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Udder infection of vaccinated heifers with Vibrio fetus var. venerealis led to an

early and severe reaction consisting of local swelling, hyperthermia, and increased
blood leukocyte counts. This reaction was absent or less pronounced in heifers not
previously vaccinated. This was interpreted as an immediate hypersensitivity reaction
elicited in the vaccinated heifers. Specific antibodies were found in udder exudate
from vaccinated heifers. Immune serum and udder exudate were moderately bac-
tericidal and had a strong immunosuppressive and opsonophagocytic effect in rab-
bits. Immune cervicovaginal mucus was neither bactericidal nor opsonophagocytic
or immunosuppressive. This would suggest that antibodies found in cervicovaginal
mucus are not protective. It appeared that the immediate hypersensitivity observed
and the subsequent transfer of antibodies from serum to udder exudate would pro-

vide by analogy a possible explanation of the mechanisms of immunity to bovine
vibriosis.

Bovine vibriosis is a venereal disease in cattle
caused by Vibrio fetus var. venerealis. It has been
known for a long time that the disease is self-
limiting in the individual and in the herd (19).
Although this convalescent immunity is well
recognized in bovine vibriosis, its mechanisms
are still poorly understood.
The disease is limited to the genital tract of cows

(13). V. fetus does not usually invade the circula-
tory system, and lesions consisting of lymphocyte
and plasma cell infiltration are confined mainly
to the glandular epithelium of the uterine mucosa
(7, 18). The infection does not usually stimulate
the production of antibodies detectable in the
serum (13, 15).

Agglutinating antibodies are formed locally in
the uterus and in the vagina (12). Neither the
nature of the cervicovaginal antibodies nor their
role in immunity has been determined (3). They
are elicited within a few weeks after infection and
decrease after the elimination of the infection (21).
High titers of these agglutinins are usually de-
tected in the presence of V. fetus in the genital
tract.

Immunity, artificially induced by the injection
of live organisms or bacterins with adjuvants,
has been successful in improving the reproductive
performance in infected animals (2, 3, 6, 9-11).
Also, intracervical inoculation of virulent strains
has produced a minor degree of protection (9).
The mechanism by which parenteral injection

of bacterins reduces the incidence of infection
is not well understood. Serum antibodies are
detectable after vaccination. There is no evi-
dence of antibodies in the cervicovaginal mucus
(CVM) after vaccination to parallel the antibody
response in the serum (3, 13, 16, 20). Clark (2)
found that the protection afforded by vaccina-
tion was equal to the immunity resulting from
previous infection.
The objectives of this work were to elucidate

some aspects of the mechanisms of immunity in
bovine vibriosis. V. fetus was injected into the
udder of vaccinated and nonvaccinated virgin
heifers, and various reactions to infection were
studied after vaccination and local exposure.
Also, specific antibodies from secretions and
from serum were compared on the basis of their
bactericidal activity in vitro and their opsono-
phagocytic activity when injected with V. fetus
into rabbits. Finally, the bactericidal activity of
freshly drawn blood was measured in heifers
after udder infection with V. fetus and subsequent
vaccination.

MATERIALS AND METHODS

Animals. A total of 11 virgin Holstein heifers from
10 to 15 months old were used in these experiments.
CVM and blood samples were collected prior to the
experiments. No agglutinins were detected in the
mucus, and very low titers were detected in the serum
of some heifers.
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A commercially prepared V. fetus adjuvant bacterin,
Vibrin (Norden Laboratories, Lincoln, Nebr.), was
given subcutaneously in the cervical region to six
heifers assigned to be vaccinated. Two heifers in this
group received a second injection of the vaccine, 4
months after the primary injection. Among the five
heifers assigned to the control group, two received
virulent cultures of V. fetus by intracervical deposi-
tion while in heat.

The udders were infected by inoculation of V. fetus
through a small catheter into the left front quarter of
the heifers at different times after vaccination or
revaccination. Two heifers were infected intracervi-
cally and were inoculated into the udder 2 months
after infection. V. fetus has been isolated periodically
from the CVM of these two heifers. One purpose of
udder infection was to determine the difference in
local inflammatory and systemic reactions between
six vaccinated and five control heifers. The rectal
temperature was read for several consecutive days
before and 3 days after udder infection. Blood sam-
ples were similarly taken and the total and differential
white blood cell counts were determined. A second
purpose of udder infection was to determine serologic
differences between the udder exudates of vaccinated
and control heifers. After udder infection, the heifers
were "milked" every day until no more fluid could be
secured from the inflamed quarter.

Four adult cows were infected intracervically with
V. fetus. The CVM was sampled every week to provide
mucus antibodies for the subsequent tests.

Vibrio fetus. Virulent V. fetus cultures were used
for udder inoculation. They were kept in small sam-
ples in liquid nitrogen. For the serologic tests, V.
fetus was subcultured every 2 or 3 days on cysteine
heart blood agar plates (9).

Complement fixation test. The complement fixation
(CF) test described by Fulton and Dumbell (8) was
used in these investigations. Commercial guinea pig
serum and hemolysin (Colorado Serum Co. Denver,
Colo.) were used. The standardization of the antigen
and the performance of the test were carried out by
the method of Kramer and Hoerlein (13).
CVM agglutination. The extraction of these anti-

bodies was performed by a method described previ-
ously (16). The mucus was diluted in saline, ground
with a 7-ml Ten Broeck grinder and suspended in

molten New Zealand Davis agar. The solidified agar
was overlaid with saline and incubated overnight at
37 C. The antibodies were present in the supematant
in a standard final dilution of 1:15. Vibrio antigen of
the UM strain (from A. Winter, Cornell University)
was used for the agglutination test.

Bactericidal test of freshly drawn blood. The test
was performed as described in an earlier publication
(2). Four milliliters of blood was collected from the
jugular vein and mixed with 0.1 ml of V. fetus stand-
ardized to 108 viable cells/ml. The results were ex-
pressed as percentage of survivals of V. fetus after 2,
5, and 10 min.

Bactericidal test on serum, udder exudate, and CVM.
Pools of the different sources of antibodies were used.
The tests were carried out as described previously (2)
in various dilutions of the pools, using exogenous
guinea pig complement.

Opsonophagocytic test. Rabbits of the New Zealand
albino strain were injected with V. fetus opsonized
with specific antibodies from serum, udder exudate,
and CVM. The readings were done over a period of 2
hr (S. P. Carrier and T. T. Kramer, in preparation).

RESULTS

Reactions to udder infection with V. fetus. The
group of six vaccinated heifers reacted severely
to udder infection with V. fetus. The severity of
this reaction was estimated by subjective and
objective criteria, which consisted of local swell-
ing, quantity and quality of inflammatory exu-
date, temperature rise, and rise in white blood
cell counts.
An appreciable difference in the clinical reac-

tion of vaccinated and nonvaccinated heifers was

seen. In the former six heifers, inflammation was
present after 24 hr and consisted of a warm and
hard swelling extending approximately 15 cm

around the inoculated quarter. In the latter five
heifers, the reaction was considerably less pro-

nounced.
The exudate from both groups was different.

In the vaccinated group, at 24 and 48 hr, it con-

TABLE 1. Mean values of white blood cell countts and rectal temperatures after inoculation of
Vibrio fetus inlto the udder of vaccinated antd nonvaccinated heifers

Days after udder inoculation

Heifers 0 1 2 3

N/La WBCb Tc N/L WBC T N/L WBC T N/L WBC T

Vaccinated.... 0.55 8.6 102.4 1.36 12.6 103.9 1.50 12.0 102.7 0.58 8.7 102.3
Nonvac-
cinated. 0.36 8.6 102.4 0.83 10.5 101.9 0.51 9.5 102.4 0.48 8.4 102.7

a N/L, ratio of neutrophil counts over lymphocyte counts.
b WBC, white blood cells in multiples of 103.
c T, rectal temperature in F.
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TABLE 2. Reciprocal of complement fixation titers of serum and udder exudate after udder
inoculation of Vibrio fetus var. venerealis in vaccinated and nonvaccinated heifers

Vaccinated heifers

Days after
revaccination

7 14

Sa Eb S E

6c
64

128

32
32
64
32

32

32

Days after primary vaccination

53

16
32
32
32

64

53 63

S E S E S E

32
32

128

32
64
64
64

64

32
32

64

4
4
8
8
8
8

4

4

8

78

S E

8
8
4
8
8
8

4
4

16
32

Nonvaccinated heifers

Days after
intracervical infection

60

s

0
0
0

E

0
0
0
4

a S, serum.

bE, exudate.
c -, Not sampled or insufficient volume in the case of udder exudate.

60

S E

0-
O O
o o

0
- 32

Not infected
intracervically

s

0
0
0
0
0

E S E

- 2-
o 00
0 0

0 0-
I-

S E

0-
0-
0-

0-

sisted of an abundant serous fluid with few flakes
which coagulated rapidly at room temperature.
Afterwards, the exudate became thick and
purulent with a yellowish creamy texture. In the
nonvaccinated group, the exudate was thick and
purulent throughout the sampling period, and
the volume of exudate limited to 1 to 2 ml.
The white blood cell counts and differential

counts in the vaccinated group showed increases
of the polymorphonuclear series for a period of
48 hr or more. In the nonvaccinated group, the
blood count did not change or changed only
slightly in some heifers for a period of 24 hr.
Hyperthermia was recorded only in the vac-
cinated group (Table 1).

V. fetus was isolated after 24 hr from 2/6 vac-
cinated heifers and from 5/5 nonvaccinated
heifers.
The time elapsed between vaccination and

udder infection of the vaccinated group did not
seem to affect the degree of inflammatory reac-

tion.
CF antibodies in serum and udder exudate.

Similar CF antibody titers were found in the
serum and in the udder exudate (Table 2). The
CF titers of both serum and udder exudate
dropped after 53 days postvaccination. Further-
more, the CF antibody titers of the exudate
seemed to increase with the days postinfection in
most vaccinated heifers. In the nonvaccinated,
noninfected group, two heifers had a mild inflam-
matory reaction to the inoculation into the udder
and no exudate or only a very small amount
could be secured at 48 hr from the infected
quarter. In the two cervically infected heifers, CF
titers could be demonstrated in the udder exudate
after 5 days from both heifers.

Bactericidal activity of freshly drawn blood. Two
heifers were used in this experiment. The bac-
tericidal activity of the freshly drawn blood varied
in both animals (Fig. la, lb). The bactericidal
activity of one heifer was marked after udder
inoculation (Fig. lb), whereas this activity was

minimal in the second heifer (Fig. la). The CF
titers correlated with this observation since only
heifer b had a CF titer when the bactericidal test
was performed (Table 3).
The bactericidal activity was enhanced after

vaccination, though individual variability was
evident. However, complete elimination of V.
fetus occurred in 10 min when blood was taken
3 and 4 weeks after vaccination.

Bactericidal activity in vitro. Bactericidal ac-
tivity of serum antibodies was present at dif-
ferent dilutions (Table 4). This activity was
demonstrated after an incubation of 1 hr at 37 C.
Furthermore, it seems that an incubation of 3 hr
did not modify the relative intensity of the reac-
tion.
CVM antibodies did not have bactericidal

activity at any of the dilutions tested (Table 5).
The antibodies found in the udder exudate had

a considerably lesser bactericidal activity than
sera of equivalent agglutination titers (Table 6).
The increase in colony counts for each twofold
dilution of immune serum was 0.175 to 0.200 X
10', whereas the corresponding increase for each
twofold dilution of immune udder exudate was

0.050 X 107 colonies/ml. Semilogarithmic plots
of twofold dilutions of serum or udder exudate
versus colony counts gave a straight-line rela-
tionship.

Opsonophagocytic activity. When rabbits were

injected with V. fetus opsonized with immune

Days
after
udder

inocula-
tion

0
1
2
3
5
6

32
32
32
64
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FIG. 1. The percentage of survival of V. fetus var. venerealis in freshly drawn blood measured after udder
infection and at weekly intervals after vaccination. The graphs represent the results obtained from two heifers
separately.

TABLE 3. Reciprocal of complement fixation titers
ofserum taken at different intervals after udder

inoculation and subsequent vaccination

Time in weeks
Heifers

° 2a 1b 2 3 4

a 0 0 32 32 32 32
b 0 32 64 256 256 128

a Two weeks after udder inoculation.
b One week after vaccination.

serum and udder exudate, the rate of clearance
was increased over that obtained when V. fetus
was opsonized with nonimmune serum (Table 7).

In addition, the antibodies from serum and
udder exudate proved to be immunosuppressive
in the rabbits. The injection of V. fetus opsonized
with immune serum or immune udder exudate
did not elicit an antibody response in the injected
rabbits. When V. fetus was opsonized with non-
immune serum (titer 1:20) or immune CVM
(titers 1:120 and 1:240), the injection was fol-

lowed by an agglutinin response (titers 1:640 to
1:5,120).
The antibodies from CVM were found to be

neither opsonophagocytic nor immunosuppres-
sive. However, a slight difference was observed
between CVM antibodies sampled at estrus and
midestrus. This difference was accompanied by a

twofold difference in agglutination titers, proba-
bly insufficient to account for the difference in
opsonocytophagic effect.

TABLE 4. Bactericidal activity of immune
pooled sera (agglutinin titer 1:640)

Incubation
Serum dilution

I hr 3 hr

1:20 3.9 X 107a 4.3 X 107
1:160 5.3 X 107 6.3 X 107
1:640 6.1 X 107 7.3 X 107
Controls 7.1 X 107 8.1 X 107

a Colony counts per milliliter.
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TABLE 5. Bactericidal activity of pools of immunee
cervicovagintal mucus (CVM) sampled at estrus

and midestrus (agglutinin titer 1:120)

Pools CVMa
CVM

dilution
Estrus Midestrus

1:15 3.6 X 107 3.8 X 107
1:120 3.8 X 107 4. 0 X 107
1:480 3.6 X 107 3.8 X 107

a The control of this experiment gave a colony
count of 3.5 X 107. Colony counts per milliliter.

TABLE 6. Bactericidal activity of pools of immune
anid nonimmune udder exudates

Udder Agglutination titers of udder exudate poolsa
exudate
dilution 1:320 1:20

1:20 1.3 X 107 2.5 X 107
1:160 1.7 X 107 2.6 X 107
1:640 1.9 X 107 2.6 X 107

a The control of this experiment gave a colony
count of 2.9 X 107. Colony counts per milliliter.

DISCUSSION
V. fetus was injected into the udder of virgin

heifers in order to evaluate the extent of local
reactions and to gain easy access repeatedly to
inflammatory fluids. Such observations could
not have been gained from the female genital
tract, the natural site of V. fetus infection in
cattle. In addition, serologic data were compared,
using serum, udder exudate, and CVM.
Udder infection of vaccinated heifers led to an

early and severe reaction, consisting of local
swelling, hyperthermia, and increased blood
leukocyte counts. This reaction was absent or less
pronounced in heifers not previously vaccinated
(Table 2). The difference between vaccinated
and nonvaccinated heifers was interpreted as an

immediate hypersensitivity in the former group.

V. fetus can elicit both an immediate and delayed
hypersensitivity reaction upon intradermal inocu-
lation in heifers. Hypersensitivity reaction may

occur in the uterus of infected heifers (15), but
such reactions are not easily observable. How-
ever, the large numbers of organisms injected
into the udder may not allow us to draw any

conclusions pertinent to natural infection with
V. fetus.
The role of secretory antibodies in immunity

is currently the subject of intensive investigations
(22). The significance of vaginal agglutinins in
immunity to bovine vibriosis is not well under-
stood and has not been sufficiently studied.
Vaginal agglutinins appear inconsistently in some
animals (13, 16), due to changes in the composi-
tion of mucus during the estrus cycle.
Our data indicate that immune serum and

udder exudate were moderately bactericidal and
have a strong immunosuppressive and opsonocy-
tophagic effect, using rabbits as test animals.
Although Muschel (17) cautioned against using
the bactericidal effect as a criterion of immunity,
the in vivo opsonocytophagic effect was inter-
preted as a good indicator of immunity. A good
correlation existed between serologic tests,
bactericidal, and opsonocytophagic effects of
serum and udder exudates. CVM mucus anti-
bodies reacted quite differently. No bactericidal
activity in vitro of CVM was demonstrated.

TABLE 7. Mean rate of in vivo clearance in the rabbit of live Vibrio fetus var. venerealis opsonized with
specific antibodies from blood, from udder exudate and from cervicovaginal mucus (CVM) of cows

Opsonizing antibodies Time in mn Serum agglutination
titer 1 week after

Agglutina- ~~~~~~~~~~~~~~~~injectionof opsonized
Pooled samples Aioglutitnear 5 10 30 60 90 120 V. fetus

Serum I 1:640 276a 107 31 17 13 2 0
(3 rabbits)

Serum II 1:20 TNTCb TNTC 348 301 262 217 1:640-1:5,120
(3 rabbits)

Udder fluid 1:320 263 213 3 1 0 0 0
(2 rabbits)

CVM (estrus) 1:120 TNTC TNTC TNTC 466 378 245 1:640-1:2,560
(3 rabbits)

CVM (midestrus) 1:240 TNTC TNTC 403 118 35 it 1:1,280-1:2,560
(3 rabbits)

a Colony counts.
bTNTC, 500 or more colonies.
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Furthermore, the opsonocytophagic effect of
immune CVM was negligible in comparison to
the effect obtained with immune serum or udder
exudate (Table 7). Immunosuppression did not
occur with CVM, an added indication that mucus
agglutinins did not opsonize V. fetus. The above
results suggest that antibodies found in CVM are
not protective.
The killing effect of immune serum and udder

exudate is a likely explanation of vaccinal im-
munity to bovine vibriosis. The rapid appearance
of antibodies in the udder might parallel events
occurring in the uterus of immune heifers. It was
shown that circulating antibodies can be trans-
ferred to the uterine cavity of both pregnant and
nonpregnant rabbits and guinea pigs. This pas-
sage of antibodies across the uterine wall does
not depend on the presence of a placenta (1).
Snyder (M.S. Thesis, Colorado State Univer-

sity, 1967) observed the appearance of antibodies
in deep inguinal lymph nodes in vaccinated
heifers, 8 days after challenge; in contrast, anti-
bodies were demonstrable in these lymph nodes
only at 15 days after challenge in nonvaccinated
heifers. The early appearance of antibodies in
the mammary exudate is best explained by
extravasation of circulating antibodies due to the
inflammatory reaction. Such extravasation oc-
curs in the mammary gland during colostrum
formation prior to calving. Increases in colostral
immune globulin were paralleled by a correspond-
ing decrease in serum immune globulin (4, 5).

It has been demonstrated that specific immune
globulin could be extravasated from the blood to
the mucous membranes after stimulation with
nonspecific agents, and it is thought to result
from a local increase of tissue permeability caused
by the inflammatory effect of these agents (22).
The transfer of antibodies is a likely explana-

tion of the mechanism of immunity to bovine
vibriosis. Our failure to find any significant im-
mune effect of CVM upon V. fetus further sug-
gests the role of systemic immunity in this disease.
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