - Sulphamethoxazole
Ao - Ampleilling Cle - Cloxacilling

Om - Gantardtcing Bag « Bacltracing

HAE - Hitrofurantoing Amd < Anoxicilling
6o = Hoomycing Het « HMethiciilin,

* In tho ager diffusion mochod, Antermediate category was

{concl)



Table 8. Reosults of drug sensitivity of staphylococel o variouu antibiotids ty agar
_ diffusion method

PO

e o foon s ot ¥

l.Ho.

———

antibiotic

- thunker of the
straing peosted

T aenain

‘ tive

Ho. Intete
mediake

Nm; b Yok R g

tank

% OFf LS~
fstance®

,ﬂl

—

;2

.3

4

. .52

P

o

1

 Amoxyeillin a)

b)

moplolildn a)
| : b)

Bacitracin a)
)

Chlceramphenicol aj

)

Cloxacillin L a)

)

Drythromyetn . 2)

by

B aureus-i?

v. aureuﬁ~17

caa#ulaaa~nagative

staph=35

S. surens-17
Coagulasc-

nogative staph=3S

S» guzeug«17

Coagulase
negakive stamh«BS

B aunrous-17

Coagulasce
n&vat&@e~ataﬁh~3s

Coagulase
negative staph«35

Se aureus-i7

Caagﬁla-.:ﬁ
negative staph=335

BL47.06)

31(38.58)

| 8(47.06)
27778

17(100)

34(97.14)

15(88.24)

33(94.29)
 16(94.12)

35

13{76.,47)

29(82.86)

7{41.18)
2{5,71}
. HiY

i)
wiy
TR]

1{2.857}

145.88)
MiL
i 31
2(8,71)

PPy

2(11.76}

2(5.71)
o 52.95;?)
4(11,43)
| mil
112.86)
2(11.76)
1(2.857)
N1
Wik
4{23.53)

A{11.43)

52.94
11543 ‘
52.94
2286
Mil
2.86
11.76
2.86
5,88
Hil
23,53

17.14

L
LI

{Contda}



2

‘Wj -

_— 4_.

.5 

| 6:‘ . .

 §‘

10
i1
12
13

14

- Gentamicin

- Methiclllin

Neomyain
Ritrofurantoln

penicillin

Streptomyain

a)
b}

a)
<)}

aj
Bl

B)

aj

b)

&)

b

S. aurcus-17

Coagulasd negaw
tive staph-35
S» aureus=17
Coagulase negas
tive staph=35

E—)

Coadulace acgams

tive staph=35
3+ aureus-i7

LoHacmidse nega~

tive staph=35

S» mureus-17

Congulase nega~
tive staph-35

Se gureus-17

Congulase negas
tive stoaphe-35

Sulphsmethoxazole a) S. auseus-17

Tetracyeline

b

b}

tive staph-35

a) 3. aureus-17
Coagulase nega

tive shaph=35

'Q@agu&aﬁefnegaw

C 16(04,12)

35(100)
16094412)
35100

16{24.12)

35(100)
16(94412)
35(100)
13(76.47)
27(77.14)
635.29)
20(57.14)
741.18)
20(57.14)
10(58.82)
22(62.86)

b5 b
ML
1{5.88)
il
145.88) -
nil
HLX
Wil
NLX
2(5,71)
2411,76)

6(17,14)

2{11.76)
"L
322 X
wnil

1(5.58)

BiY

il

| 4(23.53)
&6(17.14)

HB2494)
(25,71}
8(47.08)
15(42.86)
T(41.18)
13(37.14)

5.83
BT
5.88
ik 5.4
5,68
Wil
G488
SR
23.53
22.86
64470
42:86
5852
42:56
41,31
37414

s ot e Loy i

POy

npo £ind out tho porceatage of rosistance, dntermediate cotegolly was also grouped under

raosizbtant strains

. -

P Y, I S L e e S

reamel.d

TG



vable §. Results of drng sensitivity of staphylococel to various antibictics by agar
dilution method '

81,0,

antibiotic

CPumbor of gtreins tosted

.

b

Hoe and % of
‘reslstance

Ampicilliin

Chloranphonicol

Drythronyyain
Centanicin
Bengyd
penicillin
Streptomyeln

Totragyeling

Rifonpicin

v m R
Se auroug~17
Coagulasc nogatlve
araphe3s

) 8. aursus-i7

- Coagulase negative
staphe35

S. gurpus-17

- Coagulaze negative

slaphw35
B. purous-17

- Coagulage negative

staph-35

Se auroug-17
Coamulase negatlve
Shaph=35

Se AUECUS=17

Coagulaese nagative

staph=35

 Ze puzous-1i7
} Coagulase negative

shopime35

- Se guEous-17
Coagulase negetive

staph-35

senoitivity
15(88.23)
235(100)
16(04,12)
350100}

170100}

17(100)
35{100)
9{52.94)
27(77.14)
9{52.,94)
25(71.43)
131(64.7L)
24(63.57)
17{100)
35{100)

2(11.7%

1{5.88}
il
ik

5{14.29)
Wil
HiL

8(47.086)

8(22.86)

B(47.06)

10(28.57)

£{35.29)

11{31.43}
il

Bil



Tablé 10 mtgils Of the donoXs, reclplent, selective donor markers and tx:ansmp;&.ents
obtained

- 8l.W0. Donors Reeipiont Selective donor Reaistance of the
__ marker(s) ‘tramsciplents

Ralen g

T 3 . 4 o 5

a) S.aureus strains  S.gureus RN 450RF . :
M . . rhageefree str, Tet NiL
oMz - rlasmid=free o~ S e
o ~ rig¥/Fust , v st?
®17 b chl Hil
Hig w - Pang Strs amp St!'
34 . stry Amp #i
%35 3 Tet; Amps Pen St
H48 ' Stry Tet sery Tet
M51 . _ Strs Tet; pen 7
HH0 w - Stry Tety Peny Em Pény Str
16 ue? | w Tet .  mma

) Coagulase-nagative
. gtaphylogoccd

13 e . ki Sk . Bty
12 122 = . Emy Tet mil
13 137 " Tat Wl
14 135 " w SEr Sty

DV o

L= B ee B S IR O - Y
& 3 =B




15

16

8

19

26

M4L

[

L0

RE7

MES

WO

89

&

3

8ty Pans Teb
Stry Pen; Tet
Emg Tet

~BEm

Bmy Tek
g ’_I‘ei:

abbroviations usady

Sty ~ Stroptofwyeing Fen ~ Penicilling Tet - Tetracyeline
Em -~ Brythroomyeing Amp - Ampdciiling Chl - Chloramphenicols
R1F = Rifampleing Pus - Fusidicecid :

{oonch. )



Table 11, Dotzils of the donors, reciplent, gelective donor maricers aend
tranociplents

3 Qe G €D 4 RS a2

510 Donors Reaipient Selactive Resistance of
donor the transcipient
marker{s)

Plasnld-free, Tt
stxt
L) Coagulasse-ncgative
gtaphylococeat
2 22 w Tk
3 437 w Tak
4 67 o Tets
5 Meg o P
g6 11703 " Tets
o

a} S. guzeus straini S. gpidermidis 1319

1 137

Mag

" Tet;

=k

B

WAL

Abbproviations used: Tet - Teiracyaling: Em - Erythrosnyelin
ALY 7



DISCUSSION



DISCUBIION

Agsoeiatiém of a wide vaviety of bacterial organismo
with bovine mastitis have beon rmeported by several authorg.
The most frocuently encountored organfsms are staphylococol,
streptococel, Es Coll, corynebacterium and pspudomonas
(Vorma ond Mishra, 19775 Singh and Daxi, 1982), Sventhouch
incidence due to coliforms hes buen reported considezably
high, the most frequentiy cncountercd orgenism ﬁm:casavof
méstitis is staphylococcd (Misra gt al., 19733 Jhala, 1976).
The results of the present study indicatced staphylocseel
as one of the important o¥ganismo causing magtitis in

I« Igolation and identification

Of the 360 niilk samples ooteenad, 195 wore culturally
positive in vhich 52 were identified as skaphylocoosl based
an the following tegte: an dimportant Qtﬁéaria for distine
guishing stephylococscd from migrococel wan reported Lo be
glucose fermentation, whare staphwlococcel could anagroble
cally faobmont glucose while microgooced could nowt do so
(Balrd-rarler, 1966). In tha present study all the aocecal

o™

1colates could fewmnent glucose and none showed the charactor

of microcesci, This agesed uith the observation made by

fodges gt ake. (1984).



As reported by Rapur gb al. (1979 no gorrelation vas
s:’zzstaiéea with évagulase production and mannitol ferncnta-
timne' it was observed éhat gome OFf the coagulase=nogative
gtraing also fermented mannitol iikeo the S. aurgus. ALL
the isolates ware castolsse positive and sthis was ia completo

agreerent with tho ohsorvatlons of MoDonald gt al. (1931).

Only 76.,48% of the cosgulaso-pooitive straino c%:u'm
produce homolysio of shesn red blood cells, Thd résult
suggested that the absence of homolysig of shoep N3C connot
he considered as an indfoation of lack of pathogonicley.
sdmilarly 25.70% of the coagulasc-negativae stophylocoaoi wao
found £o pﬂadﬁdé hopelysis mhich.amulﬁ'b@‘amnsm@éred ag on
indcation of the zole of cczg@ulw&»n@ga&iv& sf_;aphyl@éo:;eﬂ
in producing mastitle in animals. Slodllar observations

werc made by HoGues gt gl. (1984)s

In the px@&enﬁ-wark'ﬁzaﬁgﬁ of cogipilagg-positivae and
67,31% coagulase~negative gtraing werg ohtoined which
aamploetely agieed with the results of Hapur gt al. {1979).
Tho time aken for o pooltive ooagulase reoaction vorded
from gne hour to overndgnt which mdght be due o the diffc=
rences botween the strains in tholr copacity to produce the

aneyRe staphyloccagulasa,

Majority of tho isolates (90,380%) was senoitivo to

the lytie action of lysostophin. ALL the coagulase-posltive



strains tested were sensitive to ite actlon, Dwarakenath

. and Murthy (1984) reported that lysostaphin, produced by
certain strains of staphylococcl wag not effective neighor
on viable nox on heat killed cells of its own typess The -
rasistance to the lytic activity of lysostaphin to the
£ive coagulase-negotive Strains in the present study could
be due to the fact that theeo stralns might bo’ simllar or
closely relsted onos as those from which the lysootaphin
was manufacturéd. It vas slso observed that all the lysos
staphin redistant congulacoe-ncgative staphylesoeed were
unable to produce henolyeis of shecp red blood cells., The
exact reasons for some of the coagulase-negative staphylow
cocet to reolot the lytic ackivity of lysostaphin roquire

" further study, The lysostaphin sonsitivity could not ko
used to differcntiste botween coagulase-positive and coa-
gulagewnegative strains since both were lysed by lyeostaphin.
| This £inding agrecd with the observations of Gutierren

et al, (1951} who had Wsod lysostaphin in the characterizae
tion of ovine stroins of staphylodscol. From the available
literature lt is goen thet this \fmmea} the £irst study in
which lysostaphin sensitivity was used in the charscteriza-

tion of staphylococel isolated from cases of bovine mastitis.

Bacterionhade typing

The percentage of coogulage-positive otralns that could

be typed with the internstional basic got of 23 phages was



found 0 be low when compared to the reg@rﬁswmf gther
investigaﬁorﬁ. Bonin and Blobel (1267) roported that 734
of the staphylocoocal strailns igolated from bovine mdlk
samples could bhe typed yitc the International baslc sot.
Senguptha gk ale (1982) zeportaod that 64.5% of the coagu-
lase-pogitive staphylococol was typable with these set ol
phages. In the presant study the percontage of strodins
ghat Gould be typed was only 41.17¥. The results also
sigmificd he role of hunan straing of stopbhylococed in
producing mastitis dn animolse A similar type of observa-
tion was reported by Rabman end Baxi (1983a8) whow commontod
on the role of hwman carziers in the spread of this Alsease
in bovinc. Thoe predoninance of gwoup III phages notleed

in the px@@aﬁt investigation was simdlar 40 thot repsried
by Rahman and Seasxi (1983b); whereas Loken ond Harvey (1952}
and Prast (1973) reported s predoninance of group IV phages.
Among €he typable straing all except strain Ho.MS%G wene

rasistant 6 ong Or more antibiotics, while among the none-

s

typable styeing all cxcept strains MIS and M79 were xesise
tant o one oy mere'amtibieﬁiea, one out of the sevan typablo
straing ond two oub of the ten non~typable strains of S.aureus
were sensitive to all aﬁﬁibio&iaa testeds Mo cormelation

was obscrved between the phage pattorns and antiblogram of

she typeble strains. Henoe no conclusion could be made
wased on thig data regardingG tho phage pattern and antlhiotie

i

rasistance,



Ir, antiblotle sensitivity

0F the 52 staphylosoccal isolatos 10 (19.231%) wore
sengitive to the M4 sntdbfotico teotadp 10 (12.23%) werc
rasisgtant to single antibiotic and 32 (61.,854%) were recioe
tont o two of more antibicticas Van and Peveicas {(1971)
toported that only 3% of thoir - 132 strains from bovine
mastitis posssosed multiple drug rosistance. A highof pore
centage of multiple drug zesistange in the peosent study
points out tho inddsorininate uso of vammue; chemothana-
pausdo agentss. ;ﬁuﬁéﬁﬂ;gzm deug rosistance in staphyloconed
cansdng ma@tiﬁﬁa‘wé@yiﬁ@a‘Spe@ial étﬁ@nt lon and this nocossi-
wabes asgessing the seagisivity orlor to sdniniatration of

chepothorapgutia agents.

Ae Boar diffusion mothod

From ghoe rosults it was observod that oll the g.aurous
isolotes were sonsitive to bacitracin and hende thic dsug
gould be avfeativczly zged in the troatment of bwim, jikste)
titis caused by this orgonlan. Tht reagon for the odmplate
songicivity Lo this ontdbiotic might bo due €0 ¢the fsct
that this drug 1s geldom used in treating andmal disecasas
In €hisz arca. Reosistancs o tho comuonly used antindotiog
guch 48 streptomycing, totracyoling, &T@i&ill&n am’x Cudphim
methokazole was found to be high. The _mmﬁnﬁacg@. off straino
resigtant to these sntibiotics were higher than that roportod

by other investigatora like Van and Devriese (1971) and



Moo and Ghooh (1982} The congtant use of these antibiotics
in the ldvestock farms and vetordnary wopdtals fromn whore
theao sarples were gollegted could o considorad as the
probeble raason for the higher percenbtage o4 resistonce

o those anbibiobics.

Only 5:08% of the S« gureus strains wig rosistant to
clowacilliin, nitrofurantolin, neomycin and gentamicln and
11.76% to chlorasphonienl whish is olmost in agreonant with
the £indings of !¢ Donald and andorson (1004). Only 23.53%
of S. sureus obreing was rogistant to penicillin and erythro-
myein. The porecntech of zas-iét_amm te ponicillidn wos much
dovar whon conpered to the observaticns of other invactica-
tore 3ike Nag and Ghook (1982) and Ngpur gt al. (1924) vie
have woported 763 and 632,645 rosistance respoctivaly. Tho
Yow peraentace of resistance to poniciiiin and efythromwrain
in the prosent study agroed with the findings of Melonold
and Anderason (1981) who have roperted that more thon 9008 of

sl Isolgtes were senalbive to pondedllin and

tha staphyloce
aryihronyein.

AlL the cosgulascosnegative staphylococsi oxamined wexo
gensitive o clowpcilling gontondedn, methiceldllin, neaayoein
and pnitrofurantoine This finding io almost dn oonsistont
witlh the observotions of Van and Doveiese (1971) and foiamald

and Andereon (1981)s N hicher pefconbase of coagulase-negotive



staphylocosel waa resistant &o stwoptomycin (42.8605 ,
Sulphametioxazole (42.867) and tobtracycline (37,150 and
this amply explained tho roloe of thosg bagtorfa 45 a
roseyvolr in thae infootions drug remistonesg of ctonhvlos

cocel. Cohen gt pl. (1082} hove comuented tho reservolr

rolo of 3. gpidermddie in sproading antiblotic resistonce
to S. gurous in hospitols. The percontege of resistoneno
to other antiblotics like amdcillin, perdelllin, omnoiy-
cdllin, spybtiwomydin,; booitrocin and chilomamphenicol
ranged from 22,0645 o 2.86% enly. Uorz of tho shrodng was
ﬁe-sigsmm_& £ all the 14 antinlotics testad which aluvat
agreed with the £indings of Sudhamia ¢t als (1985). on tho
othor band 19.237% of tho staphylococel was sonscitive to all

the 14 antibiceics tactad.

Be Agmr Gilution mathod

Using single concentration of the cneisicties alil the

8. aureus stralng were oongitive to rifempicin, gontamioin

-ty

and erythronyoin. The reason for this could e eho mindonl
uoe of these drugs in veterdnory prastics in @hds preo. DAL
the coaguliasoe-negabive stosbwilococol vore agholtive o
arpdelllin, gentarnicin, chloromphonical and pifampicin,
while a good powcontoge wore rosistant to tetracyoline,
étzx_@;;vtmay@;u and penicilldn vhich axe comonly toed in the
treatment of mastitds vwihdch mdght have vesulted £ho oologe

_tion ©f diug resistant cdagulescenagative stavhylococci.



From the resulie it could be concluded that rifampicein,

.

e,

sacitracing noomycin, mothicilling gentenicin, cloxecillin,
nisrofurantoin angd chloramphenicol could e used in the

trogtmont, of bovine mastitis ceused by staphylococal.
IT1I. Mercuric resistance

Kodranen (1969) roported that 5.6% of the staphylo-
gocoal igolotes from bovine mastitia wvere rosistant to
mercuric ahlarida.‘{la.the plaesent study all the isolates
wore found to be gensitive to mercuric chloride. This night
boe dug to the nop-aeuposure of;mergarieal antlaeptics to the

sderoorgandomn,

IVe Conjugation axperimcnta

AN e M 4 ot F ey 7 R il . D F
A% Using S. gugeus W 4L0RT ac recipionts

3) Se gucousc as donors

GEf the ton stralns of 8. gureus used ag donors, oln
ware found o transfoer clthor one oy rore droug rosistance
marhkers to the recipient., Tronsduaticn, trancformaiion
and coenjugation were considered as the means of transfer
of resistance., No tronsfor of registance marlers was
obaserved when the cellefroe £ilirate of each donors was

mixed with roeipient; ploted on o appropriote scelective
mediz and incubated. Hence the poscibility of trancduction
and transformation was axluded even though, that copuld not

bo completely ruled outk, gince both the reuipiont and donor



strains wore S. aureus. The possibility of phage-mediated
conjugation also should be considered and the reason for

the cxoch mechanigns of ¢rangfor pecuires further gtudics.
Another intaresting finding was that stroptomyeln rogis-

tance was most readily gransferred; cince five oub of the
eight streptomyelin resistant donoXs were able to tranafer
the yepistaneco to the recipicnt. No chlorasmphenicol,
ampleiilin and eryﬁhremycin resictanca have boen found
transferred in the o tudy, even though the rasis stance Lo

' these drugs are reporhed to be enceded on R glaémida‘(bamay,
1995) . Navia? {1980) reported that gtophiylocossal ® plosmids
could not apparently, promote thelr own transier by conjugo~
tion. Phe fallure of somc of the drug resictonce merkers to

maa in tho pres uﬂt study cloo might be
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dua o the imability off thest R plagnids to promote their

own trensicy h@-caﬁjuﬁatzou.,
b) Coaguiase-nedative stephvlococci as doaors

All the sdug<streptcﬁyein resigtant donors were able
to trancfar thelr resistance to the reciplent. But twe
sultiple resistant strains - (M43 end M49) could transfoer
only the stroptomyein reslctance and net the peniecililin
and tetrooycline ropistanoes. The voason For the nonetianofor
requlires further st sl ies. TFawcett gt zl. (1981) falled to
transiéer antibiotie resistanca from cmagulasé-negative

staplwioeogei to 8. aurcmo 1030 in mdxed cultures. Eventhouch



there are reports that, in generel, phages of S.gpidermidis

do not adsorb to S aureus and virtually all culturesa of
staphylococei contein high lovels of nuclessaes which could
he expectad Lo prevent transﬁgxmatign under nstural condie
tiong (Lacey, 1975): tests wére conducted to exclude the
possibilikty of transduction and transformation. From tho
regults it could be concluded that the mode of transfer of
gtraptomyain resistance was through conjugstion, Mathew
and punnoose (1986) made similar conclusions in the conjugzl
transfer of strepﬁ@mycin rasigtance plasmids from coagulasge-
nogative strains of staphylococed te . anreus R 450RF in

mixed culfuroes,

The exact mechaniom of eonjugation in backeria is
still a controversy. The précise manner by vhich the dodor
and meciplent cells conjucate is not Xnown, though Brinton
{1971) has proposed DA trangfor betwesn conjugating cellis
through extended F pili which connected donor colls with
reciplont cells. However, Achtman gt al. {1978) was of the
apinion that extended T pill played no role at all in DA

grancfer but were only needed for the cell-gell Interactions.

Agcording to Willets and Wilkinsg (1984) the transfer
mechanlem of conjugative plasmids in gramepositive bacteria
woere likely t¢ be blochemically as well as genctically dio-

tinct from those in gramenegative species sinee those plasmids



did not encode pili for recoguition of potential recipiont
Qﬁ:fil;s, In the pregent study the stroptomyein rosistanco
plasmids wore found trensferyred through conjugation. Tho
mechanlem invoived in é:mjugatiﬁn might bo by a local
fusion at a point of conkact of the donox ond fecipient
and the formatien of a trancmembraone "pore® through which
A Lo transforred; end the gvidence favouring this doncopt
is provided hy'th@~$@pégt that phage lambda Fecoptor sitos
are erchanged biéimc}uiézm},ly botween HEr and Foolls as a
consequence of conjugation (Willets ond V21lking, 1084).
Panicker and Minkioy (1985) also was @ﬁ the opdnion thot
tho 7 pilué do not play o dizect role fn A trensfer and

a comparison could ke made Matweon the functioa of the cem

i

£

pilus found in gram negotive bocteria and coll clumping

Yaow pherciaong' in orom positive

ko S

P

induced by the agtion o
bacteria lile S« faggsliss’ Vhether ouch sow pheromomes are
produced by staphylocoaod for copjugation roguives fuxther
works  The mechanigm of conjugatlon obsorved in €ho presont
gtudy might bo by a locol fusion at a polat of contoact OF
the donor and woolpient as ropovted by Willeto and Wiliting
{1904) s Whothor the bacterila has produged any oo pheromnone’

gor the inttistion of conjugation of tho gstaphylococed in

- i ™

the study, requires further inveshigstionge
11} Usdng g8. gpddozaidis 13135 an wmooiplent

o soolstancs wmarkers wore found tranoaforred from cither
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the 8. gureus or the coagulase-negutive staphylocccel to
the recipient in the study. The reasons for the failure
&F all the streins to trancfer drug rosistancce to the

racipient roguires further investigatlonss



- SUMMARY



SUMMINRY

A study was underbkaken ﬁ@_charactérize‘ﬁhe starhy ko
socoi isolated from cases of bovine mastitis and to atudy
the R plasnid transfer through conjugation, in yitre. Milk
samplas from 360 cases of bovine mastltis were screenod
£or the preseonce of bacterial organiéma and 195 organlsomgs
were isolatod., From these 52 otrains of staphylocooci uoere
idenclfied based on Gran staining, anaeroble fermentation
G glucdosa, aeraﬁid and anoeropic uwtilization of monnitol,
catalase tast, hasnmolysin productlon using mhcqp‘bldgﬂ,

coagulase test using rabblt plasma and lycsostaghin sonsiti-

vity. The strains verce grouped into Steohvlocogcus aurcus
and coagulascenegaiive staphylococeil, Phage-tyning was

dene using the internotionel basic set of 23 phages.

mtibliogram of all the strains was studied by agar
ﬁiﬁfuaian‘anﬁ‘agam ﬁiluti@ﬁ methods. Marcuric resistanco
of the strains was done uweing a p@btone ager base conteining
Hercuric chlaziﬂe-éﬁ a concengration of 1 in 27,500, Drug
‘rogistance tronsfer £rom scletted . aureus and coaguloagt-
negative strains was done in seperate axperiments using

S. aureus R 45007, phoge-fiee, placnldefree, Riﬁ?fﬂus; and

8. cpddermidis 1314, plosmid-frec, str® as seciplents.

From the study the followlng obscryatlons were made.



2

3

de

64

T

From the 360 samples tosted, 195 (54.17%) were culturally
nositive for various bacterial organisms, from wihich

52 strains of otaphylococel vere isolatoed,

All the staphylodoccal streins were oble to ferment
glucoses 39 strains were able to forment mannitol while
13 were unable o do So. Mammitol was utilized asrobie
cally by 40 strains while 12 straing falled to ubliline
mannitol aoroblcallys ALl the strain; wore positive for
catalase tast.

Twentyone (40,38%) out of the 52 staphylococed produced

Hwewcl;¢1a on 5% "neap biood agare. OFf the S,Vgureus

-

stralns 23.52% were unable to produce hemolysis. Haomo=
lyﬁiu was nrmouceﬁ by 2 5.715 of the coagulase=nogative

stralng,

out of the 52 stroins of staphylececed 17 {32.607) were
coagulate=positive vhile 35 (67.31%) were cogguilane-
negativ

Lnsy,

Lysostaphin could produce lysls of 47 (90.38%) otrains.

oniy 7 (41,17¥%) of the 17 coagulase-positive staphylococcd
could he typed with the international basic set of 23
phaged.

Using ager diffusion mwthod, all the 5. gurgus strains
wore Zound sensitive to baecltracin while the percentage

of strains resistant o streptomyein, sulphamethoxazole,



amosyailling ampleillin, tetracyeling, mﬂieﬁ;llmg
erythromycds, c:mmmr;.. nltrofurgntodn; neomyeln,
‘methieillin and gentomiedn varied from 64.70% to 3.86%.
~ 21l the 35 cobgulagoenegative stralns were sensitive
to cloxactllin, gentaniedn, tcomycin, methiciliin and
nitrofurantoin, The pergentage of strains resistant €o
stmmwam, eulphamtmwm, tetauycline, penieilling.

ampietiling grythromnyelng amonyciliin, baoitzacin and
ehloramphonicol veried from 42.86% to 2.86%.

8- By ager dilution mm:m all the S. aureus atﬁéina were

£ound sénsitive to gantenicdin, erythramyedn and rifame .

- piein; while all. the coagulasosncgative strains were
gensitive to ampieiilin, gentandcin, chloramphenicol
anﬂ ‘z:*ifamgi@m@ The percentage of reslstmnce of S.gurcus
atxains; ress Bt«;.ﬁt o aﬁmwtowem. peniciliin, hebro-
eyclin@, arwieilmn 208 c%craruuzmicel vux:icﬁ “rém 47,06%
to .:.88% ama that: of tho mamlamamg t::hze shraing
reglatant to tobtracycline, strepteompein, penleillin and l

throoyoln vagiod Srom 31.43% to 14,299

"9, ALl ¢he staphylococcal isolotes were sensitive to
morcneic ohloridd,

10+ Tetrscycl tncza, stmptmyam ami peniein.m rosistances
were transﬁeﬁmd elther singly or jedatly while using

8+« gureus RN 450RF a8 recipient and the selected S.gurdus
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strains as donors, whereas, no chloramphenicol, amplele
1lin or orythromyein resistancos were found trangferred

from the donors o tha roclipient.

ALl the four stroptomycin resistant coagulasg-
negative deonor strains studied were able to trenafor tho
rosistance o the reciplent, but the straing falled o
transfor erythromvein, totracyeline and pendelllin
rosistancos.

Mo resistance markers could be transferred from eithor

Se gugeus strains or frém the coagulasg-ncgotive strains

when S. cpidermidls 1318 wasg used as the recipicnt.

Hone of the recipients could pick up the R plasmid DA
either through transduction or tlrough transformatlion
when the filerates of the donors were mixed with the

recipients,

From the studies it wag concluded thats
The anaarobic forméntation of glucose was found Lo bo a
method for distinguishing staphylogocel from microconel.
HMannitol femmentatlon could not he corselated with

goagulase-production.

- Coagulase-ncgative staphylococed algo cdould produce

hacmolysis of ghoop red bloed cella, and this orgondsm
also was capable of producing mastitis since majority

£ the isolates were coacgulase~-negatives,
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Though lysostaphin could lyse most of the staphyldcocesal
strains, it could not be used to differentiatce botwooen

coagﬁlass«p@siﬁiv@ and coagulase-negative straing.

, Group III phages were predominant among the eoagulase-

positive staphylocoeel typed and the result indicateo
the posgibility of human strains of stephylogoceil in

producing mastitls in enimols.’

Riforpicin, bacitracin, neomycin, methleillin, geataniein,
cloxacillin, nitrofurantoin and chiloramphonicol are Lhe
drugs of chodice in the Sreéatment of boavine mastitls
cadsed by staphyvicooocds

Mercurdie resistance was not prevalont apong the staphy-
logocel isclated durdng the study.

Theré was transfor of druyg resistance betwoan strains of
staphylocoacis; but conjugation was confirmed only between

S. aureus R 450RF and coagulase-nedative staphylococed.
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ADBSTRACT

The emergence of druy resistant staphylocoeed causing
mastitis d@uervcs gorious investigation. The work was
Antendﬂd to characterize utaphylococei isolated from cases
of bovine mastitis and to study thawr R plasmld transfer
in vitro. * Thoe charactorization was done using glugose and
 mannitol forméntation, catolase production, coagulaso-
productiong lysostaphin sens itiviﬁy and bacterieophage
fyping. The antibiogram of the isolatos was ﬁcné'hy agar
dAiffusion method using 14 chemother apeutia agonts {amon
eillin, ampicillin, bacitracin, chlmramphenicml, alcxacillin,
erythronycin, gentandein, methicillin, neomyein, nitrofuran-
toin, peniciliin, streptomycins sulphamethoxazocle,snd
tetracyeline) and by agar dllution method using ei@ht anti-
bioties (ampieilling ¢hloramphenicol, riﬁanpiuiﬂ. strepto-
ryeins tetracyolines gentamicin, erythromycein and peniciliin).
The in vitro transfer of R plasmids was tried using selected
Se autous and eoagulase-negative staphylococcal lsgolates as

donors and 3. surgus RN 450RF and 3. gpidemmidis 1318 as

recipdonts.

From 360 milk samples collocted f£rom cases of hovine
mastitis 17 strains of 3. aureus and 35 giwains of coagulase-
negative staphylococel were isolateds Lysostaphin sengi-

tivity test was positive for 90.38% of the isolates, but



this could not be uscd o diffcrentizbte botweon Coagulasco=
pooltive and negativa staphylococei. The results of phage=
ty@img ravealed a préd@miﬂancc of group III phages over the
other groups and the pogsible role of ﬁuman gtrainsc of
staphylococed in preducing mastitis in animalse None of
the strains wert resistant to mercurie chloride. From the
antibiogrwm rifompicing bacitracin, neenycin, methicillin,
gontanlcin, Ql@?ﬁ@i&lin, nitrofurantoin Lnﬁ cmlar rhenicol
wer@»ﬁ@und to bhe the drugs of chwice in tho tr@&&m@nﬁ of

bovine mastitis caused by staphylococol.

Jl yiayel

e

» aureus RN 450RF was used as reciplent siz of
the ten selected HS. aurous isolates could trhﬁsfor elthe

one or more drug resistance merkers and the mode of trang-

fer wasg suspectad Lo be by QOﬂj‘g&ﬁiDﬁq all the Zour sclocted
streptomyeln resistant ecagulase-negatiive staophylococoal
donorg were found to transfor the R plasmid DVA ﬁm\the
rociplont, S. gurgus RN 450RF, which vas establishod to be

through conjugation.

The drug resistont S gurcus as vell af coagulage-

negative staphylococcal strains failed to tronsfer thelx

rogigtances o 8. epldormidig 1315
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