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INTRODUCTION

Johne*s d isease  i s  a  s p e c if ic  iir fe c tio u s  d ise a se  of th e  o rd e r 

R um inantia. The c l i n i c a l  syndrome i s  one of chronic  w asting  and d ia rrh o e a . 

Once c l in i c a l  s ig n s  o f th e  d ise a se  m an ifes t them selves death  alm ost in ­

v a r ia b ly  occurs a f t e r  a  v a r ia b le  p e r io d . The d isease  i s  w idespread among 

c a t t l e  in  t h i s  c o u n tiy . Sheep a re  a lso  a ffe c te d  bu t l i t t l e  i s  known of 

th e  incidence  o f in fe c tio n  in  sheep. A lth o u ^  th e  syndrome i s  d i s t in c t  

some o f  the  s ig n s  of th e  d ise a se  e .g .  lo s s  o f c o n d itio n , d eh y d ra tio n , lo s s  

o f p igm en tation  o f th e  c o a t ,  d ia rrh o e a  and lowered m ilk y ie ld ,  a re  ccxmnon 

to  severa l d ise a se s  of c a t t l e .  C onfirm ation of d iag n o s is  on c l in i c a l  

grounds must be ob tained  from th e  m icroscop ica l exam ination o f fa e c a l  smears 

o r  by se ro lo g ic a l  te c h n iq u e s .

I t  i s  g e n e ra lly  accep ted  th a t  only  one th i r d  of cases of Johne*s 

d ise a se  can be diagnosed on a s in g le  fae ce s  exam ination by th e  fin d in g  of 

clumps of a c id - f a s t  b a c te r ia  in  th e  fa e c e s  and th a t  fa e c a l smear exam ination 

i s  o f no value  in  d e te c tin g  in fe c te d  anim als in  the  p r e - c l in ic a l  stage  of 

th e  d ise a se . Because of th e  time tak en  fo r  the i s o la t io n  and id e n t i f i c a ­

t io n  o f M. jo h n e i by c u l tu r a l  te c h n iq u e s , exam ination of the  fae ce s  by th is  

method is  of l i t t l e  v a lu e  in  ro u tin e  f i e l d  d ia g n o s is .

As c o n tro l  of th e  d ise a se  on a he rd  or nation-w ide b a s is  must r e s t  

on th e  e a r ly  d e te c tio n  of in f e c t io n  improvements in  d ia g n o s tic  methods 

a re  n ecessa ry . I t  had been noted th a t  s in g le  a c id - f a s t  b a c i l l i  were a 

common f in d in g  in  faeca l smears both  alone and in  a s s o c ia t io n  w ith  clumps 

o f a c id - f a s t  b a c te r ia .  In  th e  p a s t ,  th e  s ig n if ic a n c e  of th e se  in  smears 

has been d isco u n ted , m ainly on th e  grounds t h a t  sap rophy tic  a c id - f a s t  

b a c te r ia  were a  common f in d in g  in  fa e c e s . T his study was undertaken  to  

t e s t  th e  hypo thesis  t h a t  th e  f in d in g  of s in g le  a c id - f a s t  b a c i l l i  on



m icroscop ical exam ination of fa e c a l  smears was of s ig n if ic a n c e  in  the  

d iag n o sis  o f M. .johnei in f e c t io n ,  and th a t  p r e - c l in ic a l  in fe c t io n  could  

he d e te c te d  by t h i s  means.

The complement f ix a t io n  t e s t  f o r  M. .johnei a n tib o d ie s  in  th e  serum 

has been w idely used f o r  th e  con firm ation  of th e  p resence  o f th e  c l in ic a l  

s ig n s  o f Johne*s d ise a se  and, on a  l e s s e r  s c a le , fo r  th e  c o n tro l o f Johne*s 

d isease  on a herd  b a s is .  U n fo rtuna te ly  f a l s e  p o s it iv e  r e s u l t s  were 

common, e s p e c ia l ly  when th e  t e s t  was a p p lie d  to  ap p a ren tly  normal an im als. 

However, i t  was seldom th a t  a  d e ta i le d  post-m ortem  exam ination of th ese  

normal c a t t l e  was c a r r ie d  out im m ediately fo llow ing  a  p o s i t iv e  t e s t .  I t  

was thought th a t  th e  post-m ortem  techn iques used in  the  p re se n t s tu d ie s  

m i ^ t  c la r i f y  th e  p o s i t io n  re g a rd in g  th e  accuracy o f t h i s  t e s t .

In  view  of th e  f a c t  th a t  no la b o ra to ry  animal has been found to  be 

un iform ly  su sc e p tib le  t o  experim ental M. .johnei in fe c t io n , b a c te r io lo g ic a l  

and immunological s tu d ie s  have had to  be c a r r ie d  out on c a t t l e  and sheep 

which a re  expensive to  m a in ta in . This study was extended to  in v e s tig a te  

aga in  th e  mouse as an experim ental animal w ith  sp e c ia l re fe ren c e  to  the  

behav iour o f d i f f e r e n t  s t r a in s  of M. jo h n e i in  th a t  an im al.



REVIEW OF THE LITERATURE

The f i r s t  re p o r ts  of the  occurrence o f a syndrome in d is tin g u is h a b le  

from th a t  of Johne*s d isease  were those  o f Farrow ( l8 $ l)  and Hale ( I 831)#

The d ise ase  they  d escrib ed  under the  names "scan te rin g "  and "shoo ting" 

had been known to  e x is t  f o r  a long time b e fo re  t h e i r  r e p o r ts .

Johne and Frothingham  (1895) working a t  Dresden, in v e s tig a te d  the 

co n d itio n  and d escrib ed  changes th ey  found i n  the  a lim en tary  t r a c t .  They 

were o f th e  opin ion  th a t  they  were d e a lin g  w ith  an unusual form of i n t e s t i n a l  

tu b e rc u lo s is .

Bang (1906) d i f f e r e n t ia te d  th e  d isease  from tu b e rc u lo s is .  As a  

r e s u l t  of th e  a d m in is tra t io n  of $00 gm. of in fe c te d  m a te ria l he reproduced 

th e  d ise a se  in  two c a lv e s .

McFadyean (19^6, 190?) gave an account o f th e  d ise ase  a s  i t  occurred  

in  England. He concluded th a t  the m ajo rity  o f f a ta l  cases of d ia rrh o ea  

in  c a t t l e  were due to  Johne* s d is e a s e .

Attem pts to  i s o la te  the  causal organism , Mycobacterium jo h n e i . on 

la b o ra to ry  media were u n su ccessfu l p r io r  to  1910 ?hen Twort and Ingram 

obtained  growth on D orset * s egg medium c o n ta in in g  dead human tu b e rc le  

b a c i l l i  and g ly c e ro l (Twort, 1910; Twort and Ingram, 1912).

Johne*s d ise ase  i s  th e  cause o f considerab le  economic lo s s .  An 

e s tim a te  o f £4 m ill io n  p e r  annum was th e  f ig u re  a rr iv e d  a t  by Rankin (1958b ) .  

T h is accounts f o r  th e  lo s s  due to  c l in i c a l  d ise a s e  in  c a t t l e .  I t  d i s ­

reg a rd s  lo s s e s  due to  i n f e r t i l i t y  and poor m ilk  p roduction  and th e  lo s s  

due to  th e  d ise a se  in  sheep .

S u scep tib le  sp ec ies

There have been many r e p o r ts  o f  th e  d ise a se  in  c a t t l e  and sheep 

(Report 1956b ) .  Although i t  i s  experim en ta lly  s u s c e p tib le , th e re  a re  few



re fe re n c e s  to  i t s  occurrence in  the  g o a t. McFadyean and She a t  h e r  (19I 6) 

d e sc rib ed  th e  d ise a se  i n  g o a ts  and re p o rte d  th a t  concurren t p a ra s it is m  

was a common f in d in g . B u ffa loes (B urggraaf, I 951) and camels (S trogov,

1957) were s u s c e p tib le . Cases in  e x o tic  sp ec ie s  kept in  zo o lo g ica l 

c o lle c t io n s  have occurred . Appleby and Head (1954) rep o rte d  a  suspected  

case  in  a llam a. Johne* s d ise ase  has occurred in  p a rk -lan d  d e e r 

(McFadyean, I 907) .

M. johnei has been recovered  from  p ig s  (E veleth  and G iffo rd , 1943) 

and from a h o rse  (W illiam s Sm ith, 1954) bu t th e re  was no evidence th a t  the  

p resence of the  organism  was connected w ith  d ise ase  in  th e se  c a s e s .

D is t r ib u t io n

A lth o u ^  no nation-w ide  surveys have been c a r r ie d  out Johne*s d isease  

would appear to  e x is t  in  a l l  a re a s  of B r i ta in ,  but th e  iincidence in  n a tiv e  

I r i s h  c a t t l e  i s  low (Rankin, 1958b; P earso n , 1953) •

R eports o f th e  occurrence of th e  d ise ase  in  c a t t l e  have come from a l l  

over th e  w o rld :-  D .S .S .R . (Posokhin, I 94O)> In d ia  (Cooper e t  a l . , I 951) , 

A u s tra l ia  (A lb isto n  e t  a l . . 1936), Tasmania ( P h i l l ip ,  1942), New Zealand 

(S te p h en s-G ill, 1937), Uruguay (C assam agna^i, 1947) ,  A rgentine (Rosen- 

busch , 1957)» Canada (M cIntosh, 1939), U.S.A. (de F o s se t, 1936), S. A frica  

(Robinson and de Hock, 1939) ^nd the  B elgian Congo (Deom and M ortelmans,

1955).
Johne*8 d ise a se  in  sheep was f i r s t  d escribed  in  Bosnia in  I 9O8 

(Vukovic, I 9O8 ) .  I t  i s  known to  occur in  B r i ta in ,  Geimany, F rance , Ü .S .S .R ., 

In d ia , New Zealand, U.S.A. and Ic e la n d .

Incidence

Surveys of th e  in c id en ce  of c l in i c a l  d isease  have been c a r r ie d  out by 

W ithers (1959) who found th a t  the  r a te  v a rie d  from O .I4 p e r  c e n t , of a d u lt



c a t t l e  a t  r i s k  in  a sample o f farms in  A yrshire  and L anarksh ire  to 0.91 

p e r  c e n t, in  an a re a  embracing B e rk sh ire , Buckinghamshire, Northampton­

s h i r e ,  O xfo rdsh ire , W arvdckshire and G lo u c es te rsh ire . These f ig u re s  

rep re sen ted  on ly  anim als d isposed  of f o r  obvious c l in ic a l  d ise a s e  but 

d id  not inc lude  anim als c u lle d  because o f lowered m ilk y ie ld  in  th e  e a r ly  

s ta g es  o f th e  d is e a s e .

In  com parison, c u l tu ra l  exam ination of m esen teric  lymph nodes of 

ap p a ren tly  normal c a t t l e  s lau g h te red  a t  v a rio u s  a b a t to i r s  rev ea led  an 

incidence  of up to  I 7 p e r  c e n t ,  in f e c t io n  (Rankin, 1954? W illiam s Smith, 

1954? T ay lo r, 1949)* In  im ported I r i s h  c a t t l e  th e  inc idence  was 0 .8  

p e r  c e n t. (Rankin, 1954)# From th ese  f ig u re s ,  i t  i s  c le a r  th a t  a l l  

anim als which harbour M. jo h n e i in  t h e i r  t i s s u e s  d id  not develop c l in ic a l  

d is e a s e .

The incidence  of in fe c t io n  o r d ise ase  in  sheep i s  not known, though i t  

would appear to  be i r r e g u la r  in  frequency bu t w idespread in  d i s t r ib u t io n .  

Both h i l l  and low ground f lo c k s  are  a f fe c te d . The incidence  in  in fe c te d  

f lo c k s  v a ried  from 5 " 15 p e r  c e n t. (McEwen, 1959? M ichael, 1946? Stamp, 

1956) .  Heath (1955) found clumps of a c id - f a s t  b a c i l l i  i n  i n t e s t i n a l

sc rap ings from 21.5 p e r c e n t ,  of 214 sheep examined a t  a  Cumberland 

a b a t to i r ,  w hile M. .johnei was recovered  from 1 of 200 sheep s lau g h te red  

in  the  Huntingdon-Cambridge a re a  (W illiams Smith, 1954)#

Johne * 8 d ise a se  was unknown in  sheep in  Ice land  u n t i l  1938* 

C ircu m stan tia l evidence in d ic a te d  th a t  i t  was in troduced  in  1933 by 5 o f 

20 rams im ported from Germany. Losses fo r  the p erio d  I 94I  to  1956 were 

estim ated  to  be o f the  o rd e r o f 100,000 sheep (S igurdsson, I 9 56) .  The 

annual lo s s  on in fe c te d  farm s was rep o rte d  by him to  be 8 -  10 p e r  c e n t.

The f i r s t  re p o r ts  of the  d ise a se  in  Ice lan d ic  c a t t l e  were made in  1945 

(G islason , I 956) .  He noted th a t  th e  d is t r ib u t io n  of th e  d ise a se  in  c a t t l e



was c lo s e ly  r e la te d  to  t h a t  of h e a v ily  in fe c te d  sheep s to c k s .

The c l in ic a l  syndrome of Johne * s d ise ase

Doyle and Spears ( l9 5 i)  re p o rte d  th a t  in  c a t t l e  th e  m a jo rity  of 

c l in ic a l  cases occurred  between 2^ and 6 y ea rs  of age a lthough  a l l  except 

ve iy  young anim als could be a f f e c te d .  Hole (1956b) d esc rib ed  a case in  

a  13 y e a r  old cow which had been recogn ised  as a  c a r r i e r  f o r  a  period  of ■ 

y e a r s .

W ithers (1959) found a  s t a t i s t i c a l l y  s ig n if ic a n t  h ig h e r  inc idence  of 

Johne * 8 d isease  in  Je rse y  c a t t l e ,  thus confirm ing th e  o ften  reco rded  

im pression  th a t  th e  Channel Is la n d s  breeds were h y p e rsu sc e p tib le .

Hole (1956b) re p o rte d  th a t  th e  appearance of c l in ic a l  evidence of 

Johne*8 d isease  w as, in  many in s ta n c e s , a sso c ia te d  w ith  changes i n  manage­

ment o r  movement from one farm to  a n o th e r. He no ted  a  h igh  incidence  

fo llow ing  th e  second and th i r d  pregnancies and th a t  the  tim e e la p s in g  

from c a lv in g  to  th e  onset of symptoms was v a r ia b le .

Rankin (1957) noted  th a t  th e  c h a ra c te r  o f th e  d ia rrh o e a  was v a r ia b le .  

He d escrib ed  th e  c o n s is ten c y  o f th e  d ia r rh o e ic  fae ce s  as p a in t - l i k e ,  g ross 

p a r t i c l e s  o f und igested  food b e in g  uncommon. Submandibular oedema was a  

fe a tu re  of Jo h n e 's  d ise a se  and might be th e  f i r s t  obvious abnorm ality  bu t 

tended to  d isap p ea r w ith  th e  occurrence o f d ia rrh o e a  (Rankin, 1958b).

Rankin ( lo o . c i t . )  s ta te d  th a t ,  in  the  l a c ta t in g  cow, th e  m ilk  y ie ld  f e l l  

p ro g re s s iv e ly  t i l l  l a c ta t io n  ceased . Exam ination of m ilk  reco rd s  of cows 

s u f fe r in g  from Johne * s d ise ase  showed th a t  th e  y ie ld  in  th e  l a c ta t io n  p r io r  

to  th a t  in  which c l in ic a l  s ig n s  m an ifested  them selves was below th a t  a n t i c i ­

p a te d .

A sm all number o f cases o f recovery  a f t e r  th e  e x h ib it io n  of c l i n i c a l



s ig n s o f th e  d ise ase  have been reco rded  (Doyle and Spears, 1951; Hagan 

and Z e iss ig , 1933)*

Pew s p e c if ic  changes i n  th e  haematology o r  in  th e  b io ch em istiy  o f 

b lood , u rin e  o r  m ilk have been re p o rte d . The e ry th ro c y te  sed im en ta tion  

r a t e  was u n a lte re d  acco rd ing  to  Rankin (l955b) . S tew art, McCallum and 

T ay lo r (1945) re p o rte d  a  d ep ress io n  of serum calcium  and magnesium le v e ls  

in  Johne*8 d ise a se  in  c a t t l e  and sheep.

C lin ic a l s ig n s  i n  sheep

The signs o f  Johne’ s d ise a s e  in  sheep a re  e s s e n t ia l ly  the  same as 

those  in  c a t t l e .  In  sheep , however, th e re  has been no ted  a  tendency fo r  

some oases to  e x h ib i t  prolonged u n th r i f t in e s s  w ith  even tual recovery  

(Howarth, 1932, 1937? B ro th e rs to n , 1959)#

Stamp (1956) s ta te d  t h a t  d ia rrh o e a  was not a  fe a tu re  o f Jo h n s’s 

d ise a se  in  sheep . Levi (1948b) noted th a t  the  faeces  of experim en ta lly  

in fe c te d  goats become p a s te - l ik e .

O ther f e a tu re s  noted  in c lu d e  loosen ing  of the  wool (Stamp and W att,

1954) and subm andibular oedema (Johnstone, 1933) # MoEwen (1939) 

recorded  a  h ig h e r inc idence  of the  d ise a se  a sso c ia te d  w ith  the  lambing 

season .

Epidemiology

Surveys conducted by W ithers (1959) have shown th a t  th e re  was a  

v a r ia t io n  in  the  inc idence  of c l i n i c a l  d is e a s e  from farm to  farm . The 

mean incidence  r a t e  in  in fe c te d  herds was 3 to  5 por c e n t ,  w hile th e  

annual lo s s  in  some herds might be as h igh as 13 p e r  c e n t.

T aylor (1952) showed th a t  the absence of c l in ic a l  d ise a se  in  a  herd 

d id  n o t mean t h a t  M. jo h n e i in fe c tio n  was not p re s e n t. He found an



inc idence  o f 6 p e r  c e n t. M. jo h n e i in f e c t io n  in  c a t t l e  d isposed  o f from 

an e s ta te  where th e re  was no Jo h n e 's  d ise a se  problem*

Both T aylor (1953) and Rankin (195?) have re p o rte d  th a t  M. .johnei 

was p resen t in  th e  fae ce s  of a r t i f i c i a l l y  in fe c te d  ca lv es  soon a f t e r  

in fe c tio n  and many months befo re  c l in i c a l  symptoms were a p p a re n t. T his 

was a lso  th e  f in d in g  in  cases  in  which c l in ic a l  signs d id  not develop .

Calves p laced  in  c o n ta c t w ith  n o n -c lin ic  a l l y  a f fe c te d  e x c re to r  ca lv es 

become in fe c te d  and develop c l i n i c a l  d ise a se  in  a  p ro p o rtio n  of cases 

(Rankin, 1957).

M. jo h n e i has been recovered  from th e  m ilk  and mammary g lands of 

c l in ic a l  case s  of Johne’s d ise a se  (A le x e je ff-G o lo ff , 1929; D oyle, 1954)#

Congenital in f e c t io n  has been rep o rte d  to  have occurred  (Lawrence, 

1956; Pearson and M cClelland, 1955; Doyle, 1958), a l t h o u ^  # ia t  p ro ­

p o r tio n  o f ca lv es  from c l i n i c a l l y  a f fe c te d  dams i s  in fe c te d  i s  not known.

I t  has been shown th a t  younger c a lv es  a re  more l ik e ly  to  develop 

c l in i c a l  d ise a se  fo llo w in g  experim ental in fe c tio n  than  th o se  in o cu la te d  

a t  a  l a t e r  d a te  (T ay lo r, 1953)* Rankin (1957) f a i l e d  to  produce d ise a se  

in  a d u lt c a t t l e  in o cu la te d  w ith  100 mgm. of M. johnei in tra v e n o u s ly .

Hagan (1938) rep o rte d  th a t  c a lv es  born in to  an in fe c te d  herd  were more 

su sc e p tib le  th an  ca lv es or y e a r l in g s  in troduced  in to  th a t  h e rd .

B ac terio logy

Mycobacterium .johnei (syn . M. p a ra tu b e rc u lo s is ) belongs to  th e  Order 

A ctinom yoetales fam ily  M ycobacteriaceae genus Mycobacterium (Bergey, 1948).

M. johnei i s  no n -m o tile . Gram p o s i t iv e  and a c id -  and a lc o h o l- fa s t  imhen 

s ta in e d  by th e  Z ieh l-N eelsen  method. I t  i s  a  s le n d e r  rod  w ith p a r a l l e l  

s id e s  and rounded ends, m easuring O.5  x lv2(i. O ccasionally  lo rg e r  forms 

occu r. These may show i r r e g u la r  s ta in in g .  Plumper and lo n g e r foims are



found on lab oratory  m edia, e s p e c ia lly  when the medium i s  not com pletely  

s u ita b le •

In primary c u ltu r e , M. johnei has been found to  be d i f f i c u l t  to  

i s o la t e  and has only been grown on media con ta in in g  k i l l e d  or e x tr a c ts  o f  

k i l l e d  a c id - fa s t  b a c te r ia  (Boquet , I 925)» I t  f a i le d  to  grow in  the 

absence of t h i s  growth fa c to r .

A fter  4 “ 6 weeks* in cu b ation  a t 37^0 on s o l id  media c o lo n ie s  are 

m inute, r a is e d , d u ll-w h ite  and c ir c u la r  w ith a th in , ir r e g u la r  margin.

Older c o lo n ie s  become more r a ise d , r a d ia l ly  s tr ia te d  or ir r e g u la r ly  

fo ld ed  and y e llo w ish -w h ite  in  co lou r (personal o b se rv a tio n s).

On g ly c er o l-b r o th  con ta in in g  the growth fa c to r , M. .johnei grows 

as a th in  surface p e l l i c l e  which becomes thickened and fo ld e d  (Bergey, 1948)

Twort and Ingram (1913) attem pted i s o la t io n  o f M« .johnei on media 

con ta in in g  e x tr a c ts  o f t i s s u e s  o f  normal c a t t le  alone or in  combination  

w ith  g ly c e r in e , c h o le s te r in e , sugars and b lood . E xtracts o f in fe c te d  

in te s t in e  were a lso  in e f f e c t iv e  in  promoting growth. Talcing in to  account 

the obvious r e la t io n sh ip  th a t M. .johnei has w ith  the tu b erc le  b a c i l lu s ,  

they  h ypothesised  th at both would req u ire  the same m eta b o lite s  but th a t  

M. .johnei had l o s t  the a b i l i t y  to  sy n th e s ise  th ese  in  v i t r o . This led  

them to  incorporate h e a t - lc il le d , human-type tu b erc le  b a c i l l i  in to  D o rset’ s 

egg medium. C olonies o f M. .johnei were obtained a f te r  4 w eeks’ incuba­

t io n  at 37^8. Sub-cu ltures from t h is  primary growth f a i l e d  to  grow on 

unmodified D o rse t’s egg medium but grew on th a t medium f o r t i f i e d  with  

dead tu b ercle  b a c i l l i .  Other a c id - fa s t  b a c i l l i  were te s te d  fo r  growth-  

promoting a c t iv i t y .  The authors concluded th at the b es t  r e s u lt s  were 

obtained by the a d d itio n  of M. p h le i . M’Eadyean, Sheather and Edwards 

(1912) found th a t the avian  tu b erc le  b a c il lu s  was the most a c t iv e  source



of growth fa c to r*

The growth f a c to r  has been is o la te d  and i t s  chem ical com position 

determ ined (F ra n c is , McTurk, M edinav ietia  and Snow, 1953)* The in co rp o ra ­

t io n  of the p u r i f ie d  product in  media used f o r  th e  i s o la t io n  of M, .johnei 

would appear to  have l i t t l e  advantage over h e a t - k i l le d  o r crude e x tra c ts  

of M. p h le i*

Twort and Ingram found th a t  t h e i r  o r ig in a l  medium was improved by 

the  a d d it io n  of 4 p e r  c e n t, g ly c e ro l .

Dunkin (1928) m odified Twort and Ingram’ s egg medium by th e  

in c o rp o ra tio n  o f l i v e r  e x tr a c t  and 0 ,25  p e r cent* g en tian  v i o l e t .  M inett 

(1942) compared th e  growth o f M. .johnei on prim ary c u ltu re  and on sub­

c u ltu re  on 27 m edia. He concluded th a t  the  most s a t i s f a c to r y  were those 

co n ta in in g  whole egg and 1 p e r  c e n t, he a t-Id . l ie d  M» p h l e i . The a d d itio n  

o f potassium  t e l l u r i t e  o r p e n ic i l l in  d id  not f a c i l i t a t e  th e  i s o la t io n  o f 

M. .johnei.

Taylor ( I 95O) found th a t  media c o n ta in in g  more th an  5O p e r  c e n t , 

egg-yoik  were su p e r io r  to  those  c o n ta in in g  whole egg. Because of i t s  

ease o f p re p a ra tio n , firm  su rface  and consistency  from batch  to  b a tc h ,

F in lay  son’s (1946) medium m odified  by the  a d d itio n  of h e a t - k i l l e d  M. p h le i  

was p re fe r re d . This medium supported th e  growth of pigmented sheep 

s t r a in s  which, h i th e r to ,  had been grown on la b o ra to ry  media (T ay lo r, I 95I ) *

W illiams Smith (1953) m odified Bubo s ’ (1947) l iq u id  and a g a r  media 

by th e  a d d itio n  of an a lc o h o lic  e x tra c t  of M. p h le i . This medium perm itted  

th e  growth of b o th  pigmented ovine and th e  c la s s ic a l  bovine s t r a in s  of 

M. .johnei.

S a te l l i t i s m  between subsurface  c o lo n ie s  of s tap h y lo co cc i and M. p h le i  

and M« .johnei on m odified  Bubo s ’ o le ic  ac id  ag ar medium was rep o rte d  by



S tu a rt (1954)•

The i s o la t io n  of M. .johnei from n a tu ra l m a te r ia l

The f a c t  th a t  th e  i s o la t io n  o f  M. jo h n e i i s  com plicated  by th e  

occurrence a t  th e  s i t e s  from which i t  i s  u sua l to  c u ltu re  M. .johnei -  

a lim en ta ry  t r a c t  and fa e c e s  -  o f non-pathogenio b a c te r ia  and fu n g i, 

has le d  many workers to  dev ise  methods of c o n tro llin g  th ese  contam­

in a n ts .

M inett (1942) review ed th e  techn iques commonly employed in  th e  

i s o la t io n  of th e  tu b e rc le  b a c i l lu s  and t h e i r  ad ap ta tio n  to  th e  

is o la t io n  of M. .johnei. He concluded th a t  exposure of the  m a te iia l  

to  20 p e r  c e n t, a n tifo rm in  f o r  30 m inutes was the  method o f cho ice .

T aylor ( I950) adapted  the  o x a lic  ac id  method o f  C oiper and Ifyei

(1929- 30) f o r  th e  p re lim in a ry  trea tm en t of t is s u e  and found i t  as 

e f f e c t iv e  in  c o n tro l l in g  contam inants, l e s s  lab o rio u s  and l e s s  l e th a l  

to  M. .johnei than  a n tifo rm in . However, he concluded th a t  a n tifo rm in  

was the  agen t o f choice in  th e  trea tm en t o f faeces  bu t t h a t  th e re  was

no com pletely r e l i a b le  method, e s p e c ia l ly  i f  M. .johnei was p re sen t in

small numbers.

Cameron (1956) compared the  r e s u l t s  o f the use o f  a n tifo rm in  w ith 

the  co n tro l o f contam ination  ob tained  by a m ixture of 10 p e r  c a i t . 

ox a lic  a c id  and 0.02 p e r  c e n t , m alach ite  green  and found h i s  method to  

be e f fe c t iv e  in  th e  c o n tro l  o f faeca l contam inants.

T aylor (1950) found th a t  p e n ic i l l in  (lOO u n i ts  p e r  m l. o f fae ca l 

suspension) was in e f f e c t iv e  in  c o n tro l l in g  contam ination  even when used 

in  con junction  w ith  o th e r  methods. W illiams Smith (1953) came to  the 

same conclusion  b u t found th a t  contam ination in  fa e c a l samples was



lowered by th e  a d d itio n  of p e n ic i l l in  to  h is  m o d ifica tio n  o f Dubos’ 

ag ar and l iq u id  media.

Media co n ta in in g  g en tian  v io le t  were used by Levi (19483') to  

c o n tro l con tam ination  when cu ltu rin g ' fa e c e s . . T aylor (195^) used 

Congo red  a t  a c o n ce n tra tio n  of 0.01 p e r  c e n t, in  h i s  m o d ifica tio n  of 

F in lay so n ’s medium. While th e  dye a t  th is  co n ce n tra tio n  was not in ­

h ib i to r y  to  m icro-organism s i t  s ta in e d  th e  co lo n ies  of M. .johnei so 

making them more e a s i ly  seen .

H eating  a t  64^0 fo r  5 m inutes was l e th a l  to  M. .johnei (Dunkin,

1938).

V ishnevskii e t  a l . (1940) rep o rted  th a t  M. .iohnei su rv ived  in

bovine faeces and s o i l  f o r  11 months b u t not lo n g e r th an  7 days in  

u r in e . Exposure to  10.20 p e r  c e n t, c h lo r in a te d  lim e , 5 p e r  c e n t ,  

fo rm alin  and 5 p e r  c e n t ,  ly s o l  fo r  10 m inutes k i l le d  M. .johnei.

L o v e ll, Levi and F ra n c is  (1944) recovered  M. .johnei from fa e c e s  a f t e r  

8 months' exposure to  atm ospheric c o n d itio n s .

Pathology

The le s io n s  of Johne ’ s d ise a se  a re  found in  th e  w all of th e  

alim entary  t r a c t .

Rankin (1958b) found th a t  th e  most common s i t e  of m acroscopic 

changes was the mucous membrane of the  term inal few f e e t  of the ileum  

but th a t  in  a sm all percen tage o f cases le s io n s  may be found in  the  

caecum, co lon ,rectum  and i n  the  mucosa of the  small i n te s t in e  from the  

py lo ru s to  th e  i le o -o a e c a l v a lv e . He found th a t  th e re  was no c o r re la t io n  

between th e  s e v e r i ty  o f  th e  symptoms and th e  ex ten t of th e  le s io n s  in  the  

mucosa. S p ec ific  changes were found in  the  m esenteric  lymph nodes



Tout l i t t l e  r e l ia n c e  fo r  d ia g n o s tic  purposes could be put on t h e i r  

appearance due to  th e  wide v a r ia t io n  in  th e  s iz e  of th e se  nodes in  the  

normal an im al.

Rankin considered  th e  pathognomonic le s io n s  of th e  i n t e s t i n a l  

mucosa to  be th ick en in g  and c o rru g a tio n . These co rru g a tio n s  could  not 

be o b l i te ra te d  by g e n tle  s t r e tc h in g . Haemorrhage and u lc e r a t io n  were 

a b se n t.

Severe m icroscopic le s io n s  cou ld  be p re sen t w ith no macroscopic 

changes (Rankin, 1958b).

There have been few d e sc r ip tio n s  of th e  macroscopic le s io n s  o f p re -  

c l in i c a l  c a se s . Hallman and W itte r  (1933) rep o rted  th e  f in d in g  of 

patchy congestion  of th e  mucosa, p e te c h ia l  haemorrhages and s l i g h t ly  

ra is e d  g l is te n in g  a re a s  a few m illim e tre s  a c ro ss . They were of the 

opin ion  th a t  ex ten sio n  and  fu s io n  of th e se  le s io n s  would produce th ick en ­

ing  and c o rru g a tio n .

H isto logy

(a ) C a ttle

McFadyean (19I 8) d esc rib ed  th e  m icroscopic changes occu rring  in  

Johne’s d is e a s e . The le s io n s  in  th e  a lim entary  t r a c t  were produced by 

an i n f i l t r a t i o n  in to  th e  mucosa of e n d o th e lio id  c e l l s  and m u ltin u c lea te  

g ia n t  c e l l s .  I n i t i a l l y  th ese  c e l l s  occurred in  i s o la te d  aggregations 

(o f . e a r ly  tu b e rc le  fo rm ation ) in  which case th e re  was l i t t l e  a l t e r a t io n  

in  the  v i l lo u s  s t r u c tu r e .  More advanced cases showed a con fluen t 

i n f i l t r a t i o n  w ith  e n d o th e lio id  c e l l s  and a  consequent o b l i t e r a t io n  o f 

th e  normal a rc h i te c tu re  o f the  mucosa. This p ro cess  extended to  involve 

th e  submucosa and, in  advanced c a se s , fo c i  o f en d o th e lio id  c e l l s  could



be fo\md in  th e  m uscular and serous coats*

D esp ite  the  s im i la r i ty  between th e  e a r ly  le s io n s  of Johne*s d ise a se  

and e a r ly  tub ercu lo u s le s io n s ,  e n c a p su la tio n , n e c ro s is ,  c a se a tio n  and 

c a lc i f i c a t io n  have not been d escrib ed  in  Johne’s d ise ase  o f  c a t t l e .

The c e l lu l a r  changes in  th e  lymph nodes d ra in in g  th e  in te s t in e s  

were s im ila r  to  those  in  th e  mucosa. The le s io n s  were found in  th e  

sub c ap su la r  a re a  of the  co rtex  o f the nodes (McFadyean, I 9I 8) .

In  th e  ty p ic a l advanced case , se c tio n s  o r smears s ta in e d  by 

Z ieh l-N ee lsen ’s method rev e a l th e  presence o f  a c id - f a s t  b a c i l l i  in  

r e la t io n  to  th e  a reas  of e n d o th e lio id  c e l l  i n f i l t r a t i o n .  Hallman and 

W itte r  (1933) were of th e  opin ion  th a t  the b a c i l l i  were always i n t r a ­

c e l lu l a r  and th a t  th e  e n d o th e lio id  c e l l s  were macrophages, co n tra ry  to  

McFadyean* s hypo thesis th a t  the en d o th e lio id  c e l l s  were d e riv ed  from 

plasma c e l l s .

L esions have been rep o rte d  to  occur in  th e  l iv e r  (Hallman and 

W itte r, 1933; Matthews, 1930) and in  th e  g a l l  b lad d er, p o r ta l  lymph 

nodes and sp leen  (Borodenok, 1941). There were no in d ic a tio n s  th a t  

le s io n s  in  th e se  s i t e s  played any p a r t  in  th e  pathogenesis of the  

d is e a s e .

M. .johnei has been recovered  from th e  mammaiy g land , u te ru s ,  

co ty ledons and fo e tu se s  o f c a t t l e  s u f fe r in g  from c l in ic a l  Johne*s 

d ise ase  (Doyle, 1954; Lawrence, 1956) but no le s io n s  a t  th e se  s i t e s  

have been d e sc rib e d .

There has been no re p o rt o f  work done t o  e lu c id a te  th e  mechanism 

o f p roduction  o f  the  symptoms of Johne*s d is e a s e .

(b) Sheep

There a,re few d e s c r ip tio n s  of the pathology of Johne *s d ise a se  in



th e  sheep. Stockman (19I I )  d escrihed  congestion  of the mucosa of the  

abomasum and th ick en in g  of th e  sm all i n t e s t i n e .  Gkeably en la rged  

m esen teric  nodes have been noted  (Howarth, 1937) # The f a t  depots 

were d e p le te d , th e  normal w h itish  f a t  being rep laced  by g e la tin o u s , 

opaque, myxoedematous t i s s u e  (McEwen, 1959)• As in  c a t t l e ,  th ic k en ­

ing  was most marked in  th e  ileum . McEwen recorded th e  f in d in g  in  

smears of very  la rg e  numbers o f a c id - f a s t  b a c i l l i  in  some c a se s .

Stamp and Watt (1954) d escribed  fo u r types o f  le s io n s ,  c la s s i f i e d  

on gross and m icroscop ical f in d in g s , bu t in d ic a te d  th a t  tiie re  was some 

degree of o v e rlap  between th e  l a s t  th re e  groups. In  Group 1 , the  

i n t e s t i n a l  mucosa was a b r i ^ t  chrome yellow . From th is  type  a p ig ­

mented s t r a in  o f M. .johnei could be i s o la te d .  The h is to lo g ic a l

p ic tu re  was s im ila r  to  th a t  seen in  c a t t l e ,  d i f f e r in g  only in  th e  f a c t  

th a t  enormous numbers o f  a c id - f a s t  b a c i l l i  were p re s e n t . Group 2 -  

p igm entation  was a b se n t. Thickening of the  mucosa was not marked.

The e p i th e l io id  i n f i l t r a t i o n  was more f o c a l , w ith  leu c o c y tic  i n f i l t r a ­

t io n  a t  th e  p eriphery  of th e  f o c i .  M. .johnei might or might no t be 

numerous in  th e  le s io n s .  There was no th ick en in g  o f the  bowel w all in  

Group 3 . On h an d lin g , th e  mucous membrane was f r ia b le  and cracked on 

being  ben t over th e  f in g e r .  Group 4 -  th e  lym phatic v e s se ls  of the 

abdominal c a v ity  were th ickened  and contained  c a lc i f ie d  n o d u les . The 

lymph nodes were en larged  and showed nodule fo rm ation . H is to lo g ic a l ly  

Groups 3 and 4 rev ea led  s ta g e s  towards fran k  tu b e rc le  fo rm a tio n . G iant 

c e l l s  were numerous. In  Group 4> n e c ro s is , c a se a tio n , c a lc i f i c a t io n  

and e n cap su la tio n  occu rred .

Mcïhdyean and S heather ( I 9I 6 ) and Pande (1942) noted th e  presence 

o f c a se a tio n  in  th e  m esen teric  nodes o f n a tu ra lly  o c c u rr irg  Johne ’s 

d ise a se  in  g o a ts . Levi (1948b) found th is  to  be a fe a tu re  o f the



d ise ase  in  a r t i f i c i a l l y  in fe c te d  g o a ts . Otherwise th e re  were no s a l ie n t  

d if fe re n c e s  from the  d ise a se  as i t  occurred  in  c a t t l e .

The experim ental in fe c t io n  of c a t t l e ,  sheep and goa ts w ith  M. .johnei

Bang (1906) was re sp o n s ib le  f o r  the f i r s t  su ccess fu l tran sm iss io n  

o f Johne*s d ise ase  to  c a lv e s , two o f which were in fe c te d  w ith  3OO gms. 

of in fe c te d  node and mucosa given in trav en o u s ly  and in t r a p e r i to n e a l ly .

F ollow ing the i s o la t io n  o f  M. .johnei in  pure c u ltu r e , Twort and 

Ingram (I 9I 3) reproduced le s io n s  in  c a lv e s , sheep and g o a ts .

From t h e i r  experim ents and th o se  of McFadyean and S heather (19I 6 ) , 

T ay lor (1953) aud Rankin (1957) th e re  were in d ic a tio n s  th a t  c a t t l e  o f 

9 - 1 2  months of age o r o ld e r  were re f ra c to ry  to  the rep ro d u c tio n  of 

c l in ic a l  d is e a s e . The same ap p lied  to  experim ental c o n ta c t in fe c tio n  

(Eagan, 1938), a lthough  Rankin has shown l i t t l e  d if fe re n c e  between th e  

s u s c e p t ib i l i ty  of c a lv e s  p laced  in  co n tac t w ith  known M. .johnei e x c re to rs  

a t  1 , 3 and 6 months o f age . From th e  r e s u l t s  of monthly c u l tu ra l  

exam ination o f th e  faeces  of th e s e  ca lv es i t  appeared th a t  p o s i t iv e  

c u l tu r a l  r e s u l t s  depended on estab lish m en t of in fe c tio n  in  th e  h ost 

and was not th e  r e s u l t  o f th e  passage o f M. .johnei th rough  th e  

in te s t in e s  fo llow ing  in g e s tio n  from th e  environm ent.

Rankin (1957) found th e  1.3).^^ f o r  in trav en o u s in f e c t io n  in  

ca lv es  to  be 5 mgm. wet w eight o f pure c u l tu r e .

McEwen and Samuel (1958) produced c l in ic a l  d ise a se  i n  2 and 

in fe c tio n  in  I 4 o f 16 sheep in o cu la te d  in trav en o u s ly  w ith  2 mgm. o f a 

c u ltu re  o f M. .johnei. H undred-fold d i lu t io n s  o f th e  o r ig in a l  

inoculum produced in f e c t io n  in  12, 12 and 5 o f th re e  groups of 16 sheep 

re s p e c t iv e ly . The d i s t r ib u t io n  of M. johnei in  th e  n o n -c l in ic a lly



a ffe c te d  sheep le d  them to  conclude th a t  th e  most su sc e p tib le  t i s s u e  was 

th e  in te s t in e ,  and th a t  i t  was probably  th e  s i t e  of m u lt ip l ic a t io n  in  

the  h o s t .

Watt (1954) d escrib ed  th e  post-m ortem  f in d in g s , h is to lo g y  and 

b a c te rio lo g y  of a  n a tu r a l ly  occu rring  case of d ise ase  in  a  b u llo c k , 

due to  th e  pigmented ovine s t r a in .  He su c c e ss fu lly  produced d ise a se  

in  sheep w ith  t h i s  s t r a in .

Levi (1948b) found g o a ts  su sc e p tib le  to  o ra l dosage w ith  pure 

c u ltu re  and i n te s t i n a l  sc ra p in g s . A fe a tu re  of post-mortem fin d in g s  

was th e  presence o f  c a se a tio n  and c a lc i f i c a t io n .  I t  was e s ta b lis h e d  

th a t  M. .johnei was p re sen t in  the  fa e c e s  both in  th e  in cu b a tiv e  and 

c l i n i c a l  phases of the in f e c t io n .

The n a th o ^ e n ic itv  of M. .johnei fo r  la b o ra to ry  anim als

Many of th e  esq) e r  im ents designed to  reproduce th e  le s io n s  of Johne’s 

d isease  in  th e  a lim en tary  t r a c t  of la b o ra to ry  animals have f a i l e d .

In tra p e r i to n e a l  in je c t io n s  o f M. johnei u su a lly  r e s u l te d  in  nodules 

in  th e  peritoneum  and th e  presence of M. .johnei in  th e  l i v e r  and sp leen  

(Twort and C ra ig , 1913; Boquet, 1925; Hagan and M ansfie ld , 1930»

M ohler, 1939; S ahai, 194O, 1941; T ay lo r, 1940, 1951; G lover, 1941; 

Johnson and Cox, 1942; V erlinde  and B ekker, 1945)# P a th o lo g ica l 

changes were enhanced when th e  inoculum o f M. johnei was suspended in  

an ad juvant of l i g h t  m ineral o i l .  The le s io n s  produced d id  not d i f f e r  

from th o se  produced by th e  in je c t io n  o f k i l l e d  M. .johnei and sapro­

p h y tic  a c id - f a s t  b a c te r ia  (Hagan and L evine, 1932).

F ran c is  (l945 ) 9 u s in g  I 3 -  14 day o ld  mice in je c te d  w ith  pure 

c u l tu re s  on two occasions a t  7 day in te r v a ls  in t r a p e r i to n e a l ly ,  was



ab le  to  reproduce p ro g re ss iv e  in fe c tio n s  in v o lv in g  the l i v e r ,  sp leen  

and l a t e r  th e  i n t e s t i n e s .  The c e l lu l a r  rea c tio n s  in  h is  mice were 

s im ila r  to  those i n  th e  n a tu r a l ly  occu rring  d isease  in  c a t t l e .  S l i ^ t  

in fe c tio n s  were ob ta ined  in  ham sters. R abbits and g u in ea -p ig s were 

r e f r a c to r y .

Lominski, Cameron and R oberts (1956) rep o rte d  the r e s u l t s  of th e  

in o c u la tio n  of 8 s t r a in s  of M, .johnei in to  W-Swiss mice aged from 7 

days to  3 m onths. The dose used v a rie d  between O.36 mgn. and 2.64 

mgm. The tim e talcen f o r  in fe c t io n  to  develop v a rie d  in v e rse ly  w ith  th e  

d oses, be ing  from 7 to  I 9 months. Suspending th e  inoculum in  1 .75  p e r 

c e n t ,  mucin suspension  o r  l iq u id - t r e a te d  serum d id  not in c re a se  i t s  

p a th o g e n ic ity . Lesions i n  th e  a lim en ta iy  t r a c t  s im ila r  to  th o se  

o ccu rring  in  c a t t l e  were d e sc rib e d . About 20 p er c e n t ,  o f  th e  mice 

t r e a te d  d ied  from no apparent cause o th e r  th an  ex ten siv e  i n t e s t i n a l  

le s io n s  o f e n d o th e lia l c e l l  i n f i l t r a t i o n .  During the  course o f the  

in f e c t io n  M. .johnei was ex cre ted  in  th e  faeces  in  increasing* numbers.

Ford (1957) a ttem pted  v ia b le  counts on t i s s u e s  of mice Tshich had 

been in je c te d  in tr a p e r i to n e a l ly  b e fo re  weaning age w ith  2 or 4 mgms. 

m oist weight of M. .johnei. Pools of l iv e r s  and sp leens were 

examined a t  in te r v a ls  a f t e r  in fe c t io n .  I r r e g u la r  r e s u l t s  were 

ob tained  but in  no case was M. jo h n ei recovered l a t e r  than 50 weeks 

a f t e r  in o c u la tio n . He found th a t  th e  a d m in is tra tio n  of c o rtiso n e  

appeared to  a c c e le ra te  th e  c learance  of M. jo h n ei from th e  t i s s u e s .

The age of i n i t i a l  in f e c t io n  had some in flu en ce  on th e  success of 

experim ental in f e c t io n  in  r a b b i ts  (Rankin, 1958c). In  6 a d u lt  

r a b b i ts  in je c te d  in tra v e n o u s ly  w ith  2 .5  mgm. wet weight M. jo h n e i 

th e re  were no le s io n s  a f t e r  2 y e a rs , w hile  of 8 r a b b i ts  in o cu la te d  a t



2 weeks o f age, i n te s t in a l  le s io n s  were produced in  5 r a b b i t s ,  3 of 

which were c l i n i c a l l y  a f f e c te d .

Splenectom ised c a ts  fed  in fe c te d  mucosa developed th ick en in g  of 

the  i n t e s t i n a l  w all i n  which e p i th e l io id  c e l l s  co n ta in in g  a c id - f a s t  

b a c i l l i  were found a t  post-mortem exam ination I 4 days a l t e r  dosing 

(JohnsonjÇPratt, 1944)#

P r o l i f e r a t iv e  le s io n s  c o n ta in in g  g ia n t c e l l s  and evidence of 

b a c te r ia l  m u ltip lic a ,tio n  on th e  o h o iio -a lla n to ic  membranes o f ch ick  

embiyos have been  rep o rte d  fo llo w in g  the  in o c u la tio n  o f a  s t r a i n  of 

M. jo h n e i which grew independently  of th e  growth f a c to r .  S lig h t 

ce llu la r"  re a c tio n s  w ith  no evidence o f m u lt ip l ic a t io n  o f the  inocu­

lum fo llow ed th e  in je c t io n  o f ph le i-dependen t s t r a in s  (S ta v itsk y  

and Beck, I 946) .

D iagnosis

The m icroscopical exam ination of th e  fae ce s

Many workers have rep o rte d  th a t  in  smears of faeces  s ta in e d  by 

th e  Z ieh l-N eelsen  method the  c h a r a c te r i s t i c  clumps of sm all a c id - f a s t  

b a c i l l i  m i ^ t  be found in  the  faeces  of c l in i c a l  cases o f  the  d is e a s e .

In  about 3^ p e r  c e n t . o f  c l in ic a l  cases could d iagnosis  be confiim ed 

a t  any one exam ination by th e  f in d in g  of th ese  clumps of a c id - f a s t  

b a c te r ia  (Hole, 1953; Doyle, 1956; Rankin, 1958h)# The m icroscop ica l 

exam ination of faeces  from c l i n i c a l l y  normal anim als was s ta te d  to  be 

of l i t t l e  va lue  (Hole, l o c , c i t . ) .

Because of th e  d i f f i c u l t y  o f i s o la t in g  M. johnei from fae ce s  and 

because of the tim e taken  befo re  a  r e s u l t  was ob ta ined , c u l tu r a l  

exam ination of th e  faeces  was considered  to  be of l i t t l e  value in  

ro u tin e  f i e ld  d iag n o s is  (L evi, 1948a).



Doyle (1956) d iscoun ted  th e  value  of smears from the r e c ta l  

mucosa as a d ia g n o s tic  a id  s in ce  th e se  were p o s i t iv e  in  only  a  sm all 

p ro p o rtio n  o f advanced c l i n i c a l  cases in  which the  le s io n s  had 

extended to  th e  r e c ta l  w a ll. The exam ination of f a e c a l  smears from 

c l i n i c a l l y  su sp ic io u s  sheep enabled a p o s i t iv e  d iag n o s is  to  be made 

in  about 55 p e r c e n t ,  of cases (W illiamson and S a lisb u ry , 1952; 

C handler, 1958» Armstrong, 1956).

A lle rg ic  T ests

A llergens have been used subcutaneously , in tra v e n o u s ly , i n t r a -  

o c u la r ly  and in tra d e rm a lly  b u t because o f convenience the  l a s t  

m entioned has been most commonly employed. I t  has been  found th a t  

n e ith e r  jo h n in  nor av ian  tu b e rc u lin  could be r e l ie d  upon fo r  the  

d e te c tio n  of M. .johnei in fe c t io n  o r th e  c o n f im a tio n  of d ia g n o s is  

in  c l in ic a l  Jo h n e 's  d ise a se  in  c a t t l e  (McFadyean, S heather and 

Edwards, I 9I 6 ; R in ja rd , 1954» Jansen , 1948).

RanldLn (1957) found th a t  c a t t l e  in fe c te d  w ith  M. .johnei gave an 

a l l e r g ic  response to  th e  in tra d e im a l in o c u la tio n  of jo h n in  o r  av ian  

tu b e rc u lin  a t  some s tag e  of the  in f e c t io n .  S e n s i t iv i ty  tended to  

wane and p e r s i s te d  a t  a low le v e l  as the  d isease  p ro g ressed . He 

found, to o , th a t  th e  anerg ic  s ta te  was most l ik e ly  to  occur yhen 

i n te s t i n a l  le s io n s  were ex ten siv e  and when complement f ix in g  a n t i ­

bodies were dem onstrable.

Doyle (1956) s ta te d  th a t  good a l l e r g ic  re a c tio n s  were u su a l 

fo llo w in g  experim ental in f e c t io n  bu t in  n a tu ra l in fe c t io n s  a l l e r g ic  

re a c tio n s  were v a r ia b le  and u n re lia b le  and th a t  rep ea ted  a p p lic a t io n  

o f a l l e r g ic  t e s t s  in  in fe c te d  herd s r a r e ly ,  i f  e v e r , succeeded in



e ra d ic a tin g  th e  d is e a s e .

S im ila r in c o n s is te n c ie s  made sk in  s e n s i t iv i t y  t e s t s  in  sheep of 

no value (McEwen and Samuel, 1958) •

Serology:

A gg lu tin a tion  T ests

I t  has been shown th a t  th e  d i r e c t  a g g lu tin a tio n  t e s t  was of 

l i t t l e  d ia g n o s tic  s ig n if ic a n c e  due to  th e  high  t i t r e s  ob ta ined  in  

n o n -in fec te d  c a t t l e  (Twort and Ingram, I 915) •

H aem agglutination T ests

L arsen , P o r te r  and Vardaman (1955) nsed a  m o d ifica tio n  of th e  

Middlebrook-Dubos haem agg lu tina tion  r e a c t io n .  They ob ta ined  what 

th ey  considered  p o s i t iv e  r e s u l t s  in  25 of 67 c a t t l e  from farms where 

Johne*s d ise a se  was known to  e x i s t .  Eo post-mortem exam ination  of 

th e se  anim als was made.

McEwen and Samuel (1958) te s te d  se ra  from ex p erim en ta lly  

in fe c te d  sheep w ith  th e  haem olytic m o d ifica tio n  o f th e  haem agglutina­

t io n  t e s t  o f M iddlebrook. They found th a t  the  t e s t  was n o t o f value 

in  d e te c tin g  in fe c te d  sheep .

Complement F ix a tio n  T e s ts  (C .P .T .)

Twort and Ingram (19I 5) ob tained  p o s i t iv e  r e s u l t s  in  5 o f 7 

n a tu ra l ly  o c cu rrin g  c ases  and one s l i ^ t l y  p o s i t iv e  r e s u l t  in  5 

p re -c l in io a l  a r t i f i c i a l l y  in fe c te d  c a lv e s . Bang and Anderson ( I 9I 5) 

were of the  op in ion  th a t  th e  G.F. t e s t  was e f f i c ie n t  in  d iagnosing  

Johne*s d ise a s e  in  th e  absence o f tu b e rc u lo s is .

Such encouraging r e s u l t s  were ignored  t i l l  Hole (l95^a and b ,

1955)$ having r e a l is e d  th e  o p p o rtu n ity  a r is in g  from th e  imminent
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e ra d ic a tio n  of tu b e rc u lo s is ,  employed h is  m o d ifica tio n  o f the  t e s t  

on a la rg e  s c a le .  The t e s t  was extrem ely v a luab le  in  confirm ing  

c l in i c a l  Johne*s d ise a se  but was o f  le s s  s ig n if ic a n c e  i n  p re ­

c l in ic  a l  case s . In  1 ,510  cases in  which a c id - f a s t  b a c i l l i  were 

dem onstrated , 87 p e r  c e n t ,  were p o s i t iv e  to  th e  G.F. t e s t ,  8 p e r 

c e n t, su sp ic ious and 5 c e n t, n e g a tiv e . In  520 n eg a tiv e  c a se s ,

29 p e r  c e n t , were p o s i t iv e  to  th e  t e s t  (R eport, 1956a ) ,

Rankin (1958®-) d esc rib ed  th e  t e s t  as a p p lied  to  ex p erim en ta lly  

in fe c te d  c a t t l e  and noted  th a t  the  t i t r e  could be r e la te d  to  the  

s e v e r i ty  of le s io n s  in  the  a lim en ta iy  t r a n t .  P r e - c l in ic a l  cases  

g e n e ra lly  f a i l e d  to  r e a c t  to  th e  t e s t .  Between 10 and 20 p e r c e n t ,  

of G.F, t e s t s  c a r r ie d  out on a d u lt  c a t t l e  in  herds from which M. .johnei 

had not been  i s o la te d  over a number o f y ea rs  gave p o s i t iv e  r e s u l t s .

C handler (1956b) , u sin g  a micro-complement f ix a t io n  t e s t ,  ob tained  

r e s u l ts  comparable to  th o se  of Hole and concluded th a t  th e  t e s t  was 

a  v a lu ab le  confirm atory  one in  c l i n i c a l l y  su sp ic ious c a se s .

The e ra d ic a tio n  of Jo h n e 's  d ise a se  from a herd  by th e  e lim in a tio n  

of re a c to r s  to  th e  G.F. t e s t  has been rep o rte d  (Hole, 1956a),

S igurdsson e t  a l . (1945) developed a  G.F, t e s t  u t i l i s i n g  as 

a n tig en  an e x tra c t  o f in fe c te d  in te s t in a l  mucosa from sheep . They 

noted th a t  the  t e s t  became p o s i t iv e  a t  an e a r l i e r  s tage  of in f e c t io n  

than  d id  a l l e r g ic  r e a c t io n s .  P o s itiv e  t e s t s  were ob ta ined  in  the  

te rm in a l stage  of the d ise a se ; n o n -sp e c if ic  p o s it iv e  r e s u l t s  were 

r a r e .

Ranlcin (1957) found th a t  G.F. a n tib o d ie s  were t r a n s fe r r e d  from 

dam to  c a l f  v ia  th e  co lostrum , Whether o r not these  had a p ro te c tiv e  

e f f e c t  in  the  c a l f  was not shown.



Post-mortem D iagn osis

There was no d i f f i c u l ty  in  conflim ing th e  presence o f Johne*s 

d isease  when th e  ty p ic a l  le s io n s  and a c id - f a s t  b a c i l l i  were found, 

but t h e i r  absence d id  not exclude the  p o s s ib i l i ty  o f th e  presence 

o f m icroscopic le s io n s  (Ranlcin, 19 58L). The value of h is to lo g ic a l  

exam ination of suspected  t i s s u e s  has been recognised  (Hallman and 

W itte r , 1955; Rankin, 1957)« C e llu la r  changes may occur w ithout 

dem onstrable a c id - f a s t  b a c i l l i  (personal o b se rv a tio n ) . The use of 

f lu o re sc e n t m icroscopy f o r  d e te c tin g  sm all numbers of a c id - f a s t  

b a c i l l i  in  se c tio n s  and a comparison of -die method w ith  cu3,tural 

r e s u l t s  have been rep o rte d  by Harding (1957) and P o ly a k o v a  (1957) #

Therapy

E arly  a ttem pts a t  the  trea tm en t of Johne*s d isease  were aimed 

a t  th e  a l l e v ia t io n  of c l i n i c a l  signs* I n te s t in a l  a s t r in g e n ts  

e .g .  fe r ro u s  s u lp h a te , copper su lp h a te , su lp h u ric  a c id , tannoform  j 

and opium, produced only a  tem poraiy rem ission  o f symptoms (McPadyean,

Sheather and Edwards, 1915)* S heather ( I 927) used fo rm alin  i n t r a ­

venously . Chaulmoogra o i l ,  used e x te n s iv e ly  in  the  trea tm en t of 

le p ro sy , was t r i e d  u n su c ce ss fu lly  (Pownhara, 1957; Gunning, 1955)«

In  v i t r o  s tu d ie s  have shown th a t  M. jo h n e i was s e n s i t iv e  to  

strep tom ycin , vioraycin and is o n ic o t in ic  ac id  hydrazide a lth o u # i the
/ r

growth o f s t r a in s  te s te d  by W illiam s Smith (1954) was not in h ib i te d  '  ̂ ^

by th e  l a s t  named. M. .johnei was found to  be r e s i s ta n t  to  4*4 

diam ino-diphenyl su lphone, am in o sa lic y lic  a c id , promin, s tilb a m id e , 

pentam id e , sev era l th iosem iearbazones, p e n ic i l l in ,  chloram phenicol 

and terram ycin  (L arsen , Vardaman and Groth, 195^? Larsen and



Vardaman, 19 52 ? Rankin, 1955)«

Is o n ic o tin ic  ac id  hydrazide alone and in  com bination w ith  s t r e p to ­

mycin f a i l e d  to  p reven t th e  estab lishm en t of experim ental in fe c t io n  

in  ca lves (Rankin, 1955®-)*

The a n t ib io t ic s  and chem otherapeutic agen ts which a re  a c tiv e  

a g a in s t  M. .johnei in  v i t r o  were not of value in  the  therapy  of 

c l in ic a l  cases (Rankin, 1955; L arsen and Vardaman, 1955)•

V accination

As a r e s u l t  o f  th e  f in d in g  th a t  du rab le  immunity was produced 

a g a in s t bovine tu b e rc u lo s is  in  c a t t l e  v acc in a ted  w ith  an a tte n u a te d  

s t r a in  of eq.uine o r ig in  suspended in  ad juvant as opposed to  only 

t r a n s ie n t  p ro te c tio n  a ffo rd ed  when the  vaccine was ad m in iste red  in  

a  so lub le  base (V a lle e , I 924) and, a p p re c ia tin g  th a t  the  sub­

cutaneous in o c u la tio n  of M. .johnei d id  not cause p ro g re ss iv e  in ­

f e c t io n ,  V a llee  and R in ja rd  (1926) used a c u ltu re  o f u n a tten u a ted  

l iv in g  M. jo h n e i suspended in  l iq u id  p a ra f f in ,  o liv e  o i l  and pumice. 

R eporting  on th e  f i e ld  use of t h i s  vaccine in  55>GOO c a t t l e ,  V a lle e , 

R in ja rd  and V allee  (1954) s ta te d  th a t  no i l l - e f f e c t s  had been noted 

and th a t  a high degree of p ro te c tio n  had been ob ta ined .

F ive ca lv es and 18 goats g iven  50 mgms. of v ia b le  M. .johnei 

in  l iq u id  p a ra f f in  subcutaneously  showed no evidence of in fe c t io n  

a t  post-m ortem  exam ination y ears  l a t e r  (Doyle, 1945)*

Using a dose of 5 mg» of M. johnei in  ad ju v an t, a f i e l d  t r i a l  

was begun in  s e le c te d  herds in  B r i ta in .  I n i t i a l l y ,  v a c c in a tio n  was 

confined  to  c a lv es  under one month o f age, b u t subsequently  some 

c a t t l e  were rev a cc in a ted  a t  in te rv a ls  of 16 - 24 months. R esu lts



f o r  th e  p erio d  1941-57 showed th a t  the  incidence  of c l i n i c a l  d ise ase  

was reduced from 5 - 4  anim als p e r herd  to  0*5 animals p e r herd  

(Spears, 1959)* A f u r th e r  f i e l d  t r i a l  in  which only h a l f  th e  

ca lv es a re  to  he v a cc in a te d  has been  i n i t i a t e d .

The o b je c tio n  to  th e  w idespread use of v a c c in a tio n  in  t h i s  

coun try  was th a t  th e  a l le rg y  produced by v a c c in a tio n  rendered  i n t e r ­

p re ta t io n  o f the com parative in tra d e rm a l tu b e rc u lin  t e s t  d i f f i c u l t  

(H erbert, Doyle and P a te rso n , 1959)* V accinated goa ts w ith  

superimposed tubercu lous in f e c t io n  and goats which had re c e iv e d  

vaccine only rea c te d  to  th e  com parative tu b e rc u lin  t e s t  in  such a 

way th a t  i t  was not always p o ss ib le  to  d i f f e r e n t ia te  th e  two groups 

(Doyle, 1955)* S im ila r d i f f i c u l t y  in  in te r p r e ta t io n  was re p o rte d

in  v acc in a ted  ca lv es a r t i f i c i a l l y  in fe c te d  w ith  tu b e rc u lo s is  by 

R itc h ie , Robertson and Muir (1952). They found th a t ,  in  c a t t l e  

f r e e  from in fe c t io n  w ith  M. jo h n e i , v a cc in a tio n  produced sen­

s i t i v i t y  to  bo th  av ian  and mammalian tu b e rc u lin s , th e  av ian  read ing  

u su a lly  be in g  th e  g r e a te r .

S igurdsson (1956) used h e a t - k i l le d  M. johnei suspended in  

m ineral o i l  to  immunise Ic e la n d ic  sheep. Five mg. o f IcLlled 

organism s produced a prolonged se ro lo g ic a l response but d id  not 

produce too  severe a  lo c a l  r e a c t io n . On in fe c te d  p ro p e r t ie s  h a l f  

th e  lambs were v acc in a ted  and th e  rem ainder l e f t  as c o n tro ls .  He 

found th e  inc idence  of confirm ed cases  of Johne*s d ise ase  in  5>275 

v acc in a ted  sheep was I .5  p e r  c e n t ,  w hile  in  5>184 co n tro l sheep i t  

was 21.1 p e r c e n t. In  th e  unvaocinated  sheep the  h ig h e s t incidence 

was during  t h e i r  second and th i r d  y e a rs .



Hygiene and Management

L i t t l e  experim ental work has been done to e lu c id a te  th e  importance 

of such f a c to r s  as n u t r i t i o n  and management in  the  epidem iology of 

Johne*s d is e a s e . Using a r t i f i c i a l l y  in fe c te d  g o a ts , H iroh and Lawrence 

(1954) observed no d if fe re n c e  in  c u ltu ra l  r e s u l t s  and patho logy  

between th ese  kept on a  calcium  d e f ic ie n t  d i e t  and those  on a  d ie t  

co n ta in in g  adequate calcium . I t  was no ted , however, t h a t  c a l c i f i c a ­

t io n  o f lymph node le s io n s  was a  fe a tu re  in  the  group rec e iv in g  

adequate d ie ta ry  calcium*

Jansen  (1948) observed th a t  poorly  d ra ined  p a s tu re s  and s o i l s  

d e f ic ie n t  in  phosphoric acid  and calcium  carbonate  appeared to 

c o n tr ib u te  to  a h ig h  incidence  of c l in i c a l  d is e a s e . He a lso  observed 

th a t  in  H olland in fe c t io n  was most common in  regions w ith  s o i l s  low 

in  calcium  and of low pH. A s im ila r  occurrence was observed by 

Sraythe (1955) Wio noted th e  absence of c l in ic a l  d isease  on th e  

Cornish c o a s t ,  where th e  s o i l  co n ta in ed  up to  25 p e r c e n t ,  calcium  

carbonate and a  h igh  inc idence  in  in lan d  a reas  where s o i l  calcium  

le v e ls  were low.



P A R T  I

IIVESTIGAaaORS IHTO JOHEE’ S DISEASE IE  CATTLE



In tro d u c tio n  

The d iag n o sis  of Johne*s d ise ase

T his study was c a r r ie d  out t o  a ttem pt to  e lu c id a te  some o f  the  

problems a s so c ia te d  ?d th  th e  accu ra te  d iag n o sis  of Johne*s d ise a se  w ith  

sp e c ia l  re fe ren c e  to  th e  s ig n if ic a n c e  o f  th e  f in d in g  o f s in g ly  d isposed 

a c id - f a s t  b a c i l l i  in  the  fa e c e s  of c lin ica l, ly  su sp ic io u s  and o f apparen t­

ly  h e a lth y  c a t t l e .



S e c t i o n  1

The d iag n o sis  o f  Johne*s d ise a se  in  w asting  c a t t l e



In trod u ction

The d iag n o s is  of Johne*s d ise ase  r e s t s  on c l in ic a l  f in d in g s  

w ith confirm ato ry  evidence ob ta ined  by m icroscopical exam ination 

of th e  faeces o r by th e  use of th e  complement f ix a t io n  t e s t .  I t  

was decided to  in v e s t ig a te  the  s ig n if ic a n c e  of is o la te d  a c id - f a s t  

b a c i l l i  in  the  fa e c e s  by c o r r e la t in g  t h e i r  presence th e re  w ith  the  

r e s u l t s  of a d e ta i le d  post-m ortem  exam ination of in fe c te d  and non­

in fe c te d  c a t t l e .

Review o f th e  L ite ra tu re

At p resen t i t  i s  accepted  th a t  only one th ir d  o f c l i n i c a l  cases 

of th e  d isease  can be confirm ed a t  one exam ination by th e  f in d in g  of 

the  pathognomonic clumps o f a c id - f a s t  b a c te r ia  in  the  fa e c e s  (Rankin, 

1958b)* Surveys o f the  inc idence  of a c id - f a s t s  in  fae ce s  samples 

from c l in i c a l l y  su spec t c a t t l e  have rev ea led  th a t  25 -  50 p e r cen t * 

of samples showed clumps of a c id - f a s t  b a c te r ia  m orphologically  

resem bling M. .johnei* w hile I 5 p e r  c e n t, o f samples were c la s s i f i e d  

as su sp ic io u s because of th e  f in d in g  of i s o la te d  a c id - f a s t  b a c i l l i  

(Doyle and S pears, 1951; S o lty s , 1951)* There was no a ttem pted  

c o r r e la t io n  w ith post-m ortem  f in d in g s  in  th e se  su rv e y s , no r was i t  

p robable  th a t  a l l  th e  samples came from cases of Johne*s d isease*

The s ig n if ic a n c e  of th e  f in d in g  o f s in g le  a c id - f a s t  b a c i l l i  

resem bling  M* .johnei has long been in  d is p u te . Hole (1956b) 

expressed  doubt as to  whether the  p resence of s in g le  M* .johnei in  

th e  t is s u e s  in  th e  absence o f a  dem onstrable t is s u e  r e a c t io n  was 

evidence o f d is e a s e , thereby  im plying th a t  th e  f in d in g  of s in g le  

b a c i l l i  in  the  fae ce s  was of no value*



I t  has been s ta te d  th a t  sap rophy tic  a c id - f a s t  b a c i l l i  found in  

th e  faeces a re  in d is tin g u is h a b le  from M. .johnei (Chandler, 1938?

L evi, 1948a ) .

A p o s it iv e  d iag n o s is  was w arranted  only vhen clumps of a c id - f a s t  

b a c i l l i  were found in  th e  faeces (Anon, 1956; L ev i, I 948 ; D oyle, 1956)

Levi (1948a ) c o r re la te d  m icroscop ica l and c u l tu r a l  f in d in g s  in  

faeces  samples from c l in ic a l ly - s u s p ic io u s  cases of Johne*s d ise a se  

and concluded th a t  th e  f in d in g  o f i s o la te d  a c id - f a s t  b a c i l l i  d id  not 

j u s t i f y  a d iag n o sis  of Johne * s d is e a s e . Taking in to  account the  

d i f f i c u l t y  o f i s o la t in g  M. jo h n e i from faeces, i t  i s  s ig n if ic a n t  

th a t  M. johnei was is o la te d  from 58 p e r c e n t, of sam ples in  which 

is o la te d  a c id - f a s t  b a c i l l i  were found m ic ro sc o p ic a lly .

Rankin (1958a) has review ed and augmented the  p resen t laiowledge 

of th e  complement f ix a t io n  t e s t  in  the  d iagnosis  of Johne"s d ise a se  

in  c a t t l e .  His summary in d ic a te d  th a t  th e  t e s t  was s a t i s f a c to r y  fo r  

con firm ation  o f c l in i c a l  d ise a se  bu t in  n o n -in fec ted  cases th e  t e s t  

was n o n -sp e c if ic  in  th a t  10 p e r  c e n t , o f p o s it iv e  re a c tio n s  were ob­

ta in e d  in  two herds which he considered  l ik e ly  to  be f r e e  from 

in fe c tio n  w ith  M. jo h n e i . The t e s t  f a i l e d  to  d e te c t p r e - c l in i c a l ly  

in fe c te d  an im als. I t  was thought t h a t  exam ination o f th e  complement 

f ix a t io n  t e s t  in  the  l ig h t  o f  the  r e s u l t s  o f ex tensive  post-m ortem  

exam inations m ight ex p la in  th ese  a p p a ren tly  anomalous r e s u l t s .

M a te r ia ls  a,nd Methods

C a t t l e . The m aterial, examined was ob tained  from c a t t l e  adm itted  to  

Glasgow U n iv e rs ity  V eterinary  H o sp ita l. These were from two main 

so u rces , c a t t l e  which had been c u lle d  from herds in  Southwest



Scotland because o f p ro d u ctiv e  in e f f ic ie n c y ,  and confirm ed c l i n i c a l  

cases o f Johne*s d ise a se  from farm s where ep idem io log ical in v e s tig a ­

t io n s  were being  c a r r ie d  o u t. A ll were in  poor c l in ic a l  co n d itio n  

i . e .  in  a  co n d itio n  in  which i t  would be j u s t i f i e d  to  su spec t th e  

p resence of Johne*s d is e a s e .

They were kept in  th e  h o s p i ta l  fo r  p e rio d s  o f betw een two days 

and one month depending on t h e i r  c l in ic a l  c o n d itio n . A ll were housed 

in  s t a l l s  o r  loose  boxes and fed  a d ie t  of c o n c e n tra te s , hay and 

w a te r. On adm ission a complete c l i n i c a l  exam ination of each case  

was undertaken . F u rth e r  c l in ic a l  o bserva tions were made d a i ly ,  

sp e c ia l  a t te n t io n  being  p a id  to  th e  c h a ra c te r  of th e  fa e c e s . Blood 

samples were c o lle c te d  f o r  ro u tin e  haematology and f o r  th e  complement 

f ix a t io n  t e s t  f o r  Jo h n e 's  d is e a s e . Faeces samples were c o lle c te d  a t  

freq u e n t in te r v a l s .  An e x ten s iv e  post-m ortem  exam ination was c a r r ie d  

out on each case  and the undernoted procedure w ith  re fe ren c e  to  the  

p re sen t in v e s t ig a t io n  adop ted .

The sm all and la rg e  in te s t in e s  were ranoved from th e  abdomen.

The i le o -o a e c a l  lymph nodes were c o lle c te d  in  s t e r i l e  u n iv e rs a l  

c o n ta in e rs . The in te s t in e s  were sep a ra ted  from t h e i r  m esen teric  

attachm ents and t h e i r  c o n te n ts  e x p e lle d . The i n te s t i n a l  w a ll was 

opened to  expose the  mucous su rface  which was examined f o r  

a b n o rm a litie s . Samples of mucous membrane were removed f o r  c u l tu r a l  

exam ination . T issu es from th e  m esen teric  nodes and fir»m the  mucosa 

were f ix e d  in  c o rro s iv e  formol f o r  h is to lo g ic a l  exam ination .

The Complement F ix a tio n  T est

The t e s t  used was th a t  d esc rib ed  by Hole (1952a and b ) ,  u s in g



a n tig e n  and stan d ard s  supp lied  by him* Sera which gave 25 p e r cent* 

haem olysis o r l e s s  were regarded  as p o s i t iv e  to  th e  t e s t .  The t e s t  

was c a r r ie d  out by Mr. M* P* Cunningham, M.R.G.V.S., o f  Glasgow 

U n iv e rs ity  V e te rin a ry  H o sp ita l, who a ls o  provided any h is to lo g ic a l  

r e s u l t s  used in  t h i s  th e s i s .

The M icroscopical Exam ination of Faeces

Samples of r e c t a l  fae ce s  were c o lle c te d  in  waxed carto n s and 

smears made on th e  day o f c o l le c t io n .  The faeces  were p repared  fo r  

m icroscop ical exam ination by th e  method d escribed  by Cunningham and 

Gilmour (1959)* Approxim ately O.5  gm. of faeces was t r a n s fe r r e d  to  

a  g la s s  s l id e  and s u f f ic ie n t  s t e r i l e  d i s t i l l e d  w ater added to .re d u c e  

th e  fae ce s  to  a s e m i-f lu id  s t a t e .  A s t r a ig h t  edge was produced by 

a lig n in g  th e  fae ce s  along th e  in te r fa c e  between th e  s l id e  and an o th e r 

h e ld  leng thw ise  a t  r i ^ t  ang les to  i t .  The smears were d r ie d  slow ly . 

Excess fa e c a l d e b ris  was removed, care  being  taken  to  leave  th e  edge 

f o r  exam ination i n t a c t .  S ta in in g  was c a r r ie d  out by th e  Z ieh l-N eelsen  

m ethod:- Z ieh l-N eelsen  ca rb o l fu ch s in  f o r  10 m inutes w ith  h e a tin g  to  

steam ing tw ice w ith in  t h a t  p e rio d ; d e c o lo u r is a tio n  w ith  a c id -a lc o h o l 

(70 p e r  c e n t , a lco h o l c o n ta in in g  5 p e r  c e n t ,  h y d roch lo ric  a c id )  fo r  

50 m inutes; washing in  tap  w ater fo llow ed by coun ter s ta in in g  f o r  

g- minute w ith  polychrom atic m ethylene b lue ; the  s l id e s  were washed 

in  tap  w ater and b lo t te d  d ry .

I t  was found th a t  d e c o lo u ris in g  w ith  a c id -a lc o h o l f o r  50 m inutes 

was e f f e c t iv e  in  reducing  th e  amount of a c id - f a s t  d e b ris  in  th e  

p re p a ra tio n . Pure c u ltu re s  of M. jo h n e i re ta in e d  t h e i r  a c id - f a s tn e s s  

f o r  much lo n g e r , w hile  sap rophy tic  a c id - f a s t  b a c i l l i  were l e s s



r e s i s ta n t  to  th e  e f f e c t  of a c id -a lc o h o l (unpublished o b s e rv a tio n s ) .

Every f i e l d  in  5 eras, of s t r a i ^ t  edge was examined under the  

^ / l2 "  o il-im m ersion  o b je c tiv e . The number of clumps (5 or more a c id -  

f a s t  b a c i l l i  in  c lo se  p roxim ity) of a c id - f a s t  b a c i l l i  and s in g le ,  

i s o la te d ,  a c id - f a s t  b a c i l l i  m easuring 0 .5 p  % 1- 2(1 w ith  rounded ends 

and p a r a l l e l  o r s l ig h t ly  bu lg ing  s id e s  and s ta in in g  a  b r ig h t m e ta ll ic  

red  was n o ted . A c id -fa s t o b je c ts  not f u l f i l l i n g  th ese  c r i t e r i a  were 

ig n o red . By exam ining an approxim ately  co n stan t number o f microscope 

f i e ld s  p e r sample (OBCA 500) > i t  was p o ss ib le  to  o b ta in  a  rough 

comparison betw een the  number o f a c id - f a s t  b a c te r ia  in  th e  faeces from 

time to  tim e .

The i s o la t io n  o f M» .johnei from t is s u e s

T issu es f o r  c u l tu ra l  exam ination were c o lle c te d  in  s t e r i l e

u n iv e rsa l b o t t l e s .  Whenever p o ss ib le  th e  m a te r ia l was c u ltu re d  on

th e  same day a s  the  animal was k i l l e d :  o therw ise i t  vms s to re d  a t

„10®C t i l l  re q u ire d .

A pooled sample o f i le o -c a e c a l  lymph nodes and th re e  o r fo u r  

p iec es  o f i n t e s t i n a l  mucosa tak en  from th e  term inal ileum  o r from 

a re a s  where le s io n s  were p re se n t was examined. The lymph nodes were 

f re e d  from f a t ,  flam ed in  a bunsen flame fo r  a  few seconds and 

m acerated in  a s t e r i l e  p e t r i  d ish . The mucous menbrane was washed 

in  w ater to  remove g ross d e b ris  and sep a ra ted  from th e  m uscular 

la y e r s .  About 2 gm. of th e  m acerated m a te r ia l and mucosal sc rap in g s  

were t r a n s fe r r e d  to  a  s t e r i l e  G r i f f i th  tube and ground in  10 m l. of 

0 .85 p e r  c e n t,  s t e r i l e  s a l in e  s o lu t io n . The re s u l t in g  suspension  

was t r a n s fe r r e d  to  a s t e r i l e  u n iv e rs a l  c o n ta in e r , an equal volume of



10 p e r  c e n t , o x a lic  a c id  s o lu t io n  added (Corper and Uyei, I 929) , and 

th e  c o n ta in e r  stood in  a  w a te r ba th  a t  57^8 f o r  50 m inu tes. The 

b o t t l e  was shaken f re q u e n tly  during  in cu b a tio n .

The suspension  was c e n tr ifu g e d  a t  5>000 r .p .m . f o r  50 m inu tes.

The supernatan t f l u id  was d isc a rd e d . Several p la tin u m -lo o p fu ls  of 

th e  sediment were spread th in ly  over the  su rface  o f th re e  s lo p e s  of 

Lovfenstein-Jensen medium m odified  w ith 1 p e r c e n t . w/v h e a t - k i l le d  

M. p h le i  (Cameron, 1956)* The c u ltu re s  were incubated  a e ro b ic a lly  

a t  37°G f o r  tw elve weeks, examined, and incubated  f o r  a  f u r th e r  fo u r 

weeks when th e y  were re-exam ined and d isc a rd e d . The slopes were 

examined fo r  sm all, r a i s e d ,  g rey ish -w h ite , rough c o lo n ie s  o f a c id -  

f a s t  b a c i l l i .  When such colonies, were seen  th ey  were su b cu ltu red  

onto L ow enstein-Jensen medium and 4 p e r  c e n t , g ly c e ro l ag ar which 

were incubated  a t  37^8 f o r  tw elve weeks and examined f re q u e n tly . 

C olonies o f a c id - f a s t  b a c i l l i  which m orpho log ica lly  resem bled M. johnei 

and which req u ire d  the grow th f a c to r  provided by M. p h le i  were reg a rd ­

ed as those  o f M. .johnei. W illiam s Smith (1954) has d isc u sse d  th e  

id e n t i f i c a t io n  o f M. .johnei on c u l tu ra l  grounds a lo n e . He concluded 

i t  was j u s t i f i e d ,  as T ay lo r (1952) produced c l in ic a l  d ise a se  in  

ca lv es  fo llow ing  th e  in o c u la tio n  o f a  random s e le c tio n  of s t r a in s  

recovered  du ring  a b a t to i r  su rveys.

B io lo g ic a l t e s t s  and th e  exam ination of c u l tu r a l  c h a r a c te r i s t i c s  

o f s t r a in s  o f a c id - f a s t  b a c te r ia  which d id  no t re q u ire  th e  growth 

f a c to r  were c a r r ie d  out and w i l l  be re p o rte d  on in  f u l l  i n  P a r t  I I I .

The is o la t io n  of M» jo h n e i from fa e c e s

Two gm. of f r e s h ly -c o l le c te d  r e c ta l  faeces were shaken up w ith



20 ml. of 0 .85  p e r  c e n t , s t e r i l e  s a l in e  so lu tio n  and f i l t e r e d  

through two la y e rs  of s t e r i l e  m uslin . The f i l t r a t e  was c e n tr ifu g e d  

a t  5,000  r .p .m . f o r  50 m inu tes, the  supernatan t d isc a rd e d , th e  

sediment t r a n s fe r r e d  to  a s t e r i l e  G r i f f i th  tube and ground, w ith  10 ml. 

of 0.85 p er c e n t, s t e r i l e  s a l in e  s o lu tio n . This suspension was 

allow ed to  stand fo r  20 m inutes and 10 m l. of the  supernatan t la y e r  

o f th e  suspension t r a n s fe r r e d  to  a u n iv e rsa l c o n ta in e r . i\n equal 

volume of 10 p e r c e n t, o x a lic  ac id  c o n ta in in g  0.02  p e r c e n t, m alach ite  

g reen  was added (Cameron, 1956). The m ixture was incubated  in  a 

w ater ba th  a t  57^0 fo r  50 m inutes and c en tr ifu g e d  th e r e a f te r  a t  

5 ,000  r .p .m . f o r  50 m inutes. The sediment was sown onto th e  su rface  

of sip: slopes o f m odified L ow enstein-Jensen medium and incubated  

a e ro b ic a lly  a t  57^0 fo r  s ix  months.

S t a t i s t i c a l  A n alysis  o f R esu lts

To determ ine i f  th e re  was a  s ig n if ic a n t  a s so c ia t io n  between
2

v a r ia b le s  the  s ig n if ic a n c e  of X was determ ined by c o n su ltin g

F is h e r 's ta b le s  f o r  n = 1 where "n" i s  th e  number o f degree o f f r e e -  
2

dom. I f  X was equal to  or g re a te r  th an  5*841 the  a s s o c ia t io n  was 

s ig n i f ic a n t .

R esu lts

The r e s u l t s  which a re  p resen ted  in  Tables 1 - 5  ®'re d esc rib ed  

under th e  fo llo w in g  head ings.

* R ef. S t a t i s t i c a l  Methods fo r  Research Workers. R. A, F ish e r . 
10th  Ed. O liv er  & Boyd, Edinburgh. 1948.

V



1 . .  Case number*

2 , B reed, Where c ro ss -b re d  anim als were encountered the case 

was assigned  to  the  predom inant breed  of th e  an im al.

5* Age. The age of each animal was e s tim a te d  by i t s  d e n ta l

form ula up to  fo u r  y ears  of age. I f  o ld e r  than  fo u r y e a rs  

th e  age was e s tim a te d  by re fe re n c e  to  th e  horn s t r u c tu r e ,  

i f  any. In  some cases  the age was ob tained  from the  

h is to ry  o f th e  c a s e . An animal was c la s s i f i e d  as aged i f  

over fo u r  y ears  and i f  no in d ic a t io n  o f i t s  age was a v a i la b le ,

4 . D ia rrh o ea . The number of days on which th e  presence of

d ia rrh o e a  was no ted  i s  g iven  in  th e  num erator. The number 

of days on which o b se rv a tio n s  of th e  fa e c e s  were made i s  

shown in  th e  denom inator.

5. Exam ination o f fae ce s  sm ears. The number of smears in  which

a c id - f a s t  b a c te r ia  were seen i s  g iven  in  the num erator.

The number of smears examined i s  given in  the  denom inator. ^

6 . Complement f ix a t io n  t e s t  r e s u l t s .  These a re  l i s t e d  a s  e i t h e r

p o s i t iv e  o r  n eg a tiv e  accord ing  to  th e  in te r p r e ta t io n  of the 

t e s t  a lre ad y  s ta te d .

7* Gross le s io n s .  These a re  l i s t e d  as p resen t or absent depend­

ing  on the  f in d in g  o r  f a i lu r e  to  f in d  th e  s p e c if ic  changes 

in  the  i n t e s t i n a l  w all w ith  th e  naked eye •

8 . Faeces c u ltu re  r e s u l t s .  These were c la s s i f i e d  as p o s i t iv e  

i f  M. .johnei was reco v ered , n eg a tiv e  i f  M, .1 ohnei not 

recovered , and contam inated  i f  a l l  th e  tubes in o cu la te d  were 

con tam inated .

The a b b re v ia tio n s  used  in  T ables 1 - 5  a re  shown on page 48»



TA3LE 1

Cases in  which M. jo h n e i was recovered from the i le o -c a e c a l  nodea
and which had clim ps o f a c id - fa s t  'b a c il l i  in  the fa e c e s  (25 cases)

Case
no* Breed Age 

in  years Diarrhoea Faeces
exam. C.P.T. Gross

le s io n s
Faeces
cu ltu re

U2 A 4 11
21

11
20 4"

R13 A 2 1
1

1
1 4- G

E4 A aged 1
4_

1
_ 3

H* —

G 21 A.A* aged 0
.  _ 4 .......

à
_ 4

H* 4- A.T..

G20 A 5 I
8

1
8

4, 4*

05 A Î
i
1 - -

05 A 1
_____ 5_...........

6
6 4-

02 A aged 8
_  XI .

11
16 H* 4*

158 A 4 i
12
12

11
12 •f 4- 4*

148 B.E. 2
2
2 *h 4*

142 A 4 2
2

1
1 + 4* 4*

127 H 2* 1
1

1
1 4- — 4*

126 A 6 1
. 5_..........

2
2 4“ 4* 4*

121 A aged 0
2

2
2 4" 4" +

107 A aged 2
2

2
2 4- 4- 4-

106 A aged 1
...................-5 _ .............................

1
. -3...

4- ■" "•h

96 A aged 1
1

1
1 + +

61 A aged 2
2

2
2 4' 4' 4*

80 A aged 1
1

1
1 4- 4*

78 A aged 2
2

2
2 4- 4-

65 S aged 1
1

1
1 4-

55 Ù 15
1

11 11 + 4-

51 G 54- i
1

1
Î 4- 4*

17 A aged 2
12

12
12 4* 4-

25 G aged 4* '



. TiBLE 2

Cases in  which M» .johnei was recovered  from the i le o -o a e c a l  nodes
and which had s in g le  a c id - fa s t  baciüT i in  t h e ^ a ^ e s  (50 o a ses)"

Case
no. Breed

.

Age 
in  y ears D iarrhoea Faeces

exam. C.F.T, Gross
le s io n s

Faeces
c u ltu re

v a i W aged Î
i

I . . . . .  I .............

"

E16 A 3 1
1
1 +

G50 A aged 1
1
1 —

G22 A aged I
1
1 -

Gil A aged Î
1
1 + 4-

CI7 A 3
1
1

1
Î ■4* 4* 4

C12 A 2 1
1
T -

C ll Gu. aged
- .............. 3 _ _

2
J ...............

4- -

CIO A 2 2
2

2
2 “■ 4'

G4 S aged 1
1

2
2 «

Cl J aged
5

1
1 -

155 A aged 1
2

2
2 4* 4

153 A aged 1
3..

1
.........

4“ -

147 G aged i
1

1
1

4. 4"

151 A 3 i
4 _____________

2
2 4- 4- 4

125 S aged 1
i
1 4- " -

111 A aged Î
1
1 — - -

105 A aged 2
2

1
2 4- - -

101 A aged 2
2

2
2 4- 4

-

94 A aged 2
1
2 - -

89 J aged 1
2

1
2

4 4

87 : 
.

A aged
2

2
-



TABLE 2 (c o n ta .)

Case
no. Breed .Age 

in  y ears D iarrhoea Faeces
exam. C.F.T. Gross

le s io n s
Faeces . 
c u ltu re

79 A aged 2
2

2
2 + 4-

67 A aged Î
1
Î - —

66 A aged Î
1
1

- -

6 0 A aged 1
1

1
1

4-

59 A aged 1  ; 
1

1
1

4-

54 A aged 1
1

i
1

+ 4-

42 A aged 7
1
7

4* 4

52 A aged 1
_7. .

1
____

4- 4-



TABLE 5

Gases in  which M, .johnei was recovered from the i le o -c a e c a l  nodes
and which had no a c id - fa s t  h a o i l l i  in  th e  fa e c e s  f l l  ca ses)

Case
no. Breed Age 

in  y ears D iarrhoea Faeces
exam. C.F.T, Gross

le s io n s
Faeces
c u ltu re

G20 A aged Î 1 "•

GI9 A aged Î 1 —

G18 A 2 1 1

C18 A 5
1
1 Î

4 - +

159 A aged 2
2 2

•f

130 A 2 2
3 Î - -

129 A aged 1I 3 .
4- -

112 A aged 2 2 + - -

91 A aged T 1 —

75 A aged 2 2 - -

27 A aged 1
1 Î 4* +



TABLE 4

Gases , in  which M. .johnei was not recovered from th e  i le o -c a e c a l
nodes "but which had s in g le  a c id - fa s t  b a c i l l i  in  th e fa e c e s

Case
no . Breed Age 

in  y ears D iarrhoea Faeces
exam. C.F.T. Gross 

le  s i  ons
Faeces
c u ltu re

va2 W 2 i 1
1
1 -

UlO A aged Î
1
1 -

Ü6 A aged T
1
1 -

U7 A aged Î
1
1 -

ÏÏ5 A aged 1
1
1 —

G28 A aged 1
1
Î -

G27 A aged 1
I
1 - -

G24 A aged 1
1
1 + - —

122 A 2 Î
1
1 -

103 A aged 2
2

2
2 - -

95 A aged 1
1
1 —

92 A aged 2
1

_____3
- —

06 A aged 1
1

1
T - -

71 A aged 2
3

2
_ 3 _ - -

60 A aged 1
1

1
1 + -

64 A aged Î
1
1 -

49 A aged Î
i
1

4 +

48 A aged 2
1
2

4 -

1 . A aged 11
_ i
11 + "



TABLE 5

Gases in  which M. .johnei was not recovered  from th e  i le o -c a e c a l 
nodes and in  # iic h  no acid-»fast B a c i l l i  were fom d in  the  faeces  

_  ' (122 oases)

Gross Eaeces 
le s io n s  cult-ore

Eaeces
exam.

Age 
in  y ears

Case
no. D iarrhoeaBreed

aged

G26 aged

G29 aged

G3I aged

aged

157 aged

aged

aged

Cl 5 aged

C16 aged

CI9 aged

GI3 aged

G12 aged

GI4 aged

GI5 aged

G16 aged

G23 aged

G21 aged



TABLE 5 (oon td .)

Case
no. Breed Age 

in  y ea rs D iarrhoea Faeces
exam. G.F.T.

-----
Gross

le s io n s
Faeces
c u ltu re

G17 A aged 1 1

G35 A aged Ï 1 -

G34 A aged 1 1 -

G35 A aged 1 1
G36 A aged 2 2 -

149 A aged Î Î

151 A aged 2 2 + "

152 A aged 2 2 H- “

63 A aged T Î -

A aged 5 . 5 .....
- -

30 A aged 8 8 -

29 A aged 2 2 . — —

28 A aged i
- ....

-

46 A aged 1
2 2 - —

45 A aged T 1 - —

44 A aged 2
Î — — j

51 A aged T 1 -

50 A aged 1 1 — 1

61 A aged 1 Î - 1

62 A aged 1 1 —

59 B.E. aged Î 1 !

58 A aged 1 T — ;

57 A aged 1 Î — — 1

56 A 6 1 Î Ï — - 1



TABLE 5 (co n td .)

Gross 
le  s i  ons

Age 
in  y ea rs

Eaeoe
exam

Case
no. Breed D iarrhoea

aged

aged

aged

aged

aged

aged

aged

aged

aged

aged

aged

aged

aged

82 aged

aged

aged

aged

aged

aged

aged

aged

aged

100 aged



TABLE 5 (c o n td .)

Age 
in  y e a rs

Case
no#

Gross
le s io n s

Faeces
exam*

Faeces
c u ltu reBreed D iarrhoea

102 aged

104 aged

108 aged

109 A.A aged

110 aged

aged

114 aged

115 aged

aged

145 aged

146 aged

116 aged

117 aged

118 aged

119

120 aged

124 aged

128

aged

134 aged

aged

aged



TABM 5 (c o n td .)

Gross
le s io n s

Faeces
c u ltu re

Age 
in  y ea rs

Case
no* D iarrhoeaBreed

137

aged140

143 aged

141 aged

144 aged

200

201 aged

202

aged

aged

aged

R2 aged

El

aged

204 aged

aged

aged

U ll aged

TJ12 aged

U92 aged

aged



TABLE 5 (co n td .)

Case
no. Breed Age 

in  y ea rs D iarrhoea Faeces
exam. C .F.T. Gross

le s io n s
Faeces
c u ltu re

U94 B.F. aged 1 Î -

W14 ” W •V.. aged T Ï -

W15 w aged 2 2 + - -

205 A aged Î 1 —

A bbrev ia tions used in  Tables 1 - 5

4- = p re se n t or p o s i t iv e  

-  = absen t o r n eg a tiv e  

no r e s u l t  = exam ination or t e s t  not done

A.T* = av ian  tu b e rc le  b a c i l l i  recovered  

C = contam inated

A = A yrshire

Gu. = Guernsey

S = Shorthorn

B.F, M B r i t i s h  F r ie s ia n

H « H i^ la n d

G = Galloway

A.A. = Aberdeen-Angus

J  = Je rse y

W = Wild White



In  Tables 1 - 5  a,re p re sen te d  d a ta  ob ta ined  from a n te -  and 

post-m ortem  exam inations of m a te r ia l from 207 w asting  c a t t l e .  The 

r e s u l t s  a re  analysed  in  T ables 6 - 1 9 *

The i s o la t io n  of M. .johnei from th e  t i s s u e s  o f w asting  c a t t l e

Table 6 . The i s o la t io n  o f  M. .johnei from w asting  c a t t l e

T o ta l number o f c a t t l e  examined = 20%

Number of c a se s  from which M. johnei i s o la te d  = 66 (51 .8^)

Number of cases  from which M. .johnei no t is o la te d  = I 4I  (68 .2^)

From Table 6 i t  w il l  be seen  th a t  M. .johnei was recovered  from 

the  pooled samples o f i le o -c a e c a l  node and terminal, i l e a l  mucosa in  

66 (51 ,8^^) of 207 c a t t l e  examined. M. tu b e rc u lo s is  v a r .  avium was 

i s o la te d  from the  t i s s u e s  of one case ; an  incidence  of O.48  p e r cen t

The m icro scop ica l exam ination o f fa e c a l smears from 66 cases from 
whose t i s s u e s  M. .johnei was is o la te d

Table 7• The m icroscop ical exam ination o f fa e c a l smears from 66 
cases from whose t i s s u e s  M. johnei was is o la te d

No. o f cases p o s i t iv e  on c u ltu re  = 66

No. o f cases  in  which clumps of a c id - f a s t  b a c i l l i  seen in  fa e c e s
= 25 (37 . 7/»)

No. o f cases  in  which only s in g le  a c id - f a s t  b a c i l l i  seen in  fa e c e s
= 30 (45.4/0

No. o f cases in  which no a c id - f a s t  b a c i l l i  seen in  fae ce s
= 11 (1 6 .9/)

From Table 7 i t  w i l l  be seen th a t  in  25 of th e  66 c u l tu r a l ly

p o s i t iv e  cases clumps of a c id - f a s t  b a c i l l i  were found on a t  l e a s t  one



occasion  on m icro scop ica l exa,mination of th e  faeces  (Table l ) .

There were 30 c a se s  from th e  t i s s u e s  of which M. .johnei was c u ltu re d , 

On exam ination o f the fae ce s  of th e s e , th e re  were found only i s o la te d  

a c id - f a s t  b a c i l l i  m orpho log ica lly  resem bling M, .johnei and a t  no 

tim e clumps of a c id - f a s t  b a c i l l i .  These cases  a re  l i s t e d  in  Table 

2 . Of the  66 cases  which y ie ld e d  i s o la t e s  o f M. .johnei from t h e i r  

t i s s u e s  th e re  were 11 in  th e  faeces of which no a c id - f a s t  b a c i l l i  

could be found on rep e a te d  exam ination .

The m icroscop ical exam lnation of fa e c a l smears from 141 cases  from 
th e  t i s s u e s  of which M. .johnei was no t i s o la te d

Table 8 * The m ic ro sco p ica l exam ination of fa e c a l smears from 141 
cases  from th e  t is s u e s  of which M. .johnei was 

not i s o la te d

No. of cases n eg a tiv e  on c u ltu re  = I 4I

No. of cases in  which no a c id - f a s t  b a c i l l i  seen in  the fa e c e s  -  122

No. of cases in  which a c id - f a s t  b a c i l l i  seen in  the  faeces = I 9

The r e s u l t s  of m icro scop ica l exam ination of fa e c a l smears a re  

g iven  in  Table 8 . M. jo h n e i was not i s o la te d  from I 4I  of th e  207 

w asting c a t t l e  examined. Shown in  Table 4 a re  th e  19 cases  from 

which M. jo h n e i was not ob ta in ed  in  c u ltu re  bu t in  whose fa e c e s  a c id -  

f a s t  b a c i l l i  ( in  a l l  in s ta n c e s , i s o la te d  ones) were found on 

m icro sco p ica l exam ination .

One hundred and tw enty-tw o cases were n ega tive  on c u l tu r a l  examina­

t io n  and on m icroscop ical exam ination of th e  faeces (Table 5)* Some 

o f th e  c o n d itio n s  to  which th e  c l i n i c a l  s ta tu s  of these  anim als might 

be a t t r ib u te d  included  ch ron ic  m a s t i t i s ,  chronic pneumonia, mucosal



d is e a s e , trau m atic  g a s t r i t i s  and p e r i t o n i t i s ,  n e p h r i t i s ,  f a s c i o l i a s i s  

and lam eness.

The s ig n if ic a n c e  o f  the  f in d in g  of s in g le  a c id - f a s t  b a c i l l i  
r e s embling M. jo h n e i on m icro sco p ica l exam ination of fa e c e s 

from c l i n i c a l l y  su sp ic io u s  c a t t l e

Table 9* The c o rra l.a tio n  between th e  fin d in g  of s in g le  a c id - f a s t  
b a c i l l i  in  the  faeces  and th e  recovery  of M. .johnei 

from th e  t i s s u e s  of c l i n i c a l l y  su sp ic io u s c a t t l e

Ho. of cases from which M. .johnei was is o la te d  « 41

Ho. o f cases from which M» .johnei was not i s o la te d  = I 4I

Ho. o f cases in  whose faeces  s in g le  a c id - f a s t  b a c i l l i  p re se n t = 49

Ho. o f cases in  whose fae ce s  s in g le  a c id - f a s t  b a c i l l i  not p re s e n t = 155

Faeces r e s u l t C ultu re  r e s u l t

+

+ 50 19

- 11 122

X 5 7 . 5 1

4

As i s  shown in  Table 9? M. jo h n e i was recovered  from th e  pooled 

ile o -c a e c a l  lymph node and i n te s t i n a l  mucosa of 4I  cases and was not 

recovered  from th e  rem aining I 4I  c a se s . S ing le  a c id - f a s t  b a c i l l i  

were found in  a t  l e a s t  one of successive  fae ca l exam inations in  49 

anim als and were not found in  155* I f  clumps of th re e  o r more 

a c id - f a s t  b a c i l l i  were found on any occasion  th e  case was not used in



t h i s  in v e s t ig a t io n .  Of th e  4I  c u l tu r a l ly  p o s i t iv e  c a se s , 50 were

fae ce s  p o s i t iv ^ a n d  11 n e g a tiv e , w hile in  I 4I  c u l tu r a l ly  n eg a tiv e

cases 19 were faeces  p o s i t iv ^ a n d  122 faeces n e g a tiv e : ■
'  2As th e  value  ob tained  fo r  X was g re a te r  th an  5*B41> th e  c r i t i c a l  

2value  of X fo r  one degree of freedom , i t  was concluded th a t  th e re  

was a  s ig n i f ic a n t  r e la t io n s h ip  between th e  v a r ia b le s  i . e .  th e  r e s u l t  

o f faeces exam ination and c u ltu ra l  exam ination. T here fo re , in  the 

c a t t l e  examined, the  f in d in g  of s in g le  a c id - f a s t  b a c i l l i  in  th e  faeces 

in d ic a te d  th e  presence o f M. johnei in fe c t io n .

The m icroscopical exam ination o f fa e c e s  as a  d ia g n o s tic  method in
w asting  c a t t l e

Table 10. The exam ination o f th e  s ig n if ic a n c e  of th e  presence  
of a c id - f a s t  b a c i l l i  in  th e  faeces  of c l i n i c a l l y  

su sp ic io u s c a t t l e

Ho. of cases from which M. .johnei is o la te d  on c u ltu re

Ho. o f cases from which M. .johnei no t i s o la te d  on c u ltu re

Ho. of c a se s  in  which faeces  t e s t  p o s it iv e

Ho. of cases  in  which fae ce s  t e s t  n eg a tiv e

66

141

74

135

Faeces t e s t C u ltu re r e s u l t  ,

4- —

4- 55 19

— 11 122

= 141.4
& { ' à!



As a r e s u lt  o f th e  f in d in g  th at s in g le  a c id - fa s t  b a c i l l i  in

the  faeces o f c l i n i c a l l y  su sp ic io u s  c a t t l e  were of d ia g n o s tic

s ig n if ic a n c e  in  th e  d e te c tio n  of M. .johnei in fe c tio n , exam ination

o f th e  faeces was regarded  as p o s i t iv e  i f  a c id - f a s t  b a c i l l i ,  e i th e r

s in g ly  o r in  clumps, were found in  the fa e c e s . Exam inations were

made on 207 c a t t l e .  The f in d in g s  are  shown in  Table 10. M, johnei

was is o la te d  in  c u ltu re  of th e  t is s u e s  of 66 c a se s , of which 55 were

faeces  p o s i t iv e  and 11 n e g a tiv e . n in e teen  o f the I 4I  c u l tu r a l ly

neg ativ e  cases were faeces  p o s i t iv e .
2

As th e  value  ob tained  f o r  X was g rea .te r than 5 .84I ,  the  
2c r i t i c a l  value o f X f o r  one degree of freedom , i t  was concluded th a t  

th e  f in d in g  of a c id - f a s t  b a c i l l i  s in g ly  o r in  clumps, on m icroscop ica l 

exam ination o f th e  fa e c e s  was d ia g n o s tic  o f M. .johnei in f e c t io n  in  the 

w asting  c a t t l e  examined.

The accuracy o f  th e  m icroscop ica l exam ination of fa e c e s  a s  a 
d ia g n o s tic  t e s t  fo r  Johne*s d isease

Table 11. M icroscop ical exam ination o f faeces smears from 207
w asting  c a t t l e

M icroscopic 
exam inati on 

1 o f faeces

C ultu re -fve C ultu re -ve

Faeces
4ve

(clumps)

Faeces
4ve

(s in g le s )
Faeces

-ve T o ta l Faeces
4ve

Faeces
“Ve T o ta l

Ho. of 
exam inations 124 54 16 194 55 217 252

Ho. tveL  .

106
(85^)

40
' ( 71 . 4^ )

— 146
(75. 2^)

25
(66A

— 25
(9/»)

The r e s u l t s  o f th e  m icroscop ical exam ination of fa e c e s  a re  shown 

in  Table 11. Of 194 exam inations on the  fa e c e s  of 66 M, jo h n e i



in fe c te d  c a t t l e ,  I 46 were p o s i t iv e  i . e .  e i th e r  clumps o r i s o la te d  a c id -  

f a s t  b a c i l l i  were found on m icro scop ica l exam ination of fa e c a l sm ears. 

Of 252 samples from n o n -in fec te d  w asting c a t t l e ,  25 (9^) were p o s i t iv e .

I t  was th e re fo re  p o ss ib le  to  diagnose M. .johnei in f e c t io n  in  

75*2^ of th e  smears from in fe c te d  w asting c a t t l e .  S ing le  a c id - f a s t  

b a c i l l i  were found in  9/  ̂ o f smears from c u l tu r a l ly  n eg a tiv e  c a t t l e .

T his i s  a measure of the  n o n -s p e c if ic i ty  o f the  t e s t  under th e  

circum stances d e sc rib e d .

The comulement f ix a t io n  t e s t  as a  d ia g n o s tic  t e s t  in  c a t t l e  su spec ted  
on c l i n i c a l  grounds of having «Johne*s d ise a se

Table 12. T1 f ix a t io n  t e s t  on se ra  from 130 was tins: 
c a t t l e

C ulture tv e C ultu re  -ve

C .F.T. Faeces
-tve

(clumps)

Faeces
tve

( s in g le s )
Faeces

-ve T o ta l Faeces
+ve

Faeces 
—ve T o ta l

tv e 24 .
i (9Sfo)

15
(68 . 57»)

5
(72A

44^^
(81. 5 ^ (5 W

27
(40 . 9/")

52 /■
(42.17»),

-ve
(4A

7
(31 . 5/»)

2
(28“/()

10
(18.5^)

5
(5W)

39 
(59 . l A

44
(59. 9/»)

Table 12a, The s ig n if ic a n c e  of the  C .F .T . as a d ia g n o s tic  t e s t  in
"^ic io^us c a t t l e  (150 c a se 3 )

ho. o f cases from which M. .johnei recovered  in  c u ltu re  -  54

No. o f cases from which M. .johnei no t recovered  in  c u ltu re  = 76

No. o f cases in  which C .F .T , tv e  = ’JS
No. o f cases in  which C .F .T . -ve -  54



J J

C .F.T . r e s u l t C ulture r e s u l t

-1- —

t 44 52

- 10 44

X = 20.15

The f in d in g s  a re  g iven in  T ables 12 and 1&& Of 54 cases

from vfhioh .johnei was recovered  in  c u ltu re  44 were p o s i t iv e  to  the

t e s t  and 10 were n e g a tiv e . Of 76 c u l tu r a l ly  negative  cases 32 were
2

p o s i t iv e  to  th e  t e s t  while 44 were n e g a tiv e . As the  value f o r  X

(20 .15 ) was g re a te r  than. 3*841, th e  c r i t i c a l  value f o r  one degree of

freedom i t  i s  concluded th a t  th e re  i s  a  s ig n if ic a n t  r e la t io n s h ip  

between the  complement f ix a t io n  t e s t  r e s u l t s  and th e  reco v eiy  of 

M. ;iohnei from th e  t is s u e s  of th e  w asting c a t t l e  examined.

F o rty -fo u r (81.5/^) o f th e  54 c u l tu r a l ly  p o s it iv e  cases were

p o s i t iv e  to  th e  complement f ix a t io n  t e s t ,  w hile of 25 cases which had

clumps of a c id - f a s t  b a c i l l i  in  t h e i r  fae ce s  24 (96^) gave a p o s i t iv e

C.F.T, The t e s t  i s  th e re fo re  an accu ra te  one f o r  determ in ing  the 

presence of M. .johnei in fe c t io n  in .w a stin g  c a t t l e .  On the  o th e r  

hand, the  t e s t  was p o s i t iv e  in  32 (42 . 1^ ) o f  78 w asting c a t t l e  from 

which M. .johnei was not recovered .



The aiËTe o f c a t t l e  e x h ib it in g  w asting due to  M. .1 ohnei in fe c tio n

Table 13* The incidence  o f  M. .johnei in fe c tio n  in  r e l a t io n
to  the  age of w asting c a t t l e

C ulture 4ve C ultu re -ve

Age ' Faeces
*î-ve

(clumps)

Faeces
4ve

(s in g le s )
Faeces

-ve T otal Faeces
4-ve

Faeces
-ve T o ta l

5 2 2 9 2 9 112 - 3 (20/») (6 .7 / ) (1 8 /) (1 3 .6 /) (10 . 57») (7 . 4/ ) (7 . 8/ )
2 5 1 6 2 2

5 “ 4 (8 /) (10 /) (9 /) (9 . 1/ ) (1 . 6/ ) (1 . 4/ )
over 4 18 25 8 51 17 111 128
(aged) (72 /) (8 5 .3 /) (7 3 /) (77 . 37») (8 9 .5 /) (91/ ) (90 . 8/ )

The d i s t i lb u t io n  of M. johnei in fe c t io n  in  r e l a t io n  to age i s  shown 

in  Table 15* With re fe re n c e  to  th e  c a t t l e  from which M. .johnei was 

recovered  in  c u l tu r e ,  51 (77*5^) were over four y e a rs  o f  age, s ix  were 

between th re e  and fo u r  and n ine  were between two and th re e  y e a rs  o f age. 

Of the  c a t t l e  which were c u l tu r a l ly  n e g a tiv e , 128 (90.8%) were over 

fo u r y ea rs  of age, two were between th re e  and fo u r  and 11 v/ere between 

two and th re e  y ears  o f age.

To see whether th e re  was a  s ig n if ic a n t  r e la t io n s h ip  between age 

and th e  presence  o r absence o f M. .johnei in fe c tio n  as d e te m in e d  by 

c u l tu ra l  methods, th e  inc idence  of in fe c tio n  in  c a t t l e  over and under 

fou r y e a rs  of age was compared s t a t i s t i c a l l y .

Table 14* S t a t i s t i c a l  comparison of th e  incidence  of M. .johnei 
in f e c t io n  in  c a t t l e  under and over 4 y ears  of age

C ulture r e s u l t

M. .johnei recovered M, .1 ohnei not recovered

over 4 y ea rs  old. 51 128
under 4 y ears  o ld 15 15

X = 7*01



Since X = 7.01 and i s  g re a te r  th an  5*841, th e  c r i t i c a l  

s ig n if ic a n c e  value when n = 1, i t  i s  concluded th a t  th e re  i s  a  

s ig n i f ic a n t  r e la t io n s h ip  between th e  v a r ia b le s .  For the  w asting 

c a t t l e  examined, M. .johnei in fe c tio n  was more l ik e ly  to  occur in  

c a t t l e  under fo u r  y ea rs  o f age. Wasting c a t t l e  over fo u r  y e a rs  of 

age were more l ik e ly  to  be f re e  from M. .johnei in fe c tio n .

The incidence  of d ia rrh o e a  in  w asting  c a ,ttle  in fe c te d  w ith  M. .johnei 
and a com parison of th e  incidence  w ith  th a t  in  n o n -in f ec ted  c a t t l e

w asting  due to  o th e r  causes

Table 15* The in c id en ce  of d ia rrh o e a  in  r e la t io n  to
in fe c tio n  in  w asting c a t t l e

.johnei

D iarrhoea

C ultu re +ve C ultu re  -ve

Faeces
-+ve

(clumps)

Faeces
4ve

(s in g le s )
Faeces

-ve T o ta l Faeces
-Hve

Faeces
-ve T o ta l

P resen t 21 16 5 42 5 15 20
(84?») (55. 3/ ) (45 . 5/0 (65 . 6/ ) (26 . 5/») (4 . 5/ ) (14 . 5/ )

Absent 4 14 6 24 14 107 121

(16/») (46 . 7/ ) (64 . 6/ ) (36 . 4/ ) (73 . 7/») (9 5 .5 /) (85. 5/ )

The r e s u l t s  a re  shown in  Table 15* Of 66 wasting- c a t t l e  from which 

M» .johnei was i s o la te d  in  c u l tu r e , d ia rrh o e a  was p re sen t on a t  l e a s t  one 

occasion in  42 (65.6A  c a se s . Yi/here clumps of a c id - f a s t  b a c i l l i  were 

found in  the  fa e c e s  on m icroscopical exam ination of faeca l sm ears, 

d ia rrh o e a  was noted a t  one or more observations in  21 (84^) o f th e se  

cases : d ia rrh o e a  was p re se n t in  about 5^ p e r c e n t, of those  whose

faeces  showed only  s in g le  a c id - f a s t  b a c i l l i  on m icroscop ical exam ination 

of sm ears. Of I 4I  w asting  c a t t l e  from which M. jo h n e i was no t



i s o la te d  in  c u ltu re  d ia rrh o e a  was p re se n t on a t  l e a s t  one o b se rv a tio n  

of th e  varying' number made in  20 (14*5/ )  c ase s .

Table 16. S t a t i s t i c a l  comparison o f the  inc idence  of M. johnei 
in fe c tio n  and the  inc idence  o f  d ia rrh o e a  in  207

C ultu re  r e s u l t

M. jo h n e i recovered M. johnei not recovered

TPresent 42 20
D iarrhoeas

[Absent 24 121

X = 50.82
2

Since the val.ue fo r  X was s ig n if ic a n t  fo r  n " 1 , i t  i s  con­

cluded t h a t , fo r  th e  c a t t l e  examined, d ia rrh o ea  was more l ik e ly  to  

occur in  th e  M. .johnei infeO ted  c a t t l e  than  in  c a t t l e  from which 

M. .johnei was not i s o la te d  in  c u l tu r e .

The presence of ïsions o f Johne ' s d isease  i n  the
a lim en tary  t r a c t  o f 207 w asting  c a t t le

Table 17* The inc idence  o f macroscopic  le s io n s  i n  the
in te s t in e s c a t t l e

Macroscopic 
le s io n s

P re se n t

Absent

Faeces
-h/e

(clumps)

21
(84 /)

4(16/)

C ultu re  -Hve

Faeces
-fve

(s in g le s )

15
(50 /) 

15

C ultu re  -ve

Faeces 
ve

Faeces 
veT otal T otal

(4 5 .W  (9 4 .5 /) (9 7 .8 /)(9 8 .4 /)
9

(89/)

The changes in  the  i n te s t i n a l  w all in  one case  in  th i s  s e r ie s  were 
d escrib ed  as "d o u b tfu l" .



The f in d in g s  a re  ta b u la te d  in  Table 17* Maoroscopic le s io n s  of 

Johne’ s d isease  were p re se n t in  th e  a lim en tary  t r a c t  o f 57 (5̂ *9%) 
of th e  w asting  c a t t l e  from which M. jo h n e i was i s o la te d  in  .c u ltu re .

In  those  cases where clumps of a c id - f a s t  b a c i l l i ,  s in g le  a c id - f a s t  

b a c i l l i  and no a c id - f a s t  b a c i l l i  were found on m icroscopical examina­

t io n  of the fa e c e s , 8 4 /@ 50/  and l l /  r e s p e c tiv e ly  had v i s ib le  le s io n s  

o f th e  i n t e s t i n a l  w a ll. Of I 4I  c a t t l e  from which M. johnei was not 

i s o la te d  in  c u ltu re  of th e  i le o -c a e c a l  nodes and in te s t in e s ,  

macroscopic le s io n s  which were thought to  be ty p ic a l of th o se  of 

Jo h n e 's  d ise a se  were found on th re e  occasions*

The recovery  of M. johnei from fo e tu ses

Table 18. The recovery  o f M. johnei in  c u ltu re  
from fo e tu se s  from c l in ic a l  cases o f 

Jo h n e 's  d ise ase

I s o la t io n  from 
fo e tu se s

Dam' 8 
faeces dve 

clumps

Dam' 8 
faeces dve 

s in g le s
T o ta l

Ho. examined 7 2 9

Ho. d-ve 5 1 4

The r e s u l t s  a re  shown in  Table 18. The fo e tu ses  were from 

n ine  pregnant cows which were c l in ic a l  cases  of Jo h n e 's  d is e a s e .

M. johnei was i s o la te d  from fo u r  fo e tu s e s , th re e  o f which were from 

dams whose faeces  contained  clumps o f a c id - f a s t  b a c i l l i  and one of 

which was from a dam in  th e  faeces  of which th e re  were only  s in g le  

a c id - f a s t  b a c i l l i  as deteim ined by m icroscop ica l exam ination of 

sm ears.



The i s o la t io n  o f M. .johnei from fa e c e s

Table 19. The i s o la t io n  of M. johnei from fae ce s

C ultu re d-ve C ultu re  -ve
Faeces
c u ltu re Faeces

4ve
(clumps)

Faeces
dve

(s in g le s )
Faeces

-ve T o ta l Faeces
4ve

Faeces
-ve T otal

No. of 
samples 11 6 2 19 21 21

No. dve 9 2 1
, ....................................^

12 - —

The r e s u l t s  a re  g iven  in  Table 19# M, johnei was not c u ltu re d  

from th e  faeces  o f 21 c a t t l e  whose t i s s u e  f a i l e d  to  y ie ld  M. johnei 

in  c u l tu re .  Of 19 c u l tu r a l ly  p o s i t iv e  c a t t l e ,  M. jo h n ei was 

i s o la te d  i n  c u ltu re  from th e  fae ce s  of 12 c a t t l e .  Of 11 samples in  

which th e re  were clumps of a c id - f a s t  b a c i l l i  on m icroscop ical 

exam ination n ine were p o s i t iv e  c u l tu r a l ly ;  of s ix  samples c o n ta in in g  

s in g le  a c id - f a s t  b a c i l l i  two were p o s i t iv e .  M» johnei was recovered  

in  c u ltu re  from one of two samples from c u l tu r a l ly  p o s i t iv e  c a t t l e  

in  the  faeces  of # i ic h  no a c id - f a s t  b a c i l l i  were seen .



D iscu ss io n

The f a c t  th a t  M. .johnei was c u ltu re d  from 66 ($1 per c e n t . )  of 

207 a d u lt  w asting  c a t t l e  does no t in d ic a te  th a t  th e  in f e c t io n  r a t e  i s  

51 p e r  c e n t•, s in ce  a number o f th e  c a t t l e  examined were s p e c i f ic a l ly  

chosen because o f t h e i r  h is to r y  o f coming from M. jo h n e i in fe c te d  

h e rd s . N ev erth e le ss , th e re  was every in d ic a t io n  th a t  Jo h n e 's  d ise a se  

i s  an im portant cause of w asting  and th e re fo re  of economic lo s s  among 

a d u lt  c a t t l e  in  Southwest S co tland .

Due to  the f a c t  th a t  th e  period  of o b se rv a tio n  o f each case 

v a r ie d , i t  was not p o ss ib le  t o  examine a co n stan t number of samples 

from each b u t , from the  l im ite d  numbers of h is to lo g ic a l  re p o r ts  a v a i l ­

a b le , th e re  a re  adequate grounds fo r  b e lie v in g  th a t  a f a i r l y  a ccu ra te  

c la s s i f i c a t io n  on th e  r e s u l t s  o f th e  faeces exam ination was p o s s ib le ,

i . e .  th e  se p a ra tio n  of th o se  cases  in  which clumps of a c id - f a s t  

b a c i l l i  were noted on a t  l e a s t  one exam ination of faeces from those  

in  which only s in g le  a c id - f a s t  b a c i l l i  but never clumps were found 

on one or more o ccasions.

In  25 of th e  66 c a t t l e  from which M. johnei was i s o la te d  in  

c u l tu r e ,  clumps of a c id - f a s t  b a c i l l i  were found on m icroscop ica l 

exam ination o f fa e c a l smears on a t  l e a s t  one occasion . H is to lo g ic a l  

exam ination of th e  i n t e s t i n a l  mucosa confirm ed th e  p resence of 

Jo h n e 's  d isease  in  every in s ta n c e . M icroscopical exam ination of 

Z ieh l-N eelsen  s ta in e d  se c tio n s  rev ea led  the  presence of m icro­

co lo n ies  of M, jo h n e i in  th e se  le s io n s  (Cunningham, 1958)* Severe 

w asting  and d ia rrh o e a  was a  fe a tu re  o f most of the  cases in  t h i s  

s e r i e s .  Severa l qu ick ly  became recumbent and were d estro y ed . No 

case o f improvement o th e r th a n  o f a  p u re ly  temporary n a tu re  was



noted  and i t  i s  considered  th a t  eveiy case  in  t h i s  s e r ie s  would have 

had a f a t a l  t a m in a t io n .

There were $0 c a t t l e  from the t is s u e s  of "which M. j  ohne i  was 

c u ltu re d  and exam ination of fa e c e s  showed the  presence only of 

s in g ly  d isposed  a c id - f a s t  b a c i l l i  m orpholog ically  resem bling M. jo h n e i . 

H is to lo g ic a l exam ination of "the in te s t in e s  showed th a t  is o la te d  

i n t r a c e l lu l a r  a c id - f a s t  b a c i l l i  were p resen t in  the  le s io n s  and t h a t  

m ic ro -co lon ies  of a c id - f a s t  b a c i l l i  were an excep tional f in d in g  

(Cunningham, I 958) .  Some cases in  th i s  s e r ie s  (Table 2) were as 

se v e re ly  a ffe c te d  c l i n i c a l l y  as those d esc rib ed  in  Table 1 , w hile 

o th e rs  were e x h ib it in g  s u f f ic ie n t  w asting  to  be included  in  t h i s  

in v e s tig a t io n  b u t no o th e r  s p e c if ic  s ig n s  of Jo h n e 's  d is e a s e . The 

f a c t  th a t  some of th e  l a t t e r  might have recovered cannot be igno red .

M. johnei was not i s o la te d  from I 4I  of th e  207 c a t t l e  examined. 

T his does not prove th a t  th ey  were in  f a c t  f re e  from M. john e i  

in fe c t io n .  The sam pling and c u l tu ra l  techn iques used have known 

in ad eq u ac ies , whereby sm all numbers of M. johnei may be m issed.

The s i t e s  chosen fo r  c u l tu r a l  exam ination, namely th e  i le o -c a e c a l  

lymph nodes and i l e a l  mucosa were those  t h o u ^ t  most l ik e ly  to  be 

in fe c te d  in  connection  w ith s ig n i f ic a n t  le s io n s  o f th e  d is e a s e , 

a lthough  a w ider coverage of th e  m esen teric  nodes and i n te s t i n a l  

mucosa might have been of advantage. The recoveiy  of M. jo h n e i 

from th e  l iv e r ,  sp leen  and re tropharyngea l nodes and from no 

o th e r  s i t e  as rep o rted  by W illiam s Smith (1958)> of unknown 

s ig n if ic a n c e  in  th e  pa thogenesis  of Jo h n e 's  d ise a se .

I t  was decided to  use  a s  the  t e s t  of the  accuracy of the  

d iag n o s tic  techn iques th e  recoveiy  of M. johnei from th e  t i s s u e s .



Tihile t h i s  might mean th a t  a number of what were regarded  a s  p o s i t iv e  

cases were not w asting  due to  M» .johnei in fe c t io n  but were symptomless 

c a r r i e r s  of M. johne i and w asting  due to  some undeterm ined cause , i t  

would r e s u l t  in  th e  e f f ic ie n c y  of th e  techn iques being  a sse ssed  by 

the  most r ig o ro u s  c r i t e r io n  i . e .  the a b i l i t y  to  d e te c t M. jo linei 

in fe c t io n ,  not Jo h n e 's  d is e a s e .

The s ig n if ic a n c e  of the  f in d in g  of s in g le  a c id - f a s t  b a c i l l i  in  

th e  faeces has been d iscoun ted  by most w orkers, a lthough , in  examin­

in g  faeces samples from c l in i c a l l y  su sp ic io u s c a t t l e ,  some au th o rs  

(Doyle and S pears , 1951; S o lty s , 1951) c la s s i f i e d  th o se  sam ples in  

which they found s in g le  a c id - f a s t  b a c i l l i  as " su sp ic io u s" . This 

would imply th a t  the  f in d in g  of such b a c i l l i  might be o f s ig n if ic a n c e . 

The r e s u l t s  p resen te d  here  in d ic a te d  th a t  the f in d in g  of s in g le  

a c id - f a s t  b a c i l l i  was in d ic a t iv e  o f  th e  presence of Jo h n e 's  d ise a se  

in  th e  w asting  a d u lt c a t t l e  examined. At th e  time of sam pling , a l l  

th e  c a t t l e  examined were m aintained under th e  same c o n d itio n s . They 

were in  s t a l l s  or in d iv id u a l loose-boxes and were fed  on hay, concen­

t r a t e s  and w a te r. I t  may w ell be th a t  sap rophy tic  a c id - f a s t  b a c i l l i  

occur sp o ra d ic a lly  in  th e  fa e c e s  o f c a t t l e  kept under c ircum stances 

and on d ie t s  d i f f e r e n t  from those  d escrib ed  above. Rankin (195T) 

suggested  th a t  prolonged exam ination o f  fa e c a l smears co n ta in in g  

s in g le  a c id - f a s t  b a c i l l i  would, in  some c a se s , reveal clumps o f 

a c id - f a s t  b a c i l l i .  Prolonged exam ination of any one smear was not 

c a r r ie d  out i n  th e  s tu d ie s  d escrib ed  h e re , b u t exam ination of a 

s e r ie s  of samples from th e  same animal d id  no t confirm  th is  hypo­

th e s i s .  I t  i s  presumed th a t  s in g le  a c id - f a s t  b a c i l l i  appear in  the  

fae ce s  as a r e s u l t  o f a  shedding of in fe c te d  c e l l s  from th e  mucosa



in to  th e  i n te s t in a l  lumen. H is to lo g ic a l exam ination of the  mucosa 

supported t h i s  th eo ry . When s in g le  in tra o e l lu la ,r  b a c i l l i  were 

found in  th e  le s io n s  and s in g le  a c id - f a s t  b a c i l l i  in  fa e c a l sm ears, 

th e  f in d in g  of clumps o f a c id - f a s t  b a c i l l i  in  e i th e r  was veiy  un­

common. I t  has been considered  in  the p a s t th a t  only one th i r d  o f  

c l i n i c a l  cases o f Jo h n e 's  d ise a se  could be diagnosed on faeces  smear 

exam ination a t  any one exam ination. Of I 94 exam inations on th e  

faeces  of 66 M. johnei in fe c te d  c a t t l e ,  I 46 (75*2 p e r c e n t .)  were

p o s it iv e  ( i . e .  e i th e r  clumps o r is o la te d  a c id - f a s t  b a c i l l i  were found 

on m icroscopical exam ination o f fa e c a l sm ears). Of 252 faeces 

samples from I 4I  M. jo h n e i- f re e  w asting a d u lt c a t t l e ,  25 (9 p e r  c e n t .)  

were p o s i t iv e .  In  a l l  in s ta n c e s  only s in g le  a c id - fa s t  b a c i l l i  were 

found. This l a t t e r  f ig u re  i s  a  measure of the  n o n -s p e c if ic i ty  o f 

the  t e s t  assuming th e  accuracy of ihe post-mortem c u ltu ra l  examina­

t io n  to  be h igh . However, i t  i s  p o ss ib le  th a t  c u l tu ra l  exam ination 

f a i l e d  to  d e te c t in f e c t io n  in  some c a se s . The r e s u l t s  of h is to lo g ic a l  

exam ination might have been u se fu l in  th is  c o n te x t. The f ig u re s  

p resen ted  here  show th e  u se fu ln ess  of the  exam ination of th e  faeces 

from the  cases  c l i n i c a l l y  su sp ic io u s  of Jo h n e 's  d isease  examined, 

using th e  methods d esc rib ed .

U n fo rtu n a te ly , complement f ix a t io n  t e s t  r e s u l t s  were not a v a i l ­

ab le  f o r  a l l  th e  cases  in  the s e r i e s  of 207 bu t the r e s u l t s  ob tained  

in  those  examined in d ic a te d  t h a t ,  in  in fe c te d  an im als, th e  t e s t  was 

82 p e r  c e n t, a c c u ra te . Where anim als w ith clumps in  t h e i r  fae ce s  

were concerned, 98 p e r  c e n t , gave a p o s i t iv e  re a c tio n  to  the  t e s t .

Of the  22 cases which had s in g le  a c id - f a s t  b a c i l l i  in  the  faeces  

and le s s  advanced and, in  some c a se s , p u re ly  fo ca l le s io n s  I 5 

(68.5  p e r  c e n t .)  were p o s i t iv e  to  the  t e s t .  The f ig u re  o f 82 p e r



c e n t, accuracy in  confirm ing th e  presence of Jo h n e 's  d ise a se  i s  of 

the  same o rder as those  given hy Ranlcin (1958a) and Hole ( l9 5 8 h ).

The d ecreasin g  percen tage  of p o s i t iv e  r e s u l t s  w ith d ecreasing  ex te n t 

o f severe  le s io n s  a re  com patible w ith R ank in 's  o b se rv a tio n  th a t  a 

h igh  C .P, t i t r e  was a s so c ia te d  w ith  e x te n s iv e , advanced i n te s t i n a l  

l e s io n s .  Forty-tw o p e r  c e n t ,  of s e ra  from c a t t l e  from which

M. .johnei was not i s o la te d  were p o s i t iv e  according to the  i n t e r ­

p r e ta t io n  o f the  t e s t  used in  t h i s  la b o ra to ry . This may in d ic a te  

th a t  a p ro p o rtio n  o f th e  M. .johnei- f r e e  c a t t l e  came from in fe c te d  

herds and th a t  th e  p o s i t iv e  t i t r e s  were due to  p ast experience  of 

M* .johnei o r th a t  p o s i t iv e  t i t r e s  can r e s u l t  from in fe c t io n  w ith 

o th e r a c id - f a s t  b a c te r ia .  The v a l id i ty  of th e  in te r p r e ta t io n  of 

the  complement f ix a t io n  t e s t  used in  th e se  experim ents i . e .

0 - 2 5  p e r c e n t , haem olysis c la s s i f i e d  a s  p o s i t iv e ,  25 -  100 p e r 

c e n t, haem olysis c la s s e d  as n e g a tiv e , and th e  abandonment o f the  

in te rm e d ia te  c la s s i f i c a t io n s  of weak p o s i t iv e  and d o u b tfu l, may be 

open to  c r i t ic i s m .  I t  was t h o u ^ t  to  be j u s t i f i e d , however, 

because of the  d i f f i c u l t y  of r e l a t in g  th ese  in te im e d ia te  re a c t io n s  

to  the  recoveiy  o f  M. .johnei from th e  t i s s u e s ,  the  s e v e r i ty  o f le s io n s  

or p rev ious o r subsequent t e s t s  in  th e  same an im al. In  t h i s  work, 

the  complement f ix a t io n  t e s t  was perform ed on se ra  taken  im m ediately 

p r io r  to  post-m ortem  exam ination , th u s meeting a c r i t ic i s m  th a t  in  

p rev ious a ttem p ts  a t  e v a lu a tio n  o f  th e  t e s t  th e re  had o f te n  been 

c o n sid erab le  la p se s  o f  tim e between the t e s t  and post-mortem 

exam ination , during  # i ic h  time recovery  from in fe c tio n  w ith  M. johnei 

might have occu rred .

Due to  th e  d is p a r i iy  between th e  numbers o f  each breed  examined



and th e  preponderance of A yrsh ire  c a t t l e  in  the  s e r i e s ,  no comment 

can he made on b reed  s u s c e p t ib i l i t y .  A ll th e  common breeds found 

in  Southwest Scotland  were re p re se n te d .

As th e  m a jo rity  o f cases  were rec e iv e d  w ithout a  h is to ry  i t  was 

necessary  to  e s tim a te  the  age o f  each case by mea,ns of i t s  d e n ta l  

form ula up to  th re e  and a h a l f  to  fo u r  y ears  of age and by i t s  horn 

s tru c tu re  beyond t h a t .  Many o f th e  anim als were p o lle d . These were 

c la s s i f i e d  as aged i f  over fo u r y e a rs  o ld . Comparing th e  ages of 

c a t t l e  which were thought to  be w asting due to Jo h n e 's  d ise a se  w ith  

th e  ages of c a t t l e  thought to  be  f r e e  from M. jo h n e i in f e c t io n  th e re  

was a  s ig n i f ic a n t  tendency f o r  young a d u lt  c a t t l e  up to  fo u r y e a rs  old 

to  be in  th e  M. johnei in fe c te d  group, w hile th e  converse was t r u e  

f o r  c a t t l e  over fo u r  y e a rs  o ld . W asting in  aged c a t t l e  was more l ik e ­

ly  to  be due to a cause o th e r  than  Jo h n e 's  d is e a s e . The most common 

co n d itio n s found in  th e  o ld e r  c a t t l e  were chronic m a s t i t is  and chronic 

pneumonia. The age d i s t r ib u t io n  of Jo h n e 's  d isease  found in  the  

c a t t l e  examined confirm s th e  f i e l d  o b se rv a tio n  th a t  the  appearance of 

c l in i c a l  symptoms of Jo h n e 's  d ise a se  i s  o fte n  a s so c ia te d  w ith  th e  

second p a r tu r i t io n  which norm ally tak e s  p lace  a t  about th re e  and a 

h a l f  to  fo u r  y e a rs  o f age.

Forty-tw o (65*6 p e r  c e n t . )  of the  66 c a t t l e  from which M. jo h n e i 

was i s o la te d  in  c u ltu re  e x h ib ite d  d ia rrh o e a  on a t  l e a s t  one occasion  

du ring  the  p e rio d  of o b se rv a tio n  in  the  h o s p i ta l .  I t  was found 

th a t  l i t t l e  s t r e s s  as a  d ia g n o s tic  a id  could be p laced  on th e  co lo u r 

o f th e  fae ce s  or the  p resence  o f bubbles in  the  d ia rrh o e a . Only 

20 (l4*2 p e r  c e n t . )  of I 4I  c a t t l e  which were n eg a tiv e  f o r  M. jo h n e i 

on c u ltu re  had d ia rrh o e a  during  th e  period  of o b se rv a tio n . The most



common cause of d ia rrh o e a  in  th is  group was mucosal d isease*  These 

r e s u l t s  in d ic a te  th a t  Jo h n e 's  d ise a se  was th e  most im portant cause o f 

d ia rrh o e a  in  th e  c a t t l e  examined.

Where th e re  was severe  th ick en in g  of the w a lls  of both th e  sm all 

and la rg e  i n t e s t i n e s ,  i t  might have been p o ss ib le  to  have made a  

t e n ta t iv e  d iag n o s is  o f  the  presence o f Jo h n e 's  d ise a se  w ithout open­

in g  the  alim entaxy t r a c t  and in sp e c tin g  th e  mucosa, but in  most cases 

i t  was im possib le  to  d i f f e r e n t i a t e  th e  th icken ing  which occurred  in  

Jo h n e 's  d ise a se  from th e  th ic k en in g  which was a  fe a tu re  of many 

unopened in te s t in e s  f r e e  from Jo h n e 's  d is e a s e . The c r i t e r io n  fo r  

determ in ing  w hether th e  le s io n s  in  the  i n te s t in a l  w all were those  

o f  Jo h n e 's  d ise a se  was th e  f in d in g  of th ick en in g  of th e  mucous 

membrane w ith  permanent co rru g a tio n  and a roughening and f i s s u r in g  

of the  mucosa which can b e s t be d e sc rib ed  as having a g ran u la r  

appearance. These co rru g a tio n s  have been lik en ed  to  th e  convo lu tions 

on th e  b ra in  su rface  (Rankin, 1958h) and cannot be o b l i te r a te d  on 

g e n tle  s t r e tc h in g . Using th is  c r i t e r io n ,  what were considered  to  be 

, ty p ic a l le s io n s  were seen in  the  in te s t in e s  o f % p e r c e n t, of cases 

from which M. johnei was i s o la te d .  H is to lo g ic a l le s io n s  may be 

p re sen t in  th e  absence of macroscopic le s io n s  (Rankin, 1958b) 

and in  some cases  th e  m icroscopic le s io n s  may be ex tensive  (Cunning­

ham, 1958) .  The f a c t  th a t  in  c a t t l e  from inhich M. johnei  was 

i s o la te d  in  c u ltu re  and which had clumps of a c id - f a s t  b a c i l l i  in  

t h e i r  faeces  84 p e r c e n t, had le s io n s  v is ib le  to  th e  naked eye, 

w hile  in  c a t t l e  which were c u l tu r a l ly  p o s it iv e  but only had s in g le  

a c id -fs .s t b a c i l l i  in  the  fae ce s  only 5*̂  p e r  c e n t ,  had m acroscopic 

le s io n s ,  shows th a t  th e  l a t t e r  group, taken  as a  whole, may be in  a



l e s s  advanced s t a te  of th e  d ise a se . In  th e  absence of h i s to lo g ic a l  

r e s u l t s  the  s ig n if ic a n c e  of the  f in d in g  of le s io n s  in  c a t t l e  from 

which H. .johnei was not recovered  cannot be  d iscussed  s a t i s f a c to r i l y .  

However, th e re  i s  no reason  to  b e liev e  th a t  le s io n s  may not be 

p re se n t in  th e  absence of M. jo h n e i . This was found to  be th e  case 

in  sheep (Stamp and W att, 1954) * The d i f f i c u l ty  of i s o la t in g  in  

c u ltu re  some sheep s t r a in s  of M. jo h n e i makes p roper e v a lu a tio n  of 

th a t  f in d in g  d i f f i c u l t .

Of nine fo e tu se s  from dams a ffe c te d  w ith  Jo h n e 's  d is e a s e ,

I v l .  johnei was recovered  in  c u ltu re  from fo u r .  I t  i s  of i n t e r e s t  

th a t  M. johnei was i s o la te d  from  a fo e tu s  whose dam had only s in g le  

a c id - f a s t  b a c i l l i  in  i t s  fa e c e s  and in t e s t i n a l  mucosa and was th e r e ­

fo re  probably  in  a l e s s  advanced stage  of the d ise a se  b a c t e r id o g ic a l -  

ly  th an  those which had clumps of a c id - f a s t  b a c i l l i  in  t h e i r  t i s s u e s .  

C ongenital in f e c t io n  i s  p o te n t ia l ly  an im portant f a c to r  in  th e  

epidemiology of Jo h n e 's  d is e a s e . The consequences in  l a t e r  l i f e  of 

co n g en ita l in f e c t io n  a re  no t Icnown. At th e  p resen t s ta te  of Imow- 

led g e , i t  would seem to  be unwise fo r  th e  progeny of c a t t l e  in  th e  

c l in i c a l  stage  of th e  d ise a se  to  be kept in  a h e rd .

M. johnei was i s o la te d  i n  c u ltu re  from 12 of 19 iheces samples 

from in fe c te d  c a t t l e .  Of 11 samples in  which clumps o f a c id - f a s t  

b a c i l l i  were seen m ic ro sc o p ic a lly , M. jo h n e i was recovered  i n  n in e , 

but in  s ix  samples which had s in g le  a c id - f a s t  b a c i l l i  on m icroscop ica l 

exam ination , only  two were c u l tu r a l ly  p o s i t iv e . .  This in d ic a te s  e i th e r  

th a t  th e  techn iques used  were no t s e n s i t iv e  enough to  reco v er sm all 

numbers of a c id - f a s t  b a c i l l i  from the  faeces  or th a t  many of the  s in g le  

a c id - f a s t  b a c i l l i  seen in  faeces  samples were not v ia b le .  I t  i s



notew orthy th a t  no sap rophy tic  a c id - f a s t  b a c i l l i  were i s o la te d  from 

any o f th e  faeces samples or from th e  t is s u e s  of the  207 c a t t l e  

examined. Avian tu b e rc le  b a c i l l i  were i s o la te d  on two o ccasio n s . 

T his f in d in g  w i l l  be rep o rte d  on in  f u l l  and d iscu ssed  in  P a r t I I I*

I t  i s  p o s tu la te d  th a t  th e re  a re  se v e ra l ways in  which an 

animal r e a c ts  to  M. .johnei in f e c t io n ,  depending on the  in f e c t in g  

dose, th e  v iru le n c e  of th e  in f e c t in g  s t r a in  (about which no th ing  i s  

Icno^vn), th e  age a t  which i t  f i r s t  experiences in fe c tio n  and i t s  

re s is ta n c e  to  in f e c t io n .  These vary ing  re a c tio n s  may be c l a s s i f i e d  

in to  th re e  lo o se ly  d e fin ed  groups

i .  In fe c tio n  may be follow ed by th e  p roduction  o f minimal 

le s io n s  and subsequent reco v e iy . This p rocess may be 

rep ea ted  many tim es in  a  r e s i s t a n t  animal in  an in fe c te d  

environm ent.

i i .  In fe c tio n  w ith  M. jo h n e i and a h o s t re a c tio n  a s  shovm 

by th e  p ro d u c tio n  o f more severe le s io n s  which p e r s i s t .

T h is group may c o n ta in  th e  h e a lth y  " c a r r ie r "  anim als 

which a re  c o n stan t e x c re to rs . Depending on the 

in d iv id u a ls  r e s is ta n c e  recoveiy  may follow  a f t e r  a 

time o r th e  in fe c tio n  may p ro g ress  to  i i i ,

i i i .  Massive m u lt ip l ic a t io n  o f  M. jo h n e i w ith  th e  p ro d u c tio n  

o f severe  le s io n s  and p ro g ress iv e  f a t a l  c l i n i c a l  d isease*

Group i i  may be re p re se n te d  by th e  u n th r i f ty  anim al which i s  on 

the  b o rd e rlin e  of be ing  c la s s i f i e d  a s  w asting and which i s  o f te n  seen 

in  in fe c te d  h e rd s . Gases which have recovered  from a group i i  type 

in fe c tio n  may be th o se  n o n -in fec te d  cases which have complement 

f ix in g  a n tib o d ie s  in  t h e i r  s e ra .



Conclusions

In  th e  207 w asting  a d u lt  c a t t l e  exam ined:-

( i )  Jo h n e 's  d ise a se  was an  im portan t cause o f  th e  c u ll in g  of th e se  

anim als from h e rd s .

( i i )  The f in d in g  of s in g le  a c id - f a s t  b a c i l l i  on m icroscop ical examina­

t io n  of faeces  smears wa-s d ia g n o s tic  o f M. .johnei in fe c t io n .  Using 

the  techn iques d e sc rib e d , Jo h n e 's  d ise a se  could be diagnosed w ith  a 

f a i r l y  h igh  degree o f accu racy . F a lse  p o s i t iv e  r e s u l t s  occurred  in  

what were considered  M. jo h n e i- f r e e  c a t t l e .

( i i i )  In  in fe c te d  c a t t l e ,  the  complement f ix a t io n  t e s t  was of compar­

ab le  accuracy  to  the  fae ce s  smear t e s t  but in  n o n -in fec ted  c a t t l e  a 

h ig h e r percen tage  of n o n -sp e c if ic  r e s u l t s  were ob tained .

(iv ) Jo h n e 's  d ise ase  was more l ik e ly  to  be th e  cause of w asting in  

c a t t l e  under fo u r y e a rs  of age th a n  in  c a t t l e  over fo u r  y e a rs  of age.

(v) The presence of d ia rrh o e a  was more l ik e ly  to  be due to Jo h n e 's  

d ise a se  th a n  to  any o th e r  cause .

(v i)  M acroscopic le s io n s  o f Jo h n e 's  d ise a se  may be absent in  the  

p resence  of m icroscop ical le s io n s  and b a c te r io lo g ic a l  in f e c t io n .

( v i i )  In tr a u te r in e  in fe c t io n  o f th e  fo e tu s  was n o ted .

( v i i i )  The i s o la t io n  o f M. .johnei from fae ce s  was not a  r e l i a b le  

d ia g n o s tic  method in  a l im ite d  s e r ie s  a ttem pted .



S e c t i o n  2

The in c id en ce  of M» .iohn e i in  th e  mese n te r ic  l ymph nodes of 

ip p aren tly  normal c a t t l e  and th e  in v e s tig a t io n  in to  th e  accuracy 

o f  the  in  v ivo  diaAHOsis of M. .johnei in fe c tio n  in  the  c a t t l e

examined



Introduction

The reasons f o r  u n dertak ing  t h i s  study  were to  determ ine th e  

le v e l  o f  in fe c tio n  in  ap p a ren tly  normal c a t t l e  in  Southwest Scotland 

where th e re  i s  repu ted  to he much c l i n i c a l  d isease  and to  c o r r e la te  

the  f in d in g  o f  s in g le  a c id - f a s t  h a c i l l i  in  the  fa e c e s  w ith  the 

presence or absence of M# .johnei in fe c tio n .

Review of the  L ite ra tu re

The only f ig u re s  a v a ila b le  f o r  the estim ated  m o r ta li ty  due to  

Jo h n s 's  d isease  in  Southwest Scotland are  g iven  by W ithers (1959) who 

found the  incidence  o f Jo h n e 's  d ise a se  in  1954/5 and 1955/6 to  be 

0.14  p e r c e n t, and 0 .15  p e r  c e n t, o f c a t t l e  a t  r i s k .  This survey 

covered se le c te d  farm s in  A yrshire and L an ark sh ire . Surveys c a r r ie d  

out in  England showed an in fe c tio n  r a te  of from 6^17 p e r c e n t ,  in  the  

m esen teric  lymph nodes of ap p a ren tly  normal c a t t l e  (T ay lo r, 1992; 

Rankin, 1954)- In c o n tr a s t ,  W illiam s Smith (195S) recovered M. .johnei 

from th e  m esen teric  lymph nodes o f two of 100 c a t t l e  s l a u ^ t e r e d  in  

Essex a lthough th i s  incidence  rose  to  7 p e r cent * i f  re c o v e r ie s  from 

re tro p h ary n g ea l lymph nodes were in c lu d ed .

M a te ria ls  and Methods

fem ale c a t t l e  o f  th e  d a iry  b reeds b e in g  s lau g h te red  a t  a lo c a l  

a b a t to i r  were examined. M l were in  good or very  good p h y sic a l 

co n d itio n . The fo llow ing  procedure fo r  c o lle c t in g  d a ta  and samples 

was adopted . The age and breed of each case weie n o ted . A blood 

sample f o r  th e  complement f ix a t io n  t e s t  was c o lle c te d  from the 

ju g u la r  v e in  a t  s l a u ^ t e r .  The la rg e  and sm all i n te s t in e s  as



removed from th e  abdomen in  the  course  of normal slaugh terhouse  

procedure were pu t in  a sack , la b e lle d  and removed to  the V e te rin a ry  

H o sp ita l where they  were examined w ith in  one hour o f s la u g h te r .

The faeces  samples f o r  m icro scop ica l exam ination were taken  from the 

rectum . The tech n iq u es f o r  p a th o lo g ica l exam ination and th e  

complement f ix a t io n  t e s t  were as d e sc rib ed  in  P a r t I ,  S ec tio n  1 .

The procedure f o r  the recovery  of M, .johnei in  c u ltu re  was a ls o  as 

p rev io u s ly  d e sc rib e d , a p a r t  from th e  f a c t  th a t ,  in  a d d itio n  to  

samples o f th e  i le o -c a e c a l  nodes, p o r tio n s  from the  m esen teric  cha in  

were pooled f o r  c u l tu ra l  exam ination . The s t r a in s  i s o la te d  were 

te s te d  f o r  t h e i r  d ep en ^n ce  on the  p h le i  growth f a c to r .

R esu lts

The r e s u l t s  a re  shown in  Tables 20 and 21.

Table 20. The c o r r e la t io n  between th e  f in d in g  o f s in g le  a c id - f a s t  
b a c i l l i  in  th e  faeces  and th e  recovery of M. .johnei 

from th e  m esen teric  lymph nodes of 100 ap p a ren tly
normal c a t t l e

Ho. o f cases from which M. .johnei was recovered  = 5

No. o f cases from vh ich  M. .johnei was not recovered  = 97

No. of cases in  which s in g le  a c id  b a c i l l i  found = 17

No. o f cases in  which s in g le  a c id  b a c i l l i  not found -  83

M acroscopic 
exam ination 

o f faeces

dve

"Ve

C ulture  of m esen teric  nodes

M. .johnei 
recovered

1

2

johnei
no t recovered

16

81



Table 21. The c o r r e la t io n  between th e  p resence of C .F. a n tib o d ie s  
in  th e  s e ra  and th e  i s o la t io n  of M. .johnei from th e

m esen teric  lymph nodes of 100 a p p aren tly  normal c a t t l e

No. of case s  G.E. p o s i t iv e  -  35 

No. o f cases  G.E. n eg a tiv e  ~ 67

G.E. t e s t

C ultu re  of m esen teric  nodes

M. johnei M. johnei
recovered not recovered

2 51

1 66

M« johnei was i s o la te d  from the m esen teric  lymph nodes of th re e  

(5 p e r  c e n t .)  of th e  100 oases examined. No m acroscopic le s io n s  

were found. The r e s u l t s  of h is to lo g ic a l  exam inations a re  no t y e t 

a v a i la b le .

S ing le  a c id - f a s t  b a c i l l i  m orpho log ica lly  resembling* M. johnei 

were found in  th e  fa e c e s  of one of th ese  th re e .  M. jo h n e i was not 

recovered  in  c u ltu re  from any of the  100 faeces  sam ples. Of th e  97 

oases from th e  t i s s u e s  of ■«hich M. johnei was not recovered , s in g le  

a c id - f a s t  b a c i l l i  were found i n  th e  faeces of 16 (l6 .4/^) on 

m icro sco p ica l exam ination . In sp e c tio n  o f th e  r e s u l t s  showed th a t  

th e re  was no c o r r e la t io n  between the f in d in g  o f a c id - f a s t  b a c i l l i  in  

th e  fae ce s  and the  p resence of M. johnei in fe c tio n  (Table 20).

In  the  th re e  oases from which M, johnei was i s o la te d  in  c u l tu r e ,  

the  complement f ix a t io n  t e s t  was p o s i t iv e  tw ice b u t i t  was a lso  p o s i t iv e



in  31 (52 p e r c e n t . )  of the 97 cows which were n ega tive  on c u ltu re  

(Table 21 ). ,

D iscussion

The inc idence  of M. ,johnei in fe c t io n  i s  lower than  might be 

a n tic ip a te d  from an a re a  where Jo h n e 's  d isease  i s  considered  to  be 

p re v a le n t . Two fa c to r s  may c o n tr ib u te  to  t h i s ;  f i r s t l y ,  th e  sm all­

ness of the  sample w ith  an undue p ro p o rtio n  of c a t t l e  from a r e l a t iv e ly  

Jo h n e 's  d is e a s e - f re e  a re a  and, second ly , in fe c te d  c a t t l e  may have been 

missed due to  the  f a c t  th a t  only some o f the  m esen teric  lymph nodes 

and in te s t in a l  mucosa were cu ltu red*

While th e  incidence  i s  low er than  th a t  ob tained  by T aylor (1952) 

and Hanld.n (1954) ? i t  i s  s im ila r  to  th a t  ob tained  by W illiams Smith 

(1958) .  The l a s t  m entioned does not comment on th e  incidence  of 

c l in ic a l  d ise a se  in  th e  a re a  covered by th e  su rvey . The epidem iolo­

g ic a l s ig n if ic a n c e  o f  th e  p resence , as rep o rte d  by W illiam s Sm ith, of 

M. .johnei in  re tro p h ary n g ea l lymph nodes i s  no t c le a r .  I t  may in d ic a te  

th a t  th e  anim al was from an in fe c te d  environm ent, but not th a t  in fe c tio n  

was p re sen t o r ever l ik e ly  to  be p re se n t in  th e  a lim en ta iy  t r a c t .

The low in c id en ce  may be a t iu e  r e f le c t io n  of th e  incidence  of in fe c tio n  

in  th a t  a re a  or may be due to  the  sm all number sampled, a c r i t ic i s m  

which a p p lie s  to  th e  p re se n t survey.

Because of th e  number of cases in  t h i s  s e r ie s  in  which a c id - f a s t  

b a c i l l i  were seen on m icroscop ica l exam ination of the  faeces  from 

anim als which were, as f a r  as could be determ ined by the methods 

employed, f r e e  from M. .johnei in f e c t io n ,  i t  must be concluded th a t  

th e se  a c id - f a s t s  were n o t M, jo h n e i. They may be sap rophy tic



a c id - fa s t  b a c i l l i  and normal in h a b ita n ts  o f the bovine a lim en ta iy  tr a c t .

This i s  in  c o n tr a d is t in c t io n  to  th e  f in d in g s  in  P a r t Ï ,  S ec tio n  1, 

in  which i t  was shown th a t  th e  f in d in g  of s in g le  a c id - f a s t  b a c i l l i  

in  th e  faeces o f w asting  c a t t l e  was of s ig n if ic a n c e  in  th e  d iag n o s is  

of Jo h n e 's  d is e a s e .

The complement f ix a t io n  t e s t  proved to  be of no value  in  d e te c t­

ing  M. jo h n e i in fe c tio n  in  th ese  ap p a ren tly  normal c a t t l e .  The t e s t  

was p o s i t iv e  in  two o f the  th re e  in fe c te d  c a t t l e  b u t co n s id e rin g  the 

number o f p o s i t iv e s  in  the whole s e r ie s  th i s  may be due to  chance, 

and i s  not s ig n i f ic a n t .

The inc idence  of $2 p e r  c e n t , re a c tio n s  to the complement f ix a t io n  

t e s t  in  M. jo h n e i- f r e e  c a t t l e  i s  a  measure o f the  n o n -s p e c if ic i ty  o f 

the  t e s t  as a p p lie d  to  the  a p p aren tly  h ea lth y  c a t t l e  examined. This 

ag rees in  g en era l w ith the  f ig u re s  o f Rankin (1956a) who found t h a t ,  

over a number of t e s t s ,  8 - 3 6  p e r c e n t, of normal c a t t l e  in  an i n f e c t ­

ed herd  rea,oted, while 6 -  22 p e r c e n t, o f  c a t t l e  in  a Jo h n e 's  d ise a se -  

f re e  herd  re a c te d . The form er f ig u re s  and those  ob tained  in  th e  

p re sen t work may be exp la ined  by th e  r e a c t io n  o f c a t t l e  to  th e  t e s t  

as a  r e s u l t  o f a t r a n s ie n t  experience of M, johnei but th is  does not 

account fo r  th e  re a c tio n s  in  th e  la irte r case* C ro ss -rea c tio n s  w ith  

o th e r  u n sp e c ified  a c id - f a s t  b a c i l l i  may be im p lica ted . P o s itiv e  

complement f ix a t io n  t e s t  r e s u l t s  from n o n -in fec ted  c a t t l e  have been 

rep o rte d  by Chandler (1955)•

Conclusions

The f in d in g  of s in g le  a c id - f a s t  b a c i l l i  in  fa e c e s  smears from 

th e  a p p aren tly  normal c a t t l e  examined could not be c o rre la te d  w ith



M, .johnei in f e c t io n .  The complement f ix a t io n  t e s t  d id  not d e te c t  

M. johnei in fe c t io n  in  th e  same c a t t l e .  In  the  c a t t l e  f r e e  from 

M» johnei in f e c t io n ,  the  complement f ix a t io n  t e s t  was p o s i t iv e  in  

many cases*



S e c t  i  o n  _3

exam ination  of  faeces  from c a t t l e  t h o u ^ t  t o be 

f r e e  from M. johnei in fe c tio n



In trod u ction

The o b jec t of t h i s  study  was to  d e te m in e  whether or not s in g le  

a c id - f a s t  b a c i l l i  could be found in  th e  fae ce s  o f c a t t l e  thoug^it to  

be f re e  from M* jo h n ei in fe c tio n *

R esu lts  ob tained  in  th e  exam ination of th e  c o r r e la t io n  between 

the  f in d in g  o f  s in g le  a c id - f a s t  b a c i l l i  in  th e  fae ce s  and the  

recoveiy  of M. jo h n e i from the  m esen teric  lymph nodes in d ic a te d  th a t  

a c id - f a s t  b a c i l l i  were p re se n t in  th e  fa e c e s  o f a number of c a t t l e  

which were, w ith in  the  l im i t s  o f th e  tech n iq u es used , f r e e  from 

M* johnei in fec tio n *  The p o ss ib le  id e n t i ty  and s ig n if ic a n c e  o f ( 0 
th ese  a c id - f a s t  b a c i l l i  has been d iscussed*

M a te r ia ls  and Methods

At th e  A g ric u ltu r8,1 Research Council F ie ld  S ta tio n , Compton, 

th e re  a re  th re e  d a iry  h e rd s , in  two of vhich  th e re  has been no 

c l i n i c a l  Jo h n e 's  d ise a se  f o r  many y e a rs . M* johnei has no t been 

recovered  from over 200 c a t t l e  s lau g h te red  im m ediately a f t e r  d i s ­

posa l from the d ise a se  f re e  herds* I t  was considered  th a t  i f  

a c id - f a s t  b a c i l l i  were found in  the  faeces of c a t t l e  in  th e se  herd s 

i t  would be im probable t h a t  they  were M. jo h n e i*

The th i r d  he rd  has had two c l in ic a l  cases of Jo h n e 's  d ise a se  

d u rin g  th e  p e rio d  1955-56= M* johnei has been recovered  from th e  

t is s u e s  o f 10 p e r c e n t . of c a t t l e  d isposed  o f from th i s  herd  

(Rankin, 1956a).

Samples of faeces  from c a t t l e  in  the  th re e  herd s and in  the  

experim en tal herd  a t  Compton were c o lle c te d  and id e n t i f i e d  by th e  

a l lo c a t io n  of random numbers so th a t  t h e i r  id e n t i ty  and source



were unloiown to  th e  examiner*

Faeces samples which showed s in g le  a c id - f a s t  b a c i l l i  on m icro­

sco p ica l exam ination were c u ltu re d  by Dr. J .  Deans R ankin.

The teolinique f o r  the  p re p a ra tio n  and exam ination of th e  fae ce s  

was as d esc rib ed  on page 31*

R esu lts

The r e s u l t s  a re  shown in  Table 22*

Table 22. The d i s t r ib u t io n  of faeces  samples co n ta in in g  s in g le  
a c id - f a s t  b a c i l l i  in  in fe c te d  and n o n -in fec te d  herd s

Occurrence i n  in fe c te d  herd  

Occurrence i n  n o n -in fec te d  h e rd s

S t a t i s t i c a l  a n a ly s is  of th i s  d i s t r ib u t io n  shows th a t  i t  was h igh­
ly  s ig n if ic a n t  = 11.198 P -  .001.

Faeces samples

S ingle  a c id - f a s t  b a c i l l i  were found in  s ix  samples of 55 

examined from c a t t l e  in  th e  h erd s in  which M* .1 ohnei was known to  

e x is t  5 bu t in  only one sample from 133 c a t t l e  in  the  two h e rd s  

thought to  be f re e  frpm M. .johnei in fe c t io n .  On m icroscop ical 

ex am n atio n  of t h i s  one smear th e re  was found a s in g le  a c id - f a s t  

b a c i l lu s  w ith  b i-p o la r  s ta in in g . I t  was not regarded  as ty p ic a l .

M. johnei was no t i s o la te d  in  c u ltu re  from any of the p o s i t iv e  

faeces samples nor from an a d d it io n a l  twelve p o te n t ia l ly  p o s it iv e  

samples which were m ic ro sc o p ic a lly  n e g a tiv e .



D iscu ss io n

The f in d in g  o f s in g le  a c id - f a s t  h a c i l l i  in  the  fae ce s  of c a t t l e  

from th e  in fe c te d  herd  does no t prove th a t  th ey  were M. .1 o h n e i.

Indeed, th e  f a i l u r e  to  i s o la t e  M. .johnei in  c u ltu re  from th e se  samples 

might seem to  in d ic a te  th a t  th ey  were not * Hov/ever, th e  i s o la t io n  

of M. .johnei from fa e c e s  sam ples has proved d i f f i c u l t  (L ev i, 19468,). 

What i s  o f s ig n if ic a n c e  i s  th a t  s in g le  a c id - f a s t  b a c i l l i  were not 

found (ap a rt from one dubious b a c i l lu s  ) in  the  faeces of c a t t l e  

probably  f r e e  from M. jo h n e i in f e c t io n .  Vi/hile i t  i s  not d isp u ted  

th a t  sap rophy tic  o r o therw ise  u n id e n t i f ia b le  a c id - f a s t  b a c i l l i  may 

occur from tim e to  tim e , i t  i s  p o s tu la te d  th a t  in  examining fa e c e s  

from c a t t l e  in  a  herd  of Icnown s ta tu s  reg a rd in g  M. .johnei in f e c t io n  

i t  may be p o s s ib le  to  id e n t i f y  in fe c te d  an im als. What p ro p o rtio n  of 

in fe c te d  anim als would be diagnosed and th e  p rognosis  in  anim als so 

diagnosed i s  not known. F u rth e r in v e s tig a tio n s  a re  in d ic a te d .

Conclusi ons

In  the  herd  thought to  be f re e  from M. .johnei in f e c t io n ,  no 

a c id - f a s t  b a c i l l i  m orpho log ica lly  resem blirg’ M. johne i were found in  

th e  fa e c e s , bu t a c id - f a s t  b a c i l l i  m orpho log ica lly  resem bling’ M. johnei 

were found in  the  fae ce s  o f a  number o f c a t t l e  in  herds in  ?/hioh 

M. johnei in f e c t io n  e x i s t s .



S e c t i o n

survey of th e  inc idence  of M. jo h n e i in f e c t io n  in  ca lv es  from

Southwest Scotland



In trod u ction

This survey was designed to  a s se s s  th e  le v e l  o f in f e c t io n  and 

to  see i f  th e  r e s u l t  was of s ig n if ic a n c e  in  the  epidem iology o f 

Jo h n e 's  d is e a s e . Any ca lv es  found to  he in fe c te d  must have acquired  

the  in f e c t io n  c o n g e n ita lly  o r  during  th e  f i r s t  few deys of l i f e .

Review of the L ite ra tu re

A lexejeff-G roloff was th e  f i r s t  to  re p o r t the  recoveiy

of M. .johnei from a bovine fo e tu s . C ircum stan tia l evidence o f con­

g e n ita l  in f e c t io n  in  a  th re e  y ea r old b u l l  whose dam was a c l in i c a l  

case  was p resen ted  by Dunkin (1955)» Conclusive evidence o f f o e ta l  

in f e c t io n  was given by Pearson and M cClelland (1955)» Lawrence ( I 956) 

examined fo e tu se s  from 24 in fe c te d  dams, I 9 o f lA ich  were c l i n i c a l l y  

in fe c te d , and recovered  M. jo h n e i from f iv e  o f  them. Doyle (1956) 

examined fo e tu se s  from 24 c l i n i c a l  cases and is o la te d  M. johnei in  

n ine in s ta n c e s .

In  a b a t to i r  surveys in  England th e  inc idence  of in fe c tio n  w ith  

M. johnei in  a d u lt c a t t l e  has been found to  be from 6 -  I 7 p e r c e n t .  

(Ranlcin, 1954? T ay lo r, 1952; W illiam s Smith, 1954). Chandler 

(1959) recovered M. johnei from two (0 .44  p e r c e n t.)  of 447 c a lv es  

o f up to  two months of age s lau g h te red  a t  Birmingham a b a t to i r .

Only one ile o -o a e c a l node from each c a l f  was examined.

M a te ria ls  and Methods

The ca lv es used in  t h i s  survey were bought a t  a  lo c a l market 

in  groups Of 40 and s lau g h te red  l a t e r  the  same day. A ll were 

h ea lth y  b u ll  ca lv es o f th e  d a iry  breeds and were considered  t o  be



under one week o ld .

The i le o -c a e c a l  lymph nodes and fo u r  samples of th e  m esen teric  

lymph nodes were taken  from each c a l f  and s to red  in  u n iv e rsa l 

c o n ta in e rs  a t  0°C. t i l l  c u ltu re d . The method fo r  the i s o la t io n  of 

M. jo h n e i and th e  c r i t e r i a  fo r  i t s  id e n t i f i c a t io n  were as d esc rib ed  

in  P a rt I ,  S ec tio n  1 .

S even ty -five  day-old  b u l l  ca lves of the  d a iry  b reeds bought a t  

one week old  and kept in  i s o la t io n  in  in d iv id u a l m etal h u ts  t i l l  they  

were th re e  to  fou r months o f  age were examined by th e  same m ethods.

R esu lts

In 158 week-old ca lv es  examined, M. johnei was recovered  from 

one (0.63  p e r  c e n t . ) .  M. johnei was recovered in  c u ltu re  from two 

(2.66 p e r c e n t .)  o f 75 th re e  to  fou r month o ld  c a lv e s . M. johnei 

was is o la te d  from th e  t i s s u e s  o f th ree  ( I .3  p e r c e n t.)  o f the  223 

c a lv es  examined.

D iscussion

Due to  th e  l e th a l  e f f e c t  o f the o x a lic  acid  trea tm en t of the  

t is s u e s  on M. jo h n e i and th e  im p ra c t ic a b il i ty  of examining a l l  the 

p o te n t ia l ly  in fe c te d  s i t e s ,  th e  tru e  incidence  may be g re a te r  th an  

th a t  ob ta ined . As W illiam s Smith (1956) recovered M. johnei from 

th e  retropharym geal lymph nodes o f ap p a ren tly  normal c a t t l e ,  th e  

f a i lu r e  to  examine th is  s i t e  and th e  in t e s t i n a l  mucosa, which may 

be th e  primary fo cu s , may have been a source o f e r r o r .  Since i t  i s  

improbable th a t  in g e s tio n  of M. johnei during the  f i r s t  week of l i f e  

would e s ta b l is h  s u f f ic ie n t  in fe c tio n  in  the  in te s t in e s  to  in f e c t  the



m esenteric  lymph nodes, th e  r e s u l t  ob ta ined  may be a t ru e  e s tim a tio n  

of the  r a te  o f co n g en ita l in f e c t io n .

Since th e  in f e c t io n  r a te  in  c a lv es  under one week old  was found 

to  be under one p e r  c e n t, and the  incidence  of in fe c tio n  i n  normal 

a d u lt c a t t l e  as much as 17 p e r  c e n t . ,  many c a t t l e  must become in f e c t ­

ed subsequent to  the  f i r s t  week of l i f e .  There a re  sev e ra l sources 

o f in f e c t io n ,  th e  p r in c ip a l  one being co n tac t w ith  c l i n i c a l l y  o r pre- 

c l in i c a l  ly  in fe c te d  c a t t l e  (Rankin, 1957)» I t  i s  obvious th a t  the  

p ra c t ic e  of re a r in g  ca lv es  in  communal pens p lays an im portant p a r t  

in  the  d issem in a tio n  of in fe c t io n .  As i t  has been shown t h a t , 

experim en ta lly  a t  l e a s t ,  young ca lv es a re  more su sc e p tib le  (T ay lo r, 

1955) > some measure of c o n tro l would be achieved i f  ca lv es were 

re a re d  in  in d iv id u a l pens f o r  as long as p o s s ib le .

Conclusion

The inc idence  of M, jo h n e i in fe c tio n  in  the  m esenteric  lymph 

nodes of th e  ca lv es  under one week old and in  the c a lv es  kept 

is o la te d  t i l l  fou r months of age was of a low o rd er.



P A R T  II

EXPERPfENTS INVOLVING M, JOHNEI INFECTION OF MICE



S e c t i o n  1

The ex p erimenta l  i n f e c t i on o f mice w ith M. johne i and 

M« tu b e rc u lo s is  v a r .  avium



Introduction

The o b jec t of th i s  experim ent was to  reproduce the  le s io n s  of 

Jo h n e 's  d isease  in  the  a lim en tary  t r a c t  of m ice. In  view of th e  

p a u c ity  of re p o r ts  of su c ce ss fu l in fe c tio n  of la b o ra to ry  an im als, 

i t  was f e l t  th a t  fu r th e r  in v e s tig a t io n s  might be o f v a lu e .

Review of the  L ite ra tu re

The use of la b o ra to ry  anim als in  resea rch  on Jo h n e 's  d ise a se  has 

been lim ite d  by t h e i r  r e la t iv e  in s u s c e p t ib i l i ty  to  p ro g ress iv e  in fe c tio n . 

F rancis  (1945) aud Lominski e t  a l . (1956) were su ccessfu l in  e s ta b l is h ­

ing  in  mice in t e s t i n a l  le s io n s  which th ey  considered  h is to lo g ic a l ly  

s im ila r  to  those  in  c a t t l e .  L e v i 's  (1950) f in d in g s  in  v o les  were 

e s s e n t ia l ly  s im ila r  to  those d escribed  by F rancis in  the  mouse, but 

the  dose req u ired  to  e s ta b l is h  in fe c tio n  was much sm a lle r (0.0001 m g.). 

LominsldL e t  a l . (1956) u sing  m ice, and Rankin (1958c) u sing  r a b b i t s ,  

a re  the  only workers to  re p o r t  th e  rep roduc tion  of a  w asting syndrome 

in  la b o ra to ry  an im als.

F a ilu re  to  in f e c t  lab o ra to ry  anim als o r the p roduction  of minor 

le s io n s  have been rep o rted  by many worlærs inc lu d in g  Twort and C raig  

(1915) ;  Boquet  (1925)> Hagan and Ifen sfie ld  (1950), Mohler (1959)9 

Sahai (194O, 1941)9 T aylor ( I 94O, I 95I ) 9 G lover (194I ) ,  Johnson and 

Cox (1942) and Y erlinde and Bekker (1945)* Some o f th ese  w orkers’ 

r e s u l t s  might be a t t r ib u te d  to  f a i lu r e  to  keep the experim ental anim als 

under o b serva tion  fo r  a  s u f f ic ie n t  len g th  o f time «

M a te ria ls  and Methods

The mice used were newly weaned male m ice, W Swiss s t r a in .



They were housed in  m etal boxes, f iv e  to a  box, and fed  a balanced  

r a t io n  in  p e l l e t  form and w ater ad l i b . In fe c tio n  was by the  i n t r a ­

pe r i  tone a l  ro u te .

The s t r a in  o f M. johnei used was ob tained  from th e  A.R.C. F ie ld  

S ta tio n , Compton. T his s t r a in  was chosen because of i t s  known 

p a th o g e n ic ity  f o r  c a t t l e .  At Compton successive  i s o la t io n s  of t h i s  

s t r a in  a re  be ing  c o n s ta n tly  ob tained  from experim entally -produced  

c l in ic  a], cases of Jo h n e 's  d ise a se  in  ca lv es o r from the  faeces  of 

experim en ta lly  in fe c te d  c a lv es  befo re  th e  appearance o f c lin ic a l, 

s ig n s . The M. jo h n e i fo r  in o c u la tio n  was rece iv ed  as a f i r s t  sub­

c u ltu re  from a prim ary i s o la t e  and had been incubated  fo r  s ix  weeks. 

The inoculum was p repared  by sc rap in g  th e  growth, which was con­

f lu e n t ,  o f f  th e  su rface  of the  medium w ith  a s t e r i l e  p latinum  loop , 

weighing i t  on s t e r i l e  f i l t e r  paper and suspending i t  in  an 

ap p ro p ria te  volume o f  is o to n ic  sodium c h lo r id e  so lu tio n  u s in g  a 

G r i f f i th  tu b e .

Experiment A. Twelve mice were in o cu la ted  in t r a p e r i to n e a l ly  

w ith  one mgm. wet weight of M. johne i in  0 .5  ml. of iso to n ic  s a l in e  

so lu tio n .

Experiment B. One month a f t e r  th e  s t a r t  of Experiment A 

an o th er ba tch  o f slopes was rece iv ed  from Compton. The h a rv e s t 

o f M. johnei was used to  in o c u la te  0̂ newly weaned mice in b ra -  

p e r i to n e a l ly  w ith  two mgm. wet weight of M. johnei p repared  as 

a lread y  d e sc rib e d .

The techn ique fo r  ob tain ing’ counts o f v iab le  M. johnei in  

mouse t is s u e s  was th a t  d esc rib ed  by B ro th ers to n  (1959)• L ivers 

and m esenteric  lymph nodes were removed a s e p t ic a l ly  and ground.



u sin g  G r i f f i th  tu b e s , w ith known volumes of s t e r i l e  d i s t i l l e d  water* 

Tenfold in c re as in g  d i lu t io n s  of th e  suspensions were made in  

W illiam s Sm ith 's (1955) l iq u id  medium* One te n th  ml. volumes from 

each d i lu t io n  were measured using  se ro lo g ic  a], one ml. p ip e t te s  and 

sown onto the  d r ie d  su rface  o f  d u p lic a te  slopes of W illiams S m ith 's  

medium (1955)» The slopes were stoppered  w ith  cotton-w ool p lu g s , 

allowed to  remain h o r iz o n ta l a t  room tem perature overn igh t to  allow 

th e  inoculum to  be absorbed, stoppered  w ith  screw caps, and 

incubated  a t  57^0. f o r  e i ^ t  weeks. The sm all in te s t in e  was opened 

and th e  mucous membrane examined fo r  g ro ss  le s io n s .  The in te s t in e s  

were washed in  two changes o f s t e r i l e  d i s t i l l e d  w ater and suspended 

in  an excess of 5 p e r  c e n t ,  o x a lic  ac id  so lu tio n  using  a hom ogeniser. 

The re s u l t in g  suspensions were f i l t e r e d  through a la y e r  of s t e r i l e  

m uslin  and incubated  a t  37^G. f o r  5G m inutes. An equal volume o f 

s t e r i l e  d i s t i l l e d  w ater was added to  the  f i l t r a t e .  This was 

c e n tr ifu g e d  a t  3,000 r .p .m . f o r  30 m inutes, the  supem ate  d isc a rd e d , 

and th e  sediment suspended in  1 ml. o f W illiams S m ith 's l iq u id  

medium. D ilu tio n s  in c re a s in g  by te n fo ld  s te p s  were p repared  from 

th e  suspension . Volumes of 0 ,1  m l. o f a liq u o ts  from the  d i lu t io n s  

o f th e  suspensions were sown as b e fo re .

Counts of v ia b le  M, .johnei p e r m l. of t i s s u e  suspension were 

ob tained  by m u ltip ly in g  the  mean number of co lon ies on the  d u p lic a te  

slopes a t  th e  d i lu t io n  whereby coun ts o f 10 -  100 co lon ies were 

ob tained  by th e  a p p ro p ria te  d i lu t io n  f a c to r  and by 10 since  0 .1  ml. 

volume8 were in o c u la te d .

T issues fo r  h i s to lo g ic a l  exam ination were f ix ed  in  c o rro s iv e -  

formol so lu tio n . Sections were s ta in e d  w ith haem otoxylin and eo sin



and by the  Z ieh l-N eelsen  method.

R esu lts

S ix mice which d ied  sh o r t ly  a f t e r  in je c t io n  or were no t d iscovered  

soon a f t e r  death  and so could not be examined because o f p u tre fa c t io n  

o r cannabalism  were no t examined.

The r e s u l t s  of v ia b le  counts on the l i v e r s ,  m esen teric  lymph 

nodes and sm all i n te s t in e s  o f s ix  mice a re  shown in  Table 23*

Table 23. V iable counts p e r  ml. of t is s u e  suspensions 15 and 17 months 
a f t e r  th e  i / p  in o c u la tio n  of M. jo h n e i in to  th ree-w eek

old  mice

Mouse no.

K ille d  a t  15 months 17 months

1 2 3 4 5 6

L iv e r

M esenteric 
lymph node

Small
in te s t in e

115 X 10^ 

5000

720 X 10^ 

720 X 10®

720 X 10®

245 X 10 '̂

80 X 10^

50 X lO'^

460 X 10 '̂

35 X 10^

50 X 10^ 75 X 10^

No r e s u l t  = not examined 
-  = no growth ob ta ined

C u ltu res  from a l l  th e  mice con ta ined  sm a ll, ra is e d , w rin k led , g rey ish - 

w hite co lo n ie s  w ith  i r r e g u la r  m argins. SiTiears from th ese  c o lo n ie s  

s ta in e d  by the  Z ieh l-N eelsen  method were found to  c o n ta in  sho rt 

a c id - f a s t  b a c i l l i .  The c o lo n ia l  morphology and s ta in in g  re a c t io n  

were those  o f M. jo h n e i .

Counts of more th an  20 x 10^ v ia b le  u n i t  s /m l. o f the  l i v e r ,



m esen teric  lymph node and email in te s t in e  suspensions were o b ta in ed . 

The growths ob tained  from th e  h ig h e s t d i lu t io n  o f th ese  t i s s u e s  made 

were alm ost c o n flu e n t. I t  was no t p o ss ib le  to  count a c c u ra te ly  more 

than  200 co lo n ies  on a s lo p e , M. .johnei was recovered  from a l l  the 

t i s s u e  examined in  Mouse 4, and from th e  m esen teric  lymph nodes and 

sm all in te s t in e s  only in  Mouse 1 and Mouse 5» Only the  m esen teric  

lymph nodes of Mice 5 und 6 were examined, M, .johnei was i s o la te d  

from both o f th ese  m ice,

At post-m ortem  exam ination o f th e  mice 15 and 17 months a f t e r  

inoculait io n , no g ro ss  a b n o rm a litie s  were d e te c te d  in  any o f th e  

v is c e ra .  As m a te r ia l  fo r  h is to lo g ic a l  exam ination was tak en  befo re  

i t  was Icnown th a t  Experiment B mice had not in  f a c t  rece iv ed  

M, johnei ^ tissues from only  two mice (Nos, 5 aud 6) from Experiment A 

were examined. No le s io n s  or a c id - f a s t  b a c i l l i  were found, although  

M, johnei was recovered  from the  sm all i n t e s t i n a l  w all of b o th .

Experiment B

T h ir te e n  mice which d ied  s h o r t ly  a f t e r  in je c t io n  o r which were 

decomposed befo re  d iscoveiy  were not examined. Seven mice d ied  

between seven and tw elve months a f t e r  in o c u la tio n . No g ro ss  le s io n s  

which could be a t t r ib u te d  to  th e  inoculum were found. M icroscop ical 

exam ination of Z ieh l-N eelsen  s ta in e d  smears o f the  i n t e s t i n a l  mucosae, 

fa e c e s , l i v e r s  and sp leens rev ea led  sm all numbers o f lo n g , s le n d e r 

a c id - f a s t  b a c i l l i  in  eveiy  ca se . Exam ination of se c tio n s  of 

in te s t i n a l  w a lls , l i v e r s  and sp leens showed th a t  th e re  were p re s e n t , 

in  th re e  o f th e  f iv e  mice examined h is to lo g ic a l ly ,  le s io n s  c o n s is t in g  

of e n d o th e lio id  c e l l  i n f i l t r a t e s .  The le s io n s  in  the  i n t e s t i n a l  w all

n



were confined  to  the areas o f  lymphoid t i s s u e .

Ten mice were examined 1 5 - 1 ?  months a f t e r  in o c u la tio n . The 

r e s u l t s  of counts of v ia b le  M. .johnei in  the  l i v e r s ,  m esen teric  

lymph nodes and sm all in te s t in e s  of those  k i l le d  a t  15 months and 

counts from th e  m esen teric  lymph nodes o n ly , of th o se  Id l le d  a t  I 7 

months a f t e r  in o c u la tio n  a re  g iven  in  Table 24*

Table 24 . V iable  counts p e r ml. of t i s s u e  suspensions 15 and 17 
months a f t e r  i / p i n o c u la t i o n  of two mgm. av ian  tu b e rc le  

b a c i l l i  in to  three-w eek old  mice

Mouse no .

K ille d  a t  15 months 17 months

1 2 3 4 5 6 7 8 9 10

L iv e r

M esenteric  
lymph node

Small
in te s t in e

115x10^

60x10'^

45x10^

IJOxlO^

llO xlO ^

415x1 o5

X

X

SOxlO"^

X

X

16 5x10 5

460x10^

590x10^

190x10^

X X X X X

No r e s u l t  = not examined
X = con fluen t growth a t  h ig h e s t d i lu t io n s  made

C olonies recovered  from th e se  mice were smooth, w h ite , s l i ^ t l y  

ra is e d , g l is te n in g ,  round and having sh a rp ly  defined  m argins. When 

examined by tra n s m itte d  l i g h t ,  the  c o lo n ies  appeared to have dense 

c e n tre s  and more t r a n s lu c e n t  p e r ip h e r ie s .  O lder c o lo n ie s  had heaped- 

up c e n tre s  on which dome-shaped daugh ter c o lo n ies  appeared . Z ie h l-  

N èelsen s ta in e d  smears made from iiiese c o lo n ies  were found, on 

m icroscop ical examinat io n ,  to  c o n ta in  lo n g , s le n d e r a c id - f a s t  b a c i l l i  

not resem bling  ty p ic a l  M. jo h n e i . M orphologically  th e  c o lo n ie s  and 

b a c te r ia  resem bled M. tu b e rc u lo s is  v a r , avium. B io lo g ica l and



c u l t  lira], t e s t s  to  be d escrib ed  l a t e r  confirm ed th is *

M. tu b e rc u lo s is  v a r .  avium was recovered from th e  l iv e r s ,  

m esen teric  lymph nodes and sm all in te s t in e s  o f  Mice 1 - 5  &nd from 

th e  m esen teric  lymph nodes, which were th e  only t i s s u e s  examined, 

in  Mice 6 -  10. In  the  case of the  l i v e r s  and m esen teric  lymph 

nodes of Ivlice 5 -  4 coun ts were ob tained  because con fluen t 

growths were ob tained  a t  the  h ig h e s t d i lu t io n s  of th e  in o c u la .

Ko le s io n s  were v is ib le  on naked eye exam ination of the  v is c e ra .  

The d i s t r ib u t io n  and r e la t iv e  se v e r i ty  of th e  m icroscopic le s io n s  a re  

shown in  Table 25*

Table 25* The d i s t r ib u t io n  of le s io n s  in  the
t i s s i p s  of mice k i l l e d  17 months a f t e r  

th e  i / p  in o c u la tio n  of two mgm. of av ian  
tu b e rc le  b a c i l l i  in to  three-w eek old  mice

Mouse no. 6 7 8 9 10

L iver - - tt'H* *f++

Peyer*s patches - 4—H" 4-4-

M esenteric  
lymph node +

Ko r e s u l t  = no t examined 
+ to  -  s e v e r i ty  of le s io n s
-  = no growth ob tained

The le s io n s  in  the  haem atoxylin and eosin  s ta in e d  se c tio n s  of 

the  l iv e r s  a re  composed o f ag g rega tions of la rg e  p a le  c e l l s  w ith  

round or oval n u c le i and abundant e o s in o p h ilic  cytoplasm . These 

agg rega tions have a t  t h e i r  p e r ip h e r ie s  a zone of sm a lle r c e l l s  w ith 

densely  s ta in in g  n u c le i .  In  Mouse 10 the  en d o th e lio id  c e l l  

i n f i l t r a t i o n  i s  foca l in  c o n tr a d is t in c t io n  to  Mouse 6 where th e



i n f i l t r a t i o n  i s  more d if f iis e  ( î l g s .  1 —4)* The le s io n s  in  th e  o th e r

t is s u e s  a re  o f the  same c e l lu l a r  com position . In  the  i n t e s t i n a l  w a lls  

the  c e l lu la r  changes are. confined  to  the lymphoid t is s u e  in  the  sub­

mucosa* Ko ab n o rm a litie s  were no ted  in  the  v i l l i .  P leom orphic, 

s le n d e r , long , a c id - f a s t  b a c i l l i  were found in  a s s o c ia t io n  w ith th e  

le s io n s  on m icroscop ical exam ination of 2 ieh l-K eelsen  s ta in e d  s e c t io n s .



V  *4»

P ig ,  1 . S e c tio n  o f  l i v e r  o f  mouse k i l l e d  I 7 m onths a f t e r  in o c u la t io n  
o f  a v ia n  tu b e r c le  b a c i l l i .  T here  a r e  f o c a l  a g g re g a t io n s  o f  
m acrophages. H and E x 150 .

W . :

J i g .  2 . S e c t io n  o f  l i v e r  o f  th e  same mouse a s  in  F ig .  1 . T h ere  i s  
a  group o f  l a r g e  p a le  m acrophages w hich c o n ta in  a c i d - f a s t  
b a c i l l i .  H and E x 520.
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F ig ,  3- S e c tio n  o f  th e  l i v e r  o f  a  mouse k i l l e d  I 7 m onths a f t e r  in o c u la ­
t i o n  o f  a v ia n  tu b e r c l e  b a c i l l i .  There i s  a  d i f f u s e  i n f i l t r a ­
t i o n  o f  m acro p h ag es , c . f .  F ig . 1 .  H and  E x I 50.

F ig .  4» S e c tio n  o f  sm all i n t e s t i n e  o f  th e  same mouse a s  in  F ig . 1 . 
T here  a r e  l e s i o n s  a t  th e  p e r ip h e r y  o f  a  P e y e r* s  P a tc h .
H and E x I 50



D iscu ss io n

There was no evidence of a p ro g ress iv e  m u lt ip l ic a t io n  of M. .johnei 

in  the  mouse t i s s u e s .  The most s ig n if ic a n t  f lM in g  was th e  evidence 

of th e  a b i l i t y  of M. .johnei to  p e r s i s t  in  th e  t is s u e s  f o r  a t  l e a s t  

17 months* M* .johnei was not recovered  from two of the  fo u r  l iv e r s  

examined* The v ia b le  counts p e r  m l. of t i s s u e  suspensions of th e  two 

in fe c te d  l iv e r s  were equal to  o r  l e s s  th a n  th e  counts from the  

corresponding m esen teric  lymph node suspensions. As counts were a lso  

ob tained  from th e  sm all in te s t in e s  in  th i s  in s ta n c e , t h i s  d i s t r ib u t io n  

of M. .johnei may in d ic a te  th a t ,  even in  what must be regarded  as a 

r e l a t iv e ly  r e s i s t a n t  h o s t ,  M. .johnei shows a p re d i le c t io n  fo r  an an ),/

a b i l i t y  to  su rv ive  o r m u ltip ly  veiy  slow ly . in  the  i n te s t in a l  w all and 

re g io n a l l;̂ Tnph nodes.

In  Experiment B, i t  i s  p robable  th a t  m u lt ip l ic a t io n  of th e  

inoculum o f av ian  tu b e rc le  b a c i l l i  occurred  in  Mice 3, 4» and 6 - 1 0  

in c lu s iv e , from which c o n flu en t growths were obtained  from th e  h ig h ­

e s t  d i lu t io n s  o f th e  t i s s u e  suspensions examined. The v ia b le  counts 

o f M. tu b e rc u lo s is  v a r .  avium tended to  be h ig h er th a n  th o se  of 

M. .johnei in  Experiment A.

I t  i s  presumed th a t  the co n flu en t growth on the  s lo p es which were 

used to  provide the  inoculum f o r  Experiment B was e i th e r  a  pure c u ltu re  

of th e  av ian  tu b e rc le  b a c i l lu s  or a  c u ltu re  of M. .johnei contam inated 

w ith  th e  avian  tu b e rc le  b a c i l lu s  which, be ing  more pa th o g en ic , became 

th e  predominant organism  in  th e  m ice.

I t  i s  re le v a n t to  no te  here  th a t  M. tu b e rc u lo s is  v a r . avium was 

is o la te d  from th e  faeces o f  a c l i rd n a l  case of Johne*s d ise ase  in  a 

cow in  the  s e r ie s  d esc rib ed  in  P a r t  I ,  S ec tion  1.



The le s io n s  r e s u l t in g  from th e  av ian  tu b e rc le  in f e c t io n  in  mice 

c lo s e ly  resemble those  d e sc rib e d  by F ran c is  (l945) fo llow ing  th e  

in travenous and in tr a p e r i to n e a l  a d m in is tra tio n  of M. .john e i to  m ice, 

and d i f f e r  only in  degree from those d esc rib ed  in  the  i n t e s t i n a l  w all 

of Mo .johnei in fe c te d  mice by Lominski e t  a l . (1956)* S im ila r 

c e l lu l a r  re a c tio n s  have been no ted  fo llow ing  the in je c t io n  of v ia b le  

M. .johnei and av ian  tu b e rc le  b a c i l l i  in to  vo les  (L evi, 1950) Q-nd as 

a r e s u l t  o f th e  in o c u la tio n  of k i l l e d  M. p h le i  and M« .johnei in to  

roden ts (Hagan and Levine, 1952).

I t  i s  c le a r ,  th e re fo re ,  th a t  the  le s io n s  r e s u l t in g  from the  

in o c u la tio n  of k i l l e d  o r v ia b le  a c id - f a s t  b a c i l l i  in to  mice a re  not 

s p e c if ic  f o r  th e  organism  in je c te d .  While i t  i s  r e a l is e d  th a t  

in fe c t io n  in  a la b o ra to ry  animal does not n e c e s sa r ily  fo llow  the  same 

course as th a t  in  th e  n a tu ra l h o s t ,  the  use o f mice as an experim ental 

animal in  M. johnei in fe c tio n  depends on i t s  a b i l i t y  to  reproduce 

i n te s t in a l  le s io n s  follow ing’ in f e c t io n .

Conclusions

M. johnei p e r s is te d  in  the  v is c e ra  of mice fo r  up to  I 7 months 

a f t e r  in tra ,peritonea], in o c u la tio n . In fe c tio n  of mice w ith  the  av ian  

tu b e rc le  b a c i l lu s  caused an in fe c t io n  o f l ik e  d u ra tio n . Large 

numbers o f organisms were recovered  f o r  the  l i v e r s ,  m esen teric  lymph 

nodes and sm all i n te s t in e s  of th e  mice in fe c te d  w ith the  av ian  

tu b e rc le  b a c i l lu s .  H is to lo g ic a l exam ination of these  t i s s u e s  showed 

an e n d o th e lia l c e l l  r e a c tio n  of vary ing  degree.



S e c t i o n  2

A comparison of th e  behaviour of th re e  s t r a in s  o f M. jo h n e i

in  mice



In trod u ction

T his experim ent was c a r r ie d  out to  see i f  any d if fe re n c e  could 

be d e tec ted  in  th e  a b i l i t y  of th re e  s t r a in s  to  p e r s i s t  or m u ltip ly  

in  mouse t i s s u e s .  While these  p ro p e r t ie s  would not be in d ic a t iv e  

of t h e i r  v iru le n c e  f o r  c a t t l e  or sheep, th is  in fo n n a tio n  would be of 

value in  the  c la s s i f i c a t io n  of s t r a in s  of M. .johnei. While 

M, johnei i s  laiown to  su rv ive  in  mouse t is s u e s  f o r  up to  20 months 

(Lominski e t  a l * , 195^) a  much s h o r te r  p e rio d  of o b se rv a tio n  would be 

necessary  to  be of va lue  as a  ro u tin e  f o r  c l a s s i f i c a t io n .

îlammalian tu b e rc le  b a c i l l i  show a wide v a r ia t io n  of behaviour 

in  anim al t is s u e s  -- from extreme v iru le n ce  to  the  in a b i l i t y  to  

m u ltip ly  (Dub08 , 1955)*

Review of the  L ite ra tu re

LominsldL e t  a l . (1956) (3.id not re p o r t  any v a r ia t io n  in  the  pa tho ­

g e n ic ity  f o r  mice of e ig h t s t r a in s  of M. .johnei b u t, since  th e re  were

v a r ia t io n s  in  th e  dose , ro u te  of a d m in is tra tio n  and numbers of mice

examined, only marked d if fe re n c e s  would have been e v id e n t. In  

d isc u ss in g  th e  f a i lu r e  of p revious w orkers to  produce i n te s t i n a l  le s io n s  

in  m ice, they  p o s tu la te d  th a t  one of th e  f a c to r s  concerned might be a

v a r ia t io n  in  v iru le n c e  o f the  s t r a in s  o f M. .johnei used.

S tavitslcy  and Beck (1946) rep o rte d  th a t  a s t r a in  of M. .johnei 

vhich  grew in  th e  absence o f th e  p h le i growth f a c to r  had the  a b i l i t y  

to  m u ltip ly  in  ch ick  embiyos and th a t  ex ac tin g  s t r a in s  d id  no t surv ive  

n ine  days in  th e  embryos. The id e n t i ty  o f th is  non-exacting  s t r a in

i s  q u es tio n a b le . Although s t r a in s  o f M. .johnei can be t r a in e d  to
'V

grow in  the  absence of th e  growth f a c to r ,  dependence on th e  growth



fa c to r  i s  th e  most important in  v i t r o c h a r a c te r is t ic  of M. jo h n e i.

M a te ria ls  and Methods

The fo llow ing  s t r a in s  of M. jo h n ei were u se d :-

S tra in  VB/4/ 7 * T his was a s t r a in  of bovine o r ig in  which 
had undergone seven su b cu ltu re s  on W illiam s S m ith 's  medium.
I t  s t i l l  req u ire d  th e  p h le i f a c to r  f o r  grow th.

S tra in  b/S t/ 5 was i s o la te d  from a c l in ic a l  case of Jo h n e 's  
d ise a se  in  a sheep # iic h  had been in fe c te d  experim en ta lly
w ith  an i s o la te  from a  c l i n i c a l l y  a f fe c te d  cow.

S tra in  S /S i/3  was is o la te d  from a c l in ic a l  case o f Jo h n e 's  
d ise a se  in  a  sheep in o cu la ted  w ith  a sheep s t r a in  of
M. jo h n e i . I t  was non-pigm ented.

The In o cu la . The organisms were h a rv ested  by scrap ing  o f f  the  growth
■i.iiiiiiuii|iwiii>i«nmiiii nii.Niiii w  MUfiiii III Ml mi '  Sw*

from six-w eek o ld  c u ltu re s  on W illiam s Sm ith 's  so lid  medium. The 

organisms were t r i t u r a t e d  in  W illiam s S m ith 's l iq u id  medium using 

a G r i f f i th  tu b e . The suspension  was allowed to  stand  f o r  30 

m inutes to  allow  the la r g e r  agg regates of b a c i l l i  to  d e p o s it .  The 

supernatan t suspension was p ip e tte d  o f f  and s tan d a rd ised  to  th e  

opacity  o f Brown's tube 1 . V iable counts were ob tained  by sowing 

loiown volumes of te n fo ld  d i lu t io n s  of th e  s tan d ard ised  suspension  

onto th e  d ried  su rface  of slopes of W illiam s S m ith 's s o l id  medium*

Mice. The mice used in  t h i s  experim ent were W Sw iss, Mo re  dun stock  

s t r a in .

Bose. One te n th  ml, volumes o f a Brown's tube 1 suspension of each 

s t r a in  were in o cu la ted  in trav en o u s ly  by a t a i l  v e in .

V iable counts of th e  s t r a in s  of M. jo h n ei in  mice

Pools of t i s s u e s  from two groups o f f iv e  mice p e r s t r a in  were



examined a t  one and fo u r months a f t e r  in fe c t io n .  Groups of f iv e  

mice were m ain tained  in  m etal cag es. Vfater and a ba lanced , p e l le te d  

r a t io n  were a v a ila b le  ad . l i b . The mice were k i l l e d  using e th e r .

The sp leen s and m esen teric  lymph nodes from each group of f iv e  mice 

were removed a s e p t ic a l ly  and each pool w e i r e d .  Tvænty pe r c e n t , 

weighi^volume suspensions were made in  s t e r i l e  d i s t i l l e d  w ater u s in g  

a  m icro-hom ogeniser. Two 1 .0  ml. a l iq u o ts  of th i s  suspension  were 

d i lu te d  in  W illiam s S m ith 's  l iq u id  medium in  te n fo ld  s te p s . One 

te n th  o f  a  m i l l i l i t r e  o f each d i lu t io n  was sown onto th e  d r ie d  su r­

face  of W illiams S m ith 's  s o l id  medium slopes in  McCartney b o t t l e s .

The s lo p e s , s toppered  w ith  c o tto n  wool p lu g s , were allow ed to  l i e  

h o r iz o n ta lly  overn igh t a t  room tem pera tu re . They were th en  se a le d  

w ith  screw -caps hav ing  rubber w ashers. Incubation  was a t  37°G. f o r  

e ig h t weeks.

The small and la rg e  in te s t in e s  were opened, washed in  two 

changes o f s t e r i l e  d i s t i l l e d  w a te r and homogenised in  f iv e  m l. of 

s t e r i l e  d i s t i l l e d  w ater p e r pool of f iv e  i n te s t in e s .  Five 

m i l l i l i t r e s  of 10 p e r c e n t ,  o x a lic  ac id  s o lu tio n  were added and th e  

m ixture incubated  a t  f o r  30 m inu tes. A fu r th e r  f iv e  m l. o f

s t e r i l e  d i s t i l l e d  w ater were added. Two one ml. a l iq u o ts  were 

removed, d i lu te d  by te n fo ld  s ta g es  and in o cu la ted  onto slopes as 

d esc rib ed  above.

Counts o f the  co lo n ies  on each slope  være made a f t e r  e ig h t 

weeks' in cu b a tio n  under ae ro b ic  c o n d itio n s .

The c a lc u la t io n  of the  v ia b le  u n i ts  in  th e  suspensions o f t i s s u e  poo ls

Counts of th e  number of co lo n ies  were made a t  each d i lu t io n  and



th e  mean f o r  th e  two a liq u o ts  found. The count used f o r  the f i n a l  

c a lc u la t io n  of v ia b le  u n i ts  was th a t ob ta ined  a t  th e  d i lu t io n  

g iv in g  colony counts of between 10 and 100.

The count o f v ia b le  u n i ts  p e r  m l. of t i s s u e  suspension  was 

ob tained  by m u ltip ly in g  th e  mean number of co lon ies *n' , by th e  

d i lu t io n  f a c to r  and by 10 s in ce  0 .1  m l. volumes were in o cu la te d  onto 

each s lo p e .

V iable u n its /m l. of suspension  ~ n x d i lu t io n  of slopes counted x 10.

R esult 8

V iable counts on th e  in o cu la  p repared  from the  th re e  s t r a in s
10showed th a t  th e  suspensions each con tained  10 v ia b le  u n i t s .

The v ia b le  counts o f M. .johnei in  th e  pools of mouse t is s u e s  a re  

shown in  Tables 26 and 27* The counts are  expressed as th e  number 

o f v ia b le  u n i ts  p e r  m i l l i l i t r e  of suspension of th e  pooled t i s s u e s  

from f iv e  mice. V iable u n i t  counts a re  g iven  fo r  the  qpLeen, 

m esen teric  lymph nodes, sm all and la rg e  in te s t in e s  from two groups 

o f mice fo r  each of th re e  s t r a in s  of M. .johnei t e s te d .  The r e s u l t s  

in  Table 26 were ob tained  from counts made on mice examined one 

month a f t e r  in o c u la tio n  and those  in  Table 27 were ob tained  from  counts 

made on mice examined fo u r  months a f t e r  in o c u la tio n .

In  th e  mice k i l l e d  one month a f t e r  in o c u la tio n  no counts of sp leen  

pools were ob ta ined  due to  th e re  being  confluen t growths a t  th e  h ig h ­

e s t  d i lu t io n s  made (lO“^ ) .  At th e  next exam ination 10"^ d i lu t io n s  

were made and s a t i s f a c to r y  counts o b ta in ed .

At the  four-m onth exam ination of Pool A of m esen teric  lymph 

nodes of mice in o cu la te d  w ith  s t r a in  VB4/7  snd of Pool A o f th e  sm all



in te s t in e s  of the  same m ice, no counts were ob tained  due to  a l l  the  

tubes in o cu la ted  be ing  overgrown w ith  contam inants (Table 27)*

Table 26. V iable coun ts/m l. of t i s s u e  suspension o f M, .johnei
in  mice one month a f t e r  i / v  in o c u la tio n

S tra in  in o cu la ted

TO4/7 b/S j/ 3 S /S i/5

Spleen
Pool A 

Pool B

A ll co n fluen t growths a t  h ig h e s t 
(thousandfo ld ) d i lu t io n s  made

M esenteric
lymph
node

Pool A 170,000 680,000 250,000

Pool B 215,000 520,000 250,000

Small
Pool A 500 1,050 700

in te s t in e
Pool B 500 450 900

Large
Pool A 400 1,250 800

in te s t in e
Pool B 400 850 400

Table 27/



Table 27- Viab le  oom its/m l. of t is s u e  suspensio n  o f M. johnei  in
mice fo u r months a f t e r  i / v  in o c u la tio n

S tra in  in o cu la te d

W 4/7 B /S i/3  

16,000 X 10^

S /81/3

Spleen
Pool A 12,400  X 10^ 16,950  X 10^

Pool B 

Pool A

11,500  X 10^ 13,000  X 10^ 18,600  X 10^

M esenteric
lymph
node

Small
in te s t in e

Contaminated 1,355 X 10^ 565 X 10^

Pool B 

Pool A 

Pool B

1,475 I  10^ 1,970  X 10^ 1,665  X 10^

Contaminated 5,600 4 ,350

3,850 12,500 3,650

Large
in te s t in e

Pool A 3,500 7,650 1,950

Pool B 5,850 4,100 4,600

The counts o f M. .johnei ob tained  from th e  spleens were in  th e

o rd er o f  11 « 16 m ill io n  p e r  m l. of t is s u e  suspension ; those  from
% %

th e  m esen teric  lymph nodes were in  th e  range 1 /0  x 10 ''̂  -  1 , 97^ x 10 , 

and those f o r  the  sm all and la rg e  in te s t in e s  ranged from $00 v ia b le  

M. .johnei p e r  ml. o f homogenate to  12 ,500/m l.

D iscussion

By using  th e  methods d escrib ed  i t  was p o ss ib le  to  compare th e



behaviour of th e  s t r a in s  of M. .johnei in  d u p lic a te  a t  each exam ination 

and a ls o  to  compare th e  coun ts obtained  one and four months a f t e r  

in o c u la tio n .

Comparing the  v ia b le  counts in  th e  m esenteric  nodes, la rg e  and sm all 

in te s t in e s  f o r  the  th re e  s t r a in s  th e re  were h ig h e r  counts in  the  t i s s u e s  

from mice in o cu la ted  w ith s t r a in  8/8]^/$ th an  in  t is s u e s  from mice in o cu la ­

te d  w ith  s t r a in  VB4/7* The counts fo r  s t r a in  b/S ^ /3 were h ig h e r  s t i l l .  

However these  d if fe re n c e s  were w ith in  th e  range of experim ental e r r o r .  

Although.! the  in o cu la  were s ta n d a rd ise d  to  a given o p a c ity  and th e re  were 

no d if fe re n c e s  in  v ia b le  counts on them, th e re  would be s l ig h t  v a r ia t io n s  

in  th e  numbers of b a c te r ia  in  the  clumps of organisms in  each suspension , 

v a r ia t io n s  which might not be d e te c te d  by v ia b le  count techn iques but 

which might have a bearing  on the su rv iv a l of the  in o c u la  in  v iv o .

There were no s ig n i f ic a n t  d if fe re n c e s  between the  counts of the  

s t r a in s  fo u r months a f t e r  in o c u la tio n . \Vhile one s t r a in ,  VB4/7  ? was a  

much qu icker growing one on la b o ra to iy  media than the o th er two, th e re  was 

no apparent d if fe re n c e  in  i t s  behaviour from th e  o th e r  two s t r a in s .

Comparison between the  counts ob ta ined  from th e  two pools o f t is s u e s  

from f iv e  mice showed good c o r r e la t io n ,  w ith  a  few e x cep tio n s . D iffe ren ces  

in  the  s u s c e p t ib i l i ty  o f in d iv id u a l mice were probably  not an im portant 

f a c to r .  Any d if fe re n c e s  p resen t might account fo r  the  v a r ia t io n  between 

the  p o o ls .

Ho conclusive  evidence of m u lt ip lic a t io n  of the in o cu la  was ob tained  

by comparing coun ts on th e  in o cu la  them selves m th  counts from th e  t is s u e s  

a t  one and fo u r months l a t e r .  In  no in s ta n c e  were th e  counts a t  the  

second exam ination le s s  than  th o se  a t  the f i r s t .  There was a p ro p o rtio n ­

a te ly  g re a te r  in c re ase  in  th e  counts from the small and la rg e  in te s t in e s



compared w ith th a t  in  th e  m esen teric  lymph node in  th e  case o f s t r a in  

VB4 /7  over the  two exam inations. In  th e  case  o f s t r a in  B /S q /j, th e  

m esen teric  node coun ts doubled while th e re  was a tw e lv e -fo ld  in c re a se  in  

th e  counts from th e  sm all i n te s t in e  p o o ls . This m ight in d ic a te  t h a t ,  

even in  th e  n o n -su scep tib le  h o s t ,  the  in t e s t i n a l  w all i s  the p re d i le c t io n  

s i t e  f o r  th e  su rv iv a l o r even m u lt ip l ic a t io n  of M. .1 ohnei.

I t  i s  not known w hether th e  in o cu la  surv ived  in  the  mouse t i s s u e s  

w ithout m u ltip ly in g  o r w hether th e  numbers of b a c te r ia  remained r e la t iv e ly  

s t a t i c  due to a ba lance  between d e s tru c tio n  by th e  defence mechanisms 

o f th e  host and ve iy  slow rep ro d u c tio n  by th e  b a c te r ia .

The r e s u l t s  g iven  h e re , e s p e c ia l ly  w ith  re fe ren ce  to  s t r a in  VB4/ 7 , 

suggest th a t  a low grade m u lt ip l ic a t io n  occurred  but the  d if fe re n c e s  in  

counts were not s u f f ic ie n t  to  be co n c lu siv e .

In  th i s  experim ent th e  dose used may have been too  la rg e  to  make any 

d if fe re n c e s  in  the  a b i l i ty  o f th e  v a rio u s  s t r a in s  to  su rv ive obvious, bu t 

in  the  f i r s t  in s ta n c e  i t  was necessa iy  to  ensure th a t  a l l  mice were in f e c t ­

ed so th a t  v a r ia t io n s  between mice in  th e  pools would be m inim ised.

Conclusion

No d if fe re n c e s  could be d e te c ted  in  th e  behaviour in  mice of th ree  

s t r a in s  o f M. .johnei of m d e ly  d i f f e r in g  o r ig in s .



P A R T  I I I

THE IDENTIPICATIOH OP STRAINS OP MYCOBACTERIA ISOLATED 

PROM CATTLE AND MICE DURING THE STUDIES DESCRIBED

IN PARTS I  AND I I



In trod u ction

The undernoted s t r a in s  were examined because they d id  no t resem ble 

in  c o lo n ia l  morphology and d id  not re q u ire  the  p h le i grovrth 

f a c to r  on su b cu ltu re  from the  prim aiy i s o l a t e .  The id e n t i f i c a t io n  of 

these  s t r a in s  r e s te d  on th e i r  p a th o g e n ic ity  fo r  la b o ra to ry  anim als and 

th e i r  c u ltu ra l  c h a r a c te r i s t i c s .

IVÏater i a l s  and Methods

The s t r a in s  examined and t h e i r  sources and c h a r a c te r i s t i c s  on 

prim aiy i s o la t io n  a re  d esc rib ed  belovf.

S tra in  C21. T his s t r a in  was i s o la te d  from the fa e c e s  of a  c l i n i c a l  

case of Jo h n e 's  d is e a s e . Colonies o f  a c id - f a s t  b a c te r ia  r e q u ir in g  the  

growth f a c to r  were i s o la te d  from th e  ileo -ca ,eoa l lymph nodes of th is  

anima,! a t  post-m ortem  exam ination . H is to lo g ic a l exam ination revea led  

ex tensive  le s io n s  of Jo h n e 's  d ise ase  in  the  i n t e s t i n a l  w a ll. There were 

ty p ic a l  clumps o f a c id - f a s t  b a c te r ia  in  th e  fa e c e s . The sm all number of 

minute c o lo n ies  recovered  from the fa e c e s  on prim aiy i s o la t io n  on the 

medium used , m odified L ow enstein-Jensen , d id  not appear to  be a ty p ic a l ,  

but on su b -c u ltu re  growth of th e  s t r a in  was ob tained  on Lowenstein- 

Jensen  medium prepared  w ithout th e  growth f a c to r .

S tra in  W15. T his s t r a in  was recovered  from th e  ileo-caeca3. lymph node 

of a two and a h a lf  y e a r  old h e i f e r .  There was no evidence of Johne 's  

d isease  be ing  p re s e n t .  Prim ary growth on m odified Low enstein-Jensen 

medium gave c o lo n ies  resem bling those  o f M. tu b e rc u lo s is  v a r .  avium.

S tra in  M. S tra in  M was recovered from a mouse in  Experiment A 

(P a rt I I ,  S ec tion  l ) . On W illiams S m ith 's s o l id  medium i t  had the



c o lo n ia l form o f

S tra in  G, T h is s t r a in  was a ty p ic a l  example of th e  s t r a in s  recovered 

from mice in  Experiment B (P a rt I I ,  S ec tio n  l ) .  I t  had the  morphology 

in  c u ltu re  of th e  av ian  tu b e rc le  b a c i l lu s .

In  th e  exam inations c a r r ie d  out on each of th e  above s t r a in s ,  s in g le  

co lo n ies  were removed from th e  su rfaces  o f the  s lopes having  prim ary 

growths or su b cu ltu re s  of th e  s t r a in s  to  be te s te d .  Each colony was 

suspended, u s in g  a G r i f f i th  tu b e , in  W illiams S m ith 's  l iq u id  medium.

For t e s t s  in v o lv in g  c u l tu ra l  tec h n iq u e s , te n fo ld  in c re a s in g  d i lu t io n s  

of th e  suspensions were made in  the  same menstruum. A liquo ts of these  

d i lu t io n s  were sown onto th e  a p p ro p ria te  m edia. For animal in o c u la tio n s  

th e  suspensions were p repared  as above and stan d a rd ised  to correspond 

in  opacity  to  Tube 1 of Brown's s c a le .

To t e s t  a s t r a i n 's  a b i l i t y  to grow in  th e  absence of th e  p h le i 

growth f a c to r ,  s t r a in s  were seeded onto slopes of W illiams S m ith 's  

s o l id  medium co n ta in in g  the  growth f a c to r  and w ith  th e  growth f a c to r  

o m itted . In cuba tion  was a t  37^8 . under aerob ic  c o n d itio n s .

The s t r a in s  to  be te s te d  were in o cu la ted  onto n u tr ie n t  ag ar slopes 

c o n ta in in g  4 p e r c e n t, g ly c e ro l to  t e s t  t h e i r  a b i l i t y  to  grovf on simple 

m edia.

To deteim ine tiie optimum growth tem perature  fo r  th e  s t r a in s ,  each 

s t r a in  was in o cu la ted  onto W illiam s S m ith 's s o l id  medium and 4 p e r  c e n t , 

g ly ce ro l agar and incubated  a t  26^G,, 57*̂8 , and 45^8. The c u ltu re s  

were examined d a ily  and the tim e tak en  f o r  v i s ib le  growth to appear 

noted*

For b io lo g ic a l  t e s t s  nine-m onth old fow ls rea red  in  i s o l a t i o n ,



a d u lt  gu inea-p ig s and th ree -d ay  old A yrsh ire  h u ll  c a lv es  from h e a lth y  

dams were used*

H alf a  m illig ram  o f s t r a in s  G and M were in o cu la ted  i n t r a ­

m uscularly  in to  one fowl re s p e c t iv e ly . The same dose o f s t r a in  C21 

was in o cu la ted  in to  an o th er fowl in tra v en o u s ly . The fow ls were 

observed d a ily .  Another fowl from th e  same source as th o se  used was 

kept under th e  same c o n d itio n s . I t  rem ained h ea lth y  and a t  p o s t­

mortem exam ination no ab n o rm a litie s  were d e te c te d .

Suspensions of s t r a in s  021, G and M, c o n ta in in g  O.5  mgn. o f 

organism s, were g iven  to  p a ir s  of g u in ea -p ig s , one o f each p a i r  

re c e iv in g  the  inoculum in t r a p e r i to n e a l ly ,  th e  o th er re c e iv in g  i t  sub­

cu t aneously a t  th e  in s id e  o f th e  th ig h . Four weeks a f t e r  in o c u la tio n  

th e  g u inea-p ig s were te s te d  in tr a d e m a lly  w ith 0.1 ml. P .P .D , Yfeybridge 

av ian  and mammalian tu b e rc u lin s . The t e s t s  were read  48 and 72 hours 

la te r*

Two th re e  “day old b u ll  c a lv es  were g iven  10 mg. wet weight of 

s t r a in  M in tra v e n o u s ly . T his inoculum was prepared and in o c u la te d  

sim ultaneously  m th  the  inoculum used to  in f e c t  th e  mice in  Experiment A 

(p a r t I I ,  S ec tion  l ) . One c a l f  d ied  th re e  weeks a f t e r  in o c u la tio n  

due to  in te r c u r r e n t  om phaloph leb itis . The rem aining c a l f  was housed 

in  i s o la t io n  t i l l  i t  was s lau g h te red  a t  18 months o f age. I t  had 

remained h e a lth y . Post-m ortem  exam ination was c a r r ie d  out u s in g  th e  

techn iques d escrib ed  in  P a rt I ,  S ec tion  1.

R esu lts

The r e s u l ts  of t e s t s  c a r r ie d  out on the  fo u r s t r a in s  o f b a c te r ia  

are  shown in  Table 28.



Table 28, The r e s u l t s  o f c u ltu ra l  and bio le p ic a l  t e s t s  on fo u r  s t r a in s.
of a c id - f a s t  b a c i l l i  encountered during  these  s tu d ie s

4' ~ growth p re se n t o r  pathogenic 
-  -  no growth o r non-pathogenic 
14^ = growth v i s ib le  in  days 
no r e s u l t  = not done

Opt* temp* fo r  
growth

P a th o g en ic ity  f o r  
e x p tl ,  anim alsGrowth in  

absence of 
growth f a c to r

Growth on 
g ly c e ro l agarS tra in

43 G fowlg u in ea -p ig c a l f

021 10'

10

S tra in  021, S tra in  021 grew w ell on W illiams Smith^ s so lid  medium which 

had been p repared  w ithout th e  growth f a c to r ,  c o lo n ies  be ing  v i s ib le  a f t e r  

14 days’ in cu b a tio n  a t  57^G. and 10 days' in cu b a tio n  a t  43^0• The 

c o lo n ie s  were round, r a is e d ,  non-pigm ented, O.5  -  1 mm. in  d iam eter w ith 

d is c re te  edges, and had dense c e n tre s  w ith  l e s s  dense p e r ip h e r ie s .

Growth was ob ta ined  on g ly c e ro l agar medium. At post-m ortem  exam ination 

o f th e  guj.nea-pigs e ig h t weeks a f t e r  in o c u la tio n  w ith th i s  s t r a i n ,  the  

only abnorm ality  d e tec ted  was the p resence  of p ea -s ized  abscesses  a t  the  

s i t e s  o f in o c u la tio n . In  Z ieh l-N eelsen  s ta in e d  smears of pus from th ese  

abscesses  a few long  s le n d e r a c id - f a s t  b a c i l l i  were found on m icroscop ical 

exam ination. Comparative tu b e rc u lin  t e s t s  were c a r r ie d  out on the



gu in ea-p ig s one month a f t e r  in fe c tio n *  There was a marked s e n s i t iv i ty  

to  th e  in trad erraa l in je c t io n  of avian tu b e rc u lin  and only  a s l ig h t  

re a c tio n  to  mammalian tu b e rc u lin .  The fowl which rece iv ed  th i s  s t r a i n  

d ied  in  an em aciated co n d itio n  fo u r weeks a f t e r  inocu la tion*  At p o s t­

mortem exam ination th e  ty p ic a l  nodules of av ian  tu b e rc u lo s is  were found 

in  the  l i v e r ,  ^ l e e n  and peritoneum . Smears from th e se  nodules were 

found to  c o n ta in  numerous pleom oiphic a c id - f a s t  b a c i l l i*  An organism 

w ith a l l  th e  c h a r a c te r i s t ic s  o f th e  av ian  tu b e rc le  b a c i l lu s  was 

i s o la te d  from the l i v e r  of th is  fow l.

I t  was considered  th a t  s t r a i n  G21 f u l f i l l e d  th e  c r i t e r i a  fo r  i t s  

i d e n t i f i c a t io n  as M* tu b e rc u lo s is  var* avium.

S tra in  W13. On prim aiy  i s o la t io n  th is  s t r a in  had the  c o lo n ia l  

morphology of th e  av ian  tu b e rc le  b a c i l lu s .  I t  grew w ith in  th re e  weeks 

in  the  absence of th e  p h le i growth f a c to r  and on g ly ce ro l ag a r a t

I t  was not pathogenic f o r  th e  gu inea-p ig s in o cu la ted  bu t sen­

s i t i s e d  them to  in trad erm al P .P .I), avian tu b e rc u lin . At post-m ortem  

exam ination of th e  g u in ea -p ig s  no evidence o f a g e n e ra lise d  in fe c t io n  

was p resen t as would have been the case i f  the inoculum had con ta ined  

mammalian tu b e rc le  b a c i l l i .  Wo fowl p a th o g e n ic ity  t e s t s  were c a r r ie d  

o u t. This s t r a in  can te n ta t iv e ly  be d escrib ed  as M. tu b e rc u lo s is  

v a r . avium*

S tra in  M* Eo growth of th i s  s t r a in  was ob tained  a f t e r  th re e  months' 

in cu b a tio n  on g ly ce ro l ag a r medium and on Yfilliams S m ith 's  so lid  

medium prepared  w ithout th e  growth fa c to r*  V is ib le  co lo n ies  were 

ob ta ined  a f t e r  21 days' in cu b a tio n  a t  on media c o n ta in in g  th e

growth f a c to r , but no growth was v is ib le  a f t e r  in cu b a tio n  a t  26^G,



o r 45^G, The fowl which rece ived  th is  s t r a in  was k i l l e d  twelve weeks 

a f t e r  in o cu la tio n *  No a b n o rm a litie s  were d e te c ted  a t  post-m ortem  

examination* C u ltu res of th e  sp leen  and l i v e r  on W illiams S m ith 's  

so lid  medium remained s t e r i l e  a f te r  th re e  months* in cu b a tio n  a t  

T his s t r a in  s e n s i t is e d  gu in ea-p ig s  to  P .P .h , av ian  tu b e rc u lin  in t r a -  

derm ally bu t no t to  mammalian tu b e rc u lin , virhen te s te d  fo u r weeks a f t e r  

in o c u la tio n . The g u in ea -p ig s  remained healthy* No ab n o rm a litie s  

were d e te c ted  a t  post-m ortem  exam ination twelve weeks a f t e r  in o c u la tio n . 

At post-m ortem  of th e  rem aining one o f two ca lv es in je c te d  i n t r a ­

venously w ith  s t r a in  M e ig h teen  months p re v io u s ly , no m acroscopic le s io n s  

o f Jo h n s 's  d ise a se  were d e te c te d . However, an organism having  a l l  the 

c h a r a c te r i s t ic s  of M* jo h n ei was recovered  from the  m esen teric  lymph 

nodes* H is to lo g ic a l exam ination of the  i l e a l  mucous membraue showed 

an en d o th e lio id  and g ia n t c e l l  r e a c t io n , A cid-fa,st b a c i l l i  were 

found w ith in  th ese  g ia n t  c e l l s  on examina,tion of Z ieh l-N eelsen  s ta in e d  

s e c tio n s . I t  i s  concluded th i s  c a l f  was in fe c te d  w ith  M. johnei and 

th a t  these  le s io n s  were th e  r e s u l t  of th e  in o c u la tio n  of S tra in  M,

Although c l in ic a l  d ise a se  was not produced as a r e s u l t  of the 

a d m in is tra tio n  of the s t r a in  to  the  c a l f ,  the  f in d in g s  d escrib ed  in  i t ,  

and the  s t r a i n 's  r ig id  requirem ent of th e  growth fa c to r  prov ided  by 

M* p h le i a re  thought s u f f ic ie n t  to  id e n t i fy  s t r a in  M as being  M. jo h n e i.

S tra in  G* The c u l tu ra l  and b io lo g ic a l  f in d in g s  in  r e l a t io n  to  th i s  

s t r a in  were e x a c tly  as th o se  d escrib ed  above fo r  s t r a in  021* I t  was 

th e re fo re  id e n t i f i e d  a s  a s t r a in  of M* tu b e rc u lo s is  var* avium.

D iscussion

A p o in t o f some im portance i s  i l l u s t r a t e d  by th e  i s o la t io n  of



s t r a in  G21 from the fa e c e s  of a cow. I t  was not p o ss ib le  to  d i s ­

t in g u ish  th e  co lo n ies  ob ta ined  on prim aiy i s o la t io n  from those  o f 

M. jo h n e i. The medium used was m odified Lowenstein-Jensen* I t s  

id e n ti ty ,  was on ly  suspec ted  when, on ro u tin e  su b -c u ltu re  onto media 

w ithout th e  growth f a c to r ,  growth was obtained* These f in d in g s  

emphasise th e  im portance of a l l  i s o la t e s  p ro v is io n a lly  id e n t i f i e d  as 

M* .johnei being su b -c u ltu re d  and examined f o r  dependence on the  growth 

fa c to r  and i n a b i l i t y  to  grow on sim ple media. The use of th e  t r a n s ­

paren t W illiam s Smith’ s medium has many advantages, the  main advantages 

being  th a t  e a r ly  growth i s  much more e a s i ly  d e te c ted  than  when opaque 

media a re  used , and th a t  c o lo n ia l morphology can be s tu d ied  conven ien tly  

by tra n sm itte d  l i g h t .



DISCUSSION

The s ig n if ic a n c e  o f th ese  s tu d ie s  on M* johnei in fe c tio n  in  c a t t l e  

and mice i s  d iscu ssed  below*

The main problem a sso c ia te d  w ith  Jo h n e 's  d isease  i s  one of 

d ia g n o s is , e s p e c ia l ly  d iag n o sis  of in fe c tio n  befo re  the appearance of 

c l in ic a l  s igns of the  d isease*  The s tu d ie s  described  here  have f a i le d  

to  e lu c id a te  th is  problem , but th e  accuracy of the  d iag n o sis  of c l in i c a l  

d isease  in  th e  c a t t l e  examined has been improved by the use of the 

methods d e sc rib e d . The f in d in g  of s in g le  a c id - f a s t  b a c i l l i  on m icro­

sco p ica l exam ination of fa e c a l smears from c l in ic a l ly  su sp ic io u s , 

w asting  c a t t l e  could be c o rre la te d  with M, .johnei in fe c t io n  in  th ese  

c a t t l e ,  thus in c re a s in g  the  accuracy of the exam ination of fa e c e s  as 

a d ia g n o s tic  t e s t  fo r  Jo h n e 's  d is e a s e . E arly  in fe c tio n  w ith  M* .johnei 

could not be diagnosed by exam ination of faeces from ap p aren tly  normal 

c a t t l e .  The complement f ix a t io n  t e s t  was found to  be a v a lu ab le  one 

fo r  confirm ing th e  presence of c l in ic a l  d is e a s e . IVhen t h i s  t e s t  viras 

a p p lied  to  a p p a ren tly  normal c a t t l e  a h igh  p ro p o rtio n  of f a ls e  

p o s it iv e  r e s u l t s  were ob ta ined  from c a t t l e  from which M. jo h n e i could 

not be is o la te d  by the  methods d esc rib ed . At the p resen t s ta te  of 

knowledge, the  use of th is  t e s t  to  attem pt to  d e te c t e a r ly  in fe c t io n  i s  

not advisable*

Due to  th e  method of sam pling used , no accu ra te  in fo rm a tio n  on the 

inc idence  of c l in ic a l  Jo h n e 's  d ise a se  in  Southwest Scotland was ob tained  

but th e  r e s u l t s  showed th a t  Jo h n e 's  d ise a se  was an im portant cause of 

the culling* of c a t t l e  from d a iry  herds in  th a t  area* In  th e  c a t t l e  

examined, c a t t l e  under fo u r  y ears  of age være more l ik e ly  to  be



w asting  due to  Jo h n e 's  d ise a se  th an  c a t t l e  over th a t  age. Jo h n e 's  

d ise a se  was the predom inant cause of d ia rrh o e a  in  th e  c a t t l e  ex­

h ib i t in g  th is  s ig n .

Of im portance in  the  epidem iology of Jo h n e 's  d isease  was the 

f a c t  t h a t , w hile congen ita l in fe c tio n  was shown to  occur, the  incidence  

o f M. .johnei in f e c t io n  in  young ca lves was found to  be low. This 

would in d ic a te  th a t  c o n tro l m easures such as v a cc in a tio n  or segrega­

t io n  of c a t t l e  on h eav ily  in fe c te d  prem ises should be c a r r ie d  out a t  

an e a r ly  age when th e  in fe c t io n  r a te  i s  low and be fo re  d issem in a tio n  

of in fe c t io n  from c o n g e n ita lly  in fe c te d  ca lves has taken  p la c e .

A review of the  l i t e r a t u r e  and the  r e s u l t s  of the  eDq)eriments 

d escrib ed  in  P a r t I I  w ith  re fe ren ce  to  th e  n o n -s p e c if ic i ty  o f the  

le s io n s  produced, th e  in s u s c e p t ib i l i ty  of the  s t r a in s  of mice u sed , and 

the  id e n t ic a l  behaviour of th re e  s t r a in s  of M. johnei in  m ice, in d ic a te d  

th a t  th e  mouse was of l im ite d  value as an experim ental animal in  re sea rch  

in to  M. johnei in f e c t io n .  A more su sc e p tib le  la b o ra to iy  anim al o r a 

more su sc e p tib le  s t r a in  o f mice should be sought.

The im portance of c u l tu ra l  and b io lo g ic a l t e s t s  in  th e  i d e n t i f i c a ­

t io n  of c u ltu re s  of a c id - f a s t  b a c i l l i  suspected of be ing  M. .johnei 

i s  d iscussed  in  P a r t  I I I .  M. tu b e rc u lo s is  v a r . avium was i s o la te d

from the faeces of a  cow su ffe r in g  from Johne 's  d is e a s e .
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