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SUMMARY 

Thi s s tudy established r a pid routine diagnostic tests 

which made inves tigation into the economic consequ e nces 

of enzootic pne umonia .. :of pig s (EPP) within the South 

·Australian pig industry pos s ible. Previously, serological 

pro ce dure s had not be e n in operation in South Au st r a lia 

a nd i mm un ofluo resce nt te s ting had not bee n develop e d in 

Au st.ra li a . Similarly, there had not bee n a compr e he ns ive 

exanination nf t he prev a l ence of le s ion s and the deg ree 

of losses caused by EPP, be ca use of cci ns iderable spec ulation 

for some time lha t these would be much l ess than those 

demc ~1strated i n c older northe rn hemi s phere countrie s . 

Diagnostic tes t s including Gi emsa a nd immunoflouresce nt 

(IM F ) s t 8 ~ nin g of to uc h preparations of pn e umonic lun g , 

IM F s'Lu:!.n in g cf lung- sections, and a co mplement fi xat ion 

t e ~, t f o i' de t e r.- U. on o f My c op 1 as m a .b.1_o p n e u mo n i a e an t i b o d i e s 

\II e re es tr: r.i 1:i ::> he d 1 and th e i r se ns it i v i t y a nd s pec if i city 

VeI'ifi ed . Jt ~as found that a r ap id diagnosis of 

enzoo t j ~ pn e~monia co uld be ma de by th e de mon s tr ati on of 

!:!· .!ll.'.Epne um_q_:l :Jae. organisms vi a IMF staining of tou c h 

pre~ara ti on s or section s from lung s with act iv e or r ece nt 

infections . Good c orre l a tion was ob ta in e d be twe e n result s 

of Giemsa and IMF s t aining of touch pr epara tion s a nd IMF 

s t ai ni11g of lis s ue sectio ns . Th e pre sence of compl eme nt 

fi xing antibodi es to ~· hy op neumoniae were associat e d 

(p <0.001) .with typical gross lesions in c orr es pondin g 

lung s c oll ec t e d from 412 commercial pig s at s laugh te r. 



vii 

Infection with EPP was found to be wide~pread, 

as typical gross lesions wer e fbund in 45.1% of l 430 

lung s from pork and baco n weight pigs sampled at 3 m~0r aba,floirs, 
EPP-hke. l<>-sio>'IS we.re a,ssocio..td (r <O· 001_) •v;"f{ !2J. futo!'~\Ot\ t'o....e. o-.. +;boJy ;J\ c.ov-res-

Po"diri~ :iervM sa.""fles . The prev a lence of pleuri sy \I/as 14 .59~ 

among 712 lung s and was associated (p <0.001) 11/ith l es ion s 

of EPP, indicating that severe secondary bacterial con-

tamination of lesions is common. The prevalence of fPP 

varied markedly between the abattoirs (p<0.001), bein g 

22%, 42% and 71% re s pectively; e mphasiz ing the n ee d to 

sample lungs a t several abattoirs to obtain a reliabl e 

estimat e of prevalence within the industry, on a ·stat e 

or cou~try ba s is. The seasonal prevalence of lesio ns 

va ri ed (p <O.l ) from its highest in summer of 51.1%, t 0 

the low est in wint e r of 41.7%. This trend s upport s t he 

view tha t infe c tion i s higher among young pigs durin g 

th e cold \l/inter months; these pig s being marketed 6 ;non-:<:; 

later in su mm er . 

A field study of t he e pid emio logy of EPP in South 

Au stralia found simil ar predisposing factors operating 

to tho se demo nstrated in severa l stud ies conduct ed in 

colder northern he mi spher e co untrie s . Environme nt a l 

and management conditions of 15 piggeries \l/ith a hi gh-

pr eva l ence (>70%) of EPP le sio ns were compared with those 

in 16 herds ha ving a low-p re va l ence ( < 30%)~ A similar 

numb er of s ma ll herds, with 20-70 so ws (sid e lin e units) 

a nd l arge he rds, with >100 s ow s (fully intensi ve unit s ) 

wer e studi ed . Ha lf the herds wer e vi sited in s umm er and 

ha l f in wint er to detec t factors related to seas onal 

conditions. In s mall he rd s , factors c ommonly associated with 

a high-p re val e nc e of EPP \!/ ere : a hig he r gilt r epl acement rate 
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(p<O.l); purchas e of pigs for finishing (p <0.07); 

larger number of ·pig s per shed sec tion (p <0.001); 

larger group sizes (p <0.01); and draughty f ar rowing 

and weaner accommodation (p <0.01). In larg e .: herd s , 

factors commonly associated with a hi gh - pre valence 

wer e : higher pe n s tocking rate (p <0 . 05 ); higher air­

space stocking rate (p<0.05)~ a nd high er atmospheric 

ammonia level s in summer . (p < O.l) ~ Ammonia levels were 

a 1 s o f o u n d t o b e de p e n d an t on th e t e r.n::; e ;.· e; tu re a t the 

recor d ing site (r = 0.43, p < 0.0 5)~ EPP was al s o 

associated with reduced production, as s ub s tantially 

more ~igh-prevalence ·herds m8rkel r d pigs a t a light e r 

bodyw e ight (p<0.06) .an d older age (p < 0 . 06)~ 

In the absence of any previous r e pnrt s of th e 

effect of EPP on production un• :c :c P.u s tTu li a n condition s , 

and bec au s e of the lo sses ind icsl:ed by the field st udy, 

the economic consequences of EPP wer e investigated 

experim e ntally . EPP \I/as repr oduce d us i ~ g a local fi e ld 

strain of .t!. h yo p n e um on i a e ( 8 ~ a :1 fort) t i 1; u <H environmental 

and manage me nt c onditions commonly found on commercia l 

pigg e ri es in South Australia. Both i nit ia l inf ect ion 

("br eak do\l/n 11
) .and e ndemic s t aq P. s of in f ect ion 

\I/er e e valu a t ed . In th e former ca se , yrowi n g pigs 

natur a lly cha llenge d by ino cul ~ led tr ansmitt e r pig s , 

recorded a s ub stanti a l r e duction (p<0.01) in gro\l/th 

rat e of 12.7% be t\l/e en 50-85 kg liv e \l/ eight. In th e l atte r 

trial, inoculated gilts \I/ere used to na tur a ll y c hal l e n ge 

pigl e t s during s uckl i ng . Growth rate of infected piglets 

111 as a l s o s u b s t n n t i a 11 y r e d u c e d ( p < O. 0 0 1 ) . by 15 . 9 ~~ be t \!/ e e n 
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8-85 kg liveweight, while the feed conversion rat e 

was reduced (p <0.06) .by 13.8% between 10-25 kg live ­

weight, when compared with piglets from uninfe cte d sows . 

Severe reduction in performance during the post-weaning 

period, however, wa s not compensated for later in the 

gro\!/th period, as th e perf orman.ce of. infected pig s 

between 50-85 kg only equalled that of control pi gs . 

At s laughter, gros s EPP lesion s were con s idered mild; 

being present in only 44% of 25 lungs. Ho wever, this 

subclinical form of the disea s e, devoid of signifi c ant 

secondary bac t erial invaders did reduce pe rformanc e . 

Aff e cted pigs had to be held for an addition a l 12 day s 

to r e ach ma rk e t weight of 85 kg. At current feed and 

production costs , th e e xtra cos t of production amounte d 

to $7.63 per pig produ ce d from th e inf ec t e d group, 

irres pectiv e of pre se nce or a bs ence of gro ss EPP l es i on ~ . 

Th ese e xp e rime nt s de mon s trat e that s ub s t a nti a l 

economic lo sses are c a use d by uncom pli ca t e d EPP und e r 

environm e ntal a nd ma na geme nt c ondition s co mmonly foun d 

on c ommercial pigge rie s in South Au s tralia. Furth e r mo re , 

th e s e curr e nt losses a r e s imilar in char ac ter a nd 

ma gni t ud e to tho se pr e viou s ly r e cor ded in c older no rth e rn 

hemi s pher e countri es . Con s equ e ntl y , Sou t h Au s tr a li an 

produce r s would b e ne fit from a gr e ate r em~h as i s on th e 

control of EPP in th e ir pi gge rie s . 
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CHAPT ER I -----

INTR ODUCTION: BIOLOGY OF MYCOFLASMAS 
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)~ 
/ 1.1 Taxonpmy of mycoplasma! 

1.1 (i) Taxonomic position 

The de cision (Subcommittee 1967) to assign the 

mycoplasmas to a new and separate class , the Mollicut es , 

has r Hma lned essentially uncontested. The arguments 

present ed a t that time, were largely based on the 

charactericlcic colonial morphology, absence of a cell 

wzll and un in abi lity to synthesise cell wall muco-

peptides. Significance was also attributed to the 

re rJuir nrns nt of sterols for growth by a large majority 

of sp~ cies and a wide~ . guanin e + cytosine lG + C) 

r •Sf•{Yi 23 L 1 4U rnol-% and low e r G + C content than 

rec crclecl for 2ny kno\l/n "eub act.eria ". 

Wh i l e dala on G + C composi tion was sparse at 

the ti ruG~ fu~ t hc r studies have demonstrated a significant 

evolv tio ;121·y _9:1p between mycoplasrnas and other proca .ryotes. 

These hav e cie~cns trated a genome size of 5 x 108 dalton s 

for member;.:; of the !'!.~cop tasma t ace~ (Bak et al 196 9) 

whi ch is half the size of the smallest bacteria, and 

stuc~ies on ths e lectrophoretic mobility of ribosomal 

ribonu cle ic acids Cr, RNAS) _of t11..£.~.elasma and f.cholepl_a..§m2 

species have shown differences in, b ase composition 

between mycopl asmas and bacteria (Kirk and Morowitz 

1969)~ sedimentation propert i es in sucrose gradient 

(Reich 1967) and electrophoretic mobility in polyacrylamid e 

gels (Harley et al 1973). 
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For the purpose of this review the term myco­

plasma will be u sed when referring generally to organisms 

in the class Mollicutes; when specifically referring 

to spec i es and other taxonomic groups the correct 

nomenclature will be given. 

Contrary evidence ·to s uch a class ification h as 

been advanced by Niemark (1974 - cited by Freundt and 

EdwRrd 1979) .and relates to the pre se nce of lactate 

dehydrogen ases (LDHs) similar to those known to oc ~ ur 

in Lactobacillaceae . While these we re found td occur 

only · in th e Achol e pl as mataceae , other similarities 

bet\lre en th e. s_e-. o:rgani·s.m and streptococci including 

c e llular proteins and immunologic analysis were int ~ r­

preted as proof of their phylogenic relationship by 

the author. Considering the major differences betwee1, 

mycopl as mas and bac teria in base sequence homology 

and G + C studies these . biochemical similarities are cf 

minor t axonom ic importance. They may however indic~te 

that the Acholeplasmataceae occupy a n intermediate 

phylog e netic position betwe e n the Mollicutes and 

bacteri a of Class I of the Scotobacteria (Table 1.1) 

The class Mollicutes contains only the order 

Mycopl asmat ales, consequently the description for the 

order is the same as that for the class. The s pecies 

contain e d are very similar exce pt for differences in 

nutrition a l requirements for some sterols. Du e to a 

lack of r e quirem ent for cholesterol by the AE.holeplasma-
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taceae it has been proposed that serious consideration 

be given to the elevation of this family to the next 

highest rank (Table 1.2). 

The establishment of three families was endorsed 

by the Subcommittee (1977) after the proposal of Skripal U9.?C 

to establish the family Spiroplasmataceae. Classific a t.:i.or: 

between families is based on nutritional and morphologic 

criteria, which · is supported by differences in genome 

size (Bak et aJ. 1969) and essential differences in t11 ~ 

RNAs of the two families (Reff et al 1977). Of equa l 

importance is the presence of LDHs in five Acholep:!_.~9.:a.~ 

species examined, which are not found in members of the 

family Myc op] asmataceae (Ne lmark 1974 - cited by Freundt 

and Edward 1979). 

The genera established within the families ar o 

shown in Table 1.2, indicating that only the family 

.MycoJ?.lasmatales is subdivided. 

Two gene r a are recognised in the family My cop l .<=\?.~ 

taceae, the Mycoplasma (Krass and Gardner 1973) and t 11e 

Ureae.1:.§1~, which differ from all other mycoplasmas in 

possessing urea. 

Two other genera are recogni s ed in the class 

Mollicutes, the Thermoplasma and Anaero~lasma; how e ver 

their correct taxonomic position is uncertain. 
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TABL E 1.1 

Taxonomic positio n of the mycoplasma 

( after Fre undt and Edward 1979 ) 

Kingdom: Procaryocyte 

Oivisior. II: "Scotobacte r ia " 

, Clas s II: Obligate intr acellu l ar Scoto-

bacter ia · i n eukaryotic ce ll s -

Ri ckett .. s ia. 

Cl ass I II: · Scotobacter ia without cell 

wall s - Mo llicutes . 
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Criteria to define a species is again 

arbitrary, and is defined by the c haracteristics of 

the designated type strain. Further definition of 

a species was provided by the _Subcommittee (1979) wh e n 

referring to mycoplasma species as "clusters of 

morphologically identical isolates whose ge nome s 

ex h i b i t a h i g h de g r e e of r e 1 ate d n e s s " • 0 th e r me t hod t; 

used to determine the patterns of relationship are 

biochemical tests, gel e l ectrophoresis of cellular 

proteins, and serology. Perhaps the best method lo 

determine the genetic relationship be tween strains 
' 

is to determine the extent to which the genomes e r ~ 

able to hybridize. A less direct method of genome 

des c rip ti on i s the use of G + C ratios of DNA • 0 c ! : :.: j .' 

charac teristics used to define a species include 

morphologic and biochemical properties, patterns of 

c e llular protein migration in gel electrophoresis and 

antigenicity . Howe ver, as few mycoplasma species 

possess a distinct cell morphology and bioch em ic a l 

pathways are often indistinct at speci e s l evel , the se 

methods are of lim ited value . Cell electrophoretic 

patterns ~f nett c e ll prot e ins provide a useful 

method of comparing genetic relationship provided it 

is performed under well defined condit~ons, as 

factor s as me dium composition and age of the culture 

influence the test result (Freundt and Edward 1 979)~ 

The most wid e ly used marker is the . antigenic 

pattern of the species, which are de fined using 
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serologic tests. Previously, dir ec t agglutin~tion 

and complement fixation were used, these now being 

supplemented with a combination of growth inhibition, 

metabolic inhibition, and immunofluorescent tests. 

Only one mycopl as mn s pecies is s ubdivided 

into a subspecies, namel j !'1.1..S'.£ r.1 lasma mycoides sub s p. 

mycoides and capri. Class ificntion is based on 

consistent differenc es ir1 a nu mbe ~ 0f properties whil e 

the species remain closeJy relat e d by ser ologic a l 

and nucleic acid hybridi zation tests. 

1.1 (ii) . Pr ope r,t ies use d irl_,;~L?..:~ .. ~.Lf_l .. r~~U:.!2 

Although mention of taxo~umic criter ia has 

been made, an assessment of the r a l2tive importance 

of each will be provid e d. 

(a) Ultra s tructur e and mo~pholcgy 

The ab se nce of a crll wall is th e most important 

feature of the Mollicutes. Org6nisma are bound by 

a si ngle membrane which allowa C8 lls to vary in 

shap e , from coccoid form s to branched filaments 

(pleomorphic). The smallest viable uni ts are 

about 300 nm in diameter. 

Motility has been obs e rved in thre e s pecie s , 
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M. £neumoniae, tl· pulmonj~ and tl• gallisepticum, all 

of which possess a specialised terminal structure 

which may assist movement by attachment to organelles. 

However, while gliding motility is associated with 

specialised structures these features are not used 

in classification of mycoplasmas . 

Helical morphology, and rotatory and undulating 

mo v em en t a re h owe v e r, . c r i t e r i a b y II/ h i ch t h e f am i l y 

Spir:,op J. as mat a.ce ~ are defined. Furthermore the 

posession of monotrichous flagella allowing s~imming 

motility of lhermoplasma, acidophilum is important in 

classi fication of this mycoplasma (Black et al 19 79~. 

(b) Colonial appearance 

The ability to produce a colony on solid 

medium with a "fried egg" appearance is typical of 

organisms bel onging to th e class Mollicutes. Thi s 

ability is only s hared with L-phase bact e ria. 

Colonial morphology does not play an important r ol 2 

in the classification of species, although specie3 

often exhibit prominent differences. Colonial 

morphology i s to some extent dependant on composition 

of the growth me dium and the ability of the organ sims 

to pe netrate into the agar medium. For example, 

,Ur i::.ap,las ma ~J.yticu!!!. was origin a lly observed as 

small atypical colonies, howev e r on optimal medium 

they dev e lop l arger "fri ed egg" c olonies. 
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(c) Growth requirements 

The nutritional dependence on cholesterol 

which is characteristic of a large nu mber of· myco­

plasmas, is a property unknown in any species of 

bacteria. As classification of 2..£?.iroplasmatacea~ 

depends on demonstration of he lical morphology, the 

dependence on sterols for growth becomes a major 

criterion for the differentiation only between the 

M ~.S. o e 1 as m at a c e a e and Ac h o 1 e p 1 as ma t a c e a e • Th e r e q u i r e -

ment for sterols may be determined indirectly by t he 

digitonin test (Freundt 1 973)~ in which digitonin 

inhibit s growth by interacting with cholesterol in 

the cell membrane thereby incr easing susceptibilit y 

to lysis . 

Ability to metabolise urea is of paramount 

importance in the classification of the genus Ur e~,.:: 

£1..~ which 1S the only mycopl as mas to contain ur e ase. 

Growth of myc op l asmas depe nd on the pH and 

temperatur e of the growth medium. The optimum pH 

f o r J.h e r mop 1 as m a. a c id o e h i 1 u m i s 2 - 3 an d t e mp e r at u r ·~ 

optimum of 56 -6 0°C, while the pH optimum for U. 

~ali'.,ticum is 5.5-6.5, abo ut 0.5 lo wer than for rrioci t 

other mycoplasmas . Achol e pl asrnat.~~ ge ne r a lly 

grow over a wider t e mp erat ure range with ~.~~ 

l.§~~ growing well at 22°c. 
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Gaseous conditions for growth also vary with 

Ure ap lasmas which require a gaseous mixture of 5-15% 

carbon dioxid e in air or nitrogen, while Anaero­

plasmas are distinguished by their dependence on 

strict anaerobic conditions for gr owth. 

(d) Biochemical propeLti es 

Bioch emica l classification ~ f mycoplasmas 

requires evaluation of the fo l lowing properties: 

fermentation of glucose, hydrolysia of arginine, 

hydrolysis of urea and p :.·oduc t.ion of carotenoids 

(Razin and Claverdon 1965 ). 

Sp ~ cies within 

the se two bioch e mical gro~~s shn~ s ome serological 

r e 1 a te d n e s s , e g • f1. p n e .Yl0.2!"1 i ~. w :i. i . h t!.. my c o i d e s 

subsp . m~coide! (Lemcke 1965 ) and tl · orale with tl· 

~}.varum (Fo x et al 1969) whi c h does ex ist between 

group s . Furthermore, pat t e r ns of is olectric 

focuning of mycoplasm a pr oteins were also found to 

diff e r in a characteristic way betwe e n group s . Th e 

corr e lation between bioc~s ~ica~ properties and anti­

genic composition, together ~ i t h t he i so l ectric 

patt er ns of cell protei n8 attributes taxonomic 

significance to the capacity of Myco£lasma sp&cies 

to catabolize glucose a nd arginine. This may 

possibly serve as a basis for dividing the genus 

tl.Y_£2..E.L~~ in t o two distinct genera (reviewed by 



11 

Freundt and Ed\l/ard 1979)~ Further tests may provide 

useful data, including fermentation of a number of 

carbohydrates , phos phatase act ivity, production of 

film · and spots on agar plate medium containing egg 

yol k em u l sio n, proteolytic activity, tetrazolium 

reduction under aerobic and anaerobic conditions 

and haemolysis of sheep and guinea-pig red blood 

cells as wel l as testing for peroxidase as the 

haemo2.:,: oi n. 

(e) An tigen ic prop er ties 

~ comparis6n of differ e nt sero loyic . me thod s 

for sp ~ ci e s differ e nti a tion \!/ as conducted by 

EdwHrd and Fr e undt (1969) who found direct a gglut-

in 2tion , indirect haemagglutination, late x agglut-

j_nc-1tioi·1, gr olllth inhibition, metabo li c inhibition 

and L n mun;:, f 1 u ores c enc e best to d is ting u is h bet\!/ e e n 

spcr,i e~ . However complement fixation and double 

• ' .. f' . .J. mm u n ad :. : . u s i on tests hav e been found to detect 

min or antigenic overlapping due to inclusion of 

antigens ~t sites other than on the cell membrane. 

Current r ec ommendations in the Minimal Stand ar d s 

Doc ume n t (Subcommittee 1979) designate the growth 

inhibition and epi-immunofluorescent t ests as 

methods of choice to differentiate be tw ee n species 

of tl>:'.poplasm~ and ~1.££1~ and between sero­

types of !dJ.~elasm_.§. . As grow th inhibition may be 

in sen s itive , eve n with high t itr e serum, th e u se 
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TABLE 1.2 

Taxonomy of the Class Mollicutes* 

Class: Mo .llicutes -··--,·----
Ord er : Jiy_£!1::J?.J asmatales 

Femil ; ' . c -

Family I I: 

Family III: 

Mycoplasmatacea~ 

1. Ster ol required for growth 

2. Genome size about 5 x 10 8 daltons 

3. NADH oxidase loc a lis e d in 
cytoplasm 

Genus I: 

Genus II: 

Ll,x_coP.lasma (about 50 
spE:: c ie s current) 

Do not hydrolyse urea. 

Ur e~2. la s m a ( si ngle 
species with serotypes ) 

~choleplasmataceae 

1. Sterols not required for growth 

2. Genome size about 1 x 109 daltons 

3. NADH oxide localised in membrane. 

Genus I: Acholepl as ma (7 species 
cu.rren t) -

1. He lic a l organisms during some 
ph ase of growth 

2. Sterol required for growth 

3. Genome s i ze about 1 x 10 9 dalton s 

4. NADH oxidase localise d in cyto­
pla s m • 
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Genus I: Spi.E_opl as ma (~ . citri 
and oth e rs und e fin ed ) 

Genera of uncertain taxonomic pos ition. 

I.b..~rm_,9.p l asma (single species) 

fulaeroplasma ( two species) 

*from Tully (1978) - cite d by Freundt and Edw ard (1979)~ 
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of metabolic inhibition is recomm en ded when growth 

inhibition is not feasible. Compl ement fixation 

and double immunodiffusion were included to differ­

entiate between group antigens common to different 

generic or sub-generic groups of mycoplasma species. 

(f) Electrophoretic patterns of cell proteins 

Currently minimal emphasis is put in the Minimal 

Standards Docum en t on determination of the electropl1oretic 

patterns of cell proteins. When the test is performed 

under 'well-specified standard conditions (Freundt and 

·Edward 1979) _the test is a valuable indirect meas ur e 

of the gen ome of mycoplasma species. Unfort unate l y 

the electrophoretic pattern is influenced by the comp­

osition of the medium or the age of the culture. With 

further advances in culture techniques with media fre e 

of horse serum, the better techniques for protein 

extraction, the test will probably be used more exten ~iv el ,. 

Generally the electrophoretic pattern of protein:: 

is distinct enough to allow species differentiation. 

Thu s Rosendal (1973) _was able to differentiate 50 wjld 

type isolates from dogs correct l y as eith~r tl· cani~, 

tl · edwardii or tl· spumans by the polyacrylamide gel 

electrophoresis t es t, even though at first patterns of 

tl· £2...llis and ~· edwardii were difficult to distinguish 

from each other. 
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(g) Nucleic acid composition 

As with other organisms a direct comparison of 

base sequ e nce of nucleic acids of mycoplasma strains 

is the best way to determin e gen et ic relatedness. Th e 

ways in which this may be a8ses s e d are by estimat in g 

gen om e s i z e , de t e r min i n g U, e n l! ;:; -~. e i c a c id b as e r at i o s , 

determining sequ e nce homology between nucleic acid by 

DNA to DNA or DNA to RNA hy hridisatian; a l so by deter­

mining the e lectrophoretic ~u bilit y of RNAs . These 

methods are used to establi s h th e c l ass itself and to 

classify the species and subspecies (see 1.1 )~ Deter­

mination of nucl e ic ac id homology by hybrid i sation 

experiments is limited to ~ f e w l a h or ato ~ ies for 

t echnica l reas on s . It is th e ~ c f or8 im por tant to note 

the close ag r eement between ser ul~ g i cal a nd hybridisa t ion 

studies; this allows the mur b ~e3dily performed serologic 

t ests to reliably differen ti Qte b et~e e n species . 

An exampl e of the us e of hybr i d l~3t ion studies to 

det erm in e species or subspe~jos s t atus is in the recent 

elevation of fi• .§!.9 a) act i ae subs p . ~,.'}.~j.f.:, t o t!. · b av is. 

Initi a l serological studie s ware conflic t ing. Hybrid­

isation studies showed only a 4 0 ~ homology betwee n DN A 

of the two strains and furth er serologic studies we r e 

performe d. Th e l atter showed the two t ype strains to 

differ s uffic i ent l y and supported the estab l ishment of 

a new sp ecies. 
+ 
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In the case of tl· mycoides subsp . mycoides and 

subsp. c ap ri the argument to retain these as the same 

species despite distinct serological diff e rences is 

s upport ed by a high genome sequence homology of about 

80% betweep t he DNAs of the two organisms. 

In bot h cases final status of the taxa was 

det e rmin e d by hybridisation data. However,the l evel of 

hybridis at.1. -:;; I·e quir e d for species and subspecies 

stat us is aga in arbitary and i s a matter of agreement 

be tween taxoncmists. Despite this, nucleic acid 

ho~alo gies are sti ll the most accurate way of determining 

g e n e t i c r E<t a t c cl n e s s • 

(h) Hc ::ii t at :rnd pathogenicity 

lhe ob se rva tion that my c opl as mas are not as highly 

hos t . . f . spa c J e::; Sf)A Cl ic as previously thought has l ed to 

a marked c h n ~ye in the understanding of host relation-

ships Df mycoµ lasmas . The Spiroplasma species present 

a E·t.r iking examp le as they are capable of not only 

pn>ducing ,,:ympt-oms in a wide variety of unrelated plants, 

but 2 lso J nfect a number of insects over a wide phyla-

g e P i c r ::i n 9 e ( \·I h i t c o m b an d \.J i 11 i a m s o n 1 9 7 5 ) •. 

Cl ass ification of a new mycoplasma species 

previously required de monstration that the organism 

was antig e nic a lly diff e r e nt from a ll other species from 

the same habitat. How e ~er du e to the r ecognition 6f 
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wider host relationships, comparison of new species 

is required with all other species in the genera • 

A consequence of this wider host relationship 

is in t he n~ming of ne w species . Initial isol ation~ 

of an organi s m may be from a host which in time proves 

not t o be the main host. For this reason one must be 

cautious in propo s ing a new species name, based on the 

name of th ~ ~r incipal host or resulting disease . 

1.2 8 ~ olo9 i c a l prope rties of. mycopla~ 

1.2 ( ·i ', - , 

Or:g &ni s r,1s of ·the class Mollicutes. characteristically 

ha ve no c e.1.J. w::d l and range in size from 2-300 µm and are 

the re f c r o capa~ le of passing bacteria tight filters. 

La c k of a ri gi d cell wall together with the resulting 

osmotic s en s iti vit y of these cells c a uses them to appear 

hig hly ple omarphic. The coccus form is most common; 

hr:, ;.:;ever br an c i:ed f iJ.am e nts occur during reproduction. 

Fi l e ment s up tc 98 µm in length have been observed in 

c u 1 !.: u r es c f f'l • h om i n i s p r i o r t o fr a g me n t a t i o n in t o 
- -----r-

coccoid cells. 

Studi e s of the morphology of mycoplasmas are 

complicated by the composition of the growth medium, 

the effects of prep a rative methods and the effect of 
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fixatives. Of major importance is the concentration 

of cholesterol and other lipid precursors in the medium 

provided. Lack of these cause unbalanced growth leading 

to extreme pleomorphism, lysis and dea th of cells. In 

cultures of glucose fermenting organisms the concentration 

of glucose and age of culture determines the concentration 

of acids, which cause swelling of ce lls due to action 

on the cell membrane. Dam~ge to organism s may occur 

during preparation through distur.ti::.i11 by mechanical 

traction, contact with a srlid sur f ace, distortion caused 

by centrifugation, the concantration of the buffer­

fi xative employed and the osmolality of the final 

solu tion. 

Man y o f the p h y s i c a 1 p 1· o p e i · t i e s o f my c o p l as mas 

are determined by the absenc e of a cell wall. As 

previously mentioned the o r y ~nism s ar o s usceptible to 

lysis by osmotic shock. Th ey s ho w io!li i:i bso lute 

resi stance to penicillin. 

The occurr e nc e of sim:i.J.ar pleomorphic organisms, 

known as bacteria L- forms 1!f~:ich lac.1~ a cr:.: 11 wall, h ave 

be e n the cau s e of con s iderable conf us ion regarding 

my c o p 1 as m as i n t h e p a s t . Th ,~ o e: cu r r e n c e o f the s e 

org anisms raise the question of the phy log enetic origins 

of mycoplasmas i.e. whether they are stable L-form s 

of bacteria. Absence of the cell wall causes a simi l ar 

morphologic al appearance a nd physical prop e rties to 

mycopla s mas • /1e+hods J; ffe re-,..,fio.ifnj th ese or3 a. " isms 
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have been mentioned in the previous s e ction on 

t axonomic differences from bact e ri a , ho wever the main 

methods emp l oyed are Die nes staining (Dienes 1968)~ 

i mmunofluore sce nt staining , determination of G + C 

r atios and DNA a nd RNA homology studies . L-forms may 

occur natur a ll y and were first detected in the 1930's 

i~ Ct! Jt ures of Streptococcus monilifor mis by Klienberger 

(r e view Gd by Hayflick 1969)~ Induction of L-forms 

was first ~chieved by the us e of penicillin whic h allowed 

fl: r th e r e.na to mi ca l , ch em ica l and immunological studi es . 

Culture s c h o.rac teri stically r evert · to the origin a l 

pa~ent f orm once th e induc i ng agent is removed; however 

staG1e forms do occur. 

n.e applica tion of genetic homology st ud y 

evi de nce , indic a tes · th at the myco plasrnas and th e L-phase 

v ::.:i~~].a n ts 

particular 
of L1acte ria are not di r ect ly related ih t hese 

c ctse s where a. ·rela+iof\Shif Ao..s he.en ro.stule1.+ed. 

Othei· ~o r ms of my co pl asmas are commonly observed, 

inc luding ~ ~ e sp her i ca l budding forms of g. ur ea l yt i cum , 

the helic<i.l filame nts of Spirop_lasma £_itri, the short 

f 5 lame nts af tl · pn e um oniae ,to th e ovoid forms of M. 

aa l ~iae p t icum wi th one or mor e terminal stru c ture . ... "'------ -·--··-

The pre se nc e of s peci a li sed organ e l l es of myc o-

pla s mas has been r elate d to th e capacity fo r movement . 

tl• QUlmonis may exis t in two form s , coccoid with a sta l k 

a nd a fil amentou s form with tap8re d e nd s (Andrew e s a nd 

\.Je l c h 1 9 4 6 ) . M . .9 a 11 ~s e p t i c u m 1 s p e a r - s h ape d w i th a 
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distinct "bleb" structure at the for111ard end (revie111ed 

by Bredt 1979) 111hile ~· eneumoniae appears elongated with 

a frontal projection and tail-like rear end (Bredt 1973) . 

Generally the mechanism of movement of these species 

is unkno111n, hall/ever movement is in the direction of 

the specialised structure indicating contact 11/ith s urface s 

is important~ There is littl e evidence for the presenc~ 

of contractile structures, hall/ever M. EDeumonia~ contains 

a specific substructure in its speci a lis ed tip 11/hich 

may be a ss ociated 11/ith movement (Wilson and Collier 1976)~ 

Ne i mark ( 19 7 7 - cited by Bre d t 19 7 9 ) . reported the 

pr esence of actinlike materi a l in M. pneumoniae \llhtci 1 

s u pp or ts the the or y of c on tr a c t i l i t y ; h o \II e v er the r e .i s 

no informa tion on the localisat ion of this substanc e . 

Th e movement of Thermoelasma ~idophilu1!}_ is 

probably caused by a flagellum (Freundt 1972) and th e 

Sp iropla smas sho\11 rapid rotatory motion and flexational 

mov eme nt s (Co le et al 1973). Motility ma y provid e a n 

advantage over non -mot ile competitors to su rvive in 

the host and may act as a pat hogenicity factor, ho ~ev8r 

not all respiratory tract pathogens are motile (eg. 

tl• hyopneumoniae), Motility may assist in active 

invasion bet111een cilia and thereby avoid host defences 

and enables organisms to le ave environments 111hich have 

become unf avo urabl e (Bredt 1979) .. These pot ential 

roles of motility are howev e r, only based on observations 
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of in v it r o movement , w J.. ie-h i n v i v o may not ore rco M e _ 

the mucociliary c l earance mechanism. 

l • 2 ( i i ) Ql.t£'\'.2.t£.u c t u re 

t·! l?Lle the morphology is highly variable, de pending 

on the 3everal factors already mentioned, there is 

mo r e agre i:; ;;, .. , 111: c onc e rning the ultras true t ure 

of the mycoplasmas. 

, The myco plasm as are bound by a "unit" or trilaminar 

n1eml:.: ::·;::ine con s is ting of a le aflet of l ip id, borde red by 

m ~no lay c rs of protein, with a tot a l width of betw ee n 

7 .5 to 1 0 nm ( Domermuth et a l 1 964)~ Th e pre se nc e of an 

amo rphous er f loccu~r materi a l on th e outer limiting 

mom hr Bne h as bee n observed by many workers on many 

s p 0 c:i. £ G ( D o 111 e .c ::1 u th e t a 1 l 9 6 4 ; R ob e r t s on an d S moo k 1 9 7 6 ) 

and can b8 stRine d with os mium - ruthenium red complex 

whi ch has ~n a ffinity for mu co polysaccha rides (Luft 1971). 

Prof i l ~s of th e in te rn al structur e of mycopl as mas 

ind ic ate th e u ltrastructure of th e cytopl as m to be fairly 

un ifor m. Some variability in t ext ure ha s bee n no te d 

wit h the fo rms regard e d as de finin g optimal ultrastructur es 

as being either a lo ose cyto pl asm with ~ e ll -defin ed 

ribosomes a nd f ibrillar nucl ea r material or a comp act 

mod e rat e ly e l ect ron den se cytopl as m with partially 

obsc ure d nu clear materi a l (Maniloff 1970; Boatma n and 

Ke nny 1970). A third form oft e n resulting from in -
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appropriate tonicity of fi xati ve fluid is characterised 

by a very compact cytoplasm and nuclear mate ri al 

condensed into a small net-like area. Forms indicative 

of non-vi ab le cells contain a very dispersed cytoplasm 

with virtu al l y no nuclear material apparent. 

During growth of the organi sms , ribosomes (RNA) 

are dist ributed fairl y evenly thoughout the cytoplasm 

of the c~l i 1 and are similar in structur e to bacterial 

ribosome s wi t~ a sedimentation coefficient of 705 

(Manilof f a nd Moro111itz 1972) .. Ribosomes are found to 

fa r m· tetrahedra l or helic a l arrays if prote in sy nthesis 

is stopped or cells ~re centrifuged prior to examination 

( A ] .. 1 P n El.~.~ l J. 9 7 0 ; B a r k e r an d S 111 a } e s l 9 7 2 ) •. 

The struct ure of the DNA genome of M. arthritidis 

(HJ 51 ) (Rode ;rnd Moro111itz 1967) 111as found to be unbr anc hed, 

ci r~ul ar an d d8 uble stranded with an average l ength of 

2 G 2 !! m ( 5 . l x 1. 0 8 d a l t on s ) •. T h i s i s p a c k e d in t r i c a t e l y 

and yet fun c tinnally into a ce ll with a diameter of 

ab ou t 0.4 µm diameter. It has been pro posed that the 

a ·:· n om e is at t a c h e d t o th e c e 11 me m b r an e ( J a c ob ~ t a l 

1963 - cit ed by Boatman 1979) to allo111 the cell to 

searegate replicating DNA durin g cell division to ensure 

the daughter cell receives a complete genome . The 

nuclear ma terial is not bound ed by a nu c le ar membrane, 

and ther e is no nucleolus. Further studies have 

r evea led that in !i· _g~ll i seet~£:!..!!! the DNA is found 

replicating in the me mbrane bleb region, together with 
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mos t of the ATPase. It has been pro posed that t hese 

bleb complexes might be the "pro karyot i c analogue of 

eukaryotic centriole s " (Boatman 1979) •. 

Th e surfac e bl e b itse lf i~ he mispherical, about 

80 x 125 nm. Us uall y only one is seen , but in predivis ion 

bf c e lls two bl e bs are pre sent . Whe n foun d in association 

w i th e u k a r y o t i c c e 11 me m b r a n e s !'.) • .9....aJ) i s e e t i cum or g an i s ms 

are found attached at th e bleb enrl l!uc ke r - Franklin 

1966) ~ As mentioned ea rl i ~ r th e ~ leb comp l ex contains 

cellular DNA, it is also th e s it ~ of major enzymat i c 

activity and is consid e red Lo cor.tair. t he membr ane s it e 

and growing point of the " ch r t• ~. o 3 c :.i e 11 
• 

A spec i a l i s e d t e r m in a l s t: 1: ~ 1 ~ t u r c h a s b e e n a 

con s i s t e nt fe ature of s t udi e s of t he inte r act ion bet we e n 

!'.!· pneumoniae and hum an anJ nr:irnr.t l resp i ratory ·tissu e in 

org a n culture (Collier and Clyde 1911). A short den se 

f i 1 ame n t which is an ext en s ion of ti'1 e u ; •it me m b r an e has 

been observed to attach to th e membr an8 of e pithelial 

cells. Presence of the f il <; 111ent aJ.one cioes not confer 

ability to attach as biocb s mical st.udies wi th ne uramini­

dase indicate the r equirement for th e pres ence of a 

memb ra ne protein to media te att achrne n.t (Powe ll e t a l 

1 9 76 ) ~ Ab ility to att ac h to the su rface of ciliated 

epithelial cells confers a pathog e nic advantage on the se 

org anisms , which can then avoi d the mech anica l cleaning 

of ai rw ays by t he mu co-ci li ary c learanc e mechanism . 

Org ani sms then in close associati on with eukaryot ic 
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host cells are able to take up cholesterol and fatty 

acids from .the host cell membrane itself. The potential 

for end:productsof mycoplasmas, peroxide and ammonia 

to be cytotoxic is facilitated by this close contact. 

It allows them to be injected into the cell or accumulate 

in sufficient concentration to cau se cell damage. This 

latt e r me chani s m is less .likely with peroxidase, due to 

inactivation by high levels of catal ase in mucus coating 

these cell ~ . Acl ual fusion of host and mycoplasma 

membran es has bee n proposed by Gabridge et al ( 1977) 

and is based on results gained by e l ec tron micros copy. 

If fus icn does occur potentially cytotoxic nucle ases 

an d lipid s c·ould then. be introduced directly into the 

h•Jst cell cat:s i ng cilial loss and ce ll necrosis. The 

only study supporting this hypothesis' examined the 

a t t a.:-~· :i: e n t o f' f'I • g a 11 i s e pt i cu m t o e r y t h r o c y t e s . A 11 

other micrograph studies have shown a gap of about 10 nm 

b e t wee~ the my~o plasma membrane and that of the host 

1977)~ a finding which does not support 

fusio n . 

Many cells also have a membrane-bound space, or 

vacuole ( ;1 ayflick 1969) _which may be a common feature of 

some cul tu res, espec ially those of ~· pulmonis. Some . . ' 
wor kers maintain that this apparent vacuole is really 

only an in va gin ation of the surface membrane with an 

opening to the exterior, but despi te this it is still 

termed a vacuol e . Although usually empty, it somet ime s 

contains sma ller organisms or dense sphe rules " eleme nt ary 

bodies". 
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"Elementary bodies" \I/ere re c ogni sed as being t he 

smallest form of th ese organisms 11/ith the potential to 

replicat e (Kleinberger-Nobel 1962). The se small 

e l e me nt ary p a~ticles (i n th e 125 to 250 nm size range) , 

are no w rec ogni se d as non- vi a bls inv ol ution fo r ms not 

assoc ia t e d 11/ith reproducti on (Rodwel l and Mitchell 

1979 ) . 

1.2 (iii) _Ch emica l Composition 

· Analysis of th e chemic al compo~ ition and physical 

fra c tion s of \I/hole cells ( Mol"l;'"i b: .~!:_ a l 1962 ; Raz in 

1963) _fro m severa l spec ie s ~e~e al ed the c ontent of RNA 

to rang e fr om 8-14%, DNA f ro~ 4 - 7% , prot e in fro m 54-6 2% , 

lipid from 11-20% and of c arbohydrat e from 6-8%, 

although in ~· galli sep ticu ! thi s was 2 . 9% . Wh e n A. 

l ai dlawii strai ns were gro\l/n iP m~ dla ~it h choleste rol 

the cont ent of c hol estero l was l ower a~~ content of 

ac eto ne - ins o 1ub1 e lipid hig h e ~ • Me i1l u r ::: n es \II ere found to 

comprise 35% of t he dry wei ght of the 11/ll ole cell. 

Th e caps ul e of sur f e.ce "fuzzines[.; 11 observed on 

ma ny s pe cies of mycoplasmas vari es in compos ition and 

qu antit y . Eve n within s pecies the quantity varies 

significantly, depe nding on the strain and g ro wth con-

ditions (Razi n 19 78)~ In cultures of~ · mytoides subsp . 

. ~ides the caps ul e is co mposed of a ga l act an 11/i th 

to xic prop er tie s (Razin 19 73 ; Lloyd !:..~ 1971 ) . A. 

laidla\l/ii is the only Ac hol eplasma capable of pro duci ng 
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a capsule whi ch is composed of a hexosamine polymer 

which appears to be tightly bound to the membrane 

(Smith 1977) •. 

Near! y al l mycoplasma lipids are found in the 

cell membrane and are primarily comprised of phospho-

lipids, glyco lipids and neutral lipids. Th e trilamin ar 

me~bran a is about 80-150A thick and contains protein 

which rnu:,;; ,jy compr ise s about two-thirds of the mass 

0f the memb rane, the balanc e being most ly lipid. Th e 

content of neutral lipid can be modulated by a lt ering 

th ~ co ncentration of exogenously supplied cholestercl 

(Smith end Rcthblat 1960). Mycopl asmas h~ve a growth 

r~qui re ment for ster ol which is i ncorpora t ed into 

the i r me mbra~ es wh e n s uppli e d in culture medium in a 

form i denti cal to that supplied exogenously (Rothblat 

'C: "th -: n,...' ) a :-i c ,; m .J .i. '7 o .i. • Acholepl as mas are capable of ~ ~Q 

sy n th P. s .Ls oJ f •.: c-i rote no id s which substitute for ch o 1estero1 

or other ESe~al s which have been d emonstrat e d to be 

fun ctional lt pr op e r, eg. cholestanol, ergosterol and 

B-si to-ste r0l 1 but ca n also us e cholestero l. 

TbRse are abso~ bed through tiny mice ll esand form 

h y d t' op h old. c b on d s w i t h t he a p o 1 a r r e g i on s o f p h o s p h o -

lipi ds . 

The role of cho l esterol in th e membran e i s as a 

regulator of membrane fluidity, a llowing the organism 

to grow during c h anges in growth t e mperatur e and a ft er 

alteration s in the fatty acid c ompo s ition of me mbrane 
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lipids (Razin 1975). In cultures of!:!• mycoides subsp. 

capri that were adapted to grow in lipid - depl ete d growth 

medium, a pha se transition of membrane lipids occurred 

at about 25°C, which subsequently arrested growth. At 

this temperature most of the membrane lipids crystallised 

howev er in the native cholestero l -r ich strain growth 

continued, though at a much 

(Rott em et al 1973). 

0 slower rate than at 37 C 

The dependence of the MoJ..Ll:_i_.~utes. on cholesterol 

for growth is associat ed ~it h the abse nce of a cell wall. 

The . s uggestion is that cholesterol increases the tensile 

stre ngth of th·e cell meml.n·a:ie , t!:1Js facilitating their 

s urviv a l _a nd growth without the pro1.0c tion of a rigid 

cell wall. Thi s i s b ased on observations that cholest e ro : 

p o or !:! . my c o i de s s u b s p • c a or 1. i. s u ~ ifl o t i c a 11 y u n s t ab l e , 

a n d u n de r g o e s l y s i s e v e n i n q r ow th r:1 0 d i u m ( R o t t e m e t a 1 

1973). 

An al y sis of nu c 1 e i c a c id c o i1l p;::: s it ion in se ver a 1 

~ycoelasma species hav e sho wn th a t Rll s tudied contain 

both RNA a nd DNA in approximate r Atios of 2:1 (Razin 

1973). The mycopla s ma genome is t ypically prokaryotic 

in consisting of a circular doub le stranded ' DNA molec ul e 

(M ani loff et a l 1972 and Morowitz 1972), but differs 

from th e genomes of all other prokar yocytes in its smal l 

size a nd low G + C content. Ge nom e s i ze vari es with 

Myc opla s ma a nd Ureapl~ma. species having a s i ze of abo u t 

5 x 10
8 da.lton s (T a ble 1.3) a nd Achol e pl as ma , ~iro el_~s~9-

g 
· a nd Th e rmopl as ma s pecie s with a ge nom e s i ze of about 9 x10 
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TABLE 1.3 

Genome size and G + C content of 

members of the class Mollicutes* 

Genus 

Mycoplasma 

Ure ap lasma 

Acholeplas ma 

Anaero_Ela Sfll§. 

Spir~~l asma 

Th er mo p 1 ~.n.~?.. 

Genome size 
(daltons) 

5 x 108 

5 x 10
8 

l x 109 

Not kno\l/n 

8 8.4-9.5 x 10 

Range of guanine + 
cytosine content 

(% G + C) 

23 - 41 

27 - 30 

30 - 33 

30 - 33 and 40 

25 

46 

* from Stanbridge and Reff (1979) 

a Although the G + C content of the sterol-requiring 

Anaeropl asma a bac toclasticum has been r e ported as 

l 

30% (Robinson et al 1975)~ other candidates for the 

genus Ana eropl asma 11/hich are sterol-nonrequiring 

have a G + C content of approximately 40% (Robin s on 

et al 1975)~ However, it i s unlikely that thes e 

latt e r stra in s will be includ e d ~n the genus An ae ro-

pla sma (International Committee on Systematic 

Bacteriology, Sub committ ee on the Taxonomy of Myca 

plasmatales , 1977) •. 
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daltons (reviewed by Razin 1978)~ Assignment of the 

mycoplasmas to a separate class is supported by 

demonstration of a genome s ize in a con s iderable 

number of s pe c ie s which i s half of that found in the 

smallest bac t e ria; Haemophil~ influenza e with 1 x 109 

d a l t or. s ( El a k ~t2.l l 9 6 9 ) .. T h i s d i s t in c t i on i s l e s s 

appar cr:t whe n taking into account the ge nome s ize of 

the small es t ricke ttsia; ~· guintana which has a genome 

si z e of 1 .33 x 108 dalton s (Myers ~a l 1979). 

The low G + C cont e nts , ranging from 23 to 41 

mo i - ~3 a r e f ci u n d t o be a t the the o re t i c a l min i rn u m l i mi t 

of G h C co ntent s foi coding DNA. Org anisms with low 

G ·: C c c n~ e n t ere more su scep tible t o damage by ultra-

vi o) et ir r adi8ti on. Thi s would have the effe ct of 

lind tii ;~ t he r a ng e · of pote n t i a l e nvironm ental habitats 

f o£ ~ycop l asmas and s ugg est a reas on why mycopla s mas 

ha ve ~ 1 1t er~d i~t o prot ec t e d ho s t-p ara s it e r e lationship s 

wit h a n i ma l s aG d pl ant s ( St anbridge 1 976). Th e G + C 

cont e nt s of myc opl as mas c an be subgroup e d; t!.>:'.co p l as ma 

25 t o 29 r.io J.-% (Ne i-mark 1 970), Ureapl as ma 27.7 to 28.5 

mc l-% ( Ba k and Bl ack 1968) a nd Achol ep l as ma 30 to 33 

mo l -·~o (Ne i mark 1 970), wi t h .fi· pn e umoni ae be in g set 

to ta ll y apart from a ll oth e r mycopla s ~ as with a G + C 

content of 4 0 mol-% (Ne i mar k 1979)~ 

My cop l asma ribo somes r esembl e those of oth e r 

prokaryo t es in having a se dim ent a tion coeffi c i e nt of 

about 70 5 , a nd 3 r i b oso ma l RNA s pec i es 22 5, 165 a nd 55 
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(Maniloff and Morowitz 1972). Ribosomes are 

normally distributed randomly throughout the 

cytopla s m: how e ver diff e rent fixative methods may 

lead to artificial arrays. RNAs are highly 

con se rved mole cules evo lu tionari l y, as expressed 

both in molecular size and in base compos ition. 

Thu s the G + C content of r RNA i n wall covered 

b a c t e r i a o n 1 y v a r i e s f r om 5 0 t o 5 4 ~6 , w he r e as th e 

G + C content of the total genome 1' :?. r·i es from 38 

to 72% (Reff et al 1977)~ Myco plasma r RNAs differ 

slightly from r RNA s of ot he r prok aryate s , as 

indicated by their lower G + C conte nt, 43 to 48%, 

which is well below that of bacte rjal r RNAs 

(Maniloff and Morowitz 197 '2 ) . Cat a h ;c i ca te s that 

the low G + C conte nt of ~ h e my cop la sm a genome is 

not ref l ected in the G·: + C conten t of the mycoplasm a 

r RNAs. !j_. capricolum wiUi a '2~!% G -1 C DNA, ha s a 

t RNA of 53;9% G + C, only 4 . 4~ l ess G + C th an 

in E. coli and with A. laidl a wii t RNA t he difference - --- - . - --·- ·-·--
is only 2% (Razin 1973)~ 

Carbohydrat es with a c ompositior1 :.:> i milar to 

tho se of the bacterial cel l wal l have no t been found 

in mycopl as ma s . How eve r a galactose polymer (galactan) 

has bee n found to be s ynthesised by !j_. mycoides and 

compris es up to 10% of the dry weight of cells (Gourlay 

and Thrower 1968) . Th is glucose poly me r, also found 

in some other s pec i es of a~imal mycoplas mas has been fo und 

to ,ma ke .,Up th e .a morph OUS material , . UfU ZZ ~1 .~ .fO Und at th e 
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surface of the cell membrane (Domermuth et- al 1964 ) .. 

There appears to be some difference however in carbo­

hydrate content between species, as Morowitz et al 

(1962) .and Razin (1963) found carbohydrate content of 

H· gallisepticum to be less than 3% of dry weight of 

cells. "Fuz ziness " observ e d on the surface of sectioned 

A. laidlawii is due to a hexcs ~mlne polymer which is 

tightly bound to the membrane (Gillia m and Morowitz 

1972). The polymer is only produ~ed by~· l aidlawii, 

but even in this species tha quar1~:l.ty \.'aries significantly 

between strains and growth con di~: ~L ~;n s ( Raz in 19 7 9 ) • 

Essent ially all lipids f~und in mycop la smas are 

as s o c i at e d w i th th e c y t op J. a -,:. ir; ;. c r:: e :~d~' r. an e • T o t a l l i p i d s 

of rapidly dividing cells co~~ri ~~ 3 to 20% of the dry 

weight of whole ce ll s and 25 to 35% of the dry weight 

of me mbranes (Smith 1968)~ ~he lipid c 0mp onent of cell 

membra ne s . is essentially co mpocec: or ~olar lipids, with 

smaller proportions of neutral and glyc a lipids. The 

proportions of these vary with th e gro~t h phase of the 

mycoplasmas and with the con centration of exogenously 

supplied cholester ol (Smit~ and Rotnblat 1960; Rottem 

and Razin 1973) .. 

Sterol is found in all species of ~ycop l asma, 

Spiroplasma a nd Ureapl asma , all of which have a gro wt h 

requirement for sterol. Species of Acholeplasma (S mith 

and Henrikson 1966) .and Thermopla s ma ( Langworthy ~al 

1972) are capable of incorporation of sterol into their 
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membrane s when supplied in culture. When it is not 

present, these organisms can substitute ster ols with 

other planar polyterpe nes, eg. carot e nol in the case 

of A. la id l aw ii. Bonding of the sterol is thought 

to occur by hydrophilic int erac tion with apolar region s 

of the phospholipids, since only lipid depletion of the 

membran e interferes with sterol upt a ke ( Ra z in e t a l 

1974). 

The presence of acidic glycerophospho lipids 

(polar lip ids ) .is the only common f eature of the lipids 

a mong all mem branes of the Mollicute s (Smith e t al 1J73 ) . 

Pho sp hatidyl glycerol and diphosphatidyl glyc e rol a re 

u b i q u i t o u s • Un i q u e p o 1 a r 1 i p id s a r e f o u n d in Ac h o J ~~ · · 

pla s m~, Jhermop la s ma and ~reapJasma, including cerami ~es, 

pho s phoglycolipid a nd aminophospholipids. Gl yco lipids 

on the c e ll s urface we re fir s t indicated in studies cf 

M. pneumoni ae wher e an anti ser um to the glycolipid s wa s 

found to agglutinate the cells. 

GJ.y co lipid s h ave bee n found di st ributed among t l ! P. 

mycoplasmas with the glycosyl digl ycer ides occurri ng 

mo s t f r e q u e n t 1 y a mo n g s t th e Ac h o 1 e p 1 as m a an d U r e a. p L~~'.!~?.. 

and in ma ny MxcopJ. as ma species. Others fr eque n t l y fn un d 

are polyt e rpene glycos id es and acylated sugars with a 

spec ial type in Th ermop l as~a, diglycerol tetraether . 

My coplasma protei ns are co nc e ntr ated into spec ific 

sites , eg. ri bosome s a nd c e ll wall, as well as comprisin g 
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enzymes and proteins dispersed throughout the cyto-

pla s m. Cell walls a r e primarily mad e up of proteins. 

They are comprised of peripheral proteins, eg. proteins 

held onto the membrane by ionic bonds or salt bridges 

(Singer and Nicholson 1972)~ integral proteins which 
I 

a re tightiy bound to membran e lipids, and membrane-

boun d :::: nzymes, eg. ATP and electron transport enzymes. I 
The synthes is of proteins is consistent with mech~nisms 

f o u n d j ri u t t. o r fr e e -1 i v in g or g an i s ms , be i n g s y n t he s is 

f~om fre a am ino acid s . The molecular weightsof 

myc op la .-:,1113 merr. b r an e proteins range fr om 15 0 00 to over 

20 J 000 (Mnrowitz and Terr y 1969), well within th e 

rang ~ of nth~r biolo~ical membra ne proteins (Guidotti 

1 c;-•? \ 
; . '"· ! • 

1.2 (iv) Cultur a l characteristics 

Cu l t ura l char acte ristics deemed to be typical of 

mycoplas m83 2rc: -

(1) Th e abil ity to grow in cell-free fluid me dia 

pruduc in~ polymorphic organi sms and filaments, ~ith 

the s :r:alJ. es t of the se capable of passing bacteria-

tight filters. 

(2) The de velopm ent of charact e ristic colonies on 

solid media, ranging from 15 to 600 µm. 

Growth on soft agar medi um is characterised by 

the formation of a ball-shaped colony embedded in th e 
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agar surface, which is surrounded by a thin ring of 

surface gro1Uth, giving a typical "fried-egg" appearance 

(Fig. 3.1). This co loni al morphology varies bet1Ueen 

species, eg. the porcine mycoplasma .fi · hyorhin 1s 

forms a typical "fried egg'' colony ., while !:l· hyopneumoniae. 

gro1Us on the s urf ace producing E1 granular appearance . 

Colonial morphology is not of 9reat value in discriminating 

bet1Ueen species as gro1Uth depend s on the supply of 

essentia l media components and t urg id lt y of the agar . 

As mentioned, gro1Uth of th~ colony is generally into the 

mediu m via penetration of int e rstices. Subcul ture 

therefore is performed by smear.ing in ve rted agar blocks 

w i th c o J. on i e s on fr e s h p l a t e s ;, :-! d , ~ oJ t b y a t t e mp t in g 

p as s a g e of s u r f ace g r o \U th w 1. t. h a · ~ S.:;: e J. o op • C o l on y s i z e , 

\Uh i l e n o t b e i n g a d i f f e r e n t ic:1 ]. f :: .; tu r e i s an i mp or t an t 

feature of the Ure ap lasma. I niti a lly, embedded colony 

+ diameters of 10 - 5 µm are 01·~en r ~c ord e d, ho1Uever these 

are a result of nutrition a l ly ir:;:ideq!Jcite cultur e medium . 

Typically they ac h ieve a ma ture ciz e of 15 to 25 µm,and 

\Uer e initially referred t o a s T - st~~ ins of mycopl asmas 

(tiny - form colonies) . 

On occasio n mycoplasma colonj As ~ ay have to be 

diff erenti ated from morpho l o~ic ul ly similar artefacts 

(pseudocolonies) or from co lonie s of L-phase bact e ria. 

Pseudocoloni es may occur as a r esult of air bub bl es in 

the medium, microdrops of condensed 1Uat e r, ce lls , and 

ce ll a ggr egates ; all of 1Uhich are not transferabl e . Th ey 

may a l so occur as r es ult of pr ecipi tati on of me dium 
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components. Th ese pseudocolonies consist of cir c ular 

agglomerates of granules which may or may not be radially 

arranged. They are composed of calcium and magn es ium 

salts of fatty acids, and the ir s ize is . dependant on 

the species from which the serum is deriv ed, the presence 

of cholesterol and the dis tance between pseudocolonies 

(Brown et a l 1940 - cited by H:ayl-lick 1 969 ). 

Differentiation from mycopl as ma c olon ies may be made on 

morphological differences wh e n st n ln cd with Dienes' 

(1968)~ failure to take DNA s t a i ns (O r ganick 1 966) ~ 

failure of inhibition by additio;-. of me rthiolate or 

formalin to medium and "g rol•1th 1
! afte r autoc laving 

of the medium. 

Th e distinction of myc~pl 8s~as from L-ph ase 

bacteria (l.Z(i)~ may be r equirej as they exhibit some 

morphological and cultural uh8racte r istics of myco­

pl asmas . L-pha se bacterial ~o l oniEiB ai: a gener a ll y 

larg er , with heavy surface marki ngs and greater opacity. 

The y are more difficult to su bcul tivDtc, a nd the 

elementary bodies are larger th3n tnose of my coplas mas 

(Edward 1954 - cited by Me..:: rnion .l9 .:i 5), Other differ­

entiating f ea tures are la ck Jf mycalial forms and 

sharing of some cell antigens ~ith the parent bacter ia. 

Many for ms are un stable and wil l reve r t to the pare nt 

bacteria upon removal of the inhibi t in g f actor, eg. 

penicillin. Me taboli ca lly they r esemb l e the parent 

bacterium, e ~. patt e rn of sugar met ab oli s m, and 

sensitivity to some respiratory pathway po ison s, but 
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due to differences in respiratory pathway mechanisms 

between fermentative and non -fe rmentative mycoplasmas, 

these different sensitivities are of limited value. 

An important distinction is that L-phase bacteria do 

not have a growth requirement for cholesterol and do 

not incorpor a te it into the cell membrane (Marmion 1965), 

Furth er- differentiation rests on morphological 

differe11c es between colonies stained by Dienes' stain 

(Dienes' l ~bS)~ however empirical differences may now 

bP shown by determination of G + C content and DNA 

hybr~dis ati_on studies (l.l(i),. (ii)) . •. T~is is o..pplico.ble. i{o.. 
rela:t-r ,oflshif rs fostula.t-:-d be-twe.eV\ °'- f°_r--f1c.uloi.1 1..-fAo.s.e 
01'5a.1>ISl'l-\ o..nd o... fQ1-ficu/a.,r rv.-ycoffo.sma. _ 

C ul t~re in liqu.id ph ase j .s particularly us e ful 

i " i .1:rn l 2.ti ng orga nisms poo rly adapted to the medium. 

Acla pta t J nn tc the me dium oc c ur s on serial passage which 

facilit 2t0s l8 t er growth on so lid mediu m of simil ar 

Co mbin a tions of fluid and solid me dium, 

. rl , , . ie ., .lpneis :i::: ~e dium, are also of value in obtaining 

ad a p t a t 5. an , 

Embr y onated he ns eggs and ti ssue cultures may be 

u s~d as culture substrates, but due consideration has 

t ~ be giv en to contaminating my co plasmas in these 

systems . Ear ly studies of T-strains were misl eading for 
\ 

thi s reason (Shepard 1958); fresh isolates of T - strai ns 

becomi ng contaminated with ~· 9allisepticu~ of egg 

origin. Contamination of cell cultures with mycopl as ma s 

has become a majo~ prob l em with up to 60% of cult ures 
... 
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being found to be contaminated (Hayflick 1969), 

primarily with M. orale type 1, tt· hominis, tt• 

salivarium, tt• arginini and tt• b.lorhin:i s. The intro­

duction of the latter, a porcine mycoplasma, has been 

proposed to be through use of tryps i n of porcine origin 

in cell culture. Further discussion of mycoplasmas 

in cell cultures will follow. 

1.2 (v) Medium composition 

(a) Components 

Despite the need for Je fin i ti on of the nutritional 

requirement of mycoplasmas f~~ cultur9 and investiga tion 

of their metabolic capabilit.i.es, colilpletely defined media 

have be en de s cribed for 011 l y ?. spec t e s : M. myc aid e~ suh.sp . 

11V1jco ides an d 8_ • 1 a i d 1 aw i i . '( R o d we 11 a r: d M .I t c h ~ J 1 l 9 7 9 ) •. H ow e v e r 

despite this degree of defin iti on some c omponents are 

still added as crude mixtures provid l n a several require­

ments at once, eg. serum, and unkn o·.vn growth factors 

eg. yeast e xtrac t. 

The major function of the serum component in myco­

pla sma medium is to provide fatty acids and cholesterol 

in a readily assimilable, non-toxic form for membran e 

synthesis (Raz in 1973) .. As the ~e las ma ce 11 is 
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bound ed only by a lipoprotein membrane it is extremely 

susceptible to the action of surfactant lipids • 

.t!· !!l,lEOides is un able to synthesise or alter the 

chain l e ng tn of either saturated or unsaturated fatty 

acids (Rodwell and Peterson 1970)~ These then must be 

sup pli~J i n ser um which may comprise be twee n 10-30% 

v/ v of culture medium. The main source is either huma n 

asciti c flu}d or mammalian serum, of which human, horse 

2 ;-i d p i g 8 re th e mos t nu t r i t i o u s ( M a r m i on 1 9 6 5 ) •. 

' Of major importance is the supp ly of cholesterol 

whici· is ~s sential fcir growth of all mycoplasmas except 

£::.c:~_L~_;_~~ species which can synthesise carotenol 

(Ro ~ hb~ 8 t and Sm ith 1961) .replacing cholestero l in the 

pl as ma m~mb~anc (1~2 (iii))~ 

f~actio n C, an unid entified growth factor is present 

in futty ~~jd ~ oar BSA. It has subseq uen tly been shown 

(Rod we l l 1~6S) that as well as binding fatty ac id s it 

al so di sparsea cho l esterol . 

The s Rrum protein is not ut ilised directly, ho weve r 

the a l bumi n component functions as a carrier and detox-
' 

ifie r of fatty acids required for growt h (Razin 1973) . 

Its role as a reg ul ator of up take of sterol , fatty acids 

and lipids, protects the organism from surfactan t lipids . 

Most my cop l asmas util i se a n unide n tifi ed component 
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contained in the watery extract of yeast cells. 

Extraction is performed at so 0 c (Herderschee 1963) and i s 

ysed osa supplement in culture medi um usually at 10%. 

Yeast extract is required by ~· hominis for vigorous 

growth zonec;, however at this lev e l it i s partially 

inhibi ting to many strains of Ur eaplasma in primary 

c~lture (rev i ewed . by Shepa rd and Ma s over 1979)~ 

Fur t '. ·,i:- r study by Smith et al ( 1975) found a 

f :raction of t he extract \!/hich produced a 21-f old increase 

in growth of lher mopla s ma . Analysis of this fraction 

su ygests the growt h factors to ~e a polypeptide with 

an &F'"'rr.ix .ini at e molecular weight of l ODO, comprised of 

8 ~o 10 am i n e ac ids. It i s s ugg ested that these 

pol yp eptjdes mny function in pro viding esse ntial amino 

acids i~ a per meable form, howe ver due to the large 

am0~n t requi~ed it may function as a coll ec tor of trace 

e l e ;n e n t ~·. (;;:· p r: .-; t e c t t he c e 11 s u r f a c e f r om H + i on s • 

A fur t har ~ tu dy by Rylance et al ( 1979) found that 

many t is su~s as we ll as yeast extract c ont ain a water 

s o j l; b 1 e 1 h B at - s t a b 1 e m a t e r i a l s i mi 1 a r t o g 1 y c e r o 1-
w/1 i ch 

ph osphoryl-RAmig ht be invol ve d. When this and like 

comrounds wer0 used all proved neg at ive. 

Some mycop l asmas can obtain their requir eme nts 

for nucl eic acid sy nth esis by degrading nativ e RNA and 

DNA (Edward and Fitzgera ld 1952 ; Raz in and Knight 196 0). 

bNA deri ved f f'OfY\ ca. { f th~ mvs IS 

usvo..lly added. The minima l requirement of M. .!!)_Y.Coides 
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for nucleic acid precur so rs are met by the bases 

guanine, thymine and uracil. Nucleotide synthesis 

does not occur, however many nucleotide interconversion 

pathways h a ve been found (Mitchell and Finch 1977). 

The reauir e men t for A. l aid la wii are less well under-
, -

-stood: but four nucl eosides , adenosine, guanosine, 

c y t j d j _ ! ? G a n d th y mi d in e a re r e c o g n i s e d ( R a z in 1 9 6 2 ) •. 

Th A ~1tam ins,coenzyme A, riboflavin, nicotinamide 

~~ d thia~ine are essentia l for growth of ~· mycoide ~, 

however, no res ponse was found with the supplemen tation 

of bi o t i n, folonic acid or vitamin s
12

. Pan~t~eine, 

but ~0t pen t ot henate ·can be s ubstituted for coenzyme 

A f nr g r o~ t h of avian strai n J (Lund and Shorb 1966)~ 

A. l ai dlawii ' strain A requires nicotinic acid, 

pyr icloxi n or pyrido xa l, thi a min e , and, in the absence 

of t ii y !)) .i cl i n e , f o 1 in i c a c id ( R a z in and Cohen 19 6 3 ) .. 

T o u r t. e 11 o t c e !.~~ ( 1 9 6 3 ) f o u n d t h a t c o e n z y me A 111 as 

es sent ial f or ~ train B and that it could not be 

su b ;: t. i t u t e -:J 111 i th p an t o t h e n at e , p an t e t he in e n o t b e in g 

t <::. s t ed . 

Spe r mine and spermidine , while not es s ential we re 
' . 

ob se rved to stimul ate growth of ~· mycoid es (Rodw e ll 

1967). Pol yamines frequ e ntly st imul ate growth in a 

rang e of bacter i a (Guirard and Snel l 1964) _a nd cons equ ent-

ly a requir e me nt b y mycopla s mas would not be surprising. 
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Carbohydrate fermenting strains require metabol­

isable saccharide as a carbon and enBrgy source. Large 

amounts are required as energy is low. M. mycoides can 

also utilise glucose, maltose, mannose and fructo s e, 

while ~· laidlawii can use glucose or maltose but not 

fructose, galactose, sucrose or lactose (Razin and 

Cohen 1963) •. 

Gly cero l is essential for some strains of bovine 

and caprine ~· mycoides (Plackett 1967) .while addi;~ lon 

of lactate in rotated -tub e cu ltures stimulates grow t h 

and ~pares the requirement of glycerol in aerated 

cultures . 

Ace tat e is an ess ential compon e nt in medium fo r 

A. laidl awii str a in B, being incorporated into satu~ &te G 

fatty acid s (Pollack and Tourtellott e 1967) and in t o 

carotenoids (Smith and Rothblat 1962). 

The only nutritional r e quirem e nt defined for 

growth of ureaplasmas is urea (Ford and MacDonald 

1967)~ Th e main s ourc e of ur e a is in the mammaliaP 

s erum enric hm e nt of the culture medium. Normal ho ~se 

serum has proved to be th e b est sourc e of enrichme nt 

for growth of T- s trains of mycopla s ma s. The function 

of ur e a in th e growth of ur e aplasmas r e mains a per ­

ple xi ng probl e m a s studies by Mas ov er et al (1974) and 

Masover ~~ .(1977) .do not support the presenc e of 

ur ea a s an essen t i a l fa c tor, whil e Ke nny a nd Cartw r ight 
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( 1977) .found that gro1Uth 1Uas proportional to urea 

concentration. Despite this latter observation there 

is no kno1Un path1U ay in ureaplasmas by 1Uhich this 

energy can be trapped or utilized (Raz in 1978). 

Consider ing that ur e aplasmas are found commonly 

in tli e uro genital tract, the case for de penden ce on 

urea for gro1Uth i s 1Uell supported. 

{~ ) Cu lture conditions 

' Mo s t ctra in s gro\U 1Uell 1Uithin an osmotic pressur e 

r ang t- :J f t etl!fee n 7 to 14 atmos phe-r es (Leach 196 2) .wi t h 

G pli~um grow t h occurring bet wee n 1 0 to 14 atm. Ho1Uev er 

i t j3 111te r e3ti ng to note th a t pathogenic mycoplas mas 

grow IUB] l in the ho s t at an osmotic pressure of 7.6 atrn. 

lhe uen8il ivlty to osmot ic lysis is influenced by the 

pre8enc e of s~ a bi li z ing cations and by the lipid 

c om p 0 s i U. o i 1 o f the me m b r an e • 

Most s treins grow we ll within the pH rang e of 7 

i:.:, 0, whi :l.e T --s tra in s requir e pH 5 for optimum gro1Uth 

~S h ~ par·d 1rnd Lunc e ford 1965) " Carb ohydr ate fer men ting 

strains prod uce l ar~e amounts of lactic acid, therefor e 

strongly growing s trains nee d to be well buff ere d, 

however, the amount of added buffer salt is limi te d by 

the hyperton ic ity tolerated. 

The e ffect of ae rati on of c ul tures de pen ds upon 

the respiratory system of the spe c i e s, whether pre-
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dominantly fermentative, flavin-terminated or cytochrome-

linked. Many species are aerobes or facultative 

anaerob es, but some prefer microaerophilic conditions 

with the addition of carbon dioxide, while others are 

strict anaerobes. 

Dependence on temperatu r ~ js expressed by the 

range of temperature permitting gr owth, and by the 

temper a tur e that is optima 1 for G"'uwt h . Temper a tu re 

requirements throughout t h3 clas s 2re uniform with one 

major exception, fl· laidl au1 ii. 1 h .is species has a lower 

opti~al temperature than mos t ( 30°C fa r freshly isolat e d 

strains) . ~nd is able to grow a t . 22 °C. In additior~ 

11· .92...l!tse pticu~ h a s been s :--,t: wn l:t0 have an optimal 

temperatu r e of 38°C (Gill 19~2 ) ~ ~ hj. c h is slightly 

higher th an that r e corded f o :r o t ~1 8 r 11 r a r as it i c" my co -

0 0 p l as ma s of 3 6 t o 3 7 C • F o r ! 1 u m an ~-~.2 . .P 1 a s ma s p e c i e s 

the lower temperature at wh i c h g~ a wt h will occur is 

between 20 to 27°C, while s e ve ral Y- s tra ins will grow 

at 22°c (Hayflick 1969) •. On t he co '."1t. i·n;: y Th e rmoplasma 

has an optimum t e mperature fu r growt h of 59°C, howev e r 

the growth rang e spans th P limi t of 40 t o 62°C (Belly 

et al 1973) •. 

(c) Suppressors 

Cultur e me dium for mycopl as mas contain s a number 

of bact e rial suppr e s s ors wh i ch allow s elective cultur e 

and isol a tion of myc opl a sm as. 
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Absence of a cell wall allows growth in the 

presence of antibiotics which inhibit cell well 

synthesis, eg. penicillin, bacitracin and polymixin 

B. Penicillin (Ampicillin) .is frequently included to 

prevent bacterial overgrowth which enters by way of 

contamination or in the primary inoculum. 

Since slow-growing Mycoplasm~ colonies are of ten 

overgrown by bacteria and fungi found in natural 

materi als, thallium acetate is added at a low 

concentration to prevent the growth of other th~n 

mycoplasmas (Hayflick 1969). 

Avoidance of substances which bind to sterol in 

the cell me mbrane, eg. saponin, digitonin and polyen e 

antibiotics filipin and amphotericin B is important, a s 

sterol requiring species are lysed by substances wt;i ch 

complex with cholesterol. Another polyene antibiotic , 

nystatin, has little activity against cholesterol 

de pendent sp e cie s of mycoplasmas (Ne wnham and Chu 196) ) 

indicating different functional classes within the 

polyenes (Cirillo et al 1964)~ 

1.2 (vi) Growth on cell cultures 

Robinson ~t._al (1956) reported the first isolation 

of a mycoplasma from a contaminated He l a c e ll cult ur e. 

Since th e n, mycopla s ma s h ave bee n es t a blis he d a s common 
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and often troublesome contaminants. Primary cell 

culture s are rarely contaminated, however continuous 

cell culture lines, and those subject to high pass ag e 

are more frequently contaminated. All types of cell 

cultures are susceptible, including prim ary or 

continuous c ul tu r e s, fibroblasti c , ep ithel ia l and 

lymphn~ytic cultures. Species var y in their ability 

to cytabsorb (eg . tl• hyo rhin is an d tt · f ermenta ns avid l y 

c y tasorb ) , conse quently the method s of demonstrating 

cont am in a tion vary . For specie~ .,;J. ;ch cyfabsorb , use of 

spec ifi c immunof luor esce nc e or no n-s pecif ic DNA ~f lu oro ­

ch r om~ staining a r e bes t, whil e for non-cytabsorbing 

spec:~s rlilution - colony count proce dur es are 

r ~~0mmend o d (Us rile 1979 ) ~ 

The ma i n contamin ants involved ar e b ov in e , human 

or porcine species of myc oplasmas. In stu di es r ev i ewed 

by Bar ile (J5~ 9 ) 45% of cultures were contaminated wi th 

bovine sp e cie s, i e . M. arg inini, ll · bovis , M. bovoculi 

and AcllQ..~.":'..F!.L:°:.!':.~ s pecies, 3 3 ~6 consisted of hum an or a 1 

sped.es , ie. il · or ale, tl · hominis and M. salivarium. , 

w ~~ile 2.'!.% of L:ola te s were tl· h yor hini~. Th e so urce 

of these cont8minan ts has been associated with, the 

source of medium compo nent s , ie. b ov in e st r ai ns introduced 

vi a co ntaminated bovine ser um and M. bJ.orhinis via 

contamin a t ed po rc ine trypsin a nd bovine se rum, and 

inade qu ate quality control in the case of human myco­

pla s ma contaminants. Th e origin of other l ess f r eq uent 

contamin at ion by murine, avian or canine s pecies of 
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mycoplasmas is probably via contaminated organs used 

to establish primary cell lines. 

To prevent contamination, methods to control the 

sources and reduce the spread cf mycop lRsmas are 

used successfully (reviewed by Barile 1979)~ The major 

spread is by aerosol, 6ontaminct e d equipment or reagents. 

Methods routinely employed to reduce the ri s k of 

contamination are: the use of primHry cell cultures, 

avoidance of mouth pipett i ng, filt rat ion of bovine se ru m 

and trypsin prior to use, u se of lE min ar flow hoods 

which ' are cleaned regularly e nd di ~ca~d ing of contamina t ed 

cells:; immediately. 

Elimination of mycoplas .-:1 es from col l cukure is 

very difficult, prevention be .i ng the must effective 

method of qu a lity control. Met hods used include the 

use of antibiotics (eg. tetr ac-yclinr::;s ~ i· .. C1namyc in) 

tricine, triton-X, prolonge d heat and in c lusion of 

specific antiserum. Although some methods have generat ed 

optimism there is no univer 3atly e frective way of 

eliminating mycopl as mas fr0 w c ell culti!r·e; s. 

Cell cultures were used for the initial isol ation 

of M. £neumoni ae (Chanock et al 1960 ) and n. hyopneumoniae 

(Goodwin and Whittlestone 1963) as these agents were 

first considered to be viral diseases. Growth in cell 

cultures can be detected by the type of cytop athic 

effect (CPE), by s ubculture to agar mediu m and spec ifi c 
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immunofluorescent staining of infected ce lls. 

Contamination ma y go unnoticed and cell change s may 

be minimal, resulting from depletion of amino a c i ds , 

sugars and nucleic acid precursors. Changes can 

normally be reversed by replenishment with fresh medium. 

Many species of mycoplasmas however are cytopathic, 

producing characteristi c CPE eg. tl· ~allisepticum 

produces a stunted, abnormal growth with round degen­

erated cell s -with 11 moth-eaten" edges, while M. hyorr~~ 

causes destruction of the entire monolayer (review ~ d 

by Barile 1 979)~ Det ac hment of cells from the ~ las s is 

a characteri s tic of fermenting mycopl asmas which pr oJ uce 

large amounts of acid, eg. tl• hyorhin is, tl• pulm on~~' 

t1,. c a pr i c .Cl~~ and A • 1 aid 1 a UJ i i • The effec t & of a r g 7. rd ll e 

de p 1 e t i on b y s om e s p e c i e s o f My c op 1 as ma an d Ac h o le p 1 a ~ !!),~. 

(l.2(vii)) .produce s a lterations in prot ein synthesis, 

cell division and growth, l ymp hoc yte blast formatio n 

and virus propagation. 

The intimate association between adhering myco­

plasma and their ho s t cel ls is an important factor i n 

their pathog e nesis. The close proximit y may allow con­

centrations of excreted H2o2 to become toxic to ho s t 

cell membranes, prio r to degradation by cata l ase and 

pero xidase present in the extracellul a r body fluids. 

Hydrolytic enzymes prod uce d by mycopla smas ma y cause 

damage to th e host cell membrane and enzymes a nd lipids 

may even b e introduc e d directly into the host cell. 

The possibility of me mbrane fusion ha s been dis c ussed 
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in section l.(2)(ii)~ wher e only minimal evidence 

was available to s upport thi s pathogenic mechanism. 

Adh erence to the epithelial linings of th e 

re s piratory tract and the urogenital tract allow 

the clas s ification of mycoplasmas as s urfac e 

para s ite s. While pr e venting their el imination 

by the action of the ciliated epithelium and 

urine, this pericellular association also allo~s 

utilisation of the fatty acids and cholesterol 

of the ho st cell membrane. 

Th e nat ure of the eukaryotic cells to which th e 

mycoplasmas attach has been established for M. 

pneumoniae, fi· gallisepticum and fi· ~i'...!2oviae. Sinc c. 

att achment of these is affected or even abolished 

by pretreatment of host cells with neuraniinidase 

(Gesner and Thom as 1965) .it is accepted that these 

mycoplasmas attach to sialic acid moieties on the 

ho st cell s urfac e . The residual "background" 

attachment, however, may involve receptor s oth e r 

than sialic acid. 

Treatment of mycoplasmas with neuraminida se does 

no t . a ffect their ability to ad here, so sialic acid can 
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be ruled out as a binding site (Manchee and Taylor­

Robihson 1969a). Th e binding sites of tl· pneumoniae and 

M. gallisepticum are most likely of protein nature, 

since heat, merthiolate or trypsin pretreatment abolishes 

their ability to bind to tracheal epithelial cells, 

erythrocytes or to plastic or glass beads (Gesner anrl 

Thomas 1966) ~ Nevertheless, tl· hominis and M. salivarium 

sheets adhering to plastic could not be dislodged by 

trypsin (Manchee and Taylor-Robinson 1969a, b) .making 

generalisations reg arding the chemical nature of bi11d ing 

sites impossible. 

1.2 (vii ) Metabolis m 

Important metab6lic characteristics used to 

distinguish between genera are the ability to ferment 

carbohydrates and catabolise urea and arginine . 

Fermentative Mollicutes are described as having a 

flavin terminat e d respiratory chain (VanDemark 1969 ) . 

This characterisation is based in part on the preser. ce of 

fl avins and the ab se nce of cytochromes and quinones . 

Only small amou nts of quinones are present in f._s.ho~el~l_!l, 

~y~oplasma and ?~irop~~ species (Hollander et al 1977) 

rai si ng the doubt that they comprise any energetically 

useful respiratory chain systems. The same study report­

ed the absence of cytoc hrom es in a ll fermentative and non­

ferm e ntative strains tested. The hallmark of oxygen-
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linked electron disposal medi a ted by f lavoprotein 

catalysis is peroxide formation . Peroxide is pot e ntial l y 

toxic and may be inactivated by perox idases and c a talases . 

While it has been implicated as a major pathogenic factor 

produced by mycoplasmas, eveE s inc e it wa s shown to be 

responsible for lysis of erythrocyt e s by mycoplas ma s in 

vitro (Razin 1969)~ it is c l e a r t ha t hydrogen peroxide 

(H 2o2 ) .by its e lf does not determin e pathogeni c it y . In 

hum a n s pathoge nic t! · pneumoni 1=.~ pr or::..;.::P.d no more H2 o2 

than less pathogenic strains . A. la idlawii i s non-

pathogenic but produces H2o2 in similar amo unts as the 

pig pathogens t! · hyopn e umon~~. ::i nd !:1.· filosyoviae ( Ra zin 

197 8)~ Th e bulk of H
2
o

2 
prod~ ~ e d by myc op l a s maa i s 

quickly destroye d by the ho2 t ca t a l ~ s e dnd pe roxi das e 

activiti e s . For the H2 o
2 

to exe tt it s t ox i c affe c t , th e 

mycoplasma mu s t adhere close to t hp, s ur fa ce to maintain 

a to xic lev e l which may c a~ s0 dama ge b y lipid pero xi dati on 

of the host c e ll membran e ( Cohen and Some rse n 1969). 

Peroxide has bee n de mon s tra!: e d to b e·, c:. he. major ha e moly s in 

associated with mycopl as ma s ( Ced e !3..i ...... '.~)~ 1968 ) •. Typi ca lly 

spe c i es M . E!l e um on i a e , t! . f ~~_;~~~~ an d t! . or a 1 e type 2 

pr o du c e r a p i d B - h a e mo 1 y s i s '.! n g u i n e 11 p :i g c e 11 s • W i th 

th e de velopme nt of improv ed s tand ar dis a tion t e chn ique s 

for it s de mon s tr a tion, in c r ee.se d use has be en made of 

haemoly s is a s a crit e ri a for cl ass i fi cati on. 

Tbe na tur e of the e ner gy s our ce s of the non-f e rme n t -

ativ e s peci es i s l ess cl ea r . Schimk e e t a l ( 1966 ) s howed 

th at M. art hr i t id i s derive s s ufficie nt e ne rgy fr om 
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metabolism of arginine via the arginine dihydrolase pathway 
h 

Subsequently most non-ferm~tative species tes ted have 

been found to po ssess arginine deiminase (Tully an d Razin 

1977)~ the enzyme catalysing the first reaction in this 

pathway, and of those tested all contain ornithine 

tr ansca rbamylase , the second enzyme (Barile et al 1966). 

It can be assumed that the camp le te d ihydro lase pat:1w ay 

exists in species shown to contain arginine deiminase 

(Rodwell and Mitchell 1979)~ The end-product of arginin e 

metabolism, as well as metabolism of urea by UreaelAsm~ 

species (l.2(vi)~ _is ammonia. Stalheim and Ga li agher 

(1977) re l ated the presence of ur eaplasmal epitheli a l 

lesions to ammonia levels by adding a mmonia or ureBs e to 

uninfected tissue cultures which produced a duplicale 

effect. In the case of other cell cultures contaminat ed 

with arg i:i ine-s p 1 it ting myc op las mas it has be en demonstrat ed 

that the toxic effects are of ten due to the depletion of 

the essential amino acid, arginine, rather than the t ox ic 

end-product (Barile 1973), 

Attention has been drawn to the major metaboli ~ 

differ ence between _?..chole~ and t!x_copl asrna; the 

ab i 1 it y to syn th es i se c aroten o ids by the Ac ho l .e.P 1 a~.~ 

substituting for exogenously supplied cholesterol. All 

species of Ac hol eplasma are capable of synthesising 

carotenoids and contain s pecific enzymes of the bio-

synthetic pathway for polyterpenes starting from 

ac etate . 
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lipolytic .activity of mycoplasmas resulting in the 

production of smal l spots consisting of ·calcium and 

magnesium soaps, or a "pearly" film containing cholesterol 

and phospholipid was described by Edward (1954)~ The 

production cf th ese characteristic depos its however 

varies widely between culture mediums. Best results were 

obta in e d by using a combination of porcine serum and egg 

yolk in the medium which improved sensitivity and 

standardi s~ ~ the culture medium (Fabricant and Freundt 

1967)~ a llowing differentiation between speci e s in the 

ordinary micrGbiology laboratory. 

Th e i_· ;;·d1ic tion of 2, 3, 5-triphenyltetr az oliu m from 

it2 c olour les s oxidised form to r e du ce d r e d formazan 

(Je nsen 1964) by tl · eneumonia! , ha s been utilised in the 

gr o llf t. t1 .i n h i b i t i on te s t , I n c 1 u s i on o f th i s in the me d i u m 

a: " •:: olou r ind icator, allol!ls detection of growth 

s l l pf ression cau se d by the addition of sp ecific antibod y , 

1.2 (vi i .i) ~rodu c i:. ion 

( a ) Re plication of the Genome 

Studi e s of g e nome r e plication, primaril y with M. 

9alli se pti c um have rev e aled es s e nti a ll y the same me ch a ni s ms 

a s in other pro ka r yotes. Quinlin a nd Manil of f (1972) 

pr e sented e vid e nc e which s howed th e DNA gro win g - point t o 

be me mbr a ne bound. In l a t e r studi e s attac hm e nt to t he 
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membrane-bleb-infrableb site was found to be the site of 

DNA-replication (Maniloff and Quinlin 1974)~ It is 

unkno wn whether the bleb play s any role in DNA replicati on 

but it is likely that both the cell attachment sit e and 

the DNA-replicati on comple x arA local i se d in the same 

region of the ce ll. 

The mech a ni s m of segregation o( da ug hte r chro mosomes 

of mycoplasma i s unknown. One posslui lity is that the 

membrane play s a n active rrle in ~hromosome seg re ga ti on 

by a primitive form of mitosis. Evidence f or thi s ha s 

been presented by Bredt (1910 - citeJ by Bredt 1979) and 

Bredt et a l (1973) who ob s e i · "·"3 d ::: ;:; ti v e con s tric tions f1 f 

the ce ll membrane dur in g c ~.~ J.u 1ai· d :i. 1Ji8 io n of M. horrd.n is . 

(b) Ce ll divi sion 

The cell mul t iplic a tion 0f rriy c o:.ili·!s mas does not 

d i f f e r i n an y fun d am e n t a l \l/ o y f r 0:11 L h at of o t h e r p r o -

ka ryot es (Razin 1973) . Binar y f i s si 0n h as been described 

as the c h a r a c t e r i s t i c mod e o f r e pr o i:: u c t l on o f tl . 211. -

is e p t i c u m ( M o r ow i t z an d Man ; 1 o f f .l 9 ::1 6 ) 1. !:'~ • p n e u mo n i ~ 

( Br e d t 196 8 ) , tl . ho min i s ( Hot.· e :c t son ~ t _,,.? ... -!, 197 5 ) and oth e r 

spec i es . Whi le this may be true f or the first two 

species, in \l/h ic h a specialised termin a l s tructur e 

app~ars t o play a central ro le in cel l divi s ion, it i s 

doubtful if it i s t he so l e mode in any specie s. For 

bin ary division to occ ur it must be full y sy~chroni zed 

wi th ge no mic r e plic a tion, a nd thi s is by n o means al~ays 
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the case. If cell division lags behind genome replica­

tion, multinucleate filaments result. This occurrence 

is in keeping with the findings that synthesis of lipids, 

DNA and proteins are not synchr~nized •. Formation of 

branching filaments during growth may be influenced by 

the lipid comp osition of the medium . Once form e d thes e 

filaments fragment into mono nu c~ ate daught~r cells ( Tu rner 

1935)~ A third means of replication is the pro cess nf 

budding, in which a budlike process is "pinched off" t o 

form daughter cells. 

, The process of reproduction in the two motile 

spe8ies ~ · rrallisepticum and tl· pneumoniae appears to he 

similar, being associated with the terminal structur n. 

Cell divi si on is always preceded by th e appearance 0f a 

second bl e b, usually at the opposite pole, with the c 6 ~l 

then dividing by constriction at the middle (Morowi t:.: en cl 

Maniloff 1966)~ While replication of the genome and 

separation of the daughter cells are not closely co­

ordinated events for most species, it appears that th ~ 

specialise d termina l structure is associated with th ~ 

machinery for synchronisation in these two speci es. 

1.2 (ix) . My cop l asmav iruse! 

The isolation of a virus that could infect myco­

plasmas wa s first report e d by Gourlay (1970). Si nc e th e n 

more than 50 isolates have bee n repor ted (reviewed by 
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Cole and Ward 1979 and Maniloff et al 1979 ) , all being DNA 

viru ses. Most mycoplasmaviruses h ave been isolated 

from Acholeelasma laidlawii strains, with only a few of 

these strains having been shown to produce plaques. 

A consequenc e of this is that mycoplas ma stra in s used 

to propag ate viruses may a lso carry viruses, however, the 

car rie r state does not appear to interfere wit h viro logy 

studies. 

Fur ~her virus particles, morphologically distinct 

fr om tho se isolated from t)_y_copl_f:l~ and ~,!_ep l as.'!1~ 

sp e ci~ s have been i sol~ted from Spiroplasma cultures. 

Si1~ c8 it !12s not been . possibla to propagate these, little 

biochemiua l 2nd virological data is available . 

Siiice i:he occurrence of these bacteriophages is 

u h i ri u i t o u s 1 ft. r t h e r s tu d i e s to c 1 a r i f y . the v i r al r o 1 e in 

~ c_~p ].:._~- ~~~~- ~:i n d _:J p i rap 1 as ma disease states a re required. 

Th eir occurr<1:·ce lllill a lso a llow ne\l/ approac·hes to the 

stu dy o f tha mclecular biology of the mycoplasmas. 

1 -~ - . :; 

Se rology is an'indispensable me ans for the ident-

i fication of organisms, bot h for . diagnosis and 

comparison of a ntigem for taxonomy. From the point of 

vi ew of routine diagnosis strains are commonly identifi e d 

by growth inhibition, gel diffusion and immunofluorescent 
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techniques. However, to obtain all the information 

possible for taxonomic purposes, a wide range of 

serological methods have been used, including agg lut in­

ation, agglutination of erythrocytes coated with 

fragments of organisms and metabolic inhibition. 

1.3 (i) Growth inhibition 

Growth inhibition te~hnique s hav e been very useful 

in the study of mycoplasmas. Th 8 technique measures a 

decre~se in the number of colonies en an agar medium or 

reduced tubidity in broth, as ~ r es0lt of inclusion of 

specific antiserum. Th e m e~h od us i !1 g dn tibody impr eg nate d 

paper disks was first descri hed by Hul j smans-Evers and 

Ruys (1956 - cited by Hayflick 1969) . Antibodies active 

in the test are induced by i~mu ni s aL ic n with me mbran e 

preparations (Kahane and Ra zi n 1969 ) 1. a nd the results of 

the method are considered to be lit~l 8 in fluenced by 

antigenic variations between st rain s af a s pec i e s (K e nny 

1979). The use of antiserum prod ured in rabbits is 

recommend ed (Marmion 1965) ;)ecause of si~plicity, economy 

of antigen and specificit y. The spec i ficity ma y re s ult 

from the action on cell wal l a ntige ns or becaus e antibody 

detectable by oth e r method s, eg. CFT, may not inhibit 

growth due to th e bulk of activity against int r a cellular 

antigens. 

Modification s of this method may be use d with tt • 

pneumoni a~ and include the estimation of redu ce d colony 
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numbers after plating a standard do se of organisms 

with antiserum (Jensen 1963) .and inclusion of colour 

indicators, eg. triphenyl tet razolium chloride or phenol 

red with glucose, in the 3row~ me~~m . 

1.3 (ii) Gel diffusion 

The agar gel diffusion test a llows detailed analysis 

of the antigenic pattern of mycopl asmas . The techniqu e 

allows id entificati on of minor antigenic relationships 

which . may only be detected by other methods with di ff i cu lty 

and permit s demcnstration of minor antige nic differenc e s 

between stra ins that a r e othe£wise indistinguishable. 

Th e test is fairly insensitive, r e quirin g both 

concentrat e d antig ens and strong antiseru m for dete 2 tio n 

of antigen and antibodies to mycoplasmas (Kenny 1971 )~ 

Antig e nic comparison has been ma de for a wide range of 

species: hu man species (Taylor-Robinson et~l 1963) 

Jhermo p l as ma (Bohlool and Brock 1974) .and a variety of 

other species (Lemck e 1965; Ke nny 1969) . 

Th e main proble m with the t e chnique i s that with 

the My cop l asmatales ma ny of the antigens are l ocated i1; 

the membr a ne and hence poorly so lubl e , unlik e the cyto­

plasmic fraction, in aq ueo us s olvents. The u se of non­

ionic det e rgents to extract me mbr a ne a n t ig e ns , tog ether 

with was hing a nd staining of the precipif in l ines greatly 
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enhances the sensitivity of th e method ( Hollingdale and 

Lemcke 1 969). Ho\l/everi problems aris e \Uith !:!· pneumoniae 

glycolipid pr ec ip~in line s as thes e are not stable to 

\Uashing, and therefore must be photog~ap hed dire ct ly 

(Kenny 1 9 79 ) '. 

Us e of this me thod has l e d t o th e demonstr a tion of 

a su bstantia l degree of cross- react ion ~etween huma n 

My E~ 1 & ~!'}.§:. s p ~ e: i e s , o th e r th a n ,t1 • p n e u mo n i a e w h i ch i s 

an t i g e r 1 i c ,~, 11 y d i s t in c t ( L e m c k e 1 9 6 5 ) •. T h e c o rn p 1 e x i t y 

of antig e ni c components de mon s trat ed were we ll beyon d 

t h~ s e . r· e ve a .1 e d by Tay 1 or - Rob i nson et a 1 ( 19 6 5 ? ) · Work 

by Lem ck :;; cci n l:r ibut e d signif i cantly to th e discus si on 

r ei;iard i ng 1'.!h~? t:-; e r _tl. myco i des var • .!!!1.£.0.ides and var . 

£ a_e_~ i. b e k e p t a s s u b s p e c i e s , b y s h o Ill i n g th a t a c c o r d i n g 

to L~~i r pr8cip itin lines these organi sms were more 

cl csely r e late d th a n a ny other sero l ogical types examin ed . 

(ii i) I mm u ri '-' f .t. u o r e s c e n c e 

Th e ~1 i ghly spec ific immuno f luore sce nt tec hniq ue 

was csed ~ xtens iv e l y fo r th e identific atio n of M. E neu moni ~ 

( C h ::i n o c k ~.!:. a l l 9 6 2 ; M a r m i on a n d H e r s 1 9 6 3 ) •. T h e t e s t 

i s sµec i es-spec if ic giving a simi ler r esult to th a t of 

grow t h inhibition. Marmio n (1965) .records that absor ption 

of a nti se rum a nd conjug ate with t iss ue or other powders 

r epresenting ant ig en i c components in the med iu m as being 

hi ghly des ir ab l e . Whil e the me thod is laborio us and 



59 

technically difficult to perform it has the advantage 

of detecting accidental mixtures of serotypes in agar 

cultures (Lemcke 1964) .which are otherwise difficult to 

de tect . 

1 : 3 (i v) Pr odu c ti on of spec ific immune serum 

The majur problems in preparing antigens of organisms 

in the C!.Y . .1..::Q.£.L~smatales are the poor yield. of organisms 

and the contamination of the antigenic preparation by 

m P, d i u m c om p on e ;-1 t s • Cu 1 t u r e s h a r v e s t e d f or th e p r e p a r a t i on 

of antigen Gi10uld be in log phase or late log phase 

slnc e a~in~ cultures show subst~nt ial biochemical changes 

i n lipids and proteins (Rottem and Greenberg 1975 ) .and 

sub s~- '.'• i-: ~ - i 8 J. rJ 6 gradation of struct ure ( Bo at man and Kenny 

1970 )~ Contr ol of pH for org a nis ms Which ferment glucose 

or u l ilis e Ar gin in e or urea is i mportant since immuno-

g 0 n i c i t y \ii a s i mp a i r e d b y 1 ow p H f o r t!. • .E.!l e u mo n i a e 

( P o J. l a c h: tl. _aj-. .l 9 6 9 ) '· a p r ob 1 e m w h i c h may b e o v e r c om e b y 

th e use ol iiEPES buffer. For these reasons cultures 

fo r nn!.:.igen sh r u ld be harvested in log phase or late log 

ph ase . 

Washing procedur es are sufficient to remov e hi ghly 

soluble compone nt s , eg. albumin but other components may 

be concentrated into the pellet. Yaguzhinskaya ( 1976) 

produ ced evidence that spec ific serum components copre ­

cipitate with the pellet during centrifug a tion. While 

th ese components cannot be removed by washing th ey may 

be removed by sucrose grad ient techniques. 
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Extensive precipitation of med iu m component s in 

medium prepared with whole peptone s an d filtered yeast 

extract may be partially overcome by substituting with 

soy peptone and yeast extract dialys ate . The s e rum com-

0 ponent which und e rgoes read y denatu r2t j on at 37 C presents 

a larger problem. This pr oble m may be circumvented to a 

de g r e e b y u s in g " a g am ma s e l' a 11 
( s 0 r u m c he mi c a 11 y fr a c t i on -

at e d to a reduc edgammaglobulin cont ent )~ The RIA, ELIS A, 

CFT and IF AT are highly sensitive t u medi um component 

antibody . Accordingly it js impor tant to prepare anti-

serum to the serum component of the cult ure med ium for 

immunization, and to use th i s serum to dem ons tr a t e that 

the antigen tested do es not cc:: ta .in 111 ed i um co mponents. 

To overcome the immuno .log j c: pr oblem assoc i ate d l!lith 

the medium component use ha s De en mad e of homol ogo us serum 

to supplement culture broth s. Most comm only "agamma" 

rabbit serum has been used for antigAn rr oduction, 

prepared for antis e rum prod ;i c LL on .t n :..: c:, b bit s • Sero 1 o g i c 

test antigens we r e then grown .L n the same med iu m. 

The method of choice of antis ~ rum prod uctio n to a 

particular immun oge n l a rg ely dapencis upo n the purpose 

for which the immunog e n is to be us ed, If the antiseru m 

is to be use d for detection of as many antigens as 

poss ible of an organism, the inten s ive i mm uni sat i on with 

larg e amounts of organisms and Fr eund ' s in complete 

adjuvant is warranted, If the antigen is highl y imm uno-

ge nie or the s e rologic a l tes t ing system is highly sensi tive 
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then a less intensive programme may be followed. 

Intensive immunisation is required for production of 

antibody suitable for growth inhibition studies on aga r 

(Clyde 1964)~ For production of highly specific anti-

serum lower doses of immungen and shorter immunisation 

schemes are use d. Such antiserum may be used for typing 

or organisms by the i mmunofl uor escent me thod. 

1.4 Antib ody detection 

, Sever a l techniques di s cussed in this section have 

also been used for antigenic de fi nition and wher e 

r elevan t, atte ntion will be gi ven t o th a ro le. Reviews 

of the serology of mycoplaEmas hGve be e n pr ese nted by 

Mar mion (1965)~ Purc e ll et al (1969) s nd Kenny (1979)~ 

1.4 (i) ~g lu tinatio n 

Us e h as bee n made of 'lhg agglut:i.na~~i on reaction in 

serological work with hum an mycop l a'.:;rnas. IJAe" f~e.. tube 

a3s l vtinoiiof\ tesf wa.5 used fr- sfu.af:J o{ +4. Q,Mfi3.a..ti c si1vc.,1ure 

o{ o-r-30.~isms , Jo. r3 e. amouflts o{ °'"ti ~e" Wf?..re .le-Jlt..ire.d . S1'ri ceJ +L~"' 

+~Q. t~st Au.s beert ado.rted fo sft'c£ 0-3~/ufiria.J:o" wh.l"cA r~9u/r.es 

a. SrnoJfer Qrn Ovrd o/ The test is usef ul in 

detecting small di ~ feren ces in s urf ace an t ige nic structure 

between strains. 
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Agglutinating antibody titres with hyperimmune 

serum are as great in magnitude as those obtained with 

the complement fixation test; therefore being of similar 

sensitivity. The sensitivity of the test was increased 

for avian mycoplasma work by the use of antiglobulin 

(Adler and Damassa 1964)~ The tanned erythrocyte mGthod 

appears to be more sensitive than the CF method, as anti­

body in convalescent serum was detected by this method, 

when CF tests were negative (Taylor-Robinson et al 1965b) ~ 

Further use of the reaction has been made ·in the 

development of a growth aggl utin ation test which inc ~r­

porates organisms, complement and specific antis e rum .rn 

mi c rotitr e well s . Clumping of organisms in the bott " m 

of the well confirms the presence of specific antiserum . 

The ability of some species of Mycopla s ma, eg_ ~. 

,g a 11 i s e p t i c u.m. an d M • £I1 e u m on i a e t o h a em a g g 1 u t in at e 

erythrocytes has been us ed for the meas urem e nt of anti­

body. Presen ce of specific antibody inhibits h ae maggll: t­

ination, and it seems th e sensitivity of this re act ion 

is at l eas t ·as sensitive as complement fixation, but le ss 

sen~itive th an metabolic inhibition for the quantitativG 

measuremen t of antibody. 

Colonies of some mycoplasma s peci es h a ve the ability 

to ha e madsorb s hee p e rythro cytes , u se bei ng mad e of this 

in th e identification of mycopl as mas by pr.etre at ing with 

specific immune ser um, prior to ap plication of the 
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erythrocytes. Inhibition of haemadsorpti on indicates 

specificity of the antiser um for the iso l ate. 

1.4 (ii) l!:!E..~rect haemagglutination, latex agglutinatioJl 

Indirect haemagglutination was first used by Cott ew 

( 19 6 0 ) . in the study of £i. m Y,c o ides , · when crude po 1 y -

saccharides were used to sensitise shee p erthrocytes. 

Tanned erythrocytes coated with M. Eneumoniae sonic 8tes 

have been used to demonstrate antibody rises in ·humans 

infected with M. Eneumoniae and ~· homin~s, however i ack 

of uniformity of erythrocytes have led to problems in 

maintaining reproducibility. While indirect haemag g~u tin· · 

ation tests for mycoplasmas were found to be sensit i ve an 0 

specific, their value is diminished by lack of unifor ~ity 

and inatability of the antigen-RBC complex. To ove rc~we 

these problems mycoplasma antigen may be complexed to 

latex particles. This method of antibody detection ~ as 

found to be as sensitive as complement fixation, but no t 

as sensitive as the indirect haemagglutination techrii que. 

1.4 (iii) _Complement fi xation 

Since it was first used with £'.l· ~tcoides (Campbell 

and Turner 1936 - cited by Hayflick 1969) _the complement 

fixation test is found in mo s t laboratories involved in 

the study of mycopl as mas . Many isolates ha ve been studied 
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by this method, although those from birds which ag glutin-

ate erythrocytes, have been more commonly studied by 

haemagglutination inhibition. A11fi3en. -fb,.. fl..e co,.1plet"e"'t 

f1 ,xa.,tion fGJ.sf /irsf . f'efo..rtd 1n li"9u1d """Q.ofi'~ 

(Chanock e t al 1962 ) 
wa.s 

and the method used 
A 

for epidemiological studies for serodiagnosis 

of M. pneumoniae infections. 

The complement fixation test has a major advan tage 

in that the antigens tested need not be soluble as ~equired 

in most other serologic tests, therefore it is highl y 

us eful in measuring antibody to glycolipid s . Th e t eo t i s 

usuaJly car ried out with whole organisms or sonicates, and 

yields a t itre which is the sum of surfac e and intr a~e llu}a1 

antigen and complement fixing antibodies that are prese nt . 

The major antigens present have been demonstrated to b~ 

lipids for tl• ferment§_Q.§_, and M. pneumoni ae , he at-s t ab.le 

proteins for M. pulmon~ and carbohydrate containing 

an t i g e n s f o r M • my c o i d e s s vi> sr.e c; es 

1.4 (iv) Metabolic inhibition 

The me tabolic inhibition test me asures inhibi tion 

of growth in liquid medium, which is assessed by the 

formation of a metabolic product which can be detected 

by a colour reaction, eg . acid fro m glucose , ammonia from 

ur ea and arginine, or t he r ed uction of t et razolium. The 

addition of s pecific antibody inhibits gro wth and the 
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formation of the end product; the end point can be 

measur ed by the titration of the antibody against a 

fixed number of "colour changing" units of the organism. 

Antibodies -detected are those active against membrane 

antigens, eg. glycolipids in the case of ll· _ pneumoniJ~ and 

membrane protein for ~· laidlawii (Wi lliams and Taylor­

Robinson 1967; Dorner et al 1976). 

In general metabolic inhibition reac t ions are mor e 

likely than growth inhibition tests to reve01/ hef-e r o-

~en~~ - within a species, since t he metabolic ·inhibition 

test requires far l ess antibody. This is understandab l e 

as the grollith inhibition on agar is fess f,·ke ly fa de1~1on -;fra.te 

in tras pec i es heterogeneity as the end point can be n: (~a~; ~J !'8d 

only by z one diameters and not by serum dilution. 

1.4 (v) Fluorescent antib~~ 

Th e indirect method of fluorescent antibody testing 

for serodi agnosi s is very useful because antibodies t o 

the specific immunoglobulin classes can be determin e .1 

(Bib erfe ld and Ster ne r 1971)~ These may also be d e t e ~ m i n e d 

by u se of other antibody capture methods using an t i -n , 

anti-m and anti- 8 globulins. 

1.4 (vi) Radioimmuno s say and ELI SA 

Brunner and Chanock (1973) developed a radio-
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immunoassay for the detection of antibody to .t!.· pneumoniae 

by using organisms grown in 14c oleic and pa lmitic acids 

as antigen. The organi s m - antibody comple xe s were 

precipitated with antiimmunoglobulin. Further modific a -

lions (Brunn e r e t al 1973) allowed detection of spec if i c 

immunoglobuli ns . 

The enzyme-linked immunoabsorbent assay (ELISA ) 

described by Engva ll and Perlmann (1971) .has been ad apted 

for the detection of antibody and antigen of .t!.· pn e\},.i].!.Oni~ 

(Voll e r ~..L.tl, 1976 - cited by Kenny 1979) .and !:!· b.l'.£-

,p_n e um on i a e ( Bruggman n et a 1 19 7 7 ) •. The a dv ant ages o i' t he 

te s t 8re th at performanc e of the t est is s imple, r a dio -

ac:tive r eagents , a r e av o ided a nd co nju gate d reagent s 

are Ava il ab l e whic h permit detection of an t i b.od y 

to s pecific immunoglobulin classes. 

1.5 Im mun e respo nse to_my~plasma i nf e ction 

The immun e r espo nse of hum a n s and anim a l s to myco-

plasma infections has bee n reviewed by Whittl es tone ( 1973) 

and Fernald (1979)~ 

1. 5 (i) Humor a l imrnunit~ 

Th e stud y of the progressive ap pearance of i mmun o-

globulin in the se rum of nat u ral l y c ha llenged ca t t l e 
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infected with tl· mycoides (Pearson and Lloyd 197 2) .found 

that IgM always appeared in the serum, but that IgG 

tended to be associated with the more severe forms of 

the disease and did not always appear in mild cases. 

IgA was not detected in the serum. The progressiv e 

appearance of immunoglobulins in the serum of mice 

infec te d with tl· pulmoni s (Cassell et al 1974) . demo n str3t~d 

IgM levels peaking by 4 weeks, IgG 1 and IgG 2 by 5 we e ks 

and IgA by 6 weeks; by single radi a l diffusion in ge l 

(qualitative) .and IMF (quantitative) methods. In t~i s 

study the nature of cells infiltr ating the peri~ron chia l 

and p~ rivascular spaces was investigated by IMF and 

his tologic met hods. Cells producing IgM appeared ear li 

a nd were Followed by cells produci ng I gG
1 

and IgG 2 • Ca ll s 

produci ng IgA were present as early as 2 weeks and ~e~a m~ 

the principal type by 3 weeks. Results of these stL1dle s 

sugg e st that these serum antibodies were produced l a~~lly 

and diffu se d into the general circulation and that anti­

body may be a major componen t of acquired immunity to M. 

pulm on i s . 

It app ears that serum from s ome convalesce nt nr. 

hyperimmuniz ed animals will protect the recipient f r o ~ 

the de velopm e nt of mycop la sma l pn e umonia, but does n8 t 

prevent coloni zation of the upper respiratory tract. Th e 

passive transfer of ser um from convalesce nt and sub­

cut aneous ly immunized cattle to susceptible s was found 

to provide protection from sub se quent natur a l ch all enge 

(Lloyd and Tr ethewie 1970; Masiga and Windsor 1975) ~ 
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Pearson and Lloyd (1972) further attempted to define 

the protectiv e component of serum 

by comparing se rum known to be protective and others 

that were non protective. No quantitative differenc e s 

were reveal~d between the IgM and IgG specific immu no­

globu lin s contained . Similar protection has been 

c onfe rred by immune serum in pigs exposed to infec tion with 

!1 • h y op n e L.!_.~ il i a e ( L am an d S \!/ i t z e r 1 9 7 1 b ) a nd t! , .bx.or h in is 

( G o i s e t __ ;:; l J. S- 7 4 ) .. I n the 1 at t e r s tu d y i t w as f o u n d t hat 

~- bxcr h ini~ colonized the upp e r and lo\!/ e r re spi r atory 

tracts, but not extrapulmonary sites. In this exp e riment 

bo i. h -IgM and .IgG given intraperi toneally to piglets 

con fc~red con s iderable resist ance to challenge. 

The pro tective role of humoral antibody was further 

inv es Lig atc ci in piglets from so ws vaccinated prior to 

f sr~o~i ng with a Tw ee n 80 antigen extract of M. hyo pneum on-· 

ias ir. ps rJ.f'fln. Colostral antibody tot!· fil.opn eumon i ae 

was d8te cL0d oy IHA in both sows milk and serum of 

pigle ts (Q,_; .ris ic ~ 1975a ). Leve ls \l/ere high in piglets 

dJ~i ng th e fir s t week but soon fell to low l eve l s which 

p~~s isted t o bet wee n the seco nd to eighth week of life 

(Du ~i sic l9 75b)~ Th is passive antibody did not greatly 

in terfere with humeral r es pon se to vaccination at 7 weeks 

of age , At s l aught er at the end of the fattening pe riod 

only 20% of vaccinate d piglets from vaccinated sows had 

gro ss l esions of EPP, while 50% of unvaccinat ed piglets 

fr om vaccinated sows and 80% of control pigle ts free of 

M. hyopneumoni ae antibody at 7 weeks of age had gross 
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lesions. While the presence of circulating IHA antibody 

was as s ociated with a reduced prevalence of gross l esions, 

the presence, class and protective role of antibody in 

the respiratory secretions was not established. 

The presence of circulating antibodies, IgM and 

IgG have been detected in sp uta of patients with tl· 

pneumoni ae infection (Biberfeld 8nd Sterner 1969, 1971) 

by IMF and radioimmunoprecipitation (~IP) ~ In secretions 

IgG 1 and IgG 2 antibodies W9re detected first at 2 weeks, 

IgM at 4 weeks and IgA by 5 weeks. It was felt that 

these , IgM and IgG antibodi e::., we r.· e pr ob ably derived from 

serum, as a result of transu dC't i on follow ing bronchial 

inf lam mat ion • Despite thi s a cl c; ~:>er .,i au o c i at ion between 

the circulating immune system and respiratory infect ion 

is s u g g e s t e d b y th e 1 o c a 1 s y rt t. he. s is o f I g M an d I g G b y 

large number s of plasma ce lls nea r bronc hi in mice infected 

with tl· Eulmoni§l~ (Cassell tl_al. 1974 ) .'rnd in humans 

infected with M. pneumoni~ (B~. ber fe ld an d Sterner 1971) .. 

While .it is evident that IgM a nd IgG ma y afford some 

degre e of protection when pr 0se nt ae loca l antibody on 

the respiratory epithelium it s mechanism of action i s not 

yet defined. Potential· op rc; or1ic ac<.:ivit.y of antibody 

promotes phagocytosis of mycop l asma s by macrophages, and 

IgM and IgG antibodies cau se fixat i on of complement 

leading to lysis . 
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1.5 (ii) Secretory immune system 

Detection of respirator y mucosal antibody (reviewed 

by Fern a ld 197.9) .to mycoplasmas has become feasible 

through the recent introduction of very sensitive tests: 

immunofluorescence, radioimmunoassay and radial diffusion. · 

Ea rl ie r studies of bronchial washings for antibody of 

~· pneu n1_91l.!~~ infection were negative due to insensitive 

tests. J~ j ~~ o ct immunofluorescence was used by Biberf e ld 

& St e rn er ( 1 97 1) .to detect IgA antibody to ~· pneumoniae 

in sp ut11ni s&mp les of patients with pneurnoniae. IgA anti­

bo dy ~as pres e nt in all 31 ca s es, and was the only anti­

body det octad in 5 cases, with IgG present in 24 and IgM 

1he 8ecre tory IgA molecule is a dimer with attached 

E 9~~etory pi 0ce with sedimentation coefficient of 115, 

while the ~or~m form (monomer) is primarily 75, although 

9 S , J. l S a 1: .: : ::. .Vi often occur ( T om as i 196 8 ) •. Imm u no g 1 ob u 1 in 

A an d a lbu~in are the mos t abundant proteins in nasal 

sect ions (Remin gton et al 1964); IgA was found to compri se 

br tween 21 and 5 0% of total nasa l washing protein in 1 5 

v o l.rn t e er. s ( Ross en et a 1 19 6 6 ) .. Part of th e I g A in n as a 1 

secret10n s is derived from serum 75 form which is not 

mod ified in any way , but by far th e ma jority i s in the 

115 dime r form, which is produced locally and actively 

secreted. 
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IHA antibodies to tl· hyopneu mo ni ae were detected in 

trach eobro nchi al secretions of pigs within 2 weeks of 

infection (Holmgren 197l1c) .• Some of the pigs which were 

positive 2-4 weeks post-inoculation had no detectable 

IHA antibody in their serum. · In one pig the ma jor IHA 

activity in tracheobronchial secretions was localised in 

the fractions containing IgA. Pr unner et al (1973) 

measured lgA spec ific M. £.!}eumo~ia~ antibody in nasal 

washings and in sputa in a group of ciXperimenta ll y 

inf e c t e d v o 1 u n t e e r s • Me n ~, i t h p r e - e ~< i s t in g t it r e s o f 

nasal IgA antibody s ho wed most rP s istance to the challenge 

inf ec·tion. Levels of serun1 antibody were statistically 

unr elated to r esistance. Th i a report c onfirmed that 

resistance to tl· pneumonia t i r1fect .i on '.ila s more dep e ndant 

upon secretory than serum antibodi e s. It is not known 

wheth e r there is a similar r e 1a".: ions 11ip between IgA level 

in porcine respiratory s e c re t ion s end pr otection ag a ins t 

M. bl..2£neumon iae infection. 

Since IgA has been fo und t o Rp~cl fically inhibit 

attachment of Streptococci ~ c e pithel ial cells (Williams 

and Gibbons 1972) .it is li~ 8 l y tha t thi s is the role of 

IgA in preventing mycopl asm a infect i on of th e respiratory 

epith e lium. Prevention of rd s orp U. 011 of mycopl a sm a s 

would prevent the secr e tion of toxic substances, eg . 

H2o2 in apposition to epitheli a l c e lls, ther e by allowin g 

inactiv a tion by cata l a s e and peroxidase before c e ll 

damage can occur. Unatt a che d mycoplasmas would a l s o be 

mor e r e adily cleared by the muco- cili a ry cl ear anc e 
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mechanism. IgA has little opsoni c activity (B eine nstock 

and Perey 1972) but may activate complement by th e 

alternative pathwa y . 

1.5 (iii) .~11-mediated immunit.J:. 

Clinical evidence to su pport the role of cell-

m e d i ate d i mm u n e p he n om e n a .in the de ·.: f, .l up men t of i mm u n i t y 

to mycoplasm a l respiratory di sease was provided in case s 

of !:! . £-'J.~. u mo n i a.e _. in f e c t i on i n p a t i e n t s s u f f e r in g f r om 

primary antibody defici e ncy syncit·omes (Foy ~ 1973) •. 

Whilst disease was more s e v er~ th ca? patients r ecover&d 

and stopped excreting the organi s ms, 3u ygesting that part 

of the host defense to !1• 2.!l~LJ.:2.!::. i ;; fection may be 

mediated by c e 11 u la r immune .-.. :; :..: h a ri is :it::; • Further assoc -

iation of this part of the immu ne syst~ m is indicated 

by the histologic al similar ily between the peribr onchi a l 

and perivascu lar l esions to th a t of ~~laye d hypersensit iv­

ity (Fernald 196 9)~ While di2ect e~iJ ence of local cell­

mediated response has not b~en demon str2ted, CMI respon ses 

exhibited in vitro by lymph ocytes 2 .• ·1d macrophages from 

e xtra re spi ratory sites s•,;ppn!'t U ,.;; syste m's involvement 

(Fernald J.979) •. Lymphocy te stimul a t i on in vi tro to 

li· pneumo.!li_~ organisms appesrs soon after na t ur a l infec t­

ion of humans and persists for many years (Biberfeld 

et al 1974)~ Similar lymphoc yte stimulation has been 

demonstrated in guinea pigs (Brunn er 1974 - cited by 

Fernald 1979). Occurrence of thi s pheno mena in burr.ans 
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infected with M. pneumo~ , ho~ever, appears to be 

less common than lymphocyte tran sfor ma tion (Biberfeld 

1974) •. 

The effect of T-cell depletion on M. pulmonis 

infection of mice was studied by Denny et al (1972)~ 

Infected, T-cell deplete d mic e h ad less marked pP rl -

vascular and peribronchial lymphoid cuffs and had gr3 ater 

numbers of mycoplasmas in the respiratory tract, suggest­

ing that recovery from infection was also T-cell de pendant . 

, _Mycoplasma pn e umonia~ has also been demonstrat. e d 

to generate delayed cutaneous hypersensitivity in hum ~ns 

( Mizutani et_tl 1971; Suzuki 1976) •. Further studies on 

skin sensitivity reactions to a. hyopneu moniae (R ober ts 

1973) .show development of nodules 24 to 72 hours aftBi 

intr ader mal i noculation, which are typic a l of del ayed 

type hypersensitivity reactions on h~stological exam .!.n~ 

ation. As with the in vitro parameters these reac tion ~.: 

indicate that T-cells are sensitised during infectior1 

but she d no light on their role in the local immun e 

response in the lung. 

T-cell s could operate by stimulating macropha ges 

to kill or stimulate polymorphs to migra t e toward myco ­

plasmas, or by stimu lat ing the development of antibody 

producing cells in the lungs . . 
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1.5 (iv) Immunosuppression 

There is a n increasing body of evi den ce that 

indicates mycopl as ma infection can CRuse a s uppr essi on 

of the host's immune re sponse , ~ . l 
.J e J. ~ initially in th e r?a rly 

course of infection . In r e spiratory di s eases c aused by 

M. hyopneumon iae (Adegboye 1975) , ~· pneumoniae (Liu 

et al 1972) and~ · mycoid es ( Gourla y 1964), it i s cell -

mediated immuni ty UJhich is s elAet i\1 e i y depressed as 

there are no r e ports of de c reased ant i body re spons e . 

HoUJever, UJith M. ar thritid is infection. both humoral and 

cell ~ mediated components ar s su pp ~e sse d. Adegboy e ( 197 8) 

postulates that the ability of ~ycaplas ma s to linger on 

in 1 e s i on s may be d u e t o t. h .::. s p he :-; o !ii e n an , 

Clinic al evidence of pcss i ble mycop l asma me diated 

immunosuppre ssion medi ated by myc op la s ma s has been 

obs e r v e d as p e r s i s t en c e of o !.' g Fl n j . s ms at s i t e s of 

infection, anergy to intradetma l t e stin g and potentiation 

of concurrent bacterial infec tions. 

For inst ance, 

~· ~ycoides subsp. mycoidE2 has be ~ n reco vered fro m 

contagious b o v in e p 1 e u r op 1 ·, 8 u .. , on i a l e s i o ;-, s at le as t 

10 month s old (Turner 195 4) , ~ · ~neumoni ae ha s been 

recovered as l ate as 262 days after infec t ion a nd 

~· pulmonis has been reisoiat e d from rat lung s up to 

712 d ays after inoculation (revie we d by Whittle s ton e 

et a!_ 1972) but no evidence has be e n presen t e d to 

support the vi ew that pers i s t e nce is due to immuno -

suppress ion. 
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The ability of M. pneumoniae infection to produce 

anergy to tuberculin in humans suggests an association with 

immunosuppression. Fiala et al (1974) reported that an 

originally Mantoux positive woman became anergic to tuberculin 

during the acute phase of her illness, but regain e d her 

responsiveness after treatment. Similarly, Biberf e ld ar.d 

Sterner (1976) found in Sweden that 22 out of 36 patiento 

infected with~· pneumoniae were tuberculin negative, with 

16 of these patients becoming responsive when t este d sever s l 

weeks or months later. It has also been observed that ca ttl e 

with CBPP le si ons were anergic to intradermal inj ec tion of 

purified 'membrane antigen of ~· mycoide~, whereas cattle 

recovering or that had apparently recovered from the d isea~ ~ 

gave typical de laye d-type skin reaction to the antigen 

(Windsor ~ t al 1978). 

The potentiation of bacterial infections by ~· pneu ~~~i~,~ 

indicating an immunosuppressive effect was reported by Liu 

et al (1972) who showed M. pneumoniae augmented pn e umoco ccal 

septicaemia of hamskr It was found that active multi­

plication of M. pneumoniae was required for this effect to 

occur. 

Re s ults of in vitro tests during infect~on of pigs ~ith 

M. ~pneumoniae support the rol e of mycoplasmas in suppression 

of cell-mediated immun e response, Adegboy e (1975) detected 

no CMI respon se to both lymphocyt e tran sfor mation and the 

delay e d-type hypersensitivity skin test s during th e first 

few we eks post- infection, when pig s were expec ted to hav e 
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pneumonia and a high titre of organisms. However, these 

responses were recovered in later stages when pigs wer e recov e r 

ing from the active phase of the infection. It was also noted 

that peripheral blood lymphocytes collected from infected 

pigs responded poorly to phytohaemagglutinin (PHA), when 

compared to control pigs (Adegboye 1978). Kaklamanis and 

Pavlatos (1972) also showed that lymphocytes obtained frnm 

rats during active infection with M. arthritidis failed to 

undergo blast formation in the presence of PHA, indicating 

some form of immunosuppression. 

Suppression of humoral immunity has only been 

observed in association with M. arthritidis. When inject-

ed cor1cu r rently with Pseudomonas phage 5 humoral anti-

body r espo ns e wa s reduced to the phage (Kaklamanis and 

Pavlato s 1972). Similarly antibody response was reduced 

to Escher ichia coli or Straphylcoccus aureus infection 

when membrane antigens were injected concurrently 

(Bergquist et al 1974). 

Mec ha ni sms for mycoplasma-induced immunosuppression 

is unclear, howev e r several have been proposed. Anergy 

to intradermal t es ting may be due to engagement of the 

majority of responding cells at the infect ion site 

(Adegboye 1975), leaving insufficient for delayed-type 

skin re ac tion. It was also proposed that becau se of a 

paucity of sensitised lymphocytes in peripheral blood 
the 

during the pn e umonic stage,~peripheral blood lymphocytes 
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population might not give sufficient blastogenic 

response. A more attractive exp l anation could be in 

the observation that the organism is not readily 

ingested by phagocytic cells. 

1.6 Di sease s of man an d ar: im8 ls caus e d -------------·-------
by rnycoplasmss 

Me rn b e r s o f th e My c op J. as ma t R l e s_ 8. r e the c au s a t iv e 

agents of a wide variety of anim~l di s eases which most 

c om m' on 1 y r e s u 1 t in re s p i r a t or y an d j o .i. n t in f e c t i on s , 

together with infections of t ii e l ! i:- o g E; nit a 1 system . Most 

of these infections are c h~onic i n na ~ ure, suggestin g 

an intimate host-parasite r e JRt ionship. 

1.6 (i) Pneumonia 

P n e u mo n i a c au s e d b y rn y r.; c p 1 a f:: i11 a i ri f e c t i on is a ma j or 

disease of livestock throug~out tha wor ld. Of major 

importanc e are contagious ;;. o vine p le u r c.µneu mon i a, 

contagious caprine pleurnpn t·;u111on:i.a, cl ·1ronic respirator y 

disease of poultry, enzootl c pneumoni a of pigs, together 

with atypic al pneumonia of humans. These conditions and 

others will be reviewed in the following section on 

mycoplasma infection s of the respiratory tract. 
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1.6 (ii) Arthritis 

While it has long been recognis ed that arthritis 

may be associated with the class ical mycoplasmal diseas es, 

contagious bovin e pleuropneumonia, contagious caprine 

pleuropn e umonia and contagious agalactia, many specie s 

are primary arthritogenic agents. Arthritis in fa ~ m 

animals pr i marily results from infection of the joirit, 

with organisms most commonly e ntering from th e blood. 

Th e majority of c ases of arthritis are polyarticul a r, 

and bilateral l y involve the l ar ger joints. Yourig animals 

appear to be particularly susceptible to mycoplasma·· 

indu~e d arthr itis (reviewed by Gourlay 1981)~ 

Typic a lly infection follows an acute suppura t i •.te 

ph ase which is usually followed by a chronic disease 

featuring synovial cell proliferation, mononuclear ~e l l 

infiltration and cartilage destruction. The ability of 

some of t he species which cause arthritis, to survive 

in the respiratory tract provides a potential reservui~ 

for continu ed infection. 

Infection of calves with M. !!)y_co,ides subsp. 

m~coides (small colony type) .often result in development 

of arthritis, Subcutaneous inoculation of cattle will 

produce arthritis, particularly i f they have been pre­

inoculated with M. ~y~oi~es subsp. mycoides polysacchar­

ides (Hudson et a l 1967)~ Arthritis can a lso be caused 

by ~· bovi_§_ following intratracheal injection of 

gnotobiotic calves (Gourlay et al 1976)~ 
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Arthritis in sheep a nd goats can be induce d by 

subcutane ous inoculation of tl• ag alacti ae (Wa tson e t a l 

1968 ) .while strains of tl· mycoides subsp . mycoides ( l arge 

colony type), !1· mycoides subsp . c apri and tl• sp. F3 8 

have no t been observe d to produce Rrt hritis afte r 

experimental inocul at ion. 

M. hyorh in i s and !j_. h y osy_oo vJ:.~ are ab l e t o produce 

spont aneous arthri tis in pig s (Rec~ and Dunc an 1970; 

Dun can a nd Ross 1973) _witM potential to cause serio us 

e c on om i c 1 o s s • .t1 • h y or h i n j._~- c a u s e s ;,n· t hr i t i s in p i g 1 e t s 

less' than 8 weeks of age. Although orga nisms can be 

readily r ec over e d up to 57 dL ~ R poB L- in fec tion, t hey a re 

onl y rarely re covere d fro~ joints a f t 8 r this time (Co l e 

and W a r d 1 9 7 9 ) •. Fu r t he r s tl; d i e ;, u s i n g i mm u n of l u o r e s c e n c e 

hav e de monstrat ed !1· h yor~ini~ 8nt1yen in s ynovia l 

membranes seve r a l months t:f !:. ~r· via t.Jl0 org_a ni sms can no 

1 on g e r b e i s o l at e d s u g g e s t i n g n c n -· c u l U v able my c o -

pl as mas may be responsible for t hs c011tinued i nf l ammation. 

Arth r i tis in poultr y is most common l y caused by 

M. ~novi ae , while fi· .9..§..!!..L§.~t iE.!:'. '.ll h 20 on ly been r arely 

recover e d from fie l d c ases <re viewed by Jo rdan 1 981)~ 

Wh ile !:1.· E.!:!._lmonis has bee n i so lated from spontaneous 

art hri tis in r ats only intrave no us inoc ulation wi l l 

produc e art hri t i s in both rats and mic e (r e vi ewe d by 

Casse ll et a l 1 981) ~ Strains of mice and r ats h av e bee n 

observed to vary mar ked l y in their s usceptibility and 
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response to infection. tl· arthri ti dis a lso produces 

a naturally occurring arthritis in rats which is acute 

and self-limiting. 

The occurrence of . mycoplasma 

arthritis in various animal specie s with a very si~i l ar 

pathological character of lesions as seen in rhematoid 

arthritis (RA) .of humans, and the ab ili ty to experiment­

ally induce arthritis, have been the main reasons fo r 

searching for evidence of mycoplasmal infection i ~ the 

joints of patients with RA. Initial attempts to recover 

mycoplasmas from cases of RA disease yielded spurio us 

results which have not been repeat ed , probably becaus? 

mycoplasma - co ntamin ated cell cultures were used c~ ~ viewed 

by Cole a nd Ward 1979)~ Despite e ncouraging r esu l ts of 

Willi ams (1968) who isolated _tl . f er men t a ns fr om a signifi ­

cant numb er of cases of RA di sease , th ese . results ha~e not 

been repeated . However a recent st udy by Hernand ez 

£.t2.! (1977) .r epo rt e d arthritis as a sequel to M. 

~umoniae in f ection. lf\ o. (vrfhar sf-udy Of\ 

immunocomp etant patients, M. pneumonias is .-_,]. ate d 

dir ectly from t he joint of a hypogammaglobulinaemic 

pati ent ( Tay l or -Robi n son 1981), further raising the 

question of mycoplasma involvement in human arthritis . 

Ur eap l asmas have a l so bee n i so l ated from jo in ts of 2 

pa ti ent s with hypog ammaglobulinaemia who ha d septic 

a r thritis (Webster et a l 1978 a nd Stuckey et a l 1978 -

cited by Taylor-Robinson 198 1 ) . 
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1.6 (iii) Urog enita l tract infe ction 

Mycoplasma species commonly populate the uro­

genital tract of ani ma ls and humans, existing as patho­

gens and c ummen sals. Examples of known pathogens are 

tl. · £0~.in__genita lium (Erno 1967) a cause of mastitis and 

pos oibly granular volvovaginitis in cattle (Afshar et 

2J.. 196 6 ) '· t!,. b o vi~ a cause of mast it i s ( Ha 1 e et a 1 19 6 2 ) 

and possib: y in fertility and abortion (Gourlay and 

Howard 1979), !!· ~g_alactiae a cause of mastitis in sheep 

and go Rts (revi ewed by Cottew 1979)~ tl · gallisepticum a 

c ~ u se of infe rtilit y an d foetal death in chickens and 

tu rl:P.ys (cev .i..e \lied by · Jordan 1979) _and ~reaplasma .~­

.l~J~-~~ a c a use of non-gonococcal urethritis (NG U) in 

hurnans (revi e wed by Taylor-Robin son et al 198 1 ) •. 

~~£.J,;.~<iJ!lB ur ea lyticum. is now the second member of 

th o tl .L~gplt·lSJ.>.'.~t ales to be established as a disease 

prod ~ cing p~ r ho gen in humans. Taylor-Robinson et a l 

( J. 9 7 ·i ) p r c (~ u c e d NG U b y in t r a - u r e t h r a 1 i n o cu J. at ion of 

hu mB n vol unte;o, .rs with the org a nism, which was recovered 

f : om u r i n ..=1 r y t r a c t 1 e s i on s a n d r e s p on d e d t o t e tr a c y c 1 in e 

t he ra py. A pr oblem e ncountered in establishing the role 

o f myr:.-op lasmas · as a cause of NGU is that is is not the 

only possible cau se, as Chlamydi! tra c hom atis accounts 

for probably 50% of cases of NGU. Other studies using 

antibiotic s which dif fere n tiate between ur eap lasma and 

chlamydia or selective ly suppress mycoplasmas eg. rif a mp­

icin and mino cyc line indicat e d an aetiological assoc-
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iation of mycoplasmas with NGU. Recently Taylor­

Robinson et al (1981) isolated a new mycoplasma on 2 

occasion s from cases of NGU. At this stage ther e is no 

da ta rel at in g this mycoplasma to NGU although its 

presen~e in the urethra, ability to adhere, and 

specialised str~ctures including a fl a sk shaped appe ar ance 

\!/ j_ t h & t e r mi n a 1 r o d 1-i k e s t r u c tu re h a v e b e e n 

associated wit h pa tho genicity in other mycoplasmas. 

M. hnminis has been incriminated in a numb e r of 

hum a n ur0-ge nital infect ions ( re vi e wed by Tay lor­

Rubihs un and HcCormack 1979)~ Th e mo st striking evidence 

t o t."!ppc;·t lhe patho.genic rol e of !fl. · hominis is its 

i~ u 1a t ion f raffi the bl oo d f rom pat ie nts who had febrile 

abc~tian G, bwt not from wome n who had afe brile abor ti ons. 

Unce 1· tainty over th e aetiologirial ro l e of ma ny 

rn ; r. op l s fl ;r: [ , ~ .i ;, rep rod u ct iv e f a i 1 u re i s high 1 i g ht e d by 

the is~l ati o n of several species f rom abo rted foals 

(r eviewed Gy Lemcke 197 9 ) ~ Wh i le isolates of A. laid­

~12:.i ~ · ~~fetal e , ~· hipp l.ko n, !:1..· ~guigenitaliu0, 

M • ~ b do ).y~~ ! [:_ . o c u l i a nd t1.,. b o vi ge nit al i um hav e been 

ob !. a in e d f r a 1:1 many int e rn a 1 sites , th e r e is no a n swe r 

tc the question wh et her the invading mycopla s ma kill e d 
\ 

the fo et us or wh ethe r it inv a de d subsequent to Foetal 

dea th. 

Many reports indi c ate ass oci a ti on between iso l ation 

of M. ~~nital ium a nd disease in cattle (revie we d by 

I 
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Gourlay and Howard 1979)~ Problems associated with 

these isolates are herd infertility, chronic vesiculiti~ 

of bulls, granular vulvovaginitis and abortion. As the 

organism is common in the urogenital tract· of healthy 

cows and bulls, the role of !'.!.· bovigenitalium as the 

primary cause of these infections is regarded as no more 

than e possibility . However, !'.!.· bovigenitaliu m has 

been rep or ted from outbreaks of mastitis, a role which 

h as been r.. •) ,, f i rm e d exp er i men ta 11 y ( Er n ¢ 19 6 7 ) •. 

Th e abi lity of the respirator y pathogen t]_. ga lli~.E, -

tlcum to i nfect the urogenital tract of chickens and to 
-··· -~ 

cau s~~ s 8 l;:d .rig it is is a major probl em to the pou 1 try 

ir~d; .1 o try (re\:ie wed by Jord an 1979) . ~Jhile reduced egg 

pr odu c t ion i s A problem attribute d to the infection, 

the trRnsmi s sion of the organism between generations via 

contaminaleci fertilized eggs creates ti major problem in 

the c c~t~0l uf the disease. 

Sever al pathogenic mycoplasmas have been frequently 

i so lat ed f ro m infectious bovine ker atoco njunctivitis 

(IHK)~ these include t!.· bovirhinis, tl· bovis and Urea­

Elasma spp. but th e ir role in the disease is not clear­

cut (reviewed by Gourlay 1981) .. M. bovoculi is most 

frequently isolat ed ,how eve r inoculation into th e eyes 

of gnotobiotic calves failed to produce any sign of the 

disease. 
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in infectious keratoconjunctivitis in sheep and goats 

(Al-Aubaidi et al 1973; Trotter et al 1977~~ Inoculation 

studies support their pathogenic role, however when 

goats are inoculated subconjunctivally a more s e vere 

syndrome is produced than occurs naturally, making inte r~ 

pretation of results difficult. 

Isolation studies on cats indicate that 100% of 

cases of conjunctivitis are infected with mycopl aH~ as 

(reviewed by Rosendal 1979 ) .while only 20% of he althy 

catg harbour mycoplasmas. Most commonly ~· felis l~ 

rec overed, however~· gateae has been found. Sev e r a l 

investig a tions have established a close associatio n 

between tl · felis and conjunctivitis while the condit i on 

has beer. induced in kittens fol l owing conjunctiv a l 

instillation of M. f e lis broth cultures (Col e e t al 19G7). 

1.6 (v) Infections of the central nervous system 

Nervous symptoms are inf re quen tly caused by ~:.y e o-

plasma infection; with the best known disease being 

"Rolling" di se ase of mice caused by t! · ne urol l ti c L.!£!.!. 

( Ca s sell and Hill 1979). Th e dis e as e 

is characteris e d by the abrupt onset of continuous 

rolling which persists for several hour s termin a ting 

in d e ~th. Ro.fa o. r-e. a f5o o.f{ected i ll a /; k.e f11 Cll'\Vlef' (olfo ,-.J •· n~ 

i .V. ifljecfiori of 0. nQi.Jrofoxin; J.o w fJ.ve..r) 'f-/,g__ d i S'2Q5e_ 

-AM n <Yf- b~e n ob.se.rv~J 11 <:1 1vr a.lly . 
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Ataxia in turkeys is a clinica l sign of M. gallis -

epticum infection which is associated with brain lesions. 

Pale areas in the cere bru m are observed (revi ewed by 

Jordan 1979) .and r es ult from arteritis of the meningeal 

ond pgrenchymatous arteries and arterio les. 

M. hyopn e umoniae is classically thought to 

ha ve a trcpism for ciliated epithelial cells of the 

por c in e respiratory system . Recently Williams ( 1980) 

has demonstrated that this organism i s capable of 

propagation on central nervo u s system (CNS) .ciliated 

e re n ( j y m ~ 1 c e 11 s i n v it r 0 an d l!l _v i v 0 • l~ he t he r t h i s i s 

ref !.::= ~ t .::: ·:l ir! CNS pathology is unknow n and ner vou s 

3 ~, n1 pt o ins h. a ve not been ass ociated with infection in the 

CNS co mpl ica t ion s of a wid e va~iety have been 

r e r c 1· t e d i. :; '"' s s o c i at i on w i th !'.!, , ~ u mo n i a e i n f e c t i on 

and i nclu de 8yndromes of psychosis, meningitis , men in-

goenc ep he.l l ;: is , cerebellar ataxia , transv erse myelitis 

and Gillian-Barre r a dionucleopathy (reviewed by Clyde 

19 79)~ ·r hese syndromes may be mediated by potentially 

ptt hologi cal i mmun e mecha ni sms a s demon s tr a ted by 

Bib e rfel d (1971 - cited by Brunner 1981) who reported . . 

the presence of antib odies to brain tissue in 80% of 

pate ints with~ · pne umoniae infe ction . 
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1.6 (vi) Seguellae of mycopl asma infections 

The possibility that immune mechanisms may be 

involved in the pathogenicity of ~· pneumoniae as well 

as cytopathic alterations has b~en suggested by pr e vious 

seroepidemiological evidence • . Other syndromes (reviewed 

by Clyde 1979) which hav e be c:ri de s cribed in association 

with ~· pneum oniae infection are otitis media, bulbous 

myringitis, erythema and multiformc e xudativum, nervous 

symptoms, haemolytic a n ae~ia and polyarthri tis. 

Evidenc e s uggest s th~t the disease caused by 

M. pneumonia~ infection may, in par t, be immunologic ally 

mediated in a previously sensit ise d host . Sm i th el a l 

(1 967) not ed that respira tory dise ase in hu mans whi c h 

failed to respond serological ly to ~· eneumoniae 

vaccination wa s mor e s ever e than th at i n unv accinated 

controls. Observation of more severe disease in 

sensitised host s and the de tecti on of tl · .ene um oniae 

antibodies in sera of young c hildl' cn f rom which !!· .PD~.:. 

moniae could not be isolat ed, l.e d to the searc h for other 

se nsitis ing agents with s i :~i la r shared 9lyco lipid antigens 

( Brunner 19 8 1 ) , Subsequent!. y it 11/ an f ound t hat the se 

antigenic determinants wer e sh ared with certain foods , 

including s pinach, and bact er ia, which may sensitise 

children to~· pneumoniae infection . Th e occurrenc e of 

vaccine en h anced disease h as been associated with 

previous sensitisation with a low potency vaccine 

in se veral infe ctions including Rocky Mountain 
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spotted fever and measles (reviewed by Smith et al 

1967)~ 

Imm~nologic aUy mediated complications of M. 

pneumoniae infection occur in extrapulmonary sites. 

While nervous sequelae as previosly mentioned occL1r, 

antibodies known as cold agglutinins directed aga i nst 

the I-antigen of erythrocytes, a shared antigen with 

tl· pneumoniae, develop in 50% of patients with mycopla sm~ 

pneumonia (reviewed by Brunner 1981)~ Elevated ~ o ld 

agglutinins are more prevalent among severe cases 

com~licated by haemolytic anaemia (Fiala et al 197 4 )~ 

1.7 ~_Y.coplasma infection cau s ing pneumonia 

and respiratory tract infection 

in man and animals 

Mycoplasmas have been demonstrated to be a pr i ma r y 

cause of pneumonia in humans and most species of domest i c 

animals. In animals they cause chronic respirator y 

disease with high morbidity and low mortality. Es :1eci a ll : 

where animals are intensively housed, eg. pigs, pou l t ry 

and laboratory rodents, where a large number of de bi l i t·· 

ating factors may predispose to the appearance and 

severity of pneumonia. 
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M. pneumoniae .infection of humans 

Recent reviews of M. pneu mo ni ae infections of man 

have been published by Clyde (1979) and Brunner (1981)~ 

Mycopl <~~ pneumoniae represents one of the most 

c:om:i1 on aetiologic agents of the loUJ e r respiratory tract 

of man. In H 12 year surveillance pe riod in the U. S . A., 

i nfection rate varied from 2% in endemic years to 35% 

in epidemic yea rs (Foy et al 1979)~ In the study 20% 

of aJ l pne urnn ni as \!/ere due to !:! · .rneumoniae infec;:lion. 
, 

Cpide mics ~f atyp ical pneumonia folloUJed a cyclic 

patl ~Tn; occurring at intervals of 4 tq 6 years (Lind 

J. 9 7 l ; Foy ~L.,a l 19 7 9 ) •. Pr i mar y <.1 typical p n e um on i a mo s t 

C0 !1li!;0;\ 1 y o~c;_;rred in childr<;; n 5 to 19 years, denoting 

chj.ldrc n as an import ant vector of the disease. 

i ·i o s t l n f e c t e d p e op l e h av e r e l at i v e l y mi l d s y mp t oms 

which ~ re only infr equently accompanied by complications. 

A dry c~ugh , malaise, fatigue and rhinitis are most 

f~ 6qu e ntly c hs erved. It has been estimated ·that 

s ppr oxJ~at e l y half the infections occurring in adult s 

are completel y asy mp tomatic ; probably reflecting some 

degree of protect~ve immunity (Clyde 1979) . Ho UJever , 

nat ur a l r e infect ion UJith ~· .E_Q~u m oniae may occur UJithin 

1 to 3 years periods in children (Fern a ld et al 1975) 

and asymptom at ic disease may reo cc ur in c;idu l ts wit hin 5 

year s (Foy et a l 1979) ;.· indicating th ·at:. protective 

immunity follol!ling nat ural infection may be limited in 

degr ee and dur ati on. 
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1.7 (ii) Mycoplasma pneumoni a in cattle, sh eep and goat~ 

Ruminants are infected by some highly pathogenic 

species of mycoplasma which are the cause of diseases of 

major importance, including cont agjous bovine pleuro­

pneumoniae (CBPP) and contagious caprine pleuro­

pneumonia (CCPP)._ The agent of CBPP, ~· !!!.X_SOides subs p . 

mycoi9~ was first isolat ed as long ago as 1898 (Nocard 

and Roux - cited by Gourlay and Ho·~ar d 1979) and while 

eliminated from many cou~tries s t ill causes seriou s 

economic loss in many par ts of Afri c a , India and 

possibly Mongolia. 

Reviews of CBPP ha vA beer1 m8de b y Hudson (1971) 

and Gourlay and Howard (1979)~ The r1atural disease 

spreads slowly and is diffi~u l t to e radicate. CBPP may 

be quite acute, causing dea th witl1in a week or i t may 

be chronic. Th e condition ma y be ccme arrested by the 

walling off of infected lung fo ci, i ;1 which case the 

animal may appear to have recover erl, but the sequestr a 

may breakdown at any time ~ i t h re appearance of symptoms 

and shedding of organism~. Infec t i on i s charact e ri se d 

by a fibrinous interstiti a l pneumonia with pleurisy . 

Initially CCPP of _ goats was at tributed to~ · 

mxcoi?e~ subsp . capri, how eve r, more r ecently CCPP has 

become a les s specific term a nd now refer s to a ny 

contagious mycopl a sm a l pn e umonia of goats . ~· myco~ 

subsp . ~ycoides has been incriminate d ae tiolo g ic a lly as 
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well as a new strain, F38 (McMartin et al 1980) which 

closely resembles CCPP in historical reports (reviewed 

by Cottew 1979; _Gourlay 1981)~ Isolates of M. mycoides 

subsp mycoides, large colony type, isolated from cases 

of CCPP have failed to produce disease in challenged 

cattle (Cottew and Yeats 1978) •. 

Other species of mycoplasmas, including M. £...:ivis 1 

M. dispar and Ureaplasma spp. are frequently isolated 

from pneumonic lungs of calves. When inoculated into 

gnotobiotic calves tl· bovis and Ureapl as ma spp . produce 

"cuffing" pneumonia and tl· dispar an interstitial 
. . 

pneumoni a. These subclinical pn e umonias in gnotobi0ti c 

calves closely resemble subclinical pneumonia present 

in young claves. These mycoplasma species can also be 

isolated from severe chronic cases of calf pneumunl~ f£ c~ 

which many different species of mycoplasmas .can ba 

isolated, The exact role of these mycoplasmas in Lhe 

clinical syndrome is not clear. 

Inv estigations into atypical pneumonia of sli2.(3p by 

Foggie et a l (1976) _and Jones et al (1978) _con c lurle d 

th a t tl· ov}Eneumoniae, tl· ar~inini and PastureJ}a 

,ha emolytic.~ may commonly be the aetiological agents 

i n v 0 1 v e d in 0 v in e p n e u m 0 n i a • w h e n n. 0 v i p n e um 0 n ~-~£. \!I as 

inoculated endobronchially into 2 l ambs only 1 develop e d 

microscopic lesions. The organism was the n natur al ly 

transmitted to 6 in -contact l ambs , being isolated from 

nasal pas sages only, but produced no lung lesions in 
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these. When inoculated in conjunction with cloned 

isolates of il· arginini and £. haemolyti ca lesions 

indistinguishable from field cases of atypical pneumonia 

were produced. 

1.7 (iii) . Mycopl!~mosis in poultry 

Sl!b ~~lj n ical respiratory tract infections may occur 

with ti· g2J.l..~septicum. , !2· ~noviae and il· meleagridis. 

Clini ca l disease is of ten observed in young birds 

possibly following infection through th e egg , however 

i~ciden ce and severity of disease are subject to pre-

disp os ing Fac torsi including tra um a , environmental 
; . 

ammonia, cnld and social stress (reviewed by Jordan 1981 : 

il · H.:lllisepticuni (Mg) frequen.tly causes clinic a l 

dis ~a8e i n chickens and turkeys, and signs observed 

in r. 1u d8 rs1e s , coughing, sneezing, nasal discharge and 

cw ~ Jling af Lhe infraorbital sinuses espec ially in 

l u 1..' k e y s • \,J h i. l e !:!, • ~.l' n o v i a e in f e c t i on mo s t c om mo n 1 y 

cause s ~ rth r itis, it may also prod uc e respiratory s ign s 

si1nila;:- to Mg in chickens and l ess frequently causes 

sinus it i s in turkeys. In il· ~~agridis infection 

th ere are rarely ~ny respiratory signs. 

Chronic respiratory diseas e caused by mycop l asma 

infection has a worldwide distribution and . is. of major 

econo mic importance wh e n st~ck are reared und er ~iensi~ 
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management systems. Mortality in poultry is relatively 

rare and ec onomic loss is caused by reduced production 

of layers, broilers and turkeys, downgrading of carcasse~ 

and sub-optimal hatchability. 

1 • 7 ( i v ) My c op 1 as ma s p p • c c. u s i.!_' SL.E~ s p i r at or y d i s e as e 

in pigs 

Enzootic pneumonia of pigs ( EPP)~ which is 

typically a chronic pneu~onia Affecting pigs housed 

under intensive condition s , i s caused by ~· hyopneumoniae 

(Mare and Switzer 1965; syn . Li_. ~uir;ineumoniae, Good win 

e t a 1 1 9 6 5 ) . i n f e c t i on , c>. r: ~~ i s t h B s Ll b j e c t o f th i s s tu d y 

(reviewed in next section). 

I n i t i a 11 y it was t. h 1:: u ~ h t t. hat k~. . h y o r h i n d s 

infection only played a es coridar y ro .ln in the production 

of ch~onic pneumonia in fin is hj.ng pig s (Switzer 1967; 

Whittlestone 1979)~ Further studie s demonstrated the 

role of this organism i~ the produc tion of primary 

pneumonia in piglets (Fr~is 197l b) and that strains 

vary in virulence. The na tura l dis e ase is characteris ed 

by pneumonia and polyseros iti s producing pleur al , 

pericardia!, and peritoneal adhesions , with poly­

arthritis in piglets. 

M. flocculare was first isolated by Fri is (1972) 

in Denmark and further isolates have be en obtain ed from 
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pneumonic lung and nas a l cavities (Fri is 1976) . 

Isolations of this s peci e s in the U.K. (Whi tt l estone 

1979) .have been obtained from pneu monic lun g generall y 

fr ee of M. hyopneumoniae. Pig l ets expe ri menta ll y 

inoculated with aerosols of this organism developed 

small pneumonic l es ions and t he organism was recov e red 

from t he brain and ple ur a l a nd pericard ial cavit l es 

(Friis 197 3a , 1974c, 1 9 7 6) ~ Th e role of this org ani sm 

in the ·pn e umonic complex is un certain , as infectiGFlG 

with t hi s mycoplasma in SPF pig herds in Denmar k are 

not associated with clinical pn eumoni a (Friis 1976 ) . 

l. 7 (v) !1: .. pulmonis in f ection in rod e nts 

Murine respiratory mycoplasmosis (MRM) is a m a jo~ 

disea s e problem enco untered in laboratory rats a :1d 

mi c e ( r e v i e we d b y C as s e 11 an d H i 11 l 9 7 9 ; C a s s e 11 E..~-~~d. 

1981) •. They not only present di a gnosti c problems, but 

also i n t eract wit h host physiol ogy including chan ges 

in b i o 1 o g i c a l r e s p on s e s w h i ch ma y a d v e r s e l y e ff e c i: 

stud i e s i n man y fields eg . inha l a tion to x icolog~-

T r an s m i s s i on of in f e c t i on ma y o cc u r i n u t e .£2. or 

by inhal ation of inf ectiv e aero s ol in the first few 

weeks of life (C asse ll and Hi ll 197 9 )~ On ce infect ed , 

progr es sive r e spiratory dis e as e de ve l ops which ma y 

ev e ntu a lly r es olv e or pe r s i s t f or l i f e with these 

anim a l s acting as r eservoir s of in fe ction. The 

incid enc e a nd s e verity i s influ e nc e d by many e nviron-
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mental, microbial and host factors in a manner similar 

to chronic respiratory disease of poultry. Of 

particular interest is the finding of Broderson et al 

(1976) . . 11/ ho sh o\l/ ed t hat lev e l s of intracage ammonia from 

25 to 250 ppm significantly incre ased the s evsr it y of 

rhinitis, otitis media, tracheitis and pneamonia . 

In fact, the prevalence of pn~umoni a 

positive correlation 11/ith incre asing ammon i a l evels . 

~· pulmonis respi~ atory disease is clinically 

silent, 11/ith only 11/eight : loss, roughened hair coat, 

na§al and ocular discharg e s deve l oping in the terminal 

stages of the disease. Cor~ ~la t ion bet\l/een clinical 

signs and pathological nl.4-:~~ rations i t::; a l most non­

existent and les ions vary considerably bet\l/een animals 

in the same cage . Althou gh clinical disease is rare, 

epizootics of disease sGm s t i mes occur. 

1 • 7 ( v i ) . ~es e i rat or y tract !!lY. c 2..E. l a.~_r~~-~ of dogs a nd c at s 

Pneumonia in dogs ! s ve ry oft e n associated 11/ith 

mycoplasmal infection, ho wever, or ga nisms are also 

recovered from norm a l luGgs at a loll/ frequency . 

(Ro s en da l 1979)~ tl· cynos \!/as initially 

isolated from a case of pneumonia (Rosendal 1972) and 

whe n inoculated endo bronchially int o \!/eek old pups 

caused severe bron chitis and bronchiolitis . The 

organism \!/as recovered for a period of 3 \!/eeks post-
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inoculation (Rosendal 1978)~ Other species isolated 

from cases of distemper include tl· bovigenitalium, 

~· canis, ~· spumans and tl· gateae and when incoulated 

into pups only tl• bovigenitalium cause d morphological 

lesions, being a mild bronchitis. 

While M. felis is most frequently associ~t e d 

with feline conjunctivitis (reviewed by Rosendal 1979) , 

intranasal and conjunctiva! inoculation of 6 to 10 

week old kittens r es ulted in 2 developing foci of 

intersti tial pneumonia (Tan and Miles 1974)~ A furth er 

is~late of ~· arginini (Tan et al 1977) was exami!1ed 

for exper imental pathogenicity but none of the 6 t o ;. 

week old kit tens developed any respiratory signs, 

de sp ite colonization of the upper re s piratory trac t . 
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1.8 Detailed con s ideration of 
Enzootic Pne umonia of Pigs 

1.8 (i) History 

Chronic non-fatal pneumonia is frequently a 

major problem when large numbers of growing pigs 

are hou se d together in confin e d air space. Many 

spec i f i c a gents a nd non-specific factors contribute 

to the pneumonic condition s of pigs, but the most 

comm on C'~ 1· ::rnic pn e umonic syndrome occurring through-

ou t the wor ld is enzootic pn e umonia of pigs (EPP). 

The di se..:s e hos been referr e d to by a variety of 

n2m es, includin g infectious pneumonia, "virus pneumonia" 

a s Ill .- · ~. J. 2 ;3 t j-, e current en z 0 0 tic p n e urn 0 n i a. Since 

d&fln it io ~ ot t he ae tiologic agent the disea se has also 

beep t R~~e d myc oplasmal pn eum oni a of sw ine. 

Prior t o 1957 it had been pre s u~ed that a virus 

1112 s the causal agent of chronic porcin e pneumonia, 

Th i s vj 8111 h8ci a risen as filtr at es of lung suspensions 

pas se d th rou~ h bacteria-retaining filt e rs, were in-

f ect iv e t o r i gs and the infectivity wa s unaffected by 

~;" n i c .i 11 i r1 o :: :J 1.iJ. p hon a mid es (\v hit t 1 est one 19 5 8 - cited 

by Wh i tt l es tone 1973). 

Evidence s ug ges ting the a gent to be non-viral was 

first pr ov id ed by Be tts a nd Campbell (1956) who demon-

strated t hat th e es t abli sh ment of EPP could be prevent e d 

by prior a dmini stration of t e tracyclines . Following 

this, Whi t tl es ton e (1957; 1958 cite d by Whittle s ton e , 

1979) demo nstr a t e d that the size of th e causal age nt 
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agent was between 200 and 450nm and that similar 

sized organism s could be seen in Giemsa stained 

touch prep a ration s of pneu mon ic lung. At this time 

Whittlestone postul ated th at this organism seen in 

association with pneumonia was the causal agent of 

EPP, most likely being a fastidious mycop lasma that 

could not be cultivated at that t ime . The org a nism 

was first grown in tissue culture (Betts and Whittlestone 

1963; Goodwin and Whittlestone 196 3) and then in media 

free of living cells (Goodwin and ~hitllestone 1964). 

Thi s latter report demons t rated conclusively that the 

agent was non-vir a l by repea tably passa ging organisms 

grown in broth culture bey0~d lhe theoretic a l limiting 

dilution through which a hyp othetica l vira l agent could 

have been carried. At th is ti me th e a ge nt was cul-

tivated in the Unit e d State s by L'Ecuy e r and Swit ze r 

( 19 6 3 ) w h o pr op a g a t e d the a g 6 1 1 i.: i n •..: E: 11 c u l tu r e , 

however th e i s ol ate lost i nfecti vi ty for pigs during 

pas s age • M a'r e and S w i t z e r ( 1 9 6 5 j t. h e n r e po r t e d t h at 

th e agent cultivated in broth was ... .. ,. t: . 
OU-l- t o pr od uce 

pneumonia, confirming it to be non-vi ra l. Colonies 

were cultivated from their b r oth cu1 Lur8 s whic h were 

distingui shab le from fi. b.l~.£!.iin_ia_ r::.nd /~.!-.:h ole~lasm a 

granularum, but it was not known ~hether these colonia l 

organisms, called~ · hyopn8 ~.~~IJ....~~ could produce pneumoni a , 

or were the same organisms as Lhose in broth cultures 

which induced pneumonia. Thi s proof was provided by 

Goodwin et al (1965) who obtained colonies fro m broth 

cultures, passaged them ser ially to prec lude mechanica l 

carryover of other age nts, and then induced EPP in pigs 

with the final colonies, lat er recovering this organism 
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from the affected pigs. This isolate, named M. 

suipneumoniae was found to be unrelat e d to 42 other 

strains of mycoplasmas by th e growth inhibition 

tests; and the pneumonia-inducing mycoplasma isolated 

in broth culture of M~re and Switzer (1965) was 

indistinguishable from M. suieneumoniae (Goodwin 

et al 1967). 

Both names for this mycoplasma have been used 

since, and several reports of the Subcommittee on the 

Taxonomy of Mycoplasmatal es (Subcommittee 1967t 1972, 

1975) hav e di sc us sed the taxonomic difficulties. 

While the name £:1. ~pneumoniae had priority as to 

da te of publication, the original culture lodged with 

the Am e ric an Type Culture Ce ntre (ATCC 25617) wa s Jost 

because it could not be maint a ined ser i a lly in sub -

c u 1 tu r e ( R o s e ~l. 19 7 9 ) , b e i n g s u b s e q u e n t l y r e r> 1 a c .~ d 

by another culture obtained by Switzer. However, as 

the passage history of this culture did not includ e 

cloning by appropriate methods, it is doubtful whet her 

it is identical with th e strain on which the descript i on 

of M. hyopn eumo ni ae is based, an d henc e a neotype had 

to be designated . As strai n J, the typ e by monotypy 

of M. suipneumoniae i s easier to grow and more 

work a bl e than st rain 11, from whi c h i t i~ ser ologic alJ.y 

indist ingui s hab le (Rose et ·al 1979) th e J strain 

(ATCC 25934, Nation a l Cultur e Typ e Centr e 10110) 

has bee n adopted a s the neotype of £:1• ~umonine. 

Th e J s tr a in was purified prior to depo sition as th e 

typ e st rain by 5 se ri al s ingle - co lony passag es on 
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agar medium. The parent strain induces Ep p but the 

cloned culture does no t (Whittlestone 1979 ) , however 

no s e rological differ en ce exists between the pa r e nt 

and cloned stra in s . 

1.8 (ii) Clinica! Aspec t s 

Upon initial introduction of the disease into a 

herd, all pi gs are full y susceptible to in fe c t ion, 

inc Judj::g a:Ju lt boars a nd sows whic h ma y b e ov erlli he l med 

;} y f u 1 min a t in g 1 e s i on s fr om w h i ch t he y s om e t i me s d i e • 

In it ial s ymptoms in these cases are usu al ly anor ex i a , 

ar ufe re spjra tory distress with or wi thout fever 

(Bl c!: . .1 rl ;., ;: d Henderson 1974). 

!n th e e ndemic s ituat ion, the di sease i s a chronic 

no n- fa tal c and iti~ n (subc linical), charac t er i sed by a dr y 

non-productiv e cough, r etarded g rowth rat e and in e ff ecti ve 

f eerl uli!iGatlon . Wh ere management practices and envir on ­

me nt a l condit i ons pr ed i s po se pigs to pneu mo nia, l es i ons 

rna y be e.x:tenc: e d an d comp licated by secondary bacteria l 

i nv ade rs . It i s impor ta nt to note that coughing and 

pne umoni r. are different criteria of the disease. 

Cou ghing i s rr.c r.e symptomatic of bronchiti s th an pneumonia 

ar.ci lt par tly depe r:d s upon the infl ue nc e of secondary 

bacte ri a wher eas pig s wi th exte nsive enzootic pneu monia 

may not cough. 
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In cases where the disease is sever e , or where 

extensive secondary bacterial infection occurs, occasional 

deaths or runting of pigs may occur. On a 

herd basi s these symptoms cause ~reater uneveness in 

b o d y '.! t e i q h l th an· o t he r w i s e e x p e c t e d , 1 e ad in g t o a 11 t a i 1 

in pr oduction 11
• 

l . 8 ( i i i ) P at h o 1 o ql 

Th t gross and hi s tologic appearanc e of EPP lesions 

3~e desc ri~ed in detail in Chapter 2, 1, (i) (ii) (iii). 

The ' progre ss~ve development of EPP lesion s WQ.:S · describ e d 

by V :, .it t l i:: s t on e ( 1 9 7 2) v.1k r e c or d e d t h at aft e r in o cu 1 at i on 

o;' ~1 igs 1!.1ith c ul tures of Ii · hyopn_::,umoniae ·or EPP lung 

su c pAnsjons , gross pneumonic le sions could be detect ed 

within 7 to 10 da~s. Gross lesions in mos t pigs per s i sted 

ur to 6 weeks post-inoculation and there was progres sive 

r e c ov e ry ~ ft e ~ 10 weeks. Residual lung l esions were 

detect e d i n a few pigs up to 37 weeks. 

The healing proc ess following experimental EPP 

-:;.:;scr i beci b y f.~0 rtschinger et al (1972)-cited by \·lhittlestone 

(197~) - is s im ilar to that described by Whittlestone 

( 1'97 3 ) in Chapter 2. l (ii). In that re por t gross 
' 

lesions were found le ss frequently 2 months after 

inf ec tion but the per ibronchial reaction persisted for 

the full observation period of 4 months. 
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Pneumonia caused by ~· hyopneu moh i ae infection in 

pigs is of longer clinical and pathological dur ation than 

~· pneumoniae infection in humans. 

·infected pigs, ·heali"n'J . of l e sions 

In experimentally 

after 

10 weeks, however gross lesions v2r e detected in a few 

pigs up to 37 week s (Whittlestcne 1972 ). By comparison 

~· pneumoniae infection of humans lasts as an acute 

febrile disease with coughing a~d mal ai se for approx imat e! 

1 week. When infection is accurap anied by pneumonia, 

lassitude may persist for 3 weeks or more (re viewe d by 

Clyde 1979). In pigs, the pneu;!1 C:r1ia t ypically involves 

the alveoli and is charact ~ rised ~y lnf iltration of 

polymorphonuclear neutrophils ~nd mononuclear cells, 

together with proliferati on of a~ vea lar cells producing 

c on so l id at i on o f al v e o l a r i: i ~: ~: t.! •: • I i 1 il u man s , a 1 v e o 1 i 

are usually spared with appa n:n l co nso lidation being 

due to at e lectasis caused b~ exudate from the bronchial 

infect}on obstructing the ai~w ay . 

The duration of gross rneumunic les ions in pigs is 

e v en g re at e r u n d e r f i e 1 d co rd i t .i on s • .L' t n or m a l s 1 au g h t e r 

age of 20-28 weeks, betwe e n 16 -J.Omo of lungs have been 

observed affected (Table 1.4). This may be attributed 

to the microbial complexity of the field con di t ion 

(L'Ecuyer et al 1961; Gois ~t al 1975), which i s commonl y 

secondarily contaminated with Paste urella mul tocida 

(Carter and Bain J.960 - cited by Smith et al 1973; 

Bolske ~t al 1980; Go is et al 1980 ) which ·aug me nt damage 

in lung already injur ed by EPP (Smith et al 1973). 
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Other factors which promote the chronicity of ~· hyopn e u-

moniae infection are l evels of atmospheric ammonia in pig 

houses which interfere with the muco-ciliary defence 

mechanism (Drummond et a l 1978) and the accumulation of 

high levels of aerosol bacteria i n c losed or poorly 

ventilated airspaces. The role of theso secondary bacteria 

is further supported by the dem ons tra tion that the number 

of bacterial species in the lung increase with the extent 

of lung le s ions (Gois et a\ ] 9 75), As a consequence, 

treatment of th e condition often c e nt r es on determining 

what type of secondary bacteria 8re present and their 

antibiotic sensitivity. Tht antibiolic of choice is 

therefore one with a broad speDtrum of activity or a 

combination 
of\ol :secondo.ry 

Arri; c.o.t-i on 

of 2 drugs to treat +he prif'>'a.r'j mycofla.5M.as 
f>a_c,tQ,ria , re~f eciively. 

of a vaccin e against kn a~n secon dary invaders 

may reduce the severity of th e cundit ion, however it is 

likely that under these unf a'1o ur able c onditions the effect 

of pure mycoplasm a infection ~culd i lse lf be economically 

significant and still warran t the de vel0p ment of its own 

vaccine. 

(iv) Q._i ~g n o s i s 

Despite ma jor advance s in rec8nt ye ars in techni ques 

f o r t he i s o 1 a t i on of .!:1, .!ll£1?..~l:l mo n i a e i t s s e r o 1 o g i c a 1 

identification and detect ion of specific antibody, fe w 

laboratorie s hav e dev e loped sufficient expertise to us e 

thes e technique s routin e ly (Whittl est one 1979) , Extensi~e 

use is therefor e st ill made of non- spec if ic me thods of 

diagnosi s (McKean~-~ 1976, 1979; Giger et al 1977). 
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(a) Non-specific methods 

The pr ese nce of EPP in herds pr evi ously free of 

disease is indicated by a rising pr evale nce of lungs 

at slaughter with catarrhal pneumonia. Lesions may be 

present even in the absence of obvious clinical signs, 

and when present in adults is extremely suspicious. 

Clinically, chronic coughing may be evident in all 

age groups of stock. 

Many of the histopathological lung changes wh ich 

occur in EPP are considered indicative of , but not 

F1'0~M rno11t'c for, th e disease. Pneumoni a c haract erise.:.: 

by mign1t.ion of polymorphonuclear neu trop hils, 

vacuolation, en large ment and prolif e ration of alveal~r 

cell s~ and accumulation of lymphocyt es , macroph ages a nd 

pl asma cell s in the perivascular and peribronchiolar 

tis s ues may often prov e to be cases of EPP (Whittles t~ne 

1973). As the pulmonary ch anges are hor. - sre. c-i/lc 

Jericho (1977) advise s 

that diagno sis is best based on the presence of chroni c 

p n e u mo n i a i n a 1 a r g e p e r c en t age of gr o \II in g pi g s • C a u t i o :-, 

must also be used in interpr e tation of changes as G t~e r 

pneumonic conditions may appear similar, e.g. swine 

influ e nza , Jubb and Kennedy (19'6:-3 ). Despite this, 

McK ea n et al (1976) advise d the us e of histolog ic 

examination in the diagnosis of EPP in conjunction with 

other tests. 
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In a later st udy (McKean et a l 1979 ) where both non­

specific and specific diagnostic methods were u sed on 

the same specimens , hi s topathology was a useful tool 

in determining EPP status of a herd. However the 

occurr ence 0f simil ar his tolo gic l es i ons in EPP free 

her ds confirms that this test should not be us ed as the 

snl e di8gnos tic test on an individu a l herd. 

Th 0 ~ x amination of Gi Amsa - stained touch prepara ti ons 

of pn e um onic les ions for org an i s ms wit h the morp ho log y 

of !:!• b.Y.2..f?~U rnonia e has been us ed as a r apid di agnos tic . 

me t hod in the U.K . and Sw i ss EPP control schemes (Goodwin 

Et n d \!h i 1: t l e s Lo ne 196 7 ; Ke 11 e .i::· an d Be rtsch in g er 19 6 8 -

c F e rl by Hh i t;: les tone 1979 ; Kel le r 1 976) . Typical l y 

M. 1:t£.f.l} ! 1;,!;!~,0'1 ~~~ organisms appea r as de licate bip olar 

or ring form a with · thi cke nin gs at 1 or more points 

( Wh i tt le s t 0nG 1973). The co mplete ab ~e nce of organisms 

of t his mciph Glo gy fro m severa l ear l y pneumoni c cases 

fr om a su sµe ~ c e d outbre a k i s significant negative 

evi de nc e; ~ ~a reas th e pre se nc e of l a rge numbers of 

org nnisms •:Ji th c l ea r mor phol ogy of £1 · b.i'_opneum_oniae 

i r ~ icates t he disease i s virtual l y certain t o be EPP. 

P~oh l e ms ari se when other por c ine lu ng mycoplasmas a r e 

pr ese nt. Fa ls e po s itives ma y oc cur in cases where l ungs 

c a r r y £1 • f l o c c u J. a r e OJ h i t t 1 e s t o n e 1 9 7 9 ) an d s om e 

experi e nc e is required to diff erenti ate £1 • hyorh.in i s 

th at consist mainly of cocc i and co mma-shaped organisms 

with few e r r ing forms. Th ere is a good c orre l ation 

betwee n thi s method and isol ation (Whittlest on e 1979) 
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or the IMF and immunoperoxidase tests (Giger et al 1977). 

The continuing use of these non-specific diagnostic aids 

in EPP control schemes may be justified by the demon-

stration that a high degree of accuracy in diagnosis 

of EPP may be ac hieved by using combinations of non-

specific ~ith the more specific serological methods 

(McK eon et~ 1979). 

(b ) Spec ific diagnosis 

CULTURE: Whil e isolation of !1 · hz.9.-

~~.!!~-~.!:!)_<:!~ in broth follo\l/ed by serological id e ntificati on , 

is the mo st common specific diagnostic method used, 

' i sol ~~ ion rema ins difficult and la bori ous even under the 

b E?t c ond itions (e.g. Wil so n 1976 ; Slavik 1976; Pijoan 

and Rot Grts 1973). Initi a ll y i solation was only achieved 

in n smRl l per ce ntag e of cases (G ood\l/i n et a l 1968b) 

fro m fje ld mat e rial due to proble ms with the fastidious 

gr owth r equi r e~a nt s and overgrowth by ~· hyor hin i s \l/hich 

is much l es s f ~s tidious and also produces a colour shift 

due to gl u~0s~ fermentation. Th e degree of purity of 

medium co ns tit.ue nt s a nd chemical cl eanliness of ve sse l s 

ar a also very cr itical. 
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To selectively isolat e M. hyopneumoniae in 

the presence of M. hyorhinis 4 main methods have been 

used. Firstly, M. hyorhinjs a nti serum (Goodwin and 

Hurrell 1970; Yamamoto et al 1971 ) can be incorporated 

at 6% into the culture medium a nd when used in con­

junction with dilutions of th e pri mary inocu lum fr Oifl 

10- 1 ~QJ selectively grew tl• hyopneumoniae. 

Secondly, inclusion of th e antibiotics kanamycin 

sulfate (Ya mamoto et al 1971) or cycloserine (Frii8 197ld ) 

ha5 a selective action against ~· hyorhini~ . 

Thirdly, Goodwin (1976) found t ha t 

optimum growth of tl· hyopneumoni ae was obtained in 27 % 

pig serum, an d Whittlestone (1976a) fo und that adci ti Gn 

of 5% rabbit serum gave a stonger colour change. 

F1'r,afly, Gois et al (1975) foun d that M. hyorhinj.,2_ 

was generally dead after 5-7 weekly passages, but 

tl• hyopneumoniae continued to grow. Failing this 

hyper immun e antiserum aga inst M. hyorhinis was included 

and cultures further passaged. 

The culture method used by Whittlestone ( 19J9 ) i s 

similar to that used by Frii s (1975) and Goodwin (1 9J7) 

and uses aseptically collected pneu monic tissue wh e r e 

feasible. If contaminated, pieces of lung are surfac e 

sterilised by boiling in water for 8-10 seconds. A 

10% suspens ioh of lu ng tissue is mad e in non - s e l ective 

broth and dilutions made to 10- 6 in both se l ective and 
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non-selective broth. !:'.!.· hyopneumoniae strains that 

grow readily show an acid shift aft e r 3-10 days when 

they s hould be passed. Friis (1974a - ci ted by 

Whittlestone 1979') noted that the growth of !:'.!.· 

hyopn e umoniae is s trongl y promoted by the ro ller 

technique. Farrington and Switzer (1976 - cited by 

Hhittlestone 1979 ) recommended t hat a mi nimum of 5-10 hl;no/ 

pas ses at 3-5 day intervals sh ould be made before calling 

a culture negative; Whittlestone (1979) recommended 

they not be abandoned until they had been incubated f o~ 

2 months. 

Once a colour shift is produced in broth by 

the organism, the method of choice for identi fic ation 

is th e metabolic inhibition t est , using hyperimmune 

rabbit antiserum prepared again3t the neo type J s t rain 

(Goodwin 1977; Whittlestone 1979). As!:'.!.· hyopneurr:~t~e. 

gen erall y fails to form well defined colonies (Gois 

and Kuska 1975 - cited by Whittlestone 1979) the DGI 

test cannot be used but the GP test may give r esu lt s 

of equal specificity to MI. Limitation of the GP te s ~ 

has b ee n described by Friis ( 1977) who found cross­

reaction s between !:'.!.· hyopneumoniae and M. floccu l ar e 

when aga r plates were incubat ed for prolon ged periods. 

The diagnosis of the di sease wo uld be greatly 

simplified~ if direct isolations could be made from 

EPP lung s . Two ea rlier publications (Mare and Switzer 

1966 ; Goodwin and Pryor 1970) report the direct 

isolation of M. hyopneumoniae on so lid medium, ho wever 
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few reports support this work. 

The first report of growth of mycoplasma 

type colonies on solid media from · pneumonia-inducing 

fluid culture s was from Mare and Switzer (1965) who 

incorpor a t ed 1% agar in fluid med~um of Goodwin and 

\friittlestone (1964); Goodwin et al (1965) first 

provided details of methods and results of colony 

cultur e ; jnr::!'i::: at ion being at 37°C in a moist atmosphere 

c on l a j n i ri g 5 t o l 0 ~~ C 0 2 i n a i r • (on ve x mycoplasma 

colonies developed in 3 days on agar prepared fro m 

A22 broth media (incorporating boil e d-lung tissue), 

and af ter passage ma intained their ab ilit y to induce 

EPP . Aµart f r om fu r ther s ucce s aes in growing colonies 

of M • .b, t.~~! . mo n i a e ( VJ h i t t 1 e s t o n e 19 7 2 c ; G o o d w i n 1 9 7 2 a ; 

Friis l971c) there ap pe ar s to have bee n a general 

probl em , Gven amongst expe rie nced workers, in growing 

co lon ie s of ~ .. ~eneumoniae . Whittlestone (1979) 

reports dif f iculty in obtaining colony growth even 

fr a m cultur8 ~ a lre ady adapted to liquid me dium and 

knawn to con t ai n l arge numb ers of colony forming unit s . 

Di r ect i so l atio n of ~· hyopn eumoniae on solid 

i11edi um fr.·orr. e ~.:per ime ntally infect ed and field cases of 

EPP Illas reported by' Goodwin a nd Pr yor ( 1970). 

However, s ub sequent batches of medium using different 

porcine serum did not give ri se to colonies so regularly 

(Goodwin 1972b) . Earlier Mare and Swit zer (1966 ) 

me ntioned they could isolate M. hyopn e um i:i ni~ dir e ctly 
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from field cases but gave no indication of methods, 

subcultivation and identification used. Friis ( . 

- cited by Whittlestone 1973) was able to isolate M. 

hyopneumonia~ directly from experimental cases but 

not field cases. 

Gr ow th of M • h y op n e u D1J2!1 i a e i n e m b r y on ate d 

chicken eggs was possibly fir s t achieved by Dinter 

et al (-cite d by Whittlestone 1979), h owe ver · due to lack 

of suitable sero logic t e chnl qu~s for identifying the 

organisms or detecting an antibod y response in pigs 

the results are difficult to in t e rpr et . Since iso­

lation bec a me feasible in c ell fr a e media there h a ve 

been few r e ports of prop a gati o11 of i s ol a t es in emb r yo­

nated chick e n egg s . Mar e an d Swi t z e r (1966 ) could 

find no evidence of growt h o !' t ~ 1 c L;: Ame rican s tr a in 

VPll in chick e n e mbryos, nor we r e le sions of EPP 

induced in pig s inocul a t e d u; ith the ma t e rial. Str ai n 

J of M. ~p_n~u moni a~ was s uc ces 8 f ul l.y pa ssed vi a yol k 

sac of 6-7 day embryon a t e d r- hi ck e n e qgr; (Goodwin e t al_ 

1968a), and on the 17th pas s 3ge r e p~ e se nting a dilution 

o f l 0 - 3 2 of t h e or i g i n a 1 gr 0 u n t"1 p n .~ um o !1 i c 1 u n g , i n d u c e d 

EPP in inocul a ted pigs, 111n i ch wa s na t ura lly tr ansm itted 

to other pigs 111i th M. bl.9J~.n!:.~.~.1~9.'2..~.~ being r e cov ere d 

from th ese . 

Des pit e th e original successful isolations of 

M. hyopn e u moni ae in pla s ma clot tis s ue cultures ( Be tts 

a nd Whittl es t one 1963 ; Goodwin a nd Whitt le s ton e 196 3 ) , 
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pig lung monolayers (Mare and Switzer 1966) and . 

pig testicle cell cultures (L'Ecuyer 1969) , thi s 

technique has been ne glected s ince the introduction 

of c e ll fr ee me diums . Pe rhap s with better cell 

culture te c hniques now available attempts to isolate 

tl· hyopneumoniae on tissue culture s should be re s umed 

(Whittlestone 1979). Isolates of tl• En eumoniae using 

Hela cells inhibited by cyclohex imide have been obtai ned 

a f t e r 3 d a y s i n c u b a t i o n ( p e r s • c o m m • i. W. ~Ve"3 1 9 8 3 ) • 

IMMUNO FLUORESCEN CE : Since the initial 

demonstration of tl• hyopneumoniae organi sms linin g the 

br onchial and bronchiolar epithelium by the IMF 

metho d ( l'Ecuy e r and Boulanger 1970; Meyling 197 1; 

Livin gs ton 1971), the method has been adopted as a r&pid 

di agnostic techniqu e (Holmgren 1 ~74c; Gois ~ 

1975; Gig er et al 1977; Whittles tone 197 9; Weng 1980; 

Ama nfu et a l 198 0). 

A proble m wa s initi a lly encoun t e r e d by L' Ecuyer 

and Boulanger (1970) who found th a t conjugates prep ar0d 

fro m norm a l and hyper immuni zed rabbit antiserum t e nd8d 

to give a faint yellow-white co lor ation to the ti ssue 

sections. Th e non- s peci fi c staining prop e rt y pro bH b ly 

dir ected against porcin e ser um compone nt s in the 

material use d to immuni se c ould be re move d b y 

repeated absorpt ion with pig liver po wder, how ever its 

disappearan~ewas accompanied by a decr ease i n the 

specific staining properti es of th e conjug ate . In 

vi ew of th e po t ential de velopm e nt of a n t ibodi es in 
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animals against medium components in mycoplasma 

antigens used in their immunization, it was con-

eluded that serum from infected pigs rather than 

hyperimmunized rabbits be used. Non-specific 

staining of frozen tissue sections was not seen 

subsequently in preparations stained with the 

various porcine globu lin conjugates. In further 

studies porcine serum has been replaced by horse 

or rabbit serum in media for antigen production, 

(Livings to n .1971; Gois et al 1975; Whittlestone 1975) 

t o be used in rabbits. With the advent oft!• b.1..£ 

.QJ~U~~A3.~ st rains adapted to grow in rabbi t broth 

m8di~m, the indirect method ap plied to frozen sections 

has becomo a reliabl~ diagno s tic method (Whittlestone 

.l ~- 7 9 ) • A •:1 .:=i n f u e t a 1 ( 1 9 8 0 ) u s i n g h y p e r i mm u n e t! . 

h ~ o p~i:_ '-'_n~ 9 ... r:! i ~s. se rum prepar ed in pigs for con ju g at ion 

found, by meRn s of the direct plate ep iimmunofluorescence 

s orae cross -reac tion with colonies of M. hyorhin i s 

lhi s was r e du ced by cro ss-absorb ing concen-

ti· at ,3 d co r1 jug ;:: t e \JI it h a des ox y ch o 1 ate extract of M • 

Spec i fi c 1- luor esce nc e is limit e d to the surface 

~f the ep .i. thel ium of th e bronchi an d bronchiol es and 

to exudate fi lling the smaller airwa ys. The antigen 
' 

appears as a granular, int e nse ly fluor esce nt, yello1J1 -

green layer clo se ly following the ep ith e lial fold s of 

the large r pas sa ge s (L'Ecuyer and Boulanger 1970) . 

Fluor esce nc e was not detec ted until 25 days 

post-inf ec tion us in g e xp e rime ntally inf ec ted pigs, a nd 

wa s regul a rly see n in pig s kill e d t he r eafter ( L' Ec uy er 
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and Boulanger 1970). Livingston et al (1971), 

again using experimentally infected pigs, demonstrated 

specific fluorescence as early as . the 14th day post­

infection, and up to the 42nd day. Active lesions 

are reported to give best results, due to reduced 

numbers 0f organisms in chronic lesions (L 'E cuyer and 

Bou l anger 1970; Giger et al 1977). Giger et al (1977) 

also applied INF to both frozen sections and bronchial 

smears. S i m il~r result s by both methods indicated that 

the b r o n,~:1ia J. smear method was a significant improvement 

in the di agnosis of EPP, however in chronic cases 

u.·~ · er~ there is a low number of organisms s e veral lungs 

s~: o 1.1ld b =:1 ex a mined . 

The IMF method is used in conjunction with 

cul ' O: I'3 t o ob t a in .specific diagno s is in the great e st 

nu rn be r o f c L'l s e s p o s s i b 1 e • W h i t t 1 e s t o.n e ( 1 9 7 9 ) r e p o r t e d 

th nt in th ~ Da nish SPF scheme negative IMF results 

from s uspictou s pneumonias are checked culturally. 

Go is e t a l ( .i.S175) as sessed the presence of M. b..z'..E.­

P.!:.'.:- umoniae in 39 pneumonic lungs from a s e verely 

affect ed he rd by both culture and IMF. £:!• bxopne umoni ae 

was de te 2t ed in 10 by culture and IMF, 11 were positiv e 

by IH F on l y , an d 18 we r e positive only by culture. 

Thi s work s tres se s ~h e importance of applying more than 

one diagnostic me thod. In other studies I MF ha s 

identified £:!. b_~eumoni~ in 7m~ of 50 lungs with 

lesions obtaine d From ab attoirs and in 73% of 49 

affected lungs from piglets between 2-12 weeks of ag e 

(Meyling 1971; Holmgr e n 1974c). 



113 

Detection of a ntibody r esp on se 

COMPLEMENT FI XA TION (CF): tomplement fixing 

antibodies to ~· hyopn e umoni ae were fir st det ected by 

Roberts ( 1968) using the dir ec t method wh ich used 

unheated se ru m from experimentally infected pigs. 

Initial use of the test on serum collec te d at abat to irs 

(Hodges a nd Betts 1969b) demonstrat ed antibodies to 

M. hyopn eumoniae in 61% of pig s with microscopic l esio~ & 

of pneumoni a and in 12% of animals fr ee of gross l esions. 

Th e tes t was further utilised in experimental and fi eld 

s tudies (Hodges and Betts 1969a; Goodwin e t a l 1 96 ~ a,b; 

Wa lli s and Thompson 1969; Roberts and Li ttl e 197 0; 

Esk ildsen a nd Schjerning-Thiesen 1971 ) , 

Th e direct modified CF t8st was used by Bouinnge r 

and L 'Ecuye r (1968), Takatori e t a l (1968 , 1969) . Pig 

0 ser um was heate d to 56 C a nd the in act iv ated supp l e-

menti ng factors were provided by t he a ddition of serum 

from calves bet wee n 3 to 8 mont hs of age (Bou lang er 

and L'Ecuyer 1970). Slav i k a nd Sw itzer ( 1 972) used 
c 

complement provided by des \cat e d guinea pig serum 

recons t ituted i n serum from young , pneumonia-

free pigs, and standard i ze d production of the a nt i gan 

which was hea ted at 50°C to 54°C for 15 mi nu tes . Altho1.J~k +~ 
o.vr~o..-.s do Aor o/;scvss i"9.- r-ea.Sotl s for cloif19 -ff..1s, it pr-e.-SU11'\ably L 

overcame the probl e ms of poor complemen~ (C') binding 

and procomplementary ac tivity of th e antigen . Eskildsen 

(197 5) showed that porci ne antige n- antibody comp l exes 

would not fix guinea pig C' optimally unless the heat 

labil e porci ne co mpl e me nt co mp one nt C' lq was pr ese nt . 
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Demonstration of low levels of antibody in 

pig serum are often difficult as these are usually 

very procompleme ntary (Whittleston e 1973; Eskildsen 

1973 - cited by Etheridge and Lloyd 1980). To 

overcome this problem, Etheridge and Lloyd (1980) 

used a complement dilution method; by testing one low 

dilution of serum in the presence of a rang e of C' 

concentrations the procomplementary effect for that 

serum is kept c onstant and the amount of C' fixed by 

antibody - antigen complex can be calculated. The 

test also use s 1% se rum from young pigs to enhance 

complement fix a tion which is reduced in heated serum 

(Bou'l a ng er and L'Ecuyer 1968; Slavik and Switzer .19 '! 2) . 

During the course of ex perimental EPP, CF ci.r1 :::J .•. 

bodies can be first detecte d a ft er 2 to 3 weeks and 

reach maximum titres after 1 to 9 mo nth s (Boulanger 

and L' Ec uyer 1968 ; Roberts 1968; Hodges a nd Betts 

1969a ; Roberts an d Littl e 1970) . Thereafter, titre s 

progress iv e ly fall s o th at by 9 to 14 mon th s they ar.e 

low ( Bo ul anger and L'Ecuyer 1968 ; Goodwin et a l 1969a) . 

During natural outbreaks of EPP, antibodies de velop 

to M. hyopneumoni ae (Takatori, 1968, 1969; Roberts 

1968; Ho dges and Be tts 1969 b; Wallis and Thompso n 19~9) . 

I s o 1 ates of f1. b12 p n e um on i a e from Amer i 9 a (strain .-. 11 ) , 

Can ada (strains 29 a nd 33), and Britain (J strain 

isol a tes 6234 and 10 110) are all antigenically similar 

by this method (Roberts and Littl e 1970). 
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The CF test exhibits a high degree of 

specificity. Cross reactions could not be demonstrated 

between pig serum containing CF ~· hyopneumoniae anti­

body and tl• hyorhinis or~· granularum antigen (Takatori 

et al 1968; Boulanger and L'Ecuye r 196~). However, 

Hodges and Betts (1969a) did find tha t 2 pigs infected 

with fl. granularum and 1 of .16 infected with ~· b.l'.2rhinis 

produced low-titre cross reactions with M. hyopneumoniae 

antigen. CF antibody was detect ed ·;.:; 37~ of serum 

samples from 6 pneumonia-free herds and in a further 8 

of 34 samples from 2 herd s believ ed to be fre e of EPP, 

but ~ffected with other ty~es of pneumonia (Hodges 

and Betts 1969b). In a larg e r stu dy Wo od s et al (1 976) 

found CF antibody in 9.4% of 45 B s0ru~ s amples from 

8 EPP-free herds, compared with 51.7% of samples from 

EPP infected herds. Titres :a ~ ordcd in EPP-free herds 

\I/ere also generally lower t.har1 tit res recorded acros s 

infected herds. False negatives in i nfected pigs have also 

bee n r e p or t e d b y R ob er ts an d l.. i t t J. c· ( ;. 9 7 0 ) and at 1 o \II 

dilutions the variable proc 0mplemenlar y activity of 

porcine serum may be respon (db le (Es ki .l.::lsen 1972). 

The occurrence of non-specl fic pos i tive reactions are 

most 1 i k e 1 y d u e t o c r'o s s .. r e fl c t i o n :;; w i t h ant i b o d i e s 

against similar glycolipi d nnti ue11s share d by other 

organisms (McCormick et al 1974) . Thus the CF test 

cannot yet be use d as a reliable check for the 

continuing absence of EPP in he rd s, since the s igni­

ficance of positive reaction s cannot be re a dily 

interpreted. 
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IMMUNOFLUORESCENCE: The indirect IMF 

method has been used for the detection of antibodies 

to ~· hyopneumoniae (Meyling 1972 - cited by 

Whittl es tone 1973) . Antibodies wer e first detected 3 

\!leek s post-infection with maximum fluo resc ence being 

recorded at 6 -8 weeks. Of 265 se ~ij m sample s collect e d 

~t slaughterhouses 67% wer e pos itive wh e n serum was 

diluted 1:10. Six of 375 ser um samp le s from EPP-fr ee 

h e rds gave trace reaction s , whi~h whe~ re -evalu a t e d 

were considered ne gative. 

I ND I RE CT HAE n .•\ G G L ll T I NA T I 0 N : Us e has b e e n 

made of the IHA in detecti r g serui:; irnti bodi es to 

tl· hyopn e umoni ae , how e ver the t8~hniqu e has not re ceived 

wi'.de spread acceptance d ue to t e chnica l difficul ties . 

Goodwin et a l (19 69a) whe n t~~t lng ~igs 4 weeks post -

inocul atio n f ailed to de t ect a ntibo dies , howev e r IHA 

titre s were detecte d a t 16 t o 18 ~8ek s whe n CF titr es 

were low. Hol mgr e n (1974c ) found l h s ~ 2 t o 5 wee k old 

piglet s in i n fecte d her ds vere negat iv~ 1 but many 10 

to 12 week old pigs wer e poGiti ve ras were a fe w gilts 

and sows . IHA titres were f ound ta be hig h in inocul a ted 

pi gs when s l augh t ere d up t o 60 we ~ ks pos t-infection. 

Diff iculti es were encounter ed by Lam and Swi tzer 

(197l a) as th ey fail e d t o de mon s tr a t e IHA t it res with 

un treated mycop l asmas . This mi3~t- have. bee.n dve. -ltJ C\ 

of o.:tt-o. Ji,,, e" 'I-. /lifer -f-re..o..ting a.."' ft ~ e 11 w1 f A 
sodi um l a uryl s ulphat e , di a ly z ing and finally 

/a~ 

ad ding 

thimerosal, and by u s ing pig e rythro c yt es t he y fo und 

92% of ex pe rime nt a lly inf ec t e d pig s with gross l es ion s 

ha d d e ve lop ed IHA titr es ( Lam and S ~it ze r 197lb). 
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furthermore the IHA te s t is difficult to standardize, 

as it ha~ been found that it is often difficult to 

obtain reproducible results due to variation in the 

suitability of sheep (Hodges 1969 ) and porcine 

erythrocytes (Swit~er 1972). Holmgr eri (19 74c) made 

improvements by using formalin-treated tanned porcine 

erythrocytes and so nic ate d antigen, enab ling the 

preparation of large batches of sensitized erythroc yt es 

which could then be stored in smal l aliquots for use. 

While early f iel~ result s of Lam and Switzer 

(197la) suggest that the IHA is not very s pecific , 

later studies by Gois ( 1972) gave hope that the tes t 

wou l d be us eful in the field diagnosis of EPP. The 

f ormer study indicate d that seve ral s upposed EPP-f~ ~e 

herds were infected with M. hyopneu mon i ae despite 

contrary clinical and pathological evidence . In the 

latter study 2 of 120 pigs in EPP-free herds had 1 0~ 

IHA titres, while 179 of 373 pigs in infected herds 

were positive to M. hyopneumoni ae . 

LATEX AGGLUTINATION: To overcome pro~1 ems 

of erythrocyte variability Slav ik (1976) developed t he 

lat ex agglutination test to detect antibodies to M. 

b.z.£.P.neumoniae. These were detectable by 3 weeks post­

inf ec tion end remained detectable until s l aughter at 

24 weeks, by which time gros s l esions had resolv ed . 

Lat ex agglutination titres have been reported to 

persist fo r 48 wee ks a fter ex pe rim en tal infection 

(Slavik 1976). 
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METABOLISM INHIBITION: Results of MI 

with EPP have not been as successful as attempts to 

demonstrate MI serum antibody to mycoplasmas in man. 

Goodwin et al (1969a) detected non-specific inhibitory 

substances in serum of some pigs both be fore and after 

infection. Takatori (1970 - cited by Whittlestone 1973) 

was un able to detect MI antibody in pos t-inoculation 

serum. 

INDIRECT IMMUNOP EROXIDASE (IIP): The 
£NzYW1f-L!NK£D I/h/Y/UNOSOl('J>£Nr !TSSllY (.!!l!Z11) : 

test was used by Bruggman ~ t al (1 976) to examine serum 

f r om , E P P in f e c t e d and n on -.:\. n f e c t e d h e r d s • D r op s of 

.tl· hyopn e umoniae cultured in brolh wer e used as the 

antigen substrate. In inf ected herds t here was a 96% 

positive correlation betwFen lh e Gero l ogical test and 

presence of the disease, ~h e :~ as a l l s crum from EPP-

free herds were negative. Th e test ~as shown to be 

more sensitive than the CFT, esrec i a l ly in the case of 

chronically infected pigs. O·!:he r ::. d v,·: ntages of the 

t est were its high specificity a s no ~ ross reactions 

with .tl . _l:l _y or h i n js o r !i . f l 9.~. ~u l a r e. I!!::: r· 8 ob t a i n e d , an d 

its ability to detect separat e imm\Jnoglobulin classes. 

wo"i ae.. aAt;ix>dy (Bruggman et al 1977 ) UJ a s de veloped using pigs 

experimentally infected with EPP, which became positive 

as early as 2 weeks post-infection. All serum tested 

was positive between 3 and 50 week s po s t-infection. 

While the test is highly sensitive s ome cross-reactions 

with tl• b¥orhini~ were detected. When compared with th e 



119 

CF test (Armstrong et al 1980) using samples from 

18 pigs with suspected pneumonia, all samples were 

CF positive while only 13 were ELISA positive. ·Further 

work by Armstrong et al (1980) using sonicated whole 

cells as antigen found minor cross r eact ions between 

M. hyorh,,if!) s an tiserum and !.1· hyopneum_o niae antigen 

as well as a more pronounced cross-reaction with on e 

M. fJucculare antiserum . When comparing the ELISA with 

the CFT usi ng serums from nat urally infected pig s the 

ELISA was l oss sensitive in determining early infection. 

T'.l is was not surprising in as much as purified IgG was onl) 

u s ed to p!:ep ar e the alkaline phosphata se "conjugate". 

Wh i l ~ the CFT a nd IHA are currently the most useful 

techr·i quc s for immunodiagnosis the ELISA has advantages 

E8 2 he~d test since it can be us ed on a n automated 

b as 2 s , H o v1 e ·.; e r. i t w a s c on c 1 u d c d th s t o mo r e s e n s i ti v e 

and s pe~ific M. hy6pneumoni a~ a ntig e n was required for 

tiH= EL I SA. Nico l e t and Para z (1980) reported the 

exlracL on cf 1r1embrane protei ns in an e ffort to 

puri fy~.· !.!.t.££ rt eumoniae antigen a nd found that a 

puri f ied protei n antigen extracted in Tween 20 ga ve 

comp Ar abl e ac tivity but highe r specif icity than whole-

c e ll antigen. Furthermore Nicolet et a l (1980) con -

si da red th at me dium components which cont ami nat e antigen 

arc respon s ible for some non-specific ELISA reactions. 
' 

By ex tr acting ant i genic cell wall protein s (M.W. 40 000 -

60 000 daltons) with ne utr a l de terg e nts as Tween 20, 

growth medium contaminants can be a void ed. Prelimin a ry 

result s with thi s ant i gen during a controlled experi me nt 

detected a ntibodies i n pig s 3 wee ks after contact with 

infected anim a l s . The epidemiological significance of 

this incre ase d se ns itivity i s bei ng evaluated . 
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(v) Immunity to EPP 

Resistance following infection has been 

review e d by Whittlestone (1973; 1976a; 1979). 

After natur a l infection wit h ~· hyopneumoniae 

pigs are apparently protec ted again s t r einfection. 

I~ endemically infected herds i t is typically the 

young stock which are clinicall y affect e d. This 

pattern i s not due to an age rels t e d resistance, 

as old e r stock are as susce pti ble vhe n infection 

is first introduced. Furthermor e , pi gs infected 

experime ntally and allowed to re cover, resisted 

reinfect ion up to 60 week s aft ~r pri~a~y in fe ction 

(Goodwin e t al 1 969a ). Whil e t ~ ese ea rly obser­

vations de monstr a te the Fresen~e of a pe rsi s tent 

active immunity following na t ural inf8c tion, th e 

na t ur e of the immunity was not ir.djc. ate d. 

The rol e of se rum an tibo dy we s in ves tigated by 

Lam a nd Swi t ze r (197lb) who transferred se rum f ro m 

vaccin ated to s uscep tible pigs, wh i ch we r e th e n 

challenged. Gro ss EPP l esio ns ~er e rec orded in 

few er of the pig s receiving ser u m th a :-! :i. n control s , 

and l esi on s were l ess extensive. Other attempts 

to associate serum anti bod y detecte d by CFT (Goodw i n efq/. 

1969 a ,b) or IHA ( Goodwin et a l 1969b; Lam and 

Switzer 197 l a ) hav e fo und no correlation betwe e n 

pr ese nce of ser um a ntibody an d i mmuni ty . 
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The presence of antibodies in tracheo-

bronchial secretions has been investigated by 

Holmgren (1 974a) and in colostrum by Durisic et a l 

(1975a). Antibodies to~· hyo pneumoni ae have been 

demonstrated in tracheobronchial secretions of 

experimenta lly infected pigs 1J1ithin 2 weeks of 

infection and persisted for at least 13 weeks. While 

some pigs had IHA activity localised totally in 

tracheobr o~ c ~ia l secretions i.e. no detectable serum 

IHA ar.t:i.':lody; and IHA activity localised in the · 

fraction containing IgA, . the relation s hip 

between muco sa l IgA and protection is not known. 

Similarly Durisic et al (1975a) demonstrated antibodies 

by IH !i ~·. 11 colostrum of vaccinat e d so\J/s which was 

assaciat e d with a reduced pr eva lence of gross lesions 

in :·hB 3':: fiiglet s when compar ed to piglets from un­

vacc inated controls (Durisic et al 1975b). 

Th e ~ote ntial protective rol es of th e different 

e nt ibo~ies rr0d uced in re s ponse to M. hYopn e umo niae 

infection are opsonization and prevention of attachment 

of or gani sms ~o the respiratory mucosa. IgM and IgG 

ar,tibodic'8 rrc:sent in the transudate which collect s 

at ths sjte o f infl amma tion opsonize organisms which 

enhances ph a gocytosis. IgA secreted onto the mucos a 

may inhibit attachment allowing cle arance of organisms 

by the mucociliary mechanisms. 

In pig s th e massive peribronchial lymphoid 

reaction following inf ec tion suggests that cell-
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mediated immunity could play a~ important part in 

provision of active immunity. Specific activation 

of the CMI system ~as first demonstrated by lymphocyte 

transformation (Roberts 1973) which was shown to reach 

maximum levels bet~een 15-44 ~eeks post-infection 

(Abegboye 1975). Other indicators of CMI activation 

detected are macrophage and leu~ocyte migration 

inhibition (Roberts 1973; Nicolet and Rivera 1976) and 

delayed type hjpersensitivity skin r8 8ctions (Adegboye 

1975), however their role in pro tB ctio n from infection 

is unknown. 

(vi) Epidemiology 

The mo s t common me 8ns of assessi ng pre se nce and 

severity of EPP ha s been to -rec or d tha prevalence of 

EPP-like lesions at slaughter. Tncr~~ .:ippear·s to be good 

correlation between the prev a l e nce of pneumonic lesions 

at slaughter and their e xten t . Aelund a t al (1 976) 

found that as the prevale nce of l esi ons increase within 

a herd, they also become mor A e x tensi ve, so that it 

would be unusual to find a herd wj lh 85% of pigs 

affected at s laughter but ~ i. ·::n n1os t of the lung s having 

slight lesions. Therefor ~ the pre valence of lesions 

in a substantial and cont i nuing sam pl8 of slaughtered 

pigs is prob ab ly one of the best indicator s of 

economic loss. 

Report s of preval e nce, which vary wid e ly (19-100% ) 

are s ummar i se d in Tab l e 1.3. In the no r ther n hemisp here 

where the di sease i s considered to be of greater 
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significance the prevalence has been s hown to be 

high, 35-100%, while EPP surveys in Australia have 

demonstrated prevalences ranging from 19-60% in 

slaughterweight pigs. Here the di sease is observed 

more frequently as a clini cal diseas e in the southern 

states of Victoria and Ta sma nia; ~owe ver as indi ca ted 

by the surveys EPP is wide s pr ead in Australia. 

Supporting this view is the ~ecent result of an 

abattoir survey in Townsville, Qld . , ~here a pre va ­

lence of 40% was recorded in porksr pigs . This 

result was double that recorde d by Edwards et a l 

(1971) in pork and bacon '.'.leigh~ pig s in N.S.~V., 

which may be partl y explained as por kers in a 

previous st udy (Pullar 19l~9a) hs 1j a hi~her prevalence 

than older bacon weight pigs. Up tu 1973 it was con­

s id e r e d b y \~ h i t t l e s ton e (l 9 7 3 ) th 2 t the pr e v a 1 e n c e 

of pneumonia, ba sed on abatto ir su rv~y s throughout 

Australia had declined, pr obab ly due to improved 

husbandry standards and di sease a~areness acco mpanying 

intensificati on of the indu~try . 

11 . AJofne.vmoniQe is an inhab.i.t ant of the r espiratory 

tract of the pig, which is th e onl y kn0w n · host of the 

organism. It has been sho\"Jn ex pe.rirr.enta lly that !j_. 

~pneumoniae can be recover ed fro m the nasal c avities 

and lung s of experiment a lly infect ed pig s that have 

not devel oped or are not showing pneumonia macrosco-

pically (Goodwin 1972b; Etheridge e t al 1979 ) . Under 

field conditions where there is a variab l e deg ree of 

passive im~unity, pneumonia may not i mme diat e ly follow 
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TABLE 1.3. 

Prevalence of Enzootic Pneumonia lesions at Slaughter 

Author Year Country Pig Age Preval ence ?6 
~No. exam.~ 

Betts 1952 England Baconer 42 (1000) 

Macpherson & 
Shanks 1955 Scotland B.aconer 55 (1000) 

Sulitzer 1967 USA (Im11a) Market 35 - 60* 
~foight 

Huhn 1970b 
quoting Audi 1962 Yugoslavia 'Approacing 100'* 

Huhn 1970b 
quoting Kono 1967 Japan ' Similar to other 

countries '* 

Pullar 1949a Australia Small 55 (85) 
(Victoria ) Porker 

Porker 68 (152) 

Baconer 65 (llO) 

Soll/ 32 (960) 

Rees 1964 N.Z . Porker 69 (326) 

Ed\l/ards Australia Porker & 
et al 1971 (N.S.~~.) Baconer 19 (960) 

Norton 1975 Australia Porker 40 (324) 
(N. Qld.) 

Mercy 1981 Australia Porker & 22 (\I/inter )* 
(W.A.) Baconer 16 (summer)·* 

*unkno\l/n number examined, 
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exposure to infection, and it may never occur in 

some pigs ( Durisic et al 1975b). M. hyopneumonia e 

has also been recovered from CNS tis s ue (Williams 

1980) where organisms were found in close association 

with ciliated ependymal cells udergoing pathological 

changes involving cilia. The finding suggests a 

greater role in the di s ease processe s of pigs by 

causing cytopathog en~cities in both pulmonary an d 

CN S tissues J Aowever, 1-h.is CNS involve,,-.,e. ,, t do~s not o..pyea.f' 
to be.. a.sso0io..ied wi'~ o. n1 ulini c.a. / c.Ollofr'f-ion . 

Tran smission via direct pig-to-pig contact 

and airborne routes have been demonstrated. Tran smission 

in en demi ca lly infected herds is primari ly from the 

sow to the suckling piglets (Whittlestone 1973). 

Furth e r tr a nsmission a nd ex ace r ba tion of existing 

l es i on s o c c u r s as a r es u l t of g r o u p i n g a n d s t r e s s i. ri 

pig s at wean ing. It is during this post-weaning and 

grow i ng period th at the highes t clinical incide nce o f 

the disease is seen. The incide nce of clinical 

pn e umonia declines with in creas ing age to the point 

wh e r e adults show no clinical s igns because they ar e 

strongly immune (Lannek and Bornfors 1957; Goodwin 

et a l 196 9a) , I t is therefore less like ly t ha t old er. 

sows in endemically infected her ds will transmit 

inf ection to their litters. The tr a nsmission of M. 

hyopn e umoni ae , tl• hyorhini s and A. l a idl a wi i from dam 

to fo etus wa s investigated by He itm ann and Kirchhoff 

(1 982 ). In fect ion was not transmitted to foetuses in 

da ms intr avenous ly inoculat e d with the se org a ni sms , 

how e ver A. l ai dl awi i was recov ere d from a na sal swab 
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from 1 of 24 piglets at birth. The potential 

introduction of EPP into a healthy herd through 

boar se men used for artificial insemination was 

first rai sed by Schulman and Estala (1974) who 

i so l a ted~· hyopneumoniae from l of 101 samples. 

Further studies by Mandrup et al (1975), Whittlestone 

( 1979) and Kobisch and Goffaux (1980) fail ed to 

iscl ute the common re sp iratory mycoplasmas from a 

to tal of 341 sa mples. However the latter study 

r epnrtcd th e i so lation of A. laidlawii and M. ve recundu m 

from 6 of 79 sa mpl es. Th e possibi li ty that lung wor ms 

may act as a ~ese rvoir for ~· b.Y.._oeneumoniae was inve s ti-
, 

g&ted by Pr ~s ton and Switzer (1976). Lungworm 

larv ~s -. jnfactcd earthworms wer e fed to EPP-free pigs, 

~10nc of -.:h.:ich developed lesions or CFT antibody aga in s t 

M. !· '.:-~~.~.L_:~~_r::nj2.!::.. • Goodwin (1972a) encountered 

dif Ficulty in achieving in-contact transmission from 

in oculat ed pigs to EPP-free pigs, however Etheridge 

_e_t c:: ~ ( 1 ~1 ~, S' ) and E the rid ge . and L lo yd ( l 9 8 0 ) us ing an 

Au st ral ian isc lat e , des ignated the Bea ufort stra~n, 

had no d iffj~u lty in producing EPP lesions in contact 

The 1:1~-J.1:1 reaso n l!lhy EPP is important is th at it 

~ed uce s t he a ffici~ n cy of feed utilisation or , on a 

given feed scale , s Jo ws th~ rate of gro wth. Since 

thi s effect is variabl e within any group of pigs , 

smooth production becomes difficult because pigs 

starting together at simi lar we igh ts may finish at 

very diff erent times. This results in und er -

utili sati on of increasingly expensive spaces . Some 
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previous experimental reports have suggested that 

EPP depresses liveweight gain between 7% to 22% 

(Betts and Beveridge 1953: Betts et al ~955; Huhn 

1970b) _while others found no effect (Euglert and 

Eisemack 1964 - cited by Mercy 1981; Eikemier and 

Mayer 1965 and Bjorklund and Henrieson 1965 - cited 

by Huhn 197la). Two further studies in herd s which 

became infected with EPP give an accurate assessment 

of the disease under field conditions. Goodwin (1963) 

demonstrat e d greater profitability in a herd prior t o 

infection and again after eradication of the disease, 

but did not quantify reduced performance in actual 
I 

growth characteristics. Braude and Plonka (1975) ir; a 

similer exercise found a significant dete rioration in 

both daily weight gain (5.5%) _and efficiency of feed 

util isa tion (4.6%) when comparing performance of 3 

years both pre and post-infection. Huhn (1970b) foun d 

that the rate of body weight gain was depressed in 

prop6rtion to the severity of EPP lesi ons in natur ally 

infected pigs, however Mercy (1981 -~ person~J 

communication) did not find this association in a 

severely affected herd. Discuss ion of reduced per-

formance corre s ponding with exte nt of lesion s on a,; 

individual basis prob a bly complicates the det erm in s tion 

of the eff ect of the disea se in the fie!~, as pig s may 

be affected at any o~e . For 

instance pig s with extensive le s ions at slaughter may 

have only been recentl y infected (when there would be 

little effect on growth rat e ) wherea s , another pig 

might hav e no gros s le s ion s at s laught er beca use 

severe infection early in . lif e may reduce 

growth to an extent that lesion s had time to 
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resolve (Goodwin 1982). Goodwin (1971) pointed 

out that the disea se should be assessed for its 

e ffect on a herd, not on an individual basis and 

there appears to be good correlation between the 

prevalence of pneumonic lesions at slaughter and 

their extent (Willeberg 1979) ie. as prevalence 

increase s so does the extent of lesion s . Therefor e 

the prevalence of lesions in a high proportion of 

lungs continuously at slaughter is probably on e of 

the best indicators of th e economic los s . 

Field studies show marked variation in EPP 

disease l e vels betwe e n herd s which is a ttributed 

mainl y to differences in ma nqg e ment and environmental 

conditions and also the presencg of different type s 

of secondary bacteria. There has been no direct 

evidence of varying pathogenicity between strains 

of ~· hyopneumoni ae which could account for this 

variation (Muirhead 1979). Wh ere pigs are hou sed 

indoors at a high density there is clearly an effect 

of seasonal climatic fluctuation on the dis ease . In 

a revi ew by Done (1971) all authors agreed that th e 

condition was at its worst clinically during the 

wint er months. External climatic conditions can in­

directly affect EPP, as with low external temperatures 

ventilation rates are reduced in order to maint ain 

shed temperature.. Probable r eas ons for the development 

of more extensive le sions of EPP und e r conditions of 

poor ventilation a~ h~& ~be accumulation of noxious 
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gases ( a mmonia) which damage ciliary function, 

accumulation of infective droplets and overloading 

of clearance mec ha nisms of the lung · by inhalation 

of l a rg e numb ers of bacteria (Drummond et al 1978). 

Sev e ~e drop s in temperature are often associated 

w i t n th e de v e J op me n t of a c u t e c as e s o f p n e um on i a i n prjs 'VI 

poorl y i ns ula te d buildings . It is likely that body 

chilling reduces the effectiveness of the ciliary 

c ler ance mech a nism allowing inhal e d bac terial con-

t aminants t o ass ume a pathogenic role (Whittlestone 

Ace u mul~ t i on of atmospheric a mmoni a has be e n 

Bssoci e t ed wi t h pneumonia in p i gs and other species. 

I n 2 f i c hi s tu d y Q f 4 1 p i g g e r i e s i r. G e r man y , M i c kw i t z 

_::_t~ __ .£L ( 19 75) f ound that presence of p.n e umonically 

s ick pi~s waa a s soc iat e d with am moni a l eve ls of 12.4ppm 

or g ~eat 2~ . Fr om those r es ult s it wa s r e commend e d that 

l e ve l o bE ~e p l be low 10 ppm to avoid problems. The 

m~ chan i sm b y w~ ich ammonia exerts its e ffect i s by 

da magi ng t he ci li a l lining of the r esp iratory tract, 

ther eb y ~ed u c ing clearance of inhaled bacteria by 

im pair ed function of the mucocili a ry clearanc e 

me c h a nism (Dr ummond' e t al 1978; Oyet und e et a l 1978 ; 

Drummond ~J:._~ 198 1). Levels even as low as 3 ppm 

cause cil iostasis in r a t trachea in .Yl_vo (Dalhamm 

1956 - c ite d by Br od ers on et a l 1976) . The interaction 

be t wee n am moni a and ~· gallisepticum infection of 

poultry (Sato ~-~ 1973) and tt• ~~oni s inf ec tion of 

rats (Br ode rson et ~l. 1976) h a ve been studi e d ex pe ri-
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mentally. Results show that even after short 

t e rm ex p o s u r e ( 3 d a y s ) to 2 5 p pm o f ammo n i a t he r e 

was an increased prevalence and enhanceme nt of 

lesions which continu e d to increase as the a mmonia 

exposure \I/as raised. Studies with ~· hyopneumoniae 

have not been conducted in pigs bu t i s to be expe cted 

that this association oc c urs 1 as th e studies of 

Drummond et al (1978) and Dru mmo nd et al (1981) demon-

strated a similar effect in piglet s ch a 1leng e d intra-

na sa lly \l/ith Bordete lla br oi ii.:h}.~_g.tie.~ and Escherichia 

coli. Even in the absence of !1 · t:.Y.~ umoni ae 

infection, exf°sure o/ f;;Js To a.11tmor'\ •a. i s of cons iderable 

significanc e . Kali e~ and Sc huh ( 1979) demon s tr a ted, 

in r e p e a t e d e x p er i me n t s , t h a t li": p J . g s e x p o s e d t o 3 0 p p m 

of ammo n i a, g r o Ill th r a t e \II as r· ~ d u c e d b y 1 7 • 5 ~~ an d f e e d 

conv ers ion ef ficiency by 1-J .. 1%, 

Survival of the organ i.~~i:I in 8er-osC> ls is important 

in transmi ss ion of EPP: factors .i.r11 p1irtant in organism 

survival outside the host are tsmperntcre , r e l at ive 

humidity, drying and ultrav i o l 6 t radiati on. While 

there are no direct report s on the SUl" . iv al of M. 

bJ.opneumoniae in aerosol s or ex h aJ ~ d sputum, s tudies 

on the survival of organi s ms i n mucu s e n bronchial 

surfaces are probably compa rable with s urviv a l in 

moist sputum. 0 Org anis ms survived for 4 hou rs at 37 C, 

0 0 for 2 hour s at 42.5 C and for 3 to 7 days at 17 C to 

25°C (reviewed by Vh itt le s tone 1976 b) . I nt e raction 

between t em peratur e and r e l a tive humid ity ha s bee n 

reported, whe reby vi ability i s enha nce d under drier 
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condition s (RH 13 %) even at normall y damaging high 

temperat ur~s (43°C) (reviewed by Whittlestone 1976b). 

It was noted by Gordon (1963) that the incidence of 

clinical pneumonia was lower in pigs from houses with 

a high re l ative humidity and temperature ( " Swea t hou se" 

system). It was reported that sedimentation of particles 

of 1 tc 3 um diameter which are normal ly retained in the 

lower airway s was increased under this system, thereby 

reducing C; t-;: myc oplasma challenge to t he lungs. 

The effect of drying on survival o f M. hyopneumoniae 

an~ M. !1J:E£_hinis was studi e d by Frii s ( 1973b) who found 

or g a 1 ; 5 s m s 1u o Li l d s u r v iv e a t r o o rn t e mp e r at u r e ( 2 0 ° C t o 

25°C) f or u p to 8 days. Ultraviolet rad i ation is most 

eff lic ti~e in destroying mycoplasma s at low humidity, 

as lt ~~s tound that RH 95% afforded some protection 

a g :::: i. n. s t lJ 11 d um c.i g e ( W r i g h t an d B a i le y 19 6 9 - c i t e d by 

Whi t tl estone 1?76b). 

Pigs ~~posed to contaminated premises after r emova l 

o f i :1 f e c t e f5 p i g s d o n o t r e ad i 1 y c o n t r a c t E P P • W h i t t 1 e s t o n e 

(1158 - ci~ed b: Wh ittlest one 1978) found that pigs 

e xpos&d to a dark , cold (S°C) straw hut which had housed 

EPP .. i nf<:: ct e d pigs 2 4 hour s ear 1 i er did not de v e 1 op EPP , 

nor could M. b~oen e umoni ae be recovered from pigs placed 

in pen s from which inf ected pigs had been remov e d 

5 minut es previou s l y (Goodwin 197 2a). Bett s (1953 -

cit ed by Whittlestone 1976b) did fi nd that one pig 

contracted EPP after being placed in a pen that had 
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been vacated 10 minutes previously. Survival and spread 

in aerosols occurs over short distances (Whittlestone 1976b 

however unexplained infections that occur over longer 

distances raise the possibility of spread by smaller 

particles which remain suspended for longer periods. 

The extent and severity of lesions of EPP may be 

increased by concurrent viral or parasitic infection s . 

Pneumonic lesions were more severe in pigs inoculated 

with porcine adenovirus and~· hyopneumoniae,than in pig s 

inoculated with either agent alone (Kasza et al ·196 9). 

Lesions were a l so more severe in pigs infested with )ung ·­

worms, Me t astr ongylus ~ lon gatus (Mackenzie 1963), and 

mi grating Ascaris s uum larvae (Underdahl and Ke lley !957; 

Zimmerman 1971 - cited by Whittl es tone 1979). Augmen tati~n 

of ~· hyopneumoniae inf ec tion also occurs when sec ond &r i l~ 

infected with P. multocida (Smith et al 19 73) . 

(vii) Control 

(a) Antibiotics a nd chemotherapeutic drugs. 

The prospects of tr ea tment a nd cont rol of 

EPP on a herd basis i s good. The ef fic acy of 

chlortetracycline in preventing infection with EPP 

give n at concentrations pr act ical for commercial pig 

production wa s demonstrated by Huhn (1971). Previously 

it wa s demonstrated that th e drug could only be use d 

prophyl act ically as the dru g did not eliminate in­

fectivity of established l esions (Bett s and Campbell 

1956) , Sub sequent l y Etheridg e et a l (1979) h a ve 
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demonstrated resist a nce of M. hyopneu mon iae to 

to chlortetracycline in Australia. 

Nitrofuran s given intramuscularly were 

shown to reduce th e incidence and extent of pneumonia 

(Durickovic et al 1964 - c ited by Whittlestone 1973) 

however wide use of these drtig s hos not. occurred as 

the effect observed was mo st li ke ly to be due to 

suppression of secondary infection ~nJy. The use of 

tylosine during suckling to a waeic post-weaning ha s 

been reported to prevent e s t abl i sh ment of EPP lesions 

(Schuller and Glawi s chnig ] 972) . These resu l ts on the 

n at u r a 11 y transmitt ed di s e 2 st' a r e r11 or e e nc our aging 

than experimental st udie s iil ith the dt<ig ( Huhn 1971 ) . 

A ne w diterp ene anti~i oti c, tiamulin hydro­

genfumar a t e (Dynamutilin, f ,,R . Squ ib b a nd Sons) h as 

bee n demonstrat e d to have hjgh actjvity against 

my c o p l a s ma s b o t h i n v i v o a n d .L~. .'i..1-. .t!'~ ( G o o d w i n 

1979; Lab e r and Sc hut ze 1976; Cl a wjsch nig and 

Steininger 1970) . Leve l s of 200ppm projuce consid e rabl e 

r esol ution of the lung rea ~ ti on and a /01;.Jel" incidence 

of clinical pn e umon ia amo ngr:t wearier pigs . Alexander 

et a l (1980) use d tiamulin in a medicated early wean in g 

progr amme , designed to produ ce piglets free of enzootic 

pn eumo ni a a nd swi ne dysentery when weaned at a bout 5 

day s of age . After prefarrowing treatme nt of the sows 

a nd daily dosing of piglets oral l y with tiamulin 

powder , the progeny of 51 so ws ha ve r ema ined free of 

my cop l asma inf ection. 



134 

·(b) Vaccination 

Formalinised M. hyopneumoniae antigen 

appears to have no protective effect against EPP 

(Goodwin et al 1969b; Lam and Switzer 197lb). Vaccines 

prepared from di sr upted mycoplasmas and administered 

with Freund's incomplete adjuvant did markedly reduce 

the number of pigs developing gross lesions of pneumoni a 

(Lam and ~witzer 197lb)~ When mixed with Freund's 

complete adjuvant Goodwin et al (1969b) _found some 

protection against low dose challenge of EPP lung. 

Protection comparable to that demon strated by La m 8nd 

Switzer was achieved by Goodwin and Whittlestone (1973) 

usin-g form a lini sed antigen with either Freund's comp l ete 

adjuvant Ol' Bayol or Arlqcel. Reactions produced by 

these adjuvants are so se vere that the vaccination 

sites ~1ou ld be unacceptable in carcasses us ed for hu ina n 

consumption. In a field trio 1 using .alumin ium hydroxi de 

as an adjuvant no protection was afforded ( Goodwin 

197 3). In another field trial us i ng 

a lower do se of antigen, there wa s no evidence that 

the vaccine reduced the incidence or extent of 

pneumonia, and there was no evident improvement in 

performanc e of vaccinated pigs (Goodwin 1973). Farrington 

(1976) subsequently found that an antigen-peanut oi l 

vaccine may have giv e n some protection. Stimulation 

of colostral immunity was investigated by Durisic et al 

(1975a) _who sutjgBsted that intramammary inoculation 

of antigen - Twe e n 80 - paraffin oil vaccine afforded 

protection against natural challenge; however in­

sufficient pigs were use d in t he trial to fully assess 

the vaccine. 
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The development of a temper ature sensitive 

mutant of tl• hyo pn e umoniae capable of growth only in 

the upper respiratory tract may le a d to the develop ed 

of an effective vaccine. Such a vaccine would be more 

effective in stimulati ng lo ca l IgA a nd cell mediated 

immunity, both of which ar e prob ably ve ry important 

in immunity to mycoplasmal respiratory diseases 

(Whittle s tone 1979). 

(c) Management a~d en~lr onme nt 

As part of the v ar i an~e in EPP level 

between herds may be attributabl e to the differ ent 
, 

type s of s e c o n d a r y b a c t er i a , t he i!l<.l i n t e n an c e o f a s e l f -

contained herd or purchase of pigs for finishing or 

breeding from as few herd G as pos ~ible ,will assist in 

control. Even intrbducti on of f ?P-fr ~o s to ck to inf e cted 

herds may reduce risk to th e recipi ent herd; these 

pig s sh ow few problems whe n introduced to infected 

herd s (Muirh ead 1979). Th e age st~urtur e of the herd 

is a n important factor in disea s e cont r ol, as litters 

from older sows are po ss ibl y prot oc tP J by passive 

immunit y or older sows tr ans~it th e di sease l ess 

frequently. Litters from young sovs 8re mo st frequ e ntly 

affected, therefore gilts sh ould be r ea red in well 

ventilated housing where di sease i s present but s ub-

clinical. 

Provi sion of " all-in-al l-out" accommodation, 

especially in the farrowing an d weaning areas is an 

effective method of preventing di sease establish ment 
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and perpetuation. Provision of small compartments 

with thermal and fan equipment to provide constant 

conditions reduces accumulation of mycoplasmas in 

the atmosphere. Lindqvist (1974), Aalund et al ( 1976) 

and Muirhead (1979) cite stocking density, group size, 

temperature and ventilation as being critical factors 

in the control of EPP. In winter it is important to 

provide a minimum level of vent i lation, as house 

temperatures are of ten maintained at tiis expense of 

effective ventilation, allowi ng a ~uild-up of aerosol 

bacteria and noxious gases -

(d) Control Schemes 

Use was inial ly mad e of the observat io n 

that often litter s from older s ows ~ere free of EPP. 

Sows were farrowed in isolati on a nd sibli ngs not 

requir ed for restocking pur poses ware slaughter ed and 

checked for EPP. If fre e, the r ema i ning stock were 

assumed to be also fre e of infectio n an d used for 

establi shme nt of EPP-free her d.s . J n rece nt years 

EPP-free pigs ha ve bee n obt::. i ned by a n:Jmber of 

t ec hnique s including hy ster e ctomy , hys t e rotomy, 

" s nat ch " method a t farrowing and medica te d early 

weaning (Alexander et al 1980) . 

With the establis hm e nt of EPP-free herds 

certification schemes wer e es tablished an d lung s 

monitored a t sla ughter for pr ese nc e of l esion s of 

EPP. With th e re ce nt adva nces in specific di agnos i s 
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such schemes became more scientifically based and 

are now operating in America, Britain, Canada, Denmark, 

Germany, Sweden and Switzerland. A standard (e.g. 10% 

of 120) .number of lungs are monitored at 6 monthly 

intervals and suspect material submitted for. definitive 

diagnosis. 

A major problem, at least with the European 

schemes, has been the high breakdown rate. Between 

1960-1966, 8.3% of herds broke down per annum in 

Britain. In the following 10 years to 1976 ther.e 

was ~ 5.5% breakdown rate among an average register 

of 78 herds (Goodwin 1977)~ Most of these breakdowns 

occur without any known contact with unchecked pigs 

and can only be presumed to enter via . aerosol or othe r 

unknown vectors. The breakdown rates of other scheme ? 

was reviewed by Whittlestone (1973) .who quoted rat 9s 

of 1 to 3% per year for the Swiss programme, 4% in t he 

Bavarian scheme and 1% in the Nebraska scheme. By 

studying the epidemiology of possibly related break­

downs Goodwin (1965)~ Keller (1976) .and Koch and 

Keller (1976) have revealed the presence of latent 

forms of tt· hyopneumoniae infection. Transfer of 

stock have been a s sociated with subsequent breakdo~~ s 

in both the supplier and recipient herds implicating 

existing sub-clinical infections of up to 15 months. 

An attempt to eliminate EPP from infected herds 

in the United States using the CF t e st has not been 

successful . Cf-po s itive breeding s tock were removed 
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during 1 year from 10 herds, however, subsequently 

lesions of Epp ?nd CF reactors were found in 9 of the 

herds. The programme did, however, reduce the clinical 

signs in the herds. 

1.9 De_f.Jnition of unresolved problems 
an d reasons for present inv es tigati™ 

There has been considerable discussion, in the 

absence of e~tual local data in the past, regarding the 

signif ic0nce of sub-clinical EPP under Australian piggery 

conditions. For instance, Goodman (1973) "estimated" 

las~es to be much lower than recorded in Britain, and 

Whittle~tone (1973) .observed that the prevalence of 

lesion s at ~J aughter may have decline d over the pa s t 20 

~ear s; an observation based on results of single abattoir 

sur·vc: ys cc:r;duc ted at diff ere nt abat toirs in different 

climatic :zo;-; •}S . However, Norton (1976) having found 

th ~ prev 8le nce of EPP le s ion s in pigs in an abattoir in 

Townsvi l iP L~ be 40%, doubl e that found by Edwards e t al 

( > -, J 1 ) · ~: • · ' I J. ;:; - ~ • ]. j1 r-: •• ~ • 11'1 • s ugg es t~d the need ·far greater 

co~ tr ol of the disea se . Th e debat e surrounding the 

e c on o ;:1 i c c on s e q u e n c e s o f s u b - cl i n i c a 1 E P P i s f u r t he r 

ccnfu sed by~ 

aj failure to detect reductions in growth r~'~ 

Qf\ol feec-J . CDNl/ersiof\ due to il\o..dQ~ua.te reco('d/f\~ 

b) failure of produ ce rs 

occurr ence of losses resuftrl\~ fto •" -subcfiAicJ 1·"/ecf/o,.,, 
Ql\d f-o use, 
farm record s to det ec t th e m, a nd 

vari ation in the e.xfr essiof\ of fl..e 

be tween herds du e to de pe nd enc e 
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on environmental and 

management conditions wh ic h vary 

between herds. 

Furthermore, little us e can be made of studies 

performed overseas to ind icate the deg re e of lo sses 

occurring locall y . Reports ~f reduced performance : 

caused by EPP in the northern he misphe re have bee n 

obtained in experiments, often using pi~8 inocul ate d 

intranas a lly (un natur a lly) and ~eJd under und ef ined 

condition s. For the se re as ons dat a obtained und er 

experiment a l conditions i 3 of quest io11 ab le value whe n 

applied to th e very diff erent on-farm s ituation. Perhaps 

th e most us ef ul studies on th e effect of EPP have been 

· pre a nd po st infect ibn st udie s on commercial herd s whil e 

other vari ables in~luding lt1 c pigs, ~ousi ng and 

environment, and nutrition held consta nt (Goodwin 1963; 

Br a ud e and Plonka lq75). Such s tu dies are almo s t 

impo ss ible un der Au strali a n condi t ions due to the very 

sma ll numb e r of herds claiming freedom fro m EPP t hat 

may become infected, a nd l ack of con ti nual monitoring 

and specific di agnos is in those whjch appear to have 

become infected . 

Th e aim of this st ud y is to assess the s i gni­

fic anc e of EPP to the Sout h Au s tr a lian pig. indus try . 

Investigation i s al so tim e ly du e to r ece nt indus t ry 

trend s . Over the pa s t 7 years a ver age her d size has 

incr ease d from 73 to 1 28 a nd the number of herds wit h 

great e r than 1 000 pigs has doubl ed . In vi ew of 
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findings of Aalund et al (1976), that prevalence 

and extent of lesions increase with increasing herd 

size, there exists the potential for EPP to be an 

emerging disease in the South Australi an pig industr y . 

(i) 

( i.! ) 

Research Plan 

· a) To estab l ish the pr eva lence and extent 

of l es ions due to EPP and other types 

of lung pa tholog y . 

· ~ To identify environmental conditions and 

management practices commonly predisposing 

pigs to severe EPP i n South Australia . 

0 To evaluate the economic effects of EPP 

in relation to grow th r ate a nd f eed 

~onversion e ffl c iency under e nviron me ntal 

and ma na geme nt co nditi o ns recorde d earli er . 

Estab)js hme nt and Ve rific atio n of Diagnostic 

~-echni que s 

Due t c the l ack of specif i c diagnostic t echn i ques 

fer EPP, tc st G for rapid diagnosis wi ll be establi s h e d 

end verifie d. These include:-

a ) Class~f ication of hi sto l ogica l lesions 

as positiv e or s uspect for e nzoot ic 

pneumonia (McKean E.La l 1979) . 

~ Examination of giemsa sta i ned touch 

pr e parat i on s of pneumonic tissu e 

(Whittles ton e 1973) . 
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~ Testing sera for antibodies to 

~· hyopn e umoniae using the CF 

test (Etheridge and Lloyd 1980). 

Direct immunof luorescent staining 

of tou0A {i re fo..l'af-io11s (C;ge.r e-faf. 1q17) 

a,,~J f u"j 5ec,;f-iof\S (l'!le'f ft'11~ 1q 7 I), 
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CHAPTER 2 

MATERIALS AND METHODS 



2.1 

143 

2.1 Assess me nt of Lung Patho logy 

(i) Gro ss Examination 

All lung s were placed on an examination table 

with the dorsal s urfac e uppermost. Lobe s were inspected 

and palpated to ena ble r ec ording of the distributio n 

of any pneumoni c l esion, including ple urisy . Lung s 

were incised whe n l esi ons other th an enzootic 

pneumonia were indicated. The lung was then placed 

with th e ventral s urfac e uppermost and the inspectio n 

proce dur e r epeated, including the intermediate lo be . 

(ii) Q.~~pearance of e nzoot ic pneumonia l e s i cns 

Lung 1 es ion s a.I $ / o.uJhter- ore J.a,~1/i ed ~ . bet'11<j 

su~pic..iou s of EPP o..cco-rdiJ 'to t/..e. followi'11j criter-i a. . 

Th e pneumonic l esio ns are catarrha l in type an d 

follow a l obu l a r distribution. Le sions are well 

'" dema r cate d and found Athe ventral aspects of the apica ~ 

1 ob e s • E a r l y 1 e s i o n s qre t y p i f i e d b y gr e y i sh s we l U. n g 

of one or mor e lobule s alo ng the sharp border s of the 

lobe s. Acut ely affected lobules are grey or greyish -

pink an d are l evel with or sl ightl y raised above 

the l eve l of normal lo bul e s ~F ig. 2 . 1) . Bronchio le s 

exude a muco id e xudate a nd the cut surf ace i s oedema tous 

( Pull ar 1948; Jubb and Ken nedy 1963). 

Chronic lesions are typifi e d by shr un ke n 

r edde ned lobul e s ( a telectofic. ) which are ge nerally f r ee 

of se roc ellul ar e xud a t e (Fig . 2.2). Frequently acti ve 



Fig. 2.1. Acutely affected s wollen l obules of the distal 

portion of t h e right cardiac lobe. Red tinge due to 

haemorrha ge at slaughter . 

Fig. 2 . 2. Ch ro n ic l es ion s showing ate l ac ta s i s of lobule s 

in th e ~ is tal p0r tion of the apical lobes . 



I 4 3 { I ) 

• 

• 

• 



144 

and chronic lesions occur together in associatio n 

~ith other emphysematous lobules (Fig. 2.3). 

Secondary bacterial infection commonly occur s 

producing bronchopneumoni a which may be complicated by 

pericarditis and pleuriti s . In these cases bronchiol a r 

exudate i~ yellowish ~nd opaque, and necrosi s and 

abcessation is apparent. 

(iii) Calibration of lun_LJesi.ci].~ 

In experiment 2 ( Chapte r 6) where EPP lesions 

were experimentally induced, the extent of l es ions wa s 

scor~d by calculating the t~tal are a of lung tissue 

consolidated.(see Appendix I p.lb:J).Th is .resu lt was ex pre ssed 

in combination with the numner of lobes in which lesio ns 

occurred in ea ch lung. Thi s pr~se ntatlo n of gross 

pathology was considered to accurately quantify the 

extent and depict the distri bu tion of ac tu a l lesions 

in a readily compr ehens ib le ful~fll . 

(iv) Hi s top athology 

(a) Criteria used ~o assess expe ri mental 

infect io n. 

Th e histolo0ic9 l chang8 s i n the lung are 

diffuse in the early s t ages and onl y in the 

chronic non-progres s ive stages do th ey mo r e 

clo se ly corresp ond to the gross lesion s . 

Early le s ion s occurring mainly between 7 

and 28 days post infection are classified as 

second stage lesions (Whittlestone 1972 ) . 
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Fi g . 2.3 . Chronically affected lu ng with atelectic and 

e mph ysemato u s l o bul es interspread. 
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Initially le s ion s are characterised 

by migration of polymorphonucl ear neutrophils, 

vacuolation, enlargement and proliferation of 

alveolar c e ll s and accumulation of lymphocytes, 

mar ~r ophages and pl as ma c e ll s in perivasc ular 

and peribronchiolar tissues. A serous or 

serocellular ex udate develops in most lobules, 

often being copious in the anterior portions 

prod ~c i ng distension and grey consolidation 

(rig. 2.4). 

Third stage, established lesion s may be 

fo urid betll/een 17 and 40 days post infection. 

These are characterised by progressi ve peri­

bronchia l and periv ascu lar lymphoid hyper plasia, 

nn :i.nc1'eased ac cumul ation of perivascular 

mononuc le ar cells and progres s ive development 

of alve olar pneumonia ( Fi g . 2.5). 

Recovering le sions clas s ified as fourth 

Btage may be see n from 69 to 262 days post­

i nfe ct ion. These are c har acterised by foci of 

oeribronchi al lymphoid hyperplasia which may 

compress associa ted bronchiole s , and cellular 

exudates are progre ssively resol ved (Fig. 2.6). 

(b) Criteria used for fi e ld cases 

Alth ough histological changes caused by 

enzootic pneumonia are non- s pec ific, McKean 

et al (1979) sholl/ed s trong corre l ation betll/ee n 



Fig. 2.4. Second .stage EPP l esio ns. Note peribronchial 

and periva·scular accumulation of lymphocyt es and plasma 

cell_s together with commencement of alveolar pneumonia. 

H + E x 250 

Fig. 2.5. Thi rd st ~ ge EPP lesions. Note the deve lopment 

of peribron chial and periva~cular lymphoid hyperplasia. 

H + E. x 40 

Fig. 2.6. Four th s t age EP ~ l es i o ns. Note exte nsive fo ll ic l es 

of lymph old hyp e r p~asia compre s sing the adjacent airway . 

H + E. x 4U 
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positive and suspect histological c ll anges and 

other specific diagnostic tests. 

Those diagnosed as positive h ad large 

follicular peribronchiolar and peri vascular 

lymphoid and mononuclear cell accu lllJ ulation s 

.involving most bronchioles (Fig. 2. 7). Those 

classified as suspicious had thin 1 ymphoid and 

mononuclear cell accumulations inv o lving mos t 

bronchioles and vessels, and only a.. few 

scattered peribronchial lymphoid ne> dul es (F ig.2. 8 ) 

Lungs with accumulations of i:- eribronchiolar 

and perivascular mononucle ar cells ~ftedi115 le. s.s -rAo. t1 

10% of the bronchioles and vesse ls we r e cl Essi -

fied as negative . 

(c) Hi sto logic a l Methods 

Wh ere gross pneumonic le s ion s were pr esen t , 

tis s ue wa s dissected f ro m the active front or 

bord e r of th e l es ion, including both con s olid ated 

and gross l y nor ma l are as . In normC3 l lu ngs , 

tiss u es \I/ere obtained from the di st a l port:!. .Jns 

of the a pical lob es . These were f :1 xed in 

10% buffere d formal sali ne a nd aft~r pa raffi:i 

embe dding s ections \l/ ere cut at 5µ a.nd s t a in ed 

with h aematoxy lin and eosin. 



tH (1) 

., 
• ·< 

~
·t-· ~· 

,~ ... 
·~ .'· 

;.•• 

.· 
fig. 2.7. EPP positive lung. Note the massive peribronchial 

follicles of lymphoid hyperplasia. H + E .. x 40 

fig. 2 .8. Suspect EPP lung. Note peri bronchial cuff ing 

by mononucle ar cells. H + E. x 40 
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2.2 Giemsa Staining of Mycoplasmas 

(i) Touch preparations of pneumonic lung 

Mycoplasmas were detected in Giemsa-stained 

touch rr e p a r et ions of pneumonic lung by the method 

described by Whittlestone (1973). The technique was 

deve l o pe d for use as a rapid, non-specific test for 

detectio n o:" mycoplasmas. 

Microscope slides, thoroughly cleaned with 

p o t as s ii 11:1 d i c hr om at e in s u 1 p h u r i c a c id and r i n s e d re -

pe atedly i n distilled water were used, Touch preparations 

II/er e ~i I · f : p ': r· e d fr om the c u t s u .r f a c e of ti s sue c o 11 e c t e d 

f o~ hi~t0n 2 thology. If the cut surface of the tissue 

wa s mol~t, it was dried by da bbing onto clean blotting 

pap•n i 0 ef'o r e making the impres s ion on the slide. The 

cu t s e cti on wa s placed lightly on the slide, 

Pre pa r ations were then fixed in methyl alcohol 

for 3 - s minu tes. Slides were then placed in Copland 

J a ~ s cont Hining Gi e msa stain (Gurr's improved R66 

~;;~a in ) d Ll u t Gd 1 in 2 0 111 it h citrate -p hosp hate buffer 

(pK 7.2) f or 3 hours. The batch of stain was tested 

for i is &bility to ~tain mycoplasmas adequately in 3 

hours • . After staining excess stain wa s drained and 

washed in 2 change s of the same buffer. Slides were 

then dried by blotting and holding high above a 

bunsen flame. Finally they were rinsed vigorously in 

acetone for 8 seconds and blotted dry (Whittlestone 

pers. comm. 1979). 
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(ii) Smears of broth culture 

Three millilitres of broth cultur e was spun at 

10 000 g for 30 minutes. The supernatant was discarded 

and the pell e t resuspended in 3 ml of PBS. After repe a t 

centrifugation the supernatant was discarded and the 

pellet resu spe nded in a few drops of PBS (% - ~ml). A 

small drop was then smeared onto an acid was hed slide 

and heat fi xe d at 37°C. The s mear was th e n fi xed in 

methyl alcohol for 3 - 5 minut es . The staining 

procedure was as described i n 2.2 ( i) , 

Th e protocol for t he complement cons umpti on CF 

method de v e 1 ope d by Ether id g c, .e..~ a J. ~ J. 9 7 9 ) i s des c r i be d 

in Appendi x II. Minor modi.fic at.:i. ons J p the handling of 

normal pig serum (enhancing ser um) are desc rib ed . 

Th e direct CF me t hod of Slavik 9nd Switzer ( 197 2) 

was pe rform e d and is desc ri bed in Appendix II. Us in g 

the same J s tr ain a ntig e n as supplied fo r the above 

method (Etheri dg e e t al 1979) a c~ e c ker board titration 

of antig e n aga ins t compl eme nt wa s perrorme d to det ermine 

the optimum antigen titre (1:7) and c ompl e me nt di luti on 

(l / 70) for t he test prop er . Enhancing serum was 

handl e d as desc rib e d in Appendix II. 
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2.4 Immunof luore sc ence 

tl• hyopn eumoniae and tl• hyorhin is cultures gro\l/n 

in broth culture, and these organi sms in touch preparation! 

and cr yostat sections of pneumonic lung were identified 

by dire c t stain ing \l/ith specific conjugated hyperimmune 

pig ser um (Goodwin et al 1967; L'Ecuyer and Boulanger 

197 0; Meyling 1971; Livin gston 1971). 

The~· hyop neumoni ae (J strain) and tl· hyorhinjs 

(BTS7 strai n ) hyperimmune p ig serum wa s prepared 

{Ether idge et a l 1979) and supplied by CS I RO Melbourne. 

(i) P~~~3_,Iation of Immunoglobulin 

Yhe met hod s of Nairn (1964, 1969) were u sed in 

the pr•,;;;_ia:!.··2. tl() n of the conjug a t es. 

Cold s atur a ted (40 - 45%) ammoniu m sulphate 

s olutior1> 3 . 1 ml, was added drop by drop over 15 minutes 

t o e::;ch o f :-- ml aliquots of hyperimmune tl• h~opneumoniae, 

M. b..Y.orhin_~._:::, an d normal serum. During the addition the 

serum was slovly st irr ed without causing frothing. 

St . · t· d f f th 15 mi· nutes at 4°C • . 1rr J. ng vas co n inue or a ur e r 

lhe precipit a le was then centrifuged at 3000 g for 15 

. -t ,_ 4°C m1nu es a1, • Th~ supe~natant \I/as discard ed an d the 

pellet (volume 0.5 ml) was re s uspended to the original 

volum e by the addition of 4 .5 ml of PBS. 

The redi sso l ved globulin precipitate was 

tran sferred to dialysis tubing and im mersed in l litre 

of PB S fo r 16 hours at 4°C. The dialysate was checked 
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for remainin g so4 ion s by adding equal volumes of 

Ba c1 2 and dialy sate. Absence of a precipitate of 

Ba so 4 indicated that dialysi s had removed so4 ions 

sufficiently. Globulin concentration was then estimated 

by the Biuret method. 

(ii) Conjug a tion 

This procedure was carried out at 4°C in a cold 

room. Protein concentrations of serum fr actions were 

tl• hyopneumoni ae 24 gram/L, tl• hlorhinis 28g/L and 

normal serum 13 . Sg/L. The former were adjust eq to a 

conce ntration of 17.Sg/L by addition of bicarbonat3 -

c a rbonate buffer, pH 9, D.SM (3.7g NaHCD 3 , D. 6g Na 2co 3 , 

lDOml d.w.). 

FITC Powder (BDH Isomer 1, Purity 80%) waE ad j ~d 

at a rate of 0.025 mg/mg of total protein (Meyling 

and Bitsch 1967 ). Initi a lly · it was di sso lv e d in 0. 5 1nl 

of pho sphat e carbo nate buffer an d then add e d s lowl y t o 

th e globulin so lution ov e r a pe riod of 15 mi nutes at 4°C. 

Th e s olution was gently s tirr e d during the addition a nd 

con ti nu e d ov ernight. 

(iii) Purification of con jug ate 

Unr ea cted fluoresc e nt mater i a l was remov e d by 

pl aci ng each conjug ate in di a l y s i s tu bi ng a nd immer s ing 

in 1 L of PB S a t 4°C. Dialysis agai nst PBS was 

co ntinu ed f or 72 h, th e buffer be in g c ha nged every 12 h. 
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The conjugates were further purified by 

absorption with pig liver homogenate. Fresh liver 

was washed free of blood with normal saline, diced 

with scissors and then rewashed. An equal volume of 

cold normal saline was then mixed with diced l i ver 

and homog enised without allowing e xcess warming. 

0 The homog e nate was frozen at -80 C, then thawed, 

centrifuged at 4000 g for 10 minutes and washed 

tluice in PBS. 

Absorption was carried out by adding 0.5ml of 

thawed homo ge nate to l ml of conjugat e and shaki~for 

2 hours at room temp erature. Conjugate was recovered 

by t~ntrif ug Rti on at · 10 000 g fo r 20 minutes. 

· __ (iv) _?t o1~ge 

Th e conjug·ate was concentr ated by addition of 

Ce r bowax fl Pkas (21M, 21 OOOM.W.) to conjugate in 

. di a ly sis tub i ~g . The final volume of each conjugate 

was 8pprox i~& t e ly 3 ml • 

Merthiolate was added as a pre servative (1:10 000 ) 

a r:d then ·Lhe conjugates were divided into 125 ul aliquots 

nnc 0 
sto r ~d in sealed capillary tubes at -80 C. 

Before use conjugate was thawed and clarified 

by centrifugation at 10 000 g for 30 mins., then stored 

at 4°C when in use. During the l atter stages of the 

project, dissociated aggregates of FITC molecules, to 
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which a slight degree of non-specific staining had 

been attributed, were successfully removed by a 

repeated absorption with pig liver homogenate. 

:(v) Staining Method 

Touch preparations and culture smears were 

prepared as before (2.2(i) and (ii))~ Preparation s 

were rehydrated by immersing -t~e slide in PBS for 

5 minutes. Each slide was drained and th~ preparation 

dried by holding tis s ue paper at the edge of each 

impression, taking care not to directly touch the 

preparation. Preparations were stained for 30 ·minu t es 

in a , wet box ~t 37°C~ Stain was removed as describ ~ d 

and preparations were mounted in 90% glycerol saline 

pH 9.5. Coverslip edges were sealed with nail polish 

to prevent movement of the coverslip and drying of the 

preparatio11. Preparations were examined using an epi ­

fluorescent ultra violet Zeiss Standard microscope 

fitted with FITC specific filters. 

(vi) Titration of conjugate 

Two - fold dilutions of FITC conjugated hyperl mm une 

antiserum, commencing at a concentration of 1/3 of ~he 

original volum e in PB S were prepared. 

Smear s of broth cultures of M. hyopneumoniae and 

M. hyor hinis were stained with their respective stains at 

dilutions betwee n 1/3 - 1/96 of the original volu me . 

After this initi a l screening intervening dilutions were 

prepared to determine the specific dilution for use. 
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Preparations were evaluated for presence of 

maximum · specific fluorescence in conjunction with 

minimum non-specific fluorescence. 

; .. (vii) Blocking test for conjugated antibodies 

Specificity of conjugates was checked by the 

blocking test method (Nairn 1976). 

Conjugates tested were M. hyopneumoniae antibody-

FIT C~ M. hy0rh i nis and non-immune serum-FITC. 

]. Each conjugate was used to stain smears of 

tl• hyopneumoni a~ and _ ~. hyorhinis cultures, 

and smears of uni~oculated culture medium. 

2. Cu lture smears we r.e pretreated with specific 

immune serum and then stained with the 

appropriate conjugates. 

Pr et r 0atment of cultures with specific hyperimmun e 

anti-seru m w ~s performed for 16 hours at 4°C. Staining 

ti me with FIT C conjugates was reduced to 15 minutes to 

~i nim i se t he possibility of interchange of the conjugat e d 

en~ unconju ga t e d antibody. In each case separate 

cultures we r e also pretreated with unconjugated non-immune 
' 

serum and PBS. 
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(viii) Storage of tis s ue for IMF 

Portions of affected and normal lung tissue 

(approximately 3cc volume) were wrapped in foil and 

snap frozen and stor ed at -196°C until s~ction ed 

on a cryostat. In cases where lungs were grossly 

normal, portions were sele~ted fro m the tip of the 

right cardiac lobe. 

When sections were embedded in paraffin prior to 

sectioning for IMF staining (Appen d i x IV) they weie 
. . 0 . 

stored at -2 0 C for up to 6 months. 

(ixt Preparation a~~~inj.!l9_.E.!':_frozen sections 

lung sections were f l~e d an brass microtome blacks 

by . embedding in frozen ~i x lng c omp ound ( Tissue - Tek II, 

O.T.C. Compound, Lab-Tek Pr 0d t1c ts) ~ Lu ng sections were 

rectangular in shape with th e e~ge aligned parallel to 

the knife-edge. Frozen s ections of 5 µm thickness were 

then cut and placed on aci d we eh e d slide s. 

Sections were fi xed on ths 8 l i de by air drying 

at room temperatures. Wat e r was ab sorbed from the 

section by immersion in c ~ld saturated ~a lcium sulphate, 

acetone solution. Sectinns were dried by holding tissue 

paper at the edge. Prior to s taining sections were re-

hydrated with PBS for 5 minutes, then dried as described 

and stained (2.S(v))~ 

Jx) Par affin sectioning for IMF staining 

See Appendix IV 
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(xi) Staining of colonies 

Agar blocks supporting colonial growth were cut 

from the plate and placed with the colonies touching 

a glass slide. Agar was then melted away by immersing 
. 0 

the slide in dw at 80 C. Colonies were then stained 

with the FITC-conjugated antisera at the appropriate 

dilution for 30 min~tes ~t 37°C. Colonies were then 

rin se d 4 times with PBS, each rinse being held for 30 

minutes or longer and, frequently, the last rinse was 

held overnight at · 4°C to remove non-specific stainirig 

caused by cross reaction with components of the agar 

possibly by c onjugat e d a ntibody a~ainst medi a · 

co mppnents use d in th ~ imrnunogen. 

2.5 Culture Methods 

Mediums used for the culture of M. hyopneu :!!..£ . .n.!3..,,:;_ 

and M • .!.!.z'.2rhini:s are described in Appendix V. 

( i) Mycoelasm~ 

!:1r.£_oplasma hyopneumoniae, Beaufort strain 

(Etheridge et al 1979) was obtained from the CSIRO, 

Melbourne . Another MH medium adapted strain of M. 

hyopneumoni a~ (LKR) was also obtained from the same 

source. 

(c51 RO 1) 

A strain of MycoRlas~ hyorhini sAwas obtained 

from CSIRO, Melbourne. 
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(ii) Sampling a nd prepa~tion for culture 

To culture an affected lung, lee was collected 

aseptically from the edge or active front of the lesion. 

This was placed in a stomacher bag with 9 ml of non-

selective me dia (i. e . MH media without antibiotics ) 

and pummel l ed in a Colworth Stomacher. Fluid from the 

stomache r (0. 3 ·~ ml) was removed and pl a ced in 3 ml of MH 

med i ~ . Tw o drop s of . .lung su s pension we re inocul a ted onto 

PPLO a~ar pl ates routi ne l y . 

(i ii) Culture me thods 

Cul t ur e s for M. hx op ne umoni ae were grown in 

1 Pyr e x 1 gl ass tubes . (1.5 cm di am. x 15 cm) containing 

3 ml o f s e le c tive MH medium. As recommended by Friis 

( !97 5) the t ube s we re se aled with rubber stoppers and 

pl Gc ed on a ti s su e culture drum rot a ting at l revolution 

in 4 mi nu tes during incub a t i on at 4°C. Growth was 

c ccompan i ~d by a ch a ng e in colour of "the phenol~red 

in d i c at o ~.· , Ti ' i s b e c am e e v id e n t in l t o 10 d a y s d e p e n d in g 

o ,1 h ow '.ii e J.1 ·~ h e s t r a in h ad ad a p t e d t o g r ow in th e med i u m 

and t he si~e of th e inoculum. Cultures not showing 

col ou r c h ange wer e pa ss ag e d a fter 7 da y s incubation. 

T;) e s e we r :'! c u J. t u r e d f or 2 8 d a y s be f o re b e i n g d i s c a rd e d • 

( i v ) Rout i ne ba c t e r ia l i s o l a tion 

All lung s u s pe ns i o ns we re routi ne ly ino culated 

onto 10% s he e p bl oo d agar, Mc conkey a gar, and incubated 

aerobically , a nd onto cho c olate agar incubat e d under 10% 

C02. Bacte ri a were id e ntif ie d by routine morphologic 

and bioche mical me thods. 



2.6 

157 

(v) Characterization of cultures 

Acid production and very slight opacity in the 

selective MH medium were taken as evidence of growth of 

M. hyopneumoniae provided no growth was obtained on PPLO 

agar and routine bac.terial isolation plates inoculated 

with the culture; this indicated th e abse nce of less 

fastidious mycoplasmas and aerobic bacter ia respectively. 

~ Sub-cultures were made in MH medi um when a slight colour 
.-

change occurred. This was detected by c omparing the 

culture with a stoppered tube of t t•"' uninoculated medium 

which was incubated under the sama conditions. 

Cultures were then centrifu ge d, washed in PBS 

and resuspended in % - % ml of PBS. These were identified 

by staining with fi· ~.E.!l.~:1.~9_!1i_~~' ~- b_y orhini s and 

EPP-antibody free FITC conjugatPa (2.4 (v)). 

Colonies growing an PPLO agac we re identified 

by IMF staining of colonies an d smear ~ of colonies 

(2.4 (xi))_. 

( i ) 

2.6 Inoculatirin of oi: ;s -- ··~-·-·---'--···~ 

Storage of M ·..J:l.l~~-~ .2_,~i-~e f£_£_ inoculation 

Initially, fro ze n lung hom ogenate from a pig 

experimentally inoculate d with M. h.1'..opneu moniae 

(Beaufort strain) was supplied by CSIRO Me lbourne, 

(tl. hyopneumooj~e had been recovered f r om this hom ogenate) 

Thi s w~s stored at -196°C until ·use. 
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Further homogenate was prepared from transmitter 

pigs inoculated with this material during Experiment 1. 

A sampl~ of lung tissue (weighed) showing act ive lesions 

was selected and placed in 8 ml of MH media. This was 

pummelled in a stomacher and sieved through a wire grid 

(mesh 0.4 mm) .to separate ~· hyopneumoni ae lung sus-

pension from the connective tissue. This suspension was 

diluted with MH medium to produce a 20% suspension. 

Aliquots of 10 ml were stored in autoclaved bottles at 
0 -

-196 c. 

(~i) Sources of ~ 

Enzootic pneumonia-free pigs were supp lied i) y 

the Northfield Pig Research Unit, Department of Agrl ~ 1 1lt u r . 

Northfield, South Au s tr a lia. 

The unit was established in 1969 using hyste ~ -

ectomy derived, artifica lly reared piglets. The ma jority 

of subsequent introductions have includ e d piglets 

obtained by hysterectomy, and the minority being bo ars 

from EPP free he rds. 

Group s of bacon-weight pig s h a ve al~a; s be e n 

checked quarterly throughout the proj ect and herd vi s it s 

conducted frequent l y . Serum s ubmitt ed from th ese pig s 

has routinely been CF negative. 

(iii) Experi~tal chall~e witb M. hyE_Eneumonia~ 

Aliquot s of 20% lung suspensio8, (10 ml) were 
. 0 . 

thawe d a t 37 C. This was dilut e d by addition of a 
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further 10 ml of MH to produce 20 ml of 10% lung 

suspension. This was stored on ice unt i l inoculated. 

Pigs to be inoculated were tranquilized with 

Stresnil (Ethnor Pty. Ltd., Sydney, N.S.W . ) .and laid 

sternally ~ ith the head arched back and 5 ml of 10% 

lung suspen s ion was then syringed down each nostril. 
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CHAPTER 3 

PRELIMINARY DEVELOPMENT OF 

LABO RATORY TECHNIQUES 
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3.1 Introduction 

The specific diagn~sis of enzootic pneumonia has 

been advanced in recent years through the development of 

better t.echniq.ue _s for the isolation of t!• _ hyopneumoniae, 

its serol09ical identification, detection of antibody 

response to infection and det ect ion of the organism in 

affected tissues. Prior to these techniques, non-

specific test s e .g. histopathology, gross pathology and 

det e~tion of pleomorphic organisms in Giemsa-stained 

touch p re paration~ were routine ly used (Goodwin and 

Whittle stone 1967; Whittlestone 1979). 

I 

Th 8 prirnary isolation of t_i_ . b_yopn e umonia e from i 

pn~umunj c lungs, prov en in fectio us by pig inoculation 

WEI S 5:, ,:c~s3 f1_; i in only a small percentage of cases 

(Goodw in et iJ:. 19 6 7 ; L 1 E cu ye r 19 6 9) . Sever al 

reas cns for thls difficulty are the extreme lability of 

t!• b.i'..£ED.~ .. ~!~on~~~' it s very fa st idiou s growth requirements 

and the presenc e of t! · hyorhini s in many inf ec ted lungs 

whi ch because of its mor e rapid adaptation to artificial 

medi~ rn ~ill gen t ra lly overgrow t!· hyopn e umoni ae . Despite 

the oe diffj~ul t ies, improvements to the culture medium 

and technique s (Pijoan and Roberts 1973 ; Friis ·1975 ; 

Goodw i n 1976) h ave greatly improved the r eco ve ry rate 

(Etheridge et a l 1979). How ever isolation remains 

difficult and l aborious e ven under the best condition s . 

. For these reason s and the need for rapid routin e 

diagno sis required in e nzootic pneumoniae co ntrol sc he mes , 

L 

1 

I 
t 
i 
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the direct immunofluor~scent staining technique was 

developed to demonstrate the pres ence of M. hyopneu moniae 

in pneumonic tissues. 

tl· hyopn eumoniae was first demonstrated in frozen 

lung sections by L'Ecuy e r an d Boulanger (1970) using 

direct IMF. Further studies by Meyling (1971) proved 

the technique to b e specific for ~· hyorhinis also. 

Since this work the IMFT has .been used widely as a 

simple and specific method for diagnosis. By allowing 

visualisation of mycoplasmas in pn e umonic tissue s 

(Livingston et al 1972 ; Holmgr e n 1974c ; Gois ·et al 
1975· ; Giger et al 1917 ; Weng 1980 ; Amanfu et a! 1980) 7 

IMF conji rms the necr op sy :· and serological diagnosis o~ 

enzootic pneumonia. 

Antibodies to ~· b.z'...£P.neumoniae were first det~~l e~ 

by Roberts (1968) _using the CFT in experimentally iGfe 2t ed 

pigs. Refinements to thi s method (Boulanger and L' E cu y ~t 

1968 ; Takatori et al 1968 Hodg es and Betts 1969 a ; 

Goodwin et al 1969a ; Wallis and Thomp s on 1969 ; Rob e r ts 

and Little 1970 ; Eskildsen and Sch j erning - Thiese~ 

1971 ; Slavik and Switzer 1972) have led to wide u se 

of the CFT in enzootic pneumonia control schemes 

(Woods et al 1976 ; McKean et al 1979)~ How e ver, 

demonstration of low levels of antibody in pig serum uy 

CF methods is difficult becau se low dilutions of pig 

serum are usually very procomplementary (Eskildsen 1973). 

This problem is overcome by t es t ing one low dilution of 

serum in the pres e nce of a range of C' concentrat ion s 
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thereby keeping the procomplementary affect for that 

serum constant, allowing the amount of C' fix e d by 

the antibody-antigen complex to be calculated 

(Etheridge and Lloyd 1980). 

This chapter describes the establishment and 

verific at ion of non-specific and specific diagnostic 

techniques (Chapter 2) using specimens from e xp eri­

mentally infected pigs and field cases of EPP. 

3.2 Mat e rials and Methods 

( J. ) 

Pne urnon ic lesions we re classified as being 

ty~icel of en~ ootic pneumonia by the criteria outlined 

in 2.1.(i) •. 

L \ J r11J t i s s u e s we r e the n s amp l e d and s e c t i o n e d 

a s described in 2.1.(iv)(c). Microscopic l esions in 

experimentally infected pigs were classified according 

to the d esc ription of lesions in 2.l(iv) ( a) ( ~hittlestone 

.H 7 2 ) '· ut he r e as those from f i e l d case s f o 11 owed the 

crite ria detailed in 2. l (iv)(b) (McKean et al 1979). 

(ii) Myc~asmas 

Culture s of Beaufort (w ild t ype isolate ) and 

LKR M. hyopneurn oni ae strains were grown in MH mediu m 

(Appendix V) •. A field strain of M. b..l'..2rhini s, isolated 
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and typed by CSIRO Melbourne, was cultured in MH 

broth and on PPLO agar. Preparations of these 

cultures were made for giemsa and IMF staining 

(2.2. and 2.4) •. 

(iii) Giems a staining 

Preparstions of mycoplasma cultures were 

s l a fr, e d 11/ i th G u r r I s R 6 6 imp r 0 v e d G i e ms a f 0 r 3 h 0 u r s 

( 2 • 2 ( i ) ). .. T au ch p r e p a r a t i on s for G i ems a and I MF 

st aining vere from the same cut tissue surface . 

(iv) Compl ~ ment Fixation 

Serum samples 11/ere tested for presence of 

M. hi G::\::1 f'Umon i ae ·antibody u sinJ the C' consumption 

me~hod daGc ribed in Appendix II. Freeze dried 

pos tti~~ end ne gative control serum samples 11/ere obtained 

fro m CS!RO Melbourne, to routinely check the sensitivity 

of the CFT . Later, control serum 11/as obtained from 

pigc experimentally infected with tl· hyopneumoniae 11/hich 

showed p~sit ive CF reactions when tested against the 

CSIFW conb'o l. 

The direc t CF method (Appendix III) .was used 

to determin e the titre of M. hyopneumoniae antibody 

in the hyperimmune, serum supplied by the CSIRO. A 

further 194 serum samples collected at random from 

slaughtered pigs 11/ere tested by both methods to 

determine which CF method was most sensitive. 
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(v) Immunofluorescence 

Determination of IMF titre 

· Dilutions of tl• . hyopneumoniae and M. hyorhinis 

FITC conjugates, ranging from 1/3 to 1/96 of the 

original volume of undiluted serum were prepared. 

Homologous culture preparations were then stained to 

qscertain the greatest dilution giving strong specific 

fluorescence with a minimum of non-specific fluorescence. 

Specificity 

The specificity of all conjugates, including 

FITC conjugated non-immune sera ~ ere ch e cked by using 

each to stain cultures of tl• hyopf.!~.!:'T!Tioni~, !:1· hyorh~ni s 

and smears of uninoculsted MH me Jium. Blocking tests 

(2.4(vii)) using unlabelled homol ogous immune antiserum 

for pretreatment of smear~ pf ! ar to Bl a ining with 

specific FITC conjugate .were pe rform ed . 

(vi) .!:_ung sectioning for- IM~ 

Initially fresh lung t issue W&6 frozen and 

stored as described in 2.4(viii), then sectioned using 

a cryostat, 2.4(ix)~ 

Due to processing of o t her hig hly infectious 

material on the same cryost a t ~ and lack of a satis­

factory alternative facility, an alternative sectioning 

method was used. Paraffin embedding of the thawed 

tissue block s was adopted and the majority of specimens 

were proce ssed by this method (2.4(x)~. 
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(vii) Assessment of techniques 

These procedures were assessed by initially 

using specimens from experimentally infected pigs 

and then on serum samples and typical lung lesions 

from field cases. 

(a) Specimens obtained from experimenta~lY. 

infected pigs 

Six pigs were inoculated intranasally 

with ~· hyopneumoniae (Beaufort strain) and 

placed immediately in-contact with 24 othe ~ 

EPP free pigs. All pigs were bled prior to 

exposure and inoculated pigs we~e bled at 

weekly intervals until slaughter, between 4 t0 

10 weeks later •. The in-contact pigs were 

slaughtered 11 weeks post-exposure at a loc a! 

abattoir, whereas inoculated pigs were slaughter ec 

on site to avoid contamination with other 

mycoplasmas and secondary bacteria. 

A group of 6 placebo inoculated (MH 

medium) .Pigs were held in-contact with anothe r 

24 control pigs. All conditions described 

applied to these pigs also. 

Lungs were obtained aseptically from the 

inoculated pigs, and in the case of the in­

contact animals, from the viscera table at the 

abattoir. Each was placed in a separate 
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labelled pla s tic bag and taken immediately 

to the laboratory. Blood samples were 

collected from 6 pigs in-contact with the 

M. hyopneumoniae inoculated transmitters and 

from 6 similar control pigs, at 2 week interval s 

throughout the trial. All pigs were blood 

sampled at slaughter. 

Specimens collected at slaughter were 

lung sections for histo~ath o l ogy and I MF , 

touch preparation s for Giemsa staining and IMF 

and serum for CF testinq. 

(b) Specimens obtain y_q f'r om field cases 

Serum samp les were col le cted at slaughter 

from 412 pigs and co~1eJ~ted wJ th presence or 

absence of gross le sjons of EPP in the 

corresponding lung. Lungs were either evaluated 

on the viscera tabl e at the abattoir (appro xi­

mately a half) or r~ mo v Ed for a more detailed 

examination later (Chapte~ 4 ) . Serum samples 

were tested by one 0r both of t he CF methods 

for presence of tl.· b.~12.Ene~1J.non.l~~ antibody. 

Twenty two EPP affected lungs and 22 

grossly normal lung s from thi s group of 

commercial pigs were submitted for laboratory 

e xamination. Lung sections were collected for 

hi stopathology, touch preparations prepared for 

Giemsa staining and serum samples collected for 

CF testing. 
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3.3 Results 

(i) Mycoplasma culture 

Beaufort and LKR strains of ~· hyopneumoniae 

were both grown successfully in all batches of MH 

broth medium. Cultures of LKR (0.3 ml of stored 

culture thawed from -so 0 c, added to 3 ml of MH medium) 

produced a colour change from red to yellow (++++) in 

48-72 hours, and a similar reaction in 24-36 hours 

when ++++ broth was subcultured. By comparison 

cultures of Beaufort strain grew at approximately half 

the rate of LKR. 
' 

Primary cultures of M. h~orhini~ in MH medium 

prriduced yellow (+++/++++) .colour reaction~ within 

24-36 hours . When this broth was inoculated onto PPLO 

agar plates colonies were visible within 2-3 days 

(Fig. 3.1) ~ These were passaged by removing the block 

of. agar containing cultures, inverting it and smearing 

over the surface of a fresh plate . 

All lungs were cultured in MH medium, being 

passag ed weekly for 4 weeks. Mycoplasm as were not 

recovered from any lung. 

(ii) Giemsa stainin.sJ. 

~· hyopn e umoni ae organisms appeared as small 

bipolar organisms and ring forms, often with thickenings 

at 1 or more points, in smears of broth culture (F ig. 

3 ~ 2) •. 



F i g • 3 • l Ji. .by_ or hi n i s colonies g r o \!/ n on agar • Note 

typical "fri ed egg " appearance 8 s th ·~ c e ; i t .r al co 1 on y 

penetrates the agar. 
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Fig. 3.2. Giemsa stained ~a s hed culture smear of M. 

hyopneumoniae featuring bipolar and "ring form" 

organisms. x 1000 
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Fig. 3.3. Si emsa stained smear of washed M. hyorhinis 

cu 1 tu re featuring com ma shaped organ isms ( +) and cocci. 

(x 1000) 
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M. hyorhinis appears as l omma-shaped organisms 

and cocci in culture smears (Fig. 3.3) • 

. .'(iii) CFT 

C' consumption titres on positive control 

serums were of the same order as titres recorded on 

the samples by CSIRO. Serum samples from 

EPP free-pigs were us~d as negative controls. 

The working dilution of some batches . of M. Avopneumoniae 
, ) 

antigen were adjusted to between 1/10 to 1/20 in 

order to maintain the same positive control titre and 

sens'i tiv i ty. 

ihe CF antibody titre of the M. hyopneumon i_a..~. 

hyperimmune antibody was >31 C'H 50 units for the C' 

consumption method and 1/1024 for the direct method. 

Both CF methods had the same average probabi l i t ~ 

in detecting positive and negative titres, which wa s 

confirmed by the Wald test ; in 87% of cases the 

results of the 2 tests agreed (Table 3.1(1)). 

The C' consumption method detected antibody 

in 61 serum samples compared with 53 by the direct 

method. The increased number detected by the C' 

consumption method was due to more serum samples with 

low antibody levels being detected by this method 

only (Table 3.1(2))~ 



C' consumpti on 

C'H 50 units 

<4.6 

>4.6 

TOTAL 

170 

Table 3.1(1) ~ Relationship between C' consumption CF 
and direct CF methods on 194 serum 
samples collected from slaughtered pig s • 

. 
-

Direct CF titre (inverse of dilutions) 
TOTAL 

l . l 

< / a (-) > 8 (+) 
- . , 

~ -
124 9 133 

·-
. 

: 17 /J./• ... 61 

141 .)3 194 

Wald test for repeated measurements on the sar.~11· sample. 

Ho = both tests have the same average probabili ty of 
classifying positives and negatives . 

2 

X1 = 2.46 NS 

. . Retain H0 • (in 87% of cases the results agree) • 



Table 3 . 1 (2 ) 

c• Di r ec t 
consumption 
C1H50 units 0 *8 16 

4!l - -
0 

4! - -
0.4 

23 - 3 
1 

10 - -
1.8 

' 
2 1 -

3 

9 l 3 
*4. 6 

6 - 3 
7 

- - 4 
10 

1 - -
15 

1 - 2 
22 

- 3 1 
31 

TOTAL 141 5 16 
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Actua l ·ant i body t it res r eco rded by both 
me tKods on the same serum s amples . 

CF T (i nverse of dil u t ions) 

32 64 128 256 512 1024 

- - - - - -

- - - - - -

1 - - - - -

- - - - - -
3 1 - - - -
2 1 - 1 - -

- 2 - - - -
2 - l - - -
1 - - 2 - -

5 2 1 - - -

3 2 - - 1 1 

17 8 2 3 1 1 

*More serum samples wi t h l owest level of antibody de t ec t abl e by each test, 
were identified by the C' consumption method than by the direct CF method. 

48 

41 

27 

10 

7 

17 

11 

7 

4 

11 

1 

194 
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(iv) IMF 

M. hyopneumoniae - FITC conjugate produced specific 

fluorescence at a dilution of 1/48 of the original 

volume but was employed at a dilution of 1/12 to give 

maximum specific fluorescence with minimal non-specific 

staining. 

Similarly ~· hyorhin·is - FITC conjugate produced 

specific f lu or ee cence at a dilution of 1/128 of the 

original vol ume but was employed at a dilution of 1/32 to 

givw ma xi mu m spec ific fluorescence with minimal non-

specific s tainin g . 

Eac h conju ga te produced specific fluorescence only 

on homologous cultures. Non-immune - FITC conjugate 

fa i l e~ to produce specific fluorescence on either strains 

of myc oplasmas a nd when used at a dilution of 1/12 of 

the original volume produced no non-specific _,. 

fluore si:: enc a. 

Smears o f myc oplasma culture sediments stained with 

homol ogous immu ne pig conjugates app e ared as intehsely 

fluor e2 c ent , greenish-yellow bodies, or clumps of bodies 

evenly dist r ibute d over the glass surface (Fig. 3.4). 

Blocking tests showed that fluorescence was reduced 

only when culture smears were pretreated with homologous 

antiserum. Figure 3.5 shows reduction in - fluo~escence of 

M. hyopneumoni ae cultur e smears after pretreatment with 

M. hyopneumoni ae antiserum. 



'7 2 (1) 

,, 

Fig • 3 • 4 • ( l) ~· hyopneumoniae broth cult ure s ~aBr s tained 

with M. hyopneumoniae - FITC conjugated an t i s er um. Note 

fluorescence of individual organisms and br oth colonies. 

(x400). 

(2) M. hyorhinh s broth cultur e sm~ ar s t a i n e d with 

M. hyorhinis - FITC conjugated anti serum . N0t8 f l uorescence 

of in div idu al organ i s ms and broth e el a rd. es. ( x400) 





I 7 .2 ('-) 

Fig. 3.5. Blocking test for [. hyopneumon i ae - FITC 

conjugated antiserum. All!:!· hyopneumonia e br·oth culture :: 

smears were stained with homologous conjugate for 15 mins. 

after pretreatment. 

(1) Pretreatment with PBS for 16 hrs. 8t 4°C~ (x400) 

(2) Pretreatment with normal serum for 16 hrs . at 4°C. 

· (x400). 

(3) Pretreatment with M. hyopneumoniae antiserum for 16 hrs. 

at 4°C. {x400). 
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Figure 3.6 Blocking test for tl· hyorhinis-FITC conjugated 

· antiserum . All tl· hyorhin is broth culture smears were 

stained with homologous conjugate for 15 mins. after 

pretreatment . 

(1) Pretreatment with PBS for 16 hours at 4°C. x400 

(2) Pretr ea tment with norm a l ser um for 16 hours at 4°C. x400 

(3) Pretreatment with M. hyorhin is antiserum fo r 16 hours 

at 4°C. x400 
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Figure 3.6 shows a similar homologous reaction 

for M. hyorhinis - FITC conjugate . . 

Staining of duplicate culture smears with non­

immune FITC conjugate did not at any time produce specific 

fluorescence. 

Slight non-spec~fic fluorescence was observed 

on some tissue sections with all 3 conjugated antisera. 

This may have been due to staining by dissociated 

aggregates of f luorescein molecules which were remo v ~d 

by absorption on pig liver homogenate after thawing. 

(v) Assessment of diagnostic procedures 

Diagnostic procedures were evaluated on s p eci~~ n 8 

from both experimentally infected and natural field c as es · 

of enzootic pneumonia. 

(a) Clinic a l and post mortem finding s in 

infected pigs 

Pigs inoculated intranasally with 

suspension of pneu monic lung 

All 6 inoculated (transmitter) pigs 

developed a harsh hacking cou gh whi c h 

was first observed 6 days p.i. (mean 

B.2 days)~ 

Five of these had gros s EPP lesions in l 

or more lobes when sl au gh tered 4 to 10 

weeks p.i. 
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Pigs held in-contact with inoculated pig s 

Twenty two of 24 in-contact (naturally 

challenged) .Pigs were observed to cough. 

The first was observed to cough 10 days 

after the transmitter pigs were challenge d 

(mean 30.8 days)~ 

Seventeen of 24 (71%) pigs had gross EPP 

1 e s i o n s w h e n k i 11 e d 11 \U e e k s o. f-fe.-r 

i11if-io./ exposure. Acute lesions were pres 3rit 

in 36.4% and chronic lesions in 63.6 % of 

lungs. Lesions were present in l o r mor P. 

lobes with the right cardiac being t he 

most frequently affected ; 76% of affect e~ 

lungs had lesions in this lobe. 

·Gross pn~ umonic lesions were not observ ed 

in any of the control pigs. 

(b) Results of diagnostic procedures on 

specimens from experimentally infected~pigs 

The results af the diagnostic procedu res 

on the 6 inoculated and 24 naturally 

challenged pigs are shown in Table s 3. 2 

and 3.3. 

All of the 30 pigs experimentally infected 

with ~· hyopneumoniae developed typical 

histopathologic changes. Twelve had 

third stage lesions ( Fig. 2.5) while 11 

had fourth stage lesions (Fig. 2.6). 
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Enzootic 
Pneumonia 

Table 3.2 Results of diagnostic procedures on pigs inoculated and naturally 
challenged 111ith Mycoplasma hyopneumoniae and on control pigs. 

Hietopathology Complement Immunofluoreacence 
fixation -----.--------­

Gross 
Evaluation 

of lungs 

Number 
of lunge 
examined 

Touch 
preparations 

T.P. teat T.P. Lung Secticns 

Inoculated 

Lesions 
present 

Lesions 
absent 

s 

1 

4 ~ 2 + 

4 1 0 0 J 2 

1 0 0 0 l 0 

+ + - + 

s 0 1 4 4 1 

1 0 0 1 0 l 

1------+------il-~·-------4---------1-------+------+---------

Exposed 
to 

infected 
pigs 

Total 

Lesions 
present 

Lesions 
absent 

6 

17 

7 

5 l 0 0 
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TABLE 3. 3 

Results of diagnosti c techn iques on experimenta lly infected pigs 

Identity Cha llenge Gross His to-
t 

CFT Touch Immunofluorescence 
Method Lesions Pathology preps 

T.P. Sections 

.y, C.N. Present 4 ++ +++ +++ +++ 

W1 4 ++ ++ +++ ++ 

G1 4 + + ++ +++ 

w, 4 ++ + + ++ 

Y1 4 +++ ++ + 

BW1 4 ++ + ++ 

Rs 4 +++ + 

Ps 4 + 

W5 3 + 

P1 4 +++ + + 

a, 4 + + 

o~ 3 + 

R1 3 + 

Ys 4 + 

Os 4 +++ 

BWs 4 

R, 4 

B C.N. Absent 3 ++ + 

p 3 + 

G 3 + 

BW 3· + 

.B1 3 + 

Os 3 

Gs 4 

1-12 I.N. Present 4 ++ + + + 

5-7 4 +++ ++ + 

5-4 4 +++ + + 

10-1 3 + + 

3-1 4 +++ 

5-5 I.N. Absent 4 + + 

I.N . Inoculated intranas ally 4 Fourth stage l e sions + weak positive 

C. N. Challenged naturally 3 Third s tage lesions++ moderate 

T c FT 0. t s Io. u3 hte.r +++ .. s trong 

. --: \ ~ · .. 
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Results of isolation attempts on 

infected, in-contact and control animals 

appear in Table 3.4. Pasteurella . 

multocida and Haemophilu s parainfluenza 

were recovered from 2 pneumonic lungs 

only, while a-haemolytic Streptococci 

were isolated from challenged pigs only. 

Mycoplasmas with .morphology typical cf 

M. hyopneumoniae, bipolar or ring form. 

were observed in giemsa stained touch 

preparations in 50% of 30 cases .(Fig. 3.8 

( 1 ) ~ ~ 

All pigs had negative CF titres prior to 

exposur~ with positive titres then heing 

detected in all inoculated pigs 11 wee~~ 

after infection was introduced. Pi g 8 3 

(Table 3.3)~ one of 6 in-contact pigs 

blood sampled through out the trial, fir st 

developed a positive CF titre 6 weeks 

after inoculation of the transmitter s~ but 

recorded a negative CF titre 5 weeks 

later at ~laughter. 



Table 3.4 

EPP 
Infection Number 
Status of pigs 

Inoculated 6 
!:1· hyopneumoniae 

In-contact 24 
with above 

-· 

Placebo 6 
inoculated 

In-contact 24 
with above 

Bacteria isolated from lungs of infected and control pigs. 

-
£:!. h~opneumoniae M. Bordetella P. 

h~orhinis bronchiseptica mu.ltocida 

NC - - -

NC - - , 1 

NC - - -

NC - - -

NC = Not cultured 

li· para-
influenza 

-

1 

-
·--

-

a-haemol~tic 
Streptococci 

2 

4 

-

-

..... 
-..J 
CXl 
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Fluorescence observed in IMF stained 

touch preparat~ons appeared as spots 

. or clumps concentrated around cells and 

debris (fig. 3.7)~ The fluorescent 

points matched the giemsa stained touch 

preparations in order of frequency an~ 

distribution (Fig. 3.8)~ These indi­

vidually fluorescing organisms could also 

be demonstrated in washed M. hyopneumoniae · 

cultures (Fig. 3.5). 

Difficulty was encountered as granulocyte s 

- stained non-specifically. Intracellu:ar 

granules or granules released from 

ruptured cells were yellow and appe ~r0a 

larger than mycoplasmas. The granules 

stained with both immune conjugates anc 

non-immune control conjugate. 

In lung sections, fluorescence was 

typically limited to the surfaee of bronch i 

and bronchioles (Fig. 3.9) _and to the 

exudate contained (Fig. 3.10)~ The antigen 

appeared as granular, intensely flu o rescent 

yellow-green aggregates and small colon ies 

which closely foliowed the epithelial folds 

in the large airways. 



I 1q 6) 

fig. 3.7. M. hyopn e umoni ae organi s ms stai ned by ~· 

hyopneumoni ae - FITC conjugated antiserum in a touch 

preparat ion pr e par e d from pn e umonic lung. ( x400). 



Fig. 3.8. Comparison of touch preparations from pneumonic 

tissue of pig v3 stained by Giemsa and IMF methods. 

(1) Presence of plentiful bipolar stained organisms with 

morphology typical of · tt· hyopn e umon i ae be tw een dark 

stain in g nu c 1 e i of mono nu c 1 ear inf 1 am ri1 a t or y c e 11 s • 

(xlOOO) 

(2) Specific fluorescence of M. ~2J~um oni_.?_~ or ganisms 

in a duplic a t e touch pr e para t ion of ahu\q~. (x400) 





Fig. 3.9. (1) Large numbers of tl· hyopneu moni a e 

organisms fluorescing on the surface of a bronchiole. 

Lung section from pig Y3 x 250. 

(2) I ndivid ua l tl· hyopneumoniae organisms 

visible on r espiratory surface. Section from pig Y3 

x 400. 





I 7 q (4) 

Fig. 3 .10. Exudate conta~ned within a n airway s howing ~· 

hyopneumoni ae org ani sms s t a in ed with M. hvopn e umonia e -

FITC conjugate d anti s er um - lung Y3 • (x400). 
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The results of each test on specimens 

from the 30 M. hyopneumoniae challenged 

pigs is shown in Table 3.3. The strength 

of test reaction is also compared. 

Results of tests on the 22 lungs with 

gross E.P. les~ons, indicated that giemsa 

and IMF staining of touch preparations 

were dependent (p<O.l)~ Figure 3.8 shows 

results of . both methods on touch prepara-

tions of lung Y3 • IMF staining of touch 

preparations was positive in 41% of 

cases whereas 59% of lung sections were 

IMF positive. 

The diagnosis of EPP, based on ~resence 

of typical gross lesions in 22 lung s 

(Table 3.3) .was confirmed either by CFT 
• 
or IMF on tissue sections in all but 5 

cases. All 22 cases showed histological 

evidence of EPP, 14 had detectable CF 

antibody at slaughter, lung sections from 

13 fluoresced specifically to M. !:!.1.£-

pneumoniae FITC conjugate, mycoplasmas 

were,observed in giemsa stained T.P. from 

12 and 9 T.P. were IMF positive. 

In the 8 challenged cases where lungs wer e 

grossly no rma l at s lau ghter, 4 had 

det ectable CF titres, mycoplasmas were 
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observed in Giemsa stained T.P. of 3 

and l lung section was IMF positive. All 

had histological evidence of enzootic 

pneumonia. 

(b) Results of diagnostic procedures on field 

cases of enzootic pneumonia. 

The presence of a positive CF titre to 

Mycoplasma hyopneumoniae in serum in 

as~ociation .with gross lesions typical of 

enzootic pneumonia was highly significan t 

2 (X 1 = 55.32, p<0.001)~ In cases wh ere 

serum samples were positive 69.8% of 

corresponding lungs had EPP lesions, wheIL~~ 

. with CF negative serum samples 27.7% of 

lungs had EPP lesions (Table 3.5)~ 

Where lungs were grossly affected wi th 

EPP, 44.9% of 156 corresponding serum 

samples were CF positive. In 256 no rm al 

lungs 12.1% of corresponding serum sampl es 

were CF positive. 

In commercially reared pigs (Table 3.6 ) 

with pneumonic lesions, 59.1% had histo-

logical lesions positive for enzootic 

pneumonia, 27.3% had suspect lesions , while 

the remaining 13.6% had lesions of 
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Table 3.5. Presence and absence of CF titres to 
M. hyopneumoniae in 412 sera and EPP 
lesions in corresponding lungs 

.. 

~I Consumption Method Reaction 

E.P. - - -

Lesions Positive Negative TOTAL 
;:.. 

Present 70 86 156 

Absent 31 225 256 

TOTAL 101 311 412 

*** p<0.001 

H0 EPP - lesions and complement fixation reaction are independent 

df x2 

l 55.32 *** 
:. reject H6 
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-Table 3.6. Result of ~iagnostic procedures on 
field specimens. 

Lesions of Number Microsco pic Touch Complement 
enzootic Examined evaluation preparations fixation test 
pneumonia 

, 

+ .± - + - · + -

Present 22 13 6 3 10 12 16 6 

Absent 22 4 6 12 2 20 l 21 

+ = pas itive + = suspect = negative 

. 
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necrotising bronchopneumonia. Myco­

plasmas were observed in 45.5% of giemsa 

stained touch preparations and CF anti­

bodies detected in 72.7% of serum samples. 

In the 22 grossly normal lungs 18.2% -had 

histological lesions positive for EPP, 

while 27.3% were suspect. Mycoplasma 

organisms were observed in 9.1% of 

touch preparations and 4.5% had detectable 

CF titres. Mycoplasma organisms and the 

~ositive CF. titre were present in cases 

in which histological examination indicated 

EPP. 

3.4 Discussion 

The investigation verified the specifici~ and 

indicated the sensitivity of the diagnostic procedures 

estab lished and when used on experimental and field 

caBes of EPP proved accurate in diagnosis. From the 

results it is recommended that each case be subjected 

to a combination of diagnostic methods to obtain the 

maximum number of diagnoses. 
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Establishment and verification of diagnostic 

techniques 

All batches of MH medium supported growth of 

Beaufort and LKR strains of M. hyopneummniae and also 

M. hyorhinis when tested. However, when these batches 

were used for isolation of ~ · hyopneumoniae from experi­

mentally infected pigs, myco~lasmas were not isolated . 

During these attempts the MH medium ad~pted strains 

continued to grow. The reason for this laek of sensitivity 

of the medium was not determined despite checking of 

medium production techniques. Further investigation was 

not conducted due to emphasis of the projerit being on 

rapid ~iagnostic methods ~nd mycoplasmas were successfull y 

cultur e d for testing of IMF stains. 

While the direct CF method (Slavik and Switze r 

1972) was simpler and quicker to perform, it was shown 

-to be less sensitive than the C' consumption CF method 

(Etheridge and Lloyd 1979)~ The latter method was mo re 

sensitive in detecting low levels -antibody, which was 

facilitated by elimination of the variable procomplemen t Qry 

activity of pig serum which makes interpretation of 
1 

direct CF antibody titres < / 8 difficult . 

Due to this advantage the C' consumption CF method was 

adopted for routine use in all further studies. 

The specificity of the immunofluorescent 

staining technique was ascertained by cross-staining of 

washed mycoplasma organisms grown in broth. Mycoplasma 
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organisms were stained only by homologous antibody 

conjugates and appeared as intensely fluorescent bodies 

or clumps of bodies. Non-specific fluore s cence was 

minimal in cross-stained mycoplasma smears when conjugates 

were used at the highest dilution giving strong specific 

fluorescence on homologous cultures. No fluorescence 

was detected in smears of tl· hyopneumoniae or M. hyorhints 

organisms stained with non- i mmu ne conjug ates. Staining 

could be effectively blocked by p~e-incubation with 

homologous un la be !led immune pig se r 1.; r.1. 

Mycoplasma organis ms typ i cal of M. hyopneumoniae 

as described by Whittlestone ( 1973) _were observed in 

G~emsa stained touch preparati o~ s f r om experimentally 

infected pigs (Fig. 3.8(1)) ~ Stainin g of similar touch 

preparations with tl• __ hyopneumo!]J.E _ ·- FI"fC conjugates 

pro~uced specific fluorescenc e ~ i th a similar distribution 

to Mat seen on Giemsa staining ( Fig. 3 .8 ( 2 ))~ IMF staining 

of touch preparations proved t o be a s i mple, rapid and 

successful technique in the diagnosis of EPP considering 

that lesions were chronic with fe wer org anisms present. 

ThatGiemsa staining of touch pr e parali@n s detected 

organisms in 8 cases when IM ; was negat i ve may also relate 

·to the presence of only few or ganisms ; whose typical 

morphology on Giemsa stainin g all owed ~~sitive recognition, 

while their scarcity did not allow clas sification as 

IMF positive. 
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IMF staining of lung sections had the added 

advantage of allowing visualisation of the causative 

agent in situ. in the affected tissue. Fluorescence 

appeared as previously repor~d(L•Ecuyer and Boulanger 

1970 ; Meyling 1971 ; Livingston et al 1972 ; Holmgren 

1974c ; Gois et al 1977 ; Giger et al 1977 ; Weng 1980, 

Amanfu et al 1980) ~ as being limited to the epithelium 

of the bronchi and bronchioles and to th~ exudate fillin g 

the smaller airways (Figs . 3.9 and 3.10). 

The hyperimmune M. hyopneumoniae antiserum used 

for· conjugation had a dirept CF titre of 1/1024, and the 

FITC ionjugate was still active at dilution of 1/48, but 

was employed for staining at a dilution of 1/12 ~ ; These 

working ti t r es of the c~njugates are .con s istent With 

those of L'Ecuyer and Boulanger (1970) _who found that 

serum with a direct CF titre of 1/320 produc ed specifi c 

fluo r escenc e at a titre of 1/20 and a working titre of 

1/5. By comparison Weng (1980) fdund with a ~imilar pig 

anti s erum, with an IHA titre of 1/2048, conjugated wi t h 

FITC was still active at a dilution of 1/32, but was 

employed at a dilution of 1/ 8. 

Di a g n o s i s o f E P-P in e x p e r i me n t a 11 y inf e c t e .9_f!J. g s 

Gross lesions of enzootic pn e um~nia were pre sent 

in 17 of 24 (71%) _naturally challenged pig s at sl aughter, 

11 week s aft e r inoculation of transmitter s . These results 

are similar to those of Etheridge and Lloyd (1979) · who 

repor t ed EPP le s ions in 76.7% of 43 pigs slaughtered after 
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being held in-contact with transmitters (inoculated with 

Beaufort strain) _for 4 to 11 w~eks. The diagnosis of 

EPP based on appearance of gross lesions was confirmed 

at slaughter in 13 of these cases, by either CFT or IMF. 

Where naturally challenged pigs had grossly normal lung s , 

EPP was diagnosed in 3 of 7 cases by t.!le s e method s , which was 

indicated in all cases ·by typical histologic lesions and 

mycoplasmas present in T.P. of 2 cas es. These results 

support the observations of Slavik and Switzer (1972) 

and McKean et al (1979) _which suggest that gross lesion 

resolution may have occurred before CF titre disappearance. 

However, the converse also ap pears to oc cur as ;pig 8 3 

developed a positive CF titr& 6 we eks post-exposure which 

was undetectable 5 weeks lat e r when g~ass lesions of EPP 

were found at slaughter. Th e res ults ~ra also in accord 

with a prev iou_s observation ( Mc Ke ~ 11 -~ c;.l 1979) . that a 

greater number of pigs had ni s ~c l ogi c a l lesions than CF 

titres, suggesting that CF maj d isappe ar before resolution 

of histologic lesions of EPP. 

Slightly fewer lung ~ W8 re pos i tive by IMF 

staining of touch preparations when c ompa red to IMF 

staining of sections. Howev Rr ,had mate r ia l from bronchi 

been scraped out and a smea r s tained wi th IMF conjugate 

(Giger et al 1977) an increased numbe r e f lungs may have 

been diagnosed positive by the method . 

Although the majority of affected lungs had 

chronic resolving le s ions, reported to give reduced 
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fluorescence (L'Ecuyer and Boulange~ 1970 Amanfu 

et al 1980)~ 59% of 22 with gross lesions and 12.5% 

of · 8 normal lungs were diagnosed positive by this 

method. By comparison, in other studies using IMF 

staining of pneumonic lung sections (L'Ecuyer and 

Boulanger 1970 ; Meyling 1971 ; Holmgren 1974c ; 

Geis et al 1975) 66% of 12 lungs, 70% of 50 lungs , 52% 

of 25 lungs and 54% of 39 lung s were positive. 

A good correlation W3S fou~~ be tween results 

of Giemsa and IMF stained touch preparati ens, and IMF 

staining of lung sections from 5 lungs, Y3·, W1 , G1 , W3, 

1-12 (,Table 3. ~ ) . Reduced corre lation seen in other 

lungs may be attributable to the l o \U number of organisms 

present in chronic or resolved ca £es an d the use of 

tissue sections for IMF fro m ~ di f feren t site than used 

for touch preparations. The s tr Gng t n of test reactions 

on these 5 lungs was found ta c om par e we ll, as found by 

Giger et al (1977) on a group of l Q s e l ra cted lungs. All 

tests were negative on specimen s fr o~ t~e 30 control pig s . 

A combination of specific a~d non-specific 

diagnostic tests were found to produ ~ e the highest 

frequency of EPP diagnosis. All 22 lungs (experimental) 

with gross lesions of EPP had typjc a l h i stological 

lesions and in 16 of these the diagnos is was confirmed. 

Three were positive by CFT alone, 2 were positive only 

by IMF, and 11 were positive by both procedures. 
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Diagnosis of EPP in field cases 

Results of the diagnostic procedures on field 

cases demonstrated a high degree of accuracy. The non­

specific diagnosis of EPP based on gross appearance of 

pneumonic lesions at slaughter was confirmed by the · highly 

signif ic cnt assoc iation between detectable CF titres and 

pre sence of ~ros s pneumonic lesions in corresponding 

sampl e.::• l rom 412 pigs at slaughter (p<0.001) .(Table 3.5) •. 

These results, using the complQment consumption method 

(Ether idqe and Lloyd 1980 ) .compare favourabl y with those 

of McKean e t al (1179) .using the conventiona l complement 

fixation fflAthod (Slavik and Switzer 1972 ) ~ wh o also 

found ~ significant association (p<0.005)~ Positive CF 

titres we re r ecorded i~ 44.9% of serum samples corres-

ponding ~ith lungs with EPP lesions indicating that CF 

titr e~ f r.Pq u ently di sappear before lesions resolve. 

Conver se ly 1 2.1% of ·256 serum samples corresponding with 

norm~l lungs had p6sitive CF titres. These may be due 

to p8 r sist ence of ti tr es beyond resoluti.on of lesions 

(Slavik and Switzer ~72) or be non-specific CF reaction s 

which were f ound to occur in 9.4% of serum samples from 

EPP free he r ds (Woods et al 1976)~ The presence of 

po~i tive CF titres in the absence of gross lesions 

ob s erved in fie ld cases may be due to resolution of le sions 

in some cases ; this explanc:dion is supported by . simi la r 
' 

re s ults recorded in 4 experimentally infected pigs 

(Table 3.2). 
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Results of diagnostic tests on field cases 

supported the diagnosis of EPP based mn appearance of 

gross lesions. Of the 22 lungs with lesions (Table 3.6) 

only 3 had histological lesions other than being 

positive or suspect for enzootjc pneumonia. These 3 

sho\1/ed extensive necrotising bronchopneumonia , evidence 

of secondary bacterial involvement. Mycoplasma organisms 

\I/ere observed in touch p·reparati or1 s fr om 45. 5% of lungs 

and positive CF titres were detected in 72.7% of 

corresponding serum samples. While t his positive CF 

reactor rate is substantiall y higher tha n recorded for 

the 412 serum samples of 44.9%, it probably results 

from fesii"3 a small sample .,, ll(hich is not represen-

tative. A small portion of grossly norn1al lungs sho\l/ed 

evidence of EPP. Non-specif i c eviden~e of EPP in the s e 

was suggested by histologic lesions in 4 of 22 (18.2%), 

\l/hich 11/as supported by the detection of mycoplasma 

organisms in T.P. of 2, and n positive CF titre in 1 of 

these 4 cases. 

On the basis of these result s 3~ accurate 

diagnosis of EPP at slaughter c an be b~sed on a com­

bination of gross evaluatior. 5 hi~top 8 th o logy, examination 

of Giemsa stained touch preparations an d CF testing of 

corresponding serum samples. This c an rapidly be 

confirmed by IMF staining of either touch preparations 

or sections of pneumonic lung. The best 11/ay to achieve 

a positive diagnosis therefore appears to be to use a 

battery of tests to cover all stages of infection 11/hen 

antibody or organisms may or may not be present. 



192 

CHAPTER 4 

PREVALENCE OF LESIONS TYPICAL OF ENZOOTIC 

PNEUMONIA IN SOUTH AUST R.!\l. I A - AN 

ABATTOIR SURV EY 
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4.1 Introduction 

Abattoir surveys of enzootic pne~monia of pigs 

in Australia have shown the prevalence to range from 19-67% 

(Pullar 1949a ; Edwards et al 1971 ; Norton 1976 

Mercy 1981). Whittlestone (1973) su ggested that there 

were indication~ that prevalence of pneumonia had decrea sed 

in Australia as Edwards et . a l (!97 1) had found only 19% 

of lungs affected, a prevalence much lowei than 20 years 

earlier. This apparent reduct ion h ad occurred despite 

the trend toward increasing herd size 1 but had occurred 

in ~ssociation with improved husbandry standards and· 

diseas~ awareness. Howeve r, a further survey by Norton 

(1976) found 40.4% of lung s frcm porkers affected, 

indicating that either pre \relence was higher in nor the rn 

Queensland or confirming th at porV.ers h s ve a higher 

prevalence as indicated by Pullar (1949a)~ 

An abattoir survey of pig s in De nmark (Aal und 

et al 1976) .demonstrated that pre\1alence and extent of 

lesion s of enzootic pneumonia i ncresse &a herd size 

increases. The trend toward l a rg e r . he rds has been 

apparent in the pig industry for some years ; in South 

Austr a lia the mean herd si ze ha s increased from 73 to 128 

pigs and the numb er of herds ~itn ov e r 1 000 animals has 

doubled over the past 7 years. If the association of 

preval e nce with herd size occurs in Australia then 

enzootic pne umonia may be an emerging disease in the 

local pig industry . 
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4.2 Materi a l s and Methods 

( i) . Selection of lungs 

Lungs e xamined we r e from 3 major abattoirs 

(1, 2 and 3), each slaughtering between 105 000 - 150 000 

pigs annually. Approximat e ly 60 lungs, predominantly 

from bacon-weight pigs, were sampled at 1 of these abattoirs 

each fortnight i.e. each ab 8tto i r being s ampled t wice per 

season. The sample consi s t e d of 30 lungs which were held 

for later examination (group A), wh ile the r emaining 30 

were e xamined on the visce ra t able (~r ~ u p B). To ma ximis e 

the number of lines of pigs monitore d , ev ery second lung 

was sampled. Each abattotr was vis i t e d a t least once on 

each d~y pigs were routinely slaughter e d. This was done 

to avoid bias produced by lar~er units which slaughter 

on the same day each week. A t o t~l of l 4 30 lungs we re 

examined; 712 in group A and 718 i n gr cup B. Lungs were 

examined between January 1st to De c ember 22nd, 1980. 

(ii) Examination of lun qs 

Group A lungs were exaMi"eol eitAer at the 

abattoir of collection or at a nearb y l~b aratory on the 

day of collection. Lungs w e ~ e e xami ned by the ~ethod 

described in section 2.1. 

In the examination of g r ou p B lungs there was 

only sufficient time to record the pr e sence and the type 

of pneumonic lesions . Both dorsal and ventral aspects 

of all lobes were e xamined as in group A. 
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(iii) Classification of lesions 

The classification of pneumonic lesions as 

being typical of enzootic pneumonia was based on the 

description provided in 2.l(ii)~ 

(iv) M~grobiology and Histopathology 

Tis 3ues were sampled from 22 affected and 22 

normal l ung s and processed as described in sections 2.1 

(iv)(c). Results are reported and discussed in sections 

3.3 and 3.4. 

(v) 

.~t each of the 14 abattoir visits 10 ml. of 

blood wns collected from 30 pigs at the point of slaughter. 

These pig8 w~re then ta1fuoed 1 allowing collection of the 

corre spondi ng lungs (group A) for examination. Serum 

samples ~ere t e sted for presence of M. hyopneumoniae 

antibody with the CFT (Appendix II)~ 

4.3 Results 

( i ) P~ev ~ l E nce of Pneumonic Lesions 

lesions typical of enzootic pneumonia in groups 

A and 8 ·were observed in 645 of 1 430 (45.1%) .lungs 

examined during the 12 month survey (Table 4.1). Seasonal 
2 

pre v ale n c e v a r i e d ( X 3 = 7 . 7 51 , p < O • 1 ) . with _the · hi 3 ~ es t 

p reva /eflce beiNJ recorc1eol in '5Vmmer with 51.1% and winter 

the lowest with 41.7%. 
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Table 4.1 

Seasona l prevalence of Enzootic Pn<>vMol) iq - J,·i<e. 
/esior.s over 12 months (%) (Groups A & B) 

EPP 
Status Spt;"ing Summer Autumn Winter Total 

EPP. - /ike.. 152 * 186 * 158 * 149 * 645 
Lesions (42.6) (51.1) (44.8) (4). 7) (45 .1) 

Lungs 214 178 195 208 785 
Norma l 

Total 356 364 353 357 1 430 

* p<O. 1 
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The prevalence of lesions at abattoir 1, 2 
2 

and 3 varied significantly (Xz = 243.8, p<0.001 ) with 

22.2%, 41.9% and 71.2% of lungs affected respectively 

(Table 4.2). The seasonal prevalence varied significantly 
2 

(X~ = 17.47, p<0.001) a( abattoir 2 where the highest 

prevalenc e wa s re corded in summer with 55 . 6% of lungs 

affected and . the lowest in winter 111ith 29. 79L 

In g~oup A (Table 4.3) the prevalence of 

enzoo t:i.c pneu monia 111as 43. 3% and other types of pneumonia 

111ere observed in 1.3% of 712 lungs examined. The 
2 

seasona l pre val e nce - ~aried significantly (X3 = 14.53, 

p<O. ~ l') 111ith the hi3!-.e.st preva.levic~ kir1~ recoi-deJ · 11'1 sum,.,er of 

53.4% of lungs affected and spring the lowe s t with 34.4%. 

Tw e nt y e i ght of t he lungs in this group were from porkers, 

of wh ich 4 2 . 9% ha d l esions typic a l of enzootic pneumonia. 

L esio~s 111ere ob served most frequently in 1 or 

2 lobes per l ung ( Tab le 4.3) 111ith 12.6% and 10.1% of the 

tota l pr Eva lence of 43.3%. This trend was consistent 

for all se'.l ::;on::>. 

Th e d istribution of enzootic pn e umonia lesions 

(T 9bl e 4.4 ) in t he 7 lung lobes vari ed significantly 
2 

(X 6 :: 47t;. . • 29, p<.001) , _with the right cardiac lobe 

recording the high es t prev a l e nce - 83.8% of affected lung s 

having lesion s in thi s lobe, follo111ed by the left cardiac, 

right apica l, intermediate, left apical, right diaphragm a tic 

and l eft diaphragmatic. Significantly mor e lob e s we re 
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Table 4.2 

Seasonal prevalence of E.P.P., Lesions 
in Lungs at each abattoir (Group A & B) 

Abattoir 
of lesions of enzootic pneumonia 

ri 
I~~~! , 1~8Prevalence ·-· 

examln~~ 11 
------ii------i~ -·· 

pr.ing Summer Autumn Winter To tal 

I 

*** 477 9.7% 24 . 0% 20 . 5% 24 .0% 22.2% 

2 477 1l 
" 1< 

3 476 ll 6 ., 
1 . .. 

* .':1~ *** *** *** *** 2 # 9;~ I 55.6% 39.0% 29.7% 41.9% 

I *** 5.0% 73.9% 74 .6% 71 . 4% 7 1 .2% 

-...----~ 
I 

**": p< 0 ·001 

% 



Table 4.3 

Seasonal prevalence and distribution of Enzootic Pneumonia and 
other Lung Lesions in 712 examined Lungs (Group A) 

==r--·1 No . of lun~ lobes ~ffected with '.l Prevalenci: of 
SeaS OTh Lungs I 

' 
.. ----~--I examine a r ···--·-·--·-----·-· · Enzoot: :.c Othex: Pl • .'! uris 

1 j 1 Z 3 4 5 6 7 Pnet:ir.!0:1 ia Pneumor. ias 
--+- ·- ·--·L·----·--·----------------1-- ·- --

Spring. 180 11!.l 6 . 7 5.0 4.4 2.8 ! .3 2. 2c 34:~ ) - 13.9 

f.'nzootic h::: Vi!mon ~ <> 'l 

Summer 176 15.3 10.8 9.7 7. 4 2.3 ** 4.0 4 . 0 53.4 - 11.4 

- ** Autumn 179 11. 7 9.5 6 . 7 3.9 2.8 I. I . 3.9 39.7 - 16 .8 

** -Winter 177 12 .4 13.6 5. 1 4 . 0 5.6 I. 1 4 . 0 45 . 8 15.8 

Total 71 2 12.6 JO. 1 6.6 4.9 3.4 2. j J.5 43 . 3 1.3 14. 5 

t'* p<O . 0 I 

y 

..... 
'° '° 



R. Apical 

"'** 44.8 

Table 4.4 

Prevalence of Lesions of Enzootic Pneumonia in the 7 Lung Lobes i. 
. (Group A) 

R. Cardiac R. Diaphragmatic Intermediate L. Apical L. Cardiac 

*** f(** *** *** *** 83.8 20.8 28.9 27.9 70. I 

*** p<0 .001 

L. Diaphragmatic 

*** 15.9 

N 
0 
0 



Table 4.5 

Association of Pleurisy with Enzootic Pneumonia in 712 examined Lungs (7.) (Group A) 

P -~-- -- · r ·--· I ···T- -t· i .--:1\ T i E. • . i ' ' . .. O ta Wl.t l Ota 
S Spn.ng i Summer. I A•.itumn Winter l'l · I E · d t a t us I ! eurisy xamir.e 

--· l-~-1·---~----1· -- ' ·- r-:· -. ' ' 

308 
E.P . + i I I l z't; -/; ~"::: 

Pleurisy I 11 ]] 2? 17 68 . J I ' 
Normal 
Lung + 
Plellrisy 14 3 7 11 35 404 

Total 25 20 30 28 103 . 71 2 
( 13. 9) ( 11.4 ) ( 16 .8) ( 15. 8) (14 . 5) 

*** p<0 .00 1 

N 
0 
....... 
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2 

affected on the right side of the lung ~X1 = 26.20, 

p<0.001). The intermediate lobe was the only lobe 

affected in 4 of 308 (1.3%) lungs 

with lesions of enzootic pneumonia. 

Th e association between pl eur i sy aAd cases of 
2 

pneumonia was highly significant (X 1 = 25.31, p<0.001) 

with ple~risy present in 6~ of 308 lungs with pneumonia 

and in 35 of 404 normal lungs (Tab le 4.5). The 

pre valen~e of pleurisy for group A lungs was 14.5%. 

(Table 4.3) ~hich did not vary significantly between 

seasons. The p~evalence of pleuris y varied significantly 
2 

(X1 = 22.42, p<0.001) with a · prevalence 

at ci b a :.: t n 5. :c 1 o f 6 • 3 %, a t 2 of 16 • 8 %, a n d 3 of 2 0 • 2 % • 
l 

(ii) 1~~or. a to ry diagnosis 

Serology, microbiology and histopathology 

resul ts of the fie ld spec imen s are pre se nted in Tables 3. 5 

and 3 . 6 . 

4.4 Discuss ion 

The pr eva l ence of enzootic pneumonia at 3 major 

abat toirs in South Australia of 45.1% wa s higher than in 
\ 

recent surveys (Edwards et al 1971 ; Mercy 1981 )~ The 

estimate is consider e d to be representative of the State ' s 

pig herd as 85~~ of the annual number of pig :slctv3 h+e r i l"\~jS 

occur at these abattoirs. After allowing for the number 

of pig s s l a ughtered ann u all y at each abatt o i r, an estimated 

47% are affected . 
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The survey showed that where only_ single 

abattoirs are sampled biased estimates of prevalence 

may be prbduced if results are inte~preted as statewide 

or national estimates. In this study, prevalence of 

lesions of EPP varied significantly (p<0.001) _ o~on3 J 

abattoirs sampled. If only abattoir 1 had been sampled, 

a similar low estimate ( 22. 2~0 _to that ©f Edll/ards et aJ. 

(1971) ll/ould have been recorded, significantly under­

estimating the prevalence ·of the disease in the local 

industry. By citing results of .single abattoir survey 3: 

Whittlestone (1973) _suggested that the prevalence of 

enzootic pneumonia in Australia had declined over the 

preceeding 21 years. 

These South Australian results indicate tha t 

the disease is widespread and may not have declined due 

to improved husbandry standards and greater disease 

awareness (Whittlestone 1973) developed over recent yes rs. 

The highest seasonal prevalence of enzootic 

pneumonia \!/as recorded in summer, when 51.1% of lungs 

were affected. This is consistent ·with previous repor ts 

of Pullar (1948) and Edwards et al (1971) _who conclud 9d 

that due to "Australian environmental influence, the-; 

disease spreads more rapidly amongst suckers and weaners 

in the autumn and winter months" causing a peak in 

prevalence in summer when these pigs are sold. During 

these winter months sheds are often closed in an effort 

to maintain temperatures at the expense of ventilation, 

increasing bacterial challenge and levels of noxious gases 

which combine to increase the incidence of infection. 
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The seasonal prevalence of . enzootic pneumonia 

varied significantly (p<0.001) at abattoir 2, indicating 

that seasonal factors predisposed these pigs to enzootic 

pneumonia. At this abattoir the highest prevalence was 

again recorded in summer with 55.6% of lungs affect~d 

and the iowest in winter of 29.7%. The reason for this 

trend ~ay be that a large nu mber of pigs slaughtered at 

this particular abattoir are puz~hased ·at auction, these 

sales being mainly supplied with pigs f~om semi-intensive· 

and extensive herds where pigs '!JO !J ld be more exposed to 

the direct effects of seasor!al condit i ons. Contr~sting 

with this is the observation that th er e was no seasonal 

effect' at abattoir 3 . The me jor i ty of pigs supplied to 

this abattoir were from 4 large fully intensive units 

where . major efforts are take~ to buffer the effects of 

seasonal changes, and the high level . of endemic infection 

is self-perpetuating. 

The seasonal prevalen~e among group A lun gs wa s 

significant (p<o.01) .with the ~i~AQ.st rr-evalev-ce bz-;(\5 rec:oroled 

with 53.4% of lungs aff e~ted. The reduced 

significance of seasonal prev a len ce variation, from 

group A (p<0.01) .to group A p lus B (p<O.l) .was due to an 

increased prevalence of lesions occu rrin g in winter at 

only abattoir 2 in group B lungs. NH difference in 

sampling or examination method occurred at that time. 
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lhe prevalence of pleurisy in 712 group A 

lungs was. 14.5%, also higher than that reported by 

Ed111ards et al (1971) of 3.8%. This woufd be expected beccwse dfh.e . 

highly significant (p <0.001) association found between 

the presence of pleurisy together with lesions of 

enzootic pn c ~monia (Table 4.5)~ Predictably the 

prevale nce of pleurisy followed the pattern set by 

prevwlence of enzootic pneumonia at abattoir 1, 2 and 3, 

the abattoir prevalence of pleurisy being 6.3%, 16.8% 
. :;/( 

and 20.2% respectively/ The combination of pleurisy 

with lesions of enzootic pneumonia has been shown to 

cau s~ ~ re duction in growth rate . of 29% in a commerical 

herd in Western Australia (Mercy 1981)~ These results 

indicate t hat ~ith a prevalence of pleurisy of 14.5% 

in South Australia,extensive losses may be occurring. 

Given the strung correlation between pleurisy and 

pneu mon i a fou nd in this study (p<0.001)~ efforts to 

control pne umoni a m~ ht reduce the prevalence of 

pleuris y . 

The di ~ tribution of lesions found between 

lung lob e s ( Tab l e 4.3, 4.4) .supports previous observations 

( Pu 11 fH' l 9 '-: 9 b ; E d IJ/ a rd s e t a 1 1 9 7 1 ) . IJ/ h i ch h ave a t tr i b u t e d 

thi s phenome non to the anatomical structure of the 
\ 

major air111ays . Significantly more lesions occurred 

in the right lung (p<0.001) .and the prw a.fance o f le<:: l ons 

in e o. cJ.. f obe vari ed (p <0.001) 

with the right cardiac being the lobe most commonly 

affected. 

*" but ,' f- Is f)()f f.e f- /o,ow" i { ./Ai s 

o{ fl1 ~--e.vM011i <1.e ;f\ {e.cJf-ion iYI 

o... j Mt; Ql'""e ; f\ vo l ve.d.. 
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The classification of lung lesions as enzootic 

pneumonia_ based on gross appea~ance ~t slaughter was 

supported by laboratory _testing_. Results and discussion 

are presented in Chapter 3. 

He hl3 ~ p~vale"'e-e o{ f-es i<:ms of EPP o-nd f/e vr t"sJ o.i 

:')/ a. ug~te r indico.1e widesfreo..d in{e.cfior. throu.3!.-ouf the s.il. f'j indvstry . 

Considerable bias could have been introduced .if only 1 

abattoir had been surveyed and the prevalence accepted 

as the prevalence of the s tate or country. The high 

prevalence of pleurisy found in association with lesi ons 

of enzootic pneumonia indicates that losses may be occurv-i'f1e3 

~ee p.~5) which will necessitate the need for better 

disease control. 
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CHAPTER 5 

EPIDEMIOLOGY OF ENZOOTIC ~~lu._MONIA 

IN SOUTH AUSTRALIAN PIGGER I ES 



20 8 

5.1 Intr od ucti on 

The aetiol og ic a l o r pr e di s pos ing rol e pl aye d 

by environmental and management facto rs in complex res ­

piratory d isease s yndrome s of pigs a re well doc umen te d 

(Gordon, 1963 ; Back s trom 1973 ; Lindqvi s t 197 4 ; 

Aalund ~t a l 1976 ; \-Jhittl e stone 1976b ; --Fle s ja 1978 

Backstrom and Breme r 1978 ; Whittleston e 1979 ; Muirh ead 

1979). Enzootic pn e umonia is a common disease where p i gs 

are housed togeth e r in large numbers within a con f ined 

airspace , with the severity of the condition being h igh l y 

dependent on environme ntal conditions. Its worldwid e 

importance ( Ross 1982) _lies not only in the direct l osses 

in perfo rm ance but also in reducing the ability of pigs 

to utilise their full genetic potE:ntial. For these 

reason s & comprehensive understanding of the epid e micJo c~ 

of the condition is essential to implement effective 

control measures. 

Many studies have related the effect of 

environment and management of pig preduction to perfor mance : 

temperature and humidity of housing (Morrison and Moun t 

1971 ; Tonks et al 1972), ammonia concentration (Stomtaugh --- . . 

et al 1969 ; Kalich and Schuh 1979)~ number and dens i ty 

of pigs per pen (Standel and Lynch 1963 ; -Jensen 1964 ; 

Gehlbach et-2l 1966 ; Diggs and Baker . 1967 ; Bryant and 

Ewbank 1972, 1974). Generally the health status of the 

animals in relation to these factors was not widely 

considered until more recently, with the exception of 

Gordon (1963). In this latter study the prevalence and 
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extent of lesions of enzootic pneumonia were associated 

with pig h6use temperature and relative humidity in 2 

herds. More recent studies have utilised abattoir post 

mortem ·observations from many herds to investigate 

associations between a variety of . factors and the herd 

prevalence c f EPP (Lindqvist 19.74 Aalund et al 1976 ; 

Bac ks trom and Bremmer 1976). Apart from factors · already 

mentio11ed others of importance are ammonia 

levels (Kovacs et al 1967 Mickwitz et al 1975 ; Curtis 

1980 - cited by Backstrom and Curtis 1982) shed numbers 

and stocking density (Lindqvist 1974 ; Backstrom and 

Bremer 1978 ; Mu irhead 1979) herd size~Aalund et al 1976), 

continuity of stocking (Lindquist 1974 ; Muirhead 1979) 

and pur c~i:se of s tock for finish ing (Fog edb~ 1967 -

cited by Li r!dqv i s t 1974 ; Aalund et al 1976). 

This investigation into the epidemiology of 

enzoc ti c pr1eumonia in South Australia was motivated by 

two r ecent developments. Firstly, as mentioned in 4.1, 

there app~ ars tG be potential for EPP to be an emerging 

disease in expanding herds in South Australia 

( ~ h • ., see _ 2p ~er 4 ). Secondly, as a large proportion (47%) 

of pigs had l co ions of enzootic pneumonia at slaughter 

in 1980 it bec ame important to determine reasons 

for the high prevalence to enable formulation of control 

procedures. Assertions re g~r ding the importance of the 

many predisposing factors, determined largely in Europe 

are commonplace, how e ver no extensive study of the 

importance of these factors unde r Australi an conditions 

has be en reported. 
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The purpose of this study was to determine 

which factors were commonly involved in predisposing 

pigs to enzootic pneumonia in South Australia. 

5.2 Materials and Methods 

(i) Selection of piggeries 

Piggeries were selected on the basis of the 

prevalence of EPP obtained by monitoring lines of lungs 

at 3 abattoirs, during the month prior to the herd 

visits. Prevalence of lesions typical of EPP was 
, 

recorded for each line of pigs slaughtered during severa l 

days at each abattoir. Monitoring was concluded when 

sufficient herds which fulfilled the selection crite ria 

were identified. In the case of the smaller herds whic; i 

generally marketed insufficient pigs at one time to 

obtain an accurate prevalence of EPP, at least one 

subsequent line of pigs was monitored. 

Two herd categories were established, based 

on criteria defined by Muirhead (1979)._ High-preva len ~e 

herds were those with a prevalence ~f lesions in 70% 

of pigs or greater, while low-prevalsnce herds were 

those with 30% or less affected (Table 5.1)., Herds 

within these pneumonia categories were stratified on 

the basis of production emphasis, with a division into 

fully intensive units being herds with. >100 sows and 

sideline units with between 20-70 sows. These methods 
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Table 5.1 

Abattoir Prevalence (%) of Lesions of EPP for Each Herd Visited 

(31 herds) 

Season Herd Size High Prevalence Low Prevalence 
(Sows) (> 70%) (< 30%) 

79 (17) 8 (10) 
20-70 84 (13) 7 ( 7) 

72 (18) 6 ( 8) 
Summer 

75 (13) 28 (12) 
93 ( 8) 25 (13) 

> ,100 72 (18) 13 ( 9) 
81 (13) 10 ( 8) 
72 (18) 

75 (18) 28 (16) 
71 (13) 4 ( 8) 

20-70 71 (18) 14 (14) 
71 (16) 6 (11) 

Winter 22 (14) 

85 ( 5) 19 (10) 

> 100 95 ( 7) . 22 (12) 
71 (13) 30 ( 8) 

27 (13) 

Confidence interval ± 
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were adopted to allow for any influence that increasing 

herd size could exert on environment or management 

within the herds. By choosing herd groups with a large 

difference in the prevalence of EPP lesions, greatest 

potential was created for the detection of difference in 

each fac t or between high and low-prevalence herd groups . 

To a ssess th~ importance of factors .which are influenced 

by se as on a l conditions, a similar number of piggeri~s 

were visited in late summer and mid winter of 1981. 

Herds visJ. fed in late summer we~e excluded from the 

wi~ter sample due to implementation of management 

changes a imed a t controlling EPP. 

Production in all he r ds was Bf a continuous 

na t u r u, wit h a ll growing pig s i n th e large herds being 

inte n2 i vPly ho ua ed, while 

in all smaller piggeries 

the gr owi ng pha s e included an intensive housing period 

of a t l e as t 8 w ~ eks. 

(ii) Ev !!_l t;a t i on of p i g g e r i e s 

A questionnaire was designed to be answered 

by Lh e pigg9 ry ovner / manager in conjunction with one of 

the re searchers when in the piggery. Criteria used for 

asse ns i ng 6 a ch factor, were st and ardized be tween the two 

researchers on several herds prior to the study. Factors 

assessed appear in Table 5.2. About 60 variables in 

housing environment and management were recorded, however 

after prelimin ary study only a limited number of these 

were selected for detailed analysis. 
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-· Table 5.2 

Information Collected by the On-farm Questionnaire and 

Measurements 

Management Data • Age of herd (since establishment) 

• Annual sow culling rate 

• Purchase of pigs for finishing 

• Use of anti-dust agents in feed 

• Presence of antibiotics in feed 

• Average marke t age 

• Average market weight 

r-.ge Group Data - We aners (W) ' Growers (G) ' Finishers (F) 

• Total pigs in section - w, G, 

• Group size - w, G, 

• Pen area stocking den~ity - w, G, 

• Airspace stocking density - w, G, 

• Pen design - w 

F 

F 

F 

F 

• Potential for drafts - w, Farrowing 

• Type of ventilation - w, G, F 

Measur ements - for 1 week • Maximum and minimum - w, G 
temperatures 

•• Relative humidity - w, G 
(at 3.00 p.m.) 

• Ammonia - 3 sites/herd - F 

Unit 
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The number of sows culled during the previous 

twelve months was recorded and annual sow culling rate 

calculated. 

The criteria for pigs purchased for finishing 

were all pi gs introduced to the property from markets 
-

or from other breeders at an age from "slips'' (weaners 

from 5-10 weeks old) to unfinished bacon for the sole 

purpose of fini s hing for slaughter. 

Herds using measures to reduce the amount of 

dust genr,r~ted from the feed included those which added 

tallow or oils to the feed ration and those which used 

pelleted ~c~d for growing pigs. 

In-faed antibiotics ~hich were considered to 

be of jmportance were those commonly used to control EPP 

and its secondary bacterial invaders and included the 

tetracyclines . tylosin, ~incomycin and sulphadimidine. 

The average mark~t age and weight of pigs were 

obtei~e d f r om he rd records where possible. In the her~s 

in ~hich individual pigs were not identified the age 

at marketing wa s estimated from basic herd records. To 

partially overcome this inaccuracy, the data was 

stratified (Fig. 5.1)~ 
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The total number of pigs in a shed section 

(e.g. undivid ed shed or air space completiy separated 

from other sections) for any age group included all 

pigs of other age groups if necessary. Group. s ize was 

taken as the r1umber of pigs per pen. 

Pen area stocking density was calculated by 

dividing the total weight of pigs of a particular age 

group (weanEr s , growers or finishers) by the total area 

which they occupied at that time. Air space stocking 

density ws s calculated similarly, but used the total 

mas s of pigs in the section divided by its volume (i.e. 

if ~e aner s, growers and finishers were present in the 

same shed, th e n t he air space stocking density was the 

same for eoch age group)~ 

Wea ner pen design was assessed under four 

cate go r ies, being pens on the floor with or without 

slats/mesh, pens with slats / mesh above growers/finishers 

and mu lt i -t ie red weaner crates. 

PDtential for draughts was assessed by presence 

of obv ious f aults e.g. holes in walls, incompl~te walls, 

poorly fitted shutters and absence of flaps at the end 

of du n ~ channels. 

Ventilation methods were classified as either 

fan forced or natural with side shutters. 
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The siting of all maximum- mini mu m thermometers 

and hygrometers in piggerie s prior to the designated 

recording periods ensured all piggerie s r ec orded con­

ditions in weaner and grower areas during the sa me two 

weeks in summer and winter. The equ-ipment was suspend ed 

0.5 metres above weaner pens and 1 metre above grower 

pens in all piggerie s . All equipment was tested and 

calibrated prior to each recording period and again upo n 

siting in each new piggery. 

Ammonia levels were recorded js close as 

practical to normal morning shutter opening time, 

allowing estimation of overnight accu mulation within 

the finisher unit. Three readings were obtained using 

a multigas detector* 

*Drager (Aust.) _Pty. Ltd., Adelaide, South Australia 

2cm above the floor s urf ace at the junction of the 

sleeping and dunging area. The temperature and rela ti ve 

humidity at each recording site was also recorded. 

(iii) Statistical analysis of data 

The categorical nature of the management dat~ 

and some of the environmental data lend themselves to co n ­

tingency table analysis (Bishop et al 1975 ; Plac kett 1981) . 

for each management or environment factor the hypoth esi s 

tested is of independence ·between the factor and the 

prevalence of enzootic pneumonia. 
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The Mantel-Haenszel test simultaneously tests 

for independence between at t-level treatment factor (e.g. 

pen space stocking density) and or r-level response 

factor (e.g. severe or s ubclinical), in each of S- strata 

(e.g. wean~rs, growers, finishers). The first papers 

on this subject were by Cochran (1954) .and Mantel and 

Haenszel (1959). A recent review is Landis et al (1978). 

The inu8pendence of the factors in Tables 5.4a, band 5.5 

were tested with the Mantel-Haenszel test. 

Temperatures, relativ~ humidity and . ammonia 

levels w~re analysed with analysis of variance or linear 

re grass ion. 

5.3 Result s 

Comparison of man a ge~ent data between high and 

low-pr evalence her d groups is pre s ented in Table 5.3. 

Sign ~ f ican tly more high-prevalence small herds had 

higher sow cull ing rates (p<O.l) .with 7 of 8 herds (85.5%) 

cull ing at a rate of >15% while 4 of 8 low-preval e nce 

he~ds culle d at <15%. Similarly, more high-prevalence 

sm all herds pu rchased pigs for finishing (p<0.07)~ 

Pigs we r e purchased equ a lly from markets or direct from 

breeders. Other factors were not significantly different 

between herd groups. 
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Table 5.3 

Comparison of Managernenc Data between High- and Low-Prevalence 

Herd Groups 

Factors 

Age of herd 

Annual sow culling 
rate 

Purchase of pig s 
for finishing 

Use of anti-dust 
agents in f eed 

Presence of anti­
biotics in feed 

Herd Size 

All 

20-70 
> 100 

20-70 
> 100 

20-70 
> 100 

20-70 
> 100 

Significance of 
Difference 

Between Herd Groups 

NS 

* 
NS 

** 
NS 

NS 
NS 

NS 
NS 

-- -·~· ---·--····-----------~------------

NS Not Slgnif lc<.1.n t * p < 0.1 ** p < 0.07 

I 
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Analysis of the average market age and 

bodyweight of pigs from all herds (Fig. 5.1) revealed 

that more high-prevalence herds had pigs which were 

marketed at an older age (p<0.06) .and lower liveweight 

(p<0.06) than pigs from low-prevalence herds. 

Analysis 6f housing data (Table 5.4a)· for 

weaners, growers and finishers for the 2 herd groups 

revealed that significantly more high-prevalence small 

herds had more pigs per section (p<0.001) and more pigs 

per group (p<0.01) .than low-prevalence herds . Signi­

fi .cantly more high~ prevalence large herds stocked pens 

(p <0.05) .and airspace more densely (p <0.05) than low­

prevalence herds (Table 5.4b)~ 

Pen design for weaners did not vary .signi­

ficantly between high and low prevalence .hard groups. 

Weaners were mo s t frequently housed ·1n pens on the fl o~r 1 

with 14 using partial or full slats or mesh and 7 using 

totally solid floors. In 7 herds weaners were housed in 

partially meshed pens over growers and in 3 herds mult i­

tiered weaner crates were used. 

Significantly more high-prevalence small he r ds 

had potentially draughty weaner and farrowing units 

(p<0.01) (Table 5.5)~ 

Mechanical ventilation was used in only l 

weaner unit, with all other age groups in all herds 

being naturally venti l ated. 
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FIGURE 5.J: AVERAGE MARKET AGE AND LIVEWEIGHT OF 31 PIG HERDS IN SOUTH AUSTRALIA. 
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Table S.4(a) 

Statistic~l ~~fference in Housing Data between the Herd Groups 

Total Pigs per Section 

Herd Be rd Significance 

Size 
PneuJDOnia W~:=:~~,~ thti t Grower Unit Finisher Unit of 

Status Difference 

<100 100- >200 <100 100- 200- :NOO <400 400- )800 
193 199 399 799 

Bigh-
l 2 4 0 2 3 2 0 5 2 

20-70 Prevalence 
••• Low-

3 4 1 3 4 l 0 6 1 0 Prevalence 

<3CO 300- >soo <400 400-· "800 <400 
400-

~00 DJ • ._ ____ 799 _799 

High-
2 3 3 1 4 3 2 3 3 

> 100 
Prevalence NS 
Low- 2 4 2 3 3 2 3 3 2 Prevalence 

-- ·-·- -· 

Average Gi.oup -=~ ~4:! 

we:i!n:2t" Unit Grower Unit Finisher Unit 
·-----

<l!i 15-
"25 <11 11-

~17 <10 10- )12 
24 16 11 

High-
t, 0 3 4 0 3 3 1 3 

20-70 Prevalence •• 
Low-

6 2 •I 4 4 0 3 4 Prevalence l 

-·----· 
<l:S 15" >30 <12 12- !>18 <11 11- )13 

29 17 12 

High-
ti 2 :? 3 2 3 3 3 2 Prevalence 

> 100 NS 
Low- 2 Prevalence 1 :i 3 3 2 3 4 1 

--- ----···----
•• ;:. < 0.01 • •• p < 0.001 
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Table S.4(b) 

Statistical aitference in !lousing Data between the Herd Groups 

Pen Space Stocking P.ensity (k<;/.,z) 

Herd Herd Significance 

Size Pneumonia \oi\:~fr:: -: !;r\C Grower Uni t Finis her Unit of 
Status Difference 

----· 
<25 25- >.io <40 

40-
>83 <67 67- ,.125 

3!> 82 124 

High-
3 z 2 3 1 3 2 3 2 

20-70 
Prevalence 

NS 
Low- l 2 4 3 4 1 4 2 2 Prevalence 

~40 
40-

> 511 <so 50- )93 <100 100-
'°125 t ·~ 82 l~-t 

High-
0 2 5 0 4 4 0 4 4 

> 100 
Prevalence • 
Low-

2 l 4 2 1 5 3 3 2 Prevalence 

Airspace ~toc1;i.·; C'<:ns it;y ;:;g/ ml) 

Wei:ui.!r Unit Grower Unit Finisher Unit 
·----

<lC -'10 <20 >io <20 >20 

High- 2 3 4 l • l 
20-70 

Prevalence 
NS 

Low-
4 ;:; 2 3 l • Prevalence 

<l~ 
1.0- >ic <20 20- )30 <20 

20-
)30 

19 29 29 

Bigh-
0 4 4 2 4 2 1 7 0 

> 100 
Preval ence • 
Low- :.? 1 1 4 2 1 3 2 2 
Prevalence 

-------··---· 
• i' < o.os 



Table s.s 

Potential for Draughts when Shutters Closed 

Herd Penumonia Farrowing House Weaner Unit Significance of 
Size Status 

Present Absent Present Absent 
Difference 

High-
6 1 6 1 Prevalence 

20-70 ** Low-
3 5 2 6 Prevalence 

High-
6 1 0 8 Prevalence 

> 100 NS 
Low-

3 5 2 6 Prevalence 
N 
N 
N 

** p < 0 .01 
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Average minimum daily temperatures and 

diurnal temperature fluctuation for each herd group in 

summer . and winter did not vary significantly between 

herd groups (Table 5.6)~ The average · minimum temperature 

in all small and larg~ he~ds in winter was l0.7°C and 

~4.4°C respectively. The diurnal fl uctuation was 

significantly greater in the small low-pre valence herds 

in summer (p<O . l) and in the la r ge hi~h-prevalence herds 

in winter (p<O.l) for growers only . Th ~ a verage diurnal 

fluctuation for weaners in wi nte~ i n sma ll herds wa~ 
0 . 0 7.8 C and in l a rge herds wa s 7.9 C. 

Minimum temperatur es i n waane r houses in 

winter wete highly dependent on l~~ potential for draught 2 

in both omall ( p<0.01) and l a rga he r ds ( p<0.05) 

(Table 5. 7) •. 

The average aftern o o~ r elat i ve h umidity (3.00p.m.) 

for each of the herd groups in e um me r ond winter are 

pr~sented i n Table 5 . 8. Sig"J f ic en tly mo re high-prevalence 

small herds . had higher relativ e hum idit i e s in weaner 

sections in summer (p<O.l) _\l/h ll e e. i gn:i. fi r. ai tly more 

low-preva_lence large herds nc:id high ~n· ral ative humidities 

in \!leaner sections in winter (p<0.05) ~ 

The average ammonia concentration wa s higher in 

significantly more high-prevalence large herds in 

summer (p <O.l). The average ammonia concentration in 

summer of all the large high-prevalence herd s was ll.3ppm 



Table 5.6 

Temperatures 

(Averag~ of 7 Consecutive Days) 

Average Minimum Daily Temperature 

Jl.ge Group s~azon 20-'?0 Sow~1 > 100 S0ws 

-·---·- High·· ·-- · ·--··'Low-~--- Hiqh- Low·­
Preval·ance 

Weaners 

Growers 

Weaners 

Growe rs 

s t;rron.~~ r 

Winte·-: 

Summer 

Winter 

Summer 

Winter 

Summer 

Winter 

Preva1encc Prevalence Prev~lence ------ -·- ···· - ·--- -- · ·----- - - ·-·---·· ---· 
18.4 16 . ~! 

9.l n.a 
(10.7} 

19.4 16.7 

8.7 10.5 
- -

Average Diurnal Temperature Range 

8.9 

7.9 

8.6 

7.6 

13.9 

7.1 

1 2.5 

7. 7 

!7 ff ? 

14 " l1 
(14. 4 } 

18.6 

12.5 

10.7 

8 . 7 

9.8 

10.3 

Average for all small and larg~ herds respectively 

).[j ,. 4 

14 .8 

18 . 4 

14.5 

10.1 

8.1 

9 . 3 

6.9 

N 
N 
+:-



Aqe Group 

Weaners 

Growers 
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Table 5.7 

Association between Minimum Weaner House ~emperature~ 

and Potential for Draughts 

Weaner House Minimum Tempe ra t :1re-s 
(Average of 7 consecutive day<i ) 

Season Herd Siz.~ 

20-70 Sows > 1 01) Sows 

Summer NS NS 

Winter ** 

NS Not Significant * P < 0.05 ": ~\ P < o.o~ 

Season 

Summer 

Winter 

Summer 

Winter 

Raw data presented in tables 6 and 7 

Table 5.8 

Average Relative Humidity (3.00 p.1q, ) 

20-70 Sow Herds 

High- Low-

> 100 Sow ::. ~r".!s 

Vi°fgh---------!.:'W-

Prevale nce Preva l ence ;;.;;..::.:.~=-='----'-~~~'-=;;....~-~~avalP.~~c 

53 44 

78 73 

53 43 

73 67 

!jJ 

63 

so 
n 



Herd Size 

20-70 

> 100 
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Table 5.9 

Average . Overni.ght l'.mmonia Accumulation (ppm) 

on Each Herd Group in Each Season 

Se ason High-Prevalence 

Smt'.mer 7.7 
(3-20) 

Winter 4.0 
(1-10) 

Sumr;,er 11.3 
(2-35) 

Wii-. ·~:r->:-: 5.8 
(l-30) 

range in ppm 

Low-Prevalence 

9.8 
(1-22) 

7.1 
(3-21) 

5.9 
(3-22) 

5.4 
(1-18) 



E 
a. 
a. 

_J 
w 

~ 
<x: z 
0 
~ 
~ 
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151 

I 
I 

10..! 

Regressiol' . .:oeffic!ant .. 0.43 
P < 0.05 

• 
• (6) 

(3) 

• 
(15) 

• 
(6? 

.. 
(1 5) 

Iii 

(~) 

~~ 

------~ 
,,,.,.,.~ 

.. ..-/' 
'l 

(?) 

• 
• (3) 

(3) 

• 
(G) 

Plotted points represent the aver2ge NH3 concentration 
for all recordings at each temperature. 

) Number of recordings. 

o.__"""T""__,.--...... .....,.~-------..--...---..~--....----..---.---..---....-...... ---..----...... ~...--.---.---
14 16 18 20 22 24 26 2: 3·0 3·2 . .. 34 3·5 

Temperature 0 c 
FIGURE 5.2: ASSOCIATION BETWEEN ATMOSPHERIC AMMONIA LEVELS AND SHED TEMPERATURES. 

' 
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compared with 5.9ppm in large low-prevalence herds 

(Table 5.9). Ammonia concentration of all individual 

recordings (93) .was found to be dependent on the 

temperature at the recording site Cr = 0.43, p<0.05) 

(Fig. 5. 2) •. 

5.4 Discus s ion 

The study demonstrated substantial differences 

in environment a l and management factors between high 

and low-p r~val en ce herd groups, wi t hin each herd size 

cat e gory. I n the small herds a high prevalence of 

enzoot i ~ pn e umo nia at slaughter ~as associated with a 

high sow c yl l i n g rate, purchase of pig s for finishing, 

lar ge ~LI 8~ers of pig s per shed s ection, large r group 

sizes and dr aughty farrowing and weaner accommod a tion. 

In lar ge herds, factors assoc ia ted with a high prevalence 

of EPr we r e hi gher stocking densities of pen space and 

air spac e and h i gh atmo s pheric ammonia levels in summer. 

These f act 0rs co mmonly associated wLth a high-prevalence 

of EPP in Sout h Australia are the same as those d e termined 

to be of i ~pcrtance in similar studies in the northern 

he mi sph e re ( Li ndqvist 1974 ; Aalund e t al 1976 ; 

Backst ro m and Bremer .1978) •. 

The finding that different factors were 

important in the difference herd size groups clear ly 

justifies the stratification of herds according to s ize 

in the analy s i s . This finding may be e xplained by 
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changes in emphasis in environmental and management 

conditions which occur as herd size increases. For 

example, larger herds were found to .depend entirely 

upon the production of their own piglets, while the 

practice of purchasing pigs for finishing was a common 

practice among the smaller piggerie~. Similarly with 

the increased financial pressure of a high total cos t 

of construction of larger piggeries, shed population and 

stocking density is increased (Table 5.4) in an effort 

to reduce the cost per unit produced. 

It is of particular interest to note that no 

factor in common was determined ta be of importance f or 

both sm8ll and large herd groups. However, whil e shed 

section and group numbers were significant f actars f c ~ 

the sma l le r he rd s , thi s trend wa s also supported in th ~ 

larger herds in mast instances, where they may have 

assumed significance if more herds had been studied. 

The emergence of pen and airsp ace stocking densities 38 

being significant factors in the low number of l a rge 

herds studied, may indicate that stocking rates exert 

a greater effect than pig populations in large herds . 

The possibility of factor domin ance is supported by 

results of Lindqvis t (1974) whi ch indic ated t hat volum~ 

may be mor e dominant t ha n pen lying space. 

The study indicate s th a t production in high­

prevalence herd s was significa ntly decrease d due to 

depre ssed growth rat e (Fig. 5.1)~ More high-p~evalenc e 
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herds had pigs which were marketed at an older age and 

at a lower liveweight when compared with low-prevalence 

herds. Estimates of quantitative losses are unavailable 

from this study as the effect of EPP varied between 

herds, probably because of the combined effects of other 

diseases, and environment and manag8 ment differences 

between herds. However despite these othe r uncontrolled 

variables influencing productio;i, a significant depression 

was recorded in high-prevalence he rd a . Previous stud~es 

(Lindqvist 1974 ; Muirhead 1979 ) ~ quate performance 

achieved in environments which control EPP with that 

experienced in EPP-free herds, Th e refor e from this 

result it is estimated that due to de creased performance 

in severely affected herds and ~~1es pread infection 

througho~t industry indicat e d b y the abattoir survey 

(Chapter 4)~ that losses duet~ EP~ a r c n igh in the 

South Australian pig industry. 

The aetiological sig~i f ic ancs of each factor 

is considered in the following di ~c ~s s ion . 

Annual sow culling rate. The import anc e of this fac t or 

is supported by observations c f Goodwin ( 1965) who 

demonstrated a reduced prev a lence of EP P lesions with 

age. The consequence of th :i. s i s th at infaction is most 

frequently transmitted from gilt s and second litter s ows 

to piglets (Muirhead 1979). Therefore by decreasing 

the aver age age of sows (a common pr.a<:: tice to speed 

genetic improvement)~ breeding ~erd diseas e is increased 

along with incre as ed morbidity among s uckling pi g lets. 
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The reasons for this factor to be of apparent influence 

in the small herds but not large herds may be due to 

the spasmodic nature of culling in smaller herds leading 

to differences, as compared to the routine culling 

programme operating on most large herds. 

Pen s~~e and air space stocking density. In substantially 

more Jarge high-prevalence herds stocking rates were 

hi.gher .in fll.l age groups of growing pigs. Lindqvist (1974) 

and Back s t~o~ and Bremer (1978) also found a similar 

r e lation £:h ip but could not determine if pen space or air 

volume ~a s t he major factor. In this study both factors, 

when treated individually, were associated with a high 

prev 81e nc o of EPP. R~duced pen space per pig would 

inc r0ase t he potential for contact spread and reduced a ir 

spa ce would ca1Jse an increase in atmospheric bacterial 

cont am i nat ion. This in turn would increase the challenge 

dus~ to s usce p t ible pigs continually idde~ to the 

population . It was observed that in all high-prevalenc e 
2 

large he r d s ~ finisher pen stocking rat e was >100 kg / m , 

where as 37~ of the low-prevalence herds stock at 

<100 kg/m~. Similarly an airspace stocking density of 

3 
20 kg/m f 0r fin isher in large high-prevalence herd s 

appears to be a significant or threshold level, beyond 

which pigs are more lik e ly to develop severe pneumonia. 
\ 

While these values were chosen arbitarily for the 

purpose of statistical analy s is they serve as a guide to 

establishing maximum stocking densities under current 

housing standards. 
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For the control of EPP a reduction in stocking 

density is recommended, however if done in isolation 

from adjustment of other predisposing factors possibly 

operating, and antibiotic therapy, the effect may be 

s111amped • 

. :Pot. enti s l for dr_aughts. Potentially draughty farro1Uing 

and 1Uenne r units 111ere more common among the high-preva lence 

small herds (p <0.01) _(Table 5.5)~ When analysed against 

the min i mum we aner temperatures (Table 5.6) _it was 

f c und that the s e 1Uere dependent upon the potential for 

draughts in both small (p <0.01) and large _herds (pc0.05) 

(Ta bli 5.7) ~ The combination of 10111 temperatures with 

draugt;'..:y ccn di t ions would lead to a 11 chill" situation, 

cau ~ i ; 1 g r Rduced resistance to infec t ion through cilia! 

dama~ s . This wo uld lead to· wide s pread infection among 

111eaners i n 111in t er 1 which would cause an increased 

prevalenc e of l e sions at abattoirs in summer when these 

pig s Rr s m a r kct ~ d (Pullar 1948 ; Edwards et al 1971)~ 

Atmo~p~.£~9 .. ~mrn c i1 ia. More high-prevalence large he rd s 

had highe r l evels of amm6nia in summer than low-prevalence 

he ~ Js ( p< O . l~ The average level for large high-prevalence 

herds in summer was ll.3ppm compared with 5.9ppm in low-

prev al e nc e herd s . These re s ults are supported by tho s e 
\ 

of Mickwitz et al (1975)~ Kovac~ et al (1967) _and Curtis 

(1980 - cited by Backstrom and Curtis 1982) _111ho reported 

higher levels of ammonia in association with pigs with 

clinical pneumonia. From these former studies it wa s 

conclude d that ammonia l e ve l s s hould be kept belo111 lOppm. 
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Several controlled experimental studies have 

demonstrated the role of atmospheric ammonia in res-

piratory infections of poultry (Sato et al 1973 

Quarles and Kling 1974) ~ rats (Brodersen et al 1976 ) 

and pigs(Drummond et al 1978 ; brummond et al 1981)~ 

The effect observed has been reduced clearance of inhaled 

bacteria and greater multipiication of respiratory 

pathogens. The prevalence of pneumonia in rats was 

directly correlated with an increase in environmental 

ammonia concentrations when exposed to levels commonly 

encountered in piggeries (20ppm). 

As higher levels of ammonia we re more frequ 8nt ly 

recorded in summer it was postulated that levels may b e 

depe ndent upon temperature within the pig unit. Fur t~er 

analysis (Fig. 5.2) revealed that this was the ~ase 

(r = 0.43, p<0.05). As hou~e temperatures in winter a ~ e 

often maintained at the expense of ventilation (Muir hLl~d 

1979), this latter association between factors assume s 

greater significance. It therefore appears that venti -

lation in summer in many herds is currently inadequate 

A high potential for problems also ei<lds in 

winter when minimum ventilation is .not provided Q' 
units are closed to conser ve temperatures. 

iMinimum daily and diurnal temperature s . The a ver a ge 

minimum daily temperatures (Table 5.6) for weaners in 

winter. in both small (l0.7°c) . ~nd lar.ge - herds .( 14 .4°C) 

were well below current recommended levels of 2s 0 c for 3 

0 week old weaners, down to 21 C for 6 week old weaners 
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(Wright 1981)~ While they were not significantly 

different between herd groups, it is likely that low 

minimum temperatures are important determinants of 

EPP when combined with drau~hty ·conditions. 

The diurnal temperature range (Table 5.6) 

was also larger than the recommended limits of s0 c 

(Baxter 1969_) _which predisposes to enteric as well as 

pneumonic problems (Cargill 1981). The diurnal tern-
.. 

perature fluctuation was significantly higher in the 

large high-prevalence herds in winter for growers. 

This result for =growers and not weaners may reflect 

a decreased emphasis placed on temperature control 

for the older pigs. 

Relative humidity RH. Levels of relative humidity 

recorded in this study at 3 p.m., when -temperatures 

were near the daily maxima were well below those knc ~~ 

to control EPP. Gordon (1963) _reported that R.H. >95 % 

in conjunction with temperatures >27°C were found to 

be associated with lower levels of EPP. Tonks et al 

(1972) _and Whittlestone (1976b) record that in these 

conditions atmospneric droplets in the range of 1-3µ~ 

sediment at a faster rate, decreasing atmospheric 

bacterial contamination. 

In a review of the effect of R.H., Whittlestone 

(1976~ stated that midrange R.H. was more detrimental to 

the survival of mycoplasma organisms than a R.H. of 

either 25% of 95%. In _ this study the average R.H. for 
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each herd group in each season was within mid-range 

values. Obviously, organisms were excreted at a 

continually high rate in the high-prevalence herds 

to maintain the high incidence of infection. 

Th e study highlighted many environmental and 

management factors commonly involved .in Fredisposing 

pigs to EPP in South Australia. As these factors are 

the same as th ose identified in similar studies in 

the n arthe ~ n hemisphere, measures developed there should 

be e valuated in the control of EPP in South Australia. 
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CHAPTER 6 

INVESTIGATION INTO THE EFFECT OF EPP 

ON GROWTH RATE AND FEED CONVERSION EFFICIENCY 
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6.1 Introduction 

Reduction of performance of growing pigs by 

EPP has been investigated in many studie s in the 

northern hemisphere (Be~ts and Beveridge 1953 Betts 

et al 1955 ; Goodwin 1963 ; Eikmeier and Mayr - cited 

by Huhn 1970a ; Huhn 1970b ; Braude and Plonka 197 5) 

with results varying from no . effect to a reduction in 

growth rate and feed conversion efficiency of up to 

20%. This variability may be explained in part by 

possible differences in pathogenicity of s trains cf 

M. hyopneumoniae used, but is also likely to depend 

· 1ariely on experimental methods and tr ia 1 conditionA 

used. Early trials of Betts et al (1955) used EP P - f r e ~ 

pigs which. were inocul a ted intranasally with pneumc ! 1i~ 

lun g suspen s ion. Pigs inoculated this way were s ev er~ly 

affected, however it was t h ought that the effect of EPP 

in the field was as great. Further e xperimental wo rk 

by Huhn (1970b) .used pigs which were naturally ch al l eng co 

in several endemically infected herds and found that 

depression in performance was related to the extent of 

gross lesions at slaughter. Extrapolation of resul ts 

of these trials to the commercial situation is dif ~·i cul t, 

as in the former case pigs were ch~llenged by an 

unnatural route by an unknown challenge .do s e. In th e 

latter case comm e r c i ~ l _ pig s with exten~ive le s ion s 

may be those most recently infected, thereby being 

those on which the disease has had minima l time to act. 

Attempts to obtain a more dependable estimate us ed herds 



237 

111hich were known : to have become infected, and compared 

performance data of the pre and post-infection periods 

(Goodwin 1963 ; Braurle and Plonka 1975)~ These 

probably provide a more valid estimate if other 

variables can be held static. 

The effect of EPP on performance under 

Australian conditions is unknow~ Due to the subclinic ~ l 

nature of EPP and the milder environmental conditions 

in Australia when compared to northern hemisphere 

countries where the effects of EPP have been docum0nted, 

it has been argued that the disease in its uncomplicated 

form' is of little significance. As a result, few s t udi es 

have been performed with the exception of those by . 

Pullar ( 19_48, l 9A9 a, b, c 19 58) _which however, did i:w ;-

evaluate the effect on performance. The option of 

performing pre and post-infection field studies is 

difficult under Australian conditions due to the pau~ity 

of units kno111n to be free of EPP which may "breakdown "~ 

Consequently, it appears that the best way of 
. . 

estimating the effect of EPP under Australian conditi ons 

is to naturally challenge genetically related pigs f ree 

of other disease capable of affecting performance, w ~ th 

a known local strain under environmental and manage~s nt 

conditions operating commercially. This investigation 

studies the effect of EPP on performance in two parts. 

Experiment l assesses the effect of initial "breakdown" 

of EPP-free pigs and Experiment 2 assesses the on-going 
. . 

losses caused by endemic EPP infection. Both trials us e 
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naturally challenged pigs held under environmental 

and management conditions operating commercially 

(Chapter 5)~ with the latter trial covering the entire 

growth period, allowing for the expression of 

compensatory growth. 

EXPERIMENT l 

6.2 Materials and Methods 

( i) 

eight large White EPP free pigs ~ere 

stratified on the basis of weight, age, sex and gene tic 

backgrounrl into 3 pairs of matched groups of 8 pigs . 

(ii) Feed 

All pigs were fed pellets ad lib from 10 ~eek~ : of 

age until slaughter. N.P.R.U. grower ration G13 (D.E. 14 *1 

mega J/kg, C.P. 17.5%, Lysine 0.7390 .was fed until t he 

average liveweight of the control and infected groups 

respectively reached 50kg, when it was changed to N .P.R.~ . 

finisher ration r 10 (D.E. 14.2· mega J/kg, C.P. 15.8% , 

Lysine 0.73%) •. 

(iii) Inocula and their administration 

Transmitter pigs (6) were inoculated intrana s ally 

with the Beaufort strain of ~· hyopneu moniae by methods 

described in 2.6. These pigs were then placed 

immediately in the pens containing trial pigs. Placebo 

controls (6) were inoculated intranasally with MH 

medium. 



239 

(iv) Monitoring of infection 

Pigs .were observed daily for a minimum of 30 

minutes to determine the onset of coughing for each 

pig. 

Animals showing severe cli ni cal signs i.e. a 

persistently elevated temp~rature, abdominal breathing 

("thumps") and persistent anorexia (greater than 2 days) 

were treated with Streptopen for a mi;. imum of 3 days. 

(v) Experimental conditions 

Environment and manag ement ~onditions in the 2 

identical grower units 1 and ~ ~Pre matched. Due to 

the close proximity (200 me t~es) _af the EPP free breeder 

unit, it was necessary to sec:.l .. 1 .~d m~chanically ventil a t e 

the units, with air from unit 1 being exhaust~d through 

a HEPA filter. Fan speeds w~r e adjusted twice daily 

to balance conditions bet'l/een the uni ts and provide 

daily maximum and minimum t~mper a tures similar to those 

recorded in commercial piggeries ~able 5.6. 

Stocking density ~as kept with in values commonly 

found commercially. A pen size ad j ustment was made to 

simulate movement from grower to finisher accommodation. 

Pigs were housed in pens with totally solid 

floors which were cleaned daily, keeping sleeping 

areas dry. 
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Control and infected groups were slaughtered 

separately when the average liveweight for each group 

reached 85kgs respectively. 

(vi) Samples from experimerital animals 

·All pigs were blood sampled pre-inoculation at 

10 weeks of age, and again at slaughter. Throughout 

the trial blood samples were taken weekly from 2 

animals in each control and inf ected ~~oup to monitor 

development of infection and chec~ for continuing 

freedom from infection in the .control pigs {U~it 2)~ 

Pigs used as transmitters or placebos in units 

1 and 2 were slaugh~ered on sit ~ to 9Void bacterial 

contam:nation at slaughter. 

All trial pigs were sent fur slaughter at a 

local abattoir. Samples wer e coll ec ted and processed 

as described in Chapter 3.2. 

(vii) Statistical analysi s of p~~2erf ormance data 

Results were analysed us ing an Glysis of variance 

carried ·out on growth rates and f ~ad ccnversion 

efficiency. 

(viii) Experimental design 

One of each of the 3 paired groups was allotted 

to each of units 1 and 2 giving each a total population 

of 24 trial pigs. 
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The groups housed in unit l were naturally 

challenged with M. hyopneumoniae in mid June 1982, by 

the addition of 2 inoculated transmitter pigs to each 

group immediately after inoculation. After 4 ·weeks 

the transmitter pigs were removed and held in adjacent 

pens separ ated by 111ire mesh panels to allow further 

contact ~n~ transmission while prohibiting access to 

feed e rs. An equal number of placebo inoculated control 

pigs were managed identically in unit 2. 

All trial pigs were weighed weekly from 10 

we eks of age until slaughter at 85kgs liveweight. To 

de termine the amount of feed con~umed per group each 

fortnight. 1 any remaining feed was 11 \1/eighed-back" at 

the end of c: 2ch period. 

6.3 Results 

Coughing was first noted among the inoculated 

tran smi tt e r s · in unit 1, 6 days post-challenge with the 

o~ s at aver agi ng 8 days. Coughing was first observed 

a~ong in-cont act pigs after 10 days of exposure to 

inoculated pigs and averaged 30.8 days. Two naturally 

chellenged pigs were not observed to cough. Figure 

6.1 shows the cumulative frequency of when pigs were 

first observed to cough. Ten of 22 pigs were 

first observed to cough during the third and fourth week 

post-exposure to transmitters. 
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·Trial environment and management conditions 

are shown in Table 6.1. 

Gross lesions· of EPP were present in 17 of 24 

(71%) of naturally challenged pigs at slaughter (Table 

3.2). An average of 1.6 lobes per lung contained gross 

lesions and the left and right cardiac lobes were the 

lobes most frequently affected. The percentage of 

total lung area affected with gross lesions was not 

recorded. 

Results of laboratory diagnostic procedures on 

collected specimens are presented in Tables 3.2 and 

3. 3. 

The growth curves for infected and contra] 

groups are s hown in Figure 6.2. Table 6.2 shows the 

mean growth rate and feed conversion efficiency for 

each group with the stand a rd deviation of the mean for 

growing and finishing periods as well as the entir e 

trial period. From 25-SOkg liveweight performance 

was unaffected, but from 50-BOkg the growth rate of 

infected pigs wa s depres sed by 12 . 7% (p<0.01) _ causi ~g 

a delay in marketing at BSkg of 7 days. 

The difference be tween weekly mean body 

weight gains of infecte~ and control groups are shown 

in Figure 6.3. From the fourth week post-exposure me an 
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TABLE 6.1. 

Experiment 1. Environment and management conditions under which pigs 
were held. 

VARIABLES UNIT 1 UNIT 2 

Average minimum 
temperature (°C) 15 ,:tl 15 +l 

Average maximum 
temperature 19 +l 18 +2 

Diurnal temperature 
fluctuation 4+ 2 3.5 +3 

Average minimum 
relative humidity(%) 60+ 5 59 +12 

Average maximurn 
relative humidity 73 +4 84 +6 

Maximum grower 2 stocking density-kg/m 60-65 60-65 

Maximum finisher 
stocking density 85-90 85-90 

Average group 
size 8 8 

+ Standard Deviation. 
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TABLE 6.2. 

Experiment 1 - Effect of EPP on grOlilth rate and feed conversion efficiency. 

ltir!ber of animals 

First; e;<poi1ure to EPP 

Type l•f hOl:!! inr:; 

Growth r '3 te (grC!ms/d2y) 

25-5q,_~ 

fieun 

~ .o. 

ilang:? 

Der..tease in G. R. (%) 

~O·~ 

Mean 

s.o. 
Range 

Decrease in C. ,:; . (%) 

~--~?r.& 
Mean 

S.,D. 

~ar.~3 

Decree"" i n G.P. . U~ ) 

Feed corwer.'.ion ri~.!J:.2. t 

~~-y~u~;;. 

5 . 1}. 

Ranga 

Decreased efficiency (%) 

50-S~kg 

Me:~n 

s .. <>. 
Rd"::Je 

Decrec.::1ed £.'< fickncy (%) 

7.:'!..~19 

Mean 

S.D. 

Range 

Decreased efficiency (%) 

INFECTED 
GROUP 

24 
10 111ks 

Intensive 

910 

;t9l 

660-1035 

827.9** 

;tl54 

600-1275 

12.7 

861.6 
+95 

750-1161 

4 .5 

2.65 
NA 

NA 

6.1 

3.12 

NA 

NA 

2.93 \ 
NA 
NA 

CONTROL 
GROUP 

24 

10 111ks 

Intensive 

885.4 

.±142 

536-1089 
2.0 

947.9 

;!:134 

753-1237 

901.9 

;t103 

728-1125 

2.50 
NA 

NA 

3.18 

NA 

NA 

1.8 

3.00 

NA 

NA 

2.3 

p< • p< • .***p<0.001 tt>aily f eed intake daily live111eight gain 
NA: Not available - ind~vidual pig FCE not recorded 
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body weight gains of the infected group was signi­

ficantly less in 4 of the following 6 weeks. The 

difference between fortnightly FCE of infected and 

control groups are shown in Figure 6.4. During the 

second last recording period the FCE of infected 

pigs was significantly better than that of control 

pigs due to decreased FCE among control pigs, howev e r 

this trend was not sustained. 

6.4 Discus s ion 

The effect of EPP infection on performance c f 

pigs during the "breakdown phas e " of infection wa s 

significant in terms of reduced growth rate. Wid e­

spre ad coughing became apparent among the in-cont act 

pigs during the third and fourth week po s t-inoculati o~ 

of the transmitters (Fig. 6.1). It was at that ti me 

when the effect of the di s ease was first manifesty 

causing a significant reduction in the mean growth 

rate over all pigs during the following 3 week s 

(Figure 6.3). Growth rate during the finishing peri cd 

(50-BSkg) was depr e ssed by 12.7% while feed conve~si on 

efficiency was not significantly altered (Tabl e 6 . 2). 

However, over the s econd las t recording.p e riod, th e 

feed conversion effici e ncy of the infecte d pigs 

wa s s ub s t a nti a lly better than that of control s 

(Figur e 3. 3 ). This occurred not becau se of be tter 

pe rformanc e of infected pig s , but r a the r du e to 

poor e r pe rforma nce of th e control pi gs during thi s 

period. The r eas on for thi s i s unknown as th e re was 
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no variation in environmental and management conditions 

affecting the control pigs at that time. Overall, the 

growth rate was reduced by 4.5% between 25kg to 85kg, 

resulting in a further 7 days being required by the 

infected pigs to r e ach mark e t weight. At a current 

feed cost of $200 per tonne for f i~ ishing rations and 

a daily feed consumption of 2kg per pig, this would . 

add an extra $2.80 to the cost of production of each 

pig. Further costs include thos e o f ~dditional housing, 

labour, water, electricity et~ . ~ hi c h amounts to 

approximately 10¢/pig/day at c urr e nt costs and rates 

of depreciation. The tot e l cost cau s e d by introduction 

of ~· hyopneumoniae to EPP- f r e e pigs at · 10 weeks of 

age recorded in e xpe riment 1 w a~ $J .50 per pig, 

irrespactive of lung pne~ mon ia st a tu s at slaughter. 

By comparison with o the r e s timates of the 

effect of EPP, the reductio~ in grow th rate of 12.7% 

falls midway between the estimates o ~ Betts and 

Beveridge (1953) of 25%, Betts e t a ~ (1 955) of 16% 

where EPP-free pigs were intranas a ll 1 inoculated, 

and estimates of Huhn (1970b) 0 f 7% an ~! Braude and 

Plonka (1975) of 5.5% usiny natur 21l; i nfected 

commercial pigs. Previous s tu d i es wh ic h examined the 

effect of FCE found reductions of 22% (Betts et al 

1955), 4.6% (Braude and Plonka 1975) and no effect 

at all ~ikmeier and Mayr 1965 - · cited by H~hn 1970a). 

In this trial reduction in growth rate ·was due to 

reduced feed intake as reduction in FCE played no 

part. It is possible therefore that the use of a 

diet with a higher energy conte~t may have overcome 

the effect of a depressed appetite, however thi s 
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practice under commercial conditions may be 

impractical due to the increased proportion of down­

graded fat carcasse s which would result~ 

The pathological condition produced in this 

experirne~t was similar to that recorded by Etheridge 

tl_ al (1979) ;;,nd Etheridge and Lloyd (1980). Although 

les i ons were recorded· in 71% of lungs at slaughter, 

a lev e l con side red to represent severe herd infection 

(Mu h ·he ao 1979) lesions were generally mild and 

healing, being confined to the tips of 1 or 2 lobes 

per 11mg. Tha extent of lesions produced was less 

than th oss produced by Eth eridge and Lloyd (1980) who 

fount.:i s mean of 5.1 lobes affe:;cted in pigs killed 

betwee n 4 a nd 10 weeks after e xpo s ure to transmitters 

ir. '..culn t ed with the Beaufort s train of .t!• . hyopneumoniae. 

How ~ v e ~ the healing recorded at 10 weeks post-exposure 

in our trial v as similar to that observed in a 

previou s t r ial with this strain (Etheridge et al 1979) 

wh e re g.ros s lesions were absent in all 6 pigs killed 

10 week s post -exposure. Confirmation of M. 

b.l'..!::E.~~-n i ar: infection among these pigs is reported 

and di s r: d S8e d in Chapter 3. * Se.e b~ 

Whether compensatory growth would have occurred 

is not known as pigs were only held for a short period 

post-challenge. However, it seems unlikely that it 

would have occurred, as by the end of the trial the 

obvious resolution of the condition had not been 
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accompanied by a sustained improvement in 

performance. Further s tudie s are required to fully 

investigate this ph e nomenon, which requires hol ding 

pigs ov e r their normal growing peri od after initial 

natural challenge by infect e d dams and by other 

infected weaners. 

Of particul a r interest was the relative 

absence of significant sec ondary bacterial con tamination 

of existing pn e umonic lesion s . Only Pasteurella 

multocid a and Haemophilu s para inf lu e nza wer e isol a te d 

separatel y from 2 of 24 lung s (Table 3.4). The se 

les~ons may have bee n far wor s e had th ere b een wid A­

spread sec ond a ry bac terial infection with P. m ul tocL0~ 

(Smith et a l 1973 ) . In studies over seas ~ittle 1975 ; 

Goi s a t al 1975 Bolske e t al 198 0 ; Gois et a l 1980 ) 

P. multocid a is a common secondary invader of M. 

hyopn e umoniae infect ion and is commonly isolated fror.1 

severe field cases in South Australia ( unpu blish ed dat a), 

The significant r eduction in performance recorded in 

thi s tri a l was prim ar il y due to mycoplasrna infecti c11 

in isolati on from second ary bacteria. 

Th e relative a bsence of s~gn if icant secondar y 

invaders pr esents the opportunity to further study 

the e ff ect of tl· hyopn eurnoniae infection in i so l atic r. . 

Whil e indust r y acknowl e dges that production l osses may 

be se ve r e with complicat e d EPP, there i s considerab l e 

argument regarding t he effect of uncomplicated EPP 

under loca l e nv ironme ntal con ditions . By combining 
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aspects of this trial with natural infection of 

piglets by their da~ in an additional experiment, 

it may be possible to study the effect of endemic 

EPP in isolation from secondary complicating bacteria 

and thereby clarify the situation. 

EXPERIMENT 2 

6.5 Material s and Me thod s 

( i) Pigs 

Twenty four Larg e Wh ite E? P-f ree gilt s we re 

batch mated at NPRU. Fr c.HH t.hose c l'..1nf i r med pregn ant 

14 were se lect e d on the basi s i:;f t he qc netic back­

ground of their fo e tu ses an d an est ima te d farrowing 

date of mid-May 1982. Thesa gilt s were the n p aired 

according to th e above cri tsria and then like pa ir s 

wer e randomly allotted to eithe~ unit l or 2. 

(ii) Feed 

All litter s r e ce ive d pelJ.etted NPRU cr ee p­

wean er ration c5 (D.E. l~ .4 mega J/kg, C.P. 22.2%, 

Ly s ine 1.2%) from 2 we eks of age until the average 

body weight in eac h unit res pect ively reached 25kgs. 

From then until s l a ught e r pigs we re fed ad lib NPRU 

grower-fini s her r ation G13 (D.E. 14.l me ga J/kg, C.P. 

17.3%, Lysine 0.8 5%) . 
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(iii) Inocula and their administration 

Each of the 7 gilts housed in unit l were 

intra11asa lly inoculated with lung homogenate prepared 

from transmitter pigs used in Experiment 1, according 

to protocols detailed in 2.6. Control gilts in unit 2 

were inoculated with MH medium. 

(iv) ~onitoring of infection 

All trial pigs were monitored for 30 mi nutes 

dai ly ~~d a ll pigs observed coughing recorded to 

determine tha day of onset of coughing for each pig. 

Pigs sho~ing severe clinical signs of pneumonia were 

as s ~ssed a•i d treated as described in Experiment 1. 

( v) Enviro nmental conditions 

Th~ t~ial was conducted under conditions 

ou t lined in Experiment l which were set by results of 

th e fi e ld study (Chapter 5). 

Gilts were farrowed in crates and piglets were 

provide d with a creep lamp from birth. All piglets 

re~eiv ed 2 ml of injectable iron (Ferrelan 100, 

Lienert Aust.) on their third day and were checked 

for scours dai ly. At weaning litters were mixed and 

ci)ecked for scours, and other illness twice daily •. 

Ammonia levels were also recorded in this 

experiment, once during the growing stage and once 

during the fini s hing stage according to the met hods 

detailed in Chapter 5.2. 
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(vi) Samples from experimental animals 

All trial gilts were blood sa mpled prior to 

inoculation and again at slaughter 9 weeks later. 

All piglets were blood sampled at 10 weeks of age 

and again at slaughter (15 weeks of age for _ trans­

mitters a nd at 21-23 weeks for trial groups). 

Lungs were collected at slaughter from all 

gilts, transmitters and trial pigs. Gross lesions of 

EPP we~B ms pped on calibrated graph paper, and specimens 

collected for histopathology and IMFT as described 

in Chapter 2. 

(vi .; ) Statistical analysi s ~f pi~ performance data 

R~sults were analyse d us i ng analysis of 

varianc-e r.arried out on growth rat es and feed con-

versicn. 

( viii ) ~ x r.~~mental design 

I nfection was introduced by the following 

method to r e?roduce natural infection of piglets as 

i t occur s in endemically infected herds. Gilts in 

~ nit l were inoculated with pneumonic lung suspension 

4 weeks pr i or to farrowing to provide challenge for 

pigle t s during suc~ling. The inoculation of the runt 

piglet of each litter ensured transmission between 

piglets in all litters prior to weaning. 
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At weaning at 30 days of age, all uninocul a t e d 

piglets (43) in unit 1 were stratified on the basis 

of weight and sex into 2 matched groups of 16 piglet s . 

Four transmitters were then added to each group, 

producing 2 weaner groups of 20 piglets. This 

procedure W8 S repeated in unit 2 where there were 47 

pigle t s a0ail able for selection. 

Trans mitter piglet s were removed from the 

t rial grGups two weeks post-weaning, when th e y were 

neld in ad j ac ent pens , separated by a wire mesh panel 

which a llowed contact with trial pigs for a further 
.. 

8 wee ks. 

Whe n the weaners stoc king den s ity reached 

45kg/m 2 in each unit the pens wer e e xpanded using 

movea ble pane ls. When the grower s tocking density 

r ea ched 72 . Skg/m 2 the two trial groups were halved. 

Al l t r ial pigs we re we ighe d at weekly interval s 

from we ~ n in y until slaught e r at 85kgs liveweight. 

Fe c;d wa s 11 \i/ei ghed back" aft e r each fortnightly 

p e r i o d t •J e r; a b l e F CE ca 1 c u 1 at i on s • 

6.6 Re s ults 

All gilt s in unit 1 challeng e d with ~· 

hyopneumorriae in pneumonic lung s us pe nsion we re 

observ e d to cough a t an average of 9 days pos t-
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inoculation. In the post-weaning period all in­

contact trial piglets were observed to cough, at an 

average of 9 days post weaning. 

Details of pigs requiring antibiotic treatment 

are shown in Table 6 .3. All i rif ected and con·trol pigs 

were treated for scours comme ncing 5 da ys po s t-w e aning 

with antibiotic and electrol) tes. Four of 24 infected 

and 2 of 24 control pigs were tr ea ted f or poly-

arthr itis while 4 of 24 inf ec t Pd pigs were treated for 

"thumps", 3 of which requir e d a second course. One 

pig (T 4 ) died after prolonged :rn tibio t ic therapy. 

Environme nt and mana g8mont c onditions under 

which th e e xperime nt was c ~nductDd are s hown in 

Table 6.4. 

De tails of pos t-we an ing mort a lities a r e s hown 

in Table 6.5. In both tri al groups the r e was a 21% 

pos t-w ean ing mortality rat e~ a ttributab l e to coli­

bacillos i s and gas tric tor si on . Pig 06 was e uth a ni ze d 

due to s ymptoms sugg estiv8 of oesophag~ al achal as i a , 

which was confirmed a t nec rop s y. Pi q o7 (T 4 in Table 

6.4) di e d du e to s e condary ba c terial c c mplic a t i on of 

exi s ting EPP l es i ons . Gro ss l es ion s we r e ex t e nsi ve 

in the inf ecte d pigs which died, with le s ion s being 

present in an aver a ge of 4.5 lob es per lung, cov e ring 

an a ve rag e of 18.4% of th e total lung a re a . 
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TABLE 6.3 

Experin.ent 2. L <.-~ails of antibiotic treatments during the trial 

EPP Infection Iden!..it.y Age Drug Duration of Reason Presence of 
Status (\':eeks) Treatment pleurisy at 

(days) slaughter 

Infected '1 4 .S Streptopen 3 arthritis 

All s Neoampho " scours 

T2 s Streptopen " "thumps" 

T3 7 " " arthritis 

f (1 7 " arthirits 

's 8 II II "thumps" yes 

T6 8 II II "thumps" 

;7 8 II \I arthritis 

'b 9 "thumps" 

'5 
w 9 II II "thu1.1ps 

T7 X 9 II 11 "thumps" 

r ./'t 13 II 7 "thumps" yes 

____ .. _______ .. 

Uninfected !U l s Neoampho 3 scours 

r,. ~ Streptopen 3 arthritis 

T 10 Jl 3 arthritis 

repeat ccursL: 

t dierJ 9 days after last treatment 
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TABLE 6.4. 

Experiment 2. Environment and management conditions under which pigs were held. 

VARIABLES UNIT l UNIT 2 

8-25kg 25-50kg 50-85kg 8-25kg 25-50kg 50-85kg 

Average m1n1mum 
te~erature (°C) 12;t2 15;!:2 17;t2 12;tl l5;t 16;t3 

Average maximum 
temperature 16!_1 20;!:3 23;!:3 16;t2 2l;t3 22;t3 

Diurnal temperature , 
fluctuation ~l ~l 

Average minimum 
relative humidity (%) 62;!:5 55;t9 52;t7 60;!:11 5l;tl5 49;tll 

Average maxill'l.lm 
relative humidity 73~ 66;t7 66;t7 79;t9 69;tl4 72;tll 

Maximum stock~ng 
density (kg/m ) 42-47 70-75 75-80 42-47 70-75 75-80 

Group Size 20 14 6 20 14 7 

Ammonia l evel - 7 8 7 8 
2 eites (ppm) 5 10 7 11 

!. Stand~rd Deviation 
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TABLE 6,5 

Experiment 2. Details of post-111eaning mortalities recorded during the trial 

EPP Infection Identity Age at Percentage lung Nurrber of lobes Cause of death 
Status death affected area 111ith les ions 

(111eeks ) 1:1ith EPP 

Infected Dl 5 0 0 Coli bacillosis 

Dz 5 15. 2 4 Coli bacillosis 

D3 5 35 7 Coli bacillosis 

D4 ' n 11.3 5 Gastric torsion 

D5 n 22.2 6 Gastric torsion 

D6 15 6.7 3 Oesophageal 
achalasia 

D " 16 38 7 Pneumonia, 
7 pleurisy, peri-

cerditis, peri-
tonitis and a-
haemolytic Strep. 
isolated. 

Uninfected 
controls Da 5 0 0 Coli bacillosis 

D9 5 0 0 Coli bacillosis 

DlO 5 0 0 Coli bacillosis 

Dll 10 0 0 Coli bacillosis 

012 12 0 0 Gastric tors ion 

* Pig D7 previously r~presented as pig T4 in Table 6,3, 
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Details of lung lesions of EPP in trans­

mitter and in-contact pigs are shown in Table 6.6. 

Eleven of 25 (44%) in-contact pigs had gross lesions 

at slaughter in an average of 1.7 lobes per lung, 

covering an average of 0.78% of the total lung area. 

No gross pneumonic lesions were . obs e rved in control 

pigs. 

Results of diagnostic tests nn specimens to 

confirm specific infection wi th j . hyopneumoniae 

are shown in Table 6.7. All but on e of the lungs from 

animals challenged by either- met hod in this trial 

show~d histologic lesion s typical of third and fourth 

stage EPP lesions. All gilts ~A r e CF negative prior 

to inoculation. Positive Cf t itres wer e detected in 93% 

of 15 transmitters between 9 a nd 15 we ~ k s post-inocul a tion 

and in 90% of 29 in-contact pigs at 10 weeks of a ge. 

At slaughter 32% of 25 in-c on tact p igs had positive CF 

titres. tt· hyopn e umoni ae or ga nisws wer e detected by 

IMF in 54% of 1 3 lungs from tr ana mitter pigs and in 36 % 

of 14 lungs from in-contact pigs ; on: y lungs with gros s 

lesions were. t es ted. .Seco.-1d "J 1'y c on t a minating bact e ria., 

a-haemolytic Str eptococci ~ we re is a l ated from 1 of 27 

control lungs, 4 of 14 lu n gs with l e s i o ns and 3 of 11 

grossly normal lungs from chall e nged pigs. 

The growth curve s for infect e d and control 

groups are shown in Figure 6.5. Major los s e s occurr e d 

be twe e n we aning and 14 wee ks of ag e , c a us ing a de l a y in 

mark e ting a t 8 5kgs of 12 day s . Tabl e 6.8 s how s th e 
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TABLE 6.6 

Experirrent 2. Details of lung pathology in transmitter and in-contact trial pigs* 

Identity 

Transmitter gilts 

l 
2 
3 
4 
5 
6 
7 

Transmitter piglets 

l 
2 
3 
4 
5 
6 
7 
B 

In-contact pigs 

l 
2 
J 
4 
5 
6 
7 
B 
9 

10 
·11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Weeks 
Post-Exposure 

When Slaughtered 

9 

B 

25 

Percentage of lung 
Area Affected by EPP 

0 
0.1 
0.1 
0.1 
0.1 
6.4 

15.l 

0 
0.2 
2.4 
5.7 
6.6 

11.2 
JO 
64.4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.004 
0.004 
0.04 
0.1 
0. 3 
0 . 3 
O.J 
0.4 
0.6 
2.1 
4.5 

*{;ross lesions of EPP not observed in any control pig. 

Number of Lobes 
111ith Lesions 

0 
l 
l 
l 
l 
2 
6 

0 
l 
5 
5 
6 
5 
7 
7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
l 
l 
l 
l 
l 
l 
2 
J 
l 
l 
5 



TABLE 6.7 . 

Experiment 2. Laboratory confirmation of !:!· hyopneumoniae inf ection 

Enzootic Pneumonia Gross evaluation Number of lungs Histopathology CFT 
Status of lungs examined 4 3 2 - + -

Inoculated sows Lesions present 6 5 1 0 0 5 1 

Lesions ebsent 1 0 1 0 0 1 0 

TOTAL 7 5 2 0 0 6 1 

Inoculated Lesions present 7 7 0 0 0 7 0 
transmitters 

Lesions absent l 0 0 0 l 1 0 

TOTAL B 7 0 0 1 B 0 

Lesions present 17 7 3 - - 26 3 

challenged) Lesions absent B 7 

15 ----~· 
---- - :1 

- I - ----- -- ·---·-·--
TOTAL 15 10 :~6 3 }2 

4 - Fourlh stage EPF- ]esi on!s ' ' •mtiood; tit: Es \lt 10 w.iei<s of a')!" 

) - T~ird " ., II NT " Not T::::>t.e c 
2 -· Second .. H II 

~!eg'Jtive 

+ Posit iv.., 

+ 

2 

NT 

2 

5 

NT 

5 

5 

NT 

5 

IMFT 
-

5 

NT 

5 

2 

NT 

2 

11 

NT 

i : 

N 
l.11 
\D 
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TABLE 6.8. 

Experiment 2. Effect of EPP on growth rate and feed conversion efficiency 

Nuntier of animals 
First expo~.ure to EPP 
Type of holising 

Growth rate grr.-.-;/Gey 

8-25kg 

Mean 
S.D. 

Ranoe 
Decrease i'l c ~P. .. { ;;, ) 

25-50kg 

Mean 
S.D , 

Rar.~:e 
Decrease in G.R. ('<) 

5D:_!l5kg 

Mean 
S.D. 

Decrease 
:lanl~? 

in G.R. ,_:. ) 

7-85viJ 

Mea"l 
s .. D. 

Oecrea~1e 
ilr.tr.0~ 

jn : c;~ .. (") ... 
Feed ConvPrsion !.'!.ltiot 

... --·----
~-25kq 

'1?.!!n 

S.G. 
R.anqe 

Decreased ~fficie~cy ·(~j 

~-59'.'.j 

fuan 
S.D. 

Range 
Decreased ef:- iciency (%) 

?0-!!5!<g 

Mean 
s.o. 

!far.ge 
Decreased ·~ffi: is.-1cy (%) 

tl..P,5kg 

Mean 
s.o. 

Range 
Decreased efficiency (%) 

*p<0.05 **p<0 .01 ***p<0 .001 

t Daily feed intake/daily LW gain 

INFECTED 
GROUP 

32 
At birth 
Intensive 

246*** 
ttl9 
71-381 
27.9 

591*** 
+154 
l71-885 
24.7 

837 
-+-135 
595-1249 
5.5 

545.7*** 
+58 
364-583 
15.9 

2.49 
NA 
NA 
13.8 

2.23 
NA 
NA 

2.67 
NA 
NA 

2.53 
NA 
NA 
0.5 

CONTROL 
GROUP 

32 
At birtb 
Intensive 

341 
+127 
l36-696 

785 
+92 
606-928 

886 
+145 
609-1303 

648.6 
+62 
455-688 

2.19 
NA 
NA 

2.32 
NA 
NA 
3.7 

2.85 
NA 
NA 
6.4 

2.51 
NA 
NA 

NA Not available - individual 
pig FCE not recorded . 
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mean growth rates and feed conver s ion efficiency for 

each group with the standard deviation of the mean 

for the post-weaning, growing and finishing periods 

as well as the entire trial period. Growth rate was 

depressed in the post-weaner period by 27.9% (p<0.001 ) 

and in the grower period by 24.7% (p <0.001)·. From 

weaning to slaughter growth rate was depressed by 15.9% 

(p<0.001). Feed conversion efficiency was depressed 

by 13.8% in the post-weaner period, which wa s marginall y 

short of significance at the 0.05 level. 

The difference between weekly averag e body 

weight gains of infected and control groups are sh ow n 

in Figwre 6.6. In all but 1 (17th and 18th week) 

fortnightly analysis period, the growth rate of 

infe c ted pigs was significantly less than control p i g ~. 

The difference between fortnightly FCE of infected an d 

control groups are shown in Figure 6.7. During the 

second last 2 week recording period the FCE of inf ect ed 

pigs was significantly better than that of control pigs 

due to the added effect of marginally better FCE among 

infected pigs and marginally poorer FCE among contrcl 

pigs. The reason for the s e transient fluctuation s are 

not apparent. 

6.7 Discussion 

This study shows that pigs endemically infected 

with enzootic pneumonia grew 15.9% ~ s lo~e r than uninfect e d 

pigs between weaning and slaughter at 85kg live weight 
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and the feed conversion rate was depressed by 13.8% 

between weaning and 25kg liveweight. Pigs were reared 

under environmental and management conditions found 

commonly on commercial piggeries in South Australia. At 

the commencement of the trial piglets were challenged 

naturally by infected dams, which also provided potential 

for protection from infection via colostral antibody 

(Durisic et al 197Sa, b). Transmitter piglets then 

maintained a known source of infe ction during the 

suckling period and immediat ely rest-weaning. At 

slaughter 44% of naturally challenged pigs had gross 

lesions of EPP, a prevalence similar to that recorded 

for the South Australian pig indus t ry in the abattoir 

survey (Chapter 4). The results support those obtained 

in experiment 1, despite ttie recording of smaller 

depression in growth rate (12.7% ) 1 in association with 

a higher prevalence of lesion s (71%) in that experiment. 

The probable reason for thi s observ at ion is that in 

experiment 1, pigs were challenged fr nm 10 weeks of age 

~hen past the major period of susceptib i lity to the 

combined effects of infection and sub optimal environmental 

conditions. In experiment 2 wi despread infection with 

EPP at weaning was also accornpan iej by a concurrent out­

break of colibacillosis possibly increasi ng the severity 

of the pneumonic infection. This would happen frequently 

in commercial units. That extensive pneumonia did 

develop in the early post-weaning stages is supported by 

the wide distribution of lung lesions found in pigs which 

died during the earlier stages of the experiment (Table 

6 • 5 ) • 
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The periods when major losses in growth rate 

occurred were in the post-weaner and grower periods 

(Table 6.8). Feed conversion efficiency was reduced 

. between 10-25kg liveweight by 13.8%, which was only 

marginally short of statistical significance at 0.05. 

This reduction occurred at a time ~hen infection was 

most severe, supporting pre~1ious observations of Betts 

et al (1955) and Braude and PlunKa (1975) which also 

recorded reductions in FCE due to EPP infection. Reduced 

growth rate in this period wa s due to the combined 

effect of poorer FCE and reduced feed intake (Fig. 6.7 

and 6.8). During the second last recording period the 
' 

performance of the groups W83 reversed with the infected 

pigs performing better than co;1t ~ o ls. This was due to 

the combined efferit of poo rer FCE ir1 control pigs and 

improved FCE among infected pig s. T!1 e change was not 

sustained and no changes in environment or management 

conditions were noted among eit her popul8tion to account 

for the ob se rvation. 

Compensatory growth did ~ot occur among the 

infected pigs during the latt nr stages of the trial 

despite extensive healing of gross lesions. Lesions at 

slaughter were present in ~4% of 25 lungs and were 

typically chronic, being present in an average of 1.7 

lobes per lung and covering an average of 0.78% of 

the total lung area (Table 6.6). During the finishing 

period performance of infected pigs did not vary signi-

ficantly from uninfected pigs (Table 6.8). These results 

are supported by those of ex peri me nt 1, in which 

re s olution of l esio ns was not accompanied by better 
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performance than that recorded in uninfected pigs at 

the same liveweight. In experiment ~pigs were studied 

throughout their normal growth period to 85kg, allowing 

full potential for compensatory growth to occur as is 

available com me rcially. 

Infection with M. hyopneumoniae was confirmed 

by CF T a nd IMFT. A high proportion of both inoculated 

and in-con t act pigs both had detectable CF-antibody after 

challAn g~ lTab l e 6.7). All intranasally inoculated 

gi lts wer e CF negative prior to challenge. The percent age 

of in-contact pigs which were CF positive declined from 

90% it 10 weeks of age to 32% at 22.5 weeks of age. 

This latter obse rvation contrasts strongly with the 

fi t!d J ngs o f Woods et al (1976) who found a higher 

reactor ~ate i~ pigs between 19-24 (69 %) weeks than in 

pig~ betwee n 7-12 weeks (42%). The latter results 

obta ined in 8 he rds in Illinois indicates a slightly 

diff ere nt epidclm iology, with a continuing incidence of 

infectinn oc cu 1 ring through the growing period • This 

may be the r es~ lt of rearing pigs in a colder climate, 

necessi tat ing the closing of sheds to maintain temperature, 

w~1 lc h often occurs at the expense of effective venti­

lat ~ on (Muirhead 1979). Despite the waning of CF titres 

and resolution of le s ions in the growing period in this 

experiment, the CF result at slaughter confirmed the 

diagnosis of EPP based on gross appearance of lesions 

(McKean et al 1979). This diagnosis was further con­

firmed by the demonstration of M. hyopneumoni~ organi sms 

by IMF in the lungs of inoculated transmitter and in­

contact trial pigs with lesions. 
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The r ed uction in performanc e occurred in the 

absence of common se condary bacterial invad er s known 

to e x tend and prolong lung lesions (Smith et al 1973 

Little 1975 ; Gois et al 1975, 1980 ; Bolske et al 1980). 

While a-haemolytic Streptococci were more frequ ently 

isolated from lungs of ch a llenged ~ igs, they were 

isolated equall y from affe c ted and norm a l lungs in this 

group, suggesting a minor rol e in t he complication of 

EPP lesions. In this experiment the r ed uc ed performance 

was due primarily to uncompl ic~led EPP , thu s confirming 

the commercial significance of the " mild" or s ubclinical 

form of the dis ease. 

Environmental and man R~eme nt conditions under 

which the trial was condu~ted were those common l y 

found on local commercial ;:iig q0ri'3s f CIH:i pter 5). The 

average minimum post-weani ng temperature wa s between 

the ·average minimum temper at~re recorded on small and 

large herds in winter 1981 (Ta ble 5 . 5) . The di u rnal 

fluctuation was approximat ely half t hat recorded 

commercially due to the limitatio~ of t he range of 

temperatures that could be p~oduced by ~echani ca l 

ventilation. As in experi ment l Btcck i~g densit y appears 

to be marginall y less than prac tised commercially. 

However, due to allowance of part of the solid floor fo r 

dunging, final s tocking dens ities were considered to be 

effectivel y greate r. Re ductions through incr eas ing pen 

size generally coincided with soiling of the s leeping 

area. While the facility placed severe li mits on the 

total number of pig s per s hed, we aner group s we r e kept 
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at a size commonly found commercially. The 

average ammonia levels recorded in this trial were 

considered to lie in the mid-range of vaiues recorded 

.in the field study (Table 5.7). While conditions 

detailed here do not necessarily reflact any particular 

commercial herd group defined in Ch s pter 5, the 

conditions under which the trial was conducted reflect 

those under which pigs are reared commercially. 

The total economic l ooa cau s ed by EPP infection 

in this experiment was $7. 63/85kg pig produced. It is 

important to note that this is the aver a ge loss per pig 

to EPP, irrespective of pre s ence or absence of gross 

lung lesions at slaughter. The ma Jur component of this 

loss was attributable to the c ost 0f ex tra feed required 

by pigs to reach the designate d slaughte rweight. The 

cost of feeding for an extra 12 day s , given a · current 

feed cost of $200/ton~e and a dail y feed consumption of 

2kgs was $4.80 per pig. Further f8 e d costs were caused 

by the depressed rate of fe ed cori versio~ in the post 

weaner (10-25kg) period, which amoun ts d to $1.40/pig. 

Added to this is the extra c oa t of ! abo 1:r, housing, 

electricity, water, etc. wn i ch amoun t s t o approximately 

10¢/pig/day given current c osts and r at e s of capital 

depreciation. Another smaller cost was that of medication 

for pigs which were treated for severe clinical pneu monia, 

which amounted to 23¢/pig when averaged over all the 

infected pigs marketed. The opportunity cost of $90 for 

the 50kg pig which died due to complicated EPP must also 

be considered. A death rate of 4% due to EPP would be 

considered high in most herds, being more indicative of a 

herd with severe complic a ted EPP. 



267 

These experiments demonstrate that sub­

stantial economic losses are caused by uncomplicated 

enzootic pneumonia under environmental and management 

conditions commonly found on commercial piggeries in 

South Australia. Furthermore, these losses are similar 

in nature and magnitude to those recorded in colder 

northern hemisphere countries where major efforts 

have been made to control EPP. Now that an estimate of 

local losses is available, the cost-effectiveness of 

control procedures developed overseas should be 

evaluated. 
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APPENDICES 
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APPENDIX II 

COMPLEMENT FIXATION TEST - C' CONSUMPTION METHOD 

Antigen 

The M. hyopneumoniae (strain J) antigen was 

supplied by CSIRO Melbourne, as raw concentrated 

culture grown in 6 litres of MH media (Slavik 

and Switzer 1972 Etheridge et al 1979). 

The concentrate was prepared for use by thawing 

and then preparing a smooth suspension using a 

Griffiths tube. The suspension was then diluled 

1/10 with Oxoid CFT diluent and heated in a water 

bath at 52°C for 30 minutes (Slavik and Switzer 

1972). 

The treated antigen was then distributed into 

200 _µl aliquots in glass vials and stored at -so 0 c. 

For use,antigen was thawed and diluted 1/20 with 

Oxoid CFT diluent. Each batch was titrated to 

determine the lowest dilution that was antigenic 

and not anti-complementary for test purposes. 

Disposable Micro-titre Plates 

The test was performed in micro-titre plates* 

with Li-shaped wells. 

(*Micro-titre Plates Type MTP-1, Disposable 

Products, Adelaide, South Australia). 
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Diluent 

Verona! buffered saline containing Ca++ and ~g++ 

ions (VBS) was prepared by dissolving CF Test Diluent 

Tablets (O xoid Ltd., London, United Kingdom) in ~lass 

distilled water. 

Complement (C') 

Guinea-pig clotted heart blood ~as kept cool and 

within 4 hours the serum was separate d by 6entrifu-

gation, distributed into 1 ml ali qu o ts a nd stored at 

0 -80 C or preserved by Richardson's method as detail e d 

by Alton (1977) and stored at 4°C. 

Normal Pig Se rum 

Serum c oll ec t e d monthly fr pm 3 , 5 - 10 wee k old 

pigle ts, was pool e d and th e n sto r ed in J ml . ali~ 

quot s at-so 0 c. This was used as a s our ce of po rc in e 

compleme nt to e nhanc e the G.P . cc1npl e rnent ac t ivity. 

Sheep Er ythro c yte s 

Sensiti s ed s heep e rythrocyt es were .Pr8 pare d by the 

methods describ e d for the CF test f o~ br uce llosi s 

(Alton 1977). 

Titr ation of C' 

Using /2 as the multiplic a tion f actor, a ge ome tric 

series of 9 dilut i on s of guin ea -pig se rum comme nc ing a t 

1 in 400 wa s pr e pa r e d i n cold VB S cont a ining 1% unh e at e d 

no r ma l pig se r um (por c ine C' ). A uni t vo lume (0. 2 ml) 

of each d i lu tion was a dd e d to a unit vo lume of d i lut e d 
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(1 in B), heated (60°C for 30 minutes) normal pig serum 

and a unit volume of diluted ~· hyopneumoniae antigen. 

The tubes were shaken and placed overnight at 5°C~ A 

unit velum~ of the suspension of sensitised erythrocytes 

was then added to each tube; all were sh8ken and placed 

in a waterbath at 37°C for 30 minute s , du ring which they 

were shaken again at 10 minute int e rvals. They were then 

centrifuged and the tube in which 50% haemolysis occurred 

(C 1 H50 titre) was determined visually. Thi s enhanced 

titre was usually about 1 in 3 200. 

Procedure for CF Test 

The presence of CF antibody ·.;;a s den:on:::: t rated after a 

fixation period of 16 to 18 hours . ... ,, o .. . 
i::I ·~ -~ \... by comparing the 

titre of the C' obtained in the µ ~ e se~ce of t he test seru m, 

porcine C' and antigen, with the ti t r ~ of the C' when 

antigen was omitted. A simple fo~ mu lR ena b led a reduction 

in C' titre to be expressed as the numb er of C1 H50 units 

fixed. 

UBS, guinea-pig serum (C'), normal oig s erum (porcine 

C') and concentrated M. hyopneum o;1 i ~.~ antige n were kept 

at 4°C when not in use. 

Test serums were thawed, well mi xed and 1 in 8 dilution s 

prepared in VBS. These were heated at 60°C for 30 minutes; 

a unit volume (0.2 ml) of each was placed in each of a set 

of 8 test tubes. 
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Six doubling dilutions of guinea-pig serum containing 

40, 20 etc. C1 H50 units per unit volume were prepared in 

cold VBS containing 1% unheated normal pig serum and kept 

in ice. Unit volumes of each of these dilutions were added 

to the wells containing the diluted test serums .so that in 

each setrwell H ccntained 40 C1 H50 units, well G, 20 units, 

well F, 10 units, well E and C, 5 units, well D and B, 2 .5 

units and well A, 1.25 units. 

The thawed concentrated ~· hyopneumoniae antigen was 

homogenised in a Griffith's tube, diluted in VBS to th e 

level determined above and unit volume was added to wells 

H; G, F 1 E and D of each set (C' titration with antig en 

present). 

A unit volume of VBS was added to wells C, B and A of 

each set in lieu of antigen (C' titration with antigen 

omitted). 

The plates were shaken, covered with a plastic sheet 

0 to reduce evaporation and kept at 4 C for 16 to 18 hours 

(overnight). A unit volum e of the suspension of sensi-

tised sheep erythrocytes was then added to each well. T~ e 

degree of haemolysis was assessed immediat ely after the 

microtitre plates hod been shaken continuously for 30 

m.inutes on a microtitre shaker at 37°C and centri fu,e~ at 

4°c~ 
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Interpretation of CF Test Results 

The degree of CF is expressed as the number of 

· C1 H50 units fixed. Fulton and Dumbell (1949) used 

the formula:-

where Z is the number of C1 H50 units fixed, x1 is 

the volume of _guinea-pig serum in unit volume of 

the C' dil~tion containing one C1 H50 unit and x
2 

is the volume of guinea-pig serum in unit volume 

of the C' dilution where there is a residue of one 

C 1 ~50 unit i n the test proper. 

Wh ~ n the guine a-pig serum dilutions us e d are steps 

in a geometric dilution ser i es , x 2 may be expressed 

ac x1 ld ~here I ~s the dilution factor betwe e n the 

increments a nd d is the number of s tep s between 

x, and x? . 
i ~ 

Substituting this value for x2 the formula 

d above becc~es Z = I - 1. 

The 6 doubli ng dilutions (I = 2) of guinea-pig 

serum used ln the test were given step numbers 1,2,3, 

4 ,5 an~ 6 cespectively and d was determined for eac h 

test serum by s ubtr acting the step number of the C' 

lev e l where 50% haemolysis occurred in the titration 

with antigen present, from the step number of th e C' 

level wher e 50% haemolysis occurred in the titration 

when antigen was omitted. For example, if 50% ha emo ly sie 

occurr ed in well H ( s tep 1) and in well 3 ( s tep 5) 

then d = 4 a nd so Z = 15 . 
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Simple interpolation of the step numbers fo r 

the C' levels was used when necessary. When d 

could not be calculated for most of the seru ms 

tested, the test was repeated with a more appropri a te 

. range of C' dilutions, however, when 50% haemolysis 

was obtained within the rang e of C' levels used for 

the titration with antigen omitted but not in the 

range used for the titrati o•: with antigen pre se nt, 

the serum could be classified as positive if d was 

greater than 3 or negative if it wa s less than 1. 

Control serum 

' Control serum was prepared fro m pigs inoculat e d 

with ~· hyopneumoniae (Beau f ort s train) collected 

from both pre and post i·~cculati o n. Samples were 

freeze dried and the titr e rletermined by testing 

against positive control se ru~ s up pl ied by CSIRO. 

Further sera with low a11t ~body ti t res were obtained 

from naturall y exposed e xpe rimenla l an imals and 

used to monitor sensitivity of th e Le st. 
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APPENDIX III 

COMPLEMENT FIXATION TEST - DIRECT METHOD 

Reagents, their preparations and storage and 

equipment were the same as described in App en dix II. 

Procedure of the CF te s t 

The test procedure was essentially the same as 

described by Slavik and Switzer (1972). ModificationG 

were made by the addition of normal pig serum (enhancing 

serum) to restore the CF activity of the heat 
, 

inactivated test serum. Normal pig serum was added 

to VBS, producing a 1% solution in which the 

operating dilution of GPC' was prepared. Test ser ums 

were also heat ed to a higher te mperat ure, 6o 0 c, to 

reduce the procomplementary activity. Th e presence of 

CF antibody was demonstrated after a fixation per iod 

of 16 to 18 hour s at 4°C by determining the highest 

serum dilution showing 50% haemolysis of the indicator 

solution. 

VBS, guinea-pig serum (C') and normal pig ser~m 

(porcine C') and concentrated M. hyopneumoniae antigen 

were kept at 4°C when not in use . 

Test serums were thawed, mixed well and a unit 

volume (25 µl) added to an equal volume of VBS in 

a test tube. Thes e were then incubated in a water 

bath at 60°C for 30 minutes after which the diluted 
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serum was added to the first column of a micro-

ti tre plate. Doubling dilutions were prepared from 

this column in VBS to a dilution of 1/128 for routine 

use. 

The second column containing a serum dilution of 

1/4 was treated as an "anti-complementary col.umn" 

i.e. no antigen was added, allowing for detection of 

anti-complementary activity of the test serum. A 

unit volume of VBS was added to this column in place 

of antigen. 

· A unit volume of~· hyopneumoniae antigen was add ed 

to ell wells containing a serum dilution of 1/8 or 

greater. The working concentration of antigen of 1/8 

and GPC' of 1/70 was determined by a checkerboard 

titration. Finally a unit volume of GPC' diluted 

1/70 in VBS containg 1% normal pig serum was add~d 

to all test wells. Plates were gently shaken and 

then stored overnight at 4°C to allow comp lemen~ 

fixation. 

The method of titrating-back the amount of unf l xe d 

complement using a unit volume of sensitized she8p 

erythrocytes was the same as described in Appendix II . 

After shaking at 37°C for 30 minutes and centrifugation, 

rows were examined to determine the serum dilution 

at which the haemolytic endpoint (50%) occurred. 
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APPENDIX IV 

PARAFFIN SECTIONING FOR IMF STAINING 

1. Removed lung and cut section <5mm2 • 

2. Pl~ced in 95% ethanol precooled to 4°C. 

3. Held at 4°C for 1 hour or longer. 

4. Trimmed and placed in ~apsule. 

5. Fixed in 95% ethanol at 4°C for 15-24 hours. 

6. Dehydrated in 4 changes of pracooled absolute 

alcohol (l to 2 hours per change) 4°C. 

7. Cleared in 4 changes of precooled (4°C) 

xylene for l -2 hours per change. (Some 

specimens ll/ere stored i_n xylene at 4°C for 

l to 2 days). 

8. Embedding - specimen put through fo ur consecutive 

baths of filtered paraffin at 56°C for l to 2 

9. 

10. 

hours eac h. Embedde d in paraffin at 56°C. 

Blocks stored at -20°c. 

0 Sectioned as usual but flotation on water at 40 C 

was of short duration. Sect ions picked up after 

a few seconds of flo trat ion o~to a clean albuminized 

glass slide . 

Dried for 30 minut es at 37°C. 

Stored in dessicator at 4°C. 

11. Removed paraffin by immersing s lides in 2 con-

secutive baths of cold xylene (30 secs. to l min. 

- then 3 consecutive baths of 95% ethanol (30 

seconds) - then 3 consecutive baths of cold PBS 

(1 min. in each)). 

12. Stained as described . 



279 

APPENDIX V 

CULTURE OF PORCINE MYCOPLASMAS 

1. Media reagents and stock solutions 

(1) Agar (Agarose, Seakem, Rockland ME04841, USA). 

(2) Sacitracin (Wellcome, Baconsfield, New South Wales, 

Australia). Reconstituted by addition - of 1 grm of 

powder to 100 ml d.w.; .sterilized by filtration. 

Stored at -20°C in 1 ml aliquots. 

(3) Cyclohexi~ide (Actidione, Upjohn Pty. Ltd., Rydalmere, 

New South Wales). Reconstituted by addition of 2 grm of 

powder to 100 ml d.w.; sterilized by filtration. Stored 

at -20°c in 1 ml aliquots. 

(4) Deoxyribonucleic acid (sodium salt) from calf thymus gland 

(Calf thymus DNA ) (B.D.H. Chemicals Ltd., Poole, Dorset · 

U.K.). A stock solution of 0.2% DNA was held for use. 

(5) Glucose (D Glucose, Univar, AJAX Chemicals, Sydney). 

(6) Heart Infusion Broth-dehydrated (Difeo Laboratories, 

Detroit, Michigan, U.S.A.). 

(7) Hanks' balanced salt solution 10 x concentrate (Commonwealth 

Serum Laboratories (C.S.L.) Melbourne, Victoria). 

(8) Hartley's Broth (Oxoid, Basingstoke, Hants., England). 

Powdered or solution. 
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(9) Lactalbumin Hydrolysate (ICN Pharmaceuticals, Ohio, 

United States). 

(10) Methicillin (Metin, Commonwealth Serum Laboratories, 

Melbourne, Victoria). 

(11) B nicotinamide adenine dinucleotide (B NAO) (Boehringer 

Mannheim GmbH, Germany). Reconstituted by addition of 1 

grm of B NAO to 100 ml d.w.; sterilized by filtration. 

0 Stored at -20 C in 1 ml aliquots. 

(12) Phenol Red (Univar, AJAX Chemicals, Sydney). Stock 0.4% 

solution prepared. 

(13) Pig serum was obtaine d from EPP free pig s (ex. N.P.R.U.) 

at slaughter. This was allowed to clot for 16 hour s then 

centrifuged, heated at 56°C for 30 minutes. Sterilized by 

Seitz filtration (14 cm pads HP/EK S , Carlson-Ford, Sales 

Ltd., U.K.) and stored in 370 ml volume s at -20°c. Pig 

serum for the PPLO agar was obtained from C.S.L. 

(14) Thallium acetate (B.O.H. Chemicals Ltd.). Prepared as a 

1% (w/v) solution in d.w.; sterilized by filtration. 

(15) Vancomycin (Vancocin, Lilly, Indi anapolis, Indiana, U. S .A.). 

Reconstituted by addition of 100 ml d.w.; to 2 grms of 

Vancocin. Stored at -zo 0 c in 1 ml aliquots. 

(16) Difeo PPLO 
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(17) Ampicillin (Austrapen, C.S.L.). Reconstituted by 

addition of 10 ml d.w.; to 500 mg Ampicillin. Stored 

at 4°c~ 

(18) Yeast Extract. Prepared by method of Herderschee (1963). 

1 kg of fresh bakers yeast was kneaded until mixed 

thoroughl~ :Ln 1 L of d.lll. The suspens~on was then heated 

to 80°C while stirring regularly. The pH is adjusted to 

4.5 as the so.lution approaches so 0 c by adding concentrated 

HCL (A~ grade). After holding at so 0 c for 20 mins.the 

suspension is quickly coaled and the pH adjusted to 8.0 

by adding SN Na OH. Centrifuged for 10 mins at 10 000 

r.p.m. to remove yeast ceil ghosts. Decanted and filtered 

through Seitz (14 g) filter. Distribut e d into 20 ml aliquots 

Filtrat io~ . Unl es s stated otherlllise, sterilization by 

filtrati on was per f ormed using membrane filt ers (Millipore 

Corp., Bedfo r d, Mas s ., U.S.A.), of 0.22 µm average pore 

diameter • 

2 • Me d i a u s t:._~ .. l.!2.....~ s o 1 ~_i on an d p r op a q at i o n 

The liquid medium used fqr tl· hyopneumoni ae (MH medium) and 

M. hyorhinis con s i s ted of Hank s ' balanced sa lt solution 10 x 

concentrated, 43 ml; Hartley's broth (Cruikshank et al 1975), 

100 ml; dehydrated heart infusion broth, 3.75 g ; lact a lbumin 

hydroly sa te, 5 g- ; glucose, 10 g ; deoxyribonucleic acid, 

0.2% W/V s odium carbonate a queou s s olution, 10 ml; yeast 

extract (Herder s ch ee 1963), 20 ml; ser um from EPP fr ee pig s 

(h eated 56°C for 30 minu tes, s tor e d at ~0°C) 37 0 ml; 
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ph e n ol red 0.4 % s olution> 3 ml; B- nicotin amid e a denine 

d i n u c l e o t i d e ( B - NA D ) , l ~o WI V a q u e o u s s o 1 u t i o n , 14 m l ; 

glas s distilled water, 800 ml. After th e pH was adju ste d 

to 7.9 the mediu m was s terilize d by Seitz filtration 

~top~d a t 4°C a nd us e d within 4 \l.l(;f~ ks. 

It was made selective prior to use by adding methicillin 

(150 µg/ml), vancomycin hydrochl criu~ ( 200 ug /ml), bacitracin 

( 150 pg/ml), thall ium acetate ( .100 ltg/mJ.) ~ ; !cl eye lohexamide 

( 2 0 0 µ g Im 1 ) • T he s e l e ct i v e pH me d L: :;1 h ~1 d t he sa me o s mot i c 

pressure as serum (7.4 atmosp her e s at 30°C) as recomme nd e d 

by Frii s (1975) . The final phe nol r~J c o nc ~ ~tration wa s 

15 µg/ml. 

P PL 0 a g a r u s e d r or the i s o l at i c n of M • .bX.":..~.l.•.)_n i. s c o n t a i n e d 

Difeo PPLO agar, 80 ml; yeast extr ac t, 10 ml; pig serum, 

20 ml; 0.2% deoxyribonu c l e ic acid (B-DNA), l ml; 1% 

thallou s acetate, 1 ml; 17% K2HP041 ~ ml ; l ~ Ampicillin, 

1 ml and 1% Cyclohex imide· . . 
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Prevalences of en~0ot ic pneumonia of pigs (EPP) reported in abattoir 

surveys in Aust' .:a lia range from 19% - 67% (Pullar 1949a; Edwards et al 1971; 

Norton 1976). During recent years there has been a world trend toward larger pig 

herds. As part of this trend it has been demonstrated that prevalence and extenr 

:of lesions of EPP ii'! :: r e'1sc with increasing herd size (Aalund et al 1976). In the 

past 7 years in ~ ou th Au s t~alia the mean herd size has increased from 73 to 128 

pigs and the number o f ~~rds w5 ~h over 1 000 animals has doubled. Because of this 

association between preval ence of EPP and herd size, EPP may be an emerging 

disease in the South Australian pig industry. The prevalence of l esions of 

enzootic pneumonia a t J majoL pig abattoirs in South Australia was recorded over 

a 12 month period ln this surv~y. 

During 1980 lungs w~re examined from 3 major abattoirs (1, 2 and 3), each 

slaughtering between 120 0-.'0 - 143 000 pigs annually. Approximately 60 l ungs, 

predominantly f:.l:;m bacon-weigh: pigs, were sampled at one of these 3 abattoirs 

each fortnight s o Lhat each aba t t oir was sampled twice per season or 8 times in 

· the 12 months. Trte sample consisted, of 30 lungs which were held for later 

detailed examination (group A), and a nother 30 which were examined on the viscera 

table of the abattoirs (group B). To maximise the number of lines of pigs 

monitored, every second lung was sampled. Each abattoir was visited at least once 

on each day of the week that pigs were routinely slaughte r ed. This was done to 

avoid bias produce d by large r unit s which slaughter on the s ame day each week. A 

total of 1 430 lungs were examined; 712 in group A and 718 in group B. Pneumonic 



lesions were classified according to the criteria used by Pullar (1949a) and 

Edwards et al (1971); with typical active lesions being characterized by greyish 

swelling of lobules in the ventral aspects of the apical lobes and chronic 

lesions by atelectic plum coloured lobules. 

Blood samples were collected concomitantly at slaughter from 412 of the 712 

pigs in group A whose EPP lung lesion status was evaluated. Serum samples from 

these were tested for presence of antibody to ~c..?.£..!.?~ hyopneumoniae using the 

complement fixation (CF) method of Etheridge and Lloyd (1980). 

Lesions typical of enzootic pneumonia in groups A ~nd B were observed in 

645 of 1 430 (45.1%) lungs examined during the 12 n1onr.~·1 survey·. When calCulated 

on a proportional basis with regard to the annual number of pigs slaughtered at 

each abattoir, the overall prevalence of EPP l f..!sions in lungs at these 3 

abattoirs was 47%. Prevalence varied on a seasonal basis, the highest prevalence 

of 51.1% being recorded in summer, and the lowest prevalence of 41.7% in winter, 

which was marginally short of statistical significance ::-. t the p < 0.05 l eve l. 

The prevalence of lesions at abattoirs ~, 2 and 3 varied significantly 

(p < 0.001) with 22.2%, 41.9% and 71.2% of lu~gs affected respec tively. 

The distribution of EPP lesions varied signifi ,~a n t l.y (p < 0.001) with the 

highest prevalence of 83.8"/o being recorded in the right ;:an'. i ac lobe followed by 

the left cardiac, right apical, intermediat e left apica l, right and left 

diaphragmatic lobes. Among group A lungs gross EPP le s i ons most frequently 

occurred in 1 or 2 lobes of each affected lung, comprising 12 .6% and 10.1% of the 

total prevalence of lesions of 43.3% within this group. 

The prevalence of pleurisy for group A lungs was 14.5% which did not vary 

significantly between seasons. The prevalence of pleuri sy varied significantly 

between abattoirs (p < 0.001) with a prevalence at abattoirs 1, 2 and 3 of 6%, 17%, 

and 20% respectively. The association between pleurisy and pneumonia was highly 

significant (p < 0.001) in that pleurisy was present in 68 of 308 lungs with 

pneumonia but only in 35 of 404 norma l lungs. 



The presence of a positive CF titre to !:!· hyopneumoniae in serum of pigs 

with gross lesions typical of enzootic pneumonia was highly significant 

(p < 0.001). Where lungs were grossly affected with EPP, 44.9% of 156 pigs had 

serum samples that were CF positive. In 256 pigs with normal lungs 12.lio had 

serum samples that were CF positive. 

The prevalence of lesions . of EPP in South Australia of 47% was higher than 

that recorded in single abattoir surveys in New So~th Wa les of 19% (Edwards et al 

1971) and Queensland of 40io (Norton 1976). Th:•. s prevalence is considered to · be 

representative of the prevalence within the state as 85% ~f t he annual number of 

pigs slaughtered occurs at these 3 abattoirs. 

In this study the prevalence of lesions cf EPP varied significantly be tween 

the 3 abattoirs sa~pled. Consequently if only abattoir 1 or 3 had been sampled, 

the p:i:ev.alence recorded would have been a sign ~ fi.c ant rnis!' epresentat·ion of the 

prevalence of EPP in South Australia. For :.his reasor. observations base d on 

single abattoir surveys should not be extrapolated ~o large r state or country 

populations. Previously it has been suggested (Whictie stone 1973) that the 

prevalence of EPP lesions in Australia had declined during the preceding 20 years 

due to development of improved husbandry standards a;1d di s ease awareness. Even if 

this observation, based on single abattoir surveys w.;i."° co~· rect, the current 

status of the disease in South Australia indica tes a WJ.. G '~ di.stribution with a 

high morbidity. 

The highest seasonal prevalence of EPP ~ n slaughter pigs was recorded in 

summer, when 51.1% of lungs were affected. Tt.is is consi:;tent with previous 

reports of Pullar (1948) and Edwards et al (1971) who concluded that due to 

"Australian environmenta 1 influence, the disease spreads more rapidly amongst 

suckers and weaners in the autumn and winter months" causing a peak in prevalence 

in summer when these pigs are sold. 

The prevalence of pleurisy of 14.5% in 712 group A lungs was also higher 

than the 3.8% reported by Edwards et al (1971). This may be explained by the 

highly significant association found between the presence of pleurisy together 



with lesions of enzootic pneumonia. Predictably the prevalence of pleurisy 

followed the pattern set by prevalence of enzootic pneumo~ia at abattoirs 1, 2 

and 3. 

The distribution of lesions found between lung lobes supports previous 

observations (Pullar 1949b, Edwards et al 1971) which have attributed this 

phenomenon to the different anatomical structure of the major airways. T~e 

class ification of gross lung lesions as EPP was supported by the relationsh·Lp 

between the presence or absence of lung lesions and CF titres in 412 

corresponding serum samples. The results also indicate that detectable CF 

antibody frequently dissappears before resolution of lesions. However, the 

converse also appears to occur, but less frequently. 

Results of the survey confirm that EPP _and pleurisy are widesprea d in 

·slaughter pigs in South Australia. At a time when herd size continues to inc.rea~e 

this result gives little support to the notion that this trend has been 

accompanied by better measures to control pneumonia. 

We wish to thank Mr. J. Etheridge for technial instruction and M.::-. 1'-

Mc.Cloud for statistical design and analysis. 
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ENZOOTIC PNEUMONIA OF PIGS II: 

EPIDEMIOLOGY IN 31 HERDS IN SOUTH AUSTRALIA 
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Summary: Environmental cind manageroental conditions of 15 herds with 

a high-preval~nce (> 70% ) of enzootic pneumonia of pigs (EPP) at 

slaughter we r e:: i::on:parc-d with 16 herds with a low-prevalence (< 30%) 

to determine i::l·:'b:>~· ::: c0rnmonly predisposing pigs to EPP in South 

Australia. 

Compa~isons we~0 made of herds having > 100 sows (fully intensive 

units) and also small ~e rds having 20-70 sows (side line units). Half 

the herds were visited i n summer and half in winter to detect seasonal 

factors. 

In small ~v~ cc s facto.cs commonly found associated with a high­

prevalence of EPP wer~ a hi9her gi lt replacement rate (p < 0.1), purchase 

of .pigs for Hnishino:J (!- < 0.07), larger nu mbers of pigs per shed 

section (p < 0.001), larger group ~izes (p < 0.01) and draughty farrowing 

and weaner accommodation (p < 0.01). In large herds factors associated 

with a high-prevalence were higher pen stocking rate (p < 0.05) and 

airspace stocking rate (p < 0.05) and higher atmospheric ammonia 

leve ls in summer (p < 0.1). EPP was also assoc iated with reduced total 
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production as substantially mor e high-pr eva l ence herds marketed 

pigs at a lighter bodywe ight (p < 0.06) and older age (p < 0.06). 

Introducti on 

The aetiological or pr edisposing role played by environmental 

and manageme nt factors in complex r espiratory disease syndromes of pigs 

are well documented (Gordon 1963; Backst~om 19 73; Lind~~is t 1974; 

Mickwitz ~t a l 19 7 5 ; /\a lund et a l 1976; Whi ::tle s ton<~ 1976; Flesja e t al 

1978; Backstrom and Bremer 1978 ; Mu i rhead 1 979). By using pos t-mor t em 

observations from many herds t hese authors ~?howed as sociations between 

a variety of factors and enzootic pneumonia o!.. Dig~; (EPP) , Many fac:tor s 

inc lud i ng shed number s , stocking density , ~~~on ia lev~ls , he rd size , 

continuity of stock ing and pu rchase of stock for £in i sh i l•'3 have been 

demonstr ated consistently to pred i spose to i ntection . 

This investigation into the epidemiology of EPP in S0uth Australia 

was motivated by the demonstration of wides2rec1d EPP :i r:.!: t;,c!.:ion in herds 

(Pointon and Sloane 1 983); the potential for EPP to b~come an emerg ing 

disease in expanding he rds (Aalund et al 1976 1 and t he ne2ci to iden tify 

common predispos ing factor s to assist in d L1ease conl:roL 

The purpose of this study was to deter::1 i. ne which facto r s were 

commonly involved in predisposing pigs to en :wotic pneumonia in South 

Australia by compari ng e nvironme ntal components between gr o ups of pigs 

from herds with high and low- prevalences of EPP . 
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Materials and Methods 

Selection of Pig~eries 

Piggeries were selected on the basis of the prevalence of EPP 

obtained by monitoring lungs at three abattoirs, during the month prior 

to the herd visits. Prevalence of lesions typical of EPP were r ecorded 

for each line of pigs slaughtered during several days at each abattoir. 

Monitoring was concluded when suffic ient herds were identified which 

fulfilled t he selection criteria. In the case of the smaller herds 

.which generally marketed insufficient pigs at one time to obtain an · 

accurate pr evalerwe of EPP, at l eas t one subsequent line of pigs was 

monitored. 

Two he rd categories were establ ished , based on criteria defined 

by Muirhead (1979). High-prev~lence herds were those with a prevalence 

of lesions in 70% of pigs or greater, while low-preval ence herds were 

those with 30% or l ess affected (Table 1). Herds within these pneumonia 

categories were stratified on the basis of production emphasis , with 

a division into fully intensive units being herds with > 100 sows and 

sideline units with between 20-70 sows. These methods were adopted to 

allow for any influence that increasing herd size could exert on envir­

onment or management within the herds. By choosing herd groups with a 

large difference in the prevalence of EPP l es ions, the grea tes t potentia1. 

was created for the detection of differences in each factor between 

high and l ow- prevalence herd groups. To assess the importance of factors 

which are influenced by seasonal conditions, a similar number of 

piggeries were visited in late summer and mid winter of 1981. Herds 

visited in late summer were excluded from the winter sample due to 

implementation of management changes aimed at controlling EPP. 
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Production in all herds was of a continuous nature. All growing 

pigs in the large herds were intensively housed; in all small piggeries 

the growing phase included an intensive housing period of at least 8 

weeks. 

Evaluation of .E.~!"ies 

Piggery environ~ent is established by a . large number of components 

whose interactions unde~ ~ie ld conditions are difficult to estimate and 

vary between piggeries. Due to the large number of herds r equired for 

a study of these interQct ions , individual factors of biologi6al interest 

and easy to de{ ine were sel ected for study. 

A quest i~nn~ire was des igned to be answered by the piggery owner or 

manager in conj1mct ion wi th one of the researcher s during a visit. 

Criteria used for ::;0sessing each factor were standardized by the two 

researchers t0:J~~ L"ier. visiling several herds prior to the· study. Factors 

assessed appear in '.l'abl::: 2, .r..bout 60 variants in housing environment 

and mana~ement were recoc~~a: however after preliminary study only a 

limited number of these ~.-E! T."e select ed for detailed analysis. 

The numt.·-.i: of sow~, culJ. t.:-d during the previous twelve months was · 

recorded and annual sow culling rate calculated . 

The criteria f or pigs purchased for finishing we re all pigs 

introduced to the property from markets or from other breeders at an 

age from "slips" (weaners from 5-10 weeks old) to unfinished bacon, for 

the sole purpose of finishing for slaughter. 

Procedures used to reduce the amount of dust generated from the 

· feed included the addition of tallow or oils to the feed rations and 
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the use of pelleted feed for growing pigs. 

In-feed antibiotics recorded were those commonly used to control 

EPP and its secondary b?cte rial invaders and included the tetracyclines, 

tylosin, lincom~in and sulphadimidine. 

The ave rage marke t age and liveweight of p igs we r e obtained from 

herd r ecords where poss ible. In herds in . w~ich · individua l pigs were 

not identified the age of marketing was estimateJ fr1)!:~ b.~ :~ ic herd 

r e cords. To partially overcome this inaccur acy , ti'1 1~ data was stratified 

(Figure 1) • 

The total numbe r of pigs in a s hed section (i0 . undiv ided shed 

or separate air space) for any age group inc luded all pis~ (including 

other age groups if present) • Group size (Table 1\aj was taken as the 

number of pigs per pen. 

Pen area stocking de nsity was c a lculab.:'.:'J by divi <~iq the total 

we ight of pigs of a particular age group (wean$rS , g~~~c~ s or finishe r s) 

by the total area which they occupied at th~t t i me. r~aspa.ce stock ing 

density was calculated s imilarly, but used t~e tota l mas s o f pigs in 

the shed s ection divided by its volume (ie . if ~eane t s , growers and 

finishers we r e present in the same s!"ied, 

density was the same for each age group). 

t he airspace stocking 

Weane r pen design was assessed under four categories , being (1) 

pens with completely solid f loor s , (2) partially slatted weshed pens 

(3) pens above growers or f ini shers and (4) multi-tiered weaner crates. 

Potential for draughts was assessed by p r esence of obv ious faults, 

eg . holes in walls, incomple ted walls, poorly fitted shut t e rs and 
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absence of flaps at the end of dung channels. 

Ventilation methods were classified as e ither fan f or ced or 

natural with side shutters. 

The siting of all maximum-minimum thermometers and hygrometers in 

piggeries prior t o the planned r ecording periods ensured t hat all p i ggeries 

recorded conditions in weaner and grower areas during the same two 

weeks in s ummer and winter. Equipment was suspended 0.5 metres above 

weaner pens and 1 me t re above growe r pens in all piggeries . All equip­

ment was tested and calibrated prior to each r ecording pe riod and aga i n 

upon s iting in ec;ich new piggery. 

Anunonia l evel s were recorded at normal morn ing shutter openi ng time, 

allowing e stimation of overn ight accumulation within the finisher unit. 

Three readings were obt~ined over the area occupied by ·finishers. Read­

ings wer e obtained using a m~ltigas detector* 2 cm above the floor 

*Drage r (Aust.) Pty. Ltd., Adelaide , South Australia. 

surface at the junction of the sleeping and dunging area . The temperature 

and rela tive humidity a t each r ecord ing site were also recorded. 

Statis tical Analysis of Data 

The categor ica l nature of the management data and some of the 

environmental da t a was su i tabl e for contingency tabl e analysis (Bishop 

et al 1975; Plackett 1981) . For each management or e nvironmental factor 

the hypothesis t ested was of independe nce between the facto r and the 

prevalence of EPP . 
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The Mantel-Haenszel test (Landis et al 1978) simultaneously tests 

for independence between a t-level treatment factor (eg. pen space stocking 

density) and an r -level response factor (eg. high or low-prevalence), in 

each of S-strata (eg weaners, growers, fini shers). The independence 

of the factor s in Tables 4a and 4b were also tested with t he Mantel­

Haenszel t es t. 

Temperatures, relative humidity and amrr.onia l evels were analysed 

with analysis of variance or linear regress ion. 

Results 

Comparison of management data between :"1iq h and .1.ow-vrevalence herd 

groups is presented in Table 3. The small h i gh-rrevalence herds had 

higher sow culling rates (p < 0.1) with 7 of B herds {t35.5 %) culling 

at a rate of > 15% while 4 of 8 low-prevalan~e aff ected s mall herds 

culled at < 15%. Similarly, more high-prevu}.enc <'.: sn:.:il .l h::·rds purchased 

pigs for fini sh ing (p < 0.07). Pigs were purchased <:;q1-1..illy from 

markets or direct from breeders . Other fac tors were .1~t significantly 

different be tween herd groups. 

Analysis of the average market age anc'l b:xiywe ight of pigs from 

all herds (F igure 1) revealed that more higi"1--preva lence herds had pigs 

which we r e marketed at older age (p < 0.06) and lower liveweight (p < 0.06) 

than pigs from low-prevalence herds. 

Analysis of housing data (Table 4a) for weaners, growers and 

finishers for the 2 herd groups revealed that significantly more high­

prevalence small herds had more pigs per shed section (p < 0.001) and 
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more pigs per group (p < 0.01) than low-prevalence herds. Significantly 

more high-prevalence large herds stocked pens (p < 0.05) and airspace 

(p < 0.05) more densely than low-pr eval ence large herds (Table 4b). 

Pen des ign for wean~ r s u id not vary substanti ally between high-

prevalence and low-prev~lence he rd groups. Weaners were most frequently 

housed in pens on the floor. Partial or full slats or mesh were used in 

14 herds and totally solid floors were used in 7 herds. In 7 herds 

weaners were houaed in r~:tia1ly meshed pens over growers and in 3 

herds multi-tiered weaner crates we re used. 

Mechanic~l ~e~tilation was used in only one weaner unit with al l 

other age group3 in all herds being ·naturally ventilated. 

Average mi nimu.::-· daily temperatu r es and diur na l tempera ture fluctuation 

for each herd g.t0'1p in .:;ur:.mer and winter did not vary significantly between 

he rd · groups (Table 6). The average minimum t emperature ·in all small 

and large herds in wlntPr was l0.?0c and 14.4°C respect ively. The 

diurnal flu ct.1.1ati;.)n w,;;::; s .i .• ~nificantly grea t e r in the s mall low-preval e nce 

he rds in summe r (p < o.nj} and in the large high- prevalence herds in 

winter (p < O. l l for growers only. The average diurnal fluctuations 

for weaners i ~·1 winter i.n l arge herds was 7. 9°C and in smal l he rd s · was 

0 
7.8 c. 

Minimum temrEratures in weanet houses in winter were highly dependant 

on the potential for draughts in both small {p~ 0 . 01) and large he rds 

(p < 0.05) (T.able 7). 

The average relative humiditi es (3.00 p .m.) for all he rd groups in 

summer and winte r a r e presented in Table 8. In the small he rd groups more 
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high-prevalence herds had higher r elative humidities in weaner sections 

in summer (p < 0.1) while in the large herd groups more l ow-prevalence 

herds had higher relative humidities in weaner sections in winter 

(p<0.05). 

The average ammonia concentration was higher in more high­

prevalence l~uge he.::ds in su!11me r than in low-prevalence herds (p < 0 .1 ) • 

The average aill~on ia concentration in summer of a ll the l arge high­

prevalence heds was 11.:: ppm co:npa red with 5 .9 ppm in large low­

prevalence h0rds (table 9). Ammonia concentration of all individual 

record ings (93) was found to be dependant on the temperature at the 

recording site (r .,,, 0.43, p < 0.05) (E'igure 2) . 

Di s cussion 

The stu,'Jy de-1;;<:.ins t.r i'.ltr:.d s igni ficant differences in environmental 

and managementa l f acto~s bGtween high - and l ow-prevalence herd groups, 

within each he rd s ize cat~gory. In the small herds a high-prevalence 

of enzootic pneux1.mia ~t slaughter was associated with a high sow 

culling rate, purchase 1>f p ig s for fin i shing , larger ·numbers of pigs 

per s hed section , larger group sizes and d r aughty volume of weaner 

accommodatior.. In he::cis with > 100 sows, factors associated with a 

hig h-prevalence of CPP were higher stock ing densitie s of pen space and 

airspace and high atmospheric alTlr.lonia l evels in s ummer . These fac tor s 

commonly associated with a high-prevalence of EPP i n South Aastral i a are 

the same as those determined to be of importance in similar studies in 

the northern hemisphere (Lindqvist 1974; Aalund ~ t al 1976; Backstrom 

and Br emer 1978). 
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The finding that different factors were important in the different 

herd size groups clearly justifies the stratification of herds according 

to size i n the analysis. This finding may be expl ained by changes in 

emphasis in environmental and managemental conditions which occur as 

herd size i ncreases. For example, large r herds we r e found t o depend 

entirely upon the produc tion of their own piglets, while t he practice 

of purchas ing p i gs for finishing was a common practice among the smaller 

piggeries. Similarly with the increased finan~ial pr essure of· a high 

total cost in construction o f larger piggeries, shed population and 

stocking densi ty is increased (Table 4) in an effort to r educe the cost 

~er unit produced. 

It i s of par.t icular interest to note that no factor in common was 

de t e rmined t o be o f i mportance for both s mall 9nd large herd groups. 

While shed section and group number s were sign i f ica nt factors for the 

smaller . he rds this trend was also supported in the larger herds, where 

they may have assumed s i gnificance if more herds had been s tudied. The 

emergence of pen and airspace stocking rate as significant factor s 

in the l ow number of l arge herds studied, may indicate that stocking 

ra tes exert a greater effect than pig populations in large herds. The 

possibility of facto r dominance i s supported by resul·ts of Lindqvist 

(1974) who indicated that s hed volume may be a more dominant factor than pen 

lying space . Reasons for the low-prevalence of EPP in large units with 

shed sec ti on popul at i ons comparabl e with o r greater than found in small 

high-pr evalence herds, is not clear, but may result from interaction 

with o the r factors , eg . e fficiency of ventilation and t emperatur e control 

by the operator. 

The study indicatei tha t production in high-pr evalence herds was 

significantly decreased due to depressed growth rate . More high-prevalence 

herds had pigs which were marketed at an o lde r age and a l ighter bodyweight 
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when compared with low-pr evalence herds. Estimates of quantitative 

losses are unavailable from this study because the effect of EPP varied 

between herds, pr obabl y because of the combined effects of other diseases 

and environment and management differences. 

The aeti olog ical significance of each factor in South Australia 

is considered in the following discussion. 

Annual sow culling rate The importance of this f ;, c;~.or in small herds 

i s supported by observations of Goodwin (1965) who ciemonstrated a r educed 

preval ence of EPP le sions with age. This impl ies t hat infection is mos t 

frequently transmitted from gilts and secon1) litter sows to piglets (Muirhead 

1979). Therefore by increasing the percent ac;; ~~ of 9i.1 ts ia conunon practice 

to ~peed genetic improvement) , the prevale~~e of EPP i~ ~reeding herds is 

increased along with increased morbidity a·.11ong su::k.1.ing pigl ets . The 

reasons for this factor being of apparent in r:....:~ncc i ;, ~:he small herds but 

not large herds may be the ~pasmodic ria l:.ure of e;11lling in smaller 

herds lead ing to differences, as compared wi t h the routine culling 

programme operating on most l a rge herds . 

Purchase of pigs for finishing The purc!)ase of pig ~ ; f.:): finishing has 

long been recognised as a source of infecti0n for herds (Fogedby 1967 -

cited by Lindqvist 1974; Aalund et a l 19761 R:'idrntrorn and Bremer 1978). 

Under Australian conditions pigs are e ither purch~s0d f rom country markets 

or direct from breeders as weaners, both methods involving stress of 

transpor t and sudden changes in environmental conditions. This form of 

trade ensures introduction of a wide range of bacteria from many sources 

into susceptible herds . 
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Pen space and a irspace stocking densitl In large piggeries, stocking 

rates ~n high-prevalence herds were higher ' than those in low-prevalence 

-herds in all age groups of growing pigs. Lindqvist (1974) and Backstrom 

and Bremer (1978) also found a similar relationship but could not determine 

if pen space or air volume was the major fac t or. In th is study both 

factors, when treated individually, influenc ed the p revalence of EPP. 

Reduced pen space per pig would increase the µotential for contact spread 

and reduced air space would cause an increase in atmospheric bacterial 

contamination. These in turn would increase the chall -:::n9; C!ose to 

susceptible pigs continually added to the populatio11 . It was observed 

in all high-prevalence large herds that finisher pen s tocking rate was 

> 100 kg/m 2, whe~eas 37% of lo~-prevalence herds stocked a t < 100 kg/m2. 

Similarly an airspace stocking density of 20 ~g/m 3 f or finishers in large 

high-pr evalence herds appeared t o be a sign i fi cant thre~hold level 

beyond which pig s are more likely to develop severe pneumonia. While 

these values were chosen arbitrarily for i..he l)q; .. : 10,;e ,:;;( statistical 

analysis, they serve as a guide to establishing ma~im~m stocking 

densities under current housing standards. 

Potential f or drafts Potentially dr aughty farcowinq and weaner units 

were mor e common among high-prevalence than l 0w-prev-:ihu1ce small herds 

{p > 0.01, Table 5). It was found tha t the ml nirnum t emperatures in 

weaner units (Table 6) were dependant upon the potent i al for draughts 

in both small (p > 0.01) and large herds (p > •,). 05) ('Inb J.e 7). The 

combination of low t emperature s with draughty conditions would lead to a 

"chill'' situation, c ausing r educed resistance to infection through cilial 

damage. This would lead to widespread infection among weaners in 

winter, which would cause an increased prevalence of lesions to be 

.recorded in summer when these pigs were ma rketed (Pullar 1948; Edwards 

et al 1971). 
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Atmospheric ammonia .More large high-prevalence herds were associated 

with higher levels o f ammonia in summer (p < 0.1). The average level for 

large high-prevalence he-rds in summer was 11. 3 ppm compared with 5. 9 ppm 

in low-prevalence herds. These results are supported by those of 

Mickwitz et a! (1975) , Kovacs et al (1967 - cited by Lindqvist 1974) 

and Curti s (1980 - cit~~ by Backstrom and Curtis 1982) who . reported 

high leve l s 0f arnmonia in association with pigs with clinical pneumonia 

and concluded t hat ammonia l evels should be kept be low 10 ppm. 

Seve ral controll0d exper imental studies have demonstrated the role 

of atmospheric ammonia in r espiratory in fec tions of poultry (Sato et a l 

1974; Quarles anq Kling 1974), rats (Brodersen et al 1975) and pigs 

(Drummond ei: ;:,l 1978 ; Dl'.:urrunoncl et al 1981). •rhe effect observed has been 

reduced clearance of inhal0' l bacteria and the grea t er multiplication of 

respiratory :,.>athoge;> ·3, The· prevalence of 'pneumonia in r ats was directly 

correlated with ..,;-! in(:r:::;ase in e nvironme ntal ammonia ..::oncentrations when 

exposed to 1::-: 'T,? l s .:.:onuno,11:; encountered in piggeries (20 .ppm} . 

As higher ar:>::1onia 1..t:"•·. l s were most frequently r ecorded in summer 

it was postula ted that l eve l s may be associated with temperature within 

the pig unit. Furthe r annlyc is (Figure 2) revealed that this was the case 

(r = 0.43, p ·'. 0.05) . As house t emperatur es in winter are often maintained 

at the expense a t ven t ilation (Muirhead 1979) , this latter association 

between fac tor s ass1 \mes g r eater s ignificance. It therefore appears that 

ventilatio n in s urr~e r in many he rds is inadequate; there is a lso 

a high potential for problems to deve l op in winter as seen in some herds 

where minimum ventilation is not provided when units are closed to 

conserve t emperature. 

Minimum d a ily and diurna l temperatu r es The ave rage minimum daily t emp-

eratures (Table 6) for weane r accommodation in winter in both small (l0.7°C) 
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and large herds (14.4°C) were well below current recommended levels 

of 2s
0

c for 3 week old weaners and 21°c· for 6 week old weaners (Wright 

-1981). While they were not significantly different between herd groups, 

it is li kely that low minimum temperatures are important determinants 

of EPP when combined with drafty conditions. 

The diurnal temperature range (Table 5) was also larger than the 

recommended limit of s0 c (Baxter 1969). Wide diurnal variation pre-

disposes to enteric as well as pneumonic pr21blems (Ca-:- ·;~11 1981). The 

diurnal temp~rature fluctuation was significantly hlgher for grower pigs 

in the large high-pr evalence herds in winter. Thi s result may ·reflect 

a decreased emphasis placed on t emperatur e c ontrol fo r the older pigs . 

Relative humidity (RH) Levels of r elati ?e humidity recorded in this 

study at 3 . 00 p.m., when t emperatures we re nea r t he daily maxima , were 

we ll below those known to assist in control O L LPP. Gordon (1963) 

0 
reported that RH > 95% in conjunction with t•~m[:'eratu l.'e:; > 27 C were 

found to be associated with lowe r levels of EPP. 'l'O r\~3 _£t__al (1972) 

and Whittles tone (1976) have r eported that in cond it i0n = of high t emperature 

and humidity atmospheric droplets sediment at a f a sb;!· t: .:! te , decreasing 

atmosphe ric bacte rial contamination . 

In a review of the effect of RH , Whittl.:-:stone 11976) s tated that 

midrange RH was more detrimental to the sur v ).val 0 .t mycop l asma organisms 

than a RH of either 25% or 95%. In this study the ave rage RH for each 

he rd group in each s eason was within mid-range values. Clearly, organisms 

were excreted at a continually high rate in the severely affected herds 

to maintain the high incidence of infection. 

The study highlighted many environmental and managemental factor s 

commonly involved in pred i spos ing pigs to EPP in South Australia. As 
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these factors are the same as those identified in similar studies in the 

northern hemisphere, measures developed there should be evaluated in 

the control of EPP in South Australia. 
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Table 1 

Abattoir Prevalence (%) of Lesions of EPP for Each Herd Visited 

(31 herds) 

Season 
Herd Size High Prevalence Low Prevalence 

(Sows) (> 70%) (< 30%) 

79 (17) 8 . (10) 
20-70 84 ( 13) 7 ( 7) 

72 (18) 6 ( 8) 
Summe r 

75 (13) 28 (12) 
93 ( 8 ) 25 (13) 

> 100 72 (18 ) 13 ( 9) 
Bl (13} 10 ( 8) 
72 (18} 

75 (18) 28 (16) 
71 (13 ! '1 ( 8) 

20-70 71 ( l.3} 14 (14) 
71 (hi) 6 (11) 

Winter 22 (14) 

85 ( 5) 19 (10) 

> 100 
95 ( 7} 22 (12) 
71 (13 } 30 ( 8) 

27 (13) 

Confidence interval ± 



Table 2 

Information Collected by the On-farm Questionnaire ~nd 

Measurements 

Management Data • Age of herd (since c-.:;tablishment) 

• Annual sow culling rate 

• Purchase of pigs for fini shing 

• Use of anti-dust agents in f:: ::d 

• Presence of antibiotics in ~eed 

• Average market agf~ 

• Average market weight 

Age Group Data - Weaners (W), Growers (G), Finishe?: s (F) 

• Total pigs in section w .• ..... 
"', 

• Group size - w, G, 

• Pen area stocking d ::rs .i. t~·-' - l •1 $ ~ , 

• Airspace stocking density .. w, G, 

• Pen design - w 

F 

F 

F 

F 

• Potential for drau9h';:s _ , w, Fa rrowing 

• Type of ventilation - ~: t G, F 

Measurements - for 1 week • Maximum and minimum - ~11 G 
temperatures 

• Relative humidity - w, G 

(at 3.00 p.m.) 

• Ammonia - 3 si t e::./nerd ·~ .F 

c 

Unit 



Table 3 

Comparison of Management Da ta between High- and r.ow·- Prevalence 

Herd Groups 

Factors 

Age of herd 

Annual sow cullin; 
rate 

Purchase of pigs 
for finishing 

use of anti-dust 
agents in feed 

Presence of anti­
biotics in feed 

NS Not Signif icant 

Herd Size 

All 

20-70 
> 100 

20-70 
> 100 

20-70 
> 100 

20-70 
> 100 

1r p < 0.1 

Significance of 
Diffe rence 

Between He rd Groups 

NS 

* 
NS 

** 
NS 

NS 
NS 

NS 
NS 

** p < 0.07 



Table 4(a) 

Statistical Difference in Housing Data between the Herd Groups 

Total Pigs per Section 

::d 
Herd Significar. 

Pneumonia Weaner Unit Grower Unit Finisher Unit of 
. r;e 

Status Differenc 

<100 
100-

>200 <100 
100- 200-

;:)'400 <400 
400-

)800 
199 199 399 799 

High-
1 2 4 0 2 3 2 0 5 2 Prevalence 

·70 
*** Low-

3 4 1 3 4 1 0 6 1 0 Prevalence 

<300 
300-, 

~500 <400 
400-

~800 <400 
400-

"BOO 499 799 799 

High-
2 3 3 1 4 3 2 3 3 

.00 
Prevalence NS 
Low-

2 4 2 3 3 2 3 3 2 Prevalence 
- ~- ----

Average Group Size 

Weaner Unit Grower Unit Finisher Unit 

<15 
15- )'25 <11 

11-
~'l'? <l.0 

10- )12 
24 16 11 

High-
4 0 3 4 0 3 1 3 

·70 
Preve.lence 

** 
Low-

6 2 0 4 4 0 3 4 1 Prevalence 

<15 
15-

>30 <12 
12- ,,.: B <11 

ll- )'13 
29 17 12 

High-
4 2 2 3 2 3 3 3 2 

LOO 
Prevalence 

_NS 

Low-
2 4 3 3 3 2 3 4 1 Prevalence 

** p < 0.01 *** p < 0.001 



:d 
~e 

70 

00 

·70 

LOO 

Table 4(b) 

Statistical Difference in Housing Data between the Herd Groups 

Pen Space Stocking Densi t;{ (kg/m 2
) 

Herd 
Pneumonia 

Status 

High-
Prevalence 

Low-
Prevalence 

High-
Prevalence 

Low-
Prevalence 

Airspace 

High-
Pr evalence 

Low-
P rev a 1 enc e 

High­
Prevalence 

Low-
P rev ale nc e 

We aner Unit Grower Unit 

<25 
25-

>40 <40 
40-

>83 
39 82 

3 2 2 3 l 3 

2 2 .• 3 4 1 ...., 

<40 
40- :>so <so 50-

!>93 
49 82 ·----

0 2 ' ·' 0 4 4 

2 1 4 2 1 5 

·---- .... - · 
Stocking D~ :! Sit y (kg/m3 j 

Weaner Un it Grower Unit 

<10 :);-1 c <20 >20 
·---

2 3 4 l 

4 2 2 3 

--·----
<10 

lQ ... 
,20 <20 

20- >30 
l. 9 29 

0 4 4 2 4 2 

2 4 l 4 \ 2 l 

* p < o.os 

Finisher Unit 

<67 

2 

4 

<100 

0 

3 

67-
124 

3 

2 

100-
124 

4 

3 

Finisher 

<20 

4 

l 

<20 
20-
29 

l 7 

3 2 

>125 

2 

2 

4 

2 

Unit 

~20 

l 

4 

:)30 

0 

2 

Significan 
of 

Dif ferenc 

NS 

* 

NS 

* 



' 

Table 5 

Potential for Draughts -when Shutters Closed 

.i:d Penumonia Farrowing House Weaner Unit Significance of 
ze Status Present Absent Present Absent Difference 

--- .. 
High-

6 l 6 l Prevalence 
v70 ** Low-

3 s 2 6 Prevalence 

High~ 
6 ' l 0 e Prevalence 

100 NS 
I.ow-

3 s 2 6 Prevalence 

** p < 0.01 



Table 6 

T'.?mperatures 

(Aver a~?. of 7 Conse cutive Days) 

Ave r :J.'Je Min imum Daily Temperature 

Age Group Season 20-7 0 Sows > 100 Sows 
·---.. ---· 

High- Low- High- Low-
Pr c;: <ilr:r:ce Prevalence Prevalence Prevalence ---·- ·----

Summer 18 • '• 16.2 17.9 lB.4 
Weaners 

9 .1 14.0 Winter 
(1 0 .7 ; 

11.8 {14.4) 14.B 

Summer 19. ~ 16.7 18.6 lB.4 
Growers Winte r 6 . 7 10.S 12.5 14.5 

- ·- - ·----._ ... ... 

1\~J~·\c ag~ P.i.ur na l Temperature Range 

Summe r ~ ,'.) 13.9 10. 7 10.l 
Weaners 

Winter 7. 9 . 7 .1 8.7 8.1 

summer 8 . 6 12.S 9.B ' 9.3 
Growers 

Winte r 7,6 7.7 10.3 6.9 
·- ~- ---- ·- ···· 

Aver age f or a .Ll :o;rn.:t11 and large herds respectively 



' 

Age Group 

Weaners 

Growers 

Table 7 

Association between Minimum Weaner House Temper atu r es 

and Potential for D~aughts 

Weaner House Minimum Tempe ratu:Ce$ 
(Average of 7 consecutive days ) 

Season Herd SizE: 

20-70 Sows 

Surruner NS 

Winter ** 

NS Not Significant * P < 0.05 

>. 100 Sows 

NS 

* 

Raw data pre sented in tables f and 7 

Season 

Summe r 

Winte r 

Summe r 

Winter 

Table 8 

Average Re l a tive Humidity (3.00 p .ra.} 

-- ·-·------·--~ 

20-70 Sow He r ds > H.iO 

High- Low- H igh~ · 

Preva l e nce Prevalence Preval ence 

53 44 :, 3 

78 73 63 

53 43 50 

73 67 72 

Sow Herds 

Low-
Prevale nce 

52 
70 

54 

69 



He rd Size 

2tl-70 

---

> 100 

Table 9 

Average Overnight Ammonia Accumulation (ppm) 

on Each Herd Group in Each Season 

Season High-Pr evalence 

Summe r 7.7 
(3 - 20) 

Winter 4.0 
(1-10) 

Summer 11.3 
I 

(2-35) 

Win t.er 5.8 
(l-30) 

) range in ppm 

Low-Prevalence 

9.8 
(l-22) 

7.1 
(3-21) 

5.9 
(3-22) 

5.4 
(1-18) 
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FIGURE 1: AVERAGE MARK.ET A.GE AND LIVEWEIGHT OF 31 P.IG HERDS IN SOUTH AUSTRALIA. 
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FIGURE 2: ASSOCIATION BETWEEN ATMOSPHERIC AMMONIA LE'\/ELS AND SHED TEMPERATURES. 




