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INTRODUCTION

Since the recognition of chronic pneumonia of swine as a disease
entity distinct from Swine Influenza, its etiology has been the subject of
much conflict and confusion. The disease has been variously calied
"Infectious Pneumonia of Pigs", "Swine Enzootic Pneumonia", and "Virus
Pneumonia of Pigs". Recent research by independent groups of investigators
has established that the most common cause of chronic pneumonia in swine
is a mycoplasmal infection. The causaiive-mycop]asma has been charac-

terized and named Mycoplasma hyopneumoniae. In recognition of the

importance of etiology in the description of the disease, the name
"Mycoplasmal Pneumonia of Swine" will be used in the present study.

Mycoplasmal pneumonia of swine is characterized clinically by non-
productive cough, high herd morbidity, low mortality, loss of vigor,
retarded growth, and decreased feed efficiency. Gross pneumonic lesions
occur most frequently in the apical, cardiac, and intermediate lobes of the.
lungs, and are marked by grey to reddish colored areas clearly demarcated
from normal lung tissues. The lesion is characterized by peribronchiolar
and perivascular lymphoid hyperplasia, alveolar interstitial thickening,
septal cell proliferation and neutrophil infiltration.

Mycopiasma1 pneumonia of swine has been reported in almost all major
swine produciﬁg countries of the world. The disease has been described as
the world's most prevalent and most important respiratory disease of swine.
Economic loss which the disease causes to swine industry has been estimated
in hundreds of millions of dollars annually.

Efforts at control of the disease have been centered on measures which
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break the cycle of infection. However, such measures as depopulation of
infected herd and repopulation with surgically derivgd or specific
pathogen-free (SPF) swine have not proved very successful. Chemotherapy
and chemoprophylaxis have proved ineffective in the elimination of the
causative mycoplasma from the lungs and in prevention of spread of the
organism to in-contact pigs. There is, therefore, a need for research on
the development of autogenous vaccines and on the application of immuniza-
tion as an alternative or complementary control measure.

" The present study was designed to evaluate the ability of

M. hyopneumoniae vaccines to provide protective immunity in susceptible

pigs, and to cure swine already infected with the organism.




REVIEW OF THE LITERATURE .

Literature rgviews on enzootic or mycoplasmal pneumonia of swine
have been presented by Betts (1953), L'Ecuyer (1962), Maré and Switzer
(1965), Maré (1969), Huhn (1970), Lam (1970), and Slavik (1971). The
present literature review is not intended to cover all aspects of this.
disease but will concentrate on three relevant areas: (1) Major develop-
ments in the identification of the etiologic agent and the definition and

nomenclature of the disease entity; (2) Serologic Tests for Mycoplasma

hyopneumoniae; and (3) Immunization against'Mycop1asma Infections 1in

Humans and in Animal Species.

Mycoplasmal Pneumonia of Swine
Shope (1931) first described Swine Influenza in swine herds in
eastern Iowa. The respiratory disease he studied was transmissible with a
short incubation period. It was characterized histologically by
atelectasis, peribronchial round cell infiltration and desquamation of
bronchioTér epithelium. He demonstrated that swine influenza was caused
by the synergistic action of the swine influenza virus and Hemophilus

influenzae suis. In addition to swine influenza, he noted a second

respiratory disease characterized by Tow morbidity, absence of prostration,
and greater chronicity. He cautioned that swine influenza was not the
only pneumonia present in ;wine.

In the decade following Shope's classic work, many investigators
described any pneumonic condition in pigs as some form of swine influenza.
Kobe (1932) applied the name "Ferkelgrippe" (piglet influenza) to a

chroniic respiratory disease of young pigs in Germany. He believed the



causative agent was a low-virulence variant of the swine influenza virus.
Glasser (1939) observed that the disease reported by Kobe occurred in both
young and old pigs; he therefore used the more general term "Schweingrippe"
(swine influenza) to describe it.

Pullar (1948) reported the occurrence of a chronic pneumonia which he
considered the most important disease of pigs in Australia. He differen-
tiated it from swine influenza, noting that its etiologic agent was
unknown. This respiratory condition appeared to be transmissible so he
referred to it simply as "Infectious Pneumonia".

While attempting to isolate swine influenza virus in England,
Gulrajani and Beveridge (1951) recognized a transmissible pneumonia which
differed clinically and serologically from swine influenza. They were
unable to isolate the virus of swine influenza from the naturally and
experimentally transmitted cases. They isolated another filtrable agent
which reproduced the chronic low-grade pneumonia following intranasal
inoculation of pigs. The gross lesions of the pneumonia were apparent 12
to 16 days post-inoculation. Hemagglutination-inhibition tests for
antibody against swine influenza virus were repeatedly negative. Gulrajani
and Beveridge called the disease "Infectious Pneumonia of Pigs" because
they considered the disease similar to that described by Pullar (1948) and
because the name was noncommittal with regard to etiology.

In the following year, Betts (1952) reported clinical and
epidemiological studies which supported the finding that infectious
pneumonia was distinct from swine influenza. He described the macroscopic
lesion as plum or greyish colored and clearly demarcated from the normal

lung tissues. Pneumonic lesions were frequently confined to the cardiac
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and apical lobes, with the diaphragmatic lobes less frequently affected.
His attempts to detect mycoplasma-like organisms ih smears of lung fissues
and by culture were unsuecessfuT; the procedure and medium he employed
were not indicated. The infective agent passed through bacteria-retaining
filters and was re—iso1atedlby intratracheal injection into susceptible .
pigs. Betts observed that the etiologic agent was susceptible to the
antibijotic, Aureomycin. This was‘probab1y the first indication that the
‘causative agent was nonviral. However, Bett$ considered the agent to be a
large virus and applied the name "Virus Pneumonia of Pigs" (VPP) to the
disease. During the next 14 years, while thé coﬁcept of a viral etiology
prevailed, this name became widely accepted.

 Goodwin and Nh{tt1estone (1963) introduced the designétion "Enzootic
Pneumonia" in their description of the chronic disease. They applied this
name because the transmissible pneumonia was very common or “"enzootic" in
swine populations. They also preferred that name to "Virus Pneumonia of
Pigs" because they believed the etiology had not been established
satisfactorily. |

Maré (1965) and Méré and Switzer (1966) have reviewed the attempts

made by many investigators to propagate the_agent'in embryonated chicken
eggs and in cell cultures. L'Ecuyer (1962) and L'Ecuyer and Switzer
(1963) successfully propagated the etiologic agent in primary cultures of
swine kidney and in human cervical carcinoma (HelLa) cell cultures.
Respiratory disease-free pigs inoculated intranasally and intratracheally
with the cell culture fluids developed typical gross lesions. These
lesions were characterized by perivascular and peribronchiolar lymphoid

hyperplasia and'a1ve01ar interstitial thickening. The fourth serial




passage in the cell cultures was the highest passage that reproduced the
pneumonia. No cytopathic effects were detected in the inoculated cell
cultures. L'Ecuyer suggested that the ce]is or the culture f]uid'a]iowgd
the agent to propagate in an inappafent manner. )

Betts and Whittlestone (1963) and Goodwin and Whittlestone (1963)
detected cytopathic effects in plasma-clot cﬁltures prepared from the
pneumonic Tung of a pig experimentally infected with a bacteria-free
Cambridge "J" strain of the infective agent. They also produced similar
effects in pig-lung monolayer cultures inoculated with tissue culture
fiuids from the plasma~clot cultures. Early passage material inoculated
into a pig produced typical lesions. Théy were able to detect p1e0morﬁhic
organisms in the cell cultures and in the pneumonic lesions. They l
mentioned the likelihood that the organism might fall in the
p1europheum0n1a41ike organism (PPLO) group.

Goodwin and Whittlestone (1964) propagated the "J" strain in boiled
pig Tung cell cultures and in cell-free medium enriched with infusion broth’
and yeast extract. They consistently detected the pleomorphic organisms
in the cultures and in touch preparations of lesions experimentally
induced with high dilutions of the culture fluids. Their work showed that
the etiologic agent could not be a virus, and although they Suggested that
the J agent probably was a PPLO, they did not substantiate or prove it.

Maré (1965) and Maré and Switzer (1965) propagated strain 11 of the
swine pneumonia agent they worked with in cell-free medium composed of
Dulbecco Phosphate Buffer (DPB) and Beef Heart Infusion (BHI) with yeast
extract enrichment. Seventh, eighth, and twenty-fifth serial passages

of the fluid culture inoculated intranasally into respiratory disease-free



pigs produced the characteristic gross and histologic lesions of enzootic
pneumonia. The agent was successfully reisolated in cell-free medium from
the experimentally produced lesions. Microscopic examination of G{emsa—.
stained touchlpreparations of the pneumonic'lungs revealed coccoid to
cocco-bacillary organisms. After further characterization the organism was
found to be between 110 and 220nm in diameter, ether- and chlortetracycline-
sensitive, and penicillin-resistant. It formed very minute colonies on
soiid medium. On the basis Bf these findings, Maré and Swifzer named the

organism Mycoplasma hyopneumoniae (Mycoplasma of swine pneumonia). This

constituted‘the first published evidence establishing that the etiologic -
agent of the disease was in fact a Mycoplasma.

Some months later, Goodwin, Pomeroy, and Whittlestone (1965) reported
the propaggtion of their "J" strain agent on solid medium and observation
of pleomorphic myéoplasma-type elements in stained téuch preparationé from
the colonies. The orgénism was serially passaged on solid medium. Such
cultures were used to induce typical lesions in experimental pigs. The
morphology, growth requirements, and antibiotic sensitivit} of the organism
were generally similar to those described by Maré and Switzer (1965). |

They assured themselves that the agent was a Mycoplasma species and

proposed the name Mycoplasma suipneumoniae {Mycoplasma of swine pneumonia)

for it.

Estola and Schulman {1966) reported the isolation of mycopfasma
strains from cases of swine enzootic pneumonia in Finland. They ﬁsed
gmbryonated hen's eggs, PPLO agar, and tissue cuitures for the isolation
Qf these organisms. -

Goodwin, Pomeroy, and Whittlestone (1967) reported addifiona] work on



their "J" agent which confirmed that it was a mycoplasma species. By the
growth-inhibition and metabolic-inhibition tests they found that

M. suipneumoniae and M. hyopneumoniae were antigenically indistinguishable.

Both were, however, shown to be serologically distinct from Known
mycoplasmas isolated from the pig and other animal species. |

L'Ecuyer (1969) recovered three strains of a mycoplasma species from
the pneumonic Tung of pigs in Canada. He was able to reproduce the disease
by intratracheal inoculation of respiratory disease-free pigs with the
mycoplasma propagated in an enriched cell-free medium or in pig testicle
cell cultures. The mycoplasma was reisolated from the pneumonic lung of
the experimentally infected pig. He did not attempt to assign any
specific name to his mycoplasma isolate.

Hodgeg,‘Betts, and Jennings (1969) observed that earlier investigators
in England and the United States had reproduced enzootic pneumonia in
first and subsequent generation specific pathogen-free.(SPF) or respiratory
disease-free pigs buf not in "germ-free" pigs. They pointed out the
possibility that apparently nonpathogenic micro-organisms norma]]y present
in ;he respiratory tract of conventionally-reared SPF swine may have been
involved in the production of the pneumonic lesions. They used as inoculum
a mycoplasma which they isolated from the Tungs of a pig experimentally
infected with the "J" strain of enzootic pneumonia. A pure culture of the
organism produced by terminal dilutions was found to be serologically

indistinguishable from M. hyopneumoniae supplied by Switzer. They

produced pneumonia in both gnotobiotic and SPF pigs by a single inoculation
with the pure culture. From the SPF pigs they collected nasal washings

which contained several bacterial species but no mycoplasma; the nasal




washings failed to elicit the pneumonia. Their work confirmed that

M. hyopneumoniae is a primary etiology of swine enzootic pneumonia.

_In Denmark, Friis (1969) reported the isolation from the pneumonic
lung of pigs of an agent which he found to be cuTtura11y and serologically

identical to M. hyopneumoniae.

In the same year Takatori (1969) demonstrated a serologic relationship

between M. hyopneumoniae and the "M" strain of SEP in Japan which suggested

that the "M" strain is M. hyopneumoniae.

Mycoplasma hyopneumoniae is the only mycoplasma which has been

demonstrated, beyond any reasonable doubt, to cause enzootic pneumonia of
swine. There are, however, conflicting reports regarding the role of a
few other species of mycoplasma in this diseasé. One of these, Mycoplasma
hyorhinis, a polyserositis--producing mycoplasma, was first isolated by
Switzer (1955) from both normal and pneumonic lungs of pigs. Since then,
several investigators have concluded that M. hyorhinis was & secondary
invader in cases of mycoplasmal pneumonia {L'Ecuyer et al., 1961; L'Ecuyer
and Switzer, 1963; Switzer, 1967; Goodwin et al., 1967, 1968; Goodwin and

Hurrell, 1970). These investigators noted that M. hyorhinis readily over-

grows M. hyopneumoniae and that this fact often creates difficulties in the

isolation of the etid]pgic agent of swine mycoplasmal pneumonia. In otder
to overcome this problem of mixed cultures in the primary isolation,
Goodwin et al. (1968} have suggested the use of the pig as a selective
medium. Goodwin et al. (1970) and Friis (1971a) have developed an isola-
tion technique that invelves serial dilution of the pneumonic Tung and a
prolonged incubation period.

Some recent reports have incriminated M. hyorhinis in the primary
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etiology of swine mycoplasmal pneumonia. In Ciechos]ovakﬁa, Gois et al.
(1968) and Gois et al. (1970) beljeved they produced enzootic pneumonia
with "cloned" cultures of TR32 strain of M. hyorhinis inoculated into both
conventional and gnotobiotic pigs. They classified the isolate as
M. hyorhinis on the basis of colonial growth and metabolic-inhibition
tests. There were no uninoculated control pigs in the experiment.

Poland et al. (1971) in England reported an extension of the work of
Gois and his colleagues. Three of 9 gnotobiotic hig]ets exposed to an
aerosol of the TR32 strain of M. hyorhinis developed pneumonic lesions.
However, 2 out of the 3 also developed pleuritis; one pig had a broncho-
pneumonia which histologically resembled typical enzootic pneumonia.

Mycoplasma hyorhinis was reisolated from the Tungs of the inoculated pigs,

irrespective of the presence or absence of lesions, but was isolated from
the serosa and joints only when lesions were present. A1l the inoculated
pigs developed some type of serositis. This indicates that the primary
lesion produced by M. hyorhinis infection is polyserositis.

Friis (1971b) 1n9cu1ated 12 hysteroctomy-produced, célostrum-
depr%ved pigs with high dilutions of M. hyorhinis isolated from various
cases of swine pneumonié in Denmark. Two of the inoculated pigs developed
pneumonic lesions. Mycop]asma,-identified as M. hyorhinis by the growth-
inhibition test, were recovered from the lesions as well as from normal
areas of the lungs. The same mycoplasma were recovered from the brain and
nasal cavity of inoculated pigs. The pneumonic lung lesions were negative

for M. hyopneumoniae when examined by means of the fluorescent antibody

test.

Dzu et al. (1971) reported the production of lesions typical of
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enzootic pneumonia and atrophic rhinitis in specific pathogen-free (SPF)

swine inoculated with both Mycoplasma laidlawii and Pasteurella multocida.

Pigs inoculated with M. laidlawii strain J252 first and then Pasteurella
strdin B1297 developed more extensive lesions than thqse that received
only mycoplasma, or pasteurella first and then mycoplasma. Most of the
inoculated pigs also developed serositis. Antibodies against the
mycoplasma strain were detected by the slide-aggiutination, growth-
inhibition, mefabolic-inhibition, and the indirect hemagg]utinafion tests.
Reisolation of the inoculated strain of mycoplasma and pasteurella was
reported successful iﬁ all test animals.

These independent groups of investigators have provided evidence that
the etiologic agent of a widespread, chronic pneumonia of swine is
mycoplasmal in nature. Therefore the use of the name "Virus Pneumonia of
Pigs" (VPP) for this conaition islinappropriate.apd misleading, and should
be abandoned. Maré (1969) has stated that the term "Swine Enzootic
Pneumonia" (SEP) is based solely on epidem{ological characteristics of a
field disease and evades the issue which has been the major concern of
many investigators; that is, the etiology of disease. He favored the
desijnation "Mycoplasmal Pneumonia of Swine" because it is more accu;ate
and specific and makes allowance for additional sﬁecies of Mgcog1asﬁa which
may induce similar disease iﬁ pigs. Huhn (1970) stated that while.the
term "Mycoplasmal Pneumonia of Swfne" is etiologically suggestive, it
does not differentiate between the primary and secondary nature of the
incriminated agents. He preferred the use of "Enzootic Pneumonia of Pigs"
which he considered to be an etiologically neutral term. However, several

workers, particularly in the United States, have used the designation
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"Mycoplasmal Pneumonia of Swine" in their publications (Maré, 1969;
Slavik, 1971; Lam and Switzer, 1972; Switzer, 1972). In 1971, the
Committee on Nomenclature of the Colloquium of the American Veterinary -
Medical Association recommended the adoption of the term "Porcine
Mycoptasmal Pneumonia". This indicates a recognition by the members of
this committee, of the éjgnificance of the etiology in the definition and

nomenclature of the disease entity.

Serologic Tests for Mycoplasma hyopneumoniae

Successful propagation and identification of the etiologic agent of
mycoplasmal pneumonia of swine has made possible the production of specific
antigen and the development and application of different serodiagnostic

tests for the diséase.

Metabolic-inhihition tests

Goodwin et al. (1967) indicated that immune sera produced inhibition
of acid production by the swine pneumonia agent. They compared

M. hyopneumoniae and M. suipneumoniae by the metabolic-inhibition test and

found the two isolates to be serologically indistinquishable. Hodges et al.
(1969) also used the metabolic-inhibition test to show there is a close

antigenic relationship between M. suipneumoniae and M. hyopneumoniae.

Takatori et al. (1968) were unable to detect any metabolic-inhibition
activity in the serums of pigs experimentally infected with

M. hyopneumoniae. Goodwin et al. (1969a) also reported that they could

not demonstrate specific metabolic-inhibition antibody against

M. suipneumoniae in serums from infected pigs. Instead, they detected

nonspecific inhibitory substances in some normal and infected pigs.
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Takatori (1970) has reported that while metabolic-inhibition is an
encouraging test for detection of mycoplasmal antibodies in other animals,

it seems of little value for detection of Mycoplasma hyopneumoniae antibody

in infected pigs.

Agglutination tests

Moore et al. (1965) described a direct plate agglutination technique

for M. hyopneumoniae and four other mycoplasma species in swine. Antigens

preserved in 0.24% phenol and antiserums serially diluted two-fold were
used in the test. The test was performed in wells of a glass plate and
consisted of 0.05m1 of the antigen mixed with 0.1m]l of the serum dilution.
After overnight incubation at 4°C the test was read. These workers noted
that inactivation of the antiserum prevented the agglutination reaction.
They indicated that complement was probably necessary in the reaction.
Roberts and Little (1970a) employed a stained antigen plate agglutina-

tion tést to determine the serologic response of pigs to two strains of

M. hyopneumoniae. A mixture of one drop of the serum from an infected pig

and an equal volume of the stained antigen was made on an enamel plate at
room temperature. Tﬁe plate was rotated and the test read after 3 minutes.
No slide agglutination reaction was demonstrated.

Fujikura et al. (1970) reported a workable tube-agglutination test
which was interpreted on the basis of clearing and settling of the antigen.

-Using this test, they demonstrated antibody against M. hyopneumoniae in

infected pigs. The test serum was inactivated at 56°C for 30 minutes.
They performed the test in glass tubes and utilized a total reaction

volume of 0.5ml1 consisting of equal volumes of the antigen and two-fold
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dilution of the inactivated antiserum. The mixture was first incubated in
a water bath at 37°C for 2 hours and then in a cold room at 4 to 5°C for
another 18 hours. There was a relatively good correlation between the
presence of mycoplasmal pneumonia lesions and detecta@]e_agg]utinating
antibody titers. The test.appeared to be specific sinée no cross-reaction

was demonstrated between M. hyopneumoniae and M. hyorhinis antigens with

the hetero1pgoﬁs immune serums. In pigs less than 3 months of age, the
agglutinating antibody was demonstrated at-a highér frequency than was the

complement-fixing antibody.

Indirect~-hemagglutination tests

Moore et al. (1965) described-an indirect-hemagg1utinatioﬁ (IHA)

method which they claimed could allow the gfouping of M. hyopneumoniae and

‘other swine mycoplasmas into species on a more precise basis. The
respective antigens were standardized to a MacFarland Nephalometer reading
of 10. An unspecified amount of the saline-suspended organisms was boiled
in a water bath for 10 minutes, then cooled to room temperature and an
equal volume of 5% washed sheep red cells was added. The mixture was
incubated at 37°C fdr 2 hours. The cells were then1Washed three times 1in
0.85% saline and resuspended to a 5% concentration. The test was performed
by mixing 0.05m1 of the sensitized cells- and 0.1m1 of two-fold serial
dilution of the test serum. After a 20-minute incubation period, the test
was read by observing agglutination of the red blood cells.  No evaluation
of the test was given by the authors.

Goodwin et al. (1969a,b) used a tube indirect-hemagglutination test

to demonstrate immune antibody against M. hyopneumoniae. They uti]ized
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sheep red blood cells treated with tannic acid and sensitized with the
ﬁycoplasma antigen. Tubes containing the test serum dilutions and the
sensitized red blood cells were incubated at 37°C for 2 hours. After
initial reading, the tubes were incubated overnight at room temperature
befdre the final reading was made. The highest dilution of serum giving a
clearly positive agglutination was taken as the end-point. These investi-
gators reported that the indirect-hemqgg]utinatidn antibody_appeared later
and lasted longer than the comp]ement-fixing antibody. Re;overed pigs had
antibody titers greater than 1:40,000, as measured by the IHA test.
Goodwin and Hﬁdgson (1970) reported a passive hemagglutination test

(PHA) for the detection of M. hyopneumoniae. The test was a modification

of the IHA test described by Goodwin et al. (1969). These workers found
that tannic acid in the final concentration of 1:100,000 yielded a superior
final suspension of cells and that sensitization of the tanned red blood
cells for 30 minutes at 37°C gave a better antigen. They used the PHA
test to diagnose 14 cases of mjcoplasma1 pneumonia which had earlier
presented diagnostic difficu]t%es with the metabolic-inhibition test,

Lam and Switzer (1971) developed an indirect-hemagglutination test

for the detection of antibodies to M. hyopneumoniae in experimentally and

naturally infected pigs. The antigen was prepared by adding 2% sodium
lauryl sulfate (SLS) to the concentrated mycoplasma suspension to obtain a
finé] concentration of 0.2%. The suspension was dialyzed first against
5M ammonium sulfate overnight and then against phosphate buffered saline
for 72 hours. Thimerosal was added to produce a final concentration of |
1:10,000. In order to avoid the naturally occurring hemolysin in test

swine serum to sheep red blood cells, these investigators used swine red




16

blood cells as antigen-carrier in place of the conventional sheep
erythrocytes. A mixture of the antigen, buffer, and 10% tannic acid-
treated erythrocytes was incubated %n a water bath at 37°C for 20 minutes.
The antigen-sensitized cells were then suspended to obtain a final
concentration of 1%. The final test was conducted in trays, each well
containing 0.05m1 of the serum dilution and 0.025m1 of the antigen-coated
cells. The mixture was incubated at 37°C for 1 hour before reading the

test. A titer of 1:12 or higher was considered positive for .

M. hyopneumoniae. The test detected antibodies in 92% of experimentally
inoculated pigs that had pneumonic lesions and 78% of naturally infected

"pigs. There was a good correlation between pneumonic lesions and antibody
titers. No serologic cross-reaction was demonstrated when the

M. hyopneumoniae antigen was tested against antiserums to M. hyorhinis or

I

M. granularum.

In furthér experiments, Lam and Switzer (1972) demonstrated that pigs

experimentally exposed to M. hyopneumoniae developed antibody titers

detectable by.the IHA test 2 to 3 weeks after exposure. They found that
these titers reached a maximum on the.8£h to 11th week and remained at the
maximal level until the 18th week. The antibody was still detectable 47
weeks post-inoculation.

Switzer (1972) has pointed out that while the IHA test detects
extremely high titers of antibodies that appear early in mycoplasmal
pneumonia of swine, the test requires considerable standardization of
reagents and conditions and js rather difficult to depend on for consistent

serologic investigations.
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Immunofluorascence

L'Ecuyer and Boulanger (1970) developed a.useful direct immuno-

flourescent technique for the demonstration of M. hyopneumoniae in smears

of broth cu}tures and in pneumonic lesions. The pneumonic tung sections
were fixed wi%h cold acetone and the specific mycoplasmal immune serum
conjugated with fluorescein isothiocyanate was appjied for staining.  When
viewed in the fluorescent microscope the mycoplasma antigén was detected on
the surface of the bronchial and bronchiolar epithelium and in the
contained exudate. No fluorescence was demonstrafedrin known positive
preparations sfained with nonimmune pig globulin conjugates or in normal
lungs stained with immune globulin conjugates. In experimentally infected
pigs fluorescence was not detected until 25 days post-infection. The
jmmune swine serum conjugates were found to be species specific; they

reacted only with their homologous mycoplasma species--M. hyopneumoniae or

M. hyorhinis. The authors noted that by specifically allowing the
visualization of the etiologic'ageﬁt, immunofluorescent staining could
confirm at necropsy the diagnosis established by other serologic methods.
The technique was, therefore, considered a ﬁractical alternative to

isolation for identifying M. hyopneumoniae. However, the fluorescent

antibody method appeared to be sensitive for the detection of the etiologic
agent only in established cases of mycoplasmal pneumonia and not reliable
during the early stagés of the disease. They attributed this absence of
fluorescence early in the disease to the difficulty in obtaining the
appropriate sections of the lungs when the areas of consolidation were very
limited. It could also be due to an insufficient amount of the organism

(antigen) being present to permit visualization.



18

Meyling (1971) reported the demonstration of M. hyopnéumoniae:and
M. hyorhinis in pneumonic swine lungs by the fluorescent aﬁtibody tech-
nique. Cryostat sections were prepared from pneumonic Iuﬁgs of pigs
collected at a slaughter-house, and from the lungs of dead piglets.
Sections were also prepared from pneumonic lungs of SPF pigs exper{mentally

infected with M. hyopneumoniae and M. hyorhinis. The Tung sections were

stained with the homologous immune serum conjugates. Mycoplasma

'hyopneumoniae was isolated by culture in 38 of the 50 s1aughfer-house
cases, and in 35 of these the mycoplasma was demonStrated by the immuno-
fluorescent method. ~ In 18 cases the positive staining results for

M. byopneumonfhe were not confirmed by isolation of the organism} however,

in 15 of these M. hyorhinis was demonstrated. Meyling demonstrated with
the FA test that M. hyorhinis had the same Tocalization or distribution in

the pneumonic lung as that typical of M. hyopneumoniae, and that

M. hyorhinis was in most cases found in- tissue sections which were negative

for M. suipneumoniae. These findings suggested that M. hyorhinis may under

certain conditions act as a primary etiologic agent. He stated that the
sensitivity of the direct immunofluorescent staining depends both on the
number of organisms present in the sections and.on the accéssibi]itj of

these organisms to the labeled antibody.

Complement-fixation test

Until recently, the complement-fixation (CF) test was not considered
satisfactory for the detection of antibodies in swine serums. This was
partly because of the "procomplementary" properties of swine serums which

éignificant]y enhanced the hemolytic activity of the guinea-pig complement
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as well as the occurrence of heat labile sheep red blood cell hemolysins
in swine serums (Bankowski et al., 1953).

Roberts (1968) first demonstrated the presence of immune antibodies

against M. hyopneumoniae in theated swine serum by using;the direct tube
complement-fixation test. Four units of a heat treated antigen were used.
- An anhtigen unit was the highest dilution of the antigén which gave complete
fixation with the highest.di1ution of'serum in two dimensional titrations.
The antigen, the‘serum dilutions, and guinea-pig complement were allowed to
react for 3 hours at 20°C. The hemolytic system, consisting of 3%
suspension of sheep red blood cells sensitized with hemo]ysih was tﬁen
added. The mixture was incubated for an additional 30 miﬁutes at 37°C and
allowed to cool to room temperature before the test was read. There was a
direct corre]ation.between the level of comp1ement-fixin§ antibodies. and
the degree of lung lesions. However, possible cross-reactions of the test
serums with other swine mycoplasma species were not determined. A CF
reaction of 1:40 serum dilution was regarded as positive because a
"hemolytic prozone" or procomplementary effect was eQident‘ih the unheated
serums at dilutions of 1:10 and 1:20.

Boulanger and L'Ecuyer (1968) investigated both the direct and a.
modified-direct complement-fixation tests to determine their usefulness in
detecting immune antibodies in pigs experimentally infected'with-étrains

of ‘M. hyopneumoniae. In the direct CF test normal and immune test serums

were heat-inactivated at 60°C for 30 minutes. At least two units of the
titered antigeﬁ were added to two-fold serum dilutions in the presenée of
four and a hé]f, 50% hemolytic units of guinea-pig compiement. After an

initial incubation of 18 hours at 9°C, 0.2ml of a 2.5% suspension 6f



20

sensitized sheep red blood cells was added, and then incubated another 30
minutes at 37°C. The same technique was used in the modified direct CF
test, with the exception that the complement was supplemented with 1%
pre-tested fresh normal, unheated calf serum. These workers found that
only the modified direct test was suitable for the detection of mycoplasmal
antibodies in the heat-inactivated serums of infected pigs. The procompie-
mentary activity and poor complement binding of swine serum were masked by
the increased sensitivity of the modified test. There was a close
correlation between the development of pnéumonic lesions in experimentally
infected pigs and the appearance of detectable antibody titers. The
specificity of the test was indicated by the absence of cross-reactions

between the anti-M. hyopneumoniae serum and M. hyorhinis or M. granularum

antigen; antibodies were demonstrated only with the homologous antigen.
Takatori et al. (1968) used another modified direct complement-
fixation test to demonstrate immune antibodies in the serums of pigs

experimentally or naturally infected with M. hyopneumoniae. The test was

modified by the supplementation of the guinea-pig complement with 1% normal
calf serum; two units of the modified complement in 0.1ml volume was used
in the test. The CF antigen, consisting of a suspension-of washed .

M. hyopneumoniae organism, was found to be highly anti-complementary;

attempts were made to eliminate or reduce this effect by ether extraction,
heating at 56°C, boiling, or trypsinization. Complement-fixing antibody
was Tirst detected in experimentally infected pigs 2 to 3 weeks after
inoculation and tended to increase for at least 9 weeks post-inoculation.

No cross-reactions were demonstrated between M. hyopneumoniae, M. hyorhinis,

or M. granularum and the heterologous antiserum. Procomplementary activity
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was observed only in serum dilutions below 1:8; the procomplementary
property was unpredictably neutralized by the anti-complementary effect
of the antigen. '

Hodges and Betts (1969) demonstrated heat-labile antibodies against

the "J" strain of M. hyopneumoniae by using a microtiter compiement-

fixation test. They were able to detect antibodies less than 2 weeks
after infection and the antibodies persisted for at least 15 weeks. The
procomplementary effect of pig serum prevented the detection of antibodies
in titers below 1:20. Heat-inactivation of the test serums at 56°C
resulted in very significant decreases in titer. The authors claimed a
relatively high degree of spe;ificity for the test.

Goodwin et al. (1969) used the CF test to study the immunity in
experimentally induced mycoplasmal pneumonia of swine.. They reported that
there was little correlation between the CF titer and the extent of
pneumonic lesions or immune status.

Wallis and Thompson- (1969) carried out a modified direct complement-

fixation test for the detection of antibodies against M. hyopneumoniae in

unheated serum samples collected from field cases of the disease. They
claimed that heat-treatment of the jmmune serums at 56°C for 30 minutes
caused the total Toss of complement-fixing capacity. They conc]uded that
the complement-fixing capacity was heat-labile. Attempts to restore the
complement-binding activity by adding normal, fresh pig serum or calf serum
proved surprisingly unsuccessful. Procomplementary activity persisted in
serum diTutions below 1:10, and efforts to reduce the procomplementary
property by formaldehyde treatment were also unsuccessful.

Boulanger and L'Ecuyer (1970) disputed the conclusion of Wallis and
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Thompson (1969) that their failure to obtain fixation with heat-inactivated
swine serum meant the complement-fixing capacity was "irreversibly heat-
labile". They noted that the noncomplement-fixing antibodies in heated

swine serums have been shown to react with M. hyopneumoniae antigen in

other modified CF tests (Boulanger and L'Ecuyer, 1968; Takatori et al.,
1968). This fact indicated that the antibodies themselves are not
denatured by heating at 56°C for 30 minutes; however, certain essential
supplementing substances are destroyed. They discduraged the use of normal
pig serum as a supp]ementfng factor because of its pfocomp]ementary and
hemolytic properties. They preferred fresh normal serum from calves
between the ages of 3 and 12 months, Serums from calves below or above

this age range, they said, often caused nonspecific complement-fixation in

the presence of M. hyopneumoniae antigen.
Roberts and Little (1970a) described a modified CF test for

M. hyopneumoniae that utilized unheated swine serum. Heat-inactivation

substantiai]y decreased the CF titers, and the ‘addition of normal sefum
from 1-day old pigs failed to fully restore the titers. Attempts to remove
the procompliementary activity with formalin resulted in partial and often
total elimination of the CF titer of both heated and unheated serum
samples. These authors also reported that M. hyorhinis occasionally
induced pneumonic lesions; when these occurred, CF cross-reaction between

the anti-M. hyorhinis serums and the M. hyopneumoniae antigen was detected.

Théy reasoned that the cross-reactions and the nonspecificity of the test
indicated a measure of anti-Tung tissue response.
In another report, Roberts and Little (1970b) investigated the

possibility of auto-immune response assdciated with mycop]asmai pneumonia
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of swine. They used a heated extract of normal pig lupg as a CF antigen.
They titered 400 serum samples against both -the lung extract and the

M. hyopneumoniae antigen. Complement-fixing antibodies against the

mycoplasma antigen'and the lung extract were demonstrated. Serum samples

which reacted positively against M. hyopneumoniae also gave similar positive

reactions with the lung extract. These preliminary findings suggested to
the authors that an auto-immune phenomenon might be involved.

Slavik (1971) and Slavik and Switzer (1972) have developed a workable
modified direct microtitration complement-fixation test for the diagnosis

of M. hyopneumoniae. Test serums were heat-inactivated at 54°C to 56°C for

30 minutes in order to destroy the natural hemolysins in pig serum. The
lyophilized guinea-pig complement was reconstituted with fresh, normal
serum from young,'pneumonia-free pigs. This modification had the double
effect of compensating for the procomplementary activity of swine serum on
- the guinea-pig complement and of restoring or supplementing the complement-
binding capacity of the inactivated serum. The diagnostic CF antigen was
prepared by diluting a 10% suspension of the harvested organism to a 1%
concentration, and then heating at 52°C for 30 minutes. This antigen was
titered in the CF test against serum from a pig known to be infected with

M. hyopneumoniae. The CF test was performed in microtiter plates,

according to the procedure outlined by the Laboratory Branch of Communi-
cable Disease Center (1965), except for the modifications indicated. The
sensitivity of the test was markedly increased, as antibodies were
detectable at dilutions of the test serums as lTow as 1:8. The modified CF

test was used to diagnose 90% or more of M. hyopneumoniae infections in

pigs that had typical macroscopic lesions at necropsy. The sensitivity
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of the test was evaluated by testing M. hyopneumoniae, EL hyorhinis, and

M. hyosynoviae antigens against the heterologous and-homoTogous3antiserdms.
No cross-reactions were demonstrated.
In a recent discussion, Switzer (1972} has outlined the essential

elements and the advantages of this modified complement-fixation test.

Immunization against Mycoplasma Infections’ in

Humans and in Animal Species

Contagious bovine p1europneumon1a (CBPP)

Before the introduction of the modern program of vacc1nat1on aga1nst
contag1ous bovine pleuropneumonia, native cattle owners in Africa were
using a modification of Willem's method of rubbing infected p]eural'lymph_
into an incision made over the nasal bones (Lindley, 1965). Current field
immunization against CBPP is carried out almost exclus1ve1y with attenuated
live vaccines; the data on the value of inactivated vaccines are fragmen-
tary and conf]icting.

Ha]kér (1921, 1922) recorded that the virulence of the efio]ogic

agent, Mycopiasma mycoides var. mycoides, diminished as a result of serial

passage in artificial medium. He demonstrated that by theé 27th passage

the agent became attenuated; he suﬁsequent]y developed a "culture-virus"
technique for protective inoculation. The attenuated vacdine was‘
inoculated into the tail. Animals that showed no reaction to the vaccina-
tion wére then injected in the shoulder, énd if this still failed to elicit
a reaction, a third inoculation was given, During this time the belief was
that immunity would result only when a visible or palpable local reaction

occurred, and it was necessary to continue the -inoculation until such a
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reaction was 1nduced . : _ :
Berineth (1932) showed that 1mmun1ty could be 1nduced against CBPP ’
without the productionﬂof.the visible or-palpable reaction.” He advocated :
- a single inocuTatioHVmethod for the nomadic Sudan herds. :
| Purchase (1939) tested the antigen1c1ty of attenuated 11ve vaccinie
derived from the 11th to 45th passage of the "culture- v1rus" on two Tocal
breeds of cattle 1n-Kenya. Groups of cattle were given one, two, or three
doses of the vaccine. The first inoculation was made in- the tip of the
tail and subsequent inoculations were given subcutaneously in the shou]der.
Vacc1natedecattle_were cha]ienged‘by contact-exposure to known-infected
herds or by subcutaneous-injection«of fresh, nonattenuatedfcu1tUre' ’Locai
reactions-to the'vaccination were7mi1dr A strong 1mmun1ty was - induced in
one breed of catt]e but only 30 to 60% of the second breed were protected
‘The 1mmun1ty was 1nduced sooner when the number of doses of vaCC1ne was
increased. The author recommended, therefore, that for-faeld.vacc1nat1on;
two doses of the vaccine be given at 21 days interval. o v
Priestiey (1955a b} .reported that freeze-dried pleuropneumonia _
organisms reconstituted in saline or broth failed to e11c1t 1mmun1ty on
-injection into: cattle. When the-reconstituted suspension.was mixed with
an‘equal'uolume of 1% agar in saline and then injected,-solid immunity was
readily and rapidly-produced. The vaccine was prepared from'a,suitably :
attenuated strain obtained .after the 12th serial passage and inocuiation;
was made in the tai].‘TProtective immunity was tested-by intramuscular
challenge 28 days after vaccination. When' agar was used as the adjuvant,
the number of organisms required to 1mmunize was very much 'smaller. For |

field 1mmunization the ‘author recommended a: dosage of 0 2m1 containing
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10,000 viable organisms. He also investigated the adjuvant action of hens
egg. who1e'agg, and especially yolk, was found to be a good adjuvant,
but not as good as agar. )

Dafaalla (1956) investigated the adjuvant effect of 16 substances
with the hope of finding some S1mp1e subst1tute for agar. Four classes of
substances were tested with the dr1ed CBPP vaccine of Priestley (1985):
mineral salts, polysaccharides, peptone and proteins, and oils. Groups of
serologically negative cattle were inoculated at the tail-tip with 0.2m]
doses of the adjuvant-containing vaccines, and were challenged by intra-
muscular injection of the virulent culture. Six mineral salts,
polysaccharides (starch and gum acacia), bovine gamma globulin, and sesame
oil were ineffective as adjuvants, as specific immunity could not be
detected. Bovine albumin, Tiquid paraffin, and mucin gave encouraging
results; two of each group of 3 animals inoculated with vaccines containing
these substances developed antibodies and résisténce to challenge. Of 24
animals vaccinated with organisms in Shell ondina 0il, 16 developed anti-
body and 17 resisted challenge.

Hyslop (1956) studied the duration of immunity in cattle vaccinated
with egg-adapted (avianized) CBPP vaccine. At one month after vaccination
none of the vaccinated animals reacted severely to subcutaneous challenge.
In the group challenged at 14 months post-vaccination, only one of 7
reacted severely. Twenty-two months after vaccination, 2 of 10 vaccinates
reacted severely. By the 43rd month post-vaccination, the nuﬁber of
severe reactors in the vaccinated group had increased to 6 out of 12. The
increasing proportion of severe local reactors showed a decline in

resistance during three and one half years. None of the vaccinated cattle
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died, while 9 of 19 control animals died.

In view of the field evidence that highly attenuated avianized CBPP
vaccines sometimes failed to stimulate protective immunity, Piercy and
Knight (1958) carried out trials with vaccines prepared from organisms at
differing levels of egg passage. Three of the 6 batches of vaccines were
prepared from the 44th egg-passage of T; strain culture; the other 3
batches were prepared from the 137th, 162nd, and 185th egg-passage levels
of the same strain. All the vaccines conferred a significant degree of
protection, although not complete immunity. .The increased passage through
eggs did not lessen immunizing ability, since results at passage 185 were
apparently better than at passage 44,

Hudson and Turner (1963) compared the efficacy of two typeé of
Australian vaccine: the standard Taboratory culture vaccine and the
avianized vaccine. The culture vaccine was prepared from the 27st passage
of M. mycoides strain V5; the avianized vaccine was prepared from
lyophilized material made from the Bth egg-passage of the same strain.
Serologically negative cattle were vaccinated in the tajl-tip, and were
then challenged by contact exposure to other cattle infected by intra-
bronchial intubation with a virulent strain of M. mycoides. Groups of
vaccinated cattle were challenged at 1 week, 1 month, .3 months, and 12
months post-vaccination. The number and severity of local reactions to
vaccination was greater in the egg-vaccine group than in the broth'vaccine
group. Egg-vaccine produced almost complete protection against challenge
exposure as early as one week after vaccination. Although the response.to
broth vaccine was slower, there was little difference between the efficacy

of the two vaccines when challenge was made 1 or 12 months after vaccination.
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Lindley (1965) showed that an avirulent or attenuated strain KHBJ of
M. mycoides was a good immunizing agent when administered as a broth
culture vaccine into Nigerian Zebu cattle. At varying periods after
subcutaneous vaccination with fresh culture vaccine the animails were
‘challenged by subcutaneous injections of lyophilized virulent strain.
Thirty-one of 37 vaccinated cattle were resistant to challenge. In another
trial, the author reported that 1% agar had an insignificant adjuvant
effect when added to the lyophilized vaccine. This was in contrast to the
results reported by Priestley (1955a,b). This investigator reasoned that
the conflict was due to differences in the strain; the more virulent the
strain, the more pronounced the effect of adjuvant.

Hudson (1965) evaluated the immunizing value, in Australian cattle,
of the attenuated KHjJ strain obtained from Nigeria. He compared two
groups of cattle vaccinated either in the tail-tip or subcutaneously
behind the shoulder with the same dose of the same strain. There was an
indication that tail-tip vaccination was more effective; there was no
detectable local reaction and no evidence of lung lesions. The trial also
demonstrated that the attenuated KH3J vaccine produced a level of %mmunity
about equal to that induced by the stfain V5 broth vaccine.

Lloyd (1967) investigated the role of humoral antibodies in resistance
to M. mycoides infection by passive transfer of immune serum. Serums,
obtained from immune cattle that had resisted the local infection, were
administered to susceptible cattle. These passive1y‘inocu1ated animals,
together with the immune serum donors and nonimmunized controls, were
challenged by subcutaneous inoEulation with virulent strain of the

organism. None of the immune-~serum donors showed a local reaction to the
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challenge injection. In contrast, all the cattle that received the immune
serum as well as the controls developed characteristic Willem's reaction
(severe local inflammatory swelling, edema, and necrosis). These results
indicated that while active immunization produced res%stance to
re-infection, passively transferred immune serum was unable to provide
protect{ve immunity. The authors suggested that resistance of inmune
catfle to contagious bovine pleuropneumonia may depend very little, or
not at all, on humoral antibodies.

Davies (1969) investigated the persistence of M. mycoides in the host
following vaccination with Tive T; broth vaccine. Cattle were vaccinated
in the tail-tip and were slaughtered at intervals to determine the spread
of the immunizing organism. The organism was recovered only from the site
of vaccination and the regional lymph nodes drainiﬁg the site. Isolations
were successful for only 14 days post-vaccination.

Gilbert et al. (1970) tested the effectiveness of the T] strain broth
vaccine by carrying out "in contact" chalienge 6 and 12 months after a
single primary vaccination. No CBPP lesions were seen and no isolations

of M. mycoides were made from any of the cattle challenged 6 months after
vaccination; all controls developed lesions from which the organism was
1501ated.. In the cattle challenged 12 months post-vaccination, isolations
were made from the respiratory tract of 3 of the vaccinates, although none
of them developed CBPP lesions. This finding indicated that a single
injection of the vaccine produced a high level of immunity for 6 months,
but the protection was decreasing by 12 months. The authofs recommended
annual vaccination as a pracfica] immunoprophylactic procedure.

In Yom, Nigeria, Karst and Mitchell (1972) investigated the effect of
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intranasal vaccination of cattle with an attenuated Gladysdale strain of

M. mycoides. The attenuation was carried out by passaéing the strain 20
times in bovine kidney cell culture. When inoculated subcutaneously in
more tﬁah 1000 cattle, the attenuated strain, G/éO, did not produce any
adverse effect. The strain was then passaged 10 times in cattle by
intranasal instillation and it did not revert to virulence. The G/20
-strain was used‘for the production of CBPP vaccine which was inoculated
intranasally in 17 cattle. The vaccinates wére challenged by contact
exposure to cattle affected with CBPP. The vaccine had an efficacy of 77%
when it was inoculated 24 hours before chalienge, and of 83% when inoculated

6 months before chalienge.

Avian Mycoplasma infections

Nelson was probably the first to demonstrate immunity to Chronic
Respiratory Disease, an infection of chickens and turkeys caused by

Mycopldsma gallisepticum (McMartin and Adler, 1961). He observed that

chickens which-recovered from the chronic disease were resistant to a
second exposure.

Adler et al. (1960) also observed that recovery from the natural
infection conferred measurable immunity in turkeys and chickens. They
were unable to induce immunity with a vaccine prepared by sonic disruption
of the organism. They also failed to immunize turkeys with a formalin-
inactivated vaccine. Aluminium hydroxide adjuvant did not influence the
response. An attenuated live culture administered intramuscularly or
intravenously conferred protection against the air-sac route of challenge

inoculation,
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McMartin and Adler (1961) reported that birds .vaccinated intranasally

with Tive M. gallisépticum were refractory to abdominal air-sac challenge

inoculation. “
Domermuth (1962) reported that 38% of immature chicks vaccinated

subcutaneously with a Tive culture of M. gallisepticum were immune to

subsequent challenge by the air-sac route, Mu1£1p1e vaccination of

chickens with M. gallisepticum had no significant effect on either egg

production or hatchability; the causative agent could not be cultured from
the eggs of the vaccinated birds, and no evidence of immunity was detected
in their progeny.

Warren et al. (1968) noted that intranasal or subcutaneous inoculation

of formalin-inactivated culture vaccine of M. gallisepticum increased the

resistance of 1-day old chicks to air-sac inoculation of the homologous
strain. The increase in resistance was not accompanied by significant
increase in IHA antibody level. These .investigators also noted that the
earlier failure of Adler et al. (1960) to obtain protection Qith an
inactivated vaccine might be due to three factors: the destruction of the
antigen by prolonged sonication (30 minutes), the higher concentration of
formaldehyde used (0.5%), or the use of older chickens (6 to 7 weeks) in
their trials.

Adler and Lamas Da Silva (1970) compared the immunogenicity of

inactivated and live M. gallisepticum vaccines; they also studied the

effect of dosage and route of inoculation on the immune response. Chickens
inoculated intravenously with killed organisms were partia11y protected
against challenge. However, intranasal instillation of the thimerosal-

inactivated vaccine did not provide protection against challenge.
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Intranasal inoculation of live vaccine induced a high degree of immunity
to both air-sac and intravenous challenge. The resistance appeared to be
immunizing-dose dependent; lesser numbers of organisms apparentiy provided
1ittle protection against severe challenge. There was slight correlation
between sero]pgic‘(HA) titer and immune response, after intranasal
vaccination. _

Féw extensive studies have been reported on immunity to Mycoplasma
synoviae, the gtiologfc'agent of Infectious Synovitis. Wichmann et al.
(1960) inoculated chickens with attenuated culture of M. synoviae, strain
C-1. The birds were protected against footpad challenge with virulent
cu1tures.‘ Immunity varied from complete resistance to resistance against
systemic infection and death; synovial lesions were less extensive in
partially protected birds.

Carnaghan (1962) demonstrated that birds recovered from experimental
infection with M. synoviae developed stfqng immunity against challenge.
Chickens that were infected by the footpad with strains maintained by
serial egg-passage, developed typical lesjons. The surviving birds were
challenged -by intravenous inoculation, 39 days after infection. No
systemic reaction or fresh lesions developed in the recovered birds.
Passive immunity was also demonstrated by intramuscular inoculation of
susceptible chickens with serum from convalescent fowls collected 12 and
16 weeks after infection.

Olson et al. (1964) infected chickens with M. synoviae administered
by the intranasal route. Four weeks later, some of the birds were killed
and histologic lesions were demonstrated. The surviving birds were then

challenged in the footpad and were found to be refractory to challenge.
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Vlaovic and Bigland (1971) reported an attempted immunization of

turkey hens against Mycoplasma meleagridis, the etiologic agent of
Airsacculitis. Female tUrkey§ were given five weekly injections of the
Tive organism, starting,10 days prior to coi]ection of.qggs. The inocula-
tions failed to induce any immunity or reduce the rate of egg transmission
of the infective agent. The attempted immunization proved detrimental, as
the progeny of the vaccinated turkey hens showed a higher incidence of

more severe air-sac lesions than were observed in the controls.

Human primary atypica] pheumonia

The capacity of M. pneumoniae to produce characteristic disease in
experimental animal models has Ted to some imaginative investigations
directed toward the development of attenuated 1ive vaccines. However,
attempts to develop inactivated vaccines against M. pneumoniae infection
in man have been more successful. _

Jensen et al. (1965) prepared alforma1infinactivated vaccine from a
M. pneumoniaé strain adapted in a chemically defined medium. Hamsters
intramusculariy inoculated with 0.5ml of the inactivated vaccine developed
resistance to intranasal challenge. Human volunteers who received intra-
muscular injection of the vaccine developed no adverse local readtions.
No challenge inoculation or evaluation of resistance in the vaccinated
human subjects was done.

Smith et al. (1967) evaluated the protective value df an inactivated
M. pneumoniae vaccine in volunteers. The vaccine was prepared from
M. pneumoniae grown in‘ch]oroform}qgg-yb1k extract medium and was

inactivated with formalin. Volunteers were given 0.5ml1 of the vaccine
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intramuscularly wjth a booster injection 5 .weeks later. They.were then
challenged with a live suspension of the organism. Only one of 10
volunteers with vaccine-induced antibody became 111, whereas 7 of 9 who
failed to respond serologically deve]oped definite respiratory tract
disease. Vaccinated subjects who did not prodﬁce detectable serum antibody
developed more severe disease than nonvaccinated subjects. These findings H
suggested that the inactivated vaccine had a protective effect_in those
volunteers with vaccine-induced antibody, while the sero]pgica11y
nonresponding individuals might have been sensiyized. The investigators
could not determine whether the protection was a function qf the serum
antibody.

Mogabgab (1968) described a forma11n-iﬁactiya%ed vaccine in which
M. pneumoniae was grawn in a “serum free" medium. When.administered
intramusculariy with alum adjuvant, the vaccine produced a 45% reduction
of mycoplasmal pneumpn?a in a ﬁopu]ation of approximately 21,000 military
personnel. -

Fernald (1969) compared the éntibody prbﬂuction stimulated by intra-
nasal infection of hamsters with that which followed parenteral immuniza-
tion with killed M. pneumoniae vaccine. Both intranasally infected énd
actively immunized hamsters developed serum antibodies, but the parenterally
immunized group developed hjgher éircuthing antibody titers. Among the
animals that were previously infected but recovered and then were
challenged, no pneumonia developed. In the group that was actively
immunized, all were infected on challenge and developed pneumonia in spite
of the high serum antibody titers. This finding demonstratéd a lack of

correlation between serum antibody and resistance. The studies also
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suggested that local antibody, either humoral or cellular, of both may_be
involved in resistance to ﬂ, pneumoniae respiratory infections. |
Lipman et al. (1969) derived 3 different virulent and avirulent
M. pneumoniae strains by serial passage of pérent strains in artificial
medium or in hamsters. The 3 strains were characterized in an effort to
determine the factors associated With virulence. The avirulent strain
derived after 169 passages had Toét both the ability to produce pneumonia
in hamsters and the capacity to adsorb to erythrocytes (cytoadsorption). The
loss of hemoadsorption accompanied with total loss of virulence suggested
that cytoadsorption is a requisite for virulence. This finding indicated -
the poséib]e use of the avirulent strain in the production.of 1ive vaccines.
Fernald and Clyde (1970)- investigated the influence of route of
vaccination and of the virulence of mycop]asmé strains on the induction of
immunity against intranasal challenge with M. pneumoniae. Intranasal
immunization with virulent strains of M. pneumoniae yielded a 71% reduction
in pneumonia in the population. Despite high level of serum antibody,
intraperitoneal and subcutaneous immunizations with the same viru]eﬁt~
strains produced only 61% and 56% reductions, respectively. When the
attenuated strain was'used, resistance to pneumonia resulted after intra-
nasal immunization but not after parenteral vaccination. This finding
demonstrated that se}um antibody levels did not correlate with protection
and that the route of vaccination was an important factor in immune
response to M. pneumoniae. The investigators demonstrated.growth-
inhibiting activity in bronchial washings of challenged hamsters. This
suggested the induction of a local antibody response.

Steinberg et al. (1971) employed genetic selection to develop
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temperature sensitive mutants of M. pneumoniae strains which could be used
as live vaccines. They produced 14 temperature-sensitive (ts) mutants by
exposing the organisms to N-methyl-N-nitro-N-nitrosoguanidine (NTG). The
ts mutants were able to grow at 32%, fhe temperature of the human upper
respiratory tract. Their in vitro replication was impaired at 37°C, the
‘normal temperature of the human lower respiratory tract. Hamsters infected
intranésa11y with the ts mutants did not develop pneumonia, whereas 64%

of animals inoculated with the parent strain developed lung lesions. This
was an indication that the ts mutants were unable to invade the lungs.
Infection with the ts mutants induced definite resistance to challenge.
The authors noted that the application, in humans, of these ts mutants to
stimulate resistance will depend on the ability of such mutants to grow
and stimulate effective immunity in the upper respiratory but not in the
lower respiratory tract of man.

Fernald (1972) investigated the role of cell-mediated immunity in
human mycoplasmal pneumonia by use of the technique of stimulation of
peripheral lyniphocytes in ‘volunteers with natural M. pneumoniae infection.
Lymphocytes were collected from the peripheral blood of donors and were
stimulated by treatment with phytohemagglutinin (PHA-P) and specific
M. pneumoniae antigen. Lymphocyte stimulation was determined by the
incorporation of tritiated-thymine in cultures derived from the peripheral
cells. Cellular transformation oﬁcurred in nearly all individuals with
confirmed M. pneumoniae infection who had specific antibodies. No such
cellular reactivity was demonstrated in serologically negative subjects.
The specific reactivity of periphéra] lymphocytes persisted for years.

This observation suggested that a population of antigen-sensitive
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lymphocytes remained in the circulation following naturally acquired
infection. The study also suggested that immunity to M. Eneumoniaé

infection is mediated by circulating small lymphocytes.

Swine mycoplasmal pnehmonia

Betts, Whittlestone and Beveridge (1955) indicated there was no field
evidence that a natural infection of enzootic pneumonia induced any
significant degree of immunity.

Lannek and Bdrnfors (1957) showed, however, that pigs'whicﬁ had
recovered from experimentally produced enzootic pneumonia developed a
strong immunity to subsequent challenge. The pigs were infected intra-
nasally with a pneumonic lung suspension and the presence or absence of
pneumonia was judged by X-ray examinations. By 118 days post-infection
the pigs had recovered (as determine& by radio1ogica1_examination); fhey

‘were then challenged by a second inoculation or by contact—eiposure to
pneumonic pen-mates. All the challenged pigs were-free-from lesions of
the disease at slaughter; in contrast, all control animals with no previous
expoéure developed pneumonia.

In another experiment, Bﬁrnfors and Lannek (1958) tested the ability
of the same infectious strain to induce immunity (1) by intranasal
inoculation of pigs which were receiving prophylactic doses of tetra-.
cyclines, and (2) by repeated intramuscular injections of pneumonic Tung.
Pigs that were inoculated intranasally at the time they were on feeds
containing tetfacyc1ine and that did not develop pneumonia during the

3-week period of antibiotic treatment were chalienged with. the infectious

material after removal from the antibiotic treatmenf.' Almost all the
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an1mals wh1ch had been effect1ve1y protected by tetracyc11ne treatment

: deve]oped pneumonia fo110w1ng the cha]lenge jnoculation. The resu]t -

P

demonstrated that -while tetracyc11ne prevented the production of pneumon1c_

. lesions y a primary infection of mycoplasmal pneumonia was essent1a1 for ”
“the deve]opment of 1mmun1ty. Pigs that were given repeated intramuscu1ar
1n3ect1on of the pneumon1c lung suspens1on and subsequently cha11enged
1ntranasa11y. developed pneumonia. This suggested‘that 1ntramuscu1ar
1nocu1ations of the pneumon1c agent d1d not induce 1mmun1ty

In Sweden; Pfizer {1968) marketed a tissue- cu1ture der1ved vacc1ne ,

: agamnst'mycop]asmaI.pneumonia of swine. The-commercial. vacc1ne ‘was.
fdrmatin-inactivated.and:contained\a1Um1n1um-hydrox1de as an-adquant.l

The manufacturers ctaimed the vaccine was capable of'freeing’pigs'in

1nfected herds from the- disedse within, a few months after vacc1nat1on The ,
vaccine had' been prepared from a culture ‘that was 1ater 1dentif1ed as

M hzorh1n1s. A number of reports (L'Ecuyer, 1962;. Goodw1n, 1967 S]av1k

1971} have ‘shown: the: absence ‘of serolog1c cross- -reaction between M

M. hvorh1n1 and M hyopneumon1ae, the cause of swine mycop]asma] pneumon1aJ'l
‘Th1s makes 1t rather d1ff1cu1t to understand the. strong protect1ve dmmun1ty;"b'
claimed .for:this commercial vaccine. “

©* Goodwin gt,a1~ (1969a) infected pigs by 1ntranasa1 1nocu1at1ons of

' pneumonic 1ung suspens1ons Sixteen weeks after the pr1mary 1nfect1on,

| when it. was presumed the pigs had recovered, they challenged the surV1vors o
with the same strain. No 1ung lesions were observed when the an1ma1s were
killed 3 weeks' after cha11enge These f1nd1ngs suggested that plgs

-acquired strong 1mmunjty after recovery. from 1nfection w1thnmycop1asmal

pnéunmonia. - In’the same-year Goodwin et aTy" (1969b): tested “the’ ability of, -
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formalinized M. hyopneumoniae vaccine to induce immunity in pigs. The

pigs were vaccinated twice with antigen prepared from the "J" stéain.
The first injections were given intramuscularly or intréderma11y with
Freund's complete adjuvént, and the second injecfion'was given without
adjuvant. The Tmmﬁné‘status of the pigs w&s tested by in;ranasa} challenge
with doses of pneumonia lung suspensions. The vaccinated pigs showed no
evidence of resistance to challenge inoculation. The autﬁors noted a
possibility that aﬁy immunity induced had been overwhelmed by the Tlarge
dose of challenge inoculum (5ml of 1:10 suspénsion of the pneumonic lung).
When a lower cha]]enge dose was used, some protection occurred in 3 of the-
vaccinated pigs. In another trial, they injected a pregnant sow twice
with nonformalinized antigen without adjuvant. The sow's litter was
subsequently exposed to infection at 7 days of age, after they Had suckled
naturally from birth. The piglets were not protected against challenge
inoculation. There was no correlation between the vacciﬁe-induced.serum
antibody level and protective immunity.

Lam {1970) and Lam and Switzer{1971b) evaluated the ability of five

vaccinal preparations of M. hyopneumoniae to prevent the infection in

swine. Vaccine A was pfepared by ether extraction of a concentrated
suspension of the organism and contained Freund's ihcomp]ete édjuVant.
Vaccine B was also prepared from ether extract but was forma]infinactivated.
Vaccine F was prepared by alternate freezing and thawing in a solidified
carbon-dioxide-alcohol bathy it too contained incomplete adjuvant.

Vaccine G was prepared by lysis with 2% sodium 1auryi-su1fate (SLS)

followed by dialysis against ammonium sulfate and disfilled water. The

fifth vaccine, Vaccine H, was a'formalinuinactﬁvated broth culture. Four
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of the vaccine preparations were adminisfered intramuscularly to grouhs of
pigs; the pigs were vaccinated 3 times at one-week intervals. Vaccine H
was administered intranasally to a fifth gfoup of pigs on 3 consecutive
days. A1l the vaccinated pigs and controls were challenged intranasally,
two weeks after vaccination. None of the 4 pigs that received Vaccine A
(ether extract with incomplete adjuvant) developed gross pneumonic

lesions whereas all 4 nonvaccinated controls developed pneumonia; 5 of 8
pigs given the formalinized ether extract (Vaccine B) were protected whereas
7 of 8 controls had pneumonic lesions; Vaccine F (freeze-thawed) protecfed
19 of 26 pigs whi]e 19 of 23 controls had lesions; gnd‘the SLS-1ysed
preparation (Vaccine G) protected 15 of 18 pigs while 15 of 19 control pigs
developed pneumonia. None of the intranasally vaccinated pigs was
-protected. The results indicated thgt intramuscular injection of the
vaccine preparations provided some protective immunity. These findings are
in contrast with the result reported by Goodwin et al. (1969b); it is
possible that the ether extraction, freezing-thawing disruption, and SLS

lysis of the M. hyopneumoniae antigen enhanced its immunogenicity.
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MATERIALS AND METHODS

Source of Mycoplasma hyopneuroniae -

Mycoplasma hybpneumbniae strain #11 was used thrqughout this study. . -

L'Ecuyer (1962) origina11y obtained transmission of pneumonia in pigs he
inoculated with pneumonic Tung material from. a pig in a large sﬁine herd
with chronic pneumonia. He obtained the infectious material from the
eleventh herd he studied and therefore identified it as number eleven.

When inoculated intrana§a11y into respiratory disea;e-free.pigs, the
pneumonic lung suspension consistently induced c1earjy demarcated, reddish-
grey pneumonic lesions, frequently confined to the apical, cardiac, and
intermediate lobes of the lungs. The 1e§ion was characterizediby
“perivascu1ar and peribronchiolar lymphoid hyperplasia, alveolar interstitiai
thickening, and alveolar exudation of neutrophiTs,-lymphocytes and septal
cells. The organism was serially passaged several times in the pig
‘(LiEcuyéF, 1962) and was grown in cell-free medium (Maré, 1965). Maré

and Switzer (1965) characterized the infectious agent and named it Mycoplasma

hyopneumoniae. Huhn (1969) has given a detailed diagrammatic passage
history of the swine pneumonia organism.

Broth passaged cultures of M. hyopneumoniae strain derived from a

lyophitlized culture of the 20th passage were emp1oyed in the vaccine

production and in most experimental inoculations in the present study..

Growth Medium for M. hyopneumoniae

Liquid meddum

The cell-free medium for the propagation of M. hyopneumoniae

consisted of Eagle's Minimum Essential medium, Hepes-Buffér
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(N-2-hydroxyethyl piperazine-N-2 ethane sulfonic acid), yeast extract,
lactalbumin hydrolysate, and swire serum (Switzer, 1972). The medium
contained the_fo]]owihg ingredients:
.A. Eagle's M1n1mum Essential Medwm1
B. Hepes buffer (N-2-hydroxyethyl. piperazine-N-2 ethane su1f0n1c
ac1d)
C. Yeast Extract
a. Two-hundred and fifty grams Fleischman's type 20-403 dry
yeast were added to 1 liter distilled water.
b. The mixture was heated to boiling, with frequent stirring.
c. The miXture was then filtered through two sheets of Whatman #1
filter paper.
d. The pH was adjusted to 8.0, with 1N NaCH,
e. The yeast extract was dispensed in 5 to 8ml aliquofs, auto-
claved at 251°F (15 pounds pressure) for 15 minutes.
f. It was stored af -20°C until used. Only the clear supernatant
was used in the.medium, | |
D. Lactalbumiﬁ hydrolysate (enzymatic)4'
E. Swine serum |

a. Swine serum was adjusted to a pH of betWeen 4.3 and 4.5 w1th

IN HC1 and was allowed to stand at 4°C for 2 to-18 hours

lgrand Island Biological Co., Grand Island, New York.
2Nutritiona1 Biochemicals Corporation, Cleveland, Ohio.

3Standard Brands Incorporated, New York, New York.

4Nutritiona] Biochemicals Corporation, Cleveland, Ohio.
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b. This acid-precipitated swine serum was then centrifuged at
2000 rpm (590XG) for 15 minutes. The sediment was discarded
and the supernafant was clarified through a Whatman GF/a
fiberglass filter pad and Selas #10, #01, #015, and #02

porcelain filters.] W
c¢. The pH was adjusted to 7.0 with 1N NaOH,_and the swine serum

was stored at -20%C until used.

The complete medium was prepared by mixing the following components

in the proportions indicated:

1. Eagle's minimum essential medium 9.8gm

2. TIon exchange column water 1000m1
3. Hepes buffer 5.96gm
4. Lactalbumin hydrolysate 10.0gh
5. Yeast extract 10.0m1
6. Swine serum 200.0m1

The pH of the medium was adjusted to 7.6 with 1N NaOH. The medium was
clarified by passing through Selas #10 and #01 filter candle, and -
sterilized through a Selas #02 porcelain filter. The medium was dispensed
in screw-capped glass tubes (16 x 125mm) or screw top flasks and incubated
at 37°C for 24 houfs as a sterility check and stored at 4°C until used.

Liquid medium used for the primary isolation of M. hyopneumoniae from

lung lesions contained thallium acetate and penicillin at a final concentra-

tion of 1:4000 and 1,000 units per ml respectively.

Iselas Corporation of America. Fluid processing division. Limekiln
Pike and Dreshertown Rd., Dresher, Pennsylvania.
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Solid medium

A.

Preparation of the agar

! 3.6gm

1. Ion Agar No. 2
2. Ion exchange column water ~ 200m1

The agar.was added to the water in a 1000m1 Erlenmeyer flask. The
mixture was bof]ed in a water bath to dissolve the agar. The
dissolved agar was sterilized at 121°¢ fof'TS minutes and then
allowed to cool to 45°C.

Eagle's base (2x) medium: A 2x concentratibn of the complete

Eagle's liquid medium was formulated according to the following.

procedure:

1. Eagle's miﬁimum essential medium 9.8gm

2. Ion exchaﬁge water 500m]1

3. Hepes buffer 5.96gm

4, Lactaibumin hydrolysate 10.0gm
5. Yeast extract ' 10.0m1

6. Acid adju;ted swine serum 70.0m!

The pH. of the medium was adjusted to 7.6 with 1N NaOH. Penicillin
and thallium acetate were added to give a final concentration of
1:1000 and 1:4000, respectively. The 1iquid medium was then |
clarified through Selas #10, #01, and #015 filters and sterilized
through a Selas #02 filter.

The medium was brought to the same temperature as the dissolved

1

Colab Laboratories, Inc., Box 66, Chicago Heights, I1linois.




45

‘agar (45°C) and: the two were aseptically combined 1in eqha] parts.

- After mixing tﬁorqugh]y and carefully by gentle sw%%]ing to avoid
bubble formatfon,'the_agar medium was poured into plastic petri
dishes' and allowed to solidify. The plates were incubated at
37°C for 24 hours for sterility check and stored in plastic

bags at 4°C.

Maintenance of M. hyopneumoniae in Liquid Médium

Screw-capped glass tubes containing'approximate1y 6ml of complete

Eaglie's base medium were inoculated with 0.5m1 of M. hyopneumoniae fluid
culture. Inoculated tubes were incubated at 37°C and serial transfers
were made at intervals of 2 to 3 days. Selected passage levels were

lyophilized in 0.2ml amounts and stored at -20°c.

Growth of M. hyopneumoniae on Solid Medium

Five-tenth ml of a 3-day old culture was inoculated onto the surface
of agar plates. The plates were carefully rotated so the culture fluid
evenly covered thé agar surface. Inocu]ated.p1ates were incubated in a 5%

C0, incubator at 37°C, in an inverted position. The plates were examined

daily for 5 to 6 &ays for M. hyopneumoniae colonies with the aid of 100X

magnification utilizing a compound 1ight microscope.

Experimental Swine

A1l the experimental pigs were obtained from the respifatopy disease-'

free herd maintained at the Veterinary Medical Research Institute,

]Fa1con Plastics, Division of B-D Laboratories, Inc., Los Angeles,
California. ' '
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Iowa State University. The original stock was established from surgically
derived pigs and has been maintained in quarantine for 20 years. The pigs

were housed in isolation units during the experiments. A1l the pigs-were

either Yorkshires or Hampshires and were 4 to 24 weeks of age at the
beginning of the experiments. They were fed a contract bid formulated
pig grower ration of 19% protein that did not contain any added anti-

biotics.

Infection of Experimental Pigs

Pigs were exposed to M. hyopneumoniae by intraﬁasa] instillation of
3-day old fluid culture, or.of pneumonic 1ung‘suspension,jdepending on the
experiment. Each pig was given 5mn1 of the inoculum. The snout of'the pig
was held in an upright position and the nozzle of the syfinge (without
needle) was inserted into the nare. The culture was then instilled
slowly; instillation of a smé]] amount of inoculum was gynchronizad with
the inspiration of the pig. The pigs cou]d-Be observéd to swallow much of
the inoculum. The inoculum was administered daily for three consecutive
days. The pigs were kept unaer observation for a varying nurber of weéks,'

as determined by the particular experiment.

Necropsy Examination
At the termination.of each experiment, pigs were killed by electrocu-
tion and exsanguination, and necropsy was performed. The lungs were |
éxamined for gross mycoplasmal pneumonia lesions and Tung specimens were

taken for histological study. When desired, portions of pneumonic lungs

were collected aseptically for isolation of M. hyopneumoni ae.
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Preparation of Lung Tissues for
Histological Examination
Portions of the Tungs were fixed in 10% formalin immediately aftef
death. After 3 days fixation, the specimens were trimmed and embedded-in
Parap1ast1 tissue-embedding medium. They were sectioned at six micrometers-
and mounted on glass slides with an albumin fixative. Sections were then
stained with Harris' hematoxylin and counterstained with eosin Y (U.sS.

Armed Forces Institute of Pathology, 1960).%

Isolation of M. hyopneumoniae from Pneumonic Lesions

A portion of the.aseptiCa11y collected pneumonic 1ung‘was ground inla
TenBroeck grinder, in the presence of about 10ml sterile complete Eagle's
medium containing penicillin (1000 1 U/ml1) and thallium acetate (1:4000
final concentratjon). Five-fold ﬁeria1 dilutions of the Tung homogenate
were made in screw-capped tubes containing Eagle's base medium with
inhibitors. Inoculated tubes were incubated at 37°C. Initial passages
from the primary dilutions were made at 4 to 14 days; subsequent passages
were made at 3 to 5 day intervals. An inoculated tube was considefed

negative for M. hyopneumoniae if growth could not be demonstrated after 14

days incubation. A presumptive positive isolation was indicated by the
following factors: an acid pH change and an increased'opa1esgence'or
turbidity to the medium; presence of a slight sediment which formed a

deTicate spiral when the tube was gently swirled; demonstration of typical

]Shenuood Medical Industries, Inc., St. Louis, Missouri.

2
YMRI.

Sectioning, mounting, and staining done by Pathology Laboratory,
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mycoplasmal elements in a Giemsa stained film prepared from the sediment
obtained after centrifugation oflthe fluid culture; the absence of groch
on 5% horse blood agar or in NIH thioglycolate bréth;1_1ack of groﬁth in
beef-heart-infusion-turkey selr-Um.I plates. Confirmation of isolation was
made by inoculation of Eagle's base agar plates with fhe fluid subcultures

and by comparison of the colonial morphology of the isolate with colonies

formed by the laboratory-maintained M. hyopneumoniae.

B1ood Co]Tgctioﬁs
Throughout the course of the experiments, blood samples were collected
from the anterior vena cava 6f the pigs. Collected blood was allowed to
clot for 1 houf at room temperature or was left overnight at 4°c. The
blood sample was then centrifuged at 1700.rpm (600 x G) for 10 minutes.
The resulting serum was éspirated and stored at -80°C until used in the

serologic test.

Production of M. hyopneumoniae Vaccine and

Complement-Fixation Test Antigen
The following procedureé were followed in the production of immunizing
vaccines and complement-fixation (CF) antigen,
1. Fivé mililiter of a 48-hour high passage (greater tﬁan 200) fluid

culture of M. hyopneumoniae was used to inoculate 250ml of sterile complete

Eagle's base medium in a 500ml screw-capped flask. The inoculated flask

]Difco Laboratories, Detroit, Michigan.
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was incubafed at 37°C for 3 days and the culture was then mixed with equal
parts of a sterile 24% sucrose solution and dispensed aséptica]]y in 5ml..
amounts into sterile screw-cap tubes. The tubes wére stored at -80°C.

2. Appropriate numbers of the frozen culture tubes were thawed and
each 5ml of culture was inoculated into a screw-capped I?Titer flask
containing approximateiy 500m1 of gferi]e Eagle's base medium. _The flasks
were incubated for 3 days at 37°C in a shaking waterbath; the shaker was
set at 10 to 15 oscillations per minute. This gentle shaking was found to
be an important factor in production of a high titer antigen. An
acce]erated rate of_égitation of the flasks caused precipitation of serum
proteins from the culture medium, while stationary incubation resu]ted'in"
low antigen yieids.

3. Antigen was hafvasted by centrifugation of-the culture at 12,000
rpm (15,000 x G) at 4°C for 30 minutes in a Beckman Model L-2-65 (Head #19)
preparative ultracentrifuge. The sediment was resuspended in veronal
buffered diluent without ge]étin (see subsequent section for composition)
to 2% of the or%ginal volume of incubated medium. The susbension was
washed two times by centrifugation at 2,500 rpm (1300 x G) for 45 hinuteS'
in 15m1 centrifuge tubes. The packed mycoplasma was reconstituted to a
10% concentration with veronal buffered.di]uent. Usually, 6.5 to 0.75ml
of packed mycoplasma was obtained from 1500ml of inoculated medium. Thé 3
10% suspension was then dispensed in vials 1n"1m1 quantities and sto}ed at
-80°C unt11 used as CF antigen or as vaccine. |

4. Growth Initiating Titer was determined for each lot of .

M. hyopneumoniae antigen or vaccine produced. Before the culture was

harvested, 5ml of the incubated flask culture was.aseptica]TyIaSpirated.
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Five-tenths m1 of this culture was inoculated into 4.5m1 of sterile Eagle's
medium Tn a screw-cap tube and the serial ten-fold dilution was continued

until a final dilution of 107'°

of the original culture resulted.
Inoculated tubes were incubated at 37°C for 7 to 10 days and were checked

daily for growth of M. hyopneumoniae. The highest dilution in which growth

occurred was recorded and the reciprocal of that dilution marked the growth
initiating titer. A growth initiating titer of 10'6 or more in the flask
culture was considered satisfactory.

5. The pH of the incubated flask culture was determineq before the
ahtigen was harvested. Fifteen to 20ml of the culture was transferred into
a 50m! beaker and the pH was read with the aid of a pH meter.

6. Checks of the flask cultures for bacterial contamination were made
by inoculating 0.25m1 of the culture onto blood agar plates and into
thioglycolate broth., Beef-heart-infusion-turkey serum plates were also
inoculated with 0.5m1 of the culture to check for other mycopiasmal
contamination. The inoculated plates and broth were incubated at 37°C and
examined daily for any indication of growth. The flask culture was regarded
as negative for contéminants if ‘no growth was observed on the plates or in

the broth after 5 days of incubation.

Complement-Fixation Test
Serum samples were tested for the presence of specific antibodies
against M. hyopneumoniae by the modified direct microtitratiOn‘complement-

fixation {CF) test. ]

The CF tests were conducted according to the modified

1The CF tests were performed by M. F. Slavik, Veterinary Medical
Research Institute.
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technique developed by Stavik (1971). The preparation of the reagents, the
titration of complement, hemolysin, and ahtigen, and the procedure for the

diagnostic test are briefly outlined.

Veronal buffered diluent (VBD) with gelatin

A 5X stock solution was prepared by combining the following components

in a 2 liter volumetric flask in the order listed:

NaCl 83.00gm
Na-5, 5-diethyl barbiturate ‘ ~10.79gm
Distilled water 500.00m1
N HCT , . -30,00m1

Stock solution containing 1 molar

MgCl, and 0.3 molar CaCl, (20.3gm

MgCl,+6H,0 and 4.4gm CaCl,2H,0 in

100m1 distilled water) 5.00m1
The flask was filled to the mark with distilled water and the ingredients
were mixed thoroughly. One hundred ml of 5X stock solutioﬁ of VBD, 400mi
of distilled water, ard 16ml1 of 2.5% gelatin in distilled water were mixed
thoroughly in a graduated cylinder. This solution made a 1X concentration
of VBD-with-gelatin for daily use and was stored in 1 liter plastic bottle

at 4°C.

Sheep red blood cells (RBC) suspension

Five m1 of sheep blood, preserved in an equal velume of Alsever's
solution (Karrer et al., 1950) was added to 10ml VBD with geiatin and the
mixture was centrifuged at 1700 rpm (600 x G) for 5 minutes. After removal

of the supernatant and white cell layer (buffy coat) more VBD was added
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to give a total volume of 15m1. The RBC were re-suspended and were
washed two more times by centrifugation. Following the final wash, the
supernatant was removed by aspiratjon and the volume of the packed cells
was recorded. Thirty-four and seven-tenths volumes of VBD were added for
each v01ﬁme of packed sheep red B1ood cells; this made a 2.8% RBé suspen-

sion which was stored at 4°C and was used on the day of preparation.

Hemolysin

Glycerinated anti-sheep hemoTysin]

was initially diluted to 1:100 by
mixing 0.2m1 of the 50% hemolysin antiserum and 9.8ml of 0.85% saline.
Titration of the hémo]ysin was performed as follows: Six dilutions from
1:1000 to 1:8000 were made in VBD and 1ml of each hemolysin dilution was
added to equal volume of 2.8% sheep RBC. The mixtures were incubated at
37%¢ for 15 minutes. Two-tenth ml of the sensitized RBC (from each |
hemolysin-dilution) was mixed with 0.4ml1 of cold VBD and 0.4ml of comple-
ment. The mixtures were again incubated at 37°C in waterbath for 1 hour
and then centrifuged for 5 minutes. The percenfage of hemolysis was
found by comparison with freshly prepared hemogiobin color standards and
the optimum d%lution of hemolysin was determined from the plotted Tinear

. graph.

Sensitization of red blood cells

One volume of "optimal" hemolysin dilution was added to. an equal

volume of 2.8% sheep red blood cell suspension. The mixture was incubated

1Difco Laboratories, Detroit, Michigan.
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at 37°C in a water bath for 15 minutes. This procedure was carried out

just before the use of the sensitized cells in the final CF test.

Guinea-pig complement

Commercial 1yophilized guipea—pig comp1ement] was used. The complement
was modified by reconstituting it with fresh, normal serum.frop young,
pneumonia-free pigs. The effects of this modification were a_compensatidn
for fhe procompiementary property of swine serum on the guinea-pig
complement and the restoration of the complement-binding capacity of the
inactivated test serum. Dilutions (1:400 and 1:500) of the reconstituted
complement (C') were made in VBD plus géiatin; Each dilution of C' was
titered by adding varying amounts of a particular dilution to appropriate
volumes of chilled VBD in 4 serologic tubes...A constpnt volume of the
sensitized RBC was added to each tube to give total reaction volume of Iml.
The mixtures were incubated in a 37°C waterbath for 30 minutes and then
centrifuged. The percentage of hemolysis of each tube was found by
comparison with a hemoglobin color standard. The C'Hgg (reciprocp1 of
cqmp]ement dilution producing 50% hemolysis) was determined by a
logarithmic graphing method and the equivalent of five C'H50 units (the

working concentration in the CF test) was calculated algebraically.

Antigen

The diagnostic M. hyopneumoniae antigen was prepared by diluting the.

10% suspension of the harvested organism (see above) to a 1% concentration,

Ypifeo Laboratories, Detroit; Michigan.
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and then heating at 52°C for 30 minutes. The antigen was then titered
against a standard serum from a pig known to be infected with

M. hyopneumoniae. Antigen titrations were conducted in plastic micro-

titration plates1 containing 96 U-shaped wells. Dilutions were made with
VBD plus gelatin. To each well containing the appropriate antigen and
serum dilution, 0.05m1 (5 C'Heq units) of the complement reconstituted
with normal swine serum was added. The plates were shaken and incubated
overnight at 4°9C. Sensitized sheep‘RBC (0.025m1) was then added to each
well; the piate was re-incubated at 37°C for 30 minutes. After centrifuga-
tion, the peréentage of hemolysis in each well was determined. The .
antigen dilution that gave the greatest fixation of complement (0 to 30%
lysis) with the highest dilution of antiserum was taken as the working
dilution for use in the diagnostic CF test. This working antigen- dilution

must, at the same time, show no anti-complementary effect.

Antiserums
Test serums were inactivated by heating at 54°C to 56°C for 30

minutes.

Procedure for complement fixation (CF) test

The CF test was performed in microtiter plates. Into each well of
the first row was added 0.05m1 of the different heat-inactivated test
serums. Veronal buffered diTuent plus gelatin (0.025m1) was dropped into

all other wells. Two-fold di]ution; of the serums were made and the plate

1Linbro Chemical Company, Inc., New Haven, Connecticut.
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was Ehi]]ed at 4°C for 30 minutes. Twenty-five-thousandth ml of a working
dilution of the antigen cooled to 4°C was added to each well; five units
(0.05m1) of chilled complement was also added to each well. The plate

was shaken and placed at 3°C for 15 to 18 hours. After this initial incuba-
tion, 0.025m1 of the sensitized sheep RBC was added to all of the wells.

The plate was re-incubated at 37°C for 30 minutes and then centrifuged at
2500 rpm (1300xG) for 5 minutes. The percentage of hemolysis in each well

was determined with the aid of a test reading mirrorI

and recorded. Test
serums were considered positive if they showed 70% or more intact RBC

(30% or less hemolysis) at serum di]utions of 1:8 or greater. Titers were
expressed as reciprocal of the highest dilution of the test serum, that
exhjbited the 70% or more 1nt$ct RBC. Controls of the appropriate

‘reagents were included in each CF test.

Experimental Design
Four separate immunization trials were conducted. The first trial

was designed to evaluate the ability of a M. hyopneumoniae vaccine to

eliminate lesions and promote rebovery in pigs already infected with the

organism. The other three experiments were carried out to determine the

ability Tf M. hyopneumoniae vaccines to provide resistance to challenge

infection.

!

Following the persistent failure of the vaccinated and especially
the nonvaccinated control pigs in one of the immunization trials to

develop a serologic response following challenge exposure, other -

]Cooke Engineering Company, Alexandria, Virginia.
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experiments were designed. One experiment was performed to evaluate both
the virulence of the test orgénism and the effect of age. of the experi-
mental swine on susceptibility to experimental mycoplasmal pneumonia. -
Two experiments were conducted to investigate the presence in the feed of

a M. hyopneumoniae inhibiting substance.

Immunization Trials -

Experiment T
Six- to 8-week old pigs which had been naturally infected with

M. hyopneumoniae were tested serologically. Ten of those pigs that

exhibited two consecutive positive CF antibody titers were chd;en for the
trial. By random selection the 10 pigs were assigned to two eqdaI_groups.
One group served as infected pigs to be immunized and the other group
served as infected but nonimmunized controls. The vaccinated and'
nonvaccinated groups were housed in separate isolation units.

On- each day of immunizatioh, the vaccine was prepared as follows:

The frozen 10% concentration of M. hyopneumoniae packed ce11§ was thawed.
An equal volume of incomplete Freund's adjuvant was added to each vial and
a water-in-o0i1 emulsion was made by thoroughly mixing the contents with a
syringe and 20 gauge needle.

Each of the vaccinated pigs was inoculated with 1m] of‘the adjuvant-
lTive vaccine mixture. Injections were by the subcutaneous route in the |
flank region. Pigs were vaccinated three times at one week Tntérvals.
Blood was collected each week from all the pigs. Comp]ement-fixation.
tests of the serums were performed and the serologic titers were recorded.

At no other time during the course of the trial were these'pigé
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reinfected or challenged by intranasal inoculation of M. hyopneumoniae

culture. Seven weeks after the last vaccination, all pigs were killed and
a necropsy was performed. The incidence and extent of gross pneumonic

lesions were récorded.

Exgefiment I

Two types of M. hyopneumoniae vaccines were used in this trial. One

of the vaccines was prepared from the 10% concentration of the harvested
flask culture, as describediin Experimenf I. However, this vaccine was
heat-inactivated at 52°C for 30 minutes. The vaccine contained equal

parts of incomplete Freund's adjuvant and was designated as F1ask:antigen.
The growth initiating titer of the flask culture from which it was

prepared was 10"7 prior to harvesting and concentration. The other vaccine

was prepared from a 25% suspension of pneumonic lung obtained from pigs

inoculated in previous research with M. hyopneumoniae strain 11. The
frozen lung material was thawed and the suspension was reconstituted to a
10% concentration with sterile Eagle's based medium. The material was then
thoroughly mixed with incomplete Freund's adjuvant. This vaccine was
designated as Lung-antigen.

Sixteen pigs, 3 to 4 weeks old, were used in the trial. A1l the pigs

were serologically negative to M. hyopneumoniae infection as determined by

three complement-fixation tests performed at one week intervals. The
animals were randomly assigned to 4 equal groups: pigs to be %mmunized
with the flask-antigen (Flask-antigen vaccinates); pigs to be vaccinated
with the pneumonic lung preparation (Lung-antigen vaccinates); pigs not

immunized but later challenged (positive controls}; and pigs not immunized




58

and not challenged (negative controls). Thé nonexposed negafive contro?
pigs remaingd‘in the supply herd until necropsy. The other 12 animals were
housed in individual p]ex%glass cages in a large isolation unit. Two pigs
were piaced in each:qage, thus making a duplicate of each experimental -
group. One ml of the respective antigen was administered subcutaneously

at the flank region to the appropriate pigs. One week after the first
vaccination, a booster inoculation was administered by the same route. A
third inoculation was givén two weeks after the second injection. Four
weeks after the final iﬁocu1ation; all the vaccinated pigs and the positive
control pigs were challenged by iﬁtranasal instillation with a Tow passdge

(passage 21) M. hyopneumoniae fluid culture. The cha11engé inoculum had a

growth 1nitiating titer of 10'7. Challenge inoculations were administered
on three consecutive days. Blood was collected from the pigs each week

and the serums were tested for antibodies against M. hyopneumoniae. Four

weeks after the challenge all pigs were necropsied. Lung specimens were

collected for histological examination.

Experiment IIl
This trial was designed to evaluate the cumulative effect of

M. hyopneumoniae vaccines administered by various routes in inducing

resistance of swine to challenge infection with the organism.

Twenty-four pneumonia-free (serologically negative) Pﬁgs consisting
of equal numbers of vaccinates and nonvaccinates were used in the trial,
The animals were housed in 3 isolation rooms, each room containing 4
vaccinates and 4 nonvaccinates, fandcm]y selected. Each of the vaccinates

was inoculated by the subcutaneous, footpad, intraperitoneal, and

+
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1ntratrachea1 routes.

The vaccines consisted of a 10% suspension of M hyopneumon1ae

antigen harvested from flask cultures. For the subcutaneous and footpad
immunizations, live vaccine containing equal volume of incomplete Freund's
adjuvant was used. Intraperitoneal inoculation was also made with a Tive
vaccine but no adjuvant was added. The vaccine for intratracheal inocula-
tion was heat-inactivated in a waterbath at SZOC_for 75 minutes; this
vaccine contained no adjuvant.

On the first day, each of the vaccinates in isolation units #3 and
#21 was given subcutaneous and footpad inoculations. One ml of the
adjuvant-containing vaccine was administered subcutaneously and 0.2 to
0.3m1 was administered into the footpad. Vaccinates in isolation unit #20
received only the subcutaneous inoculation. On the 5th day, 40 to 50mi
of mineral oil was administered intraperitoneally into each vaccinate.
The mineral oil was administered to cause an accumulation of immune-
responsive peritoneal macrophages. Six days after the administration of
the mineral oil, all the vaccinates were intraperitoneally vaccinated with
Iml of vaccine. One week after. the intraperitoneal immunization, the
second subcutaneous and footpad inoculations were made; this time, the
vaccinates in unit #20 also received the footpad 1njectiohs. After
another 7 days, all vaccinates were given an intratracheal inoculation of
0.5m1 of the heat-inactivated Qaccine per pig. Two weeks after the
intratracheal injection (six weeks after the first vaccination), all the
vaccinates and nonvaccinates were challenged intranasally with low passages

(passage 29 to 31) of M. hyopneumon1ae fluid culture. Challenge inocula-

tions were administered on 3 consecutive days. The challenge culture had
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5 6

growth initiating titers of 107" to 107°. Blood for serologic tests was
collected at regular intervals from the pigs. Since five weeks after the

challenge exposure to M. hyopneumoniae, none of the control animals had

reacted serofcgica11y to the challenge, all the pigs were challenged again.
Both pneuhonic'1ung suspension and the laboratory-maintained high passage
(p. 324) fluid culture were used in the second chalienge. The high passage
culture had a growth initiating titer of 1078, A1l the pigs were killed

three weeks after the second challenge and necropsy was performed.

Experiment IV
The vaccine used in this trial was a 10% suspension of concentrated

M. hyopneumoniae harvested from the flask culture. Three batches of the

vaccine were prepared from flask cultures which had growth initiating

titers of 10'7, 10'9, and ]0'9.

On the day of immunization, the vaccine was
heat—inactivated_at‘szoc for 30 minutes and incomplete Freund's adjuvant
- was added.

Twelve pneumonia-free pigs 12 to 14 weeks old were used. The pigs
were randomiy grouped into 7 vaccinates and 5 nonvaccinated controls.
The animals were housed in three isolation rooms: unit #8 housed 4
vaccinates; unit #7 contained 3 vaccinates and 1 nonvaccinate, and unit #3
housed the other 4 noﬁvaccinates. A1l the pigs were fed a pig grower
ration which was mixed and supplied by the Iowa Staté University Swine
Nutrition Farm. This fegd is known to contain no antibiotics. It was
necessary to use this special feed because the regular stock of commercial

swine feed at the Veterinary Medical Research Institute was suspected of

containing some type of M. hyopneumoniae inhibiting substance (see
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appropriate section below). ‘A1thqugh all the pigs had been on the
commercial VMRI. feed before they were selected for the experiment, they
were fed only the Swine Nutrition feed for the entire duration of the
trial. The vaccinates were immunized three times at one-week intervals;
Im1 of the vaccine was administered subcutaneously in the flank to each
pig. In addition to the subcutaneous injections, footpad:inoculatidhs
(0.2m1 per pig) were given to the 3 vaccinates in isolation unit #7. The
footpad booster injections were administered at the same time as the second
and third subcutaneous injections.

Two weeks after the third immunization, the vaccinates and non-
vaccinated controls were challenged by intranasal instillation of low

passage (passages 39 and 40) of M. hyopneumoniae fluid culture. Challenge

inoculations were administered on three consecutive days. -Blood was
collected weekly for serologic tests. Five weeks after challenge, all

pigs were necropsied.

Studies on the Virulence of the Challenge Organism

(M. hyopneumoniae)and the Effect of Age of the

Pigs on Susceptibility to Experimental Infection
The unsuccessful attempts to infect any of the 12 nonvaccinated |
control pigs in Immunization Ekperiment ITI and the failure to infect 3
pre-trial pigs by intranasal inoculations with broth cultures of

M. hyopneumonia (Tow and high passages) prompted the speculation that the

virulence or pathogenicity of the test organism might have been lost or
significantly reduced under the laboratory conditions. The fact that the

pigs were 6 to 8 months old at the time of challenge inoculations and
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that none of the pigs responded to challenge exposure with mycoplasmal
pneumonic lung: suspension raised the possibility that age resistance might
be responsible for the failure of the pigs to develop pneumonia. The
following experiment was then designed to determine the validity of either
or both of these possibilities.
A total of 12 mycoplasmal pneumonia-free pigs, consisting of 6 young

pigs (4 weeks o1d) and 6 old pigs (8 months and older) were used in the
trial. The young pigs were housed in two isolation units, each unit
éontaining 3 young pigs. The old pigs were similarly housed in two
separate isolation units, with 3 pigs.in each unit. The pigs were fed the
regular VMRI pig grower throughout the course of the experiment. Thrée

young pigs and 3 old pigs were inoculated intranasally with low Passage

broth culture of M. hyopneumoniae; 3 young pigs and 3 old pigs were
inoculated with high Passage broth culture. A

The following is a brief history of the Tow passage culture used as
inoculum:

A Tyophilized vial of 18th passage of M. hyopneumoniae which

had been stored at -20°C since December, 1965 was reconstituted
in May, 1971 and three more serial passages were made at 3-day
intervals. Thirty-six-hour broth cultures of passage 21 were
stored frozen at -20C. After the first 24 hours in the
freezer, one tube of the 21st passage had a growth initiating
“titer of 1077, In March, 1972 one tube of the frozen passage
21 was thawed and serial passages were made at 3 to 4-day
intervals. The 24th, 25th, and 26th passages were used in the

intranasal inoculation of the experimental pigs; these cultures
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had growth initiating titers.of 107%, 10™°, and 107°,
respectively.
The high Passage inoculum consisted of the 271st and 272nd

passages of broth cultures of M. hyopneumoniae which were

maintained in the laboratory and continually transferred at

+2 to 3-day intervals. The cultures had grthh initiating

titers of 1078 or greater.

The pigs were exposed intranasally with the respective cultures on
three consecutive days. Blood was collected weekly from all the pigs.

They were observed for 6 weeks and were then necropsied.

Effect of Swine Feed on Resistance to Infection
The continued Tack of success in efforts to infect pigs with broth

cultures of M. hybpneumoniae or with pneumonic lung suspension suggested

the possibility that the new supply of feed 'at the Veterinary Medical
Research Institute (VMRI) contained some kind of inhibiting'substance. Two

experiménts were designed to test the validity of this possibility.

Experiment I

Preparation of feed filtrate Approximately one-half of one pdund

(225gm) of the pelleted YMRI swine feed was blended in the presence of an
equal amount of distilled water. The resulting material was centrifuged

at 1,700 rpm (600 x G) for 20 minutes. The supernatant was passed through
Whatman #1 filter paper and sterilized through 0.45 Millipore filters. The
filtrate was designated VMRI Feed Filtrate. A small amount of the filtrate
was inoculated onto horse blood agaf plates and the p]atés wére incubated

for 24 hours at 37°C as a sterility check.
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Sensitivity tests Two types of sensitivity tests were performed

on Eagle's base medium agar plates. About 0.5m1 of a 2-day broth culture

of M. hyopneuméniae (high passage) was inoculated onto the plates. The

plates were carefully rotated to allow the culture to uniformly cover the

surface. Sterile, blank filter paper discs1

were soaked in the VMRI feed
filtrate. Aftgr ridding the discs of excess moisture, they were placed
on the inoculated plates. Two to 3 discs were placed on each plate.
Sterile, blank discs that weré not dipped in feed filtrate were placed on
a number of inoculated plates as controls.

For the other type of sensitivity test, 2ml of broth culture of

M. hyopneumoniae (high passage) was mixed with equal volume of the feed

filtrate. About 0.5m1 of the mixture was inoculated onto Eagle's base
medium agar plates. Plates inoculated with the culture alone were also
used as controls.

Both types of sensitivity tests were repeated, using the low passage

culture of M. hyopneumoniae. A1l inoculated plates were incubated in a

C0, incubator at 37°C. Plates were examined daily for 4 to 5 days with the
aid of a light microscope.

Comparison of VMRI feed and feed from Swine Nutrition Farm’ A

filtrate of the Swine Nutrition feed was prepared in the same manner as the
VMRI feed filtrate. The Swine Nutrition feed was known to contain no

antibiotics. The inhibition activity of the different feed filtrates was

Tpifeo Laboratories, Detroit; Michigan.

2Th1s feed was mixed and supplied by the Iowa State Un1vers1ty Swine
Nutrition Farm'by special arrangement.




65

compared by the disc sensi;ivity test, as described above.

Both filtrates were also compared by a tube-diiution technique.
Two-fold serial dilution of each filtrate was madé in glass tubes containing
Eagle's Ease medium. The dilutions of each filtrate were made in dupTi- ~
cates. One row of the tube-dilutions of each filtrate was inoculated

with 0.5m1 of M. hyopneumoniae culture. The second row of serial dilutions

of each filtrate served as uninoculated controls. All tubes were incubated

at 37°C. Inoculated tubes were checked daily for 7 days for growth of

M. hyopneumoniae, each inoculated dilution being comparéd with its
equivalent uninoculated control. -

Sensitivity tests of individual components of the swine feed

Attempts were made to determine if any one of the various components of
the feed accounted for the inhibition activity. The individual ingredients
used in compounding the VMRI commercial feed were not available. However,
the Swine Nutrition feed contained similar components as the VYMRI feed.
Therefore, filtrates of each of the following components of the Swine
Nutrition feed were prepared: ground corh, soybean meal, vitamin premix,
dicalcium phosphate, calcium carbonate, iodized salt, and trace mineral
premix. The disc sensitivity tests were perfonnéd with the filtrate

prepared from each feed component.

Experiment II

This trial was carried out to verify the effect of source of feed on

the response of pigs to infection with M. hyopneumoniae.

Eight pneumonia-free pigs, 4 weeks old, were housed in two isolation

units, each unit containing 4 randomly selected animals. Pigs in one unit




66

were fed the VMRI feed throughout the course of the experiment. The pigs

in the other unit were placed on the Swine Nutrition feed. Each of the
pigs was inoculated intranasally with mycoplasmal pneumonic lung suspension,
The pneumonic lung came from one of the infected nonvaccinated controls

(pig #7092) in Experiment IV. Mycoplasma hyopneumoniae was recovered from

this lung. No bacteria were detected. The pigs were exposed intranasally
on three consecutive days. Five weeks after exposure all the pigs were
necropsied.

In addition to the two experiments, samples of the pelleted VMRI feed
were sent to the Animal Sciénce Department, Iowa State Univerﬁity for
antibiotics assay.] Feed samples were also sent to the American Cyanamid

Company, and to the E1i Lilly Company for antibiotic assay.

]Antibiotic assay was done by Dr. M. H. Jurgens; Assoc. Prof. Animal
Science Department.
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RESULTS

Growth of M. hyopneumoniae

Liquid medium

The growth of M. hyopneumoniae in the .complete Eagle's base medium

was evidenced after 2 or 3-day incubation by an acid pH change and by an
increased turbidity to the medium. Slight sediment was produced which

formed a delicate SpifaT'when the incubated tube was' gently swirled.

Solid medium

Colonies formed by M. hyopneumoniae on Eagle's base medium agar

plates were not visible macroscopically but were visible at 100X magnifica-
.tion of the compound 1ight microscope. The colonies had a tendency to
grow into the agar, making it necessary to focus slightly lower than normal

to see them. M. hyopneumoniae colonies Tacked the "fried egg" or "film

and spot" appearance characteristic of other swine mycoplasma. Typical
colonies were translucent, coarsely granular, and 0.01 to 0.05mm (10 to
50u) in size. Early colonies (2 to 3 days growth) were round and slightly
raised with uniform borders; occasionally young colonies with irregular
borders were observed. By the 4th to 8th day of incubation, the colonies

became larger, less  translucent, more granular, and irregular in shape.

Immunization Trials

Experiment I: Vaccination of pigs already infected with M. hyopneumoniae

The results of the serologic response of pigs naturally infected and
then immunized and of the infected nonimmunized controls are summarized in .

Table 1. One of the vaccinates died about 20 minutes after receiving the



Table 1.

Complement-fixing antibodies?® against M. hyopneumoniae in pigs infected and then vaccinated
Weeks after first vaccination .
Pre- - : Pneumonia
~ Pig nos.  vaccination 1 2 3 4 5 6 7 8 9 score (%)
6100 8 32 128 256 512 2048 512 512 512 512 3
6102 16 16 128 256 512 1024 1024 1024 512 512 0b
6150 32 32 128 128 256 512 512 512 256 256 0
6162 64 128 128 128 256 256 128 128 64 64 Ob
Average 30 52 128 192 384 960 544 544 336 336
‘ Controls (infected but not vaccinated) .
61018 8 8 16 16 32 64 64 32 16 32 0
61016 - 8 . 8 16 32 64 32 32 16 32 32 3
6130 32 128 128 512 512 512 256 256 256 128 6b
6161 32 64 64 128 64 64 32 32 32 32 0
6154 128 64 64 64 32 64 32 64 64 68 P
Average 52 54 58 150 141 147 84 80 80 58

3CF titers are expressed as the reciprocal of the highest serum dilution in which 70% or more of
the RBC remained intact. '

bScars in the lung.

. 89
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second inoculation; the animal probably died of shock as no gross pathology
was observed at necropsy. Both the infected vaccinates and infected
nonvaccinated controls remained serologically positive throughout the
duration of the trial. 'However, the vaccinates maintained higher levels
of CF antibody than did the nonvaccinates. Although the vaccinates had
sTightly lower pre-vaccination average titers than the controls, the post-
vaccination average titers of the vaccinates were higher than those of the
controls (Figure 1). The vaccinates attained maximal antibody level,
ranging from 256 to 2048, during the fifth week‘after primary immunization.
One of the 4 infected vaccinates (pig #6100) had gross pneumonic
lesions (3%), whereas 3 of the 5 infected nonvaccinates had gross lung
lesions, ranging in extent from 3 to 6% of the total lung. Two of the 3
vaccinates without grdss lesions, and 2 of the controls with lesions had
scars in the lungs which probably indicated healing. Although pig #6100
had a CF antibody titer as high as 2048 in the 5th week, it was the only
vaccinate that had gross lesions at necropsy. Similarly, pig #6130, which
maintained the highest titer among the controls, had the highest pneumonic

score (6%).

Experiment II

A summary of the CF antibody titers of pigs vaccinated with either the ' °

flask-antigen or the lung-antigen and the response of the pigs to challenge
inoculation is presented in Table 2. All 4 negative controls
(nonvaccinated and noninfected) remained serologically negative and were
pneumonia-free at necropsy. Three of the 4 positive controls

(nonvaccinated but infected) became serologically positive following the
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Table 2.

CF antibody titers? and response to challenge exposure in pigs vaccinated subcutaenously
with flask-antigen or lung-antigen ’

Weeks after first vaccination

Pig " Pre- 1 2 3 4 5 7 11 Pneumonia Microscopic
Treatment nos. vaccination (challenge) (necropsy) score (%) lesions
Flask- 64508 <8 <8 64 256 512 2048 512 64 0 Negative
antigen 6421B <8 <8 128 512 512 1024 = 512 64 3 Positive
64208 <8 <8 64 256 256 5l12- 512 32 0 Negative
- 6422G <8 <8 128 256 256 256 128 16 0 Negative
Total = 1/4
Lung- 64518 <8 <8 <8 <8 <8 <8 <8 <8 0 Positive
antigen 64506 <8 <8 <8 <8 <8 <8 <8 <8 0 Positive
64528 <8 <8 <8 <8 <8 <8 <8 <8 0 Negative
64548 <8 <8 <8 <8 <8 <8 <8 <8 4 Positive
Total = 3/4
Positive 6460B . <8 <8 <8 <8 <8 <8 <8 <8 0 Negative
control 6455B <8 <B <8 <8 <8 <8 <8 32 3 Positive
6453G <8 <8 <8 <8 <8 <8 <8 64 3 Positive
64618 <8 <8 <8 <8 <8 <8 <8 16 2 Positive
Total = 3/4
Negativeb
control

ACF titers are expressed as the reciprocal of the highest serum dilution in which 70% or more of
RBC remained intact.

bary
necropsy.

the 4 negative control pigs remained serologically negative and all were pneumonia-free at

LL
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challenge inoculations and all 3 had gross pneumonic lesions at necropsy.
The lesions were frequently confined to the apicél, cardiac (Figufe 2) and
the intermediate lobes, and appeared as purple to grey colored areas
clearly demarcated from the normal lung tissues. Microscopically, the
leéions were characterized by peribronchidlar and perivascular lymphoid
hyperpiasia, alveolar interstitial thickening, and alveolar and bronchiolar.
exudation of septal cells, lymphocytes and neutrophils (Figures 4, 5, 6).

No complement-fixing antibodies against M. hyopneumoni ae were detected

in the serums of pigs vaccinated with the lung-antigen, and all 4 pigs
remained serologically negative after the intraﬁasa] challenge inoculation.
One of these 4 lung-antigen vaccinates had gross pneumonic 1esions’and two
vaccinates without gross lesions had microscopic lesions of myﬁop]asma1
pneumonia (Figure.7).

Antibodies were not detected in the flask-antigen vaccinates until
two weeks after the primary vaccination. The CF antibodies‘of these
vaccinates at the time of challenge inoculation ranged from 128 to 512.

One of the 4 flask-antigen vaccinates had gross lesions of pneumonia.

Experiment III

The complement-fixing antibody titers produced in pigs immunized by
the subcutaneous, footpad, intraperitoneal, and intratracheal routes are
shown in Table 3. Three weeks after primary immunization, the antibody
titers 0% vaccinate§ in isolation units #3 and #21 which received both the
subcutaneous and.footpad inoculations, ranged from 128 to 2048. These
vaccinates maintained high CF titers at the time of the challenge inocula-

tions (6th and 11th week). On the other hand, the vaccinates in unit #20




Figure 2.

Gross pneumonic lesion from. a pig infected intranasally with
broth culture of Mycoplasma hyopneumoniae. Arrow points at
clearly demarcated grey colored area in the cardiac lobe of
the Tung '
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Figure 3. Lung from uninoculated control pig. Note absence of lesions.
Hematoxylin and eosin stain. X100

Figure 4. Peribronchiolar and perivascular lymphoid hyperplasia, alveolar
interstitial thickening, and septal cell proliferation. Lesions
from control (nonvaccinated) pig inoculated intranasally with
M. hyOpneumon1ae broth culture. Hematoxylin and eosin stain.
X100
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Figure 5.

Figure 6.

Peribronchiolar lymphoid hyperplasia and bronchiolar exudation

~ of 1ymph01d cells and neutrophils. Lesion from nonvaccinated

contro1 pig inoculated with broth.culture of M. hyopneumoniae.
Hematoxylin and eosin stain. X430 -

Perivascular lymphoid hyperplasia. Note migration of lymphoid
cells from the lumen of the blood vessel. Lesion from a control
pig. inaculated with broth culture of M. hyopneumon1ae
Hematoxylin and eosin sta1n X430 .







Figure 7. Lymphoid hyperplasia and alveolar infiltration of Tymphoid
cells and neutrophils. Lesion from a pig vaccinated with
lung-antigen. Pig had no gross lesion. Hematoxylin and
eosin stain., X430 .

Figure 8. Lung from a pig challenged intranasally with M. hyopneumoniae

" fluid culture and pneumonic lung suspension. (Experiment #3].
Atelectasis. Note absence of peribronchiolar. lymphoid reaction.
Hematoxylin and eosin stain. X100
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Table 3. CF antibodies® against M. hyopneumoniae in pigs vaccinated by
the subcutaneous (s/c), footpad, intraperitoneal (i/p), and
intratracheal (i/tr) routes -

Weeks of trial

0 1 3 6 8 11 14
Pig s/c s/c 2nd
nos. footpad footpad challenge challenge necropsy

Vaccinates: Unit #3

Y6680B <8 1024 1024 2048 1024 512 >128
H6727B <8 128 256 1024 512 128 128
Y6770B <8 32 64 128 128 64 64
Y6760B <8 256 256 512 256 256

Vaccinates: Unit #21

H6723B <8 512 1024 1024 1024 1024 >128
Y6772B <8 1024 2048 2048 1024 256 >128
Y6774B <8 128 1024 1024 1024 512 >128
Y67646 <8 128 512 512 256 128 -

~ Vaccinates: Unit #Zob
Yo761B <8 <8 <8 <8 8 <8 <8

Y6675B <8 8 32 16 32 32 32

Y66818 <8 <8 32 32 32 <8 <8

H67266G <8 64 64 : 32 32 16 16
Nonvaccinates®

ACF titers are expressed as the reciprocal of the highest serum
dilution in which 70% or more of RBC were intact. '

bVaccinates did not receive the footpad inoculation on first day.

A11 12 nonvaccinates remained serologically negative after chalienge
inoculations.
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which were not given the footpad injection during the primary immunization,
had a titer range of 8 to 64 both at the 2nd and 3rd weeks; the footﬁad and
subcutaneous booster inoculations in the 3rd week did not cause any
increase in the titers. One of tﬁese vaccinates in unit #20 remained
serologically negativé after all the immunizations. No CF antibodies
titers were detected in the serums of the 12 nonvaccinated control pigé

after they were challenged several times with M. hyopneumoniae.

None of the 12 nonvaccinated controls and the 12 vaccinates. had any
macroscopic pneumonic lesions at necropsy. Except for occasional mild
atelectasis (Figure 8), the lungs of all the pigs were microsc0picaily

normal.

Experiment IV

The serologic titers of the vaccinates and their response to challenge
inoculations are presented in Table 4. Complement-fixing éntibodies were
not detected in pigs immqnized with the heat-inactivated vaccine until 2
weeks after the primary immunization. The 3 vaccinates in isolation unit
#7 which received footpad immunization in addition to the subcutaneous
injections had much higher antibody titers than any of the 4 vaccinates
that received only the subcutaneous inoculations. In the third week post-
vaccination the titers of the 3 vaccinates in unit #7 were 512, 1024, and
2048, while the other vaccinates had titers of 128 or 256. These three
vaccinates maintained the higher CF antibody titers througﬁout the duration
of the trial. Only one of the 5 nonvaccinated control pigs developed a
positive CF titer after the challenge inoculation.

Two of the 5 control pigs had gross lesions typical of mycoplasmal




Table 4. Sero]ogic titers® and response to challenge inoculation in pigs immunized with heat-
inactivated M. hyopneumoniae vaccine (Experiment IV)

. . . Gross
Weeks after first vacc1nat1oq pnéumoni a _
Isolation Pig Pre- b (Estimated) Microscopic
_unit nos. vaccination 1 2 3 4 5 6 7 (%) lesion
#7c Y7114G <8 <8 128 512 512 128 64 64 0 Negative
Y7111B <8 <8 128 1024 512 128 64 64 0 Negative
Y7131B <8 <8 512 2048 1024 512 <128 <128 0 Negative
#8 Y7112G <8 <8 128 128 64 64 16 16 0 Negative
: Y71308 <8 <8 32 256 256 64 16 16 0 Negative
Y7132G <8 <8 128 256 256 256 64 64 0 Negative
Y7131G <8 <8 128 256 256 64 32 32 0 Negative
#3 Y71336 <8 8 Nd mpd @ 8 <8 <8 4 Positive
(Nonvaccinates) Y7115G <8 <8 ND ND <8 <8 <8 <8 0 Mild
- - 1ymphoid
hyper-
e plasia
H71606G <8 <8 ND ND <8 <8 <8 <8 0 -0
H7160B " <8 <8 ND ND <B <8 <8 <8 0 0
8 Positive

H7092 <8 <8 ND ND <8 <8 16 32

3CF titers are expressed as the reciprocal of the highest serum dilution in which 70% or more of
RBC remained intact.

bPigs were challenged intranasally in the 4th week after primary vaccination.

Vacc1nates in_unit. #7 were given footpad inocutation on the 2nd and 3rd week in addition to the
~subcutaneous injections.

dNot done.

£8
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pneumonia (4% and 8%,_re5pective1y) at necropsy, whereas none of the 7
vaccinates showed any gross lesions. The characteristic histologic lesions
in one of the infected pigs (pig #7092) are illustrated in Figures 9 and 10.
One of the control pjgé without gross lesions had mild peribronchio]ar

lymphdid infiltration.

Statistical Analysis of Immunization Results
Chi-square was used for analysis of the results obtained in the
immunization trials. The results of this analysis are presented in

Table 5.

Table 5. Chi-square analysis of the results of immunization trials

Vaccinated Control
Type of pigs - pigs 2
Experiment vaccine infected infected X
1 Live vaccine 1/4 3/5 1.102 NS*
11 Heat-inactivated .
g /4 3/4
flask-antigen  6.95 NS
Live lung-antigen . 3/4 0/4
IV Heat-inactivated |
vaccine 0/7 2/5 5.51%*
Combined results of _
heat-inactivated /1 5/9 5.10%**

vaccine

*NS = not significant at p<.05 level,

**Significant at p<.05 level.



Figure 9. Lymphoid hyperplasia and alveolar infiltration of lymphoid
cells. and neutrophils.” Tissue from nonvaccinated control pig
inoculated with' M.” hyopneumoniae culture. Hematoxylin and
eosin stain. X430 ' ' ' . '

Figure 10. Peribronchiolar lymphoid hyperplasia and bronchiolar exudation
of lymphoid cells and neutrophils. Tissue from nonvaccinated
control pig inoculated with M. hyopneumoniae culture.
Hematoxylin and eosin stain. X430
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Influence of Passage Level on the Virulence of

M. hyopneumoniae and the Effect of Age of Pigs

on Susceptibility to Experimental Infection

No CF antibodies against M. hyopneumoniae were detected in the serums

of the 3 young pigs and the 3 old pigs exposed intranasally with high

passage culture of M. hyopneumoniae. Similarly, none of the 6 pigs

(3 young and 3 old) inoculated with the Tow passage culture of the
mycoplasma responded serologically.

No gross lesions of mycoplasma pneumonia were observed in the lungs
of any of the 12 pigs at necropsy. Histologic examination of the lungs

was not carried out.

Effect of Swine Feed on Development of Lesions from

Challenge Inoculation with M. hyopneumoniae

Experiment I
Sensitivity tests of VMRI feed filtrate Wide zones of growth

inhibition of M. hyopneumoniae were consistently observed in plates

containing the discs dipped in the VMRI feed filtrate. Under the 100X
magnification of the compound light microscope, inhibition zones were
observed to extend 0.5 to 1mm from the discs. Both the high passage and

the Tow passage broth cultures of M. hyopneumoniae were significantly

inhibited by the feed filtrate. No inhibition zones were observed around
control discs not dipped in the feed filtrate.

M. hyopneumoniae colonies did not develop on the plates inoculated

with a mixture of the feed filtrate and the mycoplasma culture except for a

few scattered colonies with distorted morphology which were observed in
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two such plates. Growth inhibition. occurred with both the high-passage
and Tow passage cultures. Abundant typical colonies were observed in
control plates inoculated with the mycop1asm§ culture only.

Comparison‘gi'VMRI Cohtract feed and Swine Nutrition feed The

results obtained in the comparisons of the two feed filtrates are
summarized in Table 6. Wide zones of inhibitibn (up to Tmm) were observed
around discs soaked iq the VMRI feed filtrate, whereas very narrow
inhibition zones (about 0.1mm) were seen around some of the discs dipped
in the Swine Nutrition feed filtrate. No growth inhibition of

M. hyopneumoniae occurred around control blank discs.

Typical M. hyopneumoniae colonies were observed in plates inoculated

with a mixture of Swine Nutrition feed filtrate and the mycoplasma culture.

No M. hyopneumoniae colonies were seen in plates inoculated with a mixture

of the VMRI feed filtrate and the broth culture.

In the tube-dilution test, no growth of M. hyopneumoniae occurred in

the 1:2 to 1:128 diIutions of the YMRI feed filtrate. Beyond the 1:128
dilution of the filtrate growth of the mycoplasma occurred. With the

Swine Nutrition feed filtrate, inhibition of M. hyopneumoniae growth

occurred only in the 1:2 and 1:4 dilutions.

Sensitivity tests of individual components of swine feed No growth

inhibition of M. hyopneumoniae was observed in the disc sensitivity tests

of filtrates prepared from the following Swine Nutrition feed components:
ground corn, soybean meal, vitamin premix, dicalcjum phosphate, calcium
carbonate, and iodized salt. However, narrow zones of inhibjtion (0.05 to

0.1mm) were observed around discs dippéd in the filtrate preparéd from the
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Table 6. Inhibition of growth of M. hyopneumoniae by swine feed f11trate

comparison of YMRI feed and feed from Swinhe Nutrition Farm

a.

Disc Sensitivity .Tests:

Swine Nutrition feed filtrate

VMRI feed filtrate undiluted undi1uted
Wide zone of growth 1nh1b1— Very narrow zone of inhibition
tion (0 2-0.5m)?2 (0.05mm)

Feed filtrate mixed with equal volume of M. hyopneumoniae broth
culture:

VMRI feed Swine Nutrition feed

No growth, i.e., no colonies Growth, i.e., typical colonies

formed formed

Tube dilutian test:
VMRI feed Swine Nutrition feed

1:2 No growth 1:2 No growth
1:4 1] n '1:4 1] 1
1:8 " " 1:8 Growth
1:16 " " 1:16 "
1:32 " " 1:32 "
1:64 " " 1:64 "
1:128 " " 1:128 "
1:256 Growth 1:256 "
1:512 1:512 "
1:1024 . 1

:1024 "

qEstimation of size of inhibition zone as seen with the 100X magnifi-

cation of compound 1ight microscope.

trace mineral premix. In the tube-dilution test, inhibition of mycoplasma

occurred in the 1:2 and 1:4 dilutions of the trace minerals premix

filtrate.
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Antibiotic assay

Thé result of the antibiotic assay of the VMRI swine feed indicated
that the feed sample was negative for tyiocjne and tetracyc1ine.] The
American Cyanémid Company gave the following report on the éntibiotic
assay of a sample of the VMRI contract feed: "The sample appeared to
contain a small amount of crystalline chlortetracycline when examined
microscopically. Upon assay, the samplie was found to conta1n less than
1:3gm of chlortetracyc]1ne act1v1ty per ton of feed w2 E1i Li1ly Company

reported that the feed sample was negative'for-ty1ocine.3

' Exger1ment II
A1l 4 pigs fed the Swine Nutrition feed and 3 of the 4 pigs on the.

VMRI contract feed responded serologically to the intranasal inoculation of
mycoplasmal pneumonic lung suspension. Complement-fixing antibodies

against M. hyopneumoniae were detected in the 7 pigs two weeks after the

intranasal exposure.

At necropsy, all 4 pigs receiving the Swine Nutrition feed had
extensive gross lesions of mycop]asmai pneumonia. One of these bigs had.
gross pneumonia score of 15%, anothér had a -score of 15% and two had 20%

of the lung pneumonic. The lesions were characterized microscopically by

]Dr. M. Jurgens, Animal Sci. Dept., ISU, Ames, Ia. Personal
comnunications. 1972. o

2Par't of a personal letter to Dr. W, P. Switzer from Dr Robert G.
Eggert, American Cyanam1d Company, New Jersey.

Pau] Gorham, E1i Lilly Company, Greenfie1d, Indiana. Personal
communication. '
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severe peribml?ichio'lar and perivascular lymphoid hyperplasia, alveolar
interstitial tﬁlickeni_ng, septal cell proliferation and neutrophil.infiltra-
tion (Figures ?1 and 12}, Two of the 4 pigs fed the VMRI contract feed
had gross 1Ungi1e5'ions,; the pneumonic scores were 3% and 4%, respectively.
One of Sero]_ogjcany positive pigs showed no, gross Tesions, but micro-

scopically the!lung had mild Tymphoid cell infiltration.



Figure 11, Severe peribronchiolar and perivascular lymphoid hyperplasia,
alveolar interstitial thickening, septal cell proliferation
and bronchiolar exudation of lymphoid ¢ells and neutrophils.
Note hyperplastic nodular formation. Les1ons from a pig
inoculated with lung suspension containing M. hyopneumon1ae.
Hematoxy11n and eosin stain. X100

Figure 12. Peribronchiolar lymphoid hyperplasia and bronchiolar exudation
of’ lymphoid ‘cells and neutrophils. Lesion from a pig
inoculated with Tung suspension containing M. byppneumon1ae.
Hematoxylin and eosin stain. X430
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DISCUSSION

Recent research by independent groups of investigators has established
that the etio]@gic agent of chronic pneumonia vafiously called "Infections
Pneumonia of Pigs", "Swine Enzootic Pneumdnia", and "Virus Pneumonia of
Pigs" is a mycoplasma. The causative mycoplasma has been characterized

and named M. hyopneumoniae (Maré and Switzer, 1965). The preferfed name

of this disease is mycoplasmal pneumonia of swine.

Mycoplasmal pneumonia of swine.pfobab1y Hés worldwide distribution,
as indicated by the reports cited in the 1itérature review. The chronic
pneumonia has been described as probably the world's mos t économica11y )
important single disease of swine (Switzer, 1970) because of its widespread
~geographical distribution and the enormous economic joss-it caﬁses the
world's swine industry. In England and United States, the‘annual economic
loss due to swine mycoplasmal pneumonia has been estimated in hundreds of
miilions of dollars (Betts, 1956; Young, 1956; Goodwin, 1963; Switzer,
1970). This great economic loss is caused, not by any significant
mortaIity:rateé but by the chroﬁicity of the disease, high herd morbidity,
loss of vigor;fstunted growth and decreaséd'féed efficiency produced in
affected animals. —

On account of the highly infectious nature of mycop1a$ﬁa1 pneumonia of
swine, much of the efforts in its control have been directed at measures
which break the cycle of infection. However, such measures as isolation
and contro]]ed:rearing of the breeding stock or depopulation of infected
herd and rep0p01at10n with surgically derived specific pathogen-free (SPF)

pigs have proved'Cumbersome; expensive and not totally relidble. ,Simi1ar1y,
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chemotherapy a?d chemoprohylaxis are at present ineffective in the .control

of the‘disease; While chiortetracycline may prevent the development of

lesions in pigé infected with M. hyopneumoniae, ft does not eliminate the
organism from ?ﬁe 1uﬁgs nor doeﬁ it prevent transmission of the organism
to in-contact pigs (Huhn, 1963). These problems and the increasing
economic effects of the djsease in the swine industry have created the
need for investigations of immunization as an alternative or complementary
control measure. There are indications that some 1nmdnity is induced in
swine which have recovered from natural or experimental infection of
mycoplasmal pnéumonia (Lanhek'and Bornfors, 1957; Goodwin g;_gl;, 1969a).
These suggest encouraging prospects for vaccination as a feasible
immunoprophylactic measure.

The objective of the present study was- to evaluate the ability of

M. hyopneumoniae vaccines to promote recovery in infected pigs by enhancing

the elimination of lesions, and to provide protective immunity in
susceptible swjne. Such an immunizatjon study required the production of
adequate quantities of the mycoplasm antigen and the application of é
serodiagnostic technique that is:relatively simple,” economical; “reliable,
and specific.

§uccessfu1 cultivation of M. hyopneumoniae in cell-free medium made

feasible the production of sufficient amounts of the antigen. Gentle
shaking of thchulture flasks during incubation was found to be a critical
factor. Stationary incubation of the flasks resulted in low yield of
packed cells. Shaking the flasks at a speed greater than 10 to 15
'bsc111ations per minute caused an increased precipitation of medium

proteins. It is not certain why shaking the culture flasks resulted in
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higher ahtigen yield. It has been suggested that shaking caused an

" increased aeration of the culture and hence an increased groﬁth-of the

| mycoplasma (Slavik, 1971).

A modified m{crotitration,comp]ement fixation test (Slavik and

. Switzer, 1972) was employed 1in détermining the serologic response of swihe

to experimental infection with M. hyopneumoniae and to paréntera] immuniza-

tion with vaccines. The CF test was modified by heating the test serums
at 56°C for 30 minutes in order to destroy the natural hemolysins to sheep
RBC which are present in swine serum. The sensitivity of the test was also
incfe#sed Ey reconstituting the commercial lyophilized guinea-pig Eomple-
ment with unheated serum from young normal pigs. This modification
provided "enhancement" of the guinea-pig complement before its titer was
determined; it also restored the complement-binding activity of the heat-
inactivated test serums. It is believed that the normal swine serum : "
supplied C'3 component to the guinea-pig coﬁp1ement, which has C'3 as the ‘
limiting factor (Bankowski et al., 1953; Slavik, 1971). -

Heating the mycoplasma antigen at 52°C to 54°C for 30 minutes béfore
its titer was determined yielded an antigen with a high CF'activity'and a '
low level of anti-complementary activity. Slavik {1971) has suggested that
heat-treatment "cleaned" the mycoplasma by removing metabo]ic.wastes and
medium constituents coating the orgénism and thereby revealed more specific
antigenic determinants on the cell membrane.

The specificity of the modified CF test had been eva]ﬁated by testing

M. hyopneumoniae, M. hyorhinis, and M. hyosynoviae antigens against the

heterologous and homologous antiserums. No cross-reactions were demon-

strated among these agents of swine mycoplasmal infections. ‘However,
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nonspecific reactions with other swine pneumonia.agenfs had not been
adequately evaluated. Evaluation of the accuracy of the modified CF test
indicated that it is capable of detecting 85% or more of pigs with gross
lesions of mycoplasmal pneumonia (Switzer, 1972). In the present study,
all the serologic diagnoses were suppiemented with gross and microscopic
éxamination of the lungs and. in some cases, by the isolation of the
mycoplasma.

In the first immunization experiment, antibodies against

M. hyopneumoniae were detectable in all the pigs thrqughout the course of

the trial. At necropsy, however, one of the pigs naturally infected and
then immunized and 2 contro1s (natura11y infected but not %mmuﬁized) had no
gross lesions of mycoplasmal pneumonia and no scars in the lungs. The most
likely explanation is that these infected pigs had completely recovered
from the disease but still had detectable circulating antibodies. The
infected and then immunized pigs maintained a higher'average.ant%body titer
than the infected nonvaccinates (Figure 2). Since only 1 of 4 infected |
vaccinates -had gross lesions, whereas there were 3 of 5 infected non-
vaccinates with lesions, it appeared that vaccination may-have influenced
recovery. However, statistical analysis of the results indicated that
vaccination had no significant effect in curing the infected animals. Thus,

while parenteral immunization of pigs already infected with M. hyophéumoniae

caused an eTevation‘of complement-fixing antibodies, it did not signifi-
cantly enhance the elimination or resolution of established lesions. There
was no correlation between the level of CF ﬁntibody and the estimated
percentage of gross pneumqnia. Although pig #6100-had a CF titer of 2048

in the 5th week, it was the only infected vaccinate that had gross
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pneumonic lesions at necropsy. Similarly, pig #61301whi¢h maintained the
highest CF titer among the infected nonvaccinates had the highest estimated

pneumonic score (6%). Lam (1970) has reported that intramuscular immuniza-

tion of pigs already infected with' M. hyopneumoniae resulted in more
extensive microscopic lesions. Mdre severe 1ymphoid'hyperp1asfa, alveolar
lymphoid infiltration, and hyperplastic nodular formations were observed
in fhe lungs of infected vaccinates than were seen in lungs of infected
control animals. Microscopic examinations of ‘the Tungs were not made in
this trial so the histopathologic effects of subcutaneous vaccination of
the infected pigs was not evaluated. '

In the second immunfzation trial, two typestof"vaccines were evaluated

for their ability to provide protective immunity against M. hyqbneumoniae

infection. The lung-antigen consisted of a 10% concentration of frozen
mycoplasmal pneumonic Tung suspension. The second vaccine was prepared
from a 10% suspension of mycoplasma harvested from.flask cultures; the
flask-antigen was heat-inactivated and contained incompTete Freund's

adjuvant. No CF antibodies against M. hyopneumoniae were detected in the

serums of pigs vaccinated with the lung-antigen. The Tung had been
obtained originally from a pig that had gross and microscopic 1esions..
typical of mycoplasmal pneumonia. Vials of the same batch of the frozen
pneumonic lung had been used in previous experimeﬁts to induce mycoplasmal
pneumonia. All" these suggested that the pneumonic Tung contained viable
mycoplasma. The reason for the poor antigenicity of the lung material is,
therefore, not clear and .whether some type of antibodies not detectable by
the CF test were induced is not known. The lung-antigen fafled to protect

the immunized pigs because 3 of the 4 vaccinates had lesions typical of
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mycoplasmal pneumonia.

Among the pigé“vachinated with the heat-inactivated, adjuvant-
'containing flask-antigen, CF antibodies were not detected until 2 weeks
after the-primahy-inocu1étion. Since blood samples were collected at
7-day intervals, it is probable that antibodies could have beeﬁ‘detected
sometime between the first and second weeks post-vaccination. At the
time of challenge inoculation, the CF titers of the flask-antigen
vaccinates ranged from 128 to 512. Only one of these 4 vaccinates had
gross lesions at necropsy; however, chi-square analysis of the data showed
that the subcutaheousaimmunizatibns with the f1ask-ant{gen did not
significantly protect the pigs.

CF antibodies were detected in 3 of 4 positive control challenged

 intranasally with M. hyopneumoniae; all three zero-positive pigs had

pneumonic lungs at necropsy. The remaining positive control was serologi-
cally negative and had no pneumonic lesions. Simi1ar1y,‘a11 4 negative
controls remained serologically negative and all.were pneumonia-free at
necropsy.

The third -immunization trial was designed to evaluate the cumulative

effect of M. hyopneumoniae vaccines administered by different routes in

e]iciting resistance to challenge infection. Each vaccinate was immuni zed
by the subcutaneous, footpad, peritoneal, and the intratracheal routes.
The subcutanecus and footpad.vaccinations were given to induce circulating
serum antibodies; the intraperitoneal vaccination given after the admin- .
istration of mineral oil was designed to "prime" the immune--responsive
peritoneal macrophages which are actively functional in cell-mediated

immunity; and-the intranasal-inmunization with inactivated M.-hyopneumoniae
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antigen was made with the hope of eliciting some local immunity (humoral
or cellular). The reasoning was that if the mycoplasmal antigen was
actua]Ty capable of producing significant protection, then the synérgistic
or cumu]ative action of humoral antibodies and local or cellular fmmunity
elicited by the different foufes of vaccination shou1d-gffect such a_
protection. If protection was achieved, then it would be possible by a
process of selective elimination in ;ubsequent trials, to find which
vaccine and route of administration are best capable of inducing re;istance
to mycoplasmal pneumonia. .
Vaccinates which received both thé subcutaneous and footpad injections
on the first day of immunization maintained much higher antibody titer
than did those vaccinates ‘thdat received only the subcutaneous inoculations.
It was 1mpossiblé, however, to interpret the results of this trial
and to eﬁa]uate the protective effect of the vaccines because none of the

12 nonvaccinated control pigs could be infected with challenge inoculation

of M. hyopneumoniae. It was not evident why the pigs cou]d not be infected
when cha]]engéd with both the broth culture of the org&nism and the
pneumonic lung suspension. But, as a result of it, other experiments were
performed to evaluate the virulence and pathogenjcity'of the test organism
and to determine the effecf of age of the pigs on susceptibi1if& to
infection. |

In the fourth immunization trial the pigs were vaccinated with heat-
inactivated, adjuvant-containing 10% suspension of the harvested mycoplasma
antigen. As was obserﬁed in the third experiment, vaccinates which
received footpad inoculations in addition to the subcutaneous inoculations

developed significant]y higher levels of CF antibodies than did those -
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vaccinates that received only the subcutaneoug vaccination. It is not
certain why footpad inoculation, given either during the primary immuni za-
tion or as a booster injectiop, caused the production of higher levels of
ciréu1ating antibodies. One expTanation is that the footpad contains a
rich Tayer of adipose tissue. fhe antigen is entrapped in the fat depot
énd is retained for a longer period of time. The pressure created when an
animal steps on'its-footpads provides a “pumping action" which releases
only a small amount of the antigen at a time. The prolonged retention of
the antigen and its constant but gradual release to antibody-forming sites
may result in a more prolonged production of antibody and a higher level of
circulating antibody. When adjuvant-containing antigen is administéred |
subcutaneously, a granuloma s formed at the inoculation site. It is
probable that antigen is retaihéd much longer in the footpad than in the
granuloma, thereby causing antibody formation over a more extended period .
of timeh"

Two of the 5 nonvaccinated controls had gross pneumonic lesions and
one other control pig had a mild lymphoid reaction when the lung was
examinéd microscopically. All 7 vaccinates were protected from the -

challenge infection. The protection conferred by the heat-inactivated

M. hyopneumoniae‘vaccine was statistically significant. A1l 3 Vaccinates:
which received both subcutaneous and footpad inocu]étions as well as all

4 vaccinates given only the subcutaneous injections were protected. It is
.not known, therefore, if footpad inoculation, which results in higher CF
antibody level, also conferred greater protection. Further investigation
of the protective value of vaccines administered by the footpad route

should be carried out.
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When the results of immunization Experiments #2 and #4 are pooled, it
is noted that only 1 of N pigs vaccihated.with the antigen harvested
from flask cultures had pneumonic lesions at necropsy. On the other hand,
5 of 9 nonvaccinates developed lesions typical of mycoplasmal pneumonia.
" Statistical analysis of these data confirmed that the heat-inactivated,
adjuvant-containing vaccine administered by subcutaneous or footpad route
conferred significant protection. At the time of cha11enge inoculations,
all the vaccinates that were protected had CF titers ranging from 256 to
1024. Only pig #6421 (Experiment #2) with a CF titer of 512 had pneumonic
lungs. These findings suggested there is correlation between vaccine-
induced circulating antibody titers and protective immunity, or that serum
antibodies are capable of indﬁcing resistance to challenge infection.
Goodwin et al. (196%b) have reported that intramuscular vaccination with
formalin-inactivated mycoplasma antigen provided 1ittle or no p}otective
immunity to mycoplésma] pneumonia, and that any~immuhi;y prodUced d{d not
correlate with CF serum titers. It is probable that the contrasting
results reflect differénces in the mode of inactivation of the mycoplasma
antigen and the route of immunization. It.is Tikely that heat-treatment is
more effective than formalinizaiion in removing nonspecific medium
constituents from the antigen surface and in revealing the ﬁore specific
antigenic determinants on the cell membrane. Lam and Switzer (1971b) have

shown that formalinized M. hyopneumoniae vaccine inocuTated intranasally -

was ineffective in inducing protective immunity. These workers reported

that when the M. hyopneumoniae antigen was extracted with ether or was

lysed with 2% sodium lauryl sulfate (SLS) and then injected intramuscularly

with adjuvant, significant protection was conferred in vaccinated animals.
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They also found that passive transfer of serums from the hyperimmunized
pigs conferred protection to the passively immunizgd pigs. These findings
suggested that the protective immunity was mediated by circulating serum
antibodies. The probability of such an immune mechanism is supported by
the results obtained in the present study. These preliminary findings
indicate that, as with contagious bovine pleuropneumonia and chronic
respiratory disease of poultry, mycoplasmal pneumonia of swine may be
controlled by parenteral immunization with vaccines.

The failure to infect any of the 12 control pigs (Experjment #3) with

both Tow passage and high passage cultures of M. hyopneumoniae prompted

the speculation that the virulence of the test organism had been signifi-
cantly reduced or totally lost under laboratory conditions. The fact that
the experimental pigs were 6 to 8 months old at the time of challenge
exposure and that none of the pigs could be infected with pneumonic Tung
suspension raised another possibility. Namely that the pigs had become too
old to be infected. It was considered probable that pigs ﬁhiﬁh are 6
months or older become more resistant to infection. An experiment was
carried out to test the virulence of the broth cultures and the effect of
age on susceptibility to mycoplasma infection. |

None of the young pigs (4 weeks old) and the old pigs (8 months and
older) was infected with the low passage culture; similarly, the high
passage failed to infect any of the young and old pigs inoculated intra-
nasally. These findings suggested that the age of the pigs could not
account for their failure to develop pneumonia. This view is supported by
the successful experimental infection of old pigs in a subsequent immuniza-

tion trial (Experiment #4).
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The ]aboratony-maintained culture of M. hyopneumoriiae had maintained

growth initiating titer of 10'7_or more. It seemed 1ikely that the
mycoplasma was still éapab]e of producing disease in the natural host
system, although it is probable that growth initiating titer is not an
appropriate measure of virulence or pathogenicity. The broth culture had
been used in previous experiments to elicit typical mycoplasmal pneumonia
lesions. More significantly, when the experimental pigs were fed the Swine
Nutrition feed instead of the VMRI contract feed, the broth culture was
used successfully to infect the pigs (Experiment #4). These findings
indicate that some factor other than the virulence of ‘the test organism
was responsib1e-for the failure to infect the pigs. Since only 2 of the 5
contro]l pigs were infected with the broth culture, the possibility remains
that the pathogenicity of the mycop1asmé had been altered somewhat by
laboratory propagation.

Sensitivity tests of the VMRI feed supplied on the most recent contract
bid revealed that the feed was inhibitory to EL hyopneumoniae. The growth

of the mycoplasma was consistently inhibited by the feed filtrate both in
the solid medium and in fluid medium. A comparison of the VMRI swine feed
and the feed supplied by the Iowa State University Swine Nutrition Farm

showed that in dilutions up to 1:128 the YMRI feed filtrate inhibited the

growth of M. hyopneumoniae. On the other hand, inhibition of the qrgaﬁism
occurred only in the 1:2 and 1:4 dilutions of the Swine Nutrition feed
filtrate. There was a significant difference in the inhibition caused by
the two feed filtrates. .

Sensitivity tests of fhe individual components of the Swine Nutrition

feed were performed and only the Trace minerals premix component was
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inhibitory to M. hyopneumoniae. The Trace minerals premix inhibited the

organism at the same dilution level as the compiete Swine Nutrition mix;
it is probable, therefore, that the Trace mineral component accounted for
the sTight inhibition produced by the Swine Nutrition feed. Since the

VMRI feed and Swine Nutrition feed contained essentially the same amount of
trace minerals at almost exact concentrations, the trace minerals in the
VMRI feed could not account for the high degree of inhibition produced by
the VMRI feed.

In vivo comparison of the effects of the two feeds was done. All 4
pigs which were fed the Swine Nutrition feed developed extensive lesions of
mycoplasmal pneumonia following intranasal instillation of pneumonic lung
suspension. The estimated pneumonic scores wefe 15% to 20%. In contrast, -
only 2 of 4 pigs which were fed the VMRI feed developed lesions and the
pneumonic scores were 3% and 4%. The results obtained from these experi-
ments indicated that the VMRIIfeed contained some water-soluble substance

which had an inhibitory effect on M. hyopneumoniae. The nature of the

inhibiting substance is not known and it is not certain if the material is
a feed additive or a naturally occurring inhibitor. Antibiotic assays of
the feed showed only an insignificant level of the antibiotic chlortetra-

~cycline which is known to inhibit the growth of M. hyopneumoniae. It is

possible, though unlikely, that the inhibitor is some other type of feed
additive antibiotic. The contract for the VMRI ration specifies that under
no conditions is such to be included in the feed. It has been suggestedI

that the inhibitor is a naturally produced by-product of contaminant mold.

]$witzer,'w.‘P. Veterinary Medical Research Institute, Personal
communication.
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The source of such a mold could be commercially shpp]ied corn or soybean
meal which had becomefﬁo1dy before it was incorporated into the swine
feed.

It seems premature to speculate on the significance or nonsignificance
of the inhibﬁting substance. Further investigations are suggested to
verify the inhibition activity'and to determine the nature of the
inhibitor. It is quite possible that inhibition reported here is of no
real significance, and that analysis of future feed'supp1ies may not
reveal any more activity. If mycoplasmal inhibition is consistently

‘observed, as the results obtained in the present study indicate, it will
be important to attempt an identification and characterization of the
inhibitor. The inhibitor may have potential in the control of swine
mycoplasmal pneumonia either as a feed additive or a medication. In any
case, the results experienced in the current study point out the desir-
ability of pretesting any feed supply used in future pig transmission

trials before the trial is undertaken.
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SUMMARY

Heat-inactivated Mycoplasma hyopneumoniae vaccine mixed with

1ncompﬁete Freund's adjuvant was evaluated for its ability to prevent
mycoplasmal pneumonia of swine. The protective effect of a. live vaccine
prepared from mycoplasma pneumonic lung suspension was also evaluated.
Efficacy of the vaccines was tested by intranasal challenge inoculation of

immunized pigs with either M. hyopneumoniae broth culture or pneumonic

lung suspension. The serologic response of the pigs to immunization and
the challenge infectioﬁ was determined by a modffied'microtitration‘
complement-fixation {CF) test.

The heat-inactivated vaccine injected by the subcutaneous and footpad
routes protected 10 of 11 pigs from pneumonia. A1l vaccinated animals
developed high CF antibody titers. Five of 9 nonvaccinated control pigs
were infected by the challenge exposure. The pneumoni¢-lung vaccine failed
to elicit serologic response or to induce-resistance to mycoplasmal
pneumonja.

The aﬁility of a Tive vaccine to produce recovery of pigs already
infected with mycoplasmal pneumonia was evaluated. This vaccine did not "
significantly promote recovery, despite the elevation of CF antibodies
beyond the level elicited by natural infection.

The results suggested that, while CF circulating antibodies induced
by vaccination were associated with protective immunity, they were unable
to enhance the elimination of established lesions.

An attempt was made to evaluate the cumulative effect of

M. hyopneumoniae vaccines administered by the subcutaneous, footpad,



107

intraperitoneal, and intratracheal routes to prbduae resistance to
infection. The results of the trial could not be iﬁterpreted because of
the failure to infect any of the control pigs by intranasal challenge
inoculations of broth cultures and pneumonic lung suspension. The
, virulence of the mycoplasma was then tested and the effect of age of the
experimental pigs on susceptibility was also studied.

Filtrates prepared from the supply of Veterinary Medical Research

Institute (VMRI) swine feed used in this trial were tested in vitro and

were found to cause consistent inhibition of growth of M. hyopneumoniae.

The feed was compared with feed supplied by the Iowa State Unfvefsity Swine
Nutrition Farm. A1l 4 pigs receiving the Swine Nutrition-feed developed
extensive mycop]asmal'lesions, following intranasal inoculation of |
pﬁeumonic lung suspension; pneumonia Tesions were estimated to be 15% to
20% of total lung. Only 2 of 4 pigs receiving the VMRI feed developed
pneumonic lesjons estimated to be 3% and 4% of the total lung. This points
out the need to pretest feed used in mycoplasmal pneumonia of swine

transmission trials.
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