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CHAPTER I. INTRODUCTION

Mycoplasmal Pneumonia of Swine (MPS) or Enzootic
Pneumonia (EPP) is a chronic pneumonia characterized by a
nonproductive cough; high morbidity and low mortality. Myco-

plasma hyopneumoniae, syn. Mycoplasma suipneumoniae, was

shown to be the etiologicaliagent of this respiratory syndrome .
(Méré and Switzer 1965, and Goodwin et al. 1965).

MPS has been reported in almost all major swine-producing
countries and it has been considered the most prevalent and
the most important respiratory disease of swine (Switzer and
Ross 1975 and Whittlestone 1979).

Economic loss results from a depression in growth rates
and reduction in feed/gain ratio. 1In some infected herds,
-feednconversion is reduced by as much as 20% (Whittlestone
1973).

- The incidence of MPS ranges from 45% to 75% among
slaughterhouse pigs (Switzer and Ross 1975 and Whittlestdne
1979). The herd incidence and severity of MPS is variable.

It depends upon the production system, concentration of pigs,
management, ventilation and other environmental factors
(Lindguist 1974).

Within clinically affected herds, the incidence of

enzootic pneumonia decreases progressively with increasing

age of the animals (Pullar 1948). Under experimental



conditions, it appears that inoculation of M. hyopneumoniae

induces MPS in swine of all ages but, results ocbtained in
attempts to produce MPS by exposure of susceptible pigs to
previously infected ones have been contradictory. In addi-
tion, uhpublished evidence obtained by Switzer and Ross
(1975) indicates that the peak of complement-fixing anti-
bodies among naturally-infected pigs was from 5 to 12 months
of age. Furthermore, investigation of naturally-occurring
MPS has indicated that the disease is rare in pigs less than
6 weeks of age. These observations may suggest that younger

pigs are relatively more resistant to M. hyopneumoniae than

older pigs.

MPS is thought to occur as a clinically evident disease
for several years within a herd; however, Keller (1976) has
suggested that‘undetecteq, subclinical, long-standing in-
fections may also exist. These subclinical animals . could
disseminate the disease within and among herds.

~ Aerosol and direct contact are the mechanisms by which
MPS is thought to be transmitted. On a herd basis, the
most important resérvoirs of the disease are infected sows
which transmit the agent to their suckling offspring.
These piglets, when mixed'with others from different litters,
spread the infection among them (Switzer and Ross 1975).

Most efforts for total control of MPS have focused on breaking



down this cycle of transmission. As a result, specific
pa£hogén free (SPF) and minimal disease hérds were estab-
lished. MPS free herds can be established by several

- mechanisms. Some of themlinclude utilization of stock from

. others already shown to be free of MPS, cross-suckling (onto
- MPS-free sows) of piglets removedd at birth from their in-
fécted motheré, artificial rearing of piglets obtained_by
surgical techniques, and artificial insemination of MPS-
free sows (Whittlesﬁone 1979). 1In general, the herds
established in this way have been monitored for the presence
or absence of clinical disease and by the lack of suggestive
MPS lung lesions at the abbattoir (Keller 1976). Breakdown
0f the MPS-free status has‘been a common problem in most. |
systems. 'The breakdown is thought to be due to carrier hosts,
fomites, airbofne infection or clinical expression of long-
term subclinical infections (Whittlestone 1979). As men-
tiéned.previously,.Keller (1976) presented evidence for the
existence of a subclinical condition, consequently, a goal

to be achieved is the identification of these M. hyopneumoniae

carriers.

Minimal disease hefds have been established by the
utilization of chemotherapeutic regimens and/or by the
elimination of infected animals.

The possible existence of age-susceptibility to

M. hyopneumoniae could bring a new approach to the maintenance



bf the minimal disease herds and to the c0ntroi of SPF status.
More economic and strategic chemotherapeutic measures could
be developed if there were an age-susceptibility to M. hyo-

pneumoniae. Furthermore, these susceptible pigs could be

utilized in monitoring the SPF-herd status. Vaccination

schemes, not yet available, could bhe bfought out in such
a way that maximum immunity could be induced in that
particular susceptible age.

As a-conséquence, the main objective of this work was
to determine if there is age-susceptibility to MPS. 1In
the present work, pigs of 3 different ages were placed in

contact with M. hyopneumoniae-infected pigs. The results

obtdined by morphological evaluation, detection of the agent
and serological response in these different age groups of
pigs revealed no differences thus negating the hypothesis of

age-susceptibility to M. hyopneumoniae.




CHAPTER II. LITERATURE REVIEW

Literature reviews on Enzootic or Mycoplasmal Pneumonia
of swine have been presented by Betts (1953), Maré and Switzer
(1965), Huhn (1970), Whittlestone (1973) and Switzer and
. Ross (1975). As a consequence, the present literature review
will concentrate on three aspects: Major steps in the
clinicopathological identification of Enzootic or Mycoplasmal

‘Pneumonia in swine and the identification characteristics of

Mycoplasma bepnéumoniae, its etiological agent; epidemio-

logy 'of Mycoplasmal Pneumonia, and; diagnosis of Mycoplasma

hyopneumoniae pneumonia.

Mycoplasmal Pneumonia of
Swine (MPS)
Shope (1931l) demonstrated that swine influenza was
caused by'the synergistic action of the swine influenza

virus and Haemophilus influenza suis. Furthermore, he noted

a sécond pneumonia characterized by low morbidity, absence’
of prostration and chronicity.

Following Shope's work, Kdbe (1932) described a wide-
spread enzootic pneumonia of young pigs in Germany. Glasser
(19§9) stated that this disease was not confined to piglets
but affected older pigs too, although less acutely. Thesé

authors regarded their virus as either identical with Shope's



swine influenza virus or at least a less virulent variant
of it.

In Australia, Pullar {1948) recognized and described a
chronic infectious contagious pneumonia of unknown etiology.
In addition, he made a clear cut clinical distinction between
his "infectious pneumonia of pigs" and swine influehza.
Gﬂlrajani and Beveridge (1951), in attempting to isolate new
strains of swine influenza virus from outbreaks of respiratory
diseasé in Ireland, recovered a.filterable agent from pneu-
monic lung. When inoculated into pigs, their agent produced
a pneumonia identical to that described by Pullar (1948).

The inoculated pigs did not develop antibodies against the
swine influenza virus so the authors concluded that they had
isolated a new viral agent.

Betts and Campbell (1956), studying the effect of anti-
biotics and sulfamezathine on the causative agent of a
virus pneumonia of pigs (VPP), reported its susceptibility to
chlortetracycline and oxytetracycline. This susceptibility
was determined by the capability of the drugs to prevent
infection in pigs. But these drugs did not influence the
course of infections that were established prior to initia-
tion of medication. Discuséing their findings, the authors
raisgd the question of whether this agent was really a true

virus.



L'Ecuyer (1962) successfully propagated the etiological
agént of VPP in primary swine kidney and Hela cell cultures.
The agent was detetted in these in vitro cultures by its
ability to produce typical gross and microscopic lesions
in pigs inoculated with second passage, cell culture fluids.
After several passages on Hela cells it was observed to lose
pathogenicity.

Betts and Whittlestone (1963), using the J strain of
VPP, observéd a cytopathic effect in plasma clot cultures
preparedrfrom lung and nasél-mucosa of an infected pig.
Fidids‘from these cultures induced similar cytopathic changes
in pig. lung monolayer cultures. Early serial passage
material in cell cultires waé pathogenic for pigs but not
.aftég 20 passages. Throughout the experiment, pleomorphic
organisms (PO) were observed microscopically in stainea
touch preparations. The role of these PO was uncertain at
that time but, the authors suggested that they were a com-
mensal, synergistic with the primary or the causal agent of
the pneumonia. In order to separate the role of the PO,
thought to be a PPLO, from that of the virus, Goodwin and.
Whittlestone (1964) devised a cell-free-medium for isolation
oflthe PO. They succeeded in isolating the PO in boiled
pig lung cell cultures and in cell-free medium enriched

with serum, lactalbumin and yeast extract. High dilutions



of cell-free cultures induced pneumonic lesions in which
pleomorphic organisms were observed. Their work showed that
the agent could not be a wvirus. “Although they suggested
that the agent probably wasra PPLO, they did not prove it.
Maré and Switzer (1965) isolated a small cocco-
bacillary organism in a cell-free medium from lesions of
experimentally transmitted VPP. The agent was reisolated
in cell-free medium and successfully cultivated on agar
meédium where colonies characteristic of mycoplasmas de-
veloped. On the basis of size, morphology, staining
characteristics, penicillin resistance and failure to
revert to a bacterial form when propagated in absence of
bacterial inhibitor, Maré and Switzer named the organism

of Mycoplasma hyopneumoniae. This was the first concrete

evidence establishing a mycoplasma as the etiological agent
of VPP. :

_ Some months later, Goodwin, Pomeroy and Whittlestone -
(L965) reported the propagation of their "J" strain agent
on solid medium. The morphology, growth requirements and
antibiotic sensitivity of the PO then described were similar
to those described by Maré and Switzer (19265). In addition,
such cultures were used to induce typical lesions of VPP in

experimental pigs. They proposed the name Mycoplasma

suipneumoniae for the agent.



- Because the etiologic agent was a mycoplasma, Maré and
Switzer (1965) suggested that the disease be called "Pulmonary
Mycoplasmosis of Swine" or '"Mycoplasmal Pneumonia of Swine"
(MPS). Goodwin et al. (1965) retained the name "Enzootic
Pneumonia of Pigs" (EPP) for the same condition.

Goodwin et al. (1967), comparing M. suipneumoniae and

M. hyopneumoniae by the growth-inhibition and metabolic-

inhibition -tests, found that they were antigenically in-
'distinguishable. Both strains were shown to be sero-
logically distinct from known mycoplasmas isolated from swine

and other animal species. Thus, based on priority, Mycoplasma

hyopneumoniae has become the accepted name for the etiological

agent of MPS (Subcommittee on the Taxonomy of Mycoplasmatales
1974} .

The question has been raised of whether M. hyopneumoniae

by itself will cause EPP or whether the synergistic effect
of resident flora is necessary. To solve this problem,
Hodges‘et al. (1967) attempted and successfully reproduced
Fhe disease by inoculation of ghotobiotic pigs with a pure
culture of the agent.

Histopathological changes caused by M. hyopneumoniae-

are not pathognomonic (Jericho 1977). Other Mycoplasma

Sp. can induce similar lesions and their role in the naturally

occurring disease is disputed among researchers.
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Mycoplasma hyorhinis, a polyserositis-producing myco-

plasma, was isolated from pneumonic lungs of pigs (Switzer,
1955). Several investigators incriminated this agent as a
secondary invader in cases of MPS (L'Ecuyer et al. 1961,
L'Ecuyer and Switzer 1963, Switzer 1967 and Goodwin et al.
1967). 1In contrast, Goi& and Kuksa (1974a), usinglg. hyorhinis
inoculated intranasally in gnotobiotic piglets, indiiced ex—
tensive lung lesions in 12 of 20 inoculated piglets as well

as polysefositis. Meyling (1971), examining natural cases

of pneumonia by the direct fluorescent antibody test, observed

that lungs which were negative for M. hyopneumoniae were

positive for M. hyOrhiﬂis. Furthermore, M. hyorhinis was
located on the surface of the bronchial epithelium as had

been shown in Mycoplasma hyopneumoniae pneumonia.

M, flocculare (Friis 1972}, a culturally and morpho-

logically similar organism to M. hyopneumoniae, was reported

by Friis (1974). He found that M. flocculare is not of

. primary etiological importance in the porcine enzootic
pneumopia complex. In addition, Friis (1976), in a study

of the incidence and pathogenicity of M. flocculare, con-

cluded that the whole of the respiratory tract is the
natural habitat of the organism and that its presence in the
Danish SPF system has never resulted in clinical outbreaks

of pneumonia.
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Mycoplasmal Epidemiology

The factors involved in the epidemiology of a disease
are those related to the microorganism, host and environment.
In the ﬁrésent.review, an effort has been made to charac-

_ terize these factors throughout the acquired kﬁowledge in

different mycoplasmal diseases.

Factors related to the microorganism

Among those factors pertinent to the microorganisms,
the most important are: antigenic composition, degree of
virulence, specie(s) specificity, tissue tropism, survival
of the microorganism away from the host, susceptibilitf of
the microorganism to various drugs and disinfectants,
persistence of infection in the host and route of infection.
Each of these factors is subject to variability. For
example, high level of variability in antigenic type.within
a species may make control by vaccination difficult. Conse-
quently success in control of a disease requires the best
possible understanding of all factors involved in its

epidemiology.

Antigenic variability Heterogeneity between strains

of the same species of mycoplasma has been well-documented
by Kenny (1979). Forshow (1972) found reproducible d4if-

ferences between proteins from different strains of
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M. pulmonisiextracted with phenolacetic acid and examined by
polyacrylamide gel electrophoresis. 1In other work, Forshow
and Fallon (1972) found heterogeneity among 27.strains of M.
pulmonis using gel-diffusion and metabolic inhibition tech-
nigues. Serological heterogeneity among strains of M.
hyorhinis was demonstrated by the indirect hemagglutina-
tion test (Ross and Switzer 1963), growth inhibition

test (Goi§ et al. 1974),metabolic inhibition test (Gois

et al. 1974) and latex agglutination‘test {Goi§ et al..

1974).

“-Species specificity The host specificity of

mycoplasmas is not absolute. - At the cellular level it is
possible to cross infect tissue culture cells with myco-
plasmas isolated from species other than those from which

the tissue culture cells were derived.

M. pneumoniae, M. orale and M. hominis of human

origin have been shown to infect monkey kidney cells
(Chanock et al.. 1960), chick embryo cells (Somerson and
Cook 1965) and hamster kideny cells (BHK21l), (MacPherson
and Russel, 1966). M. pulmonis, of rodent origin, has been
shown to infect human (Hela) tissue culture cells (Nelson
1960). M. hyorhinis of swine origin has infected human

(HEP-2) tissue culture cells. In addition, M. bovigenitalium
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of cattle origin infected pig kidney tissue culture cells
(Afshar 1967) .

Regarding mycoplasma host specificity, isolation“
studies have pointed to evidence against absolute host
specificity. M. arginini has been isolated from cattle
" (Leach 1970), sheeﬁ (Barile et al. 1968 and Leach. 1970),
goats (Barile et al. 1968), swine (Orning et al. 1978),
'chamois (Leach 1970) and captive wild cats (Hill 1971).

M. agalactiae has both sheep and goats as its host where it

causes contagious agaléctia {(Watson et al. 1968), pleurisy
an@,ﬁneumonia among goats in Australia (Cottew and Lloyd
1974).

M. hyopneumoniae appears to have only the pig as its

host. There has been no report of isolation of M. hyo-

pneumoniae from any other host. Lung suspensions of swine

affected with VPP were utilized by Fulton et al. (1953)

in several attempts to produce disease in experimental
animals. These lung suspension were filtered or treated with
anpibiotiéé and, when iﬁoculated into pigs they produced |
typical lesions of .EPP. These lung suspensions failed to
induce disease in guinea pigs and mice inoculated intra-
nasally and subcutaneously. They also failed to induce any

lesions in eight-day-old chicken embryos. Similarly, a
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Rhesus monkey inoculated intranasally with the lung sus-
pension devéloped no disease. In a similar study, Plowright
(1953) found no lesioné in young weaned mice inoculated
intranasally as well as in unweéned miqe inoculated
intrapefitoneally or intracerebrally. In contrast, Betts
'{1953) induced pheumonia on two occasions in inoculated

ferrets and Goodwin et al. (1968) cultured M. hyopneumoniae

in the yolk sac of chicken embryos.

Tissue troﬁism Mycoplasmas usually infect mammalian

Hosts by attaching to surface epithelium of the respiratory”
or genital tract. Certain pathogenic mycoplasmas, such as

M. pneumoniae, remain extracellularly but others, capaple of

systemic invasion, localize in joints, brain, pleura and sub-
cutaneous tissue (Fernald 1979).

In swine, Mycoplasma hyopneumoniae appears to be

restricted to the respiratory tract. Gois and Kuska

(1974b) administered M. hyépneumoniae to 8 gnotobiotic

piglets via the intranasal route; at necropsy, 28 days after

inoculaéion, 5 of these animals had lung lesions and

M. hyopneumoniae was recovered only from the respiratory

tract. Attempts to isolate the agent from organs other
than the respiratory tract failed. In contrast, strains of

M. hyorhinis and M. hyosynoviae, isolated from the respira-

tory tract, caused mycoplasmemia with colonization and
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production of disease in cher organs. Switzer (1953)
isolated a filterable agent from the nasal mucosa of swine.
This agent was ideﬂtifiedjas a PPLO and was named M.
hyorhinis (Switzer 1955). Switzer (1953) inoculated the
agent intraperitoneally into pigs and the inoculated ani=
:‘mals déveloped peritonitis, pleuritis and pericarditis.

In addition, the author reported that the same agent was
isolated from similar lesions in pigs from different herds
in TIowa.

1

M. hyosynoviae (Ross and Karmon 1970), previously

named M. granularum (Switzer 1964), causes uncomplicated,

nonsuppurative arthritis in 3 to 6 month old (40 kg to
100 kg) and young adult swine {Ross and Duncan, 1970).

Goi§ et al. (1974b), working with gnotobiotic piglets in-

fected intranasally with M. hyosynoviae, produced slight
pneumonia in one pig and the organism was recovered from
. the.tbnsils of 5 out of 6 piglets. Fﬁrthermore, it was
isolated twice from the lung, spleen and nasal mucosa and
once fr&m the liver, but not fﬁom the.joints.

Affinity for host tissues may vary among strains of a

certain mycoplasmal species.m Varley and Jordan (1978)

inoculated three strains of M. gallisepticum (S6 low
passage, 56 high passage and A514 high passage) into 18-day-
old chick embryos. .iDuring.the first 28 days following

hatching, the virulent S6 strain was recovered more frequent-
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'ly from a wider variety of tissues in the chicks than were
the other strains of the organism. This strain prodﬁced
more severe clinical disease including nervous signs,
respiratory lesions and swollen hocks. Nervous symptoms
were observed only with low passage S6 but both S6 strains
‘were isolated from brain aﬁa joints, suggesting strain
affinity fOr_these sites. All strains were isolated from
respiratory tissue, indicating a common affinity for that
site. In a similar study with turkey poults; the same
authors (Varley and Jordan 1978) found the same affinity
of SGHfor'nervous tissue in that host. Switzer and Ross
(1975) discussing factors involved in production of
polyserositis—arthritis in swine by E. hyorhinis, pointed
out that strains appeared to differ in predilection for
sPécific serous surfaces. In other words, some strains
produced lesions on all serous surfaces while others may

have a tropism for pericardial or joint surfaces.

Variation in virulence In vitro passage of myco-

plasmas generally decreases their virulence. This has been

observed with M. arthritidis (Golightly et al. 1970},

M. gallisepticum (Power and Jordan., 1976) and M. pneumoniae

(Couch et al. 1964 and Dajani et al. 1965). Thus, the
attenuation of mycoplasmas by in vitro passage is used for

development of live vaccines (reviewed by Whittlestone

1976a).
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Variability of virulence among different strains of
all three species of pathogenic swine mycoplasma appears
to be common. Goié'and Kuksa (1974a) found that two
strains of M. hyorhinis differed in virulence fof gnoto-
biotic pigs. The two strains (Nelloménd 5218) had been sub-
" cultivated only two times in fluid medium prior to inocu-
lation into experiméntal_pigs. None of 19 gnotobiotic
piglets infected intranasally with M. hyorhinis strain
Nell0 at 6 days of age developed clinical disease and there
was no evidence of spread of the organism in the body.
Mycoplasmas were recovered merely from the upper and lower
respirdtory tract. In contrast, of 21 piglets infected
with strain 5218 at 6 days of age, 15 developed clinical
disease and 18 showed evidence of the spread of the infection
in the body. Ross (1973) compared the capability of two

strains (33R and Sl49)rof M. hyosynoviae to produce disease

in pigs. Strain 33R wés isolated from arthritic as well

as from grossly normal joints and lymph nodes of two inocu-
lated pigs. Mofeover, infection with .this strain resulted -
in production of complement fixing antibody within 10 déys
after inoculation. In contrast, cultures of all joints

and lymph nodes of pigs inoculated with strain S149 were

negative and complement-fixing antibodies was not detectable
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within 10 days of infection. Both strains were isolated
from nasopharyngeal areas from all inoculated pigs. The
severity of lameness and the number of affected joints were
higher with strain 33R than strain S5149.

Goodwin et al. (1968) compared ﬁwo straihs of M.

hyopneumoniae, one after it had been passaged many times in

yolk sac of chicken embryos. The higher passage strain
induced smaller pneumonic lesions than the lower passage
"strain although the former contained nearly 100 times more
colonf-forming units. This fact induced the author to
suggest the ﬁossibility of attenuation of virulence by

passing M. hyopneumoniae in chicken embryos.

Components of virulence The pathogenic potential,

long-term resistance to defense mechanisms in the immuno-
competent host and, extreme fragility of mycoplasmas suggest
that they have unique mechanisms for surviving in their
avian and mammalian hosts. These properties may be
considered as virulence factors or'components of virulence.
In a systemic functional approach, these factors of virulence
can be divided into four components: attachment, toxin
production, induction of detrimental host immune response
and capability to circumvent or block immunological

attack.
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Attachment Some mycoplasmas initiate infection

by attaching to ciliated airway epithelial cells with conse-

qﬁent‘cell damage. M. gallisepticum, M. pneumoniae and M.

pulmonis have specialized terminal structures which have
been related to gliding movement and or attacﬁment to host
cells (Bredt and Radestock 1977}.

Maniloff et al. (1965), in an ultrastructural study

of M. gallisepticum, described a highly structured bleb

and an infrableb region which was composed of a granular
material but which had little internal structure. Uppal
and Chu (1977), in an electron microscopic study of fowl

trachea infected with M. gallisepticum, showed that the

blebs were attached to the plasma membrane of epithelial
cells:. 1In addition, slight to moderate changes were observed
at the cellular level.

Biberfeld and Biberfeld (1970), studying the ultra-

structure of M. pneumoniae cultivated in broth on glass and

plastic surfaces, described a specialized structure at the

thinner end of M. pneumoniae; this structure consisted of

a dense rod surrounded by electronlucent cytoplasm and

ending with a platelike thickening. Collier and Clyde

(1971), gtudiea the interaction between M. pneumoniae and

the human respiratory epithelial cell. The host parasite
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interaction led to iﬁpairment of cellular function which
was reflected by disorganization and loss of ciliary motion
and aﬁ associated sequence of cytopathological changes
denoting progressive cell injury. Furthermore, they found
that the structure described by Biberﬁéld and Biberfeld
(1970) was serving as a méans of cell attachment to host
cells.

Subsequently, Collier and Carson (1980), using freeze-

fracture preparations of M. pneumoniae, found numerous

membrane—associated particles embedded in the inner side

of the bimolecular leaflet. Moreover, M. pneumoniae cells

subjected to freeze-fracture techniques frequently have
areas of the fractured membrane with particle~free zones
and/or blebs. These particle-free areas have been observed
to be aligned closely to host traclieal epithelium in organ
culture.

In a study on the motility of M. pulmonis, Bredt and
Rodestock (1977) observgd two morphologically distinct
forms. One was a round cell with a protruding flexible
stalk thickened at its end, and the other form was an
elQngated cell with a tapered leading end. Both forms
showed gliding movement. They suggested that these structures

could be important for adherence and motility. On the other
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hand, an avirulent strain of M. pneumoniae, with terminal

structure, did not attach or cytoadsorb (Collier
1972); this observation suggested that some sort of bio-
chemical mediator was required.

The ability to hemadsorb'énd hemagglutinate has been
associated with virulence and pathogenicity becausé many

pathogenic mycoplasmas such as M. pneumoniae, M. gallisepti-

cum, M. pulmonis and M. ‘:agalactiae have these properties.

Nonetheless, hemadsorption is not universally essential in

all mycoplasmal diseases bécause, some highly pathogenic

mycqpiasmas (e.g., Mycoplasma mycoides subsp mycoides) do
not hemaasorb (Barile 1979).

Sobeslavksy et al. (1968), utilizing monkey, rat, and
chicken tracheal epithelial cells aswell as monkey, rat,

guinea pig and chicken erythrocytes, found that M. pneumoniae

and M. gallisepticum appeared to attach to erythrocytes or

tracheal epithelial cells by neuraminic acid receptors on

these cells. 1In contrast; M. orale types 1 and 3 and M.

pulmonis seemed to utilize another type(s)‘of receptor(s).
Pretreatment of red cells or tracheal epithelial cells with
receptor-destroying enzyme, neuramidase or influenza B virus

removed the adsorption receptor for M. pneumoniae. Similar

pretreatment of M. pneumoniae colonies with neuraminic
acid—cpntaining materials prevented adsorption of erythro-

cytes and of respiratory tract cells.
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Manchee and Taylor—Robinson {(1969), using 17 mycoplasma
serotypes observed that oniy four were found to use neuraminic

acid receptors; these were M. pneumoniae, M. gallisepticum

and M. synoviae and M. ARl. Not all strains of a serotype
behaved alike; there were differences among strains of

M. gallisepticum in susceptibility of receptors to destruc-

tion by neuramidase. This observation suggested to the authors
that there was a feceptor gradient which might reflect dif-
ferences in virulence.
Lloyd (1975), in an attempt to clarify the role of
sialic acid, suggested that it may be a factor controlling
cell behavior: a) by contributing to the structural
properties of the cell surface and, b) by protecting or
blocking some specific glycopeptides from recognition or
adhesion. 1In other words, sialysation of a cell decreases
its adhesion to other cells such as occurs with neoplastic
and mitotic cells. Consequently, Barile (1979) suggested
that mycoplasma binding to sialic acid may inhibit function
of these receptor sites, resulting in cellular dysfunction.
Evidence has been presented that receptors on mycoplasmas

which bind to eucaryotic cells are proteins. Hu et al.

(1977), using a brief pretreatment of M. pneumoniae with

protease, prevented mycoplasma attachment to the sensitive

host cell without reducing viability of the microorganism.
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Gel electrophoresis énalysis of mycoplasma proteins re-
vealed that a major protein was missing after exposure of
intact mycoplasmas to protease.

The attachment of swine mycoplasmas to epithelial
cells has been demonstrated by immunofluorescence and by
electron microscopy. L'Ecuyer and Boﬁlanger {(1970) ,
Meyling (1971) and Livingston et al. (1972), using immuno-

fluorescence, found that M. hyopneumoniae cells occurred

mainly as a coating of the bronchial and bronchiolar
epithelium infected pigs. Meyling (1971) reported that

M. hyorhinis, besides its bronchial localization, was found
forming foci in the alvecolar tissue. Livingston et al.

(1972), using transmission electron microscopy. (TEM),

described a loss of cilia and the presence of M. hyopneumoniae

on the bronchial surface. Mebus and Underdahl (1977)
examined lungs of gnotobiotic pigs inoculated with M.

hyopneumoniae by means of the scanning electron microscope

(SEM) « They confirmed the bronchial localization of the
organism and found the same changes reported by Livingston

et al. (1972) in the tracheas of infected animals.

Toxin production As a consequence of myco-
Plasma-cell host interaction, there are alterations in
-macromolecular synthesis, ciliostasis and chromosomal

aberrations.
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Hu et al. (1975) studied alterations in the metabolism
of hamster trachea in organ culture after initial attach-

ment of virulent M. pneumoniae organisms to respiratory

epithelial cells. Modifications in host cell RNA and
protein synthesis preceded decreased uptake of metabolic

. precursors, ciliostasis and other cytopathology. Further-
‘more, they found that mediation of tissue injury required
metabolic activity, as detected by continued protein
synthesis by attached mycoplasmas. Moreover, as a
result of mycoplasma endonuclease activity, many myco-
plasmas can use RNA and DNA as a source of nucleic acid
precursors (Cassel et al. 1978). Fogh and Fogh (1973}
observed a reduction in chromosome number, increased
chromosome aberrations and the appearance of new chromo-
some varieties in heteroploid cells after infection with

M. fermentans. Cassel et al. (1978) suggested that these

changes are likely due to mycoplasma utilization of host
cell componenfé and/or releaée of toxic metabolic
wastes. |

Gourlay (1965) reported the isolation of a galactan
coptaining lipopolysaccharide (LPS) from the urine of

cattle infected with M.  mycoides subsp. mycoides. When

inoculated in combination with cultures of the live

mycoplasma into susceptible or immune animals the galactan
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caused a more severe disease. The galactan was weakly
pyrogenic in rabbits and nontoxic for cattle, but was

lethal for fowl embryos.

Induction of detrimental host immune response

Possible mechanisms for induction of a detrimental host
immune response and consequent tissue damage include
mycoplasma antibody and complemént-mediated cytolysis or
other cell damage, autoimmunity, production of immune
‘complexes and production of rheumatoid factors. These
mechanisms are especially likely in mycoplasma disease
because of the close mycoplasma host cell interaction.

The cytocidal effect occurring when lymphoid cells
infected with M. hyorhinis are killed by a combination of
antimycoplasma antibody and complement provides evidence
that a close association between mycoplasmas and host cells
may lead to damage of the "“innocent bystande;" host cell
(Cassel et al. 1978).

The participation of autoimmunity as an inducer of
tissue damage in mycoplasma diseases is supported by the
fact that antibodies that are reactive with a variety of
host tissue are produced in several mycoplasmal diseases.

This phenenemon wasobserved with M. pneumoniae (Maisel

et al. 1967), M. mycoides (Shifrine and Gourlay 1965) and
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M. gallisepticum (Adler et al. 1973).

Roberts and Little (1970a) obtained evidence of an
éutoimmune response associated with EPP. They used a lung
e#tract as‘antigen for the'complement_fixation test (CF).
In tests with 400 paired porcine blood samples, they found

heat-labile antibodies directed against both M. hyopneumoniae

and lung tissue. Forty serum samples reacted with M. hyo-

pneumoniae antigen and 17 serum samples reacted with the

lung extract at a serum dilution of 1/40 or above. Serum
samples with high complement fixing antibody titers

against M. hyopneumoniae had antibody against lung extract.

A positive reaction with the lung extract was accompanied by

a positive reaction with M. hyopneumoniae antigen.

Development of autoimmunity may result from altered
antigenicity of host tissue, adsorption of host antigen by
mycoplasmas and presence of a common antigen between myco-
plasmas and host cells.

Razin et al. (1973) showed that A. laidlawii bound
large quantities of lysozyme, cytochrome C and bovine serum
albumin. In each case, the bound protein retained its
immunogenicity. This phehOmen‘on could account for auto-
immunity as well as a way for the mycoplasma or its anti-
genstto persist in the hoét by disguising itself with host

antigens (Cassel and Hill 1979).
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Mycoplasma arthriditis and M. mycoides are known to

share reactihg antigens with host tissue. Cahill et al.
{(1971), using complement fixation, immunofluorescence and
agar gel double diffusion, demonstrated an antigenic re-

lationship between rat tissue and M. arthritidis. Anti-

‘bodies against M. arthritidis conjugated with fluorescein:

reacted with rat, hamster and mouse skeletal muscle in
frozen sections. As a control, unlabelled normal rabbit

serum and rabbit anti-M. arthritidis serum were used. They

sﬁggested that this heterogenetic antigen(s) may enable the
mycoplasmas to become established in the host. Shifrine
and-.Gourlay (1965) described an antigenic similarity

between the galactan of M. mycoides subsp. mycoides and a

pneumcgalactan isolated from normal bovine lung.

The production of immune complexes can be responsible
for disseminated intravascular coagulation and glomerulo-
nephritis. Disseminated intravascular coagulation was repor-

ted by DeVos et al.{1974) in a fatal case of M. pneumoniae

infection. The precipitous fall in C'3 level, simul-
taneously with the rise of specific and nonspecific anti-
bodies, was used as an argument for the presence of immune
complexes. Immune complex glomerulonephritis was reported
by Cassel et al. (1978) in mice with chronic M. pulmonis

infection.
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. Rheumatoid factors (anti-gamma-globulin antibodies) have
been identified in infections caused by M. synoviae and

M. gallisepticum (Roberts and Olesiuk,.1967). Ross (1973)

found antiglobulin activity in sera from pigs whiph had
lesions of arthritis caused by M. hyorhinis. Infected piqs
which had no lesions had no antiglobulin activity. In addi-
tion, agglutinins for globulin-sensitized latex particles.

were found in synovia from arthritic joints.

Evasion of immune system Mycoplasmas could

eyade'immunological destruction by several mechanisms:
organism seclusion within sites devoid of immune mechanisms,
release of blocking antigens, phagocyte dysfunction, altera-
tion of lymphocyte responsiveness and éntigenic variation
(Cassel et al. 1978).

‘According to Whittlestone (1976a), the intimate rela-
tionship of mycoplasmas causing respiratory disease with
the surface of the respiratory epithelium and penetration
between the cilia protects them against removal by the muco-
ciliary clearance mechanism as well as from phagocytosis.
Stanbridge (1971) suggested that host cell cytoplasmatic
processes may prevent phagocytosis as well as prevent access
of specific antisera or drugs.

The release of soluble antigen and formation of immune

complexes may facilitate the survival of infecting
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organisms by blocking specific cellular or humoral effector
mechanisms (Cassel and Hill 1979). Eng and Frghulm (1971)

described a "not-cell-bound-antigen" of M. pneumoniae

occurring in broth cultures of the organism and being
readily filtrable through membranes which effectively re-
tain colony-forming units. This antigen was found to
react with complement-fixing antibody.
Considering phagocytosis, data available indicate
that mononuclear and polymorphonuclear phagocytosis occur
only in the presence of specific antibody (Fernald. 1979).
_ In contrast, Simberkoff and Elsbach (1971), found that following

incubation of M. hominis or M. arthritidis for 2 hours with

rabbit peritoneal exudate granulocytes or leukocytes from
human peripheral blood, there was no killing of mycoplasmas
in tﬁe presence or absence of type-specific antiserum.
Furthermore, killing of E. coli in the same system, was
diminisﬁed when the leukocytes were preincubated with myco-
plasmas.‘ |

Mycoplasmas can be regarded as nonspecific B-cell or
T-cell mitogens and/or as T-lymphocyte suppressors. Barile
and Leventhal (1968) found that depletion of arginine from
medium was responsible for inhibition of lymphocyte trans-
formation induced by phytohaemaglutinin (PTH). Simberkoff
et al. (1969) demonstrated that extracts of five arginine-

utilizing mycoplasmas inhibited PBA-induced lymphocyte
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mitosis while extracts of five glucose-utilizing myco-
.plasmas did not. In addition, they report that arginine
deiminase inhibited antigen- and PHA-stimulated lymphocyte
‘transformation. These observations suggested to the
authors that arginine is an essential amino acid for the

- lymphocyte. On the other hand, Roberts (1972), utilizing
seven species of mycoplasmas isclated from pigs, found that
M. hyorhinis strains which are dextrose-utilizing and
arginine nonutilizing, inhibited PHA stimulation to a
similar degrée to that of the arginine.utilézing species

(M. iners, M. hyosynoviae and M. gallinarum). M. hyo-

'pneumoniae and M. granularum inhibited the stimulatory

effect of PHA to a lesser extent than the arginine-
utilizing species. By analogy, he speculated that depletion
of an essential ingredient required by the lymphocytes was
résponsible for the phénomenon.

Biberfeld and Gronowicz (1976) showed that M. pneumoniae

is a_éolyclonal activator for mouse B lymphocytes and that
it has a mitogenic'effect on guinea pig spleen cells in-
vitro. They suggested that this stimulation of B ¢ells
could account for the early production of nonspecific IgM
antibody in natural infections. In a later paper, Biber-

feld (1977) reported that M. pneumoniae can induce non-

antigen-specific antibody production in human B lymphocytes




31

without stimulation of DNA synthesis in these cells. Naot
and Ginsburg (1978), working with lymph node cell suspensions
from athymic nude mice described the same results with dif-

ferent strains of M. neurolyticum. Naot et al. (1979)

demonstrated that M. pulmonis was mitogenic for rat B and

T lymphocytes. This mitogenic activity was more effective
on B cell than on T cells. They suggested that nonspecific
activation of B lymphocytes by inﬁading mycoplasmas is an
essential part of the host's defense mechanism and that B
‘and T lymphocyte stimulation plays a role -in the lesion
prbduced. Mitogenic activity was thought to be associated
with a membrane protein.

Aldridge.et'al. (1977) showed that strains of M.

arthritiﬁis and M. hominis were capable of inducing normal
CBA ﬁouse“lymphocytes to produce a cytotoxic response
against 51Cr-—labeled allogenic and syngeneic' target cells.
This effect was considered a possible mechanism for in vivo
cell damage énd inflammation. Eckner et al. (1974) found
that 4 to 5 week-old BALB/c mice showed.less thymic
ceilul&rity'than noninoqulated,controls following inocula-

tion with extracts of M. arthritidis. T-dependent areas of

thymus and lymph nodes were depleted too. Moreover, sup-
pression of in vitro responses to PHA and concanavalin A
was observed but the antibody response to sheep erythrocytes

was preserved. This suggested that selective suppression on
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a T-cell subpopulation had occurred.
Biberfeld and Sterner (1976) have demonstrated that
anergy to tuberculin skin reaction occurs in patients

with M. pneumoniae. pneumonia. Adegboye (1978a) employed

the lymphocyte transformation test and the delayed-hyper-
- sensitivity skin test to monitor cell-mediated immunity (CMI)

of pigs inoculated intranasally with M. hyopneumoniae. CMI

was demonstrated during the chronic stages of MPS or after
the pigs had recovered.\ The author evaluated the lymphocyte
transformation response in pigs reinoculated intranasally or

inoculated intradermally with M. hyopneumoniae antigen. A

t;ansient.decline of lymphocyte response was interpreted as

a possible evidence of immunosuppression. Considering that
immunosuppression could be reflected as depletion of the
paracortex in the local lymph nodes, Adegboye (1978b) studied
the immunological response of bronchial lymph node of M.

hyopneumoniae inoculated pigs. He detected a depletion of

1ymphoid cells in the paracortical region of lymph nodes in 2
of 23 pigs.

~The produgtion of large amoﬁnts of IgG1 in M. pulmonis-
infected mice was considered an anomalous lymphocyte
response to the infection (Cassel and Hill 1979). Their
reasoning was that 19Gy is both noncomplement-fixing and
nonopsqnizing antibody so that it could act as a "blocking
aptibody",thus protecting the organism from host defense,

Another way by which mycoplésmas can evade the immune
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mechanism is by variation of their antigenic make up. Anti-
genic drift duting M. pulmonis infection was suggested by
Ogata et al. (1967), who found 58 different serotypes of

M. ﬁulmonis within-only five rat colonies. 1In this case,
immunological evasion could theoretically be provided by
éelection of antigenically altered mutants.

Disguising of mycoplasmas with host antigen may be
another mechanism by which the organism may persist in the
host (Cassel and Hill 1979). This phenomenon could be a
consequence of mycoplasma and host cell fusion and/or
an exchange of antigen (Cassgel et al. 1978). 1In fact,
Razin et al. (1973) demonstrated the capability of myco-
plasmas for binding of exogenous proteins and Wise et al.
(;378) reported that M. hyorhinis selectively acquired allo-
antigen from murine T lymphoblastoid cell surfaces. In

addition, Razin et al. (1980) observed M. pneumoniae and

red blood cell interaction by SEM microscopy.

Survival_of the ofganism away from the host It ap-
pears fhat the capability, among mycoplasma species, of
surviving away from the host is quite variable.

Orning et al. (1978) recovered M. arginini from éll
samples examined from a swine waste disposal system; this
indicated a great capability of the cited species for sur-

viving, at least, in that environment. Windsor and Massiga
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(1977) found that M. mycoides survived 72 hours in placenta
and for longer periods in infected urine and hay. In con-
trast, Goodwin (1972a) was unable to induce mycoplasmal
pneumonia or isolate the mycoplasma from pigs put in rooms
which had housed coughing, infected pigs 5 to 47 minutes
prior to repopulation.

Infectivity of M. hyopneumoniae for susceptible swine

in contaminated pig lungs is retained at -30°C for 20 months,
4°C for 4 days, 20°C for 1 day, 37°C for 4 hoursland 42.5°C"
for'2.hours (Whittlestone, 1973). A similar pattern of
survival was observed in attempts to isolate the agent

from pneumonic pig lungs képt-at different temperatures
(Whittlestone, 1973).

Being a respiratory disease, M. hyopneumoniae pneumonia

is transmitted mainly by the airborne route; therefore, the
size of particles expelled by pigs and the effect of
climatic factoré on these particles plays an important role
in dissemination of the disease.

.According to Hatch (1961), retention of inhaled
particles in the respiratory tract is similar in ‘man and
animals. Total retention is essentially 100 percent for
inhgléd particles 1l0p.in diameter and larger. Retention
remains high down to 5u andlfhen drops off reaching a mini-

mum of 20 to 30 percent at 0.25 to 0.5y below which retention
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increases again, returning to 60\percent or better for
submicrbscopic particles (< 0.1lu).

The highest probability for deposition of inhaled
partidles in the respiratory spaces of the lung occurs
within the size range of 1 to 2u (gravity settlement) and
in the.submicroscopic region below 0.2y (precipitation by
diffusion}. Above 1 to 2y, penetfation to and deposition
in the lobules falls off ﬁith increasing size simply be-
cause most larger particles are trapped in upper respiratory
tracts. Above 10y, the probability for penetration to the
lobuleé‘is éssentially zero. Below 1 to 2p lobular deposi-
tion falls off because the efficiency of removal by
gravity settlement within the lobules themselves decreases.
At 0.25 to 0.5u, the combination of precipitation by
gravity and diffusion are at a minimum so that these are
the size of lowest probability flor deposition of inhaled
particles. The probability of lobular deposition increases
below 0.25n because the force of precipitation by diffusion
increases as particle sizZe become smaller.

Kundsin (1968) investigating the size of viable airborne
particles, found that mycoplasma aerosols had median
‘diameters of 2.1 F 0.5y.

Mycoplasmas in airborne particles are subject to

change in relative humidity and irradiation damage. Wright
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et al. (1968), studying the effect of relative humidity

on the survival of airborne M. pneumoniae, found that low

and high humidity were best for survival of M. pneumoniae

in 2 my atomized particles. The most lethal relative
humidity was 60 to 80 percent at which level fewer than 1
percent of the 6rganisms survived over a 4 hour observation
period. Hatch et al. (1970),.looking for the effect of
abrupt éhange ind relative humidity, observed that a change
in the relative humidity of more than 18 percent in either
dirgction<from a 1etha1 mild range humidity decreased the
rate of biological decay. 1In addition, double humidity
shifts (dry to middle range level and to high humidity
range) were very détrimental with very few survivors after
8 minutes,

Airborne M. pneumoniae was exposed to near ultraviolet

(3000~4000 A) light, daylight, fluorescent light or total
darkress at 25, 50 and 95 percent of relative humidity
(Wright and Bailey 1969). Without light, survival of the
o;ganism was good at bdth high and low relative humidity
with poorest survival at 50 percent of relative humidity.
Ultraviolet light decreased survival of airborne organisms

at all levels of relative humidity.
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susceptibility of mycoplasma to various drugs Myco-

plasmas are insensitive to penicillins and have variable
sensitivity to tetracyclines, chloramphenicol and strepto-
mycin (Clyde 1979). Ogata et al. (1971) compared the

susceptibility of 15 strains of mycoplasmas isolated

from animals including M. hyopneumoniae, M. hyorhinis and

M. granularum from swine to 22 commonly used antibiotics and

9 nitrofurars. They found that there were no marked dif-
ferences in suéceptibility to these drugs with the excep-

tion of erythromycin and oleandomycin. Actinomycin D

and mitomycin C were the most active of all agents. Tylosin,-

botromycin, spiramycin and tetfacycline followed them in
activity. Kusagamosin, polymyxin B and colistin were
noninhibitory. These results did not differ greatly from
those obtained by Newhngm and Chu (1965). In a compariéon

of susceptibility of 9 strains of M. hyopneumoniae and 1

strain of M. hyorhinis te 51 antimicrobial agents Williams

(1979) found that all M. hyopneumoniae strains were resistant

to penicillins and peptides. They were susceptible to
sulfonamides and tetracyclines. In other antibiotic classes,
there was variability in susceptibility. All strains of

M. hyopneumoniae were susceptible to 33 of the 51 agents.

M. hyorhinis was susceptible to 19 of the 33 agents that

M. hyopneumoniae was susceptible to. All strains of
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M. hyopneumoniae differed from M. hyorhinis in that they

were susceptible to cephaloglycin and nitrofurazone. Drews
et al. (1975) found that the minimal inhibitory concentra-

tion of tiamulin for M. hyopneumoniae was 0.031 micrograms

per milliliter.

Transmission of mycoplasma diseases Mycoplasma

diseases can be transmitted by direct and indirect contact;
however, direct contact appears to be much more important
than indirect methods.

The spread of M. gallisepticum occurs almost entirely

by direct means, through the egg or, by infective airborne
dropléts from the respiratory system of carriers or clinically
affected fowl (Yoder 1978). Jordan (1979} suggested that

the relatively short survival time of M. gallisepticum

away from the host greatly reduces fomite transmission al-
though it can occur.

‘The transmission of M. mycoides subsp. mycoides has.

always -been assumed to be by direct contact between infected
and healthy cattle, but Windsor-and.Ma;siga(1977) were able
to infect three out of six cattle by feeding them hay

heavily infected with M. mycoydes subsp. mycoides. 1In
6

addition, some infected cattle may excrete up to 10
M. mycoides organisms per milliliter in their urine as a

consequence of kidney lesions. The organism also may be shed
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by way of infected placentae.
Cassel and Hill (1979), reviewing epidemiology of
M. pulmonis, observed that newborn of affected rat dams
acquired the organism by way of aerosol during the first
few weeks of life. They may also acquire the 6rganism in
uteré. Once rats and mice have acquired the ofganism, a
slowly progressive respiratory disease begins and it can
persist for life assuring presence of a "carrier state”.
Current eviéence indicates that transmission of M.

hyopneumoniae is by direct contact with respiratory tract

secretions' from infected swine and by aerosols. Indirect

proof includes the findings that: a) Mycoplasma hyo-

pneumoniae was isolated only from the respiratory tract

"and attempts to isolate the agent from other organs have
fqiled (Goi§ and Kuksa. 1974b), b) the organism was isolated
from the nasal cavities of diseased pigs (Goodwin
19725), c) mycoplasmas are viable in airborne particles
fuifilling the copdition of airborne disease (Kundsin, 1965)
and d) transmission among swine penmates has been observed
(Farrington, 1976 and Etheridge et al. 1979).

Transmission of mycoplasmal pneumonia of swine by

lungworms (Metastrongylus spp.) was investigated by Preston

and Switzer (1976). They found that pigs fed lungworm-
larvae-infected earthworms, collected from a herd of

swine infected with M. hyopneumoniae resulted in lungworm
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infection in the SPF recipient pigs, but failed to produce
pneumonia or complement-fixing antibody against M. hyo-

pneumoniae.

Whittlestone.(1979), considering the high number of
breakdowns to MPS in minimal -disease herds, suggested the
possibilities 6f'transmissi6n by carrier hosts, transfer by
fomites, long-distance airborne infection or clinical
expression of a long-term, subclinical infection.

In é survey of boar semen, Schulman and Estola (1974),

isolated M. hngneumoniae once and M. hyorhinis 3 times from

101 samples of semen. Confirmation of this finding has not
appeared.
Keller (1976}, analyzing three herds that had break-

downs in SPF status for M. hyopneumoniae, concluded that

M, hyopneumoniae infections may remain subclinical in SPF

herds for months or years.

Host factors involved in the epidemiology of mycoplasma
dlseases -

The host factors involved in the epidemiology of
mycoplasmal diseases are: genetic coﬁstitution, age,

sex and status of immunity.
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Genetic constitution In spite of the paucity of

data about genetic congtitution, it is an important factor
in susceptibility of the host to mycoplasma diseases.
Taylor-Robinson and McCormack (1979) reviewed factors

involved in human genitourinary infection caused by

Mycoplasmataceae. They found several reports indicating
that isolation of genital mycoplasmas is more freéuent in
black than white men. Furthermore, the colonization rates
among nonpregnant black women are higher. In pregnant
women, the same pattern was observed with M. hominis and
ureaplasmas. The authors pointed out that the extent to
which these differences are due to race or sexual activity
was not very well defined. However, in the same report,
McCormack cited unpublished findings that susceptibility
of black women to colonization with M. hominis and urea-
plasmas was higher than white women when the sexual expérience
factor was controlled.

Hannan (1971), in a study of the arthritogenic proper-
ties of Sabin's type C murine mycoplasma (M. pulmonis),
found that the incidence of arthritis was dependent on the
strain of mouse used. The organism was injected intra-
venously into 25 female mice from each of five different
strains.

Barden et al. (1973) compared the susceptibility of



42

?inef Woods miniature swine and Yorkshire swine to 'M. hyo-
rhinis-infection. The course of arthritis induced following
intrapér;tppeal inoculation  was simiia£ in the two groups.
of pigs during the first month after infection. After that,
the Minis improved while the Yorkshires developed chronic
arthritis. The acute synovitis seen in the two breeds

was similar, but was more intense in the Yorkshire pigs.

The Minis did not develop bone or cartilage destruction but
the Yorkshires did. On the other hand, Ross (1973) found

: tyat Hampshire swine more rapidly developed clinical lame-

ness after infection with M. hyosynoviae than did Yorkshire

swine. In addition, some of the Yorkshires developed mild
lesions of arthritis that did not result in detectable

clinical lameness.

Age susceptibility Age susceptibility appears to be

a fact among some mycoplasmal diseases. In man, there is a

high incidence of M. pneumoniae infection in university and

military settings. At ‘the University of North Carolina,
Tulane University and the University of Wisconsin, approxi-
mately half of pneumonia cases could be associated with

M. pneumoniae infections (Clyde- 1979). Foy et al. (1979},

monitoring penumonias due to M, pneumoniae in a large

medical care group in Seattle, Washington, between 1963 and

1975, found that age-specific attack rates for M. pneumoniae
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pneumonia among children aged five to nine years (about six
per 1,000) were about twice the rates for younger children
and four-times those of adults. In infants younger than

six months of age, M. pneumoniae disease was rare. 1In

addition, they found that a higher proportion of infections
among children aged five to nine years than among adoles-
cents aged 15-19 years resulted in pneumonia. On the other

hand, Foy et al. (1966) studying M., pneumoniae infection in

families, reported that the grade of infection among chil-
dren less than 5 years of age was as high as 5 to 14 year
old children. These data suggested that a lower proportion
of infections leads to pneumonia in children less than five
years of age. Noah (1974) reported epidemiological data

for M. pneumoniae infections in the United Kingdom from

1967 to 1973, The highest attack rates were in children
aged 5-9 years old., Adults over 55 years appeared to be_
affected uncommonly.

In rats, the effect of age on susceptibility to
M. pulmonis is not fully understood; however, Cassel and
Hill (1979). indicated that older rats succumb more readily.
They sﬁggested that the immune system of older rats had
decreased competence.

Among swine mycoplasmas, M. hyorhinis and M. hyosynoviae

appear to exhibit a clear cut age susceptibility.
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Carter {1954} isolated a PPLO organism from swine in
3 herds suffering from clinical signs of Glasser's disease.
This PPLO was similar to M. hyorhinis isolated by Switzer
(1953 and 1955). In these three herds, the Glasser's
disease type condition occurred in swine from one to four
months of age. Goi& and Kuksa (1974a), using gnotobiotic
pigs, showed that susceptibility to M. hyorhinis decreased
with age. Of 21 piglets infected with strain S218 at 6
days of age, 15 developed clinical disease and 18 showed
systemic invasion. In contrast, none of 10 piglets
infected with the same strain at 8 weeks of age developed

- ¢clinical disease. Schulman et al., (1970), isolated M.

hyorhinis more frequently from pigs over 2 weeks of age. 1In

their study, the organism was isolated more frequently

from pneumonic. than from a normal lung.

In regard to M. hyosynoviae, Ross and Duncan (1970}
found that pigs up to 6 weeks of age have a low incidence
of infection even though their dams may be infected;

M. hyosynoviae arthritis is found in swine as small as 30

kg but usually occurs after they weigh 40 to 100 kg (3 to
6 months old). Similar observations were made by Roberts

et al. (1972) in an outbreak of M. hyosynoviae arthritis

in Britain. Pullar (1948) pointed out that all ages of

swine were affected by "infectious 'pneumonia® but that the
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incidence of the disease decreased with age. His observa-
tions were confirmed by MacPherson and Shanks (1955) who
found 39 of 670 (5.8%) sows with lesions of pneumonia while
554 of 1000 (55.4%) bacon pigs had lesions of pneumonia.
Holmgren (1974a), studying the immunological and epi-
demiological status of two herds with ehzootic pneumonia,
found acute pneumonia in 2 to 5-week-o0ld ﬁigs and acute
or chronic pneumonia in 10 to 12-week-old pigs. No macro-
scopic signs of pneumonia could be shown in pigs 4 to 5-
months—old in either of the herds. Willeberg et al. (1978},
in a clinico-epidemiological analysis of respiratory
disease in a cohort of bacon pigs, found a peak incidence
of enzootic pneumoniaat 16 to 19 weeks of age.

Huhn (1971).induced pneumonia in 4-hour-old pigs by
intranasal inoculation of pneumonic lung suspension con-

taining M. hyopneumoniae. This finding led him to conclude

that pigs may be considered susceptible to EPP at birth.

Goodwin (1972b) was unable to induce pneumonia in six 7-

week-old pigs kept in contact with M. h&opneumoniae—infected
pigs. The agent was no; recovered from lungs and nasal
mucosde of contact pigs, but, four of 'six inoculated

pigs had lesions and the microorganism was reisolated from
all 6 of these pigs. Lam and Switzer (1972) failed to
reproduce MPS by contact in three 7-8-week-old pigs in

contact with three pigs which had been infected experimentally
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two months pfeviously. In that study, 2 of the 3 inqculated
pigs had pneumonia when necropsied. In another experiment,
they put 3 normal pigs (6 weeks old) in contact with a

group of 3 pigs a few hours after inoculation. Both groups
developed pneumonia. Ross (personal communication) was
ﬁnable to induce MPS in ten 25-day-old pigs in contact with
4 pigs that had been infected 3 weeks previously with

' M. hyopneumoniae. Ethéridge et al. (19792) placed 45 pigs

aged 6 to 9 weeks on contact with M. hyopneumoniae-inoculated

pigs and when killed 28 to 74 days later, 35 of the contact

pigs had gross lesions of EPP. " M. hyopneumoniae was isolated

from 33 of the 45 pigs. Nine of the 12 pigs with no gross

lesions had microscopic lesions.

sex There is a paucity of studiés dealing with the.
relationship of sex to susceptibility of the host to myco-

plasmal disease. TFoy et al. (1979) found M. pneumoniae

disease more frequent in females than males in the 30-39
year age group (1.8 versus 1.2 per 1000). This observation
suggestéd_to the authors that eéexposure éf women to their
children overwhelmed their immunity. In an epidemioclogical
study, Willeberg et al. (1978) found no evidence of a dif-

ferential bétween sexes in susceptibility to MPS.
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Immunological status It seems that the reaction of

£he host to mycoplaSmél'infection is very peculiar. The
same agent can induée different responses in different
hosts. Antisera to M. pulmonis protect mice against
pneumonia following intravenous (Taylor and Taylor-Robinson
1276) or intraﬁasal (Cassel et al. 1973) exposure to that
organism. Classical cell-mediated immunity does not appear
to play a major role against M. Eulmonié infection in mice
since immunity cannot be transferred passively with immune
cells (TaYlor and Taylo:—Robinson 1976). In contrast,
passive transfer of immunity using spleen cells, but not
serum, from immunized rats protected them against M. pulmonis
pneumonia‘(cited in Cassel and Hill 1979).

Swine appear to develop strong immunity following
natural infection and the humoral response appears to play a

role in protecting the animal against M. hyopneumoniae

pneumonia. Lannek and Bornfors (1957) found that pigs re-
covered from EPP were strongly immune to challenge by inocu-
lation with pneumonic lung suspension. The status 6f the
disease was based on X—rgy monitoring of‘challenged pigs.
Goodwin et al. (1965), using a lung suspension containing

M. hyopneumoniae, confirmed Lannek and Bornfors findings.

Goodwin (1965), using old sows in an EPP eradicaticn pro-
gram, reported that piglets from older sows did not develop

clinical signs or lesions of pneumonia. However, when gilts
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from these litters had grown and farrowed for the first time,

their litters were affected with the ‘disease. 'This phenomenon

needs to be explained. Lam and Switzer (197la), utilizing

sera from M. hyopneumoniae and Freund's adjuvant-immunized-
pigs reduced the iﬁcidence and the grade of pneumonia in
those pigs which received the convalescent sera intra-
peritoneally.

Several serological tests are used to detect antibodies

in serum from M. hyopneumoniae-infected pigs; but, there is

no correlation known between resistance and titer. This
fact was established for complement-fixing, metabolism-in-
hibiting (Goodwin et al. 1969a, 1969b) and indirect
hemagglutinating antibody (Goodwin et al. 196%a and Lam
and Switzer 1971Db).

Antibodies to M. hyopneumoniae have been detected in

trachecbronchial secretions; but, the role of these local
antibodies in resistance to infection is not known. Holm-
grén (1974b) found indirect hemagglutinating antibodies

(IHA) in tracheobronchial secretions of 14 pigs 2 weeks post-
inoculation; immunochemical characterization of this early
antibody response in one pig showed that IHA—antibédies were:
high molecular weight IgA, probably secretory IgA. Durisié
et al. (1975) detected secretory antibgdy in colostrum of

sows inoculated with M. hyopneumoniae antigen and adjuvant.
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As in other mycoplasmal diseases, M. hyopneumoniae in-

. duces a cell-mediated reaction. However, the role of this
cell-mediated immunity in protection has not been determined.
Roberts (1973) detected cell-mediated immunity to M. hyo-

pneumoniae in pigs by means of transformation of sensitized

lymphocytes by specific aﬁtigen, inhibition of macrophage
migration and the production of an intradermal, delayed

type, hypersensitivity reaction. Lymphocyte transformation
was observed during 5 to 6 weeks post inoculation; the
increase of isotope uptake was 1.5~ to 3-fold compared with
that of the.controls. The intradermal tests were carried’
out seven weeks post inoculation. Adegboye (1978a), in an
attempt to demonstrate a cell-mediated immune response during
M. hyopneumoniae infection in pigs, found significant trans-

formation of 1ymph6cytes 15 weeks after inoculation. This

effect was demonstrated up to 44 weeks_POStinoculationr_the
longest time examined. Skin hypersensitivity was demon-
strated in all tests performed between 20 and 46 weeks after
inoculation. 1In this study, differing from that of Roberts
(1973), the index of lymphocyte stimulation was considered
significant if it was equal to or above 3.0. 1In this study,

pigs were given repeated doses of pathogenic M. hyopneumoniae

intranasally. The two pigs which gave the strongest skin
reaction 34 weeks after primary inoculation were those which

had no pneumonia at slaughter. This fact and the late cell-
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mediated immune response suggested to the author that intra-
dermal and lymphocyte transformation tests may correlate

with resistance to MPS.

Intercurrent infection in mycoplasmal diseases Inter-

" current infection can result in no gffect, synergistic ef-
fect, or an ameliorative influence on the course of the
disease.

Katzen et al. (1969), in two controlled experiments,

showed that M. gallisepticum inoculated into birds suffering

from Marek's disease decreased montality due to the latter
diséase to 50 percent compared to greater than 20 percent
mortality in the uninoculated controls. Jordan (1979),

reviewing M. mealagridis infection in turkeys, stated that

intercurrent infections with other avian pathogens seem to
play a relatively minor role in disease caused by that

agent, but that synergism may exist between M. meleagridis

and E. coli in poults and with M. synoviae in sinusitis in
turkeys.

A synergistic effect of M. hyopneumoniae in swine

pneumonia has been observed with Pasteurella multocida

(Smith et al., 1973), Ascaris suum (Underdahl and Kelley

1957), Metastfbngylus'EIOngatus (Mackenzie 1963) and swine

adenovirus (Kasza et al. 1969).
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Effect of ecological factors in the development of mycoplasmal
pneumonia of swine

In a systemic approach, ecological factors can be
divided into climatic effects and the role of production
system and husbandry. Climatic factors including humidity,
volume of air per pig, ventilation, noxious gases, and dust
in the air play an important role in-determining prevalence
and severity of MPS. Whittlestone (1976b), reviewing the
literature on the seasonal influence on pneumonia occurring
in fattening pigs, pointed out that winter was the worst
time for clinical and pathological occurrence of MPS. In
contrast, Willeberg et al. (1978) did not find any seasonal
influence on the rate of clinical respiratory disease,
deaths due to respiratory disease and lesions found at meat
inspection in a Danish herd examined over a four year period.

. Eernstman (1963) showed that high temperature and high
humidity reauced EPP. Furthermore, he found that high
humidity and low temperature were detrimental to the health
of the respiratory system of pigs. Jericho (1968) reported
that lowering relative humidity to 50 percent was associated
with coughing and respi;atory distress due to a drying of the
mucous blanket covering the respiratory tree. Gordon
(19§3a) confirmed that high humidity and temperature reduced
thé incidence of EPP an@ found that the number of bacterial

colonies was lowest in the air of those houses with the
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highest absolute humidity (Gordon 1963b).

Lindquisﬁ (1974), used farm records and lesions at
slaughterhouses to investigate the influence of housing and
environment on the health status of fattening pigs. He
pointed out that pigs from houses with an air volume of
3 m per pig have a lower incidence of pneumonia than those
from houses with volume of less than 3Im per pig. This
effect was confirmed by Backstrdm and Bremer (1978).

Bickstrdom and Bremer (1978) studied the relationship
between disease incidence in fatteners registered at slaughter
and environmental factors in herds. They found that ventila-
tion. (subjectively graded) was best in herds with the lowest
incidence of pneumonia and pleﬁrisy. In a controlled experi-
ment, Jericho et al. (1975) found that lungs from pigs
fattened in a force-ventilated building showed a higher inci-
dence of lung consolidation than did pigs from a more open
naturally ventilated environment during both summer and
winter.. Aalund et al. (1976) found that ventilation (shaft
and fan) or no ventilation (no shaft) was associated with
increased risk of‘respiratory disease as compared to spon-
taneous, slow air replacement through a shaft. Ammonia
and dust have been implicated in the pathogenesis of EPP
(Jericho, 1968). The author suggested that these exogenous
factors interfere with the muco-ciliary apparatus. The

capacity of the muco-ciliary apparatus as an air purifier is

~




53

relaﬁed to the mucous surface velocity. Mucous surface
velocity is dependent upon viscoéity of the mucous layer,
frequency of ciliary beat and secretory function of the
globlet cells (Carson et al. 1966). Ammonia was incrimi-
nated as a factor reducing the mucous surface velocity
(Carsén et al. 1966). 1In the field situation, chronic
cohghing, without evidence of pneumonia, arld reduced growth
rates have been reported in swine housed in barns with high
odor levels of ammonia (Andersen 1970). Furthermofe,
Kovgcé et al. (1967) detected an increase in both the inci-
dence and severity of pneumonia in swine housed in barns
with high ammonia and dust concentrations. boihgemuiwillough—
by (1971) studied the effect of ammonia and organic dust on
swine under controlled conditions. Pigs exposed 2 to 6
weeks to 100 ppm of ammonia had an increase of 50 to 100
percent in the thickness of the tracheal epithelium with a
concomitant decrease in the number of tracheal globlet cell.
Similar lesions were detected in the nasal epithelium of
the same pigs.

Husbandry factors which have been suggested to play a
role in the prevalence or intensity of. EPP are: herd size,
type of production system, repopulation of fattening units,
density, manure management and hygiene.

Lindquist (1974) found that pigs from buildings con-

tainipg less than 500 animals tended to have a lower incidence
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of pneumonia than was associated with more than 500 pigs
per building. Bickstrdm and Bremer (1978) reported that
those farms which produced higher numbers of fatteners had
a higher incidence of pneumonia than others producing
lower numbers of fatteners. Aalund et al. (1976) found a
twenty-fold increase in risk of lung lesions for- herds
producing more than 500 hogs in the three year period from
1969 to 1971 in Denmark.

In regard to type of production system, production
strictly in batches results in a lower incidence of pneumonia
than whep continuous production (Lindqﬁist 1974 and Back-
strom and Bremer :1978) or:continuous ﬁroduction in batches
(Lindqguist 1974) are used.

Backstrom and Bremer (1978) found that herds classified
in a low—éneumonia-incidence group stocked their growing and
finishing units with their own feeder pigs while in herxds
in the high-incidence group, piglets were purchased from
other sources, especially at a market. This is in agree-
ment with findings of Aalund et al. k1976).

The density of pigs per unit obviously is related to
volume of air per-pig and stress. Lindgquist (1974) found
that pigs from houses with a total area equal or greater
than 0.7 m2 per pig had a lower incidence of pneumonia than

those from houses with a total area less than 0.7 m2 per
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piq5-‘.

Manure management may also influence severity of pneu-
monia, an effect undoubtedly related to the production of
gas. . Lindgquist (1974) observed that pigs from houses with
solid manure handling had a tendency to a lower incidence
of pneumonia than those from héuses with ligquid manure

" handling.

Diagnosis of M. hyopneumoniae Pneumonia

Detection of the organism or antigen

Isolation of M. hyopneumoniae The isolation of M.

hyopneumoniae from lungs is achieved by broth culture fol-

lowed by serological identification. According to Whittle-
stone (1979), three problems limit and have to be overcome
in attempting isolation of the microorganism: a) M. hyo-

pneumoniae is nutritionally fastidious, b) other more

rapidly growing mycoplasmas, especihlly M. hyorhinis, are
present in swine lungs, and ¢) some strains, even under
ideal conditions, are difficult to isolate.

To overcome these @roblems, several media have been
deveioped and one of the most significant advances in this
area was the medium developed by Friis (1975). Other
recently developed media were those of Goodwin (1976),
Etheridge et al. (1979) and Chenglee et al. (1980).

Whittlestone (1979), reviewing the ways of overcoming
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the presence of M. hyorhinis in mixed infections pointed out
four methods; a) utilizing M. hyorhinis antiserum in the
media, b) incorporating specific inhibitors in the media,

¢) increasing the concentration of serum, favoring M.

hyopneumoniae} rather than M. hyorhinis, and d) making five

to seven passes at weekly intervals, after which M. hyo-

pneumoniae but not M. hyorhinis continues to multiply.

A method of isolation used widely is that described by
Friis (1975). A 10% suspension of lung tissue is made in
broth and ten-fold dilutions are made up to 10—8 iﬁ broth
culture. Cultures are incubated at 37°C. Cultures showing
an acid shift from red (pH 7.4) to yellow (pH 6.8) are sub-
cultivated to. broth or agar.

Identification is achieved by means of the metabolic
inhibition test (Taylor-Robinson et al. 1966), epi-
immunofluorescence (DelGuidice et al. 1967) growth precipi-
tation test (Goi& and Kuksa 1975) and growth inhibition

test (Clyde 1964).

Immunofluorescence test The application of the

immunofluorescence technique to the study of mycoplasmas

was first reported by Liu (1957). He described the bronchial
localization of the etiological agent of atypical pneumonia
of man in experimentally infected chick embryos.

L'Ecuyer and Boulanger (1970), Meyling (1971) and
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Livingston et al. (1972), usipg the direct fluorescent
antibody technique (DFA), described the bronchial and

bronchiolar location of M. hyopneumoniae in pneumonic swine

lungs. In addition, Meyling (1971) observed that M. hyo-
rhinis could often:be‘démonstrafed with distribution and
localization similar but not identical to that of M. hyo-

pneumoniae. In slaughter house material, he found a good

correlation between isolation of M. hyopneuomiae and DFA.
Similar results were obtained by Holmgren (1974a).
Amanfu et al. (1980), evaluating the sequential detection

of M. hyopneumoniae antigen in lungs ¢f infected pigs by

DFA, observed maximum fluorescence at 4 to 6 weeks post-
inoculation with persistence up to 12 weeks, the longest
time studied. Goié et al. (1975), used the indirect immuno-
fluorescence technique'(IFA) to assess the presence of M.

hyopneumoniae in pigs from an infected herd at an abattoir.

They found that, of 39 positive lungs, 10 were detected by
culture and IFA, 1l were positive only by IFA and 18 were
positive only by culture. No explanation was offered for

this discrepancy.

" Enzyme-linked immunoperoxidase technique The enzyme-

linked immunoperoxidase technique was used by Bruggmann

et al. 1977a) to demonstrate M. hyopneumoniae antigen in

frozen lung sections and in bronchial smears. In bronchial




58

smears the organism was seen as reddish brown pleomorphic
spots, in the form of colonies, randomly distributed, or at
the surface of scraped epithelial cells. In frozen tissue

sections, they bordered the bronchial epithelium.

Direct examination of Giemsa-stained pneumonic lung

touch preparations for organisms with the morphology of M.

hyopneumoniae Plecomorphic organisms (PO) which could be
detected regularly in touch preparations from the lungs of
Apigs infected éxperimentally with several strains of the
causative agent of enzootic pneumonia were described by
Whittlestone (1958). These PO organisms were identified

as Mycoplasma hyopneumoniae (Goodwin et al. 1965). Goodwin

and Whittlestone (1967) used this method as a preliminary
diagnostic meﬁhod within the EPP control scheme in England.
In spite of the fact that this method is nonspecific, Giggr
et al. (1977) found that it correlated well with results
obtained by immunofluoreséence, histopathology and a immuno-
peroxidase technique. |

The method has the advantage that dried touch prepara-
tions_arg very stable and resuits can be available within a
few hours. 1In contrast, interpretation is subjective and

fa}ée-positives may occur due to M. flocculare infections

(Whittlestone 1979).
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Detection of antibody response to M. hyopneumoniae

Complement fixation (CF) test Using unheated sexum,

Roberts (1968) -detected CF antibodies against M. hyopneumoniae

in pigs inoculated with either pig lung suspension or broth
cultures, whereas contfol sera were negative. Boulanger 'and
L'Ecuyer (1968), utilizing a modified direct-CF test, found
a-good correlation between preéence of typical lung lesions
in experimentally infected pigs and CF antibodies in serum.
Moreover, detection of antibodies was possible as early as
14 days after intratracheal exposure and for at least 267
'days thereafter. No cross reactions were observed between

M. hyorhinis and M. hyopneumoniae. Slavik and Switzer (1972),

using complement provided by desiccated guinea pig serum, re-
constituted in serum from young pneumonia-free pigs and an
antigen heated at 52°C to 54°C for 15 minutes, overcame the
problem of poor complement binding and procomplementary

activity of the antigen. In this way, it was possible to

detect antibodies to M. hyopneumoniae in test sera at dilu-
tions . as low as 1:8. The CF test may yield some false
positive, or false negative reactions or cross reactions.

Hodges and Betts (1969) found that sera from 2 pigs infected

with A. granularum and 1 of 16 pigs infected with M. hyorhinis

did produce low titer cross reactions. Wood et al. (1976)
compared sera from SPF and non-SPF. swine in Illinois. They

found that of 458 serum samples from 8 specific pathogen free
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(SPF) swine herds, 9.4% of sera were positive while of 128
serum samples from 8 non-SPF herds, 51.7% of sera were
positive. Théy suggested that either the test was detecting
nonspecific reactions or the SPF system was ineffective in

maintaining their M. hyopneumoniae-free status. In an evalua-

tion of diagnostic procedures for dgtecting MPS, McKean

et al. (1979) found a high correlation between CF results and
gross and macroscopic lesions in butcher-weight swine. But,
they found a greater number of swine with microscopic lesions
than with CF titers. This fact suggested to them that CF
titers declined before resolution of microscopic lesions

occurred.

Indirect hemagglutination (IHA) test Using the IHA

test, Goodwin et al. (196%a) found that pigs killed 12-22
days after ihfection had titers less than 1:5, but high
titers were obtained 16-60 weeks after infection. The
latter pigs had very low CF titers at that time. This
suggested that the IHA test could be more suitable for long-
standing infections.

Lam and Switzer (1971b) developed an IHA test for

detection of antibodies to M. hyopneumoniae. They used

tanned swine erythrocytes and treated their antigen with
sodium dodecyl sulfate followed by ammonium sulfate precipi-

tation. In evaluating this test, they detected antibodies
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in 57 of 62 (92%) experimentally inoculated pigs that had
pneumonia and in 3 of 8 pigs that failed to develop lesions.
In naturally océurring.infections, antibodies were detected
in 68 of 87 (78.1%) pigs having macroscopic lesions and in
56 of 82 (68.2%) pigs not having lesions. The resolution

of pneumonic lesions with persistence of the titer and the
nonpathognomonic status of the lesions were cited as reasons
for the lack of correlation between IHA antibodies and lung
lesions. Holmgren (1974c), using IHA with formalinized,
.tanned swine erythrocytes, detected antibodies against

M. hyopneumoniae in 87 out of 98 (89%) sera from slaughter

pigs believed to be free from the disease. No cross reactions

were observed with M. hyorhinis. Holmgren (1974a) monitored

the status of M. hyopneumoniae infection in two herds with a
high prevalence of EPP by ﬁsing the DFA test to detect antigen
in pneumonic lung tissue and the IHA test to detect antibodies
in affected pigs. He found a good correlation between these
tw6 techniques in 10-to 12-week-o0ld pigs but in 2-to 5-week-
old pigs no IHA titers were observed even though all pneumonic
lungs were DFA positive. All 2-to 5-week-old pigs had acute
pneumonia while IHA negative 10-to l2-week-old pigs had an
acute ﬁneumonia too. TIHA positive 10-to 1l2-week-old pigs

tended to have chronic lesions.
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Enzyme-linked immunoassay (ELISA) Bruggmann et al.

(1977b) developed the ELISA test for the detection of M. hyo-

pneumoniae antibodies. . Positive sera were observed at 2

weeks post infection and all sera tested between 3 and 50
weeks after inoculation were positive. ' They described the
following advantages for this test: all clasées of immuno-
globulins can be detected, the sensitivity is identical to
radioimmunoaséay and results can be measured quantitatively.

Cross reactions between M. hyopneumoniae and M. hyorhinis

have been observed (Bruggmann 1978). In order to eliminate
this cross reaction, Bruggmann (1978), using antigen frac-
tionation techniques, found the specific antigen of M. hyo-

pneumoniae among 3 to 4 proteins in the molecular range be-

tween 28,000 and 175,000 daltons. Armstrong et al. {(1978),
using Bruggmann et al. antigen (1877b), in.an evaluation of
the ELISA. test; found’ that 33 sera from SPF pigs devoid of
gross MPS lesions were ELISA negative and 32 of 33 were CF
negative. From 18 MPS suspect pigs, all were CF antibody

positive while 13 of 18 were ELISA positive., 1In testing ELISA

specificity, using M. hyorhinis, M. hyopneumoniae and M.

hyosynoviae antiserum against homologous and heterologous

antigen, they observed that heterologous antiserum had titers
greater or equal to 4000 against homologous antigens. They
concluded that the ELISA was a promising method for diagnosing

MPS but, the specificity of the M. hyopneumoniae antigen
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needed to be increased before the procedure could be used

under field conditions.

Indirect immunofluorescence (IFA) test Meyling

(1972) detected IFA antibodies in infected pigs at 3 weeks
and_maximum fluorescence occurred at 6 to 8 weeks after
inoculation. 1In a slaﬁghterhouse survey, he found that 67%
of 265 sera diluted 1:10 had IFA antibodies. He also found
that 369 of 375 sera from pneumonia-free SPF swine were
negative for IFA. The 6 ﬁositive sera which gave trace

reactions were reevaluated and considered negative.

Indirect immunopexoxidase (IIP) test Bruggmann

et al. (1976) used the IIP test to detect-M. Qyopneumohiae

antibodies in an infected .herd and in an SPF herd. No anti-
bodies were detected in the SPF herd but in the infected
herd a positive correlation of 97.7% was obtained between

presence of antibodies and evidence of the disease.

Tube agglutination test Fujikura et al. (1970)

demonstrated antibodies against M. hyopneumoniae by using

the tube agglutination test. All pigs inoculated with a
culture of the organism or with pneumonic lung suspensions
developed agglutination titers. No cross reaction was

observed between M. hyopneumoniae and M. hyorhinis with the

heterologous immune serum. In pigs less than 3 months of
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age, agglutinating antibody was demonstrated at a higher
frequency than was CF antibody.

Roberts and Little (1970b), utilizing a stained anti-
gen plate agglutination test, were unable to detect a
serological response in pigs to two strains of M. hyo-

pneumoniae.

Pijoan and Boughton (1974) described a tube agglutina-

tion test. They studied several variables in the reaction

and concluded that tempervature variation affected the results

strongly. The test worked well for hyperimmune sera but

field sera from pigs with experimental M. hyopneumoniae

infection did not agglutinate even when they possessed CF
titers. They suggested that the test detected only macro-

globulins.

Metabolic inhibition (MI) test Taylor—-Robinson

et al. (1966) found the MI technique relatively specific
and sensitive in detecting human mycoplasma antibody. The

test, with M. hyopneumoniae infected pigs, has not been

very enco@raging.-'Takatori (1970) was unable to detect
any MI activity in sera from experimentally infected pigs
and Goodwin et al. (196?a) found nonspecific inhibitory
substances in the sera of some pigs both before and after

infection.
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CHAPTER III. MATERIALS AND METHODS

Experimental Animals

All experimental pigs were obtained from the respiratory-

disease-free herd at Iowa State University. The original stock

was obtained by caesarean section. All these animals and
the subsequent generations of pigs have been maintained
under strict isolation for 2 years. All pigs were either
crossbred Yorkshire and Hampshire or purebred Yorkshire
breeding. They were fed a 16% protein grower ration with no
added antibiotiecs. Each pig was ear-notched for identifica—

tion. . .
Experimental Design

Experiment A-

Respiratory-disease-free pigs were inoculated with

M. hyopneumoniae in order to provide a source for natural

transmission of the agent among three different age groups
of animals. These inoculated pigs were designated seeders.

Ten 6-week-old pigs were inoculated for this purpose; nine

were used as seeders in the experiment and one was designated

to be necropsied before starting the contact period to as-
certain that the disease had been established. Six of the
seeders were inoculated intratracheally and three (490, 492

and 495) were inoculated intranasally because of their small
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size which did not permit intratracheal inoculation. The
inoculum, consisting of pneumonic lung suspension containing

M. hyopneumoniae strain 11, was given 18 and 21 days prior to

use of the seeders for contact-transmission of the égent.
Eighteen respiratorf—diéease—free pigs derived from 5
litters but of different ages were used. They were separated
into three groups of 6 animals; the first group consisted
of 3- to 4-week-o0ld pigs, the second group were 6~ to 7-
week~old pigs and a third group were 12- to 13-week-old pigs.
The three age groups of pigs were kept in separate isolation
units with identical environmental conditions. The unit
size was 6 m2. Fach group ‘was exposed by contact to 3
seeders. Every day, the 3 groups of seeders were moved, in a
systematic way, from one age group to another in order to
provide a uniform opportunity for contact. The 3 age
groups of pigs were exposed to seeders for 27 days. At the
end of this period the nine seeders were necropsied. The 3
groups of contact-exposed pigs were kept in their units until
41 to 43 days after the beginning of contact when they were
necropsied. During this period they were observed clinically.
Necropsies were carried out on two alternatéldays. On each
necropsy day, half of each age group of pigs were killed.
Two control pigs for each age group were kept in a separate
isolation unit and approximately at the same time, they were

necropsied and subjected to the same microbiological and
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pathological examinations as the exposed pigs. Nasal
secretions were collected from each pig before inoculation
or before placing it in the isolation unit. These collec-—
tions were used . for microbiological examination. Blood
samples were collected from each pig prior to inoculétion or
pfior to placing it in a unit. Blood collections were con-—

tinued at weekly intervals until each pig was euthanized.

Experiment B

Nine 8- to 9-week-old pigs were inoculated for use as
seeders; six were used in thé experiment and three were
necropsied before starting the contact period to ascertain
that the disease had been ;stablished. These pigs were

inoculated intranasally. Inoculum, consisting of pneumonic

lung suspension containing M. hyopneumoniae strain 11,

was given 21, 20 and 19 days prior to use of the seeders
for contact-transmission of the agent.

Twelve respiratory-disease-free pigs derived from 3
litters of different ages were used. They were separated
into two groups of six animals. Each group was formed with
three 3-week-old pigs and with three 11- to l1l2-week-o0ld pigs.
Both groups were kept in separate isolation units with identi-
cal environmental conditions. The unit size was 6.38 m2.

Each group was exposed by contact to three seeders. The

two groups were kept with the seeders for 20 days. At the




68

end of this period the seeders were necropsied and each pig
of both groups was moved to an individual Smidley hog house
with a wood slat pdrch. The house area was 4 m2 and the
porch was 3.30 m2. Each Smidley hog house was provided with
an automatic waterer and self-feeder. The accumulated
manure below the hog house was removed only at the end of
the experiment. Hog houses were 4.5 m distant from each
other and they were disposed in two parallel rows of 11 and
9 hog units. The distance between the rows was 10.5 m.
The experimental pigs were distributed randomly among the
houses in an alternate way. Respiratory—disease—free pigs
were placea in the intercalaﬁe houses in order to detect
possible indirect contact. These latter pigs were designated
sentinel pigs; three were 6 to 7-weeks-0ld and three were 14-
to 15-weeks-old. Twenty=nine to 30 days after they had been
placed in indiwvidual hog hoqse units, the two groﬁps of
contact-exposed pigs were necropsied, respectively. The
sentinel pigs were necropsied 60 days after they had been
placed among the other pigs. Two control pigs for the 3-
weeks—~old contact-exposed. pigs and four control pigs for the
other. age group were kept in isolation and at the appropriate
'time, they were necropsied and subjected to the same micro-
biological and pathological examination.

| Nasal secretions were collected from the seeders before

inoculation and before being placed in contact with the 3-
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week-o0ld and 12-week-o0ld groups of pigs. Nasal secretions
were collected from both groups of pigs'prior to their con-
tact with seeders and before putting them in the Smidley

hog houses. Similarly, nasal swabs were taken from sentinel -
pigs before they were put in their hog houses. Blood

samples were collectéd and processed as described in
Experiment A except for sentinel pigs. Blood was collected
from the sentinel pigs before locating them in the'Smidley
hog houses and at necropsy.

Inoculation of Pigs with Pneumonic
Lung Inoculum

Pneumonic lung inoculum (PLI)

The ‘pneumonic lung inoculum (PLI) used was prepared
from four pigs inoculated with a serial-passaged culture of

M. hyopneumoniae strain 11 (Maré and Switzer 1965). The pigs

were killed 38 days post inoculation at which time their

lungs were collected aseptically in preweighed 500 ml.

sterile beakers. The lungs were homogenized by using

mortars and pestles and by using sterile alumina}' Homogenates
with a final concentration of 10% were prepared in Friis
(1975) broth medium containing no antibiotics. The 10%

PLI was centrifuged in 40 ml glass tubes at 800 rpm for 5
minutes at 6-8°C. This procedure removed alumina and large

pieces of lungs. 1In order to check purity, the pooled PLI
lyalker-Anderson Company, Chicago, Illinois.
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was examined by bacteriological and mycoplasmal culture
techniques as described on pages 72-75. No bacteria or myco-
plasmas were isolated from the PLI used except M. hyo-

pneumoniae. In order to estimate the titer of M. hyo-

pneumoniae in the PLI, ten-fold dilutions of PLI were made

in Friis broth medium. These dilutions were incubated at
37°C and, as described on page 75, they were observed
for color change for 21 days. The color change from red

to yellow, was indicative of M. hyopneumoniae growth.

The highest dilution of PLI which changed color was con-

sidered the final titer of M. hyopneumoniae in color-

changing units (CCU). The PLI was stored in 26 or 31 ml
volumes at -70°C.
On the day of inoculation, a 24 hr low~passage (17th)

culture of M. hyopneumoniae strain 11 grown in Friis broth

medium (1975) was added to thawed PLI in the ratio of 1l:4.
This final inoculum was kept in an ice bath until inocula-
tion. As described previously, the final inoculum was
checked for purity and the CCU was determined. In Experi-
ment A, the CCU in the inoculum used to inoculate seeders

on the first day was 107

6

and on the second day inoculum

was found to contain 10" CCU. In Experiment B, the CCU of

the inoculum used for seeders was found to be 107, 108,

7

and 10" CCU, respectively, on days 1, 2 and 3 of inoculation.
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Intratracheal inoculation

The intratracheal inoculation of séeders was performed
according to Bentley and Farrington (1980). Briefly, the
pigs were held in a vertical position and a rubber catheter
was passed through the mouth into the trachea. The mouth
was kept open by means of a porcine mouth speculum inserted
between the upper and lower jaws. Passage of air fhrough
the catheter coincident with respiratory movements was
considered indicative of intratracheal localization. Using
a 20 ml syringe attached to a Luer-Lock adapter on the endo-
tracheal tube, 5 ml of inoculum and 15 ml of air were
inoculated quickly into the lungs. An additional 20 ml of
air was inoculatdd to assure that the tube had been voided

of inoculum.

Intranasal inoculation

" Pigs were held with their head up and when the animal
made a strong inspiratory movement by partial obstruction
of the other nostril, inoculum was given through a syringe.

Half of the inoculum was deposited in each nostril.
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Isolation and Identification of Bacteria
from the Nose, Trachea and Lung

Tracheal and nasal swabs were collected from all pigs
at necropsy time. They were collected according to methods
noted on page 79.

Nasal secretions from live animals were collected in a
manneyr similar to that of Goi& et al. (Goi§, M., Barnes, H.: J.,
and Ross, R. F. Production of atrophic rhinitis with Pasteurel-

la multocida in pigs naturally infected with Haemophilus

parasuis. In preparation. Veterinary Medical Research
Institute, Ames, Iowa). Calcium alginate swabs on flexible
aluminum shaftsl were inserted into the nasal cavities of the
pigs. Swabs were then placed into via;s containing 0.2ml of
beef heart infusion broth (BHI) with 5% of swine serum and 2
units of bacitracin. Following 30minutes at room temperature,
the bacitracin treated swabs were processed for bacteria and
mycoplasma isclation. Lung homogenate and Friis broth util-
ized to wash the left cardiac lobe as described on page 75 and
both tracheal and nasal swabs were streaked on 5% horse blood

agar and MacConkey agar2 with 1% dextrose.2 A Staphylococcus

epidermidis culture was streaked diametrically on each blood

agar plate as a nurse colony for Haemophilus sp. isolation.

Plates: were incubated aerobically at 37°C. They were examined

1 . ..
Calgiswab, Inolex, Glenwood, Illinois.,.

2., . . . s
Difco Laboratories, Detroit, Michigan.
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after 24 hr and 48 hr incubation for Pasteurella multocida,

Bordetella bronchiseptica and Haemophilus sp. Colonies on

blood agar characteristic of P. multocida were picked after
24 hr of-incubation and subcultured to blood agar in order to
chéck purity. After that, such cultures were passaged intec
tryptose phosphate‘brothl and incubated for 24 hr. Nonfer-
menting colonies growing oﬁ MacConkey agar after 48 hours
were picked and inoculated on MacConkey agar to check purity.
These cultures were passaged to tryptose phosphate broth

and incubated for 24 hours. Suspect broth cultures of P.

rultocida and B. bronchispetica were Gram-stained and sub-

jected to biochemical tests. Carbohydrate utilization was
determined in phenol red broth base containing 0.5% of the
following carbohydrates; dextrose, lactose,l and mannitol.
Urea agar,l Simmons citrate agar,1 and sulfide-indole-
motility (SIM) agarl were utilized for additional information

for identification (Carter 1975).

Suspect Haemophilus sp. colonies growing close to

S. epidermidis were picked and streaked on a blood agar

plate with a nurse colony in order to check purity and their

dependence on the nurse culture. Blood agar and BHI agar with

and without nurse colony were utilized too. The Minitek

systemz'(Back and Oberhofer 1978) and Micro-ID system3

1 . . . s s
Difco Laboratories, Detroit, Michigan.

2 . . . .
BBL Microbiological Systems, Cockeysville, Maryland.

3 . . . .
General Diagnostics, Morris Plains, New Jersey.
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(Edberg et al. 1980) were used for biochemical characteriza-

tion of the Haemophilus sp.

The Minitek system is a micromethod which utilizes
reagent-impregnated discs acting as substrates for various
enzymatic reactions. As prescribed by the manufacturer, a
suspension of the test organism was prepared in Neisseria
inoculum brothl, and using the Minitek pipettes, 0.05 ml of
suspension inoculum was delivered to each of 12 wells in a
miérotray. Each well except one, identified ONPG was
promptly overlaid with 3 drops of sterile mineral oil,
after which the inoculated trays were placed in the Minitek
humidorl and incubated overnight at 37°C. Reactions of
the individual tests were recorded. The indole test was
performed by adding two drops of Kovac's reagent to the
ONPG disk. The trays were reincubated for an additional 24
hours after which the test for nitrgte reduction was per-
formed by adding 1 drop of each nitrate reagent to the oil
overlaying the dextrose-nitrate disk. A wooden applicator
stick was used to promote contact between the reagents.

The micro~ID system consists of 15 biochemical reactions on
paper impregnated disks, each in its own compartment in a

hard plastic tray. Each compartment was inoculated with

lBBL Microbiological Systems, Cockeysville, Maryland.
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0.2 ml of bacterial suspension. After 4 hours of incubation
in airnat 37°é, 2 drops of 20% KOH were added to the Voges-
Proskauer well. The Micro ID was tilted to wet the reagent
discs in the first five compartments. In both the Minitek
and Micro ID systems the poéitive or negative reactions

were recorded as indicated by the manufacterer.

Isolation and Identification of Mycoplasmas
from the Nose, Trachea and Lung

M. hyopneumoniae was isolated from lungs using the

Iprocedure described by Friis (1975).

- In Experiment A, approximately 1 gm of lung was
homogenized by using mortar, pestle, sterile alumina and
5 ml of Friis broth medium without antibiotics. This lung
hoﬁogenate waé utilized for bacteria and mycoplasma isola-
tion.

Kaklamanis et al. (1969) have shown that extract of
tissue kills mycoplasmas. As a consequence, in Experiment
B, two procedures were used for mycoplasma isolation.

The right cardiac lobe was homogenized as described
previously. The left cardiac lobe was sampled by means of
a washing technique. The entire left cardiac lobe or a
portion of it was collected at necropsy and put into a
sterile Petri dish. 1In the laboratory, the most distal

portion of the cardiac lobe was cut in order to expose the
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terminal bronchi. Friis broth (5 ml),.without antibiotics,
was delivered through the main proximal bronchus with a
sterile disposable 5 cc syringe fitted with a 22 x 1"
sterile disposable needle. The Friis broth medium which
passed through the bronchial system Wag collected into the
sterile Petri dish. From the Petri dish, the Friis broth
medium was aspirated into the same syringe.and put back
into its original tube. From this Friis broth mediﬁm used
to wash the left cardiac lobe and from the lung homogenate
serial ten-fold dilutions were made to 10_7 in 1.8 amounts
of Friis broth with antibiotics contained in rubber stop-
pered tubes. The Friis broth medium contained 25% SPF

pig serum. Cultures were incubated at 37°C in a roller

drum. Growth of M. hyopneumoniae was evidenced by a shift

from red (pH 7.4) to yellow (pH 6.8) of the phenol red.
The occurrence of é color shift indicated the time for
subcultivation which was done in Friis broth or in agar
medium. The passage on agar was done after 3 to 6 passages
in broth. A drop of Friis broth was inoculated on Friis
solid agar medium and the plates were incubated at 37°C
in a humid atmosphere with 5 to 10% co, .

The tracheal and nasal swabs were first streaked on
blood agar and MacConkey agar plates, then they were
swirled and expressed into 5 ml of BHI with 20% of turkey

serum (BHI-TS) (Ross and Switzer 1963). This medium
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contained 2,000 IU penicillin per ml and 1:4,000‘thallium
acetate. Five ml tubes of BHI-TS were inoculated with 0.5
ml of luﬁg homogenate or ﬁith 0.5 ml'éf Friis used.to wash
the left cardiac lobe. These BHI-TS broth tubes were
examined daily for opalescence, tetraéolium reduction,

as indicated by a color change to pink, pellicle formation,
and a debosit that swirled when the tubes were agitated.

A drop of culture medium showing any of the above changes
was placed on BHI-TS agar plates, streaked for isolation
-and incubated at 37°C. First passage BHI-TS broths were
subcultivated routinely after 72 hours regardless of whether
"theAabove changes were detected or not. Friis broth and
primary and secondary cultures of BHI-TS were discarded if
no color change or turbidity occurred within 21 days of
incubation.

The identification of M. hyopneumoniae was achieved by

using the direct epi-immunofluorescence test as described
by Mgller (1979) but using fixed colonies according to
Amanfu (1980). Plates of solid agar medium with colonies

suggestive of M. hyopneumoniae were kept in a refrigerator

at 4°C for 48 hours. Stainless steel or plastic rings were

pressed down into the agar encircling one or several suspect

colonies. The rings containing agar with mycoplasmal colonies

were removed gently from the plate with a spatula and placed

in holes in acrylic carrier slides. The rings were built
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with one end bevelled and the other with a collar which
pre§ents the agar plug from falling out. The colonies were
" then fixed for 60 minutes with absolute methanol dropped
into the ring over the colonies. The methanol, as well as
other reagents, ﬁas retained by the collar of the ring.
Methanol was removed by suction with a Pasteur pipet.
Colonies were covered with PBS (pH 7.4) for 20 minutes at
foom temperature. The PBS was removed and the colonies were
covered with a drop of the appropriate dilution of fluores-
cein-conjugated antiserum. Slides containing the colonies
were incubated in Petri dishes at room temperature for 30
minutes. The colonies were then washed two times with PBS
(pH 7.4), counterstained with chelated azo dye counter-
stain for 2 minutes (Potgieter and Ross, 1972) and washed
two times with chilled distilled water. The slides with
rings containing the stained colonies were examined under
vertical U.V. illuminationl from a 12 volt tungsten filament

and a blue excitatory filter - M. hyopneumoniae (strain J),

M. hyorhinis (strain 7), and M. flocculare (strain Ms42)

colonies were used as known positive controls. Conjugated

M. hyorhinis antiserum was used as heterologous control.

lAmerican Optical Company, Scientific Instruments
Division, Buffalo, New York.
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Blood Sample Collection

Blood saméles were collected ffom the cranial vena
cava at time intervals described previously. After élotting
at room temperature, the serum was separated and centri-
fuged at 1,700 rpm for 10 minutes in order to remove blood
cells. Serum was frozen and kept at -20°C. The same procedure

was utilized with blood collected at necropsy.
Necropsy Technique

At the appropriate time, according to the experimental
design, the pigs were electrocuted and exsanguinated by
cutting the right brachial blood vessels.

In Pigs from Experiment A, the right thoracic cavity
was opened aseptically by reflecting the right thoracic
wéll dorsally. Approximately 2 gm of pneumonic lung tissue
were collected aseptically for microbiological culture
examination. When no gross lesions were visible, the same
amount of lung was collected from the most distal portion of
the right cardiac lobe.

In pigs from Experiment B, the right thoracic cavity
was opened as was described for Experiment A and the same
amount of pneumonic tissue was colleéted but with priority
for the right cardiac lobe. Independent of lesions, 2 gm

of the right cardiac lobe were collected. If the right
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cardiac lobe d;d not show lesions, the sample was restricted
to the most distal portion of it. In addition, the left
thoracic wall was opened aseptically and, independent of
lesions, 50 to 100% of the left cardiac lobe was collected
aseptically for microbiological culture examination.

The lungs were then removed from the thoracic cavity.
The trachea was opened aseptically near the thoracic inlet
and secretions were collected by inserting a sterile cotton-
tipped 5wab.

Any lung hepatization resembling that described by
Pullar (1948) was considered as a typical lesion and re-
corde@ in the following way: 1 = no gross lesions; 2 = up
to 25% of the affected lobe; 3 = 25 to 50% of the affected
lobe; 4 = 50 to 75% of the affected lobe and 5 = 75 to 100%
of affected lobe. The total lesion score of each pig was
calculated. Bronchial and mediastinal lymph nodes were
observed fgr edema, congestion and enlargeﬁent. In the next
step, the head was separated from the body at the atlanto-
occipital articulation and the snout was cut transversally
at the level of the first upper premolar tooth with a band
saw. Turbinate atrophy was scored on a scale of 0 to 5; 1 =
mild atrophy of ventral scroll of ventral turbinate; 2 =

moderate to severe atrophy of ventral scroll of ventral

I

turbinate; 3 mild atrophy of dorsal scroll of ventral

turbinate; 4 moderate to severe atrophy of dorsal scroll
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of ventral turbinate; 5 = severe atrophy of dorsal and
ventral scroll and ventral turbinate and 0 = no atrophy of
dorsal and ventral scrolls of ventral turbinates. The head
was cut sagittally on the midline. Both nasal cavities
were- exposéd by aseptically removing the septum nasi.

Nasal secretions were collected from the nasal mucosa of the
proximal portion of the nasal cavities by using sterile

cotton-tipped swabs.
Inmunofluorescence Technigque

Preparation of tissue for immunofluorescence tests

The procedure used to prepare tissue for the immuno-
fluorescence test was tbhat described by Amanfu et al. (1980).
Small pieces of lung (1x1x0.5) were usually taken at the
junction of grossly normal tissue and diseased tissue to
include bronchus énd several small bronchioles. Samples

were embedded in OC'I'1 fluid medium contained in small flat-

bottom plastic-wells.2 These were frozen on dry ice, wrapped

in aluminum foil and stored at -70°C. Six slides were made
from .each lung specimen by cutting the tissue 4 um thick

with a cryo—cut.m'icrotome.3 After that, specimens were

lLab-'I'ek Products, Naperville, Illinois.

2Linbro Scientific Inc., Hamden, Connecticut.

3American Optical Corp., Scientific Inst. Div.,
Buffalo, New York.
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fixed for 10 minutes in absolute methanol. The slides were

air=dried and stored at -20 C or below until stained.

Direct immunofluorescence (DFA) test

The direct immunofluorescence (DFA) test used in the
present work was that described by Amanfu et al. (1980).

Conjugated porcine IgG antibody against M. hyopneumoniae

was used to detect M. hyopneumoniae antigen and conjugated.

rabbit IgG antibody against M. hyorhinis was used to detect
M. hyorhinis antigen in cryostat lung sections. The

fluorescein isothiocyanate (FITC) conjugated M. hyopneumoniae

antibody and M. hyorhinis antibody were prepared by Theresa
Young and Barbara Zimmermann at the Veterinary Medical
Research Institute. Briefly, globulins from hyperimmune

sera against M. hyopneumoniae strain 11 and M. hyorhinis

strain 7 produced respectively in swine and rabbit were
precipitated from the serum with saturated ammonium sulfate

solution and the IgG fraction from globulins was separated

1

in Sephadex G200. The IgG was conjugated to fluorescein

isothiocyanate2 in a ratio of 1:90. Free fluorescein dye

was removed from conjugated IgG by gel filtration with

1

Sephadex G25. The titration and specificity of each

lPharmacia Fine Chemicals Inc., Piscataway, New Jersey.

ZBBL, Cockeysville, Maryland.
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conjugate were achieved by using two-fold dilutions of
conjugates to stain lung sections from pigs infected with

M. hyopneumoniae or M. hyorhinis.

For staining, sections of lung on slides were placed
in a rectangular dish containing moist filter paper. The
sections were covered with a drop of tﬁe appropriate dilution
of conjﬁgate. Dishes were then sealed with a microtiter
plate sealer2 and incubated for 30 minutes at 37°C. Excesé‘
unbound conjugated IgG was removed by two sequential
rinsings with PBS pH 7.4 for 5 minutes in a glass jar on a
stirrer. The sections were then counterstained with
azo-dye (Potgieter and Ross. 1972) for 30 seconds and washed
twice iﬁ distilled water for two minutes. Stained sections
were carefully blotted dry, mounted with phosphate buffered I
glycerin PH 7.4 and examined with incident ultraviolet light.
A binocular Leitz Ortholux microscope2 equipped with a dark ‘
field condenser and an Osram HBO 200 mercury vapor lamp was
used. A blue excitatory filter (BGl2) and a yellow barrier
filter (K530) were used. Sections Qere generally examined at

100X.

lPharmacia Fine Chemicals Inc., Piscataway, New Jersey.

ZBBL, Cockeysville, Maryland.
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The intensity and location of fluorescence in bronchi
and bronchioli were scored as follows: 1 = scattered granular
green yellow fluorescent particles lining the bronchi with
no fluorescence in bronchioli; 2 = thin coating of yellow
green particles lining the bronchi with no bronchiolar
fluorescence; 3 = thin coating of yellow green particles
lining the bronchi but with green yellow fluorescent
granules lining the bronchioli; 4 = continuous thin coating
of yellow green fluorescent particles lining bronchi and
bronchioli.

. Lung sections of specific pathogen free (SPF) pigs were
utilized for controls. The optimal working dilution of each
conjugate was the idilution at which minimum nonspecific
fluorescence and maximum 5ronchial and bronchiolar specific
fluorescence was seen. In addition, the specifity of conju-
gates was determined by using two-fold dilutions of conjugate
‘in the epi-immunofluorescence test as described on page'75.
This test was performed with colonies from several porcine
mycoplasmas isolated from swine and from other species.

The cross reactivity of the swine M. hyopneumoniae antiserum

with M. hyorhinis antigen was removed by adsorption for 24
hours at 4°C with deoxycholate extract of M. hyorhinis

organisms.




85

Indirect immunofluorescence

Aii pulmonary lobes exam#ned by DFA were examined also
by IFA in order to determine the gorrelation between the
two techniques. Fluorescein conjugated goat IgG antibodies
against rabbit IgG was used to detect rabbit IgG anti-

bodies against M. hyopneumoniae and M. hyorhinis in cryostat

lung sections following treatment with the rabbit antisera.
A commercial goat anti rabbit IgG conjugated with
fluorescein isothiocyanate (FITC) with an F:P ratio of 2.5

mg:gm was used. Antisera against M. hyopneumoniae'and

M. hyorhinis were.prepared by Barbara Zimmermann

At VMRI. .g. hyorhinis antiserum was prepared by several
inpculations of rabbits with whole formalized cells of
g;‘hyorhinis_strain 7. Sera froml4 hyperimmunized rabbits
(281, 282, 283 and 284) were pooled and used in this work.

M. hyopneumoniae antiserum was prepared by several inocula-

tions of sodium deoxycolate extract (Ross and Karmon, 1970)

of M. hyopneumoniae strain 11 in rabbits. Serum from one

rabbit (253) was utilized in this work.

Titration and specificity of fluorescein-conjugated anti

rabbit IgG and M. hyopneumcniae and M. hyorhinis antisera

was achieved by checkerboard titration using one homologous,

one heterologous and a normal system. The checkerboard

lCoppel Laboratories, Cochranville, Penn.
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titration was carried out on lung sections from pigs experi-

mentally infected with M. hyopneumohiae or M. hyorhinis and

on lung sections from normal SPF pigs. Two-fold dilutions
from 1:2 to 1:1280 were used. The homologous system in-

cluded M, hyopneumohiae and g; hyorhinis diseased lung

sections stained, irespectively, with anti M. hyopneumoniae

and M. hyorhinis antisera. The heterologous system consisted

of M. hyopneumoniae and M. hyorhinis diseased lung sections

stained, respectively, with M. hyorhinis and M. hyqpneumoniae

antisera and normal rabbit serum. The normal systeﬁ consisted
of SPF normal lung sections stained with both antisera and
normal swine serum. The end point was taken as that point
where minimum noﬁspecific fluorescence and maximum bronchial
and bronchiolar specific fluorescence were seen. Ih addition,
the specificity of conjugate and antisera was determined in
the indirect epi-immunofluorescence test as described by
Mgller (1979) but using colonies on agar fixed with methanol
according to Amanfu et al. (1980). The mycoplasma colonies
uF%lized as antigen were: M. hyorhinis {(strain 7), M.

hyosynoviae (strain Sle), M. flocculare (strain Ms42) and

M. hyopneumoniae (strains 11 and J). The cross reactivity

of rabbit antiserum against M. hyorhinis with M. hyopneumcniae

was removed by adsorption for 24 hours at 4°C with deoxy-

cholate extract of M. hyopneumoniae organisms (Ross and

Karmon 1970). M. hyopneumoniae antiserum was subjected to
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swiﬁe'liver'powder sorption (Cherry et al., 1960) in order
-!to;eliminéte a-diffuse green honspecific background
fluoréscence.

‘Tﬁe classical IFA test was run at 37°C according to
Chefry et al. (1960) bﬁt with Waéhing and timing according
to Rosendal and Black (1972). Cryostat lung sections on A
: siides, settiné in a rectangular dish containing moist

filter paper, were covered with a drop ©of the appropriate

dilution of antiserum. Dishes were sealed with a microtiter

plate sealerl and incubated for 30 minﬁtes at 37°C. Excess
unbound antiserum was removed by two sequential rinsings in
PBS (pH 7.4) for 10 minutes in a glass. jar on a magnetic
stifrér. ‘The sections were blotted dry and arranged again
in the rectangular dish where they were covered with a

drop .0of conjugated antibody against rabbit IgG. The dishes

were then sealed and incubated for 30 minutes at 37°C..

Excess flxed conjugate was removed by two sequentlal r1n51ngs

in PBS (pH 7 4) for 10 minutes and one rinsing in dlstllled
water. Some slides were counterstained with azo-dye
(Potgleter and Ross 1972) for 30 seconds and washed twice B
_;n:dlstllled water. The wished sections were blotted.dry,

mounted in phosphate bufferedhglycerin.(pH 7.4) and examined

with incident ultraviolet light as described previously for

}Cook Engineering, Alexandria, Virginia.
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DFA. The intensity and location of fluorescence in bronchi

and bronchioles were scored as for the DFA test.
Histological Techniques

Preparation of tissue for histological examination

Pieces (1x2x0.5) of pneumonic lung from lobes with
lesions as well as similar pieces from all normal lobes were
collected according to Figure 1.

Lung samples as well.as a section of trachea were put
in 10% buffered formalin for 48 hours and processed according
to standard paraffin technique and stained with hematoxylin
and eosin as indicated in "Histologic and Special Staining

Techniques" (Armed Forces Institute of Pathology 1968).

Evaluation of microscope lesions

The lung ‘sections were examined with a light microscope
for the stage of the disease and its severity.

The stages of the disease were divided into acute
(early), acute (late), subchronic and chronic (Histopatho-

logic classification of Mycoplasmal pneumoniae of swine,

Barnes, M. J. 1977, Veterinary Medical Research Institute,
Iowa State University). The intensity of the mycoplasmal
lesion was determined by dividing the total number of
bronchi plus bronchioli present in the lung section by the

number of affected bronchi plus bronchioli. Affected bronchi




Figure 1.

Schematic drawing of pig lung showing sample -
collection sites for microscopic lesions
examination (Adapted from Neurand, K., Wissdorf,
H. and Mensow, C. 1970. Beitrag zur :
Bronchialverzneigung beim Schwein. Berl. Munch.
Tierartzl. Wach. 23:467-470)

RA = Right apical lobe

RC = Right cardiac lobe

RD = Right diaphragmatic lobe
LA = Left apical lobe

ILC = Left cardiac lobe

LD = Left diaphragmatic lobe
I = Intermediate lobe

(Arrows indicate bronchi serving lobes and
sites for collection of samples for micro-
scopic lesions examination)






91

or bronchioli was defined as those with peribronchial and
peribronchiolar lymphoid hyperplasia which extended into
the adjacent interstitium and through the muscular layer
into the submucqsa.or by marked peribronchial and peri-
broﬁchiolar lymphoid hyperplasia. The severity of the

" lesions were classified_from.o to 4, according to the
coefficient defined above. Lung sectidns with scores
equal to zero were clasgified as belonging to class 0.
Lung sections with scores equal or above 10, betweén 5 to
9.9, between 2 to 4.9 and between 1 to 1.9 were classified
into 1, 2, 3, and 4 classes, respectively.

Complement Fixation
(CFr) Test

Complement fixing antibodies to M. hyopneumoniae and
-E. hyorhinis were detected by using a direct microtitration
system where the reaction volume was 0.125 ml (Slavik and
Switzer 1972). Lyophilized guinea pig complement was
reconstituted with normal unheated swine serum from 6 to 8-
week-o0ld respiratory disease-free pigs. Five 50% hemolytic
units of complement were used and the optimal concentration
of antigen was determined by block titration. The antibody
titer was expressed as the reciprocal of the highest serum

dilution which gave approximately 70% or more of haemolysis.
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Enzyme-linked Immunosorbent Assay
(ELISA) Test
The enzyme linked-immunosorbent assay (ELISA} test
(Bruggmann et al. 1977b). adapted to the{microtiter systeml
was utilized in this study. Microtiter we1152 were coated

with a sodium dodecyl sulfate extract of M. hyopneumoniae

strain J. Plates were washed with buffer and serial dilu-
tions of test sera from 1;10 to 1:1280 were made in the
microtiter wells. The microtiter plates were kept at room
temperature for 5 hours and then they were washed with
buffer. A peroxidase-conjugated IgG fraction of rabbit
aritiserum against swine IgG (heavy and light chain)3 was
added in the appropriate dilution to each well and the
microtiter plates were incubated overnight. The plates were
washed with buffer and the enzyme substrate, 5-aminosalicylic
acid, and hydrogén peroxide were added. The enzymatic
réaction was stopped by adding sodium hydroxide (Molar solu-
tion) 15 minutes afﬁer the beginning of the reaction. The
color change in the fluid was assumed to be equivalent to
the amount of conjugate fixed. The amount of cénjugate
fixed was thérefore equivalent to the amount of antibody

bound to antigen. The degree of color change was measured by

. ) r

‘lAdapted and run by Theresa Young, Research Associate
Veterinary Medical Research Institute, Iowa State University,
Ames, Iowa.

2cook Engineering Co., Alexandria, Virginia.

3Cappel Laboratories, Inc., Cochranville, Pennsylvania.
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using a colorimeter capable of measuring results directly

in the wells of the microﬁiter plates (Clém and Yolken
1977). Wells.containing'Antigen,-substrate, and sodium
hydroxide were used to adjust the machine to zero. Approxi-
mately 9 negative sera were used each time that the test.
was run. Normally, negative control sera were those col-
lected from the experimental pigs before their utilization
in the experiments.

A preliminary analysis revealed that results obtained
varied significantly from one day to the next. In addition,
sera from some negative control pigs caused more intense
color change than others.

Dilution of serum appearéd to reduce this background.
In fact, the variation in color change with negative sera
decreased with dilution. The influence of age of pigs on
background or nonspecific color change was evaluated by
using preexposure and postexposure sera from 6 sentinel
pigs. Three pigs were 6 to 7 weeks old and 3 pigs were
14 to 15 weeks old prior to use as sentinels. Following use
as sentinels the pigs were euthanized when they were 14 to 15
and 22 to 23 weeks o0ld, respectively. Lesions of MPS and

M. hyopneumohiae were not detected in these pigs. The pre-

exposure and the necropsy sera were evaluated with the ELISA
test on the same day. Means of optical density for cor-

responding dilutions of the preexposure and necropsy sera
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did not differ (p > 0.05).
In order to overcome the day-to-day variation, two
criteria were utilized to classify pigs as positivé or nega-

tive with the ELISA test. In the first criterion, any

optical density reading at a given dilution above 3 standard

deviations from the means of the negative control sera for
thét dilution was considered positive (Chao et al.
1979). This procedure of classification will be called the
three. standard deviation criterion,

The second criterion utilized discriminant analysis.
By this criterién,en1unknown serum was Elassified as posi-
tive or negative according to the discriminant functions.
Discriminant functions were defined by utilizing ELISA
test results obtained with 34 sera from contact-exposed
pigs; 14 sera were defined as positive and 20 as negative.
A serum collected at necropsy, was classified as positive
if.it was from a pig with microscopic iesions of MPS and

M. hyopneumoniae as determined by DFA or isolation pro-

cedures. In addition, the animal from which the sera was
collected must have been CF-positive at least one time
during the period of observation. Negative sera were those
coilécted from experimental pigs before their utilization
in the experiment (preexposure serum).

Dilutions 1:40 and 1:80 were utilized to build the
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discriminant functions. At these dilutions, the background
of serum appeared to be less important. In fact, the
variance at these dilutions of negative controls was approxi-
mately half that at 1:10 dilution.

In order to overcome the time to time variation, the
mean of negative controls for eaqh day was subtracted from
all positive and negative sera. As a consequence, the
means of negative sera were adjusted to zero and the means
of positive sera became the difference between the mean of
positive and negative serum before adjustment.

Two squared distance functions were determined ac~
cording to Snedecor and Cochran (1967), one for the positive

and another for the negative serum.

p2(X) = 1,247.578(x,,) 2 - 2,552. 91 (Xg X, o)
+ 1,865. 753(x80) - 13.456
pZ(x) = 393. 12(x40) - 732.98(X X ) + 430.463(X )2
+80 +40 +80
- 10.46

If D (X} < D (X), Unknown sera will be classified as
negative

If D (X) < D (X), Unknown sera will be classified as
positive

|w)
|

Squared distance function.

>
I

Unknown sera
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X40 = Optical density reading at 1:40 dilution of sera
o to be classified (X) minus the optical density
reading mean of negative controls at 1:40 dilution

§80 = Optical density reading at 1:80 dilution of sera
to be classified (X) minus the optical density
"reading mean of negative controls at 1:80 dilution
X .= Optical density reading at 1:40 dilution of sera

+40 to be classified (X) minys 0.284 (constant)
X = Optical density reading at 1:80 dilution of sera
+80 to be classified (X) minus 0.203 (constant)
This procedure for classifying pigs positive or not to

ELISA test will be dalled discriminant analysis criterion.
Statistical Analysis

In both experiments, data were tested for significance
by using the chi~square test. 1In addition, contingency
tables were utilized for testing the independency or

association among attributes observed.
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CHAPTER IV. RESULTS

-Experiment A

clinical signs

Seeders Coughing was observed in 1 pig 8 days
after inoculation and the rest of the pigs 11 to 15 days
after inoculation. Coughing was noticed more frequently

after forced exercise.

Pigs exposed by contact to seeders = Only 6 of the 18

pigs from all three age groups were observed to cough; one
ffom the 3-week-0ld group, two from the 6-week-old group and
three from the l2-week-old group. The pigs were observed to
cough first from 31 to 34 days after contact-exposure had
begun. Coughipg'was observed only when the pigs were forced

to exercise.

Necropsy findings

Lung hepatization with uniform color was observed in all
groups of pigs. The colors observed were from pale gray to
pink and to red (Figure 2). These lesions, although not
pathognomonic, were considered characteristic of M. hyo-

pneumoniae pneumonia.

The number of pigs with gross lesions of pneumonia
among the principal experimental groups is summarized in
Table 1. There was no difference in the proportion of

animals in the 3 age groups with gross lung lesions (P >0.05).




Figure 2. Gross lesion of MPS in lung of a pig exposed
by contact to M. hyopneumoniae
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Table 1. Severity of pneumonia in three age groups of
contact-exposed pigs: Number of pigs with
gross lesions of pneumonia

Total Number of Number of

Experimental number pigs pigs Chi-square
groups of with without
pigs pneumonia pneumonia
32 6 3 3 1.50%
6 6 4 2
12 6 5 1

Weeks of age.

.
B.> 0.05.

The severity of pneumonia in the three age groups of pigs
was evaluated by the number of lobes with lesions (Table
2). For purposes of analysis, four categories of pigs with
an increasing number of MPS-affected lobes were established.
No differences were detected in the distribution of pigs
in these categories (P > 0.05).

The severity of pneumonia was scored according to
the approximate percentage of each lobe affected. The sum
of all lobular scores from a pig constituted its gross
lesion pneumonia severity score. Gross severity scores
are given in Table 3. For purposes of analysis, three
categories of pigs with increasing severity of gross pneumonia
scores were determined. Pigs with no gross lung lesions

were scored 7. (Each normal lobe received a score of
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Table 2. Severity of pneumonia in three age groups of con-
tact~exposed pigs: Number of lobes with gross
lesions ©f pneumonia

Number of pigs in pooled

Total .
s ) categories of number of
Experimental n el lobes with pneumonia Chi-square
groups of 0 152 3-4 57

plgs Lobes Lobes Lobes Lobes

32 6 3 2 1 0 3,99%
6 6 2 2 0 2
12 6 1 2 1 2
. B |

qWeeks of age.

*
P > 0.05.

Table 3. Severity of pneumonia in three age groups of _
contact-exposed pigs: Gross lesion severity score

] Total Numbex gf pigs in
Froume T R enity soore  Chimsquare
pigs 7 g-11 12-15
32 6 3 2 1 T 2.00%
6 6 2 2 .2
12 6 1 2 3

Weeks of age.

*
P > 0,05,
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1, hence a completely normal pig received a score of 7.

The most affected ones were classified in the category 1l2-
15 while the least-affected ones were classified in the 8-11
category. No differénces were detected in gross lesion
severity scores among the three age groups of pigs (P >
0.05).

All seeder pigs, except one, had gross lesions charac-
teristic of MPS {(Table 4).

Gross pneumonia appeared more frequently in the right
apical and right cardiac lobes (Table 5) but, analysis
indicated these differences were not significant (P > 0.05).

Edema of bronchial lymph nodes was observed in two
seeder pigs and in one each of the 6~ and l2-week-old
pigs, respectively.

Atrophy of nasal turbinate was found in all groups of
pigs (Tables 4 and 6). There were more affected pigs among
younger than among older pigs (P < 0.05). 1In general, mild
to moderate atrophy of the ventral scroll of the ventral
turbinate was observed in all groups.

- No macroscopic lesions were found in control pigs.

Histopathology

Microscopic lesions suggestive of MPS in lungs of
contact-exposed pigs were classified into four stages:

acute (early), acute (late), subacute and chronic.



103

Table 4. Necropsy'findings in M. hyopneumonia-inoculated
pigs used as seeders in Experiment A

Pig Pneumgnia Enlaggement Turbinate
number ~ SEVerity bronchial atrophy
lymph nodes
486 132 - 1P 0/0°
487 10 1 0/0
488 15. 3 0/0
489 11 1 0/0
490 7 1 0/0
491 13 3 1/0
492 15 1 0/0
393 9 1 0/0
494 14 1 0/1

®Each normal lobe received a score of 1, hence a
completely normal pig received a score of 7. A total
score above 7 indicates that lesions were observed.
Higher scores indicated more lung tissue was involved.

bl = No gross enlargement of bronchial lymph ncdes,
3 = Moderate enlargement of bronchial lymph nodes.
€0 = No atrophy of the ventral turbinate was observed,

1 = Mild atrophy of ventral scroll of the ventral
turbinate.




Table 5. Distribution of lesions of pneumonia among the lobes in lungs of
seeder and contact-exposed pigs '

. Total Number of each lobe with lesions
Ex?erlmental Num?er of number of of .pneumonia Chi-square
animals pigs lobes a b C d e f ;9

LA LC LD RA RC RD I-

Seeders 9 63 3 6 5 8 8 4 6 9.37%

Pigs exposed
by contact 18 126 6 7 4 6 7 6 3 3,518*

Aeft apical lobe.

bLeft cardiac lobe.

CLeft diaphragmatic lobe.
dRight apical lobe.
eRight cardiac lobe.
fRight diaphragmatic lobe.

gIntermediate lobe.

*
P > 0.05.

FOT
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Table 6. Atrophy of nasal turbinates in three age groups
of pigs exposed by contact to M. hyopneumoniae

. Total Pigs with Pigs without
Exigilgental number turbinate turbinate Chi-square
g P of pigs atrophy atrophy
38 6 (6 0| 7.200%
6 6 5 1-
12 - 6 K : 4

qyeeks of age.

*
P < 0.05.

The histopathoiogic lesions found iﬁ the acute (early)
stages of MPS (Figure 3B) were characterized mainly by
perivascular cuffing of lymphocytes and peribronchial and
peribronchiolar Iymphoid tissue hyperp;asia. Frequently,
lymphoid proliferation extended into the adjacent inter-
stitium and through the muscular layér into the submucosa
compromising tﬁe lumina of the airways. Very few cells
and little exudate were observed in b?onchi, bronchioli and
alveoli. Alveolar walls were normal or thickened.

In the acute (late) stagel(Figure 34), vascular changes
were similar to the early stage but with gréater lympho-
cytic cuffing. Lymphoid tissue was increased with formation

of germinal centers. This hyperplastic lymphoid tissue



Figure 3. Sections of lungs of contact-exposed pigs

A - Acute (late) state of MPS. ©Notice peri-
bronchiolar cuffing of lymphocytes and _
presence of cellular infiltrate in alveoli
and bronchioli (H&E) (100 x magnification)

B - Acute (early) stage of MPS. Notice lymphoid
proliferation extended through the muscular
layer into the submucosa and the absence of
cellular infiltrates in alveoli and
bronchioli ({(H&E) (100 x magnification)
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produced a moderate to marked compression of the lumina of
airways. Type II alveolar cells were rounded and sloughed
into alveoli, often filling the lumina. Minimal numbers of
neutrophils (PMN) and other mononuclear cells were located
in alveoli, bronchi and bronchioli. Edema, and less
frequently, fibrin was observed inside alveoli. Thickening
of alveolar walls and patchy loss of cilia in bronchi and
bronchioles were observed.

In the subacute stage (Figure 4), alveoli were free
of cells and inflammatory exudate. Lymphoid follicles
persisted and distorted bronchi and bronchioles. Alveolar
walls were often markedly thickened.

The chronic stage of M. hyopneumoniae pneumonia was

not observed.

Free erythrocytes were sometimes present in alveolar
spaces. This may have resulted from electrocution.
Clumping and loss of tracheal cilia was noticed in all
stages of the disease but no inflammatory cells were
observed in the lamina propria of trachea.

Table 7 summarizes the occurrence of different
stages of MPS among the experimental pigs. Almost all
MpS-affected pigs (85%) had acute (late) stage lesions.
Different stages of MPS were observed in one pig. This

may indicate that spread of infection from one lobe to



Figure 4. Section of lung of contact-exposed pig. Sub-
acute stage of MPS. ©Notice persistence of
lymphoid follicles, absence of cellular in-
filtrate in alveoli, bronchus and bronchiolus
and thickening of alveolar walls (H&E) (100
x magnification)
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Table 7. Severity of pneumonia in three age groups of_ '
contact-exposed pigs: Histopathologic classifi-
cation of MPS lesions in lungs

Number of pigs in histopathologic

Experimental Total stages of
groups number of MPS categories
pigs AE® aL® AE+AL sa‘
Seeders 9 0 6 0 3
3d 6 2 3 0 0
6 6 0 2 : | 0
12 6 0 5 0 0

qacute (early) stage.
bAcute (late) stage.
Csubacute stage.

dWeeks of age.

another or between pigs had occurred. Acute (early) lesions
occurred only in 2 pigs in the 3-week-old group. Neither
pig had any gross lesions. This may indicate that infection
occurred later during the experiment.

The effect of age on the number of lobes with micro-
scopic lesions of MPS is summarized in Table 8. For
purposes of analysis, contact-exposed pigs were classified
into four categories on the basis of number of affected
lobes. Those pigs which did not show any lung lesions were

classified in category 0. Those pigs which had 5 to 7 lobes
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Table 8. Severity of pneumonia in three age groups of
contact-exposed pigs: Number of pigs with
microscopic lesions of MPS

Number of pigs in pooled

Experimental :Sﬁgér categories of number of _
groups f bigs pneumonic lobes Chi-sgquare
ot P19 0 1-2  3-4  5-7
a *
3 6 3 2 1 0 5.644
6 6 3 1 0 2
12 6 1 1 2 2

qWeeks of age.

*
P > 0.05.

" with microscopic lesions were classified in category 5-7.
There were no differences in the distribution of pigs in
these cateogories (P >0.05).

The severity of microscopic lesions was evaluated
according to the number of bronchi and bronchioli with
characteristic lesions of MPS in a section from each lobe.
The sum.of all lobular microscopic MPS scores from a pig
constituted its microscopic MPS severity score. Micro-
scopic MPS severity scores, for analysis purposes, were
placed into 4 categories (Table 9). Analysis of the
distribution of pigs among these categories revealed no

differences in severity of microscopic lesions among the



113

Table 9. Severity of pneumonia in three age groups of
contact-exposed pigs: Histopathologic MPS
severity scores

Numberof pigs in cate-

. Total X 7 .
Experimental gories of microscopic .
groups ' num?e; of MPS severity scores Chi-square

P9 0 1-8 9-16 17-24
32 6 1 4 1 0 7.78%
6 6 3 1 0 2
12 6 1 2 2 1

eeks of age.

*
P > 0.05.

three age groups of ﬁigs (P > 0.05).

Increased PMN were observed in bronchi, bronchioli
and alveoll in some cases of MPS. This was observed in
.2 pigs each from both the 3-. and 6-week-old groups and in
1 from the l2-week-old group. All these pigs, except the

12-week-old ones, had B. bronchiseptica in their nasal

cavities or tracheas and one had it in the lung.

Purulent bronchopneumonia and purulent broncho-
bronchiolitis were observed, respectively, in two pigs
from the l2-week-o0ld group of pigs.

B. bronchiseptica was isolated from nose, trachea and

lung of the pig with purulent bronchopneumonia.

A multifocal granulomatous pneumonia was observed in one
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or more lobes of lungs from 2 control pigs, 1 seeder pig and
1 pig belonging to the 3-week-o0ld group. Foreign bodies,
suggestive of plant material were observed within macrophages
and giant cells (Figure.S).

Alveolar wall thickening was a common feature among
all groups of pigs, including controls. Cells involved in
the alveolar thickening wére those which normally comprise
lung tissue. In these areas, folding of bronchial and
bronchiolar mucosa suggested some degree of atelectasis
(Figure 6). |

Isolation of bacteria and mycoplasmas from lungs, tracheas
and nasal cavities of pigs

Bacteria ' and mycoplasmas isolated from lungs, tracheas
and nasal cavities are summarized in Tables 10 and 11.

Bordetella bronchiseptica was the only pathogenic

bacteria isolated. It was isolated more frequently from
the tracheas and nasal cavities of pigs but, it was detected

3 times in lungs. B. bronchiseptica was isclated from all

experimental groups but it appeared to occur more frequently
among 3- and 6-week-old pigs. Pigs apparently became in-

fected with B. bronchiseptica during the experiment because,

preexposure nasal samples from all pigs were culture-negative
for the organism. The source of infection was not determined.

M. hyopneumoniae was the only mycoplasma isolated. 1Its

occurrence among the three age groups of pigs appeared not to



Figure 5. Histopathological section of lung of a control
pig (Experiment A). Multifocal granulomatous
pneumonia (notice multinucleated giant cells in
the pneumonic focus) (H&E stain) (200x magnifi-
cation) .
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Figure 6. Sections of lungs of control pigs
A - Normal lung (H&E stain) (100 x magnification)

B - Normal lung showing some degree of _
atelectasis (notice the folding of bronchial
mucosa and the thickening of the alveolar
walls) (H&E-stain) (100 x magnification)
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Table 10. Summary of Bordetella bronchiseptica isolation
in three age groups of M. hyopneumoniae contact-
exposed pigs

Number of pigs with

Egigiégental nuigzilof B. bronchiseptica
pigs Lung Trachea Nasal cavities
Seeders 9 i3 1 4
3% 6 0 5 5
6 6 1 3 5
12 6 ! " N

dWeeks of age.

be different (P > 0.05). Isolation of M. hyopneumoniae

was accomplished only in pigs that had macroscopic lesions
of MPS. From 85% of those pigs having macroscopic MPS

lesions, M. hyopneumoniae was isolated.

M. hyopneumoniae was isolated from all seeders but

not from any of the control pigs.

Effect of atrophic rhinitis lesions and presence of B.

bronchiseptica on the severity of MPS

The influence of turbinate atrophy and presence of

B. bronchiseptica in the respiratory tract on the severity

of MPS was determined by comparing the number of lobes with

pneumonic lesions and the gross lesion pneumonia score



Table 11. Summary of M. hyopneumoniae isolation in three age groups .of contact-
exposed pigs

Total Geometric means Number of pigs.un.Numbér;of'pigsJ

-gggiii_;¥§gg?er of ch; titers. cu}turigﬁositive culturggrﬁEgative Chi-square
groups animals g_hygpneumoniae=g.hyqpneumoniae M. hyopneumoniae
Seeders 9 171 | e 0
3P 6 30 3 T 2.270%
6 6 390 3 3
12 6 80 4 2

4ccu - color change units.
bWeeks of age.

*
P > 0.05.

0ZT
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between two groups of contact-exposed pigs formed by the
presence or absence of the considered factors. Analysis

revealed that B. bronchiseptica and turbinate atrophy

had no influence on the occurrence and severity of gross
lesions in lungs of contact-exposed pigs (Tables 12 and 13;

P > 0.05).

Immunofluorescence examination of c¢cryostat sections of lungs

Three procedures were utilized to detect M. hyopneumoniae

antigen in frézen sections of lung; DFA and IFA with azo-
dye counterstain and IFA test without counterstain.

- Mycoplasmal antigen was detected on the surface of
bronchi and bronchioli by means of all the procedures as a
granular or thin coating of bright-yellow fluorescent
particles.

A diffuse green nonspecific background fluorescence
was observed in lung sections with the IFA test without
counterstain (Figure 73). This nonspecific fluorescence
was eliminated almost completely by adsorption of M.

hyopneumoniae antiserum with swine liver powder and by the

utilization of azo-dye counterstain (Fiqure 7B).
Tables 14 and 15 summarize the results of the immuno-
fluorescence tests obtained with the three age groups of

pigs. There were no differences in the occurrence of M.

hyopneumoniae antigen and the intensity of fluorescence in
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Table 12. Influence of nasal infection with B. bronchi-
septica and turbinate atrophy in M. hyopneumoniae
contact-exposed pigs on the number of lobes with
gross lesions of pneumonia

Total Number of pigs in pooled

Factor number categories of number of .
considered of lobes with pneumonia Chi-square
' pigs 0 1-2 3-4 5=7

Presence of

B. bronchiseptica 13 [Z 5 1 3] 1.23%
Absence of
B. bronchiseptica 5 2 1 1 L
Presence of _ _
turbinate atrophy 13 4 5 2 2 1.53%
Absence of
turbinate atrophy 5 1 1l 1 2

*

P > 0.05.

Table 13. Influence of nasal infection with B. bronchi-
septica and turbinate atrophy in contact-exposed
pigs on the severity of gross lesions of
pneumonia

L

Total Number of pigs in pooled

Factor numbexr categories of gross
considered of lesion scores Chi-square
pigs 7 8-12 12-15

Presence of
B. bronchiseptica 13 4 5 1] 0.548*

Absence of
B. bronchiseptica 5 2 1 2

Presence of

turbinate atrophy 13 0.548%*

1=
[%)]
W

Absence of
turbinate atrophy 5 2 1 2

*p > 0.05.




Figure 7.

Cryostat lung sections of contact-exposed pig
stained by IFA

A - Cryostat section without counterstain
(notice the thin coating of M. hyopneumoniae
antigen on bronchial epithelial surface
(80 x magnification)

B - Similar section with counterstain. Notice
the red background provided by the counter-
stain (80 x magnification)
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Table 14. Number of contact-exposed pigs immunofluores-
cence-positive for M. hyopneumoniae in three

age groups

Total number Number of pigs

%Tﬁggg;cence of pigs positive in

in experimental groups Chi-square
procedure each grou a b o

group 5 6 12

DFA 6 3 4 5 0.830%*
IFA without
counterstain 6 4 4 5 0.320%
IFA with
counterstain 6 3 4 5 0.8B30%

Three weeks of age.
bSix weeks of age.
“Twelve weeks of age.

*
P > 0.05.

cryostat lung sections from the three age groups of pigs
(B = 0.08).

Except for one lobe from a seeder pig, specific
fluorescence was seen only in bronchi and bronchioli of
lungs that had gross lesions indicative of MPS. No
specific fluorescence was observed in control pigs.

Tables 16 and 17 present a comparison of the immuno-
fluorescence techniques used. Analysis indicated that
DFA, IFA with counterstain, and IFA without counterstain

were equally sensitive for detection of mycoplasmal antigen.



Table 15. - Immunofluorescence (DFA) intensity scores for lung from three age
groups of contact eéxposed pigs

: Total Number of pigs in graded
Eggzigzental number of categories of fluorescence Chi-sguare
pigs 1-22 ' 3-4
3P 6 3 0 5.63%
6 6 1 3
L_- ——
a

9ZT

1 = Scattered granular green yellow fluorescent particles lining the
bronchi with no fluorescence in bronchioli.
2 = Thin coating of yellow green particles lining the bronchi with no
bronchiolar fluorescence. '
3 = Thin coating of yellow green particles lining the bronchi but with
green yellow fluorescent granules lining the bronchioli.
4 = Continuous thin coating of yellow green fluorescent partlcles lining
bronchi and bronchioli.

bWeeks of age.

*
P > 0.05,



Table 16. Comparlson of DFA and IFA procedures for detectlon of M. hyopneumonlae
R antigen in lungs of contact-exposed pigs

Total ' - Number of Number of
number of Number of Number of lobes IFA lobes IFA
contact- lobes lobes DFA  positive positive .
exposed examined positive (without (with Chi-square
pigs counterstain) counterstain)
18 31 14 15 14 0.709%*
&
P > 0.05.

LZT



Table 17. Comparlson of intensity of fluorescence obtained 1n lungs of contact-
exposed pigs with the DFA and IFA procedures

Total Total number Number .of lobes in
Immunofluorescence number of FA- graded categories
procedure of positive of fluorescence Chi-square
pigs lobes 12 2 3 4
DFA with counterstain 18 15 2 3 9 1 8.316%
IFA without counterstain 18 15 3 4 4 4
IFA with counterstain 18 14 1 7 5 1

4] = Scattered granular green yellow fluorescent particles lining the bronchi
with no fluorescence in bronchioli.

2 = Thin coating of yellow green particles lining the bronchi with no
bronchiolar fluorescence.

3 = Thin coating of yellow green particles lining the bronchi but with
green yellow fluorescent granules lining the bronchioli.

4 = Continuous thin coating of yellow green fluorescent partlcles lining
bronchi and bronchioli.

*
P > 0.05.

8¢T
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-Furthermore, no significant differences were observed among
the three technigques in the intensity of immunofluorescence
obtained (P > 0.05).

The counterstain facilitated interpretation of the
immunofluorescence tests virtually eliminating the non-
specific green background and providing a marked contrast
between the red color from the counterstain and the bright-

‘yellow-green color of the specific fluorescence.

Complement fixation (CF) test

Complement—-fixing (CF) antibodies against M. hyo-
pngumoniae were first detected in sera from seeder pigs
(Table 18) two weeks after inoculation.

These aﬁtibodies were detected in all seeders from the
second to the seventh week after inoculation when they
were euthanized. The highest CF antibody titers were
obtained from 3 to 7 weeks postinoculation (Figure 8).

Table 19 éummarizes CF antibody responses to M. hyo-

pneumoniae in the three age groups of contact-exposed pigs.

CF antibodies were detected first at three weeks after be-
ginning of contact with seeder pigs. The maximum number
Qf.CF—positive contact-exposed pigs occurred at 4 weeks
;fte£ contact had begun. Appearance and disappearance.of CF
titer as a function of time was observed in almost all con-

tact pigs.
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Table 18. Complement-fixing antibody titers in sera from

M. hyopneumoniae-inoculated pigs (seeders)

Pig Weeks after inoculation .

number 0 1 2 -3 4 5 ] 7
486 <4® <4 64 128® 64 128 128 128
487 <4 <4 64 128 64 64 64 . 32
488 <q <4 64 128 128 128 128 64
489 <4 <4 32 128 128 128 128 64
490 <4 <4 16 64 128 128 128 128
491 <4 <4 32 64 128 128 128 64
492 <4 <4 32 128 128 128 128 128
493 <4 <4 64 128 32 32 64 128
494 <q <4 32 64 128 64 128 128

8riters are expressed as reciprocals of highest dilu-

tion of sera in which 70% or more of complement was fixed.

bH:'Lghest dilution tested.

Table 19. Titers of complement-fixing antibody M. hyo-

pneumoniae of three age groups of contact-
exposed pigs

Experimental Weeks after exposure to seeders

Pig

number groups 0 1 2 3 4 5 6
111 32 <4® <4 <4 32 64 32 <4
112 <4 <4 <4 <4 <4 <4 8
113 <4 <4 <4 32 32 <4 <4
114 <4 <4 <4 <4 <4 <4 <4
115 <4 <4 <4 <4 <4 <4 <4
116 <4 <4 <4 32 <4 <4 <4

b

qweeks of age.

tion of sera in which 70% or more of complement was fixed.

Titers are expressed as reciprocals of highest dilu-
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Table 19 (Continued)

Pig Experimental Weeks after exposure to seeders
number groups 0 1 2 3 4 5 6
310 6 <4 <4 <4 - <4 16 <4 4
311 <4 <4 <4 <4 <4 <4 <4
312 <4 <4 <4 16 16 <4 16
314 <4 <4 <4 <4 <4 <4 <4
315 <4 <4 <4 <4 <4 <4 <4
316 <4 <4 <4 <4 <4 <4 <4
576 . 12 <4 <4 <4 <4 <4 <4 <4
580 <4 <4 <4 <4 <4 <4 16
582 <4 <4 <4 <4 32 <4 16
583 <4 <4 <4 32 16 <4 <4
584 , <4 <4 <4 <4 <4 <4 <4
585 <4 <4 <4 32 32 <4 <4

Analysis revealed no differences in the proportion of
pigs in three age groups that developed CF antibodies to

ﬂ,‘hyopneumoniae (Table 20). The highest CF antibody

titers among the contact-exposed pigs were detected from
3 to 4 weeks after contact had begun (Figure 9). Contact-
exposed pigs had a titer approximately 1:30 that of
séeders (Figures 8 and 9)..

Table 21 compares the relationship between detection

of CF antibody to M. hyopneumoniae at different intervals

after contact with isolation of M. hyopneumoniae from lungs

of pigs at necropsy. No significant relationship was
detected at 5 and 6 weeks after contact began. M. hyo-

pneumoniae occurrence was significantly higher than CF

antibodies in sera (P <0.05).
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Figure 8
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‘Figure 8. Relationship between titer of complement-fixing

antibody and time interval after inoculation
with M. hyopneumoniae




Table 20. Complement-fixing M. hyopneumoniae-antibody' response
groups of contact-exposed pigs

of three age

Experimental Total number Number of pigs Number of pigs

groups of. pigs CF positive CF negative Chi-square
3 6 4° 2 | 1.802%
12 6. 4 2

aWeeks of age.

bPigs which had detectable CF antibodies at least 1 time.

*
P > 0.05.

EET



Table 21. Relationship between detection. of complement-fixing (CF) antibodies
at different intervals after  contact-exposure and the presence of

M. hyopneumoniae in lung tissue at necropsy

Number of
Number Weeks after M. hyopneumoniae Numbe; of .
: contact - i : CF-positive Chi-square
of pigs b positive pigse :
egan
at necropsy
18 12 2.777%
18 12 1.777%
18 12 11.250%**
18 12 4.012*%*

aDFA—positive or M. hyopneumoniae isolated at necropsy 6 weeks after exposure

began.
*
P > 0.05.

* %
P < 0.05.

PET
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Enzyme-linked immunosorbent antibody assay (ELISA) test

ELISA antibodies against M. hyopneumoniae were detected

one ‘week post inoculation in sera of 1 seeder pig (Tables
22 and 23), using the three standard deviation criterion and
of 7 pigs using the discriminant analysis criterion.

The discriminant analysis criteri@n classified all
seeders as positive from 2 weeks after inoculation until
they were euthanized (Table 23). Using the three standard
deviation criterion, 7 of 9 were positive at 3 weeks PI
and 9 of 9 positive at 4 weeks PI (Table 22). ELISA titers
appeared to be highest at 5 to 6 weeks after inoculation
(Figure 10).

Tables 24 and 25 summarize the ELISA antibody response

to M. hyopneumoniae in contact-exposed pigs. According to i
the three stardard deviation criterion (Table 24), ELISA
antibody was present in 3 of the 8 pigs one week after
beginning of the contact period. Using the same criterion,

the maximum number of ELISA-positive pigs (10 of 18} oc-

curred at five weeks after exposure to seeders. The
highest ELISA titer among these pigs was observed at the
4th week after exposure to seeders (Figure 10). Contact-
exposed pigs had ELISA titer approximately 1:20 that -
of seeders (Figures 10 and 11).
According to the discriminant analysis criterion (Table

25), ELISA antibody-positiwe animals (4 of 18) occurred




137

Table 22. ELISA titers in sera from g.lhyopneumoniae—
: inoculated pigs (seeders) using three standard
deviation criterion

Pig Weeks after inoculation
number 0 1 2 3 4 5 6 7
486 <40% <40 80 - 160 320 640 640 640
. 487 <40 © <40 <40 320 640 320 320 80
488 <40 320 320 640 640 640 1280° 1280
489 <40 <40 160 160 160 1280 640 320
490 <40 <40 <40 <40 320 640 1280 320
491 <40 <40 <40 320 320 640 640 640
492 <40 <40 <40 <40 160 320 320 320
493 <40 <40 160 320 320 640 320 160
494 <40 <40 <40 320 320 320 320 640

Ariters are expressed as reciprocals of the hlghest

dllutlon of sera by the three standard deviation criterion.

Pyighest dilution tested.

‘Table 23. ELISA results obtained with sera of M. hyo-
neumonia~inoculated pigs (seeders) using the
disciminant analysis criterion

Pig Weeks aftex inoculation

number 0 1 2 3 4 5 6 7
486 + + T+ + + + + +
487 - + + + + + + +
488 - + + + + + + +
489 - - + + + + + + +
490 .- - + + + + + +
491 - + + + + + + +
492 - - + + + + + +
493 - + + + + + + +
494 - + + + + + + +
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Table 24. ELISA titers against M. hyopneumoniae in three
age groups of contact-exposed pigs using the
three standard deviation criterion

Pig Experimental

number groups 0 1 2 3 4 5 6
111 32 <40b <40 40 80 80 160 80
112 <40 <40 <40 <40 <40 40 80
113 <40 <40 <40 <40 <40 <40 ND
114 <40 <40 <40 <40 40 <40 40
115 <40 . <40 <40 <40 <40 <40 ND
116 <40 <40 <40 <40 <40 <40 ND
310 6 <40 <40 <40 40 <40 40 80
311 <40 <40 320 <40 80 <40 <40
312 <40 <40 <40 <40 <40 40 40
314 <40 <40 640 160 640 160 ND
315 <40 160 <40 40 160 <40 ND
316 <40 160 160 160 640 160 ND
576 12 <40 <40 160 160 160 40 ND
580 <40 ° <40 <40 <40 <40 160 . ND
582 <40 <40 <40 <40 40 40 40
583 <40 <40 <40 <40 <40 <40 <40
584 : <40 <40 <40 <40 <40 <40 ND
585 - : <40 160 160 160 160 160 ND

qeeks of age.

bTiters are expressed as reciprocals of highest dilution
of sera positive by the three standard deviation criterion.

Table 25. ELISA titers against M. hyopneumoniae detected in
- three age groups of contact-exposed pigs using
the diseriminant analysis criterion

Pig Experimental Weeks after exposure to seeders
number © group 0 1 2 3 4 5 6
111 32 - - + + + + +
112 A - - + + + +
113 - - - + + + ND
114 - - - + + - +
115 - - - - - + | ND
116 ‘ - - - + + + ND

%Weeks of age.
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Table 25 (Continued)

Pig Experimental Weeks after exposure to seeders
number groups . 0 1 2 3 4 5 6
310 6 - - + + + + +
311 + - + + + - +
312 - - - + + + +
314 : - - - - + - ND
315 ‘ : - - - + - - ND
316 - - - + + - ND
576 12 - - - + + + ND
580 - - - - - + ND
582 - = - - + + +
583 - - - - - - +
584 - - - - - + ND
585 - - + + + + ND

first at the second week after begiﬁning of contact. The
maximum number of ELISA~positive pigs (13 of 18) observed
among the contact-exposed pigs was at the 4th week.

A comparison of proportions of ELISA-positive pigs
among the three age groups of pigs is presented in Table
26. - Analysis indicated there were no differences among
the age groups in development of ELISA-~positive status
(P > 0.05). In fact, discriminant analysis criterion indi-
cated that all pigs seroconverted.

Table 27 compares the occurrence of ELISA antibodies

and detection of M. hyopneumoniae in lung tissue. From

3 to 6 weeks after the beginning of contact-exposure,
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Table 26. ELISA against M. hyopneumoniae in three age-groups of contact-
exposed pigs

Total Number of Number of

Experimental number ELISA? . ELISADb .
groups pigs positive Chi-square positive Chi-square
pigs pigs
3¢ 6 39 3.868% 6 0.0%
6 6 6 | 6
12 6 4 6
o |

qpositive pigs defined by three standard deviation criterion.
Positive pigs defined by discriminant analysis.

cW‘eeks_of_age.
dPiqs which had an ELISA titer at least once during the observation period.

*
P > 0.05.

vt



Table 27.-

Relationship between detection of ELISA antibodies at different
intervals after contact-exposure and the presence of M. hyopneumoniae

in lung tissue at necropsy

Weeks Number of * Number Number

Total :
number of after M. hyopneumoniae .of b S of c _
pigs contact positive pigs? ELISA Chi-square ELISA* Chi-square

9 began at necropsy positive positive

_ - __pigs - pigs - - -

18 3 12 7 1.783% 12 0.0%*

18 4 12 a 0.457%* 13 0.0%*

18 5 12 10 0.1l1l6* 12 0.0%

8 6 6 6 0.0% 8 0.571%*

aDFA—positive or M. hyopneumoniae isolated at necropsy 6 weeks after

exposure began.

b

cELISA—positive pigs defined by the discriminant analysis criterion,

*
P > 0.05,

ELISA-positive pigs defined by three standard deviation criterion.

€EvT
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there were no differences between these two factors

(P > 0.05).
Experiment B

Clinical signs’

Coughing was first observed from 11 to 20 days after
inoculation. 1Increased coughing was noted after forced
exercise. | " -

Contact-exposed and sentinel pigs were never observed

coughing.

Necropsy findings
| Macroscopic lesions characteristic of MPS, as described
in Experiment A, were observed in all groups of pigs.
Numbers of pigs with gross lesions of pneumonia are
presented in Table 28. No differences in the proportion of
pigs with gross lesions were detected in the 3-week-old and
ll-week-o0ld groups of pigs (P > 0.05).
The seéverity of pneumonia in the two age groups of
pigs was evaluated by categorizing the number of lobes
with pheumonia (Table 29). Analysis of the distribution of
pigs in these categories revealed no differences among
the two age groups of pigs (P > 0.05).
Table 30 summarizes the gross lesion severity scores

of the two age groups of pigs as defined in Experiment A




Table 28.. Severity of pneumonia in' two age groups of contact-exposed pigs:

Number of pigs with gross lesions of pneumonia

Experimental Number Number of pigs Number of pigs

groups of -~ with without Chi-square
pigs pneumonia pneumonia
ch 6 4 2 2.400%
11 6 6 0

AWeeks of age.

*
P >- 0-‘05.

SYT



Table 29. Severity of pneumonia in two age groups of contact-exposed pigs:
Number of lobes with gross lesions of pneumonia

Number of pigs in pooled categories

. ) " Total . < . .

Experimental of number of lobes with pneumonia .
groups num?eg of 0 -5 3-2 57 Chi-square
pig lobes lobes lobes lobes
3° 6 2 1 0 3 2.57*
11 6 0 2 1 3

a

Weeks of age.
*

P > 0,05,

9%t



Table 30. Severity of. pneumonia in two age groups of contact-exposed pigs:
Gross lesion severity score

. Total Number of pigs in categories
Exggilgental number of of gross lesion severity score Chi-square
group pigs 7 T §-11 " 12-16
3 6 | 2 1 -3 ) 2.46%
11 6 0 2 4

%weeks of age.

*
P > 0.05.

LYT
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(page 37}). No differences were detected among the two
age groups of pigs (P > 0.05).

Necropsy findings for seeder pigs used in Experiment
B are presented in Table 31. All lung'lesions were typical
of MPS.

Gross lesions of pneumonia were observed in all lobeé
of all experimental groups. No significant differences were
found in the occurrence of MPS lesions among the different
lobes (Table 32).

Edema of bronchial lymph nodes was observed in two
seeder pigs, in two pigs from the 3-week-old group and in
3 from the ll-week-old group.

Mild turbinate atrophy was observed in 3 of the 12
contact-exposed pigs.

No macroscopic lesions were found in control and in
5 of the 6 sentinel pigs. One sentinel pig had macroscopic
1esions‘suggestive of MPS but histological examination

revealed only a moderate degree of atelectasis.

Histopathology

Histopathological lesions characteristic of acute
iearly), acute (late) and subacute stages of MPS were found
and summarized in Table 33, Acute late stage MPS was the
most common stage among the contact-exposed pigs. Acute

early lesions were observed in 3 pigs from the 3-week-age



Table 31. Necropsy findings in M. hyopneumoniae-inoculated pigs used as seeders
in Experiment B

Pneumonia Enlargement of Turbinate

Pig number severity bronchial lymph atrophy
' score nodes score
62 122 1P 0/0°
63 14 2 1/1
64 13 1 1/1
65 10 1 0/0
66 7 1 0/0
69 13 2 0/0

67T

3Fach normal lobe received a score of 1, hence a completely normal pig re-
ceived a score of 7. A total score above 7 indicates that lesions were observed.
Higher scores indicated more lung tissue was involved.

b

1l = No gross enlargement of bronchial lymph nodes.
2 = Moderate enlargement of bronchial lymph nodes.’
€0 = No atrophy of the ventral turbinate was observed.
1 = Mild atrophy of ventral scroll of the ventral turbinate.




Table 32. Distribution of lesions of pneumonia among the lobes

seeder and contact-exposed pigs

in lungs of

Experimental Number Total
animals of number of

Number of each lobe with
lesions of pneumonia

Chi-square

pigs lobes 1A? cP o€ ra? mre® mof 19
Seeders 6 - 42 2 3 k) 3 4 4 5 3.86%
Pigs exposed
by contact 12 84 7 3 7 6 4 7 5 5.235%*

Areft apicai lobe.
bLeft cardiac lobe.

CLeft diaphragmatic lobe.
dRight apical lobe.
eRight cardiac lobe.
fRight diaphragmatic lobe.
9Intermediate lobe.

*
P > 0.05,

0sT



Table 33.. Severity of pneumonia in three age groups of contact-exposed pigs:
Histopathologic classification of MPS lesions in lungs

Experimental Total'f Number of pigs within histopathologic

groups number of stages of MPS categories
pigs aE® Ar® aE+anL sa® AL+SA AE+AL+SA
Seeders 6 0 1 0 1 3 1
3¢ - 6 31 2 0 0 0
11 6 0o 2 3 0 .0 1

Qacute (early) stage.
bAcute (late) stage.
“subacute stage.

dWeeks of age.

TST
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group. Only one of these 3 pigs had macroscopic lesions

of MPS. Furthermore, from 9 pigs having acute early sFageﬂ
MPS, only 4 lobes of 12 showihg this stage of MPS had gross
lesions of pneumonia. Different stages of MPS occurred

in 6 pigs.

The effect of age on the number of lobes with micro-
scopic MPS lesions and on the severity of microscopic lesions
are presented in Tables 34 and 35. Evaluation of the
distribution of pigs among categories of number of lobes
affected by MPS and among éraded categories of severity of
microscopic lesions revealed no differences between the two
age groups of pigs (P > 0.05).

In one control pig, very mild acute, early stage
lesions of MPS were observed but, macroscopic lesions,

M. hyopneumoniae isolation, a positive FA test, and presence

of CF and ELISA antibodies were not observed.

Clumping and loss of tracheal cilia was noticed in all
observed stages of the disease but, no inflammatory cells
were observed in the lamina propria of tracheas.

Fqcal purulent pneumonia was the only histopathological
le;ion found besides MPS pneumonia. It was found in a
sentinel Pig. Free erythrocytes, as in Experiment A, were
sometimes observed in alveolar spaces. Alveolar wall

thickening, as in Experiment A, was a common feature among
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Table 34. Severity of pneumonia in two age groups of
contact-exposed pigs: Number of pigs with
microscopic lesions of MPS

Number of pigs in pooled

Experimental nuig:ilof categories of number Chi-square
groups igs of pneumonia lobes
pig 1-3 i-5 67
3% 6 3 0 3 2.14%
11 6 1l 1 4

weeks of age.,
*
P > 0.05.
Table 35. Severity of pneumonia in three age groups of

contact-exposed pigs: Histopathologic MPS
severity scores

‘ Total Number of pigs :in cate-
E ime x i i “op1
xperimental number of Jories of microscopic Chi-square

groups . MPS severity scores
plgs 13 9-16 17-25
- .
3 6 3 1 2 1.520%
11 6 1 2 3

AWeeks of age.

*
P > 0.05.
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all groups of pigs.

Isolation of bacteria and mycoplasma from 1ungs, tracheas
and nasal cavities of pigs

Haemophilus parasuis was isolated from preinoculation

nasal secretions from one of nine pigs selected to be used
as seeders. This H. parasuis-positive pig was eliminated.
Six of the remaining 8 pigs were selected to be seeders.
Bacteriological examination of these 6 pigs, before contact

began, and at necropsy day, revealed no Haemophilus sp., B.

bronchiseptica or P. multocida. In addition, these agents

were not isolated from nasal cavities of the two age groups
of pigs before the beginning of the contact period. Simi-
larlf'negative results were obtained when samples from
nasal cavities, tracheas and lungs of these pigs were

cultured at necropsy.

M. hyopneumoniae was the only mycoplasma isolated from
lungs (Table 36). 1Its occurrence among both age groups
of contact-exposed pigs appeared not to be different (P >
0.05).

M. hyopneumoniae was isolated from all seeders but

samples from control and sentinel pigs were negative for
this organism as well as M. hyorhinis.

Table 37 summarizes the results of M. hyopneumoniae

isolation, DFA and pathological findings from the right

and left cardiac lobes of 6 seeder pigs and 12 contact-




Table 36. Summary of M.
exposed pigs

hyopneumoniae isolation in two age groups of contact-

Number of pigs

Number of pigs

Experimental = Total culture-positive culture-negative
groups number of for for Chi-square
"" animals M. hyopneumoniae M. hyopneumoniae
Seeders 6 6 0
32 6 3 3 1.777*
11 6 6 0

aWEeks of age.

*
P > 0.05.

GST
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Table 37. Summary of M, hyopneumoniae isolation, DFA and
gross and microscopic findings with the right
and left cardiac lobes of two age groups of
contact-exposed pigs

Group

Pig Left cardiac lobe Right cardiac lobe
numbers of .
P95 150 praP mMacro® MICRO® IS0 DFA MACRO MICRO
62 Seeders + + + + + - - +
63 + - - + + - + +
64 + + + + + - + +
65 - - - - + o+ + +
66 - - - + + + - +
69 .+ + + + + + + +
226 3° - - - - - - - +
227 + + + + + o+ + +
228 + + + + + O+ + +
229 - - - + - - - -
230 - - + ¥ - - - -
680 + + + + + o+ + +
233 11 + + + + + + + +
511 + + + + + - - +
513 + + + + + o+ + +
515 + + + o+ + + + +
516 - - - - + - + +
517 + + + + + - - -

®Isolation of M. hyopneumoniae.
b

Direct immunofluorescent test.
cMacroscopic MPS lesion.
dMicrOSCOpiC MPS lesion.

SHeeks of age.
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exposed pigs.
Isolation of M. hyopneumoniae was accomplished mainly

from pigs having macroscopic or microscopic lesions of MPS.
It was isolated from a right cardiac lobe with no lesions
of MPS. The pig from which this right cardiac lobe was
cultured had 4 lobes with MPS lesions.

Table 38 summarizes the results of the comparison

between isolation of M. hyopneumoniae, direct immunofluores-

cence, MPS-macroscopic and MPS-microscopic lesions. The
procedures did not differ in ability to detect diseased
pigs. Isolation procedures used for the two lobes dif-
fered. Right cardiac- lobe was homogenized while tﬁe left
cardiac lobe was sampled by mean of a washing technique.
Considering the above results, it appears that the two

techniques are comparable for isolation of M. hyopneumoniae

from lung tissue.

Immunofluorescence examination of cryostat sections of lungs

Cryostat lung sections were examined by means of the
§

same immunofluorescence test described 'in Experiment A.
Tables 39 and 40 summarize results of immunofluores-
cence tests with lung from the two age groups of pigs.

Occurrence of M. hyopneumoniae antigen and intensity of

specific fluorescence in c¢ryostat lung sections did not

differ among the two age groups of pigs (P > 0.05).

-



Table 38. Comparison between M. hyopneumoniae isolation, DFA, MPS macroscopic lesions and
MPS microscopic lesions from two age groups of contact-exposed pigs ’

Number of Number of lobes Number of lobes gumber of lobes Number of lobes

Lobe of lobes culture-positive : D?AT with . - with ' Chi-square
lung for - positive macroscopic microscopic
evaluated - . . :
M. hvopneumoniae lesions lesions
Left
cardiac 12 7 6 7 10 3.2%
Right
cardiac 12 9 . ' 6 7 10 2.2%
*
P > 0.05.

86T



Table 39. Number of contact-exposed pigs immunofluorescence-positive for M.
hyopneumoniae in two age groups :

Total
Immuno- number of Number of pigs positive .
fluorescence pigs in in experimental groups Chi-square
procedure each group 32 llb
DFA 6 3 5 1.5%
IFA without
counterstain 6 4 5 0.0%*
IFA with
counterstain 6 4 5 0.0%

qThree weeks of age.
bEleven weeks of age.

*
P > 0.05.

69T



Table 40. Immunofluorescence (DFA) intensity scores for lung from two age
groups of contact-exposed pigs

: ¢ Total Number of pigs in graded
Ezgﬁiggental number of categories of fluorescence Chi-square
pigs 1-22 3-4
3P 6 o 3 0.076*
11 6 1 4
a

1 = Scattered granular green yvellow fluorescent particles llnlng the
bronchi with no fluorescence in bronchioli.

2 = Thin coating of yellow green particles lining the bronchi with no
bronchiolar fluorescence.

3 = Thin coating of yellow green fluorescent particles lining bronchi
and bronchioli.

4 = Continuous thin coating of yellow green fluorescent particles
lining bronchi and bronchioli.

bWeeks of age.

*
P > 0.05.

09T
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Specific fluorescence with the'DFA test was seen only
in bronchi and bronchioli of lobes which had gross lesions
of MPS (Table 37). 1In one dase, an IFA-positive test was
obtained.with lung from a pig with microscopic lesions of

MPS but without gross lesions. The pig was CF, ELISA and

culture-negative for M. hyopneumoniae.

Tables 41 and 42 sumﬁarize the results of comparisons
of.the immunofiuorescence techniques. No differences were
detected among -DFA, TFA with counterstain or IFA without
counterstain in detecting mycoplasmal antigen. Furthermore,
no differences were observed in intensity among the tech-

nigues (P > 0.05).

Complement fixation (CF) test

Complement-fixing (CF) antibodies against M. hyo-

pneumoniae were detected first in sera from seeder pigs at 3

weeks PI (Table 43). 1In contrast to Experiment A, CF anti-
bodies were detected consistently in all seeders only af 6
and 7 weeks after inoculation. In addition, the highest |
titer was obtained with a sample collected 6 weeks after
inoculation (Figure 12).

Table 44 summarizes CF antibody responses to M. hyo-

pneumoniae in the two age groups of pigs exposed by contact.

CrF antibodies were first detected 5 weeks after the be-

ginning of contact. At this time, 3 of 12 pigs had




Table 41. Comparison of DFA and IFA procedures for detection of M. hyopneumoniae
antigen in lungs of contact-exposed pigs

Total number Number Number of . Number of lobes Number of lobes

of contact- of lobes IFA positive IFA positive
exposed lobes DFA (without (with Chi-square
pigs examined positive counterstain) counterstain)
12 25 15 16 16 0.041%*
*
P > 0.05.

9T



Table 42. Comparison of intensity of fluorescence obtained in lung of contact-
exposed pigs with the DFA and IFA procedures

Total number Number of lobes in
Total

Immunofluorescence number of of FA- graded categories
procedures i so positive of fluorescence Chi-square
plg lobes a .
' 1 2 3 4
DFA with counterstain 12 15 2 0o 9 4 7.494%
IFA without counterstain 12 16 0 4 8 4
IFA with counterstain 12 16 2 5 6 3
a

1 = Scattered granular green yellow fluorescent particles lining the
bronchi with no fluorescence in bronchioli.

2 = Thin coating of vellow green particles lining the bronchi with no
bronchiolar fluorescence. :

= Thin coating of yvellow green particles lining the bronchi but with .

green yellow fluorescent granules lining the bronchioli.

4 = Continuous thin coating of yellow green fluorescent particles lining
bronchi and bronchioli. ]

*
P > 0.05.

£9T
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Table 43. Complement-fixing antibody titers in sera from
M. hyopneumoniae-inoculated pigs (seeders)

Pig Weeks after inoculation

number 0 1 2 3 4 5 6 7
62 <a® <4 32 32 32 .32 32 16
63 <4 <4 32 64 64 64 64 64
64 <4 <4 64 32 32 64 128° 64
65" <4 <4 <4 <4 8 <4 16 8
66 . <4 <4 <4 16 8 <4 8 8
69 <4 <4 32 32 16 64 64 64

qriters expressed as reciprocals of highest dilution of
sera in which 70% or more of complement was fixed. '

leghest dilution tested.

Table 44. Complement- f1x1ng antibody titers to M. hyo-
pneumonlae in three age groups of contact-exposed

plgs

Pig Experimental Weeks after exposure to seeders

number groups . 0 1 2 U 3 4 5 /6 7
226 3@ <4b <4 <4 <4 <4 <4 <4 <4
227 <4 <4 <4 <4 <4 <4 32 32
228 <4 <4 <4 <4 <4 <4 16 32
229 . <4 <4 <4 <4 <4 <4 <4 <4
230 <4 <4 <4 <4 <4 <4 <4 <4
684 ND <4 <4 <4 <4 <4 16 16
233 11 <4 <4 <4 <4 <4 <4 8 16
511 <4 <4 <4 <4 <4 32 32 32
513 <4 <4 <4 <4 <4 4 16 16
515 <4 <4 <4 <4 <4 <4 32 64
516 <4 <4 <4 <4 <4 <4 <4 <4
517 <4 <4 <4 <4 <4 4 16 <4

Aweeks of age.

bTiters are expressed as reciprocals of highest dilution
of sera in which 70% or more of complement was fixed.
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seroconverted. The maximum number of CF-positive, contact-
exposed pigs observed was at 6 weeks after contact had
begun. At this time, 8 of the 12 (66.6%) pigs were positive.
No difference was detected in the proportion of
pigs developing CF antibodies in the two age groups
(p > 0.05, Table 45).
The highest CF titer among the two age groups of pigs
was observed 6 weeks after contact had begun (Figure 13).
Comparing the highest geometric mean (GM), CF titer from
seeders and contact-exposed pigs (Figures 12 and 13),
contact-exposed pigs had a GM approximately 1:7 that of
seeders. - In contrast to Experiment A, appearance and
disappearance of a CF titer was oBserved in only one pig.
Tablé 46 summarizes the comparison between the oﬁ—
currence of CF antibodies at various intervals and detection

of M. hyopneumoniae in lung tissue at necropsy. From 3 to

5 weeks after beginning of the contact period, there was a

significantly higher number of pigs with M. hyopneumoniae

in their lungs than CF titers in sera (P < 0.01). On the
other hand, no difference between the occurrence of these
two factors was observed at 6 and 7 weeks after contact had

begun (P > 0.05}.




Table 45. Complement-fixing antibody titers to two age groups of contact-

exposed pigs

X Total Number of pigs Number of pids
Experimental number of CF CF Chi-square
groups - e .
Plgs positive negative
b :
32 6 3 3 0.375%
1L 6 5 1.

qWeeks of age.

b

*
P > 0.05.

Pigs which had detectable CF antibodies at least 1 time.

L9T
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Table 46. Relationship between detection of. complement-fixing {CF) antibodies at
different intervals after contact-exposure and the presence of M. hyo-
pneumoniae in lung tissue at necropsy

Weeks Number of Number of
Number of after M. hyopneumoniae CF-positive Chi-square
plgs contact positive pigsa igs
began at necropsy plg
12 3 g 0 11.37%%*
12 4 9 ' 0 11,37%%*
12 5 9 ) 3 4.16%
12 6 5 8 0.20%
12 7 9 7 0.375%*

aD}_E‘A—positive or M. hyopneumoniae isolated at necropsy 6 weeks after exposure
began. ’ -

%
P > 0.05.

* %
P < 0.01.

69T
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Enzyme-linked immunosorbent antibody assay (ELISA) test

First detection of ELISA antibodies against M. hyo-

pneumconiae in sera from seeders was at 1 week after inocu-

lation (Tables 47 and 48). According to the three standard
deviation criterion, only one pig had antibody at this time
while the discriminant analysis criterion classified 2 pigs
as positive.

The discriminant analysis criterion classified all
seeders as positive from the 4th week after inoculation
until théy were euthanized (Table 48). In contrast, the
-three standard deviation criterion identified all pigs as-
positive only at seven weeks after inoculation.

The highest ELISA titer was observed at 7 weeks after
inoculation (Figure 14). Comparison revealed little dif-
ference between the highest GM of ELISA titer from seeders
and from contact-exposed pig (Figure 14 and 15). In addi-
tion, the temporal development of antibody in the two groups
appeared similar (Figures 14 and 15).°

Tables 49 and 50 present the ELISA antibody responses of
contact-exposed pigs. Both criteria, 3 standard deviation and
discriminant analysis, detected the first ELISA-positive pig
at the secohd week and the maximum number of pigs with
positive titers at 6 and 7 weeks after the beginning of

contact,
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Table 47. ELISA antibody titers in sera from M. hyopneu-
moniae-inoculated pigs (seeders) using three
standard deviation criterion

Pig Weeks after inoculation

number 0 1 2 3 4 5 6 -7
62 '<4d§“ <40 <40 <40 <40 <40 <40 40
63 <40 <40 <40 <40 <40 <40 80 160
64 <40 80 160 40 80 640 320 640
65 <40 <40 <40 <40 <40 - 80 80 160
66 <40. <40 <40 <40 <40 80 <40 80
69 <40 <40 <40 <40 <40 80 160 160

Titers are expressed as reciprocal of the highest
dilutions of sera by the three standard deviation cri-
terion.

Table 48. ELISA results obtained with sera of M. hyo-
' pneumoniae-inoculated pigs (seeders) using the
discriminant analysis criterion

Pig Weeks after inoculation

numbexr 0 1 2 3 4 5 6 7
62 - - + + + + + +
63 - - + - + + + +
64 - 4+ + + + + + +
65 - + + + + + + +
66 - - - - + + + +

69 - - - - + + + +




172

u,_s, Figure 14
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interval after inoculation with M. hyopneumoniae
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Table 49. ELISA titers against M. hyopneumoniae in two age
groups of contact~exposed pigs using three standard
deviation criterion

Pig . Experimental Weaks after exposure to seeders

number groups 0 1 2 3 4 5 6 7
226 32 <40 <40 <40 <40 <40 <40 320 320
227 . <40 <40 <40 <40 <40 320 640 640
228 <40 <40 160 160 160 320 640 640
229 <40 <40 <40 <40 <40 <40 <40c <40
230 <40 <40 <40 <40 <40 .40 128071280
684 <40 <40 <40 80 <40 80 160 160
233 11 <40 <40 <40 <40 <40 .40 1280 1280
511 <40 <40 <40 <40 <40 <40 <40 <40
513 <40 <40 <40 80 160 320 320 320
515 <40 <40 <40 <40 <40 80 80 160
516 <40 <40 <40 <40 <40 <40 <40 <40

517 <40 <40 <40 <40 <40 <40 40 40

qeeks of age.

bTiters are expressed as reciprocals of the highest dilu-
tion of sera positive by the three standard deviation cri-
teria.

CHighest dilution tested.

Table 50. ELISA against M. hyopneumoniae detected in two
age groups of contact-exposed pigs using the
discriminant analysis criterion

Pig Experiméntal
number groups 0 1 2 3 4

L&)
[=)]
~J

226 32 - - - - -
227 - - -
228 - - +
229 - - -
230 ~ - -
684 - - -
233 11 - - -
511 - - -
513 - - -
515 - - -
516 - - -
517 - - -

Awyeeks of age.

+
+

SR R
L+ + 1 0
I+ +++4+ 1+ 1 +

+ 1+ ++ 0+ 01+ 4+
+ 1+ +++++ 1 +++
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No difference was detected in ELISA-positive pigs among
the two age groups of pigs (Table 51, P > 0.05).
Detection of ELISA antibodies at various intervals

after contact-exposure and detection of M. hyopneumoniae

in lung tissue at necropsy are compared in Table 52. There

were no differences between the two factors from 5 to 7

weeks after the beginning of contact exposure (P > 0.05).
Comparison of ELISA and CF Tests for

Detection of Early M. hyopneumoniae
Infection

In order to compare the ELISA and CF test results, data
from Experiments A.and B were pooled. This was done in an
attempt to reduce the probability of error. ELISA-positive
pigs were defined by two criteria; three standard deviations
and discriminant analysis. Comparison of the two criteria
using pooled data from contact—e&posed pigs revealed no dif-
ferences (Table 53, P >IO.05). However, more pigs were posi-
tive by the discriminant analysis criterion than by use of
3 standard deviations. In addition, results obtained with
the discriminant analysis criterion at intervals from 3 to
7 weeks after contact-exposure began concurred with detec-

tion of M. hyopneumoniae at necropsy. Concurrence was not

obtained with the 3 standard deviation criterion until 5
weeks after contact—-exposure began (Table 54, P > 0.05.

Table 55 presents a comparison of the CF and ELISA



Table 51. ELISA against M. hyopneumoniae in two age groups of contact-exposed

pigs
Experimental Number of ELISA-positive . ELISA-positive .
groups pigs pigsa Chi-square pigsb Chi-square
3¢ 6 59 0.444* NS 5 0.00%
11 6 4 ' 5

aPositive-pigs defined by the three standard deviation criterion.
bPositive pigs defined by the discriminant analysis criterion.

CWeeks of age.

dPigs which had an ELISA titer at least once during the observation period.

*
P > 0.05.

9LT



Table 52.

Relationship between detection of ELISA antibodies at different intervals

after contact-exposure and the presence of M. hyopneumoniae in lung

tissue at necropsy

Weeks Number of Number of

Total Number of
number afEer . hyzgneumgnlge BLISA Chi-square EL?i% ¢ Chi-square
of pigs contact positive pigs 9051?1ve . positive
began at necropsy pigs pigs
12 3 9 3 4.16* 4 2.685*
12 4 9 2. 6.04% 3 4.16%
12 5 9 7 0.187*%* 8 0.0%%*
12 6 9 9 0.0** 9 0.0%*
12 7 9 9

0.0%% 10 0.0%*

aDFA—positive or M. hyopneumoniae isolated at necropsy 6 weeks after exposure
began.

b

ELISA-positive pigs defined by three standard deviation criterion.

CELISA-positive pigs defined by the discriminant analysis criterion.

* .
"P < 0.05.

* &
P > 0.05,

LLT



Table 53. Comparison between three standard deviation and discriminant analysis

criteria for defining ELISA test-positive pigs (Experiments A and B

pooled)

Total number Weeks after ELISA- ELISA~

of pigs ) contact positive positive Chi-square
observed began pigs pigs
30 1 | 3 | 0 0.138%*
30 ' 2 7 -5 0.104%
30 3 10 16 2.40%
30 4 11 ; : 16 - 1.07%*
30 5 17 20 1.01%
20 6 15 17 0.156%*
12 7 9 10 0.00%*

aELISA—positive pigs defined by three standard deviation criterion.

b

*
P> 0.05.

ELISA-positive pigs defined by the discriminant analysis criterion.

8LT




Table 54, Relationship. between detection of ELISA ‘antibodies at dlfferént intervals
. after contact-exposure and the presence of M. hyopneumoniae in lung
tissue at necropsy (Experiments A and B pooled)

Weeks Number of
Total after M. hyopneumoni b c
number = SYOP% °?la§ ELISA Chi-square  ELISA Chi-square
. contact rositive pigs - : :
of pigs : o . T .
began at mecropsy
30 3 21 10 6.67% 16 1.128%*
. 30 4 _ 21 11 5.42% 16 T1.128%*
30 5 21 17 OU645** 20 0.07%*
20 6 15 15 0.0%% 17 0.156*%*
12 7 ' 9 9 0.0** 10 0.25%%

aDFA—positive or M. hyopneumoniae isolated at necropsy 6 weeks after exposure
began. -

bELISA-positive pigs defined by three standard deviation criterion.

CELISA-positive pigs defined by the discriminant analysis criterion.

*
P < 0.05,
* %

P> 0.05.

6LT



Table 55. .Comparison of CF and ELISA tests for detection of M. hyopneumoniae

antibodies in sera from contact-exposed pigs (Experiments A and B

pooled)
' ] Weeks after Number of Number of
gi Ser of contact CF-positive ELISA—positivea Chi-square
9= pigs pigs
30 3 6 16 _A 5.811%
30 4 7 16 4.512%*
30 5 4 ' 20 . 15.625%*
20 6 13 17 1.2%%
12 7 7 10 . 0.946%%*

aELISA—positive pigs defined by the discriminant analysis criterion.
*
P < 0.05 level.

%%
P > 0.05.

08T
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tests for detection of M. hyopneumoniae antibodies in contact-

exposed pigs. The CF test and ELISA test differed signifi-
cantly in their ability to detect antibodies in the early
stages of infection (P < 0.05). The ELISA test appeared to
be more sensitive from 3 to 5 weeks after contact began.

At 6 and 7 weeks after contact began, the longest period
observed, the tests did not differ (P > 0.05).

The relationship between presence of M. hyopneumoniae

in lung tissue at necropsy with C¥F antibody in sera (pooled
from Experiments A and B) of contact-exposed pigs at weekly
intervdls after exposure is analyzed in Table 56. This

analysis revealed that the proportions of both factors were
similar only at 6 and 7 weeks after exposure to seeders had

begun (P > 0.05).



Relationship between detection of CF antibodies at different intervals

Table 56.

. after contact-exposure and the presence of M. hyopneumoniae in lung

tissue at necropsy {Experiments A and B pooled)
, Number of '
Total Weeks after M. hyopneumoniae Numbe; gf '
number contact - = : CF-positive Chi-square
of pigs begun positive pigsa pigs :
at necropsy

30 3 21 6 13.19%*

30 4 21 7 11.31%*

30 5 21 4 17.55%

30 6 21 13 3.32%%

12 7 9 7 0.375%%

aDFA—-positive or M. hyopneumoniae isolated at necropsy 6 weeks after exposure

began.

*
P < 0.05.

* %
P > 0.05,

8T
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CHAPTER V. DISCUSSION

Age-susceptibility of pigs to M. hyopneumoniae was the

hypothesis tested in this study. Evaluation of the occurrence
and intensity of MPS in the different age groups of pigs did
not support this hypothesis. During the course of this work,
two additional contributions have resulted: 1) a new
criterion was devised for discrimination of positive and
negative pigs by means of the ELISA test, and 2) the ELISA
test was found to be more efficient than the CF test for de-

tection of early infection with M. hyopneumoniae.

Our failure to demonstrate age-susceptibility to MPS
is in agreement with results obtained by Pullar (1948) .and
Holmgren (1974a).

In doing this study, some problems were encountered.
First of all, the seeder pigs and susceptible pigs needed
to be in contact with one another for a certain length of
time. The minimum time required for contact transmission
was not known, so detection of the CF antibody response
was used. Appearance of CF titers gave an indication that
natural transmission of the disease had occurred. During
the time of exposure to seeders the susceptible pigs became
older. As a consequence, susceptibility may have changed
during the period of gxﬁosure. In Experiment A, contact-

exposed pigs were kept together until the end of the
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experiment. This may have facilitated cross'infection among
them. There is no way to determine the possible effect of
this factor on the results. Some considerations may be
valid. Pigs in Experiment A were separated in units by

age. Consequently, after removal of seéders, the number

of mycoplasmas in the air depended upoﬁ the amount of
mycoplasmas expelled by the contact-exposed pigs. This
amount would be related to the degree of infection in each
age group and to the degree of susceptibility of the pigs.
Thus,.cross infection may hot interfere in the'interpretatiqn
of results. ‘Another point to be considered is that the time
from exposure to seeders to the day of necropsy may not have
been long enough to permit establishment of infection and
development of disease and elimination of the agent with

the establishment of a secondary infection in other pigs.

Our failure to detect an influence of age on the oc-
currehce and severity of lesions may have been due to the
fact that the number of eﬁperimental animals was not great
enough.‘

The gross and microscopic lesions observed in both
experiments did not differ from those seen in naturally-
affected (Pullar 1948) or in experimentally-inoculated
(Maré and Switzer 1965, Goodwin et al. 1965 and Livingston
et al. 1972) pigs. The lobular distribution of gross

lesions appeared not to be different in lungs of seeders
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or contact-exposed pigs. These findings are in disagree-
ment with Pullar (1948) and Betts (1952) who reported that
enzootic pneumonia was more frequent in the apical and
cardiac lobes. Livingston et al. (1972), in an experimental
study of MPS, found that gross pneumonia occurred more
frequently in the right cardiac and apicél lobes of the
lungs. They hypothesized that the lobular distribution and
frequency among different lobes was related to mechaniﬁal
barriers produced by the walls of the trachea and bronchi.
Tortuous routes to less affected lobes provided more oppor-
tunity for removal of mycoplasmas from the tidal air by the
mucociliary clearance mechanism. Our failure to detect a
difference in this study may have been due to the fact that
the numbef of pigs was too small. In the first experiment,
a trend was observed for greater frequency of MPS lesions

in the right cardiac lobe but in the second experiment

this was not observed. ,
Turbinate atrophy was found in all groups of pigs from

Experiment A. 1Its occurrence was associated with the presence

of' B. bronchiseptica in their nasal cavities. Furthermore,
younger pigs were more affected than older ones. These
findings are in agreement with Switzer and Farrington (1975)

who reported that B. bronchiseptica is capable of producing

turbinate atrophy mainly in young pigs, that is, pigs
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infected at 4 weeks of age or less. M. hyopneumoniae has

been reported to act synergistically with other organisms |
in the production of pneumonia (Smith et al. 1973, Underdahl
and Kelley 1957 and Kaska et al. 1969). Analysis revealed no

evidence of synergism between M. hyopneumoniae and B.

bronchiseptica in this study. B. bronchiseptica pneumonia

appears to occur mainly in baby pigs (Duncan 1965). This

author was unable to induce pneumonia in 4-week-old pigs

inoculated with pure cultu;es of B. bronchiseptica. On the
other hand, he was able to induce pneumonia in 5-day-old
pigs reared in isolation from the dams. Inrpigs raised with
the dams, pneumonia was induced only in 2 of 20 3-day-old

piglets. Age of piglets, strain of B. bronchiseptica, and

stressing factors were incriminated as predisposing factors
for turbinate atrophy. Considering that, in Experiment A,
the youngest pig was 3 weeks old at the beginning of the

experiment and that the infection by B. bronchiseptica

occurred at this age or later; susceptibility to B. bronchi-
septica pneumonia did not appear to be a problem. This may

explain the lack of association between B. bronchiseptica

infection and macroscopic lesions of MPS.
In Experiment B, 3 pigs had mild atrophy of nasal
- turbinates. No reasons were found for this finding since

the pigs were SPF and B. bronchiseptica, Haemophilus sp.

and P. multocida were not isolated from them. Usually,
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turbinate evaluation is done by examination of a cross
section of the nasal cavity made at the level of the first
and second premolar teeth. A misinterpretation of the
normal turbinate structure might have occurred. This may
bccur because of distortion produced by the saw in the
turbinate while cross cutting the nasal cavity or by
- sectioning the nasal cavity cranial to the second premolar
tooth. At this point, differences-in development of the
scroll of the turbinate may lead to an erroneous diagnosis
of turbinate‘aﬁrophy (Switzer and Farrington 1975). In addi-
tion, genetic variabilify must be considered. Taking into
account these findings, it appears that examination of
turbinates cross-sectioned at various levels could provide
a better evaluation.

In Experiment A, 85% of contact-exposed pigs with
lesions of MPS had lesions of the acute (late) stage of
the disease. According to H. J. Barnes ("Histopathologic
classification of mycoplasma pneumonia of swine", VMRI,
Iowa State UniGersity, 1977), this stage is expected to
occur from 3 to 6 weeks after inoculation. As a result,
the bulk of infection in Experiment A was supposed to occur
between 1 and 3 weeks after contact-exposure. This hypothesis
is supported by the fact that ELISA antibodies were detected
2 weeks after exposure and the strong proportional associa-

tion between ELISA-positive status at 3 weeks after contact-
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exposure and M. hyopneumoniae-positive status at necropsy.

In Experiment B, only 67% of pigs had lesions of acute (late)
stage MPS. 1In this experiment ELISA antibodies appeared
first at the second week after exposure began but the asso-

ciation between M. hyopneumoniae-positive status at necropsy

and ELISA-positive status was observed only at 5 weeks after
contact-exposure began., Furthermore, occurrence of acute
(éarly) stage disease was higher in Experiment B than in A.
~These observations may indicate that pigs from Experiment A
wére infected earlier than those from Experiment B. This
péssible difference may relatée to the féct that seeders
from Experiment A were inoculated by the intratracheal route;
thus, liberating more infective material in the environment
than those inoculated by the intranasal route in Experiment
B. MPS was slightly more severe in seeders from Experiment
A than in those from Experiment B.

In Experiment B, pigs were separated and housed indi-
éidually after 20 days of contact. As a consequence, those
pigs which developed MPS.must have been infected at this time.
The last pigs to become infected during the time of exposure
would have the earliest stage MPS lesions at necropsy. The
earliest stage MPS lesions observed may be determined by
an infection which occurred close to the end of the contact-
exposﬁre period, 4 weeks before necropsy. This is supported

by the failure to detect evidence of aerosol transmission of
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M. hyopneumoniae to sentinel pigs interspersed in houses

between the contact-exposed pigs. The earliest stage observed
was acute (early).' This stage occurredlin three pigs from
the 3-week-old group. According to H. J. Barnes ("Histo-
pathologic classification of mycoplasmal pneumonia of swine”,
VMRI, Iowa State University, 1977), this stage occurs be-
tween 1 and 3 weeks after infection. Observation of this
stage four or perhaps more weeks after exposure suggests
that this acute (early) stage may occur 3 weeks after in-
fection oxr development Qf MPS disease is slower in younger
pigs.

Acute (early) stage microscopic lesions were not asso-
ciated with gross lesions of MPS. Cryostat lung sections
of seven lobes from seven contact-exposed pigs having acute
early stage MPS were examined by immunofluorescence tech-
niques. Two of them were IFA positive. This observation
supports the characterization of the early (acute) stage of
the disease (H. J. Barnes, "Histopathologic classification of
mycoplasmal pneumcnia of swine", VMRI, Iowa State University,
1977} .

The bronchopneumonia and'brpnchobrbnchiolitis observed
in Experiment A as well as the increase of PMN in lesions
characteristic of MPS were associated with the presence of

B. bronchiseptica. These lesions probably were the manifes-

tation of an early infection because late stages of
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B. bronchiseptica infection are characterized by sheets of

connective tissue (Duncan 1965) .in lung parenchyma. This
late condition was not observed in this study.

The effect of B. bronchiseptica on microscopic MPS

scores was felt to be minimal because the scores were based
- on the number of bronchi and bronchioli with.characteristic
lesions of MPS. 1In this case, the presence of exudate was
not considered. |

The occurrence of a mild, acute, early stage MPS
iesion in a‘controi pig (pig number 90) without any evidence

of M. hyopneumoniae infection is not conclusive because this

type of feaction is considered to be nonspecific (Jericho
1977).

MgltifOcal granulomatous pneumonia occurred in Experiment
A. This probably was caused bx the aspiration of small
pieces of food. Whittlestone (1957) described this lesion
in 57 of 323 cases of pneumonia. Similar observations were
made by Amanfu (1980).

Some degree of atelecéasis was found in both experi-
ments. Atelectasis may result either from incomplete ex-
pansion of lungs at birth or from collapse of a preéiously
normal lung. The pnéumothoréx occurring at necropsy with
subsequent focal collapse of lung is the probable explanation

for cases found in both experiments. The systematic
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collection of samplés from normal macroscopic lobes for
histopathology from the border of lobes may coincide with
those parts of the lung which are subjected to a higher
degree of atelectasis when the thoracic cavity is opened.
This may explain the relatively high occurrence of atelec-
tasis. -

In ‘-both experiments, the isolation of M. hyopneumoniae

among different age groups of pigs did not differ signifi-
cantly. These findings suggested there are no differences
among pigs of different ages in susceptibility to establish-

ment and growth of M. hyopneumoniae in lungs.

Isclation of M. hyopneumoniae and immunofluorescence

results were associated with detection of microscopic as
well as macroscopic lesions at necropsy. McKean et al.
(1979), in an evaluation of diagnostic procedures for
detection of MPS in naturally infected pigs, found that iso-

lation of M. hyopneumoniae was not associated with micro-

scopic lesions of MPS. 1In their study, Eagle's medium

was utilized for isolation of M. hyopneumoniae. In this re-

gard, Friis medium appears to be better (Farrington and

Switzer 1976 and Friis 1975). In addition, McKean et al.

(1979) pointed out that attempts to isolate M. hyopneumoniae
from lung samples obtained at slaughter often were 'impaired

by bacterial overgrowth. Amanfu et al. (1980) in a sequential
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study of the presence of M. hyopneumoniae antigen"in cryo-
stat sections of pigs found that fluorescence'was'observed
to be more intense at 4 to 6 weeks PI with a tendency to

decrease in intensity at 8 to 12 weeks PI. This suggested

a decrease in number of M. hyopneumoniae cells in the more

advanced stages of the disease. The nonspecificity of

morphological changes induced by M. hyopneumoniae (Jericho

197&)_and the decrease in amount of the organisms in the
late stage of infection point out the weakness of using a
single test fof d?agnosiS. Epidemiologic investigations
obtained with a battery of tests may be the besf approach.

The isolation of H. parasuis from one pig from Experi-
ment B was not £epeated in subsequent examinations. 1In
addition, extensive examination was dohe among pigs from the
SPF herd which provided the experimental animals. No

haemophili were recovered. Possibly the organism was an

inadvertant, laboratory-obtained contaminant.

The good association between isolation of M. hyo-

pneumoniae from homégenized lung and from bronchial washings

with DFA, MPS macroscopic and microscopic lesions suggests
that both isolation technigues may have similar efficiency.
A direct comparison using the same lobe was not possible

because the utilization of one isolation technique removed a
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certain number of organisms; thus, interfering with the
efficiency of another. This finding contrasts with those of
Kaklamanis et al. (1969) who reported that extracts of tissue
in lung ﬁomogenates kill mycoplasmas. Failure to detect this
difference in our study, if it exists, may be due to the
small ﬁumber of observations. Another point to be con-
sidered is that the time between necropsy and culture pro-
cedures was so short that a deleterious effect of tissue
homogenates was not detected. The washing technique has

* the advantage of eliminating the problem of unequal distri-
bution in serial dilutiéns of inoculum caused By pieces of
incompletely ground lung; thus, more accurate estimates of
number of organisms can be obtained.

Distribution and intensity of staining of M. hyopneumoniae

antigen was similar by both the direct and indirect immuno-
fluorescence tests, The antigen appeared as ahgranular or in
a yellow green-layer on the surface of the bronchial and

the bronchiolar epithelium. Similar localization of M.

hyopneumoniae was described by L'Ecuyer and Boulanger (1970),

Meyling (1971), Livingston et al. (1972), Giger et al. (1977)
and Amanfu et al. (1980). The lack of immunofluorescence
in alveolar walls or spaces may haﬁé been due to the require-

ment for a special environment by M. hyopneumoniae. Such

conditions appear to be provided by the ciliated epithelial

lining of airways. Mebus and Underflahl (1977), using SEM of
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trachéa and bronchi f£rom gnotobiotic pigs inoculated with

M. hyopneumoniae, were unable to detect mycoplasmas in

secfions of small bronchioles almost devoid of ciliated
cells. In addition, macrophages may play a role in the
clearance of mycoplasmas from alveoli tLivingston
et al. 1972),

In both experiments, analysis of the results obtained

with immunofluorescence tests revealed that the occurrence

of M. hyopneumoniae antigen and intensity of fluorescence

were similar in all groups of pigs. Intensity of fluores-

cence is rélated to the amount of M. hyopneumoniae in lungs
(Amanfu et al. 1980). Thus, the close similarity between
the age groups examined in this study suggest that the

severity of infection with M. hyopneumoniae did not differ

between the age groups. These results are in agreement
with those obtained by isolation of the agent. As a result,
no difference in susceptibility to establishment of M. hyo-

pneumoniae infection was detected.

As one could expect, no differences were observed in
the efficiency of DFA, IFA without counterstain, and IFA

with counterstain for detection of M. hyopneumoniae antigen

in lung sections. In addition, no significant differences
were observed in intensity of fluorescence. The IFA ap-
pears to be more suitable for less equipped laboratories

because the fluorescein marked globulin can be bought
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cdmmercially. In addition, the antiserum can be used at
higher dilutions than With the direct procedure.

Results obtained by means of FA tests corresponded
closely to those obtained by culture procedures and macro-
scopic and microscopic evaluation for MPS lesions. These
results are in agreement with those obtained by L'Ecuyer and
Boulangexr (1970}, ﬁivingston et al. {(1972), Giger et al. (1977)
and Bmanfu et al. (1980). 1In spite of this fact, a few lobes
that were culture-positive were negative by FA while in one
case the reverse occurred. Similar findings were observed by
Livingston et al. (1972), Goiétet al. (1975) and Amanfu
et al. (1%80). ' It may be that a lower number of M. hyopneu-
moniae can be detected by cultu;e procedures than by FA tests.
In addition, examination of different microbiological samples,
although from the same lobe may have occurred. Consequently,
use of several techniques appears to be the best approach
for diagnostic purposes. For example, lesions of pneumonia
could be examined by FA, then if negative the specimens
could be examined by culture technique. |

The azo-dye counterstain reduced nonspecific fluores-
cence and provided a better.contrast with no evidence of
reduced sensitivity. The necessity of using a counterstain
could in part depend on the potency of antiserum used.

Potent antiserum can be used at higher dilutions so that

nonspecific fluorescence is of less significance.
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Seeder pigs from Experiment A developed CF antibodies
at 2 weeks PI. This result is in agreement with Boulanger
and L'Ecuyer (1968)} Takatori et aX. (1968), Hodges and
Betts (1969) and Slavik and Switzer' (1972). All pigs sero-
converted by 3 weeks after inoculation and the CF-titers
remained approximately steady until necropsy day. Seeders
from Experiment B developed CF-antibodies by 3 weeks PI
but all of the pigs did not seroconvert until 6 weeks PI.

In addition, higher titers were observed in seeders from
Experiment A. These discrepancies observed between the two
groups of seeders are thought to be due to different
methédS'used for inoculation. In the intratracheal method
natural barriers from the nose to the trachea are by-passed.
Asha consequence, all inoculum is deposited into lungs.

When intranasal inoculation is used, only atomized particles
may reach the lungs while the rest of the inoculum is
swallowed or expelled by sneezing or coughing. CF and ELISA
tests detected an earlier and stronger serological response
in pigs inoculated by the intratracheal route than that in
pigs inoculated by the intranasal route or infected by
contact-exposure. This stronger serological response may"
be a reflection of the amount of antigen céntacting immuno-
logically responsive cells under the three types of exposure.

In Experiment A, the development of CF antibodies in
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contactiexposea pigs occurred earlier than in Experiment B,
3 and 5 weeks respectively. Slavik and Switzer (1972) and
Amanfu (1980) detected CF-positive pigs in contact-exposed
pigs at 5 and 4 weeks after the beginning of exposure,
respectively. The peak incidence of seroconversion of
contact-exposed pigs was 4 weeks in Experiment A and 6 weeks
in Experiment B. These observations indicated that pigs in
Experiment A were infected earlier than those from Experi-
ment B. These differences may have resulted from the dif-
ferent routes of inoculation used for infection of seeders.
Appearance and disappearance of CF antibodies was
observed in almost all contact-exposed pigs in Experiment A
apd‘in one in Experiment B. This observation was similar
to ﬁhose obtained by Slavik and Switzer (1972) and Amanfa
{(1980). Several mechanisms can be postulated to explain this
phenomenoﬁ. The low CF titers observed suggests that these
titers were near the lower limit detectable by the test.
Thus, the inherent variability of the test could be
responsible for the discontinuous appearance of CF antibodies.
The early primary response to most immunogens is charac-
terized by a predominance of IgM antibody; the IgG class of
antibody appears somewhat later. In addition, IgM antibody
production is usually transient, and within two weeks after

initiation of the immune response IgG predominates (Herscowitz
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(1978) . IgM antibody is a more effective complement-£fixing
antibody than IgG. Consequently, the shift from IgM to the
IgG stage may lead to less efficiency on the part of the CF
test. Furthermore, low affinity antibodies are usually
produced in the earliest stage of the infection (Herscowitz
1978). Low affinity antibodies are less effective in comple-
ment-dependent damage of biological membranes (Six et al.

1973). Mycoplasma pulmonis-infected mice produce large

amounts of IgGl'(Cassel et al. 1974) which is both non-
complement-fixing and nonopsonizing. Similar events may

occur to some degree with g.‘hyopneumoniae thus, reducing

the efficiency of the CF-test. One of. the above described
factors or a combination of them, may have caused the
variability observed.

Seeders from both experiments had ELISA antibody at 1
week PI. In Experiment A, all pigs seroconvected at 2
weeks after inoculation while in Experiment B, only at 4
weeks PI. These data differ from those obtained by Brugg-
'mann et al. (1977b) and Armstrong et al. (1980). Brugg-
mann et al. (1977b) detected ELISA-positive pigs only at
4 weeks PI when all 3 observed pigs seroconverted. Several
factors may contribute to these discrepancies; different

routes of inoculation, strain of M. hyopneumoniae, dose,
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and different ELISA tests or modified tests were utilized.
In addition, different criteria were used to define positive
and negative pigs. Consequently, comparison of results
obtained with the ELISA tests used in different labora-
tories is difficult.

In Experiment A, the appearance of ELISA-positive
pigs in contact-exposed pigs occurred earlier than in
Experiment B, 1 to 2 and 2 weeks after exposure, respective-
ly. In addition, the maximum occurrence of seroconversion
was observed at 4 to 5 weeks and 6 to 7 weeks post-
exposure, respectively. These observations are in agree-
ment with the CF test results, thus supporting t?e hy-
pothesis that infection occurred earlier in Experimenﬁ
A.: Armstrong et al. (1980) reported different findings
in 5 pigs exposed by contact. He detected no antibodies
with the ELISA test until 52 days after contact exposure.
The discrepancy in these results has been discussed
previously.

The undulating appearance of CF titers observed
- With contact-exposed pigs did not occur with the ELISA
test. The more consistent results observed with the
ELISA test probably relates to the fact that it detects
all immunoglobulins ihdependently of their c¢lass and

bioclogical features (Bruggmann et al. 1977b). The CF
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test is antibody class and subclass dépendent.
Preliminary analysis of ELISA test results revealed
that two factors were impeding interpretation of results:
day by day variation of the background color and pig to
pig variation due to apparently nonimmunoclogical reac-
tions. A good criterion for in;erpretation of results

must take these variables into account. Chao et al.

L

(1979) used a statistical approach to overcome these
pfobléms. He defined a positive serum as that serum
whose optical density reading was highe; than 3 standard
devi&tions above the mean of the control readings. Using
this criterion, he considered positive those readings
which had less than a 1:100 probability of belonging to
the normal distribution of the negative readings. The
discriminatory function criterion used in this study,
besides taking into account the variability of negative
readings, considered also the variability of positive
results thus establishing, based on probability, the

best boungaries between the positive and negative popula-
tions.

The discriminant analysis criterion appeared to be

more efficient than the three standard deviations criterion

because antibody could be detected earlier and it was
more strongly associated with detection of M. hyo-

pneumoniae.
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Two misclassifications were observed with the
discriminant analysis criterion. This may have been due
to an error in doing the technigque or to a characteristic
of the serum. A few misclassifications were observed
with the three standard deviation criterion. 1In this
‘case, discontinuous results were observed in the serial
dilution of serum. Evaluation of both criteria with
sera from swine with naturally-occurring MPS should
be done so that their usefulness can be further deter-
mined. |

In order to compare the relative efficiency of ELISA
and CF tests, a retrospective analysis was done between

the presence of M. hyopneumoniae at necropsy and the

presencelof'serologically—positive pigs for both tests
from 3 -weeks after beginning of contact-exposure until-
necropsy. This was possible because, according to
experimental design, pigs from Experiment B must have

been infected at 3 weeks after beginning of contact
exposure. In Experiment A, the appearance of older
lesions of MPS ana the earlier serological response

than in Experiment B suggested infection developed
earlier. Thus, it was assumed that pigs from this experi-
ment were already infected at 3 weeks after contact-

exposure had begun.
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In Experiment A, M. hyopneumoniae-positive status at

nécropsy was associated retrospectively with CF-~positive
status oﬁly at 3 and 4 weeks after contact eprsure but
not at 5 to 6 weeks. This paradoxical-ébservation appears
to be a consequence of the undulatory appearance of the CF
titers,

Analysis of individualized experiments and of pooled

data from both experiments indicated that M. hyopneumoniae-

pqsitive status at necropsy was associated retrospectively
better, earlier and more cbnsistently with ELISA results

than those of the CF-~test. In addition, ELISA and CF test
results were associated only at 6 and 7‘weeks after contact
had begun. Tﬁese observations indicate that the ELISA ‘

test is more efficient in detecting ear}y infection than the
CF test. These results are in disagreement with Armstrong

et al. (1980) who compared ability of the ELISA, IHA, IFA and CF

tests to detect antibodies against M. hyopneumoniae in contact-

exposed pigs. The CF test was the most sensitive while the
ELISA test the least one. In their work, Armstrong et al.
(lQSOf spggested that use of chromatographically purified
IgG explained the late response detected with ELISA. This
explanation contrasts with Bruggmann et al. (1976) and
Bruggmaﬁn et al. (1977b). These authors indicated that ELISA
test detected all immunOglobulin classes because only the

Fc part of IgG is class specific, but not the antigenic
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determinants of the Fab pieces. The latter observation is
in agreement with Herscowitz (1978). 1In the present study,
peroxidase conjugated IgG antiswine IgG (heavy and light
'chain) was used; thus, detecting all classes of immuno-
globulins. This characteristic of the ELISA test associated
With-iﬁs sensitivity to detect minimal amounts of antibody,
less than 1 ng/ml (Engvall and Perlmann 1972), may explain
its better efficiency. Another possibility to be considered
is that the ELISA test may be detecting antibodies,of low
affinity. Engvall and Perlmann (1972) suggested this possi-
bility after they had compared the ELISA and Farr tech-
niques for detection of an early antibody response against
the dinitrophenyl group (DNP) in rabbits.

Cross reactions between M. hyopneumoniae antigen and

hyperimmune serum against M. flocculare were observed with

the ELISA test. Cross reactions among swine mycoplasmas

by this test have been reported by Bruggmann (1978), Arm-
strong et al. (1978) and Nicolet et al. (1980). This appears
to be the most important problem with the ELISA test which
must be overcome.

The occurrence at necropsy of a few M. hyopneumoniae-

positive pigs with no ELISA antibody indicates that caution
must be taken in interpreting negative results. Schuller and

Swoboda (1980) compared histopathology, CF, FA and ELISA

tests for diagnosing M." hyopneumoniae infection. They did not
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find a good association between the tests employed and
stressed the importance of running more than one test to

obtain a definitive diagnosis of MPS.
Summary

-The effect of age on the susceptibility of pigs to

M. hyopneumoniae was evaluated in this study.. Two experi-

ments were carried out. In both experiments, exposure of
experimental pigs was provided by contact with M. hyo-

pneumoniae-inoculated pigs. Exposure time was 27 and 20

days, respectively, in Expefiments A and B. Pigs were
3, 6 and 12 weeks of age at the start of Experiment A and
3 and 11 weeks of age in Experiment B.

The three age groups of pigs from Experiment A were
housed by age in three units until necropsy 6 weeks after
exposure began. Pigs from Experiment B were kept isolated
from each other in Smidley hog houses until 7 weeks after
expdsure began when they were euthanized. Sentinel pigs
were housed in houses between those of contact-exposed
pigs in order to detect aerosol infection.

No differences were observed between age groups of pigs
in occurrence and severity of MPS lesions or in detection of

M. hyopneumoniae in lung tissue. These observations suggest

that pigs from 3 to 12 weeks in age are equally susceptible

to MPS.
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A good association was found between isolation of M.

Qyopneumoniae; immunofluorescence test results and presence
of macroscobic and microscopic lesions of MPS. In spite of
this fact, the lack of complete agreement between these
factors indicates that for definitive diagnosis a battery
of tests is needed.

Direct and indirect immunofluorescence tests were
equally efficient for detection of antigen in cryostat lung
sections. Indirect immunofluorescence appeared to be more
appropriate for less—equipped laboratories because FITC-
labelled antiglobulin serum can be bought commercially and
the specific antiserum can be used in higher dilutions than
it is in the direct procedure. Utilization of an azo dye
counterstain reduced nonspecific fluorescence and provided a
good color contrast without interfering with sensitivity
of the test. Cmiantibody titers were detected first in
inocuiated pigs from 2 to 3 weeks PI and in contact-exposed
Pigs at 3 to 5 weeks after contact began. Undulatory ap-
pearance of CF antibody occurred in contact-exposed pigs.
Possible mechanisms for this event were discussed.

-ELISA antibody titers were detected first in inoculated
pigs at 1 week PI and in contact-exposed pigs at 1 to 2 weeks
after contact began. ELISA antibodies were associated better,

earlier and more consistently with M. hyopneumoniae-positive
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status at necropsy than those detected with the CF-test.
Two criteria devised for detection of ELISA positive
and negative pigs were compared: three standard deviations
and discriminant functions criteria. Discriminant analysis
criterion appeared to be more efficient than three standard

deviations because it was better related to the M. hyo-

pneumoniae-positive status.
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APPENDIX

Enzyme-linked Immunosorbent Assay (ELISA) Test

The enzyme-linked immunosorbent assay (ELISA) test
(Bruggmann et al. 1977b) was adapted to the microtiter

system by Theresa Young.,

Antigen preparation

The M. hyopneumoniae antigen was prepared from strain
J according éo Bruggmann et al. (1977). Several concentrations
éf antigen wére tested; 1 ug/ml, 2.5 pg/ml, 5 ug/ml and
10 pg/ml. The concentration of 5 g/ml gave the best contrast '

between positive and negative sera.

Peroxidase conjugated IgG fraction of rabbit anti swine IgG

A peroxidase conjugated IgG fraction of rabbit anti-
serum against swine IgG (heavy and light chain)l was diluted
1:160, 1:1,000 and 1:2,000 in 0.05M tris-HCl (pH 7.4), 0.15M
sodium chloride, 1 mM EDTA (TBSE), plus 0.1l% bovine serum
albumin and 0.05% of Tween 20. A dilution of 1:1,000 gave

the best results with posifive and negative sera.

Just before use, 80 mg of 5~ aminosalicylic acid was
dissolved in 100 ml hot f60°c) 0.02 M sodium phosphate,

pH 6.0. This solution was filtered and 0.5 ml of a 1

lCappel Laboratories, Inc., Cochranville, Pennsylvania.
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per cent hydrogen peroxide solution was added.

ELISA ”tFI*..Sf:

The test was performed essentially as described by‘
Bruggman et al. (19775), but with proportional reduction of
the reagents. Disposable microtiter plates1 were incubated
with 100 ul/well'of antigen diluted to 5 ug/ml for three
hours at 37°C. Ju;t before festing, the microtiter wells
were washed three times with 0.15 M sddium chloride con-
taining 0.05 per cent Tweeﬁ 20. The coated microtiter
plates were incubated 5 hours at room temperéture with
‘dilutions of pig-serum prepared in TBSE, containing 0.1
per ‘cent bovine serum albumin, 0.02 per ceﬁt-sodium azide
and 0.05 per cent Tween 20. Then; the microtiter wells
were washeﬁ as ‘described above and 100 ul of rabbit anti-
swine IgG peroxidase conjugate, diluted 1:1,000, was added
to each well. iThe plates were sealed and incubated over-
night at room temperature and then washed as described
above} 100 pl of a substrate solution in 0.02 sodium phos-
phate, pH 6.0 was added to tﬁe wells. After an incubation
;i@e-Of.lS minutes the enzfme reaction was stopped by adding
20 ul of llN sodium hydroxide. The reaction product had
brpwn color. The aegree of color change was measured by

“using a colorimeter capable of measuring results directly

lCdok‘Engineering Company, Alexandria, Virginia.
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in the wells of the microtiter plates (Clem and Yolken
1977).

The interpretation of results was achieved by using
3 standard deviation and discriminatory function criteria

as described on page 92,






