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ABSTRACT

Listeriosis is a sporadic bacterial infection that affects a wide range of animals, including people and
birds. It is seen worldwide, more frequently in temperate and colder climates. There is a high incidence of
intestinal carriers. Encephalitis or meningoencephalitis in adult ruminants is the most frequently
recognized form. They are 7 types of listeria species but L.monocytogenes is the only pathogenic for both
humans and animals. The aim of this manuscript was to review and compile the available literature of
listeriosis in animals, diagnosis, etiology and its public health. The major clinical forms of listeriosis in
cattle are encephalitis, abortion, Mastitis, Ophthalmitis, iritis and keratoconjunctivitis. There are two main
forms of illness in human associated with L.monocytogenes infection such as invasive (fatal form) and
non-invasive forms (mild form). People at risk of invasive listeriosis include pregnant women and their
fetuses, newborn babies, the elderly and immune compromised individuals (such as cancer, transplant and
HIV/AIDS patients). Every effort should be made to produce silage of good quality, with early cutting of
grass, minimal contamination with soil or feces and ensuring optimal anaerobic fermentation, which will
insure that the pH falls below 5.0; at that level, growth of Listeria species is inhibited. People susceptible
for acquiring listeriosis should not consume unpasteurized milk and milk products. In the world, this
disease is becoming an emerging bacterial disease, with low incidence but high case fatality rate. Animal
food products serve as important source of many food pathogens including Listeria monocytogenes. The
bacterium is ubiquitous in the nature and which is rod shaped, Gram-positive, motile and psychotropic
and has been isolated from a variety of foods (Milk and meat products) and environmental sources like
soil, dust, water, sewage, decaying vegetation, etc.
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LIST OF ABBREVIATIONS INTRODUCTION

AFL: Pamplified fragment length polymorphism Listeriosis is an infectious disease affecting animals,
HSIM: Hydrogen Sulphide, Indol and Motility birds and man. It is caused by an intracellular bacterium
LLO: listeriolysin—O L.monocytogenes. There has been an increasing concern
LPM: Lithium Chloride Phenylethanol Moxacalatam in recent years about the role of foods of animal origin in
medium the transmission of listeriosis to man. The disease is
MHA: Mueller-Hinton agar characterized by septicaemia and nervous symptoms in
MOX: Modified Oxford Agar animals as well as man. Listeriosis is one of the
OXA: Oxford Agar important emerging food-borne bacterial zoonotic
PALCAM: Chrisite Atkins Muench Peterson diseases of human being acquired through consumption
PCR: polymerization chain reaction of contaminated food of animal origin.*™! Food safety
PFGE: pulsed-field gel electrophoresis has appeared as a significant worldwide issue with
Pl— PLC: Phosphatidylinositol specific phospholipase international trade and public health implication.”® The
RAPD: Random amplified polymorphic DNA available current literature shows that caused by Listeria
SPP: Species monocytogenes, have been reported from a wide variety
TNF: Tissue Necrotizing Factor of food types and clinical samples in various countries of
TSYEA: Tryptic Soya Yeast Extract Agar the world. Human listeriosis is a public health problem

of low incidence but high mortality.™*!
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Bovine Listeriosis a sporadic bacterial infection most
commonly manifested encephalitis and meningo
encephalitis in adult animals associated with feeding
poorly fermented silage during the winter months.®® The
genus Listeria consisted of seven species Listeria
monocytogenes, L. ivanovii, L. innocua, L. welshimeri,
L.murray, L. seeligeri and L. grayi.®? Of these, L grayi
L. monocytogenes are pathogenic®®  While, L.
monocytogenes has been known to cause listeriosis in
humans and animals.* L. ivanovii, which causes
abortion in animals.”®! Sporadic human infections due to
L. seeligeri and L. innocua have also been reported,®®
the rest species reported are not identified properly.!*?
Many researchers consider an infective dose of 10°-10°
Listeria monocytogenes of food stuff to be enough to
cause listeriosis in humans.®® Among the 13 serotypes
of Listeria monocytogenes (1/2a, 1/2b, 1/2¢, 3a, 3b, 3c,
4a, 4b, 4c, 4d, 4e, 4ab, and 7), the most common causes
of listeriosis are: 1/2a, 1/2b, and 4b.™*!

Listeriosis is ubiquitous in the environment and they are
often found in animal products such as raw milk and raw
meat due to unsanitary practices during milking and
slaughtering.*"!  Listeria species with its unique
physiological characteristic can survive in temperatures
from -7°C to 45°C.1*?! Its optimum growing temperature
is around 37°C and it is able to grow, although slowly, at
temperature as low as 0°C. As a result, it can multiply in
properly refrigerated food after contamination. The
organism can also tolerate a pH between 5.4 and 9.6.5"!

Listeriosis is a serious disease, primarily transmitted
from man to man or from animal to man mostly through
ingestion of the organism with contaminated through
various foods: raw milk products, raw meat products,
raw vegetables and sea foods as sources of food borne
listeriosis. Of particular concern are ready-to-eat foods
that are refrigerated before consumption and those that
do not undergo any substantial heat treatment.?® Thus,
farm animals and their environment may present an
important source of food contamination and infections
for humans/®! Listeria monocytogenes, is a pathogen of
food safety concern as it can induce disease in humans
and can be transferred to food products derived from
animals.™ listeriosis is transmitted via three main
routes: direct contact with animals, cross infection of
newborn babies in hospital and food borne infection.[*”

Listeriosis is a relatively rare but serious disease with
high case fatality rates 20-30%.5" Listeriosis is a high-
risk disease for pregnant women and alcoholics, drug
abusers, patients with corticosteroid therapy, AIDS
patients and the elderly.®™ Infection acquired in early
pregnancy may lead to abortion, still birth or premature
delivery. When listeriosis is acquired late in pregnancy it
can be transmitted transplacetally and lead to neonatal
listeriosis. The first human case of listeriosis has been
reported by Nyfeldt in 1929.5% Today listeriosis is
regarded as food born disease of serious public health
concern due to the great mortality rate (20-30%).5”]
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Listeriosis has so far been reported, which were known
to cause serial deaths in a number of individuals and in
different regions, especially in Europe and the USA.['*!
However, in most African countries, there are a few
reports on Listeria species and listeriosis, when
compared to the Europe and USA. This is because; the
organism has not been given much attention, might be
due to lack of adequate facility and life style differences.
Published information on the status of food borne
Listeriosis and Listeria species is limited in Ethiopia. A
study conducted in Addis Ababa city showed that the
prevalence of 32.6% and 5.1% and Gonder town 18.75%
and 6.25% for other Listeria species and L.
monocytogenes to in foods of animal origin.®®!

Listeriosis has been treated by various drugs which were
effective but reports showed that the trend goes towards
resistance.*%

LITERATURE REVIEW

Etiology

The Genus Listeria contains seven species but one is
most pathogenic for both animal and human being. The
most important species is L. monocytogenes a gram-
positive, facultatively anaerobic bacillus 0.5 to 2 microns
long and 0.5 microns in diameter that is motile at
temperatures between 20°C and 25°C. It is beta-
hemolytic in blood agar and forms a narrow band of
hemolysis around the colonies (unlike L. ivanovii, which
forms a wide band). A noteworthy characteristic of L.
monocytogenes is its ability to grow at low temperatures;
at a pH between 6 and 9, it can reproduce at temperatures
from 3°C to 45°C. It is a facultative, intra-cellular
parasite of the reticuloendothelial system. For purposes
of epidemiological LISTERIOSIS 169 research, L.
monocytogenes is subdivided into 11 serovars. Most
human (92%) and animal cases are caused by serovars
4b, 1/2b, and 1/2a. Listeria can be divided into 16
serovars on the basis of somatic and flagellar antigens
and there is considerable genetic diversity between
serovars.®®  Listeria monocytogenes has thirteen
serotypes, but only three serotypes; serotype 4b, 1/2a and
1/2b are responsible for the majority of veterinary and
human listeriosis cases. Serotype 4b has been identified
as the cause of most human listeriosis cases where as
serotypes 4a and 4c are most of the time limited to
animals.® However, Bundrant et al.!®” that the outbreak
was caused by an unusual L.monocytogenes serotype 4b
strain, which was classified into lineage 111 with clinical
signs of listeriosis in cattle.

L.monocytogenes has three distinct lineages, with
differing evolutionary histories and pathogenic
potentials.l’” Lineage I strains contain the majority of
human clinical isolates and all human epidemic clones,
but are underrepresented in animal clinical isolates.[’”
Lineage Il strains are overrepresented in animal cases
and underrepresented in human clinical cases and are
more prevalent in environmental and food samples.!’
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Lineage Il isolates is very rare, but significantly more
common in animal than human isolates.!"!

Morphology and growth characteristics of listeriosis
Listeria species are small, gram-positive, non acid fast,
non spore forming and non capsulate coccobacilli
measuring 0.5 to 2mm x 0.4 to 0.5 mm. listeria has
typical Gram positive cell wall. They are facultative
anaerobes that grow best under reduced oxygen and
increased carbon dioxide concentration. Growth occurs
at 4 to 45 ¢°, with an optimum temperature of 30 to 37 c°.
simple laboratory media support growth preferably at an
alkaline or neutral PH. Listeria tolerates 0.04%
potassium tellurite, 0.025% thallium acetate , 3.75%
potassium thiocyanate, 10% NaCl and 40% bile in
media. Most strains grow over a PH range of 5.5 to 9.6.
It has greater heat tolerance than other non spore forming
bacteria; however, short time high temperature
pasteurization is effective for killing listeria.["!

Epidemilogy

Occurrence and distribution

Listeriosis was belived to be a sporadic disease,
predominantly of ruminants and found worldwide.
Although listeriosis is worldwide distribution it has been
an important problem in North America, Europe, Britain,
New Zealand and Australia.l®’*" In the northern
hemisphere, listeriosis has a distinct seasonal occurrence
with the highest prevalence in the winter months
(between December and may).®!

Abortion is obviously associated with pregnancy, the
majority of encephalitis cases occur in February and
March.!®"1 The reason for this season distribution is
obscure but the peak of infection is coincidental with late
pregnancy when they are fundamental changes in animal
immune status.

Cattle show a similar age incidence to sheep with the
majority of cases two to three —olds although cattle
appear much less susceptible to listeriosis than sheep.™

The organism was found to survive for 13 years in milk,
16 years in brain sample, 12 years in feces and 12 years
in silage. It is reported to persist two years in dry soil,
11.5 months in damp soil, and two years in dry feces,
three months in sheep feces, 16.5 months in cattle feces
and up to 7 months in dry straw.! In human’s age and
pregnancy related defects in cell mediated immunity
have been described™ which may explain the
prevalence of listeric infections in neonates and during
pregnancy. Similar mechanisms may be involved in
listeric infections of ruminants.

Source of infection: the organism is commonly isolated
from animal feces, human fece, farm slurry, sewerage
sludge, soil, farm water trough, surface water, plants,
animal feed and the walls, floors, drains etc of farms and
other environments since listeria has ubiquitous nature in
the environment."™®! | monocytogenes have the
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potential to be found in most feeds like hay, grains and
formulated feeds but its multiplication is restricted due to
low level of available water in food. In ruminants
L.monocytogenes can be isolated from the feces and
nasal secretion of healthy animals known as
asymptomatic carriers of germs and therefore constitute
an important reservoir of germs. The main source of L.
monocytogenes in raw milk is the gastrointestinal tract of
animals and the environment, skin of the teats, in
particular shedding of listeria species in to milk due to
mastitis.!"?

L.monocytogenes is commonly available in the silage
but it does not multiply to any significant extent in
effectively preserved silage which is characterized by
anaerobic storage, high density, high concentration of
organic acid and a PH below 4.5.it may be present in
silage which is poorly fermented. When silage contains
soil its risk to contaminate by listeria is higher than non
contaminated silage. Moist preserved feeds other than
grass silage are at risk for listeria growth. Infected
animals can be serve as a source of infection from their
feces, milk, urine,aborted fetus and uterine discharges.™

Transmission

The primary mode of transmission for listeria is through
soil contamination and ingestion of contaminated feed.
Calves which develop septicemic disease may acquire
infection from contamination of the cow teat, from the
ingestion of milk containing the organism or from cow
with sub clinical bacteremia, through the navel from the
environment and also as congenital infection.'? The
encephalitic form of the disease results from infection of
the terminals of the trigerminal nerve consequent
abrasion of the buccal mucosa form feed and or browse
or infection from tooth cavities. Spinal myelities is
believed to result from growth up to spinal nerves
subsequent to body area infections.”*!

Risk factors: a number of predisposing factors have been
observed or proposed as risk factors for the disease.
These include factors that cause a lowering of the host
animal’s resistance and factors that increase the infection
pressure of the organism. In farms the latter appears the
most important as risk factor for the occurrence of
outbreak listeriosis. They are three risk factors for
listeriosis.l™™

Host risk factors: regarding sensitivity, all wild and
domestic animals are susceptible for to infection caused
by listeria.™ Listeriosis in cattle may develop
sporadically or enzootic, having a stationary character,
without tendency to disseminate in the outbreak.['?
Morbidity may vary between 5-15% sometimes 20-25%
and mortality varies according to clinical form, being
very high in nervous form (over 90%) and much lower in
the abortive form.[®

Management risk factors: the most common
management risk factor that reduce host immune
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response includes poor nutritional status, transport,
sudden changes of weather to very cold and wet, late
pregnancy and parturition stresses, long period of
flooding with resulting poor access to pasture and
overcrowding and insanitary conditions with poor access
to feed supplies.l’?™!

Pathogen risk factor: the pathogen risk factor of infection
increases due to a massive multiplication of
L.monocytogenes in the feed or environment. The most
important aspect in food hygiene is the ability of the
bacteria to survive in a wide range of temperatures and to
make biofilms on solid surfaces, including food
processing facilities, which are more resistant to
disinfectant and sanitizing agents.['”!

The organism is a facultative intracellular pathogen that
can infect cells, including intestinal cell, by directed
endocytosis. Bacterial superoxide dismutase protects
against the bactericidal activity of the respiratory burst of
the phagocyte and listerolysin O disrupts lysosomal
membranes’ allowing the organism to grow in the
cytoplasm.l’¥

Host range: Listeria monocytogenes is a widespread
zoonotic pathogen that infects variety of species
including mammals (cattle, cats, rabbits, sheep, deer,
Guinea pigs, goat, pig, horse, dogs, foxes, humans etc.),
birds, fish and crustaceans. The most clinical listeriosis
cases occur in ruminants; pigs rarely develop disease and
birds are generally subclinical carriers of the
organism. 4

Listeria species are found worldwide and everywhere, in
animals, in foods, in humans, in soil, in the food
processing environment, in contact surfaces and also in
food containers (Peeler and Bunning, 1994; FDA/
CFSAN, 2003). Until about 1960 it was associated
almost exclusively with infections in animals and less
frequently in humans. However, in the last 30 years it
has been known that it was widely distributed in
nature.?

L. monocytogenes has been reported several times from
raw milk, in different countries; in USA, in 1987 (4.2%),
in 1992 (4.1%), in 1997 (4.6%); in Canada, in 1988
(1.3%, and 5.4%), and in 1998 (2.7%); in South Africa,
in 1990 (5.2%); in Ireland, in 1992 (4.9%) and in
England and Wales (5.1%)."®) The source of L.
monocytogenes in raw milk is mostly the gastrointestinal
tract of animals and the environment, skin of the teats, in
particular shedding of Listeria into milk due to
mastitis.”! In cows with mastitis, L. monocytogenes may
be shed at 10,000-20,000 cells per ml of milk, with the
appearance of the milk being normal and there being no
inflammation of the affected quarter. So that raw milk
collection has the potential of  deliverin

L.monocytogenes to the cheese making facility."
However, in most African countries, there are a few
reports on listeriosis, as compared to the Europe and
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USA. This could be associated with lack of awareness or
lack of diagnostic facilities and limited resources
together with the presence of other disease epidemics
that claim more priority than listeriosis in developing
countries including Ethiopia. However, nowadays there
are some reports on prevalence of L.monocytogenes in
different samples. For example, in Addis Ababa,
Ethiopia, study conducted in 2004 showed that over all
prevalence of 32.6%.out of the total 316 examined
samples.”! Also, of the samples examined (391) in
Addis Ababa in 2010, (26.1%) were found to be positive
for Listeria. L. monocytogenes was detected in 5.4% of
the samples analyzed. It was isolated mainly from raw
milk (13%).*! Another study, reported that the carriage
rate of Listeria in animal farms showed that silage had
the maximum prevalence rate of the organism (75%),
followed by fodder (43.5%), feed (33.5%), fecal matter
(20.5%), sewage (16.6%) and soil (4.8%). It was also
isolated from 2-6% of fecal samples from healthy people
[38], which shows, humans and animals can be
asymptomatic  execrators, thus introducing L.
monocytogenes into the environment."!

The incidence of listeriosis in humans is very low, in the
order of 3-8 cases per million inhabitants per year in the
industrialized countries.?! Most countries within the EU
have an annual incidence between 2-10 reported cases
per million populations per year. However, because of its
high case fatality rate, listeriosis ranks among the most
frequent causes of death due to food borne illnesses: it
ranks second, after salmonellosis, in the USA and
France; and fourth in England and Wales.**! The number
of new illness cases, in comparison with other food
borne pathogens, per year per 100,000 population in the
EU and the USA, respectively, was reported recently as,
Salmonella (42 vs. 14.5), Campylobacter (48 vs. 20),
Listeria (48 vs. 20), E. coli (1.3 vs. 0.9), and Yersinia
(2.4 vs. 3.9).1¢

Pathogenesis

Once organism is ingested then penetrates to the
intestinal mucosa and results in a clinically in-apparent
infection with localization of bacteria in various organs,
or a fatal septicemia.According to Coetzer and Tustin®
listeria localize themselves in the uterus of
pregnantanimals and usually cause abortion if infection
takes place early in pregnancy. It is not knownprecisely
how bacteria reach the brain in animals developing
meningoecephalitis;  however,they  probably  gain
entrance through wounds in the mucosa of the oral
cavity.

The common mechanisms by which organisms reach the
brain is proposed as follows: according to Drevets and
Bronze.®! Listeria monocytogenes transports across the
blood-brain or blood-choroid barriers within parasitized
leukocytes and by direct invasion of endothelial cells by
extracellular blood -borne bacteria. Retro grade
migration into the brain within the axons of cranial
nerves (e.g. trigeminal nerve) can occur. The
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development of unilateral micro abscesses and the
perivascular infiltration of lymphocytes largely restricted
to the brain stems (pons and medulla oblongata) are
typically seen which seems to support this assumption.
Recent studies in different models indicated non-
neuronal cells take up bacteria more avidly than neurons,
with microglia being the most easily infected. A more
reliable means for L. monocytogenes to infect neurons
seems to be through cell to cell spread from an infected
macrophage.®®!  Several  molecular  virulence
determinants have been indentified that play a role in the
cellular infection by L.monocytogenes and the
unraveling of their mechanism of action has made of
L.monocytogenes one of the most exciting models of
host-pathogen interaction at the cellular and molecular
levels. These virulence determinants include, among
others, the internalins listeriolysin O (LLO), ActA
protein, two phospholipases, a metalloprotease, Vip
protein, a bile exclusion system (BilE) and a bile salt
hydrolase.l®# Although there is polymorphism among
different strains of L.monocytogenes for some of these
virulence determinants, it cannot be correlated with the
ability or inability of the organism to produce disease.®
Nevertheless, internalin A or B mediates entry of
L.monocytogenes into some human-cultured cell lines
and crossing of the intestinal in gerbil or transgenic mice
expressing its receptor, human E-cadherin, in
enterocytes.

Clinical sign: Clinical outcome depends on the number
of organisms ingested, pathogenic properties of the
strains of listeria and the immune status of the host.
Although listeriosis is manifested by three major clinical
signs; meningoencephalities, abortion and septicemia,
only one clinical form of the disease usually occurs in a
group of animals or an individual animal. However an
overlap of clinical forms of disease has been reported. In
addition to these three major signs of disease, mild,
mastitis, uveitis, ophthalmitis, iritis and
keratoconjuctivitis have also been associated with
L.monocytogenest®®

Symptoms of disease with listeria species in human:
they are two main forms of illness associated with
L.monocytogenes infection such as invasive and non-
invasive forms. Non invasive form of listeriosis is the
mild form of disease, while invasive listeriosis is the
severe form of disease and can be fatal.”™! The likelihood
that invasive listeriosis will develop depends upon a
number of factors, including host susceptibility, the
number of organisms consumed and the virulence of the
particular strain.®

Symptoms of non invasive listeriosis can include fever,
diarrhea, muscle aches, nausea, vomiting, drowsiness
and fatigue. The incubation period is usually 1 day
(range 6 hours to 10 days).** Non invasive listeriosis
is also known as listerial gastroenteritis or febrile
listeriosis. Invasive listeriosis is characterized by the
presence of L.monocytogenes in the blood, in the fluid of
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the central nervous system (leading to bacterial
meningitis) or infection of the uterus of pregnant women.
The latter may result in spontaneous abortion or still
birth (20% of cases) or neonatal infection (63% of
cases). Influenza like symptoms, fever and
gastrointestinal symptoms often occur in pregnant
women with invasive listeriosis. In non pregnant adults,
invasive listeriosis presents in the form of bacterial
meningitis with a fatality rate of 30%, symptoms of
invasive listeriosis include fever, malaise, ataxia,
seizures and altered mental status® and the incubation
period occurs before onset of invasive listeriosis and
ranges from 3 days to 3 months.®!

The invasive form of listeriosis in humans include
septicemia, meningitis (or meningoencephalitis) and
encephalitis ~ (rhombencephalitis).  Gastro  enteric
manifestations with fever also occur. Although the
morbidity of listeriosis is relatively low, the mortality
can reach values around 30%. In pregnant women,
infection may result in abortion, still birth or premature
birth and may be influenza-like signs including fever.*]

Necropsy finding: aborted fetuses of ruminants show
very few gross lesions, but autolysis may be present if
the fetus was retained before being expelled.® In
abortion the pathological picture depends on the stage of
pregnancy. Metritis usually occurs and results in
retention of the fetal membranes. Gross lesions are tiny
pin point yellow foci in the liver. Similar foci but visible
only microscopically are seen in the lung, myocardium,
kidney, spleen and brain®® aborted fetuses are usually
edematous and autolysed, with very large numbers of
bacteria visible microscopically in a variety of tissues.
Aborted fetuses due to L.ivanovii have suppurative
bronchopneumonia and lack the  multifocal
hepatocellular necrosis commonly seen in abortions
associated with L.monocytogenes.™

There are usually no remarkable lesions in the brain of
affected animals, but occasionally slight clouding or pin
point grayish-white foci of the meninges may be
observed. Microscopic lesions are always confined to the
pons, medulla and anterior spinal cord. Both white and
grey matter may be involved. In the brain substance and
sometimes in the meninges a remarkable perivascular
cuffing cuffing with varying degrees of focal necrosis
develops which is typical of listeria encephalitis.®® In
the encephalatic form, the cerebrospinal fluid may be
cloudy and the meningeal vessels congested. Gross
lesions are generally subtle and characterized by vascular
congestion and mild discoloration of the brain stem. On
occasion, the medulla shows areas of softening (malacia)
and abscession. The medulla and pons are most severely
involved.*"

Diagnosis Techniques

Tentative Diagnosis: The diseases can be tentatively
diagnosed based on history, clinical signs and
epidemiological findings and post mortem findings.™
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Laboratory diagnosis: confirmatory diagnosis can be
achieved by isolating the pathogen from appropriate
specimens. Appropriate specimens for laboratory
examination depend on the form of the disease.
Cerebrospinal fluid (CSF) and tissue from the medulla
and pons of animals with neurological signs should be
sampled. Fresh tissue is required for isolation of
organisms and fixed tissue for histopathological
examination. Specimens for cases of abortion should
include cotyledons, fetal abomasal contents and uterine
discharges. Suitable samples from septicemic cases
include fresh liver, spleen or blood.[

Direct Microscopy: Smears from cotyledons or from
liver lesions may reveal Gram positive coco bacillary
bacteria. Histopathological examination of fixed (10%
formalin) brain tissue can often give a presumptive
diagnosis of neural listeriosis. Micro abscesses in the
brain stem usually unilateral together with perivascular
cuffing are very characteristics of listeriosis.[’"!

Isolation of Listeria Species

Conventional cultural method

A number of methods are available for the detection of
Listeria species. However, culture isolation is best with a
detection power of 10> CFU/mI. Colonies of Listeria
species in general are small, smooth, translucent, and
bluish gray when viewed in normal light, but blue green
sheen is visible by oblique light. The most widely used
selective media is OXA (Oxford agar) agar which was
developed in 1989. Most literatures recommended to use
OXA agar and either one of the following media;
PALCAM (Polymixin Acriflavine, Lithium chloride,
Ceftazidime Aesculine Mannitol), MOX (Modified
Oxford Agar), and LPM (Lithium Chloride
Phenylethanol Moxacalatam medium) with esculine and
ferric iron. The principle of the media is the ability of
esculine hydrolysis by Listeria species. Since all Listeria

species utilize B-D-Glucosidase, they cleaved esculine
(esculinase), evidenced by blackening of the medium. In
addition, different antimicrobial agents like acriflavin,
nalidixic acid, cyclohexamide are supplemented with
those media to suppress the growth of other non-Listeria
species of bacteria and other microbial agents.

The two-stage enrichment method for detection of L.
monocytogenes with isolation on PALCAM agar and
Oxford agar™® are widely used. The CAMP reaction is
useful for identifying Listeria species. This test uses
horse blood agar and streaks of hemolytic
Staphylococcus aureus and Rodococcus equi in
combination with Listeria isolates. L. monocytogenes
and L. seeligeri hemolytic reactions are enhanced in the
zone influenced by the S. aureus streak, while the other
species remain non-hemolytic in this zone. In contrast,
the hemolytic reaction of L. ivanovii is enhanced in the
zone influenced by R. equi.' For confirmed and
specification, different standard biochemical tests can be
used. The biochemical test used for identification and
confirmation of Listeria species, tests can be done by
picking pure colonies and transferring into the following
biochemical media and broths. These are motility test
medium (motility), blood agar (haemolysis), mannitol,
rhamnose, and galactose, xylose, and Hippurate
hydrolysis and xylose broths for carbohydrate
fermentation testing.[*"!

In general, L. monocytogenes is catalase positive,
glucose fermenter with acid production but no gas
formation, ferment lactose (after 3-5 days of incubation),
urease negative, oxidase negative, methyl red and Voges
Proskauer positive, indole test negative, express
hemolytic which produces clear zone on blood agar
(Beta hemolytic), do not utilize citrate, do not produce
hydrogen sulfide and also do not hydrolyze urea, gelatin,
and casein.®?

Table 1: Biochemical chart for Listeria species identification.

Species Production of acid _ Hem olysis CAMP test _
Xylose | Rhamnose | Mannitol S. aureus | R. equi

L.monocytogenes - + - + + -

L .innocua - +/- - - -

L .ivanovii + - - ++ - +

L. seeligeri + - - (+) (+) -

L. welshimeri + +/- - - -

L.grayi subsp.Grayi - - + - - -

L.grayi subspMurrayi - +/- + - - -

+/-: variable; (+): weak reaction; +: 90% positive reaction; -: no reaction (-). R. equi;

Rhodoccocus equi.Source: 2!

Hemolysis is an important characteristic which would
seem to be directly related to the pathogenicity of
Listeria, since non-haemolytic Listeria species can be
considered as non—pathogenic®! and the pathogenicity
of the pathogen is highly correlated to the haemolytic
factor. Considering haemolysis, only L. monocytogenes
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and L. ivanovii produced characteristic haemolysin like
listeriolysin~O (LLO) and ivanolysin—O, respectively
(figure 1).
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Figure 1: Haemolysin activity of L. monocytogenes
isolates.[*?!

In CAMP test, haemolysin acts synergistically with the
B— haemolysis of S. aureus on sheep erythrocytes and
gives synergistic zone of hemolysis towards S. aureus
which is due to either phosphatidylinositol specific or
phosphatidyl—choline specific C from L. monocytogenes
and sphingomyelinase from Staphylococcus aureus.
Evaluation of the pathogenicity of Listeria species by
phosphatidylinositol specific phospholipase C (PlI- PLC)
based assay has been reported to be reliable indicator to
discriminate pathogenic and non-pathogenic Listeria
species.*®! Copious workers have been used CAMP test
to charecterised L. monocytogenes isolates! 8?81l
(Figure.4).

Negative
isolate

S. aureus

Positive
isolate

Figure 2: CAM activity by L. monocytogenes
isolates.

Source: 9?1

All species of Listeria produce catalase though some
catalase-negative strains of L. monocytogenes have been
isolated. L. monocytogenes, L. seeligeri and L. ivanovii
hemolyse red blood cells on blood agar; L.
monocytogenes and L. seeligeri produce a narrow zone
of hemolysis while a wider zone surround colonies of L.
ivanovii. Sugar fermentation tests are also important in
differentiating between them. L. monocytogenes is the
main human pathogen even though L .ivanovii and L.
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seeligeri has at least once been associated with

listeriosis.™"!

Rapid Listeria test/Chromogenic Substrate

A more recent development is the production and
commercial availability of chromogenic media. Rapid
identification of bacterial enzymes is provided by the use
of chromogenic substrates, which are incorporated into
plating media to allow direct identification of colonies by
their characteristic colour. Phosphatidylinositol-specific
phospholipase C (PIPL-C) is an enzyme that is produced
only by L. monocytogenes and L. ivanovii and activity of
this enzyme is measured using chromogenic media.
Many chromogenic media are commercially available
and are gradually gaining acceptance by regulatory
authorities.

In addition, alternative new chromogenic differential
selective agars like BCM, ALOA, CHROM agar Listeria
and Rapid L.monocytogenes can be used in parallel with
one of the selective agars. FDA recommended and
validated such chromogenic rapid kits with threshold of
detection greater than 10* CFU/mI of enrichment culture
and incubation period of 4-6 hours. The advantage of
such tests, are their principle lies on identifying of a
specific virulence factors like phosphatidylinositlol
specific phospolipase and in enumeration of the
organism in the food samples.

Serological methods

Listeria species possess group-specific surface proteins,
such as somatic (O) and flagellar (H) antigens that are
useful targets for serological detection with
corresponding monoclonal and polyclonal antibodies.
While there are 15 Listeria somatic (O) antigen subtypes
(I-XV), flagellar (H) antigens comprise four subtypes
(A-D),">®1 with the serotypes of individual Listeria
strains being determined by their unique combinations of
O and H antigens. Through examination of group-
specific Listeria O and H antigens in slide agglutination,
at least 12 serotypes (i.e. 1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a,
4b, 4c, 4d, 4e and 7) have been recognized in L.
monocytogenes, several (e.g. 1/2a, 1/2b, 3b, 4a, 4b, 4c
and 6b) in L. seeligeri, one (i.e. 5) in L. ivanovii, and a
few (e.g. 1/2b, 6a and 6b) in L. innocua, L. welshimeri
and L. grayi.[**?¥ Since slide agglutination is not easily
adapted for high-throughput testing, an ELISA has
recently been developed to improve efficiency.?®!

Molecular methods

Identification of Listeria spp. and L. monocytogenes
using molecular methods is becoming increasingly
popular because these techniques are extremely accurate,
sensitive and specific. Identification and differentiation
of L. monocytogenes from other Listeria species to a sub-
species level can be performed in the same time frame as
ELISA-based assays. As molecular methods are
accurate, sensitive and specific; they are increasingly
used in ldentification of L. monocytogenes from foods.
Detection by In vitro amplification of nucleic acid is a
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more recent addition to the genetic detection methods for
pathogen identification and diagnosis. Among several
elegant approaches to nucleic acid amplification, PCR
was the first and remains the most widely applied
technique in both research and clinical laboratories. PCR
employs two primers (usually 20-30 nucleotides long)
that flank the beginning and end of a specific DNA
target, a thermostable DNA polymerase that is capable of
synthesizing the specific DNA, and double stranded
DNA to function as a template for DNA polymerase. The
PCR process begins at a high temperature (e.g. 94°C) to
denature and open the double-stranded DNA template
into single-stranded DNA, followed by a relatively low
temperature (e.g. 54°C) to enable annealing between the
single-stranded primer and the singlestranded template,
and then a temperature of 72°C to allow DNA
polymerase copying (extension) of the template. The
whole process is repeated 25-30 times so that a single
copy of DNA template can turn into billions of copies
within 3-4 hrs. As PCR has the ability to selectively
amplify specific targets present in low concentrations
(theoretically down to a single copy of DNA template), it
offers exquisite specificity, unsurpassed sensitivity, rapid
turnover, and ease of automation for laboratory detection
of L. monocytogenes from clinical specimens, in addition
to its value for identifying both cultured and non-
cultivable organisms. The amplified DNA products can
be separated by agarose gel electrophoresis and detected
with a DNA stain, or alternatively detected via labelled
probes, DNA sequencing, microarray and other related
techniques.™

Phenotypic methods such as serotyping and phage typing
hold certain drawbacks owing to the existence of non-
typable strains, and the low discriminative power of such
techniques. Therefore, more discriminatory genotypic
methods are needed. To this end, ribotyping , pulsed-
field gel electrophoresis (PFGE),’?? amplified fragment
length polymorphism (AFLP),**! and random amplified
polymorphic DNA (RAPD)™ have been developed.
PFGE and RAPD-PCR are the techniques most often
used to type L. monocytogenes strains.”*! PFGE is one of
the most discriminatory methods, but it is time
consuming, the five to seven days are needed before
results are available and it requires an expensive ap-
paratus.® However, the RAPD technique is appropriate
for monitoring strains on a wide scale and for
determining whole genome diversity.*”? A previous
report indicated that the genetic diversity of the inlA gene
might be wuseful for discrimination among L.
monocytogenes isolates from foods, animals and
environmental samples by PCR-Restriction Fragment
Length Polymorphism (PCR-RFLP) analysis.""

In RFLP analysis, bacterial genomic DNA is digested
with restriction enzymes to yield hundreds of fragments,
which are then separated by conventional agarose gel
electrophoresis to form distinctive banding patterns for
individual strains. Given its complex band patterns,
however, the interpretation of RFLP results is notably
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tedious and technically demanding. PFGE uses selected
restriction enzymes to yield between 8 and 25 large DNA
bands of 40-600 kb in size, and alternating currents to
cause DNA fragments to move back and forth, resulting
in a higher level of fragment resolution. For this method,
L. monocytogenes bacteria are first placed in agarose
plugs, where they are lysed, and the DNA is then
digested with selected restriction enzymes. The plugs
containing the digested DNA are transferred into an
agarose gel and electrophoresed for 30-50 h with
alternating currents. On the basis of distinct DNA band
patterns, PFGE classifies L. monocytogenes into
subtypes (pulsotypes), providing sensitive subtype
discrimination that is considered the reference
standard.™*] Indeed, after a comparative examination of
35 L. monocytogenes strains by serotyping, esterase
typing, ribotyping, RAPD and PFGE, PFGE along with
ribotyping produced the most discriminatory outcomes
for L. monocytogenes.” However, due to its time-
consuming nature (taking 30 h or longer to perform) and
its requirement for special equipment, PFGE is not
widely used outside reference laboratories.

Public Health Significance of listeriosis

World Health Organization (WHO) defines zoonosis as
those diseases and infections which Are naturally
transmitted between vertebrate animal and man. There
are approximately 1415 Pathogens known to affect
humans of which about 61% of all human pathogens are
zoonotic.l*”! Nearly half of all human infectious diseases
known today can be classified as Emerging and about
75% of emerging infectious diseases are caused by
zoonotic pathogens ®® Human population encounters
animal disease with varying frequency depending on
their  Occupation geographical location and the
prevailing culture of the country. Whether living in
Urban or rural environment animals constantly may have
close contact with human on farm (Food producing
animals) at area of residence (dogs, cats, cage birds)
through leisure.

Activities (horse, wild life) or by virtue of the occupation
of individual as veterinarians or Animal nurses. This
close contact can result in the occurrence and
transmission of zoonotic Disease which is naturally
transmitted between vertebrate animal and man.®

L. monocytogenes is the most important species in the
genus Listeria creating human health hazard and having
a worldwide distribution with an extensive host range
includes mammal, poultry, fish, crustaceans and ticks.
The name of intracellular organism emphasizes the
relationship between infection and development of
monocytosis in the host which is now considered to be
inconsistent feature of listeriosis in all animal species.

L.monocytogenes as an important food born pathogen
become evident in 1980s, after several food out breaks
proved to be caused by it after that several reports have
been recorded of food born listeriosis, both epidemic and
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sporadic cases almost in all type of foods. The fist proof
that milk products could be responsible for Listeriosis
out breaks was corroborated by by Fleming et al. (1985).
This involved in 49 cases, seven of them in the infants
and 42 in the immune compromised adults.®®

Although L. monocytogenes is infective to all human
population groups, it has a propensity to cause especially
severe problems in pregnant women, neonates, the
elderly and immune suppressed individuals.®® Direct
transmission is possible especially among veterinarians
performing gynecological interventions with aborted
animals. Animals may be diseased or asymptomatic
carriers of L. Monocytogenes shedding the organism in
their feces. Thus, earlier it was believed that L.
monocytogenes was causing disease by direct
transmission from animals to humans. Indirect
transmission may occur simply by consumption of food
products from diseased animals, for example,
Danielsson-Tham et al.’! reported that on-farm
manufactured raw milk cheese made from cattle with
subclinical infection caused an outbreak with febrile
gastrointestinal listeriosis involving 120 people. Raw or
contaminated milk, vegetables and ready-to-eat meat
have been implicated in overseas outbreaks.

People at risk: the risk of listeriosis for different ages and
conditions found different categories that increased the
risk.[04

Age: the most age at risk of listeriosis is new born babies
and the elderly with age, starting around age 65 and 70
years. In elderly as age increase risk of infection
increase.

Pregnancy: the risk of maternal listeriosis increases
during pregnancy, particularly in the third trimester. As
compared to the general population, pregnancy increases
the risk of listeriosis by 2 to 17 fold. Most infected
pregnant women have mild illness unless they have other
under lying illness. However about 20 % cases have
result in spontaneous abortion and or neonatal death.
About 2/3 of surviving infants develop neonatal
listeriosis (presenting as sepsis and meningitis)."* Cell
mediated immunity decrease during pregnancy, SO
pregnant women are at higher risk getting
L.monocytogenes infection. Listeriosis is most common
in third trimester stage of pregnancy but listeriosis case
has been reported in all stages of pregnancy. Pregnant
women may also prone to listeriosis tropism of internalin
for E cadherin molecules present on the
syncytiotrophoblasts.™%%!

Immunocompromised  and  medication:  usually
individuals having weakened cell mediated immunity are
more susceptible to L.monocytogenes.®™ Medical
conditions and medications that decrease T cell mediated
immunity increase the risk of listeriosis. Transplants and
blood related cancers confers the greatest risk HIV/AIDS
seems to rarely lead to listeriosis since the advent of
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highly active retroviral therapy (HAART) and
trimethoprim  sulfamethoxazole prophylaxis. Pre -
HAART HIV/AIDS increased the risk of listeriosis by
865 —fold. Other cancers, dialysis, liver disease and
diabetes all confer a moderate risk of infection greater
than that of caused advanced age and pregnancy.*%

Treatment, Prevention and Control

Treatment: although the optimal antibiotic treatment
regimens for the various forms of listeriosis have not
been established in experimental and clinical trial, cases
with non-nervous signs (abortion, septicemia) respond
well to antibiotic treatments. The treatment is more
effective in cattle because the course of the disease is
longer and less severe in cattle. Animals that remain
ambulatory are likely to recover but recumbent or
comatose animals rarely survive and spontaneous
recovery rarely occurs.®

The difficulty in treating encephalitic listeriosis has
resulted in several in-vitroand in vivo experimental
studies to determine the best possible treatment
regimens. In-vitro studies have shown that the majority
of antibiotic; pencillin, ampicillin, erythromycin,
rifampicin, chloramphenichol, tetracycline and the
aminoglycosides, with the exception of cephalosporin are
effective against L.monocytogenes. However, in vivo use
has proved controversial. Several drugs and their
combinations were used in experimental Listeriosis in
laboratory animals. A combination of trimethprim and
tetracycline was more effective than a combination of
trimethprim and pencillin and these combinations were
better than the use of each antibiotic alone.®®

Cases of spinal myelitis are poorly response to treatment.
Treatment of listeria iritis is with systemic antibiotics in
the early stages coupled with sub palpebral corticosteroid
and atropine to dilate the pupil. In vitro resistance to the
tetracycline group of antimicrobials is reported./
Treatment of uveitis includes the use of systemic
antibiosis, but subconjunctival corticoids and topical
atropine are essential for effective resolution.”® The
animals recovered after treatment with parentral
ampicillin and topical ceprovin in case of ocular
listeriosis.! %]

Prognosis: The animals that were recumbent, excited,
with an absent or weak menace reflex, nystagmus, high
numbers of leukocytes in the CSF. High serum
concentrations of urea and calcium and high serum
activities of aspartate aminotransferase and creatine
kinase and an acid-base deficit, had a smaller chance of
surviving. When a logistic regression model was
constructed, only recumbency, excitement and a weak or
absent menace reflex remained significant factors
affecting the likelihood of survive."”!

Prevention and control: Prevention of the disease in

animals includes provision of good quality silage and
elimination of stressful conditions such as dense stocking
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rates and minimizing ingestion of soil contaminated
pastures. Spoiled silage should be avoided and corn
ensiled before being too mature and grass silage
containing additives are likely to have a more acid PH,
which discourages multiplication of L.monocytogenes
should be used.'® Vaccines are available in some
countries; however results are questionable, which leads
to questions about the cost-benefit of vaccinations.

Epidemiology investigations have demonstrated that
nearly all types of food can transmit listeria. Most
sporadic cases and all large outbreaks have been
associated with manufactured foods."™® Pasteurization
eliminates Listeria from items that are inadequately
pasdteurized or contaminated after pasteurization.
Women should wash all utensils and surfaces well after
preparing meat dishes or cutting prepared foods. Patients
should know to contact their provider if they have any of
the common symptoms listed in. providers should then
maintain enough suspicion for listeria infection to draw
blood cultures for any women at risk. !

The control of listeria in foods relies largely on a
HACCP approach and the establishment of effective
critical control points in the process. The careful design
and layout of processing equipment in conjunction with
the implementation of regular, thorough cleaning
regimens of the processing environment can significantly
reduce the level of Listeria contamination in many
processed foods. However, because of its ubiquitous
nature it is virtually impossible to totally eliminate the
pathogen from many food products. Vulnerable
individuals, especially pregnant women, the elderly and
the immunosuppressed are advised to avoid consuming
unpasteurized dairy products to reduce the risk from
listeriosis.[’®! Early detection of a listeriosis outbreak and
efficient intervention are important in preventing the
epidemic from continuing. Typing of food isolates and
comparison with clinical isolates may also lead
authorities to contaminated food processing plants.
However, in addition to typing results, epidemiological
evidence is needed for the incrimination of a food or a
food processing plant.!? Standards/legislation for the
pasteurization of ice cream/frozen desserts adapted in
various countries has an importance in reducing
listeriosis.! %4

CONCLUSION AND RECOMMENDATION

L. Monocytogenes has gained recognition as a global
human pathogen because of the increasing incidence,
diagnosis of infections and also it was a widespread in
nature and lives naturally in plants and soil environment
and has a potential to introduce food plant. It can grow in
wide range of temperature and ph. milk and milk
products are important vehicles of L.monocytogenes,
regularly causing Listeriosis out breaks in different
countries of the world. Good manufacturing and hygiene
practices particularly maintaining hygiene of processing
machines are the key in preventing L.monocytogenes
contamination. It is also equally important to notice that
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products which may be subjected to post processing
contamination should be properly reheated before
consumption by highly immune compromised persons in
order to eliminate possible contamination. A food safety
management system based on the principles of HACCP
with regular reviews should be developed and
implemented in diary plant.

Based on the fact and information mentioned in the

review the following recommendations are forwarded:-

e proper disposal of aborted fetus and feces of infected
animal to avoid spread of the disease

e Create awareness about the importance of the
listeriosis through different mechanisms(mass
media, radio television conference)

e People susceptible for acquiring listeriosis should
not consume unpasteurized milk and milk products

e Efferent should be done to prevent the feed of
animals from contamination of soil and dirty
materials.

e Meat products should be treated by heat before
consumption which can kill listeria species and
reduce to undetectable level.

e Should be wear protective clothing during handling
of fetus and specimen from aborted cow.
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Annexes
Annex 1: Laboratory data collecting sheet

Isolation and identification

Confirmation
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Oxidase

Hemolysis

CAMP

Carbohydrate utilization test
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