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Abstract. An assay has been developad for the purpose of evaluating the cytoloxic polencies of varous
isolates of Pasfeurslia hasmolyfica. The assay allows measuremaent of the polency of a soluble toxin
released by different P. hawnobytica organsms soated from a varely of ungulates including bghom sheep
(Cvis canadensis), domestic sheep, Dall sheep (Owvis dalll dalll), mouflon sheep [Owis musimon), mountasn
goals [Oreamnos amencana), domestic goats, and elk [(Cervus elaphus). Pernpheral blood neutrophits
were uked as largel cells for cylotoxin-dependent killing. Cylolomcity was quantitaled by assessing the
release of lactate detydrogenase by neutrophils into the culture medium. Results are shown from a varnsty
of P hasmolytica isolales collected from bighom shaep representing geographically distinet populations,
and from other ungulate species including: deer (Odocoileus spp), elk, Dall sheap, mountain goats,
mouflon sheap and domestic sheep. Neutrophil susceptibility to cytotoxn-medialed injury ks compared
among Dall sheep, mountain goats, bighom sheep, domestic sheep, deer, and elk. The informabion gained
can facilitale managament decisions necessary for maintaining heaithy bighorn sheep and other wildiife

populations,

Respiratory disease caused by pasteureliosis
resulls in morality in both bigharn sheep and
domestic sheap, yel it s reporied less frequently in
dear or elk (Thome 1882, Frangon and Smith
1988). To our knowiedge, bacterial pneumonia his
ol bawn reported in Dall sheep or mountain goats,
P. haemalytica can be solaled from many ruminant
spacias whethar respiratory disease symploms exist
or nol (Frank 1882, Clark &t al. 1985, Millar &t al.
1981, Wid and Miller 1991). Bighomn sheep are
mare suscephble to resperalory infecbons than
domestic sheep (Foreyl 1888, Ondaerka and Wishart
1988, Cndarka ot al. 1988, Callan &t al. 1951) and
this diffsrence in susceptibity con ba partially
cxplainied by the grealer sensitvity of bighorn sheep
neutrophils to cyiolovin-dependent kifling by P
haamolylica organsms [Siflow e al, 1983)

Contact transmission of P. haemolylica from
domestic sheep o ghom sheep populations may
hawve devasiating consequences o baghorm sheep
sundval. The obsarvabion of monality losses in freé
ranging bighom sheep exposed to domestic sheep
i confiimed by the resulls of exparimental irals in

which fransmission of P. haemolyfica bebyeen
these two shesp species were tested on caplive
bigharm sheep (Foreyt 1988, Onderka and Wishart
1988, Onderka ef al. 1988, Callan of al. 1891).
Thesa experiments, conducted by three differant
investigaiive teams, all resulted in high mortality
lozses in bighom sheep bul not in domestic sheep
Important quéstons extending from théss résults
include whether other wild species, such as Dall
shaep, mountain goats, dear and slk, alse are
susceptble to morality losses due o P
hawmolytica, and whather Dall sheep, mountain
poals, dear or elk serve as & resenvorr of P
hasmolytica which can be transmittad to bighosn
sheap, Previous expenments involving deer and alk
contact with bighorn sheep did nol résull in
respiratory disease in any of the animals (Foreyt
1882).

Thie cyloloxin produced by soma P. haemolyfica
isolates is an imporant virulence factor in the
dovelopment of respiralory dsoase m many
ruminani species. Colonization of the lower
respiratory tract with P haemolyfica results in



expgencus release of a soluble toxin capable of
miacerbaling the acule inflammation which is
characlenstc of pasteureliosis (Baluyut et al, 1981,
Berggren ot al. 1881), Previpus siudies have
focused primarily on the neutrophil as the target
phagooylic coll susceplible fo oyioloxin mediation
{Baluyut ol &l 1981, Confer ol al, 1980, Czuprynski
at al. 18991, SHlflow &t al 1953). Studies with the
cytoloxin isokated from cattle have shown that, ot
high concentrations, the cytoloxin causes lysis of
the neutrophil resuling in the refease of intraceliular
components which can cause damage lo the
integrity of the lung (Czuprynski et al. 1991). At low
conceniraions, the cyfoloxdn can  achvals
neutrophils o releass cxygen ntermediales and
granulis constitusnis capable of causing hosi lung
damage which may lead 1o morbidity or mortalty
losses (Cruprynski et al, 1891). In addition to the
nautraphil, Sytatoxin mediabon ocedrs i olbwar
immune celis, ncluding suppressad proliferation of
bovine peripheral mononuciear celts (Cruprymaki
and Ortr-Camranza 1882) and ymphocytes (Majury
and Shawean 18591), and lathal and sublathal effects
on alveclar macrophages fraom cattle (Markham
and Wilkie 1980, Markham et al. 1882) and sheep
{Sutherand et al, 1883).

Akealar mactophages are the phagocylic calls
responsibie for inial defanse of the lung agains!
any infectious or non-infectious agent enterng the
lewer airways (Liggit 1885). Provious comparisons
of bigham and domestic sheep species revealed no
difisranoas in the numbers of phagocybc cells in the
alveolar spacas, nor wers thare any differances in
ihe phagocylic or baciericidal acthvities of alveslar
macraphages (Silflow et al. 1888). During early
cuposure of the lower respiratory tract o P
hasmalyfica, the first phagocytc cells 1o encounter
cylolodn are afveolar macrophages. However, we
have shown that alveclar macrophages are morne
resistant to killing by P. heemolytica supernatants
than are neutrophils (Silflew and Foreyt 1804),

Our objecives ware. 1) to measure the potency
of cytotoxn released by differenl P haemolytica
organsms solated from a vaniety of ungulates on
neutrophiis, 2) to measure the potancy of cytotoin
from & variaty of P. heemolyfica isolates collected
from bighomn sheep repressnting geographically
distine! populstions, and 3) o compare The
sensiiivity of neutrophils from different species to
eyloloxin-dependent lysis.

METHODS

Animals

Rocky Mountain bighorn sheep (Owis
canadensis canadensis) from the captive herd al
Washinglon State University were used as a source
of neutrophils for the assays performed in this
shudy. For sach assay, neutrophils from 3 bigharm
sheep (ewes and rams ranging in age from 1-4
years) wers lested lor cylotoan-dependent hsis by
P haemolyfica solates. In addifion, for the
sxpanment to compare different species  for
nautrophil sensdivity to cytotoxin-dependant [ysss,
neutrophils were collected from meuntaln goats (n
= 2}, Dall sheep (n= 3}, domestic sheep {n = 3},
dear (n = 4} and elk (n = 8). Al apimals were
clinically haalthy whan samples ware collected,

Neutrophil Collection and Purification

Peripheral blood samples wara collected into
citrate dextrose solution  (Sigma
Chembcal Company, St Louks, Missourl, USA) by
Jugular venipuncture, Following centrifugation at
B50 x g for 15 min, the plasma and buffy coals wane
discarded, Hypolonic ysis of red cells was
accomplished by the addition of 45 mi distilled
waler for 45 sec followed by tho addiion of & ml of
10X phosphate buffered saline,  Following
contrifugation at 600 x g for 10 min, the lyss and
centrifugation sieps were repaated, and the final
cell poliets wene resusponded in Hanks Balanced
Sall Solution (HBSS) + 1% fetal bovine serum
(FBEE) Celis ware guanittated using a
hemocytometer. and cell vabdity was determined
by brypan biue exchmion. Typical yelds were > 90%
neutrophils, and these cells oxbibited = 90%
viabslity. For each expenment, cells were adjusied
to & concankraton of 5 x 10° cellefml in HBSS + 1%
FBS.

Cytotoxin Preparation
Cylotoxins  were molated from  oulture
supernatants using the method of Shewen and

Wilkia (Shewen and Wilkie 1982). The bhactenal
isolates were characlerized according to biotype
end serofype al the Washinglon State Disease
Diagnosis Laboratory in Pullman, Washingtan,
Indhvidual P. haemolytica solstes wers streakod
onlp 5% blood agar plates (Beckton Dickinson
Microblological Systems, Cockeysville, Maryiand.
USA) and incubated for 18 hr al 37 C. A negalive
control bactanum, Enferabacter (ATCC #35030),
was handled identically. Several morphalogically
similar colonies were used to inoculate 100 mil of
brain-heart infusion broth (Difco Laboratories,



Table 1. Summary of the cytotoxicity status of Pasteurella haemolytica isolates recovered from a

'u'IrIlE of ungullh Species.

Biotype! serotype of
Epecias # isolates testad # cytolaxc isolatas cytotosc isolatas
Bigharn shasp 12 28 A2 A5 11 Al1,
AT
Domestc sheep 23 13 A2 AUT), T2
Dall sheap 19 B AZ
Mcuritaan gomt 4 2 AR
Damestic goat 13 0 MAS
Mouflon sheep 18 1 AUT)
Elk 10 0 A

* UT = serobype untypable due o autoagglulination
" WA = not applicable.

Detroit, Mechigan, LISA) which was incubated at 37
C until cultures reached eary logatithmic growth
To quantitate the number of bacteria, the oplical
densities of the cultures were measured al a
wavelength of 600 nm (O0.,,.) untd 1 0D, (8 X 10"
bacteria/ml) was reached, Baclenin  wire
cantrifuged for 10 min at G000 x g o a paliet, and
resuspended in 30 mi of RPMI-1840 media (Gibco
Laboratores, Grand lsland, Mew York, LUSA)
cantaining 7% FBS. Following incubation for 1 hr at
37 C, the bacteria again were centrifuged at §000
£ g for 10 min, and the culture supermatants were
removed and filter stenbired n & 045 pm Hber
(Sigma Chemical Company, St Lous, Missour,
USA). Culture supsrnatants wera dialvzed 1o
exhaustion agains! distilled water and lyophilized.

Cytotoxicily Assay

We charactarized the relative potency of toxins
produced by varous P, haamolylica Bolales by
odding bactokal culiune supermatanis 1o neutrophils
in witro. Cytoloxicity was quantitaled by assessing
the release of lactate dehydrogenass (LDH) into
the culture medium (Korzeniewski and Callewasrt
1983), Cytolowicity was delermined al final
aoncantrations of suparnatant of 150, 100, 50, 5,
05, and 0085 ug/S0 pl. All of the samples were
resuspended in HBSS contaming 1% FES prior ta
the assay. Filty 11 of each supematant preparation
cantaning cylotoxin was added to the wells of 86-
well plates, followed by the addition of 2.5 ¥ 107
neutrophils in 50 yl of HBSS containing 1% FBE to

iach well, Followang 1 hrincubation at 37 G, 100 il
of LDH subsirate was added. Quantitaton of the
reduced LDH substrate was based on a Titeriak 98-
well plate reader (Flow Laboraiodes, Mclean,
Virginia, USA) coupled to an on-fine IBM-XT
compuler (Inlernational Business Machines, Boca
Raton, Florida, USA). All samples were companad
o neutrophis treated with a 0.5% solution of Thi
detargent Triton-X (Sigma Chemical Company, St
Louis. Missoun, USA) (maximal release) and
untreated cells (background release) and the
resulis recorded as a percentage of LDH released
from uniresied cells, The polency of the vanous
cytoloxing was determined by comparing the 50%
offective dose (ED,). The EQ represents the
intersection of suparnatant concentration and S0%
cell death as determined from the graphic plot of
these two laciors,

RESULTS AND DISCUSSION

A tolal af 197 P haemaolylice solates from 7
diffarent ungulate species was tested for
cylotocity on neulrophils from bighorn sheep
(Table 1). For an isolate to be considerad cytoloxc,
according to our definition, it must have an ED; of
< 150 pg/SOul of supemnatant. Therefore, any
isolates which had supemalants unable to kill af
keast 50% of the neutrophi populatan in 1 hr werne
classified as non-cytotoxic. At least one cytolowic
isolate was recovered from bighom sheap,



Table 2. Cytotoxicity status of Pasteurella haemolytica isclates collected from geographically

distinet bighorn sheep herds.
Total # Biotype/ serotype of
Herd location imolates # cylotoxe cylotoxic isolates
Slhuce Creek, OR 4 1 A5 11
Lostine, OR T 0 NA
Cantral Oregon a8 3 AUT)
Wenaha, OR 2 1 Al
Hall ML, WA, 3 0 MNA
Cintlarer, WA 6 1 A[UT)
Umianum, WA 8 0 MA
Swakane, WA a 1 A[UT)
Wildhorsa is., MT 8 o MNA
* NA = nol applicable.

"UT = serolype untypable due io autoagglutinafion,

domesbc shaep, Dall shesp, mountam goats, and
mouflon sheep. To date, no cytotoxe wolates have
bean idenlified in domestic goats (= 13} or elk {n
= 10). These esults are from a small sample size,
howevar, and should be interpreted carsfully.
Cytotoin-producing iolates were identified most
frequently lollowing recovery from the lung and
viscaia of pneumonic andmals, bul occasionally
ey were also recoverad from pharyngeal swabs of
healihy animals. Biotype A solates were maore
likely o be cylotode than blotype T solates. We did
fncover biokype A igolates which were non-cytotoxdc
inciuding A11, A18, AT2781112 and
Aluntypable), In our exparience, the Pasfewrsis
organsms most requently recovered from an
amimal which has died of pneumanin have besn A2
To dale, we have not recovered an A2 organism
fram & healthy bighorm sheep,

Geographically distinct herds of bighorn sheep
wirg [esled for the presence of cylolonc P
haermoiytica malates. OF 9 different hards lested,
cylotowc isolates were recovered from & herds
(Table Z). In4 of these 3 herds lesting postive for
cylotoadn, all of the animals appeared to be healthy
and these 4 herds consisted of Calfornia bighom
sheep (Oviz canadensis colformiana). In 1 case,
the eyloloxc molale was recovered from a Rocky
Mountain bighorn  shesp which had died of
prnoumonia, while the remainder of the herd

appeared healthy. Whether neutrophils from
Califorvia bighorn sheep are more resistant o
cyloloxin damage than neutrophils from Rocky
Mountain bigharm sheap is nol known and will ba
iested in fulre ressarch efforts,

Meutrophils were collected from & different
ungulaie species and bested for sonsitivity 1o an AZ
maolate from & domestic sheep (Table 3)
Moutraphits fram ek and desr wera not Sensiye o
the cytotoxin at the doses of supernatant routinaly
used. Howoever, neutrophils from bighorn sheep.
Dall sheep, mountain goals and domesbc sheap
waore sensitive to cytotodn-dependent killing. The
order of sensithty (o cytotoan killing (from most
gsensitwe o least) & Dall sheep, Nghom sheep,
mouniam goal, domestic sheep,

Testing gecgraphically distinct herds of
ungulates for neutrophd sensdtnaly Io P haemaolyficas
cytoloxin réquines transportaion of blood sanmphes
1o & location with adequats [aboratory taciliies, To
delermine how long afor blood collecton thi
neutrophil viabily s adequale lo use in the
cyloloxicity assay, blood samples ware collectad
o anb-coagulant and stored at odher 4 Coor 22 ©
for 0, 12, 24, and 48 hrs bafore noulrophits v
sofaled and viabilty was measured, Mo diferences
were obsarved fod effects of lempefalune
Meulrophil viahity siemdily declined with time,
though S80% were stil alve by 12 hr post-callection



Tablke 3, Relative sensitivity of neutrophils from
differant ungulate species to cytotoxin lysis by
a Pasteursila hasmalytica isolate (AZ) from a
domestic sheep. The species are listed in order
from most (o least sensitive to lysis,

ED,*
Species (hag/ S0l
Dall sheap 3
Bighom sheep 12
Mauntain goat 25
Domastic shoop 58
Elk MC"
Deer NC*

T50% effectve dose represanting the intersection of
supematant concentration and 50% neutrophil
death,

* Considered to be non-cytolode since the ED,,
exceads the highes! concentration of supermatant
usnind in the assay.

{Figure 1} In situations where blood samplés can
b shippad 1o a Evboratary within 24 hr of collaction,
sdequate numbers of viable neutrophils will be
avallable to use in o cyiotoxin assay.

Cytofoxn production s a major virulence facior
in the pathogenesis of pneumania, yel the recavery
of cytoloxs orgamsms from  healthy animals
indicalas that it may not ba the only factor wilved,
Others. such as the pressnce or absance of a
capsule, and the rele of lpepolysaccharide, should
bo iweshigaled. In additon, the production of
chemotachc signals by bactenal oiganisms,
alveslar macrophages, or both, should be
considaned. Dapletion of perpheral blood
newdrophils prior o inoculation of P. haemalylica in
calves blocked lhe developmen! of respiratory
disaéase (Skocombe o al 1985}, Theoelone, il the
chemolactic signals could be preventod of
diminished, thus preventing the influx of nesutrophiis
fram peripheral blood into abveolar spaces, lung
damage could be minimized,

MANAGEMENT CONSIDERATIONS

Since (he cyloloxin assay can be performed
routingly, wildlife managers and beologsls should
congder collecting pharyngeal swabs  from
coplured ankmals (o screen for the presence of P,
haemolyfica oiganisms. Furthermare, the status of
yloloxn producton by these organisms shoukd be
tesied The Information gained may influsnce

Figure 1. biood samples were collected
from bighom sheep (n = 3} info cifrate phosphate
dextrose solution and stored al either 4 C or 22 C
for 0, 12, 24, and 48 hours before neutrophils were
izolated and lesied for viability.

deciions related to iransplantation of animals,
Furtharmae, the information of the status of & herd
regarding the presence of absence of cytoboids
organisms may have epirooticlogic value which
may be used fo predict or anticipate decase risk
within a herd.

LITERATURE CITED

Baruvur, G, 5., R. R. Samosson, W, J. BEMRICK AND

&, K. Maneswaran, 1981, Inleracton of
Pasleurella  heemolplica wilh  bovine
neulrophils;  enbificalion  and  parbal

characlerizaton of a cytotoain. Am. J. Vet Res.
4219201826

BerGorEn, K. AL, C. 5. BaLuyuT, R. R. Smonsos, W,
J. BEmpck anp 5. K. WasEswaray,  18E,
Cylatoose effects of Pasfewella hasmalytica on
baving noutrophils. Am. J. Vel Res. 421383
1388

Calinw, R, J., T. D, Bunch, G. W, Worsman anp R
E. Mock 1981, Development of pnaumania in
desart bighorn sheep after exposure to a flock
of exotic wild and domestic sheap. J. Am. Vel
Mad. Assoc. 198:1052-1056,

CLank, R. K., DA Jegsue, M D, Kook awo R, A
Weaver, 1085 Survey of desert bighorn
sheep in Calfornia for exposure o seleched
infectious diseases. J Am, Vel Med Assoc
18711751178

Conrer, AW, K. R. Smons, M. T, BARgic ano K. D,
Cuneenpeasn, 1980, Effects of Pasfewralia
hagemolplica lsukotoxin on neulrophils from



white-talled deer and several exolic ruminani
spacies, Vel Res, Commun, 14:175-180,

Cruesynsi, C. 1, E. J. NogL, O, OaTZ-CARRANTA
AND S, SRIKUMARAN, 1881, Activation of boving
neutrophils by partially purified Pasfeuraia
haemoiyliice  leukotoodn, Imfact. Immun.
S8:3126-3133.

LAHD D, DRMZ-Carmanzsa, 1892, Pasleurails
haginodytica leukoloxin nhibita mdlogen-nduced
hovine porpheral blood mononuckear coll
prolifaration in witro. Microb. Pathog. 12:458-
463,

Fosevyr, W_J. 1888, Fatal Pasteureia haemolylica
pneumonia in bighom sheep following direct
contact with normal domestic sheep, Ame J,
Vet Res. 50:341-3244.

1882, BExperimental contact association
batwean bighom shesp, alk, and desr with
known Pasfeurelln haemolytica infactions.
Bienn. Symp. Morth. Wild Eheep Goal Coune.
B213-218.

Frane, G. H. 1882 Seratypes of Pazfednmla
hasmalytica in shaep n the midwestern Lindbed
States. Am. .J. Vel Res 43:2035-2037.

Fransow, J. C. ano B. L. Swrw, 1088 Seplicemic
pasteursllosis in elk (Cenvus elophus) on tho
Uniled States Mational Elk Refuge, Wyoming.
J. WildL Dis. 24:715-717

Korzemewns, G ann D M. CALLEWAERT. 1883, An
efEymi-rolaase aesay for natural cytolowcity,
J. immunol, Methods, 84:313-320.

LicarmT, H, D. 1285, Delenss mechansms n the
hoving lung. Vet Clin. Marth &m. Food Anim.
Pract. 1:347-3686,

Mapury, A L ano P. E. Suewen, 1981, Praliminary
nvestigation of the mechanism of inhibition of
bovine lymphocyte prolferation by Pasfeuwela
hasmolytica A1 leukotoxing Vel Immunol.
Immunopathol. 28:.57-68

Marman, B J. ann B, M. Waoe. 1980, intermction
betwaen Pasteuralia haemalyfica and bovine
alveolar macrophages: cyloloxc effect on
macrophages and impaired phagocytosis. Am.
J Vil Res 41:18.22

; ML L. RAMNARKGHE AND G, C. MUSCORLAT,
1682, Cylotowle affect of Pasfeurels
haemalytica on  boving  palymorphanuclear
leukocytes and  impaired  production  of
chemotacic  factors by  Pasieurslla

ca-infected alveolar macrophages.
AmoJ Vel Res 43:285-288,

MiLLer, M. W, N. T. Hoaas ano E. 5. WiLLIAMS,

1691, Spontaneous pastsurslioss (n captive

Rocky Mountain bighom sheep [Owis
eanadensis canadensis). clinical, labaralory,
and eptzootoiagical obsarvatons. J. Wikdl. Dis
27-534-542.

Onperka, D, K. avp W. D, Whanart, 1888,
Exporimenial coniacl  transmission  of
Pasfewella haemolylica from clinically normal
domeslic sheep causing pneumonia in Rocky
Mountain bighorn shaep. J. Wildl. Des. 24663
657

, B A Rawiue ano W, D, Wisuart, 1988,
Suscepibility of Rocky Mouniain bighom sheep
and domestic sheep o pneumonia mduced by
bighorn and domwsbc vestock siraens of
Pasteurella haemalyfica. Can. J. Vel Reés
S2:430-444,

SHEwEN, PLA_AND B. N, Wi, 1982 Cytotoxin of
Pasfewrslla hasmolyfica acting on  boving
lnukocytes, Infect. lmmun, 35:81-04,

Sirow, B, M awp W, J. Foreyr, 1984,
Buscoplibllity of phagocytes from ok, doer,
bighom sheep and domeslic sheep fo
Pasteurelia heemolyfica cylotoons.  J. Wil
Dis. (Submitted for Publication).

LS. M. Tavior, W. Larcrein W, H.

D, Licarrr Ao R, W. Leip. 1888, Comparison

of pulmonary defanse mechansms in Rocky

Mountaln bighom sheep (Oviz canadonsis

canadensis) and domesiic sheep. J. Wikdl, Dis.

25:514-520,

. AND R. W. Len, 1883,

Pasfeuraila hosmolyfica, cyloloxin-depsndant
killing of neutrophits from bighorn and domestic
gheep. J. Wildl. Dis. 20:30-35.

Stocouse, R F., J Maask, R. incersol, F. J.
Deresen aNp N, E. RoBilson. 1885,
Imparance of neutraphils in the pathogenesis
of souts pnsumonic pasteuraliosis in calves.
Am_J, Vet Res, 46:2253-2258,

SumvenLann, b D, E. Gray asn P. W, WeLes, 1883
Cylotoxc effect of Pastewells haemolytica on
avine bronchoalveolar macrophages in vitro.
Val, Microbiol, 8:3-15,

THorke E- T, 1882, Bacleris, Pages 38-38in E. T.
Tharna, N. Kingstan, W. R. Jolley and R. C
Bergstrom. (eds), Diseases of Wildiife in

ming. Cheyanne, Wyoming. 353 pp.

WiLo, M. A anp M. W, MiLLer, 18891, Detecting
nanhemalytic Pasfeuroia haomolylica
infections in healthy Rocky Mouniain bighom
sheep (Owiz conedensis  canadensis)
Influences of sample site and handling J.
Wildl, Dia. 27:53-80,



