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INTRODUCTION

'Mycoplasma1 Pneumonia of Swine (MPS) or Enzootic Pneumonia of

J“VP1gs (EPP) is caused by Mycoplasma hyopneumon1ae The disease is
:character1sed by a 10w grade cough, high morb1d1ty, growth retarda—
tionzand'decreased efficienéy of fpod’uti]ization. Mycoplasmal

" “pneumonia of swine has a world wide distribution, more especially

in a?easicf'intehcive-SWEne raising; It is believed that this
respiratcry dfsease is the single moét economically iﬁportant swine
dieease end”40 co 50% of all swine in the world are estimated to be
affected (Sw1tzer 1969) In the United States, economic loss due to )
this d1sease was est1mated in 1976 to be over 180 million dollars
annue]]yﬂ(ﬁ]av1k 1976a). Thejeconom1c losses encountered are the

.fresult df'genera1 unfhriftness poor feed efficiency and stunted

-'_growth and not because of a h1gh death rate.

) The c11n1ca1 appearance of the d1sease is similar in many
;;respects to other resp1ratory d1seases of pigs mak1ng d1fferent1a]
d1agnos1s of re§p1ratory-1nfect1ons of et101ognes d1fferent from M,

_'bybpneUmdniée ‘di??icult Furthermoke primary M. hyopneumoniae-

‘pneumon1a 15 comp11cated by secondary 1nvo1vement with bacter1a ‘notabTy

Haemoph11us p_rasu1s, Bordete11a bronch1sept1ca and Pasteure]la-

' -mu1toc1da A]though Mycoplasma hyorh1n1s has been 1solated frequent]y

from cases of MPS, 1ts ro1e as a ‘primary pulmonary pathogen 1s a
debatab1e 1ssue The secondary bacterial involvement often exag-

'gerate§;the c11n1ca1-§1gns,and mortality patterns. In-add1c1on,



bacterial infection has the tendency of superimposing different

gross and histopathological changes on primary MPS, ‘thus making
diagnosfé by cu]tUnaI.technioues,-groes-and histdpatho]ogita]-evalua-
tion§ very difficult and sometimes misleading. '

’ M,:hyopneumoniae"pneumonia is exclusively a disease of swine.

No-otHEr natpra1'or experiméntal host has been demonstrated, and all
_ bneéds and ages of swine are affected. ‘Transmission of the disease ﬁs.
by the inhalation of infective'drop1ets by a susceptible pig. “There
is also a generat1on to generation transmission from an 1nfected SOW
'to 1t5 progeny Attempts at controlling this d1sease have been centered
_ on‘breaang the cycle of transmission. The occasional outbreaks of }
MPS 1ﬁ¢5pec1f1c.pathpgen-Free'nerds (SPF) peint to the inadeqoacy of this
~approach. Chemocherapeucic and chemoprophylactic‘measures, although -~
uusefd1hin:syppkeesing the:deye]oment of lesions, do not effectiye]yl
‘ciean‘;he mjcop1asma1 prganisms,from the lungs, and therefore the;e;
meaeupes;dofnqtfﬁfeak the'Cycle of transmission.

_{#Ihjﬁjsﬁudyﬁwaa eesentia]1y_done in two parts. In the first part,
) cunnent diagnoStic'tdchniques macroscopic and histo1ogic evaluation of
'lpneumon1c lung and sero1og1c eva1uat10n for ant1bod1es to M. hxopneumo--
n1ae were compared w1th a recent]y developed d1rect 1mmunof]uorescence
<procedure and cu]ture of the organ1sm for diagnosis of the d1sease The
) second part 1nvo1ved the eva1uat1on of a contro] proqram based on farrow-
'ﬁng of sowe‘wh1ch were negat;pe for, comp1ement f1x1ng ant1bod1es to

M hyopneumon1ae, and mon1tor1ng their progeny clinically, seroTog1ca11y,

and by gross and m1croscop1c eva]uat1on of Tungs for evidence of

R

. d1sease -

S



LITERATURE REVIEW

‘History and Nomenclature

The unravelling of the complex nature of porcine respiratory
disease problems began when Lewis and Shope (1931) demonstrated that

" Haemophilus influénza - suis and a virus were the etiologic agents of

swine inf1uenza.’ Kﬂbe_(1933) described "Ferkelgrippe" or piglet in-
fluenza in Germany. Lamont (1938) discussed piglet -influenza in
Ikeland. The piglet influenza described by KBbe and Lamont had clinical,
:epidem101ogica1 qnd pathological features similar to-enzoofic-pneumonia
Tof pigsi Pu]]arﬁ(1948) described a widespread pneUmonfa of pigs in
Austﬁa?ia of unknown etiology, but distinctyfrom swine influenza. In
.195ﬁ56uifajéni and BeVeridgg reported a chronic pneumonia of swine in
the United Kingdom (U.K.) which also differed markedly from swine in-
fluenza. Afthough'they could not isolate the "virus" they were able to
transfer the disease to susceptib1e‘pfgs. They observed macroscopic and
histologic lesions 12 days post inoculation. Their report constituted.
éthe;first experimental ﬁeprdduction of the disease. The similarity =
between thg disease and that described by Pullar was recognized by these’
two‘Workers, 6onsequent1y they decided to call the disease "Infectious
?neumpnia of‘Pigs". JBétts (1952) suggested the name virus pneumonia of
‘é}gs or VPP for the disease described by Gulrajani and Beveridge as
inféctious pneumonia of bigs His criteria for'suggesting‘SUCh a
descr1pt1on of the d1sease was based on the fact that filtrates of’ 1ung
suspens1ons which passed through bacteria retaining f11ters were .in-

fective for pigs. 3Second1y, the infectivity was unaffected by penicillin



or-su1fonamides.f Hijarre et al. (1952) recognized:that pneumonia in
Sheden.was eeused‘by an agent differing from swine infliuenza virus,
and censequent1y syggested the name "Enzootic Virus Pneumonia of Pigs"
'fer‘the'diseese‘ Plowright (1953) succeeded in transmitting the .
"d1sease by 1ntranasa1 and 1ntratrachea1 inoculation of pneumonic 1ung
i'suspens1ons ster111zed by Se1tz filtration.

L! Ecuyer,(1962) and P Ecuyer and Switzer (1963) elicited typica?
gross and m1croscop1c Tesions in respiratory disease- free pigs in-
Hoeu]ated intranasally and intratracheally with culture fluids harvested
efterfs ser1a1 pessages in HeLaueells. | ‘

Goodw1n and wh1tt1estone (1963) Betts and Whittlestone i]gss)
reported the successfu] prepagat1on of the J strain of the agent .of
_VPR in cell gultures of sw1ne_1ung. Goodw1n and WhTtt1estone (1964)
prodpeed_pneumohta in pigs with microorgan1sms‘grehn in peT}-free
medjum.- The,broth cultures inc]uded en agent-of VPP which was traris-
"missib1e‘to~other pigs The d11ut1on of their original pneumon1c 1ung
suspens1on was S0 h1gh that 1t prec]uded the mechanical carry over of

.v1rus from the.or1g1na1 material. They proposed that the term virus

h pneumon1a of pigs be dropped ‘and suggested based on the ep1dem1o1ogy

‘of the d1sease the term “Enzoot1c Pneumonia of Pigs"” (EPP)
Up unt11 th1s t1me two 11nes of ev1dence suggested that the
ﬁﬁeysqlﬁegent gfi?QEP" might” be a‘nonyira1 agent. Betts and Campbell

(1956)hdempnstreted'that”the“estebTishment of VPP Tesionis could be



prereﬁted'by-the prior -administration of tetracylcines. Whittlestone
{1957) showed that the size of the smallest infective partic1e; as
. "judged by teéting‘the infectivity for pigs of filtrates of pneumonic
]ﬁng;‘hae betWeenaoﬁz um and 0.45 um. He also observed the presence
ef:a-de1icate:pleomorhtCaorganism with individual particles in the
Sﬁze’reﬁeé;of O.Z-Uh to 0.7 um in Geimsa stained preparationé of M.
;lhzerhinisffreel1ungs.
) Mere’ahd éwitzer (1965) isolated a small coccobacillary organism
ih the cell-free medium‘from lesions of experimentally transmitted
_ "Vtrﬁs:Pneumonia of Pigs". After the 7th and 8th serial passages, the
‘organism was. capable of e]icﬁting the characteristic. gross and micro- )
seepic Tésions end the agent was successfully reisolated in cell-free '
medium;_ They~foendrcolon1es of this organism on agar to pOSSGSS'the-
characteristic morpho1oéy associated with Mycop1asma spp‘ The name

JMycopIasma hyopneumon1ae was proposed for this 0rgan1sm Two names

were suggested for the disease by these ‘two workers name1y, Pulmonary
MycopTasmos1s of Swine and Mycoplasmal Pneumon1a of Swine (Mbs) Huhn
'(1970) 1nd1cated that while the term Mycop]asma] Pneumon1a of Sw1ne is. -
et1o1og1ca11y suggest1ve, it did not d1fferent1ate between the pr1mary
‘and secondary nature of the 1ncr1m1nated agents He preferred the use”
:of the term Enzoot1c Pneumon1a of . P1gs (EPP) wh1ch he thought was
et1o1091ca11y noncomm1tta1 However, therterm‘MPS is preferred in the
Un1ted States L

Goodw1n et al: (1966) repprtee thet'their J'etrein agent grew on

' soljd_med1ym and further obserred that p]eomorphic_mybop]asha—type



'e1ements]cou1d be seen in Giemsa-stained preparations from these .
-co1ohjes. Cultures were used to induce typical lesidns in experimenta1
: pigsl--They-proposed that the:organism was a mycoplasma species and:

consequently’ suggested the‘name_Mycop1a§ma suipneumoniae for it.

Goodwin, Pomeroy and Whittlestone again reported (1967) addi-

,tiona]lwork on the characterization of their 'd' strain. They found .

thatfthéir M. suipneumoniae and the M. hyopneumoniae of Mare”and
Switzer (1965)-were-indfstinguishable by the growth and metabolic

inhibition tests. By using the growth inhibition test, they demon-

~'strated.that M.7suipneumoniae was-distinct and unre1ated_toAaT1;of a
w1de range of other mycop]asmas - 42 strains examined.

The Subcomm1ttee on the Taxonomy of ‘the Mycop]asmata]es

(1974)_recommended that strain J of M. su1pneumoniae he accepted as

the ﬁeotype strain of M. hyopneuhoniae- because authentic cu1tures of

'~étrajh }1 the- type, strain of M hyopneumoniae, were no longer 1n

eﬁfstegce: Persuant to this recommendat1on, Rose-and associates (1979)
eXhayﬁtiVe]¥ oompared‘the-b1ologjca1 and serological character1st1cs

of M{WhyoanUmohiae, M; suipneumoniae and M. flocculare. They foundf

M. hyopneumon1ae and M. su1pneumon1ae to be 1nd15t1ngu1shab1e Sub— _ '

hsequent]y they proposed that strain Jd, the type strain of M. su1pneumon1ae

be the neotype $train of M hyopneumon1ae

After the 1n1t1a1 breakthrough of isolation and conf1rmat1on of -

J‘
¢

‘ M hyopneumon1ae as the causat1ve ‘agent of MPS var1ous reports of the "

successfu1 1so1at1on of the organ1sm appeared in the 11terature Esto]a |

‘and Schu]man (1966) reported the 1so1at1on of mycoplasmas from cases of

. ;w1ne;$n;oot1c;pneumon1a2jn Finland. LiEcuyer (1969) recovered_three



strains of a mycoplasma species from pneumonic lungs of pigs in
Canada, anq was able to reproduce the disease by intratracheal in-
ocu1étion of respifatbry disease-free pigs with mycoplasmas grown in
cell-free medium. Friis (1969) in Denmark, reported the isolation of
an agent which he found to be serologically and culturally jdentical

to M. hycpneumoniae. Takatori (1969) also demonstrated a serologic .

relationship between his isolate "M" in .Japan and M. hyopneumoniae.

Other mycoplasma agents isolated from pneumonic lungs of swine

are M. hyorhinis, M. hyosynoviae, M. flocculare, and A. laidlawif.

The first isolation of mycoplasmas from the porcine respiratory
tract was made by Carter and Mckay‘(]953). They isolated a PPLO from
case§‘of atrophib rhinitis. Switzer (1955) isolated this organism from
cases of atroﬁnic rhiniffs and from normal pig turbinates. He described

and characterized his isolate and proposed the name Mycoplasma hyorhinis}

Ross and Switier (1963) proved that original isolates of mycoplasmas
_thought to be M. hyorhinis were not a single mycoplasma species, by

using the indirect hemagglutination test. Mycoplasma hyorhinis has .

been isolated from ‘chronic porcine pneumonia with a frequency which

. promptgd éarﬂy workers to.suggest that it is a primary pulmonary pathogen.

L'Ecuyer et.gf; (1961) fodnd"ﬂ, hyorhinis in approximately 50% of all
ppse§ pf pneuﬁOnfa: |

. anflictjng reports exist in the ]itefature w%th respect to the :
role of M,“hzdrhfﬁis in the initiation or exacerbation of MPS lesions.
- Workers in_p.s. believe that M. ﬁxorhinis is merely p]aying'a secondary

. ro1e in fhe_productioﬁ of porcine pneumonia, (Switzer 1967 and L'Ecuyer



1969). Their assertion wes based on the- fact that potyserositis and
arthritis haye.been consietently produced experimentally in 3 to 6 o
;weéﬁ old swine by intraperitoneal or intranasal inoculation, but
that pr1mary pneumon1a due to this agent has not been a constant
feature | |
‘ work 1n European countries has incriminated M. hyorhinis as a
'pr1bary pulmonary pathogen in gnotobiotic pigs. Goid et al. (1968,
1971)«producedﬂpneumon1a,with cloned cultures of M. hyorhinis strain
. TR32, i both cohvehtiona1 and gnotobiotic pigs. Poland et al. (197i)
:produced pneumon1a in 3 of 9 gnotobiotic piglets, infected by exposure
to,aeroso1s of M. hxorh1n1e. However all pigs had seros1t1s Fr11s
-(197Tb).iﬁocv1ated 12 colostrum-deprived, hysterectomy-derived piglets.
' The-organiem_wee_reqovered from the brain and nasal cavities o% in-
oeulated odgs; Meyling, (]975) examjned naturally occurring piglet
pﬁeumonia‘by the dtrect fluorescent antibody test. He observed that

Tungs wh1ch sta1ned specifically for M. hyorhinis, were negat1ve

“”“for M hyopneumonlae and in these cases, M. hvorh1n1s was
1ocated on the, surface of the bronch101ar epithelium, the same 1oca1—

i 1zat1on as observed 1n a. number of pneumon1as caused by other mycop]asmas

Av;oplasma hyosynov1ae 1s occas1ona11y isolated from pneumon1c
-‘les1ons Its ro1e 1n the pathogenes1s of pneumonia is not yet known
I.,,Fr11s (1970) exam1ned 71 bacon pigs and found that 11% ywelded A- M .
'w.etre1ns of mycopTasma (arg1n1ne metabo]1z1ng strains). Ross and Karmon

;j]QJQ)ECharaoter1zed;someL(A-M) strains as M. hvosvnov1ae?nand,showed

them=to‘be biochemjca]Ty, serologically and e]ectrophoretica]iv different



frﬁm;ﬂf'grahu1§rum which was later classified as Acholeplasma
‘ graﬁu1érum._ Meyling (1971) failed to find specific fluorescence in ~*~
5 Tungs positive on culture for M. hyosynoviae:

h 'Aﬁiacfd produciﬁg mycoplasma was isolated from pneumonic lungs

that was biologically similar to M. hyopneumoniae (Meyling and Friis,

1972). It was serologically different from M. ‘hyopneumoniae. This

organism gﬁbws-atr30°¢f The name M. flocculare was proposed. Rose et
al. (1979) observed that although M. Flocculare shared a number of

 biological features with strains of M. hyopneumoniae, it was serologi-

‘cé]fygdistinqt not only from thisimycoplasma,'but‘a1so from all of the
::othgr_curhéntiy.reéogniied species of mycoplasmas. Ffiisf(1974b)
_expgsgq-pigléts~to aerosojs.of M. flocculare. At necropsy 3 of 15 pig-
Tets hﬁd:émali ppeumonfg ]gsions in which there were s1ight mononuclear :
andiﬁbTyHSrﬁh;nucleafacgj1“accUmu]atjons in bronchial tree and aiveo]i.
rThg role of:ﬂ¢f1qcéqlaré¥€ﬁ bneumoﬁja of pigs is uncertain. Infection
: ofﬁ%BF ﬁigs_jﬁ Denmark is nqt'assobiated with clinical outbreaké;of ,

pnepmqnja,(ﬁﬁiis_igjﬁ);f From the multiplicity of studiés, it can be

seen that so. far, only Mycopﬁasmh‘hybpneumoniae.has been incriminated

a$ a -primary pu]mohéfy bathogen,_beyond”any reasonable doubt.

. Morpho1ogy and Sta1n1ng Character1st1cs

e

Mare and Sw1tzer (1965) descr1bed the morphologic features of

' fhe1rfﬂt‘hyopnepmonmae-stramnP11 1soIate. They descr1bed it as having

chgcpjgrtokshort forms.and filamentous and occasionally ring forms

ranging n size from 0.5  um in diamter. A similar morphologic
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description was given by Goodwin et al. (1965) for their U.K.

~ isolate of M. suipneumoniae: On solid agar, this organism appeared as

distinct very minute colonies devoid of a central core, which is
characteristic of the.typica1 "fried egg" appearance among  the myco-

' :p]aemqe."At 7 to 10 days, their diameter may reach about 0.5.mm on

. ajgeodimedium: It_dpés nnt produce a film on swine serum‘agaf,_hnd
doe§.not'hemo1ysé swine, horse, cattle or chicken red blood cells in

'agar.:y601oniaﬁ morphology 1e‘of 1imited ve1ue in distinguishing one
mycop1a§ma from another because it is influenced by many factors in-

- c]udinnrthe eomposttion and texture.ef growth medium,-the—concentratibn
' of seenjng; ‘the humjdity and gaseouslconditions of incubation

© (Whittlestone.1973).

tPrimaryAIso1etion of M. hyopneumoniae
, Tne.orgénism 1s.extreme1y fastidions in its growth requirements.
'2Growth occurs in: Hank s ba]anced sa]t solution enr1ched with 20% |
“heat 1nact1vated pig serum from pneumonia- free swine, 0. 5% 1acta1bum1n
._hydrolysate and 0. 017 Difco yeast extract The type strain organ1sms '
_are m1croaeroph111c The organ1sm can be 1so1ated 1n f1u1d medium
»conta1n1ng bacter1a1 1nh1b1tors such as 200 IU of pen1c11]1n M.

.byopneumon1ae reSTStS tha111um acetate at-1:4, 000 Yamamoto et al.

(1971), obta1ned a h1gh 1so1at1on rate of M. hyopneumon1ae by 1nc0r-

' porat1ng benzyT pen1c1111n and tha111um acetate 1n the growth medium.

W11son (1976) a1so reported the successfu] 1so1at1onuof M. hy;pneumon1ae

by 1ncorporat1ng amp1c1111n aTone He could not recover mycop1asma

when benzy1 pen1c1111n and tha111um acetate were 1ncorporated 1nto By
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the medium. Friis (1975) recommended the combined use of bacitracin

and:met%ci]]in as bacteriostatic agents after demonstrating previously ;
(1971a, 1974a) that penicillin G and other benzyl derivatives of

penicillin had an inhibitory effect on the replication of M. hyo-

pneumoniae and M. flocculare. The medium recommended by Friis {1975},

has found wide usage jn laboratories engaged in the isolation of M.

hyopneumoniae. Primary isolation is performed in broth. A 10%
suspénsion of groﬁnd“tissue is made in broth and ten fold dilutions
made by serial transfer of 0.2 ml amount to 10 ml1 plastic tubes con-
ﬁaining 1.8 m1 of broth. Growth is evidenced by an acid shift from red
(pH 7.4) to yellow (pH 6.8). Occurrence of color shift may indicate"

time for subcultivation on agar or further passage in broth. The MH

medium of Etheridge et al. (1979b) appears to aid in the recovery of.

gustpa1ian strains of M. hyopheumoniae_from porcine pneumonia. Thé,AZB

medium described by Goodwin et al. (1969a) is also used for the <

successful iso]ation'of.ﬂ,=hyopneumdniae.

Disease Symptoms and Pathology -
The clinical signs.of MPS were described by Betts (1952). He
charaqterized the disease clinically as being a chronic pneumonia_with
a high herd morbidity and. Tow mortality. Pigs evidence first signs of
" the disease ‘between 3 and 10 weeks of age. The incubation period is
between 10 and 16 days following exposure. A transient diarrhéafhas~
been noted to occur 2 or 3 days postéxposure, which is followed bj a

.dry.nqnprodﬁctive cough. Some pigs are never‘obseﬁved to coUgh,l
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Coughfng'is pronounced uhen~the animals afe aroused.from'rest.
Respiratory movemehtskare usually normal and affected pigs generally
have geod;appetites but do not grow preperly. Relapses do.oécur
phobabiy'Caused~by s;hess or secondary bacterial inféection. - Huhn

(19]0) stated that the rate of weight gain was decreased in direct

proporﬁion to the severity'of‘the lesjons and that the_aVerage expected f_

reduction in rete.Of‘gain was 0.05 kg/day or 7% per pig.
‘Betts (1952) .fully described the Qross pathoiogic charecteristics
of MPS.. He Obsefved that the lesions consisted of puhpTe to gray areas

of;eonso]i&atioh‘in the Tungs that were well-demarcated from normal

areas. ,Hé reported the lesion distribution to be predominantly anterio-

ventre] in location, affecting mostly the right cardiac and apical
hlobes;endhte a-lesser degree the intermediate Tobe. Many workers seem:
- to.agree with his description of the disease.

The m1croscop1c patho]og1ca1 changes in MPS were character1zed

by Patt1son (1956) Urman et al. (1958) and Hodges et al. (1969). -Pattison

,(1956) descr1bed the h1stopatho1ogy as involving a gradation of changes
.beg1nn1ng as an 1ncrease in cei1u1ar1ty of the 1ntera1veo1ar t1ssue B
w1th s11ght edema and a few 1arge mononuc]ear ce]]s 1n the aTveo]ar
,spaces _ Later, there 1s an 1ncrea5e 1n cellular exudate edema and
1ympho1d hyperplas1a re]ated to bronchi and bronchioles. Urqqn et al.
(]9§§J,reported ‘on. the m1Eroseop1cAd1fferent1at1on of sw1ne‘ihf1uenze

' f?om;MPS;:&fhéf"obsérved that the tissue reeponse to introduchion-of
sw1ne 1nf1uenza v1rus was much ‘more rap1d Areas of edema and hyperem1a

. were Seen throughout the 1ungs within 24 hours after inoculation.
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Alveoli and brdhchj cantained netitrophils and much cellular debris

-3 daysuafter 1necu1atioh. Six days after inoculation, the moenonuclear
per1vascu1ar reaction was more pronounced than was the peribronchiolar .
react1on : Later, per]bronch101ar cuffing became the more prominent
"lesion. This contrasted with MPS, in which histologic lesions did
u,net:cehsietentjyrapbear until 13 days after tnoeuTatidn.

HOdges et al. (1969) descr1bed the microscopic ]es1ons found

in gnot0b10t1c pigs 1nocu1ated with M. hyopneumoniae. Lesions con¥

,s1sted of infiltration with 1ymphocytes and p1asma cells and an increase
in ret1cu]1n content of per1bronch1a1 tissue and presence‘of neutrophils -
}and_mohgnucleaf cells in 1umina of bronchioles. Livingstdn et al. ,.
(1922)1hepotted the first sequential histologic study of M. hyopneu-
mégjgg_disease‘ They inducéd the disease by intranasal instillation

of broth cu]tures of the organ1sm They described changes consisting
essent1a1]y -of -small 1ympho1d nodu1es in the submucosa of bronch1a1
ep1the11um as ear]y as 6 days PI. By ten days the. bronch1a] Tesions —
appeared to be spread1ng into a]veolar areas Fourteen days PI
f,‘bronch101es and blood vesse]s weré surrounded by lymphocytic cuffs and |
'}mthere was exudate 1n bronch1 and alveoli. By 22 days PI ‘there Was )
-extens1ve per1vascu1ar and per1bronch101ar 1ymphoid hyperplasia and
1nv01vement of a]ve011. The literature on 1nterpretat1on of'h1st01ogi—
- ca1 changes of porc1ne enzoot1c pneumon1a was rev1ewed by Jer1cho .
| (1977) ‘ He suggested that. outbreaks of MPS should be recognized soTe1y
ion the bas1s of ep1zoot1o1og1c studTes and stressed that h1stopatho]og1c
| character1st1cs common to MPS are not pathognomon1c He further

caut10ned that m1s1nterpretat1on of these h1stopatho]og1ca1 changes

Se
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may lead to an undue Simpliftcation or complication in the study.of
porcine respiratory disease..

In sequential studies on the pathogenesis of mycoplasmal pneu-
"mon1a in sw1ne, L1v1ngston et al. (1972) observed that electron
;m1croscopy revea1ed mycop1asmas adjacent to cilia and plasma- membrane
of ep1the11a1 cells 11n1ng the bronchioles and bronchi. Mycoplasmas
were conf1ned to surface structures and were not within epithelial

_ce11sm Baskerville and Wr1ght (1973) studied the sequential ultra-
| structural changes in experimenta]-enzootic pneumonia They used

pneumon1c lung: 1nocu1um conta1n1ng Mycoplasma hyorhinis der1ved from

~ the lungs of an1ma1s with natura1 enzootic pneumonia. They also found

_mycop]asmas consistently on mucosa of airways. Large masses of cyto-
'p1asma projected from the apex of many ciliated bronch1oTar cells.

However they: could not determ1ne whether the mycop]asmas on the.

mucosa1 surface of a1rways were M. hyopneumoniae or M. hyorhinis.

Serological Procedures used in Diagnosis of
Mycoplasmal Pneumonia of Swine
Ear11er attempts to deve]op a sero]og1ca1 test for demonstrat1ng

ant1bod1es 1n -sera. of p1gs infected w1th M. hyopneumon1ae were d1s—

_courag1ng These fa11ures were due in partito the 1nab1T1ty to obta1n
suff1c1ent growth of ant1gen for the tests.
Lannek and Bornfors (1957) demonstrated that pigs wh1ch have

‘recovered from exper1menta1 enzootic pneumon1a were resistant to a

second cha11enge w1th the same infectious agent. Goodwin et.al. (1969a)
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-demonstrated that da strong 1mmun1ty in pigs followed recovery from

the d1sease

F.,Complement f1xat1on test -

Us1ng the standard comp1ement fixation test Roberts (1968)

. detected‘ant1b9d1esetofgL_hyopneumon1ae in pig sera. Bou]anger and

\‘L'Ecuyer (1968) 5150 demonstrated antibodies to the organism at 2 to
'3 weeks after exper1menta1 1nfect1on by using the direct mod1f1ed
.comp]ement f1wat1on-test. They showed that peak t1ters were reached at
gabout Qo-days-PI and pers1sted for 119 days.

-Swine serum contains procomp]ementary substances which greatly

 increase the hemo]yt1c activity of gu1nea pig complement. Cowan (1961)

_iattr1buted the procomp1ementary act1v1ty of pig serum to h1gh 1eve15

of the th1rd component ‘of comp]ement Roberts (1968) suggested that -
the procomp]ementary activity of swine serum could be reduced by
hhgheat1ng at 60 C for 30 m1n and by f11trat1on through filter pads

Other prob]ems 1nherent w1th us1ng the CF test with sw1ne serum are

the presence of natura1 hemo1ys1ns and poor comp]ement binding act1v1ty-
?.of sw1ne ant1body S]av1k and Sw1tzer (1972) c1rcumvented the pro-
'”gu1nea p1g comp]ement w1th szne serum.

Takator1 (1970) found that there was a good correlation between

deve]opment of mycoplasma] pneumon1a 1es1ons and occurrence of detectab1e
] CF ant1body 1eve]s Nonspec1f1c react1ons and cross- react1v1ty w1th

, M hzorh1n1s have been reported Nonspec1f1c reaction 1n ‘the CF test
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were in part explained by the work of Roberts and Little (1970b).
They found that antitissue antibodies could be produced in the lungs

following mycoplasma infection and suggested that the nonspecific

CF reactidn may be a measure of antilung antibodies. They also

suggested that cross-réactivity between M. hyopneumoniae and M. hyorhinis

_ in hyperimmune rabbit sera resulted from medium components being

absorbed by the mycoplasmas.

Indirect hemagglutination test

.Ross and Switzer (1963) adapted the indirect hemagglutination
test (IHA) for the detection of antibodies to M. hyorhinis. They
found sero]oéica] variations between isolates of what were identified
as M. hyorhinis.

Goodwin et al. {1969b) demonstrated the antibody response against

M. hyopneumoniae by the use of the indirect hemagglutination test.

Tﬁey_used tanned sheep erythrocytes sensitized with mycoplasma antigen,
and found high IHA titers in sera from pigs that had been infected 16
or more weeks previously but not in sera collected 12 to 22 days PI.
In a comparative study with the CF test, these workers found that IHA
titers appeared later and lasted longer than the CF titers.

Lam and Switzer {1971a) observed that pigs experimentally exposed

to M. hyopneumoniae developed antibody titers detectab1e'by the IHA

test 2 to 3 weeks PI. Titers reached a maximum level by the 8th to
11th week and remained there until the 28th week. Titers started

decreasing but remained detectable for 47 weeks. They used tanned



17

sﬁine'erythrbcytes, and treated their mycoplasma antigen with sodium -
dodecy]vsu1fate followed by ammonium sulfate precipitation.

Holmgren (19fﬁa)'used,the‘IHA test for swine serum using
formaTipized, tanned swine erythrocytes. He detected antibodies in
89% of sera from slaughter pigs wifh enzootic pneumonia, and in 3% of -
pigs believed to_bé frée from the disease. 'HOngren (1974b) found
indirect hemaggiutinating antibodies in tracheobronchial éecretions
at 2 and 4 weeks after infection. This persisted through 13 weeks

PI in one pig. The antibody activity was associated mostly with IgA.

~ Tube. agglutination test

Fujikura et al. (1970) demonstrated antibody against M. hyo-
" pneumoniae by use of the tube agglutination test. They-fOund a good
corke]étioh betwéen_presence of MPS lesions and detectable gntibody,

levels, as well as no cross reaction between M. hyopneumoniae and

M. hiorhihis.' Their methodology invoived incubating a mixture of
qhtiggﬁ:aﬁd-éhtibody with a toﬁa] reaction volume of 0.5 ml, in a water
ﬁathgat 37°C for 2 hr for optimum sensitization. This was then
placed in a cold room at 4 to 5°C for 18 hr. Tubes were observed

mgcréscgpiha]]y foriagglutination. Roberts énd LiftTe (1970a) reported

~

their failure to,qetect agglutinating antibodies to M. hyopneumoniae and

in gnjmaTs infgc;ed with Acholeplasma laidlawii by both the éTﬁdé and

tube agg]ytiﬁétﬁbn teéhniques. The anti M. hyopneumoniae titers that

they o@tained-We?e-higper than by;métabolic inhibition or IHA tests.
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Piﬁoan.and Boughton f1974) developed a tube agglutination test using

an antigen.suspensfon of M. .hyopneumoniae in saline and sera from
thyperimmuneeana naturally infected pigs. They found that temperature
: 1was cr1t1ca1 for agglut1nat1on and obtained best results at 42° C,
52°C or 56 C rather than at 37 C. They stated that the test'was
- effect1ve on1y An the presence of macroglobulins and did not detect ‘
ant1bod1es of sma]]er size. In sera.of pigs wjth experimental in-
' fectggn, a gradua! 1ncrease‘1n‘CF titer was ‘not para]Te]éd.bynthe
. appeanance_pf agglutinating titers. Theyitherefore concluded that
- thévtuhe aagTutihation test was useful for the titration ofﬁhyperimmune‘
llsera from p1gs | J | |
| S1av1k (1976b) found 1atex agg]ut1nat1ng (LA) ant1bod1es aga1nst :

hyopneumon1ae 1n exper1menta11y 1nocu1ated pigs at 2 to 3 weeks PI.

f’He found LA ant1bod1es to pers1st up to 48 weeks PI and in a study of
-ff1e1d cases of MPS found a corre]at1on between LA t1ters, CF t1ters and

- gross and m1croscop1c pneumon1c 1ung lesions.

fae s [
.

- Immunof]uorescence test

The bas1c pr1nc1p1e of the 1mmunof1uorescence techn1que is that
‘ P ant1body m01ecu1e5;can be conJugated w1th a fluorescent dye w1thout
,.affect1ng the b1olog1c act1v1ty or spec1f1c1ty for a homo]ogous ant1gen.

"When th1s dye 1s subJected to uTtrav1o1et 1ight at the appropr1ate A

?waveTength, 1t em1ts v1s1b1e green 11ght thus identifying the Iocat1on

',Of any substance to wh1ch the antibody has attached
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The app1ib§tion of immunofluorescent technique to the study of

’ mycoplqsmas was reported in 1957 by Liu. He demonstrated by using
this technique that,the etiologic agent of atypical interstitial

) ipneuﬁonia of maﬁ was localizéd on bronchial epithelial surfaces of

- chick.embryos-experimenta]iy infected with this agent.

Direct immunofluorescent staining of pneumonic lungs of pigs to

identify M. hyopneumoniae antigen was reported by .L'Ecuyer and Boulanger

in 1970. - Specific fluorescence was detected 25 days PI and Tasted up
“to 49 days PI. Fluorescent staining was almost always localized on

the surface of the bronchial and bronéhio]ar epithelium and in bronchial

exudate. Meyling (1971) confirmed the findings of L'Ecuyer and Boulanger.

By direct immurioflucrescent staining of cryostat sections of pneumonic
lungs .of young pigs, Meyling observed that M. hyorhinis could often
be _demohétrated-'wifh' distribution and Tocalization similar but not

“identical to that of M. hyopneumoniae. In s1aughter'house material,

he: 1so1ated M hyopneumon1ae from 38 cases, and observed specific

1}f1uorescence in 35 of these Holmgren (1974b) compared the d1rect
‘1mmunof]uorescence-techn1que with.ﬁhe devé]opment_of IHA titers in
5cdnveqtiona1 pigs natufa]ﬂy exposed to infection. He found that

M. 'hyopneumoniae antigen could be demonstrated by the IF technique in

“pneumon1c t1ssues of pigs with high IHA t1ters in serum.

The IF sta1n1ng of mycoplasma. co1on1es d1rect1y on agar med1um '

wasgtqgorted by Del: Giudice et al. (1967). The success and pract1ca]ity”

of this techniqué depended on 2’ factors; the preparation of large
quant1t1es of potent and specific fluorescein conjugated antisera to

_mycop]asmas, and the adaptation of 1nc1dent illumination techn1ques to

>
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uTtrav1oTet m1croscopy The spec1f1c1ty of this test has lent itself
as a standard procedure in ‘the identification of mycoplasmas.
Lt Ecuyer and BouTanger (1970) used the immunofluorescence

1_techn1que to sta1n smears from broth cultures of M. hyopneumon1ae

f They observed that 1ntens1ty of fluorescence was good ‘whether the
_lsmears were prepared from washed - ant1gens or from unwashed broth
cu]ture sed1ments- Comparat1ve studies made with acetone- f1xed and
s unf1xed smears 1nd1cated that no advantage was. ga1ned by. fixation.

Sehuller et a1 (1976b).reported the sta1n1ng of M. hyopneumoniae

'coTon1es. They overlayed glass microscope s]1des with so]1d med1um, and
r;‘a1r-dr1ed co]on1es grown on th1s medium for 5 days at 37°C in-a moist
atmosphere w1th 5% CO They reported that air-dried colonies were
re;rstant to remova]vby Waehing procedures, and that the.drying of the
1'coTonies'did.not destroy,their antigenicity.

Armstrong (1976) descr1bed the use of inoculated cellulose acetate

‘ f11ter membranes 1n 1mmunof1uorescent 1dent1f1cat1on of M. hyopneumon1ae .

ce]]s The 1nocu1ated membranes were placed in broth and 1ncubated
”unt11 there was a pH change to acid at which time the membrane was

,ysta1ned and exam1ned by 1nc1dent UV Tight.

Growth 1nh1b1t1on test

The term growth 1nh1b1t1on (GI) applies to those techn1ques which
“':measure a decrease in the number of mycoplasma colonies formed on
:fan agar med1um, or a decrease in turb1d1ty of mycop]asma broth culture

”med1um The 1nh1b1t1on of the growth of mycopTasma in a 11qu1d med1um
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",hy‘ihhdhe serum-westfirSt demonstrated by Priestly (1952). He used

EL micoides var mycoides and fresh convalescent serum from cattle
.{nfected‘with the Qrganism. Clyde (1964) used the prineipTe of growth
ideieition of mycoplasmas by homotogous antibody to extensively -
s'edmpare_add identif} human mycoplasma isolates. Sterile discs were
fmpéegnated with hyperimmune serum. and placed on agarhplates inoculated
with mycdp1asma'cu1ture‘ A zone of inhibition similar to that seen

1n ant1b1ot1c sens1t1v1ty tests is seen if the antibody is homologous.
To date, the GI test 1s one of the most common 1ab0ratory procedures

used for the 1dent1f1cat1on of mycop]asmas

) MetabbTic=%nhibition test’

The term metabo11c inhibition applies specifically to those
techn1ques in wh1ch 1nh1b1t1on of mycop1asma growth is ‘detected in-
d1pect1y,y1a 1nh1ptt10n of metabolic activity. Such procedures have
bEeniEesed'qn the:obserVation that actively growing mycoplasmas
| metéﬁoTize'certdig;substrates. Specific dntiserum inhibitedvmetabelism
“of qtggdfsms'and‘theteby,prevented a color Ehahge of the_medium'frdm" '
'-occurfing Jéﬁsen (T§64) was the first to publish the application .of
| metabo11c 1nh1b1t1on to the study of human mycoplasmas. He utilized
2 3 5 tr1pheny1 tetrazolium chloride which was colorless in the
ox1d1zed state and red in the reduced state. Tay1or-Rob1nson et al:
(1966) deve]oped an MI test based on the fermentat1ve act1on of some

mycoplasmas Purce]] et a] (1966) used the MI test for mycop]asmas

that ut111zed arg1n1ne with. the Tiberation of ammonia which increased
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the bH of media.

N Goodwin et ai. (1969b) observed that metabolic inhibiting antibody
titersfdid not copré1ate with the immune status of pigs. Animals
a1féqqy;shown by'éhq11enge to be immune had Tow titers whilst titers .
p¥=1516fWEre-obfé%néd'with over one third of samp]es:from uninfected
‘ggntrols, dr,fndm‘bijs qot'yEf exposed to infection. He concluded
that the mgtabq1i¢$jnhibition test might be of little value becadse
‘nonspecific ﬁnﬁibitéfy substances were present in the sera of some
npigé.béfh before éﬁd after experimental infection. This nonspecific
- jnhibitién Wag ;oﬁetimes_veduced by heating the sera at 56°C for
. 30_mihgtesl‘ ‘ :iﬂi

EnZymehlinked jmmuﬁqsorbent.assay'jELISA) and immunoperoxidase

“tests D

E Engva]] and Per1mann (1972) reported a sensitive method for the
quant1tat1ve determ1nat1on of antibody.. Tubes coatediwith antigen
'were 1ncubated with’ant1serum foT]owed by the addition of an enzyme—
.1abel1ed preparat1on of anti jmmunoglobulin. The enzyme remaining in

.tubes after wash1ng”prov1ded a measure of the amount of specific

ant1bod1es prese“ ?iBruggmann et al. (1977) adapted this procedure for

the detect10n of ant1bod1es to M. hyopneumoniae as a sensitive test

;\for the sero1og1ca1 1nvest1gat1on of ep1dem1olog1ca1 cases, part1cu1ar1y

"t

,c11n1ca1 1nfect1ons w1th M hyopneumoniae. They utilized horseradish
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peroxidase tenjugated rabbit anti-swine IgG. They also showed that

antibody to M. hyopneumoniae in experimentally infected pigs was

detected several weeks before the clinical manifestation of MPS and

sera were positive up to 50 weeks after inoculation. No cross reaction

between M. hjorhinis, M. flocculare and M. hyopneUmontae was observed.

The ELISA test was found to be highly sensitive and specific for

the detect1on of antibodies to M. hyopneumoniae. The low concentra-

tion of antigen opt1ma1 for coating the polystyrene tubes (2 5.ug to
5 pg) indicated a high sensitivity in relation to the number of anti-
bodiee that could be detected. Bruggmann (1978) characterized the

chemical nature of the antigenic determinants of M. hyopneumoniae. He
observed that membrane antigen solubilized with sodium dodecyl sulfate

(SDé) was supefior to whole antigen in displacing antibodies from the
' ahsorbed antigen. This indicated, too, that the act1ve antigenic
determ1nant(s) is localized in the membrane He hypothes1zed that
the ant1gens are T1poprote1ns, the Tipid port1on being the determinant
,hapten and prote1n, the carrier. |
Bruggmann et aT (1976) used the indifect inmunoperoxidase test
rto detect ant1bod1es in sera of pigs. Using this sehh]ogicaT test,
they found that there was positive corre]at1on of-95. 7% between
presence of aht1body ‘and evidence of the d1sease in pigs. They con- :

-c]uded that the 1nd1rect 1mmunoper0x1dase test was more sens1t1ve

for detect1ng chron1ca11y infected -pigs than the CF test.
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Epizootiology of Mycoplasmal Pneumonia of Swine
Mycoplasmal pneumonia of swine (MPS) is exclusively a disease

of swine. ' No other natural or experimental hosts have been demon-
 -stratedf Foﬁi;e or transplacental transmission of the disease has
"~ not been demongtrated énd transmission, of this infection is considered
wto_oqéurﬂexélgsiVe1y after birth. Close contact betweeﬁ infected
and suéceptib]e swine is necessary for the transmission of the organism.
w1th1n chronically infected p1g herds, the incidence of clinical ‘
pneumon1a falls progress1ve1y with increasing age of the animals.
whtttlestone (1973) observed that the incidence of pneumonia in SOWS
was 1ess than'in bhcon pigs and thus concluded that older sows in
1nfected herds seem 1ess likely to transm1t the infection to their
_own IJtters: Introduct10n of the disease into a herd not previously
ﬂﬁnfeﬁted cqh_be.traced‘to the purchase of coughing feeder pigs or.
vagymptbmatic adult carriers which are added as new breeding stock.

] Mﬂéalthy;hgrQSIBeCOmé infected without any recorded proximity Qf‘
‘pjg§¥gffegted}wjtﬁ'ﬂRS and.in these cases, the indirect transfer of

M. Q&oﬁneuhoniaeijhisﬁutum of birds; animals or people is suspécted

, L | . X
(whjtt}eStone,]976)l Since infection usually spreads by the aerosol -
routé, climatic conditions could ‘influence the severity of MPS by

j:s;éffect'ph‘the éurviva1 rate of M. hyopneumoniae in infective droblets.

- Swifier (1967) observed that there {is.no apparent ‘seasonal 1nc1dence
of myc0p1asma1 pneumon1a However, clinical iliness produced by
: secondary bacter1a1 invaders such as P. multocida may be weather-

, assoc1ated Goodw1n (1972) put pigs into pens which had housed infected
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pigsfanq had beén‘vacated 5 minutes previously. None of the pigs
:c&mevdbwn with the disease nor was the organism recovered from any of'
-them; Traﬁsmissipn of MPS usually occurs over short distancgs whi;h
épgggsts'that relatively large particles which sediment fapidiy are
'Eﬁesﬁdhs¥b1é for transferring the agent from one pig to the other.
:UUngxpléined iquctioﬁs do occur at greater distances and Whittlestone
(]é?ﬁ):specu1afedthat smaller particles which rema%ﬁ suspended for .
1ongér‘pekiod méy ;ometimes be responsible for spreadAof infection.
Gordon (1963) noted ‘that the incidence of pneumonia was lower in
kp1gs from houses with a high reIat1ve humidity and h1gh temperature.
Various agents”w1th1n the respiratory system 1tse1f play a ro1g,_

in.the severity df-MPS. Mackenzie (1963) observed that lesions of
' ujﬂhg:wéqe,more extensive in pigs with Tungworm infection. Préston.and'

'§wjfzep (19]5} studied t@o herds with Tungworm infection. Lungworn

| 1qnygezj@feétéa'éaffﬁhorms were co1]gcted and fed to-swine free of-MPS.
Tﬁis)brbcédUre,ﬁésulféd in,Tungworm infection in recipient pigs,. but
fafiéd;;o prpdyce.pnguhonic Tesions suggestive of MPS. Complement
.f?xingﬂéﬁﬁibody %ipérs abains; MPé‘wéke not detecte&._.Kasza et al.
j'gygﬁé}:in¢éu1ated pigs with a pathogenic swine-adéﬁovirus and ﬂ;

h&ogneuméniae. Thé two agents combined produced a pneumonia of greater

‘rsever1ty than e1ther agent alone. L' Ecuyer (1962) found that. the

: pr1nc1pa1 m1croorgan1sm associated with MPS was Pasteure11a mu1t0c1da
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Inc1dence and Distribution

The d1sease is world w1de and has been reported from all five

'v;cohtmnents. "Sw1tzer (1967) found the incidence of MPS in Iowa swine

£o-be between 35 and 60%. Betts (1952) observed the incidence of MPS

in England to be between 61% and 72%. Whittlestone (1967) confirmed

Bett'suobservattoh.r'Mugera (1§67) reported that 56% of pneumonia in snine

'observedfin'Kenya, East Africa resembled MPS. Norton (1976) reported

_a»preva]ence:of 68% in'516-porkers in Northern Queensland, Australia;

Control of MPS
The contro] and attempts at erad1cat1ng MPS have been centered
around chemotherapy and the specific pathogen free (SPF) swine program.
Betts and Bever1dge (1952) recogn1zed the fact that the cdusative agent

of MPS was sens1t1ve to chlortetracycline, but not to pen1c1111n or

.ssulfonam1des Wesslen and Lannek (1954) demonstrated the in v1tro

5

. suscept1b111ty of M. hyopneumon1ae to chlortetracyc11ne and oxytetra—

fcyc11ne Bornfors and Lannek (1958), observed that tetracyc11ne at a

dosage of 20, 15 and 10 mg per kg body weight provided a prophy]act1c :

' effect P1gs that were g1ven tetracyc11ne in these dosages did not

deve]op 1es1ons of pneumon1a when p]aced in contact with 1nfected

‘"an1ma1s Goodw1n and Wh1ttIest0ne (1960) believed that tetracycline

ant1b1ot1cs were the on]y means of preventing the deve]opment of MPS.

'*Th1s suscept1b111ty to tetracyc11ne was a factor in the rea11zat1on

e .
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.tha»t“the".et'ioJ‘og_‘ic agent of MPS'was indeed not a virus. Mare” (1965)
'..obser.ved that tylosin tartrate had no prophylatic or therapeutic
'action on MPS He-aleo found furaltadone to be:ineffective against

] the d1sease agent. Mare'and“Switzer (1966) showed that ch1ortetra—u

cyc11ne was effect1ve 1n prevent1ng the  formation of ]es1ons of MPS

o rata dosage of 400" gm'per ton in feed Huhn (1971) observed that

ch1ortetracyc11ne at a dosage of 50 gm to 200 gm per ton of feed: may

be effect1ve in prevent1ng deveTopment of MPS lesions if given prior

ﬁto exposure to M. hyopneumon1ae Ether1dge et al. (1979%) reported

that a- stra1n of M hyopneumon1ae designated the Beaufort strain was

:res1stant to chlortetracyc11ne

Dur1ckov1é’et al. (1964) demonstrated that when n1trofurazone
”‘was given 1ntramuscu1ar1y, the 1nc1dence and extent of pneumon1a was - i
. reduced In v1tro stud1es by Ogata et al. (1971) correlated with the-.
'f1nd1ngs of. Dur16kov1c et al. Ogata and coworkers found that nitro-

: furans at 1ow concentrat1ons were 1nh1b1tory to M. hyopneumon1ae

More recent1y, 1ncreas1ng information on the efficacy of T1amu11n -

14- deoxy(2 d1ethy1am1noethy1) mercapto acetoxy hydrogen fumarate,

‘T’has been reported Schu11er et al. (1976a) reported the 1n_x_trg

- eff1cacy of t1amu11n in. p1gs 1nfected w1th M. hyopneumon1ae They

Jobserved that an1mals 1nfected w1th M hyopneumon1ae and med1cated w1th B

’ -~200 ppm of t1amu11n showed a cons1derab1e reso]utlon of 1nf1ammatory

‘1ung react1on Johnson (1978) eva1uated the use of this drug in
1=natura1]y-1qfegtedhptgs.. He concluded that tiamulin given 1n drinking
natenjat 0;006%5or_05008%~tor 5 days was effective inncontroTTing'MPSZ

VN w v
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Goodwin (1979) observed, in in vitro studies, that tiamulin inhibited

mycoplasmal growth at a lower concentration than either oxytetracycline .

or tylosin. Treatment of infected pigs with tiamulin resn]ted in
réharkab1e improVement characterized by healéd lesions 49 days -PI.

B The fast1d1ous nature of Mycoplasma hyopneum0n1ae has made the

growth of enough ant1gen for vacc1nat1on studies difficult. Thus,
1n1t1a1 exper1mentat1on on vacc1nat1on was done using vaccine prepared
from pneumon1c Tung suspens1ons Lannek and Bornfors.(1957) showed °
' thatlptgs.thCh have:recovered from?experimenta1 MPS developed a strong
immunity to sdbsequent challenge. Goodwin et a].'(19693)”infected o
'pigs hyfintranasa] inoculations of pneumonic 1un§ suspensions; 'Sixteen
=Weeks after“infection, pigs. were chalienged with the same inoculum.
"No 1ung 1es1ons were seen when the an1ma15 were k111ed 3 weeks after
N cha]]enge Aga1n Goodw1n et al. (1969b) used forma]1n1zed M. h

~i pneumon1ae cel]s to induce immunity in pigs Pigs were vaccinated two
t1mes 1ntramuscu1ar1y or 1ntraderma11y w1th Freund comp1ete adJuvant
.The th1rd 1nJect1on was g1ven without -adjuvant. The pigs were
.cha11enged 1ntranasa]1y1w1th‘pneumon1c Tung-suspension. The vacctnéteda
pr1gs showed no ev1dence of resistance to cha]]enge HoweVer the ':
' poss1b111ty that the cha]Tenge 1nocu]um m1ght have been overwhe1m1ng was
‘noted by the authors q " |

7 Lam (1970) and Lam and Sw1tzer (19?1b) reported the éfficaty Of
:f1ve d1fferent vacc1nes Viccine A was prepared by ether extract1on
of mycop]asma ce]]s 1n conjunction with Freund 1ncomp1ete adJuvant

Vacc1ne F was prepared by a]ternate1y freezing and thawing mycop]asma
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2

ce]]s using s011d carbon dioxide- alcohol bath. The preparation

was_ adm1n1stered in an 1ncomp1ete Freund adjuvant. Vaccine G was
.prepared by 1ys1s of cells w1th a 2% solution of sodium 1aury1
.su1fate and d1a]yzed aga1nst ammonium su]fate and distilled water
vVacc1ne H was formalin- 1nact1vated broth cuiture Yaccine H was
jadm1n1stered 1ntranasa11y on 3 consecutive days whilst the rema1n1ng_
4 vacc1nes were g1ven 1ntramuscu1ar1y Protection was observed in
_an1ma15 vacc1nated w1th vacc1nes A,B,F and G. No protection was seen
in the 1ntranasa]1y vacc1nated pigs. Farrington (1976) demOnstrated‘

~ that a peanut 011 base adJuvant coupled with heat-inactivated M

hyopneumon1ae ce11s enhanced protect1on against lung Tesion formation.

S]av1kret a]r.(1979)feva1uated the effectiveness of several poss1b1e

vaccines in preventing M. hyopneumoniae infection. Pigs vaccinated

-simuitaneOUSiy'with'heat—inactivated M. hyopneumoniae by intravenous,

footpad and subcutaneous routes were partially protected against

subsequent M hxopneumon1ae cha]]enge as-indicated by a reduction in

agross 1es1ons,of pneumon1a

L ' : Spec1f1c Pathogen Free Herds _
In v1ew of the fact that the et1o]og1c agent of MPS is: 1nfect1ous,:
'-‘one of the methods that had been used to contro] the d1sease is- the
X product1on of spec1f1c pathogen‘free p1gs P1gs are obta1ned by
&'hysterectomy or Caesar1an sect1on w1thout exposure to the1r dam S

. env1ronment and ra1sed in 1aboratory 1so1at1on for 4 weeks They are:

then transferred to and grown on- farms from wh1ch all other swine have:
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‘Been'remowed .‘These‘new"ﬁdiSeaee free" pigs form the nuciei of clean
herds 0ffspr1ng in these cTean herds can then be used ‘as clean _
breed1ng stock. Cert1f1cat1on schemes for maintaining MPS free herde _
_-are. dn operat1on 1n the u.s., Br1ta1n Canada, and continental Europe
', In the U.S., the Nebraska certification scheme involved essentially
- fstocﬁjderived:directTy byTsurgicaTwremovaT, or progeny of these animaTs.
‘ The;health:requirement in the’Nebraska scheme incTuded freedom from .
MPS as ascerta1ned by lung exam1nat1ons at sTaughter Young and
Underdah] (1960) recommended the exam1nat1on of a sample of 10 lungs
) _from each~herd to.determtne'whether a herd should be certified as free
from MPS or not | |
| ‘ KeTTer (1969) reported that the Swiss certification scheme in=,
f cTuded 8, 500 sows 1n 350 pr1mary and secondary herds Reg1stered‘SPF
herds were aTso requ1red to rema1n free from certain other
zdmseases.as weTT The Br1t1sh scheme was started in 1958 and the ba51s=
Q' of; operat1on was freedom from MPS The central feature of th1s scheme
therefore was rout1ne post mortem exam1nat1on of the Tungs of p1gs at
" sTaughter (Goodw1n and WhTttTestone 1960)
| ) 0ccas1ona1 breakdowns have occurred in SPF herds. Most outbreaks
appeared to have occurred W1thout any known poss1b111ty of contact w1th
g 1nfected p1gs The p0551b111ty of 1nd1rect transfer of mycop]asma]

agents cannot be ruled out




31

PART 1. DIAGNOSIS OF MYCOPLASMA PNEUMONIA OF SWINE BY DIRECT
IMMUNOFLUORESCENCE TECHNIQUE
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MATERIALS AND METHODS

| _Experimental Animals
ﬂ“'Thﬁrtyafive conventionél'purebred Yorkshire pigs that were
-.farfaweq in i$0]ation units at the Veterinary Medical Research
In§t1tute (VMRI) were uséd for the study. The pigs were 6 to 8 weeks .
of age and were divided into five groups on the basis of results of
bactério]ogic culture éf nasal secretions, sex and litter. The
Var16US;gr6qps we}e kept in individual isolation units and fed 16%
péotéin gﬁbwer ration with no added antibiotics. Each pig was ear-

notcheq for identification.

e | Experimental Design
_ .. Three groups of pigs were to have been used in this study.
HQWefef, Bacterio1ogic examination of nasal secretions revealed that

pigs in 2 of'the_4-1itters'were infected with Bordete11a bronchi -

: _-segtichﬁh;Thergfofe, the pigs were alloted to 5 groups,‘ Group 1 con-

sisting of 12'pigs from litters culture negative for B. bronchiseptica
ngjinbcuTéted endotracheally with pneumonic Tung suspension containing

M. hyopneumoniae 'strain 11. Group 2 consisting of 6_pigs which were

'CUT%UYg'négative for 35 bronchiseptica were inoculated with‘pngumonip '

1uﬁg‘spspensioh-cbntaihing M. hyopneumoniae strain 11 and ﬂ, hyorhinis -

SffafnUZ; Group. 3 cpnsistihg—ofrﬁspigs from the B. bronchiseﬁ;ica-in- o

1fégtég']i§fqrs was“jnocu}ated endotracheally with pneumonic lung suspen-

siénfdgntaining M.: 'hyopneumoniae ;train 11. Group 4 consisting of 6.pigs

A S
“
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'fromaéi brﬁnchTSeptica-infected litters was inoculated endotracheally

" with pneumonic lung.suspension centaining M. hyopneumoniae strain 11 and

M"hzdfhinis strain 7. Groub 5 was the control group and cbnsisted

. Bof 5 p1gs der1ved from 11tters culture negative for B bronch1sept1ca,

‘ P1gs in th1s group were 1nocu1ated endotracheally w1th sterile myco-
~ plasma broth (Friis 1975)
_‘ B1ood samples. were co]]ected from each pig prior to inoculation - -
“?gﬁﬁ.at:week1y }nterva1s post inoculation (PI), until each pig was
‘eﬁfhénjgéﬂ, Two bigs were necropsied before the start of the expefii
'-mepg'tégeéfabT+sh that no'puTMOnary 1esf0ns were present. Seqdentia1 ‘

po;t mortem examinqtioh of pigs was performed as presented in table 1.

" Table i. Post mortem examination of pigs and time interval of

.+, - euthanasia

e T No. pigs necropsied Total Né.'of pigs
Group No. . o at 2 week intervals PI necropsied
s o2 4- 68 10 12
1 2 2 2 2.2 2 12
2 LN T R T 6
3 T°1T 1.1 1 1 6.
4. LT S T B 6
.5 A D - 1 5

Pneumon1c Lung InocuTum

.;‘. a

The pneum0n1c 1ung 1nocu1um (PLI) used in this study was derived

by ser1a1 passage of M.- byopneumon1ae stra1n 11 (Mare” and Switzer 1965)
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in pigs. The pneumbnic lung was stored frozen in 50 1 vials

at -ZOPC. On the day of inoculation, vials were femoved and pneumonic
lung was thawed. A ten. percent suspension was made by grinding the
wapprqximate weight of lung tissue in a sterile Ten Broeck1 glass tissue
~ grinder using Friis broth medium without bacterial inhibitors as

diluent. A 24 hour 15th passage culture of M. hyopneumoniae strain 11

grown in mycoplasma broth was added to the ground Tung suspension in
the ratio of 1:4. This mixture was centrifuged at 4°C at 800 rpm
to- remove , large pieces of 1ung‘tissue,' The supernate was kept in an-

ice bath unti1”inocﬁ1ation For preparat1on of M. hyopneumon1ae -

M. hyorhinis 1nocu]um, M. hyorhinis strain 7 grown in beef heart
1nfgs1qn-turkey serum (BHI-TS) broth (Ross and.Switzer 1963, Ross and
5armpnj1970)”wa§ used. This broth culture was added to a portion ofJ:

' ﬂ;‘hYQPnéumOﬁiae strain 11 1hocu1um in a ratio of 1:4 and held in an

icg bath until inoculation. Lung suspensions were inoculated on 5%
' H§r§e blood agar with a nurse co]ony ‘to determine that no bacteria
- were present. Co]or chang1ng units (CCU) were determined for M

byﬁﬁﬁeumbhiaé PLI The CCU was def1ned as the h1ghest d11ut1on of PLI

wh1ch changed the color of mycop1asma medium within 14 days 1ncubat1on

The PLI used for the 1nocu1at1on of p1gs was found to conta1n 106 CCcu

- of M hyopneumon1ae The M. hzorh1n15 colony forming units (CFU) were =

wdetqrm1ned by mak1ng 10 fold tube dilutions in BHI-TS broth. The

'CFU was calculated By'countfng the colonies formed on BHI-TS agar after

5

4 to S.days inﬁybgfion. The'M5 hyorhinis {ﬁoculum contained 10° CFU

per ml
1

F1sher Sc1ent1f1c Company, Chicago, ITlinois.
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Inocu]at1on of Experimental Pigs |

P1gs were 1nocu1ated endotrachea11y by means of a rubber
| "veter1nary catheter " An assistant he]d the pig in a. vert1ca1 position.
A porc1ne mouth specu]um was inserted between the pig's upper and

* ower j Jaw ‘by another ass1stant Ther tube was then passed qu1ck1y,1nto-
'"h:the trachea wh11e the. p1g was_squealing. The g]ottis is unguarded .

‘dur1ng squea11ng The " presence of the tube in the trachea was 1nd1cated
**"by forcefu1 breath1ng sounds, some cough1ng and passage-of air through
;uthe(othér endiof the;tube. Five ml of inoculum and 15 ml of air were
:draWn'iﬁto-a"ZOTmi svrtnge The syringe was attached to a Luer—Lock=
adapter on’ the endotrachea1 tube, and the mater1a1 was quickly 1nocu1ated ‘
} 1nto the 1ungs The tube was: held against the roof of the upper jaw.
y:;dur1ng 1nocu1at1on to prevent 1t from slipping out of position.
-‘iB1owback was prevented by p1nch1ng the tube whilst the syr1nge was
‘ibEing removed Control p1gs were 1nocu1ated w1th an equal vo1ume of
_pster11e Fr11s broth med1um P1gs were observed da11y for feed con- .
pﬁsumpt1on, 1ethargy, cough1ng and dyspnea

‘ k N ) BacterioTogv |

| Nasa1 secret1ons were co11ected pr1or to 1nocu1at1on of p1gs and
f:exam1ned for bacter1a and mycop1asmas by cu]ture techanue Ca1c1um

1

-alg1nate swabs w1th flexible a1um1num shafts ' were used when p1gs were © -

"'fibetween the age of 2 to 6 weeks: - Thereafter, sterile cotton t1pped

L

g cn“g%’*s-.;;a-s; ‘Thotex, Glenwood, T11inos.
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| app]toatorsl with wood or plastic shafts were used. Nasal secretions
‘ were streaked on 5% horse” b]ood agar, MaoConkey agar and inoculated
1nto 5 ‘ml of BHI TS broth conta1n1ng 2,000 IU penicillin/ml and 1:4,000

4

tha111um acetate Staphy]ococcus epidermidis culture was streaked

d1ametr1ca11y on each blood agar plate as a nurse colony. Plates were
“ﬁfIncubated aerob1ca11y at 37°C and exam1ned after 24 and 48 hr incubation

for colon1es suggest1ve of Pasteure1]a mu]toc1da Bordetella bronchi-

'sept1ca and Haemoph11us parasu1s. Mucoid large colonies on blood agar

with:mdroho1ogy‘and odor suggestiye of P. multocida were pitked with
ta stra1ght 1nocu1at1ng need1e, 1nocu1ated into tryptose phosphate broth2
.and 1ncubated for 24 hr Colonies with a b1u1sh cast which were non-.
dextrose fermenters on MacConkey agar were p1cked after 48 hr incuba-.
ft1on, 1nocu1ated 1nto tryptose phosphate broth and incubated: for 24 hr !

Carbohydrate ut111zat1on was determ1ned in phenol red broth base con-

2 2

) ta1n1ng 0. 5% of the fo11ow1ng carbohydrates, dextrose”, 1actose and

2

»mann1t01 Other b1ochem1ca1 activities were determ1ned in urea agarZ,E

_,S1mmons c1trate agar2 and su1f1de indole- mot111ty (SIM) agar2

Smal1m
. "muco1d and smokey gray co]on1es sate]11t1ng the S. epidermidis nurse .
; streak were p1cked w1th a bacter1o1og1c Toop and streaked on b1ood agar

. *p]ateﬁw1th a nurse coVony for the- conf1rmat1on of H. Earasu1 .

S/P Sc1ent1f1c Products McGraw HilT, I]]1no1s

, "w”aj291fco Laborator1es, Detr01t M1Ch‘9a"

wo
Lyttan
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.EHI-TS broth was examined daily for opalescence, tetrazolium
féduct{on as indicated by a color change to pink, pellicle formation
" and algmootﬁ debdsﬁt that swirled when the tubes were agitated. A |
drop 6f cu]turé‘medium-éhowing any of the above changes was placed
'“oﬁ”éHL—TS agar'p}étes, streaked for isolation and incubated at 37°C
"unQer'S%iCQz., The plates were examined daily for mycoplasma co]onies;
Diréct?p1ate eﬁijimmunprhorescence was used,to identify mycop]asha

- co]ohiesr(DEI:Giudfce et al. 1967).

Blood Sample Collection
Blood sampTes were co1lected from the anter1or vena cava
a£n1nterva]s a]ready‘descr1bed. The p1gs were restrained by means of
ha'nbsé snare. B]ood'was allowed to clot at room temperature and serum
wﬁs‘colléctéd’dnd centrifuged at 1700 rpm for 10 min to femove blood
cél]s.“ Two=h1_a1iqﬁqf§hof serum collected from each pig were stored
..aff-épqp..'31069 §amp1e§ collected at necropsy were treated in the

same’ mannér.

Necropsy Technique

73; thelgbprppriaﬁgitimé interval, pigs were selected at .random

'accdkding to. fhe‘pfatoco1 a]feady deécribed " They were eTectrocuted: ‘

"and exsangu1nated by sever1ng the right brachial blood vesse1s Thg;_'

Jthorac1c cav1ty was exposed asept1ca11y by reflecting the right
thorac1c wa]l dorsa]]y Sanples of pneumon1c Tung were collected

agep}Tcally fot.bacter101ogic and mycoplasmal examination. In‘cases
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where‘no.lesions-were visible grossly, approximately 2 gm of lung
tissue nasjco11ected aseptically from the ventral portions of right

and left card1ac 1obes Trachea1 secretions were col]ected aseptically

by 1nc1s1ng the m1d trachea and inserting a ster11e cotton-tipped

swab The ]ungs were then removed from the thoracic cavity and
eva1uated for gross 1es1ons of pneumon1a The severity of lesions in

each 1obe was scored on a sca]e of- 1 to 4 as follows: 1 = no.gross

' a1eswons;22 = up to 25% of lobe affected; 3 = 25 - 75% of lobe affected;

or4 = entire lobe affected. The total Tesion score for each pig

“wWas Calculated‘- Presence or absénce of exudate in bronchi and bron-

ch101es was recorded Bronchja] lymph nodes were evaluated for extent

' of en1argement

Nasal secret1ons were co]]ected by cutting the snout transverse1y
at the 1eve1 of the first premo1ar tooth with a band saw “The head
Was then cut 1nto ha]ves a]ong the midline. The septum-nasi was
removed asept1ca11y to expose the turbinates and cr1br1form oTate

Nasa1 secret10ns were co11ected from the turbinates and anter1or

; aspect of the cr1br1form p]ate by us1ng ster11e cotton- t1pped swabs .

.....

turb1nate atrophy and septaT dev1at1on Atrophy was scored on a sca]e

of 0 to 5 1 = m11d atrophy of ventral scroll; moderate to severe '
atrophy of ventra] scro11 m11d atrophy of dorsal scro11
mdderate to severe atrophy of dorsa] scroll; 5 = severe atrophy. of

dorsa] and ventra1 scro]?s, and 0 no atrophy of dorsal and ventral'

""‘e
w 4y

scro}lsgof\turb1nates.
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Preparat1on of T1ssues for Histologic Examination
Port1ons of pneumonic Tungs and or grossly normal lungs, bronch1a1
'Jymph qode and traeheq-were collected. The samples were allowed to
rema%p.%n‘lo% bﬁffered formalin for 48 hr and processed by standard
paFaffiﬁ techn}que; Sect1ons 5 um thick were cut and stained with
haematoxy11n and eos1n as described in "Histologic and Special Sta1n1ng
Iechp1ques“ (Armed Forceg Institute of Pathology, 1968).

'-Thé sections were examined with a 1ight microscope. for the
,f0116w1ng 1esions; peribronchiolar lymphoreticular hyperplasia,
51vé01ar-thickening, bresencé of inflammatory cells 5n 1umina.of
: bronchj.anq bronchjo]es and infiltration of the lamina ﬁropria of

tracﬁea by inflammatory cells.

Pfeparation of Tissues for Direct

_ ImmunofTuorescence Test _ _
| The.procedure followed was that developed by Dr. C. N. Weng
.‘(Unﬁub]1shed 1978) at the VMRI Portions of pneumdnic and grossly
*ﬁnorma1 Tungs- were co]]ected and tr1mmed to a size of approx1mate1y
jl.x 1.x 0. 5 cm. The-p]eura1 surface was not trimmed. Samples were
g usua]ly taken at the Junct1on of. grossly normal tissue and d1seased
jt1ssue to 1nc1ude bronchus and several small bronchioles (F1g ])
One to two . trachea] .rings were taken about 3 cm proximal to the

b1furcat1on of the trachea T1ssues were then embedded 1n.0CT f]u{d

* - TLab-Tek Products, Naperville; I1Tinois.
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eohteined in small, flat-bottom plastic we1151, 1.6 x 1.3 cm in
-dimension. These were froien on dry ice. Frozen tissues were

wrapped in aluminum foil and stored at -70°C. The tissues were cut

N dﬁ{thick;with a cryo-cut microtome2 with a knife edge temperature
of.—ZQOC.' Duplicate slides were made for each lung specimen. Specimens
were_fixed for 10 mjn'in abso1ute'methaho1 precooled to 4°C. The slides

were air-dried and stored at 4°c.

ConJugated M. hyopneumoniae ant1body

Hyper1mmune serum against M. hyopneumon1ae produced in a pig

(#42) by Dr. D. 0. Farrington, former]y of VMRI, was used. This anti-
serum’had been stored at -20 C.

| J The ant1serum‘was thawed and 12 ml of hyperimmune serum was

centrifuged in a refrdgerated Sorvall superspeed RC2-B3 centrifuge at .
.10_000-kpm-for 30'min to remove fat droplets. A saturated solution

:of ammon1um su]fate was prepared and the pH was adJusted to 7.2 at

14°C Q1th 1% ammon i um hydrox1de so]ut10n Ten ml qf saturated ammoniﬁm ’
su]fate-was added dropw1se to 10 m} of‘cTear serum to obtain a 50%

.1saturatidn . This was a]]owed to st1r for 1 hr at 4° C, and centr1fuged._

.for 20 min at 8, 550 rpm. G10bu11ns were precipitated twice more with

7 amm0n1um su1fate After the last precipitation, the supernate was

d1scarded and the sed1ment was redissolved in 0 OSM Tris buffer to

‘_]L1nbro Sc1ent1f1c Inc., Hamden, Connecticut.

'(;ZAmer1can Optical Corp » Scientific Inst., Div., Buffalo, New York.
J-3Ivan"50rya]1-Inc.,aNewton, Connecticut. '




,Figure 1. Schematic drawing of pig lung showing sampTe
collection sites for immunofluorescent examination,
RA = Right apical lobe
RC = Right cardiac lobe

~ RD = Right diaphragmatic lobe
LA = Left apical lobe
LC = Left cardiac lobe
LD = Left diaphragmatic lobe
I = Intermediate Tobe
Arrows indicate bronchi serving lobes and sites
for collection of samp]és for immungf]uorescent

examination.
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" Schemat1c draw1ng of p1q lung show1ng samp1e co]]ect1on sites

h},.ffor 1mmunof1uorescent exam1nat1on

- _,‘,...|

- Adapted from Neurand K " wissdorf H. and Messow, C.

Be1trag Zur Bronch1a1verzweigung beim Schwein.
Ber] Munch T1erartz1 Wach. 23:467 -470..

1970
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half the original volume of serum. The Tris buffer contained 0.05M

2 Amino-2- (hydroxy-methyl}-1, 3 - propanediol (Tris), 0.1M NaCl and
0.1% sodium azide. It was adjusted to pH 8.0 with 1IN HC1. The
rediss§1ved sediment was dialyzed against 0.05M Tris buffer at 4°C for:
24 hr with 4 changes. |

Sephadex GZOO] was swollen by adding 7 gm to 400 ml Tris buffer
slowly with stirring. The mixture was allowed to settle for approxi-
mately 15 min and the supernate was removed by suction. This was
repgated 5 times. Coarse Sephadex 6251 was prepared by adding 5 gm
to 50 m1 Tris buffer. Sephadex G25 was allowed to swell for 5 hr
at room temperature. A 1.6 x 100 cm co]umn1 was one quarter filled
with Tris buffer. Seven ml of Sephadex G25 buffer mixture was added
and allowed to settle. The Sephadex G200 buffer mixture was slowly
added along the side of the glass to eliminate air bubblé; in the
column. After the Sephadex had settled, Tris buffer pH 8.0 was. pumped
through the qo1umn for approximately 15 hr.

Thé dialyzed protein sample was loaded oh the Sephadex G200
column and eluted with Tris buffer. A polystaltic pump.2 was set to
deliver 7 to 8 ml of eluate per hr. Fractions were recorded by an
ultraviolet analyser UAPZS, set at a wavelength of 280 nm. Tubes of

the second peak fraction of the eluate were pooled and dialyzed

against PBS, pH 7.2, for 24 hr at 40 times the original volume of serum

]Pharmacia Fine Chemicals Inc., Piscataway, New Jersey,
2Buch'ler Instruments, Fort Lee, New Jersey.
“3Instrumentation Specialties Co., Lincoln, Nebraska.



44

with 4 éﬁanges of buffer. A -Beckman DB-G spectrophotometer1 was

used to determine the protein concentration of the dialysate.
‘U1traviolef Tight transmission at 260 and 280 nm wavelength was deter-
mined for 1:50 and 1:100 dilutions of IgG dialysate and the protein
ébﬁéentéatioﬁ Waé”déﬂermined from standard reference tables.
F]uoregée{n isothiocyanate (FITC), BBL isomer 12, was used for conju-
'gatibn. The FITC wgsldisso1ved in carbonate-bicarbonate buffer at

~ pH 8.8 in the ﬁroporgiqns of 0.128 mg FITC/0.1 m] carbonate-bicar-
bonate buffér. _fhe fluorescein to protein ratio was 1:90. The cal-
culated amount of fluorescein carbonate-bicarbonate buffer solution
was added slowly to the IgQ fraction and the mixture was stirred
slowly at 4° ¢ overéight Fifteen gm of Sephadex G25 (coarse) was
swo]]en in 15 m1 of de10n1zed water for 2 5 hr. This was pabked in a
2.5 x40 cm cq]qmns and 0.01 M PBS, pH 7.4, with 0.1% sodiun azide
was'ruthhrddgﬂ the coTumn for- 6 hr. The conjugated IgG fraction was
Toaded on'thiélbd1uﬁh_to remove free fluorescein. The éonjugéte was
_collected mgnua11y'in'5 ml aliquots by visual tracfng. The a]iqubts
wére pooled and éoncentfated to 12 ml by ultrafiltration using an

4

Am1con u1traf11trat1on apparatus”. fitted with f11ter No. 304

The concentrated conJugate was absorbed with a desoxycholate

N (Dogzﬁextragt:of M, hxorh1n1s strain 7. The DOC extract was ‘prepared I

».by the mé;hqd'of Ross and Karmon (1970). This was allowed to stir

1Beckman Instrument Inc., Fullerton, California,
2BBL Cockeysv1l1e Maryland.
3Pharmapja.F1ne Chem1ca15,_P1scataway, New Jersey,

4Amj_co_n Corporation, Lexington, Massachusettss
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ovennight'at 4°C. The absorbed conjugate was centrifuged at 15,000

rpm ?ﬁr 1 hr. The supernate was stored frozen at ~70°C in 1 ml aliquots.

PnebarEtion of Chelated Azo-dye Counterstain
The counfenEtainvwas pﬁebared by dissolving 15.6 mg of Eriochrome
. BTackaTj.in-ZO ml of N, N dimethyl fdrmamide (Potgieter 1970). A
cHeTating'agent was prepdred by mixing 50 m1 of N, N dimethyl

'formam1de 20: m1 d1st11]ed water, 10 m1 of 0.1M aluminium chloride

- and 10 m] 0 1M acetic ac1d The pH of the chelating agent was adjusted

to 5 2- w1th 1N sodium hydrox1de solut1on Deionized water was added

tdithe\che1at1ng agent to make a total volume of 100 ml. The 100 ml

of gnelgting adenﬁ‘nas'added slowly with stirring - to the Eriochrome _
Black: T disso]vedijn'N, N dinethy1 formamide. The chelated azo-dye was

stoned!at 4°Cf

Titrat%on of Conjugate on Frozen Lung Sections

Sect10ns of lung from pigs exper1menta11y infected with M.

L3
s 1-

o hyopneumon1ae and cut at 4 'um were, used. Two fold d11ut1ons of con-

Jugate were made 1n 0. oM PBS PH 7 4. A few drops of the appropr1ate
d11ut1on of conJugate was added to each specimen and spread even]y

The s11des were placed in a rectangu1ar dish containing m01st filter .

paper and sealed w1th a microtiter p1ate sea1er2 : Tne conjugate -

]Hartman,Leddon;Compgny,,Rhi]adeTphia, Pennsylvania.
;5?Cppk Engineering, Alexandria, Virginia.




46

‘coated QIideé were incubated for 30 min at 37°C. Excess uncombined
conjugate was removed'by rinsing the siides in precoo]ed PBS pH 7.4
for 5 min on. a stirrer.- This was done fwice. The sections were
then countersta1ned w1th the chelated azo-dye for 30 sec and washed
tw1ce 1n‘prec0pled d]st111ed‘water for 5 min. They were a]]owed to air
ﬂdry,at.room temperature, mounted in phosphate buffered glycerin

pH 7.4, and examined with incident ultraviolet light. The degree

" of fluorescence and backgrﬁund autoflﬁorescence was noted. The
intensfty and extent of f]uorescence in bronchi and bronchioles were
scored on a scale of 1+ to 4+:1+ = Qranu]ar fluorescent partic]es
lining th§ broﬁchi with no fluorescence in bronchioles; 2+ = thin

‘coating of f]uqréscenf'partic1es Tining .the bronchi, with no bran

' chio]ar'f1uoresc§n¢e;'3+ = intense fluorescent coating of bronchi and

presence of scattered fluorescent granules in lumina of bronchioles;
and Q*.=_inténse-f1uorescent coating of bronchi and bronchioles. No.

fluorescence was scored as O.

:anjUgated‘pprciﬁé'antibody against M. hyopneumoniae was used

) tg detéct ﬂ,_b&opneumaniae_antigen and confugafed rabbit M. onrhinis

antjbody Wastuséd td detectfﬂ, hyorhinis antigen in sections.  The end-
point‘wés-thken as that. point-Where-minimum noﬁSpeciFic fluorescence
iand max1mum bronch1a1 and. bronchiolar specific f]uorescence were seen.
ConJugate d11uted 1 8 was chosen as the optimal dilution for direct

1mmunof1uorescent sta1n1ng of cryostat sections of frozen 1ung tissues.
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Fluorescence Microscopy
Fluorescence microscopy was achieved with a binocular Leitz

Ortholux m1croscope1 equ1pped with a dark field condenser and an

Osram HBO 200 mercury vapor lamp. A blue excitatory filter (BG 12).
' and”a yellow barrier filter (K530) were used. A 10X objecfive lens

was_used to examine stained sections.

Titration of Conjugate Using M. hyopneumoniae

’Cd]oﬁjes Grown on Solid Agar Medium

ﬂ,'hyopheumoniae strain 11 was;used. Forty-eight 'hr broth cultures

of M. hyopneumoniae were inoculated on Friis agar medium-and ingubated
at 37°C in an-atmosphere of 5% €O, . |
The procedure used “in this test was that reported by Del Giudice
et. al (1967) MycopTasma agar p1ates were examined every other day
by us1ng a 10X magn1f1cat1on binocular 1ight microscope. After 8 days
of incubation s1ng1e Targe co]on1es were selected. About 3 ml of ‘
0. OIM 'PBS pH 7. 4 was poured gently on 'the agar surface and allowed to
"stand for 20 min at room temperature The buffer was poured off and
'tef1on r1ngs were p]aced on colon1es that had been circled. A few
drops of d1fferent d11ut1ons of conjugate were put in each ring. The
ip]ates were 1ncubated at room temperature for 30 min and washed 3

. t1me§ w]th_PBS pH_B.Q. The C010nTES were examined under vertical .

U.V,‘ii]umihationz_from‘a 12 volt tungsten filament Tamp and a blue

HP]Ernét Leifz; Wetzlar, West Germany.

2Amer1can 0pt1ca1 Company, Scientific Instruments D1v s
Buffa]o, New York o
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e%cftafory filter. The highest ﬁi1ution of eonjugate that gave
'gobd’co1ony fluorescence with a minimem of background autofluorescence
was eeJected for subsehuent epi-immunoflourescence examination.
Conjugate;di1uted 1:4 was chosen as the optimal working dilution for
the ep1 1mmunof1uorescence test.

C010n1es of M. hyopneumon1ae had the tendency to wash off the .

agar surface A mod1f1cat1on of the standard procedure was devised

to prevent the loss of M hyopneumon1ae colonies during the wash1ng

‘ procesg. P]ates of so11d agar med1um with large colonies: were kept
in a refrigerator at 4°C for 48 hr. The colonies were then fixed
fonféo‘min with absolute methanol precooled to 4°C. The standard

brocédere was followed efter fixation.

Specificity of ‘Anti M. hyopneumoniae Conjugate
Varieue myceplasmas and acholeplasmas of swine origin (tab]e 2)
weEefgrowh oﬁ'eiteer.Friis or BHI- TS‘agar‘ The time required for
. max1mum growth of co1ony size d1ffered considerably among the var1ous
‘,ach01ep1asma and mycopTasma spec1es Therefore, plates were exem1ned
da11y for max1mum co10n1a1 size. The isolates were then stained when
appropr1ate and" exam1ned by the d1rect plate epi- 1mmunof1uorescence

as descrlbed prev1ous1y
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: “Tablq 2. --Mycoplasma and Acholeplasmas used for the determ1nat1on of
- conjugate specificity

= .

b

'-;Mycgb]ggma or Achofep1asma species . Strain
arginini © A 6200
M. hyothinis - o | 7
‘?ﬂgihzosznov1ae o . s16
‘)M; f1occu1are - | Ms 42
‘ﬂ,uhyopneUmqniae _ ' o 1?
‘iir.hyopﬁeumoﬁiagu ' o : - 17 (Lung inocﬁ]um isolate):
M. hyophéumbvriliiaé‘; S o J
Slaidlawii. - M9z

J granularum . . - | 19168

1

:.u Iso]at1on of M hyopneumon1ae and M. hxorh1n1s from Lungs F

M hyopneumon1ae and M. bxorh1n1s were isolated from Tungs

im accordmng to the procedure descr1bed by Friis (1975) Approx1mate1y

I gm of 1ung t1ssue 1nc1ud1ng a bronchus and several ‘small bronch1o]es: ‘

o was c011ected asept1ca11y This was homogen1zed in a Ten-Broeck

e

"

f t1ssue gr1nder1 us1ng 5 mT of Friis broth medium w1thout ant1b1ot1cs

,:as d11uent- Ser1a1 ten fold dilutions of homogenate were made by
L—transferr1ng 0 2 ml to each 1 8 ml Friis broth with antibiotics ‘

conta1ned 1n rubber stoppered tubes. A final serial dilution of 10;7 .

}JkisﬁéﬁuSéigntifié,Compaﬁy, Chicago, I11inois.
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wés‘hadé; To facilitate the iso]atjon of M. hyopneumoniae, four

tube$_containing 1.8 ml of Friis broth were inoculated with 0.2 m1
- of 1un§ homogenafé To each of the 4 tubes, 0.2 ml of filter
I ster111zed hyper1mmune rabb1t anti M. hyorhinis serum was added.
‘Cyc1oser1ne was added to each tube at a concentration 0.15 mg/m1
4;Th1s;was.done to gupgress the growth of M. hgorh1n1s if present in :
the”]qnéAhomogéhaté._ A1l tubes were incubated at 37°C on a rotating
"drum. iﬁitial_passages from primary dilutions were made when there
'waslaeghift in pH as.indicated by a color change ﬁf‘brdth from pink
.Jto:Orange?(Friis”brofh) and yellow to reddish color (BHI-TS broth).
Tubes ﬁgre dfséérded if no color change or turbidity occurred within
21 dé¥§.of Jncubation. After 3 to 6 passages, a drop of Frifs broth
was_inotuiateﬂ_onEFriis‘soTid agar medium and BHI-TS agar and streaked
: wjth‘al1opp.p‘Lq;k'of'growth on BHI-TS agar was a negative control

éhgck,for M. hyOpheUmdniaé, if groﬁth occurred on Friis so]id agar

medium: A drop of BHI TS broth was placed on- BHI-TS agar and streaked
:for the 1so]at10n of M. hxorh1n1 ATl plates were incubated in a
"m01§t_phamberxat-37,c with a 5% 002 atmosphere. The ptlates were

- examjpgd every other”daj-fqrgmchplasmaT growth. Colonies were
.idéntffiéd by thé-direct p]até-immunof1uorescence technique. |

| ,‘ Lung homogenate was a1so cu]tured for bacteria on 5% horse b1ood

,agar w1th a S E1derm1d1 nurse colony.
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Comp]ement Fixation Test

Comp]ement f1x1ng ant1bod1es to M. hyopneumoniae and M. hgorh1n1s

iwere detected according to a-direct microtitration system (Laboratory
Branch ‘of the Commun1cab1e Disease Center), using the modification

" of" Slav1k and Sw1tzer (1972) Lyoph1]1zed guinea pig conp]ement1

was reconst1tuted w1th normal: unheated swine serum from a 6 to-8 week -
old resp1ratory d1sease free p1g to c1rcumvent the procomp]ementary
«.“act1u1ty of swine serum. Five 50% hemo]yt1c units of complement were
used'and the optimal‘Canentratton'of antigen was determined by block
tﬁtration. The endpoints were read as the highest dilution of serum
with:approx%mate1y 70% or more hemolysis. The antibody titers were
ekpreseed as .reciprocals of the serum dilutions after addition of a]j

" ‘test! reagents.

Enzyme-Linked Immunosorbent Assay (ELISA) Test

The procedure used to detect ant1bod1es to M. hyopneumon1ae was.

”that descr1bed by Bruggmann et al. (1977). Th1s procedure was adapted '

' _uto the ‘use of m1crot1ter plates by Theresa Young at the VMRI

Mjcrot1ter we]ls were coated with M hyopneumoniae stra1n J ant1- )

gen so]ub111zed W1th sod1um dodecy1 sulfate (SDS). Plates were washed'
-w1th buffer and var1ous d11ut1ons of test serum were added to the
m1crot1ter wel]s The‘plates were washed again with buffer and_ﬂ,rh 0-

>

: pneumon1ae:spec1f1c antibodies in test serum selectively bound by‘the

,_IGrandf]s]and=Bﬁo]ogica1‘Company3 Grand Island, New York.
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antigen were detected by a rabbit anti swine immunoglobulin-peroxidase
conjugate. The change in color of the fluid phase after addition of
the enzyme substrate, 5-aminosalicylic acid and hydrogen peroxide,

was taken as the eguivalent of the amount of fixed conjugate. The
amount of fixed conjugate is also equivalent to the amount of antibody
bouﬁdﬂﬁy antigen. The degree of color change was read by the unaided
eye on a microtiter plate mirror reader]. The endpoint of the test

was taken as the color intensity corresponding to the intensity of

negative control serum obtained from a respiratory disease-free pig.

Comparison of Sequential Development of Complement-Fixation and
ELISA Antibodies
‘ The coFre]ation of the CF test results with results obtained by
the ELISA tést was determined in a different group of pigs. Fourteen
‘SPF purebred Hampshire pigs farrowed in isolation units at the VMRI
were used. The pigs aged between 10 to 12 weeks, were raﬁdomised on
the basis of sex and Titter into two groups. The two groups were
“kept in isolation and fed 16% protein grower ration with no added
antibiotics,
Group 1, consisting of 9 pigs were: inoculated endotracheally with

pneumonic lung inoculum containing M. hyopneumoniae strain 11 as de-

scribed previously. Group 2 consisting of 5 control pigs were inculated
with sterile Friis broth medium. A preinoculation blood sample was

taken. Thereafter, blood samples were taken at 4, 5 and 6 weeks PI.

Teook Engineering Co., Alexandria. Virginia.

)
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Antibodies - to M. hyopneumoniae were determined by the ELISA
technique and the modified complement fixation test as described

pfevious1y.
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RESULTS

Exberimenta1 Inoculation of Pigs
"Pigs were obsefved.to be coughing 10 to 18 days post inocula-
tion. Coughing was more pronounced Qhen the pigs were aroused from
rest. Appetite and geﬁeral out]ook of pigs remained unaffected through-
' out the course of the experiment. Dyspnea was not detected in any of
the 1nbcu1atgd pigs. Howévér, transient diarrhea of 5 days duration
was observed in pié 407G. No treatment was given and none of -the re-

méining p%gé in the same pen developed diarrhea.

Necropsy Findings
Gross 1esion.sbores are summarized in Table 3. In general, lesions

were confined to the apical, cardiac and intermediatei10bes of 1qngs
a]tﬁougﬁ a féw}were_ségn in the.diaphragmatic 1obes-as welT. _Le§ions’
'-gonsésﬁed of purple areas of consclidation in the ventral portions of
_ithe-affected!1qpe§ (Figure 2). Exudate could be expressed from the cut
suffacé of soﬁe;pngumonic Tesions between 2 and 6 weeks PI. Deep purple
q]esioﬁs were observed 6 to 8 weeks PI and these were clearly demarcated
%rom the adjoining.nofma] appearing lung. Pale tiny gray nodules were
obéerved on the cut'surface of affected lung 8 to 12 weeks PI; During
thiélperiod,pneumonic areés of 1ungﬂwere depressed in compérison to;
:adjoipiﬁg norﬁal appéaring Tung. Bands of gray fibrous tissue were
'prééent between the 1pr]es.: Exudate was minimal or absent when cut

' surfaceé-were'éxpressed at 8 to 12 weeks PI. Bronchia] 1ymph nodes




Figure 2. Gross'leSions of MPS in lung of a pig inoculated

with pneumonic lung suspension containing

M. hyopneumoniae. Pig was killed 4 weeks PI



56




57

of.a11'but 3 pneumohic luncs' were enlarged,

Histopathology

For descriptive purposes, the microscopic pathology was divided
into 3.stages; ear]y:aqufe (2-6 weeks Pi), acute to subacute (6-10 weeks
PI) and chronic (10-12 weeks{él). The histopathologic changes observga
in the early acute phase of infection consisted of perivascular and pefi—
bronchiolar cuffs of 1ymﬁhocytes. In some cases there was extension of
peribronchio]ar‘]ymphoreticular hyperplasia into adjacént interstitial
~tissue ieadihg to thickening of iﬁterstitium. Polymorphonuclear leuko-
" cytes (PMNE) were tHe predominant inflammatory cells in the lumina of
Brdnchio]es (Figure 3B). Alveolar spaces occasionally contained protéin-
qﬁeous.edema-fTuidkand alveolar macrophages. Free‘erythrocytes.wefe—
sbmet{mes present %nlalveo1ar spaces. This change probably resulted
from e]ectrocution. Histopathologic changes in the trachea consisted of
Toss, of cilia. In one pig (303B) there was clumping of cilia and a .
1e@kbqytié inff]tratioh in the lamina propria with PMNs and 1ymphocytes.
No ]ymphoreticuTar.hypgrp]as{a or PMNs were seen in Tung sections from.
‘CQH#rol pigs (Figure 3Aj." However;'ate1ecta51s characterized by a;fdided
appe&rance of bronchioles and collapse of alveoli was obsefved in some
pigs{:'LympH nodes gf control pigs were histpTogica]]y normal.
J,lrngn.theﬂsuBacpte“stage, fhe lymphoreticular hyperplasia around
" blood yésse]s, b}onchi and bronchioles was pfominent_and well-organized.
Ih a few pigs, thé surroqndfng lymphocytic reaction compressed the lumina

_of bnonchioles. Septal ce]js and a few plasma cells were present

S



“Table 3. Necropsy findings in.pigs euthanized at various intervals

: Total lung? Enlargement Bronchial Turbinate
Pig No. Group No. scores of Tymph node - Exudate atrophy score

Two weeks PI

4016 1 14 b + 2/
405G 1 9 2 - 1/
409G 2 9 2 + 1/1
627G 3 9 2 - 2/2
303B 4 1 3 - 0/1
620B . 5 7 -1 - 0/1
) Four weeks PI
4028 1 17 2 - 0/1
611B ] 16 3 + 2/1
406B 2 9 2 - 1/2
305B 3 14 2 + 2/
6326 4 7 2 - 1/1
4136 5 7 1 - 1/1
. Six weeks PI
1918 1 11 1 - 2/2
4076 L 7 1 - 0/1
404G 2 12 2 - 2/3
629G 3 8 2 - 0/1
. 6158B. 4 .7 1 - 2/2
415G 5 7 1 - 1/1
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Eight weeks PI

ll H n o

No gross en]argement of 1ymph node
Slight enlargemerit of lymph node.
Moderate enlargement of lymph node.

-Enlargement: approximately equal to twice norma] size of
lymph node.

k 7 o - 2/2
293G . . 1 VAR 3 - 3/3 -
‘.. 3026 i4 ‘9 e - ' 1/1.

" 304B . 3 8 2 - ”,"J/] .
612B- . 2 . 12 2 - 2/2-..
4108 5 . 7 1 1/1

‘ | Ten'weeks PI '

6086 1 10, 2 x _1/1 remodeling

- 178B° 1 14 2 - ’ 1/1 :

"+ 176B 2 8 - 1 - 1/1
- 306B* 3 8 2 - 1/1
. 6198 - 4 9" 3 - 1/1
Twelve weeks PI

177B. 1 10 2 - 2/1
408B 1 9 1 - 0/0
1928 2 7 2 - 0/0
628G 3 9 3 - 0/0
3086G. 4 14 3 + 0/1
282G 5 7 1 - 0/0

?A total score of 7 1nd1cates no gross Ies1ons were. observed

A total score >7 indicated lesions were observed.
b

65



Figure 3. Histologic appearance of lung of a control pig
jnoculated with sterile mycoplasmal medium (A) and pig

inoculated with M. hyopneumoniae (B).

A. Note absence of inflammatory cells and edema.
H & E stain (100X magnification)

B. Early lymphocytic cuffs around bronchioles,
presence of cellular infilt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>