
JOURNAL OF CLINICAL MICROBIOLOGY, June 1978, p. 550-557
0095-1137/78/0007-0550$02.00/0
Copyright © 1978 American Society for Microbiology

Vol. 7, No. 6

Printed in U.S.A.

Whole-Blood Lymphocyte Stimulation Assay for
Measurement of Cell-Mediated Immune Responses in Bovine

Brucellosis
JOHN M. KANEENE,* ROBERT K. ANDERSON, DONALD W. JOHNSON, CHARLES C.

MUSCOPLAT, PAUL NICOLETTI, ROBERT D. ANGUS, DONALD E. PIETZ, AND
DIANE J. KLAUSNER

Department ofLarge Animal Clinical Sciences, College of Veterinary Medicine, St. Paul, Minnesota 55108*;
U.S. Department ofAgriculture, Gainesville, Florida 32608; and Veterinary Services Laboratory, U.S.

Department ofAgriculture, Ames, Iowa 50010

Received for publication 9 January 1978

A study was conducted to develop an in vitro whole-blood lymphocyte stimu-
lation assay for measurement of cell-mediated immune response in bovine bru-
cellosis. A soluble antigen (BASA) prepared from killed cells of Brucella abortus
1119-3 was used. Cattle infected with B. abortus field strains, B. abortus 19
calfhood- and adult-vaccinated cattle, and nonexposed cattle were tested. Blood
was diluted 10-fold in RPMI-1640 medium (without added serum) and cultured
with BASA (at a concentration of 2.2 ,Lg per culture) at varying times of
incubation. Results were assayed for [3H]thymidine incorporation into deoxyri-
bonucleic acid. A 6-day period was found to be optimal for incubating blood
cultures to achieve maximum specific lymphocyte stimulation. Serological tests
and bacteriological isolation attempts were conducted simultaneously with lym-
phocyte stimulation tests, and there was a significant correlation between cell-
mediated immune response and bacteriological findings. There was a significant
correlation between cell-mediated immune response and the level of serum
antibodies on a group basis, but there was little correlation between the two
systems on individual infected animals. Among vaccinated animals there was
little or no correlation between cell-mediated immune and humoral responses.
The whole-blood assay was found to be simple, fast, sensitive, and reproducible.

In vitro lymphocyte transformation using pur-
ified lymphocytes is gaining wide acceptance in
the scientific community as a test for lympho-
cyte immune function, and it is applied in studies
of immune responsiveness, delayed hypersensi-
tivity, histocompatibility, and clinical allergy
(2-4). Recently, studies have focused on the
usefulness of lymphocyte stimulation in vitro as
a diagnostic tool in infectious diseases, particu-
larly those diseases where delayed hypersensi-
tivity is an important component (3-6, 10, 12, 17,
18, 22).

In our laboratory, studies of brucellosis have
focused on developing a suitable antigen that
could be used in studies of in vitro lymphocyte
stimulation. A suitable antigen, Brucella abor-
tus soluble antigen (BASA), its protein and
endotoxin content, and the kinetics of utilizing
that antigen for in vitro purified lymphocyte
stimulation have been reported (8). This antigen
was utilized in later studies on bovine brucellosis
(9).
The drawback of in vitro lymphocyte stimu-

lation using pure lymphocytes is the limited
number of cultures obtained from the small vol-
umes of blood normally available; also, the time
required to purify lymphocytes from peripheral
blood is considerable, especially when testing
large numbers of animals, as can be the case in
herd testing.

Several lymphocyte transformation studies
using whole blood (nonseparated) rather than
lymphocyte-enriched preparations have been re-
ported (2, 13-15). With the present program of
eradication of bovine and swine brucellosis, large
numbers of animals must be tested. A simplified
in vitro lymphocyte stimulation test could prove
very useful, especially in herd problems where
serological diagnosis is questionable. The pur-
pose of this study was to develop a whole-blood
lymphocyte stimulation assay that could be used
in bovine brucellosis studies. The specific objec-
tives were: (i) to find the optimal period of
incubating blood cultures; (ii) to correlate lym-
phocyte culture findings with serological results;
(iii) to compare lymphocyte stimulation results
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in lymphocytes from animals with different ex-
posure experiences to B. abortus; and (iv) to
correlate lymphocyte stimulation results with
infection (infection being used here to mean
animals from which brucellae were isolated).

MATERIALS AND METHODS
Animals and bleeding schedule. Dairy cattle

were used, and information on the types and status of
each animal is given (Tables 1 and 2). Animal no. 33,
the whole of group 2 except no. 22, and the whole of
group 4 were kept in Florida and were from one herd.
Blood from these animals was collected and sent to
the College of Veterinary Medicine, University of Min-
nesota, by air mail and received and tested the follow-
ing morning. This was a single blind study, since the
status of the animals from which samples were col-
lected was not known by the technical staff at Min-
nesota. The remaining animals were kept at the Col-
lege of Veterinary Medicine in St. Paul, Minn. The
infected cattle (no. 21, 51, and 74) were kept in sepa-
rate isolation units. The vaccinated (group 3) and
control cattle (group 5) were kept in a brucella-free
herd belonging to the Department of Animal Science,
University of Minnesota, and remained clinically nor-
mal throughout the study. The same day the animals
in Florida were bled, those at St. Paul were also bled,
and blood was kept at room temperature and tested
the next morning together with the samples from

TABLE 1. Types and status of dairy cattle used
Ani- ~~Vaccinal B. abortusGroup mal Age status' culture resulteb

no.

1 21 Adult NV Field strain +
33 Adult AdV Field strain +
51 Adult NV Field strain +
74 Adult NV Field strain +

2 22 Adult CV Strain 19 +
38 Adult AdV Strain 19 +

337 Adult AdV Strain 19 +
438 Adult AdV Strain 19 +
561 Adult AdV Strain 19 +
611 Adult AdV Strain 19 +

3 807 Heifer CV NA
901 Heifer CV NA
902 Heifer CV NA

4 324 Adult AdV -
334 Adult AdV -
450 Adult AdV -
654 Adult AdV -

5 518 Calf NV NA
581 Calf NV NA
987 Calf NV NA
988 Calf NV NA

a NV, Not vaccinated; AdV, adult vaccinated; CV,
calfhood vaccinated.

+, Positive; -, negative; NA, not applicable.

Florida. The study was conducted in two parts: the
first part, conducted on 6 October 1976, was to find
the optimal period of incubating blood samples, and
the second part, conducted on 13 January 1977, was to
use the optimal period of incubating blood cultures to
test objectives (ii) through (iv).

Collection ofblood. Approximately 30 ml of blood
was collected by jugular venipuncture from each ani-
mal. A 20-ml portion of each blood sample was placed
into a sterile tube containing heparin (50 U/ml; The
Upjohn Co., Kalamazoo, Mich.). The remaining 10 ml
was placed into tubes and allowed to clot, and serum
was collected for later use in the several serological
tests (Table 2). Each time heparinized blood was re-
ceived in the laboratory at St. Paul, it was subjected
to the following procedures.

Preparation of cultures. The heparinized blood
was diluted 10-fold using RPMI-1640 culture medium
(Grand Island Biological Co., Grand Island, N.Y.) con-
taining penicillin (100 U/ml), streptomycin (100
Ag/ml), and L-glutamine (2 mM). No other supple-
ments were added.

Culture medium, mitogen, and antigen. Tissue
culture medium was RPMI-1640. Concanavalin A
(ConA; Miles-Yeda, Rehovot, Israel) at a concentra-
tion of 1.0 jig per culture was used. BASA (8) was used
at a concentration of 2.2 jig of protein per culture.

Cell cultures. After blood dilutions were made,
blood from each animal (100 pd per culture) was added
in triplicate to wells of a microtitration culture plate
by using an automatic dispenser. ConA and BASA
were added to the appropriate wells. As negative con-
trols, triplicate wells for each animal were set up with
lymphocyte suspension, but neither ConA nor BASA
was added. All cultures were set up at the same time
and incubated for varied periods of 3, 4, 5, 6, and 7
days, and all were incubated at 37°C in an incubator
with a 5% CO2 humidified air atmosphere. Approxi-
mately 16 to 18 h before termination, 0.5 tLCi of
[methyl-3H]thymidine (6.0 Ci/mmol; Schwarz/Mann,
Orangeburg, N.Y.) was added to each well. Processing
of cultures was performed by the method of Hartzman
et al. (7), and radioactivity was counted by liquid
scintillation spectrometry.

Serological tests. The standard serum tube agglu-
tination test, card test, Rivinol test, and compliment
fixation test were conducted on sera from test animals
according to U.S. Department of Agriculture proce-
dures (19, 20) and interpretations (21).
Brucella culture attempts. Isolation of brucellae

from miLk and tissues was conducted according to the
methods recommended by Alton et al. (1). B. abortus
field strains were isolated repeatedly from the milk of
cows in group 1 and from their tissues after slaughter.
B. abortus 19 was isolated repeatedly from the milk of
cows in group 2. Attempts to isolate Brucella from the
milk of cows in group 3 were unsuccessful.

RESULTS
Expression oflymphocyte stimulation re-

sults. Results of lymphocyte stimulation are
expressed in two ways.

(i) Acpm. Difference in counts per minute
(Acpm) is expressed as mean cpm of triplicate
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~z *û Al

0

0

0t

4Z.c

eo_

.^ 3."vt

zzzz

¢ ¢ ¢ <
tZZz

< ¢z <
Xz

t-P-4gcl A sg (4 -4 t. 0

ci9 m -n 20000E

eq

04 I

:3I
0 r

4

1 rJ

ej r

_

tq
I ,

_)

tp

U ri

Z4Z9:

a

CZ0..

0'I
t1.
OD

046

04

B0

co
0

.0
0

CD

0

0

0-a

0C.)
cis

0.

blo ca rA M 40 to. . tka ID tN
4) 0 0 0 0 4) 4) Is
Z I:L4 A4 44 CL, Z P.. Z Z ;.P



WHOLE-BLOOD LYMPHOCYTE STIMULATION ASSAY 553

cultures without either ConA or BASA sub-
tracted from mean cpm of triplicate cultures
with ConA or BASA.

(ii) SI. Stimulation index (SI) is expressed as
mean cpm of triplicate cultures with ConA or
BASA divided by mean cpm of triplicate cul-
tures without either ConA or BASA.
Results oflymphocyte cultures. Results of

part 1 of the study (to find optimal incubation

*@--- *Infected (fie d
0-- -0 St-19 Infected
1.CO-- St-19 Calfhood16 _'_4 Sti19 Adult Vc

14 _ -*- Control

12

10

8

x
0

c6
0

*5 4
X~~6 -

period of blood cultures) are shown (Fig. 1). SI
greater than or equal to 3.0 was considered in-
dicative of infection. The data from the first part
of the study revealed that: (i) a 6-day incubation
period was optimal for culturing blood to achieve
highest specific blastogenesis in lymphocytes
from brucella-infected cattle; (ii) lymphocytes
from animals in groups 1 and 2 had positive
responses throughout; (iii) except on day 3,

3 4 5 6 7
Doys of Incubation

FIG. 1. Determination of optimal time period of incubating whole blood to achieve maximum specific
lymphocyte transformation with BASA. Blood was from B. abortus field strain-infected cattle (0-*); B.
abortus 19 shedders (0 - 0), B. abortus calfhood-vaccinated, nonshedders (0-0); B. abortus 19 adult-
vaccinated cattle (nonshedders) (*- -0); and brucella nonexposed control cattle (0----0). Bars represent one
standard error ofthe means. SI of-3 = positive (infection), shown by arrow (-*); SI of sl = negative response
(not infected).

VOL. 7, 1978



554 KANEENE ET AL.

group 1 had a significantly higher response than
group 2 (P < 0.05); groups 3 and 4 were basically
the same, except on day 3 when group 4 reacted
above the positive (infection) mark; and (iv)
there was no specific lymphocyte stimulation
(SI = 1 or less) induced by BASA in lymphocytes
from control animals.
Serological tests results. The serological

tests on cattle in 5 groups are shown in Table 2.
Group 3 had the highest serum agglutination
antibody titers, followed by group 1, whereas
group 4 had the lowest, followed by group 2. On
a group basis, the level of serum agglutination

30P

25F

20F

15 F
0-

x
4)
c
0-

*-c
0

-W

E
tn

10F

3+

titers did not correlate with specific lymphocyte
stimulation response (LSR).
From the second part of the study (Fig. 2 and

3 and Table 3), the following findings could be
stated: (i) on a group basis, lymphocytes from
group 1 animals underwent a significantly higher
specific LSR than those from group 2 (P <
0.005); (ii) lymphocytes from group 2 animals
underwent a significantly higher specific LSR
than those from groups 3 and 4 (P < 0.01); and
(iii) no LSR was elicited by BASA in lympho-
cytes from control animals. Results of serological
tests (Table 2) show that on a group basis the

8B abortus Infected -Field Strain
|J B obortus St-1s Infected
E] B abortus Stl19 Ca!fhood 'Vc (Non-infected'
B Oborto Adult Vac (Non-infected)
2 Control

000t 1-.10
1 2 3 4 5 1

Groups
2 3 4 5

350

300

250

200

Cc

150 .
a

c
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E
L

4)

50 D
I

FIG. 2. Comparison of lymphocyte stimulation results elicited by BASA in lymphocytes from cattle of
different B. abortus exposure experience and nonexposed control animals with the serum tube agglutination
test on an animal group basis. Lymphocytes were incubated for 6 days. Bars represent 1 standard error of the
mean. SI of -3 = positive response (infection), represented by arrow (-*); SI of sl = negative response (not
infected).
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FIG. 3. Comparison of specific lymphocyte stimu-
lation, on a single-animal basis, elicited by BASA in
lymphocytes from animals with different B. abortus
exposure experience and from control animals. Lym-
phocytes were incubated for 6 days. Bars indicate
mean values for each group of animals, and each
mark represents SI of a single aninal. SI of 23 =

positive response (infection), represented by arrow
(--); SI of-l = negative response (not infected).

level of antibody titers went down in all groups,
except in group 1, where the titers remained the
same.
Correlation between serological re-

sponse and lymphocyte stimulation test. On
a group basis, there was good correlation be-
tween antibody levels and LSR results in both
groups 1 and 2; both reached infection level. In
group 3 there was no correlation (Fig. 2) between
the two systems. There was correlation between
groups 4 and 5 between antibody titers and LSR
(Fig. 2). On an individual basis, there was little
correlation between level of antibody titer and
LSR. Animals no. 21 and 38, for example, had
the highest LSR in groups 1 and 2, respectively,
but their titers were not the highest. Similarly,
animals no. 74 and 438 of groups 1 and 2 had the
highest antibody titers, but their specific LSR
was the lowest for their respective groups. A
similar trend was observed in animals of groups
3 and 4.
Correlation between lymphocyte stimu-

lation and bacterial culture. Considering an

SI for indication of infection as 3 or greater, all
animals in groups 1 and 2 were called infected
by LSR test. B. abortus was isolated from all
those animals. Thus, there was 100% correlation
between LSR and recovery of B. abortus.

DISCUSSION
The data generated in this study indicate that

the whole-blood lymphocyte culture procedure

TABLE 3. Lymphocyte stinulation induced by ConA
and BASA in lymphocytes from cattle of different B.

abortus exposure experience and in control
animalsa

Group Anl Treat- Acpm SIbno. ment

1 21 ConA
BASA

51 ConA
BASA

74 ConA
BASA

2 22 ConA
BASA

38 ConA
BASA

337 ConA
BASA

438 ConA
BASA

611 ConA
BASA

3 807 ConA
BASA

901 ConA
BASA

910 ConA
BASA

4 324 ConA
BASA

334 ConA
BASA

450 ConA
BASA

654 ConA
BASA

5 518 ConA
BASA

987 ConA
BASA

988 ConA
BASA

934,787
10,845
69,473
9,074

732,911
9,973

912,331
3,774

704,775
4,296

85,933
1,889

100,919
1,269

87,044
2,270

75,859
936

121,193
1,149

89,704
1,168

96,144
1,203

73,051
337

107,996
1,048

51,129
756

120,169
447

934,173
912

811,330
471

563.4
33.8
97.6
25.4

107.3
21.4

390.3
6.9

466.2
13.4

204.1
4.5

270.6
3.4

344.0
9.0

23.5
0.9

234.9
1.3

98.4
2.0

61.5
0.8

107.3
0.5

44.8
0.4

97.9
0.9

102.0
0.2

96.8
0.6

102.3
0.9

'Group 1, B. abortus field strain-infected cattle;
group 2, B. abortus 19 shedder cattle; group 3, B.
abortus calfhood-vaccinated cattle; group 4, B. abor-
tus adult-vaccinated nonshedder cattle; group 5, con-
trol animals.

b SI: 23, positive response; l1, negative response.

x e abortu Infected (field stroin)
* e abotu St -19 Infected
o R obhctu St- 19 Colftood Voc (non-int)
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can be adapted to study cell-mediated immunity
in bovine brucellosis. The observation that ani-
mals infected with B. abortus field strains (group
1) had a significantly higher cell-mediated im-
mune response than cattle with B. abortus 19
infection (group 2) may be due to a difference in
virulence. B. abortus 19 is a far less virulent
organism than the field strain. It is, therefore,
possible that the field strain multiplies and sen-
sitizes a large proportion of lymphocytes. The
difference in cell-mediated immune response in
these groups of animals could have very impor-
tant diagnostic value. The general lack of cor-
relation between the cell-mediated immune re-
sponse of calfhood-vaccinated animals (group 3)
and the level of antibody titers agrees with our
earlier studies in bovine brucellosis (9) where
pure lymphocytes were used. The high level of
correlation between infection and cell-mediated
immune response in this study shows promise in
brucellosis diagnosis.
The results of this study clearly indicate that

this method has numerous advantages over
more conventional techniques. In our experi-
ence, we found it simple, sensitive, fast, and
reproducible. In the experiment reported here,
there was no additional serum supplement
added to the RPMI-1640 culture medium (serum
supplements are needed when using purified
lymphocytes). Additionally, the results demon-
strate that there is no need to remove erythro-
cytes, polymorphonuclear leukocytes, platelets,
or residual autologous plasma to obtain a signif-
icant mitogenic or antigen-induced blastogene-
sis. The use of nonseparated blood thus retains
blood cells, especially monocytes, in natural pro-
portions, allowing maximum enhancement of
immune response through cell cooperation. The
whole-blood lymphocyte culture procedure
eliminates many of the steps involved in cell
separation, thus avoiding many possible sources
of technical errors, and it requires only small
volumes of blood. Large numbers of samples can
be set up, which could offer some savings in
effort and real costs. With programs for the
eradication of brucellosis in cattle and swine,
large numbers of animals must be tested, and
many of them cannot be properly identified se-
rologically without bacterial culturing. A simpli-
fied test like the one described here could be a
valuable aid in these programs.
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