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A case report of sporadic ovine listerial menigoencephalitis in
Iowa with an overview of livestock and human cases

Irene V. Wesley, David J. Larson, Karen M. Harmon, John B. Luchansky, Ann Ramos Schwartz

Abstract. A case of ovine listeriosis was examined in a flock of sheep. The index case was a male lamb,
which was part of a flock of 85 sheep located in central Iowa. Because the sheep were raised on a premise
where soybean sprouts were also cultivated for the organic foods market, the potential of a public health concern
was addressed. To identify the source of contaminations, clinical and environmental samples were cultured for
Listeria monocytogenes. Isolates were serotyped and analyzed using pulsed-field gel electrophoresis (PFGE).
Listeria monocytogenes (serotype 1) was recovered from the brain of a male lamb with clinical signs of listerial
encephalitis. Isolates of serotypes 1 and 4 were also cultured from feces of clinically healthy lambs, compost
piles, and soybean cleanings. By PFGE, the clinical isolate was distinctly different from the other isolates.
Environmental isolates were identified asL. monocytogenes serotypes 1 and 4. However, by PFGE, none
matched the profile of the single clinical isolate. Thus, the ultimate source of contamination is unknown.

Listeria monocytogenes is a Gram-positive, non-
sporulating rod, which produces encephalitis, septice-
mia, and abortion in both humans and livestock.Lis-
teria monocytogenes is a major human bacterial food-
borne pathogen that annually accounts for an estimated
2,500 cases (meningitis, encephalitis, sepsis, fetal
death, premature births) and 504 deaths in the USA at
an estimated loss of $200 million.8 Nearly 90% of all
reported cases result in hospitalization. The mortality
rate of clinical listeriosis (�25%) is the highest of all
food-borne illnesses.24 The US Public Health Service
has set the goal of reducing human bacterial food-
borne illness. Listeriosis cases in the USA are pro-
jected to decline by�50% from the 1997 baseline (0.5
cases per 100,000 population) by year 2010 (0.25 cas-
es per 100,000 population).

Livestock are also susceptible to listeric infection,
with a large proportion of healthy asymptomatic ani-
mals sheddingL. monocytogenes in their feces.16,29,36,39

Sheep, cattle, goats, and, less frequently, poultry are
susceptible.28,41 While the majority of infections are
subclinical, listeriosis in animals can occur either spo-
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radically or as epidemics. Listeriosis is reported most
frequently in temperate and cold climates during the
fall, winter, and early spring.19 Although it is not a
notifiable disease, reports of listeriosis in domestic an-
imals have increased worldwide, including in England,
New Zealand, Germany, and Eastern Europe, which
may reflect fluctuations in the distribution of suscep-
tible hosts, changes in silage production, and/or im-
proved detection methods.1 In Canada, the majority of
listeriosis cases occur in bovine (82%), with a smaller
percentage from sheep (17%) and fewer still from
pigs.3 From 1975 to 1984, listeriosis cases in Great
Britain were primarily from sheep (63%) and cattle
(32%), with pigs, goats, fowl, and other species con-
stituting less than 1% each of the total submissions.48

This may reflect differences in relative proportions of
livestock populations.

The excretion ofL. monocytogenes by sheep has
been linked to diet, especially consumption of poorly
prepared silage.4,16,38 In Great Britain, a significant as-
sociation between silage feeding and an increased rel-
ative risk (3.8) for development of ovine listeric en-
cephalitis was determined.48 The incidence ofL. mono-
cytogenes in sheep and cattle declined in The Neth-
erlands due in part to the change of silage production;
in contrast, in Great Britain, alterations in silage
production may have preceded an increase in ovine
listeriosis.48

Ovine listeriosis is usually classified as 1) enceph-
alitis, which is the most common form, 2) placentitis
with abortions occurring in the last trimester, and 3)
septicemia.28,41 In the UK, meningoencephalitis caused
by L. monocytogenes is the most common bacterial
infection of the central nervous system of adult
sheep.35 Lambs as young as 5 weeks may develop the
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septicemic form, with older feedlot lambs (4–8
months) developing the encephalitic form. Ovine out-
breaks (�5 cases) are predominantly of serotype 4b18;
sporadic isolated cases are mainly attributed to sero-
type 1/2.22,29

Genetic typing has been used to characterize and
demonstrate the possible relationship among isolates
of the same serovar recovered from a single out-
break.9,13,15,40Genetic analysis has included phage typ-
ing,2 ribotyping,44,46 pulsed-field gel electrophoresis,6

or polymerase chain reaction (PCR)-based assays, such
as randomly amplified polymorphic DNA (RAPD) as
well as amplification of enterobacterial repetitive in-
tergenic consensus (ERIC).20,23,34,37 Randomly ampli-
fied polymorphic DNA analysis was used in an out-
break of ovine meningitis that developed in sheep fed
poor-quality silage heavily contaminated withL.
monocytogenes (106 CFU/g). The serovar and phago-
var of the L. monocytogenes strains isolated from 2
silage samples and the brains of 3 of the 53 affected
sheep were indistinguishable, inferring a causal asso-
ciation.38 In another report, strains from both the silage
and the livestock (1 each of sheep, cattle, and goat)
recovered from 3 of the 4 outbreaks exhibited the same
ribotype, which pointed to a causal association be-
tween consumption of the silage and clinical disease.46

Identity of genetic profiles obtained by RAPD analysis
linked L. monocytogenes 1/2a present in the silage to
an outbreak in sheep. In contrast, by RAPD analysis,
isolates from a goat brain and silage differed, which
suggested that the source ofL. monocytogenes was not
silage.47

In humans,L. monocytogenes has been implicated
in major food-borne epidemics. For some of these out-
breaks, indirect transmission of the pathogen from an-
imal to the food product has been suggested. In an
outbreak attributed to coleslaw, it was postulated that
manure collected from sheep with clinical signs of lis-
teriosis was used to fertilize cabbage, which was later
used to make coleslaw.33 In a New England outbreak
involving several foods, including dairy products, it
was suggested that cows that supplied the suspect milk
were from a herd where clinical signs of suggestive
listeriosis had been noted.12 In the California Mexican-
style soft-cheese epidemic, pasteurized milk was
mixed with raw milk obtained from cows that were
presumed to be clinically healthy carriers.21 For none
of these episodes was an isolate from suspect livestock
ever obtained to support the hypothesis.

The current study was prompted by a case of fatal
ovine listeriosis, which occurred on a premise in the
Midwest that was also growing soybean sprouts for
the organic health food market. It has been docu-
mented that contaminated alfalfa sprouts have caused
human outbreaks ofEscherichia coli O157:H77 and

Salmonella.27 The recovery ofL. monocytogenes from
a sheep brain following an earlier death of a lamb and
the report of several feeder lambs on the premises with
symptoms compatible with listeriosis raised public
health concerns. In order to find a possible relationship
between animal and human listeriosis, we reviewed
submissions to the Iowa State University Veterinary
Diagnostic Laboratory and the Iowa Department of
Public Health from 1993 through 2000.

Materials and methods
Clinical findings. In November 1997, a 6-mo-old male

lamb (100 lbs.) from a herd of 85 sheep in southwest Iowa
exhibited mild anorexia. Twenty-four hours later, the animal
was found in lateral recumbency with total facial paralysis,
at which time the animal was euthanized. The lamb had been
vaccinated with 2 doses ofClostridium C and D toxoid and
tetanus toxoid at 3–4 mo of age. At necropsy, no significant
gross lesions were seen in the brain, thoracic organs, or ab-
dominal organs. One week earlier, another lamb had died
with similar clinical signs; several other lambs were mildly
anorexic. The lambs were fed soybean hulls and other soy-
bean products.

Clinical submissions. Ovine tissues (brain, ileum, duo-
denum, liver, kidney), whole blood, and serum were obtained
from the lamb, which was designated case 37435. Histopa-
thology, immunohistochemistry, and bacteriology were per-
formed on the brain. The sheep brain was fixed in buffered
10% formalin, dehydrated, and embedded in paraffin, and 5-
�m sections were stained with hematoxylin and eosin (HE).
For immunohistochemistry, 5-�m sections were labeled with
polyclonal antibodies forListeriaa.

Bacterial isolation. For isolation ofListeria, brain tissues
were plated to tryptose blood agar base supplemented with
5% defibrinated bovine blood and incubated in aerobic, an-
aerobic, and microaerobic (6% CO2) environments (up to 48
hr, 37 C). PresumptiveListeria colonies (small and beta he-
molytic) were Gram stained, biochemically phenotyped,
transferred to blood agar slants (24 hr, 37 C), and refriger-
ated. For cold enrichment, brain tissues were passed through
a 3-ml syringe into University of Vermont (UVM)-modified
Listeria enrichment brothb (10% w/v). Every week for 12
wk, an aliquot was plated toListeria-selective agar and in-
cubated (24 hr, 37 C). PresumptiveListeria colonies, which
appeared as black colonies against a clear yellow/green
background, were restreaked onto blood agar and incubated
(24 hr, 37 C). Suspect colonies were Gram stained, biochem-
ically phenotyped, transferred to blood agar slants, incubated
(24 hr, 37 C), and refrigerated.

Toxicology was performed for whole-blood lead and
aqueous fluid nitrate. Sections of the intestinal tract were
cultured forSalmonella, E. coli, andPasteurella.

Farm management. The water supply consisted of pond
and well water, which was known to be high in nitrates and
coliforms. Lambs were given standard sheep rations and soy-
bean hulls and had free access to soybean cleanings as well
as compost piles on the premises (Fig. 1).

Environmental isolates. Samples were collected from the
premise within 1 mo after the initial diagnosis of listeriosis
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Figure 1. Schematic of premises from which listeriosis was re-
ported in sheep. Placement of water, compost piles, and soybean
cleanings is indicated.

in the feeder lambs. Samples of feces (n � 24), water (n �
2), feed (n � 1), soybean compost (n � 4), and fermented
soybean cleanings (n � 1) from the herd were cultured for
L. monocytogenes. The samples were shipped overnight on
ice to the National Animal Disease Center, Ames, Iowa.
Samples (1 g) were suspended in UVM I (9 ml) and incu-
bated (48 hr, 32 C). An aliquot (100�l) was then transferred
to UVM II (9.9 ml). Following incubation (48 hr, 32 C), a
loop of UVM II was plated to Palcam agar (24 hr, 32 C).
The presence of colonies surrounded by a black halo was
used for initial identification ofListeria. Up to 5 presumptive
Listeria colonies from each plate were picked, subcultured
to trypticase soy agar supplemented with 0.6% yeast extract
(TSA-YE), and refrigerated for subsequent confirmation by
Gram stain, PCR, serotyping, and genetic analysis.

PCR amplification. Two primer sets were used: set I
(primers Lis�1 and Lis 2) and set II (primers U1 and LI
1). Primers Lis-1 (5�-GCA-TCT-GCA-TTC-AAT-AAA-GA-
3�) and Lis-2 (5�-TGT-CAC-TGC-ATC-TCC-GTG-GT-3�)
specifically amplify a 174-bp region of the listeriolysin gene
in L. monocytogenes.10 Primers U1 (5�-CAG-GMG-CCG-
CGG-TAA-TWC-3�), where M denotes A or C and W de-
notes A or T, and LI1 (5�-CTC-CAT-AAA-GGT-GAC-CCT-
3�) target a 938-bp rRNA sequence in members of the genus
Listeria.5 Primers were commercially synthesized.c

Amplification was performed in a 50-�l volume contain-
ing 0.5 ng sample DNA; 50 pmole each of Lis-1, Lis-2, UI,
and LI1; 1.25 U of Taq DNA polymerased; 200 �M (each)
dATP, dCTP, dTTP, and dGTP; 10 mM Tris-HCl; 50 mM
KCl; and 6.5 mM MgCl2. The reaction mixture was overlaid
with mineral oil, and the tubes were placed in a DNA ther-
mal cycler.e The samples were subjected to an initial dena-
turation (94 C for 4 min) followed by 25 amplification cy-
cles. Each cycle consisted of denaturation (94 C for 1 min),
primer annealing (60 C for 1 min), and primer extension (72
C for 1 min). A final primer extension step (72 C for 5 min)
followed the final amplification cycle. The PCR reaction
products were size separated electrophoretically on 1.5%

agarose gels (60 V, 1.5 hr) in a horizontal gel bed (8.3�
6.0 cm) with Tris-borate EDTA (TBE) as the running buffer.
The DNA molecular weight marker VId was included for
base-pair size comparison. The gel was then stained with
ethidium bromide and visualized according to Sambrook et
al.32

For colony PCR, the above procedure was followed with
the following modifications. A purified colony or swipe of
culture from a plate was resuspended in 150�l of sterile
distilled water in a microcentrifuge tube. The sample was
boiled (110 C for 10–15 min), pelletedf (30 sec), and im-
mediately placed on ice. An aliquot of the supernate (5–10
�l) was used as the DNA template and amplified as de-
scribed above for purified DNA.

Serotyping. The clinical and field isolates ofL. monocy-
togenes confirmed by PCR (n � 12) were grouped using a
rapid slide test for serotypes 1 and 4,g as recommended by
the manufacturer.

PCR-based ERIC analysis. ERIC profiles of the field
strains were compared with those generated from the clinical
ovine strain (NADC 6855).Listeria monocytogenes strains
were grown on TSA-YE plates and DNA was extracted us-
ing High Pure PCR Template Preparation Kit,d according to
the manufacturer’s instructions. Genomic DNA was quanti-
fied spectrophotometrically at 260 and 280 nm.h All reaction
volumes were 50�l, which contained 0.2 mM of each of 4
dNTPs, 1.25 U ofTaq DNA polymerase, 10 mM Tris-HCl,
50 mM KCl, 1.5 mM MgCl2, 25 pmoles each primer, and
50 ng of template (genomic) DNA. Reactions were overlaid
with mineral oil. Primers for the ERIC-PCR (ERIC1R, 5�-
ATGTAAGCTCCTGGGGATTCAC-3�, and ERIC2, 5�-
AAGTAAGTGACTGGGGTGAGCG-3�) were used as de-
scribed.27 Amplification conditions included initial denatur-
ation (1 cycle at 94 C, 5 min), followed by 40 cycles of
denaturation (1 min at 94 C), annealing (1 min at 25 C),
primer extension (4 min at 74 C), and a final extension (74
C for 10 min). Amplification was performed in a DNA ther-
mal cycler.e The PCR products were electrophoretically sep-
arated (120 V for 45 min) using 1.5% agarose gel and Tris
buffered EDTA (TBE) as the running buffer. The gels were
stained with ethidium bromide, rinsed, and photographed on
a Gel Doc.i Resultant patterns were compared visually.

Pulsed-field gel electrophoresis. Environmental strains (n
� 12) and the clinical isolate (NADC 6855) were compared
using the pulsed-field gel electrophoresis (PFGE) technique
of contour clamped homogeneous electric fields (CHEF)
electrophoresis as described.6 Genomic DNA in agarose
plugs was separately digested withAscI,j as described by the
manufacturer. The resulting restriction fragments were sep-
arated through Ultrapure agarosek (1%) by CHEF-PFGE us-
ing a CHEF-DRII apparatusi at 200 V and 14 C for 24 hr
with switch times ranging from 5 to 40 sec.XbaIj digests of
E. coli O157:H7 strain G-5244 were used as a molecular
weight standard. In addition to visual inspection, PFGE pat-
terns were analyzed and scored using the Molecular Analyst
softwarei as identical (�90% homology), similar (89.5–80%
homology), or different (�80% homology).

Results
Histopathology. Examination of the pons and me-

dulla revealed severe suppurative encephalitis charac-
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Figure 2. Immunohistochemistry labeling ofListeria monocytogenes (arrows) in a microabscess in the brain stem of an ovine.

terized by multiple microabscesses and foci of malacia
and axonal degeneration. Multiple perivascular cuffs
of mostly mononuclear and some polymorphonuclear
inflammatory cells were observed. Special staining re-
vealed low numbers of small Gram-positive bacterial
rods within microabscesses compatiable with the di-
agnosis of encephalitic listeriosis (Fig. 2). No signifi-
cant lesions were seen in the liver and kidney.

Bacteriology and toxicology. Listeria monocyto-
genes was only recovered from the brain stem and was
designated as isolate NADC 6855. Whole-blood lead
(�50 ppb) and aqueous fluid nitrate (�50 ppm) levels
were within normal range.

Environmental isolates. Listeria monocytogenes
was recovered from 25% of fecal samples (n � 24), 1
from each compost sample collected from the west and
east pastures and from the soybean cleanings. Other
Listeria species were cultured from 11 of 24 fecal sam-
ples and the single feed sample. No isolations ofL.
monocytogenes or other Listeria species were made
from the well water. Isolates available for further anal-
ysis were from soybean cleanings (30b, c, d, e), feces
of clinically healthy lambs (4d, 6c, II6c 7b, 13e, 22b,
22c), and from compost on the west pasture (25d).

Serotyping. Environmental strains ofL. monocyto-
genes were grouped into serotype 1 (n � 2 strains)
and serotype 4 (n � 10 strains). Serotype 1 isolates
were recovered from feces of a healthy lamb (22b) and
soybean cleanings (30d). The clinical isolate NADC
6855 was assigned to serotype 1.

ERIC. By visual comparison, NADC 6855, the clin-

ical isolate recovered from the case of ovine listeriosis,
was distinctly different from the environmental strains
(Fig. 3).

PFGE. As shown by the homology matrix, clinical
isolate NADC 6855 differed from the environmental
strains. It was most closely related (74%) to an isolate
(30d) recovered from soybean cleanings and a fecal
isolate from a clinically healthy lamb (22b). Both of
these environmental isolates were of serotype 1. Clin-
ical isolate NADC 6855 was distinct (�50% homol-
ogy) from other environmental strains. Visual com-
parisons of the resulting genomic fingerprints revealed
that the 12 environmental strains were comprised of 8
distinct restriction endonuclease digestion profiles
(Fig. 4). Groups A, B, and C, which included the clin-
ical isolate 6855, were distantly related to the other
environmental strains. Group D (strains 30b from soy-
beans and 22c from a lamb), group E (strains II6C
from a lamb and 30e from composting soybeans), and
group G (strains 30c from fermenting soybean clean-
ing and 13e from a lamb) each contained 2 strains with
highly similar profiles. Although the remaining strains
displayed distinct profiles, there was appreciable relat-
edness among the strains. For example, group D was
86% similar to group E; group G was 95% similar to
group H (strain 25d from compost).

Listeriosis submissions (1993–2000). This ovine
case (case 37435) prompted a review of previous sub-
missions. A summary of listeriosis cases (n � 346)
submitted to the Iowa State University Veterinary Di-
agnostic Laboratory from 1993 to 2000 is shown in
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Figure 3. ERIC profiles of field strains (lanes 2–6) differed from that of the clinical isolate NADC 6855. Negative control (lane 1).
Compost field isolates 25d (lane 2) and soybean cleanings isolates 30b (lane 3), 30c (lane 4), 30d (lane 5) and 30e (lane 6).

Figure 4. Dendrogram indicating clusters of isolates based on PFGE profiles. Percent homology is indicated on scale.

Fig. 5. From 1993 through 2000, 88% of the listeriosis
cases (305 of 346) were diagnosed as encephalitis. The
majority of the cases occurred in the winter and early
spring (December–May). Fewer were reported in the

summer and fall months (June–November). During
this 8-year interval, clinical submissions were from
bovine (85.8%), ovine (9.5%), caprine (3.8%), llama
(0.3%), and equine (0.6%), as shown in Table 1. We



319Ovine listeriosis

Figure 5. Composite histogram showing the distribution of lis-
teriosis cases submitted to Iowa State University, 1993–2000.

Table 1. Host distribution of listeriosis cases submitted to the Iowa State University Veterinary Diagnostic Laboratory (1993–2000).

1993 1994 1995 1996 1997 1998 1999 2000 Total

Bovine
Ovine
Caprine
Equine
Llama
Porcine

Total cases

48 (84%)
9 (16%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

57 (100%)

52 (84%)
7 (11%)
3 (5%)
0 (0%)
0 (0%)
0 (0%)

62 (100%)

43 (86%)
4 (8%)
2 (4%)
0 (0%)
1 (2%)
0 (0%)

50 (100%)

38 (97%)
1 (3%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

39 (100%)

40 (89%)
3 (7%)
1 (2%)
1 (2%)
0 (0%)
0 (0%)

45 (100%)

30 (70%)
7 (16%)
5 (12%)
1 (2%)
0 (0%)
0 (0%)

43 (100%)

24 (86%)
2 (7%)
2 (7%)
0 (0%)
0 (0%)
0 (0%)

28 (100%)

22 (100%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

22 (100%)

297 (85.8%)
33 (9.5%)
13 (3.8%)
2 (0.6%)
1 (0.3%)
0 (0.0%)

346 (100.0%)

reviewed sporadic human listeriosis cases (n � 12)
submitted to the Iowa Department of Public Health
from 1990 to 2000. Because none of these human cas-
es clustered as an epidemic (defined as more than 5
cases reported from a single county), no information,
including date of occurrence, is available. The overall
human mortality rate was 16% due to a total of 2
deaths for the 12 cases.

Discussion

The diagnosis of listeric encephalitis in the male
lamb was based on histopathology, including the pres-
ence of Gram-positive microbes in brain microab-
sccesses, theListeria-positive immunohistochemistry
test, and the recovery ofL. monocytogenes from the
brain stem. This case was of special interest because
the sheep were raised on a premise on which the owner
cultivated soybeans for the organic health food market.
The lambs were fed soybean hulls. Within 1 month of
the ovine listeriosis fatality and receiving laboratory
confirmation of listeric meningitis and shortly after
field samples were collected, the owner depopulated
the herd and vacated the premises, which precluded
any other environmental or herd sampling.

The ERIC and PFGE profiles of the clinical isolate
NADC 6855 differed from those of the field strains
collected on the premises. By PFGE, the clinical iso-
late was distantly related (74.1% homology) to an iso-
late from soybean cleanings. Multiple isolates ofL.
monocytogenes, perhaps of differing virulence, may

have existed on the premises. The index case was of
serotype 1. Isolates (n� 10), which were recovered
within a month after the occurrence, from feces, and
soybean cleanings were of serotype 4.Listeria mono-
cytogenes serotype 4 was recovered from 4 different
fecal samples (n � 24), from the compost sample col-
lected from the west pasture, and from the soybean
cleanings. The recovery ofL. monocytogenes serotype
4 from the soybean hulls fed to the sheep suggests that
this may have been a risk factor for infection. Inter-
estingly, 3 of the soybean isolates (30b, c, and e) were
similar to fecal isolates from clinically healthy lambs,
including II6C (88.9% homologous), 25D (94.7% ho-
mologous), and 13e (86.67% homologous). This is
compatible with previous reports that, even when all
sheep are exposed to the same contaminated feed, no
more than 5–10% of animals develop clinical listeri-
osis.19 Low pathogenicity has also been demonstrated
for experimental injections of pregnant ewes withL.
monocytogenes, after which 10% of inoculated ani-
mals aborted, although all developed antibody titers to
L. monocytogenes and exhibited elevated temperatures
and anorexia.14 In the current study, although 1 con-
firmed listeriosis fatality occurred, it is highly likely
that more sheep were infected, albeit with various
strains ofL. monocytogenes. At the time of this fatal-
ity, the owner reported to the attending veterinarian
that several lambs exhibited anorexia and 1 lamb died
1 week earlier with clinical signs suggestive of liste-
riosis.

In the current study, sheep had access to an enclosed
area as well as open pasture, compost piles, and soy-
beans. An interview with the owner did not reveal any
single precipitating factor leading to the fatalities. The
outbreak occurred during the month of November,
which represents a relatively high-risk month for animal
infections in Iowa. Ovine listeriosis occurs most fre-
quently in late autumn, winter, and early spring, when
animals are maintained in crowded pens.16,29 Factors
such as genetic predisposition, sudden changes in feed,
introduction of new animals into the flock, overcrowd-
ing, transportation, concurrent disease, climatic changes
such as heavy rains, experimental dexamethasone treat-
ment to simulate stress, and physical or viral damage
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to the buccal cavity or epithelial lining of the digestive
tract may alter the course of infection.11,17–19,26,30,41,42

No other livestock were raised on this premise. Ear-
lier reports indicated contamination of ewes’ milk by
L. monocytogenes was significantly higher on farms
where cows were also reared compared with farms
with only ewes. This suggests either environmental
contamination on farms due toL. monocytogenes in
bovine feces or feeding of contaminated ensilage
shared by sheep and cattle.31 Sheep may be more sus-
ceptible to clinical listeriosis than cattle. By molecular
analysis, Wiedmann et al. demonstrated that traces of
contaminated corn silage left on farm equipment used
to feed cattle may have precipitated listerial encepha-
litis in sheep but not in cattle.44

In the USA, the estimated prevalence of human lis-
teriosis cases has remained unchanged.25 Coinciden-
tally, livestock listeriosis has declined in Iowa from
1993 (57 cases) to 2000 (22 cases), based on records
of the Iowa State University Veterinary Diagnostic
Laboratory. Genetic analysis of virulence geneshlyA,
actA, and inlA indicates thatL. monocytogenes strains
may differ in their pathogenicity for humans and live-
stock.45 This supports earlier observations that sporad-
ic listeriosis in livestock may exist independently of
human cases.43

Acknowledgements

The authors thank Sharon Franklin, M. Judith Mid-
dendorf, Nan Faith, and Alan Degnan for technical
assistance. We applaud the secretarial skills of Sandy
Johnson. We thank the State of Iowa Department of
Public Health for providing the data on human liste-
riosis cases. This study was supported in part by the
USDA-CSREES-Food Safety Consortium (Iowa State
University).

Sources and manufacturers
a. Fisher Scientific, Itasca, IL.
b. Oxoid, Ogdensburg, NY.
c. Integrated DNA Technologies, Inc., Coralville, IA.
d. Boehringer Mannheim Biochemicals, Indianapolis, IN.
e. Applied Biosystems, Foster City, CA.
f. Microcentrifuge Model 235C, Fisher Scientific, Pittsburgh, PA.
g. Difco Laboratories, Detroit, MI.
h. DU-600, Beckman, Fullerton, CA.
i. Bio-Rad Laboratories, Hercules, CA.
j. Promega Corp., Madison, WI.
k. Gibco BRL, Grand Island, NY.

References
1. Anonymous: 1988, Veterinary investigation diagnosis and anal-

ysis II. Ministry of Agriculture Fisheries and Food, Weybridge,
UK.

2. Audurier A, Gitter M, Raoult A: 1986, Phage typing ofListeria
strains isolated by the veterinary investigation centers in Great
Britain from 1981-1984. Proc 9th Int Symp Problems of Liste-
riosis. p. 410.

3. Beauregard M, Malkin KL: 1971, Isolation ofListeria mono-
cytogenes from brain specimens of domestic animals in Ontario.
Can Vet J 12:221–223.

4. Blenden DC, Kampelmacher EH, Torres-Angel MJ: 1987, Lis-
teriosis. J Am Vet Med Assoc 191:1546–1551.

5. Border PM, Howard JJ, Plastrow GS, et al.: 1990, Detection of
Listeria species andListeria monocytogenes using polymerase
chain reaction. Lett Appl Microbiol 11:158–162.

6. Brosch R, Chen J, Luchansky JB: 1994, Pulseld-field finger-
printing of Listeriae: identification of genomic divisions forLis-
teria monocytogenes and their correlation with serovar. Appl
Environ Microbiol 60:25684–2492.

7. Centers for Disease Control and Prevention: 1997, Outbreaks of
Escherichia coli O157:H7 infection associated with eating al-
falfa sprouts—Michigan and Virginia, June–July, 1997. Morbid
Mortal Wkly Rep 467:741–744.

8. Council for Agricultural Science and Technology: 1994, Food-
borne pathogens: risks and consequences. The Council, Ames,
IA. Task Force Report 122.

9. Czajka J, Batt CA: 1994, Verification of causal relationships
betweenListeria monocytogenes isolates implicated in food-
borne outbreaks of listeriosis by randomly amplified polymor-
phic DNA patterns. J Clin Microbiol 32:1280–1287.

10. Deneer HG, Boychuk I: 1991, Species-specific detection ofLis-
teria monocytogenes by DNA amplification. Appl Environ Mi-
crobiol 57:606–609.

11. Fenlon DR, Wilson J, Donachie W: 1996, The incidence and
level of Listeria monocytogenes contamination of food sources
at primary production and initial processing. J Appl Bacteriol
81:641–650.

12. Fleming DW, Cochi SL, Macdonald KL, et al.: 1985, Pasteur-
ized milk as a vehicle of infection in an outbreak of listeriosis.
N Engl J Med 312:404–407.

13. Franciosa G, Pourshaban M, Gianfranceschi M, et al.: 1998,
Genetic typing of human and food isolates ofListeria mono-
cytogenes from episodes of listeriosis. Eur J Epidemiol 14:205–
210.

14. Gitter M, Richardson C, Boughton E: 1986, Experimental in-
fection of pregnant ewes withListeria monocytogenes. Vet Rec
118:575–578.

15. Graves LM, Swaminathan B, Hunter SB: 1999, SubtypingLis-
teria monocytogenes. In: Listeria, listeriosis, and food safety,
eds. Ryser ET, Marth EH, pp. 279–298. Marcel Dekker, New
York, NY.

16. Gray ML, Killinger AH: 1966,Listeria monocytogenes and lis-
teric infections. Bacteriol Rev 30:309–382.

17. Green LE, Morgan KL: 1994, Descriptive epidemiology ofLis-
teria meningoencephalitis in housed lambs. Prev Vet Med 18:
79–87.

18. Killinger AH, Mansfield ME: 1970, Epizootiology of listeric
infection in sheep. J Am Vet Med Assoc 157:1318–1324.

19. Kimberling CV: 1988, Diseases of the central nervous system.
In: Diseases of sheep, eds. Jensen R, Swift BL, 3rd ed., pp.
195–199. Lea and Febiger, Philadelphia, PA.

20. Lawrence LM, Harvey J, Gilmour A: 1993, Development of a
random amplification of polymorphic DNA typing method for
Listeria monocytogenes. Appl Environ Microbiol 59:3117–
3119.

21. Linnan M, Mascola L, Loui XD, et al.: 1988, Epidemic listeri-
osis associated with Mexican-style cheese. N Engl J Med 319:
823–828.

22. Low JC, Wright F, McLauchlin J, et al.: 1993, Serotyping and
distribution of Listeria isolates from cases of ovine listeriosis.
Vet Rec 133:165–166.

23. MacGowan AP, O’Donaghue K, Nichols S, et al.: 1993, Typing



321Ovine listeriosis

of Listeria spp. by random amplified polymporphic DNA
(RAPD) analysis. J Med Microbiol 38:322–327.

24. Mead PS, Slutsker L, Dietz V, et al.: 1999, Food-related illness
and death in the United States. Emerg Infect Dis 5:607–634.

25. Morbidity and Mortality Weekly Report: March 17, 2000, Pre-
liminary FoodNet data on the incidence of foodborne illnesses-
selected sites, United States, 1999. MMWR 40:201–205.

26. Nash ML, Hungerford LL, Nash TG, et al.: 1995, Epidemiology
and economics of clinical listeriosis in a sheep flock. Prev Vet
Med 3:75–83.

27. Pezzino G, Miller C, Flahart R, et al.: 1997, A multistate out-
break ofSalmonella serotypes infantis and anatum—Kansas and
Missouri, 1997. Kansas Med 98:10–12.

28. Radostits OM, Gay CC, Blood DC, et al.: 2000, Diseases caused
by Listeria sp. In: Veterinary medicine: a textbook of the dis-
ease of cattle, sheep, pigs, goats and horses, eds. Radostits OM,
Gay C, Blood DC, et al., pp. 736–741. WB Saunders, St. Louis,
MO.

29. Ralovich B: 1984,Listeriosis research—present situation and
perspective. Akademiai Kiado, Budapest, Hungary.

30. Reuter R, Bowden M, Palmer M: 1989, Ovine listeriosis in
south coastal Western Australia. Aust Vet J 66:223–224.

31. Rodriquez JL, Gaya P, Medina M, et al.: 1994, Incidence of
Listeria monocytogenes and otherListeria spp. in ewes’ raw
milk. J Food Prot 57:571–575.

32. Sambrook J, Fritsch EF, Maniatis T: 1982, Molecular cloning:
a laboratory manual. Cold Spring Harbor Laboratory, New
York, NY.

33. Schlech WF, Lavigne PM, Bortolussi RA, et al.: 1983, Epidemic
listeriosis—evidence for transmission by food. N Engl J Med
308:203–206.

34. Sciacchitano CJ: 1998, DNA fingerprinting ofListeria mono-
cytogenes using enterobacterial repetitive intergenic consensus
(ERIC) motifs-polymerase chain reaction/capillary electropho-
resis. Electrophoresis 19:66–70.

35. Scott PR: 1993, A field study of ovine listerial meningo-en-
cephalitis with particular reference to cerebrospinal fluid anal-
ysis as an aid to diagnosis and prognosis. Br Vet J 149:165–
170.

36. Seeliger HPR, ed.: 1961,Listeriosis. Hafner Publishing Co.,
New York, NY.

37. Vandamme P, Giesendorf BAJ, Van Belkum A, et al.: 1993,
Discrimination of epidemic and sporadic isolates ofArcobacter
butzleri by polymerase chain reaction-mediated DNA finger-
printing. J Clin Microbiol 31:3317–3319.

38. Vazquez-Boland HJA, Dominguez L, Blanco M, et al.: 1992,
Epidemiologic investigation of a silage-associated epizootic of
ovine listeric encephalitis, using a newListeria selective enu-
meration medium and phage typing. Am J Vet Res 3:368–371.

39. Weber A, Potel J, Scha¨fer-Schmidt R, et al.: 1995, Investigations
on the occurrence ofL. monocytogenes in fecal samples of do-
mestic and companion animals. Zentralbl Hyg Umweltmed 198:
117–123.

40. Wernars K, Boerlin P, Audurier A, et al.: 1996, The WHO mul-
ticenter study on subtyping: random amplification of polymor-
phic DNA (RAPD). Int J Food Microbiol 32:325–341.

41. Wesley IV: 1999, Listeriosis in animals.In: Listeria, listeriosis,
and food safety, eds. Ryser ET, Marth EH, pp. 39–74. Marcel
Dekker, New York, NY.

42. Wesley IV, Bryner JH, van der Maaten MJ: 1989, Effects of
dexamethasone on shedding ofListeria monocytogenes in dairy
cattle. Am J Vet Res 50:2009–2113.

43. WHO Working Group: 1988, Foodborne listeriosis. Bull WHO
66:421–428.

44. Wiedmann M, Arvik T, Bruce J, et al.: 1997, Investigation of a
listeriosis epizootic in sheep in New York state. Am J Vet Res
58:733–737.

45. Wiedmann M, Bruce JL, Keating C: 1997, Ribotypes and vir-
ulence gene polymorphisms suggest three distinctListeria
monocytogenes lineages with differences in pathogenic poten-
tial. Infect Immun 65:2707–2716.

46. Wiedmann M, Bruce JL, Knorr R, et al.: 1996, Ribotype diver-
sity of Listeria monocytogenes strains associated with outbreaks
of listeriosis in ruminants. J Clin Microbiol 34:1086–1090.

47. Wiedmann M, Czajka J, Bsat N, et al.: 1994, Diagnosis and
epidemiological association ofListeria monocytogenes strains
in two outbreaks of listerial encephalitis in small ruminants. J
Clin Microbiol 32:991–996.

48. Wilesmith JW, Gitter M: 1986, Epidemiology of ovine listeriosis
in Great Britain. Vet Rec 119:467–470.


