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ABSTRACT: Brucellosis caused by infection with Brucella abortus is present in some elk (Cervus
elaphus nelsoni) of the Greater Yellowstone Area (parts of Wyoming, Montana, and Idaho, USA).
Since 1985, the Wyoming Game and Fish Department has vaccinated elk on elk feedgrounds in
northwestern Wyoming during the winter months using B. abortus strain 19 (strain 19). Analysis
of this vaccination program is hampered by the inability of standard serologic tests to differentiate
between strain 19 vaccinated elk and those exposed to field strain B. abortus. In 1993, a com-
petitive enzyme-linked immunosorbent assay (cELISA) was licensed to serologically differentiate
between strain 19 vaccinated cattle and cattle exposed to field strain B. abortus. Seven groups of
elk sera representing various B. abortus exposure histories were used to validate the cELISA test
for elk. The cELISA test differentiated strain 19 vaccinated elk from elk that were challenged
with B. abortus strain 2308, a pathogenic laboratory strain. The specificity of the cELISA was
96.8% for elk vaccinated with strain 19 only and sampled between 6 mo and 2 yr post vaccination,
or with no B. abortus exposure. The sensitivity of the cELISA was 100%. The cELISA test will
be useful in evaluating sera collected from elk in vaccinated, brucellosis endemic herds in the
Greater Yellowstone Area.

Key words: Brucella abortus, brucellosis, cELISA, Cervus elaphus nelsoni, Rocky Mountain
elk, serologic tests.

INTRODUCTION

Brucellosis was first diagnosed in elk
(Cervus elaphus nelsoni) on the National
Elk Refuge (NER; Teton County, Wyo-
ming, USA) in 1930 (Murie, 1951). Murie,
in response to aborted elk fetuses on feed-
lines of the NER, had nine elk serum sam-
ples tested for antibodies against Brucella
and three were positive. Tunicliff and
Marsh (1935) tested elk sera from Yellow-
stone National Park, Wyoming from 1931
to 1933, and found 8% of 105 elk were
positive and 14% were suspects for Bru-
cella antibodies. Thorne et al. (1978)
tested elk sera from the NER and the
Wyoming Game and Fish Department
(WGFD) Alpine feedground during the
winters of 1970–76. Two hundred-six
(43%) of 479 mature females from the
NER, and 85 (53%) of 161 mature females
from the Alpine feedground were seropos-
itive. Four tests were used to test elk sera

in the Thorne study: the standard plate ag-
glutination test (SPT), the buffered Bru-
cella antigen rapid card test (BBA), the ri-
vanol precipitation-plate agglutination test
(RIV), and the complement fixation test
(CF). Any sera that produced a reaction
on two or more of the tests were consid-
ered positive (Thorne et al., 1978). Bru-
cellosis is found on all 22 WGFD feed-
grounds (Smith et al., 1997).

In controlled studies, Brucella abortus
strain 19 (strain 19) vaccination was shown
to reduce abortion rates in elk (Thorne et
al., 1981a). Field vaccination trials began
on feedground elk in 1985 using methyl-
cellulose strain 19 vaccine-loaded biobul-
lets (Angus, 1989; Herriges et al., 1989a)
and continue to the present. Analysis of
the vaccination program is hampered by
the inability of standard serologic tests to
differentiate between vaccinated animals
and those naturally exposed to B. abortus.
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Conventional Brucella serologic tests mea-
sure antibody to the smooth lipopolysac-
charide (sLPS), which is present on both
field strain B. abortus and strain 19.
Therefore, positive results due to strain 19
are often obtained on sera from vaccinated
animals.

A competitive enzyme-linked immuno-
sorbent assay (cELISA) to serologically
differentiate between strain 19 vaccinated
cattle and cattle exposed to field strain B.
abortus was validated in 1991 (Adams and
Mia, 1991). This test (D-Tect Brucella A,
Synbiotics Corporation, San Diego, Cali-
fornia, USA) was licensed in 1993 and was
distributed commercially until 1996. This
cELISA is based on a mouse monoclonal
antibody that differentially competes with
antibodies against strain 19 and field-strain
B. abortus for a specific antigenic deter-
minant on the B. abortus sLPS. Antibodies
produced in response to strain 19 vacci-
nation compete poorly with the monoclo-
nal antibody, while antibodies produced
following field strain B. abortus infection
compete strongly with the monoclonal an-
tibody. The amount of monoclonal anti-
body bound to the sLPS is measured by
reacting streptavidin-peroxidase followed
by a substrate chromagen. The optical
density signal produced by the reaction is
proportional to the amount of monoclonal
antibody bound to the LPS and inversely
proportional to the amount of competition
between the monoclonal antibody and the
sample antibody.

The purpose of the present study was to
validate use of the cELISA to differentiate
strain 19 vaccinated elk from those ex-
posed to virulent B. abortus.

MATERIALS AND METHODS

Sera from seven elk groups of known vacci-
nation and B. abortus exposure status were
used to determine the validity of the cELISA
test. Details about the groups are listed in Ta-
ble 1. Samples were obtained from banked elk
sera from WGFD vaccination studies between
1979 and 2000 (Thorne and Anderson, 1979;
Thorne et al., 1980, 1981b, 1982a, b, 1983,
1984, 1986, 1987; Herriges et al., 1988, 1989b;
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Cook, 1999; Kreeger et al., 2000). The elk from
these studies were necropsied, and various tis-
sues, as well as aborted fetuses, were cultured
for B. abortus. Brucella abortus strain 2308
(strain 2308) a virulent laboratory strain was
used as a challenge in groups 1, 6, and 7. Strain
2308 exposure is used in vaccination studies to
mimic exposure to field strain B. abortus (Elzer
et al., 1998).

A majority of the elk were housed at the
WGFD Sybille Wildlife Research Unit
(418459N, 1058459W) near Wheatland, Wyo-
ming in 0.4 ha corrals and fed alfalfa hay sup-
plemented with a pelleted ration. Water and
trace mineral block were provided ad libitum.
A few of the elk were housed at the Colorado
Division of Wildlife (CDW) Foothills Wildlife
Research Facility, Fort Collins, Colorado (USA;
408359N, 1058109W) (Kreeger et al., 2000). Elk
calves were fed alfalfa hay cubes supplemented
with grass hay and a high-energy pelleted sup-
plement, while cows were fed alfalfa hay. Water
and trace mineral block were provided ad li-
bitum. Brucella abortus infected elk were in-
traconjunctivally exposed to strain 2308.

Sera were also obtained from elk from Theo-
dore Roosevelt National Park, North Dakota
(USA). These animals were negative on the
standard serologic tests and were from a herd
outside of B. abortus endemic areas.

Hybridomas were generously supplied by
Dr. Garry Adams (Texas A & M University,
College Station, Texas, USA). The hybridomas
were grown in Dulbecco’s modified Eagle’s me-
dium-10% fetal bovine serum (Sigma-Aldrich,
St. Louis, Missouri, USA) and injected intra-
peritoneally into Balb-c mice for ascites fluid
production (Yokoyama, 1994). Monoclonal an-
tibodies (mAb) were derived via salt split from
the ascites fluid. Protein concentration was ad-
justed to 1 mg/ml. N-hydroxysuccinimidobiotin
(Sigma-Aldrich) was rapidly dissolved into di-
methyl sulfoxide (Sigma-Aldrich) at a concen-
tration of 1 mg/ml. This mixture was added to
the mAb at a ratio of 120 ml/mg. This was left
at room temperature for 4 hr and then dialyzed
overnight at 4 C against phosphate buffered sa-
line (PBS).

Competitive ELISA plates were prepared
using purified Brucella sLPS antigen (0.448
mg/ml; Synbiotics Corporation). The sLPS was
diluted 1:1,000 in double distilled water
(ddH2O) and 100 ml of diluted sLPS was added
to each well of a 96-well microtiter plate (Im-
mulon 2 Flat Bottom plate, Dynex Technolo-
gies, Chantilly, Virginia, USA). The antigen was
incubated for 24 hr in an incubator at 37 C and
then washed three times with ddH2O to re-
move all unbound antigen. Plates were blocked
by adding 100 ml of 0.05% bovine serum al-

bumin (BSA Fraction V, Sigma-Aldrich) in PBS
1 0.05% Tween 20 (PBS/Tween) to each well.
The plates were incubated for 2 hr at room
temperature on a rotating plate and washed
three times with PBS/Tween. Test serum and
controls were diluted by adding 50 ml of serum
to 250 ml of PBS/Tween in glass test tubes and
vortexed. Then 250 ml of 1:1,000 PBS/Tween-
diluted mAb was added to each tube. Negative
control serum was from an elk negative on the
standard serologic tests, while positive control
serum was from the D-TECt commercial kit
and consisted of bovine anti B. abortus anti-
bodies with protein stabilizers and preserva-
tives. Serum samples were tested in duplicate
by adding 100 ml of each sample into two wells.
One well on the plate was left as a blank. The
plates were incubated at room temperature on
a rotating plate for 15 min and washed three
times with PBS/Tween. Then 100 ml of 1:500
diluted avidin-hydrogen peroxidase (1mg/ml;
Sigma-Aldrich) was added to each well and in-
cubated at room temperature for 30 min on a
rotating plate. The plates were washed three
times with PBS/Tween and two times with
ddH2O. Fifty ml of substrate chromagen
3,39,5,59-tetramethyl benzidine (Sigma-Aldrich)
was added to each well. The plates were incu-
bated at room temperature for 5 min, after
which the reaction was stopped by adding 50
ml of 2M H2SO4. Plates were read on a plate
reader (Bio-Rad Model 3550; Bio-Rad, Her-
cules, California, USA) at 450 nm. The results
were calculated using the following equation,
where S is the average sample optical density,
and N is the average negative optical density:
Percent inhibition5(12S/N)3100

If the optical density of the two negative con-
trol wells differed by more than 10% from their
average optical density, then results from the
entire plate were discarded and the samples re-
tested. Individual samples were also retested if
the two optical density readings differed by
more than 10% from the sample’s average op-
tical density.

Several of the samples used to validate the
cELISA were from elk sampled just over 20 yr
previously. In order to verify that older samples
were maintaining antibody titers, 70 samples
from groups 1, 2, 4, 5, and 7 were randomly
selected for testing on the SPT, RIV, CF,
CARD, and BAPA tests by the USDA-APHIS
laboratory in Laramie, Wyoming. These results
were compared to the original standard sero-
logic test results to determine if antibody titers
had changed.

The cutoff values for the assay were deter-
mined using receiver operating characteristic
(ROC) curve analysis (MedCalc Version 6.12,
MedCalc, Mariakerke, Belgium) for groups 1,
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3, and 4. Receiver operating characteristic
curve analysis is used to determine the ability
of a laboratory test to discriminate positive cas-
es from negative cases (Metz, 1978). This anal-
ysis determines the optimal cutoff value based
on achieving the highest possible sensitivity and
specificity without a suspect range (Zweig and
Campbell, 1993). This is especially useful for
free-ranging populations for which re-sampling
of suspect animals is impossible.

RESULTS AND DISCUSSION

The results of the cELISA are shown in
Table 2. The cut-off value for the cELISA
was $52% inhibition, giving an optimal
sensitivity of 100% and a specificity of
96.5%. The groups of elk used in this anal-
ysis were chosen because the populations
of elk that will be tested are elk on WGFD
feedgrounds and are assumed to be either
vaccinated or exposed to field strain B.
abortus. Receiver operating characteristic
curve analysis was also used to determine
that 99.2% of the time a randomly selected
individual animal from a positive popula-
tion will have a test value greater than a
randomly selected individual animal from
a negative population (Hanley and Mc-
Neil, 1982).

The results from group 2 elk (strain 19
vaccinated, serum collected 15–43 days
post vaccination [DPV]) were not used in
the calculations for the cutoff value. The
mean percent inhibition of this group was
29 (SD 33%). When this group was added
to the ROC analysis, the cutoff value only
rose to 54% inhibition, but the test spec-
ificity dropped to 88%. Based on the 52%
inhibition cut-off value, 34% of the sam-
ples from this group were false positive.
Because of the high variability, the results
of the cELISA in these elk demonstrate a
limitation for the use of this test within 43
DPV. During this period of time the test
is not able to differentiate antibodies
against strain 19 and strain 2308. This
could be the result of high anti-Brucella
antibody titers in elk following vaccination.
The antigenic determinant to which the
monoclonal antibody is specific may be
present on the surface of strain 19 in very
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low concentrations. But, during the first 2
mo following vaccination, antibody titers
to that antigenic determinant may be high
enough to compete with the monoclonal
antibody, resulting in decreased test spec-
ificity.

Group 3 consisted of sera from animals
sampled between 90 and 162 DPV. This
group had a maximum percent inhibition
of 82. The sample that gave this high per-
cent inhibition was collected 92 DPV.
Four elk from this group were cELISA
positive, and three of the four were sam-
pled between 92 and 123 DPV. The c-
ELISA appears to be most accurate when
elk are sampled more than 123 DPV.

Group 5 contained elk samples from a
herd of free-ranging elk free of brucellosis.
All of the samples from this group were
negative on the cELISA, giving a specific-
ity of 100% using the 52% inhibition cutoff
value. Elk with no exposure to B. abortus
antigens should test negative on the c-
ELISA.

Group 6 contained samples from elk
that were vaccinated with strain 19, chal-
lenged with strain 2308, and sampled 3 mo
post-challenge. All of the samples in this
group were positive on the cELISA, and
all of the pregnant elk aborted, and/or
were culture positive at necropsy. Thus,
though the elk were vaccinated with strain
19, they had a serologic response to strain
2308, which was detected by the cELISA.

Twenty-two elk were cELISA positive
and 42 were negative from group 7 (strain
19 vaccinated, strain 2308 challenged, and
sampled between 13 and 85 days). Of the
22 elk that were cELISA positive, 20
(91%) aborted and/or were strongly cul-
ture positive at necropsy, two were culture
negative at necropsy, and all tested positive
on the four standard serological tests.
These elk were vaccinated with strain 19,
but had serologic responses to strain 2308,
which was detected by the cELISA. Of the
42 elk with negative cELISA results, 38
(90%) were culture negative at necropsy
and did not abort, and four were culture
positive with few B. abortus isolated. All

were positive on the standard serologic
tests. These elk were vaccinated with
strain 19 and did not have serologic re-
sponses to strain 2308, and were subse-
quently negative on the cELISA.

Of 70 random samples tested by the
standard serologic tests to evaluate stabil-
ity of antibodies in frozen sera, 67 (96%)
of the results were similar (positive or neg-
ative) to their original test results (results
not shown). Brucella antibodies were very
stable in sera frozen for nearly 30 yr (in
some cases) and we considered the sera
valid for use in the evaluation of the c-
ELISA.

The cELISA offers several advantages
over the use of standard B. abortus sero-
logic tests. The test only takes a few hours
to complete and uses a minimal amount of
sample serum. The standard serologic tests
combined take a minimum of 1 ml of se-
rum and roughly 3 days to complete.
Thorne et al. (1978) tested elk samples on
the SPT, BBA, RIV, and CF and conclud-
ed ‘‘no single serological test should be re-
lied on to diagnose brucellosis in elk.’’ This
conclusion was based on the fact that stan-
dard serologic tests have a relatively low
specificity. The cELISA has a high sensi-
tivity, a high specificity for non-exposed
elk, and strain 19 vaccinated elk that are
sampled after 90 DPV, and could be used
as a single diagnostic test for brucellosis in
elk.

The WGFD uses strain 19 vaccinations
as part of its brucellosis management pro-
gram on Wyoming elk feedgrounds. Wyo-
ming Game and Fish personnel vaccinate
elk calves beginning in December and
continue throughout the winter. Monitor-
ing herds for brucellosis is conducted by
serologically testing cow elk captured on
feedgrounds in the winter. These cows
were likely vaccinated $1 yr prior to test-
ing. Exposure to field strain B. abortus
may occur on feedgrounds in late winter,
thus, in the field, some elk may be both
vaccinated and exposed to virulent B.
abortus. The inability of standard serologic
tests to differentiate between vaccinated
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elk and elk naturally exposed to field strain
B. abortus, has hampered evaluation of the
vaccination program.

The cELISA is most accurate with elk
that were vaccinated 4 mo or more prior
to testing. The cELISA also has the ability
to distinguish elk that were vaccinated
with strain 19 and subsequently exposed to
virulent B. abortus and seroconverted,
from elk that were vaccinated with strain
19 and did not seroconvert to virulent B.
abortus following exposure. We believe
the cELISA could be used to assist in eval-
uation of the WGFD elk vaccination pro-
gram.
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