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Mycoplasma dispar and Mycoplasma agalactiae subsp. bovis survived or grew
in cultures of bovine lacteal polymorphonuclear leukocytes or bovine alveolar
macrophages. In the presence of specific bovine antibody, macrophages and
polymorphonuclear leukocytes appeared to kill both species of mycoplasma.
Specific rabbit antisera also promoted the killing of these mycoplasmas by
bovine macrophages but had no demonstrable activity for bovine polymorphonu-
clear leukocytes. It is suggested that phagocytosis of these mn'coplasmas by
bovine cells occurs only in the presence of specific antibody. The experiments
also indicate that differences exist between bovine polymorphonuclear leuko-
cytes and macrophages with regard to their receptor sites for immunoglobulins.

Mycoplasma dispar has been isolated from
pneumonic calf lungs (9) and produces subclini-
cal pneumonia gnotobiotic calves after endo-
bronchial inoculation (12) and mastitis after
inoculation of the mammary gland of cows (4).
Mycoplasma agalactiae subsp. bovis has been
isolated from severe outbreaks of mastitis (10)
and from pneumonic calf lungs (21). This myco-
plasma also produces mastitis in cows after
intramammary inoculation (10) and pneu-
monia in gnotobiotic calves after endobronchial
inoculation (unpublished observations). Macro-
phages and polymorphonuclear leukocytes (poly-
morphs) are the predominant cells in the bron-
chial exudate of these pneumonic lungs, and
polymorphs are present in large numbers in
infected milk. In addition there is a transient
but enhanced polymorph infiltration in the
milk of previously infected and immune quar-
ters of the mammary gland after challenge
with M. dispar (8).
Although accumulations of macrophages and

polymorphs are common features of many my-
coplasma infections, little is known ofthe inter-
actions of these cells with mycoplasmas and the
importance of such interactions in host defense
mechanisms. Investigations have shown that
Mycoplasma pulmonis, Mycoplasma arthriti-
dis, and Mycoplasma gallinarum are phagocy-
tosed by mouse peritoneal macrophages only in
the presence of specific rabbit antiserum (5, 14).
Similarly, the addition of specific rabbit antise-
rum was necessary for the phagocytosis of M.
pneumoniae by guinea pig alveolar macro-
phages (17). In contrast the addition of either

mouse or rat convalescent sera did not promote
the phagocytosis of M. arthritidis by rodent
macrophages (5).
There are also conflicting reports on the in-

teraction of mycoplasmas with polymorphs. It
has been reported (22) that M. pneumoniae,
Mycoplasma neurolyticum, and Mycoplasma
gallisepticum are ingested by peripheral blood
leukocytes in the presence of autologous serum.
On the other hand, Simberkoffand Elsbach (18)
reported that human and rabbit neutrophils did
not phagocytose Mycoplasma hominis and M.
arthritidis even when specific rabbit antiserum
was added.
The significance ofthese observations in rela-

tion to resistance to infection is not known,
since the serum and/or cells were frequently
obtained from animals that were not the usual
host for the particular mycoplasma. Therefore,
the following study was undertaken to investi-
gate the interaction of bovine macrophages and
polymorphs with M. dispar and M. agalactiae
subsp. bovis in an allogeneic system, i.e., one in
which the cells, antisera, and mycoplasma are
obtained from the same animal species.

MATERIALS AND METHODS
Mycoplasma strains and media. M. dispar strain

462/2 has been described previously (11). M. agalac-
tiae subsp. bovis strain Ab/1 was isolated from the
lung of a calf that died during an outbreak of pneu-
monia (21) and was cloned by picking single colonies
grown from filtered (450-nm membrane filters; Mil-
lipore Corp., Bedford, Mass.) suspensions of orga-
nisms three times (13). Both strains were grown in
glucose-calf serum broth containing ampicillin (1).
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Solid medium was similar to the broth but contained
0.5% agarose (Miles Laboratories, Inc., Elkhart,
Ind.), and horse serum (Flow Laboratories, U.K.)
was substituted for fetal calf serum.

Organisms for inoculation of cell cultures were
grown in mycoplasma medium and sedimented by
centrifugation. The pellet was washed in 0.15 M
phosphate-buffered saline (PBS), pH 7.2, resus-
pended in PBS containing 5% fetal calf serum (Flow
Laboratories), and stored at -70 C. The number of
organisms was determined by titrations on solid
media (see below) and expressed as colony-forming
units (CFU) per milliliter.

Maintenance of cells. All cell cultures were main-
tained as monolayers in plastic petri dishes (30-mm
diameter) with Medium 199 (Wellcome Research
Laboratories, Beckenham, England) containing
0.11% NaHCO3, 0.1% ampicillin (Beechams, G. B.),
25 units of mycostatin per ml (Squibb, G. B.), and
10% (vol/vol) heated (56 C, 30 min) fetal calf serum.

Alveolar macrophages were collected by washing
out the lungs from 4- to 8-day-old calves with 1.5
liter of PBS. The cells were sedimented by centrifu-
gation at 90 x g for 15 min at 5 C, washed with PBS,
counted, and resuspended in maintenance medium
containing heparin (10 units/ml) to give 2 x 10l
cells/ml. Two-milliliter volumes of the cell suspen-
sion were distributed in petri dishes. After a 2-h
incubation at 37 C in 5% CO2 in air, the petri dishes
were washed three times with PBS to remove non-
adherent cells, and 2 ml of fresh maintenance me-
dium was added to each plate. The cultures, which
consisted of more than 90% mononuclear cells when
Giemsa-stained petri dishes were examined, were
further incubated at 37 C overnight.

Polymorphonuclear leukocytes were obtained
from the bovine mammary gland 18 h after injection
via the teat canal of 5 gg ofEscherichia coli lipopoly-
saccharide (E. coli 055:B5, Difco Laboratories, De-
troit, Mich.) in 5 ml of 0.15 M NaCl (3). Approxi-
mately 400 ml of milk was collected in a beaker
containing 100 units of heparin. The milk cells were
sedimented by centrifugation at 90 x g for 15 min at
20 C, washed with PBS containing 10 units of hepa-
rin per ml, counted, and resuspended in mainte-
nance medium to give 2 x 10 cells/ml. Two-milli-
liter volumes of the polymorph suspension were dis-
tributed into petri dishes. The cells were allowed to
settle at room temperature for 30 min (6) and then
washed gently with PBS. More than 95% of the cells
in Giemsa-stained preparations were polymorpho-
nuclear leukocytes.

Interactions of mycoplasmas with cells. Macro-
phages, calf kidney (CK) cells or polymorphs, were
washed with PBS containing 5% fetal calf serum.
One milliliter of maintenance medium containing
sufficient mycoplasmas to give a 1:1 mycoplasma-to-
cell ratio was added to the cells. After a 60-min
incubation at 37 C for macrophages and CK cells, or
20 C for the polymorphs, the cells were washed three
times with PBS containing 5% fetal calf serum and 2
ml of maintenance medium containing various sera
at final dilutions of 1:100 was added. At intervals
after the addition of the sera the numbers of myco-
plasmas present in the supernatants and the num-

bers associated with the cells were determined. A
0.5-ml volume of the supernatant fluid was removed
for titration, and then the rest of the supernatant
fluid was discarded. One milliliter of PBS was then
added to each petri dish, and the attached cells were
removed by means of a silicone bung. Single-cell
suspensions were made by forcing the resuspended
cells through a 25-gauge needle. Microscopic exami-
nation confirmed that the cells were not aggregated.
Serial dilutions of the supernatants and the cell
suspensions were made in PBS, and 25-/l volumes
of each dilution were put onto solid mycoplasma
medium. Plates were then incubated at 37 C in air
for 14 days for M. dispar and 5 days for M. agalactiae
subsp. bovis. All cell-associated and supernatant
counts were performed on three samples, and all
experiments were repeated at least once.

Antisera. Rabbit antisera to M. dispar strains
462/2 and F370 have been described elsewhere (11).
Rabbit antisera to M. agalactiae subsp. bovis strain
Ab/1 was prepared against organisms grown in rab-
bit serum and rabbit digest broth (11). The bovine
sera to M. dispar were preinoculation and convales-
cent sera from two cows that developed mastitis
following the intramammary inoculation of M. dis-
par. The bovine antisera to M. agalactiae subsp.
bovis strain Ab/1 was obtained from a calf (no. 3)
that had been inoculated intravenously with an
ethanol-inactivated suspension of this mycoplasma
and subsequently exposed to a calf infected endo-
bronchially with M. agalactiae subsp. bovis.
The titers of the antisera to M. dispar 462/2 deter-

mined by the metabolism inhibition (19) and indi-
rect hemagglutination tests (11) are shown in Table
1. The antibody titer to M. agalactiae subsp. bovis
strain Ab/1 of the rabbit antiserum was -10,240 by
the metabolism inhibition and 2,560 by the indirect
hemagglutination test. The titer of the bovine anti-
sera to strain Ab/1 was -10,240 by the indirect
hemagglutination test. All sera were heated at 56 C
for 30 min before use and used at a final dilution of
1:100.

RESULTS
Effect of sera on the survival of mycoplas-

mas in maintenance medium. To determine
whether the antisera alone killed the mycoplas-
mas, M. dispar was added to maintenance me-
dium containing the various sera listed in Ta-
ble 1 and the number of organisms present in
the media was determined at intervals up to 48
h. None of the sera caused a significant de-
crease in the number of organisms over an
incubation period of 24 h. After 48 h only the
convalescent bovine serum from cow no. 1
caused a slight decrease (0.6 log0,) in the num-
ber of organisms.
The effect of antisera on the survival of M.

agalactiae subsp. bovis in the absence of cells
was also examined. In medium alone no change
in the number of mycoplasmas was detected
during an incubation period of 48 h. Addition of
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TABLE 1. Antibody titers to M. dispar 462/2 in
rabbit and bovine sera tested by MI and IHA testsa

Titer by MI Titer by IHA
Serum to 462/2 as to 462/2 as

antigen antigen

Preinoculation rabbit se- <20 <20
rum 1

Normal rabbit serum 2 <20 <20

Rabbit anti-M. dispar 640 5,120
462/21

Rabbit anti-M. dispar 1,280 10,240
F370 2

Preinoculation bovine se- <2 2
rum 1

Preinoculation bovine se- 4 256
rum 2

Convalescent bovine se- 16 1,024
rum 1

Convalescent bovine se- 64 22,048
rum 2

a Abbreviations: MI, Metabolism inhibition; IHA,
indirect hemagglutination.

normal rabbit serum, rabbit antiserum, prein-
oculation bovine serum, or bovine antiserum to
the maintenance medium did not affect the sur-
vival of this mycoplasma.

Effect of sera on the growth ofM. dispar in
cultures of CK cells. Having determined the
effect of antiserum alone on the mycoplasmas,
the effect of antiserum on the growth of myco-
plasmas in cultures of nonphagocytic cells was
examined. M. dispar multiplied in cultures of
CK cells to which no other sera had been added
(Fig. 1). When the sera listed in Table 1 were
added to the culture medium, only bovine sera
to M. dispar appeared to affect mycoplasma
multiplication. In the presence of this bovine
serum the number ofM. dispar remained fairly
constant.

Interaction of M. dispar with bovine alveo-
lar macrophages. As seen with CK cultures M.
dispar multiplied in macrophage cultures incu-
bated in medium to which no other sera had
been added (Fig. 2). Neither of the normal rab-
bit sera had any effect on the growth of the
mycoplasmas. However, replication of myco-
plasmas appeared to be inhibited in macro-
phage cultures treated with rabbit anti-M. dis-
par serum (Fig. 2). The effect of the rabbit
antiserum appeared to be more pronounced on
the number of organisms in the supernatants.
The second rabbit serum to M. dispar (R2) also
inhibited the increase in number of cell-associ-
ated mycoplasmas and caused a decrease in the
number oforganisms in the supernatants of the

macrophage cultures. This effect of rabbit anti-
sera and macrophages is in contrast to that of
the same sera and CK cells noted above, where
mycoplasma replication did not appear to be
affected.
There were no differences in the number of

mycoplasmas in macrophage cultures treated
with preinoculation bovine serum (cow no. 1)
and in cultures incubated in the absence of any
added sera. However, the addition of convales-
cent serum from the same cow, which had an
antibody titer of 1,024 by the indirect hemag-
glutination test, caused a marked decrease in
the numbers of mycoplasmas associated with
the macrophages and in the supernatants (Fig.
2). In contrast, this serum only inhibited the
increase in numbers of mycoplasmas in CK cell
cultures.
The addition of preinoculation bovine serum

(cow no. 2), which had an antibody titer to M.
dispar of 256 by the indirect hemagglutination
test, to macrophage cultures resulted in a slight
decrease in the number of mycoplasmas in the
supernatants and inhibited multiplication of
cell-associated mycoplasmas compared with
cultures not treated with antibody. However,
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FIG. 1. Effect of bovine and rabbit antisera on the
survival of M. dispar strain 462/2 in cultures of
bovine CK cells. Abbreviations: S, Number ofcolony-
forming units per milliliter of supernatant; CA,
number of colony-forming units per milliliter of cell
suspension. Medium contained: (0) No additional
sera; (+) normal rabbit serum (sample 1); (0) rabbit
(1) anti-M. dispar 462/2 serum; (-) preinoculation
bovine serum (cow no. 1); and (A) bovine anti-M.
dispar serum (cow no. 1). Mean values of three sam-
ples are recorded.
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.7 s macrophages without any apparent change in
the number of organisms over the first 3 h of
incubation. After 24 h considerable multiplica-

6 ~ tion of the mycoplasmas had occurred. The ad-
dition of normal rabbit serum or preinoculation

5 bovine serum (calf no. 3) did not affect the
multiplication of M. agalactiae subsp. bovis
(Fig. 4). In contrast there was a marked de-

4 ~/,| O crease in the number of mycoplasmas in macro-
_j v phage cultures treated either with rabbit anti-

M. agalactiae subsp. bovis serum or with bo-
gx 3 "^^vvvine antiserum to that mycoplasma. By 48 h
X. the number of mycoplasmas had increased
n 2 '| more rapidly in the presence of bovine antibody
U.)than in the presence of rabbit antibody.

CA M. agalactiae subsp. bovis strain Ab/1 sur-
o 7 vived equally well in bovine polymorph cul-

tures incubated in the absence of any added
0 - o° serum and in the presence of normal rabbit
6

4 a

3 ' I ' 'pF's
0 2 4 24 48

TIME IN HOURS 4
FIG. 2. Effect of bovine and rabbit antisera on the

survival of M. dispar strain 462/2 in cultures of
bovine alveolar macrophages. Symbols as in Fig. 1.

the addition of convalescent serum from the
same cow resulted in a much more marked = 3
decrease in the number of mycoplasmas in the X.
supernatants and associated with the cells.

Interaction ofM. dispar with bovine lacteal . CA
polymorphs. There were no differences in the U ' 0

numbers of organisms in polymorph cultures 5 %+,-
incubated in the absence of any added sera or - :̂ ,
treated with normal rabbit serum, rabbit anti- o
serum to M. dispar, or preinoculation bovine -'
sera (Fig. 3). In contrast, when M. dispar-in-
fected polymorph cultures were incubated in
the presence ofeither ofthe two bovine antisera 4
to this organism, a marked decrease in the
number of mycoplasmas present in the super-
natants and associated with the cells was ob-
served.

Interaction of M. agalactiae subsp. bovis
with bovine alveolar macrophages and bovine 3
lacteal polymorphs. Rabbit and bovine sera to 0 1 2 3
M. agalactiae subsp. bovis were also examined TIME IN HOURS
for their ability to promote the killing of strain FIG. 3. Effect of bovine and rabbit antisera on the
Ab/1 by bovine macrophages and polymorphs. survival of M. dispar strain 462/2 in cultures of
In the absence of serum M. agalactiae subsp. bovine lacteal polymorphonuclear leukocytes. Sym-
bovis survived in cultures of bovine alveolar bols as in Fig. 1.

14 HOWARD ET AL. INFECT. IMMUN.

- - -- -- - I - - -0- I - I



MYCOPLASMA/CELL INTERACTIONS 15

7

6

4 S
f_._.%___%___t~*~~~~~~~~

6

5

4

a-cLA

5

0

0
0
-3

4

0 3 24
TIME IN HOURS

FIG. 4. Effect of bovine and rabbit antisera on the
survival ofM. agalactiae subsp. bovis strain Abll in
cultures of bovine alveolar macrophages. Abbrevia-
tions: S, Number of colony-forming units per milli-
liter of supernatant; CA, numober of colony-forming
units)per milliliter of cell suspension. Medium con-
tained: (a) No additional sera; (+) normal rabbit
serum (1); (0) rabbit anti-M. agalactiae subsp. bovis
serum; (M) normal bovine serum (calfno. 1); and (A)
bovine anti-M. agalactiae subsp. bovis serum. Mean
values of three samples are recorded.

serum, rabbit antibody, or preinoculation bo-
vine serum (calf no. 3) (Fig. 5). The addition of
bovine antiserum against M. agalactiae subsp.
bovis to these polymorph cultures resulted in a
marked decrease in the number of cell-associ-
ated mycoplasmas.

Effect of cytochalasin B on survival of M.
agalactiae subsp. bovis in cultures of bovine
polymorphs. Cytochalasin B (ICI Pharmaceuti-
cals, Macclesfield, England) dissolved in di-
methyl sulfoxide (Me,SO) was added to me-
dium containing M. agalactiae subsp. bovis to
give 10 ,mg/ml as a final concentration of
cytochalasin B and 1:100 as a final dilution of
Me,SO. As controls the mycoplasmas were
suspended in medium or in medium contain-
ing Me2SO at a final dilution of 1:100. At
time zero 1056 CFU of strain Ab/1 per ml of me-
dium were present. After 24 h of incubation at
37 C 10-5 CFU were present in medium alone,
105-7 CFU were present in medium containing
Me2SO, and 105-7 CFU-were present in medium
containing Me2SO and cytochalasin B. Thus,
neither Me2SO nor cytochalasin B appeared to

3
0 1-5 3

TIME IN HOURS
FIG. 5. Effect of bovine and rabbit antisera on the

survival ofM. agalactiae subsp. bovis strain Abll in
cultures of bovine lacteal polymorphonuclear leuko-
cytes. Symobls as in Fig. 4.

have any effect on the viability ofM. agalactiae
subsp. bovis. The effect of cytochalasin B on the
survival of this mycoplasma in bovine poly-
morph cultures incubated in the presence and
absence of bovine antibody is shown in Fig. 6.
These results showed that cytochalasin B re-
duced the killing of M. agalactiae subsp. bovis
by bovine polymorphs in the presence of bovine
antibody.

DISCUSSION
In the absence of specific antibody neither

bovine alveolar macrophages nor bovine lacteal
polymorphonuclear leukocytes appeared to kill
either M. dispar or M. agalactiae subsp. bovis.
However, the addition of bovine antibody
against these mycoplasmas to cultures of mac-
rophages or neutrophils resulted in a decrease
in the number of viable organisms detected
after a 3- or 24-h incubation. In the absence of
cells the bovine antisera had little or no effect
on the survival of these mycoplasmas. Besides
this, the addition of bovine antiserum to CK
cells infected with M. dispar only inhibited the
increase in the number of organisms. These
observations indicate that the bovine sera con-
tain antibodies that promote phagocytosis and
killing of M. dispar and M. agalactiae subsp.
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FIG. 6. Effect of cytochalasin B on the killing of
M. agalactiae subsp. bovis in cultures of bovine lac-
teal polymorphonuclear leukocytes in the presence of
bovine antiserum. Abbreviations: S, Number of col-
ony-forming units per milliliter of supernatant; CA,
number of colony-forming units per milliliter of cell
suspension. Medium contained: (O) No additional
substances or serum; (A) bovine anti-M. agalactiae
subsp. bovis serum; (Ol) bovine anti-M. agalactiae
subsp. bovis serum and dimethyl sulfoxide; (+) bo-
vine anti-M. agalactiae subsp. bovis serum, dimethyl
sulfoxide, and cytochalasin B; and (M) dimethyl
sulfoxide and cytochalasin B. Mean values of three
samples are recorded.

bovis by both bovine alveolar macrophages and
bovine lacteal polymorphonuclear leukocytes.

Cytochalasin B has been shown to inhibit the
phagocytosis of opsonized bacteria by poly-
morphs (7) and of opsonized erythrocytes by
macrophages (15). Macrophage cytotoxicity is
not affected (20). The antibody-dependent kill-
ing of mycoplasmas by bovine polymorphs was
found to be reduced in the presence of cytochal-
asin B. This observation supports the sugges-
tion that the killing of mycoplasmas reported
here involved phagocytosis.
The addition of hyperimmune rabbit serum

to bovine macrophage cultures infected with M.
dispar resulted in an inhibition of growth, or
killing, of mycoplasmas, whereas it had no ef-
fect on the survival of M. dispar in medium
alone or in cultures of CK cells. Surprisingly,
rabbit antisera did not promote the killing of
M. dispar by bovine polymorphs. This apparent
discrepancy was also observed with M. agalac-
tiae susp. bovis; i.e., rabbit-antisera appeared
to promote the phagocytosis ofthis mycoplasma
by bovine macrophages but not by bovine poly-
morphs. An explanation for these observations

may be that there is a deficiency of receptor
sites on bovine polymorphs for certain rabbit
immunoglobulins. If this were so, then it is also
necessary to postulate differences in the immu-
noglobulin receptor sites on bovine macro-
phages and bovine polymorphs. It is worth not-
ing that Patterson and Suszko (16) suggested
that guinea pig and rabbit phagocytes did not
have receptor sites for avian antibody, but
avian phagocytes did have receptor sites for
guinea pig antibody.
The finding that M. dispar attaches to the

surface of bovine phagocytes, and is not subse-
quently phagocytosed in the absence of specific
antibody, may account for the observation that,
although injection of endotoxin into the mam-
mary gland of normal cows induces a large
increase in the number of polymorphs in the
milk, inoculation of the mammary gland with
M. dispar 18 h later results in a more severe
infection in the endotoxin-treated quarter than
in the untreated quarter injected with this my-
coplasma (unpublished observations). This is in
contrast to the finding of Blobel and Katsube
(2), who reported that an induced leukocytosis
resulted in enhanced resistance of the mam-
mary gland to infection with Staphylococcus
aureus. In addition, the rapid elimination of
mycoplasmas from a quarter of the bovine
udder previously infected with M. dispar is
associated with a transient, but enhanced, infil-
tration with neutrophils (8). It seems reasona-
ble to suggest that, on challenge of a previously
infected quarter with M. dispar, either locally
produced or serum antibody promotes rapid
phagocytosis of M. dispar by the polymorphs,
leading to an enhanced rate of elimination of
organisms.

In conclusion, this investigation suggests that
in the presence of specific antibody macro-
phages and polymorphs are capable of phagocy-
tosing M. dispar and M. agalactiae subsp.
bovis and may contribute to the defense mecha-
nisms of cattle against these mycoplasmas.
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