EFFICACY OF SINGLE CALFHOOD VACCINATION OF ELK WITH
BRUCELLA ABORTUS STRAIN 19

THOMAS J. ROFEE, 1.2 Biotegical Resources Division, L1.8. G

LEE C. JONES, Biological Resources Division, U.S. Geological Survey, Bozeman, MT 59713, USA

STEVEN J. SWEENEY + Biological Resources Division, LS. Getlogical Survay, Bozeman, MT 59718, USA
SUSAN D, HAGIUS, Veterinary Science, Lousiana State University, Baton Rougs, LA 70803, USA

PHILIP H. ELZER, Velerinary Science, Louisiana State University, Baton Rouge, LA 70803, USA

DONALD DAVIS, Schagl of Veterinary Medicine, Texas AaM University, Callege Station, TX 77843, USA

Abstract: Brucellosis has been eradicated from cattle in the states of Wyoming, Montana, and Idaho, USA. Ho
er, frec—ranging elk (Cervus elaphus) thar use feedgrounds in the Greater Yellowstone Area (GYA} and bison (5

bison} in Yellowstone and Grand Teton naticnal parks sti
loss of brucellosis-free status in Wyoming. Management

efficacy.

ine the efficacy of vaccination for preventing infection,
id not differ between controls and vaccinates (P = 0.14)
Based on these data, single calfhood vaccination with 519 has low efficacy, will likely have only kttle to moderate
effect on Brugells prevalence in elk, and is unlikely to eradicate the disease in wildlife of the GYA
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W have high seroprevalence to the disease and have cause
tools to control or eliminate the disease are limited; ho

Brucellosis in GYA bison and elk has been a
source of controversy and a focus of the Greater
Yellowstone Interagency Brucellosis Committee
{GYIBC) for years, Brucellosis had been eradicat-
ed from cattle in Wyoming, Montana, and Idaho,

. and these states were classified as “brucelosis
free” with regard to livestock. However, 2 differ-
ent outbreaks in cartle during 2003 and 2004,
linked to feedground elk, resulied in downgrad-
ing of Wyoming’s brucellosis status to Class A on
24 February 2004 (U8, Department of Agricul-
ture 2004). Free-ranging elk that. use feed-
grounds in the GYA and bison in Yellowstone and
Grand Teton National Parks still have high seio-
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prevalence to the disease and are viewed as a
threat to the state—federal cooperative national
brucellosis eradication program. The GYIBC,
representing the state and federal agencies
involved in wildlife and Livestock management in
the 3 states, has committed to eventual elimina-
tion of brucellosis from wildlife. Management
lools to control or eliminate the disease are lim-
ited; however, wildlife vaccination is among the
methods currently employed.

The Wyoming Game and Fish Departmeént has
vaccinated >40,000 elk with B. abortus S19 vaccine
(Kreeger et al, 2002). Earlier studies of S19 effi-
cacy (Herriges et al. 1989) suffered from inade-
quate controls, culling animals differentiaily
from control and vaccinate groups, unknown
causes of fetal losses, small sample sizes, combin-
ing results from disparate trials, and use of ani-
mals from a known infected herd, This has resule
ed in considerable controversy and debate
tegarding the effectiveness of S19 in elk. To
address these concerns, we conducted a single-
dose 519 calfhood vaccine efficacy study in elk.
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using a tripod and spring scale, and
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umber). We collected samples of blood
lar venipuncture and feces from the rec-
ith lubricated, glove :
' ¢lk to the Idaho Department of Fish and
{idlife Health Laboratory in Caldwell,
and released them into 2 pens each year
total), designated as either a control or
n aintained the elk in treat-
and age—seg‘regatcd pens until challenge.

ynitoring, Handling, and Sampling
owing capture, elk were acclimated to the
until March. We procured Iyophilized 519
accine and sterile diluent from Colorado Serum
Company {Denver, Colorado, USA). We kept the
céine chilled prior touse and during vaccinaton
rocedures and reconstituted vaccine as needed-to
ufacturer’s directions. Each
4.42 x 10° colonyforming
7 999 and 8.58 x 10° CFU
perdose in 2000, based on Colorado Serum Com-
pany titrations. We delivered vaccine by intramus-

: cu]ar hand injection with 2 3.l syringe and 2 20-
;.. gauge 3.8lcm needle on g March 1999 and 9
““March 2000 while the animals were restrained in

a cattle chute. Elk were approximately 9 months-
ofiage at vaccination. Controls received 2 ml saline
hy the same method on the same days.

We provided elk with ad libitum alfalfa hay,
wrace mineral salt, oat supplement and water for
the duration of the project. Periodically, we han-

_different group of cows for
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dled the elk i chutes © obtain blood samples
and body weights, wim feet, and administer
ectoparasite treatments. We handled animals from
both vaccine treatment and control groups iden-
tically. We added a large, easily visible plastic ear
wag with the animal’s identification pumber to
each ear during the project 10 assist in rapid
cermnote visual ;dentification- Thus, each animal
had 4 numbered ar ags, unique to the individ-
sal, throughout the project. Lost 1ags were
replaced as needed.

We blood-sampled elk captured in 1999 at cap-
ture, vaccination, and 1,2,6,8, 12, 20, 22, and 27
months post—vaccination. Elk captured in 2000
were blopd—sampled at capture, vaccination, and
1,2,5,12, and 15 months post—vacci.nation. Blood
was allowed to clot at room temperature, cen-
wrifuged, and serum decanted Into plasr.ic cry-
ovials. Serumn was frozen, u'ansported to Boze-
man, Montana, and stored at _72 °F (-57.8 °Q)
until processing within 3 days.

The Montana Department of Livestock veteri-
nary diagnostic laboratory assayed serum for Bru-
celia antibodies using card, standard plate, stan-
dard tube, rivanol, complement fixation, and
buffered-acidiﬁcd plate antigen tests (MacMillan
1990). We considered elk positive serorcactors if
>7 tests were positive.

Fight adult elk bulls (6 commercial and 2 long-
term captive wild-caught) were used for breeding
from August 2001 t© November 2001. Experi-
mental elk were placed in small homogeneous
{age and treatment} groups (# = 12-13) with 2
bull for 2 months. Bulls were then rotated to 2
an additional 2
months. On 89 Januvary 2002, we established pre-
liminary pregnancy status by pregnancy—speciﬁc
protein B (Huang et al. 2000) and transrectal
uitrasound. We repeated both tests on the date of
Brucella challenge, and only elk positive on both
tests at challenge were considered pregnant and
used in the study.

On 28 February 2002, we challenged all preg-
nant elk with pathogenic Bruceila abortus straint
2308 by intraconjunctival instillation of 1.0 x 107
CFU as described in Elzer €t al. (1998}, Cook et
al. (2002), and Kreeger €t al. (2002). To control
for differential exposure © pathogenic Brucella
during the abortion period, we randomly assigned
elk to 3 pens following challenge with roughty 30
elk in each pem, equally distributed by age class
and reatment group.

Following the first abortion in mid-March 2002,
we monitored elk 7 days/week during daylight
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hours. Each fetus was collected as soon as possi-
ble after delivery, labeled with date and identifi-
cation number, double-bagged while in the pens,
and placed in a freezer, If known, we included
the mother’s identity as part of the record of the
abortion. Live calves were left in the pens with
mothers for at least 5 days before being eutha-

nized by succinylcholine-xylazine remote immo-

bilizaton followed tmmediately by intracardiac
injection of sodium pentobarbital. Calves that
were apparently healthy at the end of 5 days were
considered “viable calves.” Weak calves that died
before the 5-day minimum viable period and stil}-
born full-term calves were included with aborted
fetuses as “aborted calves.”

Bactericlogy-

We shipped frozen and intact aborted calves in
biocontainment packages to Louisiana State Uni-
versity (LSU) for bacteriological processing under
biolevel 3 security and Centers for Disease Con-
trol/Department of Transportation regulations
(Code of Federal Regulations, Titles 42 and 49).
Viable calyes were euthanized in Idaho and tissues
(lung, liver, spleen, abomasal fluid, and mesenteTic
and iliac lymph nodes) were aseptically removed,
individually frozen, double-bagged, and shipped
to LSU for Brucelle culture with aborted calves.

At LSU, all tissue samples were thawed and
homogenized in a sterile saline (0.9% NaCl) solu-
tion and plated onto Farrell's selective medium

containing 5% bovine blood (Farrell 1974), which

inhibits the growth of non-brucellae organisms.
Abomasal samples were plated directly onto Far-
rell’s media. The plates were incubated for 14 days
at 37 °C in a 5% CO, atmosphere. The limit of
detection in the laboratory was 13 CFU/gm or ml.

Potential B. abortus isolates were identified on
the basis of urease and oxidase reactions, colony
morphology, growth rate, and Gram-stain reac-

‘tion. Representative samples were subjected to

dye sensitivity to assure they were B. abortus (Alton '
et al. 1988). To further characterize the B. abortus
strains used in this study, the brucellae were plat-
ed on erythritol containing media to differentiate
between vaccine and challenge strains. Strain 19 is
sensitive to erythritol, and strain 2308 is resistant.

Maternity Determination

We mixed control and vaccinate cows afier chal-
lenge so that both groups had exactly the same
exposure to the Brucella pathogen. This design
required intensive monitoring of the elk during
the abortion period. We made multiple daily visits

J. wild]. Manage. 68(4).2q

to pens to observe and identify elk. Aborted fey,
es were collected as soon as we were confideny,
maternal identity or when we decided that
could not determine maternity. Healthy live cal
were captured by hand, ear-tagged, and painte
with unique markings to ensure identification.
used the following criteria for conclusive assi
ment of maternity to an aborted or viable calf:

Abortions.— 1) Direct observation of cow abortiny.
a fetus, or (2) finding a cow with fresh retained pla.
centa with an aborted fetus in the pen. In the rarg
occurrence of multiple abortions and multipte cows
with placentas at first morning observadon, the
fetuses were identified as belonging to either cow;

Viable Births—(1) Direct observation of cow
delivering a live calf, or (2) consistent daily obser-
vation over the 5-day viability test of all maternal
behaviors by 1 specific cow. Maternal bebaviors
included nursing, leading, grooming, and bed-
ding calf away from the herd. Observation o
inconsistent behaviors or less than the full com
plement of maternal behaviors was considered
inadequate evidence of maternity.

Determining Vaccine Efficacy
The ability of a vaccine to protect against un

wanted pathogen effects is a measure of efficacy.
With brucellosis, the most important unwanted °

effect is abortion because this is the primary
means for disseminating the pathogen in the
environment and transmitting the disease to
other animals. However, Brucellz vaccines that
inhibit colonization and replication in the host
(infection) can benefit host populations and dis-
ease eradication efforts; we therefore included a
calculation on the efficacy of the vaccine at pre-

-venting infection. We first analyzed the data for

significant vaccine effect. If we found significant
vaccine effect, we calculated the magnitude of
that effect (referred to simply as “efficacy”).

We used a l-tailed Fisher’s exact test to com-
pare abortion and infection rates in control and
vaccinated elk based on the assumption that vac-
cination would either decrease abortion/infec-
tion rates or have no effect. This statistic was used
to determine whether the vaccine had produced
a significant reduction in abortion or infection.

We calculated efficacy against abortion as the
proportion of viable calves born to vaccinated elk

that would otherwise have been expected 0 -

abort in absence of vaccine protection. The pro-
duction of viable calves in the control group was
an estimate of viable calf production that would
have occurred in the vaccine group if no protec-
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s 5112004
afforded by vaccination. Thus,
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ving efficacy (also kpown 3S “pre-
crciion”) was preferable to subtracting
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‘ the calculations outlined above,
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\were seronegative for Brucella antibodies
snure and on the day of vaccination. One
hi after vaccination, 100% of vaccinates had
verted in response 0 519. Brucdlapositive
lefice declined over time (Fig. 1) so that by
hallenge, Do vaccinates
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trol elk remained sero-
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{ the study untl chal-
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of control and vaccinate
‘elk had seroconverted in
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‘- strain 2308.
. Eightynine elk (44 con-
trol and 45 vaccinate; 47
B 3yrold and 42 2yr-old)
were successfully bred
and entered the chal-
lenge portion of the pro-
ject. Abortions occurred
during March (n=12
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Seropositive

0%
Jul 1998

Mar 1999  Nov 1999

occurred in May (7= 11) and June (n = 4). We
collected 90 aborted or viable calves from 89
adult elk. We observed Cow £156 delivering 2
fetuses. We found no difference 1 aborton rates
among the 3 pens housing challenged elk (chi-
square, F = 0.467) or between the 2 age classes
(Fisher's exact test, P= 0.778).

With no pen of 2g¢ effects, we combined results
from all pens and age groups to determine the
effect of treatment (vaccination}. Vaccinates pro-
duced signiﬁcantly more viable calves (13 of 45 =
29%) compared t0 controls (2 of 44 =5%; Fisher’s
exact test, P= 0.002). Because vaccinasion provid~
ed a significantly increased chance of producing 2
viable calf, we calculated the magnitude of vaccine
protection. Vaccine efficacy at producing viable
calves (preventing abortion) in our study was 25%.

Bacterial culture for Brucella was negative in 15
fetuses/ calves, including 8 vaccinates, 5 controls,
and 2 of unknown maternity. The remaining 73
fetuses/ calves Were culture positive for Brucella.
The maximum effect of vaccination for protec
tion against infection would include the 2 culware
negative unknowns as vaccinates. Under this
assumption, vaccinate infection rate (35/45 =
78%) and control infection rate (39/44 = 89%)
were ot statistically different (P= 0.138}.

DISCUSS|ON

In our controlled challenge experiment, we
found that the ccine prod ction
against abortion and no protection from infec-

ins
g

—@ =999 vaccinates

i~ 2000 vaccinates

Jul 2000 1
Date

Fig. 1. Bruceila serologic response of 2 groups of elk captured in the Greatet Yallowstone

Area: USA, and vaccinated with Strain 19ina vaccine efiicacy tria from capture, through vac-
cination and breeding, to date of chaflenge with pathogenic B abortus.

+ that would

£ 30 -
f no protec- ), and June (n 21

2002. All viable births
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tion. Our methods were similar to but controlled

Yor more factors than those used by Kreeger et a),
{2002) and Cook et al. (2002), wherein Brucelia
vaccine RB51 was considered to be ineffective at
protecting elk from abortion. As recen tly as 2002,
519 vaccine was purported to be about 60% effec-
tive in preventing abortion in elk vaccinated as
calves (Cook et al. 2002). Misperceptions about
the efficacy of Brucella vaccines may be rooted in
mappropriate inferences from abortion or sur-
vival rates, numbers, comparisons, or poorly
designed experiments.

The most important question about controlled
challenge vaccine studies is how realistic they are
to wildlife management. Kreeger et al. (2002)
summarized the reasons why RB51 may have
failed to provide protection against abortion. Qur
assessment parallels cheir findings in that we do
not think insufficient vaccine, excessive challenge,
or route of vaccination were the causes for the
poor protection provided by S19, The concern
about excessive challenge in these experiments is
valid. Studies in cattle have demonstrated a
rarked effect of challenge dose on Brucella vac-
cine efficacy (summary in Nicolett 1990). Howev-
er, Nicoletti (1990) also stated a common accep-
tance of 90% efficacy to be effective for
management. Under experimental conditions

similar to ours, 519 has been found 65-75% effec-

tive at preventing abortion in cattle (Adams 1990,

So what constitutes a realistic challenge for elk?
Cook (1999) suggested that under natural condi- i
tions, most elk make only brief contact with an
abortion then depart. He calculated that a 10-cm
diameter area of skin contained about 4.1 x 106
organisms and suggested that this amounted to a
“realistic field exposure.” If so, our experiment
and those of others would have approximately
doubled that number of bacteria in the challenge
dose. How Cook’s (1999) figure wanslates into
elk on feedgrounds with feed contaminated by ¢
infected tissues and fluids is unknown, but likely
_ under-represents true exposure. Single abortions
on feedgrounds may expose many elk (Thorne et
al. 1997), and individual elk could receive multi-
ple exposures from 21 fetuses. Further, because
aborted material typically has billions of Brucella
organisms per gram of tissue (Enright 1990), real
world challenge doses for exposed animals could
easily and realistically be higher than our experi-
mental challenge dose. Alexander et al. {1981}
reported 10° to 10'* CFU from a single gram of
tissue or milliliter of fetal fluid from 2 naturally

infected bovine cows.

PICRrIN 1o management problems using currer

site, and delivered by hand via intramuscy
injection without trauma. This methodology pre;
vented the use of poor potency vaccine and.!
ensured 100% vaccination success. Remote dekb
ery in the field would likely be <100% effective
of Brucella vaccin
ated immunity (CMI)_response in bison as com-
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The goal of a controlled experiment i to u,(;:

realistic, but uniform, chalienge and indugg o -

ease in most of the controls so as not o
whelm the immune system. This Provides

best comparison between control and vaccin,
groups, A poor response in the control groy
effectively decreases the sample size in the eXpo
iment. Because our control animals produceq

viable calves, we do not consider the Pathﬂg-c;;:--

challenge to be excessive.

Environmental conditions also may affect g :

outcome of experiments and the applicabiliyy
management situations. Nicoletti (1990) sugge;
ed that duration of immunity under some fie

liit 1
1[—.{ ¥

conditions may not be as long as that in co
trolled environments. We believe that our m

suped eﬂicasz is likely to be the Ipaximum dery
fr eld application of a parenteral vaccinatig

technology. Our vaccine was a fresh lot obtaine
directly from the manufacturer, reconstituted o

r cell-medi

lEa__.recl to_hand injection. Elk may respond simj-
arly. Cell-mediated immunity is the part of the :

in our study were also provided ad hBbratm feed,
nutritional supplementation, and shelter—nuitri-
tional and stress conditions not likely realized by
free-ranging elk, including those on feedgrounds.
Our elk entered captivity as caives, and their
behavior, growth, and reproduction suggested
they adapted reasonably well to confinement, We

mmnune response essential fo ction against
Brucella infection (Nicoletd and Winter 1990). Fik

onclude that the observed efficacy of 25% is like-

ly a maximum for realworld application of a sin-
gle calfhood dose of 519 in elk.

Models are frequently used to predict out-

comes (costs and/or benefits) of management
actions, but models are highly dependent upon
model construct, estimated parameters, and
inputs. Peterson et al. (1991), modeling brucel-
losis in Jackson, Wyoming, bison, found that low
vaccination efficacy had little impact on brucel-
losis prevalence. Brucellosis prevalence was pre-
dicted to stabilize after declining 23% (from 61 to
47%) with a 24% efficacious vaccine with 20 vears
of vaccinating.
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R

al’s (1991) model was for
"~ aav be app]icable to some brucellosis-
d E-.Ik’ herds, such as the Jackson herd,
s miigles with the Jackson bison herd.
also has the advantage of incorporal-
jamicter mimicking constant exposure to
| source of brucellosis, such as the Jack-
1ierd faces from infected bison. Gross et
modeled brucellosis prevalence in elk
ariety of conditions. Quer a 100-year ame-
viccing with 2,29 1d not elimn-
-ollosis regardle
<re vaccinated. Howevey, the

PRI E] rew;ﬂ_ﬂu%sisﬂcva-
#0-50%. Combined with other treat
- as test and slaughter, eradication
achieved in 20-30 years. Others have
nation alone will simply mot

s, and other controls will be
reduce prevalence

. })L.w]'son et

ut the vaccine has some biological costs.
UNCOMMOn, post-vaccinal orchitis, ana-
" reactions, endotoxic shock, anorexia,
, and arthritis have been reported in a
of species in response to $19 vaccination
e et al, 1681, Adams 1950, Nicoletd 1990,
vis'et al. 1991). Strain 19 also is pathogenic in
and poses a risk to those administering
- vaccine (Nicoletd 1990). In addition, 519
ults in positive Brucella serology on standard
rﬁ_c’illance tests and may interfere with the abil-
W accurately estimate effects on disease preva-
ence using serologic methods. Qur data show
Unat positive—but low—titers may occur up to 2
curs-after vaccination. :

Aside from animal health issues, other signifi-

.y €dnt Costs are associated with conducting a wild-

life vaccination program, including expense,

+ " logisties, abimation of wiidlife, and focusing on
b utic—rather than an ecological—

- -
Jpproach to”solving wildlife disease pro%lerns.

This last item is perhaps the biggest dilernma Tor
wildiife management. Clinical approaches, while
useful in many field situations, are ROt universal-
Ivadaptable to free-ranging wildlifef Even 1if tong-
lerm vaccination was pariof 2 successful program
to_evenmally eliminate brucellosis, this type of
management could contribute to maintenance
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or spread of other diseases. Persisting with this
management paradigm could severely hampey
our ability to respond to NEW wildlife disease
incursions, especially those for which effective

vaccines are nonexistent.

MANAGEMENT IMPLICATIONS

Vaccination of witdlife is an expensive and logisti-
cally difficult operaton 0 conduct. Our results will
be used by wildlife management agencies to
determine whether the benefits of such operations
are worth the costs incurred. Our data suggest that
a single calfhood vaccination of elk with 819 pro-
duces a very low level of immunity in vaccinated elk.
The low level of immunity provided is, in our opin-
ion, highly unlikely to lead to significant reduction
or eradication of brucellosis from feedground elk,
and we cannot recommend its use o wildlife man-

agers. Further, the OW required
5 Paccinate feedgrou etuate Inanage-
ment paradi
ife diseases
2003)."To the degree that vaccination is used asa
justification for those management actions, usé
of vaccination is counterproductive to the elimi-
nation of bricellosis. Management alternatives
that are at least ecologically neutral (i.e., do not
enhance disease gransmission) should be sought.
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