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ABSTRACT

The blastogenic response of
peripheral blood mononuclear
cells to mitogenic stimulation by
concanavalin A was lower
(P<0.01) after transporting 60
dairy calves 480 km than it was
either one or two weeks later.
The response was similar for
phytohemagglutinin. There was
a decrease (P<0.05) in the
number of peripheral blood
monocytes and neutrophils two
weeks after shipping. The
transportation of calves did not
affect plasma IgG1 or IgM
levels.
The mitogenic stimulation of

peripheral blood leukocytes by
both phytohemagglutinin and
concanavalin A in whole blood
cultures was more variable than
with the culture of peripheral
blood mononuclear cells. Tech-
nique variation, which was
defined as the coefficient of
variation among quadruplicate
cultures, was greater than 20%
for whole blood assays and less
than 10% for cultures of peri-
pheral blood mononuclear cells.
The variation among different
calves tested at the same time
and the variation within single
calves tested at different times
were also lower in peripheral
blood mononuclear cell cultures
than in whole blood assays. It is
suggested that the variation

among replicate cultures be
reported in blastogenesis studies.

RPSUMI
La reponse blastogenique des

mononucleaires du sang peri-
pherique ala stimulation mitog&
nique par la concanaviline A, se
revela moins forte (P<0,01),
immediatement apres le trans-
port de 60 veaux Holstein, sur
une distance de 480 kilometres,
qu'au bout d'une ou deux
semaines plus tard. La phyto-
hemagglutinine donna des re-
sultats similaires. Deux semaines
apres le transport, le nombre des
monocytes et des neutrophiles
du sang peripherique afficha
une diminution (P<0,05) qui
n'affecta toutefois pas la teneur
du plasma en IgG1 ou en IgM.
La stimulation mitogenique

des leucocytes du sang periph&
rique, tant par la phytohemag-
glutinine que par la concanavi-
line A, se revela plus variable
dans les cultures de sang entier
que dans celles de mononu-
cleaires du sang peripherique.
La variation de la technique, qui
se definissait comme le coeffi-
cient de variation des cultures
quadruples, depassa 20%, pour
les cultures de sang entier; elle
demeura toutefois inferieure A
10%, pour les cultures de mono-
nucleaires du sang periphe-

rique. La variation observ6e
d'un veau A l'autre, A l'occasion
d'une seule et meme epreuve, et
celle qu'on detecta chez certains
veaux, A la faveur d'epreuves
effectuees A differentes pe-
riodes, se revelerent aussi plus
basses dans les cultures de
mononucleaires du sang peri-
pherique que dans celles de sang
entier. Les auteurs suggerent de
reporter dans des etudes sur la
blastogenese, la variation enre-
gistree dans des cultures repetees.

INTRODUCTION

Shipping young calves often
exacerbates the incidence of clini-
cal disease and leads to increased
mortality losses (2, 9). Death losses
double when calves are shipped in
the winter (25). It is possible that
these adverse environmental sti-
muli are predisposing factors in
the etiology of important infectious
diseases in cattle, such as enzootic
pneumonia, pneumonic pasteurel-
losis and neonatal diarrhea. Stress
has been shown to affect the sus-
ceptibility of animals to disease
and alter immune function in sev-
eral animal species (12). However,
the influence of environmental
stressors on immune function in
calves is relatively unknown.
Shipping stress alters antibody-

mediated immune events. In one
report, peritoneal and spleen cell
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suspensions from mice that were
recently transported were tested
for their capability to synthesize
antibody against sheep erthyro-
cytes in vitro (6). A series of exper-
iments showed that shipping stress
reduced the number of plaque-
forming cells from both types of
cell suspensions when compared
with the nonshipped controls.
Hartmann et al (8) also showed
that shipping altered the capabil-
ity of calves to synthesize antibody
in vivo. These results suggested
that the stress response of animals
to shipping could compromise
antibody-mediated host defense
immune mechanisms. This stress-
induced immunosuppression might
explain the increased susceptibil-
ity of calves to diseases that occur
soon after shipment.
While several assays have been

developed to measure various
components of antibody-mediated
immunity in cattle, a simple and
reliable assay for cell-mediated
immunity is not readily availble.
During the past decade, numerous
laboratories have used mitogen-
induced blastogenesis assays to
monitor cell proliferation events.
Collectively, these studies indicate
that the stimulation of lymphoid
cells with mitogens varies greatly
from one laboratory to another.
However, very few investigators
have reported an estimate of the
within-assay or technique varia-
tion. This source of variation prob-
ably differs considerably between
laboratories and may partially
explain the tremendous variation
that is reported in the scientific
literature.
The purpose of the studies

reported herein was twofold: (a) to
develop an assay that would optim-
ize the blastogenic response of
peripheral blood mononuclear
cells (PBMC) to concanavalin A
(Con A) and phytohemagglutinin
(PHA) while minimizing within-
assay variation. We also compared
the biological variation among
several calves tested at one time

with the variation within single
calves tested at several times; (b)
the second objective was to monitor
the effect of shipping and accli-
mating calves to a new environ-
ment on mitogen-induced blasto-
genesis of PBMC. In addition, we
measured the number of blood
leukocytes and plasma IgG1 and
IgM during this period.

MATERIALSANDMETHODS
EXPERIMENTAL ANIMALS

Four groups of Holstein bull
calves, each consisting of 15 anim-
als, were purchased from a single
commercial source. Calves ranged
in age from one to 20 days (X = 10
days). They received a minimum of
two feedings of colostrum within
24 hours of age and were then
maintained on whole milk prior to
transport. Immediately before
s-hipment, calves were bled,
injected with 3 mg sodium selenite
and 6.6 mg vitamin E and the nav-
els were treated with iodine.
Animals were fed prior to trans-
port but were without feed or
water during the eight to ten hour
trip. Calves were transported
480 km via truck to facilities at
Washington State University.
Upon arrival, calves were weighed
and housed in individual cages
(0.8 m x 1.6 m) with expanded
metal floors and wire mesh sides.
All cages were raised 23 cm above
the floor and were cleaned twice
daily. Calves were maintained in
experimental laboratory facilities
at 21°C under constant fluorescent
light. A standard milk replacer
was fed twice daily. Five days after
arrival, all calves were offered
alfalfa-barley pellets ad libitum.
Calves were examined before each
morning and evening feeding for
clinical signs of disease, including
gastroenteritis, respiratory dis-
tress or dehydration. They were
treated as necessary with pres-
cribed regimens of electrolyte
solutions or antibiotics.

BLOOD SAMPLES

Approximately 15 mL of blood
were collected by jugular veni-
puncture into vacutainers contain-
ing sodium heparin (10 units/mL).
Blood samples were collected from
all calves before shipment. Pre-
transport, whole blood samples
were then carried on the truck dur-
ing shipment of calves. After arri-
val, blood samples were placed in a
laboratory maintained at 22°C.
Calves were bled again eight hours
after arrival. Therefore, blood col-
lected at the farm had been stored
for approximately 18 hours before
processing for mitogen-induced
blastogenesis. All other blood
samples were either diluted for
whole blood leukocyte cultures or
processed for PBMC cultures
within two hours after collection.

Total erythrocyte and leukocyte
counts were performed on all blood
samples with a Coulter Counter
ZBI1 equipped with a 100 ,um aper-
ture tube. Differential leukocyte
counts were made from blood
smears stained with Camco
Wright's stain.2

PREPARATION OF PERIPHERAL
BLOOD MONONUCLEAR CELLS
(PBMC)

Heparinized whole blood was
mixed with an equal volume of
RPMI 1640 tissue culture medi-
um,3 pH 7.3, that was supple-
mented with penicillin (100 units/
mL), fungizone (0.25 ,g/mL),
streptomycin (100 ,ug/mL), sodium
bicarbonate (24 mM), and Hepes
buffer (20 mM). Four and a half
mL of the diluted blood was gently
layered over 3.6 mL histopaque-
1077,4 a solution of ficoll and
sodium diatrizoate that was
adjusted to a densityof 1.077 g/cm3,
in 16 x 125 mm glass tubes fitted
with screw caps. All samples were
centrifuged at 400 x g for 40 min-
utes at room temperature. Cells at
the opaque interface were washed
with 10 mL of 0.87% ammonium
chloride to lyse contaminating ery-

'Coulter Electronics, Inc., Hialeah, FL 33010
2Scientific Products, McGaw Park, IL 60085
3Grand Island Biological Co., Grand Island, NY 14072
4Sigma Chemical Co., St. Louis, MO 63178
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throcytes, and mononuclear leuko-
cytes were sedimented by centri-
fugation at 150 x g for ten minutes.
Cells were washed twice with
RPMI 1640 medium before count-
ing. Cell concentrations were
determined and adjusted to 2 x 106
cells/mL by adding RPMI 1640
medium that contained 5% heat-
inactivated fetal bovine serum.5 In
experiments that were designed to
evaluate the effect of cell concen-
trations on mitogen-induced blas-
togensis, PBMC concentrations
ranged from 0.5 x 106 to 4.0 x 106
cells/mL. Cell viability was
determined by 0.1% trypan blue
dye exclusion and was > 97% in all
cell suspensions collected in this
manner. Differential leukocyte
counts with Wright's stained
smears revealed >98% mononu-
clear cells.
MITOGEN STIMULATION
OF PBMC CULTURES

After cells were appropriately
diluted, 100 ,uL aliquots of the sus-
pension were dispensed into wells
of sterile, 96-well flat-bottomed
microtitration plates.6 All samples
were assayed in quadruplicate cul-
tures. Phytohemagglutinin7 and
Con A7 were reconstituted to the
specified concentration with sterile
RPMI 1640 medium and 100 ,L of
mitogen were added to the approp-
riate culture wells. Dose response
curves were used to determine the
concentration of mitogen and the
incubation time which gave the
optimum stimulation of bovine
PBMC in this culture system. Cul-
tures were incubated at 37°C for
varying periods of time in a 5% C02
humidified air atmosphere in a
SHEL-Lab incubator.8 Eighteen
hours prior to harvesting, 25 ,uL of
RPMI 1640 that contained various

amounts of methyl[3H]thymidine9
([3H]TdR, 6.7 Ci/ mmole) were
added to each well. Cells were
harvested for liquid scintillation
counting using a semiautomatic
cell harvester10 which automati-
cally rinsed each well several
times with deionized water. The
glass filter paper discs were dried
and then transferred to 20 mL
vials with 7 mL of scintillation
fluid." The vials were counted for
2 min in a scintillation spectro-
meter.'2
WHOLE BLOOD CULTURES

Preliminary experiments sim-
ilar to those described for PBMC
cultures indicated that the follow-
ing procedures gave optimal stim-
ulation in whole blood cultures.
Whole blood cell suspensions were
prepared by adding one part hepa-
rinized whole blood to twenty-nine
parts of RPMI 1640 that was sup-
plemented as described for PBMC
preparation. One hundred micro-
liters of this suspension were pipet-
ted into sterile microtiter plates
and 100 ,uL of mitogen preparation
were pipetted into quadruplicate
cultures; PHA at 0.2,ug/culture
and Con A at 0.1 lAg/culture. Sim-
ilar to the PBMC cultures, all
plates were incubated for 96 hours.
Eighteen hours prior to harvest-
ing, 0.2,uCi [3H]thymidine (6.7
Ci/mmole) in 25,L of RPMI 1640
was added to each culture. Harv-
esting and counting were per-
formed as described for PBMC
cultures.

IgG, AND IgM LEVELS

Plasma was collected by centri-
fugation at 800 x g for 15 min and
concentrations of IgG1 and IgM
were monitored using the single
radial immunodiffusion technique

of Mancini (15), as modified by
Fahey and McKelvey (5). Antise-
rum was obtained from goats after
multiple injections with either
bovine IgG113 or IgM14 emulsified
in Freund's complete or incom-
plete adjuvant as described in a
companion paper now being pre-
pared. Anti-IgG, was rendered
monospecific by adsorption with
soluble bovine IgG215 and anti-IgM
by adsorption with soluble bovine
gamma globulin16 and fetal bovine
serum.'7 Adsorbed antisera were
shown to be monospecific by exhib-
iting single precipitin bands with
whole bovine serum when exam-
ined by immunoelectrophoresis,
Ouchterlony double immunodiffu-
sion and single radial immunodif-
fusion. In addition, the monospe-
cific antisera did not cross react
with other classes of bovine immu-
noglobulins. All samples were
assayed in duplicate. The intraas-
say and interassay coefficients of
variation for the IgG1 assay were
8.3% and 7.0% respectively, and
8.3% and 4.2% for the IgM assay.
VIROLOGICAL METHODS

The techniques utilized for isola-
tion and identification of viruses
from calves have been recently
reviewed (4). Briefly, samples in
the forms of swabs (fecal and
nasal) and/or tissues (lung, liver,
kidney and spleen) obtained at
necropsy were processed and inoc-
ulated onto secondary cultures of
bovine embryonic testicular cells.
Virus identification was con-
ducted by specific virus neutrali-
zation using antisera obtained
from the National Animal Disease
Center, Ames, Iowa.
STATISTICAL METHODS

Results of the mitogen-stimula-

5Grand Island Biological Co., Grand Island, NY 14072
6Flow Laboratories, Inglewood, CA 90302
7Sigma Chemical Co., St. Louis, MO 63178
8Sheldon Manufacturing, Inc., Aloha, OR 97005
9New England Nuclear, Boston, MA 02118
'0Brandel, Model M-12V, Biomedical Research and Development Laboratories, Inc., Rockville, MD 20852
"Omniflour, 4 g/L toluene, New England Nuclear, Boston, MA 02118
'2Packard TriCarb Model 3330, Packard Instrument, Inc., Downer's Grove, IL 60515
"3Miles Research Products Division, Elkhart, IN 46515
"4Kindly provided by Dr. David Olson, Veterinary Science Department, University of Idaho, Moscow, ID 83843.
"Miles Research Products Division, Elkhart, IN 46515
'6Bovine gamma-globulins, Fraction II, Calbiochem-Behring Corp., La Jolla, CA 92037.
'7Grand Island Biological Co., Grand Island, NY 14072
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tion assays were expressed as the
mean value of counts per minute
(cpm) of quadruplicate cultures or
as Acpm, the mean cpm of stimu-
lated cultures minus the mean cpm
of control cultures containing no
mitogen (background cpm). For
comparative purposes, results
were sometimes expressed as a
stimulation index (SI).

cpm ofcultures stimulated
SI = with mitogen

cpm of cultures
without mitogen

Data were subjected to analysis of
variance (26) procedures with
group, time and the group by time
interaction as sources of variation.
Differences were tested with Dun-
can's new multiple range test (3).

RESULTS
DOSE RESPONSE OF
PMBC CULTURES

The effects of varying concen-
trations of Con A and PHA,
number of PBMC per culture,
incubation time and amount of
[3H]thymidine were determined.
Values reported are the means of
three or four calves. Mononuclear
cells were diluted to cell concen-
trations ranging from 0.5 x 105 to
4 x 105 per culture. Phytohemag-
glutinin was tested at concentra-
tions varying from 1.0 to 6.0 ,g per
culture. In general, [3H] thymidine
incorporation increased as the
number of cells in culture increased
(Fig. 1). In the present study,
2.0 Mg PHA per 2 x 105 cells was
chosen because of high stimulation
and cell economy. Concanavalin A
was tested at concentrations of 0.1
to 2.5,ug per culture (Fig. 2). At a
cell concentration of 2 x 105 per
culture, the highest uptake of
[3H]thymidine was achieved with
1.0,g of Con A per culture, and
those conditions were employed
throughout future studies. Results
of experiments examining culture
periods from 72 to 144 hours indi-
cated that both the PHA and Con A
responses were optimum at 96
hours (Figs. 3 and 4), an incubation
period which was used in all sub-
sequent experiments. Similar to
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the results of Paty and Hughes
(19), we noted maximal stimula-
tion of cell cultures to both PHA
and Con A when the [3H]thymidine
was at 1.5,MCi (Figs. 3 and 4).
However, for reasons of economy,
we chose a standard dose of 1.0 MACi
[3H]thymidine per culture except
in an initial experiment with 15
calves (Table I) where 0.2 MCi was
used.

WHOLE BLOOD ASSAY

A 1/30 dilution for the whole
blood assay gave the highest stimu-
lation when 0.2 MACi [3H]thymidine
was used to pulse cultures. Differ-
ent dilutions gave too many or too
few mononuclear cells and yielded
suboptimal stimulation. These
optimal culture conditions for the
whole blood assay were very sim-
ilar to those that were found
optimal for PBMC cultures when
quantity ofmitogen was calculated

on the basis of the number of
mononuclear cells per culture.

Total leukocytes in whole blood
averaged 10,000/ML, approxi-
mately 70% of which were monon-
uclear cells (Table IV). A 1/30 dilu-
tion of whole blood yielded
approximately 2 x 10 mononu-
clear cells per 100M,L culture,
which was one-tenth the number of
PBMC in cell separated cultures.
The quantity of mitogen used per
whole blood culture, 0.1 ,g Con A
and 0.2,Mg PHA, was also one-
tenth the amount found to give
optimal stimulation of PBMC cul-
tures. Therefore, the mitogen:
lymphocyte ratio was approxi-
mately constant for both assay
systems.
WHOLE BLOOD COMPARED
TO PBMC CULTURES

Three blood samples were col-
lected from each of approximately
45 calves at weekly intervals.
Blood from 15 calves was assayed
for blastogenesis using whole
blood cultures labelled with
0.2 MCi [3H]thymidine. Mitogen-
induced blastogenesis of leuko-
cytes from another group of 15
calves was monitored with PBMC
cultures that were also labelled
with 0.2 MCi [3H]thymidine.
Finally, assays from the remain-
ing 15 calves were conducted with
PBMC cultures labelled with
1.0 MuCi [3H]thymidine.
Technique variation in whole

TABLE I. A Tabular Comparison of Variability in Mitogen-Induced Blastogenesis
Assays Conducted on Whole Blood Cultures and Peripheral Blood Mononuclear
Cells

Whole Blood, PBMC, PBMC,
0.2 jCi[3H]TdRW 0.2 ,uCi[3H]TdRb 1.0 1Ci[3H]TdR'

Background 351±45 1722±432 4057±421
PHA-Acpm' 3391±574 49,847±3269 238,939± 11,550
PHA-SId 15±3 89±15 82±8
Technique coefficient

of variation' 27 8 10
Con A-Acpm' 11,156±1192 77,307±3423 290,930±10,845
Con A-SId 49±9 140±29 102±11
Technique Coefficient

of Variation' 20 6 5
Values reported are means calculated from the raw quadruplicate cpm±SEM from at
least 11 calves for each type of assay. Each calf was bled three times for a total of at least 33
quadruplicate cultures per type of assay
aBlood diluted 1/30; 96 h incubation; 0.2 Ag PHA or 0.1 ,ug Con A per culture
bCell concentration = 2 x 105 cells per culture; 96 h incubation; 2.0 ligPHA or 1.0,ug Con A
per culture
'Acpm = cpm of stimulated cultures - cpm of unstimulated cultures (background)
dStimulation Index = cpm of stimulated cultures * cpm of unstimulated cultures
(background)
'This is the mean coefficient of variation of raw cpm among quadruplicate cultures ofeach
calf and reflects technique variation rather than biological variation
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expressed as Acpm, both within
and among-calf variation at each
bleeding were at least twofold less
for PBMC than for whole blood
cultures (Table II). The lower per-
cent variation for PBMC was not
due simply to higher counts,
because the standard deviation in
both culture systems was expressed
as a percentage ofthe mean in each
group (CV).
WITHIN VS. AMONG
CALF VARIATION

Individual calf variation over
time was determined from the
three weekly bleedings of each
calf. Results are shown in Table II
as the standard deviation
expressed as a percentage of the
mean. Variation among calves was
determined from the mitogenic
response of at least 11 different
calves that were bled at the same
time. Variation among calves was

-x consistently greater than the vari-
ation within calves for both the
whole blood and PBMC cultures,

4- although the differences were not
i.5 large (Table II). These results are

in agreement with the results of
Renshaw et al (22). The least varia-

ds and tion was measured with PBMC
ulated cultures with 1.0,Ci of [3H]TdR.
mean The CV (Acpm) among and within

calves for PHA and Con A aver-

blood cultures labelled with
0.2, Ci [3H]thymidine and in
PBMC cultures labelled with
0.2 pCi or 1.0 ,Ci [3H]thymidine is
shown in Table I. The variation is
expressed as the coefficient of
variation (CV) of raw cpm among
quadruplicate cultures from each
calf. The mean technique CV from
both PHA- and Con A-stimulated
cultures was three times higher in
whole blood cultures than in either
of the PBMC cultures. The higher
technique variation with whole
blood cultures was not due to dif-
ferences in cell numbers between
the groups of calves, because
neither the number of leukocytes
nor the percentage of lymphocytes
was different (P>0.05) among the
groups of calves. The ratio of mito-
gen to cells was also held constant
for all groups of calves. Further-
more, when the data were

TABLE II. Coefficients of Variation in Mitogenesis Assays Within and Among
Calves Tested With Either Whole Blood or PBMC Culturesa

Mean Coefficients of Mean Coefficients of
Type of Assay Variation Among Calvesb Variation Within Calvesc
Whole Blood Week 1 Week 2 Week 3 X Weeks 1, 2 and 3
0.2 mCi[3H]TdR
PHA-Acpmd 112 105 84 102 68
PHA-SId 82 81 99 86 65
Con A-Acpmd 69 64 73 68 51
Con A-SId 112 78 102 98 50
No. of calves 15 13 11

PBMC 0.2, Ci[3H]TdR
PHA-Acpm 44 45 35 42 36
PHA-SI 114 100 69 95 68
Con A-Acpm 22 25 14 21 26
Con A-SI 95 127 60 95 63
No. of calves 15 14 13

PBMC 1.0,uCi[3H]TdR
PHA-Acpm 34 29 30 31 26
PHA-SI 60 65 58 61 51
Con A-Acpm 27 20 21 23 16
Con A-SI 60 84 50 65 49
No. of calves 15 15 15

'All coefficients of variation are based on quadruplicate cultures of n calves
bVariation among different calves tested at the same time
'Variation among individual calves during three weekly bleedings
dSee footnotes at bottom of Table I
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aged, respectively: 31 and 26 and
23 and 16 (Table II).
SHIPPING STRESS AND
BLASTOGENESIS

Four groups of 15 calves each
were transported a distance of
480 km via truck. Blastogenesis of
PBMC cultures was monitored in
blood drawn before shipment,
eight hours after shipment and one
and two weeks later. Unfortu-
nately, PBMC cells from pre-
transport blood samples did not
respond to the mitogens Con A and
PHA. Subsequent experiments
showed that this effect was due to
the length of time (18 hours) and
colder temperatures to which the
blood was exposed during transit.
Therefore, because the cells had
aged and did not incorporate
[3H]TdR, pretransport blastogene-
sis values were not valid.

Blastogenesis values after ship-
ping are shown in Table III. The
Acpm of Con A-stimulated cul-
tures was lower (P<0.01) upon
arrival than at either one or two
weeks after arrival. The SI of both
Con A- and PHA-stimulated cul-
tures was also depressed (P<0.05)
soon after arrival when compared
with one week later. The SI's then
decreased to somewhat higher
values than those determined upon
arrival. Although there was a gen-
eral increase in PHA-responsive-
ness (Acpm) with time, this
increase was not significant
(P>0.05).

Regression analysis of blasto-
genic responses to Con A and PHA
using exact calf age as the inde-
pendent variable showed that
these correlations were low and
nonsignificant (r2=0.05 to 0.08).
This finding suggested that a fac-
tor other than age was the cause for
the increase in blastogenic respon-
ses to Con A from week 1 to week 2
and the plateau from week 2 to
week 3.

SHIPPING STRESS AND
PLASMA IgG, AND IgM LEVELS

There was no significant
change in plasma IgG, or IgM con-
centrations after shipping when
compared to concentrations that
were measured before shipping.

Plasma IgG1 concentrations in
pretransport blood samples aver-
aged 23.9±2mg/mL and blood
drawn eight hours after transport
averaged 21.3 ± 2 mg/mL. One
and two weeks after shipping, IgG1
levels were 21.4 ± 2 and
26.2 ± 2 mg/mL, respectively. The
respective values for IgM were
1.02 ± 0.1 mg/mL in pretransport
blood samples, 1.04 ± 0.1 mg/mL
eight hours after transport, and
1.00 ± 0.1 mg/mL and 0.96 ±
0.1 mg/mL one and two weeks
after shipping.

VIRAL ISOLATION

No virus isolations were made
from swabs obtained from calves
prior to shipment. After transport,
infectious bovine rhinotracheitis
(IBR) virus was isolated on four
occasions: once from the nasal
swab of one calf and three times
from the lung tissue of calves suc-
cumbing to pneumonia. The IBR
virus was isolated one to two weeks
after the calves were shipped.
Although the initial mitogenic
responses of the calves that were
infected with the IBR virus were
not different from other calves,
blastogenesis data from these
three animals were excluded from
the statistical analysis.
OTHER PHYSIOLOGICAL
PARAMETERS

Body weights of the calves aver-
aged 42.4 ± 0.7 kg immediately
after transport. Two weeks later,
the average body weight had
increased to 46.1 ± 0.6 kg. Aver-
age erythrocyte counts ranged
from 9.8 ± 0.2 x 106/ML before
shipment to 9.4 ± 0.2 x 1064/L two

weeks later (Table IV). Shipping
did not affect total leukocyte
counts, which remained constant
over time with a mean of 10,150/A L.
Differential leukocyte counts
(Table IV) revealed a decrease
(P< 0.05) in the number of neutro-
phils at one and two weeks after
transport. The percent neutrophils
at one and two weeks after ship-
ping was also reduced (P<0.05)
when compared with neutrophils
at eight hours after shipping.
There was also a significant reduc-
tion in both the percent and
number of monocytes two weeks
after shipping. The absolute
number of lymphocytes remained
unchanged throughout the entire
study, even though the percent
lymphocytes was elevated (P< 0.05)
one week after transport (Table
IV).

DISCUSSION

This study was designed to mea-
sure time-dependent changes in
immune events that occur in calves
after shipping. Both plasma IgG1
and IgM after shipping were sim-
ilar to the pretransport concentra-
tions. Shipping also did not alter
the absolute number of lympho-
cytes. However, the blastogenic
responses of PBMC to Con A was
significantly lower in calves
immediately after the 480 km
shipment than at one or two weeks
later. When the results were
expressed as SI's, both Con A- and
PHA-stimulated blastogenesis
were also lower soon after shipping
than they were one week later.

Unfortunately, storage of the

TABLE III. Time-Dependent Changes in Mitogen-Stimulated Blastogenesis

Background

Acpm-PHA

SI-PHA

Acpm-Con A

SI-Con A

Eight Hours
After Shipping

9369± 831
(60)

108,336± 6455a
(60)

37.8± 7.2a
(60)

159,302± 8466"
(60)

53.0± 13.0O
(60)

One Week
After Shipping

4013± 845h
(58)

111,129±6565a
(58)

69.2± 7.3
(58)

209,596± 8686b
(57)

120.9± 13.3b
(57)

Two Weeks
After Shipping

4006± 860b
(56)

119,481 ±6682a
(56)

53.1 ± 7.46ab
(56)

214,199±8763b
(56)

86.0± 13.5ab
(56)

X±SEM; ( ) = Number of calves; means within the same row with different letter
superscripts are different (P< 0.05)
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pretransport blood samples dur-
ing transit prevented measure-
ment of blastogenesis before the
calves were shipped. Therefore, it
is unknown whether these changes
in blastogenesis were age-related
or stress-related. Certainly, the
limited number of IBR isolations,
as well as lack of isolation of other
important bovine viruses, sug-
gested that an infection was not a
causal factor in the critical depres-
sion of responsiveness to Con A.
Furthermore, the blastogenic
response to both mitogens was
independent of age of the calves
(r2< 0.08).
An age-related increase in the

number of leukocytes also would
not explain the blastogenesis
results, as total leukocytes and
lymphocyte numbers remained
unchanged and the number of
monocytes declined over the two
week acclimation period. These
results are in general agreement
with those of Ruppanner et al (23),
who also reported a reduction in
the number of monocytes with lit-
tle change in the number of circu-
lating lymphocytes after shipping
crossbred calves. However, these
workers did report a reduction in
the number of erythrocytes and
leukocytes within two weeks after
shipping cattle with little change
in the number of neutrophils. It is
therefore proposed that the reduced

response of PBMC cultures to mit-
ogens was caused primarily by the
stress of shipping. Corroboration
of this conclusion requires that
other experiments be conducted
that measures pretransport blas-
togenesis values or utilizes non-
shipped calves.

Transportation had no effect on
plasma IgG1 or IgM levels. How-
ever, Hartmann et al (8) demon-
strated with calves that the effi-
ciency of antibody production to a
specific antigen was compromised
by shipping when the antigen was
injected three days after transport.
These combined results indicate
that shipping may reduce the cap-
ability of calves to synthesize
antigen-specific antibody, even
though the existing total immuno-
globulin pool is not changed. Mean
concentrations of IgGi over the two
week period ranged from 21 to
26 mg/mL. These levels are in
close agreement with those of
McGuire et al (16), who found in
calves of mixed breeds that serum
IgG, concentrations remained
fairly constant at 24 mg/mL
between eight and 30 days of age.
Mean concentrations of IgM in the
two week period ranged from 0.96
to 1.04 mg/mL, which are the same
as McGuire's reported IgM con-
centrations of approximately
1.0 mg/mL.
Many investigators, using var-

ious modifications of the whole
blood culture technique, have
found the assay comparable or
superior to enriched lymphocyte or
mononuclear cell cultures (7, 10,
14, 18-22). Some laboratory groups
claim greater reproducibility (20,
21) and comparable or greater
blastogenic responses to mitogens
(7, 14, 19, 21) with the whole blood
assay, while others have reported
greater sensitivity with a separ-
ated lymphocyte assay (27). Some
workers have also reported that
the whole blood assay gave a better
correlation with delayed-type
hypersensitivity (DTH) tests (21),
yet others have found that the
separated mononuclear cell assay
was more representative of DTH
(27). It is also commonly believed
that the whole blood technique
provides a better in vitro approxi-
mation of the in vivo situation
because various serum factors and
hormones are present during cell
culture. Also, techniques that are
used to enrich leukocytes can ran-
domly select subpopulations of
lymphocytes, giving a distorted
view of in vivo events. In addition,
the whole blood assay certainly
requires less blood, time and tech-
nical preparation.

Results of this study with dairy
calves clearly indicated that tech-
nique variation was less with the
PBMC cultures than with whole

TABLE IV. Effect of Transportation and Acclimation on the Number of Peripheral Blood Erythrocytes and Leukocytes

Total Erythrocytes
Leukocytes per ,1L

Bleeding per AL (X10-6) Neutrophils Bands Basophils Eosinophils Monocytes Lymphocytes
Before
shipping

Percent 34.17± 1.69ah 0.150.09 0.10±0.05a 0.17±0.05ab 0.78±0.10O 64.63± 1.73bc
9943±481 9.77±0.20 Number 3522± 3428h 16± 19 9± 6 17± 6ab 79± 13a 6299± 258

Eight hours
after
shipping

Percent 37.83± 1.69a 0.30±0.90 0.07±0.05b 0.22±0.05a 0.65±0.103b 61.10± 1.73'
10,679±477 9.46±0.20 Number 4293± 3398 37± 19 11± 6 21± 5a 80± 14a 6255± 256

One week
after
shipping

Percent 25.43±1.75' 0.27±0.09 0.11±0.05a 0.02±0.05b 0.64± 0.11ab 73.34±1.79a
10,375±485 9.50±0.20 Number 3042± 351h 54± 20 11± 6 3± 6b 65± 158a 6998± 265

Two weeks
after
shipping

Percent 30.64± 1.96h' 0.22±0.10 0.24± 0.06a 0.13±0.06ah 0.33± 0.12b 68.64± 1.99ah
9986±494 9.37±0.21 Number 3142± 392b 21± 22 21± 7 15± 6ah 31± 16h 6493± 296

X±SEM; means within the same column with different letter superscripts are different (P<0.05)
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blood cultures under the condi-
tions in our laboratory. Technique
variation was reflected by CV's of
replicate cultures and averaged 5-
10% with PBMC cultures com-
pared to 20-27% with whole blood
cultures (Table I). While the
results with other species are vari-
able (10, 21), our results agree with
the data of Paty and Hughies (19),
who concluded that blastogenesis
of separated human mononuclear
cultures was less variable than
with whole blood cultures (CV's of
20% and 30%, respectively). It is
therefore likely that the presence
of unknown serum factors in-
creases the variability of lymphoid
cells that are stimulated with
mitogens.
These experiments also indi-

cated that the total variability of
the assay, that due to technique as
well as biological variation within
or among calves, was at least three
times less with the PBMC assay
than with the whole blood assay
(Table II). This is in contrast to the
results of Muscoplat et al (18), who
found slightly less total variation
with whole blood cultures (CV =31%)
than with mononuclear cell cul-
tures (CV = 38%) when the blood
cells were stimulated with PHA.
However, the total variation
among calves in the present study
(31% for PHA; 23% for Con A) com-
pares favorably to the data
reported by Muscoplatet al (17, 18)
and others (24, 28).
Although technique variation is

seldom reported with bovine blas-
togenesis assays, the work by
Kaneene et al (11) indicated con-
siderable within-assay variation,
as evidenced by the range in stimu-
lation within triplicate cultures
stimulated by PHA. Since the
degree of variability inherent in
the technique is an important
statement as to the sensitivity and
validity of the assay, we feel that
blastogenesis data would be more
meaningful if such information
was included in scientific reports.
Regardless of whether a labora-
tory chooses a whole blood assay as
the appropriate measure of the in
vivo immune situation or an
enriched mononuclear cell assay to
assess the status of the leukocytes

outside of the in vivo milieu, prim-
ary consideration must be given to
the overall validity of the assay
before biological conclusions can
be reached.
For comparative purposes, it has

been common to express blasto-
genic responses of leukocytes as a
stimulation index (SI), which is the
ratio of the cpm of stimulated to
unstimulated (background) cul-
tures. Yet, some investigators
claim that this can be misleading
because small changes in back-
ground counts can cause large
changes in the SI while the actual
stimulated counts may change
very little or not at all (1, 13, 19).
We have also found that the varia-
tion within or among calves is two
to four times greater when results
with PBMC's are summarized as
SI's rather than Acpm (Table II).
Therefore, to minimize variation
among calves, our results support
the expression of blastogenic data
asAcpm.

In conclusion, the present data
and those of Hartmann et al (8)
indicate that transportation may
compromise both antibody-and
cell-mediated immune responses.
Both specific antibody titers and
lymphocyte mitogenesis are
reduced one to three days after
shipping but rise by seven to 14
days after transport. Shipping has
little effect on systemic levels of
IgG1 or IgM.

ACKNOWLEDGMENTS

The authors thank Ms. H.
Hagestram for technical assist-
ance and Dr. C. Gaskins and Mr. K.
McElvain for assistance in the
analysis of these data.

REFERENCES

1. ANGUS K. and T.J. YANG. Lympho-
cyte response to phytohemagglutinin:
Temporal variation in normal dogs. J.
Immun. Meth. 21: 261-269. 1978.

2. CROOKSHANK, H.R., M.H. ELIS-
SALDE, R.G. WHITE, D.C. CLAN-
TON and H.E. SMALLEY. Effect of
transportation and handling of calves
upon blood serum composition. J.
Anim. Sci. 48: 430-435. 1979.

3. DUNCAN, D.B. Multiple range and

multiple F tests. Biometrics 11: 1-42.
1955.

4. EVERMANN, J.F. Calfhood morbid-
ity and mortality in the Northwest Uni-
ted States 1977-1979. Proc. Am. Ass.
vet. lab. Diag. 22: 379-394. 1979.

5. FAHEY, J.L. and E.M. McKELVEY.
Quantitative determination of serum
immunoglobulins in antibody-agar
plates. J. Immun. 94: 84-90. 1965.

6. GISLER, R.H., A.E. BUSSARD, J.C.
MAZIE and R.HESS. Hormonal reg-
ulation of the immune response. I.
Induction of an immune response in
vitro with lymphoid cells from mice
exposed to acute systemic stress. Cell
Immun. 2: 634-645. 1971.

7. HAN, T. and J. PAULY. Simplified
whole blood method for evaluating in
vitro lymphocyte reactivity of labora-
tory animals. Clin. exp. Immun. 11:
137-142. 1972.

8. HARTMANN, H., A. BRUER, H.
HERZOG, H. MEYER, H. RHODE,
F. SCHULZE and G. STEINBACH.
General adaptation syndrome (Selye)
in calf. 6. Stress condtions - their
impact upon antibody levels, following
active and passive immunisation, and
upon the topographic distribution of
certain groups of germs in the gastro-
intestinal system. Arch. exp. VetMed.
30: 553-566. 1976.

9. IRWIN, M.R., S. McCONNELL, J.D.
COLEMAN and G. E. WILCOX.
Bovine respiratory disease complex: a
comparison of potential predisposing
and etiologic factors in Australia and
the United States. J. Am. vet. med. Ass.
175: 1095-1099. 1979.

10. JUNGE, U., J. HOEKSTRA, L.
WOLFE and F. DEINHARDT.
Microtechnique for quantitative eva-
luation of in vitro lymphocyte trans-
formation. Clin. exp. Immun. 7: 431-
437. 1970.

11. KANEENE, J.M., D.W. JOHNSON,
R.K. ANDERSON, R.D. ANGUS,
D.E. PIETZ and C.C. MUSCOPLAT.
Specific lymphocyte stimulation in cat-
tle naturally infected with strains of
Brucella abortus and cattle vaccinated
with Brucella abortus strain 19. Am. J.
vet. Res. 39: 585-589. 1978.

12. KELLEY, K.W. Stress and immune
function: a review. Annls Rech. vet.
11(4): In press. 1980.

13. KOLLER, L.D., J.G. ROAN and N.I.
KERKVLIET. Evaluation of data
from mitogen studies in CBA mice:
Comparison of counts per minute,
stimulation index and relative prolif-
eration index. Am. J. vet. Res. 40:863-
865. 1979.

14. LEE, L.F. Chicken lymphocyte stimu-
lation by mitogens: A microassay with
whole-blood cultures. Avian Dis.
22:296-307. 1978.

15. MANCINI, G., A.O. CARBONARA
and J.F. HEREMANS. Immuno-
chemical quantitation of antigens by
single radial immunodiffusion. Immuno-
chemistry 2:235-254. 1965.

16. McGUIRE, T.C., N.E. PFEIFFER,

257



J.M. WEIKEL and R.C. BARTSCH.
Failure of colostral immunoglobulin
transfer in calves dying from infectious
disease. J. Am. vet. med. Ass. 169: 713-
718. 1976.

17. MUSCOPLAT, C.C., I. ALHAJI,
D.W. JOHNSON, K.A. POMEROY,
J.M. OLSON, V.L. LARSON, J.B.
STEVENS and D.K. SORENSON.
Characteristics of lymphocyte respon-
ses to phytomitogens: Comparison of
responses of lymphoctyes from normal
and lymphocytotic cows. Am. J. vet.
Res. 35: 1053-1055. 1974.

18. MUSCOPLAT, C.C., A. WU CHEN,
D.W. JOHNSON and I. ALHAJI. In
vitro stimulation of bovine peripheral
blood lymphocytes: Standardization
and kinetics of the response. Am. J. vet.
Res. 35: 1557-1561. 1974.

19. PATY, D.W. and D. HUGHES. Lym-
phocyte transformation using whole
blood cultures: An analysis of respon-
ses. J. Immun. Meth. 2:99-114. 1972.

20. PAULY, J.L., J.E. SOKAL and T.
HAN. Whole-blood culture technique
for functional studies of lymphocyte

reactivity to mitogens, antigens- and
homologous lymphocytes. J. Lab. clin.
Med. 82:500-512. 1973.

21. PAULY, J.L. and J.E. SOKAL. A
simplified technique for in vitro studies
of lymphocyte reactivity. Proc. Soc.
exp. Biol. Med. 140: 40-44. 1972.

22. RENSHAW, H.W., W.P. ECKB-
LAD, D.O. EVERSON, P.D. TAS-
SINARI and D. AMOS. Ontogeny of
immunocompetence in cattle: Evalua-
tion of phytomitogen-induced in vitro
bovine fetal lymphocyte blastogenesis,
using a whole blood culture technique.
Am. J. vet. Res. 38:1141-1150. 1977.

23. RUPPANNER, R., B.B. NORMAN,
C.J. ADAMS, D.G. ADDIS, G.P.
LOFGREEN, J.G. CLARK and J.R.
DUNBAR. Metabolic and cellular
profile in calves under feedlot condi-
tions: blood cellular components - ref-
erence values and changes over time in
feedlot. Am. J. vet. Res. 39: 851-854.
1978.

24. SOPER, F.F., C.C. MUSCOPLAT
and D.W. JOHNSON. In vitro stimu-
lation of bovine peripheral blood lym-

phocytes: Analysis of variation of lym-
phocyte blastogenic response in normal
dairy cattle. Am. J. vet. Res. 39: 1039-
1042. 1978.

25. STAPLES, G.E. and C.N. HAUGSE.
Losses in young calves after transpor-
tation. Br. vet. J. 130: 374-378. 1974.

26. STEEL, R.G.D. and J.H. TORRIE.
Principles and Procedures of Statis-
tics. Edition 2. pp. 438-451. New York:
McGraw-Hill. 1980.

27. WOODARD, L.F., H.W. RENSHAW
and D. BURGER. Cell-mediated
immunity in neonatal calves: Delayed-
type hypersensitivity and lymphoctye
blastogenesis following immunization
with a mycobacterial immunopoten-
tiating glycolipid and tuberculopro-
teins of Mycobacterium bovis. Am. J.
vet. Res. 39: 579-584. 1978.

28. WOODARD, L.F., W.P. ECKBLAD,
D.P. OLSON, R.C. BULL and D.O.
EVERSON. Effects of maternal
protein-energy malnutrition on lym-
phoblastogenic responses of bovine
neonates subjected to cold stress. Am.
J. vet. Res. 41: 561-563. 1980.

258


