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ABSTRACT RESUME

Seven calves seven to 30 days of age were
given Mycoplasma bovis antigen by different
routes. Immunization was in two phases. The
first consisted of single or multiple SC, IV
or oral doses of antigen for two to four weeks.
The second phase consisted of multiple SC
or ID injections given from the eighth to the
19th week. The experiment was terminated at
26 weeks. Antibody titers were followed by
indirect hemagglutination, growth inhibition
and tetrazolium reduction inhibition. Total
serum protein, protein fractions and IgG and
IgM concentrations were determined in serums
of one calf and the distribution of indirect
hemagglutination antibodies in IgG and IgM
classes were determined in serums of two of
the calves.

Indirect hemagglutination titers of 1280 and
peak titers of >20,480 occurred after the first
and second phases respectively. There was no
relationship between total serum IgG or IgM
concentrations and indirect hemagglutination
titers. In one calf given M. bovis antigen in
one dose SC and five weekly doses IV in
phase I, indirect hemagglutination antibodies
appeared in IgM within one week and IgG by
four weeks, IgG antibody activity rose steadily
until the 17th week but declined at the 26th
week, whereas IgM activity after the initial
rise dropped at the 13th week but rose even
higher as a result of second phase ID injec-
tions. Another calf given six weekly IV doses
of M. bovis antigen in phase I developed in-
direct hemagglutination antibodies in IgM
peaking at four weeks then declining but with
no IgG response. Activity in both IgM and
IgG occurred after the second phase. Growth
inhibition antibodies were found only on two
occasions in one calf serum and tetrazolium
reduction inhibition activity when tested never
gave titres exceeding 1:32.
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Cette experience visait 'a injecter l'antigiene
Mycopl.asma bovis, par diverses routes, 'a
sept veaux 'ages de sept 'a 30 jours. La plani-
fication de cette immunisation comportait
deux phases. La premiiere consistait 'a admi-
nistrer par les voies sous-cutanee, intra-vei-
neuse ou orale, une ou plusieurs injections
d'antigiene, echelonnees sur une periode de
deux 'a quatre semaines. La seconde consis-
tait 'a administrer, par la voie sous-cutanee ou
intra-dermique, plusieurs injections de l'anti-
gene, de la huitiieme ia la 19e semaine de
l'experience, laquelle dura 26 semaines. La
verification des titres d'anticorps s'effectua
a l'aide des epreuves de l'hemagglutination
indirecte, de l'inhibition de la croissance du
mycoplasme et de l'inhibition de la reduction
du tetrazolium. On determina la teneur du
serum d'un veau en proteines totales, en frac-
tions proteiniques, ainsi qu'en IgG et en IgM;
on rechercha par ailleurs, dans le serum de
deux veaux, la quantite d'anticorps deceles
par l'hemagglutination indirecte que conte-
naient les IgG et les IgM.
Les titres d'anticorps deceles par l'epreuve

d'h6magglutination indirecte, 'a la fin de cha-
cune des deux phases de l'immunisation, at-
teignirent respectivement 1:1280 et > 1:20,480.
On ne decela pas de relation entre la teneur
du serum en IgG ou IgM et en anticorps de-
celes par l'hemagglutination indirecte. Chez
le veau qui avait reCu une injection sous-cutanee
et cinq injections intra-veineuses hebdoma-
daires de rantigene M. bovis, au cours de la
premiere phase de l'immunisation, les anti-
corps decele's par l'hemagglutination indirecte
apparurent dans les IgM, en respace d'une
semaine, et dans les IgG, durant la quatrieme
semaine. L'activite des anticorps IgG s'eleva
progressivement jusqu'a la 17e semaine, pour
ensuite diminuer, durant la 26e semaine. Par
ailleurs, l'activite des IgM, apres une eleva-
tion initiale, baissa au cours de la 13e semaine,
pour s'elever davantage a la suite des injec-
tions intra-dermiques de la deuxieme phase
de l'immunisation. Un autre veau qui avait
revu six injections intra-veineuses hebdoma-
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daires de I'antigene M. bovis, au cours de la
premiere phase de r'immunisation, d&veloppa
dans les IgM des anticorps deceles par l'he-
magglutination indirecte, lesquels atteignirent
un sommet en quatre semaines et diminuerent
ulterieurement; ce veau ne developpa cepen-
dant pas de IgG. Apres la deuxieme phase de
l'immunisation, on decela une activite impli-
quant les IgM et les IgG. On ne decela des
anticorps de l'inhibition de la croissance du
mycoplasme, qu'a deux reprises, dans le
serum d'un veau. Les epreuves visant a re-
chercher l'activite de l'inhibition de la r6duc-
tion du tetrazolium ne revelerent jamais de
titres superieurs a 1:32.

INTRODUCTION

Considerable work of practical and the-
oretical interest has been done with Myco-
plasma agalactiae. Various strains, vaccines
and adjuvants have been used in efforts
to develop protection against mastitis in
sheep and goats (14, 15). Complement
fixing (CF) and growth inhibiting (GI)
antibodies developed in all animals in-
oculated with live vaccines. Although CF
antibody titers were low, resistance to
challenge was demonstrated in vaccinated
animals. On the other hand, only limited
work has been done with M. bovis (2).
Immunological tests have been used in
identification (3, 10, 17, 21, 22) and it has
been shown that agglutinating titers (latex
and plate test) developed in serums of cows

given M. bovis antigens intravenously or

in the udder (19, 20). Constant antigenic
stimulus was necessary to maintain anti-
body levels. Indirect hemagglutinating
(IHA-) and GI antibodies to M. bovis
measured in dairy cows in Canada re-

vealed that IHA titers greater than 1:80
were present in cows with a history of
udder infection with the organism (8).

In continuing studies on the immunologic-
al aspects of M. bovis mastitis, rabbits were

used initially (7). IHA antibodies appeared
to give a satisfactory measure of antibody
development. Titers reaching 105 in four
to six weeks were found but despite con-

tinued antigen administration titers fell
to low levels by nine to ten weeks. In the
present study, trials were conducted in
calves given M. bovis antigen with the

intent to gain information on the effects
of route of administration of antigen, on
the time of appearance and magnitude of
the antibody response and the relative dis-
tribution of antibodies in the different
antibody classes with time.

MATERIALS AND METHODS

CALVES

The seven calves used were obtained
from a dairy which had been under close
observation for several years. Frequent
culturing of milks from the cows during
this time revealed no evidence of myco-
plasma mastitis. Calves 1 through 6
were purebred Holstein-Friesian, calf 7
was a crossbreed. Calves 1 and 2 were
fraternal twins. Each calf received pooled
colostrum the first day and colostrum from
the dam the second day postpartum. There-
after, they were fed a standard milk replacer
diet and were housed in groups of two
calves/pen. Calves 1 through 3 were one
month of age, calf 4 was three weeks and
calves 5 and 6 were a week old at the start
of antigen administration. Calf 7 was kept
as an untreated control separate from the
other calves until the tenth week after
the start of M. bovis treatment at which
time it was placed in the pen with calves
5 and 6.

SAMPLING

The calves were bled by jugular veni-
puncture before and after receiving co-
lostrum the first day, several times the
first week and at regular intervals there-
after. Blood and colostrum samples were
also collected from the dams. Serums were
removed from blood after clotting and
centrifugation and were stored at -40'C
in small aliquots until testing.

MYCOPLASMA STRAIN

M. bovis strain 201 was used as antigen.
It has been referred to previously with
regard to its relationship to other strains
(7).
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ANTIGENS

M. bovis 201 was grown in 100 ml of
biphasic PPLO medium (7) for at least
48 hours. The broth was asceptically poured
through sterile gauze into 500 ml of PPLO
broth (7) in a one liter flask. After 48
hours incubation, which consistently gave
viable counts of 108 to 10' mycoplasma/ml,
the mycoplasma were sedimented by centri-
fugation and washed three times in phos-
phate buffered saline (PBS) solution, pH
7.2. Antigens were reconstituted to 10%
of the original volume and were stored at
-40'C in two ml aliquots. Experience had
shown that M. bovis survived long periods
of storage at this temperature. Antigen
given calves 1 and 2 in the first SC dose
was mixed with Freud's complete adjuvant'
in a ratio of 1:1 (v:v) after thawing and
was homogenized by application of light
bursts of sonic energy.

IMMUNIZATION SCHEDULE

The immunizations were conducted in
two phases. The first was to determine the
initial immune response to a series of
antigenic exposures by various routes. The
second phase was to determine the effects
of subcutaneous and intradermal injections
of large numbers of organisms.

The calves were treated as follows:

Phase I - Calves 1 and 2 received
5.0 ml of antigen distributed in two sites
subcutaneously in the prescapular region
on days 1 and 4. Three ml of antigen with-
out adjuvant was given intravenously at
four weekly intervals thereafter.

Calves 3 and 4 received 4.0 ml of antigen
intravenously on day 1 and 3.0 ml of anti-
gen intravenously at five weekly intervals
thereafter.

Calves 5 and 6 received 2.0 ml of antigen
added to the milk daily for a total of two
weeks.

Phase II - Calves 1 through 4 were
given 2 x 1010 viable mycoplasma in 5.0
ml of PBS subcutaneously in the eighth
and again at the ninth week. All calves
were given an intradermal dose of about
2 x 1010 viable mycoplasma in 0.1 ml of
PBS in the 13th week in a prepared skin

lDifco Laboratories, Detroit, Michigan.

site on. the middorsal region. Similarly,
calves 1, 3, 5 and 7 were skin tested in
the 17th week as were calves 2, 4, 6 and 7
in the 19th week. The latter injections
were given to evaluate the in vivo skin
reactivity to live mycoplasma as a part
of a separate study.

ANTIBODY TITRATION

Serums were titered for IHA antibodies
as described (7) in microtiter plates using
M. bovis strain 201. All serums were titered
at the same time using the same batch of
antigen coated cells. GI antibodies were
tested according to the method of Clyde
(9). Growth precipitation (GP) was done
according to the method of Kronsgaard-
Jensen (22) and the tetrazolium reduction
inhibition test (TRI) was done essentially
as described by Ern0 et al (11). For this
test 0.025 ml of serum dilutions or of
column fractions, 0.05 ml of a 10-' dilution
of a 24 hour culture of M. bovis and 0.15
ml of PPLO broth containing unheated
horse serum and 2,3,5-triphenyl tetra-
zolium chloride (0.05%) were incubated
from two to five days in microtiter plates.

SERUM FRACTIONATION

Serums of calf 1 were applied in 3.0 ml
amounts to a 1.5 x 90 cm column of G-200
Sephadex1 and eluted with 0.1 M Tris
HCl-0.2 M NaCl pH 8.0, 75-drop fractions
were collected. This effectively resolved
macroglobulin antibodies (IgM) in the
first peak and IgG antibodies in the sec-
ond as confirmed by immunoelectrophoresis
but the amount of protein applied and
column characteristics did not allow for
the resolution of serum into three peaks
as is normal for serum on G-200. Calf 3
serums in 1.0 amounts were added to 2.5 x
45 cm columns of G-200 and eluted with
0.1 M Tris-1.0 M NaCl, pH 8.0, 60 drop
fractions were collected. The normal three
peak distribution of protein was produced
by this method. Protein content of each
fraction was determined at 280 nm and
the contents of the tubes were pooled in
groups of two and IHA, TRI and GI titers
of each pool were determined without fur-
ther treatment. The identity of the frac-

2Pharmacia Fine Chemicals, Piscataway, New Jersey.
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TABLE I. Titers (Reciprocal of Dilution) in Colostrum and Serum of the Dams and Serums of
the Calves Before Administration of Mycoplasma bovis Strain 201 Antigen as Determined by
Indirect Hemagglutination

Colostrum Calf Serum Titers - Preimmunization

First Second Dam's Precolostrum Postcolostrum
Calf Feeding" Feedingb Serum Day 1 Week: 1 2 3 4

1 256 256 160 10 20 20 40 20 20
2 256 256 160 80 80 80 60 20 20
3 128 128 320 0 80 80 40 20
4 256 64 20 20 0 0 0 010
5 32 16 160 0 0 0 0
6 32 16 80 0 0

aPooled colostrum
bColostrum from the dam, given on the second day

tions as to immunoglobulin class was first
presumed by their position in the elution
profile and confirmed by immunoelectro-
phoresis on microscope slides using antisera
to whole bovine serum or to antibovine
IgM and/or IgG. Immunoglobulin con-
centrations in serum were determined by
radial diffusion in gels as described (6).
Total protein was determined by refracto-
meter3 and serum protein fractions were
separated and quantitated by electroph-
oresis on cellulose acetate membranes.4

did not develop significant titers despite
persistent nasal colonization by M. bovis.
After these peaks as a result of phase I
immunization, titers declined until a re-
sponse was obtained to the subcutaneous
boosters given at the eighth and ninth
week. This stimulus was more effective
in calves 1 and 2 than in calves 3 and 4.
The large intradermal doses of live antigen
given the 13th week elicited the highest
titers obtained (>20,480). Calves 5 and
6 did respond to the skin injections but
not to the degree seen in calves 1 through
3. It appeared that IHA titers obtained at
the last bleeding were declining in four
out of the seven calves.

RESULTS
GROWTH PRECIPITATION, GROWTH
INHIBITION AND TETRAZOLIUM
REDUCTION INHIBITIONIHA TITERS

Results of the IHA titrations of the
colostrum fed, serums of the dams and
serums of the seven calves before giving
M. bovis antigen are given in Table I.
Titers of 80 or less are not considered sig-
nificant. The colostrum had varying levels
of IHA antibodies to the mycoplasma
(titers of 16-256) as did the serums of
the dams (titers of 20-320). Both calves
2 and 3 had titers of 80 within the first
week postparturition but these declined
when immunization was started.

After immunization (Fig. 1) an IHA
titer of 640 was found in calf 1 serum
by the third week and by the fourth week
calves 1 through 4 had titers of 320-1280.
Calves 5 and 6 given the antigen in milk

3TS meter, American Optical Co., Buffalo, New York.

4Microzone system, Beckman Instruments, Palo Alto,
California.

The GP test was not used extensively
but serum at the 14th week from calf 1
developed two lines, serums from calves
2, 3, and 4 developed one line whereas
serums from the remaining calves were
inactive. Serums of the 16th week from
calves 5 and 6, but not calf 7, then devel-
oped one line.

All serums were tested for GI antibodies
and in fact, high titered sera by IHA were
retested several times. This was done be-
cause clear cut inhibitory zones were never
obtained when compared with tests of
high titered adult cow serums run con-
currently. Zones of partial clearing were
observed in serums of calves 1 through
4 obtained at the 16th and 21st week. This
partial inhibition was the only evidence
of GI antibodies obtained. The zones were
not greater than 2.0 mm. On the other
hand, the active adult cow serum control
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routinely produced 3.0 mm zones of com-
plete clearing.
Not all serums were tested for TRI anti-

bodies. Preliminary results showed that
the TRI test was much less sensitive than
the IHA and the results did not give any
significant information. For example, the
cow serum used as a positive control al-
ways gave titers >20,000 by IHA whereas
TRI titers were always between 64 and
128. TRI titers for calf 1 serums are given

IN

in Table II and show very low values com-
pared with those given by IHA. However,
it does not appear that TRI activity is a
direct correlate of the IHA activity as
shown by several observations (Table II).

SERUM FRACTIONATION

Serums from calves 1 and 3 were studied
intensively. Total protein, y-globulin, the

CALF 1

CALF 2 x---x

CALF 3 SUICUTANEOUS

CALF 4 X-- INTRAVENOUS

INTR AD ER MA L I
I t

'A

I

CALF 5

CALF 6 x-_-x

CALF 7 0-*-0

I

12 14 26

Fig. 1. Indirect hemagglutination titers of serum of calves given Mycoplasma bovis by various routes. Calves 5
and 6 were given live mycoplasma in the milk during weeks 1 and 2 and calf 7 did not receive mycoplasma
until week 13.
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A/G ratio, IgM and IgG concentrations,
the IgG/IgM ratio and serum IHA and
TRI titers are given for calf 1 in Table
II. The preimmunization values reflect the
ingestion and absorption of colostrum.
Total protein peaked at 7.0 g/dl after the
phase I period and at 10.2 g/dl after the
skin treatment. IgG and IgM concentra-
tions were somewhat variable but tended
to fall after the initial postcolostrum peak
despite the immunization procedure and
IgM levels appeared to be rising between
the 18 and 26th week. There appeared
to be no correlation between total serum
y-globulin, IgG or IgM concentrations and
IHA titers.
A determination of IHA antibodies in

the pooled Sephadex column fractions in-
dicated a good resolution of IgM and IgG
antibodies. A plot of the sum of IHA
titers for each pool representing IgM and
IgG for each serum is shown along with
the IHA titer of whole serum in Fig. 2
for calf 1 and Fig. 3 for calf 3. It can be
seen in Fig. 2 that IHA activity was pre-
sent in IgM after the initiation of antigen
administration and remained relatively con-
stant until the 8th week, declined some-
what then rose again after the 13th week
with levels after the intradermal injections
xemaining above those seen during the
phase I period. Activity in the IgG class first
appeared in the sixth week rising more
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Fig. 3. Indirect hemagglutination titers to Mycoplasma
bovis in serum of calf 3 and the sum of the IHA titers
present in IgG and IgM in pooled G-200 Sephadex
column fractions at the various times. See Fig. 1 for
additional details.

or less continuously until the peak at the
17th week and declining thereafter. Values
for preinoculation serums are not shown.
However, titers from the first day of birth
for calf 3 indicated that colostrum absorp-
tion was reflected in the IHA serum titers
to M. bovis, since on the third day IHA
antibodies were detected in IgM and a
peak in IHA activity in IgG was found at
three weeks after birth. The significance
of these findings is not understood. Anti-
gen injections (IV) began on the 30th day
after birth and produced a rise in serum
titers peaking at week 4 in phase I at
which time titers in IgM also peaked (Fig.
3). Titers fell until the subcutaneous boost-
ers produced a sharp rise in both total
serum titers and in the IgM antibodies.
An IgG response, not obtained from the
series of intravenous injections in phase
I, was also obtained and persisted until
termination of the experiment.

DISCUSSION

These results indicate that of the serol-
ogical tests used, the IHA appears to be
the most sensitive and are in agreement
with those of Cho et al (8) who found the
test to be sensitive, reproducible and spe-

Can. J. comp. Med.

Fig. 2. Indirect hemagglutination titers to Mycoplasma
bovis in serum of calf 1 and the sum of the IHA titers
present in IgG and IgM in pooled G-200 Sephadex
column frmctions at the various times. See Fig. 1 for
additional details.
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TABLE II. Protein and Immunoglobulin Concentrations in Calf No. 1 Serum Before and After
Immunization with Mycoplasma bovis

Serum Protein Immunoglobulin
Concentration (g/dl) Concentration IgG-1/

A/G (mg/ml)
Ag- Rt IgM IHA TRI

Time Total bumin gloulin Ratio IgG-1 IgM Ratio Titer Titer

Preimmunization
Day 1

Precolostrum 4.6 2.16 1.08 0.85 < 5.0 <0.8 10
Postcolostrum 9.0 4.34 0.93 1.73 32.3 7.0 4.60 20 0
Day 3 7.2 3.37 0.88 1.50 34.5 7.0 4.92 20 -

Day 31 6.2 3.38 1.20 1.20 18.0 2.1 8.57 10
Postimmunization
Week 1 5.3 2.75 1.02 1.08 16.2 1.8 8.97 20

2 5.5 2.19 1.61 0.66 18.0 3.3 5.45 160 0
3 5.7 2.10 1.82 0.58 15.5 4.5 3.44 640 2
6 7.0 3.76 1.25 1.16 15.5 4.0 3.87 1280 0
9 6.0 3.03 1.22 1.02 16.5 3.6 4.64 320 2
11 8.4 3.82 1.95 0.83 15.2 1.9 8.20 1280 16
12 6.7 3.19 1.44 0.91 11.0 3.5 3.13 2560 8
15 10.2 4.88 2.57 0.92 11.5 3.6 3.29 20,480 16
18 8.4 4.10 2.20 0.95 14.3 5.0 2.88 >20,480 8
26 7.0 3.33 1.88 0.91 11.0 10.0 1.09 5,120 32

cific. The present results do not give too
much information on the relative efficiency
of the various routes of administration of
antigen in producing an antibody response.
It would appear that viable organisms
given in the milk do not engender sig-
nificant levels of antibodies. The data
further suggest that continued antigenic
exposure may be necessary to maintain
circulating antibody titers and unless anti-
gen is present, titers may fall abruptly.
This pattern was also noted by Jain et al
(19). In naturally infected cows, M. bovis
can persist in the animals for long periods
of time (18). The pattern of spread appears
to be from an infected udder quarter to all
four quarters and from the udder systemic
spread can occur.
The response following phase II im-

munization suggests that large numbers
of viable organisms given either SC,
ID or perhaps IM and possibly with ad-
juvant may be the most satisfactory way
of stimulating high antibody levels. Large
numbers of viable organisms were cul-
tured repeatedly from lesions observed at
inoculated skin sites. The lesions pro-
gressed from small abscesses 1.5 cm in
diameter to areas of fibrosis at the con-
clusion of the experiment.
The fractionation studies revealed that

the first antibodies to be produced after
immunization were IgM. In calf 1, this
was followed by appearance of IgG anti-
bodies as the result of phase I immuniza-
tion. In calf 3, IgM antibodies were not
succeeded by appearance of IgG. The dif-
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ference at this time may have been the
fact that calf 1 had had an initial SC
injection of M. bovis antigen in Freund's
complete adjuvant that calf 3 did not have.
However, after phase II immunizations
both calves developed an IgM and an IgG
response.

In human infections with M. pneumoniae,
it was shown that IHA antibodies were
predominantly IgM with an increase in
IgG relative to IgM after infection in
only one-half of the cases. The remaining
half produced IgM exclusively (5). Ex-
periments in rabbits indicated that as IgM
antibodies declined, the IgG component
became prominent (13). In hamsters in-
fected with the same organism, antibody
reactivity was found only in IgG (12).

Cattle experimentally infected with M.
mycoides var. mycoides produced IgM anti-
bodies within a week but after two weeks
IgG antibodies were found (4). Antibody
activity was in both classes until 22 weeks
at which time only IgG antibodies could be
detected. The response of swine to M.
hypopneumoniae showed that IHA anti-
bodies were both IgG and high molecular
weight, IgA (16).
Experiments are in progress to evaluate

the relationship between circulating anti-
body titers and protection or resistance to
M. bovis mastitis.
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