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Abstract: In this study, listeriosis was reported as an emerging disease in southern Iran. A combined
histopathological, bacteriological and PCR method was conducted for the diagnosis of Listeria monocytogenes.
L. monocytogenes was recovered from the brain of affected sheep with clinical signs of listerial encephalitis.
The source of contamination was spoiled corn silage with pH 7.2. Based on the clinical findings of brainstem
dysfunction and cranial nerve involvements, histopathology, bacteriology and PCR findings, the final diagnosis
of listeric encephalitis due to L. monocytogenes infection was made. Because of the long period of drought in
the region, the usage of corn silage was favoured and it seems that the possibility of the occurrence of clinical
disease has been increased. As the risk of disease in human may increase with higher infectious doses of the
organism, surveillance on the occurrence of the listeriosis in humans should be considered in public health
programs.
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INTRODUCTION that may be used for subsequent silage production, thus

Listeriosis  usually  results  from   infection by clinical disease in ruminant populations that are fed silage
Listeria  monocytogenes,  a  Gram positive rod in the year round appears to be uncommon and is generally
family  Listeriaceae.  This  intracellular  organism  is a limited to a single or few animals in a herd if disease
small  facultatively   anaerobic,   nonsporulating  rod, occurs. In these ruminant populations, disease cases
which produces encephalitis, septicemia and abortion in often  appear  to  be  linked  to  either  consumption of
both humans and livestock. Livestock are susceptible to silage   contaminated   with   extremely   high  levels  of
listeric infection, with a large proportion of healthy L. monocytogenes or immunosuppression or both [4, 5].
asymptomatic  animals  shedding L. monocytogenes in Listeriosis is a primary cause of disease in cattle and
their feces. There are 13 serovars of L. monocytogenes. sheep [6]. Listeria can also cause mastitis [6, 7] and
Although  all are considered to be potentially virulent, metritis [7] as well as iritis and keratoconjunctivitis [8].
serovars  4b,  1/2b  and   1/2a  cause  most  animal and Encephalitis and reproductive disease forms are the most
human   disease.    L.     ivanovii    (formerly    known    as common clinical presentations [9]. In addition to ruminant
L. bulgarica or serovar 5 of L. monocytogenes) is species, L. monocytogenes also can be isolated from a
occasionally associated with abortions in sheep and number of nonruminant species and nonruminant
cows,  or septicemia in sheep [1 - 3]. The data available to agricultural environments. For example, L. monocytogenes
date suggest that silage-fed ruminants and the associated has been isolated from the feces of  wild  birds [10],
farm environment can maintain high L. monocytogenes horses [2, 11], swine [12, 13], poultry [2] and other
densities, most likely due to a combination of multiple domestic animals [2] as well as from eviscerated farmed
factors, including L. monocytogenes growth in poorly fish [14]. This paper described the first clinical listeric
fermented  silage  as  well  as   fecal   shedding by encephalitis as an emerging disease in southern Iran.
animals. L. monocytogenes that are fecally shed are Clinico-pathological, bacteriological and PCR findings
dispersed into the environment, e.g., onto plant material were included. 

effectively maintaining an infectious cycle. Interestingly,
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MATERIALS AND METHODS treatment was initiated with penicillin at a dosage of 44000

In January 2009, a group of five male and female cases and feeding of spoiled silage was stopped. The
sheep aged between 1.5 to 3.5 years old were referred from treatment was successful. Tissues (brain, ileum,
two herds of 345 sheep in southern Iran, Fars Province duodenum, liver and kidney) and serum were obtained
(Doroudzan region) to Shiraz Veterinary Teaching from the euthanized sheep. Histopathology, bacteriology
Hospital. The animals exhibited a variety of clinical signs and PCR were performed. Three tissue samples of about
including anorexia, recumbency, facial paralysis, tongue 1 cm  in thickness from each of the cerebrum, cerebellum,
protrusion, lip paralysis and saliva drooling (Figure 1). medulla oblongata, proximal, middle and distal parts of
The herds were vaccinated against contagious agalactia, spinal cord were fixed in 10% neutral buffered formalin.
sheep pox, Clostridium perfringens type D and anthrax. These samples were then dehydrated in graded ethanol,
The sheep were fed alfalfa hay, corn silage and different embedded in paraffin. Sections of 5 µm in thickness were
proportions of concentrates. All the affected sheep stained with hematoxylin and eosin and examined by an
underwent a comprehensive clinical and neurological ordinary light microscope. For bacteriological examination
examination by the methods described by Lorenz and a brain sample of 2 g was added to 10 mL of Brain heart
Kornegay [15]. All the affected sheep were euthanized. At infusion broth (Merck 1.10493). Samples were
necropsy, no significant gross lesions were seen in the homogenized with a stomacher (Seward stomacher 400,
thoracic and abdominal organs. Five days later, eight Seward, UK) for 30–60 s and then incubated at 30°C for 24
other cases were referred from the same herds with the h. This served as an enrichment phase. This enriched
similar clinical signs. Corn silage that was shared between material were subcultured on to blood agar and
herds was spoiled and had the pH of 7.2 and it was PALCAM- Listeria selective agar (Merck) with PALCAM-
assumed that the outbreak was caused by feeding high listeria   selective   supplement   and  incubated  at  35°C
pH silage. Based on the tentative diagnosis of listeriosis, for  24  h.  Presumptive  L.  monocytogenes  colonies  were

IU/kg BW given intramuscularly daily for 10 days in latter
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Fig. 1: Facial paralysis, lip paralysis and saliva drooling in listeric encephalitis affected sheep
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streaked  on  nutrient  agar  and  incubated  at  37°C  for
18–24 h. The colonies on nutrient agar identified using
morphological, cultural and biochemical criteria. In
particular, Gram stain, catalase test, mobility, â-hemolysis
and production of acids from rhamnose and xylose were
used, as described in Bergey’s manual [16] to identify the
species belonging to the genus. For the PCR assays the
extraction of DNA was performed. The extraction
procedure was based on a protocol previously described
for the detection of L. monocytogenes in food products
[16]. A few colonies were resuspended in 50 µL of 1×PCR
buffer in a 2mL microcentrifuge tube with an interlocking
cap. A solution of 2 % Triton X (50 µL) was then added to
this cell suspension and thoroughly mixed. This mixture
was heated at 100°C for 10 min and then allowed to cool
to room temperature. For PCR amplification, 5 µL of this Fig. 2: Tissue section from the cerebrum of an infected
crude cell lysate were used. PCR assays were performed sheep with listeriosis. Perivascular cuffing with
in 25 µL reaction volumes. The primer pair consisting 10 lymphocytic infiltration is evident in this section.
mM Tris-HCl (pH 8.3), 50 mM KCl, 3.5 mM MgCl , 0.2 mM Lymphocytes are also infiltrated in the brain2

(each) deoxynucleoside triphosphates, 1.25 IU of Taq parenchyma (H and E, scale bar=85 µm)
polymerase (Fermentas, Germany) and 0.2 mM (each)
primers targeting the hlyA gene encoding the hemolysin
A in L. monocytogenes. Primers were named primer A [5`-
CCT AAG ACG CCA ATC GAA-3`] ?and primer B [5`-
TAG TTC TAC ATC ACC TGA GAC AGA-3`]? was used
for the amplification of a 840 bp region of the hlyA gene
[17; 18]. PCR was performed in the Perkin Elmer GeneAmp
PCR system 2400 thermal cycler. Amplification conditions
were optimized to the thermal cycler and were as follows:
an initial denaturation at 94°C for 3 min, 35 cycles of
denaturation at 94°C for 50 s, annealing at 64°C for 50 s
and extension at 72°C for 60 s, then a final extension at
72°C for 7 min. The amplified DNA was analyzed by gel
electrophoresis on a 1.2 % agarose gel stained with
ethidium bromide (3mL/100mL). A 100 bp ladder
(Fermentas) was used as a reference marker. Tris-borate
EDTA (0.5×) was used as the running buffer and the gel Fig. 3: Tissue section from the cerebrum of an infected
was viewed using UV transillumination at a wavelength of sheep with listeriosis. Perivascular cuffing with
254 nm. lymphocytic infiltration is evident around blood

RESULTS also diffusely infiltrated in the brain parenchyma

Histopathology: The main microscopic changes comprised
of asymmetrical meningoencephalitis with severe cuffs of inflammatory cells that include lymphocytes,
hyperemia and parenchymal degeneration centered in the plasma  cells,  macrophages  and  fewer   neutrophils
pons and medulla oblongata, particularly in the nucleus (Figs.  2 and   3).   Similar   cell   populations   were  found
and proximal part of the spinal tract. Disseminated in  the  leptomeninges adjacent to the areas of
intravascular coagulation was evident in some of the parenchymal injury (Fig. 4) and in lower number in
capillaries and venules. Inflammation in the degenerated cerebellar parenchyma and other parts of central nervous
neuroparenchyma was marked by  prominent  perivascular system  except middle and caudal parts of the spinal cord.

vessels of this section (arrows). Lymphocytes are

(H and E, scale bar=85 µm)
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Fig. 4: Tissue section from the cerebellum of an infected
sheep   with   listeriosis.   Meningoencephalitis
with neutrophil, lymphocyte, plasma cell and
macrophage infiltration is evident in the meninges Fig. 6: Agarose gel electrophoresis of the PCR
and peripheral parenchyma (H and E, scale amplification products of hlyA gene of Listeria
bar=160 µm) monocytogenes isolated from brain. Lane 1, 100bp

Fig. 5: Tissue section from the cerebrum of an infected dysfunction and cranial nerve involvements,
sheep with listeriosis. A micro abscess is present histopathology, bacteriology and PCR [17 - 19]. Typically
in the brain parenchyma (arrow). Neutrophils and there are no distinctive gross changes associated with
lymphocytes with tissue necrosis are evident in listerial encephalitis [19]. Histological examination of
the parenchyma (H and E, scale bar=85 µm) central nervous system tissue is necessary to

Typically the inflammation consisted of a mixture of the disease [19]. PCR is deemed to be more reliable than
lymphocytes, plasma cells and macrophages as conventional identification since it is based on stable
nonsupporative cells and neutrophils as suppurative genotypic characteristics rather than relying on
ones. Microabscesses were occasionally observed in the biochemical or physiological traits, which can be
periphery  of  the  cerebral  and  cerebellar  parenchyma genetically unstable [20]. With bacterial adaptation to
(Fig. 5). Bacteriology and PCR. The bacterial culture from different environments causing similarities in phenotype,
the brain, confirmed to be L. monocytogenes by means  of as well as resistance to ingredients in enrichment and

DNA ladder, Lane 2 isolated sample, Lane 3
Positive sample of L. monocytogenes and Lane 4
negative control

biochemical tests. The positive culture of L.
monocytogenes in biochemical tests was confirmed by
PCR (Fig. 6). Based on clinical findings of brainstem
dysfunction and cranial nerve involvements,
histopathology, bacteriology and PCR findings, the final
diagnosis of listeric encephalitis due to L. monocytogenes
was made.

DISCUSSION

The diagnosis of listeric encephalitis in affected
sheep was based on the clinical findings of brainstem

demonstrate the microabscesses that are characteristic of
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selective media, the transition from conventional methods growth of  other pathogens is inhibited due to excessive
of detection to genetic methods should be carried out [17, cold [26]. The excretion of L. monocytogenes by sheep
18]. The PCR method proved to be reliable, cost effective has  been  linked  to  diet, especially consumption of
and time saving [20]. The combined use of poorly prepared silage [1, 31, 32]. In Great Britain, a
histopathology, bacteriology and PCR detection of significant association between silage feeding and an
Listeria seems to allow an effective detection of L. increased relative risk for development of ovine listeric
monocytogenes infection in sheep in our study. To the encephalitis was determined [33, 34]. Silage fermentation
best of authors' knowledge this is the first clinical report involves the action of lactic acid bacteria on crops with
of ovine listeric encephalitis in Iran. There are few reports high moisture content under anaerobic conditions.
of the disease in other countries of the region in human However, as silage is exposed to air during storage or at
and animals [21-23]. Listeriosis caused by L. feeding time, aerobic spoilage occurs promptly due to
monocytogenes is an infectious disease affecting a wide lactic acid degradation by the mainly lactic acid-utilizing
range of mammals, including ruminants, monogastric yeasts [35]. This consequently leads to an increase in pH
animals and humans. In ruminants, among which sheep of the silage [36]. L. monocytogenes is commonly present
are the ones more commonly affected [24]. While, the in silage, but it can multiply only in silage poorly
majority of infections are subclinical, listeriosis in animals fermented above a pH 5.0–5.5. Outbreaks of listeriosis can
can occur either sporadically or as epidemics [25]. also occur without feeding the silage, but with poor
Outbreaks do occur when multiple animals are exposed to quality pastures or rotting vegetation [37, 38]. In view of
a single contaminated source, such as silage [26]. Due to the fact that the disease has potential zoonotic
long period of drought (2007 to 2009) in the region, the importance, the level of infection in animals may have
usage of silage was favoured and it seems that the significant effect on the occurrence of the disease in
possibility of the occurrence of clinical disease has been humans. As the clinical disease was observed during the
increased due to the probable feeding of spoiled silages. drought period in the region, it seems that the carrier
This is why that there has been no report from Iran till animals and shedding of the Listeria organism may also
now. Another reason may be due to fastidious nature of increase. As the risk of disease in human may increase
the organism and limitation on application of specific with higher infectious doses of the organism, surveillance
diagnostic methods. Reports of listeriosis in domestic on the occurrence of the listeriosis in humans should be
animals have increased worldwide, including in England, considered in public health programs [39]. It was
New Zealand, Germany and Eastern Europe, which may concluded that the disease is present in the region and
reflect fluctuations in the distribution of susceptible the risk of the disease should be kept in mind and be
hosts, changes in silage production and /or improved aware of clinical signs and surveillance on the disease
detection methods [27]. Several factors, including sudden should be considered.
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