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Abstract

... The b}nectlves ofthis studP/_vvere l?to measure mor-
bidity ana mortality rates attributable to respiratory
disedse in heef calves originating from southwestern
Utah, 2% to evaluate herd of origint vitamin/mineral se-
rum concentration at backgrounging lot entry, and 3)to
evaluate a potential association between serdim concen-
trations of 29 minerals and vitamins A and E at
backgrounding lot entry with respiratory disease in re-
cently weaned beef calves. This wasaprosgectwe |on-
gltu inal stud){ with matcheq _cas%-c ntrol and
rogs-sectional studies nested within the main study
demgn. Pen-specific morbidity rates attributable to res-
piratory disease ranged from 1.2%t0 81.8%. Serum con-
entrations of vitamins A and E in calves samgled
n=224) from eight southern Utah ranches were com-
monly less than published low-normal values. In these
data, there was no detectable association between se-
rum vitamin Aand E or mineral imbalances and respi-
ratory disease. Herds that exBenence a high rate of
bovirig resPlratory disease (BRD) should be evaluated
for mineral and vitamin deficiencies and suBgIemented
as needed. If not deficient, it should not be expected
that supplementation would reduce the rate of BRD in
the face of mismanagement.

Resume

Les objectifs de cette etude etaient 1) de mesurer
le taux de morbidite et de mortaljty assocle aux mala-
dies respiratoires chez les veaux de’boucherie de [Utah
dy sud-ouest, 2) d’evalyer les concentrations en
mineraux et en vitamines du troupeau d'origine lors de
I'entree au pare de semi-finition, et 3)"d’evaluer
I'existence d'une association potentiefle entre la concen-

tration des vitamines A et E et de 29 mineraux et le
developﬁement de maladies respiratoires chez les veaux
de boucnerie recemment sevres, Letude etait du tyqoe
longitudinale prospective et comportait une composdnte
cas-temqin apparie et une comPos nte transversale
toutes deux imoriquees dans le design de |etyde
principale. Le taux de morbidjte par pare attribuable
aux maladies respiratoires variait de 1.2%a 81.8%. Les
concenrations seriques des vitamines A et E chez des
veaux (n = 224) echantillonnes a partir ge huit fermes
du sud"de I'Utah etaient souvent plus faibles que les
valeurs normales %asseg ra&)gortees dans la litterature.
Dans cet ensemble de donnees, 1l n'y avait pas
dissociation discernable entre la concentration des
vitamines Aet E, ou I'etat de desequilibre mineral, et le
developpement de maladjes respiratoires, Il faudrait
examiner les carences en vitamines ou en mineraux dans
es troupeaux ou les maladies respiratoires bovines sont
requentes et enwsager Iapgort supplementaire i
necessaire. Si les carefices ne sont pas Eercepubles,,on
ne devrajt pas Sattendre a ce I'apport Supplementaire
reduise le taux des maladies respiratoires bovines
orsque le troupeau n’est pas bien gere.

Introduction

Deficiencies of certain vitamins and minerals can
negatlvelg, affect the immune system In cattle and de-
crease théir ai _
Partial immunosuppression due to a mineral or vita-
min deficiency may also Increase morbidity and mortal-
Ity rates in deficient cattle. Minerals with‘an |mPor_tant
rgle in bovine Immunocompetence are chJ_:err, selenium,
zinc, cobalf, iron and vitamins A and E. 131415 In one
recent study, 53% of beef cattle herds surveyed in the
western US and 46% of the animals surveyed within
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those herds were deficient in copper.4 Excessive con-
centrations of molybdenum, sultur and iron in feed or
water have been réported to interfere with the absorp-
tion or use of other critical trace elements.3b

Livestock producers and veterinarians in south-
western Utah had prevrously re orted that the incidence
ofbovrne respiratory, ?ease RD%rn weaned calves
entering hac roun ots was higher than expected.3
Calves apPeare eaIthy and vigorous at weaning, hut
shortly after weanrng and transport of a moderafe dis-
tance to hack ?roun m%vOtS ahlgh ercent ge ofthese
calves were Qiagnosed With BRD Some backgrounding
lots reported that morbidity attributable to BRD was
over 50%.. Concern arose among livestock producers and
veterinarians that a deficiencyor excess f one or more
vitaming and minerals was a coniributing factor for
h%]her than expected BRD morbrdrtt{ ratés in calves
orfginating from ranches In southwestern Utah.

The 0bjectives of this study were 1) to measure
morpidity and morta||t¥ rates atfributable to BRD In
beef calves orrgrnatrng rom southwestern Utah, 22 0
evaluate herd forrrd vrtamrn/mrneral erum concen-
tration at backgrou drng ot entry, and 3) to evaluate a
gotentral assoclation hetween serum coricentrations of

9 minerals and vitamins Aand E at backgrounding lot
entry with BRD in recently weaned beef calves.

Material and Methods

Experimental Design
This was a prospective longitudinal study with
matched case-control and cross-sectional studies nested
within the main stud desrrI;n
Managers ofthrée cattle backgroundrng operatins
located in southern Utah and eastérn Nevada agreed to
cooperate with our sgudy objectives. All three' opera-
tions received cattle from southwestern Utah ranches,
Durrnr_} the fall of 2000, blood samples Were collected
from 787 steer beef calves, orrgrnatrng from erght
ranches In southwestern U
rangeland grazrng operatrons with rather dry forage
conditions, and were recentl yweane and shipped from
the ranch of origin directly o the backgrounding lot,
There was considerable varratron in the vaccine
Brotocols used in the various herds prior to
ackgrounding lot entry, Vaccines and antimicrobial
drugs admrnrs ered to calves at ackgrounding lot en-
trly Were se ectedb |nd|vrdual backgrounding lot op-
ators and varied between lots, However, all calves
received a multivalent viral respiratory vaccine (either
Inactivated 0r attenuated) upon entry into the
back%roundrng ot as.a.part ofinitial processing.
alves were individually identified with an ear tag
and weighed during routine processrn% at entry into
backgrotnding lot. "Blood was collected from the jugu-

| calves were from
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|ar vein into royal blue, trace mineral blood tubes5and
soon after placed in a light-protected. container (cooler%
on ice. Serawas separate fvcentnfu atronwrthrn -
3 hours of coll ectron kept refrigeratedon ice and pro-
tected from Irdht unti! returned to Utah State Universit
(maximum of 6 hours) and then frozen at -4°F (-20°
until it was thawed f?r analysis. Serum samples were
evaluated for the following:” aluminum, antimony, ar-
senic, barium, beryllium, boron, cadmrum calcium, chro-
mium, cobalt, cq Ber iron, lead, lithium, magnesrum
mang anese molypdenum, nickel, LPhos orys, p ota?-
sium, selenium, Silicon, silver, sodjum, strontium, thal-
lum, tin, vanadrum vitamin A, vitamin E and zinc.
‘Individual calf illness events were recorded b
backgroundrn lot personnel during the nex; 60 day
case ofBR was defined as any calt exhibiting climi-
cal srgnso depressron gauntness, or anorexia, and did
not have clinical srPns referable to another pody sys-
tem. Calves with clinical cases of BRD were ideritified
and treated Wrth an antlmlcrobral drug by experienced

eed of LPersonne |3q3htg our caves dragnosed with
rrndt he first ay s In the bac [qoundrn ot
were Identitied and match e 1.1 with calves not

nosed with BRD, Calf matched parrs originated from
the same ranch gotg and had similar weight and_ breed
characterjstics, t contrgllrngkforthe varratron in pre-
condrtronrnr[) weaning an round |ng lot process-
ing protoco sinthe case /control study

Serum samples from at Ieast 20 Calves within each
ranch oforigin were random! % s ected and analyzed to
evaluate herd vitamin and mineral serum concentra-
tions. Mean values for each herd were compared to
pugllrzs%ed normal values for minerals and vitamins A

esign,

Elemental Analysis
Elemental analysis was gerformed at the Utah
State \/eterinary Dra nostrc boratory.0 An ICPIMS
Inductively Colpled asma Mass nnectroscoy ana-
ytical technrque was utilized for elemental quantifica-
tion. Serum ‘samples from 224 enrolled or randomly
selected animals were thawed at room temperature and
analyzed for 29 minerals.
Elemental analyses were performed with a
PerkinElmer Screx Eldn 6000 ICP/MSdeguipped Wrth
an AS 91 autosampler. Samples were digested 1.1 in
trace mrneral -grade nitric acid at 90°C for’L hour, One
mrIIrrter ml) of the (i ddgestwas added to 9 ml of 18.3
mOhm water to provide a 5% final acid content. Al
external standaras were also prepared in a 5% final nj-
tric acid matrix. Five point standard curves were uti-
lized for all mineral analyses, except that of selenium,
Selenium was analyzed by the standard addition method
with three point standard curves, Standard curves and
quality control samples were analyzed every 6 samples.
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Vitamin A and E Analyses
The analyses forthe vitamin Aand E content were
Performed at the \Wyoming State Veterinary Diagnos-
ic Laboratory.® Serum samples for vitamin A and £
analyses were thawed at room temperature
t0 1m| ofserum was added t0 a 10'ml glags tube with
a teflon-line carr) samioe Was aIsos Iked with 10
Earts permr lion (ppm) vitamin A and 3 ppm vitamin
to calculate recovery, Three milliliters of 2% ascor-
bic acid in ethanol arid 0.5 ml of saturated KC1 were
added to each sam le. ThemrxtHre was then extracted
twice with 4 ml of petroleum ether. The two volumes
of petroleum ether were dried without heat undgr ni-
trogen gas flow. The drred extract was reconstituted
with 0.5 mIHPLC g ra emethanol Hrh erformance
Irqurd chromatorqrap 2y 6 ana?ésrs was achreve
with a Perkin Elmer 250 Binary LC Pump attace to
a Perkin Elmer LC-235 DrodeArray Detector Analyte
se aratron usedaPerkm Elmer Brownlee, Pecosphere
Monofunctional 3 cm column, 10 pi maectr ns, 1
mL/mrn flow rate of 3% distilled water in HPLC-grade
methanol. Vitamin Ew%s measyred at 290 nni and
vitamin A at 325 nm, with quantification using exter-
nal standards.

One-half

StatrstrcaIAnaIysrs
Data were. entered intg a spreadsheet8and (-

scrreptrve statistics were performed. Respiratory dis-
ease mor |d|t rates were calculated by taking th totaI
number of cattle dradnosed with respiratory disease
at least once durmd he study period, divided bY the
total number of cattle in the Ben or study Mor aIrt?]/
rates were defined as the number of dead Cattle withi
the pen or total study, divided by the number of cattle

placed in the pen orentered in the whole study. Mean
serum conce tratrons of six clinically important vita-
mins and minerals were calculated using random
samriles from each herd of origin and summarized in
tabular form.

Individual mineral/vitamin serum concentrations
for all calves classified as either cases or controls were
examined graphically and compared to published nor-
mal serum-concentration ranges for each mineral/vita-
min. Serum vitamin/mineral Concentration for each case
and control animal was classified as either: 1) within
normal range; 2) low abnormal rande or3)h;r abnor-
mal range. “However, most of the 31 vitamins/minerals
examinéd in this study had only two classifications,
within normal range and low abnormal range, Case-
control Parrs were examined In the %tatrst)cal inferen-
tial ana usrs as a single observation by suptracting the
vaIue of he control from the case (case minus coftrol)

erf ormmg the anaIB IS onthe drfferences between
te ase-control pairs |fferences etween the cases/
controls for each mineral/vitamin were examined in
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tabular form to determine the number of concordant
ésame classification) and discordant Bdrfferent classifi-
ation) pairs. Mineral/vitamins that had <5 discordant
pairs or that had apE(roxrmately equal numbers of dis-
cordant pairs were excluded from any further consider-
ation In the analysis.
Logistic regression modeling (hroc Logrstrc]t Was
Performed onthe drfference between the case contro pairs
or all serum mingerals/vitamins wrth enoug discordant
arrs to be brolo%rcaII%or clinically relevan Regressron
odels were ru -Intercept and the dutcome
variable for all case control alrs Was set to one.6Y
Mineral/vitamin variables, which qualified for fur-
ther analysis, were mdrvrdually evaluated for an asso-
ciation Wrth the [ikelihood ofbéing diagnosed as a case
using a Wald Chi-square P-value 0f <0.25 as 4 cutoff.,
All variables which 'met this univariate criteria were
included in a multi-variable model and eval ated us-
Ing a manual backwards selection model butlding tech-
nigue with a critical alpha of 0.05 for inclusion into
the final model.

Results

All initial treatments of calves for BRD occurred
during the first 33 days in the backgrounding lots, with
some calves being re-treated. Descriptive information
and morbidity and mortality rates for the herds of orl-
grn and the backgrounding lots are summarized in Table

There was great variation in the BRD morbidity rates
observed in calves from the various ranches oforrrIrm
rangmg from 1.2% to 81.8%. Overall group mortality
ratés ranged from 0%to 55%. This inclided calves that
died from any cause during the study period because
postmortem &xaminations could not be performed b
mvestrﬁators due to constramts oftravel distance.

ere\%ressron moe used to evaluate the rela-
tronshr betWeen vrtamm mineral serum concentration
at back groundmg ot entry and BRD modeled the likelI-
hood that a calfwith low vitamin/mineral serum con-
centrations would he diagnosed as a case of BRD, Qut
of 31 variables injtially screened, four qualified for jn-
clusion I a multj-variable model. The four variables
were sodium, selenium, vitamin E and man?anese
None ofthe variables evaluated in the final mu tl varr
able model were statistically assocrated with a (a
sis of BRD, However, calves which entere the
backgroundmg lot with low serum selenium concentra-
tions (<0.08 ppm) tende dto be Iesslrkel to be classi-
fred as a case 0fB D(OR- 02116?
All two-way interactions between t e four Variables
the multi-regression model were evaluated but were not
statistically srgmfrcant

Classification of calves as deficient for selected
clinically important vitamins and minerals, by herd of

THE BOVINE PRACTITIONER—VOL. 37, NO. 1



Table 1.

Overall and group specific descriptjve statistics, crude mean daily weight gain, and morbidity and mor-
tality rates t%r bfefsgafves orlglngtlng %rom ranches In southwes?/ern tahgJ Y

HerdNo. Lot ~ Na Entrywthb(lbtsd) DOFc Final wt.ct(bisd) ~ MDGe*(Ibisd) ~ %BRDf(n)  %dead8(n)

1 A 104 479166 13 629181 2.0510.79 712 (74 0(0

2 B 94 480153 65 697185 3.3510.88 29.8 (28 0(0

3 B 106 50049 65 714162 3.2810.51 0.1 62] 0(0

g A 110 401160 59 499172 1.5510.84 81.8 (9 D,

5 A 100 522147 49 630164 2.3310.71 13.0(13 10

6 C 465169 6 084181 2.9210.48 1.2(1 Oé i

[ C 103 490154 68 681160 2.8210.47 19 0.

g A 84 492162 50 601173 1.7510.69 214 2) 1.2(1
Totals 187 481165 64 645197 2.5210.93 30.1 (237) 1109

arotal number of calves in the group from the herd of grigin.

Mean welght_(lbisdz)ofcalves In the (%roup at processing upon backg%rounding lot arrival,

@ays on feed in the

ackgrounding lot when weighed at'the end of s

udy period.

dviean weight (Ib+sd) of strviving Calves in the group when weighed at the end of study period

eCrude mean daily weight gain (Ibzsd) of surviving calves in the group when weighed

tthe end of study period.

ed a
fBovine respiratory diseasé morbidity rate of grodp for the first"30 days on feeg in backgrounding lot” 'n = number in group

diagnosed and treated for respiratory disease by producer.

Qverall mortality rate in group dueto any cause when evaluated at the end of the study

period.

he background operator 3old 12 calves from group four and 4 calves from fgroup eight prior to measuring final weights on calves.
|

These observations were dropped from the data set in the calculation of

gains in these groups.

origin, are summarized in Tables 2.and 3. The propor-
tiol of calves with vitamin E and vitamin A serum con-
centrations less than publjshed low-normal values
ranged from 15.0-75.0% and 40.0-90.0%, respectively,
and'was not correlated with the proportion of respira-
tory disease diagnosed in the herd.

Discussion

Respiratory disease morbidity rates jn these %roufos
of southern Ufah calves varied greatly, but 2 of 3
backgrounding lots reported BRD morbjdity rates that
were Within expected Barameters for Ilghtwel ht, high-
risk calves entering a a_ck,?roundmgu it. Higher than
expected BRD morbidity rates experienced. by
back%roundlng lot Aappeared to be an effect specific to
that ,ackgroundmg |0t and unrelated to the ‘origin of
Incoming Calves. _

Thé observed trend that calyes with low serum
selenium concentrations were less likely to be diagnosed
as a case of BRD was probably a spurious observation
due to the low numbers of discordant pairs (n = 8) for
serum selenium concentration in these dlata. Most case-
control pairs in these data had the same serum sele-
nium copcentration classification Qn =76). Selenium is
commonly regarded as an important element for immune
function In cattle, which also suggnests that our obser-
vation In these data conflicts with what is currently

known about the biological importance of selenium in
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nal mean calf weights and crude mean daily weight

the bovine immune system. This observation should
therefore be regarded with caution. until this relation-
ship, Ifit exists, can be verified or disproved in a larger,
prospective stud}/_. o o
This_Inves |gat|on did not detect an assqciation
between BRD anll any of the minerals and vitamins
evaluated. This may be due to several reasons. First,
an association between BRD and the vitamins/miner-
als may not existin this population of cattle. However,
If a refationship does exist, the current mvestlgatlon
may not have detected that relationship.due to the low
Power_ofth_ls stud}/_ and the potential effect of non-dif-
erential misclassitication of cases due to the use of pro-
ducer defined cases of BRD jn this study. Unfortunately,
this could not be avoided pecause of the distance be-
tween the investigators and the backgrounding lots and
the failure ofparticipatin backgroundmg |ot treatment
crews fo record data that could have been used for a
more rigid definition of BRD. Also, some minerals un-
der investigation (i.e., beryllium, thallium) could notbe
examined for a relationship to BRD because serum con-
centrations ofthese minerals were below detectable lev-
els (as expected). _ _ _
_This stydy was a unique evaluation for a potential
relationship between BRD and vitamin/mineral deficien-
cies of individual beef calves at hackgrounding lo entry
for a large number of minerals and vitamins:, The au-
thors recognize the value ofliver biopsy tissue for evalu-
ation of body stores of some minerals, such as copper.
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Table 2.
ranches in southwestern Utah at en
Herd No. Na Vitamin E Vitamin A
1 36 3.96+2.68 0.271.14
) 34 3.03+1.38 0.271.12
3 20 4.35+1.30 0.291.13
4 39 2.10+1.32 0.271.12
5 20 3.40+1.90 0.181.10
6 20 3.66+1.42 0.331.15
7 20 2.30+1.69 0.311.23
8 3 4.2243.33 0.281.15
Meanc 3441217 0.271.14
Normal Range3 3-10 >0.3

arotal number of calves sampled from each herd.
Manganese

Mean serum concentration (ppmirsdz of,setlect%d vkitamin(sj _andI r{nnerals in heef calves originating from
ry into a backgrounding lot.

Copper Mnb Selenium Zinc
841.14 0181.014 0.131.03 1.261.13
781.13 0151.011 0.091.01 1.191.13
301.13 0141.008 0.351.06 1.121.22
811.16 0111.004 0.141.04 1.221.20
911.21 .0081.005 0.001.02 0.991.23
941.13 0141.007 0.091.02 1.081.12
991.30 0221.010 0.101.03 0.951.25
011.16 0321.022 0.201.05 0.961.23
831.25 0171.014 0.141.08 1.121.22

0.6-1.5 006-.07 0.08-0.3 0.8-1.4

dMlear) serum vitamin or mineral concentration (ppmzsd) for combined sample groups.
cPublished normal value for serum vitamin or mineral concentration (ppm) in beef calves.8

Table 3. Proportion of calves otlglnatlnrg] from ranches in southwestern Utah with serum concentrations of se-
lected vitamins and minerals that were less than published low-normal values.
HerdNo. ~ Na Vitamin Eb(%)  VitaminAc®)  Copperd%) Mng%  Seleniumf%  Zin®(©%) BRDh%
1 36 47.2 61.1 28 111 28 00 712
/) 34 58.8 61.1 147 118 118 00 298
3 20 15.0 65.0 95.0 00 0.0 10.0 5.1
4 39 64.1 60.7 10.3 10.3 2.6 0.0 81.8
D 20 450 90.0 50 30.0 80.0 25.0 13.0
6 20 35.0 40.0 0.0 10.0 25.0 0.0 1.2
i 20 5.0 70.0 0.0 50 10.0 20.0 1.9
8 35 48.6 54.3 0.0 0.0 0.0 229 214
Total 224 505 63.8 134 9.4 13.0 8.5 30.1

arotal number of calves sampled from each herd.

Proportion of calves with serum vitamin E concentration < 3 ppm.
Proportion of calves with serum vitamin A concentration < 0.3 ppm.
Proportion of calves with serum copper concentration < 0.6 Jogm

006 ppm.

Proportion of calves with serum manganese concentration

Proportion of calves with serum selenum concentration < 0.08 ppm.

Proportion of calves with serum zinc concentration < 0.8 Jgpm.
ISease.

Proportion of calves in herd diagnosed with respiratory

However, we also concur with the conclusion that “low
serum copper concentration su(?%hests that liver copper
stores have been exhausted and'the animal is in a defi-
clent state”. 1113 We wanted to identify those calves that
were deficient at entry to the b,ackgrounqu lot. [ftheir
liver storage was, low, but still adequate 0 maintain
serum concentrations, then it could also be ade_%uate to
maintain normal immune function. However, ifthe se-

rum concentration was low then it could be having an

effect on immune function, re ardlefs ofthe concentra-

tion present in the liver.  Some calves may have had
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ade%uate concentrations ofcopper present in the serum
but bound in some form to render it unusable to the
calf. Thataspectwas not evaluated. However, the evalu-
?,tlon Otfh liver status would not have answered that ques-
lon either,

_.Our primary objective was not to predict a herd
deficiency. . Rather, we wanted to determine the serum
concentration of individual calves at a time of begin-
ning and continuing stress and relate that to later de-
Ve gment_ of disease. However, It was also important
to determine herd serum concentration by the same
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methods used to evaluate the serum concentration of
Individual animals.

Conclusions

. Some herds were deficient or marginally deficient
in serum concentration of specific tracé elements_(cop-
per. manganese, selenium, zinc) and vitamin Aor E. All
ofthese fave been shown to be important for immunity
and disease resistance. . Potential deficiencies can be
evaluated on a herd basis. Some ofthe herds Involved
In.this study were deficient in specific minerals qr vita-
mins, and the supplementation-and further monitoring
ofthese herds should be implemented. .

In these data there was no detectable association
hetween serum vitamin Aand E or mineral concentra-
tionand BRD. In our ogmmn, producers and veterinar-
lans should focus BRD prevention efforts on
vaggr%%ement procedures and vaccination schedules near

Itgappears it may be worthwhile for cow/calf pro-
ducers to evaluate their vitamin/mineral supplementa-
tion program by blood serum analyses or other
appropridte methods for the nutrient of Concern to iden-
fify I|k€I Ideﬁmenmes._ If deficiencies are found, then it
IS "proba
sugpleme_n){atlon to, overcome the Sﬁeuﬁc deficiencies
and monitor the mineral or vitamin supplementation
pro?ram with follow-up analyses. However, our data
could not confirm or refute that trace element or vita-
min sum)lements will greatl _change_ the illness rate
forrecently weaned calves. 1Tthis raté Is excessive, other
management steps. to reduce stress and exposure at
weaning should be implemented.

Footnotes

aMultiple, personal communications with producers and
veterm?nans ofthe area, 19%9. .

bRoyal blue top vaccutainer tubes (Silicon coated, 7ml),
Becton, Dickinson and Co., Franklin Lakes, NJ

cUtah State Vetermar¥ D|a%nost|c Laboratory, 5700 Old
Main Hill, Logan, UT 84322-5700

dPE Sciex Elan 6000 ICP/MB, PerkinElmer Inc.,
Shelton, CT
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worthwhile to |mﬂ|ement a program of

e\Wyoming State Veterinar _DIS\%OS'[IC L aboratory, 1174
Snowg ange Rd., Laramie, WY 82070
f PE LC-235 Diode Array Detector w/ PE 250 Binary LC
ump, PerkinElmer Ic,, Shelton, CT
: xcel, Microsoft Corp., Redmond, WA
Proc Logstic, SAS Institute Inc., Cary, NC
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