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Abstract | In the present investigation, a total of 880 clinical samples comprising blood (n=215), vaginal swabs (n=220),
fecal swabs (n=220), placenta (n=10) and sera (n=215) from ewes with abortion or history of abortion as well as from
apparently healthy ewes of organized and migratory flocks were collected for screening listeric infection by isolation,
serological and molecular diagnostic methods. 23 different isolates were recovered which comprised of 15 L. monocy-
togenes, 2 L. tvanovii and 6 other listeriae. Among these, four haemolytic isolates (L. ivanovii-2 and L. monocytogenes-2)
were found pathogenic based on hemolysis on sheep blood agar, CAMP test, PI-PLC activity, virulence-associated
genes (prfA, plcA, actA, hlyA and iap) as well as by in vivo pathogenicity tests namely, chick embryo and mice inoc-
ulation tests. Indirect plate ELISA revealed 41.96% seropositivity for antibodies against listeriolysin O in ewes with
abortion or history of abortion and 26.21% in apparently healthy ewes, which after adsorption of sera with Streptolysin
O (SLO) reduced to 18.75% and 9.70% in respective groups. On over all basis, out of 215 sheep sera, 74 (34.42%)
sera showed positivity for ALLO, which was reduced to 31(14.42%) following adsorption with SLO, indicating the
need for sera adsorption for removing the cross-reactivity. The study had significant implications in understanding the
epidemiology of listeric infection in migratory flocks.
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INTRODUCTION

isteriosis caused by pathogenic strains of Listeria

monocytogenes and L.ivanovii, is a serious invasive dis-
ease characterized by three forms namely; encephalitis,
septicaemia and abortion in animals (Low and Donachie,
1997). Listeriosis leads to septicaemia, abortion, stillbirth,
perinatal infections, meningitis, gastroenteritis and menin-
goencephalitis, especially in immunocompromised indi-
viduals (Barbudde et al., 2012). The occurrence of listeric
infections in the Indian subcontinent has been extensively
reviewed by many workers (Malik et al., 2002; Barbudde
et al., 2012). In India, we have recorded outbreaks of lis-
teriosis in animal populations (Kumar et al., 2007; Yadav

and Roy. 2008; Kaur et al., 2010). Recently, a database of

Listeria strains isolated in India from various sources, Indi-
an Listeria Culture Database (ILCD) has been established
(Jangam et al., 2010, Barbuddhe et al., 2000; http://www.
icargoa.res.in/iled). The database provides visualization
of geographical source of the strain, its lineage, serotype,
source of isolation (animal/human), year of isolation, phe-
notypic and genotypic characteristics as well as antibiotic
sensitivity patterns. Listeric infection in animals is usually
acquired by consumption of spoiled silage, in which these
bacteria multiply, resulting in herd outbreaks. Though the
reliable diagnosis of listeriosis is made by isolation and
identification of the pathogen but it is time consuming
(Rocourt et al., 1983). Therefore, the diagnosis of patho-
genic Listeria spp. and listeric infection can be made on
the basis of virulence genes (Notermans et al., 1991b). Lis-
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teriolysin-O (LLO), an extracellular 58 kDa haemolysin,
is a major virulence factor of L. monocytogenes (Gaillard
et al., 1986) and is produced by all the pathogenic strains
(Geoftrey et al., 1989). Listeriolysin-O (LLO) expressed
by the Aly gene serves as an ideal virulence marker as it is
produced by only virulent strains of L. monocytogenes.

Detection of virulence factors (LLO and PI-PLC) of
pathogenic Listeria spp. (Notermans et al., 1991b) and/
or of genes responsible for their expression by PCR assay
(Kotlowski et al., 1996) and their correlation with sero-
positivity in monoclonal or polyclonal antibodies-based
ELISA would be an ideal approach for ascertaining the
virulence of Listeria isolates from clinical sample. In India,
sheep are mainly reared under intensive and semi-inten-
sive rearing systems. Studies on assessment of the extent
of listeric infections among sheep population in organized
farms/ migratory flocks are lacking. The objective of the
study was to investigate the listeric infection in sheep hav-
ing reproductive disorders and apparently healthy sheep
employing various methods.

MATERIALS AND METHODS

STuDY POPULATION AND COLLECTION OF SAMPLES

A total of 880 samples comprising blood (n=215), faecal
swabs (n=220), vaginal swabs (n=220), placenta (n=10)
and serum (n=215) were aseptically collected from ewes
(n=220). The animals were apparently healthy (n=103) and
clinical cases in ewes with abortion or with a history of
abortion (n=117). The samples were collected from one
organized sheep farm from Himachal Pradesh (Northern
India) as well as three migratory flocks from Karnataka
(Southern India) and Himachal Pradesh. All the samples
were collected aseptically and transported to the laboratory
under chilled conditions and stored at 4°C till processed.

BACTERIA

The strains of L. monocytogenes 4b (MTCC 1143), Staph-
ylococcus aureus (IMTCC 1144), Rhodococcus equi (MTCC
1135), Streprococcus faecalis (IMTCC 439), Bacillus cereus
(MTCC 1272), Escherichia coli (IMTCC 443), Aeromonas
hydrophila (MTCC 646) used in the study were obtained
from the Microbial Type Culture Collection and Gene
Bank, Institute of Microbial Technology, Chandigarh, India.

'The reference strains of Listeria namely, L. monocytogenes
4b (NCTC 11994), L. monocytogenes 1/2a (NCTC 7973),
L. monocytogenes 1/2b (NCTC 10887), L. ivanovii NCTC
11846), Listeria innocua (NCTC 11288), Listeria seeligeri
(NCTC 11856), Listeria grayi (NCTC 10812), Listeria
welshimeri (NCTC 11857) were kindly provided by Prof.
K. L. Morgan, University of Liverpool, U.K. The strains of
Salmonella (1117) and Vibrio cholerae (0139) were procured
from Division of Veterinary Public Health, Indian Veteri-
nary Research Institute, India.

ISOLATION OF LISTERIA

Isolation of listeriae from the blood, faecal, vaginal, and
placental bits was carried out as per the US Department of
Agriculture (USDA) method described by McClain and
Lee (1988) after making necessary modifications. Briefly,
approx. 5 ml of each of the blood and 25 gm of the placen-
tal tissue were inoculated into 50 ml and 225 ml of Pre-en-
richment Broth (PEB; Tryptic Soy broth with 0.6% yeast
extract; Himedia Laboratories, Mumbai, India). After in-
cubating for 24 h at 30°C, 10 ml of PEB was transferred to
90 ml of University of Vermont-1 (UVM-1) broth (Hime-
dia Laboratories) and incubated overnight at 30°C. Each
of the collected swabs (fecal and vaginal) was aseptically
inoculated into 10ml of PEB. After incubation, the inoc-
ulum was transferred to UVM-1 and incubated overnight
at 30°C. The enriched UVM-1 inoculum (0.1ml) was then
transferred to UVM-2 broth and again incubated over-
night at 30°C. The inoculum enriched in UVM-2 was
streaked directly on Dominguez-Rodriguez isolation agar
(Dominguez-Rodriguez et al., 1984) and the plates were
incubated at 30°C for 48 h.The greenish-yellow glistening,
iridescent and pointed colonies of about 0.5mm diameter
surrounded by a diffuse black zone of aesculin hydrolysis
were suspected to be listeriae. The presumed colonies of
Listeria (at least three per plate) were further confirmed.

CONFIRMATION OF THE ISOLATES

Morphologically typical colonies were verified by Gram’s
staining, catalase reaction, tumbling motility at 20-25°C,
methyl red-Voges Proskauer (MR-VP) reactions, CAMP
test with S. aureus and R. equi, nitrate reduction, fermen-
tation of sugars (rhamnose, xylose, mannitol and a-me-
thyl-D-mannopyranoside) and hemolysis on 5% sheep
blood agar (SBA). The DL-alanine B-napthylamide
(DLABN) test was performed as described by McLauch-
lin (1997) in order to differentiate the listerial isolates.

'The biochemically characterized Listeria isolates were plat-
ed on ALOA (Himedia Laboratories, Mumbai, India), a
chromogenic selective medium for identification of Listeria
spp- and their pathogenic potential as described by Ottavi-
ani et al. (1997). Each Listeria isolate was spot inoculated
separately on ALOA plates and incubated at 37°C and
then observed for typical blue-green colonies with clearly

defined opaque halo up to 5 days.

'The pathogenicity testing of the Listeria isolates was done
by mice inoculation test (Menudier et al., 1991) and chick
embryo inoculation (Notermans et al., 1991b) and permis-
sion from institute animal ethical committee (IAEC) was
obtained before testing.

PHOSPHATIDYLINOSITOL-SPECIFIC
PHospHOLIPASE C (PI-PLC) Assay

All the biochemically characterized Listeria isolates were
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assayed for PI-PLC activity as per the method of Noter-
mans et al. (1991a) with certain modifications. In brief, the
Listeria isolates were grown overnight onto sheep blood
agar (SBA) plates at 37°C. The growth of each Listeria
isolate harvested from the SBA plate was spot inoculated
separately on tryptone soya yeast extract (ISYE, Himedia
Labs, Mumbai, India) agar plates supplemented with 2.5
mM CaCl2 and 40 mM MgSO4 in a manner to get a clear
visible bacterial growth of approximately 2 mm diameter
tollowing an incubation at 37°C for 24 to 48 h.

'The L-a-phosphatidylinositol (PI) solution was prepared
by dissolving PI substrate (Sigma, USA) in 20 mM Tris—
HCI (Sigma) buffer pH 7.0 at 20 mg/ml and subjecting
the resultant turbid solution to ultrasonication (5 cycles of
60 s each with 30 s cooling intervals) in an ultrasonicator
(Sanyo, U.K.). Subsequently, the agarose solution (1.4%)
prepared in 20 mM Tris— HCI buffer, pH 7.0 was cooled
to 55°C and added with 100 pg/ ml of chloramphenicol
to prevent the growth of contaminants. Finally, an overlay
suspension was prepared by mixing the PI solution pre-
warmed to 55°C in a water bath with an equal volume of
agarose solution held at 55°C just before the use and over-
laid at a rate of 4 ml per petri dish (9cm diameter) onto the
previously seeded colonies of Listeria isolates on TSYE.
'The plates were then incubated at 37°C and observed daily
for turbid halos around colonies up to 5 days.

MucriPLEX PoLYMERASE CHAIN ReacTioN (MPCR)
AsSAY FOR THE DETECTION OF VIRULENCE GENES OF
LISTERIA SPP.

All the Listeria isolates were screened by multiplex pol-
ymerase chain reaction (mPCR) as per the protocol and
primer sequences used by Rawool et al. (2007) for the
detection of virulence associated genes wiz., haemoly-
sin (AlyA), Phosphatidylinositol-specific phospholipase
C (plcA), ActA protein (actA), a surface protein, p60
(iap) and positive regulatory factor A (prfA). Briefly, the
mPCR protocol was standardized employing the standard
pathogenic strains of L. monocytogenes 4b (MTCC 1143,
NCTC 11994), L. monocytogenes Yaa (NCTC 7973), L.
monocytogenes Yab (NCTC 10887) and L. iwanovii NCTC
11846). Subsequently, the test isolates were screened by the
standardized mPCR for the detection of aforesaid viru-
lence associated genes of Listeria spp.

50 pl PCR reaction mix included 5.0 pl of 10x PCR bufter
(100 mM Tris—-HCI buffer, pH 8.3 containing 500 mM
KCl, 15 mM MgCI2 and 0.01% gelatin), 0.2 mM dNTP
mix (Sigma, USA), 2 mM MgCI2 and 10 pM of a primer
set containing forward and reverse primers (a final con-
centration of 0.1 uM of each primer), 1 U of Taq DNA
polymerase (Sigma, USA), 5 pl of cell lysate and sterilized
milliQ_water to make up the reaction volume. The DNA
amplification reaction was performed in a Master Cycler

Gradient Thermocycler (Eppendorf, Germany) with a pre-
heated lid. The cycling conditions for PCR included an in-
itial denaturation of DNA at 95°C for 2 min followed by
35 cycles each of 15 s denaturation at 95°C, 30 s annealing
at 60°C and 1 min and 30 s extension at 72°C, followed by
a final extension of 10 min at 72°C and held at 4°C. All
the five sets of primers for virulence-associated genes were
amplified under similar PCR conditions and amplification
cycles. The resultant PCR products were further analyzed
by agarose gel electrophoresis (1.5%; low melting temper-
ature agarose L), stained with ethidium bromide (0.5ug/
ml) and visualized by a UV transilluminator (UVP Gel Seq
Software, England).

ELISA

Indirect plate ELISA was standardized to detect antibod-
ies in the sera of spontaneous cases of listeric infection in
aborted ewes and also in apparently healthy ewes. Listeri-
olysin-O (LLO) was prepared and purified from the cell
free supernatant (CFA) by ion exchange chromatography
in accordance with the method of Lhopital et al. (1993).
'The purity of the LLO was checked by SDS-PAGE, which
showed a homogeneous 58.0 kDa protein. The fractions
having LLO were pooled and the protein content was esti-
mated, and finally stored at -20°C until used.

The indirect plate ELISA was performed as per the
methods of Low and Donachie (1991). The ELISA was
standardized by checker board analysis. Briefly, purified
LLO was used in at the optimal concentration 40 ng/well
(100pul/well) for coating the microtitre plates (Nunc, Den-
mark). The plates were covered and incubated at 37°C for
2 h before washing five times with phosphate buffer sa-
line (PBS), pH 7.2 plus 0.05% Tween 80 (PBS-T). Each
of the test serum collected from aborted, with history of
abortion and apparently healthy ewes was diluted 1:200 in
PBS and added (100pl/well) in duplicate to the plates. The
sealed plates were incubated at 37°C for 90 min and again
washed as before. Subsequently, rabbit anti-sheep IgG
HRPO conjugate (Bethyl, India) was diluted to 1:10000
in PBS were added (100 pl/well) to the plates. The plates
were again incubated at 37°C for 90 min and washed as de-
scribed earlier. Finally, ortho-phenylenediamine dihydro-
chloride (OPD) solution (1 mg/ml) in citrate buffer with
12 pl/100 ml of hydrogen peroxide was added (100pl/well)
as a substrate and after 15 min, the reaction was read by
ELISA plate reader (Anthos Labtek) at 492 nm. A serum
sample at a dilution of 1:200 with a positive to negative
(P/N) ratio of more than 2 was considered positive for lis-
teriosis in standardized ELISA.

'The detection of specific ALLO which is often present at
low titer in ewe sera requires prior adsorption of anti-SLO,
as Streptolysin-O (SLO) and Listeriolysin-O (LLO) are
antigenically related. The adsorption of anti-SLO in the
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sera was done as per the method described by Berche et
al. (1990) with certain modifications. The purified SLO
(Sigma-Aldrich, USA) was coated onto 96-well flat bot-
tom polysorp plates (Nunc, Denmark) at a concentration
60 pg/ml, which was added to wells at the rate of 200pl/
well and then incubated for 1 h at 25°C. Each ewe se-
rum (0.5ml), diluted 1/100 and 1/200 in PBS-T was then
added to the wells and then incubated for 1 h at 25°C.
The SLO-adsorbed ewe sera were then used in the indirect
plate ELISA to screen the ewe sera for ALLO as per the
method described earlier.

RESULT'S

ISOLATION AND IDENTIFICATION OF PATHOGENS
Different Listeria spp. were isolated from 23 of 665 (225
each of fecal and vaginal swab, 10 placenta and 215 of
blood) samples collected from 220 ewes. Out of these 15
isolates were confirmed as L. monocytogenes, two isolates as
L. ivanovii and the remaining were Listeria spp. No Lis-
teria spp. could be isolated from blood samples. The overall
occurrence of listeric infection was 3.4%.

100bp 1 2

1500bp

456bp

131bp -

Figure 1: Multiplex PCR profile of virulence associated

genes of L. monocytogenes from sheep

PATHOGENICITY TESTING
Out of these 23 isolates, four haemolytic isolates (L. iva-
novii-2 and L. monocytogenes-2) were found to be path-

ogenic by in vitro pathogenicity tests namely, haemolysis
on sheep blood agar (SBA); Christie, Atkins, Munch-Pe-
tersen (CAMP) test, phosphatidylinositol-specific phos-
pholipase C (PI-PLC) activity on ALOA medium and
in PI-PLC assay as well as by iz vive pathogenicity tests
namely, chick embryo and mice inoculation tests (Table 1).
All other Listeria spp. isolates were non-pathogenic.

MucLripLEX POLYMERASE CHAIN REACTION ASSAY

In multiplex PCR, both the primer sets employed i.e.,
one comprising primers for pled, actA, hlyA and iap, and
the other for prfA, actA, hlyA and iap, amplified the DNA
fragments of the expected sizes. Out of four haemolytic
Listeria isolates ( L.monocytogenes -2 and L.ivanovii-2) The
DNA of L. iwanowvii isolates recovered from ewes with his-
tory of abortion revealed amplified products correspond-
ing to all the five virulence-associated genes namely, pcA,
prfA, actA, blyA and iap in mPCR employing the above

indicated sets of primers in 2 separate reactions (Figure 1).

On DNA analysis by the mPCR, out of the two hemolyt-
ic, ALOA-positive and PI-PLC-positive L. monocytogenes
isolates recovered from abortion case and apparently
healthy ewe, respectively, the former revealed the amplified
products of all the five virulence-associated genes while

the later did not show p/cA gene (Table 1).

ELISA

The antibodies against LLO (ALLO) were detected in 47
out of 112 (41.96%) serum samples from ewes with a his-
tory of abortion and 27 out of 103 (26.21%) apparently
healthy cases. However, after adsorption with SLO and re-
testing by plate ELISA, the positivity for ALLO reduced
to 21 (18.75%) of clinical cases and 10 (9.7%) of apparent-
ly healthy cases (Table 2).

DISCUSSION

The genus-Listeria has two pathogenic species namely,
Listeria monocytogenes and L. ivanovii. Of these, L. monocy-
togenes is a well-known cause of abortion, encephalitis and
septicaemia in animals and human beings (Rocourt and
Seeliger, 1985; McLauchlin, 1987; Kumar et al., 2007).
The other pathogenic spp, L. ivanovii was isolated from
cases of abortion, still birth and neonatal septicemia in
sheep and cattle (Jose et al., 2001). There are many path-
ogenic spp of Listeria known to be excreted in faeces and
vaginal secretions which can act as a source of infection in
the environment. The listeric infection in animals is mainly
transmitted by consumption of spoiled silage, aborted ma-
terials and vaginal secretions in which these bacteria mul-
tiply readily, resulting in outbreaks, especially in the sheep
(Low and Donachie, 1997; Kumar et al., 2007). In our
study, the pathogenic and non-pathogenic spp. of Listeria
were recovered from both organized and migratory flocks
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Table 1: Pathogenicity and PCR profiles of L. monocytogenes and L.ivanovii isolates from healthy and clinical cases in ewes

z g & Pathogenicity profile
g % 5 In vitro tests
°Z S Hemolysis ALOA CAMP
) %‘ on SBA with /R assay
Col Halo
= 8'_' Abortion ++ BG +++ +S ++
= (Place-
®  nta)
& 8'_' History of  ++ BG ++ +R ++
& abortion
®  (fecal swab)
€ cé'T' History of  ++ BG ++ +R ++
& abortion
®  (Vaginal
swab)
» 8'_' Healthy ++ BG ++ +S ++
= (fecal
®  swab)

PI-PLC Mice

PCR profile of virulence-as-

sociated genes

plcA prfA actA hlyA iap

In vivo tests

Chick em-
lethality bryo lethality

+ + + + + + +
+ + + + + + +
+ + + + + + +
+ + - + + + +

PI-PLC = Phosphatidylinositol-specific phospholipase C; PCR = Polymerase chain reaction; SBA = Sheep blood agar; S/R = Staphylococcus
aureus / Rhodococcus equi; ALOA = Agar Listeria according to Ottaviani and Agosti; ALLO = Antibodies against Listeriolysin-O; CAMP =

Christie, Atkins, Munch-Petersen; BG = Blue green; L.m. = L. monocytogenes; L.i = L. ivanovii

Table 2: Seropositivity of ewes against listeriolysin-O (LLO) with clinical cases and apparently healthy ewes

SINo Clinical status No of samples collected No of samples Positive % seropositivity Adsorption with SLO
1 Abortion 112 47 41.96 21 (18.75%)

2 Healthy 103 27 26.21 10 (9.7%)

3 Total 215 74 34.42 31 (14.42%)

from different regions. Isolation of pathogenic strains such
as L. ivanovii and L. monocytogenes from aborted ewes in
this study showed that, these two isolates are potent path-
ogens of reproductive disorders in sheep. The migratory
flocks had abortion and a history abortion. It is difficult to
comment on the route of infection among these sheep but
infection might have transmitted from ingestion of infect-
ed material or soil.

Pathogenic isolates of L. ivanovii were recovered from 2
cases with a history of abortion while pathogenic isolate
of L. monocytogenes was recovered from one case of spon-
taneous abortion. These results are in agreement of other
published work wherein pathogenic L. ivanovii has been
found to be associated with 4.6% cases of abortion in ewes
(Nigam et al., 1999) whereas L. monocytogenes has been re-
covered from 9.1% (Nigam et al., 1999) and 15.7% (Shar-
ma et al.,1996) cases of abortion in ewes from migratory
flocks from Himachal Pradesh. The results of present in-
vestigation are also in line with earlier reports. L. ivanovii
has been implicated as the most frequent cause of abortions
in case of sheep (IMcLauchlin, 1987), with abortion rates
ranging from 1.65% (Alexander et al.,1992) to 12% (Ser-
geant et al.,1991). One pathogenic L. monocytogenes isolate
was recovered from apparently healthy ewe. L. monocy-

togenes has been found to translocate throughout the di-
gestive tract in asymptomatic sheep (Zundel et al., 2006).

A number of factors are involved in the manifestation of
virulence of L. monocytogenes (Portnoy et al. 1992; Vazquez-
Boland et al., 2001). It has been clearly demonstrated that
L. monocytogenes phospholipases are essential determinants
of pathogenicity (Smith et al., 1995). In the present inves-
tigation, even though expression of haemolytic activity by
all 23 isolates only four isolates were found to be patho-
genic in all the assays and possessed all the five virulence
genes except one L. monocytogenes isolate lacking of the
pleA gene. Truncated form or mutation in the plA gene
might have contributed to this observation. Those isolates
which are PI-PLC negative turned out negative in mice
and chick embryo assays.

In the present study, a relatively high (41.96%) seroposi-
tivity was observed against LLO in ewes with abortion or
a history of abortion. In case of apparently healthy ewes,
relatively less seropositivity (26.21%) was observed. The
observation is comparable to earlier reports as 33% doc-
umented by Barbuddhe et al. (2000). However, on testing
of the sera adsorbed by SLO, the per cent seropositivity

decreased. Out of 47 sera from ewes with abortion or his-

June 2015 | Volume 3 | Issue 6 | Page 329



OPENaACCESS

Advances in Animal and Veterinary Sciences

tory of abortion showing seropositivity, 21 were seroposi-
tive after adsorption with SLO. Ten sera from apparently
healthy ewes were seropositive after adsorption with SLO.
'The reduction of seropositivity is in agreement with the
earlier published report on the reduction of the titer from
100 before adsorption to less than 12.5 after adsorption of
the cross-reacting whole human sera with S. aureus (Larsen
and Jones, 1972). Kaur et al. (2006) reported reduction in
seropositivity from 48% to 16% after adsorption with SLO.
'Thus, from the present study it is evident that adsorption of
the sera eliminates cross-reactions in serological tests.

'The recovery of pathogenic isolates of L. monocytogenes and
L. ivanovii from clinical cases and apparently healthy ewes
indicated association of this pathogen with such cases. The
study highlights the role of listeric infection in causing
reproductive disorders in organized was well as migrato-
ry sheep. This study provides significant implications for
understanding the epidemiology of listeric infection and is
required for control of infection.
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