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Abstract. The objective was to determin~ whether the inhalation of large quantities of feedyard dust
predisposed the animals to pulmonary bacterial proliferation. Two control groups, C I and C2, did not
receive dust treatments, and two principal groups (PI and P2) received a total of 14 dust treatments each.
The C I and PI groups of goats each received a transthoracic challenge of live lvlallllheil1lia/welllolytica
(4 X 106 colony forming units. CFU) The C2 and P2 groups of goats each received a transthoracic
challenge of live Pastel/rella IIII/Itocida(1.0 X 106CFU/goat). The results showed that dusted animals
had fever when compared with non-dusted controls. In addition. dusted animals demonstrated a
leukocytosis with neutrophilia after the first dust treatment that was not sustainable. Finally. dusted
animals demonstrated pulmonary clearance of two potential bacterial pathogens that was not significantly
different from that shown by control (not dusted) animals.

Dust, in and around feedyards. is an industry problem
[25]. Small dust particles (approximately 2.5 IJ.m in
diameter) are becoming increasingly scrUtinized by reg-
ulatory agencies (e.g.. the Environmental Protection
Agency) because of their potential to harm human health
[15. 23]. Indeed. many agricultural practices are cur-
rently being scrutinized for their potential to produce
large amounts of fine dust particles [-k 13].

Feedyard dust is thought to affect the incidence of
cattle pneumonia [12] and perhaps the grO\vth potential
of young calves. It is known that the inhalationof or-
ganic dust can be toxic to a number of animal species
[22]. One of the most toxic components found in dust is
endotoxin [19. 20]. and endotoxin is produced by all
Gram-negative bacteria. The outer membrane of these
bacteria is composed of lipopolysaccharide molecules
called endotoxin. and the most toxic part of the endo-
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toxin molecule is the lipid A portion [11]. Feedyard dust
should be expected to contain a high concentration of
endotoxin because manure contains a high percentage of
Gram-negative enteric bacteria (e.g.. Escherichia coli).
which are normal inhabitants of the large intestines of all
animals. \Vhen manure dries and ruminant animals tram-

ple it into dust. it is then calTied aloft by the mo\'e.ment
of ruminants and with the prevailing wind5. Culturable
Gram-negative bacteria are frequently not found in the
air because their cell membrane is very susceptible to
desiccation [8, 14]. but the resulting endotoxin-contain-
ing dust particles ar~ very biologically active [2] and are
free to enter the respiratory tract of feedyard animals
[12].

Malltlheimia /wemvlytica and Pasteurella JI/lIltocida
are invoh'ed with most acute tibrinohemolThagic pneu-
monias that develop in market-stressed feeder/stocker
calves. sheep. and goats after shipment [10]. This disease
usually develops after ruminants are marketed and trans-
ported. During marketing stress. the ruminants often
become exposed to many viral respiratory tract infec-
tions, especially herpes rhinotracheitis viral infections
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[9]. IH. haemolytica is consid<;redthe primary bacterial
pathogen in pasteurellosis that frequently develops in
market-stressed cattle. sheep, and goats [1,5, 6, 26]. The
actual role of P. 1Il1lltocidaas an agent in acute pneumo-
nias of cattle. sheep. and goats is not well understood.
However, it has been suggested that it should receive
recognition as a primary pathogen in these animals [7].

Previous work has shown that goats are an excellent
model for use in researching acute pneumonia [17, 18]
and immunity [16]. The objectives of this s!lldy were to
examine the ability of weanling principal goats dusted in
a semi-air-tight tent compared with non-dust-treated
weanling controls to clear live M. haell/olytica or P.
1Il1lltvcidainjected transthoracically. The lungs of all
goats were examined grossly and histologically, and the
mean temperature response and the mean white blood
cell response after dust treatment of the principal groups
were compared with the responses of the non-dusted
controls.

Materials and Methods

Bacteria. Pasle/lrella 1II1IllOde/a A:3<PmA:3). \\as isolate:d from a

confirme:d fatal case: of acUte: bovine: re:spiratory di>e:ase:(28]. ,\Jal/I/Ize-

illlia Iwell/olpica A I(MhA I) was also isolate:d from a contirme:d case:

of acute: bovine: re:spiratory dise:ase: (2-1). Cuhure:s \\ e:re:store:d at -70;C

in re:constitute:d doubk-stre:ngth powde:re:d milk on tilter pape:r squares
10.5 cm). For use. froze:n cuhure:s were th;\wed andin.:ubated for 2-1 h

at 37'C on nutrie:m agar (Dif.:o. De:troit. MI) plus 5<;( bovine: eryihro-

c)'tes. The: frozen s[Ock cuhures were: tr;lOsferred only once bc:fore use

in e:xpe:rime:nts.Colonie:s from the: blood agar were:use:d to initiate:
cultures on Brain He:art Infusion (BHI) ag;lr plate:s. The:se cuhure:s we:re:

washe:d with physiologkal saline: and use:d as st:\rte:r cuhure:s. Live:

PmA:3 and MhA I were: obt:\ine:d from an e:.xpone:ntial phase: cuhure: 118

hI gruwn in I L of brain he:art infusion broth in a 37'C sh;\ke:r in.:ubator

se:t at 180 rpm. Cdb we:re: h;\rve:sted by centrifugation (17.700g. 30

min. -I'C). The: live: cdls we:re: washe:d twke: in ste:rile: phosphate:-
buffere:d saline: (PBS) and then adjuste:d [0 an optkal de:nsity of 1.0 ;\t

650 nm. The: PmA:3 chalknge: dose W;tS I x 10' CFL'/ml in I 011of

PBS. and the MhA I ch;\lknge dose: was -I x 10' CFL'/ml in I 011of
PBS.

Goats. Twe:nty-four fe:male: we:anling goats we:re: h'>lIsed in a thre:e:-

side:d barn. The:y were: treate:d fl'r ime:rnal hdminth parasite:s II\'ome:c
1\ISD AGVET. 1\krck & Co.. In.:.. Rathway. NJJ and co.:cidia (Am-

prolium. MSD AGVET. 1\kr.:k & Co.. [nc.) Goat> we:re: limit fe:d a

commerdal pelletized r;\tion (-1-1<;(grain con.:e:ntrate. 20g, alfalfa hay.
30<;( cottonse:e:d hulls and me:al. 5'7.- molasse:s. A and E vitamins. and

!race mine:rals) and wate:re:d free: choice. The: goats were randomly
allo[[e:d to control group I Inot duste:d but injecte:d with PmA:3. 1/ = 6).

comrol group 2 (not dusted but inje:cte:dwith MhAI. 1/= 6). prin.:ipal

group I Iduste:d and inje:.:te:d with PmA:3. 1/ = 6). and principal group
2 (dusted and injecte:d with 1\lhA I. /I = 6). The goat; we:re: adjusted to

the:ir en...ironme:nt for 2 we:e:ks before experime:ntatil)n be:gan. includ-

ing. handling. fe:e:ding. and rectal te:mpe:rature. and jugular blood sam-

pling.

Tents. The: semi-air-tight dust tent. 183 cm wide: x 2~-I cm long x 213
.:m tall (.:ustom fabricated. Wolfe: Canvas Co.. Amarillo. TX, \\;\s

.;J;\de:of 8 oz vinyl-coated polyeste:r supported by a pipe: franie:. Zip-
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pered doors at eithe:r end provide:d access and egress. The tent was

divide:d into six stalls. each accommodating one or three goats. depe:nd-

ing on the experiment. Prior to each 4-h dust treatment. the goats were

randomized [0 the six pens inside the tent. Fifty-cm-diameta box fans
were placed at each end inside: the tent to cool and circ.utate the air. A
1.5-inch diameter P\'C pipe ran from the: outside. up (he: inte:ric)r of the
tent wall to a set of baffles. which was the outle:[ for the: aerosolized dust

locate:d in the top cente:r of the: te:nt. A second te:nt of similar design was

used to contain the: non-dust control goats.

Feed~'ard dust preparation. Dried feed-yard manure: W;\s re:mo ed

from a working fe:e:d yard and stored in p!;\Sti.: barrels. The dried

m;lOure: was puh'e:rize:d by p;lssing it through 2-mm sieve: rolkr drums
(custom fabrkated: Conser ;Hion and Production Research Lab. Bush-

land. Te:xas). The: partide:s wae the:n passed through a se:rie:sof sie:\es

(U.S. Stand~\rdSie: e:s:1\0. 100. opening 1-19"'01. and 1\0. 60. ope:ning
250 "'01: E.H. Sargent ;lI1d Co.. Chicago. IL). and the: partide:s \\ere

funhe:r reduad in size: by using an automated soil grinde:r (:-\a,co-

Asplin. Fort Atkison. WI J. The: dust (5.96''( moisture:) w;\s swred in

buckets with lids. Thre:e: 10-g sample:s of dust from each of three

buckets we:re: colle:.:te:d for e:ndotO\in analysis. The sample:s were

place:d in spe:cially pre:pare:d glass vi;tls. inyl c~\ppe:d. and scaled with

aluminum seal>. The: gl;\Ss ials were rinsed with re\'erse osmosis (RO)

wate:r (~Iillipore: Re:\'erse O';nlOsis Wate:r Syste:m. 3216. Continental

\\'ate:r Systems. Lubbock. TX). The: RO wmer and rinsed viab ser ed

as controls for background e:ndo!Oxin.

Dust aerosol technique used to challenge the goats. The: prepared

fe:edyard dust ( 1500 g) W;\Splace:d in a hoppe:r (Accu Rate:. Whitew~Her.

\\'1) with a I!-I-inch auger in the: boi!Om. The: auger spe:e:d was $et to

deli er 990 g of dust o er the -I-h dust treatme:nt. The: dust was augured

into a me:tal funnel. which kd to a Jet 1\lill (}et-O-~Iizer. Fluid Ene:rgy

Proce:ssing and Equipme:nts Co.. Hattield.PA) unde:r 28 psi lair pres-

sure regulmors. Wilke:rson. Grainge:r. Amarillo. TX) which further

pul erized i[ and separate:d larger particks. which were lifted imo a

stainle:ss ste:eI trap ((r;lp. custom fabricate:d. In-Tox Produ.:ts. Albuquer-

que:. 1\1\1). An air ibratnr (ope:r;Hed with 10 psi of air) was anached to

the: outside: of the hopper and touched [he funnel. whi.:h preve:nted duS[

build-up in the funnel. The: smalle:r partides from the: je:t mill were

blown up a PVC pipe: and out through PVC banks locate:d on the: inside

ce:iling of the: tent. Dust disse:mination by [he:je:t mill was augme:nte:d by

air prnduce:d by a gasoline-powere:d portable: air compressor lAir Com-

pre:ssor. Ste:wart-Warne:r. Johnson CJty. T:\) and with air from a large
blowe:r motor (Portabk Blower and Vacuum Motor. Industrial Ty~.

3hp. elocity line:ar fpm 33.570. Grainger. Amarillo. TX). The: du-t .
ae:rosol was colkcte:d fl'r 30 min with thra Ande:rse:n two-st;lge mi-.

crobial cascade: impac[Ors and was analyzed for e:ndl)!Oxin concentra-

tion. The: dust was trappe:d in two glass Petri dish bonoms. each

comaining 20 ml of ste:rik RO w;He:r. The: Petri dishe:s \\ere pl;tced in

the: top 'stage:-I and the bonom stage:-6 (h~araftc:r called st;lge: O. and

st;lge 00)( \\ ith stage-2 thwugh stage-5 remo ed) of a six-stage

Ande:rsen microbial cascade: impactor. (,\'ole: ol/Iy lire pegs 01/ (he

6-sl,,!;e Andas"/I illll',I,'wr are slI/a/le/louglz (0 a('('0/l/lI/odale 11r,'Ilrid

gl"H plales.) In addition. a serie:s of three: glass bonk traps. each

containing 20 011of RO water. wae: hooked into the: impactor to tra?

the: dust that might go through the: impactor and be: lost to the e:n\i-

ronment. Afta dust collection. the: water from the: thre:e traps \\ a-

combined inw one sample:. The: samp[e:s analyzed for e:ndotoxin con-

centration were: the: wate:r from stage:-I (non-re:spirable partide:;).

stage:-6 (respirable panide>), and the wate:r from [he: traps (respirable

partide:s). For the: sake: of re:p\lning. stage-I \\as calle:d O. and stage-6

was called 00. The: Andersen impactors were: placed 120 cm abo e the:
1100r.
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Endotoxin anal)'sis. Endotoxin conc~ntration in the dust was mea-

sured by using the kinetic chromog~nic s~mi-quantitative Limulus

ameboc)"t~ Iysat~ assay (29]. Aliquots of th~ extracts were s~rially

dilut~d in 10-fold incr~m~nts with pyrog~n-free water. A IOO-I,LIali-

quot of each dilution was mixed with 100 IJ.I of fr~shly prepared

Limulus amebocyte lysate containing chromogenic substrate in a py_

rogen-free microliter plate that was kept at 37'C. Color d~\'elopment

was monitored every 15 s with a microtiter pl:lte reading spectropho-

tometer. The time interval required to reach 0,03 :Ibsorbancy \\as

compared with an endotoxin st:mdard curve covering the rang~ of 5

ng/ml to 0.5 pg/ml. The standards were lin~ar o\'er a 5-log range of a

log-log plot. Endotoxin concentrations in unkno\\ n sampl~s w~re cal-
culated by lin~ar interpolation from the standard cun'e. All dilutions

were assayed in duplicate. and a parall~1 dilution was spiked with 50 pg

of endotoxin to assess uny enhancem~nt or inhibition of acti\ it)' by any
of th~ extracted s:ullpks. Only thos~ dilutions that did not exhibit

enhanc~m~nt or inhibition and which wer~ parall~1 to th~ standard

eun.e wer~ us~d. Valu~s were a\.eraged on three diff~rent occasil>ns.

The coefticients of variation for these assuys a\.eraged 7.6Q. To con-
v~rt ~ndoto.~in activity to ~quivaknt muss units of the EC-6 rder~nce

standards (U.S. Pharmucopeiu). a factor of 10 EL'/ng was used: EC-6 is

a rderence standard endotoxin. and EU signifies endotoxin units. Th~

analysis of endotoxin wus conduct~d at the IBT Ref~renc~ Lub (Le-
n~xtt. KS).

:\Ieasurement of rectal body temperatures and complete blood cell

counts (CBC) relathe to dust treatment. The rectal temp~rutur~s and
CBC counts were measured following a tim~ s~ri~s rdati\.~ to dIN

treatm~nt: pre-dust treatm~nt. (4-h dust tr~atment). 4-. So. 12-. and 24-h

post-dust treatment. The time seri~s was modi tied for rectal t~mper.J-
tures and coll~ction of blood for CBC counts when consecutive du"t

treatments were administered. The data were collected for rectal tem-

peratures at 4S h. 24 h. and just before dust treatment .udministration
and 4. S. 12. and 24 h after the Ist dust treutment and 4 h ufrer the 2nd

dust treatment. TemperatUre measurements then lapsed [024 h prior to
bacterial challenge (BC). immediatdy prior to Be. and 24.48. 72. and

96 h after Be. CBC counts were determined on the day prior to du>t
application and 10 and 14 days later.

Bacterial challenge. histologic examination and lung cultures. The

goats wer~ inject~d transthor:lcicully with either 4 x 10' CFL'/ml

;\lhAlor I X 10' CFU/ml PmA:3 imm~diately following the last du>t
treallll~nt. Four days after the Be. the gOals were tak~n to the Vet~r-

inary ~Iedical Diagnostic Laboratory. Texas A&;\I lfni\'ersity (Am-

arillo. Texas) for euthanasia and necropsy. The gross and histl>pathl>-

logic examinations of the tissues were performed blind. All lung lesion>
wer~ obsened. palpated. and measured. Specimens were obtained from

all lung-injected sites for histologic e,~amination and culturing for
viable bacteria. 1\laterial for the bacterial isolates and th~ir titers were

obtained by first heat-sterilizing the lung surface of the area desir~d. A
scalpel stab was made into the lung. and two sterile s\\ abs were insened

into the site and allowed [0 absorb tissue fluid. One specimen \\"a,

streaked on a blood agar plate. and the other specimen was washed and

expressed into a tube containing 1.8 ml of phy'siologic saline solution.
From this tube. a tenfold dilution series was made. One-tenth milliliter

of each dilution was streaked onto blood agar plates in duplicate.

Injection of horse RBC. Horse RBC were collected in alse\'ers solu-

tion (anticoagulant) from the jugular vein of a horse. They were washed

three times in sterile PBS and centrifuged at 50 ref for 30 min at 4'e.

One ml of horse RBC containing 1.7 X 10~ cells in sterile PBS was

injected into each goat intravenously after the first 4-h dust event. For

the hemagglutination assay. the procedure of Carpenter was followed
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(3]. This was done in order to examine the effect of dusting on th~
normal antibody response to equine RBCs.

Equipment used to quantif)' the dust and to determine the range of

particle sizes. A five-stage cyclone device (In-tox Products. Albuquer-
que. :\;\1) was used to quantify the small panicles of dust <0.32 IJ.m
that collected on the tilter paper. Stage-five measured panicles of O,3~

IJ.m: st:lge-four. panicles l'f 0.65 IJ.m: stage three. panicles of 1.4 1J.111:

stage-t\\o. panicles of 2.1 IJ.m: and stage-one. panicles of 5.4 IJ.m.

Eight :-'Iillipore Swinnex holders (Swinnex tilter holders. ;\lillip0r~
Corp.. Bedford. :-'1.-\) (4i n1l11)equipped with a 0.45-lJ.m filter were

used to quantitate the amount of dust in the air of the dust telll. by using

Andersen vacuum pumps to collect I ft~ of air per min through the
tilters for 30 min. All determinations were done in duplicate. The tilters

were pre-weighed and after 30 min weighed again to determine the

quantity of dustlnl"' in the tent during the dust treatment. The dupli.:ate

samples were :I\eraged, Fi\e open Petri dishes were placed on the
b0ard that supponed the cyclone device. These dishes were allowed to

collect du>t panicles \\ hich seuled out of the air during the 4-h peri<'d.
These dishes were weighed before and after collection of the du>t

panicles. A ~Iah.ern ~Ia,tersizer 2000 particl~ size analyzer (:-'Iahern

,Inmuments. Inc.. Southborough. ~IE) with optic:!1 bench (dual 466.nm
blue LED and ZmW63nm He:'\e laser light source) was used to size

and qualllify the range of feed yard dust panicles. This was done in
triplicate.

Statistical anal)'sis. The mean results for measured \'ariables were

compared by analysis of variance by using the General Linear ~lodels

procedures of SAS (211. ;\[eans of rectal temperature. [Otal WBe

COUIIIS.absolute neutrophil and lymphocyte counts were compared
between principal and control groups over the experiment. and within

any sample day and period of time. Significant differences between

treatment means were determined by Bonferroni's and Dunneu's ad-

justed paired (-test (p oS 0.05). which allowed pairwise comparisons

of treatmelll group means and control means within any sample cl>l-
lection day.

Results and Discussion

Analysis of dust. Feedyard dust contained mean :!6.9!J.g
of endotoxin per g according to the IBT Reference lab-
oratory analysis. The three histograms produced by the
:-'Iah'ern instrument were very similar to one another.
The particle sizes ranged from 0.89 !J.mto 355.6 !J.m.
with an a\'erage of 100.03 !J.m. Two-stage Anaersen
impactors (II = 3) collected the following concentrations
(ng) of endotOxin per ml over 30 min. Number one
impactor. non-respirable plate O. 97: respirable plate 00.
700: and combined traps. 25.1. Number two impactor.
non-respirable O. 65.9: respirable plate 00. 700: and
combined traps_-1-5.6.i'\umber three impactor. non-respi-
rable plate O. 35.1; respirable plate 00. 224; and com-
bined traps. 9.:!2. Each unit contained 20 ml: therefore.
each data point was multiplied by a factor of 20 for total
concentration collected over 30 min. The mean endo-
toxin concentration from the non-respirable plate 0 was
1320ng/20 ml (SE!vl 619): (respirable plate 00. plus
combined traps) was 8293ng (SEM 5406). o\'er 30 min
(pump I ftJ/min). The following formula was used to

l
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Fig. I. Mean rectal temperature (OCI of principal dust groups (both

injected with PmA:3 or MhA I I and control (no dust) groups (both
injected with PmA:3 or lI.lhAI). The lower-case letters a and b indicate

a significant rectal temperature increase in the principal dust group
compared with the control (no dust) group. The error bars refer to the
standard error of the means. A dust event occurred from 0 to ~ h. from

2-1 to 48 h. and from the second 0 to ~ h. The C above the second ~ h

indicates that the goats were chalknged with the appropriate b;lcteria

immediately after that dust event. The principal group was treated with

dust daily following the bacterial challenge.

determine the amount of endotoxin/m~: I ft~ = 28.317

L X 30 min = 8'+9.51L divided by 1000 L = 0.8'+95m~.
which contained 8293 ng respirable endotoxin. There-
fore. I m~ of air contained 9672 ng of respirable endo-
toxin. Since one goat inspires 1.421 m~of air (in 4 h) X
9762 ng endotoxin/m~ = i3,872 ng of respirable endo-
toxin was inspired over a 4-h dust treatment.

Analysis of feedyard dust during dust treatment. The
hopper was charged with 1500 g of dust each time a 4-h
dust treatment was given to the principal goats. The
means for the following parameters were: weight of dust
in the trap (464 g. SEM 38); weight of dust that entered
the tent over 4 h (843 g. SEM 45): amount of dust in the
tent (89 g/m~14 h, SEM 5); and the weight of dust
determined for each stage of the cyclone device (small
particles. 5 to > I IJ.m).stage I (0.3..B g. SE~1 0.O-J.2);

!
i
l
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Daily dust application event

Fig. 2. Mean principal tot:11 white blood cell counts foHowing dust

treatments compar.:J to non-dust treated controls. The top graph shows

a typical principal grl'Up incr.:ase in mean leukocytes foHowing one ~-h

dust tr~'-l:ment. Signilicanr differen.:es between control and principal

groups within day are indicated by a and b lower-case letters. After a
10 d;ly p'-luse. dust tre'-ltmentswere again started. the bonom gr:lph
shows the mean tot;ll WBC counts of th.: two principal and two control

groups at three points. one d'-lYprior to dust application (-I I. imme-

diately prior to transthc)racic injection of the respe.:th'e bacterial chal-

lenges (IO'h dust treatm.:n!). and four days foHowing bacterial chal-

leng~ (I~'h dust treatmen[) immediately prior to necropsy. The erro(
bars refer to the stanJ;lrJ error of the means.

stage 2 (0.088 g. SEM 0.013): stage 3 (0.092 g, SEM
0.009): stage 4 (0.031 g. SEl\[ 0.003): stage 5 (0.026 g.
SEM 0.002): and the cyclone filter (0.008 g. SEM
0.0008); and weight of large dust particles passively
settling into the the Petri dishes (1.002 g, SEM 0.590);
weight of large dust particles passively settling over the
tent (18.0'+to 28.-+2g/011).

The mean dust olumes collected from the tent by
the ~[illipore filter technique were: 0 to 0.5 h, 49.628
mg/m~ (SE~[ 4.921: 0.5 to 1.0 h. 46.869 m!!/m~ (SE~1
3.90): 1.5 to 2.0 h. 47.877 mg/m3 (SE~I 7A3); 3.0 to
3.5 h. 47.217 mg/m~ (SEM 1.91); and 3.5 to 4.0 h,
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Tabl~ I. ;'I:umb~r of :\IhA I and PmA:3 isolat~s r~.:o\"~r~d at n~cropsy from various anatomkal localions. and m~an til~r at th~ chall~nge
~xposure sil~ in the right lung

" :--lhAI and PmA:3 tit~r cakulal~d frl'm 0.1 ml of ti"ue tluid takcn from the right lung chall~nge sit~ ;It neaop'y: Ih~r~ w~r~ no "igniti.:ant

differ~ncc, in lil~r :1I11ongth~ tinar groups: c(,lony forming unil (CFL:) data ar~ ~~pres,ed as mean:: SO"
10Thc num~rator is Ih~ numb~r of 1=0al:<from whi.:h b:":I~rial i.,(,lat~s \\ ~r~ r~co\er~d: Ihe Jenominator is Ihc IOtal numb~r llf goal:<.

70.755 mg/mJ (SDIIO.16). The grand mean was 50.591
mg/n1"'(S-DI10.7-H. -

Clinical effects of dusting. No panic or restlessness was
observed among the principal goats during the .t-h dust
treatment. although occasionalIy some goats would
cough. Coughing in general seemed to increase for 1-2 h
after the principals were returned to their pens. When the
principal goats were removed from the dust tent. their
hair coat was \"eloydark with dust particulate matter. The
ambient temperature was extremely hot (37.8°C) during
the first dust treatment. and the controls and principals
confined in different tents had similar mean temperatures
(Fig. I). The principal group's (II = 12) mean rectal
t~mperatures significantly increased at 4 h (P :5 0.0 I)
post-dust treatment on the second day only. compared
with the controls. A state of tolerance appeared to de-
velop after repeated dust treatments (Fig I) [20].

The mean total CBC counts for the dusted and

non-dusted groups indicate that there was a significant
difference (P :5 0.05) in mean total WBe counts be-
tween the control and the principal group after one dust
treatment (Fig. 2). Dusting of animals appeared to have
no effect on their ability to respond to a particulate
antigen (horse RBC) regarding antibody production (data
not shown).

Gross and microscopic pulmonary lesions and Pas-
teurella and Malllllzeimiaisolations. Among the control
goats (II = 12). one goat exhibited a generalized bron-
chopneumonia. and one goat exhibited a severe exuda-
tive fibrinocelIular pleuritis. Three of the 12control goats
had segmented pleural edema. No significant lesions
were observed in four of the goats. In the principal goats.
the only significant observed lesion was a severe exuda-

I" u \ot.t"t-'"vt-"I. u.u, 'J ""..\.o...=\..u uua..a"u~ Vi uat iVUi

groups. No cross-infections occurred between specific

challenged groups. Howe\"er. both control and dusted
animals effecti\"ely cleared l\IhA I from their lungs.
while two of the control goats and one of the dusted goats
still had \"iablePmA:3 in their lungs (Table I).

Few animal studies (of any ki;d) have attempted to
determine the effects of the inhalation of endotoxin-
laden dust. The few aerosol studies failed to show a
negative endotoxin effect. A study examining pigs used
flourdust (1-15 mg/mJ) and dust-borne endotoxin (50-
2500 ng/m.~)exposure for 6 days [27]. These workers
reported no endotoxin effects in the pigs. This may ha\"e
been related to time of sample collection rather than the
inabilityof the pigs to respond in a timely manner. The
endotoxin in the feedyard dust treatment in our study
caused the goat rectal temperatures to increase signifi-
cantly abo\"ethat of the control group:>..j.h after the 2nd
endotoxin/dustexposure (Fig. I). and a dramatic leuko-
cytosis occurred o\'er -1-12 h after the first dust event
(Fig. 2). Recent research confirmed that it is the endo-
toxin part of the feedyard dust that causes the biological
acti\"ity,and not the microbes [19]. It was noted that the
stress of several dust treatments caused a temporary
decrease in their appetite for .t days compared with
control non-dustedgoats: this \vas determined by'weigh-
ing feed and again weighing any feed refused 2-1h later
(PurdyC\V et al.. submitted). It appears that on repeated
dust treatments. rectal temperature tolerance occurs in
goats. This state of tolerance was also observed in sheep
treated with multiple endotoxin/dust treatments, by de-
terminingtheir rectal temperature and total \VBC counts
[20]. Ah"eolar macrophages were determined to ha\"e
gray. dust-likeparticles that are difficult to see: however.
when carbon black particles in sheep were inhaled (sim-
ilar in size to the feedyard dust particles). it was easy to
uu;:,,, ihJ.U iHUC CIU:\." Vii uu; uUUH) Vl ':;U\.1L;) LV '-1c:'iJl C:lluc:r

large concentrationsof MhAI H X J06 CFU) or PmA:3

Tra.:ha

i'\;.,al Phal) ngeal Proximal Dbtal Thoradc Right
Groups mucosa mu.:osa pan Pan ca\"ily. lung :--I.:an= SD(cfu/mll" Li\ r Spleen Kidney

Conlrol plu, :--lhAI w = 6) 0/6" 1/6 4:6 2/6 0/6 . 0/6 - 0/6 0/6 0/6
Du,ted plus ;\lhA I (1/ = 61 0/6 "2/6 4/6 3/6 0/6 0/6 - 0/6 0/6 0/6

Control plus PmA:3 0/6 1/6 5:6 ::!/6 1/6 2/6 6"::!Sx 10: = 3.n x 10: 1/6 1/6 0/6

Dusld plus PmA:3 0/6 1/6 3/6 1/6 0/6 1/6 8"0 x 10' = 0.0 0:6 0/6 0/6
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(I X 106 CFU) injected into the right lung. with one
exception in the principal. PmA:3 group. Dusted goats
cleared both these organisms as well as did control or
non-dusted goats. with two exceptions in the control
PmA:3 group (Table I). Therefore. it appears that even
though alveolar macrophages ingest dust particles. this
does not appear to affect their ability to ingest and kill
potential bacterial pathogens in the majority of goats.
Inhalation of feedyard dust does not appear to affect the
clearance of MhA I; however, one principal PmA:3-chal-
lenged goat did not clear the bacterial challenge 4 days
later. Also. two non-dust-treated control PmA:3 goats
did not clear the bacteria 4 days post challenge.

It is clear from this study that the inhalation of large
quantities of endotoxin-laden feedyard dust did not pre-
dispose the animals in this experiment to pulmonary
bacterial proliferation. This was unexpected. It \vas an-
ticipated that dust-filled lung macrophages exposed to
endotoxin would not be efficient in removing the bacte-
rial challenge.
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