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ABSTRACT: From January through July of 2000, a study was conducted to evaluate clearance,
immunologic responses, and potential shedding of Brucella abortus strain RB51 (SRB51) following
ballistic or subcutaneous (SQ) vaccination of 7 mo old bison (Bison bison) calves. Ten bison calves
were vaccinated SQ with 1.4�1010 colony-forming units (CFU) of SRB51 and five calves were
inoculated SQ with sterile 0.15 M sodium chloride. An additional 10 bison calves were ballistically
inoculated in the rear leg musculature with 1�1010 CFU of SRB51 and five calves were ballistically
inoculated with an empty Biobullet�. Serologic responses were monitored at 0, 2, 4, 6, 8, 12, 18,
and 24 wk using the standard tube agglutination test and a dot-blot assay. Swabs from rectal, vaginal,
nasal, and ocular mucosal surfaces, and blood were obtained for culture from all bison at 2, 4, 6,
and 8 weeks post-inoculation to evaluate potential shedding by vaccinated bison or persistent sep-
ticemia. The superficial cervical lymph node was biopsied in eight ballistic and eight hand vaccinated
bison at 6 or 12 wk to evaluate clearance of the vaccine strain from lymphatic tissues. Lymphocyte
proliferative responses to irradiated SRB51 bacteria were evaluated in peripheral blood mononu-
clear cells (PBMC) at 4, 6, 8, 12, 18, and 24 wk after inoculation. Serum obtained from hand or
ballistically vaccinated bison demonstrated antibody responses on the dot-blot assay that were great-
er than control bison (saline or empty Biobullet�) at 2, 4, 6, and 8 wk after vaccination. Antibody
titers of ballistically vaccinated bison did not differ (P�0.05) from hand vaccinated bison at any
sampling time. Blood samples obtained from all bison at 2, 4, 6 and 8 wk after vaccination were
negative for SRB51. One colony of SRB51 was recovered from the vaginal swab of one ballistically
vaccinated bison at 2 wk after vaccination. All other ocular, vaginal, nasal, and rectal swabs were
culture negative for SRB51. Strain RB51 was recovered from superficial cervical lymph nodes of
hand and ballistic vaccinated bison at 6 (two of four and two of four bison, respectively) and 12
wk (three of four and one of four bison, respectively). Serologic tests and bacterial culture tech-
niques failed to demonstrate infection of nonvaccinated bison. Peripheral blood mononuclear cells
obtained from hand vaccinated bison had greater (P�0.05) proliferative responses to strain RB51
bacteria when compared to PBMC from nonvaccinated and ballistically vaccinated bison. Prolif-
erative responses of PBMC from ballistically vaccinated bison did not differ (P�0.05) at any sam-
pling time from proliferative responses of PBMC from control bison. Serum �1-acid glycoprotein
concentrations, plasma fibrinogen, and total protein concentrations were not influenced by treat-
ments. Ballistic delivery of SRB51 did not induce adverse effects or influence clearance of the
vaccine strain. There were no proliferative responses of PBMC to SRB51 in bison ballistically
vaccinated with SRB51; whereas bison inoculated with SRB51 by hand injection had greater pro-
liferative responses than control or ballistically vaccinated bison. Our study suggests that ballistic
delivery may require a greater dose of SRB51 to induce cell-mediated immune responses in bison
that are comparable to those induced by hand injection, and that ballistic or hand delivery of 1�1010

CFU of SRB51 is safe in bison calves.
Key words: bison, Brucella abortus, efficacy, RB51, vaccine.

INTRODUCTION

Brucella abortus has almost been erad-
icated from cattle and privately-owned bi-
son (Bison bison) within the United
States. However, bison and elk (Cervus
elaphus) within the Greater Yellowstone
Area (GYA; Yellowstone National Park,
Grand Teton National Park, and adjacent
areas) maintain a high seroprevalence for

brucellosis (Thorne et al., 1978; Pac et al.,
1991) and may threaten the goal for erad-
ication of brucellosis from cattle in the
US. Because bison (Davis et al., 1990)
and elk (Thorne et al., 1979) are capable
of transmitting brucellosis under experi-
mental conditions, there is concern that
persistence of the disease in wildlife in
the GYA may pose a threat to completion
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of the brucellosis eradication program in
cattle.

We have previously demonstrated that
hand injection of bison with 1�1010 colo-
ny-forming units (CFU) of B. abortus
strain RB51 vaccine (SRB51) does not
cause clinical illness but does induce im-
mune responses that are similar to re-
sponses of cattle (Olsen et al., 1998). Vac-
cinates did not transmit SRB51 to nonvac-
cinated bison housed in close association
(Olsen et al., 1998).

Development of alternative delivery
methods for vaccination of bison and elk
are needed because a brucellosis manage-
ment program is unlikely to be successful
if capture is required for hand vaccination.
One method, ballistic vaccination, has
been used to inoculate free-ranging elk on
Wyoming feedgrounds (Herriges et al.,
1989), and it presently is the most prom-
ising candidate for use in bison. The pur-
pose of this study was to compare immu-
nologic responses of bison to ballistic or
hand vaccination with SRB51 and to de-
termine if vaccination induced an acute
phase response.

MATERIALS AND METHODS

This study was conducted at the National
Animal Disease Center in Ames (Iowa, USA;
42�52�N, 93�63�W) from January through July
2000.

Brucella abortus culture

A master seed stock of B. abortus SRB51 was
obtained from G. Schurig (Virginia Tech,
Blacksburg, Virginia, USA), and after one pas-
sage on tryptose agar (Difco Laboratories, De-
troit, Michigan, USA), was designated as the
ARS/1 seed stock of SRB51. For experimental
use, SRB51 bacteria from the ARS/1 seed stock
were grown on tryptose agar for 48 hr at 37 C.
For the dot-blot assay, SRB51 suspensions
(1.3�1012 colony-forming units [CFU]/ml)
were inactivated by �-irradiation (1.4�106

rads). Following irradiation, suspensions were
washed in 0.15 M sodium chloride (saline) and
stored in 1 ml aliquots at �70 C.

For hand vaccination of bison, a commer-
cially prepared SRB51 product (Colorado Se-
rum Company, Denver, Colorado, USA) de-
rived from the ARS/1 seed stock, was prepared

according to the product literature. The vac-
cine was then diluted in saline to approximately
1010 CFU based upon standard plate counts on
other vials with the same lot number. Following
dilution, the concentration of viable bacteria
within the inoculum was determined by stan-
dard plate counts.

For ballistic vaccination of bison, the lyoph-
ilized commercial strain RB51 product was in-
corporated into a 0.25 caliber, hydroxypropyl
cellulose Biobullet� (Ballistic Technologies,
Oklahoma City, Oklahoma, USA), and inocu-
lated into the left hip region using an air-pow-
ered rifle system (Ballistic Technologies). The
concentration of inoculum in the Biobullet�
was determined by standard plate counts.

Animals and inoculation

Thirty, approximately 7 mo old bison heifers
were obtained from brucellosis-free herds. Af-
ter acclimation for 4 wk, 10 bison were vacci-
nated subcutaneously (SQ) with 1.4�1010 CFU
SRB51 suspended in 2 ml of saline. Five bison
were inoculated SQ with 2 ml saline. All inoc-
ulations were administered in the left cervical
region drained by the superficial cervical lymph
node.

Ten bison were ballistically inoculated in the
left hip region with a Biobullet� containing
1.0�1010 CFU SRB51. Five additional bison
were ballistically inoculated in a similar manner
with an empty Biobullet�.

Serologic evaluation

Blood samples were collected by jugular ve-
nipuncture prior to vaccination, and at 2, 4, 6,
8, 12, 18, and 24 wk postinoculation. Blood was
allowed to clot for 12 hr at 4 C and centrifuged.
Serum was divided into 1 ml aliquots, frozen,
and stored at �70 C.

Antibody titers to Brucella were determined
by a standard tube agglutination test (STAT; Al-
ton et al., 1988) and a previously described an-
tibody dot-blot assay in which �-irradiated
SRB51 is used as antigen (Olsen et al., 1997b).

Plasma protein and fibrinogen

Plasma protein and fibrinogen were deter-
mined (Clinical Pathology Laboratory, College
of Veterinary Medicine, Iowa State University,
Ames, Iowa, USA) using a refractometer. Con-
centration of fibrinogen was determined by
heating plasma to 58 C for 3 min (Coles, 1980),
centrifugation to clear agglutinated protein,
and determination of protein concentration as
described above. Fibrinogen concentration was
defined as the difference in total protein con-
centrations of plasma before and after heating
at 58 C.
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Serum �1-acid glycoprotein

Concentration of �1-acid glycoprotein (AGP)
was determined by radial immunodiffusion in
accordance with manufacturer’s instructions for
a commercially available kit to measure bovine
AGP (Cardiotech Services, Inc., Louisville,
Kentucky, USA). All samples obtained over
time from an individual bison were run con-
currently on a single immunodiffusion plate.

Blood cultures and monitoring of shedding by
vaccinates

Rectal, vaginal, nasal, and ocular swabs
(American Scientific Products, McGaw
Park, Illinois, USA) were obtained from all
bison at 2, 4, 6, and 8 wk after inoculation.
Swabs were plated on a selective media
(RBM) for SRB51 containing rifampicin
and other antibiotics (Hornsby et al.,
2000). Antibiotics in RBM media mini-
mize growth of contaminants without in-
hibiting growth of SRB51, thereby en-
hancing the ability to detect small num-
bers of SRB51. To determine if prolonged
SRB51 septicemia occurs in bison, 15 ml
of blood was obtained from bison at 2, 4,
6, and 8 wk after inoculation and mixed 1:
1 with tryptose broth (Difco Laboratories,
Detroit, Michigan, USA) containing 1%
sodium citrate. One ml of this mixture was
directly plated on RBM media. The re-
maining blood was held at �5 C for 24 hr
and then placed at 37 C in 5% CO2 with
1 ml volumes plated onto RBM media af-
ter 7, 14, 21, and 28 days incubation. Fol-
lowing incubation of plates at 37 C in 5%
CO2 for 72 hr, SRB51 was identified on
the basis of colony morphology, growth
characteristics, and resistance to rifampi-
cin (Schurig et al., 1991), and confirmed
by a polymerase chain reaction procedure
using primers specific for identification of
SRB51 (Vemulapalli et al., 1999).

Lymph node biopsy

Eight hand-vaccinated and eight ballis-
tically-inoculated bison were randomly se-
lected for surgical removal of the left su-
perficial cervical lymph node at 6 or 12 wk
after inoculation. After surgical removal as
previously described (Cheville et al., 1992;

Olsen et al., 1997a, 1998), the lymph node
was divided into proximal and distal por-
tions. Lymph node sections were weighed,
triturated using a tissue grinder, serially di-
luted in saline, and placed on tryptose agar
plates containing 5% bovine serum. Fol-
lowing incubation at 37 C in 5% CO2, bac-
terial cell counts were made from each di-
lution by standard plate counts. Strain
RB51 was identified as described above.

Areas of lymph nodes adjacent to sam-
ples collected for bacteriology were placed
into neutral, buffered, 10% formalin, em-
bedded in paraffin, sectioned at 5 	m, and
stained with hematoxylin and eosin.

Lymphocyte proliferation assays

At 4, 6, 8, 12, 18, and 24 wk after vac-
cination, blood was obtained from the jug-
ular vein of all bison and placed into an
acid-citrate dextrose solution. Peripheral
blood mononuclear cells (PBMC) were
enriched by density centrifugation using a
Ficoll-sodium diatrizoate gradient (Sigma
Diagnostics, Inc., St. Louis, Missouri,
USA). Peripheral blood mononuclear cells
were diluted in RPMI 1640 medium
(GIBCO Laboratories, Grand Island, New
York, USA) to 1�107 viable cells per ml as
determined by trypan blue dye exclusion.

Fifty 	l of each cell suspension, contain-
ing 5�105 cells, was added to each of two
separate flat-bottom wells of 96-well mi-
crotiter plates that contained 100 	l of
RPMI 1640 medium only, or 1640 medi-
um containing �-irradiated SRB51 (105–
109 bacteria per well). Microtiter plates
were prepared prior to initiation of the
study and maintained at �70 C until use.
Cell cultures were incubated for 7 days at
37 C in 5% CO2. Microtiter plates were
placed on a shaker (Dynatech Laboratories
Inc., Alexandria, Virginia, USA) every 2
days during the incubation and mixed at
an instrument setting of 3.5 for 1 min. Af-
ter 7 days incubation, cell cultures were
pulsed with 1.0 	Ci of [3H]thymidine
(Amersham Biosciences, Piscataway, New
Jersey, USA) per well for 18 hr. Cells were
harvested onto glass filter mats and count-
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ed for radioactivity in a liquid scintillation
counter. Cell proliferation results were
converted to stimulation indices (counts
per minute [cpm] of wells containing an-
tigen/cpm in absence of antigen) for sta-
tistical comparisons.

Statistical analysis

Serologic, AGP, total protein, and fibrin-
ogen data were analyzed as the logarithm
of their value and compared over all times
using a two-way analysis of variance mod-
el. Differences between treatments in pro-
liferative responses to �-irradiated bacteria
at each sampling time were compared by
a general linear model procedure (SAS In-
stitute Inc., Cary, North Carolina, USA).
Means for individual treatments were sep-
arated by use of a least significant differ-
ence procedure (P�0.05). Fisher’s exact
test was used to compare recovery of
SRB51 from superficial cervical lymph
node samples.

RESULTS

Two bison, one inoculated with 0.15 M
NaCl and one hand vaccinated with
SRB51, were removed from the study for
reasons unrelated to the experimental
treatments. Data from both bison were ex-
cluded from the statistical analysis.

Serologic evaluation

Bison hand or ballistically inoculated
with SRB51 remained negative on the
STAT at all times postinoculation. Bison
vaccinated with SRB51 by hand injection
or Biobullet� had greater (P�0.05) anti-
body titers on the dot-blot test at 2, 4, and
6 wk, but not 12 or 18 wk after vaccina-
tion, when compared to bison inoculated
with saline or an empty Biobullet� (Fig.
1). Antibody titers of hand or ballistically
vaccinated bison did not differ (P�0.05) at
any sampling time.

Serum AGP and plasma protein and fibrinogen

Plasma total protein and fibrinogen con-
centrations did not differ (P�0.05) be-
tween bison vaccinated with SRB51 by

hand injection or Biobullet� (data not
shown). Serum concentrations of AGP
were not influenced by ballistic or hand
vaccination with SRB51 (P�0.05) but did
decline in all treatments (P�0.05) with in-
creasing time after vaccination (Fig. 2).

Blood cultures and monitoring of shedding

One colony of SRB51 was recovered
from the vaginal swab of a ballistically vac-
cinated bison at 2 wk postinoculation. Re-
maining swabs were negative for SRB51.
Blood obtained from all bison was negative
for SRB51 at 2, 4, 6, and 8 wk after in-
oculation.

Superficial cervical lymph node biopsies

Strain RB51 was recovered from super-
ficial cervical lymph nodes of hand and
ballistic vaccinated bison at 6 (two of four
and two of four bison, respectively) and 12
wk (three of four and one of four, respec-
tively). Strain RB51 colonization (CFU/g)
of superficial cervical lymph nodes (Table
1) and rate of recovery did not differ
(P�0.05) between bison ballistically or
hand inoculated with SRB51.

Lymphocyte proliferation assays

When compared to all other treatments,
bison vaccinated with SRB51 by hand in-
jection had greater proliferative responses
(P�0.05) to �-irradiated whole SRB51.
Beginning at 6 wk after vaccination,
PBMC from bison hand inoculated with
SRB51 had greater proliferative responses
(P�0.05) to the highest concentration of
irradiated SRB51 bacteria (109 CFU)
when compared to responses of PBMC
from bison in all other treatments (repre-
sentative data in Fig. 3). Proliferative re-
sponses of PBMC from bison ballistically
inoculated with SRB51 did not differ
(P�0.05) at any sampling time from re-
sponses of PBMC from bison inoculated
with saline or an empty Biobullet�.

Histology

Sections of superficial cervical lymph
node at 6 wk after SRB51 vaccination were
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FIGURE 1. Serologic responses of control or SRB51-vaccinated bison to �-irradiated SRB51 in a dot-blot
assay. Bison were vaccinated by ballistic (n
10/treatment) or hand injection (n
9/treatment) with 1010 CFU
of SRB51, whereas control bison received hand inoculation with 0.15 M NaCl (n
4/treatment) or ballistic
inoculation with an empty Biobullet� (n
5/treatment). Responses are presented as mean antibody titer�SEM.
Means with different superscripts are significantly different (P�0.05).

FIGURE 2. Serum concentration of �1 acid gly-
coprotein (AGP) in serum from bison vaccinated by
ballistic (n
10/treatment) or hand injection (n
9/
treatment) with 1010 CFU of SRB51, or control bison
inoculated with 0.15 M NaCl (n
4/treatment) or bal-
listically inoculated with an empty Biobullet� (n
5/
treatment). Concentration was determined by a radial
immunodiffusion assay. Data are presented as mean
AGP concentration�SEM.

characterized by filling of intermediate si-
nuses, and to a lesser extent medullary si-
nuses, by variable numbers of macrophag-
es and occasional, mild, multifocal infil-
trates of neutrophils. These infiltrates were
associated with mild expansion of the deep
cortex. Moderate numbers of germinal
centers (three to seven per low power
field, 0.5–1.5 mm in diameter) within the
superficial cortex were found in nodes
from most SRB51 vaccinates. At 12 weeks
after vaccination, vaccinates had greater
numbers of germinal centers within the
superficial cortex (five to 12 per low power
field) that tended to be larger in size (0.5–
1.5 mm in diameter) with more prominent
mantle layers than germinal centers ob-
served 6 wk after vaccination. The histio-
cytic and neutrophilic infiltrates in the in-
termediate sinuses and medullary sinuses
were similar to infiltrates observed in sec-
tions obtained 6 wk after vaccination. His-
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TABLE 1. Number of Brucella abortus colony forming units (CFU) per gram of tissue from the superficial
cervical lymph node of bison vaccinated with B. abortus stain RB51 by Biobullet� or hand inoculation.

Delivery of vaccine Number

Weeks after vaccinationa

6 12

Ballistic
Hand injection

4
4

42.2 � 41.9 (2/4)
15.7 � 10.7 (2/4)

7.1 � 7.1 (1/4)
3.2 � 1.2 (3/4)

a Results are presented as CFU�SEM (number positive/number tested).

tologic lesions did not differ between bal-
listic or hand inoculated bison. With ex-
ception of a section obtained from a cul-
ture-negative, ballistically vaccinated bison
6 wk after vaccination which had substan-
tially reduced histiocytic and neutrophilic
infiltrates, culture status did not appear to
influence histologic lesions.

DISCUSSION

Results of this study suggest that a 1010

CFU dose of SRB51 is more immunogenic
in bison when delivered by hand injection,
as compared to ballistic inoculation. Al-
though ballistically vaccinated bison devel-
oped antibody titers to SRB51 that were
greater than bison in control groups, they
failed to develop significant proliferative
responses to �-irradiated whole SRB51
bacteria. In comparison, hand vaccinated
bison had greater proliferative responses
to SRB51 bacteria. Although not statisti-
cally significant, peak dot-blot titers of
hand vaccinated bison tended to be higher
than ballistically vaccinated bison.

Because antibodies play a minor role in
protecting cattle against B. abortus (Ni-
coletti, 1990), the antibody responses in-
duced by ballistic vaccination with SRB51
are unlikely to correlate with resistance to
brucellosis. However, the possibility that
cell-mediated responses were stimulated
in vivo that were not detected in PBMC
under in vitro conditions cannot be elim-
inated. Therefore, conventional challenge
exposure with a virulent strain of B. abor-
tus during pregnancy will be required to
determine if protective immune responses
were elicited by ballistic vaccination.

Failure of ballistic delivery of SRB51 to

stimulate cell-mediated immune responses
that are similar to those induced by hand
injection may be due to a number of rea-
sons. Local inflammatory responses to bal-
listic vaccination may be associated with
nonspecific immune activation, which in-
duced more rapid clearance of the vaccine
strain and a corresponding reduction in
stimulation of cell-mediated responses. Al-
though SRB51 colonization of the super-
ficial cervical lymph node was similar for
ballistic and hand vaccinated bison at 6 wk
after vaccination, SRB51 was recovered
from more of the hand vaccinated bison
sampled at 12 wk after vaccination when
compared to ballistically vaccinated bison
Because mild hemorrhage occurred at the
site of ballistic vaccination in some bison,
this may have reduced the dosage of
SRB51 actually delivered in vivo. The pos-
sibility cannot be eliminated that intra-
muscular delivery of a Biobullet�, as com-
pared to SQ delivery for hand vaccination,
may have influenced immunologic re-
sponses. Other unidentified factors may
also have influenced immunologic re-
sponses to ballistic vaccination. Ballistic in-
oculation with dosages of SRB51 greater
than 1�1010 CFU might stimulate im-
mune responses that are comparable to
those induced by 1�1010 CFU of SRB51
delivered by hand injection.

Although previous studies have suggest-
ed that recommended calfhood dosages of
SRB51 are clinically safe in bison calves,
additional data obtained in the current
study supports this hypothesis. Serum con-
centrations of AGP, an acute phase reac-
tant protein associated with acute inflam-
mation, tissue damage, or neoplastic dis-
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FIGURE 3. Proliferative responses of peripheral blood mononuclear cells from bison vaccinated by ballistic
(n
10/treatment) or hand injection (n
9/treatment) with 1010 CFU of SRB51, or control bison inoculated
with 0.15 M NaCl (n
4/treatment) or ballistically inoculated with an empty Biobullet� (n
5/treatment), to
109–107 CFU of �-irradiated SRB51. Cells were incubated at 37 C in 5% CO2 for 7 days and pulsed for 18
hrs with [3H]thymidine. Results are expressed as mean stimulation indexes. Means within a SRB51 concen-
tration and sampling time with different superscripts are significantly different (P�0.05).

ease in cattle (Itoh et al., 1990a, b, 1997;
Oonaru et al., 1990), were not influenced
by ballistic or hand vaccination of bison
with SRB51. Similarly, serum concentra-
tions of fibrinogen, a serum protein which
increases in cattle with inflammatory or
traumatic conditions (Hirvonen et al.,
1998), were not influenced by SRB51 vac-
cination.

Preliminary data suggests that adminis-
tration of 1010 CFU SRB51 to bison calves
protects against abortion and fetal infec-
tion (Olsen et al., unpubl. data). Because
bison appear to be more susceptible than
cattle to abortion when parenterally vac-
cinated with 109 CFU SRB51 during preg-
nancy (Palmer et al., 1996, 1997), vacci-
nation of calves rather than adult vacci-
nation may be more appropriate for use in
bison. Appropriate safe and efficacious de-
livery systems need to be developed for

free-ranging bison or other wildlife that
will allow vaccination without restraint or
capture. However, as the data presented
here emphasize, efficacy of alternative de-
livery systems needs to be evaluated, even
if the vaccine has proven to be acceptable
in that species when delivered by SQ in-
jection.
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