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CHAPTER -1

INTRODUCTION

Listeriosis is an acute infectious disease of animals and hama
caused by bacteria belonging to the gdnateria, which presently includes
seven species. Among thelsisteria monocytogenesnd Listeria ivanovii
are regarded as pathogenic species whekésteria innocua, Listeria
welshimeri, Listeria seeligeri, Listeria morragind Listeria grayiare non
pathogenic species (Seeliger and Jones, 1986; btdlna1987). Disease
occurs mainly in temperate climates and is much @snmon in tropical

and sub tropical areas. Global occurrencéistériosis has been reported
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from almost all species of domestic animals as a&glfrom many species
of poultry, fish, wild animals and rodents. Theedise is of great economic
importance in sheep, goats and cattle and lessngoigs and poultry.
Rodents, particularly rabbits and guinea pigs, laghly susceptible to
natural infection. The role dfisteria monocytogenes causing meningo-
encephalitis, septicemia, endocarditis, abortiomrvicitis, diarrohea,
mastitis, keratoconjuctivitis has been establishegond doubt. (Gitteet
al., 1986). Listeriosisis a significant public health problem (Roucordan
Berche, 1987). Milk, dairy products, meat, poultrggetables, salad and
sea foods have been found to be sources of coraionn(WHO, 1988). In
humans, it leads to septicemia, abortion, stilllsiit meningitis and
meningo-encephalitis especially in immuno-compraaisndividuals and
those in contact with animals (Lessingt al, 1994). Listeria
monocytogenegswidely recognized as a cause of abortions in dbime
animals, was first described by Murrag al. (1926) who named it as
Bacterium  monocytogenedecause of the characteristic monocytosis
exhibited in the infected rabbits and guinea plgsteriosisin animals is
diagnosed on the basis of clinical symptoms, igmabf the organisms
from clinical specimen, animal inoculation testsirmoculation in 10 days
old chicken embryos through chorioallantoic routand or by

serodiagnostic tests such as serum agglutinatiéf,, G1A, ELISA. The
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organism is invariably sensitive to a wide range aoftibiotics like
ampicillin, amoxyecillin, tetracycline, chlorompheoi, B. lactamantibiotics
etc. Disease in man can be prevented by contrdligtgriosis in animals
through culling of infected animals, care duringgmaration and usage of
silage and in endemic areas by vaccination couplddproper handling of
cases of abortions in animals and avoiding consiempif contaminated

foods.

Kashmir with its vast high land pastures and lamgdopulation ratio
is an excellent place for rearing and managemefarof animals especially
sheep under migratory extensive production sysidm. highest setback in
the development of sheep industry in this parhésrmanagement of disease
conditions especially those that cause abortiorss stillbirths in these
animals.Listeriosisis one such disease which is responsible for h&awip
mortality besides causing abortions and stillbirthsewes and resultant
heavy economic losses. Keeping in view the zoonatid economic
importance of the disease the studies were takeh thie following

objectives:

(1) To study the prevalence dfisteria spp. in sheep of Kashmir

valley.

(2) To isolateListeria species from cases of abortions and stillbirths
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by microbiological techniques.
(3) To identify theListeria species by Polymerase Chain Reaction.

(4) To study the antibiotic sensitivity pattern of thisteria isolates.

recovered from the clinical cases.

CHAPTER -2

REVIEW OF LITERATURE

Listeriosis is an important bacterial zoonosis caused Listeria
monocytogenesand Listeria ivanovij the only recognized pathogenic
species of the Genusisteria. The disease is prevalent through out the
world with a wide host range including mammals,dbirand fishes
(Sonnenwirth, 1980). The disease been reportatl domesticated species
including bovines (Fediet al, 1990); capro-ovines (Reitet al, 1989);
porcines (Lopezt al, 1989), and poultry (Ojeniyet al, 1996).Listeria

monocytogenes the major pathogenic species affecting botinats and
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man (Roucort and Seeliger, 1985). Aninisteriosis is manifested by
septicemia, mastitis, encephalitis, meningitis, aneltritis, stillbirths and
abortions. Among domesticated animals, sheep isntlest commonly

affected species (Anonymous, 1992).

History oflisteriosisdates back to the isolation of the organism from
liver of rabbit by Hulphers (1911) who named itBeillus hepatisFifteen
years later Murragt al. (1926) isolated a bacteria similar to one isoldted
Hulphers from rabbits and pigs causing monocytddise (1927) isolated a
bacillus from liver of gerbils and named it asterella hepatolyticain
honour of surgeon Joseph Lister and theredfigterella was included in
the 6" edition of Bergey’s Manual of Determinative Baat®ogy. The
organism was however, renamedLasteria in 1940 for taxonomic reasons
(Gray and Killinger, 1966)Listeria monocytogenewas recovered for the
first time from human beings in Denmark by Nyfe{@Gray and Killinger,
1966). However, it was the recognition in the 1938flisteriosisas a food-
borne human disease ahdteria monocytogeness an important emerging
food borne pathogen by World Health OrganizationH®) in the year
1988 that resulted in intense research activityw(lamd Donachie, 1997).
Listeria ivanovii (formerly known asListeria monocytogeneserotype 5)

was first isolated in Bulgaria in 1955 from lamb#ghacongenitalisteriosis
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(lvanov, 1962).
2.1 Prevalence in ovines

Hindmarsh and Blumer (1932) were ficsteport listeric abortions
in sheep from Australia. Mathiesen and Wray (196£5cribed an outbreak
of listeriosisin ewes from Scotland. Broadbent (1972) recordedl@ortion
rate of 20 per cent due tasteria mononcytogenesn 23 ovine flocks in
Australia. The macroscopic lesions were found i@ &borted fetuses or
dead neonates from whidhisteria monocytogenewas isolated. Dennis
(1966) confirmed.isteria monocytogeneass the cause of death of 40 lambs
from 15 outbreaks of abortion. Among these, 50 gt of the lambs
succumbed in-utero, 10 per cent during parturigéma 40 per cent post-

partum.

Listeria monocytogeneassociated abortion outbreak in ewes was
reported by Macleoét al (1974) from Britain. An abortion rate of 15 per
cent was recorded in two ovine flocks. The deadskt were oedematous

with excessive fluid in the body cauvities.

Antic et al. (1989) studied the frequency of abortions in fiaenis
over two years (1987-89) and observed abortionsrate3.2 per cent in
1987 and 2.9 per cent in 1988steria monocytogenesas isolated from

all the aborted fetuses. In France 35 per cenpsevalence ofisteriosisin
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sheep has been reported (Peisal.,2003).

Out of 428 Listeric outbreaks during the courdetveo years in
France, 108 were reorded in sheep with major @inmoanifestations of
abortion (Vaissaire, 2000). Pasial (2003) recorded a seroprevalence of
35 per cent due to due kasteria monocytogenesdlightingaleet al (2004)
recorded a prevalence of 32.9 per cent in sheefe whidying the ecology
and transmission ofisteria monocytogenemfecting ruminants and the

farm environment.

Schwabet al (2004) reported the disease in 5 animals (2 c@ws,

sheep and 1 goat) from Brazil.

The first authentic case of Listeric abortion inyaspecies of
domesticated animal from India was reported by Dlaaat al (1959) in a
ewe. In 1977-78, 111 abortions out of 800 lambimgsvines of Jammu
and Kashmir were reported by Vishwanathan and Ugp8B1). The
abortions occurred mostly towards the end of gestaand were not
accompanied by any characteristic signs in the taigorewes. Listeria
monocytogenedb was isolated from the stomach contents of dn22o
aborted fetused.isteria monocytogenegccounted for 20 per cent of the

abortions.

The seroprevalence fdisteriosis in infertile ewes in Himachal
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Pradesh has been found to be 18.3 per cent (Ngfaal, 1996). The
seroprevalence disteriosis has been found to be 83.3 per cent in western
India (Butchaiah and Khera 1981), 18.75 per cerghi@ep in North Gujrat

(Velaet al.,2005).

In Himachal Pradesh studies on migratory flocks2d6 sheep
revealed the prevalence of listeric abortions t®ldeper cent (Nigaret al,

1996).

Chand and Sadana (1999) reported an outbreak ofi@b@23%)
due toListeriaspp in a flock of 254 cross bred sheep maintained as#ti

Agricultural University.

Willayatet al. (2005) reported abortions dueltisteria monocytogenes
in sheep in KashmirListeria monocytogenekas also been isolated from

semen of rams in Kashmir (Islaghal, 2005).
2.2 Prevalence in human beings

Although an uncommon cause of illness in the humapulation,
listeriosisin man is often severe with mortality rates reaghip to 50 per
cent. The incidence disteriosisin general population is 0.7 per 100,000;
while in the pregnant women is 12 per 100,000 a.el7-fold increase
(Southwick and Purich, 1996). The overall seropasit for human

listeriosishas been reported to vary from 1.6 per cent inthuéSixl et al,
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1978); 6.76 per cent in province of Guano, Itgl@garamelloet al, 1975)
and 21 to 37 per cent in Germany (Nass and Orgal/)L The disease is
asymptomatic in the pregnant women and occurs mddainfluenza like
syndrome (Tridentet al, 1998). Urinary tract infections are also noticed
some patients (Benshushah al, 2002). Following delivery, mothers of
infected babies may shddsteria monocytogenetr 7-10 days in their
vaginal secretions or urine (MDPH, 2001). Latésteriosis in pregnant
women leads to habitual abortions, intrauterine titdea and fetal

malformations (Winkhaus-Schindl, 1966; Romana, 3989

Reports ofisteriosisfrom humans in India are scanty, either because
of failure to identify the pathogen, its rarity, pnoper isolation techniques,
low incidence rate or lack of awareness. Kriskaal (1996) isolated
Listeria monocytogendgsom the cervix of 14 per cent of 150 patientshwit
a past history of abortion, miscarriage, stillbjrtr neonatal deaths. Two
cases of humalsteriosis have been recorded in India by Roucort (1991).
Clinical manifestation of the disease is mostly imgitis or more rarely as
encephalitis (Low and Donachie, 1997). However ggalized infection can
result in spontaneous abortion, stillbirths or atilen in the infants (Seeliger

and Finger, 1983).

2.3 Listeriosis
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Listeriosisis a serious invasive bacterial zoonosis causespbgies
of the genud.isteria. The genud.isteria comprises of six species namely
Listeria monocytogenesisteria innocua, Listeria ivanoviilisteria
seeligerj Listeria welshimeri andListeria grayi among whichListeria
monocytogened.isteria ivanovii,and Listeria seeligeri are hemolytic.
Listeria monocytogeness a gram-positive, nonsporulating, facultative
anaerobe measuring 1-2 pm in length and 0.5 pmidthvwith bacteria
often lying parallel to one another in palisadesd ahread like forms.
Growth occurs between 3 and 50°C but the optimump&zature is 30-
37°C. Typical tumbling motility is seen in 18 haald broth cultures at 20-
25°C (Topley and Wilson, 1990). Growth is absenscanty in complete
anaerobic condition and the multiplication is inted at pH values lower
than 5.6. The bacterial colonies are smooth, sligiattened and milky
white by reflected light (Gray and Killinger, 196@)he organism is catalse
positive, oxidase negative and produces a zoneiwibolysis on blood agar

(Farber and Peterkin, 1991).

Based on the somatic (O) and flageller (H) antiged2
serotypes(1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4b4dcde and 7) diisteria
monocytogenes and one (5) olisteria ivanovii have been recognized

(Seeliger and Jones, 1986; Kathariou, 20Q23teria monocytogenes
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widely distributed in the environment, and has bisetated from numerous
sites including soil, sewage water and decayingtphaaterial (especially
poorly fermented silage). The viability of the agenremarkable as it can
survive in soil or silage for more than two yedtshas been found in the
gut of more than five per cent of the normal healteople (OIE, 2005).
For this reason, exposure to this bacterium is idensd as unavoidable

(Association of Medical Microbiologists, 1995).

Listeria monocytogenes the major pathogenic species affecting
both animals and human beings (Roucort and Segll@&5., Mc lauchlin,
1987). The disease is also known as caprine bakttencephalitis (in
goats), circling disease and listerial abortionanimals. It commonly
affects the pregnant uterus, the central nervostesy and the circulatory
system resulting in abortion, stillbirth, meningjtmeningoencephalitis and
septicaemia, especially in immunocompromised imdigls and those in
contact with animals. Of late, the disease hasnasdigreat importance as
an emerging food-borne zoonosis with a common souepidemic
potential, and a nagging public health hazard. @heme more than 350
zoonotic diseases known today, bsteriosisis given special attention due
to the unigue and changing concept of zoonosesthénearly 1980s,

listeriosis was classified under anthropozoonoses, which wasged to
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amphixenoses in the late 1990s. It lacks its traéndion of zoonosis
because of involvement of inanimate reservoir fasdthe major cause of
listeriosis Feeding has been incriminated as the predisposiogr in
winter forlisteriosisin animals especially sheep. Majority of the cdsmse
been reported in winter following consumption dage contaminated with
Listeria monocytogenesdlisteriosis is somewhat seasonal, most cases
having been reported in winter. Similarly, cased isteric abortions are
high during February and March owing to seasonalblag. No breed
differences have been noticed as far as the ocwmeref the infection is
concerned. However it has been reported mainly fyonng or pregnant

animals and also from animals with reproductiveodisrs (Butchaiah and

Khera, 1982; Srivastavet al, 1985). The high occurrence of the disease in
young animals may be related to their underdeveldpgmune systems,
whereas the fundamental physiological and immunoédgchanges that

occur in pregnant animals may be contributing ® ghsceptibility of such

animals (Low and Donachie, 1997).

Listeric infections and abortions usually develoghe late winter or
early spring. Abortions are commonly recognizedha last trimester of
pregnancy, frequently in the absence of other adinsigns (Kapur and

Sadana, 1974; Jubét al, 1985). Listeric abortions caused blisteria
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monocytogenesccur in ruminants especially sheep (Gray andiri§jér,
1966; Njokuet al.,1972).Listeria ivanoviihas also been frequently seen to
be associated with abortion in sheep (lvanov, 1982and and Sadana,
1999) and extremely rare as a cause of other gonsilike encephalitis,
endocarditis, mastitistc In sheep abortion could occur from™®&eek of
pregnancy with a majority of losses in the lastrfaeeks of gestation and
the birth of full term dead lambs. The after demtlusually retained and
there is blood tinged vaginal discharge for sevdagis (Diplock, 1957; Mc
Donald, 1967; Gitteet al, 1986). Affected ewes generally do not show any
premonitory signs (Broadbent, 1972). Metritis, ma placenta and fatal
septicemia have been described as a sequaktaric abortions ( Paulsen
and Moule, 1953; Diplock, 1957) The aborting ewbaraon lambs soon
after delivery and.isteric infection has not been found to cause significant
mortality among lambs that survive more than 24 rioafter birth
(Broadbent, 1972). The stage of gestation at wlickwe is infected is
significant in determining the subsequent courseewdnts (Smithet al,

1968).

The septicemic form disteriosisis uncommon and generally occurs
in the neonate as an extension of intra-uterineeciidn. The most

consistent lesion is focal necrosis with pin pagneyish white nodules
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throughout the liver. Occasional massive outbrexdksepticemia involving
pregnant ewes have been described (Low and Red@ff). In adult
sheep, marked enteritis with extensive haemorrladigeting the abomasal
folds, ulceration of the abomasal and intestinatosae and abscessation of
Peyer’s patches as a result of infectiorListeria monocytogendsas been

recognized (Lovet al, 1997).

Encephalitic listeriosis is more prevalent among ruminants,
especially sheep, with an attack rate of approetgat0-12 per cent and

mortality rate of 5-10 per cent (Gittet al, 1986)

The first description of Listeric encephalitis was widespread
neurological disease of sheep in New Zealand lpdalbwn as ‘circling
disease” (Gill, 1931). The encephalitic form resudliom trigeminal nerve
infection consequent to abrasions of the buccal asaicwith feed or

infection of teeth cavities.
2.4 Foodbornelisteriosis

Listeriosis is a significant public health problem (Roucortdan
Berche, 1987). Milk, dairy products, meat, poultwegetables, salad and
sea foods have been found to be sources of cordionn(\W.H.O., 1988).
The first confirmed role of food in the transmigsiof Listeric infection

was provided by the outbreak that occurred in 1®7Boston (USA) in
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which 20 persons were reported to have develdiseriosis by eating
contaminated raw celery of tomatoes and lettuce ¢Hal, 1986). The
Mexican style soft cheese contaminated witisteria monocytogenes
serotype 4b was involved in a large outbreak in Bogyles, California
USA in 1985 (Jamest al, 1985). In another outbreak in Switzerland in
1987 soft cheese was traced to be responsible fndnch Listeria
monocytogeneserotype 4b was isolated (Piffareti al, 1989). Infection
can also be transmitted by contact with infecteinats, usually resulting
in cutaneous lesions (McLauchlin and Low, 1994)bgr cross-infection
during the neonatal period (Schlech, 1991). Pynwtaneoudisteriosis
has been reported in veterinarians (Regial, 2005) as a result of direct

transmission.

Ho et al (1986) reported that raw vegetable was respangdsl an
outbreak oflisteriosis in September and October 1979 in hospitalized
patients and 15 out of 20 patients were known welecquired infection
due to ingestion of tuna fish, chicken salad andesk. Barbuddhet al.
(2000) have isolatetisteria monocytogendsom raw milk of goat, sheep,
buffalo; Bhilegaonkaret al, 1997(raw cow milk). Taludhar and Sharma
(1997) have isolatetisteria monocytogenefsom cheese. Brahmbhatt and

Anjaria (1993) have isolatedisteria p. from raw sheep meat and goat
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meat. Listeria monocytogenewvas isolated from raw milk supplies
collected at Ranchi, Jharkhand (Yadawt al, 1985). Listeria
monocytogenesvas also recovered from 8.1 per cent of samplesawf

milk in Barelly, Uttar Pradesh (Bhilegankairal., 1997).
2.5 Laboratory diagnosis

Listeriae are presumptively identified on the basis of their
morphology and characteristic tumbling motility22’C besides production
of catalase and oxidase and by demonstration ahblgsis in RBCs of
sheep in blood agar (SBA), (Farber and PeterkinQ119 But the
confirmatory diagnosis is made only by isolatiord adentification of the
pathogen (Rocouret al, 1983). The organism is isolated from clinical
specimens, such as blood, cerebrospinal fluid (C&tginal secretions, the
meconium of the newborn or foetus in cases of abugrfaeces, vomitus
and also from food stuffs and animal feeds (Gugtaal, 2003). The
recovery ofListeria monocytogeneand Listeria ivanovii from food and
environmental samples requires the use of enrichimdtures followed by

selective plating (Curtis and Lee, 1995).

To isolate the organism, two methods are employethé United
States, the Food and Drug Administration (FDA) rodttand the United

States Department of Agriculture (USDA) method (ethvet al, 1987;
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Lovett and Hitchens, 1988; Mc Clain and Lee, 1988).

Different enrichment and selective media for detecof Listeria
spp. have been reviewed by Curtis and Lee 1995nfamy years, the only
method available was the cold enrichment technaphcated by Gragt
al., 1948. Later, increased interestlirsteria monocytogeneas a food-
borne pathogen led to the development of many twetebroths like L-
PALCAMY (Polymixin Acriflavin Lithium Chloride Ceftzidime Aesculin
Mannitol Egg Yolk) (Van Netteret al, 1989), University of Vermont-I
(UVM 1) (Donnelly and Baigent, 1986), University &fermont-Il (UVM

II) (McClain and Lee, 1988) and Fraser broth (Frasel Sperber, 1988).

The use of complete UVM, a two step procedure eyipipUVM-1
and UVM-2 is found to be more effective than thhHolman medium or
UVM-1 alone (Ralovich, 1989). UVM and Listeria estrment broth (LEB)
broth allow better recovery of heat-injured celfd_tsteria monocytogenes

(Bailey et al, 1990).

ALOA (Agar Listeria according to Ottaviani and Aggsis a
chromogenic medium, which is not only selective tbe isolation of
Listeria species but also allows direct differentiation affpgenid.isteria
monocytogenesind Listeria ivanoviiin presence of othdristeriae and

various background flora. The ALOA medium comprisés chromogenic
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compound 5-bromo-4-chloro-3-indoxgtd-glucopyranoside, acting as a
substrate for the detection pfd glucosidase present in &listeria species.
The differential detection dfisteria monocytogeneandListeria ivanoviiis
based on the production of PI-PLC by the pathogbaithvhydrolyzes the
substrate La-phosphatidylinositol and produces opaque cleardtaio

surrounding the colonies (Ottaviagtial, 1997; Reissbrodit al, 2004).

A new test DIM (differentiation ofnnocua and monocytogen@s
based on detection of acrylamidase which is preiseall Listeria innocua
strains and also in majority of other nbisteria monocytogenebsterial
strains but absent inisteria monocytogendsas been devised. (Bilkt al,
1992). However, despite the availability of altdive identification
techniques, conventional and hemolytic reactioesséil the most common
techniques used for identification bisteriae (Mclauchlin 1987; Chen and

Chang, 1996).

Listeria monocytogeneis heterogeneous in respect of its virulence
(Hof and Rocourt, 1991), which is thought to be ailtifactorial
phenomenon (Ralovich, 1984). Differentiation betweeemolytic and
pathogenic speciesifteria monocytogenemndListeria ivanovi) and non-
hemolytic and non-pathogenic specidsisieria innocua and Listeria

welshimer) becomes possible by the hemolytic activity of fleemer.
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Positive haemolysis demonstration of virulémgteria can be done either
by simple agar slab technique or the Christie AtkMunch Petersen
(CAMP) test. A positive CAMP reaction, fermentatioh rhamnose and
non-fermentation of xylose are the three in vitests used to identify
pathogenicListeria spp. However, there is one specie®, Listeria

seeligerj which is haemolytic but non-pathogenic (Seelid&g1).

Phosphatidylinositol-specific phospholipase C (BCRbased assay
has been reported to be more reliable to discritirmzathogenic and
haemolyticListeria spp.,i.e., Listeria monocytogenesndListeria ivanovii
from nonpathogenic but haemolytic spipe,, Listeria seeligeri(Notermans
et al, 1991b). However, in order to judge the potentélan in vitro

pathogenicity test it needs to be compared withivn pathogenicity tests.

Virulence of Listeria monocytogene®r man has been correlated
with pathogenicity in mice (Mainou-Fowleat al, 1988), particularly in
immuno-compromised mice (Stelmet al, 1987). However, death in
normal mice has been found to give clear diffesdith between virulent
and non-virulent strain following single inoculurapouretet al, 1991).
All the virulent strains tested showed 100 per amattality by aerosol
infection (Chen and Chang, 1996), while virulend avirulent strains were

indistinguishable by gastric intubation (Braceggrelt al.,1994).
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On inoculation of Listeria species in chick embryo through
chorioallantoic (CAM) route, pathogenic strains sawleath of embryo
within 72 hours while nonpathogenic fail to do 3erplan and Steinmeyer,
1989) and the test has been reported to agree nvibse bio-assay
(Notermanset al, 1991a). Yolk sac route inoculation has been dotmnbe
less suitable than the CAM challenge for assesgingence because of
non-specific deaths encountered in the former rdidetermanset al,

1991a).

Serological tests lack sensitivity and specificity a number of
formats, including ELISA, complement fixation andcne agglutination
tests. Considerable cross-reactivity with antigaseterminants of various
Gram-positive organisms is one reason. Besides laegexposure of
animals and humans tdsteria monocytogenes very common as it is a

ubiquitous organism.

It is important to have a reliable serological tbased orlisteria
specific antigen that may solve the problem of sn@activity of Listerial
antigens. So it has been suggested that the diagmosthod(s) for rapid
and reliable diagnosis of pathogeriicsteria species should ideally be
based on virulence marker(s) (Notermagis al, 1991b). Of late, the

potential ofListeriolysin-Oas reliable virulence marker has been assessed,
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as LLO is a target antigen of listerial immunity r¢hie Bouweret al,
1992, Harty and Bevan, 1992). However, LLO is asigally related to a
number of cytolysins, including streptolysin O (SLfoom Streptococcus
pyogenes pneumolysin fromS. pneumoniaeand perfringolysin from
Clostridium perfringens Problems of cross-reactivity of anti-LLO
antibodies with these cytolysins, particularly Sbe@d pneumolysin, have
hampered the development of specific reliable sgioal tests based on the
detection of anti-LLO antibodies. In addition, abtiO antibodies have
been found in a proportion of healthy individuatedgatients with other
bacterial, fungal or viral infections (27%, all cbimed), although at lower

titres than in patients witlisteriosis (Tizard, 1982).

Polymerase chain reaction (PCR) has been usedasingly as an
additional tool for the identification of microongiams because of its rapid,
sensitive and specific detection. This facilitaé@ponential amplification of
a pre-selected region of DNA (Mullis and Faloon®84) and thus
represents a highly specific and sensitive detectiechnique. Norton
(2002) has reviewed nucleic acid amplification-lshsmethodology,
specifically polymerase chain reaction (PCR)-baseskays, for the

detection oListeria monocytogenan food and environmental samples.

Several virulence-associated genes have been segliand used as
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PCR-targets for the detection bisteria monocytogenegor example, the
Listeriolysin O(hyl A) gene (Bessensest al, 1990; Bordert al, 1990;
Dencer and Boychuk, 1991; Rosssral, 1991), the Dth 18 gene (Wernars
et al., 1991), the iapA gene (Jatem al., 1992; Kohleret al, 1990) and the
plc A gene (Notermanst al, 1991b) Listeriolysin O(LLO) encoded byyl

A gene has been regarded as the most importam¢nae factor

Recently, multiplex PCR targeting virulence gends Ldsteria
monocytogeneflc A, prf A andhyl A genes) andlisteria ivanovii(plc A,

prf A and act a genes has been employed (Rawoo#)20

Among newer diagnostic methods for detection lofteria
monocytogenegsfluorescent antibody techniqgue (Watson and Ewklan
1965) and peroxide anti-peroxide staining methodtefOomingoet al,
1986) but cross-reaction with other bacteria waseoled due to the use of
polyclonal sera. Specific monoclonal antibodies mayseful (McLauchlin
et al, 1988) but these have not been used in veterisiagies (Low and

Donachie, 1997).

Other rapid methods include flow cytometry (Donpelhd Baigent,
1986), electrical impedance (Hancoekal, 1993) and immunomagnetic
separation (Skjeryet al, 1990). In a recent novel approach, an ELISA

mediated PCR technique was developed to detectgaadtify Listeria
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monocytogenes food products (Wanegt al, 1999). ). In a recent novel
approach, an ELISA mediated PCR technique was dpedlto detect and

guantify Listeria monocytogenan food products (Wangt al, 1999).
2.6 Antibiotic Sensitivity

All the strains ofListeria spp. are reportedly sensitive to ampicillin,
and this, in combination with an aminoglycosidenams the treatment of
choice in vivo (MacGowan, 1990). Apart from the reported plasmid-
encoded resistance to chloramphenicol, erythromysireptomycin and
tetracycline (Poyart-Salmeron and Trieu-cod@90; Quentiret al, 1990;
Hadornand Hachler1993), strains are universally sensitive to amikaci
amoxycillin, ampicillin, azlocillin, ciprofloxacin, chloramphenicol,
clindamycin, coumermycin, doxycyclin, enoxacin, targmycin,
gentamicin, imipenem, netilmicin, penicillin, rifgocin, trimethoprim and
vancomycin. Norfloxacin and ofloxacin have less\wgt and Listeria spp.
are resistant to the cephalosporins, phosphomyaid @olymyxin

(MacGowan, 1990; Rivierat al, 1993).

Listeria monocytogenesolated from 9 of the 670 women with bad
obstetric history were found to be sensitive toamtcline, methicillin and
erythromycin followed by streptomycin, ampicillichloramphenicol and

penicillin. The isolates were found to be highlgistant to sulphonamides
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(Bhujawala and Hingori, 1975). Isolates recoverednf cases ofisteriosis
in sheep and goats were found to be sensitive twanycin,
chloramphenicol, streptomycin and resistant toheprmycin, penicillin and

sulphadiazine (Phadlet al.,, 1979).

For effective treatment and controllagteriosisboth in animals and
humans, prompt diagnosis is must. In the light bbwe review of the
literature, a systematic study aimed at screertiegabortion samples from
sheep for the presence laosteria spp. and finding the antibiogram of the

isolates olListeria spp. obtained was planned and executed.

CHAPTER -3

MATERIALS AND METHODS

3.1 Prevalence

Cases of abortions and stillbirths in sheep in ol and
unorganized farms of Kashmir valley were selectadtiie present study.
The organized farms under the study included ShBsgeding Farm
Dachigam, Kralpathri., Zawoora, Gaobal and Sheepe&eh Station ,
Shuhama. The samples from unorganized farms welectsal from local

breeders from different districts of the valley .viPulwama,Budgam,
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Anantnag, Ganderbal, Baramulla and Srinagar
3.2  Sampling

Heart blood, liver, stomach contents, lungs, bead kidneys of the
aborted/ stillbirth lambs were collected asepticall ice packs and brought
to Veterinary Public Health laboratory immediateljhe samples were
processed for isolation dfisteria spp. within six hours of collection. The
suspected brain tissues were also kept at 4°C #rweeks and then

processed for isolation afsteria spp.
3.3 Isolation

25 g of each sample were inoculated into 100 mBia&in Heart
Infusion Broth and incubated at 37°C for 24-48 Hksloopful of culture
was further streaked dristeria selective agar (Hi media) and incubated at
37°C for 48 hours. Greenish -yellow colonies typichListeria spp were
considered positive. These colonies were also lsgtean PALCAM agar
and incubated at 37°C for 48 hours for confirmati@mneyish colonies with
black zone of aesculin hydrolysis were considecetheé confirmatory for

Listeria monocytogenes

34 Biochemical tests
3.4.1 Catalase test

The Catalase activity of thkisteria isolates was done as per the
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method Cruickshank (1965). A frekisteria culture was mixed with a drop
of 3% HO, on a clean glass slide for demonstration of gasbl®s in

positivecases.
3.4.2 Oxidase test

Listeria isolates were tested for their oxidase activity p@s the
method of Cruickshank (1965).isteria colony with positive aesculin
hydrolysis on PALCAM was rubbed onto a filter pastrip soaked in
freshly prepared solution (1%) of Redox dye (Tew#ml-p-phenylene-
diamine). The development of deep purple colouhiwit-10 seconds was
taken as a strong oxidase-positive reaction whilewlouration even after

60 seconds was taken as oxidase-negative.
3.4.3 Methyl Red test

The test was carried out as per the method of Kshenk (1965).
Each of thelListeria isolates was inoculated into a tube containingral5
sterile glucose phosphate broth and incubated &C 3@vernight.
Subsequently, the tube was added with one drop ethyhred (MR)
solution and observed for development of brightaelbur as an indication

of a positive MR test.

3.4.4 Voges-Proskauer test
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The Voges-Proskauer (VP) test was carried out ashpemethod of
Cruickshank (1965). Each of ttesteria isolates was inoculated into 2 ml
of sterile glucose phosphate peptone water andated at 39C for 24 h.
The tube was then added with 0.2 ml of 40% potassiydroxide solution
followed by 0.6 ml of 5% -naphthol solution and shaken vigorously. The
cotton plug was removed and the tube left at roempierature for 1 h. The
development of pink red colour in the solution waken as VP- positive

test.

3.4.5 Nitrate reduction test

All the Listeria isolates showing positive MR and VP reaction
were subjected to nitrate reduction test as pemtbthod of Cruickshank
(1965). 5 ml of sterile nitrate broth was inocuthteith a heavy growth of
Listeriaisolates and incubated at®&7 for 24 h. Subsequently, one drop of
sulphanalic acid and the-naphthylamine reagent each was added to the
culture in broth. The development of red colourhivitone minute was
taken as positive reaction. The tubes not showtgcolour within five
minutes were treated with zinc powder (5 mg/ml wifwre) and allowed to
stand for 5 min. In such cases, the development¢aicolour indicated the

presence of nitrate in the medium, as it was mbdiced to nitrite by the test
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organism
3.4.6 Gelatin liquefaction and Urea hydrolysis

All the Listeriae isolates were tested for Gelatin liquefaction and

urea hydrolysis as the method described by CowdrSaeel (1993).
3.4.7 Sugar fermentation tests

All the catalase-positive, oxidase-negative, MR #iRdpositive and
nitrate- negative.isteria isolates were tested for xylose, rhamnose @and
methyl D-mannopyranoside fermentation patterns as tpe method of
Cowan and Steel (1993). The change of colour ofmoesol purple
(0.2%) from purple to yellow was considered as awlication of

carbohydrate fermentation.
3.5 Motility test

The Listeria isolate colonies were grown in Brain Heart Infusio
broth for 18 hrs at 2. The isolates were observed for characteristic
tumbling movement by hanging drop method. Furthetiiy was tested
by inoculation ofListeria monocytogendaa semisolid agar and kept for 24

hr 22C.
3.6 Hemolysis on sheep blood agar

All the Listeria isolates were tested for the type and the degree o

a1 I



hemolysis on Sheep Blood Agar (SBA). Following inlation into SBA,
the plates were incubated at’G7for 24 hrs and examined for hemolytic
zones around the colonies. A narrow zone of beteohgsis was considered

characterictic oListeria monocytogenes
3.7  Anton test/ demonstration of monocytosis in rafits

Approximately one million actively motil&isteria monocytogenes
were instilled into the left eye of two adult hégitNewzealand white
rabbits. The rabbits were observed for kerato awsjuitis upto 8 days
following instillation. Further the monocytes weceunted upto 120 hrs

post inoculation.
3.8  Experimental induction of abortion in rabbits

One ml of 10 actively growingListeria monocytogeneim NSS was
inoculatedintra peritoneally into each of the two pregnaneésion 28 day
of gestation period. The does were observed foersalays for signs of

abortion. The pregnancy was diagnosed by ultrasapbgy (Plate 1).
3.9  Amplification of Listeriolysin O (hyl A) gene

All the eight isolates isolated from the cases bbréons were
screened for their virulent and non virulent stdiysrerifying the presence

or absence okisteriolysin O(hyl A) gene. The amplification of the gene
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was carried out by following the protocol of Notemret al, 1991a.

Isolates ofListeria monocytogenewere grown overnight in Brain
Heart Infusion Broth at 3T. Out of this broth culture, 0.5ml culture was
transformed to micro-centrifuge tube and centritigé 12000 rpm for 10
min. The supernatant was decant off and pelletresisspended in 500ul of
phosphate buffer saline solution (PBSS) and rerdegéed at 12000 rpm
for 10 min. The recovered pellet was resuspendetlObul of sterilized
DNAse and RNAse free milliQ water. The pellet wasgended in the
added water by vertexing and the lysis of the bactgerformed by boiling
the tube for 10min followed by snap chilling in shed ice. 2.5 ul of the
obtained lysate was utilized as template DNA in Bfloption reaction

volume of 25 pl. The details of the primers usedlesented in Table-1.

Table-1. Details of the primers used for ampliiation of hyl A
gene
Target gene Primer sequence Product G+C content
size (bp)

hyl A Forward 5-GCAGTTGCAAGCGCTTGG 54%

AGTGAA-3'
456

Reverse GCAACGTATCCTCCAGAGTG 54%

ATCG-3'

The reaction was performed in 0.2ul PCR tube coimtgireaction
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mixture as given in Table 2.

Table 2. Reaction mixture contents used in PCR tube
S. No.| Contents Volume Concentration
1. | Template DNA 2.5 ul 25 ng
2. | 10X PCR buffer (Fermentas) 2.5 ul 10 X
3. 10mMdNTP (Fermentas) 0.5 pl 10mM
4. | 25mM MgCh (Fermentas ) 2.0 ul 25mM
5. | Primers (forward + reverse) 3.0 ul 10 ng/ul
6. | Tag DNA polymerase 0.1 pl 5 u/ul
7. | Distilled water 14.4 pl -
8. | Total 25.0 ul -

The reaction conditions for amplifying theyl A gene were

employed as per Nottermat al. (1991a) given in Table 3.

Table-3. Reaction conditions used for amplifying tehyl A gene
S. No. Step TemperatureC) Time
1. | Initial denaturation 94 2 min.
2. | Second denaturation ?4 15 sec.
3. | Annealing 57% 35 30 sec.
4. | Cyclic extension YJZ 1 min. 30 sec.
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5. Final extension 72 5 min.

3.10 Agarose Gel Electrophoresis

The PCR products were analyzed by submersive agaged
electrophoresis to resolve the amplified DNA fragiseof the target gene.
The agarose suspension (1.5%) was prepared by gnmoiecular biology
grade agarose (Sigma Aldrich) in 0.5x TBE buffed &eated to dissolve it
completely. The molten agarose was cooled to 5&@idium bromide
(SRL) was added to a final concentration of 0.5 dpefore pouring in an
evenly levelled gel tray already fitted with gelnto and open ends sealed
with adhesive tape. The gel tray was left undistdrbor about an hour to
allow proper gelling of agarose in buffer. The gely was placed in
submersive electrophoresis tank (Atto Japan) withwells’ side towards
the cathode end and sufficient quantity of eledtoypsis buffer (TBE,

0.5x) was poured to submerge the gel.

2.5 pul of PCR product from each sample was mixeth véix
bromophenol blue loading dye (2ul) and loaded edoh well along with a
DNA ladder (Fermentas) as marker in a separatke Weé¢ electrophoretic

tank was covered with a lid and connected to edptioresis power supply
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unit (Genei, Bangalore). The electrophoresis wasieth out at 60 volts
until the dye front approached the anode end. &€kelution of bands in the
gel was visualized by a UV transilluminator andit@ily recorded by gel

documentation system (ULTRA LAMP).
3.11 Antibiogram of Listeria isolate

All the Listeria isolates were subjected to antibiotic sensitivaty
disc diffusion method as described by Baatml. (1966). The antibiotic
discs used were gentamicin, doxycycline, tetraagclampicillin, penicillin
G, amoxycillin, cephatoxime, amikacin, lemofloxacierythromycin,

chloromphenicol, ciprofloxacin, nalidixic acid arabtrimaxazole.

CHAPTER -4

EXPERIMENTAL FINDINGS

4.1 Prevalence

Fifty two cases of abortions/stillbirths in ewes afganized and
unorganized farms of Kashmir valley were tested f®olation and
identification ofListeria monocytogene§ he organism was isolated from
eight cases with a prevalence of 15.38 per cerdg.prhvalence was higher

(Table 4) in the organized (18.51%) than in the rganized farms
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(12.00%).

Out of 12 cases of abortions/stillbirths at SheapeBing Farm
Dachigam, Listeria  monocytogeneswas isolated from three with a
prevalence of 25.00 per cent and of the 4 casedbaitions/stillbirths at
Sheep Breeding Farm Gaobhisteria monocytogenesas recovered from
one with a prevalence of 25.00 per cent. The peenad, however, was low
(11.11%) at Sheep Research Station, Shuhama wiméyeone out of 9
cases revealedListeria monocytogenes With only one case of
abortion/stillbirth each reported from Sheep Bragdtarms, Kralpathri and

Zawoora,Listeria monocytogenesould not be isolated from any of these

cases.
Table-4. Prevalence ofListeria monocytogenes in organized Sheep
Breeding Farms of Kashmir
S. Name of the farm No. of Cases positive| Percent
No. abortions/ for Listeria positive
stillbirths spp. for Listeria
spp.

1. | Sheep Breeding Farm, 12 3 25.00
Dachigam

2. | Sheep Breeding Farm, 4 1 25.00
Gaobal

3. | Sheep Breeding Farm, 1 0 0.00
Kralpathri
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4. | Sheep Breeding Farm, 1 0 0.00
Zawoora

5. | Sheep Research Station, 9 1 11.11
Shuhama

In the unorganized farms, district Budgam reveallke highest
prevalence (28.57%) witlListeria monocytogenebaving been isolated
from two out of seven cases of abortion/stillbirtkxut of seven cases of
abortions/stillbirths in district Pulwamal.isteria monocytogenesvas
recovered from one with a prevalence of 14.28 pmart.cHowever, with
three cases of abortions/stillbirths each repdreua district Ganderbal and
Baramulla, the organism was not recovered from ahythese cases.
Listeria monocytogenesas also not isolated from any of the four cades o
abortions/stillbirths from district Anantnag andsa@lfrom a lone case of

abortion/ stillbirth in district Srinagar (Table-5)

Table-5. Prevalence of Listeria monocytogenes in unorganized
Sheep Breeding Farms of different Districts of Kashir
S. Name of the farm No. of Cases Per cent
No. abortions/ positive positive
stillbirths
1. | Unorganized Sheep Farms, 7 1 14.28
District Pulwama
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2. | Unorganized Sheep Farms, 7 2 28.57
District Budgam

3. | Unorganized Sheep Farms, 3 0 0.00
District Baramulla

4. | Unorganized Sheep Farms, 4 0 0.00
District Anantnag

5. | Unorganized Sheep Farms, 3 0 0.00
District Ganderbal

6. | Unorganized Sheep Farms, 1 0 0.00
District Srinagar

None of the aborted ewes (Plate-2a) exhibited emgracteristic
clinical signs of Listeriosis Half of the still-born lambs positive for
listeriosiswere mummified, while others were oedematous aiidchesar or
blood tinged fluid in their abdominal and thoracevities. Haemorrhages
in the sub cutis, skin, lungs, epicardium and ie #idneys and the
mesenteric lymph nodes of aborted/stillborn foetuseere observed.
Yellowish white necrotic foci on the lobes of theers were seen in 37.5
per cent of the still-born lambs (Plate 2b), wholbers presented focal or
multifocal haemorrhages on the surface of the div&he livers of foetuses
had rounded borders, were friable in consistenay yailowish brown in
colour (Plate 3a). Moderate to severe congestidosranh was also observed

in 6 of the 8 positive cases (Plate 3b). In somsesa however, the
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medullary meninges were thickened by a gelatinedema. Most of the
brains had an increased amount of cerebro-spinal, fbeing cloudy in

some cases (Plate 3b). Deformity of limbs was alsticed in one of the
aborted lambs. Out of the eight isolates labteria monocytogenes
recovered, four were from only brain tissues, twoorf brain and livers and

one each from liver and stomach.
4.2  Microbiological isolation:

On Listeria selective agar (Hi media)l.isteria monocytogenes
produced typical smooth greenish-yellow colonied8rhours of incubation
at 37°C (Plate 4a). On PALCAM agar, the organisradpced smooth,
small greyish colonies with blackening of the sumding media
representing aesculin hydrolysise. the characteristic ofListeria
monocytogenefPlate 4b). When these colonies were subjectéarém’s
staining, typical gram positive cocco-bacillary sodiere observed (4a).
These rods appeared in singles, doubles, V shapeallels representing a
palisade arrangement (Plate 5a). Typical tumblirgility was observed in
18 hr. old brain heart infusion broth incubated?2iC. Motility was also
demonstrated in semisolid agar slants by stab reultu 18-24 hr at 22

degree Celsius as umbrella like growth (Plate 8a).

All the Listeria monocytogenessolates subjected to different
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biochemical tests gave a positive reaction for laa® methyl-red and
Voges-Proskauer and a negative reaction for ogidagrate reduction,
gelatin liquefaction and urea hydrolysis, besidesmkenting rhamnose

sugar (Table 6).

Table-6. Results of biochemical tests otfisteria monocytogenes
isolates
S. | Biochemical test Result
No.
1. | Catalase test + ve
2. | Oxidase test -ve
3. | Methyl red test +ve
4. | Voges-Proskauer test +ve
5. | Nitrate reduction test -ve
6. | Gelatin liquefaction -ve
7. | Urea hydrolysis -ve
8 Mannitol fermentation -ve
9 Rhamnose fermentation +ve
Xylose fermentation -ve

10
4.3 Hemolysis on blood agar

All the isolates ofListeria monocytogenesvere tested for their
hemolytic activity in 10 per cent sheep blood agére isolates showed
narrow zones of beta hemolysis, a characteristatufe of Listeria

monocytogeneflate 5b).
4.4  Animal inoculation tests
4.4.1 Anton test/demonstration of monocytosis inabbits

Two drops of broth culture containing one millioivel Listeria
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monocytogenesvhen instilled into left eyes of two rabbits, riésd in
kerato-conjuctivitis (Plate 6a) which was mild sitey from 4" day and
becoming more pronounced ofi 8ay post inoculation. The blood picture
presented leukocytosis (Plate 6b) with monocytesemsing upto 15 per
cent by 48 hr post inoculation and becoming norimal 120 hr post

inoculation (Fig. 1).
4.4.2 Experimental induction of abortion in rabbits

Intraperitoneal inoculation of 10Oviable Listeria monocytogenes
contained in 1ml of NSS into two pregnant does 6 @ay of gestation
period, resulted in abortion within 48 hr post inlation. The rectal
temperature increased by’ from day second post inoculation and
subsided on the day of abortion. The does showedkedavaginal
discharges starting from 24 hr post inoculation tap3 days following
abortion. The conceptus was expelled intact. Theiatio fluid was blood
tinged and dark red in colour. The thick, bloodgéd vaginal discharge
collected aseptically revealed Listeria monocytogeneson cultural
examination. The organism was also isolated frogans of the aborted

foetuses.
4.5 Polymerase chain reaction

All the Listeria monocytogeneisolates obtained were subjected to
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polymerase chain reaction for the detection of lgimae associated gene
(hyl A) responsible for the production of a hemolysittezhListeriolysin O.

All the isolates were positive fohyl A gene and produced strong
amplification products. Amplification revealed anldaat approximately 456

bp which was in agreement with the expected silwdH).
4.6  Antibiogram of Listeria monocytogenes isolates

The eight isolates otisteria monocytogenesvere subjected to
paper disc diffusion test for in- vitro sensitivitgst (Baueret al, 1966).
The isolates showed variable results against @ifieantimicrobials. They
were 100, 87.5, 75, 75 and 62.5 per cent sensitivegentamicin,
doxycycline, tetracycline, ampicillin and peniailliG respectively, highly
resistant against co-trimaxozole, nalidixic acid, iprafloxacin,
chlorampenicol, erythtomycin, lemofloxacin and madely sensitive

against amikacin, cephatoxime and amoxicillin (Eabyl Plate 8b).

Table-7. Antibiotic sensitivity pattern of Listeria monocytogenes to
different antibiotics
S. Antimicrobial agent Sensitive Moderately Resistant
No. sensitive
1. | Gentamicin (10 mcg) 8/8 - -
(100%)
2. | Doxycycline (30 mcg) 718 1/8 -
(87.5%) (12.5%)
3. | Tetracycline (30 mcg) 6/8 1/8 1/8
(75%) (12.5%) (12.5%)
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4. | Ampicillin (10 mcg) 6/8 1/8 1/8
(75%) (12.5%) (12.5%)
5. | Penicillin G (10 units) 5/8 2/8 1/8
(62.5%) (25%) (12.5%)
6. | Amoxicillin (30 mcg) 4/8 2/8 2/8
(50%) (25%) (25%)
7. | Cephatoxime (30 mcg) 4/8 2/8 2/8
(50%) (25%) (25%)
8. | Amikacin (30 mcg) 2/8 4/8 2/8
(25%) (50%) (25%)
9. | Lemofloxacin (10 mcg) 1/8 2/8 5/8
(12.5%) (25%) (62.5%)
10. | Erythromycin (15 mcg) 1/8 2/8 5/8
(12.5%) (25%) (62.5%)
11. | Chlorampenicol (30 mcg) 1/8 - 718
(12.5%) (87.5%)
12. | Ciprofloxacin (5 mcg) - 1/8 7/8
(12.5%) (87.5%)
13. | Nalidixic acid (30 mcqg) - 1/8 718
(12.5%) (87.5%)
14. | Co-trimaxozole (1.2 mcg) - - 8/8
(100%)
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Fig. 1. Average monocytic count in rabbits followng intra-occular
inoculation of Listeria monocytogenes
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Plate-2a. An ewe giving birth to an aborted fetus

Plate 2b. A stillborn lamb




Plate 3a.  Focal haemorrhages and necrotic foci ome liver
of stillborn lamb

Plate 3b. Brain of a stillborn lamb showing congegin and
haemorrhages




Plate 4a Greenish yellow colonies oListeria spp.
on Listeria selective agar

Plate 4b. Grayish Colonies of Ligteria
monocytogenes on PALCAM Agar with
blackening of surrounding media
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Plate 5a. Gram positiv cocco-bacillary rods of
Listeria monocytogenes (100x)

Plate 5b. Sheep Blood agar plate showing zones of
hemolysis around the colonies
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Plate 6a. Anton test depicting kerato-conjuctivitis due to intra-ocular
inoculation of live Listeria monocytogenes culture in rabbit (right)
against the control (left)

Plate 6b. Monocytosis in rabbit post intra-ocularinstillation



456bp

Pate 7.  Bands revealing amplified products dfiyl A gene of
Listeria monocytogenes (1-negative control, 2-DNA
ladder, 3,4,5- PCR products
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Plate 8a. Motility in semi-solid agar (Umbrella shaed
growth of Listeria monocytogenes)
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Plate 8b. Antibiotic sensitivity pattern of Listeria monocytogenes




CHAPTER -5

DISCUSSION

Reproductive disorders in animals as a result fd@ctious diseases
are common worldwide. These infections constitude rhajor economic
losses in the animal sector by way of deaths ohtweborn and also due to
the stressed conditions of the dams leading to rupaluctivity. Besides,
most of these infections are of zoonotic importaand, therefore, put the
human population to a constant threat. Althoughuaoommon cause of
illness in the general populatiohisteriosis in man is often severe with
mortality rates reaching up to 50 per cent. Thesals is common in
temperate regions throughout the world and, theeefthe organism’s
sustainability is assured in places like Himachaadesh, Jammu &
Kashmir and other temperate regions of the coumMot. much is known,
however, about the role of listeric infections iausation of reproductive
disorders in man and animals especially in theamdiub-continent as most
of the natural cases go unnoticed or undetected tdukack of proper

laboratory diagnostic facilities.

Listeriosis was first reported from Jammu & Kashmir by
Vishwanathan and Uppal (1981) in cases of abortinonsrganised sheep

farms. Since its first reporting, no work was cadriout to ascertain the
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prevalence of this disease in the state till 200®nWillayatet al. (2005)
reported 26.99 per cent cases of abortions in gansed sheep farm of
Kashmir valley. In the present investigation arm@pt was made to study
the prevalence of the disease in both organised wermilganised sheep
farms and identify the causal agent by more retectiniques like PCR.
The present study was confined to the recoveryisteria species from
cases of abortions and still births in pregnanteb@&sed on the reports of
the earlier workers. An overall prevalence of 1588 cent was recorded in
cases of abortions and still-births in these farifise lower prevalence
observed in the present study could be due toétterbhygienic conditions
having been followed subsequent to the reportipgotevious workers
(Willayat et al., 2005). Higher prevalence was recorded in the osgan
farms compared to the unorganised sector whichdcpaltly be due to
more confinement of the livestock in the winter rienin the organised
farms leading to a more stressed condition. Asreeigg practice, animals
are let loose in the unorganised farms even inmimer months. Variable
reports are available on the prevalencd.isteriosisin sheep. Broadbent
(1972) recorded an abortion rate of 20 per cent doelisteria
monocytogeneBom 23 Victorian flocks in Australia. Similar fiings were
also recorded by Vishwanathan and Uppal (1981) whkoorded a

prevalence of 19.8 per cent from cases of aboriiod&K state. However,
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Paseet al.(2003) reported a higher prevalence of 35 per iteglheep from
France. A lower prevalence rate has also been texpdny some workers
(Nigamet al, 1996). In the present study, higher prevalericg&agper cent
each was recorded in sheep breeding farms, Dachigath Gaobal
compared to Sheep Research Station, Shuhama Wieepedvalence was as
low as 11.11 per cenkisteria monocytogenesould not be isolated from
some organised farms possibly because of very nessber of samples
available (Table 4). The variability in the prevade rates could be due to
the variability in the local sanitary and hygiewienditions in these farms.
Similar justifications may hold true for the varnlity of the prevalence
rates in the unorganised farms of the valley. Kaskmlley, as such, seems
to be no exception to the sustenancéisteria monocytogeneas reported
elsewhere with similar topography and agro-clima&ionditions. None of
the aborted ewes presented any clinical manifeststwflisteriosisprior to
or following abortions/still-births which is in aggment with the findings of

other workers (Kapoor and Sadna, 1974; KennedyMiter, 1993).

Half of the still-born lambs positive fdisteriosiswere mummified,
while others were oedematous and had clear or binged fluid in their
abdominal and thoracic cavities. Similar findingserev observed by

McDonald (1967). Jeleff and Djurov (1969), whileudying 24
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spontaneously aborted ovine foetuses, from whiskeria monocytogenes
was isolated, noticed that subcutaneous oedemamwas pronounced in
area of abdominal wall and head. They found 30-40®f blood tinged
fluid in abdominal and thoracic cavities, also haefmages on the pleura,
epicardium and liver of many foetuses. Similar fings have also been
observed by others (Jeledt al.,1964; Ladds, 1970; Njuket al, 1972). In
the present study, haemorrhages in the sub ckiis, lsings, epicardium
and in the kidneys and the mesenteric lymph nodeaborted/stillborn
foetuses were also observed. Yellowish white necfoti on the lobes of
the livers were seen in 37.5 per cent of the btaln lambs (Plate 3a), while
others presented focal or multifocal haemorrhageshe surface of the
livers. Jeleff and Djurov (1969) found miliary asdb-miliary grey white
foci on the livers of aborted or still-born lambs the listeric infections.
Focal necrosis was observed in livers of 75 pet oéristeria infected
lambs by Dennis (1966). The livers of foetuses,eoled in the present
study, had rounded borders, were friable in coestst and were yellowish
brown in colour. This is in accordance with the efstions made by
previous workers (Jelefét al, 1964; Ladds, 1970). Moderate to severe
congestion of brain was also observed in 6 of thedtive cases (Plate 3b).
In some cases, however, the medullary meninges weckened by a

gelatinous oedema. Most of the brains had an isegeamount of cerebro-
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spinal fluid, being cloudy in some cases. Thesdifigs are in agreement
with the findings of Gray and Killinger (1966) ar@hand and Sadna
(1999). Abomasal ulcers, subcutaneous oedema \e#r or blood tinged
fluid in the abdominal and thoracic cavities havsoabeen reported by
some workers (Ladds, 1970; Njoktal, 1972). In the present study, some
still-born lambs also showed deformities of limlssabserved by previous
workers (Willayat et al, 2005). But for being time consuming and
laborious, cultural methods, isolation and différ@ion of pathogenic from
non-pathogenitisteriaeremain the most authentic methods of diagnosis at
the laboratory level. The pathogenic potentialisteria isolates have been
assessed byn-vitro pathogenesity tests like beta-hemolysis on sheep o
horse blood agar (Schonbeeg al, 1989), Christie, Atkins, Munch-
Peterson (CAMP) test (Mckellar,1994), plating orsteria agar according
to Ottaviani and Agosti ( ALOA) (Ottaviamit al, 1997; Reissbrodt, 2004),
and phosphatidyl-inositol specific phospholipase (EBI-PLC) assay
(Notermansetal.,1991b). However, confirmation afsteria isolates byin-
vivo methods like chick embryo, mouse and rabbit inatooth tests is most
reliable for linking these isolates to the real esa®f listeriosis In the
present studylisteria monocytogeneproduced typical smooth greenish
yellow colonies orListeria selective agar within 48 hr at 37°C (Plate 4a).

The cultural confirmation of the organism was, heere made in
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PALCAM agar where greyish colonies with blackenofghe surrounding
media representing aesculin hydrolysis, was obseme48 hr at 37°C
(Plate 4b). The organism showed little or no migtiin broth cultures at 37
°C in 18-24 hr conforming to the findings of thelea workers (Gray and
Killingher, 1966; Seeliger and Jones, 1986). Howe\ge characteristic
tumbling motility, as demonstrated by previous vessk (Farber and
Peterkin, 1991), was observed in these broth adtat 22°C in 18-24 hr.
Although relatively inactive biochemicallyListeria monocytogenes
produces catalase and is positive for Voges-Proskamd aesculin
hydrolysis reactions. The organism gives a negataaction for indole,
oxidase, nitrate reduction and gelatin liquefactaond fails to hydrolyse
urea. In the present study, the isolates La$teria monocytogenes
demonstrated biochemical reactions similar to thoemorted by earlier

workers (Rocouret al.,1983).

Demonstration of beta haemolysis in sheep/ hbised agar has
been used as a tool for differentiating pathogdrigteriae from non-
pathogenic ones (Courteio, 1991). This is attridui® the presence of a
haemolysin in Listeria monocytogenesgenerally referred to as the
Listeriolysin O which facilitates the organism to escape the oatitalar

killing within the macrophages thereby allowingtat multiply and spread
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between cells. The importance lasteriolysin Oas a virulence factor has
been clearly established (Gaillaetl al, 1986; Geoffroyet al, 1987). The

spontaneous loss of haemolysin production has beearved to result in
the loss of virulence (Hof, 1984). However, viruterhas not been found to
be directly related with the level disteriolysin O production (Farber and
Peterkin, 1991). All the isolates in the presentdgt produced marked
degree of beta haemolysis on 10 per cent sheepl lalgar plates in 24-36
hr  (Plate 5b ) depicting the extent of their pagmicity in the host

species.

Further confirmation ofListeria monocytogeneas the causative
agent of abortion/stillbirths was done by animalaalation tests. The 18 hr
old broth culture produced kerato-conjuctivitis amonocytosis (Plate 6a
and 6b) in healthy rabbits within 2- 6 days by antrccular route. Similar
observations on experimental inoculation in rabbi@sve been made
previously (Dutta and Malik, 1978; Radostigsal, 1994). Some workers
have linked the monocytosis producing factor, ested from the cell wall
of Listeria monocytogenesp its virulenceon the plea that all the virulent
strains of the organism were able to produce maosty in rabbits
(Galsworthy et al, 1977). The crude cell wall extracts dfisteria

monocytogenebave many biological functions particularly stiratithg the
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cell mediated immune response especially agaiestutmour cells but their

exact role in immunological responses in yet urnclea

Inoculation of viabld.isteria monocytogenasato two pregnant does
on 20" day of gestation by intra-peritoneal route resliteabortion within
48 hr post inoculation. The vaginal discharge waskt blood tinged, and
revealedListeria monocytogenesn cultural examination. The organism
was also isolated from organs of the aborted festuhese findings are in
agreement with the findings of Gray al. (1955). The virulence dfisteria
monocytogenefias been correlated with pathogenicity in the latmry
animals including mice (Mainou-Fowlet al, 1988). Some workers have
used embryonated eggs for demonstrating the ddagmbryos within 72
hr following inoculation ofListeriamonocytogenethrough chorio-allantoic

route (Terplan and Steinmeyer, 1989).

Polymerase Chain Reaction (PCR) is used as ariauitool for
rapid, sensitive and specific detection of micr@migms from different
sources. This facilitates exponential amplificatmina pre-selected region
of DNA and thus represents a highly specific andséie detection
technique. Amplification of specific DNA sequences possible from
purified plasmid, chromosomal DNA and also crudeAsamples. Thus

PCR has allowed direct identification of organidnasn complex substrates
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without prior purification (Olive, 1989; Williamst al., 1990). PCR based
assays for the detection oListeria monocytogenesn food and
environmental channels have been successfully bgednany workers
(Rosseret al.,1991; Norton, 2002). The genes of different virtilerarkers
have also been used for the species-specific fd=tion of Listeria
monocytogenesRkRecently PCR and nested PCR for the species-specifi
identification ofListeria monocytogeneassing primers againstyl A gene
was standardised with a minimum detection levebatells per reaction
(Balamrugan, 2002). Several virulence associatedeg have been
sequenced and used as PCR-targets for the detedioiisteria
monocytogene®.g. Listeriolysin O (hyl A) gene (Borderet al.1990;
Rosseret al., 1991), theDth 18gene (Wernarst al,1991), thdap A gene
(Jaton et al.,, 1992) and theplc A gene (Notermanset al, 1991b).
Listeriolysin O encoded byhyl A gene has been regarded as the most

important virulence factor.

In the present study, all the isolated @dteria monocytogenesere
confirmed by amplification of thdwyl A gene. The isolates produced a
strong amplification of the target gene therebyficonng the isolates as
Listeria monocytogene#ccording to some workers, detection of only one

virulence associated gene by PCR is not alwaysicgarit to identify
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Listeria monocytogeneand that PCR amplification of genes other thgh

A and plcA may not be adequate for the detection of virulstnains of
Listeria monocytogenegNishibori et al, 1995). In order to avoid the
possible failure in the detection of virulelnisteria monocytogenes one
step procedure, enabling the demonstration of thiedence-associated
genesprf A, hyl A andplc B simultaneously in a single PCR mixture, was
developed for a large scale survey (Coomty al, 1994). Recently,
multiplex PCR targeting virulence genesLagteria monocytogengglc A,

prf A andhyl A genes) have been employed (Rawool, 2004).

Isolates ofListeria monocytogenamder study were highly sensitive
to gentamicin (100%), doxycycline (87.5%), tetrdoy (75%), and
ampicillin (75%). However, all the isolates showadhigh degree of
resistance towards co-trimaxozole, nalidixic acidiprofloxacin,
chloramphenicol, erythromycin and lemofloxacin. enSitivity to
gentamicin and resistance to chloramphenicol andixia acid has also
been reported by Willayadt al. (2005) McGowan (1990) has proposed an
in-vivo treatment of choice fdlisteriosisas the combination of ampicillin
and an amino-glycoside viz. gentamicin. Isolatevered from cases of
listeriosisin sheep and goats by some workers (Phadla., 1979) were

sensitive to terramycin, chloramphenicol, streptoimyand resistant to
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erythromycin, penicillin and sulphadiazine, whites$e recovered from the
samples of milk have shown high degree of sensitito doxycycline,

ampicillin and ciprofloxin. Some workers have rdpdr resistance of
Listeria monocytogenesgcovered from infertile cows, to nalidixic acid,

polymixin B and sulphonalmides (Srivastaataal., 1985).
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CHAPTER -6

SUMMARY AND CONCLUSION

Prevalence of Listeric abortions in organized andrganized sheep
farms of Kashmir valley was studied during 2008200he organized
farms included; Sheep Breeding Farms, Dachigamlpiéthri, Zawoora,
Gaobal and Sheep Research Station, Shuhama. THoegamized farms

comprised of the local sheep breeders from diffiedésiricts of the valley.

In all, 52 cases of abortions/stillbirths were scred for isolation
and identification ot.isteria species.Listeria monocytogenewas the only
species of Genulsisteria isolated from cases of abortions/stillbirths, under
study. An overall prevalence of 15.38% lakteriosis was recorded in
these farms. The prevalence was higher in organ(i8b1%) than in the

un-organized farms (12.00%).

Half of the aborted/still-born lambs positive fbsteriosis, were
mummified while others were oedematous and had dedlood tinged
fluid in their abdominal and thoracic cavities. iHaerhages in the sub
cutis, skin, lungs, epicardium, kidneys and the ene=ric lymph nodes of
aborted/stillborn foetuses were also observed.oviedih white necrotic foci

on the lobes of the livers were seen in 37.5 pet okthe still-born lambs,
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while others presented focal or multifocal haemages on the surface of

the livers.

The isolates produced typical smooth greenish yelolonies on
Listeria selective agar within 48 hr at 37 degré&sdsius. The cultural
confirmation of Listeria monocytogeneswas made in PALCAM agar
where greyish colonies with blackening of the sunding media
representing aesculin hydrolysis, was observed 8nhd at 37 degrees
Celsius. The organism showed little or no motilitybroth cultures at 37
degrees Celsius in 18-24 hr. However, a charatieriumbling motility

was observed in these cultures at 22 degreesuSatsil8-24 hr.

Out of a total of 8 isolates recovered, 4 wereaitgnl from only brain
tissues, 2 from both brain and livers and one daarh liver and stomach
contents. All the isolates under study producedketdhrdegree of beta
haemolysis on 10% sheep blood agar plates in 24-8@picting the extent

of their pathogenicity in the host species.

In the present study, all the isolatesLadteria monocytogenesere
confirmed by amplification of thdwyl A gene. The isolates produced a
strong amplification of the target gene therebyficoning the organism as

Listeria monocytogenes.

The 18 hr old broth culture produced kerato-coijitcs and
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monocytosis in healthy rabbits within 2-6 days ibyra-occular route.
Inoculation of viableListeria monocytogendsy intra peritoneal route, into
two pregnant does, on ®@ay of gestation, resulted in abortion within 48
hr post inoculation. The vaginal discharge waskthiglood tinged, and
revealedListeria monocytogenesn cultural examination. The organism

was also isolated from organs of the aborted f@stus

All the isolates of Listeria monocytogenesunder study, were
sensitive to gentamicin, doxycycline, ampicilltetracycline and pencillin
G in order and resistant to nalidixic acid, co-tixnzole, ciprofloxacin,

chloramphenicol, erythromycin and lomoloxacin.
CONCLUSION

 An overall prevalence of 15.38 percent listeric ribas was
recorded in sheep of Kashmir. The prevalence irammpd farms

was higher (18.51%) than the unorganized farms {12%

» Listeria monocytogenewas the only species of the gerlisteria

isolated from the cases of abortion/stillbirths.

» All the isolates were virulent in the host speassthey produced
marked degree of beta haemolysis on 10 per cempshieod agar

plates.
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The organism produced kerato-conjuctivitis and nogtmsis in

healthy rabbits within 2- 6 days by intra-occulaute.

Inoculation of 10 viable Listeria monocytogeneisito two pregnant
does on 20 day of gestation by intra-peritoneal route reslile

abortion within 48 hr post inoculation.

All the isolates produced strong amplification lofl A gene by

polymerase chain reaction.

The isolates were highly sensitive to gentamicioxydycline,
tetracycline and ampicillin and resistant to coaakozole, nalidixic
acid, ciprofloxacin,  chloramphenicol,  erythromycinand

lemofloxacin.
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1. BRAIN HEART INFUSION BROTH

Ingradients

APPENDIX — |

qllitre

Peptic digest of animal tisssu
Calf brain infusion (solids)
Beef heart infusion (solids)
Dextrose

Sodium chloride

Disodium phosphate

10.00
12.50
5.00

2.00
5.00
2.50

Suspend 37 g of the medium into 1000ml distilleaker. Heat to
dissolve the medium completely. Sterilize by awwtig at 15Ib

(121°C) for 15 minutes.

2. LISTERIA SELECTIVE AGAR (Part A)

Ingradients

gl/litre

Casein enzymic hydrolysate
Peptic digest of animal tissse
Dextrose

Sodium chloride

Thiminium dichloride
Acriflavin hydrochloride
Nalidixic acid

Agar
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10.00
10.00

1.00
5.00
0.001
0.01
0.004
13.00



Part B
Potassium thiocyanate 37.50

Suspend 39.015 g of part A with 37.50 g of parin® 1000 ml
distilled water. Heat to boiling to completely dibge the medium.
Sterilize by autoclaving at 15lb (121°C) for 15 uofies.

. PALCAM AGAR

Ingredients a/litre
Peptic digest of animal tissse 23.00
Starch 1.00
Sodium chloride 5.00
Mannitol 10.00
Ammonium ferric citrate 0.50
Dextrose 0.50
Lithium chloride 15.00
Phenol red 0.08
Agar 13.00

Add 78.08 g in 1000 ml of distilled water. Heat bwmiling to
completely dissolve the medium. Sterilize by awwtig at 15Ib
(121°C) for 15 minutes.

. SHEEP BLOOD AGAR

Ingradients gllitre
Sheep blood agar base 40.50
Distilled water 1000 ml

Autoclave at at 15Ib (121°C) for 20 minutes. Cduot tautoclaved
base to 46-48°C and aseptically add 50ml of defaiad sheep
blood, mix properly and then pour into Petri plates
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ABBREVIATIONS

WHO World Health Organization

PALCAM Polymixin Acriflavin Lithium Chloride
Ceftazidime Aesculin Mannitol

BHIB Brain Heart Infusion Broth

LSA Listeria Selective Agar

OIE Office International des Epizootis

AMM Association of Medical Microbiologists

MDPH Massachusetts Department of Public
Health

NSS Normal Saline Solution
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